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INTRODUCTION 

Hardwood timber of saw10g and veneer quality is cut 50 percent 

faster than it is being grown (Johnson and Biesterfe1dt, 1970) and the 

users of hardwood forest products are encountering increasing diffi

culties in obtaining the quantity and quality of needed logs. ~~ile 

the commercial demand for hardwoods is increasing, estimated trends for 

the next 50 years predict an annual loss of 140,000 acres of available 

land for general forest use (USDA, 1973). Many hardwood stands are 

presently dominated by cull trees and undesirable species due to past 

high-grading and incorrect clearcutting practices. Conversion of pre

dominately coniferous stands to hardwoods often is impractical because 

of difficulties in natural and artificial regeneration of hardwoods. 

In order to make more efficient use of the available land, an 

obvious need exists to improve hardwood seed handling and storage, and 

nursery, direct seeding and regeneration procedures. The genus Quercus 

(oak) contains hardwoods of major commercial importance but the storage 

of their seeds presents difficulties. In most white oak species 

(subgenus Leucobalanus), seeds will germinate immediately when shed 

from the mother tree and storage is impractical. In most red or black 

oak species (subgenus Erythrobalanus), seeds are dormant when shed 

and must receive stratification before germination can begin (USDA, 

1974). Advantage can be taken of this dormancy to aid in storing the 

seeds but success in storage for more than a year has been limited. 

Since good seed crops occur irregularly, averaging every 2-3 years in 

most oak species (USDA, 1974; Wang, 1974), there is a need to improve 

the storage methods for oak seeds. 

1 
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In order to devise methods of controlling the germination and 

sprouting of oak seeds, a better understanding of the physiology of 

the seeds is essential. Data describing possible differences in the 

physiological and chemical relationships between dormant red oak seeds 

and non-dormant white oak seeds would be useful, as would data describ

ing endogenous changes occurring during stratification and early germi

nation of the red oak seeds. With this information as a base, further 

research might produce practical procedures for physically or chemically 

controlling the internal physiological condition of oak seeds and, there

fore, their readiness to germinate. 

The objectives of the present research were to: (1) measure 

quantitative and qualitative changes in endogenous growth hormones 

(gibberellins and cytokinins) in Quercus rubra L. seeds during strati

fication and early germination; (2) compare quantitative and qualita

tive changes of endogenous gibberellins in ~. ~Jbra L. seeds with those 

of non-dormant Q. alba L. seeds; (3) correlate endogenous hormonal 

changes occurring in oak seeds during stratification and early germi

nation with the seeds' changing physiological state (as measured by 

weeks of stratification, germinative capacity, fresh and dry weight 

changes in the various organs of the seeds, length of radicles, and 

days after removal from stratification); and (4) to develop a hypotae

sis relating the changes in endogenous hormonal levels with the ability 

of oak seeds to germinate. 



LITERATURE REVIEW 

Oak Seed Storage 

The study of storage methods for oak seeds has been of interest 

for many years. Kcrstian (1930) reported experiments with different 

storage methods. He found that oak seeds could be stored over winter 

in moist sand at cold temperatures (1-4°C), bllt some sprouting occurred. 

Germinated seeds were very difficult to handle without breaking or 

injuring the tender, succulent radicles. Korstian recommended that 

oak seeds be planted in the fall. The white oak seeds would begin to 

germinate and the red oak seeds would receive natural stratification. 

Since there is often a need to store oak seeds for several years, 

other storage methods have been investigated. Holmes and Buszewicz 

(1954) studied storage of English oak (~. robur L.) seeds. They 

found that disease-free and damage-free seeds could be kept alive for 

three years at 4°C and 40-45 percent (fresh weight) moisture content 

in peat or sand in closed but unsealed containers. However, certain 

conditions were reported unsuitable for prolonged storage: (1) an 

atmosphere with a high carbon dioxide concentration; (2) storage 

temperatures below freezing; and (3) storage in sealed containers at 

any temperatures. 

Bonner elg7l} reported that cherrybark oak (Q. falcata vaT. pago

daefolia) seeds stored in 4 mil polyethylene bags at 4°C and with 50 

percent (ODW) moisture content averaged 93 percent germinative capacity 

after 18 months of storage. Shumard oak (~. shumardii L.) seeds and 

water oak (.9: nigra L.) seeds did not store as well (final germination 

3 
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of 68 percent and 30 percent, respectively). The polyethylene bags 

prevented moisture loss but allowed oxygen diffusion. Bonner reported 

that the major drawback to this storage method was sprouting in the 

bags. He tested application of a number of germination inhibitors on 

cherrybark oak seeds (abscisic acid, coumarin, maleic hydrazide, CICP 

(isopropyl-N-[3-chlorophenyl] carbamate) and cee a2-chloroethy1)

trimethy1-ammonium chloride)) but only O.lM eee inhibited germination. 

Bonner (1973) later reported that 30 percent was a minimum moisture 

content for storage of cherrybark oak seeds. He also maintained that 

seed sprouting should not be as great .aproblem in bulk storage. 

In general, the loss of oak seed viability during storage is 

associated with dehydration or inhibited respiration (Wang, 1974). 

The lack of oxygen leads to anaerobic respiration and accumulation of 

toxic compounds in the seeds. Seeds of English oak stored without 

necessary aeration lost viability. This coincided with the appearance 

of amylase and the decomposition and oxidation of lipids in the cotyle

dons and embryos (Wang, 1974). 

Therefore, it seems that a number of conditions are necessary fOT 

attempting long-term oak seed storage: (1) cold but supra-freezing 

temperatures; (2) high seed moisture content; (3) oxygen diffusion; and 

(4) low carbon dioxide. However, sprouting remains a problem, as is 

the variability in success among species tested. Much more success has 

been obtained with storing seeds of the subgenus Erythrobalanus than 

seeds of the subgenus Leucobalanus (except Q. robur). 
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Growth Hormones and Seed Donnancy 

In a general sense, dormancy may be described as any phase in the 

life-cycle of the whole plant or of any organ in which active growth 

is temporarily suspended (Wareing, 1969). Seed dormancy appears to be 

an adaptive characteristic which enables a plant to survive unfavorable 

growth conditions. The failure of seeds to germinate in an apparently 

suitable environment may be the result of: (1) a morphologically 

mature but physiologically dormant embryo; (2) a rudimentary embryo; 

(3) a morphologically immature embryo; (4) mechanically resistant seed 

coats; or (5) impermeable (to air or water) seed coats (Kozlowski, 

1971). Many dormant seeds require a period of moist chilling (often 

referred to as stratification) before germination is possible 

(Villiers, 1972). At one time it was thought that seeds requiring 

stratification must be subjected to freezing temperatures in order to 

fracture the seed coats. It is now known that temperatures just 

above freezing (O-SOC) are most effective. For the moist, cold treat

ment to be effective, seeds must be imbibed and must have adequate 

aeration. The period of chilling required to give full germination 

varies from 1 to 6 months, depending on the species (Wareing, 1969). 

In some forest-tree species the intact seed has a chilling require

ment but \vhen the seed coat is removed, the isolated embryo will 

germinate readily (e.g., Betula pubescens, Acer pseudoplatanus). In 

other species, the embryo itself is dormant, e.g., Sorbus aucuparia, 

Fraxinus spp. (Wareing, 1969). The distinction between the two situa

tions is not absolute. Hazel seeds (Corylus avellana L.) show both 
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forms of dormancy. Partial stratification results in germination of 

isolated embryos while intact seeds require a further period of strati

fication (Frankland and Wareing, 1966). Dormant embryos of some 

species can often be induced to germinate by seed coat removal but 

germination is usually sluggish and the growth of the resulting seed

lings is abnormal (Wareing, 1969). 

Many investigators have concluded that growth hormones are involved 

in the regulation of some types of seed dormancy, especially in those 

seeds with a chilling requirement (Wareing and Saunders, 1971; Taylor

son and Hendricks, 1977). It is apparent that some internal block to 

germination must be present and growth is prevented even though exte~nal 

conditions may be favorable. If growth regulating substances are 

involved in dormancy, growth may be prevented because: (a) some 

essential growth-promoting substances are deficient, andior (b) some 

inhibitory substances are present (Wareing, 1969). Vi11iers and Ware

ing (1965) reported that the dormant state in Fraxinus excelsior seeds 

was controlled by the ratio of growth inhibitors and growth promoters. 

Changes in the absolute amounts and the ratios of growth inhibitors 

and promoters during stratification have been reported for many species 

(Wareing and Saunders, 1971). 

Abscisic acid (ABA) has been implicated as a possible germination 

inhibiting substance in some seeds. Sondheimer et al. (1968) studied 

the dormant state of Fraxinus spp. and found that dormant seeds of F. 

americana contained high endogenous levels of ABA before chilling but 

ABA decreased during stratification to levels similar to those in F. 
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omus seeds (which do not require stratification). Their data also 

suggested ABA metabolism during stratification since ABA had to be 

continuously applied to stratified seeds to prevent germination. It 

was later found that although the capacity for ABA metabolism was 

present in dormant seeds, stratification appeared to increase this 

capacity and could account, at least in part, for the decreased leve1$ 

of ABA in Fraxinus seeds after stratification (Sondheimer et al., 1974). 

Pieniazek and Grochowska (1967) found ABA in the endosperm of 

apple seeds inhibited seed germination. It had been previously supposed 

that phenolics in the fruit inhibited germination but the authors found 

no variation in these substances during stratification. The ABA did, 

however, decrease during stratification. Pieniazek and Rudnicki (1969) 

offered further evidence that ABA present in apple fruit inhibited 

seed germination. Germination ability and inhibitor content in the 

fruit were negatively correlated. Bulard et~. (1973) confirmed the 

existence of free ABA and a glucose ester of cis-(+)-ABA in dormant 

apple embryos. 

TIle hormone most often suggested as a germination promoter is 

gibberellin (GA). There have been reports of increases in GA-like 

activity during cold stratification of the seeds of a number of species, 

including garlic (Rakhimbaev and Ol'shanskaya, 1976), sugar maple 

(Webb et al., 1973), loblolly pine (Paul et al., 1973)~ apple (Sinska 

and Le~ak, 1973; Kopecky et ~., 1975), and plum (Lin and Boe, 1972). 

Aung et~. (1971) found that 9°C moist stratification of tulip bulbs 

resulted in a 9-fold increase in GA-like activity over bulbs receiving 
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17°C moist stratification. However, imbibition alone caused a 39-fold 

increase at l7°e and an 89-fold increase at 9°C. Thus, imbibition as 

well as the cold temperature used in stratification may affect hormone 

content. 

Bradbeer (1968) found that exogenous application of GA3 to hazel 

seeds (Cory Ius avellana L.) broke dormancy while the application of 

ABA simultaneously with the GA antagonized this promotive effect. 

Later studies showed that endogenous levels of GA did not increase in 

hazel seeds until the seeds had received a period of stratification 

followed by a warm incubation (Ross and Bradbeer, 1971a). These data 

suggested that stratification increased the capacity of the seeds to 

synthesize gibberellin but de ~ synthesis did not begin until the 

seeds were returned to higher temperatures (20°C). Although de novo 

GA synthesis did not appear to be an essential part of the chilling 

process, GA synthesis was deemed essential to germination. Germination 

occurred when chilled seeds were transferred to a higher temperature 

(Ross and Bradbeer, 197Ib). Imbibition at SoC and 2Soe equally reduced 

the ABA content of the hazel seeds but only low temperature incubation 

was effective in breaking dormancy. Thus it appeared that the control 

of hazel seed dormancy was not dependent on the ABA concentration. 

Other germination inhibitors were believed present, however (Williams 

et !.!.., 1973). Arias et al. (1976) concluded that in hazel seeds the 

main site of de ~ GA synthesis was in the embryo and accumulation 

of the hormone in the cotyledon was by translocation, release from a 

bound form or conversion of a precursor. 
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Although it has been established that changes in GA activity are 

associated with stratification and/or germination, the timing of 

change may vary with and among species. Furthermore, qualitative 

changes in GA may occur during stratification. Hashimoto and Rappa-

port (1966) indicated that in seeds of Phaseolus vulgaris a conversion 

system between neutral and acidic gibberellins could produce th~ alte-

rations in activity of GA-like substances during seed development. 

Aung et al. (1969) suggested that a temperature-sensitive inter-conver-

sian system existed between free and bound GA in tulip bulbs. 

Cytokinins may also be involved in the control of seed dormancy. 

Knan (1971) suggested that cytokinins playa "permissive" role in seed 

dormancy, overcoming the effects of an inhibitor. He noted that germi-

nation is not governed by the presence or absence of a particular 

hormone but by the physiologically effective or non-effective concen-

tration of the particular hormone. Van Staden et al. (1972) also stated 

that the inability of dormant Acer saccharum seeds to germinate was due 

to lack of cytokinins. Cytokinins could be either synthesized or re-

leased from a bound form during stratification and could overcome the 

effects of inhibitors during germination. Brown and Van Staden (1973) 

reported that stratification of Leucadendron daphnoides seeds increased 

butanol-solllble cytokinins and decreased water-soluble cytokinins. They 

postulated that the water-soluble cytokinins (possibly ribotides) are 

less active than corresponding butanol-soluble free bases and ribotides, 

and a threshold level of the latter must occur before germination could 

commence. They also noted species variation since seeds of Protea 
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compacta were also tested and contained no detectable water-soluble 

cytokinins at any time but did show an increase in butanol-soluble 

cytokinins during stratification. 

Although a great deal is known about the physiological effects of 

hormones and about changes occurring during ontogeny, the primary mode 

of action of the hormones at the biochemical level remains to be 

determined. One of the unanswered questions of interest is how hor

mones break seed dormancy. In cereal grains, GA induces the synthesis 

of hydrolytic enzymes. GA produced in the embryo triggers amylase 

synthesis in the aleurone cells. Since digestion of the endospermic 

reserve food material by the synthesized enz)~es is essential for germi-

nation, it has been assumed that GA influences germination via amylase 

synthesis (Chen and Chang, 1972; Chen and Varner, 1973). However, Chen 

and Chang (1972) found that germination preceded amylase production in 

oats. Also Chen and Varner (1973) reported that excised dormant oat 

embryos would germinate on sucrose and amino acid media only if GA 

was present. These results suggest that GA could act directly on the 

embryo to induce germination. Pinfield and Stobart (1969) found that 

GA pretreatment of dormant hazel seeds induced germination and the 

incorporation of (8-14C)-adenine into DNA and RNA. Labelling RNA 

in the embryo lvas stimulated after 12 hours of GA treatment while 48 

hours were required for stimulation in the endosperm. These results 

indicated that the primary site of GA action is in the embryo and the 

promotion of hydrolase activity in the endosperm was secondary. 

A great deal of evidence suggests that the action of hormones is 
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centered on &~A synthesis. The hormones could act as regulators of 

gene expression, thus controlling the transcription and/or translation 

of genetic information. O'Malley and Schrader (1976) discussed the 

presence of specific hormone receptor proteins in animal cells. 

Steroids, specifically progesterone, bind to certain cytoplasmic pro-

tein-receptor molecules. The resultant complex can enter the nucleus 

where it can bind to chromatin and cause an increase in &~A polymerase 

binding sites and transcription of particular genes. This same type 

of mechanism may be operative in plants and could offer an explanation 

of plant hormone action. Kende and Garner (1976) pointed out that only 

proteins have the ability to distinguish the subtle differences in 

structural and stereospecific properties of simple hormones. Consider-

ing that 42 different types of gibberellins were recognized in 1973 

(Takahashi, 1974), many differing by only 1 or 2 atoms, any mechanism 

explaining hormone action must consider a receptor's recognition of 

these small differences. 

Tuan and Bonner (1964) first suggested that the breaking of dormancy 

was associated with the derepression of genetic material. They found a 

130-fold increase in Rl'lA synthesis follO\~ing 10 days of treatment of 

dormant potato tubers with ethylene chlorohydrin to break dormancy. 

Khan and Heit (1969) found that ABA inhibited the incorporation of 32p 

into RNA and DNA of pear seeds. GA3 reversed this inhibition by ABA 

for 32p incorporation into DNA and mR.t'lA w'hile kinetin reversed the 

inhibition into rRNA. Chen and Osborne (1970) reported that ABA repres-

sed and GA ... induced Rt~A synthesis in wheat embryos. 
~ . 
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Bradbeer and Colman (1967) found that chilling of dormant hazel 

seeds treated with (2- 14C)-acetate promoted the labelling of glutamate 

and aspartate. Pinfield (1968) found a similar pattern of labelling 

with hazel seeds whose dormancy had been broken by GA treatment. Thus 

it appeared that the effect of gibberellin on hazel seeds resembled 

that of chilling on metabolism. Edwards (1976) also found that GA3 

stimulated the incorporation of l4C from (2- 14C)-acetate into amino 

acids, polypeptides and proteins in charlock seeds. She maintained 

that this indicated that GA promoted the diversion of metabolites for 

protein synthesis in these seeds. 

Bradbeer and Floyd (1964) proposed that part of the mechanism 

chilling might involve a stimulation of nucleotide synthesis and found 

evidence for this in hazel seeds. Pinfield and Stobart (1969) found 

that GA3 promoted nucleic acid synthesis in the embryonic axis of hazel 

seeds within 12 hours of GA3 treatment. Jarvis et al. (1968) suggested 

that the GA-controlled mechanism in the embryonic axis was gene dere-

pression, resulting in the production of mRNA, the precursor for enzyme 

s~thesis. Therefore, an increase in GA-like activity preceeding or 

during germination would be a means of promoting enzyme s}~thesis for 

germination. Jarvis and Wilson (1977) found that the requirement of 

the embryo in hazel seeds for GA can be overcome using a mixture of 

sucrose plus inorganic ions. They suggested that the role for GA in 

breaking dormancy may involve sucrose metabolism in the embryonic axis 

and thus supplying suitable carbohydrates for growth. 

Another possible site of action of the plant hormones is at the 

level of ~~A translation into proteins. Skoog et a1. (1966) reported 
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the presence of cytokinin as a structural moiety of transfer-&~A. 

Much research and speculation has resulted concerning the possibility 

that cytokinins could act through control of tRNA binding process 

(Burrows, 1975). Chen and Osborne (1970) found that GA~ treatment of 
.) 

wheat embryos resulted in a 28 percent increase in ribosome ability to 

synthesize protein while GA3 addition to an in vitro system produced 

no increase. They concluded that GA3 acts, with a co-factor, to stimu

late the translation of preformed messenger RNA. Ihle and Dure (1970) 

reported that ABA promoted RNA synthesis in developing cotton seeds 

which led to a product that inhibited the translation of existing mR~A 

into "germination proteins". 

Villiers (1972) discussed the evidence related to the net synthe-

sis of nucleic acids during the dormancy-breaking process. Since the 

metabolic state depends upon the enzymes present, a convenient control 

of dormancy may be by repression or derepression of DNA. Stratification 

causes hormonal changes which in turn could regulate the transcription 

of genetic material. The hormonal changes might be controll by 

temperature-sensitive enzymatic reactions. The cold, moist conditions 

maintained during stratification could favor a pathway whose product 

is a germination promoter, whereas warmer temperatures would favor a 

pathway leading to formation of germination inhibitors. 

Seed Dormancy in Quercus 

Seeds of red oaks are dormant and require stratification before 

germination can occur. Seeds of the white oaks are non-dormant and 

will germinate readily in the fall. Bonner (1976) studied white oak 

and Shumard oak (a red oak) seeds as they approached maturity. He 
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found that the mature white oak seeds contained 46.5 percent carbohy

drates while those of Shumard oak contained 29.3 percent~ Total pro

tein content was 2.8 percent and 3.8 percent for the white and Shumard 

oak seeds, respectively. However, the ratio of protein to nitrogen 

in seeds of both species decreased as they approached maturity. The 

ratio continued to decrease in white oak seeds but increased in Shumard 

oak following maturation of acorns on the tree. Similar increases in 

the ratio of protein to nitrogen were noted in other dormant seeds. 

The crude fat content for white oak seeds was 3.8 percent while that 

for Shumard oak seeds was 9.8 percent. Korstian (1927) suggested that 

dormancy in the red oaks was related to their high fat content and 

stratification was required to convert the fat to soluble carbohydrates. 

Bonner (1976) noted that a correlation between high fat content and 

dormancy has been observed in other dormant seeds but no connection 

could be established between fat content and cold treatment in breaking 

dormancy. 

Vozzo and Young (1975) studied certain chemical constituents in 

water oak (Q. nigra) seeds during dormancy, stratification, and germi

nation. Starch decreased in the embryo shoot meristem and increased 

in the root meristem during stratification. Starch concentration was 

high in the cotyledons until germination commenced; then less starch 

granules were observed. Coalesced lipid droplets were found in dor

mant seed cotyledons. The droplets separated and were more common as 

single droplets in stratified and germinated cotyledons. Lipids were 

absent in dormant embryos but increased during stratification. Pro-
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teins and nucleic acids were at a low level in the dormant embryo axis 

but increased during stratification. It is apparent, therefore, that 

many chemical changes occur in red oak seeds during maturation, as 

seeds approach dormancy, and during stratification as dormancy is 

broken. These changes would be expected, especially as the potential 

for germination increases during stratification and the chemical con

stitutents for renewed growth of the embryo are needed. However, the 

associated chemical changes do not provide direct evidence on factor(s) 

which cause the breaking of dormancy_ Bonner (1972) stated, "We have 

long felt that the covering structures of red oak acorns playa major 

role in the delayed germination of this group of species. H Although 

this is a distinct possibility, recent data have suggested that growth 

hormones may be involved in dormancy control in red oak seeds (Vogt, 

1970, 1974). 

Vogt (1970, 1974) examined the relationships between grO\~th 

hormones and dormancy in red oak (Q. rubra) seeds. Red oak seeds 

normally require 10 weeks of stratification for successful germination, 

but soaking 4-week stratified seeds in 500 ppm gibberellic acid (GA3) 

solution stimulated germination while ABA inhibited germination. In 

addition, Vogt found that stratified embryos of red oak seeds contained 

more GA-like substances and less "GA-antagonist" than unstratified 

seeds, and the isomeric pattern of ABA changed during stratification. 

After 10 weeks of chilling, no ABA could be detected. Vogt concluded 

that ABA was at least one growth inhibitor in the ~. rubra embryos 

and GA was a growth promoter. 
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Although previous work offers insight into the hormonal state of 

red oak seeds during dormancy and stratification, the separating of 

hormonal extracts into different bioactive fractions has not been done 

(Vogt, 1970, 1974). Therefore, further verification and data concern

ing endogenous hormonal changes in red oak seeds during stratification 

are needed. In addition to the gibbere11ins, information concerning 

the presence and activity of cytokinins during stratification of red 

oak seeds appears justified because of the evidence that these hormones 

may also be involved in seed dormancy (Khan, 1971; Van Staden et a1., 

1972; Brown and Van Staden, 1973). Vogtts (1974) work indicating 

decreases in ABA activity during stratification of red oak seeds offered 

sufficient data to justify the exclusion of ABA from this study. 



TEClli~IQUES AND PROCEDURES 

Seed Collection and Stratification 

Red oak seeds were collected on September 29, 1975 and on Septem

ber 23, 1976 from trees on the campus of Virginia Polytechnic Institute 

and State University in Blacksburg, Virginia. White oak seeds were 

collected on October 10, 1975 from several trees in Princeton, West 

Virginia and on September 23, 1976 from trees on the VPI & SU campus 

in Blacksburg, Virginia. For each species and collection date the 

seeds from the different trees were mixed, sorted (diseased, damaged, 

or insect-infested seeds removed), washed with tap water, and stored 

in 4-mil polyethylene bags at 4°C, with sufficient water present to 

maintain a high moisture content. 

Measurements of Physiological States 

Various tests were made on randomly selected samples of the red 

and white oak seeds. Samples were taken after having received 0, 

2-1/2, 5, 7-1/2 and 10 weeks of stratification for the 1975 lot. The 

germinative capacity of the oak seeds was determined by placing 50 

seeds in each of three trays between moist paper towels. The trays 

were covered with aluminum foil and stored at 26°C. The number of 

seeds with radicles extended more than 1 cm were counted every 2-3 

days. In order to check the apparent viability of the 1975 lot, a 

cutting test was performed on ten random samples of ten seeds each 

and the number of unsound seeds (those with decayed embryos or cotyle

dons) was determined. 

Changes in fresh and dry weights of the 1975 seed parts (embryos, 

17 
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cotyledons, and seed coats) during stratification were measured. At 

each collection period, the parts were separated, weighed, dried to 

constant weight at 85°C, and reweighed. Twelve samples, each containing 

the organs of 5 seeds, were used. Moisture content, expressed as per

cent water based on oven dried weight, was determined. Five samples 

of five seeds were randomly chosen. The seeds were weighed, dried 

to a constant weight at 85°C, and reweigHed. The difference between 

the fresh and dry weight, divided by the dry weight and multiplied by 

100 yielded percent moisture (ODW). 

Analysis of variance and Duncan's ~rultiple Range test were used 

for analyzing the data and for determining treatment differences. 

Extraction, Purification, and Bioassay of Growth Hormones 

Random samples of both the red oak and white oak seeds were 

taken after 0, 2-1/2, 5, 7-1/2, and 10 weeks of stratification for 

the 1975 lot. The seeds in these samples were decoated and the embryos 

and cotyledonary tissue were frozen in liquid nitrogen, lyophilized, 

and stored at OoC until needed for hormonal extraction. 

Gibberellins were extracted from the lyophilized samples of red 

and white oak seed tissue by a method similar to that of Aung and 

Rees (1974) with modifications used by Vogt (1974) for removal of 

phenolic compounds. Figure 1 presents the stepwise extraction pro

cedure used. Fractions were taken to dryness in vacuo at 40°C and 

redissolved in 1 ml of ethanol. Each sample was then streaked on 

Whatman #3 mm chromatography paper and developed to 40 cm using n-buta

nol-ammonium hydroxide-water (10:1:1 v/v/v). The strips \~ere cut into 
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Homogenize 50 g frozen oak seeds with 
200 ml cold (SOC), absolute methanol 

Shake constantly for 24 hours at 26°C. 
Filter - 2 layers Whatman #1 

I 

Filtrate - Concentrate in vacuo 
at 40°C 

( 

Discard solid 

I 
Chromatograph on 23 mm diameter column packed 
with 15 g silica gel (70-230 mesh, EM Reagents) 
and 15 g polyvinyl polypyrrolidone (Po1yclar AT; 
GAF Corp.). Column prewashed with 600 ml of 
and eluted with 0.33M phosphate buffer, pH 8.0. 

t 
Portions eluting between 50-250 ml were 
collected and combined. 

I 
Wash with 3-150 ml volumes of petroleum 

I ether. 

Extract aqueous phase with 3-150 ml por
tions of ethyl acetate. 

I 
Adjust pH of aqueous phase to 3.0 with conc. 
Hel. 

Extract with 3-150 ml portions of Ethyl 
Acetate. 

Adjust 
HCl. 

aqueous 

I 
phase to 0.4 N with conc. 

Incubate 60°C for 1 hour. Cool to 
26°C. I 
Adjust pH to 3.0 with SN KOH. 

I 
Extract with 3-150 ml portions of 

Portions eluting between 
0-50 ml discarded. 

Discard pe'tro1eum ether 
fractions. 

Ethyl acefate fraction 
constitutes BASIC 
FRACTION. 

Ethyl acetate fraction 
constitutes ACIDIC 
FRACTION. 

Ethyl Acetate. 
. d I--f--·----------h---rt f . 

D1scar aqueous ractlon. Et yl acetate ract10n 
constitutes BOUND 
FRACTION. 

Figure 1. Flow chart for the extraction of gibberellins from oak 
seed tissue. 
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ten, 4-cm sections and each section was bioassayed. GA-1ike activity 

was determined by the tomato hypocoty1 anthocyanin bioassay eAung and 

Bryan, 1974). In the bioassay, gibberellin specifically bleached the 

color (anthocyanin pigments) from the tomato (var. Manitoba; Stokes 

Seed Company) hypocotyl, and the amount of anthocyanin pigment measured 

at 535 nm was linear between 10-6 M to 10-10 M gibberellin. Three 

replications of all samples were made. A 0.05 percent Tween 80 solution 

was used as a blank control. GA~ (75 percent K salt; Nutritional 
.) 

Biochemicals Corporation) was used as a standard for determining quan-

tity of GA-like activity in the samples. The dwarf pea internode bio-

assay (cf. Hayashi, et al., 1962; Kende and Lang, 1964) was also used 

for determination of GA-like activity. 

Cytokinins were extracted from samples red oak seeds by a 

·method similar to that of Van Staden et al. (1972). Figure 2 presents 

the stepwise extraction procedure. The fractions were taken to dryness 

in vacuo at 40°C and redissolved in 1 ml ethanol. Each sample was 

streaked on Whatman #3 MM chromatography paper and developed to 40 cm 

using n-butanol-acetic acid-water (12:5:3 v/v/v). The strips were cut 

into ten, 4-cm strips and each strip was bioassayed. Cytokinin acti-

vity was determined using the soybean callus bioassay (Miller, 1963; 

1965). The callus was grown on a media suggested by Linsmaier and 

Skoog (1965). Various concentrationsof kinetin (6-furfuryl-amino-

purine; Nutritional Biochemicals Corporation) were used as standards. 
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Homogenize 50 g frozen oak seeds 
with 300 ml cold (SOC) 80 percent 
ethanol. I 
Shake constantly for 24 hours at 
5°C. Filter and re-extract residue 
with 200 ml 80 percent ethanol at 
SoC for 2 hours. Filter and combine 
both extracts. 

Take to aqueous phase in vacuo at 
40°C. Add 15 g PVP (Po1yclar AT: 
GAF Corp.). Allow to shake over
night. Filter and wash the fil
trate with distilled water. 

I 
Bring volume to 200 ml and adjust 
pH to 9.0. Partition with 3-50 ml 
portions of petroleum ether. 

Adjust aqueous phase to pH 2.5. 
I 

Partition with 3-50 ml portions 
of ethyl acetate. 

I 
Adjust aqueous phase to pH 7.0. 

I 
Extract with 3~sO ml portions of 
water saturated n-butanol. 

To aqueous fraltion, add 1 ml per 9 
ml of sample of 1.ON Tris buffer and 
O.lM MgC1 2 0 Adjust pH to 8.2. Add 
1 mg/lO m1 alkaline phosphatase 
(Orthophosphoric monoester phospho-
hydrolase; EC No. 3.1.3.1; 1.0 unit 
per mg; Sigma Chern. Co.). 

I 
Incubate 24 hours at 30°C with shaking. 

I 
Partition with 3-50 ml portions of 
water saturated n-butanol. 

I 
Discard aqueous fraction. 

PETROLEUM ETHER FRACTION 

ETHYL ACETATE FRACTION 

I 
N-BUTANOL FRACTION 

f 
ENZYME FRACTION 

Figure 2. Flow chart for the extraction of cytokinins from oak seed 
tissue. 
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Analysis of Germinating Seeds 

A second phase of the investigation involved analysis for gib

berellin changes during the early stages of germination of the oak 

seeds. Seeds of the 1976 lot were removed from stratification on 

January 31, 1977, after having received approximately 18 weeks of cold 

treatment (130 days)~ As the number of both red and white oak seeds 

was small, limited numbers of seeds were used for all analyses. One

third of the seeds of each species (approximately 25 red oak seeds and 

SO white oak seeds) were removed as a zero-time sample and the remain

ing seeds placed between moist paper towels and stored at 26°C. Other 

samples were taken again after 2 and 5 days of germination. The number 

of germinated seeds (radicles extended more than 1 cm), the length of 

the radic1es, and the fresh and dry component weights were determined 

at each collection time. The seeds' were then decoated and lyophilized 

for gibberellin analysis. Due to the lack of sufficient material, 20 

g samples of seed tissue were used for GA extraction rather than SO 

g samples. 



RESULTS 

Physical Data (1975 Collection) 

On December 3, 1975, the cold room storing the oak seeds malfunc

tioned. The temperature went to 70°F for 2 hours and then to 

10°F for 7 hours. Upon discovery, the seeds were immediately removed 

but obvious damage was done. Seeds affected were the 10-week strati

fied red oak seeds and the 7-1/2- and 10-week stratified white oak 

seeds. Samples of the 7-1/2-week white oak seeds for the germination 

test and water content analysis had been removed the day before and 

thus were not affected. The remaining tests were carried out on the 

7-1/2-week seeds. When the 10-week collection period arrived, the white 

oak seeds were visab1y damaged and germination tests yielded only 46 

percent germination. No obvious damage was noticed with the red oak 

seeds. 

Figure 3 presents germination percentage at various germination 

times for red oak seeds after stratification. Germinative capacity 

varied from 0 percent for seeds receiving no stratification to 70 per

cent for those stratified for 10 weeks. The rate of germination, after 

removal of the seeds from chi11ing,increased as stratificiation time 

increased. Figure 4 presents similar data for white oak seeds. 

Stratification had no effect on the germination percentage of white oak 

seeds. However, the percent of seeds germinating in the storage bags 

did increase during cold storage. The damaged 10-week stratified white 

oak seeds showed only 46 percent germination. Figure 5 shows maximum 

percent germination as a function of stratification time for each 
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Figure 3. Percent germination of red oak seeds (1975 collection) 
after removal from stratification. 
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Figure 4. Percent germination of white oak seeds (1975 collection) 
after removal from stratification. 
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Figure 5. Percent germination as a function of weeks of stratifica
tion for red oak and white oak seeds (1975 collection) . 
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species. This again confirmed that the percent germination of white 

oak seeds was not affected by the cold treatment while the percent 

germination of the red oak seeds increased. These data were similar 

to data collected by the author in 1974. 

No significant differences in the soundness of the seeds were 

noted except for the 10-week stratified red oak seeds (Table 1). The 

decrease was probably due to the cold room malfunction. If the germi

native capacity was corrected using percent soundness, red oak seeds 

showed 94 percent germination of sound seeds after 10 weeks of strati

fication. 

Table 2 shows the average percent water content of the red oak and 

white oak seeds. The water content of the white oak seeds increased 

significantly during the first half of stratification. The stratified 

red oak seeds showed no difference in water content except an increase 

at i-l/2 weeks. 

Fresh weights of the embryos, cotyledons, and seed coats after 

various stratification times are presented in Table 3. Red oak embryos 

increased in fresh weight during the early phases of stratification 

followed by a slight decrease in the latter phases of stratification. 

The cotyledons and seed coats of red oak seeds showed no significant 

changes in fresh weights except a decrease after 10 weeks. White oak 

embryos steadily increased in fresh weight during stratification but 

there was no change in cotyledon fresh weight. The increase in white 

oak embryo weights corresponded with a visible increase in radicle 

size as the time in cold storage increased. White oak seed coats 

decreased in fresh weight during early stratification. 
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Table 1. Average percent soundness of oak seeds 
(1975 collection) during various times of 
stratification .. 

Weeks of 
stratification Red oak White oak 

Percent sound seeds 

0 83.0 [a] 75.5 [a] 

2-1/2 84.5 [a] 74.5 [a] 

5 84.5 [a] 72.0 [a] 

7-1/2 84.0 [a] 73.5 [aJ 

10 74.5 [b] 

For a given species, data followed by the same 
bracketed letter are not significantly different at 
the 0.05 level. 
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Table 2. Average percent water content (ODW) of red 
oak and white oak seeds (1975 collection) 
during various times of stratification. 

Weeks of 
Stratification Red oak White oak 

Percent water (ODW) 

a 54.3 [a] 85 .. 8 [a] 

2-1/2 57.9 [a] 96.1 [a,b] 

5 55.8 [a] 100.2 [b] 

7-1/2 64.8 [b] 100.2 [b] 

10 55.9 [a] 104.6 [b] 

For a given species, data followed by the same 
bracketed letter are not significantly different at 
the 0.05 level. 
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Table 3. Component fresh weights for red oak and white oak seeds 
(1975 collection) during various times of stratification. 

Stratification 
Species time (weeks) Embryo Cotyledon Coat 

Grams CFW) Eer 5 seeds 

Red oak 0 0.041 [a] 16.7 [a] 8.51 [a] 

2-1/2 0.048 [b] 18.6 [a] 8.68 [a] 

5 0.048 [b] 17.4 [a] 8 .. 34 [a] 

7-1/2 0.042 [a] lS.2 [a] S.46 [a] 

10 0.039 [a] 15.2 [b] 7.13 [b j 

White oak 0 0.099 [c) 9.85 [c] 4.49 [c] 

2-1/2 0.108 [e] 8.8S [c] 3.78 [d) 

5 0.132 [e] 8.92 [e] 3.82 [d] 

7-1/2 0.142 Ed] 8.62 [c] 3 .. 25 Ed] 

10 0.189 [e] 8.99 [c] 3.55 [d) 

For a given species and seed component, data' followed by the same 
bracketed letter are not significantly different at the 0.05 level. 
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Dry weights for the red oak seed components (Table 4) changed very 

little during stratification, but a slight decrease after 10 weeks was 

noted. Dry weights of the white oak seeds (Table 4), on the other 

hand, changed significantly during the cold storage and corresponded 

with the fresh weight changes. Embryos increased in dry weight as the 

radicles enlarged and extended,while cotyledons showed a slight decrease 

during the initial phase. The seed coat dry weight did not vary signi-

ficantly. 

Effects of Stratification on the 

Gibberellin-like Activity in Oak Seeds 

Prior to the gibberellin analysis of the sample seed tissue, GA3 

was added to methanol and carried through the chromatography and extrac-

tion procedures. A 93 percent yield was obtained. Figure 6 shows that 

recovery of GA3 occurred mainly in the acidic fraction. There was no 

detectable activity in the basic fraction. The small amount detected 

in the bound fraction at Rf 0.5 may be the result of incomplete removal 

of acidic GA. Care was taken with subsequent samples to attempt corn-

plete acidic GA extraction. GA3 activity occurred at Rf 0.3-0.6 and 

0.8, and similar regions of activity were noted when GA3 was added 

directly to a paper chromatogram. If extractions of GA from seeds were 

complete, little activity should have been lost during the separation 

procedures. 

To determine whether significant GA-like activity was retained 

during column chromatography with PVP and silica gel, two concurrent 

extractions of GA_ were performed, one with and one without column 
~ 
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Table 4. Component dry weights for red oak and white oak seeds 
(1975 collection) during various times of stratifica
tion. 

Stratification 
Species time (weeks) Embryo Cotyledon Coat 

Grams (ODW) Eer 5 seeds 

Red oak 0 0.020 [a, b] 10.54 [a] 5.47 [a] 

2-1/2 0.023 [b] 11.60 [a] 5.75 [a] 

5 0.022 [b] 10.75 [a] 5.55 [a] 

7-1/2 0.020 [a, b] 10.86 [a] 5.65 [a] 

10 0.018 [a] 9.26 [b] 4.75 [b] 

White oak 0 0.030 [c] 5.05 [e] 2.22 [e] 

2-1/2 0.030 [e] 4.44 [d] 1.97 [c] 

5 0.039 [d] 4.37 [d] 2.03 [c] 

7-1/2 0.038 Ed] 3.98 Ed] 2.03 [c] 

10 0.047 [e] 4.40 Ed] 2.10 [c] 

For a given species and seed component, data followed by the 
same bracketed leter are not significantly different at the 0.05 
level. 
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Figure 6. Profile of Gibberellin A3-like activity in the acidic, 

basic, and bound fractions when 3460 nanograms of GA3 were 

carried through the extraction procedures. Activity was 

measured using the tomato hypocotyl anthocyanin bioassay. 

Values outside of the broken lines are significantly 

different from the control at a = 0.05 (as determined by 

the Least Significant Range test). A lower absorbance 

denotes greater gibberellin-like activity. Twenty micro

liters of various concentrations of Gibberellin A3 were 

applied to tomato plants for use as standards. 
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chromatography. All activity was found in the acidic fraction and 

comparison of data with the standards showed that 98 percent of the 

GA3 activity was recovered from the column. In another experiment, the 

column eluant was collected in 50 ml portions and bioassayed. It was 

found that 24 percent of the total activity eluted between 50-100 ml 

and 93 percent eluted between 50-250 mI. Standard procedure was to 

discard the first 50 ml and retain the next 200 mI. 

Some loss of GA-like activity might have occurred during storage 

of the lyophilized tissue,so fresh and lyophilized samples of red oak 

seeds were analyzed. No appreciable loss in GA-1ike activity was 

encountered (Table 5). 

Table 6 presents detected GA-like activity in red oak seeds 

stratified for 0, 5, and 7-1/2 weeks. Activity in both the acidic and 

basic fractions and total activity decreased during the first 5 weeks 

of stratification, but acidic fraction and total activity increased 

during the next 2-1/2 weeks. The decrease in the acidic fraction and 

total GA-like activity between 0 and 5 weeks of stratification was 

statistically significant (Table 7) but there were no significant 

changes in the basic or bound fractions during stratification. The 

differences between the 5- and 7-l/2-week samples were not statistically 

significant. 

Figures 7, 8, and 9 are representative (one of three replications) 

Rf profiles of the detected GA-like activity in the acidic, basic, and 

bound fractions, respectively, in red oak seeds stratified for 0, 5, 

and 7-1/2 weeks. Broad bands of activity were noted in the acidic 
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Table s. Effect of lyophilization of red oak seeds 
(1976 collection) on their extractable 
Gibberellin A

3
-like activity. 

Treatment Acidic Basic Bound Total 

ng GA3 equiv./gm dry wt. of seed 

Fresh 16.0 22.5 3.2 41.7 

Lyophilized 17.9 20.8 3.6 42.3 
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Table 6. Gibberellin A3-1ike activity in red oak seeds 
(1975 col1ectlon) at various times of strati
fication. 

Weeks of Stratification 

Fraction 0 5 7-1/2 

ng GA3 equiv./gm dry wt. of seed 

Acidic 26.2 + 1.4 10.6 + 4.3 25.0 + 8.3 

Basic 41.5 + 15.8 12.6 + 3.3 12.3 + 1.0 

Bound 2.6 + 1.0 4.4 + 2.9 6.7 + 3.5 

Total 73.3 + 14.5 27.5 + 1.6 44.0 + 12.6 

Mean value + standard error. Activity measured using 
the tomato hypocotYl anthocyanin bioassay. 
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Table 7. Alpha levels for significance tests between the 
mean Gibberellin A3-like activity data for red 
oak seeds (1975 collection) stratified for 0, 
5, and 7-1/2 weeks. 

Samples Fraction 
compared Acidic Basic Bound Total 

Weeks of 
stratification 

0 5 0.0260 0.1475 0.5942 0.0350 

0 7-1/2 0.8993 0.1390 0.3315 0.2023 

5 7-1/2 0.1957 0.9500 0.6480 0.2624 
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Figure 7. Profile of Gibberellin A3-like activity in the acidic 

fraction of red oak seeds stratified for 0 weeks, 5 weeks, 

and 7-1/2 weeks. Activity measured by the tomato hypocotyl 

anthocyanin bioassay. Values outside the broken lines are 

significantly different from the control at a = 0.05 (as 

determined by the Least Significant Range test). A lower 

absorbance denotes a greater gibberellin activity. Twenty 

microliters of various concentrations of Gibberellin A3 

were applied to tomato plants for use as standards. 
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Figure 8. Profile of Gibberellin A3-like activity in the basic 

fraction of red oak seeds stratified for 0 weeks, 5 weeks, 

and 7-1/2 weeks. Activity was measured using the tomato 

hypocotyl anthocyanin bioassay_ Values outside of the 

broken lines are significantly different from the control 

at a = 0.05 (as determined by the Least Significant Range 

test). A lower absorbance denotes a greater gibberellin 

activity. Twenty microliters of various concentrations of 

Gibberellin A3 were applied to tomato plants for use as 

standards. 
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Figure 9. Profile of Gibberellin A3-like activity in the bound frac

tion of red oak seeds stratified for 0 weeks,S weeks, and 

7-1/2 weeks. Activity was measured by the tomato hypocotyl 

anthocyanin bioassay. Values outside of the broken lines 

are significantly different from the control at a = 0.05 

(as determined by the Least Significant Range test). A 

lower absorbance denotes a greater gibberellin activity. 

Twenty microliters of Gibberellin A3 were applied to tomato 

plants for use as standards. 
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fractions, although the activity at Rf less than 0.5 seemed to diminish 

in the seeds stratified 7-1/2 weeks. The majority of the GA-like 

activity in the basic fraction was at Rf 0.6-1.0 at all stratification 

times. The small amount of GA-like activity in the bound fraction 

occurred at Rf 0.4-0.5. No apparent shift in activity from one Rf 

region to another or between one fraction and another occurred during 

stratification of the red oak seeds. 

Table 8 presents GA-like activity in white oak seeds at 0 and 5 

weeks of stratification. The amount of GA-like activity found in 

white oak seeds was only a small fraction of that found in red oak seeds. 

Although GA-like activity increased as stratification proceeded, the 

difference between treatments was not statistically significant. 

Figures 10, 11, and 12 present Rf profiles of the GA-like activity in 

the acidic, basic, and bound fractions, respectively, of white oak 

seeds after 0 and 5 weeks of stratification. The acidic fraction 

activity was in the Rf 0.4-0.6 region but in the basic fraction activi

ty was noted only at Rf 0.6 of the 5-week stratified seeds. The bound 

fraction of the 5-week stratified seeds showed activity only at Rf 

0.5. Absorbances at 535 nm in the Rf profile from the bound fraction 

of O-week stratified white oak seeds were significantly higher than 

the control. No explanation can be presently given concerning this 

increase in anthocyanin content. These profiles represent one of 

three replications of each sample. Thus, although Figure 12 shows no 

detectable GA-like activity in the bound fraction of O-week stratified 

white oak seeds, Table 8 shows 0.1 + 0.1 nanograms per gram seed tissue. 

Vagt (1974) found an increase in GA-like activity during stratifi-
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Table 8. Gibberellin A3-like activity in white oak 
seeds (1975 collection) at various times of 
stratification. 

Weeks of stratification 

Fraction o 5 

ng GAS equiv./gm dry wt. seed 

Acidic 1.2 + 0.4 5.3 + 4.6 

Basic 0.2 + 0.1 0.1 + 0.0 

Bound 0.1 + 0.1 0.3 + 0.1 

Total 1.5 + 0.2 5.7 + 4.7 

Mean values + standard error. Activity measured using 
the tomato hypocoty1 anthocyanin bioassay. 
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Figure 10. Profile of Giberellin A3-like activity in the acidic 
fraction of white oak seeds stratified for 0 weeks and 
5 weeks. Activity was measured using the tomato hypo
cotyl anthocyanin bioassay. Values outside of the 
broken lines are significantly different from the con
trol at a = 0.05 (as determined by LSR test). A lower 
absorbance denotes a greater gibberellin activity. GA_ 

:J was used as a standard. 
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Profile of Gibberellin A3-like activity in the basic 
fraction of white oak seeds stratified for a weeks and 
5 weeks. Activity was measured using the tomato hypo
cotyl anthocyanin bioassay. Values outside of the broken 
lines are significantly different from the control at 
a = 0.05 (as determined by the LSR test). A lower absor
bance denotes greater gibberellin activity. GA3 was used 
as a standard. 
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FigLlre 12. Profile of Gibberellin A3-like activity in the bound frac
tion of white oak seeds stratified for 0 weeks and 5 weeks. 
Activity was measured using the tomato hypocotyl antho
cyanin bioassay. Values outside of the broken lines are 
significantly different from the control at a = 0.05 (as 
determined by LSR test). A lower absorbance denotes greater 
gibberellin activity. Twenty microliters of GA3 were used 
as a standard. 
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cation of northern red oak seeds using the barley endosperm bioassay. 

Using Vogt's methods and the tomato hypocotyl anthocyanin bioassay, 

the present study indicated a decrease in GA-like activity in red oak 

seeds during stratification. Red oak seeds which received no stratifi

cation contained 5.5 ~ 1.6 nanograms of GA-like activity per gram 

seed tissue while those stratified for 7-1/2 weeks contained 3.4 + 0.1 

nanograms of activity. It should also be noted that Vogt's methodology 

resulted in significantly less activity than with the separation pro

cedures used here (see Table 6). 

In order to determine if high or low GA-1ike activities in indivi

dual seeds was causing the large amounts of variation encountered in 

the experiments, 250 grams of 2-l/2-week stratified red oak seeds were 

lyophilized and pulverized in a Wiley mill and the reSUlting powder 

thoroughly mixed. Three 50-gram samples and three 50-gram samples of 

unpu1verized seeds were analyzed concurrently for GA-1ike activity. 

There was no statistically significant variation due to not milling 

the seeds prior to GA extraction. Unmilled seeds were found to contain 

90.3 ~ 9.6 nanograms per gram seed while the milled seeds contained 

107.1 ~ 18.7 nanograms per gram seed. Variation was caused by differ

ences within, as well as between, bicassays. Variation in hormone 

activity between individual seeds was not considered a major factor in 

the variability in data from 2-l/2-week stratified red oak seeds. 

Figures 13 and 14 present R
f 

profiles of the GA-like activity in 

the acidic and basic fractions, respectively, of red oak seeds strati

fied for a and 7-1/2 weeks using the dwarf pea bioassay. In the acidic 
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Profile of Gibberellin A3-like activity in the acidic 
fraction of red oak seeds stratified for 0 weeks and 7-1/2 
weeks. Activity was measured by the dwarf pea internode 
bioassay. A greater internode length denotes a higher 
gibberellin concentration. Values outside of the broken 
line are significantly different from the control at ~ ~ 
0.05 (as determined by the Least Significant Range test). 
Twenty microliters of various concentrations of Gibberellin 
A3 were applied to the plants for use as standards. 
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Figure 14. Profile of Gibberellin A3-like activity in the basic 
fraction of red oak seeds stratified for 0 weeks and 
7 -1/2 weeks. Acti vi ty \vas measured by the dwarf pea inter
node bioassay. A greater internode length denotes a higher 
GA concentration. Values outside of the broken lines are 
significantly different from the control at a = 0.05 (as 
determined by the Least Significant Range test). Twenty 
microliters of various concentrations of Gibberellin A3 
\'lere applied to the plants for use as standards. 
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fraction, activity was found between Rf 0.3-0.7 and in the basic frac

tion between Rf 0.6-0.9. No significant activity was found in the 

bound fraction. The total GA3-like activity in the red oak seed 

extracts was much less using the dwarf pea bioassay than that measured 

using the tomato bioassay. The dwarf pea bioassay showed 2.1 nanograms 

GA~ equivalent activity per gram seed for both the O-week and 7-1/2-
~ 

week stratified tissue. 

Effect of Stratification on 

the Cytokinin Activity in Oak Seeds 

A preliminary study indicated no apparent change in the cytokinin 

activity between O-weekand 7-1/2-week stratified red oak seed extracts. 

Figure 15 shows Rf profiles of cytokinin activity in the ethyl acetate 

fraction and Figure 16 shows Rf profiles in the n-butanol fraction. 

No significant activity occurred in the petroleum ether or enzyme-

hydrolyzed butanol fractions. In both the O-week and 7-1/2-week red 

oak seed extracts, activity was found at R
f 

0.4-0.5 in the n-butanol 

fraction and at Rf 0.1-0.2 in the ethyl acetate fraction. Standard 

kinetin (0.4 mg) carried through the extraction procedure produced 

activity at Rf 0.9 in both the n-butanol fraction and the ethyl ace

tate fraction. To check for retention of cytokinin activity on the 

polyvinylpyrrolidone used for removal of phenolics, the PVP used to 

filter the standard kinetin was suspended in n-butanol at pH 7.5. 

After filtering to remove the PVP, the n-butanol was reduced to dryness 

and a standard soybean callus bioassay was performed. No significant 

activity was found. 
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Figure 15. Profile of cytokinin activity in the ethyl acetate frac
tion of red oak seeds stratified for 0 weeks and 7-1/2 
weeks. Figure (C) shows the profile of activity in the 
ethyl acetate fraction when 0.4 mg kinetin was carried 
through the extraction procedure and Figure (D) shows the 
profile of activity for various concentrations of kinentin. 
The soybean callus bioassay was used to measure activity. 
Regions in black denote a significant difference from the 
control (as determined by Duncan's Multiple Range test). 
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Figure 16. Profile of cytokinin activity in the n-butanol fraction 
of red oak seeds stratified for 0 weeks and 7-1/2 weeks. 
Figure (C) shows the profile of activity in the n-butanol 
fraction when 0.4 mg kinetin was carried through the extrac
tion procedure and Figure (D) shows the profiles of acti
vity for various concentrations of kinetin. The soybean 
callus bioassay was used to measure activity. Regions in 
black denote a significant difference from the control (as 
determined by Duncan's Multiple Range test). 
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Physical Data (1976 Collection) 

Red oak seeds and white oak seeds, both of which received 18 w~eks 

of stratification, were germinated between moist paper towels at room 

temperature and percent germination calculated (Figure 17). White oak 

seeds sprouted in the cold and germinated seeds increased from 48 

percent to 52 percent during the 5 days of warming. The remaining 

48 percent of the seeds were cut open and all were decayed. Although 

no red oak seeds germinated in the cold, 70 percent of the seeds had 

germinated after only 2 days at room temperature and 3D percent had 

germinated after 5 days. The remaining 20 percent were found to be 

decayed. 

Table 9 shows radicle length of the 13-week stratified oak seeds 

during early germination. Radicle length of white oak seeds that 

germinated increased approximately 2-fo1d while the red oak radicles 

increased 3.4-fold after 5 days. 

Table 10 presents component fresh weights and Table 11 presents 

component dry weights for red and white oak seeds during early germi

nation. No data for 5-day germinated white oak seeds were collected 

due to insufficient number of seeds. The red oak and white oak embryos 

increased significantly in fresh and dry weight as germination pro

ceeded but cotyledon and seed coat weights apparently did not change 

significantly. The red and white oak embryos contributed increasing 

percentages to the total seed weights while the red oak cotyledons 

showed a slightly decreased contribution. 
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Figure 17. Percent germination of red oak and white oak seeds (1976 
collection) following 18 weeks of cold stratification. 
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Table 9. Radicle 1ength* of red oak seeds and white 
oak seeds (1976 collection) during germina
tion at 26°C. 

Species 

Germination 
time (days) 

o 

2 

5 

Red oak White oak 

Radicle length (cm) 

o < 1 cm 

1.36 + 0.45 0.98 + 0.27 

4.60 + 1.97 1.81 + 0.932 

* Average length ~ one standard deviation. 
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Table 10. Component fresh weights of red oak seeds and white oak 
seeds (1976 collection) during germination at 26°C. 

Germination 
Species time (days) Embryo Cotyledon Seed coat 

Grams (FW) per 4 seeds -

Red oak 0 0.054 [a] 16.36 (a] 10.04 [a] 

2 0.226 [b] 15.48 [a] 8.73 [a] 

5 0.420 [c] 14.59 [a] 9.24 [a] 

White oak 0 0.179 [a] 7.78· [a] 2.37 [a] 

2 0.280 [b] 7.72 [a] 2.19 [a] 

For a given species and seed component, data followed by the same 
bracketed letter are not significantly different at the 0.05 level. 
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Table 11. Component dry weight of red oak seeds and white oak seeds 
(1976 collection) during germination at 26°C. 

Germination 
Species time (days) Embryo Cotyledon Seed coat 

Grams (ODW) per 4 seeds 

Red oak 0 0.020 [a] 8.70 [a] 6 .. 16 [a] 

2 0.050 [b] 8.12 [aJ 5.30 [a] 

5 0.114 [c] 7.76 [a] 6.02 [a] 

White oak 0 0 .. 048 [a] 3 .. 45 [aJ 1.48 [a] 

2 0.066 [b] 3.71 (aJ 1.39 [a] 

For a given species and seed component, data followed by the same 
bracketed letter are not significantly different at the 0.05 level. 
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Effect of Germination on the 

Gibberellin-like Activity in Oak Seeds 

Table 12 presents GA-like activity for red oak seeds which received 

18 weeks of stratification and were exposed to germination-favorable 

conditions for 0, 2, and 5 days. Little change was noted between 0 and 

2 days, except in the bound fraction a decrease occurred. There was a 

general decrease in GA-like activity between 2 and 5 days, coinciding 

with increasing germination percentage and radicle length (see Figure 

17 and Table 9). However, none of the changes were statistically 

significant (see Table 13). Activity in these seeds, even the O-day 

seeds which received no warming, was greater than that recorded during 

stratification for 0, 5, or 7-1/2 weeks (see Table 6). These increases 

were significant (Table 14) in the acidic fraction and in total GA-like 

activity between the a-day germinated seeds and the 5-week stratified 

seeds. No significant changes in the basic or bound fractions were 

noted. Figures 18, 19, and 20 show the Rf profiles of GA-like activity 

in the acidic, basic, and bound fractions, respectively, of red oak 

seeds after 0, 2, and 5 days of warming. The acidic fraction had a 

wide band of activity between Rf 0.3-0.8 and the basic fraction also 

showed activity at Rf 0.6-1.0, although the majority of the activity 

seemed to be at R
f 

0.7. No significant activity was detected in the 

bound fraction. 

Table 15 presents GA-like activity in white oak seeds stratified 

for 18 weeks and then stored at 26°C for 0, 2, and 5 days. Statistical 

analysis was not possible, because insufficient seed material was 
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Table 12. Gibberellin A3-like activity in red oak seeds 
(1976 collectlon) during germination at 26°C. 

Days of germination* 

Fraction 0 2 5 

ng GA;3 equiv./gm dry wt. of seed 

Acidic 75.8 + 26.5 89.4 + 61.0 26.4 + 11.0 

Basic 28.0 + 8.7 24.2 + 5.S 24.5 + 12.8 

Bound 11.1 + 10.6 0.9 + 0.3 9.5 + 9.1 

Total 114.9 + 32.5 114.5 + 66.4 60.5 + 18.7 

* Days at 26°C following 18 weeks of cold stratification. 

Mean values + standard error. Activity measured using the 
tomato hyp-ocotyl anthocyanin bioassay. 
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Table 13. Alpha levels for significance tests between 
the mean Gibberellin A3-like activity data 
of red oak seeds (1976 collection) germi
nated for 0, 2, and 5 weeks. 

Fraction 
Samples 
compared Acidic Basic Bound Total 

Days of 
gemination 

0 5 0.8476 0.7351 0.3919 0.9959 

0 5 0.1602 0.8366 0.9127 0.2200 

2 5 0.3670 0.9802 0.4001 0.4769 
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Table 14. Alpha levels for significance tests between the mean 
Gibberellin A3-like activity data for red oak seeds 
stratified for 0, 5, and 7-1/2 weeks and those 
germinated for 0 days. 

Fraction 

Acidic Basic Bound Total 

Weeks of Days of 
stratification germination 

0 0 0.1347 0.4970 0.4692 0.3074 

5 0 0.0719 0.1816 0.5746 0.0549 

7-1/2 0 0.1413 0.1567 0.7106 0.1118 
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Figure 18. Profile of Gibberellin AS-like activity in the acidic 

fraction of red oak seeds that received 18 weeks of 

stratification and were germinated at 26°C for 0 days, 

2 days, and 5 days. Activity measured by the tomato 

hypocotyl anthocyanin bioassay. Values outside the 

broken lines are significantly different from the con-

trol at a = 0.05 (as determined by the Least Signi-

ficant Range test). A lower absorbance denotes 

greater gibberellin activity. Twenty microliters of 

various concentrations of Gibberellin A~ were applied 
~ 

to tomato plants for use as standards. 
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Figure 19. Profile of Gibberellin A3-1ike activity in the basic 

fraction of red oak seeds that received 18 weeks of 

stratification and were germinated at 26°C for 0 days, 

2 days, and 5 days. Activity was measured by the 

tomato hypocotyl anthocyanin bioassay. Values out

side the broken lines are significantly different from 

the control at a = 0.05 (as determined by the Least 

Significant Range test). A lower absorbance denotes 

greater gibberellin activity. Twenty microliters of 

various concentrations of Gibberellin A3 were applied 

to tomato plants for use as standards. 
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Figure 20. Profile of Gibberellin A3-like activity in the bound 

fraction of red oak seeds that received 18 weeks of 

stratification and were germinated at 26°C for 0 days, 

2 days, and 5 days. Activity was measured using the 

tomato hypocotyl anthocyanin bioassay. Values out

side the broken lines are signficantly different from 

the control at a = 0.05 (as determined by the Least 

Significant Range test). A lower absorbance denotes 

greater gibberellin activity. Twenty microliters of 

various concentrations of Gibberellin A3 were applied 

to tomato plants for use as standards. 
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Table 15. Gibberellin A3-like activity in white oak 
seeds (1976 collection) at various times 
of germination at 26°C. 

Days of germination* 

Fraction 0** 2** 5*** 

ng GA3 equiv./gm dry wt. of seed 

Acidic 9.4 6.5 7.7 
(7.6 - 11.2) (5.2 - 7.8) 

Basic 0.5 0.5 1.8 
(0.3 - 0.7) (0.4 - 0.6) 

Bound 19.0 1.1 1.2 
(15.8 - 21. 7) (1.0 - 1.1) 

Total 28.7 8.1 10.7 
(23.7 - 33.6) (6.7 - 9.4) 

* Days at 26°C following 18 weeks of moist, cold 
stratification. 

** Average of 2 values. Ranges in parenthesis. 

*** Single values. 
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available for 3 replications of each sample. The acidic fraction 

appeared to contain higher GA-like activity than that of seeds kept 

under stratification conditions (see Table 8). Also the bound frac

tion of a-day seeds had a relatively high activity. This activity 

rapidly decreased as warming progressed and germination began (see 

Figure 17 and Table 9). Rf profiles of activity (Figures 21, 22, 23) 

show acidic fraction activity at R
f 

0.4 and 0.7 in a-day germinated 

seeds but only at R
f 

0.4 in 2- and 5-day germinated seeds. No signi

ficant basic fraction activity was noted. Activity in the bound 

fraction occurred only with a-day germinated seeds where two zones of 

activity at Rf 0.2 and 0.5 were noted. 
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Figure 21. Profile of Gibberellin A3-like activity in the acidic 

fraction of white oak seeds that received 18 weeks 

of stratification and were germinated at 26°C for a 

days, 2 days and 5 days. Activity was measured using 

the tomato hypocotyl anthocyanin bioassay. Values 

outside the broken lines are significantly different 

from the control at a = 0.05 (as determined by the 

Least Significant Range test). A lower absorbance 

denotes greater gibberellin activity. Twenty micro

liters of various concentrations. of Gibberellin A3 

were applied to tomato plants for use as standards. 
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Profile of Gibberellin A~-like activity in the basic 
~ 

fraction of white oak seeds that received 18 weeks 

of stratification and were germinated at 26°C for 0 

days, 2 days, and 5 days. Activity was measured using 

the tomato hypocotyl anthocyanin bioassay. Values 

outside the broken lines are significantly different 

from the control at a = 0.05 (as determined by the 

Least Significant Range test). A lower absorbance 

denotes greater gibberellin activity. Twenty micro-

liters of various concentrations of Gibberellin A3 

were applied to tomato plants for use as standards. 
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Figure 23. Profile of Gibberellin A3-like activity in the bound 

fraction of white oak seeds that received 18 weeks 

of stratification and were germinated at 26°C for 0 

days, 2 days, and 5 days. Activity was measured using 

the tomato hypocotyl anthocyanin bioassay. Values 

outside the broken lines are significantly different 

from the control at a = 0.05 (as determined by the 

Least Significant Range test). A lower absorbance 

denotes a greater gibberellin activity. Twenty micro

liters of various concentrations of Gibberellin A3 

were applied to tomato plants for use as standards. 
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DISCUSSION 

Northern red oak (~. rubra) seeds require stratification to germi

nate and white oak (Q. alba) seeds do not. During each year of a 

three-year study, white oak seeds readily germinated, even at 4°C, 

while red oak seeds required 5 to 7-1/2 weeks of stratification for 

partial germination and 10 weeks or more for greater than 75 percent 

germination. Stratification not only increased the germinative 

capacity of dormant red oak seeds but also their germination rate 

(Figure 3). Red oak seeds will initiate germination almost immediately 

upon warming after 18 weeks of stratification. This rapid germination 

of the seeds suggests that the three-phase water uptake period prior 

to germination reported in sugar pine (Stanley, 1958) and wheat (Marcus 

et ~., 1966) seeds may not occur in red oak seeds. Bonner (1968) 

found that red oak seeds did not exhibit the three-phas~ pattern and he 

suggested that sufficient water uptake and metabolic activity occurred 

during stratification to enable prompt germination upon warming. 

Translocation from the cotyledons to the embryos during the stra

tification of red oak seeds might be correlated with hormone changes, 

hydrolysis of storage materials, and increases in germinative capacity. 

Results from the component weight analysis (Table 4) showed that signi

ficant changes in the dry weight of red oak seeds occurred only 

between 7-1/2- and la-weeks of stratification where decreasing weights 

of the embryos, cotyledons, and seed coats were noted. Although the 

germination percentage of the lO-week stratified seeds was not affected 

by the cold room malfunction, it is possible that the extreme tempera-

79 



80 

tures which resulted could have been responsible for the weight dif

ferences. With white oak seeds, which germinated slowly at room 

temperature, translocation from the cotyledons to the embryo was evi

dent. Similar transfers occurred in the seeds of both species after 

removal from stratification and placement in germination-promoting 

conditions. These transfers presumably involved nutrients required for 

renewed growth of the embryo. 

A significant decrease in gibberellin-like activity occurred 

during stratification of red oak seeds (Table 6). This decrease in GA

activity during the first 5 weeks of stratification contrasted with 

the increase noted by Vogt (1974) for seeds of the same species. The 

discrepancy may be due to different extraction methods and bioassays 

employed. Vogt (a) detected high ABA activity in the unstratified red 

oak seed extracts and a decrease in the inhibitor activity during 

stratification, and (b) used the barley endosperm half-seed bioassay. 

Thus it is possible that ABA interfered (Chrispeels and Varner, 1966) 

with the bioassay in O-time seeds, yielding low GA activity. In the 

partially and fully stratified seeds where ABA activity had decreased, 

a higher GA-like activity value would result. Aung and Bryan (1974) 

found that neither indole-3-acetic acid nor N6-benzyladenine inter

fered,· with the hypotocyl anthocyanin content in tomatoes. There is 

evidence that ABA does not interfere either eAung, 1974). 

In several instances in the present study, however, the bound 

fraction produced greater anthocyanin concentrations than the controls, 

e.g. Figure 12. The procedure for isolating the bound fraction 
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involved a one-hour acid hydrolysis (Figure 1) to release gibbere1lins 

bound to macromolecules. Since this type of hydrolysis is not spe

cific, substances other than gibberellins affecting anthocyanin concen

tration in the tomato may have been liberated in an ethyl acetate solu

ble form. Evidence of such an occurence was presented by Aung and 

Bryan (1974) for the bound fraction separated from Florida MH-I 

tomato seeds. The significance of this phenomenon in the present study 

cannot be ascertained and more research is needed. 

The decrease in GA-like activity during stratification of red oak 

seeds appears to be due to a decrease in pre-existing hormones. Although 

the quantity of GA-like activity decreased during the first 5 weeks of 

stratification of the seeds, no transfer of activity from one fraction 

or Rf region to another was noticed. Using similar extraction and 

chromatography procedures, GA activity in the Rf 0.4-0.8 region of the 

acidic fraction has been reported for sugar maple seeds (Webb et ~., 

1973) and potato tubers (Hayashi et al., 1962). Thus the active regions 

in the present study correspond with those previously reported as 

containing GA-like activity. 

Steady increases in GA-like activity in the seeds of many species 

during stratification have been reported, e.g. sugar maple (Webb et al., 

1973). Initial increases followed by decreasing activity during 

stratification have also been reported, e.g. apple (Sinska and Lewak, 

1973). However, GA-1ike activity in hazel (Ross and Bradbeer, 1971 

a, b) does not change during cold treatment but increases only after 

seeds are transferred to warmer temperatures. Therefore, lack of an 

increase in GA-like activity in seeds during the first 5 weeks of 
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stratification is not without precedent. 

A decrease in acidic fraction GA-like activity was noticed in 

18-week stratified red oak seeds between seeds germinated for 2 and 5 

days. The 18-week stratified red oak seeds also contained significantly 

more GA-like activity than the 7-1/2-week stratified red oak seeds. 

It is possible that differences in year of seed collection may be 

responsible for this increase. However, since the same source trees 

and stratification procedures were used, it is possible that an in-

crease in GA-like activity does occur in the seeds. The fact that 

7-l/2-week stratified red oak seeds (and lO-week stratified seeds 

possibly) yielded higher activity than 5-week stratified seeds supports 

this. Kopecky et ala (1975) found a similar trend in apple seeds where 

a decrease in GA-like activity occurred between the 5th and 7th weeks 

of stratification when dormancy was declining rapidly. In further 

weeks of stratification (9th-12th), GA levels began again to rise. 

Red oak seeds contain large quantities of phenolic compounds 

which interfere with some gibberellin bioassays, e .. the dwarf pea 

bioassay (Green and Corcoran, 1975). Anderson and Sowers (1968) 

found that PVP retained phenolics by hydrogen bonding. Glenn et ala 

(1972) obtained 97 percent recovery of GA3 and GAl passed ~hrough a 

PVP column at pH 8.0 and large recovery percentages of GA4, S, 7, 8, 

GA In the present study, virtually no GA3 was lost 9, 13, 14, and 17' 

on the column and the majority of the phenolic compounds appeared to 

be removed. 
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Not all of the many GA species may have been active in the bio

assay used. Changes in chemical structure from one form of GA to 

another during stratification may have caused false interpretation of 

data, especially if one form was active in the bioassay and another 

was not. Sembdner et~. (1976) tested many forms of conjugated 

gibberellins on several different bioassays. They found large varia

tion in activity between the chemical form of the GA and the bioassay 

used. Reeve and Crozier (1974) also discussed the many forms of gib

berellins and their structure-activity relationship. Despite the fact 

that descriptions of precisely what hormonal changes may occur during 

a transition in developmental state is not possible, the fact that a 

change in quantity did occur suggests a possible correl~tion with the 

regulatory process. 

The large amount of variation encountered may be explained in 

several ways. Conditions of the bioassay itself may have contributed 

to the variation. There was occasionally great variation encountered 

in the analysis of plants treated with standard GA3 solutions. Since 

unknowns were compared with these standards to convert their absorbance 

readings into nanograms of GA3 equivalent activity, large variation 

in the standards would be seen in the data describing the unknowns. 

Not all of the variation can be associated with the bioassay. 

The experiments using a Wiley mill to pulverize seed tissue for random 

sampling seemed to confirm that the variation was not associated with 

individual seed GA-activity variation, at least for ungerminated, 

2-1/2-week stratified red oak seeds. However, the variation encounter

ed in the stratification study was considerably less than that encount-
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ered in the germination study. A possible explanation is the unequal 

growth of the germinating seeds. After 2 days of germination, the 

lengths of the red oak seed radicles varied from 0.6 to 2.2 cm, and 

after 5 days varied from 0.2 to 8.7 cm. The embryo and expanding 

radicle may contain a large percentage of the GA activity of the seed 

but since the embryo and cotyledons were not separated, some samples 

may have contained more or larger embryos than others, thus greater 

quantities of GA activity_ Pulverizing the samples using the Wiley 

mill would have been preferable to the method used and possibly would 

have reduced some of the variation. 

White oak seeds also contained much variation in GA-like activity. 

Again, different radicle sizes may have contributed to this. Since 

very few seeds were available for the germination study, statistical 

variation in these experiments could not be determined. However, no 

significant changes were noted in the GA-like activity during 5 weeks 

of stratification. The GA-like activity of white oak seeds was also 

much less than that found in red oak seeds. Also unlike the red oak 

seeds, no activity was found in the higher R
f 

regions of the basic 

fraction. 

The lack of change in GA-like activity in the white oak seeds is 

not surprising. The cold treatment did not alter the physiological 

state of the white oak seeds as it did with red oak, but simply delayed 

the germination, i.e. a type of partially imposed dormancy or quiescence. 

The great difference in GA-like activity between the two species was 

quite surprising. A possible explanation of the lower GA-like activity 
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in white oak seeds might be that fewer tannins are found in them than 

in red oak seeds. Since the tannins have been suggested as plant growth 

inhibitors and GA antagonists (Jacobson and Corcoran, 1977), more GA 

activity would be needed in red oak seeds than in white oak seeds to 

overcome the tannin's inhibitory actions. 

GA-like activity was higher in the acidic fraction of germinating 

seeds (Table 15) than in the acidic fraction of seeds undergoing cold 

treatment (Table 8). However, the bound fraction of white oak seeds 

stored in the cold for 18 weeks contained a relatively large quantity 

of GA-like activity (19.0 nanograms/gram seed) which disappeared as 

soon as the seeds were warmed. Two analyses were made of these seeds 

and both yielded high activities (15.8 and 21.7 nanograms/gram). Thus 

an increase in bound fraction GA-like activity may be occurring during 

cold storage of the white oak seeds .. When warmer conditions are en

countered, this GA is quickly utilized, degraded or converted to a form 

undetectable in the bioassay. This correlates with resumed growth of 

the seeds and radicle extension growth. 

No apparent cytokinin changes were found in red oak seeds between 

0- and 7-1/2-weeks of stratification. This was surprising since cyto

kinin changes during stratification have been reported for numerous 

sugar maple (Van Staden et al., 1972). Significant cyto

kinin activity occurred with the n-butanol fraction at Rf 0.3-0.5. 

Adenosine, which has cytokinin activity with tobacco callus, chromato

graphs to this location with this solvent system (Maheshwari and Gupta, 

1967). The activity in the ethyl acetate fraction could not be identi-
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tified and was rather unexpected. Van Staden et~. (1972) found no 

activity in the ethyl acetate fraction from sugar maple seeds. 

An explanation can now be given correlating the observed gibberel

lin changes with the changes in the germination capacity and rate of 

red oak seeds. During the first weeks of stratification, pre-existing 

GA is either broken down, utilized, or its activity destroyed. However, 

as some other process affected by the cold temperature proceeds and 

dormancy is being broken, GA synthesis can begin. The germination

promoting hormone will then be available when the seeds are exposed to 

warm temperatures and thus favorable germination conditions. Vogt 

(1970) found that soaking red oak seeds in 500 ppm GA3 reduced the 

stratification requirement to 3 weeks and yielded 50 percent germina

~ion. Vogt (1974) also found a decrease'in ABA activity during the 

first 5 weeks of stratification. Thus the presence of the inhibitor 

during the early weeks of stratification may prevent germination of 

the seeds. One function of the cold treatment may be to reduce inhi

bitory activity. Although a concurrent increase in GA activity does 

not occur, GA synthesis may begin as the activity of the inhibitor is 

removed. As the GA activity in the seed tissue increases, less time 

is necessary for warmed seeds to obtain a sufficient level of growth 

promoter to resume active growth. Thus seeds stratified for 5 weeks 

took 40-50 days of warm temperature to yield 10-15 percent germination, 

while seeds receiving la-week stratification germinated in 10-15 days 

with 70 percent germination. Those seeds receiving 18 weeks of 

stratification began to germinate within 2 days and also yielded 70-
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80 percent germination. Although GA changes have not been definitely 

shown to break dormancy in red oak seeds, they are related to pro

cesses associated with the germination of the seeds. As Ross and 

Bradbeer (1971, a, b) fOWld with hazel seeds, a role of stratification 

may be to prepare the seeds for GA synthesis. However, unlike hazel 

seeds where synthesis began only at warmer temperatures, synthesis may 

begin in red oak seeds after a certain period of stratification. 



SU~~~RY AND CONCLUSIONS 

Stratification of northern red oak seeds resulted in increasing 

germination percentage and rate whereas the germination percentage of 

white oak seeds was not affected by stratification. No measurable 

transfer of mass from the cotyledons to the embryo occurred in the 

red oak seeds during stratification. White oak seeds had decreasing 

cotyledon weights and increasing embryo weights and radicle lengths 

as stratification proceeded. 

Red and white oak seeds stratified for 18 weeks germinated almost 

im~ediately at 26°C. Seeds of both species also showed a transfer of 

mass from the cotyledons to the embryos. Radicle lengths increased 2-

fold in white oak seeds during 5 days of warm temperature exposure. 

The red oak seeds did not germinate in stratification but had an 

average radicle length of 1.4 cm after 2 days at 26°C and 4.6 cm after 

5 days. 

Gibberellin-like activity decreased in northern red oak seeds 

during the first 5 weeks of stratification. A slight increase was 

noted between 5 and 7-1/2 weeks of stratification and highest levels of 

GA-like activity were observed in seeds stratified 18 weeks. However, 

the difference between activity levels at 7-1/2 weeks' and 18 weeks' 

stratification must be interpreted with caution because seed lots from 

two different years were involved. GA-like activity remained constant 

during the first 2 days at 26°C, following 18 weeks of stratification, 

but began to decrease between 2 and 5 days. No major changes in GA

like activity were noted in white oak seeds during stratification 
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although activity was much lower than in red oak seeds. The 18-week 

stratified, D-day germinated white oak seeds contained a relatively 

large amount of GA-like activity which disappeared during the first 

2 days at 26°C. 

Cytokinin activity was detected in the n-butanol and ethyl 

acetate fractions of red oak seeds. No changes in concentration were 

apparent between O~ and 7-1/2-weeks of stratification. 
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GROWTH HORMONES Al~D THEIR RELATIONSHIP 

TO SEED DORMANCY IN QUERCUS 

by 

Carl George Dury, II 

(ABSTRACT) 

Northern red oak (~. rubra L.) seeds were dormant and required 

10 weeks of moist, cold stratification before a large percentage of the 

seeds would germinate. White oak (~. alba L.) seeds were not dormant 

and germinated immediately upon falling from the mother tree. A trans

fer of mass from the cotyledons to the embryos occurred during germi

nation of red and white oak seeds. No detectable transfer of mass 

occurred during stratification of the red oak seeds. The longer the 

red oak seeds were kept under stratification conditions, the shorter 

the period of time required for seeds at 26°C to begin germination. 

A significant decrease in GA-like activity occurred during the 

first 5 weeks of stratification of red oak seeds. No transfer of 

activity from one pH-dependent ethyl acetate-soluble fraction to 

another occurred. A slight increase in GA-like activity occurred 

between 5 'and 7-1/2 weeks of stratification. Red oak seeds stratified 

for 18 weeks contained significantly more GA-like activity than those 

receiving lesser periods of stratification. When l8-week stratified 

red oak seeds were warmed to 26°C, germination commenced within 2 days 

and the levels of GA-like activity decreased. 

White oak seeds contained substantially less GA-like activity than 



red oak seeds and amounts of activity in white oak seeds changed little 

during cold storage of the seeds. Radicle extension growth of white oak 

seeds began even at SoC and complete seed germination began within 2 

days of warming to 26°C, independent of the time in cold storage. 

Cytokinin activity was measured in the ethyl acetate and n-butanol 

fractions of red oak seeds. Concentrations did not change between 0 

and S weeks of stratification. 


