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INTROZUCTICH

Althcrai;h inflrwg...tien is increasing concerning ecolci,i-

cid racer, c-nd (1965) have deaionntrattid that

only a mall fraction of the world's plant spbcies 11,vo

been examined for the pretence of populutionul differenti-

ation. In the tpecies kncv.n to havc ccoloeical ruces there

is luck of information concerni:ig populations from tropieul

and temperate or tenTerLte and arctic climates. Responses

to photoperiod and thernoperiod of seedlings and seed ger-

mination are useful in determining populntional differences.

seed germinntien is of major importance in studying popu-

lational differences in that blocks to germination have

resulted in natural selection (Toole, et al., l53).

Since populational differences in germination could be re-

sponsible for geoEraph4cal ranges, the comprehension of

the ecosystem as well as the establishment and maintenance

of populations recluires knowledge of seed germination as

it relates to the environnent.

Acer negundo L., a widespread species, would appear

to Tend itself to

it has widespread geographical range, several points of

investigation are needed to an%lyze boxelder in relation

to ciani ia that :2iich a uccics would require to live in

such nn array of haLitats. This thesis fnvolves studies

st._-,die of determining ecotypes. ce
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of fruit m(Aorial iultuliGg fruit ...debt, reed ferPinLtior

rimtific.Alor rt.tdrortmin tt.A. Litt of

biousui4u to OXULADG mt.emirrr of inhitition.

;.cc' rirundo cxttilde. throurhout the oisstern h-q.duood

toct r%%:i:r from C4n,At thward tc Cortral :.r1crior.

.crtv. r. to ?,.liforni:: (r..rlow %nd 1;58; SULd-

1ey L.nd ttc.yermh, 1944; EolviL, 1966). It is common to

bottom-1s rivcre End rtres or on dccp moist

soil (To)f-te:A, P-747; Harlow en3 Hi-rrar, 1958). Boxelder

is also found on poorer sites and is perht.ps the ..rost

azrrersive of th, pies in ntLintaininz itL,elf in unfavor-

Loic oonditi.ons ('rlow and Hrr, 1958). It h..s been

shown th-_t ic is shu.de to]erant (alker, 1957), but iv Lot

tolerant to long period:, of iru:4dation (Homer, 1958).

Vaartaja (1;57) reported that Leer ner7undo showed no Cg-

nificant photo;eriodic response ammo; populations.

Acer nerundo is not an economically important timber

tree. It hs been successfully used as a windbreck species

(George, 1936), and the seed serves as a food source for

both the red scuirrel and the evening, grosbeak (Stoner,

et al., 1939; Brooks, 1956). The eastrrd extention of the

eveninc crosteak 11s been facilitated by the widespread

-;)1firitinL of '..excle. r 1940). Zithe I be-I-elder

is seemincly co:Aaere.ir.aly unimportLnt, it becce of

r7reater %2inscic:.ctively deldetes vtural rer-

ces.

sow,- ..klp 4,1 ••11...v.•4.10. -
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The taxonomy or Aeer necundo, has been a topic of dism.

agreeteut in ,at years. Plowman (1515) broacht attention

to the morrhologicml and phye1o1ogic41 difference. Letween

Acer norundo and other Acer species, and, after conrider-

ing the geo1ogic41 history of Acer neEundo, concluded thKt

the taxon should be placed in its own nonotnic genus

under the bionnial, Negundo uceroides Loench. Hall (1(.61,

1954) agreed with this placement after his work with the

floral anatomy of Acer negundo and other members of the

genus Acer. However, it has been pointed out that differ-

ences cited by Flowman as occurring in the xylem are too

sl.ight to support the change in rLnk (etculfe and Chalk,

1965). Although some workers have used the change to

Nerundo, the species is cenerlly referred to as Acer ne-

gundo L. ;;Ilen the change is used, there appears to be

synonomy with r. aceroidec, N. ne-:undo (L.) Karst, N. nut-
tullii (1;ieuw1.) Rydb., and N. fraxinifolium Nutt.

There are several varietiez: of Acer necundo listed,

Abut the ranges of eacn seem to overlap. Kearney, et al.

(1964) reported that the species is represented in Arizona

by the variety interius (Britton) Sarg. but that there is

intergradation with a variety call arizeniculd Sarg. The

variety interius is reported nearly throughollt the range

of boxelder. Anarcntly there is some confusion as to how

many varietic of Acer negando should be rccornize0, :and

reviiens may be



Althouch all authors indicute that Ampecutdo, in
diotalcue, Hall (1551, lY),t) hue reorted the preeetce of

viuble stamLue iL *hut appear to be pietillate flowers and

aborted pictile in *hut upper to be stamin.ts flov.ars.
seurtherochrry hr.0 also been observed in this articles

(Beketovu%ie and Beketovskie, 1935). since the frequency

of Lot!. moneclinous flo%ers and parthenocarpy is apt arent-

ly lov, it can be asE:uned that popuLitions of boxelder arc

cross fertilizing.

Lewis (1969) has pointed oat that evolution is inse-

parably related to the ecosystem in which it occurs, but

we have remarkably little understandin3 of the complex

interactions within ecosystems and their in act on evolu-

tion. The first stage in releting evolutionary process

to the ecosystem is the observation of a correlation

between differences among populations of similar, appar-

ently closely related organi-is and among habitats or

areas they occury. This thesis is a summary of rrelimi-

nary studies to determine what adaptations have taken

place in 2=_cer pegundo which enable it to occur over a wide

distribution.
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kallICDS ADD LArEAMS

General iroce.iure

Collections of fruito wtre °et:111441d tho aid of

eeveral iLdividualu from two:Ay copulLtions roneilic from

31.5 de6roes (at Tom..$) to 49.0 degrees latitude (North

Dakota). Five 1.0pulations v.ere located in western Ken-

tucky. Two i=opulations (Caneda and ClintoL, Uoa York)

fell outside the fublished distribution for Acer nc,--undo

Fig. 1).

Ufen arrival, the collections were inc*ected,

and dried at room telerature. ;:hen dry, the collections

were placed in Iaper containers and stored in the airh at

room ter:..erLture. A code was asciEned to each collection

consistinG of the state abbreviation, and, in the cases of

multiple collections,a number, and a letter. For example,

the cellecion from Belinc Green, hentucky, was coded

Ky-4-A. The number four identifies the location of the

poEalation within the stL-Le, af:d the letter identifie2 the

parent;A_ tree, "A". "axed collections from severl trees

, 3 -
ar u4- ,u the letter, "'I....". Coding, location, and

collection site data are 2.-iven in Table 1.

Three controlled envircnL.cnt_.1 chalLbcrs were used in

LAc L eni.ination tutice. naLlber I was held at 22 ± 1 C

with J.iXj r liGht intensity of one-hundred and fifty

111101w4 'WAD • .4.
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foot e3nolles on u twelve Lour thotoopriod. Chater II

held it 11 = 1 C witn 6mnxizu4.:. light intc4,n1ty of c.ne-

hundred und rifty foot ot..ndleb tin a temclve hour photoper-

lad. Chamber In wne rrecrammud for a thumooriod of

33 C day (.14 18 C The liOit intoLoity of Cl'f.L.ber

111 wac or,e-hul!drecl and thirty foot caLdlec on R twelve

hour 1.hotot•eriod.

Bioamlys ,re conducted olt4 IALctuca sativa (culti-

var s:riLe Ea4u9 k-nd satvus lat:xlet

Globe' cnd IrJrimecn Giant9. For te;Aiae, fifty seeds

either of te radish or lettuce were sewn oli a sin:le

1;ier of filter pa-krer to which ur colve4t was

added. All bioascays were plLced in CheLber 1 (22 C, 12-

hr day) nd,.erLination counts were .ciade

Physical Data Studies

Fruit V;eirht. Comparison of fruit weiEhl.-, in crams

per one-hundred seeds, were made among fourteen populations

(north Dakota, Canada, i :Annesota, New York, Iowa, Kentucky-

1A_ssouri, Kentucky-1, Kentucky-4, Tennessee-2, Arkan-

sas, South Carolina, Georgia and Texas).

Three seed lots, one lot from each parental tree,

co4eistin of one-hundred seeds were removed from caah

'ith the excel.tioLe of Texas, South Carolina

and iJ_ssouri which were reresente.d by two lots each. The

fruits de]. o.rd dried at 72 C for

twenty-four !lours. At the e..d of the dryin7 ceriod the

fruit' wc:re weid csi or. baL.nce to 0.Cel of a

„.. S7,
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•

frAtr .4yre
o cv‘r ihorporoms rentoxidv.

1..y.L1 „J. L t.I.
4111MIP •••••••I1

iii z - ion!.

Ct.3,44ritIone or fruit lentil
t 

tilt tn Ir. .it or
• tr..,•en

, II 
Ycrk,

Iori,: • •"-1, 
south

4 ; - • i`ift. ic. 1wcre .1:11"..11 t rraildG7.
f:(.11CC: "`' :" 

1.11 1 1 i"-
!7` ct cr

  7. 1 ;c. _3 e _z erc ; Eor

thc. fruit,
ueer:i.

f ..we .-round with cn Allen ThoL_rsen
t.71-,Y1 •. E.:1.7;e wou3d prISS thro-.:L7,11a sizeforty Eesh. The was :L:.de into pellets usincParr pellet pres. e11ot were kept in a desicator to,frevci.t 1,.;:c.:.:or:-tion of -,.-ator, L.-nd the pellet viei,-:ht

prior to co..buction. Pellets c:enerally
1.5 x 1.0 rim in size and weip-htr;raed frOm.% 0.3 to 1.0
•

enerLy c-)rterit v.-ere made by the)LIlcj 
in a c_:..lorip.leter (1-arr Series 1211

2o tc.1_ cen-t-,1.E.ters

v.ere.

iri ti

es •

OL

• 1,•••• • •
r'') •
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43

41

•4„:411.

recorded to the Leuroct 0.01 p.

Jorrectione for t:.e foreotion of uoid elrin4; combusio.

tion were mude by titruting the it:hjnc from the bomb

with h 0.0125 nomul colution of Nu2CO3 (4nonymouat 15SC).
:ctly1 ortz o v;.e _e.1 uc the ih.licaLt.r. :;orrLetloll tor

the exetherzie 1:c:A o*cdueed by tht fuse 4ire :a:a deter-

mined thrii. tht. unburned wire tir.4 eulculatinr 2.3

cal/cm of burned v.ire. Caloric w.lue of fruits re-

ccrded us cal/En.

Six clorie deterL-11!-.:tioni .Acre Lade rer poru2. ticql

with the exceition of 11sno-ri (tree deer:i..nati(ms)

and Te. c ,3arolina (four determiw.tions each).

ler:Linatien Studies

Str,Itific-ticn Tests. To detcruille if Acer nerando

disTlayed popula-6ional differences in lenc,th of stratifi-

cation period required for gcniination, the followinE

test was conducted.

Study A: Fourteen populations were used in the

first replication (Canada, New York, lorth Dakota, 1.inne-

sota, Iowa, riAssouri, TA.chiEan, South Carolina, Kentucky-

1, Tentucky-21 .7.en -,uchy-3, Tennessee-2, Texas and Georgia)

with t':.o-hundred and fifty fruits Lin F reroved from each

paronlal trc,. or collection. The fruits v,ere

c)eLned, ana surface :-trilized with Seires.

Tot-2 of fift. fc 11. ce,', .ii r _cAri uir.h

le,Lrs o - LoicLened filtof -carer. Each dish vis

2 -:to oue e, Live rci c. 1le Ercu,s of ;:isl.c.•

•-..
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wore I1uou4 in a '1ht ,rbocif oGsAuinor umi otGriAl ir u

4-5 C oh:44t‘r f‘r :cur, oix, (;:ht, th ur 4ocAls.

At tlet, cs. c its ctmtifio,.“on 1srioi ot.oh croui, we

Lovea t;.". L. I 1 Cthal,tAa' for to wet.kc.

cettLt: .crt: lc folr L. t!.c. t-o

In ti.o cicrt.treilictioL, t:.eLty rouln-

tionE (0w..:11a, ,11ota,

IvaL,1 -1, F,oath CarelinL,

Culiforni, KeLtucky-

4, -5, .t....LeE...see-1, 2eLnocsee-2, Lrld

- - wL:: the as cutliv.0 J.:. Study

at:dye.

Te:Lrerature Prefereixe. _, tcriul fro:: eleven iopula.-

tions if any differ_noc iT tenpura-

I-re prefero_oc e_istod 12opulati..ns. Th‘: popula-

tik„ns used .were Canada, I.evi York, Porth Dakota, 7....innesota,

Iowa, 1 iscouri, South Carolina, Kentucky-5, Tenneseee-1,

:id7eorclia. Cne-hundred and fifty fruits were rellcved

fr,L collections, cleaned, dewined, and seorated into

threi. lots cf fifty eac1-1. Each lot was surface sterilized

Ser.os....n and Flaccd in a petri dish on three lyers

of ucis-,(...,c,1 f'jlte; dishes wore separat.J into

three Eros. ach -roui. was Ilaced into a Ilietal lictht

prof LT.r=t:fied ,;c2c-.-:..7 at 5 0.

of tha -:,evic;d, the

r, t'f:e c _t-incrs and i,lacea in one
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of L.rto oLaa.re (.....rlor I t 22C 12 hr Mors ChmAer T:,

11 C 12 hr 41.4; CL4.‘or III, 1,-18 C )2 W. duy:.

Gorril1u“;.14a. counts bum _tido ovory throe to four duys

for a i.arkti.:n ot UO t.014.0.

Inhibitor Stuoive

rt;ric,.r . t.. LO ived by Cie Teri-.

ear: in the .ri- r titc; sc... th.

“ere

A: :'c:r. pcjulations .ere used in Lhc

ty (Iowu, .ennc:Lseo-2 JO. Tao-

blAndred ru1t. -;:crt-; fr..... collecion and cope-

fuar lcts flftyc h. ach L.t thr Jr.,ed

in ..ne fur trf.tments.

(1) Remov,...1 of the placoent in

ChamLer 1 (22 0 12 hr day).

(2) Retention of the ':,ericarF and ilaccment in

Chamber I.

(3) Removal cf the pericarp, stratification for

four mieks at 4 C and transferral to

Chamber I.

(4) Retention of the bericarp, stratification

for fo,r vieeks at 4 C, and tra.nsferral to

Chaber I.

In all tL.tr'eatt- hcL%terial as surface terj-

1ize with

filter 

iade every three to four

l_eed on L: -_,oichenA

a cluration of two weeks.
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a: :-t ha t:7entaeky-241, sm4 Crorcis.

..L.re ,e44 t, 441.4br-4nw if .iht .4,141 ii‘eomm.ry fb,r cern.

:nhtio:4 vohb: .Le orIoer.Wurri eyed. At air ONRO tiSO,

u t4ct anb inititlted t. uceertaln hether an uktue.

cur eLtrt..ct eriot4'1) i.d 1, iabit eee4 rer-inutien.

a ir e vu :r uach

tc:.urated into fivu lott o: c-oh.

Each lot t.n trczttt..1 in -Le c,f the follman,

(1) Acte.lticn or the poricurp pl:.leo:Lcnt in

ni-4.ber I.

(2) ;lei cval of the .eric_Irp and ,,laceent in

3.aL;;_,v.11 of the cricarp; _1ace:.1cnt on

filter paper moisteneu wi6h L.ueous 1-eri-

c:Irv extract; transferral to Chal.ber I.

Rete:Itiun of pericarp and plc.- exit in the

dark in ChoLiber I.

Removal of the pericarp and placement in

the dark in Charrler I.

In all t_e treatments he naterial was surface steri—

lized with Semesan and placed on three layers of filter

paper Leistened N,it'f-1 the proper solution. The aqueous

extract of ti-,e pericarp was prepared by crindini7 1.0 gm

of the perica:: 7.ateriLL1 for two aiute t ]C.0 ml of

dist-'71 C.v.YLer v. 4 11, a Virtis homozenizer. The curry

Th-, f_ur cf cr

Gerriinaten eol;ntl: -t.ere Je every LLrec t3 four

(4)

(5)

es•rmr,•-, ,--Iro*"1111Fgc!", ,
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dnyc ftir durati‘a of t4o wrecks. Ilse U4141 .n thedLr. 4:46 cotuettli on t-4 tolarth day oily.

laibitory Effect of AqucoJe Fruit EXtreot
Stu A: A:: L4uc(J_Ir extmot of 3., (77Tt' .f dowicred

fruit 
4.oteri%1wzjr.J%; b_ci-4:ric it with 3C.0 mlot oieWled %.utcv 1- VLrt±o 

fL.ve
7!.() c.urrj cc.:Irifut;tgl te r‘Ls.ve t%e 1. L-Aub:c

zatcri:.1. A 2.0 Li all -f the cxtraot %.as uncd in a
lettuce blos-a,y.

AL ak:ueLus extract of tk.e wae 7r,...aredbY 1.0 with :5.0 ca of distilla water in a
ho-o_,::.izer for fl:z1 

7rsclub1e ruterir.1
c_:-.Lrifu,-;atic.. A 2.( -1 aliquot of the

supernat2nt ;:ac usca in a letttce tio-Issay.
Sty B: LiLneztta Liateriz-ll, a sto2y war: -I.-In-d-acted to deter:..ir.e if t:e ithibitory el:Toot was cced bythe pericarp. Fruits wore separated into sec d and pen -carp. Tots of 1.5 gr.!of each were cround in 15.0 L2 of

distilled water, srrounded by an ice bath, in a Virtis
homogenizer. The slurry was filtered throuch Whatman(No. 1) filter paLer, and 3.0 ml of the aqueous extractof ecch v.as used in lettuce bioassays.

To ,:o; rl..inc if there ‘,as a ,Ifference inthe aL.eantf irj present UL a fresh weiLht s a
• 

ten 

LenLucL-4-A,
ti.c3 g-3-i, 

Geer 1).
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rArog ot.o% °olio°.

ticr. .r; LA of i:tilled ttr, arroutdo1

by L lh, 114414.u:AmiLeor. s.ø 'flurry ue

(-;:o. 1) filtvr ha 0 3.0

vl !1! lot o! f-e et vac ute:J in tiA 1 ttLee tlo

• ' .

4

z

c.:%r-cteri._te

ccrict; 0.17 :,:LLilit, ..ere cor.0.1o:uu. 3ecr

4

, 1.5 Ln fruit 1c 2rer,

r_.1 of vnter, rurro..u.ded

ice eni:f.er. 2 !i?tv^ed

11.ro..1 ) filter ?.55

vi cd vclu!_e o: ther. -,;(a„tile of 3.0 ml

tur

Lioassays. %clatile suLs1:_nee, ac et: Lr, we.e used

in t:.e- ax ..r:e',iLin, it -4-;z7:c allo;.ed to evaporate Irori the

filter paper. The filter paper was then rer.oistened with

an e(;ual volu:Le of distilled water and the lettuce seed

was son.

Study B: The extraction yrocedure was thc same as in

Study v.ith the gubstitltio:i of chloroforiL for ether.

Stud': 0: The procedare reined the some

L,ricl ‘, - rodrd iI 30

(-./\ cthnel -211 2.n VS %Atll

,1-„ct vried :11 that the

matel-fc. O cth jol the filtrate
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was wusha4 uith f)trzleur

;0-411,1.or73trtiric  'rect. Pima populatioLs

(he% Yerk, /own, L.,:.tuci.y-1, Teunesces-2, und Cc,r6111)

J: t 17 V.iit i. iU t r trrcAlt

...ti rtr e.!7fc

f r4f 27.cr )r frntf; W4c

frox cLch ce:loc-i

Erou:s. ach r

lized

rtIlvved

%LI ct..arht d into the 3.0 ul

cuned, ..:evW)LeC i surface steri-

Ohxcd on -i.hree, 1hve2s or

tened :er ii c::trj rre C %%ere

.:tt 4 '..: Y:erAr

over tLe vot:r;r id

ar a c:,!'„.rel.

At the

3.0 6m vjth i i1lei w!rer.

ILaterial %as then ;_round with 30.0 ml of cold water

in a Virtis homecenizer.

(5c)

The slurry was divided equally

into four 15.0 ml contkfuge tubes.

v:as remevcd by cenrifucaticn.

Insoluble material

A velure ..-Jf 2.0 ul of the

supernatant as usd in a lettuce bioassay.

Study B: The filter paper that the fruit rn%.terial

stratified on Study A was dried overnizht at 53 C.

The cut iflto a elut:dth

ilcd water on a rotary shaer. A 2.0 ml

r%"1,icl Jt lettucc,
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RZSULTS

Fhyeical ant. swats',
,„. . •-

,$ *4. 'I.. t, :0 
' I ,

••••••WM••••••••••=11 
ftiab.4•MINOI.Y.MMV, 

1 k r.. .. • .'re . i :,: t
in ::/-,.:It .....i ,,- o: i--...)1.,,.‘ti lot,L. collt.ett....
r-L,... c'' 1 (7uLle 2; ?ire 2). Tie 'rtit ..j, 't•

tr(-1.1 
•%/.1 inereast-: in

tit.:;:e of efi Only t-o 
ors(jorth Dakota

to •.1: 
nc.vier fri

tnc 1O ;11 ts, tiLt aw,1:iis of
the frnit 

difrfq-cnt
C.C1 lEvc1. :d ;0o1jn tLe

abo ;n beJow 37.0 de;zrces Ltituc:e domorstrted that the
fraitn erjl fro:the rthez.:. Vt aver ac 3.57 gm
and the material average 2.36 gm. StLtistical analysis of
the -Jooled fruit %,eirhts chowed then tu be 2iEnificantly
different at the 0.05 level.

2ruit 4.in Lonh.Frcm Texas to Kentucky-2: the
southe-n porulaticno displayed a clinG with an increase in
fruit length (exclusive of the vin) 

increase in la-
tituJc (72iZele 3; ';'-1.-ure 3). The rf;7Linder of the foT-ula-

testo, :17c1A1y frolc: the generra trend. Only
thrf,,T; 

(:a2, 
fu ledto 

_

1 v, 
3).

.1):zkota po2u1;:.tiom.; (lid not Liffer sit-Lifjczlhtly
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?sill* 2. Comparieon of fruit weights

among fourtoen populations

arid caloric value

of AEIL rerundo.

Population
...waxen&

Fruit Aeight(a)* Caloric Valuott441

. D. 2,94h t .167

= .4)('

5.039 ± 124

4.90 t 7'

-. -;? It .66j 5.079 t 126

t .679 5,o64 t 105

Iowa 444? t .241 ,0b4 48

Ky-1 3.046 t .126 5.352 t 142

No. 1.94? I .032 4,975 t 105

Ky-2 * .2t1 5.156 * 274

Ky-4 * .722 4.959 t 13j

Tenn-2 2.962 .190 5,1(J t 236

Ark. 2.407 * .547 5.159 t 143
S.C. 1.134 t .109 4,972 t 163

Geo. 2.879 ± .09 5,144 t 92

Tex. 1.852 t .646 5.026 t 333

(a) Grar%s per hundred fruits.
(b) Calories per gram.
* t one standard deviation.
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1

nitle 1. Zomparinors *f fruit ionfths, wt, lotirthlis ard

total long..., of fruit's amone toirteer: populfttions

of Asir rf -

1 

------  

Populati-,n PruIt :*..i- th(a)41 Airr Le. rth•T Fotal Lene,th*
- .11..--.................-.....

.an, -A

,inn.-,

1.-- : .22
: .22

17.1_
16.L-

20.76

17.&2

.10

.30

.30

.146

+ .34
.▪ 32

Te:wa-A .22
20.7 + .30

Tenn.-2-:;
Tenn, -2-U

Ark, -A
Ark.-D

▪ .34
+ .26

19.51 .

16.92 +

13.94 t .)6
17.28 + .-0

24. -46 ±

17.7] + .50
+

19.44
16.42 + .44

+ .64
19.44 + .48

13.04 + .44 16.26

16.86 = .56
13.66 + .22

13.32 t .16
15.18

11.90 + .28

.• 44

17.66 + .36

15.26 + .64
16.30 + .46

]S.76 ± .34
16.92 + .52

18.28 + .56

:5.00
35.'12

.444
.• 46

31.06 + .48
33.80 + .66

45.16 ± .82.

35.58 t .58
t .36

39.4F + .27
-J6.92 4 .56

30.68 + .93
32.88 + .62

30.20 + .5e;,

34.04 + .48

32.02 + .92
29.96 + .52

29.08 + .40
32.10 + .66

30.16 + .66

14.50 + .22 18.52 + .32 t .36

13.14 ± .26
12.80 ± .26

15.74 + .42 28.86 + .60
16.00 + .40 28.80 + .54

(P) lenE:1-_.h in TM.

t(oc)s7c

• 41.,440-

r
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;

•

•

•
r-

Vot rrir e.,tao -?-1 • „

t..r io r.A1C1 f.

'$ Ark:t41',0

.,1c.. rt. .ec2 to ToVIP,

uith thu. c_cc;tior or ;;041,2: tho:.ct. conuLlomble

fileol 14, 4 •

Sec

a • t..!. r .1 ‘. t•-nted

•• I

CoL.:rizovt. • in. 1 •••:i

1:4 
:LS.. 4

1:-. 1' 3; ?lure

4). N;ILesuce-2 uoro

which 11.e7.: .:dor: .1 : in1ct!ot7_, the

I .1. teri 1 -u the t.hert 2t-

a i•l: Lions

, . ..c;..ons:rn.ted

everlc.ppinL.

',.",o'..T.:ricent., :.heAts.

ses %.ith (Table 3; Fi.,--ure 5). Only

the Tex::..c populution fulled to dispiny intrapoul:_tional

I

diffc-rcnces in tot-L.1 lenLth t the 0.05 level. North

York, "f_ov.,a, :_nd I,:in.nes.ota differed si.rnificant-

ly from the other populatichs tested. I,:innesotz.1 hi.:d the

t fruits Lil,d differed 21gnificar.t1y from all other

pol.;u1.-:_tions at the 0.05 level. .',1thouh the _n -popu-

lation ;non:

fruit 1 e:.: .11!3 • . `2-.1! eccrle

oric „ I! sk,veLty-:•ix

no 5ntr.rporul%ticipLa dif-

•
r • -• • • • •

,
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Fi -ure 4. Corapariscr.s of ;11s

tirtr i.or:ulation:-.: of

Lr (circlu; •..

(bar) at
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otratificatien, it n o ::7ot .t eoj 2 of t•LT?

-1)rovi2_ces f7err.Linute early durinL,-

Althourh variation in seed ,c-ermin!Ition amonr,-, trees of the

F.: evident (T:Thle 4) , the Eer—
IA.nL ti on re:mits ef seed trees of e:ch Dopul::.,tion indica—
ted a. clearer ttern of ernination differer,ces (Table 5).

tIlin six veeli:s of tte stratific..tica period, the Ken—
tucky 1:r teri1 1)e - J.n to r err.-111-A2te under the colder

„ )t 1.10 of zr1ic. ,iori eriod

coL,dition.

, • o-ltherrt 0*—.111 onl_•; (Tennecfree-2,

in. le 4-5 C
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In alcil-r trvod otmis. tjo aztie.tu tt:10-tion

to u oxtcht 1 rth J Lot to iutLazky

opiul .ion e in th t thu t_ermiL$tiort col.er tc.mper-

turo it &u:.1 to, or greuter th.r, thc • rmi'.'tion

"rrm.v. ttf.! .Tr.4.tJrtt ( )).

;olunn 2) it c:4-, be xoted of ;ale northern

Poz-113-ioLF 'for.. to -nj 1.1Lc 2. tita31-

n_1 por.ul (Nftnt6eY) oe excocd tht. reported

lertrin:Aion c;I:-.nity of 33: .4.'0:- Acer nerundo (Vines, 196C)

ander four o six .ecke of ct_ .tiizs; tioL. L'outhern pera-

lAionr (7(;nrice "_! Ocori-, re. cLed hicher

rrmi,r only f':.E:r Lo %.(.--f; of

lion.

Tevtr..ture IrfePeLee. he tel.perLtare profereL..e

test did not -ny r,ncr.1 tr,n,1 or se,-ro;ation of

the populations at the three temperature regimes used.

Germination un..ler the r-ltcrnatin_: temperatures of 30 C day

arid 18 niLitt appeared only to stimulate fzerminEttion in

the north Dakota and New York popul:Itions (Table 6). Ger-

mination appeared more exensive in the 11 C temperature

con_itions thn Y,; the other two teL;rerature recires. Here,

j: tr icn LLpr:. .%e c.ermi-

n_ion of l_z) . of he more northern the

1.uriod of (2eb:i.e 6, Colunin 1).

Inhibitor Studies

Perierp. tU j .: In t:y.) Lon-ntr:-tifi(,d
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nt!. .nr,pitrirGv, of Cyr. flft04,14(1 tried rorTination, by

ror41,010.‘m, in reopens@ to three different

tempereturP programs.

• • •

;104, — •

m omi/Momaa -.0.11•11•.1•111MID

.•.••••••••• om

,r7ent or
1 , ;

(1) (2) ())

2
2 4

0 2 3b
,o 2P4 26

0

)!'
4n

22

0 0 0

18 54 2

0

9

(1) Percent uermination during stratification.

(2,) .'=ercent øornination at temnerature condition.

.41,I Nk.lr •."•••••wr -.41•••• ••• • • 60/P1.......•-•41
.54,Nst.re• vitergempietar
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4

tkr,

renow.1 of cAt roriourp it.tue ts! to 4.

(Iout--k, IL tuelve -hercuto in tuc t t4ri 2 It_ th

purienri. int-ot, to t.t.r.-i"4tich it. tr.c

du eriod (TAO() 7). Comminution ontoetdAl ut ft.rter

nett ih :,:ieic :;c.

. 11; r- „,•  r..,..aLlv..3y,

th_L t vl I tt.t. 1.uy

ri

In L!It ocQurrt... in

both ‘..:„ .•‘.;i.. :t et rerie t roup. ?he de—

: eric: - . • 1 ,... —

:Jefe-Lt • :j. .7 c::t.ut-1.01. 0: 11.0

L. s - ..•If -..11 11_,

rial L E.1-1 ir.t

tiy B: CCVJ of 1z cr1eL::.1)31LUlctC c...srmina-

tion v,hethel- thL s( s 1,1ed ur_er iJhotoreriod

or dark conditions (Table 8). An aqueous e:.tract of the

pericarp did Lot seek to inhibit the Eemi:ILtion of deper-
V

icarTed .7.ateria1, but rather cLiinulted the EerminaLion of

boxelder seed (Table 8).

Inhibitory Effects of Aaueous Fruit Extract. Study A:

LAI ucous frait inhibitcd the gemina-

t1c.,n of -Le-L ; 1(.-tt tot The in-

hibition i.ccresed _111.1 tiLlc ;BOf r—

t . Vi rul obE:er.w.tion hov.e loner

d _rout, h ir the

rid lcttuce control nieh were f-_b:.:ent or 1-11,-h1- reduccd on



1

3,
Tadlo 7. *Wee. of rtwoval of tn. paricarp in non.atratifle3

and utratift#04 titLE Perkind°. Populations.

Population

ton-otratified
terial(a)

eerier:rt1 eericarn
ktmovtd Intac

3tratified
Atterial(b)

eericarp Pericarp
ilemeved Intact

Iowa-A
02 18

lowa-53 •-• 0
eon

••• 41•••

Ky-2-74 /4

50
7.41

00 oda
0

Oa •••

;cnn-2-a

Geo-

72

70

22

0

14

(a) Percent germination at 22C 12-hr day, 12th dayrecorded,

(b) ;laterial stratified for four weeks at 4C, 12th daygermination count.

.4, 14

,
,
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1
4

Title P. :oapariar,n of light and dark respone• of sited aro

fruit material of fiva pegundo.

'2:eed

tiztt(a)

Alfd with
pericerp
extract

Lark(b)

*ruit

20 0 1 .3

0 .•• MID

2,, 1:0 o

2-- C.

ta) 220 12-hr-day, rr-rr!ent gemination on the 12th day.

(b) 220 dark, DercenI fIrmination of tho 13th day.

~OW ...W.,* IIMAIIP*0'. "..0•4104.0 —so • • •
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the 1..er. ••• • • is t.• • • 4.• C t •

.r..c • iL_ .t I 41t1.1 1.4 i:.-

hltitory t at.. diLiniA11.4 by thc l‘coud

dr..y of iNminutior. AL 14) ti ;rait extmet tertr,

1.40._re %.!:_.4 rout 1‘...ir

t 0•.1 .

tzt. cxtr-o*.

i: A 1 i;

L1OL., Amt4 i.1- tf rec.1

L,e i extr,et er.tet

.

•A

v.

_ LC: , r.ki

aqueou: extr -ts of the fruit L'tor-

ita fro- e t,n a,:_enstr_tLd in-

hibitory effect ; Lainst the Geriinatien of lettuce seed

(Table 11). As in :Ile other i il.ior tests, the effect

was tlic re test on :he first -ay -/1,1 diminicheL, by the

St:COLU d_y. KeIzzucky and Iowa popu1,Aions disacycd the
lust inhibition on ;Le first of the test, L.nd the

Linne2otl,, f_:nd i.icuri 1.oru1L-ticins displayed the z„rec..test

d - y. C..j 1 CL1 1,0 ul: -

tion _,r2.ilticn of lettuce seed on the
::econd (174 (7,f

11 "Ives the

t._ ta lfl

oi 0: null: 1 oLzrve

extrce Aons uP.eti in the test deron-

••
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?able 10. Insititor effect on lettuce reed of extracts frop.

fruit. gmsd. &Al pericarp of a ...innosota population

fisn norundQ.

DLV.*F

. I

Coritrol

See A c

Control 96

2

yo

Q6

72

9')

_ _



?bola H. Comport:30n of !ntitltor extractan from fruit

or ton populations of acer nortmdo on lott..Ace

good.

Pnpula:lon

Cnn,-(7

lowa-E

Ky.-4-A

Tex.-L

Geo.-M

Control

Percent GerrIr4!lon

98

66

98
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V,0 cr. or tho

I I.

oiutki1 t1 Te4t. -tJqj At :AL! tr_tr.ot of the fruit

• .r of' es;et Alich

41

eh of

teu o' the

..;h1or01r:.1

!.cn _,1c 13).

u inhibltion
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Table 14. Comparison of inhibitor in methanol extract

and ether wash of methanol extract from fruit

of Aces negundo on lettuce seed.

Population

Percent Germination of Lettuce

Methanol Extract

After Ether Wash

Ether Wash of

Methanol Extract

Geo-M

Geo-M

Control

Days

98 100 100

94 100 100

98 100 100

1 2 3

70 98 100

98 100 100

98 100 100

1 2 3



IS

•

CS

Geo-A

;.:ontro2

Lays

.paritior, or ir.nititor In iithaf4o1 faxtriact

ttrtf wash from fruit of AUL

re?_undo, on lefttuce sold.

;erftl!Iction of !ettutl,

.trol n%tr7,1t

:-etrc.113..r Lther AaFt.

th cl hthanol 1.xtract

/.s

,

L.16

100

100

2 2

”e7:



0
 

1
 

2
 

3

i
.
Y
.
-
A

0
(
a
)

9
11

3
2

6
7

9
0

6
2

1
 1

i
c
w
a
-
A

11
4

11
4

3
8

3
0

I
o
w
a
-
C

(1.
9
0

2
3
0

K
y
.
-
1
-
A

141
1

9
2

5
5

4
4

K
y
.
-
1
-
C

2
5

9
8

14
7

T
e
r
m
.
 -
C
-
I
t

1
0

2
2
1

0

T
e
n
n
.
 -
2
-
B

14
141

4
2
6

1
1

G
e
o
.
-
M

2
0

4
1
1

T
a
b
l
e
 
1
6
.
 

C
o
m
p
a
r
i
s
o
n
 
o
f
 
i
n
h
i
b
i
t
o
r
 
f
r
o
m
 
f
r
u
i
t
 
o
f
 
f
i
v
e
 
p
o
p
u
l
a
t
i
o
n
s
 
o
f
 
A

-!e
:.
 -
.e
ru
nt
io

e
x
t
r
a
c
t
e
d
 
d
u
r
i
n
g
 
e
i
g
h
t
 
w
e
e
k
s
 
o
f
 
s
t
r
a
t
i
f
i
c
a
t
i
o
n
.

S
t
r
a
t
i
f
i
c
a
t
,
i
o
:
:
 
T
e
r
i
c
d
 
(
w
o
e
k
3
)

1
7
 

8

.i
i 

, 
4
2
 

'
,
C
 
7
7

1 
,

I 

3
7
 

1
3
 

31
1

, ,1 
0
7

i

1
7
 

q
6
 

3
h
 

i 
e
5

6
I 

1
9
 

2
0
 

f 
C
l

I
1.

- 
; 

7
]
 

7
5
 

3
1

')
-.z 

1 I 
3
5
 

2
4

3
3
 

51
1 

t 
11
3 

!
 
6
3

P
3

I 
6
 

i 
7
6
 

i 
7
6

I

:I

3
5
 

5
4
 

I
1
 

3
7
 

11

1
4

(
a
)
 G
e
r
m
i
n
a
t
i
e
n
 
o
f
 
l
e
t
t
u
c
e
 
e
x
p
r
e
s
s
e
d
 
a
s
 
p
e
r
c
e
n
t
 
o
f
 
c
o
n
t
r
o
l
 
o
n
 
t
h
e
 
f
i
r
s
t
 
d
a
y
 
o
f

g
e
r
m
i
n
a
t
i
o
n
.

c
0

"
6

2
0
2
6

1
6

7
6

5
2
2
2

2
6



4

47

4tudy Bs Tortir for ny 144.tSt4r;, Iff4sot cia410414414

La. i.uL.atr from (flue ; .ur CIA WA IN hA Lukti atm:-

U.110A for vorloos of GI.. to el 1:t •

neltivo. ?skint: :ilter ift;er slut Lt nine fruit

lots J 1. orLif. ts i.'.. 'crk cri -in ti

tiAILE 14....V,1:c Li: a.

elut_trit • o:. Lr:e y.

,

• 0:* the per



•

:!-- r 1

t' ;, 11 ..1! 1. t •

•

. • ;

• 4 .
O. _CL::

ft

• 

• • 

••: C C.; •• • 
2 7: • i C

r t

ilif LI, .1.

uniform co.L..iitions. c.ii1i .r.f, co-workers orr:ittd

several populations from their discusion of seed weitf;ht

"because olev!Aien differences went lr:rge in these collec-
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due to this difference alone." This statement may give
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Accreuu :y 1.:crth Dak )t ax Liss..,ouri populations.
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fruit is c1-3,111er in the .7.outhern !c SOS

in size v.ith increase in latitude. A similcr Lrendhs

been noted in populations of Fheradendron ranfzinE from
.North Texas to 7-exico Vaud iar:er fruits occurring in

northern - pulL_tienl--, decreasiLL in size -1..) the Kexico

'opulaticns (Lay, 1(.;69). The total lenGth of the fruits

in the current sLudy also dem,Lstrated a latit..1dina1

the materi-11 t!ie 13:er

latitude.
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Licuidt-Axr styraciflura L. ..ilcox concluded

that seeds from more northern sources rejuired a longer

period of stratifiction in order to irvont early germi-

naticn nd suLsequelit :Ailing of seedlin,:s by late frosts.

Acer noundo does not demcnsrate a clear clinal stratifi-
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two major ...Loc,ra-,:hical groups. Loth straificL!,ic-n tests

of th ro hcntu_cky
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rpur }e •jherr. ii ( soutimare

reire stra-,dficc.tion peric:..F: to Ldace rfrvater
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A.L1 the pei:ulations

appeared to t2erminLte eoually well at the lower, 11 C tem-

perature. Vickery (1367) has pointed out that extreme

tempera-t_lre rLnL,es secreEate 1;cpulations of Linulus. To

determine if 2,cer negundo does exhibit differences in ger-

mination Lt different temperatures, more te.,-;,pelature

ranes with e.;treme temperat.ires need to be tested.
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ted that dcr::ancy in Acer ne-ando was caused not by the

dormancy of the living tissues, but by the exis:ence of

compact dead covers, seed skin and pericarp. Inry or

the re:Loyal of the pericarp induces normal gemination.

Vines (1S6U) suggested that dcrmancy can be re-z-cved by

leachinE with ccld runninf: water. Irving (1;68) concluded

that dor7ancy in Acer nerundo is due to an inhi-Lit,.,r(s)

im the . ericrp and or is not

he res1t:4* a a..f. :nt e:::zry3 az yrevicacly rerorLed.
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that coribtinntion or tho iftorio.$rpea .7.orL1 t. co-hus-

41-04 I.oroont. None of the topu1t:ti4os totted in t/0.1
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et al., l63) and 12:-.s Len rel:Itud to dor:Inlncy in Fraxinas

and apple seeds (Sondheirler, et al., 1968; Rudnicki, 1969).

Abscisic acid has also been isolated frc:r the short day

leaves of Acer nc-undo 1969). It is probable,

therefore, that abccisic acid is the inhibitor involved as

this work clearly indicates the inhibitcxy fac-Lr is water

soluble. Irvinr7, h.:iwever does n._ ,t mcntion inhibiLion of

lettuce scod 2.r. extract cf t'ne ry ti.-Tucc. The

7-resent stu.:ly indictes the precence of iniLit -ry substan-
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or forott. but oonoirte oil micro-eLvirorw‘nt in :.hich tre

phyrio.41 A.cb. Irthit.it:: to int vntd

oLoull k:r oil, let.f litter, :t. 4

If

ci%ted - t_ 

.hich tht,y ..iht Le respor.ciOl_. ir lu,vtionLble ..ne-

ther the IALrile cf _rnin tior. 1...r is

o: _ .

th t 1 Lor_tor:

or the c..r to 1 cooly of tiii, L I.L4 -re

l•ficer..s; d . _5.c.; too co. to rully

dupliccte.

This study 1i provided prelii_in,iry insii-hts into

possible mechanisms of adaptation for Acer neoundo. The

data reported here indicate tiv-It Acer nc-7undo is not a

zenetically unifo= plant and cut-TFests further study on the
reculation of ,--emini,..tion and its effect upon the geozra-
phical dis-4ribution of tiis woody species. .hile the sig-
nificance of heavier fruits %.ith :--ore total caloric value

det.;r-inatiorLs do 

:.ort for L-teent hypothesis th=t :_ore nortl.lern,

c ;LiL L.71-r,,tcr productivi • s:

c: Lo:ultiol.L of --he

Leco- of fr,creasing iLtcret in 7uturc utiliza-
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1. Compariccas .he !":h *sight per hundred fruits

of faurtew. dwoonstratc a 'efinite czc, seed

originfttirc fr the nvrthert. hc.bitate teing henvier.

2. fat; fra4 t _on,th, vii. .encth, tina total lenth

of thu frcdt eri. fr:- thirteen populLtionc increases

with incrcase in ....;:titude.

3. Ti.c uvera:e caloric vLlue for all populations

test e:i was 5,Cc2 t :65 c',Ilociec per Lra:-. Due t the

heavier wci_ht of th;:. fruit fr.::: the northern province:2, an

higher encr:7y c..ntent 17er fruit is indicated viith increase

in latitude.

4. Strtificatien and EenLinaticn tests se:-.arate the

populations into two large geographical erou- s with the

northern populations germinating at the colder (4-5 C)

temperatures and the southern populations requiring longer

stratification periods and warmer germination temperatures.

5. Removal of the pericarp induces germination.

Stratification uf the depericarped material increases the

germination capacity.

6. There is an highly water soluble inhibitor (pro-

bably abscisic acid) in beth the pericarp and embryo tis-

sues.
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