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    Abstract
Norman C Deno was a renowned professor of chemistry at Penn State University and an avid horticulturist with interest in seed germination. Dr Deno conducted germination research on plant species derived from more than 150 families, 800 genera, and 2500 species. He studied the effects of temperature, oscillations in temperature, light, storage conditions, seed age, outside exposure during cold months, and treatment with GA3. He worked with species collected worldwide. Over a period of many years, he self-published several books that provided summaries of his research. A series of monographs have been prepared that provide a summary of Dr Deno’s research reports for plants native to Canada, the United States, and Mexico. This second article is inclusive of species with taxonomic binomials beginning with the letters C through E.

	germination research
	temperature
	GA3
	seed age

NOMENCLATURE:	USDA NRCS (2019)
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Wildflower community, including Eriogonum ovalifolium var. depressum, at the crest of Sawtell Peak in southeastern Idaho.



CONVERSIONS
	T(°F) = T(°C) × 9/5 + 32



This article provides the second segment (comprising species with binomials beginning with C, D, and E) of an abridged version of seed germination papers written by Norman C Deno. Only species native to North America (Canada, the US, and Mexico) are included in this article. Deno studied thousands of plant species collected worldwide in an effort to understand germination requirements and to improve horticultural potential of these species. This series of articles serves as an archive of Deno’s work, ensuring permanent documentation of his reported findings, and serves to celebrate the life of an exceptional researcher.
Descriptions of species germination responses are taken directly from Deno’s papers and notes. Given the source, keep in mind that terms such as “my” or “I” reference Dr Deno. Revisions were made when necessary to expand abbreviations and to clarify germination conditions imposed during seed evaluations. Sentence syntax was sometimes changed to improve readability. Phrasing was revised in the process of separating comments concurrently made for both native and exotic species. Full documentation of species nomenclature was added to each species label. Last, for the benefit of the reader, we include a brief description of each genus.
KEY TO SEED GERMINATION WORDS AND PHRASES
Dark/light treatment: In a temperature treatment followed by the word [dark], seeds were held in the dark during the reported cycle; alternately, [light] means the seeds were treated to constantly lighted conditions under artificial grow lights. For example, 40°F→70°F [light] indicates seeds were held at 40°F for 3 mo then moved to 70°F under lights.
First order rate: A rate (in days or weeks) at which a constant fraction germinates in each time period.
GA3: The growth hormone gibberellic acid (procedurally sprinkled over seeds on wet paper towels at a dosage of 1 mm2 of 95% solution [approximately 1000 ppm] per seedlot).
Half-life: The time for half of the seeds to germinate, beginning from the time germination starts; or, the time period required for half of the seeds to die during storage.
Induction time: The time between the seeds being shifted or started in a particular cycle and the time the seeds started to germinate in that same cycle.
Outside treatment: Seeds mixed with soil placed outdoors and subject to the oscillating daily and seasonal temperatures common to Pennsylvania.
Time-temperature cycles: Seeds of some species were subjected to 3 mo cycles of cold and warm temperatures; treatments are described in abbreviated form, for example, 40°F→ 70°F→40°F indicates seeds were placed for 3 mo in 40°F, transferred to 70°F for 3 mo, then allowed to germinate at 40°F. Deno often employed shorter and (or) longer cycles. In a few cases, germination rates are reported for each temperature cycle, for example, 40°F (20%)→70°F (35%), which means 20% of the seeds germinated in the first 40°F cycle, 35% germinated in the second 70°F cycle with the final germination percentage at the end of the second cycle at 55%.
Washed and cleaned: Seeds rinsed and flesh removed daily, typically for a period of 7 d unless otherwise stated.
Zero order rate: Percentage at which a constant amount of seeds germinate in each time period.

SPECIES WITH TAXONOMIC BINOMIALS BEGINNING WITH C
Calocedrus (Cupressaceae)
A genus of coniferous trees native to eastern Asia and western North America. The generic name means beautiful cedar.
Calocedrus decurrens (Torr.) Florin (incense cedar)
Germinated 70°F [dark] (14% in 2nd wk) and 40°F→70°F [dark] (12% in 2nd wk). Light or GA3 had no effect. These results are not in accord with a report in the literature that Calocedrus decurrens was a 40°F→70°F germinator.
Subsequent note: Still germinated approximately 15% in 70°F [dark] after 1 y of dry storage.


Calochortus (Liliaceae)
A large genus of western North American leafy-stemmed herbs having flowers with 3 sepals and 3 petals.
These species germinated at 40°F like many cold desert plants. Sowing at 70°F was harmful. Even a brief 4 wk at 70°F could lower germination and produce seedlings that do not grow well.
Calochortus aureus S. Watson (golden mariposa lily)
Germinated 40°F (100% in 3–5 wk) and 87% in early March in outdoor treatment. None germinated at 70°F. Even 4 wk at 70°F reduced the germination at 40°F to 79% in 2–11 wk.

Calochortus gunnisonii S. Watson (Gunnison’s mariposa lily)
Germinated 40°F (72% in 4th wk) and 76% in early March in outdoor treatment. None germinated at 70°F, even 4 wk at 70°F reduced the germinated at 40°F to 83% in 3–9 wk. These results are for a sample collected at 7000 ft. A sample collected at 9000 ft germinated in lower percentage and in a more delayed manner.

Calochortus kennedyi Porter (desert mariposa lily)
Germinated 40°F (100% in 4th wk) and 70°F [dark] (none).


Caltha (Ranunculaceae)
A genus of rhizomatous perennial flowering plants to which 10 species have been assigned. They occur in moist environments in temperate and cold regions of both the northern and southern hemispheres.
Caltha leptosepala DC. (white marsh marigold)
Germinated best (50%) in outdoor treatment, less in 70°F (13%)→40°F→70°F (25%), and none in 40°F→70°F treatment. Note on sample listed as Caltha biflora: Germinated 40°F→ 70°F (13% in 7th wk) and none in 70°F→40°F.

Caltha palustris L. (yellow marsh marigold)
Sown outdoors in April and germinated the following April. Subsequent note: Seeds were received from northeast US and from Iceland. US seeds germinated only with GA3, but the Iceland seeds germinated in both 70°F after treatment GA3 and 70°F [light], albeit in higher percentage with GA3. US seeds were given varying amounts of time in 70°F [dark] (moist) before applying GA3, and the effects were remarkable. For times of 0 d, 17 d, 32 d, and 10 wk in 70°F [dark], the percent germinations were 60%, 92%, 70%, and 0% after addition of the GA3. The 17 d period at 70°F [dark] increased percent germination, but then a rather rapid death rate set in so that all seeds were dead after just 10 wk in moisture at 70°F. In all the germinations with GA3, germination occurred 8–10 d after applying the GA3. Seeds died rapidly on dry storage, and both US and Iceland seeds were dead after just 3 mo of dry storage at 70°F.


Calycanthus (Calycanthaceae)
A small genus of American shrubs having aromatic bark, opposite entire leaves, and purple or red flowers.
Calycanthus floridus L. (eastern sweetshrub)
Seeds collected in January germinated 70°F (84–87% in 2nd wk) and 40°F→70°F (81–93% in 3rd d) using either fresh seeds or seeds dry-stored 6 mo at 70°F or 40°F.


Calycocarpum (Menispermaceae)
A woody vine of the southern US; the stone of the fruit is hollowed out on one side like a shallow cup.
Calycocarpum lyoni (Pursh) A. Gray (cupseed)
Germinated 40°F→70°F [dark]→40°F (100% in 3rd wk). None has germinated as yet in 70°F [dark]→40°F→70°F [dark], 70°F [light]→40°F→70°F [dark], or 70°F after treatment with GA3.
Supplemental note: Data were now more complete. Seeds germinated 40°F→70°F [dark]→40°F (100% in 3rd wk), 70°F [dark]→40°F→70°F [dark]→40°F→70°F [dark] (57% in 3rd wk). Germination was counted when the radicle began to develop. The seeds expanded and split earlier. The radicle took about a month to develop to a length of 2 cm, after which it was another month before a shoot and leaves start to develop. Light or GA3 did not initiate germination.


Calylophus (Onagraceae)
Day-flowering herbs of the evening-primrose family.
Calylophus hartwegii (Benth.) P.H. Raven (Hartweg’s sundrops)
Referred to by Deno as Oenothera fendleri.
Germinated some immediately at 70°F.

Calylophus lavandulifolius (Torr. and A. Gray) P.H. Raven (lavenderleaf sundrops)
Germinated 95% in 3–5 d in 70°F [light], 70°F [dark], 40°F→ 70°F (100% in 3rd d), and 70% in April in outdoor treatment. Seeds treated with GA3 germinated 92% in 5–7 d at 70°F, which was slower than untreated seeds.
Supplemental note: Germinated 70°F [dark] (100% in 3–15 d). This was unchanged after 18 mo dry storage, but the seeds suddenly died thereafter so that after 2 y of dry storage the seeds germinated 70°F [dark] (5%).

Calylophus serrulatus (Nutt.) P.H. Raven (yellow sundrops)
Referred to by Deno as Oenothera serrulata.
Germinated abundantly in 5th wk at 70°F.


Camassia (Liliaceae)
A genus of plants in the asparagus family native to Canada and the US. Common names include camas, quamash, Indian hyacinth, camash, and wild hyacinth.
Camassia leichtlinii (Baker) S. Watson (large camas)
The species and its var. suksdorfii gave the same results. Both germinated best in 40°F (100% in 5–14 wk) using either fresh seeds or seeds dry-stored 6 mo at 70°F or 40°F. A preliminary 3 mo at 70°F lowered the percent germination to as low as 40% in one sample. Germination was hypogeal. The leaf does not develop properly unless the seedling was kept at least 2 mo at 40°F after germination.


Camissonia (Onagraceae)
Day-flowering herbs of the evening-primrose family.
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Calylophus lavandulifolius in research plots at Aberdeen, Idaho.



Camissonia cheiranthifolia (Hornem. ex Spreng.) Raimann (beach suncup)
Referred to by Deno as Oenothera cheiranthifolia.
Germinated immediately at 70°F.


Campanula (Campanulaceae)
A large family of dicotyledonous plants (order Campanulales) including herbs, shrubs, trees, and some climbers and having an acrid mostly milky juice, alternate leaves, and rather showy usually regular flowers.
Most species are 70°F [dark] germinators. There are some that are 40°F→70°F germinators and photo-requirers.
Campanula chamissonis Fedorov (hairflower bellflower)
Referred to by Deno as Campanula chamissonii.
Germinated 70°F (10% in 3rd wk) and none in 40°F→70°F. Light had no effect.

Campanula rotundifolia L. (bluebell bellflower)
Germinated 70°F (65% in 1–8 wk) for seeds dry-stored 6 mo at 70°F or 40°F in contrast to 70°F (4%)→40°F (32%)→70°F (45%) for fresh seeds. Seeds sown at 40°F failed to germinate.

Campanula scabrella Engelm. (rough bellflower)
Germination was strongly promoted either by light or by GA3. The data are 70°F [light] (40% in 2–8 wk), 70°F [dark] after treatment with GA3 (56% in 2nd wk), and 70°F [dark] (7% in 2–8 wk). The seedlings from GA3-promoted germination were normal; however, the GA3 treatment was unnecessary in view of the good germination in 70°F [light]. The above data was for seeds dry-stored one y at 40°F. Seeds collected from the same source and dry-stored 3 y at 70°F germinated 70°F [light] (11%) and 70°F [dark] (none) showing that there had been significant deterioration of the seeds in the longer dry storage. A preliminary 3 mo at 40°F had no effect.

Campanula shetleri Heckard (Castle Crags bellflower)
Germinated 40°F→70°F [dark] (40% in 2nd wk), 70°F [dark]→ 40°F→70°F [dark] (none), 70°F [light]→40°F→70°F [light] (20% on 4th d), and outside treatment (33% in late March through April).


Campanulastrum (Campanulaceae)
A tall, annual or biennial bellflower native to eastern North America from the Great Lakes region south to Florida and from the Dakotas east to New York.
Campanulastrum americanum (L.) Small (American bellflower)
Required both 3 mo at 40°F followed by light at 70°F.
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Campanula rotundifolia in Yellowstone Park, Wyoming.



Supplemental note for a species Deno listed as Campanulastrum americana.
Requires dry-storage 12 mo at 70°F or 40°F, an initial 3 mo at 40°F, and light at 70°F to get the optimum germination of 100% (in 5–8 d). The dry storage factor was least important and germination was still 60% if the dry storage was omitted. Omission of the 3 mo at 40°F or the light leads to total failure in germination.


Campsis (Bignoniaceae)
A genus of deciduous woody vines (formerly included in Bignonia or Tecoma) climbing by aerial roots and having opposite odd-pinnate toothed leaves and large orange or scarlet flowers in showy clusters.
Campsis radicans (L.) Seem. ex Bureau (trumpet creeper)
Requires light to germinate. The seed is in the shape of 2 connected circular disks covered with a thin, tan membrane, a structure suited for photo responses. After being moist for a day, the membrane can be readily removed. Such seeds are termed “stripped” to distinguish them from unstripped seeds. At the end of 2 mo after sowing at 70°F, germination in the dark was zero whereas germination in the light was 80% for both stripped and unstripped seeds with the induction time for stripped seeds being 3 wk and the induction time for unstripped seeds being 6 wk, showing that the membrane was significantly shielding the embryo from the light. The rate of germination for both stripped and unstripped seeds was 3%/d. Seeds sown in dark ultimately gave a little germination. When sown at 40°F, there was 10% germination over 4 cycles during a total of 1 y. Germination was erratic and occurred at both 40°F and 70°F, indicating that the germination was perhaps due to the brief exposures to light that occurred on taking observations. No germination occurred when seeds were sown in dark at 70°F. The seed was collected in November after it had already been subjected to drying outdoors. A further 6 mo dry storage at 70°F or 40°F had no effect on germination patterns or rates, but seeds dry-stored 2 y at 70°F were all dead.


Cardamine (Brassicaceae)
A large genus of mostly perennial glabrous crucifers growing in temperate regions and having flat pods and wingless seeds.
Cardamine concatenata (Michx.) Sw. (cutleaf toothwort)
Referred to by Deno as Dentaria laciniata.
Germinated best when the seeds were treated with GA3 and started at either 70°F or 40°F. The data were 40°F→70°F (27% in 10–12 wk) and 70°F→40°F (20% in 6–12 wk). The seedlings from the GA3 treatment appeared normal but more time was needed to be sure that healthy plants will develop. Germination of Cardamine concatenata was most unusual for Brassicaceae. Not only was storage not tolerated, but germination was hypogeal with the radicle growing to a length of 1 cm in 1 d and producing branching roots before the true leaf forms a few weeks later. Before the GA3 experiments, germinations were below 10% and occurred only after 2–3 y. It was possible that these small amounts of germinations were due to fungal infections that finally invaded the seed coats.
Supplemental note: The remarkable results with Cardamine concatenata have been confirmed with somewhat higher percent germinations in samples from later years, the best being 70°F after treatment with GA3→40°F (50% in 6–11 wk).

Cardamine pennsylvanica Muhl. ex Willd. (Pennsylvania bittercress)
Germinated 70°F [light] (100% in 1–6 wk, induction time 10 d, zero order 2%/d), 70°F [dark] (none), 40°F→70°F [dark] (none), and 40°F→70°F [light] (20%).


Carex (Cyperaceae)
A vast genus of more than 2000 species of grassy plants in the family Cyperaceae, commonly known as sedges (or seg, in older books). It is the most species-rich genus in the family.
Carex lurida and Carex retrorsa were received as fresh seeds and the others were received as seeds dry-stored 6 mo. Germination occurred only in light with all species and none germinated in dark or with GA3. Germination was essentially unchanged after 2 y of dry storage in the species tested. A prior 2 mo in 70°F [dark] had no effect with Carex arenaria and Carex grayi.
Carex arenaria L. (sand sedge)
Germinated 70°F [light] (100% in 1–5 wk) and 70°F [dark] (none). After 2 y dry storage there was a little germination in 70°F [dark] (9% in 2–4 wk) with germination in 70°F [light] still 100%.
Supplemental note: Germinated 70°F [light] (100% in 1–5 wk) for fresh seeds. Seeds dry-stored 4 y germinated 70°F [light] (51% in 1–6 wk) and 70°F [dark] (1%) indicating a half-life of 4 y and retention of the light requirement.

Carex grayi Carey (Gray’s sedge)
Seeds dry-stored 6 mo germinated 70°F [light] (50% in 2–14 wk) and 70°F [dark] (none), and seeds dry-stored 2 y germinated 70°F [light] (36% in 7–12 wk) and 70°F [dark] (none).
Supplemental note: Germinated 70°F [light] (50% in 2–14 wk) using fresh seeds or seeds dry-stored 2 y. Seeds dry-stored 4 y germinated 70°F [light] (6% in 4th wk) and 70°F [dark] (none).

Carex lurida Wahlenb. (shallow sedge)
Fresh seeds germinated 70°F [light] (95% in 2nd wk if husk removed, 50% in 3–9 wk if husk left on), and 70°F [dark] (none). Seeds dry-stored 1 y germinated 70°F [light] (95% in 8–20 d) and 70°F [dark] (none).
Supplemental note: Germinated only in light. Seeds germinated 90% in 2nd wk in 70°F [light] if the husks were removed. Germination was slower if the husks were not removed. Germination was unchanged after 1 y or 2 y of dry storage, but seeds dry-stored 4 y germinated 70°F [light] (10%) and 70°F [dark] (6%) indicating a half-life of about 3 y. If the 70°F [light] treatment was preceded by a 70°F [dark]→40°F cycle, germination was reduced to around 20%.
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Carex grayi in the Frank Church Wilderness, Idaho.




Carex muskingumensis Schwein. (Muskingum sedge)
Seeds dry-stored 6 mo germinated 70°F [light] (100% in 8–10 d) and 70°F [dark] (none).

Carex retrorsa Schwein. (knotsheath sedge)
Had very low viability and germinated 70°F [light] (3%)→ 40°F→70°F [light] (3%) and 70°F [dark] (none). Seeds dry-stored 6 mo or 1 y germinated none in either 70°F [dark] or 70°F [light].
Supplemental note: Germinated 70°F [light] (3%)→40°F→70°F [light] (3%) and none in 70°F [dark]. Seeds dry-stored 2 y failed to germinate, but this may not be significant in view of the very low germination.


Carica (Caricaceae)
A genus of flowering plants that includes papaya, a widely cultivated fruit tree native to Mexico and the American tropics.
Carica papaya L. (papaya)
Required washing and cleaning (7 d) and either light or GA3. Seeds germinated 70°F [light] (43% in 2nd wk), 70°F [dark] after treatment with GA3 (95% in 3rd wk), and 70°F [dark] (none). The photo requirement was surprising in view of the jet-black color of the seeds. Part of the samples in 70°F [dark] and 70°F [light] were treated with GA3 after 4 wk whereupon the remaining seeds germinated 90–100% in the 2nd wk after the GA3 treatment. A prior 3 mo at 40°F was nearly fatal as shown by 40°F→70°F [light] (10%), 40°F→70°F after treatment with GA3 (none), and 40°F→70°F [dark] (none).
Supplemental note: Germinated 70°F [light] (50% in 6–27 d) and 70°F [dark] (none) for either fresh seeds or seeds dry-stored 1 y or 2 y.


Carya (Juglandaceae)
A genus of large, deciduous, nut-bearing trees native to the US and China.
Carya illinoinensis (Wangenh.) K. Koch (pecan)
Referred to by Deno as Carya pecan.
Seeds sold for food have all rotted.


Castilleja (Scrophulariaceae)
A large genus of root-parasitic herbs, known as Indian paintbrush, abundant in western North America and characterized by irregular hooded flowers in dense spikes, usually with brightly colored bracts. There have been suggestions that Castilleja seed is difficult to germinate and that chemical exudate from the roots of host species (Castilleja are parasitic) are needed to induce germination. None of this was in accord with the results herein, and patterns were found that gave excellent germination without the addition of any exogenous chemical. Most of the species germinate largely at 40°F. Seedlings grow vigorously until the stem has elongated to the point of producing 5–10 true leaves. Then the seedlings lose vigor and die off showing the need for a host plant. These conclusions were based on studies on 17 samples. No photoeffects were found in 5 experiments. Although the germination of the seed occurs without any exudate from a host, it is still possible and perhaps probable that an exudate from a host is required for the development of the haustoria. Dry storage was tolerated for a y, but seeds dry-stored for 4 y were all dead.
Castilleja integra A. Gray (wholeleaf Indian paintbrush)
Germinated 100% at both 70°F (induction time 2 d, 26%/d) and 40°F (induction time 10 d, 4%/d). Light had no effect nor did dry storage for an additional year.

Castilleja miniata Douglas ex Hook. (giant red Indian paintbrush)
Germinated best in 70°F (3%)→40°F (88% in 3–11 wk) and less in 40°F (22%)→70°F (4%). This latter pattern might have given more germination if extended for another cycle. Germination was unaffected by light.

Castilleja parviflora Bong. (mountain Indian paintbrush)
Germinated 70°F [dark] (15% in 1–5 wk) and 40°F→70°F (4%).
Supplemental note: Germinated 70°F [dark] (15% in 1–5 wk) for seeds dry-stored 6 mo. This dropped to 9% for seeds dry-stored 2 y.

Castilleja rhexiifolia Rydb. (splitleaf Indian paintbrush)
Germinated 70°F→40°F (3%) and none in 40°F→70°F→40°F→ 70°F.


Catalpa (Bignoniaceae)
A tree with large, heart-shaped leaves, clusters of trumpet-shaped flowers, and long, slender beanlike seedpods, native to North America and eastern Asia and cultivated as an ornamental.
Catalpa bignonioides Walter (southern catalpa)
Required light, GA3, or dry-storage for germination. The data for seeds collected in October were 70°F [light] (100% in 1–3 wk), 70°F [dark] after treatment with GA3 (100% on 6th d), and 70°F [dark] (none). The light requirement gradually disappears on dry storage. For example, seeds collected in March (already extensive dry storage) germinated 70°F (44%)→ 40°F (2%)→70°F (47%) and 40°F→70°F (32%), and the same seeds given a further 6 mo dry-storage at 70°F germinated 70°F (76%) and 40°F→70°F (94%). Where germination was incomplete, the remaining seeds would germinate immediately on shifting to 70°F [light] even after 3 dark cycles.
Supplemental note 1: Fresh seeds germinated only in light or GA3 treatment, but this slowly disappeared on dry storage. Experiments were conducted to see if irradiating the seeds while dry would destroy the system blocking germination, but this was totally unsuccessful. Seeds irradiated 8 inches under 40°F watt fluorescent light for up to 50 d germinated 70°F [light] (100% in 5–12 d) and 70°F [dark] (none)—the same as seeds not irradiated.
Supplemental note 2: Seeds dry-stored 4 y germinated 70°F [dark] (17% in 2nd wk) and 70°F [light] (78% in 3rd wk). The light requirement was still largely present although it appears to be slowly disappearing in accord with previous data.


Caulophyllum (Berberidaceae)
A small genus of perennial herbs native to eastern Asia and eastern North America; distinctive spring wildflowers, which grow in moist, rich woodland and known for its large triple-compound leaf, and large, blue, berry-like fruits.
Caulophyllum thalictroides (L.) Michx. (blue cohosh)
Reported to germinate 10% or less after extended time. Shoot development was reported to be a further problem, and the shoot must develop to a certain stage at 70°F before 3 mo at 40°F and a return to 70°F will result in further development. Seeds were in a blue berry and were washed and cleaned daily for 7 d. The only germination in my work resulted from a year of alternating cycles, after which the seeds were placed outdoors in October whereupon 29% germinated the following April. Neither seedling developed normally. Neither light nor GA3 initiated germination. Although Caulophyllum thalictroides self sows here (Pennsylvania), not a single germination has been obtained in sterile conditions. The gibberellins GA3, salt of GA3, GA4, GA7, and iso-GA7 have all failed to initiate germination.
Supplemental note: Failed to germinate under all conditions including treatment with GA3, GA4, GA-7, and iso-GA7.


Ceanothus (Rhamnaceae)
American vines, shrubs, and small trees of the buckthorn family having the calyx disk adherent to the ovary.
Ceanothus americanus L. (New Jersey tea)
Referred to by Deno as Ceanothus americana.
Seeds were removed from the stiff husk. Germination was best (41%) in outdoor treatment with half of the germination occurring in September through November and the other half in March. A 40°F→70°F treatment was almost as good as that shown by 40°F (1%)→70°F (28% in 1–21 d), but 70°F (1%) was nearly fatal. Germination of seeds dry-stored 6 mo at 40°F or 70°F was similar to fresh seeds, as shown by 70°F (5%)→40°F→ 70°F (8%) and 40°F (1%)→70°F (14% in 2–10 d)→40°F→70°F (3%). The results show that germination was promoted by oscillating temperatures.
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Castilleja rhexiifolia in the Seven Devils Peaks, Idaho.





Celtis (Ulmaceae)
A genus of approximately 60–70 species of deciduous trees, commonly known as hackberries or nettle trees, widespread in warm temperate regions of the northern hemisphere.
Celtis pumila Pursh (dwarf hackberry)
Referred to by Deno as Celtis tenuifolia.
Germinated best with seeds dry-stored 6 mo at 40°F and sown outdoors in May. This germinated 65% the following April and May. It was not just the outdoor treatment, as fresh seeds sown outdoors in November germinated only 2% the following May. The standard treatments gave germination that was not only low, but germination extended over at least 9 alternating cycles with most of the germination occurring in bursts near the end of these extended alternating cycles. The data were 70°F→40°F→70°F (2%)→40°F→70°F (6%)→40°F→70°F→40°F→ 70°F (14%) and 40°F→70°F (1%)→40°F (1%)→70°F (8%)→40°F (1%)→70°F (1%)→40°F→70°F (29%)→40°F→70°F (2%) for fresh seeds; 70°F (3%)→40°F→70°F→40°F→70°F→40°F→70°F (13%) and 40°F→70°F→40°F→70°F (14%)→40°F→70°F (12%) for seeds dry-stored 6 mo at 70°F; and 70°F (3%)→40°F→70°F→40°F→ 70°F→40°F→70°F (5%) and 40°F→70°F→40°F→70°F (12%)→ 40°F→70°F for seeds dry-stored 6 mo at 40°F. Producing a hole in the seed coat had no effect on germination. All seeds were washed and cleaned daily for 7 d before sowing or before dry storage. The cotyledons develop in a week or two after germination. A remarkable verification of the efficacy of oscillating temperatures and outdoor treatment was that the sample started at 70°F had a total of 22% germinated and 8% rotted after 2 y. At that time the sample was shifted to outdoors in late November whereupon the remaining 70% germinated the next March.


Cephalanthus (Rubiaceae)
Shrubs or small trees native to Africa, Asia, and North America with fragrant, creamy white, spherical inflorescences.
Cephalanthus occidentalis L. (common buttonbush)
Has an absolute light requirement for germination, and none germinated in the dark as shown by 70°F [light] (80–90% in 1–3 wk), 40°F→70°F [light] (80–90% in 13 wk), and none in 70°F [dark] or 40°F→70°F [dark]. Results were the same for fresh seeds or seeds dry-stored 6 mo at 70°F or 40°F.


Cerastium (Caryophyllaceae)
Various low-growing plants having leaves covered with whitish or grayish down and small, white flowers, including mouse-ear chickweed and snow-in-summer.
Cerastium alpinum L. (alpine chickweed)
A 70°F [dark] germinator and germinated in 2–6 wk at 70°F.

Cerastium maximum L. (great chickweed)
A 70°F [dark] germinator and germinated in 2–6 wk at 70°F.


Cercis (Fabaceae)
A small genus of widely distributed shrubs or low trees having irregular pink to reddish flowers borne on the old wood, including judas tree and redbud.
Cercis canadensis L. (eastern redbud)
Germinated fastest when a hole was made in the seed coat. Germination was 35% in 5–12 d at 70°F. The abrasion seemed to injure some of the seeds as the remaining 65% soon rotted. Untreated seeds gave higher overall germination as shown by 40°F→70°F (35%)→40°F→70°F (46%) and 70°F→40°F→70°F (71%) for both fresh seeds and seeds dry-stored 6 mo at 70°F or 40°F. Presumably the technique of producing the hole in the seed coat could be refined to give higher germination.


Cercocarpus (Rosaceae)
Commonly known as mountain mahogany, a small genus of 5 or 6 species of nitrogen-fixing flowering plants in the rose family, Rosaceae. They are native to the western US and northern Mexico, where they grow in chaparral and semi-desert habitats and climates, often at high altitudes.
Cercocarpus intricatus S. Watson (littleleaf mountain mahogany)
Germinated 70°F [dark] (10%)→40°F (5%)→70°F [dark] (17%) and 40°F (50% in 8–12 wk). A second sample germinated 40°F (60% in 1–3 wk) and 70°F [dark] (12% on 2nd wk). The patterns were similar.
Supplemental note: The data on Cercocarpus intricatus is now more complete. Seeds germinated 40°F (81% in 1–3 wk) →70°F [dark] (15% in 2 d–2 wk) and 70°F [dark] (12% in 2nd wk) → 40°F (52% in 5–9 wk). Seeds dry-stored 1 y germinated 70°F [dark] (17% in 10–12 wk) →40°F (40% in 8th wk). Seeds dry-stored 2 y germinated 70°F [dark] (16% in 7–12 wk).

Cercocarpus montanus (Raf.) (mountain mahogany)
Referred to by Deno as Cercocarpus betuloides.
Germinated 70°F [dark] (85% in 2nd wk) and 40°F (75% in 2–4 wk). Light or GA3 had no effect.


Chaenactis (Asteraceae)
A genus of plants in the daisy family that are known generally as pincushions or dustymaidens. These wildflowers are native to western North America, especially the desert southwest of the US.
Chaenactis douglasii (Hook.) Hook. & Arn. (Douglas’ dustymaiden)
Germinated 100% in 4–10 wk when sown at 40°F. When sown at 70°F, germination was 100% but extended over 3 cycles.


Chamaebatiaria (Rosaceae)
A monotypic genus of aromatic shrub in the rose family containing the single species, which is known by the common names fern bush and desert sweet.
Chamaebatiaria millefolium (Torr.) Maxim. (desert sweet)
Germinated 100% in 4–8 d in either 70°F [dark] or 70°F [light], 40°F→70°F [dark] (70% in 1–3 d), and none in 70°F after treatment with GA3. Seeds also germinated 100% in the first 2 wk of November from seeds placed outdoors in mid-October, but this was essentially germination in 70°F [dark]. Dry storage for 6 mo had no effect.
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Chaenactis douglasii in the Pioneer Mountains, Idaho.
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Chamaebatiaria millefolium in research plots at Aberdeen, Idaho.



Supplemental note: Germinated 100% in 4–8 d in either 70°F [dark] or 70°F [light] when fresh, but seeds dry-stored 2 y were dead.


Chamaechaenactis (Asteraceae)
A genus of flowering plants in the daisy family; only one known species, which is native to the western US.
Chamaechaenactis scaposa (Eastw.) Rydb. (fullstem)
Germinated 70°F (100% in 7–9 d) and 40°F (100% in 6–8 wk).


Chamaedaphne (Ericaceae)
North temperate bog shrub with evergreen leathery leaves and small, white, cylindrical flowers.
Chamaedaphne calyculata (L.) Moench (leatherleaf)
Germinated 70°F [light] (16% in 9–17 d), 70°F after treatment with GA3 (38% in 9–17 d), and none in 70°F [dark], 40°F, or outside treatment.
Supplemental note: Germinated 70°F [light] (16% in 9–17 d) and none in 70°F [dark]. Seeds dry-stored 6 mo and 1 y germinated 70°F [light] (10% in 4th wk) and 70°F [light] (4% in 4th wk), respectively, and none in 70°F [dark] indicating a halflife of about 6 mo.


Chamaelirium (Liliaceae)
A genus of flowering plants containing a single species. Commonly known as blazing-star, devil’s bit, false unicorn, fairywand, and helonias. It is a perennial herb native to the eastern US.
Chamaelirium luteum (L.) A. Gray (fairywand)
Germinated 60–70% in 3–6 wk in 70°F [dark]. Neither light, GA3, nor a prior 3 mo at 40°F had any effect. Seeds dry-stored 1 y were dead.


Chamerion (Onagraceae)
Known in North America as fireweed, in some parts of Canada as great willowherb, and in Britain as rosebay willowherb; a genus of perennial herbaceous plant species in the willowherb family.
Chamerion angustifolium (L.) Holub (fireweed)
Referred to by Deno as Epilobium angustifolium.
Germinated 70°F [dark] (3%), 70°F [light] (12% in 3–5 wk), and 40°F→70°F [dark] (8%). Seeds dry-stored 6 mo germinated 70°F [dark] (8%) and 70°F [light] (4%). Seeds were small and difficult to count, so it may be that light or 6 mo dry storage have no significant effect.
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Chamerion angustifolium at Tiffany Mountain, Washington.



Supplemental note: Germinated in oscillating 50°F→70°F (53% in 2nd wk).

Chamerion latifolium (L.) Holub (dwarf fireweed)
Referred to by Deno as Epilobium latifolium.
Seeds dry-stored 0, 6 mo, and 1 y germinated 49%, 33%, and zero in 70°F [dark].
Supplemental note 1: Germinated 70°F [dark] (3%), 70°F [light] (12% in 3–5 wk), and 40°F→70°F [dark] (8%). Seeds dry-stored 6 mo germinated 70°F [dark] (8%) and 70°F [light] (4%). Seeds were small and difficult to count, so it may be that light or 6 mo dry storage had no significant effect.
Supplemental note 2: Germinated in oscillating 50–70°F (53% in 2nd wk).


Chelone (Scrophulariaceae)
A small genus of perennial herbs of the eastern US having serrate leaves and large white or purple flowers in nearly sessile spikes.
Chelone glabra L. (white turtlehead)
Required light. Dry-stored seeds germinated 70°F [light] (50% in 3–8 wk)→40°F→70°F [light] (24%), 70°F [dark] (none), 40°F→70°F [light] (17%), and 40°F→70°F [dark] (none).


Chilopsis (Bignoniaceae)
A monotypic genus of flowering plants that contains the single species Chilopsis linearis. It is a shrub or tree native to the southwestern US and Mexico. The common name is desert willow or desert-willow because of its willow-like leaves, but it is a member of the catalpa family.
Chilopsis linearis (Cav.) Sweet (desert willow)
Germinated 70°F [dark] (100% on the 3rd d) with fresh seeds. Germination declined to 50% in seeds dry-stored 6 mo at 40°F and to 15% for seeds dry-stored 6 mo at 70°F. The deterioration of the seeds in dry storage was faster at 70°F than at 40°F.


Chionanthus (Oleaceae)
A genus of low trees or shrubs in the olive family that has drooping panicles of fragrant flowers with narrow petals.
Chionanthus virginicus L. (white fringetree)
Referred to by Deno as Chionanthus virginica.
Both a 70°F→40°F→70°F and a two-step germinator. Seeds germinated best in 70°F→40°F→70°F (52% in 5–10 wk)→40°F (4%)→70°F (28% in 5–7 wk) for fresh seeds and 70°F→40°F→ 70°F (45% in 5–10 wk)→40°F (9%)→70°F (46% in 6–10 wk) for seeds dry-stored 6 mo at 70°F. A preliminary 3 mo at 70°F had little effect as shown by 40°F→70°F (4%)→40°F→70°F (58% in 4–8 wk) for fresh seeds and 40°F→70°F→40°F→70°F (15% in 4–6 wk) for seeds dry-stored 6 mo at 70°F. Outdoor treatment of fresh seeds germinated only 4% in October, 13 mo later from seeds planted outdoors in September. It was expected that more will germinate in the next year paralleling the 70°F→40°F→70°F pattern. All seeds were washed and cleaned daily for 7 d before planting. A stout radicle forms and lengthens to 10.8 cm (4 in) with branching rootlets. Growth then stops. The optimum treatment after that has not been completely determined. After 2 mo at 70°F, some of the seedlings send up a stem with leaves, but the stem and leaf development are more certain if the seedlings are given 3 mo at 40°F and shifted to 70°F. Seeds are enclosed in a berry and require washing and cleaning. The above results were confirmed with seeds collected the following year. Puncturing the seed coat has no effect, and so far GA3 has not promoted germination.
Supplemental note: Germinated 50% in August in outdoor treatment after starting in November nearly 2 y earlier. This parallels the germination in 70°F→40°F→70°F treatment but takes longer and offers no advantage. After the seeds germinate, a period of time at 40°F was necessary before stem and leaf growth will occur on returning to 70°F. It was indicated in an earlier note that 3 mo at 40°F may not be long enough. The optimum has not yet been determined, but it has been found that seedlings that had not developed stems and leaves after 3 mo at 40°F and a shift to 70°F would do so after 3 mo at 70°F, a second 3 mo at 40°F, and a shift to 70°F.


Chlorogalum (Liliaceae)
Common names soap plant, soaproot, and amole refer to species native to western North America, from Oregon to Baja California, and are mostly found in California. Soap plants are perennial plants, with more or less elongated bulbs, depending on the species.
Chlorogalum pomeridianum (DC.) Kunth (wavyleaf soap plant)
Germinated 40°F (74% in 2–4 wk) and none in 70°F [dark], 70°F [light], 70°F after treatment with GA3, or 40°F. The data were for the first 6 wk only.


Circaea (Onagraceae)
A genus of low perennial herbs with whitish to roseate flowers in racemes and an indehiscent fruit covered with bristly, hooked hairs; genus is widely distributed in cool and temperate regions of the northern hemisphere and comprise the enchanter’s nightshades.
Circaea lutetiana L. (broadleaf enchanter’s nightshade)
Germinated 70°F [light] (5%), 70°F after treatment with GA3→ 40°F→70°F (2%), 70°F [dark] (none), none in 40°F→70°F [dark] or 40°F→70°F [light], and 10% in early April in outdoor treatment. Seeds were collected from a large colony.
Supplemental note: Germinated best in outside treatment with fresh seeds. It was found that seeds dry-stored 6 mo were dead.


Cistanthe (Portulacaceae)
A plant genus that includes most plants known as pussypaws. These are small, succulent, flowering plants that often bear brightly colored flowers, though between species they vary quite a bit in appearance.
Cistanthe tweedyi (A. Gray) Hershkovich (Tweedy’s pussypaws)
Referred to by Deno as Lewisia tweedyi.
Gave low germination despite the fact that the seed was collected from our own self-sowing colony. The best germinations were 5% for seeds dry-stored 6 mo at 70°F and sown at 40°F. Seed set was poor despite hand pollination, indicating potential inter-fertility problems. Treatment with GA3 has been reported to initiate germination.

Cistanthe umbellata (Torr.) Hershkovich (Mt. Hood pussypaws)
Referred to by Deno as Cistanthe umbellatum.
Germinated best in 70°F [light] (60% in 1–3 wk) and none in 70°F [dark]. Germination also occurred at 40°F (35% in 3rd wk) in the dark. Interestingly, when this latter sample was shifted to 70°F after the 3 mo at 40°F, the half placed in light germinated an additional 46% whereas there was no further germination in the half kept in 70°F [dark]. This curious situation needs further study.


Cladrastis (Fabaceae)
Cladrastis is a genus of 9 species of flowering plants in the legume family, 8 native to eastern Asia, and 1 to southeastern North America. Species of Cladrastis are small- to medium-sized deciduous trees.
Cladrastis kentukea (Dum. Cours.) Rudd (Kentucky yellowwood)
Referred to by Deno as
Cladrastis lutea var. kentukea.
Germinated 95–100% at either 70°F or 40°F using fresh seeds shelled from the pods while the pods were still slightly green. Germination at 70°F was in 3–7 d, and germination at 40°F was in 3–8 wk. Seeds dry-stored 6 wk at 70°F germinated 70°F (12% in 1–4 wk)→40°F→70°F (28%). Seeds dry-stored 6 mo at 70°F germinated 70°F (6%), but if a hole was made in the seed coat, it germinated 70°F (80% in 3–5 d). Clearly dry storage hardens the seed coat making it impervious.
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Cistanthe umbellata at Tiffany Mountain, Washington.



Supplemental note 1: Shown to develop an impervious seed coat on dry storage. After 5 y of dry storage, a peculiar result was observed in which the unpunctured seeds germinated 29% at 70°F whereas 10 seeds that were punctured all rotted.
Supplemental note 2: Seeds have an impervious seed coat and germinated immediately if the seed coats were punctured. After 5 y of dry storage, the seeds were nearly all dead and after dry-stored 6 y all were dead.


Clarkia (Onagraceae)
A North American plant with showy white, pink, or purple flowers, cultivated as a border plant in gardens.
Clarkia amoena (Lehm.) A. Nelson & J.F. Macbr. (farewell to spring)
Germinated 100% in 4–10 d in 70°F [dark], 70°F [light], or 40°F. Note the very fast germination at 40°F.

Clarkia rubicunda (Lindl.) F.H. Lewis & M.E. Lewis (ruby chalice clarkia)
Referred to by Deno as Clarkia grandiflora.
Seeds probably dry-stored 1 y germinated 100% in either 70°F [dark] or 70°F [light] although it was faster in 70°F [light] (3rd d relative to 3–11 d). This could have been simply a heat effect.

Clarkia unguiculata Lindl. (elegant clarkia)
Referred to by Deno as Clarkia elegans.
Germinated the same from 50°F–85°F.


Claytonla (Montiaceae)
A genus of 27 species of flowering plants formerly included in Portulacaceae but now classified in the family Montiaceae; primarily native to the mountain chains of Asia and North America.
Claytonia megarhiza (A. Gray) Parry ex S. Watson (alpine spring beauty)
Germinated in spring after sowing outdoors in October. Seeds that had been dry-stored for several years at 70°F germinated immediately at 70°F, but only 2%.

Claytonia sibirica L. (Siberian spring beauty)
Referred to by Deno as Montia sibirica.
Germinated 70°F after treatment with GA3 (45% 3rd wk), 70°F [light] (80% in 2–10 wk), 70°F [dark] (10% in 1–8 wk), and 40°F→70°F [dark] (75% in 1–11 wk)→40°F (18%). The promotion of germination by light died away on dry storage so that seeds dry-stored 1 y germinated 70°F [light] (40% in 1–3 wk) and 70°F [dark] (45% in 1–8 wk).
Supplemental note: Seeds dry-stored 2 y were dead. For data on fresh seeds and seeds dry-stored 1 y, the half-life was approximately 1 y.

Claytonia virginica L. (Virginia spring beauty)
Germinated 70°F→40°F (79%) and 40°F→70°F→40°F (78%)→ 70°F using fresh seeds. All dry-stored seeds rotted, and dry storage was a fatal treatment.


Clematis (Ranunculaceae)
Vines or herbs of the buttercup family that often have 3 leaflets on each leaf and usually white, red, pink, or purple flowers.
Light and (or) GA3 are required for the germination of some species. Although a number of species germinated significantly in the dark, light and GA3 needs to be tried on all species. Multi-cycle patterns were common, and some species germinated largely at 40°F. The seeds of all species are designed to be dispersed by wind, so it was presumed that dry storage would be tolerated. This was supported by the data for seeds dry-stored 6 mo; however, seeds of Clematis virginiana that had been dry-stored at 70°F for 2 y were all dead.
Clematis addisonii Britton (Addison’s leather flower)
Germinated 70°F [dark] after treatment with GA3 (65% in 7–11 wk). None germinated in 70°F [dark], 70°F [light], 40°F→ 70°F [light], or 40°F→70°F [dark]. Even 8 wk in 70°F [dark] or 3 mo at 40°F and a shift to 70°F after treatment with GA3 led to total rotting. Seeds dry-stored 6 mo at 70°F germinated 70°F after treatment with GA3 (60%) and none in 70°F [dark] or 70°F [light].
Supplemental note: Showed a marked difference between fresh seeds received in October and the same seeds dry-stored 6 mo at 70°F. Fresh seeds germinated 70°F after treatment with GA3 (65% in 7–11 wk) and none in 70°F [light] or 70°F [dark]. Dry-stored seeds germinated 70°F after treatment with GA3 (100% in 4–8 wk), 70°F [light] (65% in 3–6 wk), and 70°F [dark] (50% in 9–11 wk). Dry storage eliminated the GA3 requirement.

Clematis coactilis (Fernald) Keener (Virginia whitehair leather flower)
Referred to by Deno in his first publication as Clematis albicoma var. coactilis.
Germinated 70°F (25% in 8–10 wk) and 40°F→70°F (20% in 9th wk)→40°F (10%). Germination was epigeal, and the cotyledons develop in 1–2 wk after germination. No further leaf development occurs in the first year. Dry storage for 6 mo at 70°F was injurious, and such seed germinated 70°F (7%) and 40°F→70°F (none); light did not seem to have an effect, but the sample was small and this needs to be checked.
Supplemental note 1: Germinated 70°F [dark] (33% in 11th wk) and 70°F [light] (25% in 10th wk). All 4 rotted in 70°F after treatment with GA3. The cotyledons are slow to expand and did not open completely until 4 wk after germination.
Supplemental note 2: Germinated 70°F [dark] (20% in 11th wk)→40°F→70°F [dark] (20% in 11th wk), 70°F [light] (25% in 10th wk), and 70°F after treatment with GA3 (all 4 rotted). The cotyledons opened a month after germination.

Clematis columbiana (Nutt.) Torr. & A. Gray (rock clematis)
Required light for germination and germinated 70°F [light] (50% in 2–10 wk) and none in 70°F [dark], 40°F→70°F [light], or 40°F→70°F [dark] using either fresh seeds or seeds dry-stored 6 mo at 70°F. An initial 4 wk in 70°F [dark] had no effect on the germination in 70°F [light]. Seeds treated with GA3 rotted in a month. A sample from a year earlier germinated 40°F→ 70°F (8% in 6th wk)→40°F (46% in 6–10 wk)→70°F (8% in 2 d) and 4% after 3 cycles when started at 70°F.
Supplemental note: The 2 best germinations were 91% in May–June from outdoor treatment started the previous November and 70°F [light] (50% in 2–10 wk).

Clematis crispa L. (swamp leather flower)
Germinated 50% at 40°F in the 5th cycle starting at 40°F. Six seeds sown at 70°F all rotted.

Clematis hirsutissima Pursh (hairy clematis)
A 40°F→70°F germinator and was unaffected by light. The meager data were 40°F→70°F (67% in 8–11 wk), 70°F→40°F (20% in 4th wk), and 70°F [light] (14% in 10th wk)→40°F→70°F [light] (14%).

Clematis occidentalis (Hornem.) DC. (western blue virginsbower)
Germinated 70°F (24% in 1–4 wk)→40°F (30% in 2–6 wk), 40°F (33% in 8–10 wk)→70°F (44% in 5–7 wk), and 60% in April in outdoor treatment. Light had no effect.

Clematis pitcheri Torr. and A. Gray (bluebill)
Germinated 70°F (23% in 4–7 wk)→40°F (38% in 4th wk) and 40°F→70°F (14% in 2nd wk)→40°F (57% in 3–6 wk).
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Clematis columbiana in research plots at Aberdeen, Idaho.
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Clematis occidentalis in Lower Logan Canyon, Utah.




Clematis viorna L. (vasevine)
Germinated 70°F [dark] (70% in 9th wk), 70°F [light] (39% in 8–12 wk), and 40°F→70°F→40°F→70°F (67% in 8–12 wk). The small sample makes the small effect of light questionable. Sowing at 40°F gives delayed germination.

Clematis virginiana L. (devil’s darning needles)
Requires light or GA3. Either fresh seeds or seeds dry-stored 6 mo at 70°F germinated 70°F [light] (98% in 2nd wk), 70°F [dark] after treatment with GA3 (91% in 2nd wk), and 70°F [dark]→40°F→70°F [dark] (none). A prior 3 mo at 40°F lowered the percent germination. Seeds dry-stored at 70°F for 2 y were dead.
Supplemental note: Seeds dry-stored 0, 6 mo, 1 y, and 2 y germinated 98%, 98%, 27%, and zero, respectively, in 70°F [light]. All germinations in 2nd wk. None germinated in 70°F [dark]. The death rate was an inverse first order curve with half-life of about 1 y.


Cleome (Capparaceae)
Strong-smelling plants or shrubs belonging to the caper family, most natives of the tropical regions, with exceptions native to the temperate climates of North America, and often bearing showy flowers.
Cleome serrulata Pursh (Rocky Mountain beeplant)
Germination was promoted either by light or by oscillating temperatures. Seeds dry-stored 6 mo at 70°F germinated 70°F [light] (92% in 2–3 d), 70°F [dark] (none), 40°F→70°F [light] (90%), and 40°F→70°F [dark] (none). Fresh seeds germinated 1ess as shown by 70°F [light] (21% in 5–9 d), 70°F [dark] (4%), 40°F→70°F [light] (87%), and 40°F→70°F [dark] (none) in one sample and 70°F [light] (44% in 3–21 d) and 70°F [dark] (none) in a second sample collected a month later. However, it was the behavior of these 2 samples under outdoor conditions and conditions of oscillating temperatures that was so remarkable. With most examples of germination in outdoor treatment, the seeds were placed outdoors in the fall with germination occurring in spring. With a few such as Cleome serrulata, however, germination occurred in September or October before anything like winter conditions had begun. It was these results that indicated the temperature oscillations themselves were the key factor. Although seeds dry-stored 6 mo at 70°F germinated far better than did fresh seed, seeds dry-stored 3 y were dead, and some samples of commercial seeds were dead.


Clethra (Cletharaceae)
A genus (coextensive with the family Clethraceae) of deciduous shrubs or trees with stellate pubescence and capsular fruits of 3 locules, e.g., sweetpepperbush, white alder.
Clethra alnifolia L. (coastal sweetpepperbush)
This species required light for germination. Germinated 40°F→ 70°F [light] (60% in 3rd wk), 40°F→70°F [dark] (none), 70°F [light] (10% in 5th wk), and 70°F [dark] (none). Seeds dry-stored 6 mo at 70°F gave the same results, but seeds dry-stored 12 mo were dead.


Clintonia (Liliaceae)
Plants of the lily family, comprising stemless plants with a few broad, ribbed, basal leaves and white, greenish-yellow, or rose-colored flowers on a short stalk.
Germinations were extended in all 3 species.
Clintonia andrewsiana Torr. (Andrew’s clintonia)
Germinated 40°F→70°F (56% in 2–7 wk)→40°F (11%), 70°F after treatment with GA3→40°F→70°F (57% in 2nd wk), and 70°F [dark]→40°F→70°F [dark] (none). The cotyledon develops within a month.

Clintonia borealis (Aiton) Raf. (bluehead)
Germinated 50% in March and April from seeds started outdoors 14 mo earlier.

Clintonia umbellulata (Michx.) Morong (white clintonia)
Germinated 70°F→40°F→70°F→40°F→70°F (17%) and 40°F→ 70°F→40°F→70°F (40% in 3rd wk). Germination was epigeal.


Cobaea (Polemoniaceae)
A genus of flowering plants including approximately 20 species of rapid-growing, ornamental climbing species native to Mexico.
Cobaea scandens (cup and saucer vine)
Germinated 70°F [dark] (64% in 5–12 d). Light had no effect. Ungerminated seeds soon rotted.
Supplemental note: Germinated in 5–12 d at 70°F, and others found germination the same from 50°F–85°F.


Coccoloba (Polygonaceae)
A genus of tropical and subtropical American evergreen trees, shrubs, and woody vines having greenish flowers in axillary spikes or racemes.
Coccoloba uvifera (L.) L. (seagrape)
Failed to germinate in 70°F [dark], even if the seed coat was punctured.


Cocculus (Menispermaceae)
A genus of 11 species of woody vines and shrubs, native to warm temperate to tropical regions of North America, Asia, and Africa.
Cocculus carolinus (L.) DC. (Carolina coralbead)
Germinated 70°F [dark].


Collinsia (Scrophulariaceae)
A genus of approximately 20 species of annual flowering plants, consisting of the blue-eyed Marys and the Chinese houses. It is traditionally placed in the snapdragon family, but following recent research in molecular genetics, it has now been placed in a much enlarged family Plantaginaceae instead of Scrophulariaceae. The genus is endemic to North America. Of the 20 species, many of them are found in California.
Collinsia heterophylla Buist ex Graham (purple Chinese houses)
Referred to by Deno as Collinsia bicolor var. heterophylla.
Germinated 70°F (100% in 2–8 d) and 40°F (73% in 3–6 wk). Light or GA3 had no effect.
Supplemental note: Germinated 100% in 2–8 d in 70°F [dark] and 81% in 3–8 wk at 40°F. Light or GA3 had no effect. Seeds dry-stored 1 y germinated identically, but seeds dry-stored 2 y germinated 70°F [dark] (60% in 3–5 d) indicating a half-life of 2 y.


Collinsonia (Lamiaceae)
A genus of aromatic herbs in the mint family with large ovate leaves and terminal spikes of yellow flowers.
Collinsonia canadensis L. (richweed)
Germinated best (45%) in outdoor treatment with germination occurring in April and May. Seeds also germinated 40°F→ 70°F (6%) and 70°F→40°F (none). Seeds dry-stored 6 mo at 70°F germinated 70°F→40°F→70°F (6%)→40°F→70°F (41% in 1–3 wk). Results are incomplete but suggest that oscillating temperatures are required and that dry storage was tolerated.


Collomia (Polemoniaceae)
A genus of herbs found in western North America with alternate leaves and terminal clusters of phlox-like flowers.
This genus has been reported as difficult to germinate. It was now found that GA3 initiated germination in Collomia debilis and it is probable that it is a natural requirement.
Collomia debilis (S. Watson) Greene (alpine collomia)
Germinated 70°F [dark] after treatment with GA3 (50% in 2nd and 7th wk), 70°F [dark] (none), 40°F after treatment with GA3 (20% in 3rd wk), and 40°F (none).

Collomia grandiflora Douglas ex Lindl. (grand collomia)
Germinated best in 40°F (100% in 2–6 wk) and less in 70°F (33% in 6–8 d)→40°F (33%). Light had no effect.
Supplemental note: Species had been studied before. A new sample germinated 70°F [dark] (70% in 2–14 d)→40°F (30%) and 40°F (90% in 2–4 wk). This result was in essential agreement with the earlier work. Two other species studied earlier require GA3 for germination, but GA3 caused total rotting in Collomia grandiflora.


Commelina (Commelinaceae)
A large, widely distributed genus (the type of the family Commelinaceae) of herbs of branching or creeping habit with flowers having one petal smaller than the other two.
[image: Figure]
[image: Figure]



Collomia debilis in the Pioneer Mountains, Idaho.



Commelina dianthifolia Delile (birdbill dayflower)
Germinated immediately at 70°F.


Conimitella (Saxifragaceae)
A genus with a single species with basal leaves and small, white, clawed flowers. Native to high elevation habitats in the northwestern US.
Conimitella williamsii (D.C. Eaton) Rydb. (Williams’ miterwort)
Germinated 70°F [dark] (38% in 4–8 wk) and none in 70°F [light]→40°F or 40°F→70°F [dark].


Conoclinium (Asteraceae)
Rhizomatous plant of central and southeastern US and West Indies that has large showy heads of clear blue flowers; a plant cultivated for its blooms or blossoms.
Seed counts were difficult so the percent germinations are calculated on the basis that total germination was 100%.
Conoclinium coelestinum (L.) DC. (blue mistflower)
Referred to by Deno as Eupatorium coelestinum.
Germinated in 4–12 d in either 70°F [dark] or 70°F [light]. A prior 3 mo at 40°F gave much lower percent germination.


Coreopsis (Asteraceae)
A genus of widely cultivated composite herbs with showy, often yellow, flower heads and pinnately lobed or dissected leaves.
Coreopsis lanceolata L. (lanceleaf tickseed)
Seeds dry-stored 6 mo at 70°F germinated 70°F (100% in 1–7 d). All other treatments gave much lower percent germination.


Cornus (Cornaceae)
A dicot genus that includes dogwood and cornel. Perennial, chiefly deciduous shrubs or small trees of temperate regions of the northern hemisphere.
Seeds are always in berries so that washing and cleaning was performed on all seeds before planting. Grinding a hole in the seed coat had no effect in Cornus alternifolia, C. florida, and C. sericea (referred to as stolonifera). This was expected. Outdoor treatment was best with C. alternifolia, C. nuttallii, C. siberica, and C. suecica. It was suspected that outdoor treatment would have been optimum for the other species, and experiments are in progress to test this. Treatment with GA3 did not initiate germination in C. alternifolia or C. amomum.
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Coreopsis lanceolata in research plots at Aberdeen, Idaho.



Cornus alternifolia L. f. (alternateleaf dogwood)
Germinated best in outdoor treatment. Seeds were collected in August and washed and cleaned daily for 2 wk. These seeds germinated 65% in March in outdoor treatment. The next best was 40°F→70°F→40°F (4%)→70°F (14%)→40°F→70°F (26% in 2 d–4 wk)→40°F→70°F (6%). All other treatments germinated 0–10%, but many of these were carried through only 3 cycles, and it was apparent that germination could have been continuing out to the 7th cycle and beyond. Dry storage was injurious. After a year in various treatments including outdoors, seeds dry-stored 6 mo at 70°F or 40°F in the washed and cleaned state germinated only 0–2%, and seeds dry-stored in the dried berries germinated only 0–10%.

Cornus amomum Mill. (silky dogwood)
Germinated best in outdoor treatment using either fresh seeds or seeds dry-stored 6 mo at 70°F. Seeds germinated in March and April from planting the previous September. One-third of the seeds had densities less than 1 (they floated in water), and two-thirds had densities greater than 1 (they sank in water). This was true even after washed and cleaned daily for 2 wk. Both groups of seeds germinated the same in outdoor treatment, 32% for the less dense seeds and 29% for the more dense. Thus, the time-honored practice of separating good seeds from “bad” seeds by floatation certainly was not applicable to this species. Germination in the other treatments was 0–5% after a year of alternating cycles.
Supplemental note: Studies on a new sample confirmed that germination occurred only in outdoor treatment. The new sample germinated 72% in April (30% in the earlier sample).

Cornus canadensis L. (bunchberry dogwood)
Germinated 70°F after treatment with GA3 (100% in 3–17 wk) and 40°F→70°F after treatment with GA3 (45% in 6–11 wk). None germinated in 70°F [dark]→40°F, 40°F→70°F, or outdoor treatment. A prior 3 mo at 40°F or 70°F was detrimental and such treatments reduced germination to 35–40%. This was the first member of this family to require GA3, and the second species with seeds in a fruit that required GA3 (the other was Alangium platanifolium). Seeds that had been washed and cleaned germinated 70°F after treatment with GA3 (85% in 2–5 wk) and 70°F [dark] (none) after 2 y dry storage, showing that GA3 was still required and that there had been little dying of the seeds. The same seeds dry-stored 2 y in the dried berries germinated at 70°F after treatment with GA3 (44% in 5–7 wk) and 70°F [dark] (none) showing that it was actually less preferable to store the seeds in the dried berries. Incidentally, there are efforts to change the name to Chamaeperidymenum. To replace an old, established name with a new name and such a cumbersome one at that only harms communication. Anyone can see that the growth habit was somewhat different from other Cornus, but this in no way justifies an intellectually vacuous publication.
Supplemental note: Required GA3 for germination and none germinated in other treatments even after 4 y of dry storage. Germination in 70°F after treatment with GA3 was 100% in 3–17 wk (fresh seeds), 65% in 2–5 wk (seeds dry-stored 1 y), 60% in 3–5 wk (seeds dry-stored 2 y), and 22% (seeds dry-stored 4 y). Seeds were washed and cleaned daily for 7 d before storage or any treatment. Storing seeds in the dried berries had no advantage over storing seeds in the washed and cleaned state.

Cornus florida L. (flowering dogwood)
Seeds were collected in October and in February. Seeds collected in October germinated 40°F→70°F (41% in 2–21 d) and 40% in April in outdoor treatment from seeds sown in October. When sown at 70°F, germination was much lower as shown by 70°F→40°F→70°F (5%)→40°F→70°F (5%). When these October seeds were dry-stored 6 mo at 70°F or 40°F, germination dropped to 0–10%. Seeds collected in February germinated somewhat differently as shown by 40°F (28%)→70°F (20%) and 70°F→40°F→70°F (43% in 2–6 d). These February-collected seeds tolerated dry storage better as shown by 40°F (46% in 9–10 wk)→70°F (8%) and 70°F→40°F→70°F (47% in 4–10 d) for seeds dry-stored 6 mo at 40°F and 40°F→70°F (29%) and 70°F (none over 5 cycles) for seeds dry-stored 6 mo at 70°F.
Supplemental note: Reinvestigated and germinated 70°F [dark] (2%)→40°F→70°F [dark] (18% on 4th d) and 40°F→70°F [dark] (52% in 28 wk), which was similar to that found before. The same seeds dry-stored 1 y failed to germinate and were dead.

Cornus nuttallii Audubon ex Torr. & A. Gray (Pacific dogwood)
Germinated under all treatments. Most convenient was 40°F→ 70°F (50% in 8–10 d) for either fresh seeds or seeds dry-stored 6 mo at 70°F. Less convenient was outdoor treatment (29%) and 70°F→40°F→70°F (75% in 4–12 d).

Cornus racemosa Lam. (gray dogwood)
Gave low percent germination, but unfortunately outdoor treatment has not yet been tried and probably would have been better in view of the results with other species of Cornus. Fresh seeds and dry-stored seeds gave comparable results. A 70°F→ 40°F→70°F pattern predominated as shown by 70°F→40°F→ 70°F (3%)→40°F→70°F (9%) for fresh seeds and 70°F→40°F→ 70°F (4%) for seeds dry-stored 6 mo at 70°F. A preliminary 3 mo at 40°F had little effect as shown by 40°F→70°F→40°F→ 70°F (3%) for fresh seeds and 40°F→70°F→40°F (3%)→70°F (5%)→40°F→70°F (5%) for seeds dry-stored 6 mo at 70°F.

Cornus sericea L. (bloodtwig dogwood)
Referred to by Deno as Cornus stolonifera.
Had 2 sets of seeds each year. One was ripe in July from May bloom and the other was ripe in October from August bloom. Both gave similar results as shown by 70°F→40°F (1%)→70°F (51% in 2–6 d) for July seeds and 70°F→40°F (8%)→70°F (64% in 1–14 d) for October seed. Germination had an induction time of 2 d and rate 20%/d (based on just the seeds that germinated). Germination extended over 6 and more cycles for fresh seeds started at 40°F, and this was true for either July or October seed. Germination also extended over 6 and more cycles for seeds dry-stored 6 mo at 70°F or 40°F when started at either 70°F or 40°F and for both July and October seeds. Ultimately, germination reached 20–50% in these extended germinations, but such extended germination was inconvenient. Outdoor treatment must be tried in view of results on other Cornus. An indication that such outdoor treatment may be best was that seeds dry-stored 6 mo at 40°F had germinated only 10% after 2 y of alternating cycles. Seeds were then shifted to outdoors in January whereupon an additional 35% germinated the following April.

Cornus suecica L. (Lapland cornel)
Germinated only in outdoor treatment, but unfortunately the seeds were not placed in the outdoor treatment until after a year of alternating 3 mo cycles. Fresh seeds and seeds dry-stored 6 mo in the dried berries behaved identically. Germination occurred in both fall and spring and ultimately as much as 55% germinated in one of the samples after 2 y of the outdoor treatment. One seed germinated 5 mo later. The seedlings develop two cotyledons within a month of germination.
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Cornus sericea in research plots at Aberdeen, Idaho.





Corydalis (Fumaraceae)
An herbaceous plant of the poppy family with spurred tubular flowers, closely related to bleeding heart and found in north temperate regions.
Corydalis caseana A. Gray ssp. brandegei (S. Watson) G.B. Ownby (Sierra fumewort)
Germinated 70°F after treatment with GA3 (50%), and none in the other treatments. Seeds split in the 3rd wk, but it was another week or two before the radicle developed, and the cotyledons do not start developing until the 10th wk. A prior 4 wk of dry storage had little effect on the germination in 70°F after treatment with GA3, but a prior 4 wk at 70°F was fatal.


Corylus (Betulaceae)
A genus of shrubs or small trees comprising the hazels and having the nut enclosed in a leafy involucre.
Corylus cornuta Marshall (beaked hazelnut)
Germinated best in 70°F→40°F→70°F (86% in 1–3 wk). Germination was hypogeal. Stem and leaves develop in 1–2 wk after germination. Germination was more extended when the seeds were sown at 40°F as shown by 40°F→70°F (14%)→40°F→70°F (57% in 1–6 wk)→40°F→70°F (14%). Germination in outdoor treatment was unsatisfactory as only 7% germinated in April and 7% in September from sowing in December. In view of the results with Corylus avellana, studies are needed on removing the seed coats.


Crataegus (Rosaceae)
A genus of usually thorny shrubs and small trees (family Rosaceae) having usually stipulate leaves, an inferior ovary, and mature carpels that are hard and bony with a pulpy fruit.
Crataegus chrysocarpa Ashe (fireberry hawthorn)
Referred to by Deno as Crataegus rotundifolia.
Reported to be a 70°F→40°F→70°F germinator.

Crataegus crus-galli L. (cockspur hawthorn)
Reported to be a 70°F→40°F→70°F germinator.

Crataegus flava Aiton (yellowleaf hawthorn)
Reported to be a 70°F→40°F→70°F germinator.

Crataegus mollis Scheele (downy hawthorn)
Reported to be a 40°F→70°F germinator.

Crataegus pedicllata Sarg. (scarlet hawthorn)
Referred to by Deno as Crataegus coccinea var. chrysocarpa.
Reported to be a 40°F→70°F germinator.

Crataegus phaenopyrum (L. f.) Medik. (Washington hawthorn)
Collected in January and washed and cleaned before sowing. Seeds germinated 70°F (6%)→40°F→70°F (50% in 4–8 d) and 40°F (51% in 4–10 wk)→70°F→40°F→70°F using fresh seeds or seeds dry-stored 6 mo at 70°F or 40°F or after dry storage for 6 mo at 70°F in the dried fruit. GA3 had no effect. An inhibitor system was being destroyed at 40°F, but a prior 3 mo at 70°F appears to inhibit this process.

Crataegus punctata Jacq. (dotted hawthorn)
Reported to be a 70°F→40°F→70°F germinator.


Croton (Euphorbiaceae)
A strong-scented tree, shrub, or herbaceous plant of the spurge family, native to tropical and warm regions. Several kinds yield timber and other commercially important products.
Croton alabamensis E.A. Sm. ex Chapm. (Alabama croton)
Failed to germinate in 70°F [dark], even if the seed coat was punctured.


Cryptantha (Boraginaceae)
A genus of flowering plants known commonly as cat’s eyes and popcorn flowers. They are distributed throughout western North America and western South America.
Cryptantha paradoxa (A. Nelson) Payson (handsome cryptantha)
Germinated 70°F [dark] (100% in 1–7 wk) and 40°F (30% in 6–10 wk)→70°F (30% on 2nd d).
Supplemental note: Germinated 70°F [dark] (100% in 1–7 wk) for fresh seeds and 70°F [dark] (85% in 2–6 wk) for seeds dry-stored 1 y. Seeds dry-stored 2 y were dead.


Cuphea (Lythraceae)
A genus containing approximately 260 species of annual and perennial flowering plants native to warm temperate to tropical regions of the Americas. The species range from low-growing herbaceous plants to semi-woody shrubs, and some species are known as cigar plants.
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Cryptantha paradoxa in research plots at Aberdeen, Idaho.



Cuphea viscossisima Jacq. (blue waxweed)
Referred to by Deno as Cuphea petiolata.
Germinated 65% in April in outdoor treatment using seeds dry-stored 6 mo at 70°F and placed outdoors March 1. All other treatments failed, but outdoor treatment was not tried on fresh seed. No attempt was made to remove the sticky covering on the seed coats.


Cylindropuntia (Cactaceae)
A genus of cacti containing species commonly known as chollas, native to northern Mexico and the southwestern US. They are known for their barbed spines that tenaciously attach to skin, fur, and clothing.
Seeds are in a fruit and were washed and cleaned for 7 d. It has been reported that cactus have impervious seed coats. Extensive experiments on Opuntia phaecantha showed that at least for this species, impervious seed coats are not the problem.
Cylindropuntia imbricata (Haw.) F.M. Knuth (tree cholla)
Some germination was obtained immediately at 70°F, but these were qualitative experiments performed 20 y ago.

Cylindropuntia leptocaulis (DC.) F.M. Knuth (Christmas cactus)
Referred to by Deno as Opuntia leptocaulis.
Some germination was obtained immediately at 70°F, but these were qualitative experiments performed 20 y ago.


Cymopterus (Apiaceae)
A genus of perennial plants in the family Apiaceae native to western North America. They are commonly known as the springparsleys.
Cymopterus aboriginum M.E. Jones (Indian springparsley)
Germinated 40°F (13% in 7th wk) and 70°F [dark] (none). Despite the limited data, the germination at 40°F was similar to other members of this genus.
Supplemental note: Data are now more complete. Seeds germinated 70°F [dark]→40°F (40% in 8th wk) and 40°F (13%)→70°F [dark]→40°F (40% in 8th wk).



SPECIES WITH TAXONOMIC BINOMIALS BEGINNING WITH D
Darlingtonia (Sarraceniaceae)
The California pitcher plant, also called cobra lily or cobra plant, is a species of carnivorous plant, the sole member of the genus Darlingtonia.
Darlingtonia californica Torr. (California pitcherplant)
Germinated 70°F [dark]→40°F→70°F [dark] (100% in 3rd wk). Light had no effect.
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Darlingtonia californica along the Illinois River, Oregon.





Darmera (Saxifragaceae)
A rhizomatous perennial herb with large, dramatic, peltate leaves and white to bright pink flowers in round heads on leafless stems; colonizes stream banks in the Sierra Nevada in California.
Darmera peltata (Torr. ex Benth.) Voss (Indian rhubarb)
Referred to by Deno as Peltiphyllum peltatum.
Germinated 70°F [light] (100% in 2nd wk), 70°F [dark] (80% in 3rd wk), and 40°F→70°F [dark] (2%). Seeds largely rotted in 70°F after treatment with GA3.


Dasiphora (Rosaceae)
A genus of 3 species of shrubs in the rose family Rosaceae, including 1 species that ranges across the entire cool temperate northern hemisphere. In the past, the genus was included in Potentilla sect. Rhopalostylae, but genetic evidence has shown it to be distinct.
Dasiphora fruticosa (L.) Rydb. (shrubby cinquefoil)
Referred to by Deno as Potentilla fruticosa.
Germinated 70°F (100%, induction time 5 d, 10%/d) and 40°F→ 70°F (100% in 6–8 d).


Delphinium (Ranunculaceae)
Species of the buttercup family that comprise chiefly perennial, erect, branching herbs with palmately divided leaves and irregular flowers in showy spikes and includes several that are poisonous.
This genus was composed of a group of medium height, monocarpic species typified by Delphinium grandiflorum; a group of tall perennials typified by D. exaltatum; and a group of low spring bloomers typified by D. tricorne. The germination behavior was similar within each group but varied between groups.
Delphinium bicolor Nutt. (little larkspur)
Germinated best with seeds dry-stored 6 mo at 40°F (75% in 8–12 wk)→70°F (3% in one d). Seeds dry-stored 6 mo at 70°F germinated nearly as well, as shown by 40°F (31% in 8–12 wk)→ 70°F (37% in one d). Both of these dry-stored seedlots gave zero germination when sown at 70°F, a fatal treatment. With fresh seeds, germination dropped to 27% when sown at either 40°F or 70°F and extended over 4 cycles occurring mainly in the 4th cycle.

Delphinium carolinianum Walter (Carolina larkspur)
Referred to by Deno as Delphinium virescens.
Seeds sown in fall germinated the following spring.

Delphinium exaltatum Aiton (tall larkspur)
Germinated only under the oscillating temperatures of outdoor conditions. Seeds collected in September germinated 12% in March and failed to germinate under other conditions including 70°F [light].

Delphinium geraniifolium Rydb. (Clark Valley larkspur)
Germinated 70°F [light] (100% on 11th d) and 40°F→70°F [dark] (100% in 6–8 d).

Delphinium geyeri Greene (Geyer’s larkspur)
Germinated 57% at the end of March from outdoor sowing in late fall. Germination dropped to 5% when sown at 70°F or 40°F as shown by 70°F→40°F (5%)→70°F and 40°F→70°F→40°F (5%).
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Dasiphora fruticosa in research plots at Aberdeen, Idaho.




Delphinium glaucum S. Watson (Sierra larkspur)
Germinated 70°F→40°F (25% in 4–6 wk) and none in 40°F→ 70°F→40°F.

Delphinium tricorne Michx. (dwarf larkspur)
Germination extends over 2 y using alternating 3 mo cycles between 40°F and 70°F. Although the exact patterns varied in seeds collected in different years, the one consistent result was that germination was not significant until the 4th cycle with germination concentrating anywhere from the 4th to the 7th cycle. Data ranged from 70°F→40°F→70°F→40°F→70°F (1%)→ 40°F (5%)→70°F (10% in 2nd wk) to 40°F→70°F→40°F→70°F (28%). Rubbing the fresh seeds between sandpaper gave some increase in percent germination with 70°F→40°F→70°F→40°F (33%)→70°F (10%) being a typical result. However, the results were erratic. Germination was stimulated by GA3 as shown by 70°F after treatment with GA3→40°F (24% in 7–12 wk)→ 70°F (4%), but the seedlings were not healthy. Outdoor treatment gave the same extended germinations. Seeds dry-stored for 6 mo at 70°F or 40°F gave lower percent germination, but again the results were erratic. Once germination took place, the cotyledons developed in 1–2 wk. Some preliminary results indicated that increasing the length of the 3 mo cycles might produce seedlings faster.

Delphinium xantholeucum Piper (yellow white larkspur)
Germinated 40°F (4% in 11th wk) and none in 70°F or outdoors.


Dendranthema (Asteraceae)
Includes species historically included in the genus Chrysanthemum, the genus includes attractive flowering plants in the family Asteraceae.
Dendranthema arcticum (L.) Tzvelev (arctic daisy)
Failed to germinate in 70°F [dark]→40°F→70°F [dark].


Dendromecon (Papaveraceae)
A genus of one species, tree poppy, native to California and Baja California, Mexico. Occurs in the foothills of the California Coast Ranges and Sierra Nevada, and the chaparral and woodlands of southern California and northern Baja.
Dendromecon rigida Benth. (tree poppy)
Germinated 70°F after treatment with GA3 (20% in 4–7 wk)→ 40°F (40% in 3–6 wk) and none in 70°F [light], 70°F [dark], 40°F→70°F, or outside treatment (after 1 y). The seeds expanded and split first. The radicle does not appear until a week later, followed by expansion of the cotyledons in 2 d. Seeds that had been dry-stored at 40°F for 3 y were dead.


Desmanthus (Fabaceae)
A genus of American herbs or shrubs with sensitive bipinnate leaves and small, whitish flowers.
Desmanthus illinoensis (Michx.) MacMill. ex B.L. Rob. & Fernald (Illinois bundleflower)
Germinated 70°F following treatment with GA3 (10% in 3–4 d) and 70°F (none). Neither GA4 nor GA7 gave any improvement over GA3.


Desmodium (Fabaceae)
A genus in the legume family, sometimes called ticktrefoil, tick clover, hitch hikers, or beggar lice.
Desmodium canadense (L.) DC. (showy ticktrefoil)
Germinated 100% in the 2nd d at 70°F if the seed coat was punctured. No germination occurred otherwise. This impervious seed coat was typical of many Fabaceae. Seeds dry-stored 1 y and 2 y gave the same result.
Supplemental note: Had an impervious seed coat and germinated 100% in 2nd wk at 70°F [dark] if the seed coats were punctured. There was no sign of dying after 2 y of dry storage, but after 4 y of dry storage, germination dropped to 50%.


Dicentra (Fumariaceae)
Plants belonging to the fumitory family, having long clusters of drooping flowers, as in the dutchman’s breeches or the bleeding heart.
Dry storage was either fatal or severely deleterious.
Dicentra cucullaria (L.) Benh. (dutchman’s breeches)
Germinated best with fresh seeds in 70°F→40°F (21%)→70°F→ 40°F (7%) and 40°F→70°F (38%)→40°F→70°F. A branching root system was formed. The seedlings then required several months at 40°F before the cotyledons developed at 70°F. During this time, many of the germinated seedlings rot if the seedlings in the towel are not aerated with sufficient frequency. The exact requirements for inducing cotyledon development need more study.

Dicentra eximia (Ker Gawl.) Torr. (turkey corn)
Germinated best with fresh seeds in 40°F→70°F (25%)→40°F (2%)→70°F (6%). Seeds dry-stored 6 mo at 40°F germinated 40°F (23%), a curious divergence in behavior between fresh and dry-stored seeds. Germination completely failed with both kinds of seed when sown at 70°F, even after several cycles. Seeds dry-stored 6 mo at 70°F were dead and all rotted. Seeds germinate by first splitting. Radicle and cotyledon development does not take place until 2–4 wk later.

Dicentra uniflora Kellogg (longhorn steer’s-head)
Germinated 70°F [dark] (100% in 4th wk) using seeds dry-stored 6 mo at 70°F. The same seeds in the fresh state failed to germinate under all conditions. However, there were many empty seed coats so it was not certain if any viable seeds were present in many of the experiments.


Dichelostemma (Liliaceae)
A genus of North American plants closely related to the cluster-lily subfamily within the asparagus family.
Dichelostemma congestum (Sm.) Kunth (ookow)
Referred to by Deno as Brodiaea congesta.
Germinated 40°F (80% in 8–12 wk) and 70°F→40°F (75% in 10–12 wk) using fresh seeds. Seeds dry-stored 6 mo at 70°F germinated 40°F (75% in 6th wk).

Dichelostamma ida-maia (Alph. Wood) Greene (firecracker flower)
Germinated 40°F (90% in 4–10 wk). A prior 3 mo in 70°F [dark] or 70°F [light] or a prior dry storage of 6 mo or 1 y had little effect on the germination at 40°F, but seeds dry-stored 2 y germinated 40°F (54% in 8–13 wk) showing both a slowing and a reduction of percent germination.
Supplemental note: Seeds dry-stored 3 y germinated 40°F (30% in 3rd wk), which with the earlier results indicates a half-life of 2 y in dry-stored. Seeds dry-stored 4 y germinated 40°F (13% in 8th wk).

Dichelostemma multiflorum (Benth.) A. Heller (roundtooth snakelily)
Germinated 40°F (90% in 9–14 wk). Dry storage 6 mo, 1 y, or 2 y had little effect.
Supplemental note: Seeds dry-stored 4 y germinated 40°F (60% in 11th wk).


Dionaea (Droseraceae)
The Venus flytrap is a carnivorous plant native to subtropical wetlands on the East Coast of the US in North Carolina and South Carolina.
Dionaea muscipula Ellis (Venus flytrap)
Germinated 70°F [light] (64% in 3–9 wk), 70°F [dark] after treatment with GA3 (17% in 5–8 wk), 70°F [dark] →40°F→70°F [dark] (14% in 2nd wk), 40°F→70°F [light] (71% in 3–6 wk), and 40°F→70°F [dark] (none). Seedlings from GA3 treatment appeared normal, but 70°F [light] was best.


Dioscorea (Dioscoriaceae)
A genus of mostly tropical, twining herbs, including the yams and having net-veined leaves and small, dioecious flowers.
Dioscorea quaternata J.F. Gmel. (fourleaf yam)
Germinated 70°F→40°F→70°F (40% in 2nd wk) and 40°F→70°F (20% in 2nd wk)→40°F (20% in 8th wk) using fresh seeds.

Dioscorea villosa L. (wild yam)
Germination at 70°F was benefitted both by dry storage and by a preliminary 3 mo at 40°F. Germination was best using seeds dry-stored 6 mo at 70°F in 40°F→70°F (77% in 1–8 d). It also germinated 70°F (11% in 1–3 wk) for dry-stored seeds and 70°F (20% in 3–8 wk)→40°F→70°F (37%), 40°F→70°F (44% in 2nd wk), and 52% in spring in outdoor treatment using fresh seed. Light had no effect. Seeds dry-stored 12 mo at 70°F germinated 70°F (6%)→40°F→70°F (5%), showing that dry storage for this long was detrimental. The seeds are thin wafers like Lilium and empty seed coats can be detected readily making seed counts accurate.


Diplacus (Phrymaceae)
A plant genus traditionally placed in family Scrophulariaceae but recently moved into Phrymaceae. A group of perennial shrubs found from northern Baja California to southern Oregon.
This genus could be included in Mimulus. Light was required for some species.
Diplacus grandiflorus (Lindl.) Groenl. (largeflower bush monkeyflower)
Referred to by Deno as Diplacus bifidus.
Germinated largely in light at 70°F as shown by 70°F [light] (100% in 11–21 d) and 70°F [dark] (5%). After 2 mo in 70°F [dark], seeds were shifted to light whereupon the remaining 95% germinated in 7–26 d, showing that 2 mo in 70°F [dark] had no effect. There was some germination in the dark at 40°F as shown by 40°F (12%)→70°F [light] (20%) and 40°F (12%)→ 70°F [dark] (none). Note that the 3 mo at 40°F lowered the overall percent germination, showing that this treatment led to significant deterioration of the seed.

Diplacus puniceus Nutt. (redbush monkeyflower)
Referred to by Deno as Mimulus puniceus.
Germinated immediately at 70°F.


Diphylleia (Berberidaceae)
A group of small herbs described as a genus in 1803. It is native to the eastern US and eastern Asia.
Diphylleia cymosa Michx. (American umbrellaleaf)
Seeds were all dead.


Dirca (Thymelaceae)
A genus of shrubs having tough fibrous bark and clusters of yellow flowers.
Dirca palustris L. (eastern leatherwood)
Seeds were washed and cleaned for 20 min and the outer coat removed. These seeds germinated 70°F [light] (13% in 11th wk) and 40°F→70°F→40°F→40°F→70°F→40°F→70°F (100% [2/2] on 5th d). None germinated in outside treatment, and all rotted in 70°F after treatment with GA3. Seeds dry-stored an additional year all rotted. Seeds were received in July, and it was suspected they were at least a year old and had largely died already.
Supplemental note: Germinated 100% (2/2) after 7 alternating 3 mo cycles; seeds of this sample held an additional year in dry storage rotted. A presumption was made that the seeds may have been old. This presumption was in error. A cooperator informs me the seeds were fresh. His experiences are as follows. “Seeds collected in summer are enclosed in a pale green berry which turns black within a day of collection. The seeds are washed and cleaned then immediately sown. The best germination (20% at most) occurs if the seeds were kept at temperatures around 32°F all winter after which germination occurs in spring. If the seeds are kept outdoors and experience much lower temperatures they all rot.” Even in wild stands seedlings are rare.


Dodecatheon (Primulaceae)
A genus of herbaceous flowering plants having basal clumps of leaves and nodding flowers that are produced at the top of tall stems rising from where the leaves join the crown. The genus is largely confined to North America and part of northeastern Siberia. Dodecatheon amethystinum, D. meadia, and D. pulchellum develop only the 2 cotyledons in the first year of growth, so it is important to keep these photosynthesizing as long as possible. Dodecatheon jeffreyi starts forming true leaves in 1–2 wk after the cotyledons open.
Dodecatheon alpinum (A. Gray) Greene (alpine shootingstar)
Germinated 70°F [dark] after treatment with GA3 (80% in 1–3 wk), 70°F [light] (90% in 2nd wk), 70°F [dark] (7%), and 40°F→70°F [dark] (78% in 4–8 d). This was an interesting combination of germination patterns.

Dodecatheon amethystinum (Fassett) Fassett (jeweled shootingstar)
Germinated 70°F [dark] after treatment with GA3(1%)→40°F→ 70°F (33% in 5–12 d) and 70°F [dark]→40°F→70°F [dark] (none). This was puzzling because an earlier sample germinated 70°F→40°F→70°F (34% on 4th d) and 40°F→70°F (6%). Germination failed with all dry-stored seeds.

Dodecatheon jeffreyi Van Houtte (Sierra shootingstar)
Germinated much better in a 40°F→70°F pattern than when sown at 70°F as shown by 40°F (4%)→70°F (90% in 1–5 d) and 70°F (21%)→40°F→70°F (2%). Seeds sown on November 1 in outdoor treatment germinated 78% in February and March. This outdoor treatment was in effect similar to direct sowing at 40°F. Germination was nearly as good with seeds dry-stored 6 mo at 70°F or 40°F as shown by 40°F (12%)→70°F (65% in 1–7 d) and 70°F (12%). As with fresh seeds, germination was lower and more extended when the dry-stored seeds were sown at 70°F.

Dodecatheon meadia L. (pride of Ohio)
Has inhibitors that are destroyed at 40°F followed by germination at 40°F. It takes 8–12 wk for the inhibitors to be destroyed in fresh seeds and 6 wk in seeds dry-stored 6 mo at 70°F. Fresh seeds germinated 40°F (98% in 8–16 wk), 70°F→40°F→70°F (15%), and 97% in April for seeds placed outdoors in September. Seeds dry-stored 6 mo at 70°F germinated 40°F (100% in 5–7 wk). Light or GA3 did not initiate germination.

Dodecatheon pulchellum (Raf.) Merr. (darkthroat shootingstar)
Germinated 70°F (50%, induction time 6 d, 11%/d) and 40°F→ 70°F (40%, induction time 1 d, 15%/d).
Supplemental note: The sample studied by a collaborator required GA3 or GA4 for best germination (55% in 3rd wk), and none germinated without gibberellins. The discrepancy compared to the first evaluation was possibly due to the use of oscillating temperature (50°F–80°F). There was also a question of the identity of the commercial sample used.


Douglasia (Primulaceae)
Douglasia are prized rock-garden subjects. The genus superficially resembles Phlox, in which each stamen in the corolla tube is attached in line with the notch between corolla lobes.
Douglasia laeviagata A. Gray (cliff dwarf-primrose)
Did not germinate until the April, 14 mo after sowing dry-stored seeds in February. Two qualitative experiments germinated a few after 4 cycles. Outdoor treatment is best until there is better data.

Douglasia nivalis Lindl. (snow dwarf-primrose)
Germinated 40% in December–February in outdoor treatment. This was one of the very few species that germinated in midwinter.


Draba (Brassicaceae)
A very large genus of low tufted herbs in the crucifer family; from temperate and arctic regions with small flowers and oblong or linear siliques.
Most Draba species are 70°F [dark] germinators. Sowing of fresh seeds at 70°F not only gave low germination but was often fatal.
Draba argyrea Rydb. (silver draba)
Received in October. There was no germination in 2 wk at 70°F, so the seeds were placed outdoors for 2 mo and returned to 70°F on January 1. Seeds germinated in 10–30 d. The species is probably a 40°F→70°F germinator with germination benefitted by dry storage.
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Dodecatheon jeffreyi near Diamond Peak, Colorado.




Draba densifolia Nutt. (denseleaf draba)
Germinated 70°F (99% in 5–11 d) and 40°F (100% in less than 3 wk) with seeds dry-stored 6 mo at 70°F. Germination in fresh seeds was lower as shown by 40°F (53%)→70°F→40°F (2%) and 70°F→40°F (3%)→70°F.

Draba incerta Payson (Yellowstone draba)
Germinated best at 40°F as shown by 40°F (61% in 3–7 wk)→ 70°F (4%) and 70°F (18% in 2–9 wk)→40°F→70°F (25%). Seeds were received in a dry-stored state.

Draba lemmonii S. watson (granite draba)
Seeds were received with Draba argyrea and were given the same treatment with the same results.

Draba ventosa A. Gray (Wind River draba)
Germinated 70°F [light] (10% in 9th wk), 70°F [dark] (none), and outside treatment (30% in late March through April). All rotted in 70°F after treatment with GA3. When the sample started in 70°F [dark] was shifted to 70°F [light] after 70°F [dark]→40°F→70°F [dark] treatment, 33% germinated in 4–6 wk.


Draperia (Hydrophyllaceae)
A monotypic genus of plants that includes a single species known by the common name violet draperia. This small, perennial wildflower is endemic to California, where it grows in woodlands and rocky slopes in high mountains.
Draperia systyla (A. Gray) Torr. ex A. Gray (violet draperia)
Seeds dry-stored 6 mo germinated 70°F after treatment with GA3 (70% in 5–8 wk)→40°F (30% in 5–11 wk) and none in 70°F [dark] or 40°F confirming a previous collaborator’s report. Seeds dry-stored 1 y were dead.


Drosera (Droseraceae)
Commonly known as the sundews, one of the largest genera of carnivorous plants, with at least 194 species.
The effect of light varied from no effect in promoting germination to being an absolute requirement for germination. Germination in 70°F after treatment with GA3 was always poor and often zero. A period of 10 wk in 70°F [dark] was fatal, and the seeds failed to germinate on shifting to 70°F [light].
Drosera anglica Huds. (English sundew)
Germinated 40°F→70°F [light] (16%) and none in 70°F [dark] or 40°F→70°F [dark].

Drosera spathulata Labill. (spoonleaf sundew)
Seeds dry-stored 8 mo germinated 70°F [light] (100% in 12–20 d) and none in 70°F [dark]. Seeds dry-stored 2 y were largely dead and germinated 70°F [light] (6%) and 70°F [dark] (none).


Dryas (Rosaceae)
Creeping plants of the rose family having solitary white or yellow flowers, comprising the mountain-avens.
Dryas octopetala L. (eightpetal mountain-avens)
Germinated 70°F (100% in 8–12 d), 1 in the 4th wk, and 1 in the 6th wk in 3 separate samples.
Supplemental note: Much larger samples of Dryas octapetala germinated 90–95% in 1–4 wk in 70°F [dark] or 70°F [light] confirming the earlier results of work done on a very small sample. A prior 3 mo at 40°F reduced germination to 37% on shifting to 70°F. Dry storage for 6 mo at 70°F reduced the germination in 70°F [dark] to 60% (in 2nd wk), and seeds were dead after 1 y dry-storage.


Dudleya (Crassulaceae)
Smooth succulents belonging to the stonecrop family, native to the western US and Mexico, sometimes grown as an ornamental.
Dudleya cymosa (Lem.) Britton & Rose (canyon liveforever)
Germinated 70°F (66%, induction time 7 d, 9%/d) and 40°F (21% in 6–12 wk).

Dudleya pachyphytum Britton & Rose (Cedros Island liveforever)
Germinated in the 2nd wk in 70°F [dark] or 70°F [light].


Dysphania (Chenopodiaceae)
Annual or short-lived perennial herbs native to Central America, South America, and southern Mexico. It is grown in warm temperate to subtropical areas of Europe and the US (Missouri, New England, eastern US), sometimes becoming an invasive weed.
Dysphania ambrosioides (L.) Mosyakin & Clemants (Mexican tea)
Referred to by Deno as Chenopodium ambrosioides.
Germinated 70°F [light] (10% in 2–6 wk), 70°F [dark] (0.75%), and 40°F (4% in 5–12 wk)→70°F [dark] (2%). Light promoted germination.



SPECIES WITH TAXONOMIC BINOMIALS BEGINNING WITH E
Echeandia (Liliaceae)
A genus of New World plants in the century plant subfamily within the asparagus family. Species in the genus are distributed from the southwestern US south to northwestern Argentina, southern Bolivia, and southern Peru. They are herbaceous perennials with corms and enlarged storage roots.
Echeandia flavescens (Schult. & Schult. F.) Cruden (Torrey’s craglily)
Referred to by Deno as Anthericum flavescens var. torreyi.
Germinated 70°F [dark] (12% in 2nd wk), 70°F [dark] after treatment with GA3 (26% in 3rd wk), and 40°F (none).


Echinaceae (Asteraceae)
A genus or group of herbaceous flowering plants in the daisy family. The genus has 10 species, which are commonly called coneflowers. They are found only in eastern and central North America, where they grow in moist to dry prairies and open wooded areas.
Echinacea angustifolia DC. (blacksamson echinacea)
A 70°F [dark] germinator.

Echinacea purpurea (L.) Moench (eastern purple coneflower)
A 70°F [dark] germinator.


Echinocereus (Cactaceae)
Large genus of low-growing, shrubby, ribbed cacti of Mexico and southwestern US.
The discovery that GA3 was required for the germination of seeds of Echinocereus pectinatus hybrids led to the recognition that fungal products of the gibberellin type are natural requirements for germination and that this has important survival value. Prior treatments seem to have little effect, and germination was about the same for fresh seeds (51% in 1–14 wk), seeds that had been dry-stored up to 3 y (44% in 1–14 wk), and seeds that had been exposed to outdoor treatment for up to 3 y (45% in 1–14 wk). A second sample germinated 80% with fresh seeds. Seedlings from the GA3 treatment were normal in every respect and grew on to mature plants. Prior to the use of GA3, a number of treatments were tried varying times at 40°F and 70°F and varying the dry storage. None of these treatments gave more than 5% germination and germination extended over 1–2 y of alternating cycles. The GA3 was virtually a must for germinating Echinocereus pectinatus hybrids, and should be tried more generally on Cactaceae.
There are two problems in obtaining seeds of Echinocereus. The flowers last only 2–3 d, are self sterile, and require hand pollination. The anthers ripen on the first day or two and the stigma on the following day, so there was usually just one day when one or the other is ripe. Even in a sizable colony it is rare to find a flower with ripe anthers and another flower with receptive stigma on the same day. The second problem is that the seed capsule splits while still green. Seeds are enclosed in a sweet, sticky pulp, and the seeds are carried away and dispersed by insects much like seeds with an aril. Thus a close watch must be kept, and when the capsule first splits, the capsule must be collected and the seeds washed free of the sweet pulp. It has been claimed that scarification effects immediate germination, but all abrasion experiments in the present work failed to enhance germination.
Echinocereus pectinatus (Scheidw.) Engelm. (rainbow cactus)
Treatment with GA3 was a must for successful germination.

Echinocereus reichenbachii (Terscheck ex Walp.) hort ex Haage (lace hedgehog cactus)
Treatment with GA3 was a must for successful germination.

Echinocereus triglochidiatus Engelm. (kingcup cactus)
Germinated in the 6th wk at 70°F.

Echinocereus viridiflorus Engelm. (nylon hedgehog cactus)
Self sows here (Pennsylvania). Seeds failed to germinate, but GA3 has not been tried.


Echinocystis (Cucurbitaceae)
A monotypic genus in the gourd family. The sole species is commonly called wild cucumber, prickly cucumber, or balsam apple, and it is an annual, sprawling plant that is native to North America.
Echinocystis lobata (Michx.) Torr. & A. Gray (wild cucumber)
Germinated only in outdoor treatment and all other treatments failed completely. Seeds collected in October and given outdoor treatment germinated 90% in March and April. Seeds that had been dry-stored 6 mo at 70°F and placed outdoors in mid-March germinated 33% on April 1 and 33% the following April over 12 mo later. Results indicate that dry-storage was tolerated but is inconvenient.


Ehretia (Boraginaceae)
A large genus of tropical or subtropical shrubs and trees having cymose, usually white flowers succeeded by fleshy drupes.
Ehretia anacua (Terán & Berl.) I.M. Johnst. (knockaway)
Seeds dry-stored 1 y germinated 70°F [dark] (83% in 3–6 wk), 70°F [light] (44% in 3–6 wk), dry storage (43% in 3–6 wk), and 40°F→70°F (43% in 3–9 d). Puncturing the seed coats had no effect. Germination was best in 70°F [dark].


Elmera (Saxifragaceae)
A monotypic genus in the saxifrage family. Plants are low-growing herbs having basal leaves and light yellow flowers; native to the US state of Utah.
Elmera racemosa (S. Watson) Rydb. (yellow coralbells)
Germinated only in light as shown by 70°F [light] (93% in 4–8 wk) and none in 70°F [dark]. A preliminary cold period was fatal and none germinated in 40°F→70°F [light], 40°F→ 70°F [dark], or outdoor treatment. The above data are for seeds received in midwinter, which had been dry-stored about 6 mo at 70°F. Experiments were conducted on these same seeds that had been dry-stored for an additional 18 mo making a total of 2 y. These seeds germinated 70°F [light] (3% in 3–5 wk), 70°F [dark] (none), and 70°F [dark] (100% in 3rd wk) if treated with GA3. Seedlings from the GA3 treatment appeared to be healthy. It was remarkable that the GA3 gave 100% germination on the seeds dry-stored 2 y when this long dry storage period drastically reduced the germination in 70°F [light]. To be certain that the seeds subjected to 70°F [light] were viable, the sample was treated with GA3 after 6 wk whereupon 70% germinated in 4–12 d.
Supplemental note: Germinated in 70°F after treatment with GA3 and 70°F [light] with either fresh seeds or seeds dry-stored 2 y. Seeds dry-stored 4 y were dead.


Elymus (Poaceae)
A genus of tall, tufted, perennial grasses comprising the lyme grasses, having closely flowered terminal flower spikes, and being sometimes used as fodder and to bind loose, sandy soil.
Elymus hystrix L. (eastern bottlebrush grass)
Referred to by Deno as Hystrix patula.
Germinated 70°F (5% in 4th wk) and 40°F→70°F (31% in 2–12 d).


Empetrum (Empetraceae)
A genus of 3 species of dwarf evergreen shrubs in the heath family, commonly known as crowberries, and they bear edible fruit. They are typically found in the northern hemisphere, in temperate to subarctic climates.
Empetrum nigrum L. (black crowberry)
Germinated best in 70°F after treatment with GA3 and outside treatment. The data are 70°F after treatment with GA3 (37%, induction time 25 d, zero order rate, 2.5%/d), 36% in May–August and 24% the following April in outside treatment, and 70°F→40°F→70°F (8%). Light, a prior 3 mo at 40°F, or dry storage 6 mo had no effect. However, the seeds were dead after 1 y dry storage.


Enceliopsis (Asteraceae)
A small genus of flowering plants in the daisy family. They are sometimes called sunrays. The 3 species are native to the western US and Canada.
Enceliopsis nudicaulis (A. Gray) A. Nelson (nakedstem sunray)
Referred to by Deno as Enceliopsis nudicaule.
Germinated at comparable rates at 70°F or 40°F as shown by 70°F (75% in 2–4 wk)→40°F (25%) and 40°F (100% in 3–6 wk).


Enemion (Ranunculaceae)
Spring ephemerals with white flowers, branching stems, and finely divided leaves in the buttercup family. Native to eastern and central North America and to the West Coast of the US and Canada.
Enemion biternatum Raf. (eastern false rue anemone)
Referred to by Deno as Isopyrum biternatum.
Germinated 70°F→40°F (25% in 8–11 wk) and none in 40°F→ 70°F→40°F using fresh seeds. Seedlings must be kept an additional 2 mo at 40°F after radicle development in order for the cotyledons to develop properly on shifting to 70°F. Seeds dry-stored 6 mo at 70°F or 40°F rotted, showing that dry storage is not tolerated.


Engelmannia (Asteraceae)
A genus of North American herbs in the aster family resembling sunflowers and having pinnatifid leaves and large, yellow flower heads.
Engelmannia peristenia (Raf.) Goodman & C.A. Lawson (Engelmann’s daisy)
Referred to by Deno as Engelmannia pinnatifida.
Germinated 38% in 5–12 d at 70°F.


Epigaea (Ericaceae)
A genus of half-evergreen, creeping or trailing woody plants in the heath family with white or rose-colored flowers in small axillary and terminal clusters.
Epigaea repens L. (trailing arbutus)
Germinated best in 70°F [light] (88%, induction time 8 wk, 5%/d) and none in 70°F [dark] using fresh seeds. Results were identical for 2 separate collections of seeds in 2 different years. Note the long induction time, indicating that the rate of destruction of inhibitors was slow. Results were unaffected by a prior 40°F or 40°F→70°F→40°F treatment. Not a single seed germinated in any dark treatment, even in samples of hundreds of seeds. There was some deterioration and changes in seeds dry-stored for 6 mo at 70°F. The percent germination dropped to 25% and the induction time was reduced a bit to 5–6 wk, but the rate was still 5%/d providing only germinated seed was included in the rate calculation.


Epilobium (Onagraceae)
A large genus of widely distributed herbs in the evening primrose family with pink or rarely yellow flowers, slender lanceolate leaves, and seeds with a silky coma.
Epilobium anagallidifolium Lam. (pimpernel willowherb)
Germinated 70°F [dark] (55% in 3–6 wk), 70°F [light] (61% in 4th wk), and 40°F→70°F [dark] (41% on 3rd d). Seeds dry-stored 6 mo germinated similarly.

Epilobium canum P.H. Raven (hummingbird trumpet)
Seed collection referred to by Deno as Zauschneria arizonica.
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Epilobium canum near Tony Grove Lake, Utah.



Germinated 70°F (75% in 30 d) and 40°F (80% in 11–15 d) → 70°F (2%).
Seed collection referred to by Deno as Zauschneria garrettii.
Germinated 70°F (59% in 2–8 wk) and 40°F (93% in 2–4 wk).

Epilobium palustre L. (marsh willowherb)
Germinated 70°F [dark] (77% in 1–11 wk), 70°F [light] (72% in 2nd wk), 40°F→70°F [light] (95% in 4–6 d), and 40°F→70°F [dark] (18%). Seeds dry-stored for 1 y germinated 70°F [dark] (25% in 3rd wk) indicating that 67% had died.

Epilobium rigidum Hausskn. (stiff willowherb)
Seeds all rotted.


Eriastrum (Polemoniaceae)
A genus of flowering plants in the phlox family, which are known commonly as woollystars. These wildflowers are somewhat diverse in appearance but are usually erect, thin-stemmed herbs that bear purple to white blooms. Woollystars are native to western North America.
Eriastrum densifolium (Benth.) H. Mason (giant woollystar)
Germinated 70°F after treatment with GA3 (100% in 3–5 d), 70°F [light] (20%), and 70°F [dark] (83% in 5–11 d) using fresh seeds. Like all 70°F [dark] germinators, there was an optimum length of dry storage that was a compromise between time for destruction of the blocking mechanism and dying of the seeds. This was evident in this species both in the percent germination and rate of germination. Germination in 70°F [dark] for seeds dry-stored 3 mo, 6 mo, 1 y, and 2 y were 83% in 5–11 d, 100% on 2nd d, 19% in 4–19 d, and all dead, respectively.


Erigenia (Apiaceae)
Known as harbinger-of-spring, this monotypic genus of the parsley family grows as a small, tuberous, early-blooming plant with ternate leaves and umbellate white flowers.
Erigenia bulbosa (Michx.) Nutt. (harbinger of spring)
Germinated 70°F→40°F→70°F (10%) using fresh seeds.


Erigeron (Asteraceae)
Composite plant of the aster family, having flower heads resembling those of the asters but with narrower and usually more numerous white or purple rays.
These are mainly 70°F [dark] germinators. Germination failed in 60% of the samples received, and this was believed to be due to the absence of viable seeds among the copious chaff.
Erigeron alpiniformis Cronquist (alpine fleabane)
Referred to by Deno as Erigeron borealis.
Germinated in 4–10 d at 70°F.

Erigeron compositus Pursh (cutleaf daisy)
Germinated 70°F (100%) and 40°F (32%)→70°F (68%) using fresh seed. Seeds dry-stored 6 mo at 70°F or 40°F germinated 70°F (100%) and 40°F (18%)→70°F (82%).

Erigeron eatoni A. Gray (Eaton’s fleabane)
Germinated in 1–4 wk at 70°F.

Erigeron elegantulus Greene (blue dwarf fleabane)
Germinated 70°F (78%) and 40°F (36%)→70°F (64%). Seeds dry-stored 6 mo at 70°F or 40°F germinated less than 10%, indicating that in this species dry storage was not tolerated well.

Erigeron flabellifolius Rydb. (fanleaf fleabane)
Germinated 70°F [dark] (4/19 in 4–7 wk)→40°F (16% in 4th wk)→70°F [dark] (5% on 3rd d) and 40°F→70°F [dark] (5% on 4th d).

Erigeron flagellaris A. Gray (trailing fleabane)
Germinated in 1–4 wk at 70°F.

Erigeron flettii G.N. Jones (Flett’s fleabane)
Germinated 70°F [dark] (100% in 5–7 d) and 40°F (100% in 7th wk).
Supplemental note 1: Germinated 70°F [light] (100% in 5–7 d) for either fresh seeds or seeds dry-stored 2 y.
Supplemental note 2: Germinated 100% in 70°F [dark] for either fresh seeds or seeds dry-stored 2 y; however, seeds dry-stored 3 y were dead.

Erigeron glabellus Nutt. (streamside fleabane)
Germinated in 1–4 wk at 70°F.

Erigeron leiomerus A. Gray (rockslide yellow fleabane)
Germinated 70°F (1%)→40°F (2%)→70°F (17%). This was the only species showing extended germination for dry-stored seeds.

Erigeron linearis (Hook.) Piper (desert yellow fleabane)
Germinated in 4–10 d at 70°F.

Erigeron nanus Nutt. (dwarf fleabane)
Germinated in 1–4 wk at 70°F.
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Erigeron compositus in the Pioneer Mountains, Idaho.




Erigeron ochroleucus Nutt. (buff fleabane)
Germinated in 4–10 d at 70°F.

Erigeron pinnatisectus (A. Gray) A. Nelson (featherleaf fleabane)
Germinated in 1–4 wk at 70°F.

Erigeron radicatus Hook. (taproot fleabane)
Germinated in 4–10 d at 70°F.

Erigeron simplex Greene (onestem fleabane)
Germinated in 4–10 d at 70°F.

Erigeron speciosus (Lindl.) DC. (aspen fleabane)
Germinated in 1–4 wk at 70°F.

Erigeron subtrinervis Rydb. ex Porter & Britton (threenerve fleabane)
Germinated in 1–4 wk at 70°F.

Erigeron uniflorus L. (oneflower fleabane)
Germinated in 1–4 wk at 70°F.


Eriogonum (Polygonaceae)
A highly species-rich genus of flowering plants in the knotweed family. The genus is found in North America and is known as wild buckwheat.
Germination often occurred at comparable rates at 40°F and 70°F, it often occurred throughout each 3 mo cycle, and it often extended over 2 cycles. Germination occurred throughout each cycle unless otherwise specified. The GA3 treatment was tried on Eriogonum allenii where it caused total rotting, on Eriogonum ericifolium where it killed most of the seeds, and on a 4-y-old sample of Eriogonum caespitosum where germination was 30% in the 2nd wk in 70°F [dark] with or without GA3. GA3 was deleterious in this genus. Light had no effect. A 4-y-old sample of Eriogonum caespitosum still germinated 35%, but 4-y-old samples of Eriogonum ovalifolium and Eriogonum sphaerocephalum had germination reduced to 10%, and Eriogonum strictum was dead.
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Erigeron ochroleucus in research plots at Aberdeen, Idaho.



Eriogonum allenii S. Watson (shale barren buckwheat)
Germinated 72% in late March from seeds placed outdoors in November. It also germinated 70°F [dark] (12%) and 40°F→ 70°F [dark] (30% on 2nd d). Light and GA3 were deleterious.
Supplemental note: Fresh seeds germinated 72% in late March from seeds placed outdoors in November. It also germinated 70°F [dark] (12%) and 40°F→70°F [dark] (30% on 2nd d). Light and GA3 were injurious. Seeds dry-stored 6 mo at 70°F germinated 70°F [dark] (1%) and 40°F (38% in 10–12 wk). Results are not as inconsistent as might appear. The fresh seeds in the 40°F→70°F pattern were almost ready to germinate after 12 wk at 40°F and might have germinated at 40°F if the time at 40°F had been extended.

Eriogonum bicolor M.E. Jones (pretty buckwheat)
Germinated 40°F (22% in 2–8 wk)→70°F [dark] (44% on 2nd d) and 70°F [dark] (14% in 2nd wk). All ungerminated seeds rotted, and the 3 mo moist at 70°F was injurious.
Supplemental note: Germinated 40°F (22% in 2–7 wk)→70°F [dark] (44% on 3rd d) and 70°F [dark] (14%, rest rotted). Seeds dry-stored 1 y germinated: 40°F (50% in 3rd wk) and 70°F [dark] (all rotted).

Eriogonum brevicaule Nutt. (shortstem buckwheat)
Germinated 70°F (7% in 3rd wk) and 40°F (20%)→70°F (53%).
Supplemental note: Germinated 70°F (60% in 1–3 wk) and 40°F (50%)→70°F (60% in 2–4 d).

Eriogonum caespitosum Nutt. (matted buckwheat)
Germinated 70°F (10%)→40°F (30%)→70°F (30% in 3–5 d).
Supplemental note: Germinated 70°F (40%)→40°F (20%)→70°F (10%) and 40°F (100%).

Eriogonum compositum Douglas ex Benth. (arrowleaf buckwheat)
Germinated 70°F (50% in 3–13 d) and 40°F (30% in 6–11 wk).

Eriogonum douglasii Benth. (Douglas’ buckwheat)
Germinated 70°F (43% in 2–12 wk) and 40°F (25%)→70°F (8%).

Eriogonum flavum Nutt. (alpine golden buckwheat)
Germinated 70°F (50% in 4–8 d).
Note for Eriogonum flavum var. xanthum: Germinated 70°F (62% in 1–6 wk) and 40°F (72% in 3–10 wk).
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Eriogonum caespitosum in the Pioneer Mountains, Idaho.
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Eriogonum flavum in the Seven Devils Peaks, Idaho.




Eriogonum marifolium Torr. & A. Gray (marumleaf buckwheat)
Germinated 70°F (73%)→40°F (20%) and 40°F (86%)→70°F (14% in 2nd d).

Eriogonum niveum Douglas ex Benth. (snow buckwheat)
Germinated 70°F (17% in 6–12 wk)→40°F (33%) and 40°F (89%)→70°F (11%).

Eriogonum ovalifolium Nutt. var. depressum Blank. (cushion buckwheat)
Germinated 70°F (30%)→40°F (10%) and 40°F (30%)→70°F (30% in 2nd d).

Eriogonum pulchrum Eastw. (Yavapi County buckwheat)
Referred to by Deno as Eriogonum ericifolium var. pulchrum.
Germinated 70°F (25%. in 3–12 d) and 40°F (80% in 3–6 wk).

Eriogonum shockleyi S. Watson (Shockley’s buckwheat)
Germinated 70°F (100% on 3rd d) and 40°F→70°F (100% on 3rd d).

Eriogonum sphaerocephalum Douglas ex Benth. (rock buckwheat)
Germinated 70°F (50%)→40°F (5%) and 40°F (38%)→70°F (54% 3rd d).

Eriogonum strictum Benth. ssp. proliferum (Torr. & A. Gray) S. Stokes (Blue Mountain buckwheat)
Germinated 70°F→40°F (14%) and 40°F (29%)→70°F (12% on 3rd d).

Eriogonum thymoides Benth. (thymeleaf buckwheat)
Germinated outdoors in April.

Eriogonum tumulosum Barneby & Reveal (Woodside buckwheat)
Germinated 70°F (100% in 3rd d–2 mo) and 40°F→70°F (100% in 1–10 wk).

Eriogonum umbellatum Torr. (sulphur-flower buckwheat)
Germinated 70°F (3 seeds on 9th d)→40°F (5 seeds in 3–7 wk). Seeds dry-stored 6 mo at 70°F failed to germinate. Seeds dry-stored 6 mo at 40°F germinated 70°F (1 seed in 3rd mo)→40°F (2 seeds in 3rd mo). Equal amounts of material were used in each experiment so relative numbers are meaningful, but numbers of seeds could not be determined.


Eriophorum (Cyperaceae)
A genus of flowering plants in the sedge family. They are found throughout the arctic, subarctic, and temperate portions of world. Both species showed the unusual pattern of germination occurring only in light or outside treatment. Seeds of both species germinated the same for fresh seeds or seeds dry-stored 6 mo, but seeds dry-stored for 1 y were dead.
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Eriogonum ovalifolium var. depressum in the Pioneer Mountains, Idaho.
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Eriogonum sphaerocephalum at Rock Creek south of Twin Falls, Idaho.



Eriophorum angustifolium Honck. (tall cottongrass)
Germinated 70°F [light] (74% in 6–12 d) and none in 70°F [dark] or 70°F after treatment with GA3. A prior 3 mo at 40°F had no effect. Seeds placed outdoors in October germinated 20% in October and 70% in April.

Eriophorum scheuchzeri Hoppe (white cottongrass)
Germinated 70°F [light] (80% in 6–12 d) and none in 70°F [dark] or 70°F after treatment with GA3. A prior 3 mo at 40°F had no effect. Seeds placed outdoors in October germinated 20% in April.


Eriophyllum (Asteraceae)
Commonly known as the woolly sunflower, this North American genus of plants is in the sunflower family. The genus is native to western North America (US, Canada, northwestern Mexico), with a concentration of narrow endemics in California.
Eriophyllum lanatum (Pursh) Forbes (common woolly sunflower)
Germinated 40°F (100% in 3–6 wk). Germination at 70°F was reduced to 25% but the rate was about the same.


Eritrichium (Boraginaceae)
Alpine forget-me-not is a genus of flowering plants in the borage family that contains 71 species.
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Eriophyllum lanatum in research plots at Aberdeen, Idaho.



Eritrichium howardi (A. Gray) Rydb. (Howard’s alpine forget-me-not)
Germinated in 4–6 wk at 70°F.


Eryngium (Fabaceae)
Perennial plants of the temperate and subtropical regions with distinctive spiny foliage, metallic blue flower heads, and bluish stems, several species of which are grown as garden plants.
Eryngium yuccifolium Michx. (button eryngo)
Germinated 40°F (84% in 8–11 wk), 70°F→40°F (none); and 20% in April in outdoor treatment.


Erythronium (Liliaceae)
A small genus of chiefly North American herbs of the lily family having a corm from which arise a pair of usually mottled basal leaves and one or more scapose flowers.
Erythronium americanum Ker Gawl. (dogtooth violet)
Germinated in an extended pattern as shown by 70°F→40°F (58% in 10–12 wk)→70°F→40°F→70°F→40°F (42% in 2nd wk) and 40°F→70°F→40°F (16% in 9th wk)→70°F (42% in 1 d to 5 wk) using fresh seeds. The cotyledons develop in 10 d on shifting to 70°F.

Erythronium citrinum S. Watson (cream fawnlily)
Germinated 40°F (65% in 10–12 wk)→70°F (35% in 2nd d) and 70°F→40°F (80% in 12th wk)→70°F (20% on 2nd d) using fresh seeds. The hybrid with Erythronium hendersonii was similar.

Erythronium grandiflorum Pursh (yellow avalanche lily)
Germinated 70°F [light]→40°F→70°F [light] (50% in 3rd wk). Although none germinated in the dark, the data was too meager to conclude that light is required.
Supplemental note: Erythronium grandiflorum has now been studied with a much larger sample. As expected, germination does not require light. The data are 70°F [dark]→40°F→70°F [dark] (12% in 1–4 wk)→40°F (8%) and 40°F→70°F [dark]→ 40°F (13% in 12th wk)→70°F (23% in 2 d–7 wk)→40°F→70°F (4%). Germination was speeded up by GA3 as shown by 70°F→ 40°F after treatment with GA3 (35% in 7–11 wk).

Erythronium hendersoni S. Watson (Henderson’s fawnlily)
Germinated 40°F (93% in 8–12 wk)→70°F (7% on 2nd d) and 70°F→40°F (80% in 11th wk)→70°F (20% on 2nd d) using fresh seeds.
Supplemental note: Erythronium hendersonii x citrinum germinated 40°F (86% in 9–12 wk) and 70°F→40°F (87% in 8–12 wk). This was identical to the pattern for Erythronium hendersonii.

Erythronium mesochoreum Knerr (midland fawnlily)
Germinated 70°F→40°F (2%)→70°F (73%) and 40°F→70°F (24%)→40°F→70°F (48%) using fresh seeds. A second sample of fresh seeds germinated 40°F→70°F→40°F (80%). This was not as divergent as might first appear because in the first of the two starts at 40°F, the germination in the 4th cycle at 70°F occurred in 1–4 d suggesting that germination may have already started in the previous cycle at 40°F. The cotyledons develop shortly after radicle emergence and while still at 40°F. Seeds dry-stored 6 mo at 40°F were nearly as good as fresh seeds and germinated 70°F→40°F (38%)→70°F (24%) and 40°F→70°F (9%)→40°F (76%). Seeds dry-stored 6 mo at 70°F were severely damaged and germinated 40°F (3%)→70°F (3%) and 70°F (none).

Erythronium revolutum Sm. (mahogany fawnlily)
Germinated 70°F→40°F (33% in 12th wk)→70°F (40% in 0–7 wk) and none in 40°F (aIl rotted). Seeds that germinated at 40°F formed the cotyledon (epigeal) within a week at 40°F and grew better than the seeds that germinated at 70°F. Most of the seeds would probably have germinated at 40°F if the time were extended beyond 3 mo.
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Erythronium grandiflorum in the Bear River Range, Idaho.





Eschscholzia (Papaveraceae)
A genus of 12 annual or perennial plants in the poppy family. The best-known species is the California poppy, the state flower of California.
Eschscholzia californica Cham. (California poppy)
Germinated in 70°F [dark].
Supplemental note: Germinated in 3–7 d in 70°F [dark].


Escobaria (Cactaceae)
A genus of low-growing cacti that range from the southernmost parts of central and western Canada through northern Mexico, with one species in Cuba. The genus comprises approximately 23 species.
Escobaria missouriensis (Sweet) D.R. Hunt (Missouri foxtail cactus)
Referred to by Deno as Neobessya missouriensis.
Hides the berry in its folds until early spring when the cactus expands, revealing the red berries. The berries were collected in April and the seeds washed and cleaned. Germination was 65–80% in 3–6 wk for a sample collected April 1 and 80% in 8–10 d for a sample collected April 27. Similar results were obtained for seeds collected the following year.

Escobaria vivipara (Nutt.) Buxbaum (spinystar)
Referred to by Deno as Coryphantha vivipara.
Germinated 22% in 1–4 wk at 70°F. A few more germinated in the following year outdoors.


Eubotrys (Ericaceae)
A genus inclusive of 2 species of evergreen or deciduous shrubs native to the eastern US. Also referred to as fetterbush, doghobble, or sweetballs.
Eubotrys racemosus (L.) Nutt. (swamp doghobble)
Referred to by Deno as Leucothoe racemosa.
Germinated 70°F [light] (15–25% in 2–7 wk) and 70°F [dark] (none) using seeds dry-stored 6 mo at 70°F. A 10–15% germination in 70°F [light] also occurred with fresh seeds, but only after a prior 40°F or 70°F→40°F cycle.


Eupatorium (Asteraceae)
A genus of flowering plants in the aster family containing from 36 to 60 species depending on the classification system. Most are commonly called bonesets, thoroughworts, or snakeroots in North America.
Eupatorium perfoliatum L. (common boneset)
Seeds dry-stored 6 mo germinated 100% in 8–13 d in either 70°F [light] or 70°F after treatment with GA3. None germinated in 70°F [dark] or 40°F. A prior 3 mo in 70°F [dark] or 3 mo at 40°F had little effect. Seeds dry-stored 1 y were all dead.


Eustoma (Gentianaceae)
A small genus in the gentian family native to warm regions of the southern US, Mexico, Caribbean, and northern South America. This genus is typically found in grasslands and in areas of disturbed ground.
Eustoma exaltatum (L.) Salisb. ex G. Don (catchfly prairie gentian)
Referred to by Deno as Lisianthus russelianum.
Germinated 70°F [light] (60% in 7–15 d) and 70°F [dark] (25% in 10–12 d). A prior 3 mo at 40°F lowered the percent germination markedly, but did not alter the photo response.


Eutrochium (Asteraceae)
A North American genus of herbaceous flowering plants in the aster family. They are commonly referred to as joe pye weeds. The genus includes all the purple-flowering North American species of the genus Eupatorium as traditionally defined.
Seed counts were difficult so the percent germinations are calculated on the basis that total germination was 100%. The 40°F→70°F germination pattern found in Eutrochium purpureum is unusual in Asteraceae.
Eutrochium purpureum (L.) E.E. Lamont (sweetscented joe pye weed)
Referred to by Deno as Eupatorium purpureum.
Germinated 40°F (2%)→70°F (98% in 2–4 d) using fresh seeds or seeds dry-stored 6 mo at 70°F or 40°F.



Footnotes
	Photos by Stephen L Love

	Descriptions of the genera included in this article were derived from online definitions provided by Dictionary.com, Educalingo.com, FindWords.info, FreeDictionary.com, Hortipedia, Labunix, Lady Bird Johnson Wildflower Center, Memidex, Merriam-Webster’s Dictionary, Oxford Dictionaries, Vocabulary.com, Wikipedia, and WikiVisually.
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