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ABSTRACT 

Ouercus emoryi Torr. (emory oak) and Ouercus arizonica 

Sarg. (Arizona white oak) are the dominant tree species in 

many of the oak savannas and woodlands of Arizona and 

northern Mexico. Objectives of this study were (1) to 

evaluate germinability on two media as influenced by storage 

and stratification, and (2) to determine effects of oak 

canopy and depth of burial on acorn viability and 

germination. 

Germination was higher (P < 0.05) on filter paper than 

in mineral soil in laboratory trials. Maximum germination 

of Ouercus emoryi in the field was observed at 7.5 cm (29%), 

with only 5% germination at the soil surface. Germination 

of Ouercus arizonica at 7.5 cm (73%) and 15 cm (74%) were 

not different (P > 0.05) but exceeded germination at the 

surface.(17%). These results are applicable for propagation 

of the two species in a tree nursery. 
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GENERAL INTRODUCTION 

The genus Ouercus contains more than 400 species and is 

the dominant genus in many temperate and subtropical plant 

communities (Keul 1985). In Arizona, Ouercus emoryi Torr. 

(emory oak) and Ouercus arizonica Sarg. (Arizona white oak) 

are the two most common species in the oak woodlands. 

Ouercus emoryi and Q. arizonica are members of the 

Erythrobalanus (red oak) subgenus and Leucobalanus (white 

oak) subgenus, respectively (Kearney and Peebles 1960). The 

acorn of each species is a solid fruit encased in a hard 

outer coat which matures in a single year (Miller and Lamb 

1985). Ouercus emoryi is usually found on relatively deep 

soils in mesic sites, where it occurs as scattered 

individuals, in isolated patches, or in closed stands. 

Ouercus arizonica occurs as a small tree in the oak 

woodlands associated with Ouercus emoryi f Ouercus turbinella 

Greene, (shrub live oak) and Ouercus oblongifolia Torr. 

(Mexican blue oak) (Miller and Lamb 1985). 

Much research in southeastern Arizona and California 

oak woodlands has centered on the quantification of woody 

biomass (Bahre and Hutchinson 1984, Callison 1989, Ffolliott 

1988, Tongvitchit 1987, Touchan 1986) and problems 

associated with natural recruitment (Bartolome et al. 1987, 

McCreary 1989, McClaran and Bartolome 1989). However, 



fundamental autecological information is lacking for Ouercus 

species in arid and semi-arid regions, including Arizona. 

Particularly noteworthy is the absence of information about 

germination and establishment of Ouercus species. 

Therefore, this study focused on germination of Ouercus 

emoryi and Q. arizonica acorns. 

Germination is an event leading to emergence of an 

embryo and its subsequent development to become independent 

of its food reserves. This series of events takes place 

shortly after dispersal for some seeds if environmental 

conditions are favorable. If proper conditions do not 

occur, the seed will remain in an ungerminated state (Bewley 

and Black 1982). 

The length of time that a seed can remain quiescent 

before it loses the ability to germinate varies from a few 

days to many years (Barton 1939). Germinability may 

increase or decrease with increasing length of a 

stratification period (Juhnel 1957). Stratification is the 

exposure of seeds to low temperature and moisture to enhance 

oxygen diffusion because oxygen is more soluble at cold 

temperatures (Schopmeyer 1974, Kramer et al. 1979). 

Erythrobalanus oaks with immature embryos benefit 

from a period of stratification which permits embryo 

enlargement and subsequent germination (Schopmeyer 1974). 

Lack of germination in Erythrobalanus oaks results from a 

physiological embryo dormancy (Kramer and Kozlowski 1979). 



A potential mechanism for this phenomenon was offered by 

Vogt (1974), who reported the decrease of an abscissic acid

like germination inhibitor and the increase of a 

gibberellin-like germination promoter during stratification. 

The red oaks Quercus aarifolia Nee. and Q. chrysolepis 

Liebm. showed delayed germination when cold stratified 

compared to room temperature, although increased length of 

stratification increased the rapidity of germination 

(Matsuda and McBride 1989). 

Germination of white oaks is usually not enhanced by 

cold stratification (Schopmeyer 1974, Vogt 1974). 

Exceptions to the tendency for stratification to enhance 

germination of red oaks but not white oaks have been 

reported for the white oaks Ouercus doualasii H. & A., Q. 

lobata Nee., and Q. turbinella (Korstian 1927) and the red 

oaks Quercus kelloaaii Newb. and Q. aarifolia (Schopmeyer 

1974). 

Mortality of stored acorns over time is undesirable for 

propagation purposes. Therefore, there is a need to 

determine storage conditions that ensure maximum 

germinability. Additionally, cold stratification of acorns 

collected in the field may overcome acorn dormancy, thereby 

simulating natural conditions that promote germination in 

the field, especially for red oaks which have been 

associated with stratification during the spring following 

acorn fall. 



Acorns of some oaks are able to germinate while on the 

trees (Korstian 1927). White oak (Leucobalanus) acorns 

usually germinate in the fall immediately after falling, 

whereas those of red oaks (Erythrobalanus) require an over

wintering period before germinating (Schopmeyer 1974). 

Rate of establishment from acorns in the field is very 

low for many oak species. Most potentially viable acorns 

are eaten by birds, mammals, or insects (especially 

weevils). Estimates of acorn loss range from 7 to 90% per 

year (Cypert and Webster 1948, Burns et al. 1954, Griffin 

1971, Sanchini 1981). Increased germination of acorns may 

result from increased weight of acorns (Shaw 1968), but 

acorns germinate only if they fall on mesic sites and 

adequate precipitation follows acorn fall (Pase 1965). 

Acorns which survive predation, but land on the soil 

surface lose viability rapidly, presumably due to 

desiccation. Acorn moisture content less than 30% is 

usually lethal to Ouercus spp. (Schopmeyer 1974). As a 

result, acorns of Ouercus doualasii and Q. lobata lose their 

ability to germinate when air dried (McCreary 1989). 

Bartolome et al. (1987) suggested that pathogens may 

contribute to acorn desiccation, although this hypothesis 

has not been tested. Conversely, buried acorns of Ouercus 

agrifolia (Sellers 1964) and Q. doualasii (Griffin 1971) 

tend to germinate well, presumably because the soil 

insulates them. 
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Germination requirements, including relationships 

between stratification, storage time, media and viability, 

have not been studied for Ouercus emoryi or Q. arizonica. 

Al-Hazzouri and Ffolliott (1988) investigated effects of 

salinity and acidity on germination of Ouercus emoryi in 

greenhouse trials. In these trials, it was found that salt 

(sodium chloride) concentrations of 0.05 M-0.20 M and 0.075 

M-0.15 M of acid (sulphuric acid) did not favor germination 

of emory oak. In fact, Q. emoryi has not been reported to 

germinate in previous attempts (Al-Hazzouri and Ffolliott 

1988). Similarly, germination of Q. arizonica has not been 

reported in published literature. This study was designed 

to: 

1. evaluate how different storage and stratification 

periods influence germination of Ouercus emoryi 

and Q. arizonica. 

2. identify appropriate media for storing and 

germinating QusE£US emoryi and Q. arizonica 

acorns, 

3. determine the effects of depth and length of 

burial, and canopy position, on viability and 

germination, and 

4. identify acorn pathogens and predators which may 

contribute to acorn loss at various soil depths. 
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EFFECTS OF STORAGE AND STRATIFICATION ON GERMINATION OF 

QUERCUS EMORYI AND OUERCUS ARIZONICA 

INTRODUCTION 

Quercug emoryi Torr. (exnory oak) and Q. arizonica Sarg. 

(Arizona White oak) are the two most common species in oak 

woodlands of Arizona. Basic autecological information is 

lacking for these, and most other, oak woodland species. 

Only one study (Al-Hazzouri and Ffolliott 1988) has 

investigated germination requirements of either species, and 

it was inconclusive: Q. emoryi did not germinate in 

greenhouse trials. Thus, no published studies document 

germination of either species. 

Germination is the process by which seeds are hydrated 

and imbibe water. Coupled with favorable environmental 

conditions, this initiates embryo development through enzyme 

activation. The length of time a seed remains in a dormant 

state before it loses viability varies from a few days to 

several years (Barton 1939). For most oak species, 

viability is lost within a few weeks after acorn fall due to 

abiotic factors such as temperature, acorn moisture loss, 

and exposure to light (Rao 1987). However, environmental 

effects on germination of Q. emorvi and arizonica are 

unknown (Ffolliott et al. 1988). 
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Interactions of light, temperature, and stratification 

influence germination of seeds (Adkins et al. 1984). 

Germination of most red oaks (Erythrobalanus) is enhanced by 

cold stratification (Matsuda and McBride 1989). Korstian 

(1927) reported that QuerQUS dQUglasii and Quercug lobata 

germinations were enhanced by stratification, contrary to 

most members of white oaks. Similarly, Bonner (1988) noted 

deviations with the red oaks (Ouercus kelloaii and Ouercus 

agrifolia) germination. Low temperature stratification 

stimulates germination by increasing oxygen uptake by acorns 

(Schopmeyer 1974) and stimulating activity of gibberellic 

acid (Villers and Wareing 1965). Conversely, germination of 

most white oaks (Leucobalanus) is not enhanced by cold 

stratification (Griffin 1971, Farmer 1977, Borchert et al. 

1989, Thompson et al. 1990). For both groups, germination 

rates are higher at alternating temperatures than at 

constant temperatures (Dunlap and Barnett 1983). 

The objective of this study was to determine effects of 

storage, stratification periods, and media on germination of 

Quercug emoryi and Q. arizonica. 
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EXPERIMENTAL METHODS 

Acorns were collected during peak tines of fruiting 

(12-14 July 1990 for Ouercus emoryif and 13 November 1990 

for Q. arizonical. Fresh acorns were collected from at 

least 20 trees of each species. Acorns of Ouercus emoryi 

were collected at Fort Huachuca Military Reservation (FHMR) 

(320 29'N, 110°20'W). Ouercus ari2onica trees at FHMR did 

not produce acorns, therefore acorns of this species were 

collected from Madera Canyon (31°43'N, 31°37'E), 58 km away. 

Acorns were collected when the acorn cap could be separated 

from the seed without tearing the seed coat (Bush and 

Thompson 1990). Approximately 2,000 acorns of each species 

were collected and examined for insects, pathological 

infestation, and soundness. Acorns that appeared sound were 

further screened by flotation: acorns which floated were 

not used for germination and storage trials. 

Acorn germinability was tested on two media following 

various storage and cold stratification treatments. The 

media were (1) moistened filter paper and (2) mineral soil 

collected from oak woodlands at FHMR. Captan [N-

(trichloromethyl) thio-4-cyclohexene-l,2-dicarboximide) was 

used as a fungicide in the former medium, because of 

excessive mold in its absence. Length of time in storage 

(at room temperature in paper bags) or cold stratification 
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(2°c in moist peat moss) varied from 0 to 90 days in 30 day 

increments. Treatments were randomly assigned to groups of 

5 acorns. 

For each treatment, five replicates with five acorns 

per replicate were placed in a controlled environment 

chamber (Percival model I35LLVL, Percival Manufacturing 

Company, Boone, Iowa) with fluctuating diurnal temperatures 

(12 hour day, 30°C day, and 20°C night). These temperatures 

were tried because most woody plant seeds germinate well 

within this temperature regime (Bonner 1988). Acorns were 

watered with distilled water every other morning. 

Germination was monitored daily for 30 days, and acorns in 

filter paper were considered germinated if the radical 

exceeded 3 mm in length. Acorns in mineral soil were 

considered germinated when the shoot appeared above the soil 

surface. 

Acorn moisture content was determined by oven drying 25 

acorns at 70°C for 72 hours. This was repeated for 

subsamples of stored (dry room temperature and cold moist) 

acorns every 30 days. 
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STATISTICAL ANALYSIS 

We used a completely randomized design in a factorial 

arrangement with three factors: storage type (dry, room 

temperature vs. cold moist), storage period (30, 60, and 90 

days) and medium (filter paper vs. mineral soil). Analysis 

of variance was used to test for main effects and 

interactions between media, storage type, and length of 

storage period. Data were tested for normality with the 

Shapiro-Wilk W-statistic (Shapiro and Wilk 1965) and 

homogeneity of variances with Hartley's test (1950). No 

storage treatment (0 days) was compared to other treatments 

with Fisher's Least Significant Difference (LSD) mean 

comparison test. 

RESULTS 

Quercus emoryi 

Data were normally distributed with homogeneous 

variances. There was a 3-way interaction in germination (P 

< 0.05) between storage type, storage time, and media. 

Therefore, consideration of main effects is not appropriate 

and interpretation is based on interactive means (appendix 

II). Germination decreased with increased storage time 

regardless of storage conditions (Table 1). Only one 

treatment (dry storage, filter paper) germinated following 

storage for 30 days. For this treatment, germination (16%) 

was lower (P < 0.05) than germination of unstored acorns on 
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Table 1. Mean (± SE) germination percentage of Ouercus 

emoryi and Q. arizonica acorns in a controlled-environment 

chamber (12-hour day, 30°C day, 20°C night). After 60 days 

of storage, germination was not different (P > 0.05) from 

zero for any treatment or species according to Fisher's LSD 

test. See text for details. 

Time (days) Type1 Media2 0? emoryi Q. grispnica 

0 N F 28.0 ± 0.3 48.0 ± 0.1 

0 N S 12.0 ± 0.2 16.0 ± 0.1 

30 R F 16.0 ± 0.3 24.0 ± 0.1 

30 R S 0.0 ± 0.0 12.0 ± 0.1 

30 C F 0.0 ± 0.0 4.0 ± 0.1 

15 C s 0.0 ± 0.0 20.0 ± 0.1 

'R^oom temperature, dry; C=cold (2°C), moist; N=No 

storage-tested the day after harvest. 

2F=filter paper; S=soil. 
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filter paper (28%). No acorns germinated following a 

storage period of 60 days or longer, regardless of storage 

conditions or media. 

Acorns on filter paper had higher (P < 0.05) 

germination than those in mineral soil for 0- and 30-day 

storage periods. Stratified acorns maintained moisture 

content of 70%, whereas those stored dry at room temperature 

rapidly lost moisture content (Figure 1). 
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Figure 1. Moisture content (dry-weight basis) of Quercus 
emoryi (solid lines) and Q. arizonica (dashed lines) acorns 
cold stratified (open squares) and stored dry (closed 
squares). Data are from single samples of 25 acorns each. 



Ouercus arizonica 

Data were normally distributed with homogeneous 

variances. There was a 3-way interaction (P < 0.10) between 

storage type, storage time, and media (Appendix III). 

Germination generally decreased with increased storage time 

(Table 1). Germination decreased (P < 0.05) between 0 and 

30 days of storage for acorns germinated on filter paper. 

Germination of acorns in soil did not decline (P > 0.05) 

between 0 and 30 days of storage. After storage for 60 or 

90 days, germination did not differ from 0%, regardless of 

storage conditions or germination media. 

Germination on filter paper exceeded (P < 0.05) that in 

soil for unstored acorns and acorns stored dry. Conversely, 

cold-stratified acorns exhibited higher (P < 0.05) 

germination in soil than on filter paper after 30 days of 

storage (Table 1). Moisture content of stratified acorns 

was maintained at 70% through 90 days. Moisture content of 

acorns stored dry dropped below 35% within 30 days, and 

declined to 12% after 90 days (Figure 1). 
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DISCUSSION 

These results reveal that germination of Ouercus emoryi 

and Q. arizonica is influenced by interactive effects of 

storage type, length of storage, and conditions in which 

acorns are germinated. The interactions are strong (P < 

0.05) and are in general agreement with interactive effects 

reported by Pase (1969), Griffin (1971), Knudsen (1984), and 

Rao (1987). 

Stratification for a period up to 90 days usually 

enhances germination of acorns in the red oak subgenus. 

However, stratification did not enhance germination of 

Ouercus emoryi. Ouercus emoryi acorns mature in one year, 

which is exceptional for red oaks that have been reported in 

literature. These deviations of Ouercus emoryi from the 

general trend of red oaks (Erythrobalanus), coupled with 

physical characteristics of the species which are consistent 

with red oaks, suggests that it may be an intermediate 

species. Griffin and Muick (1990) indicated that 

intermediate species (possessing several characteristics of 

both subgenera) are common in the recent evolutionary 

process of Ouercus genus. Cold-temperate species have 

evolved with cold winter periods and the fact that most 

previously studied species are cold-temperate and not warm-

temperate may also explain the deviations. The absence of 

evolutionary and taxonomic studies of semi-arid Ouercus 

species inhibits further interpretation of these data. 
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It is clear from field experiences that timing of acorn 

maturity and germination of semi-arid oaks are strongly 

correlated with the rainy season (Pase 1969, Griffin 1971, 

Schopmeyer 1974). Moisture content of acorns has been 

proposed as an indicator of viability and hence germination 

(Juhnel 1957, Griffin 1971, Schopmeyer 1974, Griffin 1976). 

However, these data demonstrate that moisture content alone 

does not explain variability in acorn germination. Cold-

stratified acorns had high moisture contents throughout the 

storage period, yet failed to germinate. Apparently factors 

other than moisture content are important in controlling 

germinability. The absence of seed dormancy in these 

species, combined with their tendency to mature coincident 

with a period of relatively high precipitation, suggests 

that they either use soil moisture to germinate immediately 

upon acorn drop or they may not germinate at all. However, 

environmental conditions conducive to germination and 

establishment apparently occur infrequently for Ouercus 

emoryi (Pase 1969, Borelli 1990) and other semi-arid oaks 

(Mccreary 1989). 

Laboratory experiments with other species (Rao 1987) 

indicate that germination rates are highest with a 

fluctuating day and night temperature regime. This study 

was conducted with fluctuating diurnal temperatures (12 hour 

day, 30°C day and 20°C night) but these temperatures may not 

be optimal for germination of either species. A temperature 
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regime simulating that which occurs in the field might give 

higher germination percentages. 

Acorns of Ouercus emoryi should be directly planted 

after collection as cold storage is detrimental. To ensure 

propagation of Ouercus arizonica from acorns, acorn moisture 

content should be maintained at 70% and storage (2°C) should 

not exceed 30 days. 
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GERMINATION OF OUERCUS EMORYI AND OUERCUS ARIZONICA: A 

FIELD STUDY 

INTRODUCTION 

The encinal oak woodlands of southeastern Arizona have 

been, and continue to be, heavily used as a source of 

fuelwood (Bahre and Hutchinson 1984). In addition, these 

woodlands are usually grazed by livestock and frequented by 

recreationists. Despite a long history of multiple uses, 

including harvest of wood products, few studies have 

addressed reproductive cycles or recruitment of the woody 

species subject to harvesting (Sanchini 1981). 

Previous studies of natural seedling recruitment of oak 

in southeastern Arizona showed that 19% of seedlings 

originated from current year acorns: most plants had 

resprouted from existing woody stems or stumps (Borelli 

1990). Phillips (1912) and Pase (1969) attributed poor oak 

recruitment in Arizona to livestock grazing and summer 

droughts. Acorns germinate only if they fall on mesic 

microsites and adequate precipitation follows acorn fall 

(Pase 1965, 1969). Field conditions favorable for Ouercus 

emoryi (emory oak) establishment occur about once every ten 

years in southeastern Arizona (Pase 1969). 

Studies in California oak woodlands suggest that poor 
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natural recruitment from acorns is at least partially 

attributable to insects, desiccation, and damping off (e.g, 

Bartolome et al. 1987, McClaran 1987, McClaran and Bartolome 

1989, McCreary 1989). In Arizona, acorns falling on the 

surface soil are heavily predated by mammals (up to 78%) and 

insects (Sanchini 1981). In California, non predated acorns 

have been reported to lose viability due to desiccation, 

especially if they are not buried (Griffin 1971). Acorn 

moisture content less than 30% is usually lethal to Ouercus 

species (Schopmeyer 1974). Acorns on the soil surface may 

also lose viability due to activity of pathogens (Theodore 

et al. 1987). 

Burial in soil probably offers protection against 

desiccation, pathogens, and seed predation. High 

germination rates of buried Ouercus aarifolia Nee. and 

Ouercus douglasii H. & A. acorns were attributed to the 

soil's insulative effects (Griffin 1971). The objectives of 

this study were (1) determine effects of canopy position, 

depth of burial, and length of burial period on germination 

and (2) identify the factors leading to viability loss in 

acorns under field conditions. 
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MATERIALS AND METHODS 

STUDY SITE 

Field trials were conducted on Fort Huachuca Military 

Reservation (FHMR) in lower Garden Canyon (32°29'N, 

110°20/W). Elevation is about 1580 meters with a slope of 

5-10%. Soils are Saddlegap cobbly loams (clayey-skeletal, 

mixed, thermic Aridic Paleustalf) (Soil Conservation Service 

1988). Soils are deep and well drained with low 

permeability and water holding capacity. FHMR receives an 

average annual precipitation of 54 cm, distributed 

bimodally. Rainy seasons occur from July to October (69% of 

precipitation) and December to March (22%). Average annual 

temperature is 20.1°C, with a semi-arid climate. 

Vegetation is predominantly oak savanna (Niering et al. 

1984) that has not been grazed by livestock for 40 years. 

The herbaceous layer is dominated by perennial warm-season 

bunchgrasses, including Bouteloua curtipendula Michx. 

(sideoats grama), Trachypogon montufari Nees. (crinkle-awn), 

Andropoaon cirratus Hack. (Texas bluestem), and Eragrostis 

intermedia Hitch, (plains lovegrass). Dominant woody 

species are Ouercus emoryi, Q. arizonica (Arizona white 

oak), and Juniperus deppeana Steud. (alligator juniper). 
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EXPERIMENTAL METHODS 

Acorns of Quercus emoryi were collected from Fort 

Huachuca Military Reservation (FHMR) on 14 July 1990. 

Quercus arizonica trees at FHMR did not produce acorns in 

1990, therefore acorns of this species were collected on 13 

November 1990 at Madera Canyon, 58 km from the study site 

(31° 43'N, 31°37'E). Acorns were collected from at least 20 

randomly selected oak trees of each species using ripeness 

criteria suggested by Bush and Thompson (1990). 

Acorns were screened for insect attack and pathological 

infestation. Acorns that appeared sound were further 

separated by flotation. For each species, 10 sound acorns 

were placed in each of 48 fiberglass-mesh bags. Six bags 

were placed under Quercus emoryi trees in each of the 

following locations: on bare soil surface, on soil surface 

covered with litter, at 7.5 cm below the soil surface, and 

at 15 cm below the soil surface. An additional six bags 

were placed at similar depths in the grassland area between 

trees. 

Treatments (location and depth of burial) were randomly 

assigned to bags. Bags were placed coincident with seed 

fall in July for Quercus emoryi and in November for Q. 

arizonica. Two bags were exhumed monthly for three months 

from each location and depth, and acorns were examined for 

pathogens and predators. Insect predators were identified 

by Carl Olson, Entomology Department, University of Arizona. 
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Acorns were considered germinated when the radicle exceeded 

3 mm. Germinated acorns were considered viable. All 

ungerminated acorns were nicked and placed in 0.1% 

tetrazolium chloride solution for 48 hours to test for acorn 

viability (see appendix I for details). Viable acorns stain 

pink. Analysis of viability was based on germinated and 

stained acorns. 

Since acorn fall and subsequent germination are closely 

linked with temperature and moisture, copper-constatan 

thermocouples were used to measure soil temperatures at the 

same depths that acorns were buried and rainfall was 

measured with a rain gauge. Thermocouples were placed at 

north and south aspects under a Ouercus emoryi tree as well 

as in treeless grassland. Temperatures were measured every 

minute and 30-minute averages were recorded by a micrologger 

(Campbell Scientific model CR-10, Campbell Scientific, Inc., 

Logan, Utah) and rainfall was recorded by a weighing-type 

recording gauge for the 6 months coinciding with the acorn 

burial experiment (July 1990-January 1991). 

STATISTICAL ANALYSIS 

Field experiments employed a completely randomized 

design in a factorial arrangement. Two replicates (bags of 

10 acorns) were randomly assigned to each of 24 combinations 

of three treatments: position (under tree, in grassland), 

and burial depth (bare soil surface, soil surface with 



litter, 7.5 cm below soil surface, 15 cm below soil 

surface), and length of time left in field (1, 2, or 3 

months). Analysis of variance was used to test for main 

effects and interactions between position, depth, and length 

of time in the field. Data were tested for normality (via 

Shapiro and Wilk 1965) and homogeneity of variances (via 

Hartley 1950). 

RESULTS 

VIABILITY 

Data were normally distributed with equal variances. 

There was no 3-way interaction (P > 0.05) between position, 

depth of burial, and length of burial period for Q. emoryi 

viability. However, there was a 2-way interaction (P < 

0.05) between depth of burial and length of burial period 

(Appendix IV) for Ouercus arizonica. Mean viability 

generally declined with increased time of burial except at 

7.5 cm (Table 2). This trend was most evident at surface 

locations, where viability declined to less than 10% in 60 

days (Figure 2). A tendency for buried acorns to have 

higher viability than unburied acorns was most evident at 90 

days. 
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Table 2. Mean (± SE) viability of Q. emoryi acorns in 

relation to depth of burial and length of burial period in a 

semi-arid Ouercus savanna in southeastern Arizona. 

Length of burial period (days) 

Depth (cml 30 90 

0 (bare) 17.5 ± 0.2A31 2.5 ± O.lAb 2.5 ± O.lAb 

0 (litter) 35.0 ± O.IBb 7.5 ± 0.2Ba 5.0 ± O.lBa 

7.5 27.5 ± O.lAa 42.5 ± 0.2Cb 30.0 ± 0.2Ca 

15 60.0 ± 0 . 4Cb 12.5 + O.lAa 22.5 ± 0 . ICa 

*Means within a row followed by the same lowercase letter or 

within a column followed by the same uppercase letter are 

not different (P > 0.05) according to Fisher's LSD test. 
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Figure 2. Viability of Ouercus emoryi acorns in relation to 
depth of burial and length of burial period in a semi-arid 
Ouercus savanna in southeastern Arizona. Vertical bar 
represents one standard error. 
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The main effect of canopy position on viability was 

significant (P < 0.05). Viability was over twice as high (P 

< 0.05) under trees (mean ± SE = 34.4 ± 0.4%) than in 

treeless grassland (mean ± SE = 16.9 ± 0.2%). 

There was a 3-way interaction (P > 0.05) between 

position, depth of burial, and length of burial period for 

Q. arizonica (Figure 3) (Appendix V). All fiberglass bags 

located at the surface and not covered with litter were 

destroyed, and acorns predated, within 30 days of placement. 

At surface locations, viability declined with increased time 

of burial. For example, in grassland positions, viability 

at the surface decreased from a mean of 78% at day 30 and 

12% at day 60 to 0% at 90 days (Figure 3). Similarly, under 

trees positions, viability decreased from 95% at day 30 to a 

mean of 88% at day 60 and and 10% at day 90. 
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Figure 3. Relationship between burial period and viability 
of Ouercus arizonica in a serai-arid Ouercus savanna at 
surface (a) and subsurface locations (b). Filled squares 
indicate positions under oak trees and filled triangles 
indicate grassland positions. Depth of burial (cm) and one 
standard error are indicated. 
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GERMINATION 

Two- and three-way interactions were not 

significant (P > 0.05) for Ouercus emoryi (Appendix VI). 

Germination was higher (P < 0.05) under oak canopies (mean ± 

SE = 20 ± 0.2%) than grasslands (mean ± SE = 12.5 ± 0.1%). 

In addition, germination was higher (P < 0.05) at all 

subsurface depth locations than surface locations, and 

litter did not enhance germination compared to bare ground 

(Table 3). Length of burial period did not affect 

germination (P > 0.05), indicating that all germination was 

complete within 30 days. 

There were no 2- or 3-way interactions (P > 0.05) 

between depth of burial, canopy position, and length of 

burial for Ouercus arizonica. Depth was the only main 

effect which influenced (P < 0.05) germination of Q. 

arizonica (Appendix VII). Germination at the litter-covered 

surface location was lower than germination of buried acorns 

(Table 3). As with Q. emoryi , germination did not increase 

(P > 0.05) after 30 days. 
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Table 3. Mean (± SE) germination percentage (30, 60 and 90 

days) of Ouercus emoryi and Q. arizonica acorns following 

burial in a semi-arid Ouercus savanna in southeastern 

Arizona. 

Depth (cnO O. emoryi O. arizonica 

0 (bare) 5.0 ± 0.1a1 No data2 

0 (litter) 10.0 ± 0.1a 16.7 ± 0.9a 

7.5 28.8 ± 0.1b 72.5 ± 0.9b 

15 21.3 ± 0.2b 73.3 ± 0.9b 

'Means within a column followed by the same lower case 

letter are not different (P < 0.05) according to Fisher's 

LSD test. 

2All acorns destroyed by seed predators. 
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INSECT PREDATORS 

Ouercus emoryi was predated by insects (1.2%) and small 

mammals (0.8%), as was Q. arizonica (insects 2% and small 

mammals 5%) during their burial periods. The family 

Curculionidae and the order Lepidoptera were isolated. 

Specimens could not be positively traced to species, because 

the larvae died, but it was thought that the specimens 

represented Curculio sp. and Gelechiidae sp., respectively. 

SOIL TEMPERATURE 

Soil temperatures under the tree were cooler, and 

fluctuated less, than those in the grassland during July and 

August (Ouercus emoryi germination period) (Figure 4). 

Aspect had little influence on temperature. Later in the 

year (November-December, the period of Q. arizonica seed 

fall and germination), canopy position temperatures were not 

appreciably different from those in grassland positions 

(Figure 5). Throughout the study, temperature fluctuations 

were dampened with increased depth of burial. However, 

temperature trends were similar for all depths within a 

position. Representative diurnal temperatures for burial 

periods of Ouercus emoryi (Figures 6 and 7) and Ouercus 

arizonica (Figures 8 and 9) are shown (some data excluded 

for brevity). 
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Figure 4. Mean daily temperature at 7.5 cm depth on the 
north and south aspects under Ouercus emoryi tree canopy and 
in open grassland when Ouercus emorvi acorns were buried in 
southeastern Arizona. 
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Figure 5. Mean daily temperature at 7.5 cm depth on the 
north and south aspects under Ouercus emorvi tree canopy and 
in open grassland when Ouercus arizonica acorns were buried 
in southeastern Arizona. 
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Figure 6. Diurnal temperature under litter layer on the 
north and south aspects under Ouercus emoryi tree canopy 
when Ouercus einoryi acorns were buried in southeastern 
Arizona (15 July 1990) (data for grassland is missing). 



43 

27-

26-

25-
o 
-—• 24-0) 24-
3 
CO 23? 
<1) O. 
E 221 <D 
1-

211 

i o 
CM 

19-
800 1600 

Time (hours) 
2400 

North South 

Figure 7. Diurnal temperature under litter layer on north 
and south aspects under a Ouercus emoryi tree canopy when 
Ouercus arizonica acorns were buried in southeastern Arizona 
(16 November 1990) (data for open grassland is missing). 
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Figure 8. Diurnal temperature at 7.5 cm on north and south 
aspects under a Ouercus emoryi tree canopy and in open 
grassland when Ouercus emoryi acorns were buried in 
southeastern Arizona (15 July 1990). 
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Figure 9. Diurnal temperature at 7.5 cm on north and south 
aspects under a Ouercus emoryi tree canopy when Ouercus 
arizonica acorns were buried in southeastern Arizona (data 
for open grassland is missing) (16 November 1990). 
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RAINFALL 

Rainfall on some dates was high and 196.2 nun of 

rainfall fell in July coinciding with the Ouercus emoryi 

burial period (July-September) (Figure 10). By contrast, 

little rain fell during the Ouercus arizonica burial period 

(November-January) (Figure 11). 
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Figure 10. Daily rainfall amounts for the months of July, 
August, and September 1990 at Fort Huachuca Military 
Reservation in southeastern Arizona during Ouercus emoryi 
burial period (Haworth, 1991, unpublished data). 
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Figure 11. Daily rainfall amounts for the months of November 
and December 1990 and January 1991 at Fort Huachuca Military 
Reservation in southeastern Arizona during Ouercus arizonica 
burial period (Haworth, 1991, unpublished data). 
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DISCUSSION 

Strong interactive effects on acorn viability were 

observed between length and depth of burial for Q. emoryi 

Similarly, interactive effects were observed among canopy 

position, length of burial, and depth of burial for Q. 

arizonica. Clearly, acorn viability is affected by these 

factors in a complex manner. Similarly, complex 

interactions have been observed in recruitment of other 

Ouercus species (e.g., Shaw 1968, Griffin 1971, Knudsen 

1984, Boucher 1986, Borchert et al. 1989, Jackson et al. 

1990). 

Acorns on the soil surface were characterized by low 

viability and subsequently low germination. Similarly, 

Griffin (1971) found that oaks of central California were 

poorly adapted to surface germination. Acorns covered with 

litter had higher viability than uncovered acorns, but their 

germinability was low in the current study. Furthermore, 

litter offered little protection from dessication compared 

to soil. 

Burial permits a good seed-soil contact that enhances 

the possibility of acorns being continuously moist during 

the imbibition period. Acorns covered by litter may dry out 

faster than those covered by soil. Low germination of 

acorns on the surface previously has been attributed to 

desiccation and insect predation (Shaw 1968, Snow 1972, 

Bennett 1977, Borchert et al. 1989). Results of this study, 
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and the concurrent laboratory experiment (Chapter 2), are 

consistent with this interpretation. 

It is clear that most germination of both species 

occurred within the first 30 days under trees and in 

grassland areas. This is in agreement with Pase (1969) who 

noted that acorns of Ouercus emoryi and Ouercus turbinella 

Greene commonly germinate during the summer season shortly 

after they mature. 

Previous studies of red (Erythrobalanus) oaks (e.g., 

Korstian 1927, Aikman 1934, Schopmeyer 1974) have indicated 

that a stratification period enhances germination. This 

study, along with the laboratory experiment (Chapter 2), 

indicates stratification does not enhance germination of Q. 

emoryi. Consistent with most other studies of white oak 

(Leucobalanus) (e.g,. Griffin 1971, Farmer 1977, Borchert et 

al. 1989), Q. arizonica germination was not enhanced by 

stratification. 

Ability of acorns to maintain viability and germinate 

is determined by the position on which acorns fall and the 

depth of burial. Positions under trees are cooler and 

moister than grassland positions, at least during the summer 

(Figures 4 and 5, Parker and Muller 1987). 

Moisture content of the microsite is critical to 

successful acorn germination. However, despite high 

moisture content during Ouercus emoryi burial (Figure 10), 

acorns had low germination percentages. Excessive moisture 
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content sometimes hinders germination of acorns (McClaran 

1987). Germination of Ouercus arizonica was higher (73%) 

than Ouercus emoryi (29%) due to the inherent ability of the 

former species to remain alive longer and to germinate 

(chapter 2) and possibly the environmental conditions during 

their respective burial periods. 
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CHAPTER IV 

CONCLUSIONS 

Germination and storage of many warm-temperate oak 

species have not been previousely quantified. Ouercus 

emoryi and Ouercus arizonica are the two most common species 

in southeastern Arizona and northern mexico oak woodlands. 

Difficulties in propagation of these species has been 

reported (Ffolliott et al. 1988). 

The current studies suggest that storage type, length 

of storage, and conditions in which acorns are stored affect 

germination of both species. Moisture content of acorns has 

been reported to affect germination but it did not explain 

variability in acorn germination. Nearly all germination of 

both species occurred in the first 30 days in laboratory and 

field trials (Appendix VIII and IX). 

Germination of 28% and 73% for Ouercus emoryi and Q. 

arizonica acorns, respectively under field conditions, can 

be expected if sound acorns are used. Transplanting 

germinated acorns from petri dishes into potting mixtures 

may reduce uncertainties associated with acorns planted 

directly into soil. This study shows that germination of 

Ouercus emoryi and Ouercus arizonica is possible if acorns 

are collected at the correct time when acorns are mature and 

germinated at fluctuating temperatures. Further research is 

needed on effects of water potential fluctuations on acorns 

germination, effects of acorn maturity stage and size on 
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germinability, and evolutionary and taxonomic relations of 

semi-arid and warm-temperate Ouercus species. 

In general, correct time and maturity stage of acorn 

collection is a critical factor that determines expected 

germinability. To successfully propagate Ouercus emoryi and 

Ouercus arizonica from acorns, an acorn moisture content of 

at least 70% should be maintained. Acorns should be stored 

for less than 30 days. 

The lower temperatures under a litter layer than at 

bare ground, may have contributed to higher viability for 

Ouercus emoryi. High litter accumulation and presence of 

herbaceous cover in oak woodlands is conducive to 

maintaining acorn viability. This may be achieved by 

excluding livestock from oak woodlands during acorn fall and 

the germination period. 

Ouercus emoryi occupies the lowest elevation sites in 

oak woodlands of southeastern Arizona. Its low 

germinability in grasslands indicate the likelihood that 

expansion of oak woodlands into lower elevation sites (which 

are dominantly grassland) in the future is limited by 

absence of canopy. Removal of litter by herbivores and 

projected increases in global temperature (Emanuel et al. 

1985) would tend to make these sites more xeric, thus less 

susceptible to Ouercus recruitment. Future of oak woodlands 

appear to be restricted to certain elevations where their 

perpetuation will be from seeds and sprouts. Griffin and 



Muick (1990) predicted a similar fate for California oak 

woodlands. Overgrazing, predation, and wildlife damages 

have been cited as factors contributing to reduced seedling 

recruitment in California oak woodlands, thereby giving way 

to sprouts as the dominant form of reproduction (Passof et 

al. 1985, Allen et al. 1990, Standiford et al. 1991). The 

low recruitment of seedlings into mature trees in oak 

woodlands of southeastern Arizona, coupled with 

germinability that appears adequate for self replacement, 

suggest that recruitment is limited at the seedling stage. 

That is, there are problems associated with seedling 

survival after germination (Standiford et al. 1991). A 

management regime that increases seedling survival and 

decreases seedling mortality should be developed to improve 

seedling recruitment into mature trees. However, it should 

be noted that self-replacement requires only one successful 

recruit in the life of a parent tree. 
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APPENDIX I. PROCEDURE AND PRINCIPLE OF TETRAZOLIUM CHLORIDE 

TEST (from Grabe 1970) 

Viability tests have been developed to avoid some of 

the hazards of crop production by furnishing needed 

information about seeds that are used for planting purposes. 

This information may be desired for the seed producer or 

dealer in connection with seed processing or merchandising 

as a guide to planting seeds, or for seed control purposes. 

The ultimate purpose of making the test is to determine the 

value of the seeds for planting. 

Seed quality determines the number of seeds that should 

be sown per unit area and also gives an indication of the 

percentage of seeds in a given lot that will produce 

seedlings. Viability indicates the germination to be 

expected when the seed lot is germinated under very 

favorable conditions. 

The chemical used for the tetrazolium chloride (TTC) 

test is 2,3,5-Triphenyl tetrazolium chloride, a white or 

yellow water soluble powder with the following chemical 

structure: 

When dissolved in water TTC forms a colorless solution. 

/ 
where R is the Phenyl group C5 Hs. R-C 

[=N-R 
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TTC is an oxidation-reduction indicator. Oxidizing 

processes reduce TTC from colorless soluble forms to 

insoluble colored formazan 

N=NC1-R N-NH-R 
/ 

R-C 2e* + H* R-C + HC1 

\ N=N-R \ 
N=N-R 

The reduction of TTC to the red-colored formazan is caused 

by enzymatic action, releasing hydrogen. Dehydrogenase is 

the enzyme group involved. Loss of activity of these 

enzymes tends to correspond with loss of seed viability. 

Since formazan is non-diffusible, there is a rather sharp 

delineation between respiring (viable) tissues and non-

respiring (non-viable) tissue, the former being red. 

All non-germinated acorns from the field were cut half 

longitudinally through the embryo. Each half was placed 

separately in a petri-dish with the cut surface down. 

Tetrazolium chloride solution (0.1%) was poured to just 

cover the acorns. The acorns were left at room temperature 

with the pH of the solution nearly neutral (6.5-7.0) for at 

least 48 hours and left in the dark at approximately 30 "C 

(Moore 1962). A viable acorn is one in which: 

1. The embryo structures are well developed, intact and 

of normal red color. 

2. Embryo contains no more than the maximum listed for 

one or more of the following: 
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a. Small necroses on cotyledons in areas other 

than at juncture of embryonic axis and cotyledons. 

b. Small necroses at the extreme tip of the 

radicle. 

A non-viable acorn is one in which one or more of the 

following types of deterioration are present: 

1. Embryo completely or mostly unstained. 

2. More than extreme tip of radicle unstained. 

3. More than 0.5 of cotyledon tissue unstained or made 

non-functional by a fracture. 

4. Deep-seated necrosis at cotyledon and embryonic axis 

juncture or on radicle. 

5. Purplish-red or greyish-red stain. 

6. Fractured radicle. 

7. Poorly developed, immature seed. 
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APPENDIX II. ANALYSIS OF VARIANCE OF STORAGE CONDITIONS, 

STORAGE PERIODS, AND GERMINATION MEDIA ON GERMINATION OF 

OUERCUS EMORYI IN A CONTROLLED ENVIRONMENT. 

Source ss ms -Er > F 

Main effects: 

Storage conditions(C) 1 

Storage Periods (P) 2 

Medium (M) 1 

First-order interactions: 

C X P 2 

C X M 2 

P X M 1 

Second-order interactions: 

C X P X M 2 

Error 48 

0.267 0.267 4.57 0.0376 

0.533 0.267 4.57 0.152 

0.267 0.267 4.57 0.0376 

0.533 0.267 4.57 0.0152 

0.533 0.267 4.57 0.0376 

0.267 0.267 4.57 0.0152 

0.533 0.267 4.57 0.0152 

2.800 0.058 

Total 59 5.733 
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APPENDIX III. ANALYSIS OF VARIANCE OF STORAGE CONDITIONS, 

STORAGE PERIODS, AND GERMINATION MEDIA ON GERMINATION OF 

OUERCUS ARIZONICA IN A CONTROLLED ENVIRONMENT. 

Source _df_ ss ros J?r > F 

Main effects: 

Storage conditions(C) 1 0.067 

Storage Periods(P) 2 5.033 

Medium (M) 1 0.067 

First-order interactions: 

C X P 2 2.233 

C X M 1 0.600 

P X M 2 0.033 

Second-order interactions: 

C X P X M 2 1.900 

Error 48 18.000 

0.067 0.18 

2.517 6.71 

0.067 0.18 

1.117 2.98 

0.600 1.60 

0.017 0.04 

2.53 2.53 

0.375 

0.0675 

0.0027 

0.6752 

0.0604 

0.2120 

0.9566 

0.0900 

Total 59 27.933 



APPENDIX IV. ANALYSIS 1 OF VARIANCE ON VIABILITY OF OUERCUS 

EMORYI ACORNS IN THE FIELD. 

Source df ss ms F P- > F 

Main effects 

A: Depth 3 56.417 18.806 9.60 0.0002 

B: Position 1 21.333 21.333 10.89 0.0030 

C: Length 2 40.167 20.083 10.26 0.0006 

First-order ; interactions: 

A X B 3 3.500 1.167 0.60 0.6239 

A X C 6 43.333 7.222 3.69 0.0097 

B X C 2 6.167 3.083 1.57 0.2278 

Second-order interactions: 

A X B X C 6 18.000 3.000 1.53 0.2105 

Error 24 47.000 1.958 

Total 47 235.914 
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APPENDIX V. ANALYSIS OF VARIANCE ON VIABILITY OF OUERCUS 

ARIZONICA ACORNS IN THE FIELD. 

Source df ss 

Main effects 

A: Depth 2 93.167 

B: Position 1 0.250 

C: Length 2 120.667 

First-order interactions: 

A X B 2 3.500 

A X C 4 316.667 

B X C 2 14.000 

Second-order interactions: 

A X B X C 4 35.000 

Error 18 29.500 

ms 

46.583 

0.250 

60.333 

1.750 

79.167 

7.000 

8.750 

1.639 

28.42 

0.15 

36.81 

1.07 

48.31 

4.27 

5.34 

-Er > F 

0.0001 

0.7007 

0.0001 

0.3650 

0.0001 

0.0303 

0.0052 

Total 35 612.751 
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APPENDIX VI. ANALYSIS OF VARIANCE ON GERMINATION OF OUERCUS 

EMORYI ACORNS IN THE FIELD. 

Source _df_ 

Main effects 

A: Depth 3 

B: Position 1 

C: Length 2 

_S§ 

48.500 

5.333 

0.667 

First-order interactions: 

A X B 3 2.833 

A X C 6 14.000 

B X C 2 0.667 

Second-order interactions: 

A X B X C 6 8.667 

Error ZA 27.000 

WS 

16.167 

5.333 

0.333 

0.944 

2.333 

0.333 

1.444 

1,125 

14.37 

4.74 

0.30 

0.84 

2.07 

0.30 

1.28 

-Br > F 

0.0001 

0.0395 

0.7462 

0.4856 

0.0944 

0.7462 

0.3018 

Total 47 106.667 
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APPENDIX VII. ANALYSIS OF VARIANCE ON GERMINATION OF 

OUERCUS ARIZONICA ACORNS IN THE FIELD. 

Source _df_ ss ms _£, > F 

Main effects 

A: Depth 2 406.167 203.083 78.61 0.0001 

B: Position 1 3.361 3.361 1.30 0.2690 

c: Length 2 12.50 6.250 2.42 0.1173 

First-order interactions: 

A X B 2 11.055 5.528 2.14 0.1467 

A X C 4 13.333 3.333 1.29 0.3108 

B X C 2 9.389 4.694 1.82 0.1911 

Second-order interactions: 

A X B X C 4 12.444 3.111 1.20 0.3432 

Error 18 46.500 

Total 35 514.998 



APPENDIX VIII. RAW DATA FOR LABORATORY GERMINATION OF 
OUERCUS EMORYI ACORNS. 

STRAT1 LENGTH2 MEDIUM3 REP4 PCTGERM5 

0 0 F 1 20 
0 0 F 2 60 
0 0 F 3 40 
0 0 F 4 40 
0 0 F 5 80 
0 0 S 1 40 
0 0 S 2 00 
0 0 S 3 00 
0 0 S 4 20 
0 0 S 5 20 
0 30 F 1 00 
0 30 F 2 00 
0 30 F 3 20 
0 30 F 4 00 
0 30 F 5 00 
0 30 S 1 00 
0 30 S 2 00 
0 30 S 3 20 
0 30 S 4 20 
0 30 S 5 60 
1 30 F 1 00 
1 30 F 2 20 
1 30 F 3 20 
1 30 F 4 40 
1 30 F 5 40 
1 30 S 1 20 
1 30 S 2 00 
1 30 S 3 20 
1 30 S 4 00 
1 30 S 5 20 
0 60 F 1 20 
0 60 F 2 40 
0 60 F 3 00 
0 60 F 4 00 
0 60 F 5 00 
0 60 S 1 40 
0 60 s 2 00 
0 60 s 3 20 
0 60 s 4 00 
0 60 s 5 00 
1 60 F 1 00 
1 60 F 2 00 
1 60 F 3 00 
1 60 F 4 00 
1 60 F 5 00 
1 60 s 1 00 



1 60 S 2 00 
1 60 S 3 00 
1 60 S 4 00 
1 60 S 5 00 
0 90 F 1 00 
0 90 F 2 00 
0 90 F 3 00 
0 90 F 4 00 
0 90 F 5 00 
0 90 S 1 00 
0 90 S 2 00 
0 90 S 3 00 
0 90 S 4 00 
0 90 S 5 00 
1 90 F 1 00 
1 90 F 2 00 
1 90 F 3 00 
1 90 F 4 00 
1 90 F 5 00 
1 90 S 1 20 
1 90 S 2 00 
1 90 S 3 00 
1 90 S 4 00 
1 90 S 5 00 

,0=room temperature; l=cold stratified (2°C). 
2LENGTH=storage period (days). 
3F=filter paper; S=mineral soil. 
*REP=replication number. 
6PCTGERM=percentage germination. 
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APPENDIX IX. RAW DATA FOR LABORATORY GERMINATION OF OUERCUS 
ARIZONICA ACORNS. 

STRAT1 LENGTH2 MEDIUM3 REP4 PCTGERM5 

~~0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 F 1 20 
0 F 2 60 
0 F 3 40 
0 F 4 40 
0 F 5 80 
0 S 1 40 
0 S 2 00 
0 S 3 00 
0 S 4 20 
0 S 5 20 
30 F 1 00 
30 F 2 00 
30 F 3 20 
30 F 4 00 
30 F 5 00 
30 S 1 00 
30 S 2 00 
30 S 3 20 
30 S 4 20 
30 S 5 60 
30 F 1 00 
30 F 2 20 
30 F 3 20 
30 F 4 40 
30 F 5 40 
30 S 1 20 
30 S 2 00 
30 s 3 20 
30 s 4 00 
30 s 5 20 
60 F 1 20 
60 F 2 40 
60 F 3 00 
60 F 4 00 
60 F 5 00 
60 S 1 40 
60 S 2 00 
60 S 3 20 
60 s 4 00 
60 S 5 00 
60 F 1 00 
60 F 2 00 
60 F 3 00 
60 F 4 00 
60 F 5 00 
60 S 1 00 



1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

60 S 2 00 
60 S 3 00 
60 S 4 00 
60 S 5 00 
90 F 1 00 
90 F 2 00 
90 F 3 00 
90 F 4 00 
90 F 5 00 
90 S 1 00 
90 S 2 00 
90 S 3 00 
90 s 4 00 
90 s 5 00 
90 F 1 00 
90 F 2 00 
90 F 3 00 
90 F 4 00 
90 F 5 00 
90 S 1 20 
90 s 2 00 
90 s 3 00 
90 s 4 00 
90 s 5 00 

10=room temperature; l=cold stratified (2°C). 
2LENGTH=storage period (days). 
3F=filter paper; S=mineral soil. 
4REP=replication number. 
fiPCTGERM=percentage germination. 
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