
AFTER- RIPENING AND G NATIOtl OF SEED 

OF JUNIPERUS VIRGINIA.NA L. AND 

JUNIPERUS SCOPULORill SARG. 

i 



i1 

OF J'U!UPERUS V'!RGINIANA L. AND 

JlJ1HP.tm.os SCOIULOB.UU S.ARG. 

By 

wuc orrn:ss 
IJ 

Ba<,helor or Science 

Okla.how.a. Agrieul tura.1 and Mocha11ioal College 

St1llwt1tar, Oklahoim 

1939 

Submitted to the Depm1rtIDent at Horticulture 

In Partial Fulfillment ot the Recru1rernents 

For the degree of 

1941 

t. ~. ~ • : •• 

e '-- • t.~ • (i • 

I - e ,._ e • • C -. - . (., " .. .) . 



.APPROVED BY: 

137017 

iii 

nun, 
!UlCULTUUL t lfICRJTl1lC1i CffUJGI 

LIBRARY 

OCT 6 1941 



AOK!JDi1LEDGMENT 

The author wishes to express sincerest 

appreciation to Dr. Michel Afanasiev, who 

so willingly gave his time and interest in 

connection with the research study. 

Grateful ackr10wledgm.en t is also expl'\;!ssed 

for the assistance rendered by Dr. Frank B. Cross, 

other members of the Horticulture Department, 

and Mr. nobert Ealy. 

iv 



V 

I. Introduction------------------------------------------------- l 

II. Revieiv ctt' Li tero.ture ----------------------------------------- 4 

Seed Dormancy------------------------------------------ 4 

1. Rudili".entary embrJo --------------------------------- 4 

2. Seed caq t in:pe:cmeuble to water --------------------- 4 

3. Mechanical resistance of the seed coat ------------- 7 

4. seed cco.t inper.meable to gases --------------------- 7 

normency of the embryo ----------------------------- 8 

6. Secondary dormancy--------------------------------- ll 

B. Germination------------------------------------------- 12 

c. Juniper Seed------------------------------------------- 14 

III. Mi,tterials and Methods ---------------------------------------- 19 

IV. Causes of Seed Dormancy-------------------------------------- 21 

v. After-ripening----------------------------------------------- 23 

A. Stratific:;,,tion ----------------------------------------- 23 

B. Forcing Agents----------------------------------------- 28 

1. Oxygen--------------------------------------------- 23 
2. Vi tam.in B1 ----------------------------------------- 29 

3. Sulf'uric acid-------------------------------------- 30 

C. Properties of After-rip:med Seed ----------------------- 32 

1. Effect or drying----------------------------------- 32 

2. Effect of freezing--------------------------------- 34 



VI. 

VII. 

vnr. 

IX. 

x. 

XI. 

XII. 

vi 

Gsrmiru-~ tion -----... -------------------------------------------- 38 

A. Effect of the Reaction of the Germiwiticn Medium ------- 38 

B. Effect oi' Temperature ---------------------------------- 41 

C. Effect of Vi te11dn B1 ----------------------------------- 46 

D. Effect of' Variations in Oxygen Supply------------------ 48 

M.icrochemicul Tests----------------------------------------- 49 
Catalase ----------------------------------------------------- 52 

Storage -------------------------- ----------------------------- 57 

Reco:r,1i1011da tions for Handling Seed ---------------------------- 59 

Sw1miary ------------------------------------------------------ 63 

Literature Cited--------------------------------------------- 66 



1. 

E stern rd ceder , Juni >o rus virginien Linneau is on ot the m st 

wi ly dietribut d Nort eric trees. argont (62) describe the range 

and distribution ot re cedar as follows: "Dry g~avelly slopes and rocky 

ri es, often lmmediotely on tb sea coe.et fro southern ova .;,Ootia and 

New to the ooaat of Georgia , th interior or southern ab 

~nd l ie is 1,pi an we tward to tho valley ot th l ower Ottawa riv r, 

net rn Dakot , ees rn Kansas and Nebraska, t 3 ndian t erritory•, and 

ea tern Texas , not ascending h mount 

nor the high southern legh&.niea, in 

ns of New England and Ne York, 

i dd.le entucky and ennesse and 

northern Alab and ssissippi, covering great areas or low roll1 l i me-

stone hillo 1th nearly pure for ts of small trees••. Red ced is found 

practically throughout the state of Oklahoma . I t grows on dry l ops , 

rockf l edges, aoan oned tar l.o.ndo and othJr landa that are Ullf'it for cul

tivation . Red ce r in klaho 1 r ar ely round in ure st de but 1 a-

soc1 t ed wi th oth r native sp cies auch s oa and blcko 1ee. e species 

is of cvnsider le ocono c i mportance in this et to aa ell as in other 

p rte oft e oo try an ie used exten ively in oth hortic ltural n 

fores ry ori.t . 

ed cedar is a prolific pro ucer ot seed. eed crops ar e abund nt 

every second or t ird year, yet th qu ity oft a e ed is usually very 

low. Crops containing 20 pr cont or less of viable seeds re not· co n. 

In 1 viduul tre s very grs t d al in t a .. Junt an qu•1l1 y or seed pro

duced s w 11 as in th regul rity of prod ction. 

0 lab.~ 

* rgent, c.s . l of Cu ti voted ~ es ot ortb erica . P • • 4- ~• 190v. 
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he rru tot r c d usually t ure in one aeaso . In Oklah ma 

th fruit ripens in l ate oc o r or ovember, out re f ns on th t reo 

through th int r. It should be coll ected aa arly as poss1 1 . irds 

f ee o t e frui t d thus a:y greatly reduce the eu~ply ot av 11 ble oed . 

Birds re r spo sible also for sp e ding of th seed of r ed ced rand the 

app r .nce ot young s ed ings at a cor ider abl distance fro t p rent 

tre • Seed sho l be co lect early so becLuse it at be atr tifi d 

for a rolatively long period d yet pl t drat er arly int spri 

i r th r n rro • ccord1 

tain red cedar, Juniperue ~ ...... ~~~ ua.rgent 

Sarg nt {62) "it is c tt r often si g ly 

idg a except ne r the coat, usually at el vatione of over the dry roe y 

5 ,000 re t bove e aee, from th eeat rr. f >othill rogion ot t Rocky 

berta tow tarn rex s nd eatwai·d to the coa t or ritisn oun tai na , to 

Col bie, 

'hia tr 

s i ngton, and astern Or on , eve.d nd north rn izon '' • 

exten ivel y in l dscape plantin sand i s of great valu 

to the nurs ry trade . e fruit or Juni d ru.s scopulorum. rem ins on th treo 

until t he end ot t he secon~ se son etor it r ches aturity. The quality 

or the sad T riea . cut t11 tests or tha s pl s of seeds cured fro 

seve l ources h v aho that in so es m l ea ?0 per c nt of seed were 

TiB le d sound wn · 1e in ot hers there were no viable seeds at all . 

Production of seedli of both s eie of Juni pers presen consid-

er bla 1t~icult iea to ,.1.n V tir • e eo ercial gr ower in thi art or t he 

country o atanu rd thod ot htndling t seeu has been accep t ed . In-

s d ihe nurserymen otten use rsonally consider 

lpful (tr nt r d it acid, acer tion of the berri in a we 

* Ibid ;, .96-9 i' . 190! . 



solution of lye) and which neverthele3s :fail to bring aoo\~t nssurence ot 

a uni.f'or.mly g()Od stand of seedlings from year to yaar. 
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The term "dormancy" as applied to seed is a. physiological itate or 

e. viable aedd in which tha latter i2 U.l'ls',.'bl,~ to germinate when placed under 

CJnditions which are ordiua,rily favorable for tbis process. GroeliCsr (18) 

analysing his own date. as wall as those of other investigetors systematized 

the l';lXisting information on seed dormaney and wat; the first t() present a 

complete orgtt11ized picture ot t.he causes of dormancy. According to him. 

the dormo.ncy of seed can be due ta one of the following causas: ( 1) rudi-

mentary embryo; (2) complete restriction ot water absorption oy action ot 

seed coats; { 3) mechanical resistance of the enclosing structures to th.e 

exp,rnsion of the embryo nnd the seed eon tents; { 4) interference with 

gaseous excr11;1ngei r;artieularly ozygen by seed coats or other tissues aur-

roundini:,; the embryo; (5) a state of dormancy in the embryo itselt or some 

pert of 1 t; l 6) a combine.ti on of t11s above taotors; and ( '7) secondary 

dormancy. 

Hudiment8.ry embryo 

Rudimentary emtiryo, i.e. an embryo which is not fully developed. has 

been found to be tho ca.use of aeed dormancy in fl rel.ati vely few eases. 

Ives (45) found rudimentary embryo tone responsible for the dorma.nc1 ot 

seed er .Uex op.aca. end observed continuous development of tue embryo ----
after the seed was hsrv,ested. Chittenden (l;;i) roported that one of the 

causes ot dormancy of Til1a seed is the rudimentary embt,yo. However, 

Spaeth ( 68} has shown that dormancy c1' this seed is due to other causes. 

Impermeability of seed coats .to wate~ 

Seed coats impermeable to water have been found to be one of the 

corru:ron c::;usee of seed dormancy. l'hey were shown ·to be reeponsible tor the 



o. 

dormancy of eeeds i n many species ot the Leguminosae. aal ei gh ( 06) re

ported that tne impermeable otinracter ot the seed coats ot Gymnoclad\18 

dioica was caused by a •ell-developed layer ot Malphi gian palisade cells . 

Seed coats itnpermeable t o water wore r eportod al so in seed of r ed cl over 

(53) ; N1..lumbo lutea ( 48) ; vetch ( 49) ; basswood ( 68 ) ; and many others . 

Vari ous treatments of seed have been tried t o modify the i mperrr.eable 

oh~racter ot tha seed coats. Mechanical soar1r1cat1on, ether, a lcohol, 

bases , aci ds , high pressure ( both air and water), and hot water are the 

more 1m~ort9.llt treatments that have been usgd. J .P . Jones (4~) r eported 

thst tha use or bot h hot and cold ether for three hours tai l ed t o increase 

the permeabi l i ty ~f t he seed coat of vetch. He concluded that the sub

s tances responsible for tho 1mpermee.b1l1 t y were not of a rat- like nature. 

Crocker (17) sonKed mesquite eeed 1n ether tor several days and secured a 

much higher garmlnation by thi s treatmnnt than wi thout it . 3paeth (68) 

worKing on t he seed or basswood tai l ed t o increase the perEoeability of the 

seed coat with ether and with alcohol. 

Several .metho<1s of itechanic il abrasion of t he seed coat have al so been 

w,ed. nose (58) ~or~ing on seed of s lar ge number or species , used a ir 

pressure to blow t he seeds against needle po1nt 8. He found that seed ot 

twenty ot the 130 species were aided by this treatment . H\lrst, a u~phri e s 

and .McKee (44) working with seed of white s•~et clovor , Laspedezn sericea , 

and Crotalar1o , found ec~ificati on to bo ert ect i ve in making seed coats 

permeable to sater . Thay ·reportod the foll owi ng di f ferences in ger mination 

between untreated and treat ed seed respectivel y: 10. 51 end 75 per cent in 

wh1te swee t clover ; l ~ per cent and 90 par cen~ 1n Lospedeza sericoa and 

o per cent and 77 ~er cent in Crotalari a . Chapmwi (l~) found that scarifi

cat ion increased germination from 8 per cent to 88 per cant in s eed of 
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black l oust. Hes cured much better ger 1na tion rrorn scarified than c1d-

Lra ted se e attrib ted thi dif r nee to the tact that acid rated 

ae d re r re dily att c ~ed by t 1. Th loes in viability of ec 1-

fie sweet clover oe a• s inv etigated by .Eiu.rst, Hwnphrie and c K e (44). 

They fun th t over period of t our ye re, the viability of s carified 

e t clover seed was reduced from ori in~l of 85 to 3 ~er cent while 

untreat d se ah wed 89 per c nt o the origin l 4 per cent to be still 

vi& le . H rri ton (37) noted that t per cent or i mper able ee ds was 

low r in chine hull d thWl in bond t shad alt lt s d. Davis (24) 

su ject Lea icago sativa s od to a ater pressure or 2 , 000 atmospheres 

do served that treated ee d germinet d fifty pr cent ter th un-

tre tad ae d, while 1 ion (32} worki with JOrbus seed round on air 

pre s ure of five ton 

Freezing of seed 

thod of modifying th 

froze ilia se t 

entirely in ftectiv. 

1th imp rmeable coats bas also been tried a.a a 

i per eable ch b Ct r or the s d cot. paeth (68) 

0 c. and - 18 oc. , hich resulte only in very 1 

d crease 1n the number or "hard" seeds . 

H.arrington l37) h l ped to reduce t hen 

tho e h1 ·h had absorbed water . 

~eezing ot clover seed by 

r o "ho.rd" seeds but killed 

he use ot ci d is a very f feotive method of breaking ee d dor ancy 

coused by i nperm.eability or t seed co ts . Concentrnted sulfuric acid 

( pacific gravity l .84) is prob bly the IW t co only used. Thelen th ot 

tr t ant with th cid dep nds upon the 

or sci has bean roun to ncre s t per 

~ cie ing tre ted . 

ability of the eee 

e u e 

co ts or 

the ol lowin pecie: blacK m dick , aul.l, birds tot clov r, red clover 

and 11 o tus {72), L tb.rua sy vestris (60), red clov rand l.t lta ( 3 ), 

veto (4 ), racemosus (~), Crotaegus (5 ), 
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Tille. (7 , 68), Kentucky coffoe tree (56), Cotoneaster (36) , and many others. 

In al lot the above cases concentrated sulfuric &c1d was used. The eeeda 

a!'ter being treated were washed in r unning water. Thornber (?O) working 

on the aood of Kentucky cotfee tree , black locust, mesqui t e , honey locust 

and Acacia used a mixture of sulfuric and chromic acids . Atter the treat

ment he neutralized the acid whlch might have romained in the seed coat b7 

the use or potassium hydrate . 'l'odaro (72} reported that ~he effect of aci d 

treatment is soon lost it the seed i s no t pl 6nted i mmediately. un the 

other b, nd, .Tones (48) observed t hat the acJ.d treated seed of Nel umbo lutes 

could be s tored tor soma t ime wi t hout any 111 errects on their germinabil ity. 

Hot water treatment t or vari ous per i ods of time has been found t~ be effective 

i n mod1fyi_ng the impermeable charecter ot tho seed coats or bl ack l ocust , 

honey locust (70 , 73 ), Acacia (6, 70), mesqui te and palo verde (70) . The 

hot water t reatment of seeds havi n~ s eed coots i mpermeable to water is used 

com:..,ercial.ly on a l arge s cale. 

Mechanical r esistance ot the seed coat 

Meeht..nical re3ist anoe of the seed cont t o expansion ot the embryo Blld 

other seed contents has been found t o be the cause of dorm1-o ncy in seed or 

Alismn ploniogo (20) and Celaatruo scdlldeno (41). Crocker and DaTis (20) 

reportod tbat the seed of Allam.a pla.ntago failed to germinat e it soeked in 

water for a year . rhey attr ibuted the l aoK or germination to th~ meohanieel 

r esi stance of the seed coat aa the seed germinated readily when the seed 

coat was r o~oved . Hart (41) toWld s i milar conditions t o be the cause of 

delayed ger mina t ion in seed or Cel astrus scondens. 

S eed cos.ts imper~eabl e to genes 

seed doru..ancy causod by the limitation ot gaseous exch.~e is usually 

attributed to the character ot t he s eed coate -mich prevent the "iovement of 
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oxygen and earbon dioxide between the embryo and the external atmosphare. 

I1.npermeabili ty of seed coat to gases was found to be the cause of' dormuncy 

in seed of xanthium (16, 27t 65, 66, 67~ 71), Avena fa.tua (5}, lettuce {11), 

and Ambrosia. trii'ida ( 26).. Schull { 65, 66) studied the eftects of psrtial 

oxygen pressure, alternating tampere.ture nnd storage conditions upon the 

amoun:t or oxygen absorbed by Xanthiuro. seed and :found that partial oxygen 

pressure and high te11Jpera.ture hastened the germination of X.anthium. 

Crock,ar ( 16) reported that the seed coats ot Xant.tri.um reduce the oxygen 

supply to such an extent as to praven·t; growtn of the embryo. The use ot 

increased oxygen pressure, high temperature and m.aohanieal injury inereased 

the permeability of the seed ooat ·i.o oxygen. 

l)orm.Ql.Oy or the embryo 

Physiologically dormant emoryo is the most eomruon ca.use of delayed 

germination ot seeds. By dorma:n.t embryo is meant one unabla to grow when 

placed under conditions !'evoring this process. A seed with a dormant 

en1bryo must pe.aa through a process known 2s •aftar-ripeni.ngi; before it 

becomes able to germinate. Tha term 17after-ripening" 1 as applied to seeds 

refers to those physical and ehem1eal changes that take place in the endo

sperm and embryo ot a vi able seed atter 1t apparently reaches rne.turi ty and 

before i·t begins to germinate .. 

Not all ohar.ges that take })lace in the endosperm and embryo during 

atter-ri pening ere knotm. Eckerson ( 29), ori.e of the pioneer 1nveetiga tors 

in the :f'ield of' seed dormncy, ,;bsarved that during the e.fter-ripening of 

seed of cratv.egus the a..cidity of tlie embryo i.ncreasad. Correlated wi tll 

this was the incretised wa.ter-twldiI!f~ 1)0wsir• end an increase in the catalase 

and peroxidase activity o:C the eL1b;ryo. Fl&mio.n ( 33) reports th.at during 

after-ripon.ing of the seed of Rhodcitypos karr1oides there is e u.otioeable 
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increase in catalo.e , p rox.1dase, nd lipase activ1 ty as w 11 as en lncres e 

in tr ab orb ng power, nitro en soluble in 80 per cent alcohol, titre-

. ta ci and sucrose. 

Spaeth {6) bas aunmarized the obae ·Tat ion ot number or investigators 

on th c· est ki place 1D the m ryo a.nd en on~er of r tty eds dur-

ing atter-riponin. 8 B J 18 a1::1 follows: 

"A sorbtion of water e.n mark a elling; increase in activity of 
o tal se and p roxi ase, increase in acid ty (both hy rogen-ion con
cantrati n and titrat aol e acid), particul rly in the embryo; increase 
1n ounta and activity ot ny enz es, particu.l r ly lipase, resulting 
in the rupid disappear ce ot oils nnd incre e 1n tree ratty acids; 
increa o in prot olytic enzymes, deer se in proteins, d increase n 
tran·location of amino aci sj appearance or oxi daae ; appear ce end 
raid inoreasa of au· arsj a sudden incrense in ac i dity and water con
tont, followed 1 diately by er net1on."* 

Aa mentioned in the above a r:,, ct ase activi yin f atty saeus in-

creaaed urine, the tter-ripeni ng. Rhine ( ?) found tha cat th,e could 

on y be use s rn indicator of metabolis e ie no rapid cb ge 

in re piration . wha n ( 64} observed th t cataleae activity &Dd re pi r tion 

were t airly st ble in ranthue and Chenopodium, whil in he se of the 

Roaaceae they Vfll'ied t de l. 

Strat1f1c tion at low te peratur is t most effective practical way 

to brea tbis type of dormancy. It provid a n abun nt supply ot moisture 

which together with low te.perature nd an adaqu te supply ot oiygen make 

u,p th conditi ons faToring t e process o~ after-ripening. titica ti on 

r a ture • (lO - 1000.) as b en reported effective in breaking 

do-r nc;y of se d ot us (16 1 21 1 26, 29, 3 ), Tilia (7, ) ' yrus 

(1 , 40, 42), p ac nd c erry {42), cer (47), Ju.ni perus vtrgi i·na ( ), 

Cornus tlorida \~u) , S rbue aucup~ria (32) , nzoin aeativ e L. (63), 

do not res nd to 
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stra tit1cation at a conti nuous low te~pera ~ure but respond to a storage 

in which moi sture and t emperature conditions are varied. Seed or bl ook 

osh were reported by Jteinbauer (69) to require n few weoKS o! stratiti -

9a t t on at 20°c, before the stratificati on at a l o• temperature , so that 

the enlargement o r the embryo could t ake pl ace. Flemion ( 32 ) round that 

the seed or s or bus nuouparia requires a much shorter per iod o! stratifi 

cation it previousl y s t orad dry at room temperature for s i x mont~s . Ghe 

toWl.d also that the eeed or Rhodotypos kerri oides {33) germinate better 

if during t he r irs t month or atratifioa ti on the temper ature i s ma i ntained 

at 25° or 30°c. Schroeder (o3) wor king on seed ot Banzoin aestival&, re

ported that the after- r i pen ing period i n these seeds was gi·eatly reduced 

if norm.al strati fication at low temperat ure is precoded by ~t l east one 

month of s tra tif icat i on at 2000. 

N\;lllerous attempts t o toroe germination or seed re1uiring after-ripening 

by means ot physical and ehomical stimulati on have been mostly unsucoL3stul. 

Eckerson (29 ) ~orking with seed of Crataegue f ound that t r eatment of embryos 

with di lute solutions of hy-drochloric, but yric end acet ic acids shortened 

soaewhat the peri od needed for after- ripening. ~ ans (31 ) tried many chomi

cnls (d i lute solut.1 ous of aydroohloric a nd aceti c acids, butyrio acid , 

mungaµe se sulphate , zinc sul phat e , potassiQ~ chloride, acid mono-potass i um 

pho0phate , c~luooae, Kno~'s nutri ent solution. potaasiUCI t bio-cyanato , 

chloral hydr ate , thiourea, dloxogen~ and chloroform) i n an ette ~pt to force 

germi nation or soed of Jl.agnoli ~ gr andiflora but f ound that none of them 

were effective . Howara {43) etherized , froze and soaked in water seeds or 

many pl ants gr01Vi ng around Columbia , Mi ssouri, but failed to oota in any 

germination . Barton (9) studied the ettect of gro~~h promoting substances 

on s eeds or several speci es . She used ne.p~haleneacetie , indoleaceti c, 
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phenylacetic, and indolebutyric acids and found them ineffective on seeds 

having dormant embryos. 

In seed of a few species dormancy may be caused by a combination ot 

factors Just discussed. Some of these are as tollows: Sorbus aucuparia (32 ), 

Rhodotypos kerrioides (33), Symihoricarpos racemosis (34), cherry and peach 

(42), Ilex opaoa (46), Tilia {68), redbud (3) and black ash (69). seed of 

Rhodotypos ~errioides, Sorbus aucuparia, and Symphoricar~os racemosis {32, 

33, and 34) require modification of the seed coat and stratification at a 

low temperature before good germination can be secured. Seed of cherry and 

peach (42) were reported to have dorltl8nt embryos, also mechanically resis

tant sesd coats. Ives (45) f ound that I lex opaca was unable to germinate 

even after the rudimentary embryo had reached normal size, because ot the 

mechanical resi-stance ot the s eed coat. Flemion (32) found that seed or 

sorbus auoupario were pr evented trom germination by the seed coat even af't~r 

the seed had been after-ripened. Steinbauer {69) found that seed or black 

ash bas an embryo which requires first. a temperature ot 20°0. tor enlarge

ment, and only then needs a per iod or stratification at 5°c. to after-ripen. 

s econdary dormanc7 

The so-called secondary dormancy has been found to be the cause ot de

layed germination in seed of mony species . C&rtai n external factor s and 

some chemicals have been found to be effective ih forcing an after-ripened 

seed back into dormancy . s ome of the seeds reported to be capable of re

verting to secondary dormancy are those of Alisma plantago (20) , Xe.nthiwn 

(27, 71) , appl e ( 40), Sorbus aucuparia ( 32), Corn us tlorida and samoucus 

canadensis (2~). 
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Carbon dioxide seems to be one of the cuemicals particularly effective in 

forcing seeds into seconda17 dormancy. Kidd ( 51 ) has derDnstrated the 

dormancy inducing property or this gas on aeecia of peas, beans, barley 8lld 

cabbage. With these eeeda the gas was tound to be ef fective only while an 

increased pressure or carbon dioxide is maintained in the germ1nator. On 

the other hand , the dormancy thus induced in the seed of white mustard is 

ot considerabl e duration . Kidd attributes the prolonged ettect ot this gos 

to a much l ower perc-~abil1ty of the aeod coat to gases. He has demonstrated 

also that caroon dioxide is one of t he meana by which secondary aomanoy ot 

some seeds imy be i nduced in nature. Davis ( 23} r ound that high te,aper a 

tures under germinative conditions would force after-ripened seed ot both 

Cornus florida and Sambucus cmiadenaie i nto secondary dormency . Flemion ( 32) 

reported similar conditions in the seed ot Sorbus aucupari a . Davis (27) 

and Thornton (71) round that by the reduction or complete elimination ot 

oxygen the seed ot xa.nt hiUlll could be forced bso.l( into dormancy. Pa.ck ( 54 ) 

obserTed that the after- ripened a eed of 1uniperus vir giniana would revert 

bac1' to dormon.cy it ,placed in a germ1nator where the temperature was 12°c. 

or highsr. Harrington end Hite (40) r eported that high temperature un

favorable for germinati on caused secondary dor:nancy in apple saad. However, 

more recent word" by Haut ( 42 ) indicates ti.at :such condi tious result 1n the 

loss ot seed viability rather than in the reversion to secondary dormancy. 

Oer mina ti on 

Temperature has a pronounced affect on germinati on or seeds. Cottman (15} 

stated that, "seeds ot di£terent spcleies genninate very differently et 

4ifterent temperatures". He worxe4 on the minimum germination temper ature 

at the sme.ll grains and t ou.nd that t hey germinated at the temperature of 

melt ing ice. Kotowski (52) reported that tho optimum germi11e.tion ternperaturea 



of splnach, cauoa~o and beets ure 4°c., a<>c. 8lld 11°c. resp~ct ively. Re 

reported also, that the aeod ot tona.to, ees~l ent, popper, melons and gar 

den ucuns would not ~e:r.winato at a te;iJ,>erature or i o0 o. , LJ ut t he gerc.J.

nation of these seeds would increase 11{ith r ise of' te.'!1peroture up to 300c. 

CochrWl (14) found t hat peppor aeed failea to ger..1i.llate in 4b doys at 500 

to 600!' . but when trWlstorrad to a t e~pereture of 900 to lOOvF. they 

t:,en:iinated. i n r ive <1ayo . a:>rth\1 ick ®d Ho tJb i na ( 11 ) t.orki 4:, with lettuce 

oeod u~~orveu th~t ~he l att er bei>i..inated ut ;e.i..puietUl'as rrou 40 to 2500. 

while 30°C. was it.hib1t i ve t o ccr1Ji uation. Soed.u or eie!l.teen. speeieu of 

flm,ers were t e sted by linrri1.1gt on ( 3G) , who futmci that the opt Lu.ii tJ}l"'"...J.

nation tewperuture for these seeds was oetweeu l? . 5°C. and 22. 500 . 

Jo~eph (00 ) obaorved that the optL..ltc.. constant i:,orJ.:linat1ou te...perature for 

ury birch seed •as i2oc. and that by utratificat i on at a low teL.peruture 

for b or 6 monthc; , the min1mu,n _en.ti Xl~tio.n t oc.veruture could bo lol'lered to 

o0 c. Pock (54) foun~ that ty s t ratifi cati on ut 10- te..:i~erature torn long 

pei•iod of t iue the aco<i. vr Juniporu~ will e-veutua.lly eenilinate at a tem

_pers.ture or o0c. to 1°c. In contra.st , Borth .. icl ana. .1.obl> i.us (11) :round th.at 

by subjecting lettuce ecod to stratific~t i on ut tt t e.apereture ot 4°C . for 

4 to 6 days, good ge n1i ne.tion could be secured nt 30o0 . Harrington (39 ) 

found thut t he oeeds of ca~~ot , psroloy , t imot ~ , a~nl ess bro~e 5rnse, 

perennial and annual I tal i an eye ·.µ-~1 s~es , t1eado\.\ tosc1uo , and ot several 

ki nds of flowers gertdnated pr&ctionll y as ,,ell t:1t a f'avorni.,l e conotant 

ta...Jperuture ao nt alternation of touperoturos. l!!dward (30) i,1veo an ox

col lent reviel~ of literqture on the otteot of te ,por aturo oi.. eer.uination. 

Hi ts 1·A1ort covei•a the seed of oats, whoo.t , .:laizo , r ica , vurley, peas, Lean, 

alfalfa, cl over, uolo1, Leet, radi sh and l ettuco. 
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Juniper ~eds 

Inveutiiat1o~s on the seoda of Junipers are few. Studies of the seed 

of Jun1perua virgini ana we1·e cade by Pack (54, 55) and Jel ley (46) . Seed 

of J'wiiperus collll!runi s , !..• co.iJilllunis depressa , and }._. prootrat a have Leen 

1nveat1gated by Pack (54) . Turner (74) studi ed aftor- r i pening and germi

nati on of seed of!..· pscbyphloeo. No work on Juniperus sconulorum, one ot 

the speci es coverud in this paper has yet beon reported . The works of 

Turner (74) and Jelley (46) wore chi efly conttnod to determ.i nation of the 

require..lont s ot seod for arter-r i ~ening. Turner (7,) found that af~er 

r i pening ie essenti al before gel'.t.li n.at ion ot tho seed of Juninerus pachyphloea 

could take place . I:a observed that the l c~th or poriod needed t o oring 

about co1Jplote attor- r1; eni n.J vari es with the season: after- r ipening dur

i ng t he spri Dg ot the yea:r proceeds much .roster t han during tho wi nter. 

Since stratifi ed seedo of J' . Racnyphloes begin to 15or.rlnate I.lay l, Turner 

suggests earl y pl ant ing. J'elley (46) wor kine on the theory t hat passage ot 

red cedar sood through t he d1&est1ve tract of birds st11llulatos gezm1nat ion, 

treated cl ean red cedar aeed with $Olut1ons couta inil g tho active in~.:redi 

ent s found i n th$ digestivo tr~ot or bi rds • .Aft er this treatment the seed 

wero divi ded i nto tf:o lots and ~trot1tied; one l ot at o te-"l)erature or 4l°F. 

ana the other ut 71°F. A:t't $r 60 days of strati tication, 20 per cent ot 

seeds hel d at 41°F . were :tu.l.ly aftor-r i pened AD.d those stored at 71°F. 

gexmi nated to the extent of 33 ~er cent, J'ellay did not attoupt t o explain 

whether germi nation was due to the treatment or to s t ratit.ioation. 

The t10st oouplete and t horough i nvestigation of seeds ot red cedar was 

done oy Pack (54, bo) . He tound that non-atter- ripenod seed of red cedar 

will not ger~i nate unless strat i fied tor eo..'16 tima ot o t eaiperature ot be

t ,,aen o0 and 10°0 . Stratif'ieaiion for 100 days at o0 c. was found t o oe the 
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t ~rreetive one . ~eeds etr tifiod t 5°c. ror su.tfici tly lon 

porio uf t e a .,1 to a inate et t us lo ns o0 and 

1° ; how vor, the op otion t • poratur for the$e eed w so 

se to be 5°C. t o0c. tiled to th 

t per turo tor a rei to 15°0. Pock (54} els that 

exposure of seed n~ter-ripened t 5°0 . to t pe tur of 12°c. to cee 

the eed i nt o secon 01,y d.onJl18ll.C'1• Jelley (46) has al o o served th need 

tor after-ripen in red oedar e d. tr tifioati not seed pr ceded by 

rreezi ff uit or 21 d i n atw.r. t ti n. ;r. lley 

ot he the ttrio t d er tion t f'reezi , or str t1f 1-

c tion or th. Pack n the oth r h etinite tate· nt 

to th et ct that tr 1 o orci cti non L> tion 

ot red c eod . He st te dy to r.... ta ( tt r 

the coat 1 cracked a th ir tr t crea d 5 ·· ) are kil.l d y 

a sur to - 0 0 . 11* Of all i nve ti ·otore orki on th see of iper, 

( 6) a the onl. o e to r port · t1on of ed hich a 

n 1th r tr tifisd rior to lanti nor l tt 1n the soil over tho te . 

o in.tu tio 1 foun i ldrati' article o the· xact i e tit of the 

eed investi ted . 

Pack (54) fo that the d co::i t play o pa.rt in fter- rip ning or 

enain tion of rd ce r eed . Ro over, it r stricts the exp ns1on ot the 

b1bed e bryo and prev ts it 1'rc ruptu the nuoeJJ.us before after-

ripen1ne b taken pl ce . 'l'h seed cot 1a per bl • tr, se , 

d alts p s throu the seed cot ra idly whil aci s e tor it lo _ly. 

Pack, D an ter- r ip 
z. 
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Pack's tte pts t enai tion of non- ter-r1pe e see y u e of 

forcing age t sch aci s, salt, alt r ating t 

tures, ech uical jury, w o t , ry 1r. or r ovnl ot t e aeed coat 

e not succossfUl.. 

ccord to Pae ) non-atto - ripe~ d red cedar ee cont in 

allunde.J t stor :tood th fo f fata an protei s, 1th t ces ot 

sugar, but no st ch. The chan oa o se ed y a ergo in 

the prooe s of after- r1 ening a1e e follows: "'l'h ace ul ti or cell 

buil ing teri acids, phoep tideo, octi er duo sub t nces, 

oolubl sl.J6a.re, p ntoses , 1.no ac1da, ol ble protein, ad ot er 

nitrogenous o pound ; the ace ul. tion of enzymes; the di persion ot 

ter1als; and the tr toX'LIStion or stor e terial . is rapid 

a.cc ulaii ot pla pla tic cell terialo coupled 1th res-

p1re.t1 d co oust i o or tori a proba ly force the dor.na.nt organs 

to activity . ne th see the a ak n d activ or ea av ry taole 

tructlU·e na o up of y unatable co poun a . I:f' t ch&lltes are not 

the a is of th tter-ripe n prooe , t y r found o oco 

af't - 1peni g proco 

Pack (54} st 1 d el o the c eot oft or see -

11Jl a d chlorophyll t tin. Ha fo d th t th opt perat ure tor 

h of re ce<l r seedlillG e 15° C. Chlorophyll dov :lo t is in-

t of ll~ht, bu.t eatly octe the t orophyll 

tails to or. in seodli ·s held at eit er c. or 30° c. 

P ck's vo ti tio inclu d al~ e. tudy of the anato y of eed. 

e tollo~ in~ 1B a bri t e r y o Paok 'e discus ion of the st~ucture and 

o position of soe r red c dar . • 

* 
""'* Pack , 1) . A. 

·a .. . 71: 3'7. 
ter-rip ni nt:: 
1921. 

er- ripening, 
t ot. az. 72· 

inat i on of J 

seedling 

i pe seode:. ot. 
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The seed ot J uniperus v1r61n1anft consists of tour easily distinguish

abl e parts: (1) the eood coot; (2} nucellus; (3) t ho ondoapel\':l, uno (4 ) 

the e?:lbryo. The aoed coat coustitutes e t out aevonty- five per cont ot the 

woit!ht of the seed and is uade up or three layera: the outer fleshy (F10ure 

l, a} , the otony l b), und the inner f leshy (c). fhe stony lsyor is heavil y 

l1gni :f'1ed and contailts sowe calc i um pectute, while the f l eshy inner l ayer 

i s n.ade up moutly ot uu.beri n and or a arnall amount or eollulose. The 

nucellue (d), a very thin lnyer or cells, i s co~posod ot cellulobe. The 

andoaperm (e) and the embryo (h) mnke up onl~ a t out one- fourth or the llei et, t 

o~ the seed yet are about one- half or tho di ameter of the seed in thickness. 

The ondoeperm aervea es a pl ace ot rood storage, its cells being tilled u ith 

tats and proto1ns. The lilfall o of the endoapem cells are rather heavy and 

are oo.:.:tPosod 01' eelluloi:.e and ~z:i.e pectic substonces. The outer walls ot 

the outer endosperm cel ls (k) 8l'e heavily suberized. Tho wails of tne 

embryo collo are thi n nn.d COi.i!posed ot cellul.o~e and soao pectic sub&tOllcea. 

Cells of the embryo contain fats and proteins . 

The 111ri tor ,~as unaole to find any reference on the onato,ny of seed ot 

J'uniporu.a scopuJ.orum. Rio 01'."Xl study reTealed e similarity bet ween the 

at:ruct\U'e ot the seed of .Tu...i perus soooulorum and that o:f.' red cedar. The 

uost pronounced dif'fe1·onco i1etweon the stru_cture ot the seeds ot the two 

speci es is in tho relative th1ok:ne.,is of the aced coot . The outer flashy 

layor ot the seed coat ot .Tun1perun scopuJ.oruu is compar able to tho same 

l ayer in the seed of red cedar. Hpwever the stony layer i n general 1a .much 

thicker than the corroaponding layor in Juniperus virginiana, and may vary 

in thickness beoause of the asynmi.at r 1ca1 l ocati on ot the embryo. S1:l1l ar 

di!terenoe is not ed 111 tho t hickness ot the i nner f l esny layer of t he seed 

coat ot the two species. A1' in the case or the st ony layer. the inner f l eshy 
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Fie. 1.-Longitudinal section of seed of 
J uniperns virginia11a with part of nucellus 
and integument removed from one side: 
a, outer fleshy; b, stony; c, inner fleshy; 
d, nucellus; e, distorted tissue; /, hypo
cotyl cap; i, protective cap; j, mega· 
·pore membrane; k, endosperm wall; 
g, endosperm ; h, embryo. 

( by Pack) 
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in 'the struc·tu:r•e of the emtryoto\ of the two speeies. 
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r coll ct 1 c l lY, (dtill at r, Vici ity), l 39 an 

1 0 . <i1inCo . red ced r tr s produc hi p port ion ot pty e ds, 

coll ct1on a od n always precedod oy a cutti to.t . • ed od .1.n 

tho stud ere ot tar t n vore.ge quality~ fro 50 to 60 p r cent of 

1 s da ell ti d nd a r ntl.y oo d . (Tn l>l 1) 

T le 1 -- rigin, date o collecti n 1n l 11 '1 
ot se d of Jun1Eerus ..;.;;;.==-=-

p r cent ot filled 
too Collect lon i Plao sound ed 

C OT. 6 , 1939 Vic it of Perkin . l ~ ' . 
Okla 

39 D . ov • ll, 1939 ff 601' . 
39 c. 2, l 39 5 

40 . 0 • l 40 . t,t ill et r, Okl :;;:ia: 50~ + . . 

·e d ot J"unipe scopulol.'UC!l Sar • purchased 1'ro c ro1 seed 

al rs: l t n r eldea e Go , Denver, Colo a o, ill 

Dec lot 39 40 fro Y, 0 orth 

D kot- d 1940 reepectively. 'hen clean s ed of either ot th t 

specios re d, berr1t3 ere soaked 1n t p ,at r or three or four 

day an then cer ted on ce nt block. 'l'le oere.te -err1 re 

plac d in l r ot oter: · at t the good eeds aenk to the tto 

hil pul. jorlty or tee ty u do r tlo ted ott . cl ean 

seed ere ten r oved fro th atar ~ ei~he~ air dri trt.tif1ed or 

otho ise ~ r dy for e . 

Pe r1 dishe 1th 1 t cotton were u ed 1n tors 1n st i n-



20 . 

at cea . o cotton i steneu 1th 1 tille i n all test, es 

1 diet o e of th ger, er e rri don 1 pots 

t1lle 1th soil anu so i n the nur b d . st of tho e~ nat i on tosts 

re set in du lie te . Dur1 th ta t t .1 petri d ah s ore 0' ed o 

when ge nation count · as t 8 ddod. 

Ora ulated p t ~ s a use es the at stratific tion diu.m. 

For str titication the pe s prep red os follo s: f irst, it put 

through e ., " ah tire scr n nd then allo e to so 1n a tar for ever al 

hours . en the p at a thoro saturat o , t e excess ter o removed . 

Glass Jars 1th paper over the uth ot the jar ere sed for str ti ioation 

of amoll lots hile l r ger lots ere placed 1o h l r u hel baokets lined it 

pap r . Str t itied se ore kept 1n cold stor e roo, which the t 

per ture ta1 od t oe een 36° . n 46 • (Ave . 41 .) 

at or the tests ere carried o tha 1 bor tory t 

tOA1perat res v ry1 tro 70 • to 5 • neve co ,st &nt t per tu.res 

w-er require , ulata a 

tureo are ueed . So e ot the te ts re &lso set in the gr enhou e nnd out-

oora the, nursery. the coura the 1 vestigat1on pprox tel 50 ,000 

nd 20 , 000 l.· sc-opul.o seed re u • 

* 11! rticul tu:r 
Kan s City, 
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CAlJSi;S or DOmrru~CY 

l!oture ••4 ot 1un1prue Tirgi.niana and L• sccpulorua .nre dura nt. 

The baaio oau.ae or the inability or ripe eeed ot tbeoe two e:pecies to 

germinate is t!le dor:nan.cy ot t b.e embryo. In aeed ot l.• acop\ll.orUJil the 

seed co~t is also probably responsible t o aome o~tent tor t he ~ol.ay 111 

germi..Dation. This conclusion wes e.rrlved a t aftor a t experiments 

dea1GI1od to onock on all possible caueea of seed dortlltncy as li&ted by 

Crocker (16) . 

Seed co&ta ot both Juniperas T1rginia113. and !.· scopu.lorum aro 

permeable to water: dry eoed ot both apeoiea abaorbo4 water very rreely 

when aoeked 1.ll cold water at rooa te1tperatare. During '12 houra ~ soa.lc-

1.ag • a1r drt seed or 1un1 pei-u.e rtrg1n1ana absorbod ntor in an ru~ount 

oquul to 10. '52 por cent ot t he dry w~lzb.t ot the eo~d. ater a.bGorbod 

by tho ao~4 ot ~u.niperus aoopulo:rtU:1 duri.ns tho 8Q.A1C period om.ounted to 

20.44 pe,r cent of t he dry weigh~ ot tbe seod . Sevont:,-uo hours ot 

soaking dormant seed brought t ho total Jlt01aturo content ot eoad o~ 

1u,n1perus vJ.rgin18.ll8 end J_. aco!)lllorwa to 27.09 and 30. 97 per o.,,nt 

respect1Tely. 

Jree absorption ot wator and tha taet t hnt removal or ~he soed 

co3t did not pranoto germination or no~~f~er• riponed seed a~ggeat that 

t ho seed coat 1a not or pr1mary il:'&.POr'tOAce ih seed dormanoy- in aead ot 

ro4 CGdar. 1owev~r tho.re 4l'e ec:m:e 1ndicationa \ hat t he 8Ged coat Dll.1 

pl.a,y some pa~ in th• delayed &~rl!l.1.nu.tion or eGod ot Juni.Rt?rue acopulorum. 

These ure diaouesed 1 t•r jn t his J!aper. 

Failure or tho exoise-d Sllbryos or non-a.tter-ripenad seed or botu 

species to grott ud or tL.e incraa.sed ox:,Q.On J}ressura to rorce gorm.natio.n 

indicat es th~t daticiency ot OxY~on 1s not reapo~nibl e for dorma.nay. The 
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fact that t he re aoval ot t he seed coat failed to bring about germination 

eliminates also the cechani cal resi stance of the s eed coat as a likely 

cause of continued dormancy . Tue need for after- ripening and easy ger

mination ot attor-ri~ened s eed s~ow vary definit ely that the chief cause 

of dormancy lies i n the embryo itself. This conclusion is i n line with 

that of Pack ( 54) who r eported the dormancy of t he embr yo to be r espon

sible f or del ayed germination of seed of Juniperus virgini ana, J . ~~. 

J. cornm.unis depresea , end J . prostr ate. 

T,o.e wri ter has not obsarved secondary dor mancy in seed of Juniperus 

scopulorum but, as shown elsewhere in this paper after- ripened seed of 

red cedar under certain conditions can r evert to secondary dormancy. 
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stratitica.tion 
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Seed ot Jun1perus aco1;>ulorW!l aa a rule do not eorminate tho tirst 

spring after oolloction 1rrespocti vo ot wnether they \7ere strotif1ed over 

winter at law t0111.porature o:r planted 1n t he fell or stored dry. In 

cozmoroial pr actice. gol."?111n~tion ot this seed occurs duri ng tho oooond 

spring o.i'ter planting, which meana that the sead 1.-emai.a.a i11 the seed bed 

for at least one full 1oa.r . Before germination of t.b.e seed occurs the 

l atter normal ly remains at a l OTI t emperature for two periods (two winters) 

separated by a period of r~latively nigh temperaturo (sunlll!er) . On the 

aseu.mption thnt th&ee three sets of conditions are necessary for the 

normal process or att or-r1pen1ne, an attempt wns made to dotermina tho 

shortest periods or storago under the above conditions , that would reault 

in satisfactory germination. 

A sample of a~proximo.tely 10,000 seed was divided into 2~ lots and 

eaoh placed in str~tification for various periods at low and high tenp

eraturee . Each lot went through throe distinct p~r1oda ot atr-at1!ieation: 

during the f irst and third periods the seed was ks.Pt at an e:verege t emp

erature o_t uo r . • during tho eocond at room tcmperatura f l uctuating 

between 70° and 85° ~. The conpl ote so~edulo ot etratitication of various 

lots is presented in Table 2 . Since drying or soil end seed during the 

sua.mor is at corn.•on occurenca in nature, 1t wao decided also to 1nvestigato 

its eftect i t any on after-ripening. In coDnection with this, ~ots 20, 

21 , 22 , and 23 were allowed to dry during tho stratif'1oation. at hiSh (room) 

temperature , but remoisto.lled bet or~ the seed was returned back to low 

t emperature . In l ot 24 the seed were rertoved from the peat moss and air 

dried unt il it attained a constant weight . 
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The perfce,nt of at'ter-ripenod seed in each lot was deter.mined by 

means ot germination tests at tho conclus i on of t he third period of 

atrat1!1oat1on. The tests wero carried on in the l aboratory at a temp

er ature Te..ry111g :from 70° to 85° F. and also in the 1oebox at a temp

erature ot n° F. The reaul.te of t he tests conducted at 410 P' . wero 

in line with those set at room t emperature , insofar t.1s the rel at1To 

gorJlination peraent agas are concerned. However, germination et ~1° F. 

required a much l onger period or t i me . 

The following discussion retora t o the tests o:irr 1ed on i n the 

l aboratory. The boat germination (31 . 5 ~r oent iil 14 days) was obtained 

tram aeed whioh was strutifiod one mo11th et 41° F •• eight months at roOill 

t emperatura and again two months at ~1° F • • or tor u total poriod or 

eleven months . (Lot 5 , Table 2) The l engt h ot the first period at low 

temper ature doos note eu to be directly correlated with the extent ot 

the tin.al ee:rmi.nation. some o~ t he seed l ots kept ~t 41° F. tor one 

month (lots 5 and 6) germinated better than those which a t first were 

stored a t l ow temperature tor three months. Neither is there any de

finite correlation between the germination and t he length of the last 

per iod of strat1t1cation at the low tam_peraturo . 0erm111a.t1on a p pears 

to be corrolated so.~awhat ~1th the le.oath or the etrat 1f1oat1on ,9er10c1 

lit high te1uperature. However , whether it ia due t o the effect of t he 

storage at ~1Sh temperature or to tne total l ength of stratification 

period is not clear; sood which wore kopt longest at hign temperat ure 

had al so the longest total period of atrntific~tion. Appar ent lack or 

corrolation between t he individwil ~oriods of storage o..nd germination 

might be duo , at l east in part , to the fact t het germinat ion tests 

were set at room t om;,eratu..ro ;:;hioh varied as much as 15° r . It will bG 



Ta le 2. 

. . 
Lot 

i . . 
1 
2 
3 
4 
b 

'l 

• 10 • 
ll . 1 . . 13 . 
14 

• 16 . 
• 16 . 17 • 
• 18 . 

19 . 20 . 
21 
22 
23 
24 

f ct 
t 

. • 

! 

: 

At 
0 

: 

l : 
l 
l 
1 
l 
l 
2 

2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 

3 

3 

* Aocidentl y destroyed. 
"'* Stored dry 

l 
2 
4 
9 
a 

1 

4 
6 
8 
a 
l 
2 
4 
6 

a 
8 
e 
6 
s 
4 

**5 d 

Totlll. 

1 3 
3 . 6 . 

• 3 8 
l 11 

11 
3 12 . 2 • . 2 . 
2 
2 10 
2 . • 

1 3 13 
i . 7 . 
I . . 
: 10 . 3 12 . 

l 12 
2 13 
3 : 14 
3 s 14 
3 12 
3 9 
4 • ll • 
3 

. • . . 

: 

. . 

. . 

l 

. . 
: 

hi· , nd l<> 
aeod o"! 

Pe 

1 . 0 
1.,. 0 
8.0 
• 

31 . 5 
22 . 0 i 
1. 0 
.o 

2. 0 
9 . 0 
2. 0 
1. 

20 . 0 
. 5 . . 

9.5 
21 . 0 
lb. 5 . 

• 
21. 0 
21 . 0 
25 . B 
1 . 5 

4 . 
17 . t'S 
o.o 

25. 



shown later that gor.uinati ou te~erature has a pronounced effect on the 

gexuination ot the aeed of juniper. 

2G. 

In the lots whioh were allowed to dry orter the f irot three months ot 

stratificati on 1:1t 4-F r . there is about the sa:lle dei;;ree of correlation oe

tween cer:unation 8lld the length of the total storage period as in the seed 

kopt continuously moiat; tho lOJl8er the total storage period the higher the 

ber-inution (table 2) . Seed t ested 14 oontha aftor the initiation of the 

oxperirlent gert11nated to the &Atent ot 25. b per cent . ~herooa seed tested 

after nix month.a of storage did not geminate et all . The results ot germi.

nat i on tests of the last four l ots ( 20 - 24} are a1sn1f'1cent also because 

the7 ohow that drying or partly attar-ripened seed noither interferes with 

the proceos or erter- r i penillf, nor thro~s the seed into a stnte of secondary 

dormancy. Pock ( b4) found that des eiottti on ot partly after- ripened Juuiper 

seed for s abort poriod not only was henuless but actually shortened the 

period required tor the cc.iaplation of after-ripening. Possibility ot dry

ing portly atter- ~ipened seed without lilaI'kedly attecting its gerw.inability 

was ulso observed by Crocker und Borton (19) who found that partly after

ripened seed of apple, dried for one mnth, cer.ui.o.ated nearl y as well as did 

the seed ,,llich was not dried. 

Ueguireuonts for atter-.dpe.u.ing of 5eed of J'unireruo virginiana we.:::-e 

thorout;hly investigated by Puck (o4) . He found that dtrat1f1cat 1Jn ror one 

hundred dayu at 41°F. provided the optltlu~ conditions tor after- ~1pan1ng. 

In the present investigation it was ODsarved that this period varies not 

only with i ndividual lots and from oeason to season but 1th individual seeds 

as well . Strut1ficution tor one hundred doys i nsureo after- ripening of llX>St 

seeds. Soed of lot 39E wna used to detenaine the raquired length or strati

ficat ion for the otter-ripening ot seed of red cedar. The seed had been 
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cl an d, di·ied, tored t 4l • on e ru ry l , l O an stratified on 

July 6 ot he 1ear. The tr ti io pl C in leotric ic -

X t ve er tu.re r l • Go uut i on t t~, each iuvol 

e1e de t interval or to eeks . c; thea tests 

re . es in T ble 3. he i.ut nt1on s to co ti ue th st 

tor fourteen ee ut d 0 bund t r d r. t i on or seed in the ice-

x, the test ha earli r . t the d o the t n h w ek o:t 

str ti!'icatio t1on in stor eh d ach 45 per cen . 

Tat.>l 3 . ' !'ect 
after-ri 

lelll;t 
Of~ 

tion t 41 °Ii • on 
~--~,_;.,;_a virgi. iana 

t ti!ic t ~n ~ r ·o ) : 

.o o. 

The f ve tabl 

ri e d ob aed on th total ·el'Ui 

1n tho ice- ..x> le th ed till tr ti 1 • 

por cent or meeds iu th o oe o lot is v ry olo 

coul possi bly be ttui e b caus he lot , despi t 

6 . • 10 

33. 0 : 77 . 0 

rcent t tter-

the l o atory 

nation of 77 .o 

to tb.e ma:1t1l!1u.m th t 

or od :d 

oor seed b7 floating, st Ul c tai i~ d n cer of em. y e e • 

~ e d t a sh~ t t very littia gerrui n tion o o exp ot ro eed 

str ti!ied tor period of six eek or lea , butt ere is rapid 1 crease 

in the pr ce t of tr-ripened ee if they er hel d in streti tioat i on 

lo er. The eriod re ui ed for after- ripening of oaed of red cedar y 

vary, a can o sen from the results of the a•ovo e eri nt 

1th tho. of P ck (54) hos gest 100 day at 41°F . as the opt pre-

tre 'tl!lent or redo r ed . I t th eod begin to nato in torage 
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l ong in advance of pl enting, as would be the case with uo~e l ots of seed, it 

1a entirely possi bl e t o check the growth ot radicl es without destroying tbs 

gen.1innt1ve capacity of the sood i s sholfn el sewhere 1.n this paper. 

Forci ng Asant e 

Leny atte1.1pts hove b~~.q ..uade bY. various wo.rke1·s to t,reok dOl'"'Jlliney ot 

the etilbcyo or to speed up a:t.'ter-ripeninG by meens of forcing ot;ents (11 , r~~, 

29 , 31• 44, 53, 54) . These i nvestigat i ons we~e d i s cussed 1n the review ot 

literature. I n ~ost coses tho use ot roroinB agents Pl'<>Ved to be ineffective. 

Duri..ng t hin 1Ilveetiget1on pretreatments with i ncreased ox;,gen pressure and 

with o sol ution of vitamin B1 were used in an atte..apt to hasten after-r i peni ng 

ot seed or Juniperus v1rg1A1ana. 

0).,Ygen 

It ha.s long been knO'IHl that oxygen r oqui re.mento of oeed or different 

speci e~ varies. In some species os in cocklebur and lettuce tho oxygen 

suppl:; re the controlling f'aotor in s armination of t he seed (ll, 27 , 65), 

while in others t he oxygen require.nenta for germi nation are very low. The 

purpooe of oubjeoting dor.:1ant red cedar seed to increased oxygen pressure 

~ae : (l) to find out whether defioioncy of oxygen is responsiol o for the 

dol!l:lnlloy, Qnd 11' so, ( 2) whether increase ot oxygen pressure would break 

t he dorI:U1D.cy or at least s peed up afte~- ripening. 

About 2,000 dry dorm.ant seed of red cedar ( l ot 39C) were kept i n pure 

oxygen for t went y- four hours , end thon pl aced in stratif1cot1on at a t em

perature of 41°F. A duplicate lot of the seme seed was soaked in t ap water 

tor t went y- tour hours and then stretitied end kept ot the s a=..e ten:tperature 

as the oxygen treated seed. The results ot the bi-woe.kly- ger-u •. at1on t ests 

of the treoted end untrei ted seed are present ed in Ta~le 4. 
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Pretroe.t mont of red cedar soed with vitamin B;i_ not only tailed to 

hasten af'tor-r1poning but appereiltly eithor slowed i t uown ur reduced the 

viability o:r the seod. After ton v-eeka of stratiticution 62 per oent ot the 

treated seed geruinated while geru11nai1on ot the untreated seed at that time 

was 77 . 0 per cent . 

SUlfuric a cid 

The use ot sulfuric ac.id to increase the permeabilit.r at the seed coot 

6lld to re...ove the seod coot that mechanically resists expn.uaion of tho seed 

content , ha~ been inveotigated by a nWaoer or workers (6 , 35, 63, 56, 60, 

68, 70 , 72) . Flem.ion (35) working on Cretaegtl5 3pp. tound that by a treat-

oent of '&he seed wit~ conceutreted ouJ.tur1o acid, preceding atratit1cet1on, 

,en::11net 1on of the seed could be socured during the f 1rot spring. hithout 

ouch troatmont , seed of Crataegua germinate norm.ally only dur1Il6 the second 

spriug atte~ collection, which is true al co of the seed ot Juniperus s copuloru:i. 

Becauoe of t his si..r.ul erity in tho normal behavior of t ba two opecies , it 
. 

seem.eel deairnble to investigate the ettoct iveness of sultur1c acid on the 

nfter- ripening or seed ot ~W11perus scopulorum. 

The sacc used i n this experiment were of the 1940 orop, cleaned and 

stored dry tor t~o ~eoks. Ono sara.pl ~ of the eoed wag treoted wit h concen-

troteci ::sul turi b acid for thirty .millutoo and another for one hour . Upon 

re.uoval. from the aai<i t he seed were tllo roUBhl.Y washed 111 running water , 

divided i nto nine parts , stratifi ed ana pl aued in that state at teuparaturee 

or comtination of te..iperaturaa as 11-dicated in Taol e 5 . 

J.iany of the seed treated tor one hour end u few treated for thirty 

ainuteo wore def i ni tely injured. After boing strati tio~ for about fifty 

days, tho cotyledons in ::iony seedo enlarged and broke through the oeed coat. 

Thio r,aa pm•ticularly co11mon a.wont; the seed treated one hour. This abnormal 
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ro th or cotyl on , p ce 1 th to the 1cle ha been found to 

bryo or of those in 

which dor. cy or rious p .rta of thee oryo is ot of the inte it;y 

( , 71) . i s ubno ality occure al.Ro i nt e e of rad cedar, boing 

caused y scaritic tion of ed dur , th proco of cle 

T bl 5. Rrt ct of tr t1fic tion on after-ripenin or 
acid-tr ted see of Juniporus scopulor 

('i . 3) . 

Per cent 

f 
2 
3 

5 
6 
7 
8 

10 
ll 

Co cen
t t ed 
ll~04 

( ut 
0 
0 

30 
30 

~ 30 
30 
30 
60 
60 
60 

: 60 

. . 

. . . • 

0 
0 
0 
0 
0 

53 
53 
0 

53 
120 

3 

. . 

. • 

. . 

0 
1 20 

O, 
106 
1 26 

0 
61 
0 
0 
0 

61 

. : 

. . . • 

. • 

. . 

o atio 

0 
0 
0 
l 
3 
l 

38 
0 
0 
l 

15 

~eed tre t d f'or t irty __ • uto I str ti:f'ied tor ti:f y- t aye t 

60° • ad then kept for 1xty- day at 41° F . Billg 

r .. oults , 38 p r c t of t e eed be fully tter- r i pon d , ample 7). 

or 15 J'' cent ( s 1plo 11) . o oft other comainetions of ci d 

and strat i tie tion si !fie nt r ts co arable to tho 

obt ined 1th o ple 7 11. In Ti of' th rethe eneour ng r aults 

o bt-e1n d y the co 1n d t .at nt of seed · 1th oouoentr ted s lturio acid 

d tratiric tio. the p ol hould b 1nvo tie ted further. 
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Properties Of Attar-ripened seed 

ft'ect ot rying 

The purchase or after-ripened s d by nurser en would i prove their 

chance of producing god crop ot a edlings. It was thought esirable 

to investigate th possibilities of oldin. after-ri pened a din such 

a state in which it would not ge inete and yet re in ready f or 

g rmination. e of the possibilities of attaini this end appeared 

to be arying . In so instances drying o~ after-ripened seeds will lo er 

their viability. Haut (~2) found this t o e the case with after-ripened 

apple seed. On the other hen, oases are own where attar-ripened seed 

could be dried without appreciable reduction in their ability to germi-

na.te (3). 

TO determine the effect of drying on after-ripened seed or red 

cedar, toe l es or seed (lot 39C) were drie to a constant weight at 

roo temperature and stored dry for various periods of ti • One of the 

s plea prior to drying was stratified 66 days and the other 91 dye. 

The effec t of the drying on ger nation ot t he seed in these twos ples 

is summed up in ble 6. 

Te. le 6. t tect ot drying on ger nation ot after-ripened 
seed ot Juniperua virginiana. 

Length or strati- eriod 
tication period ot :At room te 
prior to dryi dr ing :Per cent er cont 

( daya) (we ks} : 
66 0 66 .0 14 : 66 .0 
66 l : 49.0 
66 : 5 . 5 18 48 . 5 
66 9 o.o 18 25. 
91 0 74 . 2 58 . 5 
91 l 9.0 20 5.5 : 
91 4 . 5 20 68.5 
91 10 10. 5 . 16 59 . 5 . 
91 : 12 9. 5 50 4~ .o 

ys 

31 
54 

7 
46 
18 
20 

0 
61 
56 
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Drying or ai'ter- ripened seed of red codor at roo.c. tempera~el } ··~ 

generally reduced ger-~ination. The reduction of Ber:ai.uability was °'' 
greater in tests set at roo:::i temperature than 1.Ll those set at 41 ° F . 

which, nt l east in part , should be attributed to t he effect ot the tom-

perature i n ger;.;u,nators. Iloviever the Chier iruilladiate effect ot drying 

ap_;eerB to be the aecondary dona.ancy which , as will be shown later, can 

be overco1e by pr-0vid1ns agai n the conditions favorable to after-

ripeni ng. 

Pack (54) reported that a.tter- ripenod seed of red cedar was thrown 

i nto a stote or secondary dor....w.ncy when exposed to a te~perature of 

12° c. Fro.Li the dat a on gexw.1nat1on te...iporatu.ro (Ta1.1le 10 1,.,nd J i f:>ur& 4) , 

it can be concluded t hat after-riponed aeed or Juniperus virginiana 

doeo uot revert to secondnr; dor.aancy under the influence of hi e;h tem-

peratures only. However air dry1n.; of after-ripened seod of i·ed cedar 

at roo~ teo.perature caused tho seed to revert to secondary doxmancy. 

Seed in o. state of aecondary dormancy usually r equire EUl additional 

poriod of stratification oatoro their ~ol'illinntion c~n be expected. In 

t he above oxper i . ient dried after- r1poned seed placed i n gertninators at 

room tempel'ature ret!lllinod i n a dortJ8Ilt stato Y1h1lo those placed in 

geroinat ors at 41° P. were \Ulcter conditions tovore~le for after- ripening 

and apparent l y the process ot after- ripening was repeated . The exten~d 

poriod or tme tho.t .• a .. reouired to reach maximum geminat1on indicates 

that tho seed did etter- ripen under the condi t 10.1s of t t e gemi nators 

at 41° r . Fully ofter- ripened seed requir ed 18 days to ger:iinate to 

the extent ot 52. 5 per cout whereas dried seed bad t o remain et 41.0 F . 

tor trow 50 t o 61 days to complete son,u.uation. Tlli s second period . ' . 
.. . ~ ... 

noeded f o:r oft&.l'"- riponino wus ouch s horter than tlie i nitia l; stratification 

period. ·· .... : : . ... . . .. .. . .. .... . . . 

. . . . 
. . . . 

. . . . . . . . .. . . ~ 
. . : .. . . . .. .. .. . . . . . 
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The ettect of air dryillg after- r11>enod seed ot 1uniperus scopUlorum 

al so was invest1~ated. Sa..ples of after- r ipened seed of this apocies 

(lot 38) were dri ed for 2, 7 , and 14 dayo after which they were tested 

tor aerr..iinuti on ut room t emperature. The germination of these seed waa 

as tollcms: socd uot dri ed, 30 per cent; seed dried two deys , 38 per 

cent ; seed dried one we&k, 30 per cent; ana seed kept d17 one weok at 

roou te..1poratur~ and one week et goo~ ., 24 par cont . In othor words 

gemination of theso sooo. w~s not reduced by ono -week of dryint, ond 

only oli~tly retluceu when dryillo 1,eri od \18.J e.nenue<1 to t..io eeks. 

Aftar- r 1peued Geed ot 1un1po1us acopUlorw1, in co~troat to those ot L· 
virgi~i ana, do not revert to secondary don,iSJ1cy duo to drying for t ~o 

weoka but arc abl e to ger,.;iinate at room. temperature ufter such treetlilellt . 

Ettect of freezing 

In order to insu..re cow.pleto otter- r 1penin0 of oll nowly acquired 

seed ot rod cedar, 1t is <tesi rabla to extend the pe.riod of strat1t1oation 

to 100 or wore dnya (54) . On the other hand, oinoe ..:iany se~da co~pl ete 

t ho process of after- r ipening iu o course ot 60 or 75 days (Table 3) 

extension of strat1fioet1on to 100 days may 1n soille i nstancea be 

l.Uldosirablo; as ahown elsewhere i n this paper, fully aft er- r i ponod seed 

of red coder ge1'lrlnate easily at tlio te..aporature of otret1ficat1on ( 41 °r.). 

Considerable variation ill the stratification require 'l.Cnts ot individual 

lots of seod and ditt'lcUltieo created by this variation, s~eated the 

need of finding a i:iethod which would pr~v~ut ger •• d.11atlon of atte~- ripened 

seed aud yet ~oul.d all°" tho ueod to l:Uiintain their 3e:rfuiuative power. 

Ill connection ~1th thia, o~ 1nvast1~ution ot the effaot of freezing o~ 

the vinhility t1LLu ~Gl'L.i.Utltil i ty ot aitcr- ripened seed wo.; un<iertalten. 

Two lots o:r sood, after boina stratii'iea for r.ro..1 b6 to 100 days were 

frozen 1n blocks or ice and l et't in t hat state i n the freezi ng unit ot 
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an electri c i ce Lox. Samples of theso seeds ~ere re.moved fro~ tL.e to 

t1...1e, t hawed out and placed 1n gewinatoro ~ one- half of each sample at 

ro0r.1 te;;ipe1-ature and the other at 41 ° Ir . The reGults of germinat i on 

t eats or theee sued ure presented in Table? . 

Germination or the t wo loto of seod tested at two dif'fe,rant tem

~eratures vari ed con&i derabl y. Tests at 41° F. should be considored 

more representative or the vieoi11ty of those seed t han those set at 

roo..1 t er1peroturo. Uneven ger-...iinat ion at roum teuperatu.J:"e ~os unquestion

ably due to considoracle variutions i n the co,:ditio.as under which the 

teats were conducted. As showu. el se-where ln t his paper (Fi g . 4 , Tabl e 10) , 

t emperature has a r.:lil'kod i otluanee on germ1nat1o.u. To tho seme effect of 

external condit ions LJight be attr i buted the 1noreaso i n germi nation attor 

ten weeks or freozi ng (53. 0 pel' oent and !33. !> per cent) tts coo.pared t o 

gerainotion after six weeks of sinilar treat?r.ent (1X> .O per cent and 17. 5 

per cent respecti vely) . 

It i ~ or interest to note that allJoot one- half of tho ori binally 

Viable seed still re1Ja1.ned viable after twenty- tour ,eeks or freezing 

which is contrary to Pack ' s findingo (54), who reported that fully after

r i pened red cedar seod (seed cracked opon hlld the wnter content 1.D.creased 

to 52 per cent} were ki lled by eAposure to - 5° c . It 1s significant that 

there wa~ relatively r.i:.1all loss of viabil i ty in s eed frozen for one and 

four weeks . This may per.nit a tew weeks delay in pl11uting shoul<i there 

be o need for it, oven i f the uoed is oo..ipletel) attar- ripened and ready 

to germ.nute . 

A pract ical application of the 1>roperty of aftor- ripene<i oeed to 

1:1;1thstand freezi ng without losing i ts a bility to gorminate was deillOn

strated on~ sainplo of soed of lot 40 , which hau been stratified 73 days 

and colllpletely a!ter- ripanetl solll8Wnet in advsr.ce of plant i ng season. 



Table 7. Ef'i'ect of freezing after-ripened eeed at Juni12er e 
virgini on soed viability 

umber ot eeks the seed were frozen 
Lot i 0 l 4 6 7 10 12 24 52 

Per oent gernination in 36 days 
at 41°F. 

390( ) 58.5 72.0 '70.0 69.0 75.0 54.5 o.o 
39C(b) 6.0 ~9 . 0 56 .5 26.5 
39D 44.0 44.5 .5 14. 5 

at room te 12eratura 
39C( a) 74.5 56.0 65.0 49.5 16. 5 23.5 o.o 
39C(b) 66 . 0 4 2 . 0 20 . 0 53 . 0 . ~ . 
39D . 40.0 40 .0 1'7.5 33.5 .. 

C}> 

• 
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Tl1e seed was rem.oved f:ro,:t stor'uL:c Ev.C:t i'r,JZKl in t,lock8 of ice. About a 

awi prod.uced 1:t f',,lod star,.d oi' soedJ.iu0s. 
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CEHMINATION 

'!'he process of germination in the oeed or ~uniperua v1rg1n it1na and 

J . scopulo1'Ull!. is esseut1nlly the sa.mo tltl in all other aaeds requ.iring 

81.'ter-ripenine. There ia no detini te separation between tho end of atter

ripen1ng and tho beginning of ser~ination. In t his pa~er breaki ng of the 

er.ibryo throu~1 t uu endoape1"m is oonsi d.ored ao the begi.tl..llint; or ger-.&Jinat1on. 

Non..al geruiuation of J Wliper seeds begino with the gro•th or Wld protru

~i ou vf tho redicle t llrOu~ the endospell!l (fiLUJ.~o 2). Tnc cot~lcdona 

olongate slightly but reoain enclosed within tho suod auu continue t o 

aosoro the stored food tro.:u t ho endosperm. Only when this food ia 

exhaust~d aro t hey pull ed out un.d appear ovovo the soil. In certain 

canes and Uilder certain co4ditions the growth of the cotyledons precedes 

that of t he redicle (Fi b'1lre 3) . This abnoI'ltltllity i n cer~inution i s 

discussed elee~horo 1n t hi s paper. 

Germi nation 01' a well after-ripened aeed run; occur on the first dey 

after t he conditiono favor ing t his process are provided . In so~e seed 

however, as c.any as 28 days may elapse between the t ime t he seed are 

pl aced under genm.nat i fll conditions and t he timcl when actual germination 

takes place. Elliergence of aeedl1nss tram soil usually occurs 1n three 

or four weeks atter pl ant i ng, depending upon the degree or after- r i peni ng, 

t ho dept h of pl untine, and t he temperature and moistur~ condit i ons or the 

sou. 

'Effect of the react1ou ot the gert:1ination ~odium 

It 1s k:noun that t he reaotiou ot the cadiu.:n moy have a pronounced 

ef't'uct on t he germinati on o~ seed even if' the range ot pH volues under 

which the seed will geDlll.nate is rather wide. For instance Salter oud 

llcilaive (61} world.ng with seed corn» wheat, soybeaus, red ol over, and 



Fig. 2. Soveral stdges ot normti.l germination ot seed ot 
1u.n1porus virginiana . 

l"i g . 3 . Abnol'Jll.31 germination or seed or l."Eld cadar shewing 
th8 omergenoe and growth ot tho cotyledons o.nd the 
hypocotyl precodillg that of the radlclo . 
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altelfa found that t hey all g&r~'linated in :nedi a rongi ng i n react i on from 

8 . 96 to ? . 71 pH units , while t he optimum roaction tor theoo seeds ,as of 

pH or 4 . 11. 

Since ger..ii nlitiou of t.o.....e t.;ecds is 6.1.'f ect ed by t he react ior1 ot t he 

soil, 1t aee..:ed desirable t o i nvesti ~ot e the e~fect of the Il of the 

ued1Uw on t he gen.;.1nat1on of aeod or 1un1perus virgi niana uuJ 1 . scopulorwn. 

After- r ipened seed ot Juniperua v1rg1n1ana were placed t o gor~i nato on 

cotton .moistenod with phoaphste buttor solutions of vario,10 pH values. 

Oerw.inotion t ests were cerriod on o.t a coustant t e:iperature of 70° p . 

A couotunt supply of bu.f'fer sol~t1onu woo I:18intainod 1n ge:r.minatora oy 

addiilg to t ho cotton pro~er solutions whenever necessary. The touts 

were set i n duplicate, each oa..,.ple contaiuitlL 100 seeds. Oert1i nat1on 

'ffllO recorded for f ifteen days f'ollowiug t he setting o:f t ho t est , after 

which tifile t he genr.1nation i n all samples was completed . 

Oen:ii nat i on 1n all sampl es began ot the S8liie t1...e and progressed 

ot the s a:::~ rate i rrespective of the reaction of t ho medi e . The final 

gerrlinotion per cent was the hi ghest at pH of 6 . 2 , and t he lowest at plJ: 

of 6 . 28 (Table 8 ). HoweYer, t ho ditterence i n total genni nation was too 

small to be significant . ~he har..d'ul effect of al kaline buffer solutions 

( pH o~ ? . 8 end 8 . 4) on th& growt h ot radioles was evident 1n t wo sau1ples 

in which the radicleo turned 111·ow upon ooui ng i nto cot.tact w1th t he 

sol ution . Siulil, r in;;u.ry t o t he gl'O\ling o.cwryo caused r;y hi eh allcalini t y 

of the solution uaa observed alao on seed ot .t.lae,;uol ia ecWJ.inata ~Y 

Atanasiev { 2) • HishlY acid reactio.us uight eloo be unfavorable for the 

growth ot oeedlillgs: Saltor et al (61) reported severe injury caused 

by t he ger.ulinut ion medium of pH ot 2. 96 to aeeUlings of corn, al:fal-1'a, 

wheat, r od olovar , and ooybeuns . Growth or red Ct.,dor aoed.lings see.:ied 

best on t he sli&htly aci d , wdi um (p1.i 6 • .2 ) . Thi s co.aLi.nad •1th the 



Tables. Germination of seed of Juniperus virginiana as ttected b the 
reaction ot the germination media . 

Reaction or the ger- Per cent germi.naticc 
mination media (pH) D 8 

l t 3 6 9 13 15 
4 .40 35. 5 63 . 0 66 . 5 67 . 5 68 . 0 68 . 5 
5 . 28 35.0 59 . 0 62 . 5 63 . 0 63 . 5 64 . 5 
6 . 20 40 . 5 69 . 5 72 . 6 73 . 0 73 . 0 73 . 0 
7. 00 35. 0 60 . 0 63 . 0 64 . 5 65 . 5 66 . 0 
7 . 80 43 . 5 60 . 5 64 . 0 65 . 0 65.0 65 . 0 
8 . 40 38.0 60.0 64.5 66 . 0 66 . 0 66 . 0 

ii). 
0 
• 
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1 ~her ermi n tion t th1 rocction than 1n t e others pl s , 

s eat s pH or 6. 2 as th op u for he 6e I'I!li n tion of d c d rs ed. 

A s l r exper nt a st rte 

It as carried on un rte e c ndition a t ~n ee of 1~ c dar. 

reactio of tho tri 

t ger. i n.o.t1on a H 

of t p of ) . 

.t&bl 1n tio or 
88 o h y the 

. • • 

. . 
i . • 
: .o • 20 . . 

i till ed t r . 30 • 

Conti· I t o t ca dif-

fe nee i ge . tiou t tlle xt1•e s ot t e re. e tried. Stron y alk line 

e 1 (p I 8 .04) as detr1 t only to arninat i on but to th viaoi ity 

or the seed s 11: 46 per cent or the see which did not ge in.ate ere 

to to be dead t t e end ot the xper t. Alt ugh only relativel y 

l n ber ot ere used triki d1f~erences b -

f 1 l aci re ction i ·ore r vor bl in tion or s e 

scopulo th a action hich 1 ither tr or sic . 

ttect ot 

desirable p ctice pl ti after- !paned eed f r ced r in 

D s i n 1 e ruary or no t l ,aya pos• i ble . 8 

s ed y be l stter- ri n re uir th oxtenai n of tr tifi-
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cation unt il l.nte spring. Delay in planting may a lao be caused by un

favorable weat her and soil oondit : ons. Late plantings would mean that 

germination of sead must take place at rather high t exnperatures which 

according to Pack (54) are extremely unfavorabl e it not entirely .l)TO

hibitive to this process . For thie reason an experiment was set up to 

determine more definitely t be effect of temperature on germination and 

find the 1naximum temperature at which gerruina tion or after- ripened seed 

of rod cadar would take place . The range of temperatures selooted tor 

tri al represents that ot the outdoor temperatures prova111ng in Oklahoma. 

t'rOl'A February to J.:ay. The constant ten,p;,raturos uaed were as follows: 

320 , 40° , 50o , &0° , 70° , 80° , 900 , and 100° F. Sixty- eight 

hundred eeed were u.eed in this test . The results of the gerni1nation 

tests of after- ripened seed of r ed cedar at these temper atures are pre

sented in Table 10 and Figure 4 . The test nt 320 F. was not included 

in the graph because no germination was observed at this tom.perature in 

a period ot thirty days . 

Germination of red cedar .soed 1a de~im.tely and markedly affected 

by temperature. \'lith1n t he range of 32° to 70° F . there is a strong 

correl ation between t he initial rate ot gerl'!tination and the tenperature 

at which germination takes place . At ao0 and 90° F . germination is 

eomewhat sl ow&r tban at 70° F., while at 100° F . the depression on 

germination rate becomes very pronounced. 

In regard to the ettect ot temperature on the total ger.n.ination of 

the soed at the end ot thirty days , seed set at 50° F. gave tha best 

results. Germination. a t 60° and 70° F. was almost as good a s that at 

50° F. , but at eo0 and 90° F. the final germination per cent fell ott 

considerably. At 100° 11' . germination. was the lowest with the exception 

ot that nt 32° F., at which temperature no germi nation t ook place at all. 



Table 10 . Ei'fect of tempera.tur Oll germination of after- rip ned 
seed of Ju.nip rus virgiDia 

Temp. : o. 
of of Pero nt ger mination • (days} 

ger 1. seeds 
na.tor: 2 '3 5 7 9 12 15 l 'l 19 24 26 30 
32 : 900 o,o· o.o o.o o.o o.o o.o . o.o o.o o.o o.o o.o o.o . 

: 40°F,; 900 4 2 5.0 15 . 2 23 . 5 2u.o 35 . 4 39.l 41.2 4.3 . 8 48 . 9 49 . 'l 54 . 6 
50°F.: 900 9 .1 : 15.0 40.2 59.7 63.l 69 . 5 71.0 71.4 : 71 .8 72 . 9 73 . 4 74 . 3 
60°F.: 700 35.? 44.8 58 . 2 62 . 5 64 . 8 6? . 0 : 67 .8 68 . 0 6.8 . 0 68 . 0 68 . 0 68 . 0 

: 
'l0°F.: 900 45 . 8 53 . 8 6.t . B 67 .2 68 . 4 69 . 3 69 . 3 69 . 3 69 . 7 9 . 8 69 . 8 9 .8 
80°F .: 90 35. 2 47 . 7 55 . 9 57 .3 C 57 . 9 58 . 7 58 . 'l 58 . 'l 59 . 0 . 59 . 0 59 . 0 59 . 0 .. . 90°F.: 900 37.4 46.7 57 . 2 58. 0 58 ~2 58 . 3 58. 4 58 . 58 . 5 58 . 6 59 . 0 : 59 . 0 . 

:lOO°F .: 700 13.8 14.5 18 . ? 19.9 20 .3 20 . 5 20 . 5 20 . 0 2 . 5 20.5 20 . 5 20 . 5 

* Each nUJ1tber rerresents the aver ge of three tests . 
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Sh rp decre s in gar tion t 10 ° . is proba ly du to th d 'th 

0 in so or the any s eds t th t te per ture 

sho. d detinit si ot injury. Hi to p ratur at ct d not only 

a 1011 . bryoe 1n e 

il to no ll.y nd 

did hortly rt r the dicl rok thro 

sult clos ly simi r to o e jut discus ed · r ob ainod BO 

1th B e pl te t duo in a nure ry n this o f ctora otLer 

th8l1 t rat y f ct d the ti l outc ot ~ e 

ri nt. Yet the re ot th nt signi.t'i t bee use 

t ork was don under condition d in t no 1 ti of pl ti • 

S ve 9 ple cont ini 100 to 600 seed a ch e oved rr 

st title ti n and planted in th nurs ry b d on di fer nt d t 

d ~th th l!I 1 • The 1.ntor tlon concern! 

t lantin· is s d ~p 1n bl 11. 

T ble 11. 

riod ot : r o nt 
Lot . t fio - er ination . 

:tion ~<!N's) in. 4 weeks* 

9C a. 3 /30/4 54..6 + 
390 17.:.i 4/l.'3/40 .o 
3 C : ll2 300 /27/40 58 .. 0 
390 119 600 6/4/40 ,i.5.8 

102 300 3/ 0/40 45.3 + 
131 100 4/27/40 
138 200 I I 1.5 

* also re pre nt ihe total germination. 

Th .f'i re d t t low r than tb.e ct l per-

nt s d C U8 at th struction of f seedlin 

by outwo 
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'l'lle per cent of eeod which produced seedlillge fel l oft graduall y 

with tne delay in planting. Thia reduction in t ho proportional number ot 

seedlings ia wel l correlated wit h the rise i n t ompere.ture a t t .be t1Jtte the 

ge~.nu.nation took pl ace (rigure 5). 

Taking into aoocunt the results of t his experiment and considering 

the nor!!iS.l. stratification r equirements ot the seed ot red cednr it 

becoJtOs clear that t be postponemont of pl anting for a tow waoks is a 

better practice t hon early pl anting ot non-a:fter-ripened se~d. The 

r eduction in gen11D.ation due to hi gner temperature (late planting) ia 

not as large as that cuused by 1ncolll.Pl~te a!'ter - ripening (Table 5). 

This statement should not be t aken as a ausgestion t hat late planting 

(April o.nd !Lay) i s ganerully a dooirable practice. Late plallt1ng should 

be resorted to only 1n exceptional oa ses when the seed were not etratitied 

early enough to becomo canpl atel.y after-ripened before April. 

Late planting is undesirable not only because at the probable r e

duction 1n germinati on but also becaus e ot tho shortening ot the growing 

season and the dwarting ef .f'eot of nigh temperatures on young s oodlingo. 

It can be seen in !'igure 5, t hat at the end of the first growing season 

the size and vigor of seedlings produced in Uay were decidedly interior 

to those ot the seedlings which ware produoed earlier. 

Initial growth of seedlings 18 markedly af"t ected by the temperature. 

This beca:r:1e apparent trom the resul ts of the tallowing experiment: fifty 

tul.ly erter-ripe.ned seed were planted one-half i nch deep in each of three 

pots ot son. The latter wae com.P()sed or two po.rte of garden soil and 

one part of sand. 'l'he pots ware placed at t emperatures ot 50° • 70° , 

and 90° r. Atter tourteen daya practically all s eeds pl aced at 50° and 

and 70° 1'. had germi nated , \'lh.i l e those held at 90° li . gel1!11nated only to 

t he ext ent of 10 per cent . At this time thirty-six seedlings kept at 70°F. 



Fi g . 6. One year old seedlings or red ceda r . The seed ere 
planted on t he followio.g dates : a , March JO; 
b , April 13; c, April 27; u.nd d , May 4, 1940 . 



appeared above tho soil yet none of the seedlings kept at 50° and 90° F. 

reached the soil surface. The rew aedds ~hich germin4ted at 900 F. tailed 

to produce normal seedling.a (Figure 6) . 

Preliruinary work on the efteot ot temperature on germination or seed 

ot J'uniper us soopulorum was also carried out. The seed had been planted 

in the tall ot 1938 an.d ,;ere tully a:rtor-ripened wb.on removed trom the 

nursery bed in J"anuary 1940. About fifty- fi :,e per cent ot the seed were 

viable at that time. The germination tempuraturos tried were more or less 

the same as usod in the similar experiment with s eod or red cedar, .namaly: 

34 ° , 40° , 60° • 70° , 90° , and 100 ° F. One hundred seed were used in 

each test . The results ot those tests are presented in '?able 12. 

Within the range of temperatures between 34° and 90° F. there was a 

definite eorrelatio_n botween tho rate or germ.1nation and the total ger

mination on one he.nd,and the germination tenperature on the other. At 

100° 1 . germination -was definitely- reduced. Seedli~s grew beet at a 

temperature of about 60° F . Seedlings produ.ood a t ten1pcratures or 90° and 

100 ° F. tailed to grow normally and soon died. 

Effect of vitamin Bl 

Vitamin Bl was found to have no effect upon attar- ripening as dis

cussed el eewhere in tb:i s paper ( page 30) • To determine if tbi a subat'lnce 

had any effect on germination of att~r- ripened seed, the following experi

ment was .POri'ormod: duplicate aamples of red cedar seed stratified ?7 

days were soaked for 24 h.ours in a solution containing .f. mg . of vi tam.in B1 

per liter . and placed in geritinatore . Seed so treatea germinated to the 

extent ot 73. 0 per oent while germination or t he untreated seed during 

t ho S8Jlle pdriod was 77 .o pur cent. In other words vitamin B1 neither 

incroaoed nor provonted tb.e germination of after-ripened soed of red 

cedar. 
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Table 12. Effect ot t pe turo on germination of fter-ripenad seed 
o:t J"uniperus sco,Pulorum 

: Germination temperature: Per cent germination (days) 
2 4 6 8 10 14 18 2 

34 • 0 0 0 0 0 l l 2 
l 40°F. 0 2 4 10 18 20 24- 24 

60°F. 11 27 33 ; 33 34r 34 3 34 

65°F . 16 32 38 38 38 38 38 38 
70°F. 17 4 40 40 40 40 <iO 40 
90°F. 28 41 45 45 46 47 47 47 

100°F. 5 11 17 20 20 . 20 20 20 . 
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Effect of var iations in o.xygen suppl y 

To determine the etteot ot variations in the oxygen content of the 

air on germ,ination ot r ed cedar seed, the following experiment was carried 

out: befor& being t osted tor germination the seede , previousl y stratified 

tor 77 days , were pl.aced for twenty- tcur hours 1n an atmoaphere containing 

various aTuounts of oxygen. One sampla WEI.S thus held in an atmosphere con

taining 5 per cent of oxygen, another 10 per cont, t i ird 20 per cent 

(normal air), and tourth in pure oxygen. Twenty days attar tho beginning 

of germination tests the seed germinated to the ~xtent of 48. 5 per cent, 

53 . 5 per cont, 7? .0 per cent, and 73. 5 per cent respectively. 

Reduction cf oxygen content of t he air markedly reduced germill8.bil1ty 

ot the seeds while a.o. increase in oxygen did not affect 6ermin.ation. 

Aft er someWha.t siln.ilar trea tment of atter-ripenod seed of Juniperus 

acopuloru.m it was observed that inoreaso of oxygon frOlil normal of 20 

per cent to 100 por cent for 48 hours reduced germination frolll 32 . 5 per 

cont to 22 . 0 per cent. 
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W:CROCBE1lICAL T'"~TS 

ObserTations on stored f ood and oxidizing enzymes in seed ot 

Junil)6rus scopttlorum were made by means ot the f ollowing t etits : Sudan 

iT (Scharl ach R, ~carlet Red) for fa t s; Millon reac t ion (nitric acid and 

Jll3 rcury) • biuret reaction ( copper s ul phate and sodium hydroxide) and 

xanthoprot oi c r eact i on {nitric aoi d and ammoniwn hydroxide) tor prot eins ; 

.Fl uckiger r eaction { oopper t a rtrate and dilute sodiwn hydroxido} f or 

gl ucose and tructosa , phen.ylosozona rormation (phenylhydrazine hyaro

ohloride and sodium acet ate) 1'or glucose end met hyl pnenyl osozona form

ation tor truct oeo . sucrose was i nverted with dilute solutions ot ci t ric 

acid and Fluckiger roaction was used on the inversion product s . Starch 

was tested by tho use of iodine pot!issium iodide sol ution. In the test 

for oxidase alcoholic solution of b~ guiac was employed. Peroxidase 

wae t ested by ?:leans of alcoholic solut ion of gw... go.lac and 3 per cent 

solution or hydrogen peroxide . 

The food reser ve i n dormant sood ct JuniQerus soopulorum is in the 

rorm of t ate and prot eins . Uei ther s tarch nor sugar wer e det ected. 

Peroxidase was found 1n small quantities while oxidase was absont or 

inactive . Cat a.lase activity was !ound to be very pronounced even 1n 

do:rmant seed. Water oontent or the air dry seed ranges fran six to 

twel ve per cent of the oven dry weit,ht of t he seed. The ke r nel ot the 

seed is slightly acid , ranging in pB trom 6.4 to 6.9. 

The changes observed in t he seed of J"uniper·us eoopulorum during tb.e 

period or strat itication are as follOlfe : r apid 1nit1aJ. absorption ot 

wat er, attar ~hieh the water ocntent deoreasos slightly; this is followed 

by an increase i n moist ure as t he seod becomes after- r ipened; decrease in 

t ho amount ot ra t s and _proteins in the endosperr:- and increase in the 
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Materials 

Fats 
Proteins 
SuE!'ars 
St oh 

Orldase 
Peroxidase 
Catalase ** 
oisture con- 1 

tent* 

0 

XXX 

X 
2 . 6 

6 . 1 

•Per cent oven dry weight. 

. . 

Table 13. Summary of the changes taki.ng pl ace in the seed 
or Junioerus scopul o during stratification. 

Stratifioa.ti on period at 4l°F . After- : 
onths r ipened : 

l 
DOCX 

X 

2b . 

. . 
3 

xxxx 

X 
40. 0 

20.0 

5 7 
xxxx DX 
XXX: XXX 

trace 

X X 

9 12 seed 
XXX XXX XXX 
XXX XXX 

trace trace X 

trac . . 
X X xx 

64 . 2 342 . 5 

26 . 5 43 . 3 

Germi-
na.ting 
seed 

X 

xx 

445.6 

40 . 

**Figures representing catalase activity in icate t he number of cubic centimeters of oxygen evolved f rom 
5 cc of hydrogen peroxide in 10 minutes pe r one bram of oven dry weight pf seed . 

en 
I-' 
• 
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c use of the app r nt correl t ion b 

phy iologic 1 processes in pl t tiss 

se otivtty nd 

, .many wo e rs have tte pted 

to use the to r e.s an indica tOT ot the progroi:;s o atter- r1pan1.ng. 

Si mil r tt pt s were I!'la.de duri th pre sent study . 

The standard t hod d scrib d by vis (25)(bigure 7) las pl oye . 

actual deter nation of th otivity ot c tal e as e foll.as: 

s ampl s of seed to b t tad r ei&h d Wld placed 1 s. 11 ortar. 

To this was ad ed qual aigot o lei orb at , a littls pure 

quartz and , and 2 cc of istill d wat r. is Jl!i.x t u round for 

two minutes . After 1nd1ng a oo plated , t e terial w a into 

ing ot t l e ·itb an ddition.al O co or distilled ter and p eed 

1n a wat r b tb t 25° ' • e bottl aa stoppere with a rubb r stopper 

oont 1nin the s delivery tu s l sep ratory funn l . ive 

cubic ce ti tars of hyC"ll·o e peroxide• f re l y neu r ized with a little 

oalci carbo t w ca in t h sep r , tory el. h n the 

per tur r the nd ter1 int shaking bottle had r ch d that 

of t e bath . t e hydrog n perorld in h n par to y nel was all 

to flCJfll i nto the 1 • bott e the alcing device started. The 

vol of oxygen releas d as racord d t t , ond ot 

ten nute 'f shaki • The values found 1.n this 

oatalaao activity ar th a or gee o~ t lsast two d 

e , tree , tiv nd 

d ropres nt ing 

tiona : if 

the result of the t i t two ne v ri d by or t n t n per c nt , 

additi nal d ter !nations wer 

allow d tio.n . o act1v1 ty 

eulte c .ec ed within tb.e 

dot r ~~n in dry ( o nt) , 

• Fis r ci nt fie Co :pany. Pittsburg , • • (3 per c t ol tion) . 



i'ig. 7. Apparatu!l rcr dater mini.ns the cattloae 
,ctivity in pl.tint tiaa\!e . a , aha.king 
bot tlo; b • so~/!_~c .. ry t'unnal; c , volu
r.otrl c bu~t.te. 
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stratitied, at-ter-riponod and germinating seedih In the :f'ollowing di a

cussion tbe figures representing catalaso activity indicate tho nUI:1.ber 

ot cubic oentil'lletars cf axygeu aYolved fron: 5 cc or hydro.;an peroxide 

in 10 minutes par o.no grom or cwtln dry weight or seed. 

Dry seed of ~uniperus sco9Ul orum stored at roam t emperature for a 

year exbib1ted more or l ass constant oatalase activity thl'Ougb.out the 

entire por1od or storage , the original being 32. 65 alld that after ono 

year 28. 25 (Tabie 14). Saad stratified continuously for a yeu.r e.t 41° g . 

showed in one set o't tests a gradual riSd in catale.se aoti vity. In a course 

ot a year it was practically doubl ed (tostsJ , 10, Table 14) . However , 1n 

a simil ar set involving the det e~nination ot catalase activity or st-ratified 

seed (lot 88) every five days , no marked change in cata.lase activity 

caused by atrat1ticat1on wan noted; attor 88 days of stratification t he 

ontal.ase activity was practically tho sane a.a at the beg1nnin6 of the 

exporiment (Table 15) . Transfer of seed stratified tor forty l!ays at 

41 ° F . to a temperature of approximately 75° 1! . rosul t ed 1n a sradual 

decrease of oataluse activity in a poriod or 41 days {1ablo 15) . Seod 

stratified at 4al O i. for forty days and at r oom t emperature for t wenty

eight ~a, and t hon transforrod back to cold storage, showed a loss in 

catalase activity in a course or seven deiys but when t he ia.3t period or 

cold storage was extended to twenty days tho eatalaso activity rose very 

mar kedl y (Table 15) . 

In View of t he above , it appear& tb.at etratification as auch bas no 

definite ettoct on cetalase . l owevcr if stratification results in bring

ing the ooed toward conpl ete after- ripening catala ae aoti vi t y increases 

markodly (Tostsl6 , 17, 18 , Table 14) . 

To deteT1nine the effect or compl ete n.f'tor- ripen.1.ng and germination 

on ca.tal ase activity the f ollowing ox;.>orime.o.t wae pcrfor;ned: a sa.mpl e 



... st 

. . 
l 

: .,. . . 
5 

l2 
1 
14 
lo 
16 . 17 . 
l 
19 
2 

1 

2 . . 

* r 

•• 
T 

;l 
~ 

il 
0 

45 

. . 

r1 d 

ct st 
cti ity 

r 

3 

•• ru.rio 

i ' 0 t 
• Lot 39 , ~..;;....,=-=-= 

n.-

~ 

t . • 
l 
l 

~ 0 gr dn t 
2 r o n tion : 
l " 

., 
20 

" " " 

ed . 

tr, i io i 1 ·• 

i for .:,0 0 t ti i tin. 



5 • 

m 'ble 15. Cat ctivity 1 e of J"un1J?!ru 
ct by otratitic tiun. Lot 

: zs) .:.ount of oxy en 

• . evolve pr l r of . . 0,. i te l)tfra- 0 dry JB.terial 1n ten . 
ture utes . (eel . . . 0 4 .5 . 

: 5 ' 41.3 . 10 3 .o . • . 
15 . 4 .7 . 
21 
25 . 40 .5 . 

i 30 47 . 5 . . 
35 .• 45 . 0 . • 
40 51. 5 

• . • 
50 48. 0 
56 ' 

. 5 . 5 . 
• 0 X • 64.0 

5 . 40 • . . • . 71 5().5 . 
1 75 :. . 5 

• l 50 . 0 
60 . 5 . . . ,o 5 ; 53,0 . . . 

: 40 l : ~ 5.0 
40 ! l . b•l: . O . 
40 20 . 49 . 6 . . 40 25 . 48. 0 . • 
40 . l 3? • r . 39.6 • . 40 41 36.0 . . . 
40 : ,c;.8 . 7 • .o ; . 
40 . 28 13 . 5 • . 40 28 ;:;0 45. 0 • 
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ot aeed strnt1t1ed for a total period ot 240 days was divided into throe 

groupss one cont aining the seed whioh had begun to germinate (Test 19 , 

Table 14) , another consisting or tully att ar-ripened seed (Tost 20), and 

third , ot seed still donna.nt (Test 21) . Catalase activity ot each group 

was then determ~.ned. The compl etion ot after- ripening and germination 

caut'3ed an increase in cata1ase activity tro~ the original ot 48. ~6 to 

3'2 .50 and 445. 60 respectively. 

0 Seed treated with concentrated sulfuric acid and str atified at 60 F. 

tor 53 days showed a marked in.crease in catalaae activity suggesting rather 

rapid progress 1n after-ripening. Tb.e compl etion or near c ompletion of 

after- ripening in lilallY at these seeds was indicated by the growth or 

cotyl edons (Table l.fi , Test 22) . Intact seed treated in the same ll!alUler 

ab.owed much leas increase in CJt alaso activity (Test 23) . 

Correlation botween the progress of atter- ripenin8 and the catal.aso 

activity has been reported by r.any workers llo, 22 , 29, 32 , &t) . Pack 

(54) reported e1mil-0r correlation in seod ot red cedar and suggests t hat 

the catalasa activity oan be used as a measure or the rate ot after-

ripening of stratified seed. 
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STORAGE 

Seed ot some plants retain t heir viability after being etored dr,y 

for a number ot year s . Cr ooker and Barton (19) found that rose seed not 

olll.y remained viable after t wo years of dry storage but actually germinated 

much better aft er boing thus stored. Crooker et al (19) e..nd Haut (42) 

r eported that Viability ot apple seeds is not reduced atter two yoars of 

dry storage at r oom t emperature . Sweat clover seed was found to remain 

viable at l east :Coor years after collection (44). It is coomonly known 

th.at seed of certain l egumes retain their Tiability for long periods ot 

years . 

Although it ie senerally accept ed that Juniper seed loses viability 

with age rather slowl y , . no data to support this contention are available . 

It was decided therefore to get more specific informati on on the eff ect 

at dry storage on the via bill ty ot red cedar seed. A sample of eeod ot 

lot 390 was clee.ned and stored dry in an uncovered gl a ss je.r tor seven 

months at 41 o 7 . , while another sample ot the as.me lot consisting or dry 

berries was left at room temperatur& where 1 t remained tor a period of one 

year. After the completion or the above .Periods, the seed were stratified 

and their viabill ty det ermined by germination t ests. Judgi.ag by the 

results ot these tests (Table 1 6 ) the loss ot seed Viability, it any , 

caused by dry storage ot seod , eithe_r cleaned or still eJ1closed in fruits , 

wae neg).igib1e. Germination of the seed stored tor seven and twelve 

months (66.0, 72.5 and 75. 0 per cent) was about the same as t hat of t he 

soed which were stra tified soon aftor collection (73 . 5 per cent). 
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'l'abl 16. Mt ct of ry stora on viability ot s ed 
of a vir~ini 

State ot ; t I 

8lld 1)1 C . t): . 
stora~e ' 

. • 
tr titied as 

' on as eollec . od. : none ) 10 ' 73. 6 . 
; ry eo t 41° 7 . 73 . 66 . 0 . . . . 

ff ff " " 7 . 73 . 72 . 5 . . . . 
. cy fruit t 12 76 75. 0 . . . 

roo te. perature 
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.'.'- )JQ?Jia:::--:lmt,TIOl--S FOR H!..t!DUNG SEED 

In view of tindinss r E:Jported a nd discuseod in this i)aper , the follO',t

ing procedure of h~line; seod }?rior t o plantin~ is suggostt!d : the aeod 

should bo collected us soon .:.1.J ripe wh1cb in this Stato 1.oans l a to October 

or. ~arly rrove b~r ; ~acaus~ Lt fre u~nt fa.iluros ofseed to develop pro_perly , 

c. cutti'°b toat shoul d a lways procoJo oollecticn. A l ot containing from 

5u to ?O par oant or well f'illod sound seed Ir.ay be considered to be of a 

good 1.s,ua.lity . t.s soon ~s bro~t in, trUits should be spread on the floor 

or t !lbl o and a ll0i:4ud to d:r J tor a week or ton days . 

The seo,i before ac tL..iriJJg tha abilit y to uer.1n1.nate must complete the 

process or nfter-r11 en~. The l atter hkes pl.ice a t a lo\J to.rr.per-.ktura in 

prasenco ar a supply or moistur~. Such conditions C!lll be provided by mo•.lllS 

ot strdtifioation. Deforu oe111g scratifi d tl:LG seed must uo cleaned. 

So..iking berries for throe or four days in water facilitLtos cleanin6 of the 

soed. After tbe oerr1oa becorr..e soft they shou.ld be mcer'ited , care b1.1ing 

t .. lrnn net t o or..1ck tho seed. After the berries a re thoroughly macerntad , 

they shoul d bo plncod ic. a largo volwn.e 01' water: most of the good seeds 

sink so that tho pulp and the m~jority of the emp~, seeds can be floa ted 

off . The colllllo.n practice or soakine the berr1Js 1.n a mak solution of lye 

seems to be of no value 1.n seed cleaning. 

Peat moss is ~ good stratifica tion medium for seod ot red ce~ r 8.ild 

Juniporus soopulorlllll boc~uso it bas li very l or go wator holding capacity Wld 

yet JOds not interfere witb &er~t1cn . Tho pea t fuUs t be thoroughly moist 

but not too wet . Tlfo •oad is t~xed with at l~ast four times its volll1l.o or 

peat ~nd phced ill eny convenient conta inur. A bushel basket lined with 

r:r 1ppi.ng pui)er servos very ell . or amr.ul tl!J.ounta vf aaad gl£iss jars or 

coffoe cano may be used. 
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Storage of str·itified red oedar seed at !:i to1r.per11ture of 4l O • was 

r ound vary etfectivo in prc~ot1ng 3.!'ter-ripening but tomper<~t ur as r .3.D.gUlg 

fror 36° t o 45°'1" . have givon good results .lso . Str..itified seed ab.oo.l.d 

r emain ut low tamper ,iture until i t fo cc1.pletely ni't.er- r ipenud. S<>me atteds 

atter- r ipon r ueh ror e r apidly t han other s . <\ period of frcw 100 to 120 

days is sutficien.tly long to allow a!'t ar-ri_pening of • ost soeds. Seed 

should be stratified betoro the middle or December to insure the collipletion 

o1: aft or - r1poni_ng by ple.ntlng tir.:!e . The strutifiad seed should be in

spected occasi cn.lly t o check on tba supply ot moisture in the pea t ond t o 

note the progress of utter- ripen ng. The completion of a fter- r ipening is 

marked by the splitting ot t he Bead co~t . The saed shouid be plan.tad ~a 

soon ·is after- riponing is cot plotod because fully ~rter- ripened soed of 

red ced•1r ge1•millti.te freely nt the normal st.ratif'ioa tio11 tenporature . If' the 

at'ter- riponed seed oaanot be planted t or sol!i6 t ir.le and yet begins to ~or 

.tlinate ih s tr~tification, it cun be removed from t he peat mess, frozen und 

kept in that state for a few weeks. This r..ethod of preserving after- ripened 

seed cannot be recommended as a stand? rd praotice but should be resortod to 

only in cuee or on:organcy7 

Since ger mination is f avored by a. re~o.tivel.y low tempera.tu.re ( 50°- 70.,,.E. ), 

pl anting shoul d be cone early 1 pr eferabl y ill Mar en. . Jiocordiug t o the records 

or 1940, soil t runpor a tur aa ill &Pr il on many ooca.s1ons were higher than 80°F. 

iiowever good germination rnay al~o bo sacurcd a t ~ temporatur e sorr.ew.nat higher 

than 70°F. and 1f seeds are not 1'Ull y after - r ipened in :&.iarch , it is pro

f'orable to lengtllen the s tra ti!iootion period r a t her t han plo.nt non-dftor

riponed seed . .P'all planting of dormant soed 1 l:5 a cOillmon practice among 

growers in t his State . The success of such plant1.r,8s deP3nds upon three 

!'actors: (1) the temperatu.re 111ust r er.iain low for a sufficiently l~ period 



61. 

to pror.ote after- ripening of the seed , (2) the seed bed uuat be kept 

roo1st , and {5) the seed must be protectod against rodents and ssain.et 

danger ot being washed ott . Wer:m wintero are rather oona on in Oltlabama 

and are probably the oauso of fr~quent failures to secure a bood stand 

of seedlings fr01a fall-planted seed . 

The seed should be planted about one- half inch deap c.nd pref'era.bly 

in rows five or six inch~s aptll't . Br o~dousting the seed is eoaier but 

the distributi on of seedlinss in the seod bed 1a seldCll:l UI1iform. It ta.kos 

nora time and labor to c:iru tor WlUll1i'ornQy spaced aeodlings than £or 

those growing 1n evanly spaced rov,s. Spacing of ooed deponds on the 

potential productivity of seed , on the purpose for ild:uch tha plants are 

grown, and on the cora tho plants ar~ goin& to reooiv~. Productivity of' 

any lot at seed dopends upon (1) the viability of seed i;:nd (2 ) on the 

germin.'l ti vo energy ot the lot . Unless 1ooasurea are taken to prevent or 

reduce damping-oft , one should consider mortality fron this soiree in 

spacing seeds in the seed bed. 

It the preoed1~ recoliJJ:0nd~tiona on the handling or rod cedar soed 

are followed , there should be no reason why a good star.d of aeodlings 

ca.nnot be E;rO'rtn ovary year. 

Raisill{; soedliDc;a of JuniJ;>eras scopul orwn tron seed presents a 

much wore difficult pr oblelI' tban does the seod o.f rod cedar. Juniporus 

scopulorum eeed plantod during the first spring dter collection does not 

germinnte until the second sprill{;. Seed should be purch!i.aed or collected , 

cleaned nnd planted in tho nursery bod as soon as they become avail.able. 

The method of cleaning tho sood is the awLG as sugceoted for the aoed ot 

red ceder. The soed must be woll protectod against rodents becauso they 

must reooin in the seed bad for over a year before the:1 will germinate . 

It pr operly handled, a good stand of seedlings can be e6cured and by 



~-
planting seed every year a continuous supply ot eeedlill.gs can thus be 

assur ed. Preliminary work has shown t hat there is a possibil ity ot 

developing a method by which germi.nation ot Juniperua scopUlorUJll aeed 

can be forced during the f irst spring after coll.eetion. Treatment of 

seed with concentrated sulfUri.c aci d tollowed by stratification proved 

to be successful in attar-ripening soma seed in a course of tour months. 

Thia problen deserves turther investigation . 
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1 . The ocuso or dohyod gernna't1o.n in seod o£ Junipot'UB vir,;1nie.rut 

is o dorm.nt aabryo. In aood ~ Juniperua sco;u;iorum delayed cor.ui.D-Ltio.n 

is eleo due to thQ dor.ma.acy of tho ~inbryo. .1oweve1" tile aeod coat my 

also bo responaible tor it to some e_xtaDt . 

2. Rod oedur soed re~uiros atratif1aat1 n at low t~poratur~ to 

oatn.plote afte"I-r1pon1ns. IndiTidual soods nn1 different lets of acod 

Tary 1.n. the longth or 1>9r1od ro,uired to complete the process ot atter

ripelling. Saod uaed in this phase of tho investigation w~ro OOJ:1.plotal1 

attar - ripened etter 70 days at a to:;:pern~ure or 4f v. 
Co.~pleto atter-ripening or ased or 1unipat"Ue scopulor-..lID was secured 

only o.tter t1ral:ve mo.o.ths ot strnt-itication at a. coll'.:bi.D.ation ot h4}l ud 

low temporaturea. Attempts to Shorten the pc;r1od or e.!1.or- ripeu.ing to 

t1Te or six n ontb.a havo proved 1nettootive . 

3 . Troatz::.ant or dorwmt seod ot J"WUP!l'f.18 T1rpinlw1a "'1th puro 

oxygen for 24 hours or with a solution ot Tittu:lin B1 for tho~ period 

not anl.y tail ed to hasten the tter-rlpentng but uctua.Uy Glowed down 

this procoa-a • 

.ei . Tr aat?:lent ot drt ( c..or ::lf.llt) soed ot Ju.niperue sco,euJ.orW!I with 

concentrated sul.tu.ric acid for thirty minutes , tollcmod by atr titicut.ion , 

was ett8"Ct1ve iJl redueill.; th.a length at the attor-ripening period. 

Th1rty-e1abt per cent ot seoda thas t.rostod gor.i:ti.natod s ftor tcur · 10nt ha 

of 1Strati!'icution wh1lo untT&ated aeed noni:ill/ re,1uiraa 12 u.onths ot 

simi.lal.• etrat11'1cat1on. 

5 . Dryins of att&r - ripenod socd or rlld cedar ga11$r.:.ll;t roducod the 

ga.rm1nation a.nd caused rev~rs1on to secondary uorr:ancy. The :period of 

etr.3.titicntiOD. nt low tctaporatura req,uirod to overco:ta tlla saco.nder1 
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dorr.:ancy was mu.oil shortur thlln the origi.ntl strat1.t1c:it1c.n period. Seed 

dried tor 28 nnd S5 d!tys a.no s&t 1n gorrlinators a t "1 ° F . ger ... i~ted 1n 

fifty un~ forty -saYen daya respectively . 

6 . Freez1~ ot attor-r!po11od seod or rod coda.r terr rcur h"Eleks did 

,11_ot roduoe ~erm1naoility tc any approci bis extant . 

'I. TeJJpara.ture had a Jt.ilrkod effect on &eminutio.n ~ after-ripened 

seed or both spooics ot junii)Or. The optimum eormination tempura~• 

tor red cedu.r s~d as so0 J' . llowovar at 60° and 10° r . cer.unat1on 1)er 

ceD.t Wfte only slightly l ower tbAn ,.t 50° ... • '!'llo r,.1te of gorll\1Il?t t1cn '88 

directly corrttl ted 1th the tempor ~ture 1111 thin tbe range of 4'0° to ?0° r . 

bu't above 70° F . garminntion was severely r,..tA.rj cd. te.i; ger fttll.N)a o't 80° F .. 

(llld higher a!tectod unt~vorabl.y t he extemt u.nd the rate of germination . 

A i:amporature ot 100° i'. we.• alr..ost prob1b1 tivt1 to 0erL1nation ot l!leed and 

growth of seedlings .. 

Qermin.ation or seed ot 1un1?ii1':!B scoeul.ornn __yroceeded most r..a.pidly t 

90° :r. HOYlever at this te.r.rperat.UJ:'6 eaedliugs tailed to ~°" nor:aally. 

A tempera.taro ot 70° F. f &Tor ea ~ertdnation of seed aB well ea grvWth of 

aGedl1ngs. 

e . GerJ:U.nation. or rod cedar saed was not attoet ad markedly by the 

niaot.ton of tho mod1u:m when p!l ct t ho latt~r •~r ied between "·" and 0 .4. 

The highest ermination wo.s obta1nod o t a pH ot 6. 2. 

The optimum. roeotion of tho ir.adi um tcr seed ot J'u.nipsrus acopulorut:t 

was pH ot ~. 91. Neutral. and bQ&io re.ctions or ihe l!l.f.Jd1~ reduced ser

min~tion markedly. 

9 . Soaki.og s.tte:r- r1pe.c.ed sued ot rod cedar 1n t1 solution or vi ts.nill 

Bl tor 24 houra uad uc e~t&ot upon gorzainat1ou. 

10. Subjecting aftor-r ipenod aoed ct 1wu.1reru.a &COJ?Ulorwu to 

increased cxygen pressure (100 l)e?' cont) tor 48 hcura no-t onl y tailed to 
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help germination but actually lowerad it . Inoroased OX,Ygen prossure 

failed also to 1nereas6 germination or after- ripened aoad of Jun1perus 

v1rg1ni ana. Reduc t ion or oxygen pr&s6ure to 5 or 10 par cont for 24 

hours immodiatoly precoding garminstion test markedly 10·.vorod tho ,er

min.ution. 

ll . One year of stort1ge of cl eanod red cod.lr seed at low terr._poratu.re 

and of dry ber ries at roOJ!I temper ature did not reduce viability. 

12. Pract ical suggestions tor raising seedl ings ot 1uni perus 

v1rg1~1ana aDd !...· soopulorum ,bascd on the results or this invostigation 

ar e ottered . 
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