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1.

INTRODUCTION

Eastern red ceder, Juniperus virginiens Linneaus is one of the most

widely distributed North Americen trees. 3ergent (62) describes the range
and distribution of red cedar as follows: "Dry gravelly slopss and roeky
ridges, often immediately on the sea comst from southern Nove Scotis and
New Brunswick to the coast of Georgia, the interior of southern Alabama
snd Vississippi and westward to the valley of the lower Ottawa river,
eastern Dakots, eastern Kansas and Nebraska, the Indien territory*, and
eastern Texss, not ascending the mountsins of New England and New York,

nor the high southern Alleghenies, in middle Xentuecky and Tennsssee and
northern Alabama and Mississippi, covering great areas of low rolling lime-
stone hills with nearly pure forests of small trees**. Red ceder is found
practically throughout the state of Oklahoma. It grows on dry slopes,
rocky ledges, abasndoned farm lands and other lands that are unfit for cul-
tivation. Red cedar in Oklashoma is rarely found in pure stands but is as-
sociated with other native species such o8 osks and hickories. The species
is of considerable economic importance in this stete as well as in other
purts of the country and 1s used extensively in both horticultural and
forestry work.

Red cedar is a prolifiec producer of secd., Seed crope are abundant
every sacond or third year, yet the quality of the seed is usually very
low. Crops containing 20 per cent or less of viable geeds are not uncommon.
Individual trees vary & grsat deal in the amcunt and quality of seed pro-

duced as well as in the regularity of production.

* Oklshoma

** gargent, C.S. Manusl of Cultivated Trees of North amerieas. po.94-90. 190C.



The fruit of red cedap usually matures in one season. In Oklahoma
the fruit ripens in late October or November, but remcins on the tree
through the winter. It should be collected as early as possible. Hirds
feed on the fruit and thus may greatly reduce the supply of availadble soed.
Birds are responsible also for spreading of the seed of red cedar and the
appearance of young seedlings at a considerasble distance from the parent
tree. Seed should be collected early also bectuse it must be stratified
for a relatively long period and yet planted rather early in the spring.

The range of Roeky Mountain red cedar, Juniperus seopulorum Sargent

is rather nmarrow. According to Sargent (62) "it is scattered often singly
over the dry rocky ridges except near the coast, usually at elevations of
5,000 feet above the sea, from the eastern foothill region of the Roeky
Mountains, to Alberta to western Texas and westward to the coast of Rritish
Columbia, and Washington, and eastern Oregon, Nevada and northern Arizona".*
This tree is used extensively in landscape plantings and is of great value

to the nursery trade. The fruit of Juniperus scopulorum remasins on the tree

until the end of the second season before it reaches meturity. The quality
of the seed varies. Cutting tests of the samples of seed secured from
seversl sources have shown that in some samples 70 per cent of seed were
viable and sound while in others there were no viable seeds at all.
Produetion of seedlings of both speeies of junipers presents consid-
erable difficulties to un averuge commercial grower in this part of the
country. No standard method of handling the seed has been accepted. In-
stoad the nurserymen often use seed treetments they personally consider

helpful (treatment of seed with aeid, macsration of the berries in a weak

* Ibid P2.96-87. 190,



solution of lys) and which nevertheless fail to bripg about assurance of

s unifornly zood etand of seedlings from year to0 year.



RAVIES OF LITERATURE

Seed Dormapey

The term "dormaney"™ as applled to seed ig a physiological gtate of
& viable seed in which tha latter is unuble to germihate when placed under
copditions whick are ordinarily fsvorable for this process, ¢rocker (18)
analyzing his éwn date 23 well as those of other invesiigetory systemstized
the existing informstion on seed dormancy and was the f;rat to present a
qomplete orgunigzed picture of the ¢suses of &ormﬁﬁcy. Aecording io him,
the dormency of sead can be due ts one of ths following casuses: (1) rudi-
mentary embryo; (2) complste restriction of water absorption by asction ér
geed coats; {(3) mechanical resistance of the enclosing structures to the
sxpunsion of the eombryo and the seed contents;'(4) interference with |
gaseous exchangs, partieularly oxygen by sced coasts or other tiésues sur-
. rounding iha_embryo; {56) a state of dormancy in the embryo itself or somé
part of it; (6) a combinamtion of tha above factors; and {7) sscondary
dormaney.

RBudimentsry embryo

Audimentary embryo, i.e. 50 embryo which is not fully dsveloped, has
been found to be the eausé of seed dormancy in & relatively few cases.
Ives (45) found rudikentary embryo o he reéponaible for the dermasncy of
sead of [lex uvpaca, and cbserved continuous devélopmant of the embryo
after the ssed was hervested. Chittenden {13} reported that one of thae
esuges of dormancy of Tiliz seoad is the rudimentary embryo. However,
Spaeth (68) has shown tbhat dormency of this seedlis due to other causes.

Impermsability of seed coats .to water

Beed comts lmpermeable to weier have basen found to be one of the

common causes of seed dormancy. They were shown to be responsible for the
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dormaney of seeds in meny species of the Leguminosae. Raleigh (56) re~
ported that the impermeable character of the seed coats of Gymnocladus
dioica was csused by @ well-developed layer of Malphigisn palisade cells.
Seed coats impermeable to water were reported also in seed of red clover

(63); Nelumbo lutea (48); vetch (49); basswood (68); and meny others.

Various treaiments of seed have been tried to modify the impermesable
character of the seed coats. Mechanical scarification, ether, alecohol,
bases, acids, high pressure (both sir and water), and hot water are the
more important treatmente that have been used. J.P. Jones (49) reported
that the uQa of both hot and eold ether for three hours failed to increase
the permeability of the seed coat of vetch. He concluded that the sub-
stances reaponsible for the impermeability were not of & fat-like nature.
Croeker (17) soaked mesquite seed in ether for several days and secured &
much higher germination by this treatment than without it. 3pasth (68)
woriking on the seed of basswood failed to increase ths permeability of the
seed cost with ether and with aleohol.

Several methods of mechaniesl abrasion of the seed coat have elso been
used. Rose (068) working on seed of a large number of species, used air
pressure to blow the seeds against needle points. He found that sesd of
twenty of the 130 species were aided by this tfoatmant. Hurst, Humphries

and McKee (44) working with seed of white sw=et clover, Lespedezea sericea,

and Crotalaria, found scarification to be effective in making seed coats
permeable to water. They reported the following differences in germination
between untreated and treated seed respectively: 10.5% snd 75 per cent in

white sweet clover; 1L per cent and 90 per cent in Lespedeza sericea and

5 per cent and 77 per cent in Crotalaria. Chapman (12) found that scarifi-

cation increased germination from 8 per cent to 88 per cent in seed of



black locust. He secured much better germination from scarified than acid-
treated seed. He attributed this difference to tﬁn fact that acid treated
seed are more readily sttacked by fumgi. The losi in viability of scari-
fied sweet clover sesa was investigated by Hurst, Bumphries and MecKse (44).
They found that over a period of four years, the viability of scarified
swaeet clover seed was reduced from the originsl of 86 to 36 per cent while
untreated seed showed 89 per cent of the originsl 94 per cent to be still
visble. Harrington (37) noted that the per cent of impermeasble seeds was
lower in mechine hulled than in hand threshed alfulfa seed. Davis (24)

subjected Medicago sativa scod to a water pressure of 2,000 atmospheres

and observed that treated seed germinatcd fifty per cent better than un-
treated seed, while Flemion (32) working with 3orbus seed found an air
pressure of five tons entirely ineffective.

Freezing of seed with impermeable coats has also been tried as a
method of modifying the impermeable character of the seed coat. 3pseth (68)
froze Tilie seed at -80°C. and -1859C., which resulted only in a very slight
decrease in the number of "hard" seeds. Freezing of clover seed by
Harrington (37) helped to reduce the number of "hard" seeds but killed
those which hed absorbed water. b

The use of acid is a very effective method of breaking seed dormancy
caused by impermesbility of the seed coats. Concentrated sulfuric scid
(specifiec gravity 1.84) is probably the most commonly used. The length of
treatment with the acid depends upon the species being treated. The use
of scid hss been found to increase the permeability of the seed coats of
the rfollowing species: black medick, sulla, birds foot elover, red clover

and Melilotus (72), Lathrus sylvestris (60), red clover and alfslfa (53),

veteh (49), Nelumbo lutea (48), Symphoricarpos racemosus (34), Cratasgus (39),
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Tilia (7, 68), Kentucky coffee tree (£6), Cotoneaster (36), and msny others.
In all of the above cases concentrated sulfuric ucid was used. The seeds
after being treated were washed in running water. Thormber (70) working

on the seed of Kentucky coffee tres, black locust, mesquite, honey locust
and Acacia used a mixture of sulfuric end chromic scids. After the treate
ment he nmeutralized the aecid which might bave remained in the seed coat by
the use of potassium hydrate. Todaroc (72) reported that the effect of aecid
treatment is soon lost if the seed is not planted immediately. On the

other hand, Jones (48) observed that the acid treated seed of Nelumbo lutss

could be stored for some time without any ill effeets on their germinsbility.
Hot water treatment for variocus periods of time has been found to be effective
in modifying the impermeable charzcter of the seed coats of blsck locust,
honey locust (70, 73), Acacia (6, 70), mesquite and palo verde (70). The
hot water treatment of seeds having seed coats impermesbls to water is used
commereially on a large scale.

Mechanical resistance of the seed coat

Mechenieal resistance of the seed coat to expansion of the embryo end
other seed contents has been found to be the esuse of dormeney in seed of

Alisma plantego (20) and Celastrus seandens (41). Crocker and Davis (20)

reported that the seed of Alisms pleuntago failed to germinate if soaked in

water for & year, They attributed the lack of germination to the mechanicel
resistance of the seed coat as the seed germinated readily when the seed
coat was remcved. Hart (41) found similar conditions to be the cause of

delayed germination in seed of Celastrus scandens.

Seed coats impermeable to gases
Seed dormancy caused by the limitation of geseous exchange is usually

attributed to the characier of the seed coats which prevent the movament of



oxygen and carbon dieoxids between the sumbryo and the external atmosphere.
Inmpermeability of seed coat to gases was Tound to be the csuse of dormaney
in seed of xanthium {18, 27, &4, &6, 67, 71), Avena fstua (5}, lettuce (11),

and Ambrosia trifida (26). Schull (65, 66) studied the effects of partial

oxygen pressure, sliernatiag tevpersture snd storage conditions upon the
amount of oxygen sbsorbed by Xonthium seed and found that partial oxygen
prassure and high temperature hastened the germination of Yenthium.
Crockar {18) reported that the seed coats of Xeuthium reduce the oxygen
supply wa such an exient és to prevent growth of the embryo. The use of
incressed oxygen pressure, high tsmperature and mechanical imjury incressed
the permeability of the seed cozt Lo oxygen.

Tiormaney of thslembryo

FPhysiologierlily dormant smbryo is the most common cause of delayed
germination of ssedas. Ey dormsnt embryo is msant one unadle to grow when
placed under conditions favoring this process. 4 seed with a dormant
embryo must pass through s process kneﬁn 2s "after-ripening” befors it
becomes able td gemminate. The taorm "after-ripening®, as applied to seeds
refars to those physicel and éhemieal changes ithat tske place in the endo-
aperm and embryo of = viable sesd after 1t epparsntly reaches meturity and
before it begins to germinate.

Not a1l changes that tske plage in the endosperm end embryo during
after-ripening are known. Hckerson (29), one of the pioneer investigators
in the fieldlef sced dormancy, obgarved that during the after-ripsning of
soed of Crateegus thﬁ seidity of the smbryo increassed. Correlated with
this was the incressed water-holding powsy and an increase in the calalase
and peroxidase activity of the embryo. Flemicn (33) reports that during

aftar-ripening of the sged of Rhedatypos kerrigides thers is 5 noticeabls
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increase in catalase, peroxidase, snd lipase activity as well as an inerease
in water sbsorbing power, mitrogen soluble in 80 per cent alechol, titra-
tabls seid and sucrose.

Spaeth (68) has summarized the observations of a number of investigators
on the changes taking place im the embryo and endosperm of fatty seeds dur-
ing after-ripening. His summary is ss follows:

"Absorbtion of water and marked swelling; increase in activity of

catalase and peroxidase; increase in acidity (both hydrogen-ion con-

centration and titrstable acid), particularly in the embryo; increase
in amounts and activity of many enzymes, psrticularly lipase, resulting
in the repid disappearance of oils and increase in free fatty acids;
inereasse in proteolytic enzymes, decrsase in proteins, and incresse and
translocation of amino acids; appesarance of oxidase; appearance and
rapid increase of sugars; a sudden incresse in ascidity end weter con-
tent, followed immediately by germination."*

As mentiocned in the above summary, catalase activity in fatty seeds in-
creased during the after-ripening. Rhine (57) found that catalsse could
only be used #s mn indicator of metabolism where there is no rapid change
in respiration. OShermen (64) observed that catalase sctivity end respiration
were falirly stable in Amaranthus and Chenopodium, while in the seeds of the
Rosaceae they varied a great deal.

Stratificaticn at low temperature is the most effective practiecol way
to break this type of dormancy. It provides en abundant supply of moisture
which together with low temperature and an adaquste supply of oxygen mske
up the conditions favoring the process of after-ripemning. Stratification
at low temperatures (10 - 109C.) has been reported effective in breaking
dormancy of seed of Crateaegus (16, 21, 28, 29, 35), Tilia (7, £9), Pyrus

(19, 40, 42), peach end cherry (42), Acer (47), Juniperus virginisna (54),

Cornus florida (£3), Scrbus sucupsaris (32), Benzoin sestivale L. (63),

red, green, and white ash (69), birch (50), Carya ovate, Juglans cinerea

end J, nigra (8), snd many others., Seed of some species do not respend to
* Spaeth, Nelson J. Cornell Agri. Exp. Sta. Memoir 169. p. 13. 1934.




10.

stratification at e continuous low temperature but rsspond to a storage
in which moisture and temparature conditions are varied. Seed of black
- @sh were reported by Steinbsuer (69) to reguire a few wesks of stratifi-
cation at 20°C, before tge stratification at a low temperature, so that
the enlargement of the embryo could take place. Flemion (32) found that
the seed of Sorbus aucuparis requires a much shorter period of stratifi-
cation if previously stored dry et room temperature for six months. 3he

found also thal the seed of Rhodotypos kerrioides (33) germinate better

if during the first month of stratification the temperature is maintained

at 259 or 309C. Sechroeder (63) working on seed of Benzoin sestivale, re-

ported that the after-ripening period in these seeds was greatly reduced
if normal stratification at low temperature is preceded by st least one
month of stratification at 259C,

Numerous attempts to force germination of seed rejuiring after-ripening
by meang of physiecal and chemical stimulation have been mostly unsucueaérul.
Eckerson (29) working with seed of Crataegus found that treatment of embryos
with dilute solutions of hydrochlorie, butyric snd acetic acids shortened
somewhat the period needed for after-ripening. Evans (31) tried meny chemi-
cals (dilute solu%ions of h}droehlorio and acetic acids, butyrie aecid,
manganese sulphate, zine sulphate, potessium chloride, acid mono-potassium
phosphate, glucose, Knop's nutrient solution, potassium thio-eysnate,
chloral hydrate, thiourea, dioxogen, and chloroform) in an attempt to forece

germination of seed of Msgnolis grandiflora but found that none of them

were effective. Howard (43) etherized, froze and soaked in water seeds of
many plants growing around Columbia, Misasouri, but failed to obtain any
germination. Barton (9) studied the effect of growih promoting substances

on seeds of several species. BShe used napthaleneacetie, indoleacetie,
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phenylscetic, and indolebutyric acids and found them ineffective on seeds
having dormant embryocs.
In seed of a few species dormancy may be caused by & combination of

factors just discussed. Some of these are as follows: Sorbus aucuperia (32),

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

(42), Ilex opaca (45), Tilia (68), redbud (3) end black ash (69). Seed of

Rhodotypos serricides, Sorbus aucuparia, and Symphoriecarpos recemosis (32,

53, 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 dormant embryos, also mechaniecally resis-
tant seed coats. Ives (45) found that Ilex opaca was unable to germinate
even after the rudimentary embryo had reached normal size, because of the
mechanical resistance of the seed coat. Flemion (32) found that seed of

Sorbus aucupsria were prevented from germinstion by the seed coat even after

the seed had been after-ripened. Steinbauer (69) found that seed of black
ash has an ewbryo which requires first, a temperature of 20°C. for emlarge-
ment, and only then needs & period of stratification at §°C. to after-ripen.

3econdary dormency

The so-called secondary dormancy has been found to be the cause of de-
layed germination in seed of many species. Certain external factors and
some chemicals have been found to be effective in foreing an after-ripened
ssed back into dormsney. 3ome of the seeds reported to be capsble of re-

verting to secondary dormency are those of Alisma plantago (20), Xenthium

(27, 71), apple (40), Sorbus aucuparia (32), Cornus florida and Sambucus

canadensis (23).
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Carbon dioxidc seems to be one of the chemicals particularly effective in
forcing seeds into secondary dormancy. Kidd (51) has demonstrated the
dormancy indueing property of this ges on seeds of peas, beans, barley and
cabbage. With these seeds the gas was found to be effective only while an
increased pressure of carbon dioxide is mainteined in the germinator. On
the other hand, the dormancy thus induced in the seed of white mustard is
of considerable duration. Kidd attributes the prolonged effect of this gas
to a much lower permeability of the seed coat to gases. He has demonstrated
elso that carbon dioxide is one of the means by which secondary dormsncy of
some seeds may be induced in nature. Davis (23) found that high tempera-
tures under germinative conditions would foree after-ripened seed of both

Cornus florida snd Sambucus canedensis into secondary dormency. Flemion (32)

reported similer conditlons in the seed of Sorbus aucuparia., Davis (27)

and Thornton (71) found that by the reduction or complete elimination of
oxygen the seed of Xanthium could be foreced back into dormancy. Pack (04)

observed that the after-ripened sced of Juniperus virginisna would revert

back to dormesncy if placed im & gerrinator where the temperature was 12°C.
or higher. Harrington snd Hite (40) reported that high temperature un-
favorabvle for germination caused secondary dormsney in epple sead. However,
more recent work by Haut (42) indicates that such conditions result in the
loss of seed viability rather tham in the reversion to secondary dormancy.
Germination

Temperature has & pronounced effect on germination of seeds. Coffman (15)
stated that, "seeds of different spzcies germinate very differently at
different temperaturses". He worked on the minimum germination temperature
of the small grains and found that they germinated at the temperature of

melting ice. Kotowski (52) reported thet the optimum germination temperatures
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of spinach, cavbuze aund beets ure 4°C., 8°C. and 11°C. respectively. He

reported also, that the seed of tomato, eggplant, pepper, melons and gare
den 'uea.ﬁn would not geruinate af a temperaturs of 18°C., but the gerui-
netion of these seeds would increase wWith rise of temperature up to 50°C.
Cochran (14) found that pepper seed failed to geruinate in 45 days at 50°
to 60°F, but when transferred to & teupersture of 90° to 100F. they
germinated in five days. Borthwick and Roubims (11) workiug with lettuce
seed obperved that the latter geruinated at teapeiatures frou 4° to 259C.
while 30°C. was inhibitive to germination. GSeeds of eighteen species of
flowers were tested by Harrington (58), who found thaet the optimua gerui-
nation feuperature for these seeds was vetween 17.5°C. and 22.5°C.

Joseph (B0) observed that the optimun constant germination teuperature for
dry birch seed was 329C. and that by stratification at a low tewperature
for § or 6 months, the minimua germinstion teuperuture could be lowered to
0°C. Pack (54) found that vy stratificetion at low teuperature for a long
period of time the seed of Juniperus will eveutually germinate at a tem-
perature of 0°C, to 1°C, In contrast, Borthwick and Robbins (11) found that
by subjecting lettuce seed to stratification ut a teuperature of 4%¢C. for
4 to 6 days, good germinaticn could be secured at 30°C. Harrington (39)
found that the seeds of carrot, psrsley, timothy, awnless brome grass,
perennial and annual Itallan rye grasses, meadow fesque, and of several
kinds of flowers geruinated practically as well &t a favorable constant
teuperature as at alternation of teuperstures. KEdward (30) gives an ex-
cellent review of literature on the effecl of teaperature ou geruination.
His report covers the seed of oats, wheat, maize, rice, varley, peas, Lean,

alfalfa, clover, welon, teet, radish and lettuce.
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Juniper Seeds

Investigations on the seeds of junipers are few. OStudies of the geed

of Juniperus virginiana were usde by Pack (54, 55) end Jelley (46). Seed

of Juniperus couwwunis, J. couwnunis depressa, and J. prostrata have been

investigated by Pack (54). Turner (74) studied after-ripening and germi-

nation of seed of J. pachyphloea. No work on Juniperus scopulorum, one of

the species covered in this paper has yet been reported, The works of
Turner (74) and Jelley (46) were chiefly confined to determination of the
requirewents of seed for after-rivening. Turner (74) found that after-
ripening is essential vefore germination of the m& of Juniperus pachyphloea
could take place. He observed that the length of period needed te bring
about complete after-ripening varies with the season: after-ripening dur-
ing the spring of the year proceeds much faster than during the winter.
Since stratified seeds of J. pachyphloea begin t;: germinate Msy 1, Turner
suggests early plan:ting.’ Jelley (46) working on the theory that pessage of
rodﬂuadar seed through the digestive tract of bLirds stimulates germination,
treated clean red cedar seed with solutions containiig the active ingredi-
ente found in the digestive trsct of birds. After this treatment the seed
were Givided into two lots and afrntiﬂod; one lot at a temperature of 41°F.
and the other at 719. After 60 days of stratification, 20 per cent of
seeds held at 41°F. were fully after-ripened and those stored st 71°F.
germinated to the extent of 33 per cent. Jelley did not atteupt to explain
whether gernination was due to the trestment or to stratificetion.

The most coumplete and thorough investigation of seeds of red cedar was
done by Pack (54, ©5). He found that non-after-ripened seed of red cedar
will not germinate unless stratified for some time at a temperature of be-

tween 0° and 10°C. Stratificaetion for 100 days at 5°C. was found to Le the



15.

mnost effective one. Seeds stretified at 5°C. for a sufficiently long
period of tine were able to germinate at tewperatures as low as 0° end

1°C; however, the optimum germination temperature for these seeds was ob-
served to be §°C. Seed after-rijened at 5°C. failed to germinate when the
tewperature in the germinator was raised to 15°C. Pack (54) claims that
exposure of seed after-ripened at 5°C. to a tempersture of 12°C. forces

the seed into secondary dormanecy. Jelley (46) has also observed the need
for after-ripening in red cedar seed. OStratification of seed preceded LY
freezing of fruit for 21 days resulted in avundant germination. Jelley
aoes not state whether he attribufed geriination to freezing or stratifi-
cation or bothe Pack (54) on the other hand, makes a definite stateuent

to the effect that freeziug and thawing has no forcing action on geruination
of red cedar seed. He states alao that "Seeds ready to germinate (after
the coat is cracked and their water content increased 52%) are killed by

an exposure to -5°C."* 0f all investigators working on the seed of juniper,
Baldrati (6) was the only one to report germination of seed which was
neither stratified prior to planting nor left im the s0il over the winter.
Fo information is found in Baldrati's article on the exact identity of the
seed investigated.

Pack (54) found that the seed coat plays no part in after-ripening or
germination of red cedur seed. However, it restricts the expansion of the
imbibed embryo snd prevents it from rupturing the nucellus before after-
ripening has taken plece. The seed coat is semiperueatle. Water, bases,

and salts pass through the seed cost rapidly while acids enter it slowly,

* Pack, Dean A. After-ripening and germination of Juniperus seeds
ot. Gaz. 71lip. 58. 1921.
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Pack's atteupts to secure germination of non-after-ripened seed by use of
foreing agents such as acids, bases, salts, high and eslternating tempera-
tures, mechanical injury, warm bath, dry air, or removal of the seed coat
were not successful.

According to Pack (54) non-after-ripened red cedar seeds contain
abundant stored food in the form of fats and proteins, with traces of
sugars, but no starch. The changes observed by Pack in seeds undergoing
the process of after-ripening are as follows: "The accumulation of cell
building materials; ecids, phosphatides, active reducing suvstances,
soluble sugars, pentoses, amino acids, soluble proteins, and other
nitrogenous compounds; the accumulation of enzymes; the dispersion of
materials; end the transformation of storage materials. This rapid
eccumulation of simple plastic cell materials coupled with miniasum res-
piration end combustion of materials probably forces the dorment organs
to activity. One thus sees the awakened active orgsn as a very unstavle
structure made up of many unstable compounds. If these changes are not
the basis of the after-ripening process, they ere found to accompany
after-ripening process."™

Pack (54) studied also the effect of tewperature on growth of seed-
lings and chlorophyll formation. He found that the optimum teuperature for
growth of red cedar seedlings was 15° U. Chlorophyll development is in-
dependent of light, but greetly affected by the temperature; chlorophyll
fails to form in seedlings held at either 0° C. or 30° C.

Pack's investigation included also a study of the anatouy of seed.
The following is a brief summsry of Pack's discussion of the structure and

composition of seed of red cedar.**

¥ Pack, Dean, A. Ohemistry of efter-ripening, gemaination, and seedling
development of Juniper seeds. Tot. Gaz. 72: p. 149, 1921.

*¥ Pack, D.A. After-ripening and germination of Jumiperus secds. Yot.
Gace 71 37, 19210
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The seed of Juniperus virginiana consists of four easily distinguish-

able parts: (1) the seed cost; (2) nucellus; (3) the endosperm, and (4)
the embryo. The seed coat coustitutes atout seventy-five per cent of the
weight of the seed and is made up of three layers: the outer fleshy (Figure
1, &), the stony (b), und the imner fleshy (¢). The stony layer is heavily
lignified and eontains some caleiumx pectate, while the fleshy imner layer
is made up mostly of suberin and of a smell amount of csllulose. The
nucellus (d), a very thin layer of cells, is composed of cellulose. The
endosperm (g) and the embryo (h) make up only atout one-fourth of the weight
of the seed yet are about one-half of the dlameter of the seed in thickness.
The endosperm serves &s & place of food storage, its cells being filled with
fats and proteins. The walls of the endosperm cells are rather heavy and
are composed of cellulose and gome pectie substances. The cuter walls of
the outer endosperm cells (k) are heavily suberized. The walls of the
embryo cells are thin and composed of cellulose and some pectic substances.
Cells of the embryo contain fats and proteins.

The writer was unable to find any reference on the anatomy of seed of
Juniperus secopulorus. His own study revealed a similarity bstween the
structure of the seed of Juniperus scopuloruwm and thet of red cedar. The

rost pronounced difference netween the structure of the seeds of the two
species is in the relative thickness of the seed coat. The outer fleshy
layer of the seed coat of Juniperus scopulorum is comparable to the same
layer in the seed of red cedar. However the stony layer in genersl is much

thicker than the corresponding layer in Juniperus virginiana, and may vary

in thickness because of the asymmetrical location of the embryo. Similar
difference is noted in the thickness of the inner fleshy layer of the seed

coat of the two species. As in the cass of the stony layer, the imnner fleshy



Fic. 1.—Longitudinal section of seed of
Juniperus virginiana with part of nucellus
and integument removed from one side:
a, outer fleshy; b, stony; ¢, inner fleshy;
d, nucellus; e, distorted tissue; f, hypo-
cotyl cap; i, protective cap; j, megi-
spore membrane; &, endosperm wall;
&, endosperm; &, embryo.

( by Pack)



layer may not ve uniform in thickness. There is no escentiel dlrference

in the syruetuve of the eabryos of the two species.
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MATERIAL AND METHODS
All seed of Juniperus virginiana L. used during this investigation
were collected locally, (Stillwater, Oklahoma,and vicinity), in 1939 end
1940. GSinee many red cedar trees produce a high proportion of empty seeds,
collection of seed was always preceded by a cutting test. Seeds used in
this study were of better than average quelity: <from S0 to 60 per cent of

all seeds were well filled and apparently sound. (Table 1)

Table 1 == Origin, date of collection and originsl quality
of seed of Juniperus virginiana

e e —— e ——
- 3 Per cent of filled

' :
Lot No, : Date of Collection 3 Place of Collection : sound seed

39 C 3 Nove 6, 1939 : Vieinity of Perkins,: 51%
Oklahona

39D 3 Nov. 11, 1939 s " 3 60%

39 E : Dec. 2, 1939 3 » : 53%

40 B : Nove 1940 : Stillwater, Oklahoma: 50% +

Seed of Juniperus scopulorum Sarg. was purchased from commercial seed

dealers: lot number 38 from Barteldes Seed Uoumpany, Denver, Colorado, in
December of 1938; lots 39 and 40 from kMoran Seed Company, Medora, North
Dakota in 1939 and 1940 respectively. When clean seed of either of the two
species were needed, berries were soaked in tap water for three or four

days and then macerated on a cement block. The macerated berries were

placed in a large volume of water: umost of the good seeds sank to the bottom
while pulp and the majority of the ewpty seeds were floated off. The clean
seed were then reuoved from the water and either air dried, stretified or
otherwise made ready for use.

Petri dishes with moist cotton were used as germinators in most ine



stances. The cotton was molstened with distilled water in all tests, unless
otherwise indicated. Some of the germination tests were carried on in pots
filled with soil and some in the nursery bed. Most of the germination tests
were set in duplicate. During the tests the petri dishes were opened only
when germination count was made or when water had to be added.

Granulated peat woss™ was used as the standard stratification medium.
For stratification the peat was prepared as follows: first, it was put
through a 4" mesh wire screen and then allowed to soak in water for several
hours. When the peat was thoroughly saturated, the excess water was removed.
Glass jars with paper over the mouth of the jar were used for stratification
of small lc_atu while larger lots were placed in half bushel baskets lined with
paper. Stratified seed were kept in a cold storage room, in which the tem-
perature was maintained at vetween 36°F. and 46°F. (Ave. 419F.)

Jost of the geruination tests were carried on in the laboratory at
temperatures varying from 70°F. to 86°F. Whenever constunt teuperatures
were required, insulated cabinets with thermostatically controlled teupera-
tures were used. Some of the tests were also set in the greenhouse and out-
doors in the nursery. In the course of the investigation r.appmxmatoly 50,000

Juniperus virginiena end 20,000 J. scopuloruu seed were used.

* Horticultural grade (pH 5) secured frou Pearson-Ferguson Chemicel Company,
Kansas City, Missouri
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CAUSES OF DORMANCY

Kature seed of Juniperus virginiana and J. scopulorum ere dormant.
The bagic cause of the inability of ripe seed of these two species to
germinate is the dormaney of the embryo. In seed of J. seopulorum the
seed cout is also probably responsible to some extent for the delay in
germination. This conclusion wss arrived at after a fow experiments
designed to check on zll possible causes of sced dormancy as listed by
Crocker (18).

Seed ecoats of both Juniperus virgimisma and J. scopulorun are
parmeable to water: dry seced of both species absorbed water very freely
when sosked in cold water at room temperature. During 72 hours of soak-
ing, air dry seed of Juniperus virginiana sbsorbed water in an amount
equal to 18.52 per cent of the dry weignt of the ssed. Water absorbed
by the seed of Juniperus seopulorum during the seme pericd amountsd to
20.44 par cent of the dry welght of the seed. GSeventy-two hours of
soaking dormant seed brought the total molsture content of seed of
Juniperus virginisna and J. scopulorum to 27.09 and 3C.97 per cent
respectively.

Froe absorption of water and the fact that removal of the seed
coat did not pramote germination of non-after-ripened seed suggest that
the seed coat is not of primary importance in seed dormancy in seed eof
red cedar., However there ars saue indications that the seed coat may
play some part in the delayed germination of seed of Juniperus scopulorui.
These are discussed later in Shis paper.

Failure of the exeised embryocs of nomn-after-ripensd seed of beth
species to grow and of the inoreased oxygen pressure to force germination

indicates that deficiency of oxygen is not respousible for dormaney. The



fact that the removal of the seed coat failed to bring asbout germination
eliminates also the mechanical resistance of the sced coat as a likely
ceuse of continued dormancy. The need for after-ripening and easy ger-
mination of after-ripsned seed show very definitely that the chief cause
of dormancy lies in the embryo itself. This conclusion is in line with
that of Pack (54) who reported the dormancy of the embryoc to be respon-

sible for delayed germination of seed of Juniperus virginiepa, J. communis,

J. communis depressa, snd J. prostrata.

The writer has not obsarved secondary dormency in seed of Juniperus
scopulorum but, as shown elsewhere in this paper after-ripened seed of

red cedar under certain conditions ean revert to secondary dormency.
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APTER-RIPENING
Stratification
Seed of Juniperus scopulorum as a rule do not germinate the first

spring after collection irrespective of whether they were stratified over
winter at low temperature or planted in the fall or stored dry. In
eommerecial practice, germinstion of this seed occurs during the second
spring after planting, which means that the seed remains in the seed bed
for at least one full year. Before germination of the seed occurs the
latter normally remains at a low temperature for two periocds (two winters)
separated by a period of relatively high temperature (susmer). On the
assumption that these three sets of conditions are necessary for the
normal process of after-ripening, an attempt was made to determine the
shortest periods of storage under the above conditions, that would result
in satisfactory germination.

A sample of approximately 10,000 seed was divided into 24 lots and
each placed in stratification for various periods at low and high tsmp--
eratures. Hach lot went through three distinet periods of stratificeation:
during the first and third periods the seed was kept at an average temp-
erature of 41° ¥,, during the second at room temperature fluctuating
between 70° and 86° F. The complete schedule of stratification of various
lots is presented in Table 2. Since drying of soil and seed during the
summer is of common occurence in nature, it was decided also to investigate
its effect if any on after-ripening. In connection with this, lots 20,
21, 22, and 23 were allowed to dry during the stratification at high (room)
temperature, but remoistened befeore the seed was returned back %o low
temperature. In lot 24 the seedwere removed from the peat moss and air

dried until it attained a constant weight.



24.

The perjeent of after-ripened seed in each lot was determined by

means of germination tests at the conclusicn of the third periocd of
stratification. 'he tests were carried on in the laboratory at a temp-

erature varying from 70° to 85° F. and also in the icebox at a temp-
erature of 41° F. The results of the tests conducted at 41° F. were
in line with those set at room tempsrature, insofsr as the relative
germination perecentages are concerned. However, germination at 41° 7.
required a much longer period of time.

The following discussion refers to the tests carried on in the
laboratory. The best germination (31.5 per eent in 14 days) was obtained
from seed which was stratified one month at 41° F., eight months at room
temperaturs and again $wo months at 41° F., or for a total pericd of
eleven montha. (Lot 5, Table 82) The length of the first period at low
temperature does not scem to be directly correlated with the extent of
the final germination. Some of the seed lots kept at 41° 7. for one
month (lots 5 and 6) germinated better than those which at first wers
stored at low tempeprature for three months. MNeither is there any de-
finite correletion between the germination and the length of the last
period of stratification at the low temperature. Germination appears
t0 be correlated somewhat with the length of the stratification period
at high temperature. However, whether it is due to the effect of the
storage at high temperature or to the total length of stratification
period is not clear; seed which were kept longest at high temperature
had slso the longest total period of stratifieation. Apparent lack of
ecorrelation between the individual periods of storage and germination
might be due, at least in part, to the fact thet germination tests

were set at room temperature whieh varied ss mueh as 15° F. I% will be
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Effect of stratification et alternate low, high, and low
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shown later that germination temperature has a pronounced effect on the
geraination of the seed cf juniper.

In the lots which were allowed to dry after the first three months of
stratification et 4P F. there is about the same degree of eorreletion be-
tween germination and the length of the total storage por:tod as in the seed
kept continucusly moist; the longer the total storage period the higher the
gerainetion (table 2). Seed tested 14 months after the initiation of the
experiment germinsted to the extent of 25.5 per cent, whereas seed tested
after six months of storage did not germinate at all. The results of germi-
nation tests of the last four lots (20 - 24) are significant also because
they show that drying of partly sfter-ripened seed neither interferes with
the process of after-ripening nor throws the seed into a state of secondary
dormency. Pack (54) found that dessication of partly after-ripened Juniper
seed for a short period not only was harmless but actually shortened the
period required for the completion of after-ripening. Possibility of dry-
ing partly after-ripened seed without markedly affecting its germinability
was slso observed by Crocker and Barton (19) who found that partly after-
ripened seed of apple, dried for cne month, germinated nearly as well as did
the seed which was not dried.

Requirements for after-ripening of seed of Juniperus virginiana were

thoroughly investigAted by Pack (54). He found that stratification for ome
hundred days at 41°F. provided the optimum conditions for after-ripening.

In the present investigation it was observed that this period varies not
only with individual lots and from season to season but with individual seeds
a8 well. Stratification for one hundred days insures after-ripening of most
seeds. Seed of lot 39E was used to determine the required length of strati-

fication for the after-ripening of seed of red cedar. The seed had been



cleaned, dried, and stored at 41°F. on February 1, 1940 and stratified on
July 6 of the same year. The stratified seed was placed in an electric ice-
box at an average teuperature of 41°F., GCermination tests, each iuvolving
200 seeds, were made at intervals of two weeks. The results of these tests
are presented in Table 3. The original intention was to continue the tests
for fourteen weeks, but due to an abundant geruination of seed in the ice-
box, the tests had to be stopped earlier., At the end of the tenth week of
stratification, germinastion in storsge had reached 45 per cent.

Table 3. Effect of length of stratification at 41°F. on
after-ripening of seed of Juniperus virginiena

—r— ——
Stratifiecation period (weeks); 2 t 4 : 6 : 8 : 10
Per cent germination : 0s0 : OB 3 128.0 : 58.0 3 7740

The figures in the above table represent the percentages of after-

ripened seed and are based on the total germination in the laborstory and
in the lce-Lox while the seed was still stratified. Germination of 77.0
per cent of seeds iun the case of lot 39E is very close to the maximunm that
could possibly be attained because the lot, despite separation of good and
poor seed by floating, still contained a nuaber of empty seed.

The deta show that very little germination cen be expected from seed
stratified for a period of six weeks or less, but there is a rapid increase
in the per cent of after-ripemed seed if they are held in stratification
longer. The period required for after-ripening of seed of red cedar may
vary, as can be seen from conparing the results of the atove experiment
with those of Pack (54) who suggests 100 days at 41°F. as the optimum pre-

treatuent of red cedar seed. If the seed begius to germinate in storage



long in advance of plenting, as would be the case with some lots of seed, it
is entirely possible to check the growth of radicles without destroying the
germinative ecapaeity of the seed is shown elsewhere in this paper.
Foreing Agents

Many attempts have been made by various workers to Lreak dormancy of
the embryo or to speed up af:ta_r-»ripenin_g by means of forcing agents (11, 24,
29, 31, 44, 53, 54)., These investigations weres discussed in the review of
literature. In most cases the use of forecing agents proved to be ineffective.
During this investigation pretreatments with increased oxygen pressure and
with a solution of vitamin B; were used in an atteupt to hasten after-ripening

of seed of Juniperus virginiana,

Oxygen

It has long been known that oxygen requirements of ﬁaod of different
species varies. In some species as in cocklebur and lettuce the oxygen
supply is the controlling factor in germination of the seed (11, 27, 65),
while in othez;s the oxygen requirements for germination ere very low. The
purpose of subjeeting dormant red cedar seed to increased oxygeun pressure
wes: (1) to f£ind out whether deficiency of oxygen is responsitle for the
dormancy, and if so, (2) whether increase of oxygen pressure would break
the dormancy or at least speed up aftev-ripening.

About 2,000 dry dormant seed of red cedar (lot 39C) were kept in pure
oxygen for twenty-four hours, and then placed in stratificetion at s ten-
perature of 41°F., A duplicate lot of the same seed was soaked in tap water
for twenty-four hours and then stratified and kept at the soue temperature
as the oxygen treated seed. The results of the bi-weekly germination tests

of the treated and untresrted seed sre presented in Table 4.



Table 4. Effect of pretrestuient with oxygen and vitemin % on
after-ripening of seed of Juniperus virginians

Strst_giutm pariod ng at 4;0 F.
Treatuent Por mﬁ ﬁ*‘iﬂl in ii ?
Oxygen: 100 per cnntz 0.0 : 0 : 0O. Oe . 1 62.0 :

Vitamic By: 4 mg. per: $ H 3 3 $
liter for 24 hours $ B0 3 0.0 $ Dl '3 9.5 3 85.5 3 6B.2

Check: seod scaked in:
tap water for 24 hours: 0.0 : 0.0 3 0.8 : 18,0 ; 35.0 : 77.0 :

e

Subjecting the seed to increased ¢xygen pressurs for twenty-four hours
prior tuv stratification didé not hasten after-ripening of dominut seed. On
the contrary, after ten weeks of straetificetion the final germination of
oxygen trested seed was lower (62.2 per cent) than that of the untreated
soed (77.0 per cent). This is in line with the findiugs of Pack (54), who
reported that increased oxygen supply retarded after-ripening asnd had no
foreing anetion on gerwinstion of seed of red cedar.

Vitauis By

The effect of vitamin 3; ou the growth of roots of plents has been in-
vestigated by meny workers (1, 10). However the writer has no information
on the effeet of vitamin 7 on efter-ripening and gemmination of seed, except
that appearing in populsr megazines and ndvertisements.

To determine the effect of vitamin By on efter-ripening, sbout 2,000
red cedar seed (lot 39C) were placed in a sclution containing 4 mg. of the
vitauin per liter. Aftor twenty-four hours of scaking, the seed without
veing rinsed were stratified and placed at a teuperature of 41°F. The re-

sults of the bi-woekly germinantion tests of these seed appear in Tatle 4.



Pretreatuent of red cedar seed with vitamin 5, not only failed to
hasten after-ripening vut appareutly either slowed it down or reduced the
viability of the seed. After ten weeks of stratification 62 per cent of the
treated seed germinated while germination of the untrcated seed at that tiue
was 77.0 per cent.

Sulfuric acid

The use of sulfuric acid to increase the permeability of the seed coat
and to rewove the seed coat that mechanically resists expension of the seed
content, has been investigated by a numver of workers (6, 35, 63, 56, 60,
68, 70, 72). Flemion (35) working on Crataegus spp. found thet by a treat-
ment of the seed with concentrated sulfuric acid, preceding stratificetion,
verminetion of the seed could be secured during the first spring. Without
such treatment, seed of Crataegus germinate normally only during the second

spring efter collection, which is true slso of the seed of Juniperus scopulorum.

Secause of this similerity in the normal behavior of the two species, it
md desirable to investigate the effectiveness of sulfuric acid on the

after-ripening of seed of Juniperus scopulorum.

The secd used in this experiment were of the 1940 crop, cleaned and
stored dry for two wecks. One sanpls of the seed was treated with concen-
trated sulfuric ecid for thirty minutes and another for omne hour. Upon
rewoval from the scid the seed were thoroughly washed in running water,
divided into nine parts, stratified and placed in that state at teumperstures
or comiination of teuperatures as indicated in Table B.

Meny of the seed treated for ome hour and a few treated for thirty
minutes were definitely injured. After belng stratified for abocut fifty
days, the cotyledons in many seeds enlerged and broke through the seed coat.

This was particulsrly common among the seed treated one hour. This abnormal



growth of cotyledons, preceding that of the radicle has been found to be
characteristic of seed either having a very dormant eumbryc or of those in
which dormancy of variocus parts of the eunbryo is mot of the same intensity
(2, 71). This abnormality occured also in the seed of red cedar, being
caused by scarification of seed during the process of cleaning (Fig. 3).

Table 5. Effect of stratification on after-ripening of
acid-treated seed of Juniperus scopulorum

TP : "“mmnt : Per cent
: Concen=- : _B%?ﬁ cation %‘1&& s germination
Sample : trated : A% T 3 AB Fa:
: HgS04 : (days) : (days)
;  (minutes) 3 3 3
p 3 3 0 s [i] s 0 P 0
2 ] 0 H 0 3 IR0 H 0
3 H 30 H 0 $ Q0 ] 0
& : 30 H 0 1 106 H &
5 s 30 S 0 i 126 3 3
6 3 30 H 53 g 0 H 1
7 H 30 3 53 3 61 3 38
8 H 60 H (4] 1 0 3 0
9 H 60 H 03 H 0 : 0
10 : 60 s 120 H 0 4 1
1L : 60 3 53 3 61 3 15

Seed trested for thirty minutes, stretified for fifty-three days at
80° ¥. and then kept for sixty-one days at 41° ¥. gave the most promising
results, 38 per cent of these seed being fully after-ripened, (semple 7).
Seed similarly handled but treasted for one hour geruinasted to the extent
of 15 per cent (sample 11). None of the other combinations of acid
treatments and stratification gave signifiecant results comparable to those
obtained with samples 7 and 1l. In view of the rather encouraging results
obtained by the combined trectment of seed with concentrated sulfuric acid

and stratificetion, the problem should be investigated further.



Properties 0f After-ripened Seed

Effect of drying

The purchase of after-ripened seed by nurserymen would improve their
chances of producing a good erop of seedlings. It was thought desirable
to investigate the possibilities of holding after-ripensd seed in such
a state in which it would not germinate and yet remain ready for
germination, Ome of the possibilities of attaining this end appeared
to be drying. In some instances drying of after-ripened seeds will lower
their viability. Haut (42) found this to be the case with after-ripened
apple seed. On the other hand, cases are known where after-ripened seed
could be dried without appreciable reduction in their ability to germi-
nate (3).

To determine the effect of drying on after-ripened seed of red
cedar, two samples of seed (lot 39C) were dried to a constant weight &t
room temperature and stored dry for various periods of time. One of the
samples prior to drying wes stratified 66 days and the other 91 days.

The effect of the drying on germination of the seed in these two samples

is summed up in Table 6.

Teble 6. Effect of drying on germination of after-ripened
seed of Juniperus virginiana.

fication period : of :At room temperature: At 419F.
prior to drying : drying :Per cent : in deys :Per cent : in days
(days) :  (weeks): : 3 :

66 : 0 T  06.0 3 ¢ : 680 : =1
66 3 b i $ 3 3 49.0 54
66 : 5] : De5 : 18 : 48, S : 47
66 s 9 3 0.0 18 2 85.5 3 46
g1 s 0 3 74.5 25 - 58.5 18
91 S H 9.0 3 20 3 5.5 3 20
91 - H B 20 - 3 68.5 : 50
21 : 10 : 10.5 : 16 3 59.5 : 61
91 3 12 : 9.5 3 30 45.0 56
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Drying of after-ripened seed of red cedar at room tnpolnt@*cl % L7,

generally reduced germination. The reduction of germinability was
greater in tests set at room temperature than in those set at 41° ¥.
whiech, at least in part, should be attributed to the effect of the teu-
perature in germinators. THowever the chief inmediate effect of drying
appears to be the secondary dormancy which, as will be shown later, can
be overcone by providing again the conditions favorable to after-
ripening.

Pack (54) reported that after-ripened seed of red cedar was thrown
into & state of secondary dorumncy when exposed to a temperature of
12° ¢, From the data on germination temperature (Tavle 10 and Figure 4),
it can be concluded that after-ripened seed of Juniperus virginisna

does not revert to secondary dormaney under the influence of high team-
peratures only. However air drying of after-ripened seed of red cedar
at room tempersture caused the seed to revert to secondary deruancy.
Seed in a state of secondary dormancy usually require an additional
period of stratification vefore their germination cen be expected. 1In
the above experiment dried after-ripened seed placed in germinators at
room temperature remsined in a dormant state while those placed in
gerninators at 41° ¥, were under conditions favorstle for after-ripening
and epparently the procesa of after-ripening was repeated. The extended
period of time that was required to reach maximua germination indicates
that the seed did after-ripen under the conditions of the germinators
st 41° ¥, Fully after-ripened seed required 18 days to germinate to

the extent of 58.5 per ceut whereas dried seed had to remesin at 41° P.
for from 50 to 61 days to complete germination. This second period
needed for after-ripening was much shorter thau the 1n£ti&b;;§;tfifieation

period.
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The effect of air drying sfter-ripened seed of Juniperus scopulorusm

also was investigated. Saples of after-ripened seed of this species
(lot 38) were dried for 2, 7, and 14 days after which they were tested
for germination at room temperature. The germination of these seed was
as follows: seed not dried, 30 per cent; seed dried two days, 38 per
cent; seed dried one week, 30 per cent; and seed kept dry oue week at
room teuperature and one week at 90° F., 24 per cent. In other words
geraination of these seed wes uot reduced by one week of drying snd
only slightly reduced when drying period was extended t¢ two weeks.

After-ripened seed of Jumiperus scopulorwi, in contrast to those of J.

virginisna, do not revert to secondary dormancy due to drying for two
weeks but are able to germinate at room temperature after such treatment.
Effect of freezing
In order to insure complete after-ripening of all newly acquired
seed of red cedar, it is desirable to extend the period of stratifieation
to 100 or more days (54). On the other hand, since many seeds complete
the process of after-ripening in a course of 60 or 75 days (Table 3)
extension of stratificeation to 100 days may in some instances be
undesirable; as shown elsewhere in this paper, fully after-ripened seed
of red cedar germinate easily at the tempersture of stratification (41°7.).
Considerable variation in the stratificetion recuirements of individusl
lots of seed and difficulties created by this variation, suggested the
need of finding a method whieh would preveut germination of after-ripened
seed and yet would ellow the seed t¢ waintain their germinative power.
In conmection with this, an investigation of the effect of freezing on
the viability aund germinevility of after-ripened seed was undertaken.
Two lots of seed, after being stratified for from 66 to 100 days were

frogen in blocks of ice and left in that state in the freezing unit of
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an electric ice Lox. OSauples of these seeds were removed frou tiune to
tine, thawed out and placed in germinators: one-half of each sauple at
room temperature and the other at 41° F. The results of germination
tests of these seed are preseuted in Table 7.

Germination of the two lots of seed tested at twe different teu~
peratures varied considerably. Tests at 41° F. should be considered
more representative of the viability of these seed than those set at
roon temperature. Uneven geruination at room temperature was unquestion-
ably due to congideratle variations in the conditions under which the
tests were conducted. As shown elsewhere in this paper (Fig. 4, Table 10),
temperature hes a narked influence on germination. To the same effect of
external conditions might be attributed the inecrease in germination after
ten weeks of freezing (53.0 per cent and 33.5 per cent) as compared to
germination after six weeks of similar treatment (20.0 per cent and 17.5
per cent respectively).

It is of interest to note that almost one-half of the orizinally
viable seed still remalned viable after twenty-four weeks of freezing
which is contrery to Peck's findings (54), who reported that fully after-
ripened red ceder seed (seed cracked open aud the water content increased
to 52 per cent) were killed by exposure to =86% Co It is significant that
there was relatively small loss of viability in seed frozen for one and
four weeks. This may perult a few weeks delay in planting should there
be & need for it, even if the seed is completely after-ripened and ready
to germinate.

A practical application of the property of after-ripened seed to
withstand freezing without losing its ability to germinate was demon-
strated on a sample of seed of lot 40, which had been stratified 73 days

and completely after-ripened somewhat in advance of planting season.



Table 7, Effect of freezing after-ripened seed of Juniperus
virginiana on seed viability

: Number of weeks the seed were frozen il :
Lot N, A PR R PR T RO Nl SRR TR R RS R
: Per cent germination in 36 days :
: at 41“F. H
39C(a) 3 BB.0 : 172.0 : 70.0 T 69.0 1 1T U0 3 S48 1. 0.0 3
39C(b) : 66.0 : 49.0 : 1 36,5 t 26,5 3 3 : 3
39D : 44,0 : 44.5 : . 30.5 i 14.5 3 3 3
: L% ) at_room temperature W :
390(&) H 74.5 : 56.0 3 65.0 : 49.5 : 16.5 23.5 0.0 H
39C(b) : 66,0 : 42,0 : i 20,0 3 88.0 3 3 :
1 R T L - it : :
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CERMINATION

The process of germination in the seed of Juniperus virginiana and
J. scopulorun is essentially the same as in all other seeds requiring
after-ripening. There is no definite separation between the end of after-
ripening and the beginning of germination. In this paper breaking of the
embryo through the endosperm is considered as the uveginning of germination.
Normal germimstion of Juniper seeds begins with the growth of and protru-
gsion of the redicle through the endosperm (Figure £). The cotyledons
elongate slightly but remain enclosed within the seed and continue to
absoro the stored food from the endosperm. Only when this food is
exhausted ars they pulled out and appesr avove the svil. In certain
cases and under certain conditions the growth of the cotyledons precedes
that of the radicle (Figure 3). This abmormality in germination is
discussed elsewhere in this paper.

Germination of a well after-ripened seed may ocecur on the first day
after the conditions favoring this process are provided. In some seed
however, as many as 28 days may elapse between the time the seed are
placed under germinative conditions and the time when actusl germinetion
takes place. BEmergence of seedlings from soil usually occurs in three
or four weeks after planting, depending upon the degree of after-ripening,
the depth of plenting, and the teuperature and moisture conditions of the
soil.

Effect of the reaction of the germination medium

It is known that the reaction of the medium may have a pronounced
effect on the germination of seed even if the range of pH values under
which the seed will germinate is rather wide. For instance Salter and

MeIlaive (61) working with seed ecorn, wheat, soyveans, red clover, and
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Fig. B. BSaveral stages of normal germination of seed of
Juniperus virginiana.

eI )

Fig. 3« Abnormal germination of seed of red cedar showing
the emergence and growth of the cotyledons and the
hypocotyl preceding that of the radicle.
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alfalfa found that they all germinated in media ranging in reaction from
2.96 to 7.71 pH units, while the optimum reaction for these seseds was of
pH of 4.1l.

Since germination of sowe secds is affected by the reaction of the
80il, 1t seemed desirable tu investigate the effect of the pH of the

mediwa on the geruinetion of seed of Juniperus virginians and J. scopuloruig.

After-ripened seed of Juniperus virginians were placed to geruinete on

cotton moistened with phosphate buffer solutions of varicus pH values.
Germination tests were carried on at a counstant teaperature of 70° F.
A coustent supply of buffer solutions was maintained in germinators by
adding to the cotton proper solutioms whenever necessary. The tests
were set in duplicate, each sauple containing 100 seeds. Germination
was recorded for fifteen days following the setting of the test, after
which time the germination in all samples was completed.

Germination in all samples began at the same tiuse and progressed
at the sane rate irrespective of the resection of the media. The final
germination per cent was the highestat pH of 6.2, end the lowestat pH
of 5.28 (Table 8). However, the difference in total germination wes too
small to be significant. The haraful effect of alkaline buffer solutions
(pH of 7.8 and 8.4) on the growth of radicles was evident in two samples
in which the radicles turned vrown upon coming inte coutact with the
solution. Similar injury to the growing embryo caused by high alkalinity
of the solution was observed also on seed of Msgnolia scuminata oy
Afanasiev (2)., Highly acid reactious might aslso ve unfavorable for the
growth of seedlings:; Salter et al (61) reported severe injury caused
by the germinstion mediwa of pH of 2.96 to seedlings of ecorm, alfalfa,
wheat, red clover, and soybeans. Growth of red cedar seedlings seemed

best on the slightly acid medium (pH 6.2). This combined with the
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somewhat higher gzerminstion at this resction than in the other samples,

suggests pH of 6.2 as the optimuu for the germination of red cedar seed.

A sluiler experiment was started with the seed of Juniperus scopulorunt.
It was carried on under the same conditions as that on seed of red cedar.
The reactions of the solutions tried ranged in pH frou 5.91 to 8.04. Fifsy
seeds were used in each sauple. The highest geruination was obtained at pH

of 5.91 and the lowest at pH of 8.04, (Tavle 9).

Table 9. Germination of seed of Juniperus scopuloruam
as affected by the pH of the medium.

1 keaction of the medium ; Per cent germinetion
g 3 in 26 days $
3 D.9. 3 52 s
H 6.98 | 38 3
3 8.04 $ 20 H
i Distilled water H 30 :

-—
—

Contrary to the case of Juniperus virginisna there was a warked dif-
ference in germination at the extremes of the range tried, Strongly alkaline
mediuu (pH 8.04) was detrimental 10t only to germination but to the viability
of the seed as well: 46 per cent of the seed which did not germinate were
found to be dead at the end of the experiment. Although only relatively
suall number of seeds were used in this experiment, striking differences he-
tween the geruination at different reactions Jjustify the conclusion that
fairly acid reaction is wore favorable for germination of seed of Juniperus
scopuloruwi then & reaction which is either neutral or basic.

Effect of Temperature

The desirable practice of planting after-ripened seed ¢f red cedar in

nursery veds in late February or early March is not always possivle. The

seed may be slow in after-ripening and require the extension of stratifi-



cation until late spring. Delay in planting may also be caused by un-
favorable weather and soil conditions. Late plantings would mean that
germination of seed must take place at rather high temperatures which
according to Pack (54) ars extremely unfavorable if not entirely pro-
hibitive to this process. For this reason an experiment was set up to
determine more definitely the effect of temperature on germination and
find ﬁho maximum temperature at which germination of after-ripened seed
of red cedar would take place. The range of temperatures selected for
trial represents that of the outdoor temperatures prevailing in Oklahoms
from February to May. The constant temperatures used were as follows:
38° , 40° , 850° , 60° , 70° , 80° , 90° , and 100° F. Sixty-eight
hundred seed were used in this test. The results of the germination
tests of after-ripened seed of red cedar at these temperatures aere pre-
sented in Table 10 and Figure 4. The test at 32° F. was not included
in the graph because no germination was observed at this temperature in
a period of thirty days.

Germination of red cedar seed is definitely and markedly affected
by temperature. Within the range of 32° to 70° F. there is a strong
correlation between the initial rate of germination and the temperature
at which germination takes place. At 80° and 90° F. germination is
somewhat slower than at 70° ¥., while at 100° F., the depreassion on
germination rate becomes very pronounced.

In regard to the effect of temperature on the total germination of
the seed at the end of thirty days, seed set at 50° F. gave the best
results. Germination at 60° and 70° F. was almost as good as that at
50° F., but at 80° and 90° F. the final germination per cent fell off
considerably. At 100° F. germination was the lowest with the exception

of that at 32° F., at which temperature no germination took place at all.
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Fig. 4. Effect of temperature on ger-
mination of after-ripened seed
of Juniperus virginiana.




Sharp decrease in germination at 100° P. is probably due to the death
of the embryos in some of the seed. Many seeds at that temperature
showed definite signs of injury. High temperature affected not only
the gemminaticn but growth of the seedlings as well. Embryos in seed
which germinated between 90° and 100° F. failed to grow normally and
died shortly after the radicle bLroke through.

Results closely similar to those just discussed were obtained also
with seed planted ocutdoors in a nursery bed. In this case factors cther
than temperature have undoubtedly affected the final ocutcome of the
expsriment. Yet the results of the experiment are significant because
the work was done under conditions during the normal time of planting.
Several samples containing from 100 to 600 seed each were removed from
stratification and planted in the nursery bed on different dates between
March 30% and May 42 of the seme year. The information comcerning

these plantings is summed up in Table 1l.

Table 1ll. Effect of time of outdoor planting on germination
of after-ripened seed of Juniperus virginiana.

: Poriod of : Number of 3 Date : Per cent
Lot istratifica- : seeds ¢ planted : germination

ition (days) i $ g in 4 weeks*
39¢C 3 84 3 300 :  3/30/40 : 54.6 +
390 $ 98 3 175 : 4/13/40 48.0
39¢ ¢ : 300 :  4/27/40 3 58.0
39C : 19 : 600 i 5/4/e0 45.8
398 H 102 H 300 :  3/30/40 $ 45.3 +
39 : 18 : 100 s 4/27/40 44.0
39E : 138 : 200 : 5/4/40 31.5

These percentages
The figures marked with & +are somewhat lower than the actual per-
centage of germinated seed because of the destruction of a few seedlings

by cutworms.



The per cent of secd which preoduced seedlings fell off gradually
with the delay in planting. This reduction in the proportional number of
seedlings is well correlated with the rise in temperature at the time the
germination took place (Figure 5).

Taking into account the results of this experiment and comsidering
the normal stratification reguircments of the seed of red cedar it
becomes clesr that the postponement of planting for a few weeks is a
batter practice than early planting of non-after-ripened seed. The
reduction in germination due %o bhigher temperature (late planting) is
not as large as that caused by incomplete after-ripening (Table 3).

This statement should not be taken as & suggestion that late planting
(April and May) is generally a desirable practice. Late planting should
be resorted to only in exceptional cases when the seed were not stratified
early enough to become campletely after-ripened before April.

Late planting is undesirable not only because of the probable re-
duction in germination but alsc because of the shortening of the growing
season and the dwarfing effect of high temperatures on young scedlings.
It can be seen in Figure 5, that at the end of the first growing season
the size and vigor of seedlings produced in May were decidedly inferior
to those of the seedlings which were produced earlier.

Initial growth of seedlings is markedly affected by the temperature.
This became apparent from the results of the following experimsnt: fifty
fully after-ripened seed were planted one-balf inch deep in each of three
pots of soil. The latter wae composed of two parts of garden soil and
one part of sand. The pots were placed at temperatures of 509 , 70° ,
and 90° P. After fourteen days practically all seeds placed at 50° and
and 70° F. had germinated, while those held at 90° F. germinated only to
the extent of 10 per cent. A% this time thirty-six seedlings kept at 709F.



Fig. 5. One year old seedlings of red cedar. The seed were
planted on the following dates: a, March J0;
b, April 13; ¢, April 27; and d, May 4, 1940.



appeared above the soil yet mone of the seedlings kept at 50° and 90° F.
reached the soil surface. The few seads which germinated at 30° F. failed
to produce normal seedlings (Figure 6).

Prelininary work con the effect of temperature on germination of seed

of Juniperus seopulorum was also carried out. The seed had been planted
in the fall of 1938 and were fully after-ripened when removed from the
nursery bed in January 1940. About fifty-five per cent of the seed were
viable at thet time. The germinetion temperstures tried were more or less
the same as used in the similar experiment with seed of red cedar, nemely:
34° , 40° , 60° , 70° , 90° , and 100° F. One hundred seed were used in
each teéest. The results of these tests are presented in Table 12.

Within the range of temperatures between 34° and 90° F. there wae a
definite correlation between the rate of germination and the total ger-
mination on one hand,and the germination temperature on the other. A%
100° F. germination was definitely reduced. Seedlings grew best at a
temperature of about 60° F. Seedlings produced at temperatures of 90° and
100° F. failed to grow normally and soon died.

Effect of vitamin B}

Vitamin B was found to have no effeet upon after-ripening as dis-
cussed elsewhere in this paper (page 30). To determine if this substance
had any effect on germination of after-ripened seed, the following experi-
ment was performed: dupliecate samples of red cedar seed stratified 77
days were soaked for 24 hours in a solution containing 4 mg. of vitamin By
per liter, and placed in germinators. Seed so treated germinated to the
extent of 73.0 per cent while germination of the untreated seed during
the same period was 77.0 por cent. In other words vitamin B; nelther

increased nor prevented the germination of after-ripened seed of red

cedar.



Fig. 6 Orowth of seedlings of Juniperus virginiana
as affected by temperature.



Effect of temperature on germination of after-ripensd seed
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Effect of variations in oxygen supply

To determine the effect of variations in the oxygen content of the
eir on germination of red cedar seed, the following experiment was carried
out: before being tested for germination the seeds, previously stratified
for 77 days, were placed for twenty-four hours in an atmosphere containing
various amounts of oxygen. One sample was thus held in an atmosphere con=-
taining 5 per cent of oxygen, another 10U per cent, third 20 per cent
(normal air), and fourth in pure oxygen. Twenty days after the beginning
of germination tests the seed germinated to the extent of 48.5 per cent,
53.5 per cent, 77.0 per cent, and 73.5 per cent respectively.

Reduction of oxygen content of the air markedly reduced germinability
of the seeds while an incresse in oxygen did not &ffect germination.

After somewhat similar trestment of after-ripened seed of Juniperus
seopulorum it was observed that increase of oxygen from normal of 20
per cent to 100 per cent for 48 hours reduced germination from 32.5 per

cent to 22,0 per cent.
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KICROCHEMICAL TESTS

Observations on stored food and oxidizing enzymes in seed of
Juniperus seopulorum were made by mweans of the following tests: Sudan
iv (Scharlach R, Searlet Red) for fats; Millon reaction (nitriec acid and
mereury), Bluret reaction (copper sulphate and sodium hydroxide) and
xanthoproteic reaction (nitrie acid and ammonium hydroxide) for proteins;
Fluckiger reaction (copper tartrate and dilute sodium hydroxide) for
glucose and fructose, phenylosozone formation (phenylhydrazine hydro-
chloride and sodium acetate) for glucose and methyl phenylosozone forme=
ation for fructose. Sucrose was inverted with dilute solutions of eitrie
acid and Fluckiger reaction was used on the inversion products. Starch
was tested by the use of iodine potassium iodide solution. In the test
for oxidase aleoholic solution of gum gulae was employed. Peroxidase
was tested by means of alcoholic solution of gum guiac and 3 per cent
solution of hydrogen peroxide.

The food reserve in dommant seed of Juniperus scopulorum is in the
form of fats and proteins. Neither starch nor sugar were detected.
Percxidase was found in small guantities while oxidase was absent or
inactive. Catalase sctivity was found to be very pronounced even in
dormant seed. Water content of the air dry seed ranges from six to
twelve per cent of the oven dry welght of the seed. The kernel of the
seed is slightly acid, ranging in pH from 6.4 to 6.9.

The changes observed in the seed of Juniperus scopulorum during the
period of stratification are as follows: rapid initial absorption of
water, after which the water content decreases slightly; this is followed
by an inerease in moisture as the seed becomes after-ripened; decreass in

the emount of fats and proteins in the endosperr and increase in the



amount of these substances in the embryo; appearance of sugar in the
endospere neer the embryo; slight increase in peroxidase ccontent;
appesrance of oxidese; increase in catalase activity and slight growth

of the embryc. The swmary of the above changes is presented in Table 13.
The number of crosses in this table represent the relative amounts of
various substances at different stages of stratification and after-ripening.
These changes in the seed of Juniperus seopulorus are essentially the same
as found in after-ripening seed of Juniperus virginiana by Pack (54, 56),
except that they progress at a much slowor rata.

The chamges that take place in an after-ripened seed of Juniperus
Scopulorum just before mnd during germination are rupid inerease in
moistupre content, slight inorease in sugar, and oxidase, increass in
perbxidase and marked ineresse in catalase sctivity. During germinetion
fate and proteins deerease in quantity, the smount of sugar and the
activity of oxidising enzymes increasc markedly, starch appears in the

growing smbryo and the moisture conteat of the seed decreases slightly.



Table 13. Summary of the changes taking place in the seed
of Juniperus scopulorum during stratification.

e e e T T T e T e T e T T T

: Materials : Stratification period at 41°F. : After- : Germi- :
: : s Months 4 ¢ ripened: nating
$ 3 0 3 1 $ 3 1 5 : - $ 9 : 12 : seed : seed 3
: Fats 3 s ¢ o GRS S © » o S X &+ XXXX 3 XX XXX % 3 b ¢ XX $
: Proteins SRR o - SN | MK 1 BE . 3 'EEX 3 XEX: ¥ U XBEEY 3 IXX 1 XX XX i
: BSugsrs H : H H i trace 4§ 4trace : trace i X 3. X :
: Starch : $ : H § 3 3 3 5 X g
: Oxidase 4 H : 3 H H $ trace X % XX H
: Peroxidase $ X H X H X 5 X i X 3 X : X H XX § XXX s
: Catalase™™ : 32,6 ¢ ¢ 40.0 : : : 64.2 : 342.5 : 445.6
: Moigture con- @

:  tent* s .Ml oz A 1 B 3 : : t B68 1 45871 40,0 3

e ———
* Per cent oven dry weight.

**pigures representing catalase activity indicate the number of cubic centimeters of oxygen evolved from
5 cc of hydrogen peroxide in 10 minutes per one gram of oven dry weight of seed.
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CATALASE

Because of the apparent correlation between catalase activity and
some physiological processes in plant tissues, many workers have attempted
%0 use the former as an indieator of the progress of after-ripening.
Similar attenpts were made during the present study.

The standard method described by Davis (85)(Figure 7) was employed.
The actual determination of the activity of catalase was as follows:
samples of seed to be tested were weighed and placed in a small mortar.
To this was added an eqgual weight of caleium carbonate, a little pure
quartz sand, and 2 ee of distilled water. This mixture was ground for
two minutes. After grinding was conpleted, the material was washed into
a shaking bottle with an additiocnal 10 ce of distilled water and placed
in a water bath at 25° C. The bottle was stoppered with a2 rubber stopper
containing the gas delivery tube and a small separatory fumnel. Five
cubic centimeters of hydrogen peroxide* freshly neutralized with a little
calcium carbonate were placed in the separatory funnel, When the tem-
perature of the ground material in the shaking bottle had resched that
of the bath, the hydrogen peroxide in the separatory funnel was allowed
to flow into the sheking bottle and the shaking device started. The
volume of oxygen released was recorded at the end oi' one, thres, five and
ten minutes of shaking. The values found in this paper and representing
catalase activity are the averages of at lsast two determinstions: if
the results of the first two runs urhd by more than ten per cent,
additional determinations were made until the results checked within the

allowed variation. The catalase activity was determined in dry (dormant),

* Figher Scientific Company. Pittsburg, Pa. (3 per cent solution).



¥ige 7. Apparatus for determining the catalase
activity in plsnt tissue. a, shaking
bottle; b, saeparatory funmel; ¢, volu-
metric burette.



stratified, after-ripened and germinating seeds. In the following dis~
cussion the figures representing catalase activity indicate the number
of cubic centimeters of oxygen evolved from 5 ce of hydrogen peroxide
in 10 minutes per one gram of oven dry weight of seed.

Dry seed of Juniperus scopulorum stored at room temperature for a

year exhibited more or less constant catalase activity throughout the
entire period of storage, the original belng 32.65 and that after one

year 28.25 (Table 14). Seed stratified continuously for a year at 41° 7.
showed in one get of tests a gradual rise in catalese activity. In a course
of a year it was practically doubled (testssd, 10, Table 14). However, in

a gimllar set involving the determination of catalase activity of stratified
seed (lot 38) every five days, nc marked change in catalase activity

caused by stratification wae noted; after 88 days of stratification the
catalase activity was practically the same as at the beglaning of the
experiment (Teble 15). Transfer of seed stratified for forty days at

41° ¥, to a temperature of approximately 75° F. resulted in a gradual
decrease of catalase activity in a period of 41 days (Table 15). Seed
stratified at 41° r, for forty days and at room temperature for twenty-
eight days, and then transferred back to cold storage, showed a loss in
cetalase activity in a course of seven days but when the last periocd of
cold storage was extended to twenty days the catalase activity rose very
markedly (Table 15).

In view of the above, it appears that stratification as such has no
definite effect on catalases. However if stratification results in bring-
ing the seed toward complete after-ripening catalase activity increases
markedly (Testslé, 17, 18, Table 14).

To determine the effect of camplete after-ripening and germination

on ¢atalase activity the following experiment was performed: a sample



Table l4. Effect of stratification spnd after-ripening on the
catalase activity of seed of Juniperus scopulorum. Lot 59.
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of seed stratified for a total periocd of 240 days was divided into three
groupst one containing the seed which Lad begun to germinate (Test 19,
Table 14), another consisting of fully after-ripened seed (Test 20), and
third, of seed still dormant (Test 21). Catalase activity of each group
wae then determined. The completion of after-ripening and germination
caused an inerease in catahga activity from the original of 48.46 to
342.50 and 445.60 respectively.

Seed treated with concentrated sulfuric amcid and stratified at 607 7.
for 53 days showed a marked increase in catalase activity suggesting rather
rapid progress in after-ripening. The complction or near completion of
after-ripening in meny of these seeds was indicated by the growth of
cotyledons (Table 14, Test 22). Intact seed treated in the same manner
showed much less increase in cstalase activity (Test 23).

Correlation between the progress of after-ripening and the catalase
activity has been reported by many workers (16, 22, 29, 32, 64). Pack
(54) reported similay correlation in seed of red cedar and suggests that
the catalase activity can be used as a measure of the rate of after-

ripening of stratified seed.
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STORAGE

Seed of some plante retain their viability after being stored dry
for a number of years. Crocker and Barton (19) found that rose seed not
only remained viable after two years of dry storage but actuslly germinated
much better after being thus stored. Crocker et al (19) and Haut (42)
reported that viability of apple seeds is not reduced after two years of
dry storage at room temperature. Swect clover seed was found %o remain
viable at least four years after collection (44). It is commonly known
that seed of certain legumes retain their wviability for long periods of
years.

Although it is generally accepted that juniper seed loses viability
with age rather slowly, no data to support this contention are available.
It was decided therefore to get more specific information on the effect
of dry storage on the viability of red cedar seed. A sample of seed of
lot 38C was cleaned and stored dry in an uncovered glass jar for seven
monthe at 41° ¥F., while ancther sample of the same lot consisting of dry
berries was left at room temperature where it remained for & period of one
year. After the completion of the above pericde, the seed were stratified
and their viability determined by germination tests. Judging by the
results of these tests (Table 16) the loss of seed viability, if eny,
ecaused by dry storage of seed, either cleaned or still enclosed in fruits,
wae negligible. Germinatiocn of the seed stored for seven and twelve
months (66,0, 72.5 and 75.0 per cent) was about the same as that of the

geed which were stratified soon after collection (73.5 per cent).



Table 16. #Hffect of dry storage ou viability of seed
of Juniperus virginiana

: State of seed : Period of dry : Stretification : Germination at :
:+ eand place of : storage : period (days) : 70°F.(per cent):
i __storage : : : 5
;3 Stratified as :

¢+ soon as collects

3 ed. : none ] 106 H 7355 |
: Dry seed at 41°F 7 3 73 : 6640 :
g = e 7 $ 73 H 78.5% s
t Dxy fruit at 12 : 76 : 75.0 H
$ room temperature H : :

* Germination st 80°F.



HECOMMENDATIONS FOR HANDLING SEED : :

In view of findings reported and discussed in this paper, the follow-
ing procedure of handling seed prior to planting is suggested: the seed
should be collected a_s‘-;‘ scon as ripe whieh in this State means late COctober
o ,uu___qpfgﬁnéﬁ;. Because of frequsnt fallures ofseed to develop properly,
a cutting test should always precede collection. 4 lot containing from
50 to 70 per cent of well Ifilled sound seed may be considered to be of a
good guality. As soon as brought in, fruits should be spread on the flcor
or table and allowed t¢ dry for a week or ten days.

The seed before acyuiring the ability to germinate must complete the
process of after-ripening. The latter takes pluce at a low temperature in
presence of a supply of mcisture. Such ceondltiocns ean be provided by meuans
of stratificaticn. DBefore being stratified the seed must be cleaned.
Soaking berries for three or four days in water facilitates cleaning of the
seed. After the berries becons soft they should be macerated, care being
taken not to crack the seed. After the berries are thoroughly nmacerated,
they shcould be plesced in a large volumne of water: most of the good seeds
sink sc that the pulp and the majority of the empiy seeds can be floated
off«. The common practice of scaking the berries in s weak solution of lye
seems to be of no value in seed clsaning.

Peat moss is a good stratification medium for seed of red cedar aad

Juniperus scopulorum because it has & very large water holding ecspacity and

yet does not interfere with seraticm. The peat must be thoroughly moist
put not too wet. THe Moed is mixed with at least four times its vclume of
peat ‘and pl.aned in any ccnvenient container. A bushel basket lined with
wrapping paper serves very well. rsor small amounts of seed glass jars or

coffee cans may be used.



Storage of stratified red cedar seed at s temperature of 41°F. was
found very effective in prcroting after-ripening but temperatures ranging
from 36° to 459. have given good results zlsc. Stratified seed should
remain at low tempsrature until it is eccmpletely after-ripensd. Some seeds
after<ripen much more rapidly than others. A period of from 100 to 120
days is sufficiently long to allow after-ripening of most seeds. Seed
should be lfratified befors the middle of December to insure the completion
of after-ripening by planting time. The stratified seed should be in-
speeted occasionnlly to check on the supply of moigture in the peat and to
note the progreess of after-ripening. The completicn of after-ripening is
warked by the splitting of the seed cout. The sesed should be planted as
soon as after-ripening is completed because fully after-ripened seed of
red cedar germinate freely at the normal stratification temperature. If the
after-ripened seed cannot be planted for some time and yet begins to ger-
minate in stratification, it can be removed from the peat moss, frozen and
kept in that state for a few weeks. This method of preserving after-ripened
seed cannot be recommended as a standard practice but should be resorted to
only in case of emergency,

Since germination is favored by a ﬁ;ati.vely low temperature (50°- 708F.),
planting should be done early, preferably in Maprch., According to the reecords
of 1940, soil temperatures in April on many occasions were higher than 80°F.
However good germination may also be secured at s temperature somewhat higher
than 70°F. and if seeds are not fully after-ripened in Mareh, it is pre-
ferable to lengtlhen the stratification period rather than plant non-after-
 ripened seed. Fall planting of dormsnt seed is a common practice among
growers in this State. The success of such plantings depends upon three

factors: (1) the temperature must remain low for a sufficiently long period
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to promote after-ripening of the seed, (2) the seed bed must be kept
moist, and (3) the seed must be protected sgainst rodents and sgainst
danger of being washed off. Werm winters are rather common in Oklshoma
and are probably the sause of frequent failures to secure a good stand
of seedlings from fall-planted seed.

The seed should be plented about one~hslf ineh deep and prefersbly
in rows five or six inches apart. Broadcasting the seed is easier but
the distribution of seedlings in the seed bed is seldom uniform. It takes
more time and labor to care for ununiformly spaced seedlings than for
those growing in evenly spaced rcows. Spacing of seed depends on the
potential produetivity of seed, on the purpose for which the plants are
grown, and on the care the plants are going to receive. Productivity of
any lot of seed depends upon (1) the viability of seed and (2) on the
germinative energy of the lot. Unless measures are taken to prevent or
reduce demping-off, one should consider mortality from this scurce in
spacing seeds in the seed bed.

If the preceding reconmendations on the handling of red cedar seed
are followed, there should be no reascn why a good stand of seedlings
eannot be grown every year.

Raising seedlings of Juniperus scopulorum from ssed presents a

much more difficult problem than dces the seed of red cedar. Juniperus
scopulorum seed planted during the first spring after collection does not
germinate until the second spring. Seed should be purchased or collected,
cleaned and planted in the nursery bed as soon as they become availables.
The method of cleaning the seed is the same as suggested for the seed of
red cedar. The seed must be well protected against rodents because they
must remain in the seed bad for cver a ysar before they will germinate.

If properly handled, a good stand of seedlings can be secured and by



planting seed every year a continuous supply of seedlings can thus be
assured. Preliminary work has shown that there is 8 possgibility of
developing a method by which germination of Juniperus scopulorum seed
can be forced during the first spring after collection. Trestment of
seed with concentrated sulfuric scid followed by stratification proved
to be successful in after-ripening some geed in a course of four months.

This problem dessrves further investigation.



SULMARY

l. The cause of delayed germination in seed of Juniperus virginisns
is s dormsnt embryo. In seed of Juniperus scopulorum delayed germinastion
is alsoc due to the dommancy of the embryo. However the ssed coat msy
also be responsible for it to some extent.

2. Red cedar seed requires stratifiesation at low temperaturs to
complets after-ripening. Individual seeds and different lots of seed
vary in the length of period required to complete the process of after-
ripening. Seed used in this phase of the investigation were completely
aftar-ripened after 70 days at s temperature of af r.

Complste after-ripening of seed of Junipsrus scopulorum was sscured
only after twelve months of stratification at a combination of high =nd
low temperatures. Attempts to shorten the period of after-ripening to
five or six months have proved inerfective.

5. Treatment of dormant seed of Juniperus virginiena with pure
oxygen for 24 hours or with a solution of vitamin B; for the same period
not cnly failed to hasten the after-ripening but actuslly slowed down
this process.

4. Trestment of dry (dormant) seed of Jusmiperus scopulorum with
conecentrated sulfurie acid for thirty minutes, followed by stratification,
was effesctive in reducing the length of the after-ripening periocd.
Thirty-eight por cent of seeds thus treated germinated after four months
of stratification while untreated seed normally requires 12 months of
sinilay stratification.

5. Dryinog of after-ripened seed of red cedar generally reduced the
gersination and caused reversion to secondary dormsncy. The pericd of

stratification at low temperature required toc overcome the secondary



dormancy was much shorter than the original stratificeatica period. Seed
dried for 28 and 35 days and set in germinatore =t 41° ¥. germinated inm
fifty and forty-seven days respectively.

6. Freezing of after-ripensd seed of red cedar for four weeks did
not reducs germinability to any apprecisble extent.

7« Temperature had a marked effect on germinstion of after-ripensd
sead of both species of juniper. The optimum germination temperature
for red cedar seed was 50° F. However at 60° and 70° ¥. germimation per
cent was only slightly lower than at 50° ¥, The rate of germinatiocn was
directly correlated with the tempsrature within the range of 40° to 70° F.
but above 70° F. germination was severaly retarded. Temperatures of 80° 7,
and higher affected unfavorsbly the extent and the rate of germinstion.

A temperature of 100° F. was almost prohibitive to germination of seed and
growth of seedlings.

Germination of seed of Juniperus scopulorum proceeded most rapldly at
90 F. However at this temperature seedlings failed to grow normally.

A temperature of 70° F. favored germination of seed zs well as growth of
seedlings.

8. Germimation of red cedar seed was not affected markedly by the
reaction of the medium when pH of the latter varied between 4.4 and 8.4.
The highest germination was obtained at a pH of 6.2.

The optimum reoaction of the medium for seed of Juniperus seopulorum
was pH of 5.91. Neutral and basic reacticns of the media reduced ger-
mination markedly.

9. Soaking sfter-ripensd seed of red cedar in s solutiocn of vitamin
Bl for 24 bhours had no effeet upon germination.

10. Subjecting after-ripened seced of Jumiperus scopulorum to
increased oxygen pressurs (100 per cent) for 48 hours not cnly failed to



help germination but szetuslly lowered it. Inereased oxygen pressure
failed also to increase germination of after-ripened seed of Juniperus
virginians. Reduction of oxygen pressure tc 5 or 10 per cent for 24
hours immediately preceding germination test markedly lowered the ger-
mination.

1ll. One year of storauge of cleaned red cedar seed at low temperature
and of dry berries at room temperaturs did not reduce viability.

12, Practical suggestions for raising seedlings of Juniperus
virginiana and J. scopulorum,based on the results of this investigation

are offered.
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