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INIRODUCIION

The most recent statistics on timber production in the
United States indicate that hardwood grosth exceeds hardwood
removals; however, the majority of the growth occurs on
steas of low quality and saall diameter (USDA,1980). Partai-
cularly in the southeastern United States, a prime hardwood-
producing area, quality hardwoocd production falls short of
demands. Annual demand for hardwood timber products froa
U.S. forests was 3.0 billion cubic feet in 1979 and is pro-
jected to be 9.6 billion cubic feet by the year 2030 (USDa,
1980) « This increase reflects a projected demand for hard-
wood lumber for pallets, bardwood plywood asd veneer for
furniture, and roundwood for pulp and fuel. As early as
1969 the Southern Forest Rescurce Analysis Coamittee esti-
mated that a two to three £fo0ld increase in growth and yieid
of coauwercially valuable hardwood tiaber must be realized to
meet projected needs by 2010. The projected demand can be
met by improving utilizatiomn, increasing torest land area
and/or plant productivity. <Commercial forest acreage, how-
ever, 1s decreasing, due to ccagetitive fressure frowm agri-

culture, urban development, and coaservation/preservation



interests (USDA, 1980). Thus, increases 1n productivity
must rely on improved utilization, more intensive silvicul-
tural practices and/or increased growth rates.

Commercial hardwood forests make up wore tham o60% of
the farests of the eastern United States, and oaks ( LUELCUS
Sppe.) comprise aore than 36% of the cosmmerciaily valuabile
hardwood growing stock (USDA,1974a). In the hardwood rorests
of virginia and West Virginia, 38% oif the growing stock is
oak; however, omnly 8.7% of this volume 1is comprised of large
diameter oaks with high quality and form, i.e. select trees
greater than 19 inch diameter at breast height (USDA,1978a;
USDA, 1978b). The scarcity of large diameter, high gquality
oaks is the result of past silvicultural jpractices such as
high grading, 1livestock graziag, and wildfires (Swith and
Linnartz, 1980). If the poteatial productivity of these low
to medium quality sites in Afppalachian forests 1s to be
achieved, more intensive silvicultural jractices must be
employed. Unless quality oaks are propagated amd used to
regenerate suitable sites, the supply of good ocak timber
vill inpevitably diaminish. Manageaent practices such as site
preparation, competition control, artificial regeneration,
fertilization, and implementation of intermediate silvicui-
tural operations must alse Le coasidered. Johnson (1975)

noted that more intensive silvicultural practices mBust be



employed in order to maintain cak as a major component in
bottomland hardwoodse.

High costs and the gualified or limited successes of
intensive silvicultural practiceés necessitates minimizing or
eliminating factors that delay growth. A main thrust of
tree physiology research has been the igproveaent of growth
and yield of coamercially isportant tree species. iree
grouth is a relatively slow process and because ot the dir-—
ferences in juvenile and mature growth rates aand delays or
repression of development, physiologists often must wait
years before they realize the impact of their work. Hetiaods
in accelerating the growth process and w@aintaininy or
iaproving product guality and tree survival would ke or
great benefit.

The delays in germination of many tree seed has been of
particular interest to forest scientists. In the red oak
group (subgenus Erythraobalanus ), a delay in germination 1is
proainent (USDA,1974b). This delay, which varies yualita-
tively and gquantitatively amcng species and dgenotyges, 1s
called seed dormancye. A seed that fails to germinate when
given gases, water, and temperature ncrsaily conducive to

groath is dormant (Villiers,1972; Khan,1977). Acornt dor-

mancy within the red oak group bhas been iavestligated

-
.

1Although acorns are technically fruits, they will be
refered to as seeds throughout this paper.



extensively, but a physioloyical cause coamon to all spgecies
cause has pever been determined (Korstian, 1927; Bon-
ner, 1970). Indeed, a single cause for this ecologically-di-
verse dgroup seers unlikely.

Seed dormancy can create costly problems for murserymen
and seedsmen. The delayed and erratic germination associ-
ated with dormant seeds often results in nonunifora see-
dlings, reduced yield of high gquality seedlings, and pro-
longed exposure to rodeats amd adverse weather conditions.
The ability to control dormancy amnd germination would
greatly reduce or possibly alleviate these probleas. Eosi-
tive germination control aight permit rapid, early establ-
ishaent of red oaks in the nursery. Geraination controcl may
shorten the tise required to praduce a plantable seedling
such that 1-0 stock can be planted rather tham 2-0 stock.
Plantation establishment has proven its worth ky more than
doubling growth in cottonwoad, ash, yellow poplar amnd syca-
more (Samaith and Linnartz,1980); but an increase in oak
growth in culture has not yet been realized.

Direct seeding in the field might be feasible it sowing
times and seed treatsents were coptimized. Furthermore, tiae
repression of early seedling growth often oktserved in norta-
ern red oaks may ke eliminated with specific pregermination

treatments. Thus a more competent seed in terams of germina-
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tion would produce a more competent seedliny in terms of
growth.

While being able to promote acorn geraination has
definite advantages, methods for maintaining dormancy for
several years or more would also be beneficial. Long tern
storage would decrease present dependency on anbual seed
production. Since individual oaks only bear seed in large
quantities on three to five year cycles (USDA,1974b), wmain-
taining viability and guality of the acorms in storage would
insure supplies adequate to meet annual seed demaand. Long
term storage will become desirable when “geme banks" of
superior red oak varieties are developed.

The underlying cause of red oak dormancy 1is unknown.
Purther, the effect of various storage amd pregermination
treatments, such as low teamperature stratification and fperi-
carp removal, on subsequent seedliing grosth have nct Leeu
reported. It was therefore the purpgse of this research to
study the contrcel of the dorsancy and germination iu (U€ELCYs
rubra L. (northern red oak), a major hardwood timber produc-
ing species in the United States. The following okjectives

were established:

1. 0 determine the effects of stratificatioa 4t a

high and a low seed moisture level om germination

of Qyercys rybrg L..



2.

3.

4.

To examine the effect of pericarp removal on ¢.

rubra®s responses toe stratification.

To study the adenylate energyy metabolisa of j .

rupra seed during stratification and germination.

To examine the early grosth of . <rubca seedliags
in relation to pregermination treatments, strati-

fication and pericaryp reaoval.



LITERATUEE REVIES

Dormancy

Dormancy applies to more than just seeds. Villiers
(1972) defines dorsaanacy as a state of arrested deveiopment
in which ap organ or organiss, by virtue of its structure or
cheasical composition possesses one or more aechayisas that
prevents grosth. Dormancy is internally iamposed as a conse-
quence of environmental comnditioms and of a developaentai
pattern that slows biochemical processes. Dorsancy often
can be reversed by changes in the enviroamaent, excgenous
applications of growth substamces, or other mechanical and
physical mamipulations (Logan and Pollard, 1976; Lewak and
Rudnicki, 1977). Dormancy usually occurs in plant structures
that are somewhat undifferentiated; howewer, these struc-
tures are always biochemically complex (Kcller,1972). Dor-
mancy, by definition, is endogenously regulated and, 1in
nature, often synchronized sith adverse cliaatic factors
(Koller,1972) . Plant structures may remain dormant for vari-
able lengths of time; but, unpder natural conditions, the
dormant period is relatively fizxed. The 1length of tinme

required to break dcocrmancy may be shortened by chemically or



physically “forcing® the fplant to grow; any man-zade stiamu-
lus can, however, result in abnormal growth presumakly due
to the premature development at cytological and kiochemical
levels (Fleaion,1933; Weever and Hougha, 1959; Garrard and
Biggs,1963; Lewak and Rudaicki,1977).

In a broader sense, seed dormancy is a naturai, adap-
tive phenomenon that has evolwyed through eons to provide for
sporophyte survival during barsh environamental conditioas
{Koller, 1972; Villiers,1972). ‘1The result of such dcrmancy
is often a suspension of life [frocesses so that the piaant
can withstand adverse environaents. The interest in this
complex and intriguing [phase of glant life 1is substantial,
and many excellent reviews on seed dormagcy have been writ-
ten (Amen,1968; Valliers,1972; Khan,1977).

Dormancy in red oak seeds is broken by natural overwin-
tering or by a longtera (90-120 days), low teamperature (3-5
C) storage called stratification, to simulate overwintering
(0SDA, 1974b). Such a pregermination treatmeant is reguired
to break dormancy cf many tree seeds (Lewak and Kudnicki,
1977) During stratificatiom, changes occur in Borphclogy
(dikolaeva, 1969), anatomy (Vozz9,1975; Janmerette,b1978), and
horsones (Nikolaeva, 1968; Dury,1977; Khan,1977; Hop-
per,1979) . The increased gerainability that cccurs during

stratification of seeds of varicus sgecies is positively



correlated with such vital [frocesses as respiration
(Brown, 1939; Vozzo0,1973), nucleic acid synthesis
(Osboxrn, 1971), protein synthesis (Ching,1973a; Mayer,1577),
enzymatic activity (Lewak and Rudnicki,1977), and adenylate

energy metaboliss (Ching and Ching,1972; Simmonds and Dum-

broff,1574) .
Influence of ripepess and sgorage gn seed dorpapgy

The physiological behawvior of forest sgecies' seeds
under various storage comnditions has been studjied exten-
sively, but how seeds remain viable for oply a few days, as
does Sa}ix migra L. (black willow), or 150 years, as does
Cassig aylttijpga Rich., continues to be a mystery
(Stone, 1959). According to Baxrtom (1953), age of seeds is
not as critical as conditions during storage. Generally,
storage at low temperatures iaproves the germination cof dor-
mant seed of many species (Stokes,1953; Stone,1557; Flemion
and Beardow,1965; Barton and Bray,1967; McLlemore and Bar-
nett,1967; Wilcox,1968; Kao and Roman,1970; Thaplyal and
Guta, 1980). During stratification seeds are stored at low
teaperature under moist copditions, therehy simulating
natural environs of the normal overwintering periad. Chanyes
occur during stratification that some authors contend are a

continumation of ripening. Thus, some dormant seeds are said
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to %afterripen" during stratificatioun. Afterripening 1in
other species may occur under very different conditiomns, yet
increasing their germinabilitye.

Embryo excision allows for germination of non-afterrai-
pened seeds in of some species. However, seedlings pioduced
froa these excised eabryos are oftem "physiologicai dwarfs"
and lack the ability to pxoduce vigorous jglants (Flem-
ion,1933; Garrard amd Biggs, 1963; MNikolaeva,1968). "Physi-
ological dwarfs" exhibit stunted grosth and malformed leaves
and they are often spindly in fcore. For this reasoan, atter-
ripening often appears mnecessary for productiomn of vigcrous
seedlings from dormant seed. Boods agd Elake (1981)
reported no advantage of stratification for treakimng dor-
mancy in Pipus gopderosa (ropdercsa pine). These researca-
ers, however, conducted their tests on a seedlot that had
been stored for four months, perhaps under comditioms that
promoted afterripening. In contrast, Scljanik (1968) showed
that stratification of some cold requiring European forest
trees may not Le pecessary and that dormancy may be 1initi-
ated and progressively deepened during seed development. He
reported production of normal seedlings frcom greem (ugripe)
seeds of Rbus cotipus (European smoke tree), Cormnys mas
(cornelian cherry), Crataedys mopoqgypa (hawthorn), and Frax-
ipus grpnus (flowering ash). There was a two to three fold
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increase in germination of seeds coallected 4 to 8 weeks
before natural shedding/abscission. Working with wunripe
seeds of Prunug persica (peach), Weever and Hough (1959)
found that germination amd seedlimg growth wigor varied with
maturity of the eabryo. JNormally dormant Liriaodendron tuli-
pifgra L. (yellow poplar) se€eds will germimate apd produce
normal seedlings if harvested a month before natural seed
dispersal (Bonner,1977). Copversely, Bipuys virgisaiana (Vir-
ginia pine) seed (dormant at maturity) germinates 8 weeks
before cones are completely ripened, but they do not produce
normal seedlings {Fepton and Sucoff,1965). Similarly, Quer-
cus njgra L. (water oak) acorns will geraigate but will not
produce normal seedlings when picked 1im advance of full
maturity {(Bonmer,1979).

Effects of stratification on geramination aand seediing
groyth usually have been reported to be positive. Stone
(1957), working with dormant Binys lasbertiagg L. (sugar
pine), showed that stratification improved germinatiou per-
cent, speed of germination and seedling vigock. Farmer
(1974) found that stratification had a slightly positive
effect on the first flush of ¢. fubrgd 1. (northern red ocak)
seedlings. Howewer, Alleam (1962), studying the viaktility
and germipation of comifer seeds, suggested that fall scwing
(@ natural stratification process) yielded Lketter seedlings

than late spring sowing of artificially stratified seeds.



In 1912, Haack used the term “plant percent® to define
the nuaber of seedlings that become established per 100
seeds planted in a seedbed. 1Tbus, plant percent gives an
index of seed survival by omjtting those seeds that gerai-
nate but fail to develop to a transplantable stage. Elant
percent in sugar pine has beea shown to decrease with seed
age and storage time even though geraination remains high
{Stone, 1957). Barton (1953) published inforamation that
plant perceat was an excelleat survival index for E.taeda
(loblolly pine), P. eghipata {shortleaf pine), Ulpus ameri-
cana (American elas), and Abies balsamea (balsam fir) after
16 years of stoarage. Dyachenko §1940Q) «reported that plaant
perceat and germinatioa percent increased with stratifica-
tion for R. stjyobps (easternm white pine), E. igida (pitch
pine), B. comtogta (lodgepaole fpime), B. peyci (Balkan gine),
and P. popderoga (pomnderosa pime); but he looked only at

relatively short storage tismes.

Acgrp storage, stratification, and dormagcy.

Bopner (1971) reported that the seed storage ot several
bottomland red ocak species was optimal at moisture conteats
of 70% (dry weight basis? ) and at teaperatures just above

freezing. Althouagh wviability was maintained for 18 sonths,

2211 moisture contents in this paper are expressed on a dry
weight basis (100 C, 24 bhr.)
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these conditions resulted in sgrouting duringy storage. Roe
{1941) also reported that high moisture content was bpecces-
sary for northern red cak acorn storage aand that viability
severely diminished whem seed moisture levels dropped Ltelow
52%. Holmes and Buszwicz (1955) showed (. xgbor (English
oak) seed remained fpartially wiable (52% germinatjon) aiter
42 momths of storage at 1 C and 70X moisture conteat. Higher
moisture content, up to 95%, gave adequate germination after
18 months storage ktut thereafter, seed deterioration and
exteunsive pregermination was cbserved. Hclmes and Buszwicz
(1955) copcluded sthat the best storage medium was dry sand
or peat in a closed but not sealed container. <Containers
were left unsealed to allow for gas exchange.

The moisture cogtent of acorns during matural stratifi-
cation is critical to regeneration of some red ocak species
in the Mississippi River Valley of Illigois and Mississigpi.
Krajicek (1968) reported that drying oot of . fajlgata var.
Pagodafelia (cherrybark oak) acorns caused a coaplete loss
of germination in the field. Heé suggested dry autumn condi-
tioms may reduce cherrybark oak seedling establishment. Con-
versely, Q. putallii (dNuttall ocak), .another bottomland red
oak species, has been shosm tc geramainate paturally only fol-

lowing afterripening under water (Johnson,1579).
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Farmer (1974) stored g. <ubxa (northezn red oak) seeds
at 5 C. They were stored at their barvested moisture con-
tent, 64%, or first iabibjed to 82%. He reported no differ-
ence in acorn germinability after 4, 10,0r 16 weeks irres-—
pective of moisture conditioan. Parmer alsc noted that
cracking the acorn did pot ,ipcrease germination signifi-
cantly; but, when gibberelljic acid, GA,{ @ strong growth
prosoting compound) was added to the cracked seed, germina-
tiop was increased 150% after opnly 4 weeks of chilling. He
concluded that: 1) uniabibed cgld "storage® and iuktibed
mgtratification® were mot different, 2) GA broke the dor-
mancy of dormsamt acoras, 3) cracking the acormns did not
iaprowve geraimation greatly, axzd 4) nporthern cred oak e€xhi-
bits “embryo daormancy® at seed fall, and 5) this dcrmant
condition may be alleviated Ly a period of 4 to 10 wceks at
lov teaperature. YEabryo dorsancy®™ implies that geraination
blockages are internally japosed and not the result ot seed-
coat or pericarp factors. 1his eabryo dormancy hypcthesis
for red oaks has been supported and suggested ty cther
researchers (Korstian,1927; McDermatt,1941; Voygt,1970).

In opposition to the eabryoc dormancy model, Jopes and
Brown (1966) copcluded that the gericacp structure causes
dormancy in cherrybark and northern red ocaks. By excising

the embryos from the pericarps or clipping the pericarp from



the apical end, they vere akle to break dormancy. Jope€s and
Brown suggested that stratifjcation amay overcome darszancy
vhen cell expansion during stratification ruptures the fperi-
carp. Other researchers have found the pericarp 1L&fcses soae
degree of dormancy in red oaks (Eonmer,1973; Johnson,1979)
and other dormant seed also (Crocker,1948; Crocker and Ear-
ton, 1953) . In sugar pine, seeds remain dorsant foliosing

seedcoat removal (Stone and Luffield, 1950).

Gerainagign

The nmetabolic changes that occur during geraination
have been reviewed (Ching,1972; Khan,1977), and the overall
sequence is well characterized. An important, early event
for dormant seed is rehydzratiog or iabibition (Roterts,1969;
Lewak and Rudanicki,1977). Fcllowing imbibitiog, hydrclytic
enzymes, such as phosphatases, hydrolases, and cytochronme
oxidase, are fully activated and biological oxidations may
accelerate (Ching,1973a). Duxing germination, mobilization
of food reserves froa the storage tissmes (nucellus, endos-
pera, perispeixm, or cotyledons) fprovides metahbolites for the
groyth and differentiation of the embryonic axis. 1This pro-
cess continues until the seedlingy becomes fully autotrorhic,

at which point germination is considered coapleted.
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Phytic acid is a major component of seed that provides
phosparus for prqduction of phaosporylated energy-rich
nucleotides. Phytic acid, ayo-inositol bexaphosphate, makes
up about 80% of the phosporus in seed and is stored as cal-
ciua, B@agpesiua or manganese salts {Copeland,1976). Ehy-
tases act on the phytate to release inorgamic phosphorus for
the production of high energy nucleotides (Atkinson and Mor-
ton,19%9). Williams (1970) reported that the rate of phytic
acid synthesis was closely related to levels of adenosine
triphosphate (ATP) in the cell. Energy availacrilty is
apparently a critical factor in dormancy and germination.
Metabolic energy is needed to drive endergonic reactions.
In Q. rybpa, where a large coaponent of the stored food
reserves are lipids (Vozzo, 1973), a conversion to insoluble
sugars must be accomplisbed for germination to take place.
Biocheaical processes for these copversions reguire esnerygy,
oxygen, and time.

Respiratiop rate is critical benchaark of changes in
metabolic processes. As the acorm desiccates prior to
abscission and during the opset of dormancy, resgiration
rate declines to 1low lewels, and overall aetakolism is
slowed (Y02zz0,1975; Bonner,1976). This retardation of growth
processes is evident in amany physical and biochkemical param—

eters. Declines in dry matter accumulation, oxygen ufptake,
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cytochrose enzyse activities, and adenylate energy wetabol-
isa are each associated with maturation and deepening of
dorasancy. There is a resurgence of resgiration whesm dcraancy
is being broken and germination begins (Rokerts,1969).

Vozzo {1973) reported that uater ocak acarns (50% mois-
ture) stored in carbon dioxide atamaospheres of 1 to 10% had
elevated respiratory gquotients (BQ)?® as the seed consumed
less oxygen and produced more carbosa dioxide. Further,
Vozzo reparted that eabryo e€xcision increased aerokic respi-
ration, coincidiag with resudts cf Jounes and Erown (1966).
Brown (1939) measured changes ip BQ during stratification of
northern red oak and found that the R({ decreased early dur-
ing stratification and then resained coastant. Brown sug-
gested the decline in respiratory quotients reflected the
conversiop of lipids (the major storage component of red oak
seed) to carbohydrates. He further pointed cut that a feriod
of carbohydrate accumulation is @necessary before northern

red oak acoras commence gergination.

- - - -

3Respiratory guotient is defjned as the amount ot carbon
dioxide evolved divided by the amount of oxjygyen consumed.
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Adenylate energy petabolisy and gongrgy ghbarqge

The pioneering work cn «cellular adenylate energy €coa-
omy was dope by Atkinson (1968) . Atkinson developed the cop-
cept of "emergy charge® (EC) to measure the relative avalia-
bility of high free energy bonds in the adenylates , AIF,
ADP and AMP. The equation for EC jis,

{ATE]+ O.S[ADE]

EC -
[ATP J+[ADP J+{ ANP]
and the values ramge from zerc tqQ one.

Coupled wvwith allosteric control, i.e. feedback reguia-
tiop by concentration gradients, EC aay be the most igfpor-
tant aetabolic control aechanisa in 1living cells {Atkin-
son,1968; Shen et al.,1968). Adenine nucleotides balance
(EC) can regulate partitioning of energy storing, e€nergy
yielding, and energy desanding processes when end product
concentrations are 1low (Shem et al.,1968; Atkinson,1968).
Hovever, when BC is high, the ametabolic pathways are cont-
rolled by allosteric inhibitiop. In short, comgetition aumony
various reactions for ademnylate energy depends on the momen—
tary copcentrations of aany oame froduct or the needs ct the
cell. u#hen the feedback prodact is available from octher
sources, the EC ratio becoaes maximally semsitive tc regula-

tion of the pathway. Furthermore, EC modulates relative per-
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meabilites and menbrane transport; a critical factor in det-
erioration of some seeds (Atkipson,1969; Ching,1972; EFarrish
and Leopold,1978).

Norking with giowing or starved E. cgli, Chapman €t al.
(1971) foumd that active (marked by increased «celi size/
nuaber) growth occurred only at BC values above 0.8. Cells
remaiped viable between 0.8 and 0.5 EC, but cells died at EC
values below 0.5. However,the crucial KC value tor plant
tissues may generally be somewhat lower. The kiochemical
significance of this 1is unclear, but it Bmay be asscciated
with the high vacuclation of leatf cells and simply a dilu-
tion effect (Santarius and Heber, 1965). Reported EC values
of mature, dry seeds of several species have been extremely
low, ramnging froa 0.1 te (0.3; however, the BC 1lncreases
rapidly to a range of 0.6 to 0.9 during imbibition, stratfi-
cation, and active gersigation (Qlmey and Pollock,1960;
Brown,1962; Ching amd Ching,1972; Simmonds and CLCus-
broff,1974; Baferkamp et al.,1977). Adenylate values for
mature, wet seeds, such as ogak, hawe act bLeen reported.
Imbibition of oply four hours, gave rapid increases in AP
levels in soybeans (Ching amd Chjing, 1972), and shows the
need for ATIP in supplying emergy for endergonic reactioans,
regulation of biosynthesis and frotein synthesis during seed
germination. ATIP increases rapidly in lettuce seed upon

water absorptiom at 20 C (Bomsel and Pradet, 1968).
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Seed vigor, defined by Ching (1973) as the potential
for rapid and upniform gersipation and seedling growth under
field conditions, bhas been reported to Le postively ccrre-
lated with adenylate energy metabolisa. McDamiel {1909)
found that seed size was positively correlated with seed and
seedling vigor in several pure lines of Hgrdgua yulgare L.
(barley). He furtber reported that the biochemical coape-
tence of the amitochondria, as measured by nusber of mito-
chondria and amount of mitochopdria protein, was respomsible
for this seed vigor. MNcDaniel found that there was nc gen-
etic variation for amitochomdrjial metabolism. 1Thus, greater
energy efficiency due to wmore mitochomdria protejiu apgeared
to play an impartant role in rapid grosth and developmzent of
seedlings. Ching and Damnielson (1972) supported this hypoth-
esis by publishing strong correlatioans between ATP levels
and seed weight, seedling weight, and seedling hkeiyght ia
Lactuga sgtiva L. (lettuce). Ihey suggested that AIE concen-
tration alone may be a wusefal kiochemical parameter as an
index of seedling vigor. Ching and Danielson also tound that
accelerated aging reduced AIP content, germination perceat
and seedling size. Croaptog €t al. (1978) found strong cor-
relation betveen seed vigor of Virginia and Spanish feanuts

and total adenylates and ATE.
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Ching and Ching (197%) found a seven-fold increase 1in
total adenosine phosphates in the eabryo of pondercsa gine
seed during two weeks of low temperatuse stratificaton. LDur-
ing that time, EC rose from 0.75 to 0.85. They conciuded
that adenosine phosphate lewels of germinating fpine seed
reflect growth, crganogenesis and aorphogenesis c¢f the
developing Eglant. They further —reported that a change
occurred during the stratificatiom period that was essential
for vigorous growth. Ching and Kroastad (1972) reported taat
differences between some high-yielding and los-yielding var-
ieties of wheat were related to adenylate energy levels.
Similar varietal differences in adenylate energy fpools with
highly correlated growth rates have been reported in jeanuts
{Crompton et al.,1978) and in alfalfa (McDaniel,1970).

Anderson (1977) reported that depressed adenylate meta-
bolism indicated deterioration of stored Glycing &dax (soykbe-
ans) and propased that a decrease in the ability of the seed
to maintain ATP synthesis resulted in the liass of germina-
bilty and vigor. Working with germinatiag soybeans, Anderson
(1977a) found that, by adding exogenous adenine apd adeno-
sine, the levels of metabclically active adenine nucleotides
could be increased. This ability to increase ademnylate lev-
els may be valuable in the stiamulation of gyermipation of

dormant red oak seed.



In an effort to establish a causal relationshijp ftetween
energy charge and growth, Sissonds and DumbrcEf (1974)
experimentally altered the EC of dormant seed oi Acer plati-
npideg (Norway maple). After stratitying the seeds for 20
days, the seeds were moved to anaerolbic conditionms tftocr 7
dayse. They found the ATP levels unnchanged, but the ADE and
AMP levels were significantly increased, thus lowering the
EC. During anaerobiosis, growth of the excised axes res-
ponded very slowly to grosth xegulators. Siamonds and Duam-
broff (1974) copcluded that a lowering of the EC, by anaero-
bic conditions toward the e€end cf stratification, decreases
the sensitivity of excised embryos to growth regulators.
Since this process wvas reversible, they conciuded that a
high EC was essential for horsopally induced elongation.

Analyzing ATP levels and EC ratics has promise iun for-
est tree seeds, where long stratification periods are recon-
mended (USDA, 1974b). Such energy analysis may ~reveal the
range of adequate energy levels for proapt germination, thus
alloving for preseasonal seedling growth in a greeuhouse. In
addition, seed lots that are potenially more vigorous may be
detected by their elevated A1FP levels and EC «ratios, and
thereby be screened 1in genetic selection amd tree 1mpiove-

Rent prograas.



METHGDS AND MAITIERIALS

Seed gollection
Acorns were collected from siangle sites in mid-Cctober
1980 and 1981. The 1980 seed were taken froam Butt Mountdin
in Giles County, Virginia (elevatios 1000m). Approximately
18,000 acorns were collected sithin a 10 day period (Cctober
15-25). In 1981, agproximately 10,000 acorms were collected
between October 22nd and 27th on the Virginia Tech casagus,
Montgomery County, vVirginia {¢elevatiom 700m). In €ach year,
the seedlot copsisted of pocled seeds frca all the trees
over the collectiom period. There were 16 and 9 seed-produc-

ing trees for 1980 and 19&1, resfpectively.

Seed bagdling
In 1980, the seeds were taken to the lab, aud tloated
briefly to remove trash, debris, and bad seeds (any that
floated). Average moisture conteant was deterwined gravime-
trically from three samples of five acorns eactke. The sam-
ples vere weighed fresh and thec oven dried at 105 C for 24
hours (Bonner,1977). Moisture content at ccllection uwas o64%

{dry weight basis).



To dry acorns for low mojsture {(Lm) stratification, a
fan wvas placed above a bilayer «c¢i seed and air circulated
until a moisture fperceat of 50% sas obtained. Acocrns for
high moisture (Hm) stratification were iakiked for 52z hours
and reached a moisture content of 70%. The accras for ia
and He stratification had moisture <coantents of 50% and 70%,
respectively. 1m stratification seeds wece placed in polye-
thylene plastic jugs (4 mil) and covered with loosen screw
caps. For Ham stratification, seeds were put on moisten Ero-
mix BX* in trays and then covered with wet blotter parer.
{(Pericarp treataents, as cutlined beiow, were 1impcsed on
some of the Hm seeds prior to placemeat in the trays). The
entire tray was then fitted with a polyethylene cover to
maintain high humidity within the tray. 1The fplastic stcrage
jugys and stratification +trays were thenm transfered to a
walk-in cold room where the temperature was maintalned at 5
C (+/- 2 C) and approxisately 70% relative humidity.

The acorns for the 1981 lot vere treated similarily,
except that Lm stratification was not performed. Seeds were
floated for cleaning, imbibed to a mean moisture content of
83%, placed on moist Proajx Bl, amd placed im the ccld rocou.
In addition, one half of the tray of seed was nisted with 5%

—— > — ——— —— — — —— - — — . —
e -

4Promix BX is a trade name of a standard potting m@mix com-
posed of peat, versmiculite and perlite. Use of trade name
products does not constitute endaorsement of said product by
Viginia Polytechnic Institute and State University.



Phaltan (Ortho) fungicide to prevent fungal yrowth, whicn
had been noted in 198C.

To facilitate testing procedures, each L& stratifica-
tion Jjug and each Hm stratificatiom tray contained ounly
seeds that were needed each date for the germination, see-
dling dry weights, and adepylate tests. For La stratifica-
tion analysis (1980 omnly), the containers were filled with
225 acorns each. For Ha stratification, 135 seeds were
placed on Froaix BX trays inp a grid of 7 x 15 seeds, so that
three replicates of 33 and one rep of 34 seeds constituted
each tray. The 19E0 tests iacluded three [pericarg regovai

treatsents;

1« pericarp removed pricr tc stratification (-/-),

2. pericarp intact during stratification and reacved

prior to germimation {+/-), or

3. pericarp intact during stratificationm and germina-

tion {¢+/+).

For Lm stratification (1980 omly), only pericarp treatmeats
+,- and +/+ were tested. Durjing the 1980 Hm stratification,
acorns were tested for germination and seedlingy growth (see
below) following weeks 0, 2, 3, 4, 6, 8, 10, and 1.Z. Seeds

from Lm stratification sere also tested for germination and



early growth but at lomger intervals, followsing weeks 0, 4,
8, 12, 16, 20, 24, 28, amd 32.

In 1981, testing emphasis was on Hm stratification anda
subsequent germinatiom and EC. Hm stratification trays con-
sisted of 100 acorns with four reps of 25 seeds €ach, and

only two pericarp treatments we€re jimpased,

1. pericarp removed grioxr to stratification (-/=),

and

2. pericarp intact durimg stratification and germina-

ticn {(+/¢).

Germinatioan tests and adenylate analysis were conducted foi-
lowing 0, 1, 2, 3, 4, 6, 8, and 10 weeks of stratificatiou

for each of the pericarp treataeants.

Pericgrp Lremoval

Frcm the chalazal end of the acarn, approxigately 1/3
of the acorn was cut with hand clippers. In this way the
pericarp could then be resoved €asily frcm the resainiag
embryonic tissue. The eamabryonic axes remained intact aand
those seed that agppeared to have damaged axes were dis-
carded. The seedcoat or testa remained in place, attached

tightly to the cotyledon and embryonic axis.



Germinatign procedures and gogditionsg

Acorns irom Hm stratification were germinated in place
on moist Proaix BX in trays. Net blotter pdaper remained
spread over the seeds,and the plastic cover was kept on the
germination tray to aaintain hiqgqh huaidity conditions.
(Pericarps were removed following stratification for the
1980 +/- treatment.) Acorns from the Lm stratificatiopn were
placed onto @oist Promix (following imbikition) in trays
with the same configuration as for Ha seeds. Germinatioun
temperatures were coptrolled at 25/15 C (lo/8hr) jan a growth
chamber. All germination tests were conducted 1n the dark.
Geraination counts were made every other day following first
signs ot germination. A seed was considered germinated once
the elomgating radicle showed pcsitive geotropism. Ail gezr—
mination tests were terminated after 30 days 1in the grcwth

chaaker.

Seedlipg ggouth

To determipe the effect of pericarp and stratificatioa
on seedling growth, seeds from the 1980 collection were con-
ditioned, stratified, and germinated as [pceviously des-
ckibed. In fact, for each tray or jug of the germination
study, there was a simultanecus, parallel tray or jug for

the seedling growth study. Germination results were



recorded on these seed, also. Germinated seed were planted
2.5 cn deep in 1 liter plastic [pots in @oist Froamix EX fot-
ting mediun. The pots vwere placed in a growth chamter at
2%/15 ¢ (16/8 hr). All seedlings were growan in the dark and
removed at 7,14,21,0or 28 days for destructive =saspling.
Root length, shoot length, rcct dry weight, shoot dry
weight, cotyledonary peticle dry weight and cotyledom dry
weight were measured. The experiment was conducted on the
three 1980 pericarp reamoval treataments and at eight inter-
vals during Ha stratification and nine intervals during La

stratification.

Ade ate apalysis

The effect of Hm stratifjcation and pericarp remcval on
the adenylate aetakclism was determined on seed frca the
1981 collection. Nhole acorns were stratified according to
the procedure previously cutlined. Seed samples were
removed following 0, 1, 2, 3, 4, 5, 6, 17, 8, 10, and 12
weeks of stratification. Iwo five-acorn sasples were taken
from each of the two pericarp treatments (-/- and +/+) at
each samgling interval. Esbryos swere ragpidly diced (10
secs) and placed in liquid nitrogen. 7The seeds were ground
with mortar and pestle under liguid nitrogen and the pulver-

ized tissue put in a glass bgttle. 7The bottle was iakelled
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and stored at -20 C. A preliminpary test showed no ditfer-
ences between fresh aand frozem tissue in extractability or

recovery of adenylate ccapounds.

Measuremept of adenylate sgtagbolisa dyring germiyation

To measure changes in adenylate e€nergy duriny the ger-
mination period, 400 seed were stratified for 8 weeks. An 8
week stratification period synchronized the seeds sc¢ that
the variation in rate and time of germination was sinimized.
Four trays of acormns (100 acormsy/tray) were stratified for 3
veeks and then placed in the geraminatoion chamber as akbove.
One-half the acorns received pericarp treatment -,- and
one-half the acormns remained 1intact (pericarp treatmeat
+/+). 1Tvwo samples of five acorms each were randomly col-
lected from each tray at days 0, S5, 10, 15, 20, and 25 of
the geraination period. At ccllection, the seediings (@minus
pericarp) vere diced, f£frozen, pulverized by yrinding and

then stored in the freezer fcor later deterasinatica of the

adenylates.

Extractjop gnd guaptificatiqu of gdepylgte coppounds
The boiling water extraction method (Chingy and
Ching,1972) was compared to the hot ethagcl ATF extraction

of St. John (1970). The preliminary tests showed the tcilinmy
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vater to be more reproducible and to ¢give higher sensitivity
for acormn extracts. <Ching and Chjiang (1972) and Stewart and
Guinn (1969) also found that the Loiling water method was
better for pondercsa pine and cotton resgectively.

The boiling water methcd of ATP, ADF and AMP extraction
was as follows. Two grams fresh weight of the rrozem tissue
was placed in 25 gl of boiling, distilled water. 1The tissue
was boiled for 8 min, allowed to steep for 3 min, and then 3
g of polyvimylpyrrclidone (PVE) was added ama mixed to a
slurry. The slurry was filtered by aspiratiom thrcugh #1
Whatman filter paper. The volume of the filtrate recovered
was recorded and then brought tc 15 ml volume with distilled
water. The extract was stored for up to 3 hr before analysis

or amnalyzed immediately.

ddenosine rhogphate detexmgipations.
One half ml aliquots of the cooled extraction sclutioa

were incubated at 37 C for 15 min in test tubes with e€ach of

the following mixtures (Ching azd Ching, 1972).

1« AIP determination, 0.1 ml distilled swater anmd 0.1
ml of the reaction Luffer (0.1M TBIS, tris
{hydroxymethyl) asminosethane, pH 7.75 with 0.5%#

magnesiup acetate).
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2. ADP and ATEF determination, 0.1 ml of a solution
containing 20 ug of fFyruvate Kkinase (E-C.
207.1.4Q) (Sigma Chemical) and 500 nmoles cf tri-
sodium fphospho(encl)pyruvate (Sigma,crystalline)

and Q.1 ml of the reaction buffer.

3. AMP, ADP, and ATP determination, 0.1 ml of a sclu-
tion containing 20 ug cf pyruvate kinase, 500
nmoles of trisodium phospho (encl) pyruvate
{Sigma,crystalline) amnd 20 ug adenylate kinase or
ayokinase (E.C. 2.7.4.3) (Sigma), and 0.1 ml ot

the reaction buffer.

The enzymes vwere desalted frox the ammoniua sulfate sclutioa
by microcentrifugation tor one minute at 2000 rpa.

The luciferin-luciferase &Liological assay was used to
quantiry ATP, ADP and AMP. After reconstituting freeze dried
firefly lantern extract (Sigsa PLE-50) with 5 ml ice coid
distilled water, the extract consisted of 0.05 ¥ potassiun
arsenate and 0.0Z ¥ magnesiua sulfate and 50 firefly lan-
terns. The firefly solution was then held for at least 16 hr
in a4 cooler (2 C) 1im order to deplete the eandogenous ATIP
within the extract. The firefly protein-enzyae (lucizeriu-
luciferase) conplex reacts with AIP in the presence cf may-

nesium and oxygen and produces 1light. The intensity of the



light 1s porpartional to the ATP concentration. lhe 1ight
emission was measured by a spectrophotometer and recorded on
a strip chart recorder. The peak height produced from 1injec-
tion of firefly extract into seedling extracts wdas ccmpared
to peak heights of known ATP standards. Duplicate sampies
were determined on each extraction. After injecting 100 ul
of firefly lantern extract (Sigma FLE-50), the @aximua
iastantaneous peak height (mm) of light emission was used to
gquantify ATE, ADP and AMP. Feak heights have been used fre-
viously in luciferin-luciferase assays to Beasure adenosine
phosphates (Aledort et al,1966; Ching and Ching, 1572). The
light emitted was linearly correlated with ATIF comcentratioan
between 5-400 uM ATP. §ith the spectrophotometer set to
multiply light 10x, and the recorder set on the 1mV range, a
peak height of 50 mm regresented approximately 10 ul ATE.
ATP was calculated from the [fpeak height of reaction mixture
1, ADP concentration was determained froa the difference in
peak heights of mixtures 1 and 2, and AMF concentration from
the difference between aixtures 2 and 3.

Calcylatioy of AIP, 1total adgnylgtes, a3d £8ergy
Chargge.

The amount of ATP per sample was estimated fronm
regresssion eguations that had bLeen generated from standard

curves for each vial (Table 1). Fresh AIF standards were



Table 1: Regression equations used to predict ATP concentrations in
northern red oak acorns.!

Firefly extract Coefficients R2
vial
bg by

171 -3.4824 0.1255 .9998
191 -0.7255 0.1733 .9993
221 -0.2547 0.0919 .9978
241 -9.2479 0.4227 .9241
272 1.9029 0.0578 .9115
281 -0.9825 0.1029 <9747
282 1.2955 0.1090 .9072
091 5.1158 0.0577 .9809
092 6.9082 0.1225 .9877
271 -4.8675 0.0740 .9202
222 -2.4263 0.1018 .9908
301 -0.9454 0.1310 .9944
431 3.4990 0.0792 .9272
432 3.8114 0.2698 .9263
441 1.4995 0.2156 .9867
442 0.1203 0.1397 .9855
433 -1.6016 0.1584 .9085
051 0.0301 0.2442 .8346

1The model: ATP = by + b; Pkht, where Pkht = peak height (mm) and
ATP = adenosine triphosphate concentration (uM).
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prepared for each batch of tirefly extract, due to the high
variability between vials of firefly extract. Each firefly
salution (5 ml) permitted determinations for approximately 8
saaples (including standards). The adenylate euergyy charye
was calculated after Atkinsom (1969) Lased on concentration

of adenylates (umolesy/g drcy wt) in the seed tissue, where,

[ATP] ¢ 5[ ADE]

EC

-

h

LATP] + [ADE] + [ANE]

The adenylate ccmpounds were quantified as umoles [per gram
dry weight of acora tissue. Moisture content of the acorn
tissue was determined on aliguots of the pulverized samples

at the time of extraction.

Statigtical Apalysis
All statistical analyses ®ere carried out usjing Statis-
tical Analysis Systems ({SAS) programs (Helwig and dLoun-

cil,1979).

Germjinatiop data.

Germination capacity was defined as the unumlter of nor-
mal germinants at 28 days divided by the totai nuster of
seeds of the replicate. 7These germination cagacities were

transformed intc the variable ARCGERM where
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ABCGERM = arcsin \/geracag

Apalysis of variance wvas then performed og the ARCGERK for
the main effects of pericarp removal and weeks of stratifi-
cation. Duncan's New Multiple Bange test was used tc deter-
mine sigmnificant mean differences. Peak wvalues (Czaba-
tor,1968; Bonner,1977) were calculated to measure the sgeed
of germination. Peak value 1ig the highest quotient okitained
from dividing the cumulative gersination gercent Ly thke num-

ber of days of the incubation.

Seedling ggosth.

Means and standard errors sere calculated for each see-
dling growth variable. Amalysis of variance was periorsed ou
each variable to <calculte F ratics for effects cf pericarp
removal and stratification time. Duncan's New #Multiple Fange
test was used to deteraminpe significant differemces among
means. These analyses were comducted on data tor etioclated
seedlings after 14 amd 28 days growth.

Two new variatles were created from the pasic measure-
ments. A root length to shgot length ratio was calculated

as,

Root/Shoot = root length/shcot length.
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Axial dry weight was created by addiny the dry weights of
shoot and root and cotyledonary peticle. These variakles
gave a good index of the rapid chdamges cccurriuy during the
first 4 weeks of northern red oak growth.

Relative growth rates (EGR) were calculated froa the
mean dry weights for days 1, 7, 14, 21, and 28. 1The follow-

ing equation vwas used (Badford, 1968),

in w" - 1lg #°*

BGR = ———=—————————e
tll-ti
where,
W = dry weight and

ﬂ
"

days as a continuous fuaction.

jdgnylate enegpqgy metaggljisa.

Means and standard errors were calculated for A1TE, ADP
and AMP concentrations. Also, means and stapndard e€errors were

recorded for EC.



RESULTS

Germipation
iptluence of pericaip

Pericarp removal signifjcantly increased ncrthern red

oak acorm geramination. For seeds collected im 1960 and
1981, germination percentages (measured after 28 days incu-
bation) were siynificantly higher when the fpericarp was
removed (Figure 1 ).
The highest germinaticn percentage, when averaged over all
stratification tismes, was 80X for the seeds iu which the
pericarp was 1intact during stratification but resoved tor
the germimation test (+/-).

Germination rates, as measured by peak value (FV), were
slightly bigher io seed with [fericargs resoved (+/- cr —-/-)
than in seed with pericarp imtact throughout (+,+) (lablie 2
)

The maximum difference between pericarp treatments cccurred
after 10 weeks of stratificatioa when 70% of the acorns with
pericarps removed prior tc stratificatiom (-/-) gersinated
in two days for a FV of 35.5. At week 12, PV for seed with

pericarp treatment -/- was 13.9, W.2 for gericarp treatsent
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Figure 1:

(n) = number of observations
-
c
-
-
e
-~y
REMOVED |  REMOVED '  INTACT |  INTACT ' INTACT FOR ' INTACT FOR Lm' INTACT FOR Hm
PRIOR TO Hm  PRICR TO Hm Hm STRAT. Hm STRAT. Lm STRAT.  STRAT, REMOVED STRAY, REMOVED
STRAT. STRAT. PRIOR TC GERM. PRIOKR TO GERM.
1980 1981 1980 1981 1980 1980 1980
-/= -)- +/t +/+ /¢ +/- +/-
Germination percentage (after 28 days incubation) for northern red oak as affected

by pericarp removal. Bars not followed by the same letter are significantly different
at P .05 as determined by Duncan's New Multiple Range Test on arcsin transformations
of germination percent. Numbers in parentheses equal n. Tests were conducted for two
ycars except for Lm stratification.
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Table 2: Peak values (PV!) for germination of northern red oak seed stratified for various times as affected by pericarp removal.
Values in parentheses represent one Sge

STRATIFICATION TIME (weeks)

PERICARP
TREAIMENT 0 2 4 6 8 10 12 Total
.................... PV =« o o e e e e e e e e e e e e e oo
pericarp removed 3.5 1.9 2.1 4.0 7.7 35.5 13.9 7.8
prior to stratification (.15) (.27) (.17) (.09) (.97) (2.87) (.73) (1.61)
-/-) '
pericarp intact
during stratification, 3.4 1.9 2.1 4.7 5.8 7.5 14.2 5.2
removed prior to (.07) (.29) (.62) (.16) (.18) (.49) (.76) (.73)
germination
(+/-)
pericarp intact 0.8 0.6 0.9 3.2 7.4 13.0 7.2 3.8
(+/+) (.10) (.04) (.10) (.25) (.55) (1.08) (.76) (.64)
Total 2.6 1.4 1.7 4.0 ~ 7.0 18.6 11.7
(.38) (.23) (.26) (.20) (.42) (3.76) (1.04)

Ipeak value (PV) is the highest quotient obtained when cummulative germination percent was divided by days of incubation.

6%
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+/- and 7.2 for acorns gerkinated with gpericarp intact
(+/+)

1he fungicide applied op 1981 seeds had mo effect oa
the germination percemtages or germination rates regardless

of pericarp treatment.

Influenge of moistpre gontent apd strataficatiog time

Low temperature (5 C) storage, i.€. stratification, of
northern red oak seed increased germination signiticantly.
Germination of both the high ,{7CX) {Hm) and low (50%) (L)
seed moisture treatments was significantly significantly
(P<.05) increased Ly germination (Figures £ and 3). Ibere
was no difference in the ovexall effect of Lm and Hm stra-
tifcation for germination gercentage or speed <c¢f germina-
tion. Both stratification mojistures gave similar patteras.
Comparisons of weeks 0, 4, 8, and 12 of Lp and de stratifi-
cation showed that there were great sigxilarities in germina-
tion at each 1interval. Cnly week 8 showed more than a 10a
difference between the twc soisture levels.

For each moisture treatment, germination declined dur-
ing the first 4 weeks of stratification; germination was
reduced from 40% to 30% between weeks U and 4. A rise 1iu
germinability then occurred betueen weeks 4 and 8. Ancther
significant increase 1in geraipation was cbserved tLetween 8

and 12 weeks of low temperature stratification.



100 = '
(n) = number of observations

Germination percent (%)

Stratification time (weeks)
Figure 2: Germination percentages (after 28 days incubation) of northern red oak stratified at

70% moisture and 5 C. Values in parentheses equal n values for mean determinations.
Bars not followed by the same letter are significantly different at P .05 as determined
by Duncan's New Multiple Range Test on arcsin transformations on germination percentage.
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Figure 3:

100 =
(n) = number of observations
90 =
80 =
70 =

60 =~

Germination percent (%)
o
o
1

24

Stratification time (weeks)

Germination percentages (after 28 days incubation) of northern red oak stratified at 50%
moisture and 5 C. Values in parentheses equal n values for mean determinations. Bars not
followed by the same letter are significantly different at P .05 as determined by
Duncan's New Multiple Range Test on arcsin transformations of germination percentage.

A%
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4 significant decrease in germination was found e€ven
prior to week 4 of Hm stratifcation (Figyure 2). Germination
dipped from 40% to 2<0-25% Ly meek 1 and remained low fcr the
next 3 weeks. There was a slight but signmifjicant inccrease Ly
week 4 of Hm stratification. Germination increased greatly
between 4 and 6 wmeeks of cold stratification froe 30% to
more than 70%. Additiomal sigmificant increases in germina-
tion (to a high of 90%) occurred at weeks 8 and 12.

The initial decline apd subsequent rise ih germigation
during the first 4 weeks of stratification was mEirrcred 1in
the germination rate of Hm-stratified seeds as &easured by
PV (Table 2). Between week 0 and 2, the EV daecreased for
all pericarp treatments and them increased Letween week U

and 6. PV was gemerally highest at week 10.

Ipfluence of seed year

There vere no significant differences i1n germination or
rate of germination (EV) Letween acoras collected in 1980 or
1981. The same responses to pericarp reaoval (treatameuts -/-
and +/-) vwere noted for baoth cecllections (Figure 1). Similar
trends during stratification, the early decline in germina-
tiop percent and PV during weeks 1 to 4 fciiowed Ly a rapid
rise in germinability through week 12, were found in Ltoth

years. Because there were nc differences, the germinatiou



44

results from 1980 and 1981 were pooled to 1incredase sauple

size for statistical analysese.

Seediipg Growth
Igfluence aof pexicayrgp

Following lov moisture stratification (Lm), seeds with
pericarp lett intact and groswn for 28 days 1in dark were
taller tham seedlings grown froa acorns with ©[pericary
removed (Table 3). Boot length and shoot length were
greater om intact (+/+) seedlings than on pericarp reaoved
(+/-) seedlings; however there were nc siygnificant differ-
ences in the root/shcot ratios.

Pericarp removal did not significantly affect the shoot
elongation of seedlings from acorns stratified wunder high
moisture conditions {(TIakble 3). Seedlings grown ficm acoras
with the pericarp removed (-,-) and Hms stratitied had a
root/shoot length ratio closest to one (1.2), but this value
vas not significantly (p<.0S) different ficm the cther peri-
carp treatments (#/- and +/+).

The pericarp affected the relative giowth rate (BGE) of
the axis measured as dry =wmeight accumulation (ys/gs/day),
especially during the early fperiod of Ha stratification
(Figure 4).* With pnc stratification (week 0), seedlings froa

®Relative growth rates (RGR) were determiped from mean see-
dling root, shoot, and total axis dry weights at day 1, 7,
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Table 3: Effect of pericarp removall on northern red oak seedlings
grown for 28 days averaged over all stratification times at
low moisture, Lm (50%, d.w.) and high moisture, Hm (70%, d.w.)
conditions. Means not followed by the same letter are sig-
nificantly different as determined by Duncan's New Multiple
Range Test (P < .05).

PERICARP TREATMENT

GROWTH VARIABLE

Lm
-/- +/- +/+
Root length (cm) 23.8 a 31.1b
Shoot length (cm) 24,7 a 33.3 b
Root/Shoot ratio 1.4 a 1.1 a
Hm
-/- +/- +/+
Root length (cm) 26.1 a 26.1 a 26.0 a
Shoot length (cm) 29.2 a 26.2 a 28.9 a
Root/Shoot ratio 1.2 a 2.0 a 1.6 a

1Pericarp treatments were (1) pericarp removed prior to stratification
(-/-), (2) pericarp intact during stratification then removed prior to
germination (+/-), and (3) pericarp intact (+/+).



4

Axis RGR g/g/doy

—— — — s Pgricarp -/-
= Pericarp +/-
s Pericarp +/+

Stratified O wks 7] Stratitied 4 wks

Axis RGR g¢/g/doy

Figure 4:

Stratitied 8 wks - Stratified 12 wks

28 7 14 21 28
Growth time (doys)

Growth time (days)

Effects of stratification and pericarp removal on the relative growth rate (RGR) of
northern red oak axes during the first 28 days following germination. Pericarp treatments
were, pericarp removed prior to stratification, -/-; pericarp intact during stratification
then removed prior to germination, +/-; pericarp intact, +/+.

9Y



'y

seed with pericarp removed (-~ or +/-) maintained a higher
BGR for a longer [feriod of time than did seedlings from
intact acorns (+/+). Seedlings from pericarp reaoved treat-
ments (-/- or +,-), however, flushed only once, while see-
dlings from intact (+/+) seed bad two axial grcwth flushes.
The first flush occurred between germination days 0 aand 7,
and the second flusbh between days 14 and 21. After 4 weeks
of stratification, seedlings fraom [fericarp removed seed
(¢/-) had their highbest axial relative growth rate letween
days 7 and 14; whereas seedlings from [pericarp treatments
-,- and +/+ flushed during the first 7 days of yermination.
After 8 and 12 weeks of Ha stratification, there was littilie
difference in the RGR of dark-grown oak seedlings. Seedliugs
from all pericarp treatments respanded similarliy ty flushing

during the first week, then declining in kGB through week 4.

———— —————— —— ———— - — —

W, 21, and 28. These values are meant only to characterize
the seedling growth patterms. It should be noted that rela-
tive growth rates do not yield the same trends as aksclute
growth rates, and that RGBS indicate pglant grosth effici-
ency relative to thbe initial size of the plant. Apalysais
of variance on seedling growth measures indicated signifi-
cant differences by pericarp treatment and week of strati-
fication.
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Influence of stratifjcation

Generally, seedlings grown froe stratitied acoras,
regardless of moisture comtent, grew taller and accumulated
more axial dry weight with increasing stratification tiame.
Tables 4 and S show the effect of Ha and Ls stratification,
respectively, on root, shoot and axis growth after 14 and 28
days. After two weeks of stratification caused the rcct and
shoot 1lengths of 114-day-old seedlings were significantly
greater than npomn-stratifified seedliugs. Between weeks 8
and 10 of Hm stratification, the 14-day-cld fplapts shcowmed
significant increases in rocct dry weight, shoot 1lemgth,
shoot dry weight, axis length and axis dry weight. Sisilar
increases ih shoot length, shoot dry weigbt and axis length
were found ia 28-day-oid seedlings after 8 and 10 weeks of
stratificatione. The first sjynificant increases 1n growth
of 28-day-old plants were observed after 4 to 6 weeks of Ha
stratification. Bajor increases im root 1length, shoot
length, shoot dry weight, axis Jlength anmd axis dry weight
(relative to seedlings from unstratified seeds) cccurred
during this period.

Subjecting seeds to low wmolisture stratificatiom for up
to 32 weeks (Table S5) produced growth resgoases that fol-
lowed the same general pattezrn as those discussed fcr Ha

stratification (Table 4). Stratification tor lomger than 12
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Table 4: Effect of high moisture, Hm (70%, d.w.) stratification at 5 C on growth of northern
red oak seedlings grown for 14 and 28 days after germination in the dark. Means
not followed by the same letter are significantly different by Duncan's New Multi-
ple Range Test (P < .0S).

GROWTH STRATIFICATION TIME (weeks)

VARIABLE DAYS 0 2 4 6 8 10 12
" Root 14 10.6 15.1 15.3 15.2 16.5 17.4 18.6
length (cm) () (a) (a) (a) (@) (a) @)
28 21.4 19.6 21.2 26.0 29.8 50.7 29.2

() (d) (®) (ab) (a) (a) (a)

dry weight (g) 14 .07 .07 .07 .11 11 .19 .13
(<) (<) (©) ®) (®) (a) (a)

28 .18 .18 .18 25 .33 .24 .21

(®) () ®) (b) (a) () (®)

Shoot 14 1.4 5.3 2.4 2.4 3.7 9.8 9.0
length (cm) () (b) (cb) (cb) (cb) (a) (a)
28 12.9 19.4 19.3 28.6 30.9 41.2 37.0

(c) (c) (c) () (b) (a) (ab)

dry weight (g) 14 .05 .03 .01 .02 .03 .07 .07
(ab) (ab) (b) (®) (ab) (a) (a)

28 .09 .17 .13 .28 .27 .38 .31
(c) (<) (c) (®) (b) (a) (ab)

Total axis 14 12.0 20.5 17.8 17.7 20.3 27.3 27.6
length (cm) (<) (®) (bc) (bc) (b) (a) . (a)
28 34.4 39.0 40.5 54.7 60.8 72.0 66.2
(<) (c) (©) (b) (b) (a) (ab)

dry weight (g) 14 .14 .13 .12 .17 .17 .31 .25
(© (c) (©) (bc) (bc) (a) (a)

28 .32 .39 .37 .57 .65 .67 .56
(c) (©) (c) (ab) (a) (a) (ab)

Root/Shoot 14 6.8 3.7 7.6 6.3 4.7 2.1 2.4
length (cm) (ab) (cd) (a) (ab) {(bc) (d) (d)
28 2.8 2.5 2.4 1.8 0.9 0.7 0.7

(a) (ab) (ab) (bc) (bc) © @
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Table 5: Effects of low moisture, Lm (50%, d.w.) stratification at S C on growth of northern
red oak seedlings grown for 14 and 28 days after germination in the dark. Means
not followed by the same letter are significantly different by Duncan's New Multi-
ple Range Test (P < .0S).

GROWTH STRATIFICATION TIME (weeks)
VARIABLE AYS 4 8 12 16 20 24 28 32
Root 14 10.6 18.0 17.6 17.6 19.6 20.6 21.0 - 14.8
length (cm) (®) (ab) (ab) (ab) (ab) (a) (a) (®)
28 21.4 26.1 23.8 30.0 32.1 24.8 26.0 24.2 27.8
(®) (ab) (b) (@) (a) (ab) (ab) (ab) (ab)
dry weight (g) 14 .07 .07 .13 .15 .13 .15 .15 - .12
(b) (b) (ab) (@) (ab) (a) (@) (ab)
28 .18 .24 .20 .20 .18 .22 .29 .20 .21
(b) (a) (ab) (ab) (b) (ab) (a) (ab) (ab)
Shoot 14 1.4 2.2 1.9 6.3 8.6 9.0 10.3 - 9.2
length (am) (®) (b) (b) (a) (@) (@) (a) (a)
28 12.9 22.1 16.8 28.1 32.3 29.2 29.2 35.0 29.8
(®) (@) = (b) (ab) . (a) (ab) (ab) (a) (@)
dry weight (g) 14 .0S .01 .01 .0S .06 11 .09 - .08
(bc) (c) (©) (bc) (b) (a) (ab) (ab)
28 .09 .16 .19 .26 .22 .37 .31 .26 .24
(®) (b) (b) (ab) (b) (a) (a) (ab) (ab)
Total axis 14 12.0 18.9 19.6 24.0 28.2 29.6 31.3 - 24.1
length (am) (b) (b) (®) (ab) (a) (a) (a) (ab)
28 34.4 51.3 40.6 58.1 64.4 S4.1 §5.3 59.2 S7.7
(b) (ab) (b) (ab) (a) (ab) (ab) (a) (ab)
dry weight (g) 14 .14 .10 .18 .23 .22 .29 .27 - .23
(be) (©) (bc) (ab) (ab) (@) (@) (ab)
28 .32 .44 .44 .49 .44 .63 .67 .49 .49
(c) (b) (b) (ab) (b) (a) @) (ab) (ab)
Root/Shoot 14 6.8 7.3 7.8 3.6 3.1 2.7 2.0 - 2.3
(a) (a) @) (®) () (b) (b) (b)
28 2.8 3.1 2.1 1.4 1.0 1.0 1.0 0.7 0.9
(ab) (a) (ab) (b) ®) (b) (b) (®) (b)




weeks had little additional effect on seedlding grcwth. 1In
some cases, extended Lm storage resulted in lower values.
The highest values for all growth parameters except
root/shoot ratio occurred Letween weeks 16 and Z24. 1Ihere
appeared to be a declining trend in the vwigor of seedliugs
after 28 weeks of Im stratifjcation, but this decline was
not significant. 1The major imcreases 1im rcot, shoot, and
axis length of 28-day-old seedlings occurred from seeds that
undervent between 8 and 16 weeks of Lm stratification. Root,
shoot, and axis reached a maximum in seedlings develcped
from seeds stratified for 1¢ ueeks, while dry weight accuau-
lation in the root, shoot, and axls peaked with seedlings
whose seed had been stratified a month lopnger at week 2z0.
Significant decreases in the root to shoot length ratio
occurred after Hm and La stratification treatments (lakle 4
and 5). The decline occurred for 28-day-oid pliants develoged
from seeds with 6 weeks of Ha stratification. Por Lm strati-
fication, a significant reducticn was evident Letween week 4
and 16. After reaching a value of about one at 1z weeks ot
Lm stratification and at 8 +weeks of Hm stratificatiom, the
root/shoot ratic for 28-day-clid seedlings showed some ten-
dency to decline with extended periods of stratification.
Relative growth rates were calculated froe roct and

shoot dry weights for Hm stratificatiom for 0, 4, 8 and 12
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weeks (Figures 5 and b6). Generally, etiolated seedlings
accumulated more dry watter ia the root during the first
week of growth. There was 1little shoot growth during the
first week and them during the 2nd or 3rd weeks shcoct RGR
increasede. The highest shaoot FGEs vwere found om seedlings
develcped from acorns with 4 tc 8 weeks of Hs étratifica-
tion. There was only one gxosth flush for root and shoot
growth on plants from seeds stratified for 8 and 12 weeks;
whereas, for 0 and 4 wveeks of cold treatment,the growth
tended to be more episodic, especially for roots. For exam-
ple in Figure 5a asnd 5b, the rcot RGR shows two distinct
surges; one between day 0 and 7, and ancother between day 14
and 21. These curves show generally lower BGEs frca jpar-
tially afterripened acorns. The curves in Figure 6 shcw that
roots and shoots vere aore vigorcus oa seedlings frca seed

that had been stratified for 8 cr 12 se€eks.

Adenylate epesgy metahglisa

Adenylate respopse tc stratificgtiaonp 3and pericgrp removai
Adenosine trirhosphate (A1P), adenocsine diphosphate
(ADP), and adenosine monophosgphate (AMP) concentrations ot
acorns fluctuated during stratifjication (Figures 7 and 8).
All nucleotides were at their maximum ckserved value jrior

to stratification with 4.3 to 5.0 umoles/g dry wt. 1This 0



Root RGR (g/g/day)

Shoot RGR (g/g/day)

Figure

O wks 4 wks
A B8
—_—— . - 7
— — 0/.—
s +/+

7 14 21 28 7 14 21 28
Growth days Growth days

Effects of stratification (Hm) and pericarp removal on the relative growth rates (RGCR)
of northern red oak roots and shoots during the first 28 days growth. Acorns were
stratified 0 (A) and 4 (B) weeks and pericarp treatments were, pericarp removed prior
to stratification, -/-; pericarp intact during stratification then removed prior to
germination, +/-; pericarp intact, +/+.
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Figure 6: Effects of stratification (Lm) and pericarp removal on the relative growth rates (RGR)
of northern red oak roots and shoots during the first 28 days growth. Acorns were
stratified 8 (A) and 12 (B) weeks and pericarp treatments were, pericarp removed prior
to stratification, -/-; pericarp inact during stratification then removed prior to
germination, +/-; pericarp intact, +/+.
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Pericarp removed

—— = ATP
—.— = ADP
——— 3 AMP

Adenylate phosphates (u moles/g dry wt.)
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Stratification time (weeks)

Figure 7: Adenosine phosphate levels during 12 week stratification
(5 C) of northern red oak acorns with pericarp removed.
Verticle bars represent +s-. Abbreviations: ATP (adenosine
triphosphate), ADP (adengs)fne diphosphate), AMP (adenosine
monophosphate).
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Figure 8: Adenosine phosphate levels during 12 week stratification
(5 C) of northern red oak acorns with pericarps intact.
Verticle bars represent + s-. Abbreviations: ATP (adenosine

triphosphate), ADP (adengsix)%e diphosphate), AMP (adenosine
monophosphate).



time measurement was made 12 to 24 hours after imftikition of
freshly harvested acorns. After only 1 week at 5 C, these
iaitially high levels of all the energy-rich adenylates
declined sharply in iantact accrps (50%, 78%, aud 84X of week
0 values for ATP, ADF, and AMF, respectively). khen acorns
were stratified with the perjcarjy removed (Figure 7), A1IP
decreased more slowsly for 3 weeks and them increasea sharply
(3.9 umoles/g dry wt) at week 4. ATF drogped after week 4
and reached the laowest level at week 8 and increased at week
1d. ADP and AMB of acorns with pericarpgs removed drcpped
more or less steadily through wseek 5. 1The ADE levels
increased again at week 8 then remained stakle through week
12. AMP levels were lovest (C.Z umoles/g dry wt) at week 5,
and then increased continuously through week 12.

After the 1initial high levels at week O, the major
peaks of ATP for acorns with pericarp intact (+/+) wvere at
veeks 2 and 5, with a small peak at week 11 (Fig. 8). ADP
and AMP occurred sychronously with ATP peaks at weeks 5, 8,
and 12 for ADP while AMP peaked at weeks & and 11. Except
for week 3, ATP increases fallowed surges in ADP and AMP.
For example, AMF increased at week 6, ADP at week 8 and AIP
at week 11.

The balance 0f the adenylate energy systea within the

acorn was distinctly affected by stratification. Regardless
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of pericarp treatment EC showed two major increases during
stratification (Figure 9). EC inatially rose from .49 to
«77 between Q0 and 2 weeks of ccld treatment for acorns with
pericarp reamoved (-/-) and fros .49 to .82 for 1imtact seed.
The second nexit peak in EC c¢cccurred at week 5 (.92) with
pericarp reaoval and at week 8 (.88) with pericarp intact.
Energy charge decreased slightly or resained stable at (.73)
through the remainder of stratificatiom with acarns cf e€ach

pericarp treataent.

Changes ip adenylates during geraination

After 8 weeks cof low temperature stratification, accrns
with pericarps removed (-/-) and pericarfp ipntact (+/+) were
placed in warm temperatures (15,25 C, 8,16 hr); and the ATIP,
ADP and AMP concentrations of germinants were measured at 5
day intervals for 25 days (Figures 10 apd 11). Levels of
A1IP faor seedlings with the [pericarp rexoved doubled (froam
1.8 to 3.6 umoles/g dry ut) froes geraination date (as zea-
sured by radicle eamergence) tc day 5. ATP decliined sharply
to 0.9 umolesyg dry wt between day 20 and 25 (Figure 10).
Concurrent with the initial rise im ATFE was a decline in ADP
from day 0 to day 1C. ADP levels remained constant thiough
the remainder of the growth period near 0.5 umoles/g dry wt.

AMP levels increased from 0.2 tc 0.9 wmolesy/g dry wt at day
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Figure 9: Effects of stratification (5 C) on energy charge, EC, of
northern red oak acorns with pericarp removed and pericarp
intact. Verticle bars represent +s-. EC was calculated as
(atP] + 0.5[ADP]/ [ATP] + [ADP] ¥ famp].
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5.0 = Pericarp removed, -/-

—— s ATP
—— s ADP
——— 2 AMP

4.0

Adenylate. pbosphates (u moles/g dry wt)

Germination time (days)

Figure 10: Adenosine phosphate levels through first 25 days of germina-
tion of northern red oak. Acorns were stratified 8 weeks
and germinated with pericarp removed. Vertical bars represent
*+ ss. Abbreviations: ATP (adenosine triphosphate), ADP
Tadénosine diphosphate), and AMP (adenosine monophosphate).



61

09 Pericarp intact, +/+
— s ATP
—.— = ADP
——— 32 AMP
4.0 =

u
o
[

N
o
1

Adenylate phosphates (n moles/g dry wt.)

1.0 'l \ \\i
' A7 N
o ~ /
\_ {/ \\\ / \\
\\\g/// Y 5
] ] v i i
5 10 BT 20 25

Germination time (days)

Figure 11: Adenosine phosphate levels through first 25 days of germina-
tion of northern red oak. Acorns were stratified for 8 weeks
and germinated with pericarp intact. Verticle bars represent
+s-. Abbreviations: ATP (adenosine triphosphate), ADP
Tadenosine diphosphate), and AMP (adenosine monophosphate).
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5, remained stakle for 10 days, and then decliinea at uay 20
to about 0.2 umocles/g dry wt .

For acorns gersinated with [ericarp intact (+/%), tiae
levels of ATIP gyenerally increased thrcugh the first 15 days
of growth, then declined thrcugh day 25 frow 2.9 tc 2.3
umolesy/g dry wt (Figure 11). Meanwhile, levels of ADE and
AMP decreased at day S, and then increased at day 10. Atter
day 10, ADP levels remained constant mear 1.0 umciesyy dry
wt, while AMP concentration decreaased to 0.3 umoiesyg dry
wt. AMP concentration increased significantiy at day «0 to
1.3 umolesyy dry wt while the ADF levels remained nearily
constant. AMP decreased Letween days 20 to 25 frca 1.3

umoles to 0.2 umoles/g dry wut.

Comparision of EC and germigability durjny stratification

Energy charge and gersination following stratification
of acorms with pericarp removed (-/-) and pericarp intact
(¢+/+) are compared graphically ian PFigures 12 and 13. #Wita
the pericarp remsoved, EC increased at week 2 of stratifca-
tion, then declined slightly, and incredsed again at week 5.
This increase and decrease ot the adenylate energy systea
was accompanied Ly decreased gersinability from week O to
week 4 aud then a sharp rise im germination at week 6. After

week 6 germination remained high (90%) thiocugh the remainder
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Figure 12:
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Relationship between energy charge, EC, and 28 day germination percentage for northern
red oak acorns during 12 weeks of stratification (5 C) with pericarps removed.
EC was determined as [ATP]+ 0.5[ADP]/ [ATP]+ [ADP] + [AMP].
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Figure 13: Relationship between energy charge, EC, and 28 day germination percentage for northern
red oak acorns during 12 weeks of stratification (5 C) with pericarps intact. EC was
determined as [ATP] + 0.5[ADP]/ [ATP] + [ADP] + [AMP].
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of the 1Z week stratificatiosn, while the EC stalilized
around O.70. Similar patterns were observed for EC aua ger—-
aination of seed stratified and gersinated with G[pericarp
intact (+/+) (Figure 13). In this case, the second rise in
EC did not occur until Letween week 6 and 8; an 1nCre€ase€ 1iu

germinability was observed during the same interval.

Relatiopship betweey ATE apd segdling relative growth rate

Rate of root and shoot dry matter pokilization (kEGR)

from the reserves orf the cotyledoms might Lear relaticso to
the changes iun ATF concentration during eticlated grosth. 10
make such comparisons, <seeds stratified for 8 weeks with
pericarp removed (-,/—) Or pericarp intact (#/+) were gerumi-
nated for 28 days. As shown 1ip Figure 14, the RGE oif rcots
and shoots of seedlings with pericarp removed apgeared to
parallel ATIP concentrations. 1Lere 1s an initial rise in AIP
from day 0 to 5. 1The RGR of rcots peaks during week 1 then
declines rapidly. 1he RGR of shoots reached a maximul 1n the
third vweek; thereafter RGR apnd AIP levels Lkegan tc decline.
This synchrony between AIEF concentrations and giowth oOf
roots and shoots was also proncuaced im acorans with gericarp
intact (Figure 15). A rapid increase in root KGK durinyg
week 1 (.2 g/gsday) was followed by a slower continuous

decline. The increase and decrease in RGRs of toocts coin-
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Figure 14: Relationship between the relative growth rates (RGR) of root and shoot dry weight and
levels of adenosine triphosphate (ATP) during 28 days germination and growth of
northern red oak seedlings from 8 week stratified seeds with pericarp removed.
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Figure 15: Relationship between the relative growth rates (RGR) of root and shoot dry weights and the
levels of adenosine triphosphate (ATP) during 28 days germination and growth of northern
red oak seedlings from 8 week stratified seeds with pericarps intact.
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cided more or less with a peak ATP levels at day 5 (Z.9
umoles/g dry wt). A second 1pcrease in ATF levels preceded
slightly the burst ot shoot giowth. ATF levels and RGhks Ltotan
were reduced toward the end ¢of the 4 week gersinaticy fer-

iod.



DISCLSSICN

Dgrmancy 3nd Germination

Rgle 9f pericarg

Certainly, the thick hard outer covering of the acora,
the pericarp, must have a vital 1role in ocak survival and
germination under npatural conditions. Preventiou of ragid
water loss irom the embryc aand maintenance of the integrity
of the youang sporophyte are twc probable purposes c¢f the
pericarp. However, the biochemical or physiological role of
the pericarp in regulating dcrmancy in red oak 1s unciear.

Korstian (1927) found that the removal of the gericarp
in northern red oak seeds prior to greeuhcuse planting did
not break dormancy. He comcluded that, since gericarf reaso-
val only hastened "afterripening® slightly, doramancy 1in red
oak was inherent in the embryc itself. This embryc dcruiaacy
hypothesis was supported Lty Farmexr (1974) Ldsed on €xperi-
ments with cracked acormns. Farmer found that crackiny
northern red oak acorns did not greatly stimulate gersina-
tion of non-chilled or prechilled acorms. He comncluded that
dormancy in narthern red oak seeds was due to conditions

within the esasbryc. Considering this 1anfcrsation, it 1is

€9
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interesting that the rules for yermination tests of Quergus
Sppe require that the pericaryp and testa (sinygle- layered
seedcoat) be removed; Lut nc stratificatice 1s reguired
{ISTA, 1876). 1This protocol implies that, when the pericarp
1s reamoved, so is the factor causing germinatiocon delays. If
the eabryo is entirely responsible for dormsancy in red oaks,
perhaps the testing criteria should be modified tc include a
prechilling period with noc need for pericarp removal.
Experiments in this study iandicated pericarp removal
significantly increases total geraimation (Figure 1) and
germination rate (Table 2) when compared to intact accrns.
Acorns with the pericarp remcved gerainated faster and gore
frequently (bigher percentage at 28 day) than acorns with
the pericarp intact. BRemoval of the pericarp atlowed germi-
nation of about 55% in freshldy-collected northern red oak
acorns versus 10% in intact seeds. Johnsopn (1979) reported
60% germination for Q. Dpustalli (Nuttall cak) at collection
date with pericarp removed. 1hese reswlts suggests that the
pericarr has a definite role in retarding germination.
Bopner (1970) conaucted tests on the role of pericarp
in gas exchange and water abscrgtion <ty the eskryc and cou-
cluded that the pericarp plays a stroang part in the dcrmancy
of several bottoaland red oak species. He hypothesized that

the most 1likely influence o0f the pericarp was in reducing
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oxygem availability. Korstian (1927) assumed the pericarg ot
northern red oak to be permeakle tc gases and water, since
its removal had little effect on germipakility. In this
study, however, accrns in this study with pericargs resoved
prior to stratification (-/-) did not germinate as ragidily
or fully as those acorns with fericargs intact during stra-
tification and resoved prior to germinatioa (+/-). This
suggests that pericaryps are gperhags iaportant in scme aspect
of the afterripening process. (Curing afterripening, sev-
eral biochemical gprccesses take flace; ope of the most nota-
ble is the conversion of ligpids to solukle cartohydrates
(Korstian, 1927; Brown 1939; VYozzo, 1974).) Gn the other
hand, this research suggests that pericarp removal prior to
germination (#/-) results in faster and more cciaplete germi-
nation; this enhancement of germination may ke due to
increased oxygen availability or to removal of scme inhikbi-
tory substance in the pericarfge.

Vozzo (1981) recently described aicrobial activity
within the inner walls of the pericarp ot water cak. Fungi
within the endocargp aand mesocarp layers cf the pericary may
be associated with the rupturing of the pericarp leading to
germination. He further suggested that there cculd Le a
symbiotic relatiopnshifp between the acorn and fungus: thae

seed providing food for the fumnqus and the fungus improving



yas exchanye for the embryc Ly rugpturing the jericarjy. If
this tungal-acorn interaction does exist, the roie «cf the
pericarp im dormancy of water cak ®say L& an e€cologicail
develorment rather tham a purely biochemical or physiolcqgi-
cal factor.

Jones and Brown (1968) working with g. talcata var.
pagodafglia (cherrybark oak) and northern red ocak, tested
the pericarp's effect on delayed germination. Fericarp sec-
tions from various reygions co¢f the acorn were remaved and
differences im germination cagacities due to each treatument
were determined. Their results strongly indicate that the
pericarp was the cause of red cak dormancy in thcse twe red
oak species, apd that cell expaasiom duriny los temperature
stratification allowed for the pericarp tc crack and gerwi-
nate. One does not have to imvoke a single commOon cause tor
dormancy in the whcle subgegus, however. Indeed, the variety
of ecological niches occupied by membkers ot this sukgenus
sugygests that some very different secharnisas of dcrzancy

must be present.

Role of stratification jin breaking dormancy

Cold temperature gfpreconditicning 1s a requirement of
more than 600 woody plant seeds for adequate germiuation

(USDA, 1974) . Germinability of northern rea cak accros
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greatly increases Letween the second and third moutns of
stratification (Farmer, 1974). Althcugh stratificatioun
definitely increases the germinatiom of northerm red ocak,
there is controversy as to the need for fprechilling acorns
prior to testing. International Rules 1ior Iesting Seeds
(ISTA, 1976) recommend that acaorns not be stratified ior
germination, but merely that the pericarp removed. PBased ou
the present work and others, these recommendations shculd Le
modified since red oak acorns geraminate such more ragidiy
and coapletely with 8 to 10 weeks of low temperature strati-
fication.

Red oak seed have been kept viable in storage for ug to
5 years at teaperatures just above freezing and with =ois-
ture contents no less than 45% (Eonner, 1877). Bircwn (1939)
reported optisal storage temperatures for northern red oak
of 12.5 to 10 C based op faster geraination after 3 &oanths.
The recommended storage temperature for most ccld requirinyg
seed (USDA, 1974; ISTA, 1976) including rea cak (UsSba, 1977;
Bonner, 1975) is S5 Ca

Several reports have stressed the iaportance ot main-
taining red oaks seeds at moisture contents greater than 45%
to maintain wviability (BRoe,1946; Holmes and Buszwicz, 1955;
Krajicek, 1968; Bcnmer, 1970,1973). In the present stady

there were no differences in germination or seedling growth
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following cold stratification at 70% or 50% moisture. 1Ihese
results indicate that there was enough water in the 503x seed
moisture treatment to «carry out any necessacry daGorwancy-
breaking biochesical reactions. In a samilar study, Farmer
(1974) found that there were Bc ditfferences im Mstratitica-
tion®™ at 82X and "storage" at collection moisture leveis ot
62%. He based these conclusions on geraination amd seedling

growth.

Possible role of stratification cn deepegniny of dcrmancy

Dcrmancy onset usually cccurs during the last mounth of
maturation for most tree seed (USDA, 1G74a). During this
process, growth inhibitor concentrations increase raplidly iu
some species 1including members of the red cak groug while
growth promotors decrease in activity (dmen, 1963; Szcctka,
1970; Hogpper, 1979). Another importamt process that cccurs
during the last weeks priocr to akscission 1s the comversioa
of food reserves to the less available Lut @ore etriciently
stored form of lipids. When akscission cccurs, the seed 1is
usually fully dormant (presusably) and reguires an afterrci-
pening period. During afterripening, growth horsome bailance
shifts in favor of promoting substances (Amen, 1968; Hcgfger,
1979) and lipids are convexted to solubie <carkohydrates

(Brown, 1937; vVozzo, 1974).



In this study, freshly <ccllected seced germinated more
completely and faster than seed that had Leen stratified for
1 to 4 weeks (Figure 2 apd Takle 2). Such a deegening of
dormaucy has not been previcusly reported for northern red
oak, Dpnor any other red oak species. 1This negative germina-
tion resgonse was seen at botbh seed moisture levels 1in all
pericarp treatments, aand in koth years (two different coi-
lection sites).

There may be several explanations for this deegening of
dormancy. 1Iwo seem more likely. The first is that the coild
temperatures may 1initiate Liocheamical reactions leading to
deeper dormancy. Such reactions, once cospleted, miyht then
give significant control over germination. In nature, the
ecological significance of such mechanissms is clear. After
the acorn falls, 1low night temperatures of late iall would
initiate this deepeuing of dormamcy, thus greventing yerai-
nation. In this way, the oak seeds may adapt to temperature
fluctuations associated with late autuan and remain dcrmaut.
A second possible cause for reduced germination after 1 to 4
weeks of stratification is that soa€ accrns were lasature
and, therefore, not dormant when collected. Plumk (198V)
found that two California red caks { . kelloggii aud g.
wisenlepzili ) will germinate as early as August when coi-

lected green. Although accrns were ccllected from the ground
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in the present study, wunrige accrns aay hdve Leen preseat.
According to this hypothesis, the passage of time (at any
teuwperature) could perasit coptinued deveicpment of the fruit
and fuller expression of dormancye. Further researck might
verify this hypothesis. Hasrvesting and germinatiung northera
red oak seed [pericdically frca September thrcugh <Cctcbher

should establish the actual time of dormancy onset.

Respopse gf adegylates to stratiificgtion

Energy metabclisa of northern red cak acorms fluctuated
during the 12 weeks of Ha stratification (Figure 8). The low
epergy charge (EC) of .49 at ccllection perhags indicated a
relatively low level of avajlakle energy 1in the «recently
rehydrated system. lLow energy charge is ccsmmon for quiescent
(dry) seeds as reported fcr pomnderosa pine (Ching apd Ching,
1972) and pea (Brown, 1965). Accordiny to Chagman et al
(1970), BC values Lelow .5 jpdicate sepnescence and little
chance for recoverye. These critical ldevels uwere deterained
for prokaryotic (bacterial) cells, hovwever, and eukaryotic
cells of higher plapts may have a different energy metakol-
ism. Furthermore, vacuaocles jn plant tissue and ccmpartsen-
tation of some nucleotides may create a dilution effect oca

the EC values (Ching and Ching, 1972).
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The low EC values in treshly harvested acorms ccptrast
with the relative high levels of AIP, ADF and A¥¥¢¥ siimultane-
ously observed (Figure 7). These high nucleotide concentra-
tions ®may result from increased activity of hydrciytic
enzymes during iabibition. Imkibition initiates w@any tio-
chemical activities such as resgiraton (Ercwun, 1939;
Ching,1973), adenylate kinase activity (Bomsel and Eradet,
1968; Ching and Ching, 1972); phytase activity (Hail, 15690),
catylase activity {(Ching, 1S573), and hydrolysis cf growth
regulators to free foras (Kham, 1977). Levels of adernylates
observed after imbitition may suggest that a ragpid motiliza-
tion of eneryy reserves is made availakble for the activatioa
of such hydrolytic ebpnzymes. Adenylate nucleotides can
increase dramatically within 2 to 4 hours o¢f imkiciticn 1in
other seed, probakly throuygyh glycoclysis (substrate phospho-
rylation), fatty acid oxidation, and resgpiratiom (oxidative
phosphorylation) (Cking, 1973).

A synchronization in ATP, ADP and AMF levels was evi-
dent duriny the course of stratiftication. The levels cf A1P
seemed to increase cconcurrently with either oo chanyge or a
decline 1n ADP or AME. The activaty of adenylate kinases
may have been high in northern red oak, sisilar to ckserva-
tions in lettuce (Bomsel and EFradet, 1968). Adenylate

kinase enzymes regulate the phcsporylaticn of ANP and ATE to
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ADP. ADP may then be oxidatively phosphcrylated tc AiP.
Such teamporal changes 1in adenylates suyggest that energy-
requiring and energy-yielding reactions cccur during iow
temperature in pregaration for germination. With the excep-
tion of timing, the removal of the pericarp contributed iit-
tle in changing the energetics of the adenylate systea dur-—-
ing stratification ¢f northerrm red oak acorn.

Iwo major peaks of ademylate energy activity occurred
as indicated by EC during stratificatiom (Figure 9). The
first major activity was evident during week 2. EC rose from
0.5 to 0.8. This rise in epergy status coincides with au
increased respiratory activity and oxyyen copsumgtion
observed by Brown (1939) during the early periocd of low
temperature storage. Brown?!s explanation for this increased
rate in respiration was an increased cobnversion of 1igid to
carbohydrates, a process that requires cxcess oxygen. Kors-
tian (1927) reported a significant decrease in acorn lipid
content during storage of northern red ocak. Fucther, tae
respiratory guotient (R.(.) cf 0.6-0.7, <ckserved bty Erown
suggested that lipids act as substrate fcor resgpiration earily
in stratificatione. Results from Brown®s study correiate
well with the EC data earlier discussed (Figure 9). Cxida-
tion of lipids would yield energy and this may well e€xplain

the increased EC apmd AP levels at week 2 of stratificatioa.
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Although energy agpeared availakle at 2 weeks of stratifica-
tion, the acorms did not germimate. In fact during this fper-
i10od, the acorms were in their deefest dormancy. Fresusakiy,
ripening (afterripening) is essential for gyermination and
growth.

Although the EC wvalues were high after 2 weeks of
stratification, copncurrent germination was @inigal (Figure
12 and 13). Subsequently (after S weeks for pericarp
removed seed (-/-) aad 8 weeks for pericarp 1iutact sced
(t/+)) the EC again peaked and the highest values for germi-
nation (90%) were cbserved. The more rapid return to high «C
value for acorns with pericaxp removed may be due tc more
rapid oxidative phosphorylation. The energy charge remained
stable throuqhout the remaipnder of stratificatiom as did the
germination. 4 7-fold increase in EC durimng two we€k stra-
tifcation of ponderosa pine has been reported (Ching and
Ching, 1972), but no increases were observed durinyg strati-

fication of maple seed (Simmands and Dumkrocff, 1974).

Seedlipg Growth
Role gf pericarg
There wvere no significant differences in z8-dajy-old
seedling root cr shcot lengths asscciated with pericarp

removal following Ha stratification (Table 3). Hcwevelr, the
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removal of the pericarp resulted in significantly lower see-
dling dry wvweights. This reducticn of dry weight may Lesuit
more directly from the removal of a portion of the cotjle-
dons (necessary for the rapid remcval of pericarps). Simi-
lar results were recently found in a study of northern red
oak seedlings 1y Michigyan.® That work attempted to simulate
losses of cotyledopnary material due to rodents and weevils,
and to determine the effect such losses would have oL germi-
nation and seedling grosvth. Femoval of less than 25% ot the
cotyledon resulted in decreased grcsth «c¢f eticlated and
light—-grown plants. This cotyledon effect may Le due to a
wounding response, a Jloss of food stutf, or reduction of
some grosth regulatore. Bowewer, food reserves froms cotyle-
dons have been sbown tc partially sustain seedlangs for over
100 days (Hopper, unpublished data). Thus, some fcod mater-
ials were partially present at the end of 28 days even with
the pericarp and some cotyledomary tissue remaved.

The effect ot fericarp reacval on seediing AGF wds most
pronounced early in stratification. Relative growth rates
were more episodic after 0 or 4 weeks than after 8 ocr 12
veeks of stratificaticn (Figure 4)a. These resporses frokb-
ably indicate a confounding of the growth jprocess with dor-
mancy factorse. Seedlings develofged from nop-= or

—— - — — —— —_— i ———— ——— —

éPersonal communicatioa with », University of
Michigan-Ann Arbor, 1/25/82.
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partially-stratified acorns with fpericarp removed grew Rore
efficiently than seedlings with [fericarp intact, perhaps
indicatingy oxygen availakility is a 1limitation in intact
acornse. Seedlings with fpericarp removed after stratifica-
tion (+/-) exhibited a delay in axias dry weignt accumulation
with less tham U4 weeks of stratification (Figure 4). 1This
may be a wounding response firos fruit coat removal. Since
relative growth rate of seedlings developed from seeds with
intact pericarps (+/+) peaked a week earlier, there is no
apparent advantage to the rescval of the G[fericarp. Can the
otaner hand, those seed with pericarp removed prior tc stra-
tification (-/-) exhibited higher EGRs; ; they may have sta-
bilized from amy reactioam tc scunding by the time the see-
dling growth test was conducted. These results 1were
corroborated by Allen and Farmer (1976) whc repcrted that
pericarp removal after stratification had no effect op shoot

growth of the red cak species, (. iljcifclia (bear ocak).

Ipfluence of stratificatiop op grgwth

Acorn stratification has a significact and fositive
effect on seedling grosth. Some parameters showed a positive
response to stratification after omly 14 days ci growth
{Table 4 and 5). The differential response to stiratification

was observed for 14-and 28-day-cld [fplants. Others have
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shown that stratification affects seedling growth (Ffaruser,
1976; Bonner, 1977; Eerry, 1981), but the length ci time
that these effects remain during further seedling/sapiing
development is unknown. Sluder (1979) reported for conifer-
ous plants that taller seedlings grew faster, remained tal-
ler and had a better chance of survival than ssallier sce-
dlingse. Perry (1981) suggested that stratification effiects
op growth rates would still ke evident as late as 1% years
in a loblolly pine plantation. Such an effect could signifi-
cantly alter nursery gracticee and genetic seletions ci con-
ifers and hardwoods. Moreover, stratification length tuhat
gives the fastest germination and best growth ot seedlings
may produce highest yields in [plantations. Data fics the
present study indicate that 8 to 10 weeks of low temgerature
stratifcation results 1in the highest RGE for nogcthers red
ocak seedlingys (2.7 axial gs/gsday) (Figure 4).

Moisture contents durang Ha and La stratification had a
minimal effect on seedliny grosuth, except that He stiatiti-—
cation tended tc produced larger seeddiugs iu shcrter stra-
tification times. [LCuring Hm stratitication, the seed were
spread 1in single layers under wet paper towels [erhags
allowing for better aeration oi acormns. (In Lgp stratitica-
tion the acorns were stored drcy im plastic jugs.) Alsu, 70x
moisture may bave permited more active metatcliszp and

therekty hastem the afterripenimg process.



In both Hm and La stratification, ichger periads (1<
weeks and 32 weeks respectively) produced somewhat smallex
plants than &6 and 20 weeks of stratification (Iarle 4 and
5). Marshall (1981) found that 8 to 12 weeks of stratifica-
tion of northern red oak seeds was Letter than 12 tc 14
weeks in resultant seedling grcowth. Faramer (1974) round for
northern red oak that maximum shoot growth cccurred after 10
weeks of stratificaticp, and that sigmnificantly less grostn
occurred after 16 weeks. Loag periods 1n storage leads to
deteriorative grocesses that result in reduced ygermination
apnd growth in scoybeans (Egli et al., 1979). 1There may te au
optimal stratification leangth fcr morthern red cak; germina-
tion and resultant seedling growth are parhaps reduced witn
shorter periods due to incomplete afterrijpening. 1f the
effects of stratification on seedling growth coula be
expressed for 10 tc 1S years, then very careful attention to
preconditioning seed with optiral stratification periods is
warranted.

Several biochemical and morphological <changes cccur
during the first 2 @months of <cold stratification. Vozzo
(1975) found an increase in mRitochondrial numker and size
for stratified water cak embryos. The hcrmonal balance for
water oak acorms changes at 5 to 6 weeks of cald stratirica-

tiops from inhibitor <coatrcl tc promotor ccmntrol (kcpfper,
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1979) . Dury (1977) concluded that gibberellic acid levels
significantly increased attexr S weeks of stratification for
northern red oak, thus preparing the acorn ior gecmination
and g¢growth. Better mitochomdrial orgamizatiom has Leen
associated with increased seed and seedling vigor in corn
{McDaniel and Sankissia, 1968) and barley (#cDamiel, 1969).
Brown (1939) and Vazzo (1978) reported that in red oak seeds
lipids were «copverted to sclukle carbohydrates during the
first seeks of stratification. Ching and Ching {(1972) reifer-
red to such processes in dormant seed as producing a %"readi-
ness to germinate®. Results frcm the present study sugfport
these theories. As stratification in northern red oak seed
proceeded, dJermination and se€edling growth was fpoor during
the first 3 weeks, presumably when biochemical and morgho-
logical changes occur (Figure 2 and Takle 4). After the
first month of stratification, the seed geraminated taster
(Table 2) and seedlings grew Letter (Figures 4, 5 and 6).
Associated with stratification were alteratious 1in
shoot growth patterss. Normally, root growth surges first,
prior to shoot growth (Figure 5 and 6). Roct yrowth parame-
ters provided excellent 1pdicators for the effect ot strati-
fication, since the radicle is the first crgam tc e€merge and
begyan to differentiate. Inferior growth due to factors asso-

ciated with dormancy may bLe manifested 1in root grcwth as
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observed 1n this study. Allen and Farmer (1979) 1epcrted
that cummulative shoot growth was not affected Ly stratifi-
cation, Lbut that 1leaf number and leaf area 1increased with
stratification. These results suggests that stratification
may reaove a block to additjosal dewelopment cf leaves in
the eabryc.

After 8 veeks of stratification, epicotyl eionyation
began by 14 days as opposed to a 21-day delay for seced stra-
tified omnly 2 to 4 weeks (FPigures 5 and 6). The readiness
to germinate and grow in acorns is important, e€specially in
its establishaent of a balanced shoot apnd root systen. The
root/shoot ratio approaches ome only atter 8 weeks stratif-
cation; whereas, seed stratified for shcrter pericds devel-
oped into seedlings having amost of the ygrowth in long roots
with root/shoot ratios as higk as 5 (Takle 4). Seedlings
with root/shoot ratios near ome have an €xcellent chance for
survival. Root/shoot ratiaos were used as ap 1indicator of
field growth and survival for pareroot se€edlings (Mustawoja

and Leaf, 1963).

Response gf AIP apd EC to grouth
ATP provides the metabolic energy for enzymes usea iL
hydrolysis of reserve food. Eight weeks of stratification

synchronized acorns within a lct so that they would ragidiy
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and uniformly germinate. Adencsipe phosgnate levels and EC
exhibited lag, exponential, and stationary phases of growth
(Figures 14 and 15). Chafpman et al (1%68) deterwined criti-
cal values of KC for bacteria to be greater than .8 during
active growth , Letween .5 agnd .7 during statiomnary growta
maintaining wviability, and fLtelow .5 upom starvation and
death. The values for germinating and grawing ncrthern red
oak were more closely related to those observerd tor syca-
mrore cell culture (Brown and Short, 1969) and ponderosa gine
(Ching and Ching, 1972). For sycamore cell cultures, the EC
was .66 during active graosti and .81 at a stationary frhase.
Similarly for pcnderosa pime, EC was .85 durinyg stratifica-
tion (stationary phase) apd .65 tc .75 during early geraiaa-
tion (active growth). The energy status of northerc red oak
seedlings fluctuated similarly depending cn the relative
growth rate. Thus energy status ftetween Lbacteria cells and
higher plants may be very differeat.

ATP levels bhave been related to seedling injury ana
growth. Stevart and Guian (1969) reported that chiliing
injury of cotton seedlings was reflected ty a depletion of
ATP scon after the injury. According tc Ching (197Z), the
temporal rise and fall of AIF reflects a coordination of
metabolic activaty. She furtbher described tests fcr sced

vigor using ATP as a primary biocheamical 1imndex (Ching,
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1973;1975). Free nucleotide patterns im growing tissue gro-
vide excellent indicators of Bmetabolism as suyyested Ly
Brown as early as 1562. He related germination of f[ea to
increases and decreases of adenylate nucleotides. Tne ratio-
nale for using ATIP levels for indexing seed vigor finds sup-
port in studies Ly several workers who bave found signifi-
cant differences in the enerqgy status for various genctypes
of crimson clover (Ching,1975), ocats (McLaniel,1976), barley
{McDaniel, 1969), fpeanut {(Crcapton et al, 1980) and corn
(McDapiel amnd Sarkissa, 1568}. McDaniel (1976) recentiy
concluded that adenylate enexrgy systems was significantly
and positively correlated (r=.77) withyield potegtial of
vheat. Using ATP and EC tc 1ndex the state of dormancy in
northern red oak in a manner likesise to those suggested for
other systeas may Le useiful. The results fresented here
indicate that germination, seedliny .growta, and EC may be
fundamentally related to the degree of seed dorgancy. As
dormancy is overcome by stratification, changes ib gerwina-

tion, growth, and seed energetics follow.

Bireness tc Germipate
Several changes cccur in ncrtherm red cak acorns duriug

the first 4 to 6 weeks of stratification. 7Thas f[fericd of

biochemical and physiological changes may Le detined as the
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acorn's “ripeness tc yerminate®. These changes ultimately
promote the germibability and suitsequent growth cit the oak
seed, but the initial effect is tc reduce gersinatioun. As
the acorn stratifies, staored lipids are converted to scluble
carbohydrates, and these sugars are transported 1intc the
growing embryonic axis. This conversion occurs during the
first 2 to 3 weeks of storage amd coincides with apn increase
in energy charge. Bioenergically, the acormn bas the caga-
bility to germinate and grow at collection, cut until the

“ripeness to germinate® changes occur, gergination and

growth is iampaired.



CONCLUSIONS AMD KEFCCMENLATIONS

1he degree or depth of dcrmancy and early seedlinyg
growth in asorthern red oak acorns was influenced Ly the per-
icarp and expaosure of the acorps to cold temperature. in
freshiy-collected seeds, gericarf reasoval increased geimlaa-
tion about five-fold ({55% versus 10X in intact seeds), whkile
stratification for 6 to 8 weeks sigaoificantly 1pcreased ger-
minability of intact acorns aad anaked seeds to 903&. Inter-
national Seed Testing Asscciation (ISTA) rules for testiang
erc reyuire pericarp reaoval but no chiiiilng geriod.
Since stratification had a signifticant effect on geraimation
above and beyond [fpericarp resoval, ISTA rules for testinyg
Quercus should be revised tc irclude a requirement for red
oaks to be stratified with fpericarp intact. Futhermore, the
rules should distinguish Letween the two sukgenera ot guer-
cus since red oaks (subgenus Erythrobalanys ) and white ocaks
(subgenus Lgucohalagus ) hawe very different germination
systems. As a minimuas rules shculd require that ncrthernm red
oaks seeds be stratified for at least 8 weeks prior tc test-
ing.In such a fprocedure the pericarp does not have tc te

removed to acheive xaxiaum germination. This woudd simpiify

€9
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testing by avoiding the time-consuming f[ericarp I€mOVAl
procedurese.

A deepening of dormancy sas observed during the tirst 4
weeks of stratification. Ffreshly-ccllected seeds geruinated
significantly faster amd sore coapletely than aid seeds that
had been stratified from 1 to U weeks. This response was
seen at two seed moisture levels (50% and 70% d.wt.) and in
tvo years (at two ccllectiom sites). 1This observation has
not been reported previously for northern red oak, bncr any
red oak species. Additional study omn the timing of dcrmzamncy
onset is needed. It is nct known, for example, 1if dcrmancy
would have been lawer from earlier collection nor 1if cold
teaperatures are needed to cause the increased dormancy fol-
lowing bakvest.

Although pericarp removal had little effect on seedliny
growth, stratification had a positive etrect on growts and
relative growth rates. Roots and shoots had a greater dry
weight and length with 8 to 12 weeks of stratification. if
these effects of stratification on future seedling growth
could be expressed for 10 to 15 years, as okbserved for ccni-
fers (Perry, 1981), then careful attention to cptisai stra-
tification periods is warranted.

There vere no diferences in seedliny yrowth from high

and low seed molisture stratification conditiomns. Frcm this
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study there appeared to bte pc advantage omn gerwipaticn and
seedling growth frca increased seed moisture leveis during
stratification. Since water was not a limiting factcr, it
is recommended that northern red ocak seeds be stored at 50%
moisture amd 5 C. Prior tc dgermination seeds shculd te
imbibed for 52 hours.

Energy metabolism as measured by adenylate fphosphates
and by EC fluctuated markedly during 12 weeks of stratifica-
tion. 1The EC indicated two peaks, one Letween 1 and 3 weeks
and again between 6 and 10 weeks. The EC of 0.7 tc 0.€& dur-
ing the second and third weeks probably related to oxidation
of lipids. The second surge in EC duriny the eighth week was
concurrent with amn increase in germinakility. EC Bay ke use-
ful indexing the degree of dorsancy and seedling vigor.

In short, the dormancy of northern red oak agfpears to
be regulated bty the pericarp and intezinal biocks within the
embryo. The blocks within the emkryo may be overccme with o
to 10 weeks of stratification. Duzring that time, physiclcgi-
cal changes within the seed (afterrigening) create a ccndi-
tion refered to as "ripeness tc germinate". These€ afterri-
pening changes allow for sore ragid seedling grawth. Thus a
more competent seedlot in terms of high geramination cafpacity
and fast germination vrate will grcduce more ccapetent see-

dlings in terms of larger aund ifaster growth.
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SEED DGRMANCY ANLC GEFMINATICN OF NORIHERN KED CGAK

by
Georye Martia hHopper
(ABES1EACT)

Northern red oak ( Quercus rubra L.), a valuatle tamber
species in the eastern United States, has a delayed giowth
in the early years of estaklishment. Freshly harvested
northern red oak seed exhibit dormancy that may be trcken by
stratification cr pericarp rescval. In this research, gerai-
nation, seedling growth and adenylate energy metatolism of
northern red oak with pericaxfp removed and 1intact was Bmea-
sured during stratification (5 C) for twoc consecutive years.
Two seed moisture levels (50% and 70% d.w.) duriug stratifi-
cation vere tested on intact acorns, [fericaifp removed seeds
and acorns intact during stratification and them the peri-
carp removed prior to gerzination. Fericarg rew«ovail
increased germination five-itcld at harvest (ficp 10x to
55%), Lut aimost balf the paked seeds were still dcrmaant,
There was a deepening of dormsancy during the tfirst 4 weeks
of stratificaticn; Lbut, stratificatioa for 6 tc B8 weeks siy-
nificantly increased germination aad ygyermination rate. Eti-
olated seedlings grew taller and faster from acorns that had
been stratified 8 tc 12 weeks than from acorans with =uc or

only 4 weeks of stratification. Signiticant increases in



root, shoot, and axial diy weights and leagths, ana
root/shoot ratios were okserwved as early as 14 days after
germipation. Pericarp removal had nc significant effect on
seedling growth. Relative growth rates of seedlings were
compared Ly fpericarp treatsent and stratificatiou time.
There were no signiticant differences in germinaticn cr see-
dling growth between 50% and 70& seed mcisture content.
Adenylate (ATP, ADP, AMP) Jlevels were measured using the
luciferin-luciferase assaye. Energy charge (EC) 1increased
during stratification at 2 weeks when germination was low.
Thereafter EC decreased befcre increasing at & weeks of
stratification. This second rise in EC was concurrent with
an increase in germinability. ATP concentrations during the
28 day growth time appeared to be associated with surges in

relative growth rates of roots and shocots.
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