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Rubus seed characteristics; seed coat morphology, anatomy, germination requirements 

and dormancy were studied in order to define protocols for breaking seed dormancy. 

Morphological analysis of the seed coat (testa) using scanning electron microscopy 

(SEM) included 56 seed accessions of 10 subgenera preserved in the collections of the 

US Department of Agriculture, Agricultural Research Service, National Clonal 

Germplasm Repository (NCGR), Corvallis, Oregon. Macromorphological 

characteristics differed among groups at the subgenus level. Rubus odoratus L. and R. 

parviflorus Nutt. (subg. Anoplobatus) had a unique hilar end hole and R. saxatilis had 

seed coat sculpturing inconsistent with its assigned subg. (Cyclactis) and appeared more 

in common with subg. Idaeobatus. These morphological characteristics of Rubus seed 

revealed by SEM provide additional information to identify infrageneric levels. Seed of 



 

17 commercially important blackberry cultivars were examined with light and scanning 

electron microscopy to determine cultivar identity of blackberry fruit using seed coat 

characters. One key characteristic is the shape of the raphe: straight, concave or convex. 

Seed shape, color, size and seed-coat sculpturing further distinguish the cultivars. 

Scarification methods and effective germination requirements were determined for six 

species of wild Rubus seed. Fresh untreated R. caesius seed had 14.5% germination, but 

untreated seed of the other five species did not germinate. Most sulfuric acid scarified 

seed germinated by 6 months with a few more by 12 months. Sodium hypochlorite 

scarified seed germinated poorly at 6 months, but significantly improved by 12 months. 

This study indicates that Rubus species vary in their germination requirements with R. 

hoffmeisterianus exhibiting low dormancy and R. occidentalis very deep dormancy, 

while the others had moderate dormancy. The seed coat anatomy of R. hoffmeisterianus, 

R. occidentalis, and R. caesius that exhibited unique responses to germination 

treatments showed unique structures and cell composition. Especially unique were the 

sclereids; each had differing layers of exo-, meso-, and endotesta. The anatomical 

characteristics of each species shown in this study may provide useful information 

regarding anatomical differences of seed coat hardness and texture. The appendices 

contain additional SEM micrographs of the seed surface of a wide range of Rubus 

species. 
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CHAPTER 1: INTRODUCTION & LITERATURE REVIEW 

 

INTRODUCTION 

Seeds are a crucial step in the plant life cycle, representing the initiation of a 

new sporophytic generation (Consonni, 2005). The evolution of seeds was a key step in 

the successful radiation of land plants into a variety of ecological niches (Sattler et al. 

2004). A seed has to complete successful embryo development and germination, and it 

has to complete embryo and seedling development under widely varied environmental 

influences. The seeds of many plants that produce dry fruits retain their vitality with 

little deterioration for several years after they are ripe, while others lose their 

germinability rapidly. Seeds permit the production of quiescent progeny with food 

reserves that can be rapidly mobilized upon germination. The ability of seeds to remain 

quiescent but viable during unfavorable environmental conditions and then rapidly 

germinate and become established when environmental conditions become favorable is 

a key evolutionary advantage.   

Tantawy et al. (2004) mention that most systematists agree that the macro- and 

microstructure of seeds are very significant for the classification of angiosperm taxa. 

Baskin and Baskin (2003) emphasize that the various anatomical and physiological 

ways in which seed dormancy is achieved a most interesting aspect of plants. Maternal 

factors have a strong influence upon seed dormancy because maternal genotype and 

maternal environment, including the position on the mother plant, is more important 

than the paternal genotype. Testal patterns also offer key characteristics for the 

recognition and description of clades as revealed by phylogenetic analysis of DNA 
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sequences and other molecular characters. Evolutionary relationships among seeds may 

be clarified by approaches that deal with morphological and physiological 

characteristics, including dormancy, as well as the taxonomy and ecological conditions 

of their habitat (Nikolaeva, 2004).  

Wild relatives of cultivated crops are valuable sources of genetic variability that 

can be utilized for important crop improvement traits such as pest and disease resistance, 

cold hardiness, drought tolerance, high yield and productivity. Adding to that base by 

crossing with diverse wild species is an ongoing challenge. Due to the wide diversity of 

Rubus species, a single standard germination protocol is unlikely to be useful for 

incorporating exotic germplasm into modern breeding objectives because each species 

has a unique seed coat thickness and structure (Daubney, 1996).   

Therefore, my attention in this thesis is especially given to the seed coat 

morphology related to systematic issues, germination requirements of six wild species 

and 16 germplasm accessions, and an analysis of proanthocyanidins (PAs) as 

germination inhibitors, present in seeds of six Rubus species. Finally, seed coat structure 

as related to germination and overcoming dormancy and seed coat structural differences 

among cultivars of blackberry were investigated. 

 

LITERATURE REVIEW 

Seed coat (testa) 

The seed coat varies in structure in relation to the specific features of the ovule, 

such as the number and thickness of integuments, the pattern of vascularization, and the 

developmental changes in the integuments during seed maturation. The seeds of 
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angiosperms have mostly dry seed coats, while flesh seed coats are common in the 

gymnosperms (Esau, 1997). Garnock-Jones (1991) provided a generic key for 

Brassicaceae using seed morphology, testa anatomy, and embryos for most New 

Zealand species of Cheesemania, Ichnocarpus, Iti, Notothlaspi, and Pachycladon. This 

research concluded that clear differences are evident among most of the genera studied. 

Pfeiffer (1934) investigated the structure of seed coats of Symphoricarpos racemosus 

Michx. and described it as having a strongly pitted and thickened outer epidermis, under 

which there were two layers of highly refractive fibers, lying at right angles to each 

other. The integument was represented at maturity by a very striking outer epidermis, 

and by a number of layers of crushed parenchyma cells, while the nucellus had 

disappeared. Pfeiffer (1934) emphasized that the development of the tissues and their 

chemistry is considered along with their functions. Marbach and Mayer (1974) 

investigated the permeability of the seed coat of Pisum elatius Steven ex M. Bieb. that 

is normally impermeable to water. However, when pea seeds are dried in the absence of 

oxygen their coats were totally permeable to water. Structural differences were observed 

between permeable and impermeable seed coats. In the genus Pisum, species with 

normally impermeable seed coats have a high content of phenolics and of catechol 

oxidase, while seed coats of P. sativum L. contain very little catechol oxidase and have a 

very low content of phenolics. The total of phenolic compounds including o-diphenol in 

P. elatius was much higher than that of P. sativum. They concluded that the permeability 

of seed coats to water is related to the content of phenolic compounds in the seed coat, 

and to their level of oxidation. The oxidation of the phenolics may be catalyzed by 

catechol oxidase present in the seed coat itself and is O2-dependent. Moreover the 
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oxidation process may cause structural changes in the seed coat.   

Jones and Geneve (1995) investigated seed coat anatomy in the hilar region of 

dry, imbibed and germinating seeds of Eastern redbud (Cercis canadensis L.). A gap 

was observed in the palisade layer due to the vascular trace between the funiculus and 

the seed coat of the developing ovule. There were no apparent anatomical differences in 

the hilar region of the seed coat between dormant and non-dormant imbibed seeds. 

However, the thickened mesophyll of the seed coat in this region and the stretching of 

the endosperm may contribute to maintaining dormancy in redbud seeds. The seed coat 

protects the embryo, but the specific aspects of this protection are varied and complex 

and some seed coats control germination by restricting it to periods and conditions most 

favorable for seedling growth. The inhibition of germination may be due to the 

impermeability of the seed coat to water, to oxygen, or to both. These effects can be 

traced to the cuticle layers and their distribution. Phenolic compounds also appear to 

contribute to the impermeability of seed coats to water. In some species such as 

Fraxinus, Rosa, and Crataegus, the seed coat offers mechanical resistance to the 

growing embryo (Esau, 1997.).   

The seed coat develops from integuments, the chalazal region of the ovule and 

the raphe, all of maternal origin (Baskin and Baskin, 2003). The terms seed coat and 

testa are often used as synonyms while seed coat remains useful as a general term when 

its ontogeny is not known (testa or tegmen). Seed coats develop from the integuments 

that surround the ovule prior to fertilization (Moise, 2005). Before fertilization, cells of 

the integuments are relatively undifferentiated, but after fertilization there can be 

extensive differentiation of the cell layers into specialized cell types. Some cell layers in 
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the seed coats may accumulate large quantities of certain substances, such as mucilage 

or pigment that can also contribute to overall seed morphology.   

Seed coat structure is described using specific terminology (Briggs et al., 2005). 

The seed coat in all bitegmic species consists of a testa (formed from the outer 

integument of the ovule) and a tegmen (formed from the inner integument of the ovule) 

with the outer epidermis of the testa called the exotesta and the inner epidermis called 

the endotesta (thin-walled, with or without lignifications). Similarly, the outer epidermis 

of the tegmen is called the exotegmen (narrow, cylindrical fibers) and inner epidermis 

the endotegmen. The cell layers between the exo- and endotesta are called mesophyll, 

mesotesta or mesotegmen.   

Morris et al. (2000) investigated dormancy of Grevillia linearifolia (Cav.) Druce 

and G. wilsonii A. Cunn., species that recruit post-fire, that have hard seed coats and 

dormancy that is mediated totally by the seed coat; when the seed coat is removed there 

is full germination of all dissected embryos. Later Briggs et al. (2005) further 

investigated structural and chemical characteristics of the seed coat as the controller of 

dormancy in G. linearifolia, G. buxifolia and G. sericea. The anatomy and 

histochemistry of the seed coat identified a number of potential dormancy mechanisms. 

Two integuments were present in the seed coat: an outer testa, with exo-, mexo- and 

endotestal (palisade) layers, and an inner tegmen of unlignified sclerenchyma. A 

hypostase at the chalazal end was a region of structural difference in the seed coat, and 

differed slightly among the three species. An internal cuticle was found on each side of 

the sclerenchyma layer. The embryos of imbibed seeds had a water content six times 

that of dry seeds. Barriers to diffusion of Lucifer Yellow stain existed at the exotestal 
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and the endotestal/ hypostase layers. 

The functions of the seed coat are many and change throughout the development 

of the seed. Seeds protected by thin seed coats (or pericarp) lose their viability faster 

than those with thick seed coats; also, thick and sclerified seed coats provide 

mechanical protection against physical, chemical and biological damage (Werker, 1997). 

Van Dongen et al. (2003) found that an important function of the seed coat is to deliver 

nutrients to the embryo. To relate this function to anatomical characteristics, the 

developing seed coat of pea (Pisum sativum) was examined by light- and cryo-scanning 

electron microscopy from the late pre-storage phase until the end of seed filling. During 

this time the apparently undifferentiated seed coat tissues evolve into the epidermal 

macrosclerids, the hypodermal hour-glass cells, chlorenchyma, ground parenchyma and 

branched parenchyma. From this study, they concluded that the site of unloading is in 

several layers of the seed coat parenchyma. The branched parenchymas are the site of 

an extracellular invertase and this transient layer may play a crucial role in the initiation 

of the storage phase. The liquid-filled intercellular spaces in the seed coat may be 

instrumental in allowing the diffusion of nutrients.   

Briggs et al. (2005) defined the five functions of the seed coat: mechanically 

restrict germination of the embryo, restrict the exit of germination inhibitors from the 

embryo, contain germination inhibitors from the embryo, and restrict oxygen uptake.  

Moise et al. (2005) emphasized that the seed coat plays a vital role in the life cycle of 

plants by controlling the development of the embryo and determining seed dormancy 

and germination. Within the seed coat are a number of unique tissues that undergo 

differentiation to serve specific functions in the seed. The seed coat synthesizes a wide 
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range of novel compounds that may serve the plant in diverse ways, including defense 

and control of development. The seed coat functions to protect embryos and 

germinating seedlings from biotic and abiotic stresses, and it also play a pivotal role in 

the control of development. A large number of genes are known to be specifically 

expressed within the seed coat tissues; however few of them are understood functionally. 

Removal of the pea seed coat allowed rapid imbibition resulting in seed injury possibly 

because of the loss of solutes including monosaccharides, disaccharides, amino acids, 

and other nitrogen containing compounds (Larson, 1968).   

Vaughan and Whitehouse (1971) documented that a common seed coat structure 

has been identified within the Brassicaceae. The outermost or epidermal layer of the 

outer integument is most frequently one cell-layer thick and may or may not contain 

mucilage. Below the epidermal layer, in the middle of the outer integument, is a 

subepidermal layer that may be collenchymatous, or sclerotic. In some species, 

including Arabidopsis, this cell layer is entirely absent. The innermost layer of the outer 

integument is most often one-cell thick and forms a sclerotic layer, sometimes known as 

the palisade layer. This layer is often characterized by thickened inner tangential and 

radial walls. These first three layers are derived from the outer integument of the ovule 

while the fourth layer is derived from the inner integument. The fourth layer, formed of 

parenchyma cells compressed at maturity, is referred to as the pigment layer, as 

pigments most often accumulate there. At maturity, the outer layer of the endosperm is 

closely associated with the inner integument and forms an aleurone layer  

Mutants of Arabidopsis affected in testa pigmentation and/or structure were 

analyzed for dormancy, germination, and storability (Debeaujon et al. 2000). This data 
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confirmed that structural (number of testa layers) and/or pigmentation defects of the 

Arabidopsis seed integuments affected seed dormancy, germination, and longevity of 

seeds, together with seed morphology (size and weight). Most mutants exhibited 

reduced dormancy level and allowed greater permeability of tetrazolium.  

Taxonomic value of seed coat morphology 

Seed coat morphology provides important taxonomic and evolutionary 

information in many plant families (Barthlott, 1981; Barthlott, 1984). Seeds of related 

species have similar microsculpturing, suggesting that these differences correspond to 

their taxonomic classification (Clark and Jernstedt, 1978). 

Dowidar et al. (2003) investigated the ultrastructure of seed coats and/or achenes 

using SEM and certain selected macromophological characters on 47 taxa of the 

Rosaceae sensu lato. Four representative taxa were selected for their study, Maloideae, 

Prunoideae, Rosoideae and Spiraeoideae, which include most of the tribes. Their 

results indicated that although the family as a whole represents a clearly monophyletic 

lineage, it did not support the traditional suprageneric classification of the family that 

was based on fruit type alone. The taxa were distributed across the phenograms 

independent of the previous suprageneric classification, especially in members of the 

subfamilies Rosoideae and Spiraeoideae and results were consistent with molecular 

criteria. This study suggested that a family whose taxa are as diverse and old as the 

Rosaceae may be particularly in need of revision. Similarly, the systematic position of 

Xyris was investigated by Rudall and Sajo (1999) using flower anatomy, embryology, 

and seed anatomy. While several morphological characters indicate two generic groups 
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in Xyricaceae, there is much missing critical information for embryological and seed 

coat characters in other Xyridaceae.  

 A revision of the supraspecific classification of Lobelia based on a recent 

survey of seed coat morphology in Lobelioideae (Campanulaceae) confirmed 

previously described testal patterns (Buss et al. 2001). Five species of the endemic 

Hawaiian genus Cyanea, had a unique testal pattern, characterized by laterally 

compressed areoles with rounded, knob-like protuberances on the radial walls. A second 

unique testal pattern was found in the related Hawaiian endemics Brighamia and 

Delissea, thus supporting their close relationship; the seed coat morphology was 

irregularly wrinkled (rugose), creating broad, rounded ridges that run mostly 

perpendicular to the long axis of the seed; this is similar to the probable derivation from 

Asian species of Lobelia subgenus Tupa.   

Seeds can be classified to genus based on morphological characters.  

Well-preserved seeds from the early Eocene of Wutu, Shandong, China were assigned 

to the genus Nuphar (Nymphaeaceae) based on seed morphology and anatomy (Chen et 

al. 2004). The seeds were ellipsoidal to ovoid, 4-5 mm long with a clearly visible raphe 

ridge, and a truncate apex capped by a circular operculum about 1 mm in diameter 

bearing a central micropylar protrusion. These morphological features along with the 

testa composed of a uniseriate outer layer of equiaxial pentagonal to hexagonal surface 

cells and a middle layer 4-6 cells thick composed of thick-walled, periclinally elongate 

sclereids, correspond to the morphology and anatomy of extant Nuphar wutuensis sp. 

nov. and distinguish this fossil species from all other extant and extinct genera of 

Nymphaeales.   
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Seed coat and dormancy 

Seeds of many species remain dormant and do not germinate even when water 

and oxygen are accessible. The factors inhibiting germination may depend on the 

embryo itself, and/or on the endosperm, seed coat, pericarp and accessory floral parts 

(Werker, 1997). Seed dormancy is linked to the evolutionary past of the plant but is also 

affected by the current conditions of the plant habitat. Such plasticity of seed dormancy 

is a major factor protecting plants against severe environments (Nikolaeva, 1999).   

Seed dormancy is generally an undesirable characteristic in agricultural crops, 

where rapid germination and growth are required (Bewley, 1997). However, seed 

dormancy plays an important ecological role. Dormancy can ensure the persistence of a 

species in unfavorable environments or times by allowing for the formation of a seed 

bank (Cohen, 1966), the fine-tuning of the timing of germination to favor seedling 

establishment (Silvertown, 1988), and the alleviation of competition between siblings 

(Ellner, 1986). The idea that embryo morphology has important implications for 

dormancy and germination was recognized by Goebel (1986), who identified a group of 

angiosperms with “incomplete embryos” requiring a period of ‘after-ripening’ prior to 

germination. Jennings (1971) explained a large maternal influence on dormancy, noting 

that the time when germination begins is predetermined by the seed parents and would 

be subject to selection in nature.   

There are two major types of dormancy mechanisms: one is embryo dormancy 

where the agents inhibiting germination are intrinsic to the embryo, the other is 

coat-imposed dormancy caused by the surrounding structure of seed envelopes (Bewley, 

1997). Bewley considered seed dormancy as “the failure of an intact viable seed to 
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complete germination under favorable conditions”. Bewley concluded that seed 

dormancy is an adaptive trait that optimizes the distribution of germination over time in 

a population of seeds. The dormancy status of seeds can be classified as dormant or 

non-dormant at maturity. A dormant seed cannot germinate under any set of normal 

environmental conditions, while a non-dormant seed can germinate over the widest 

range of conditions possible for the species (Baskin and Baskin, 2003). About 70% of 

extant seed plants produce dormant seeds, indicating that this trait is adaptive. 

Dormancy is an adaptation for survival during periods when the abiotic and/ or biotic 

factors of the environment are unfavorable for seedling establishment and/ or growth of 

plants to maturity (Baskin and Baskin, 2003). 

In morphological dormancy, underdeveloped embryos occupy less than a quarter 

of the volume of the seed and have undergone limited anatomical and morphological 

differentiation at the time of dispersal (Martin, 1946). They require an interval of 

embryo maturation prior to germination (Atwater, 1980; Nikolaeva, 1999; Forbis and 

Diggle, 2001). Species with well-developed embryos may have other dormancy 

mechanisms such as physical or physiological dormancies, but the embryo is fully 

developed and ready to germinate when the seed experiences conditions required for the 

breaking of dormancy, regardless of how long after dispersal those conditions occur 

(Baskin & Baskin, 1998). The underdeveloped embryo is primitive among seed plants 

and there has been a change in embryo to seed ratio within both angiosperms and 

gymnosperms. Dormancy enforced by an underdeveloped embryo is plesiomorphic 

among angiosperms and nondormancy and other dormancy types probably evolved 

within the angiosperms (Forbis et al. 2002). The shift in embryo to seed ratio was likely 
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a heterochronic change, and has important implications for the life history of seed 

plants. 

Baskin and Baskin (1998) subscribed to a classification of dormancy types, 

based upon the system of Nikolaeva (1977). This divides dormancy into ‘endogenous’ 

and due to properties of the embryo and ‘exogenous’ and result from the endosperm or 

other tissues. Three types of endogenous (embryo-controlled) and three types of 

exogenous dormancy (maternally controlled) are distinguished. Endogenous dormancy 

may result from: a physiological inhibition in the embryo (physical dormancy, PD); an 

underdeveloped embryo (morphological dormancy, MD); or a combination of both 

(morpho-physiological dormancy, MPD). The three types of exogenous dormancy are: 

caused by impermeability to water (physical); due to germination inhibitors (chemical); 

and caused by structures that restrict growth (mechanical). Seed coat anatomy and 

phylogeny regulate dormancy and timing of germination and the thickness of the seed 

coat is probably affected by the maternal environment. This suggests that physiological 

dormancy is the most phylogenetically obligated class of seed dormancy (Baskin and 

Baskin, 1998). Bewley and Black (1994) documented that seed coat imposed dormancy 

is a widespread occurrence and acts by several mechanisms: mechanical restriction, 

containing germination inhibitors, blocking the exit of inhibitors, or restricting water 

and oxygen uptake. The presence of phenolic compounds in developing grains is 

correlated with the prevention of preharvest sprouting in cereals (Weidner et al., 2002). 

They suggest that the amount of tannins and phenolic acids present in mature dry seeds 

of Vitis riparia was reduced during cold stratification, probably by leaching. 

Flavonoids, mostly proanthocyanidins (PAs), reinforce coat-imposed dormancy 
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by increasing testa thickness and mechanical strength. Debeaujon et al. (2000) 

documented that the testa is a major constraint to radicle emergence in “reduced seed 

dormancy phenotypes of Arabidopsis”. Mutants of Arabidopsis, affected in testa 

pigmentation and/or structure, were analyzed for dormancy, germination, and storability. 

The cell layers containing pigments were generally stronger than non pigmented ones. 

As a result, freshly harvested mutant seeds lacking PAs germinated faster than the wild 

type brown seeds in Arabidopsis (Debeaujon and Koornneef, 2000; Debeaujon et al., 

2000, 2001). PAs often crosslink with proteins and carbohydrates in cell walls, 

reinforcing testa structure as well as changing permeability properties during oxidation 

(Marles et al., 2003; Marles et al., 2004).   

Breaking dormancy  

Esau (1997) documented that the breaking of seed dormancy depends on a 

balance between growth inhibitors and growth promoters. Some of the plant-produced 

germination inhibitors are localized in the fruit wall or seed coat. The stimulating effect 

on seed germination of the removal of the seed coat supports the view that the 

integuments of the seed are one of the sources of germination inhibitors.   

Li et al. (1999) studied the anatomy of the endocarp in relation to the physical 

dormancy-breaking mechanisms in Rhus aromatica var. aromatica and R. glabra seed 

plus endocarp (seeds). The endocarp has three distinct layers with brachysclereids on 

the outside, osteosclereids in the middle, and macrosclereids on the inside. 

Brachysclereids in the carpellary micropyle region are shorter than those in other parts 

of the endocarp, and the macrosclereids in this region are not elongated, thus, forming a 

weak point in the endocarp. Concentrated sulfuric acid broke seed dormancy in R. 
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aromatica by eroding the brachysclereids and osteosclereids in the carpellary micropyle 

region, whereas boiling water broke dormancy in seeds of R. glabra by inducing a 

blister adjacent to the carpellary micropyle. Macerating enzymes, 1% driselase for 36 

hours and pure pectinase and cellulose, greatly enhanced the germination percentage of 

Rosa multiflora Thunb. achenes. These enzymes likely loosened the connections 

between cells along the suture of the pericarp, resulting in the pericarp splitting. This 

may be applied to other rose species to improve germination (Yambe and Takeno, 

1992).   

Abscisic acid (ABA) levels in the embryos were tested by Hole et al. (1989).  

ABA levels in intact embryos cultured in the presence of fluridone were extremely low 

and indicate an inhibition of ABA synthesis. ABA levels in isolated cob tissue indicate 

that ABA can be produced by cob tissue of Zea mays and can be transported through the 

cob tissue into developing embryos. Since ABA in the medium of cultured embryos is 

analogous to maternal ABA, it appears that the maternal ABA component of normal, 

field-grown embryos may help to induce embryo dormancy. ABA appears to be required 

for induction of dormancy in intact embryos. Bewley (1997) noted that seed are known 

to exhibit primary dormancy when they are dispersed from the parent plant in a dormant 

state. Thus, primary dormancy is initiated during development. Developing seeds rarely 

germinate and when precocious germination does occur, it is frequently associated with 

deficiencies in ABA synthesis or sensitivity. Prevention of germination during 

development may be due to the endogenous ABA content of the seed, the osmotic 

environment surrounding the seed, or both.   

Gibberellic acid (GA) in seed appears to restrict to the induction of 
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endosperm-weakening enzymes. The real block to germination in dormant seeds may 

occur at the very last stage, radicle cell wall extension. There may be many steps 

between the perception of the signal for dormancy breaking and the final emergence of 

the radicle (Bewley, 1997). GA3 significantly promoted germination, while kinetin 

showed a trend in that direction. GA3 is one of the most successful pre-sowing 

treatments for seeds with physiological dormancy (Pérez-García, 2008).   

There is evidence for the occurrence of cyanogenetic compounds that prevent 

germination when the seed coat is left intact (Empetrum hermaphroditum (Lange ex 

Hagerup) Böcher). Acid scarification plus warm stratification and cold stratification are 

suggested as the best procedure to break dormancy in seeds with intact stony endocarp 

(Baskin et al. 2002).   

Smoke derived from burning plant material increases germination of a wide 

range of plant species from Australia, North America, and South Africa (Brown and 

Staden, 1997). Nitrogen oxides were suggested as possible stimulants for non-fire-prone, 

desert populations of Emmenanthe penduliflora Benth. (Keeley and Fotheringham, 

1997). Australian fire ephemeral germination can be enhanced by smoke water or heat 

treatments following 12 months of soil burial in natural bush land and exhumation in 

autumn. The conditions of seed storage can also alter seed dormancy and influence the 

response to stimulants such as smoke water Baker et al. (2005).  

Butenolide is present in plant- and cellulose-derived smoke and promotes 

germination of a variety of smoke-responsive taxa at a level similar to that of 

plant-derived smoke water. Butenolide acts much like gibberellic acid in promoting 

seed germination of light-sensitive seeds (Merritt et al. 2006). The butenolide is derived 
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from the combustion of cellulose, which, as a component of all plants, represents a 

universal combustion substrate that would be present in natural fires. The butenolide is 

stable at high temperatures (melting point is 118 to 119 0C), water-soluble, active at a 

wide range of concentrations (1 to 100 ppm), and capable of germinating a wide range 

of fire-following species (Flematti et al., 2004). NO gas derived from N-containing 

compounds likely is a signaling molecule that acts with phytochrome to promote seed 

germination. 

Lamotte et al. (2005) documented that nitric oxide (NO) is a gaseous free radical 

and a versatile cell-signaling effector that plays important roles in diverse histological 

processes. Dormant seeds of Arabidopsis thaliana (L.) Heynh. germinate following 

treatment with the NO donor sodium nitroprusside, cyanide, nitrite or nitrate (Bethke et 

al. 2005).   

Germination  

Germination may be defined as the emergence of an embryo from the seed 

resulting from a variety of anabolic and catabolic activities, including respiration, 

protein synthesis, and mobilization of food reserves, after it has absorbed water (Desai 

et al., 1997). Bewley (1997) theorized that germination incorporates those events that 

begin with the uptake of water by the dry seed and end with the elongation of the 

embryonic axis. The visible sign that germination is complete is typically the emergence 

of the radicle; the result is often called visible germination. Consequent events, 

including the mobilization of the major storage reserves, are associated with growth of 

the seedling. Nearly all of the cellular and metabolic events that are known to occur 

before the completion of germination of nondormant seeds also occur in imbibed 
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dormant seeds. The metabolic activities of cells during the mobilization of the major 

storage reserves are often similar to those of the visible germination.   

Seeds only germinate under certain conditions: water, a suitable temperature, 

oxygen and sometimes light. Most seeds germinate best in the dark; however, the seeds 

of some plant species require light for germination. This is particularly true for 

small-seeded annuals. Before seed germination can proceed water must be absorbed by 

the seed (imbibition). The minimum moisture requirement for germination depends 

largely upon the species. Bewley (1997) thoroughly documented the pattern of seed 

germination showing that the uptake of water by a mature dry seed is triphasic, with a 

rapid initial uptake (phase 1) followed by a plateau phase (phase 2). A further increase 

in water uptake occurs only after germination is completed and the embryonic axes 

elongate. Because dormant seeds do not complete germination, they cannot enter phase 

3. The influx of water into the cells of dry seeds during phase 1 results in temporary 

structural changes, particularly to membranes, which lead to leakage of solutes and low 

molecular weight metabolites into the surrounding imbibition solution. The repair 

mechanism for desiccation- and rehydration-induced damage to membranes and 

organelles is not known. Upon imbibition, the seed rapidly resumes metabolic activity 

and the resumes respiratory activity. During germination, there are two distinct patterns 

of mitochondrial development. These patterns depend on the nature of the stored 

reserves. In starch-storing seeds, repair and activation of preexisting organelles 

predominate, while oil-storing seeds typically produce new mitochondria. All of the 

components necessary for the resumption of protein synthesis upon imbibition are 

present within the cells of mature dry embryos, although polysomes are absent. 
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However, within minutes of rehydration there is a decline in the number of single 

ribosomes as they become recruited into polysomal protein-synthesizing complexes. 

Messages encoding proteins that are important during seed maturation drying and early 

germination such as late embryogenesis abundant (LEA) proteins required. New mRNA 

is transcribed as germination proceeds. With few exceptions, radicle extension through 

the structures surrounding the embryo (testa) completes germination process.   

Tukey and Carlson (1945) examined after-ripening of peach seed, and found that 

physiological changes occur which result in the breaking of dormancy and also the 

development of vigorous seedlings. Their data showed that the after-ripening processes 

of peach seed were more complex than the simple removal of an inactivator or an 

inhibitor from the seed coats. Cotyledons of non-after-ripened seed fail to swell and do 

not rupture the seed coat and the pericarp. Larson (1968) used pea seeds (Pisum sativum 

L. ‘Alaska’) and found that removal of the seed coat allowed rapid imbibition, resulting 

in seed injury apparently because of the loss of solutes. His research suggested that 

rapid imbibition disrupts membrane organization leading to reduction of seedling 

growth.   

Hidayati et al. (2001) investigated dormancy-breaking and germination 

requirements for seeds of Symphoricarpos orbiculatus Moench (Caprifoliaceae), a 

family with underdeveloped linear embryos that must grow before germination can 

occur. Cold stratification was effective in breaking dormancy only after seeds were first 

exposed to a period of warm temperatures; GA3 had no effect on embryo growth. The 

embryo grew at cold temperatures only after seeds were exposed to warm temperatures 

as the basic germination requirement, indicating that the seeds of S. orbiculatus have a 
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non-deep complex morpho-physiological dormancy. White et al. (2000) reported that 

GA may have a positive role in precocious germination. Biologically active GAs are 

known to be present during early embryogenesis in some species, are crucial in the 

germination of many types of mature seeds, and are involved in the release from 

dormancy of various species. The balance of ABA to GA is important for signaling 

maturation verses germination in maize. Similarly, Bewley (1997) mentioned that GAs 

appear not to be involved in the control of dormancy, but rather have an important role 

in the promotion and maintenance of germination, since GAs act after the 

ABA-mediated inhibition of germination has been overcome.   

Germination of tomato (Lycopersicon esclentum Mill.) seeds is controlled by 

interactions between the embryonic radicle tip and the enclosing endosperm cap tissue 

at the micropylar end of the seed. The accumulation of -1, 3-glucanase mRNA, protein 

and enzyme activity was reduced by 100 µM abscisic acid, which delayed or prevented 

radicle emergence but not endosperm cap weakening (Wu et al. 2001). ABA mediates 

many complex aspects of plant development including seed maturation, dormancy, 

germination, and root growth (Finkelstein et al. 2002).   

Ethylene is an important part of a signaling network that regulates plant 

development and responses to environmental cues. This occurs in interactions with the 

transduction pathways for other plant hormones, for calcium and for tissue-specific 

factors. Petruzzelli et al. (2003) investigated the calcium requirement for 

ethylene-dependent responses in germinating pea seeds (Pisum sativum L.) using 

molecular markers. Ethylene biosynthesis and responsiveness are localized to the 

elongation and differentiation zones of pea radicle. Calcium is a positive regulator of 
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ethylene induction and also involved in the developmental regulation of root hair 

formation and root hair elongation in the radicle.   

General seed structure 

Esau (1977) defined a true seed as a matured ovule containing the embryo and 

stored nutrients, with the integument(s) differentiated as the protective seed coat, or 

testa. Plants have other units of dissemination, diaspores; resembling seeds in the 

functional sense. Among these diaspores are certain one-seeded fruits such as the 

achene of the Asteraceae, the caryopsis of the Poaceae, the mericarp of the Apiaceae, 

and others. The important features of seeds are shape, size, seed-coat surface, placement 

of the hilum, and presence or absence of such structures as the aril (outgrowth from the 

funiculus), caruncle (integumentary protuberance near the micropyle), or elaiosome 

(oily appendage used as food by ants). In internal structure, the anatomy of the seed 

coat appears to be a greatest value in determining taxonomic relationships (Esau, 1977). 

Seeds of different taxa show great variability in shape, size and coloring, 

although variability between the ovules from which they develop is rather small.  

Ovules vary in their form, determined by the relative position of the microphyle and 

hilum, i.e. orthotropous, anatropous, camplotropous, etc; by their size, through 

differences are much less extreme than in the seeds; and by the number of cell layers of 

their integument(s) (Werker, 1997).   

Seed development and physiology  

The seed forms from the result of successful double fertilization following an 

embryo and endosperm formation. The seed development starts with a ‘polarization 

phase’ along the axis of posterior–anterior, goes through a ‘differentiation phase’ of the 
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main tissues and organs, and finally goes into a ‘maturation phase’( Berger, 2003). 

Hereafter angiosperm seeds undergo a desiccation stage and progress to the stage of 

acquiring a dormancy mechanism which is aiming to maintain its viable embryo and 

protective roles. Diggle (1995) noted that fruit and seed set may be limited by: pollen 

(quantity, quality), resource (nutrients, photosynthate), predators and disease, and 

physical environment (freezing, drought).  

There are two types of seed category: most crop seed belongs to the orthodox 

type which is tolerant to desiccation stress, while the seed of recalcitrant type is 

sensitive to desiccation that has high moist content to maintain its viability for a certain 

amount of time. The longevity of orthodox seed negatively correlated with storage 

temperature and moisture content (Roberts, 1973).  

There is evidence that plant species differ in the proportion of their net annual 

assimilated income that is devoted to reproductive effort (Struik, 1965). Just as the 

resources available to a plant during development are partitioned between seed 

production and other ends, so the allocation to seeds is itself partitioned between 

numbers and size. Obeid et al. (1967) demonstrated that individual seed weights from 

stands of Linum at medium and low densities are normally distributed with equal means 

and variances but at high density the distribution departs significantly from normality. 

Heaviest seeds are the last to be shed, germinate later, and produce bigger cotyledons 

(Cavers et al., 1966). Shaanker et al. (1988) found on the fraction of ovules matured 

into seeds within a fruit as a function of dispersal mode is consistent with genetic 

relatedness. Harper et al. (1970) theorized that seed anatomy or shape morphology 

represent compromises between the forms most efficient for packing, dispersal, landing, 
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and seedling establishment. Later research by Shaanker et al. (1988) noted the fraction 

of ovules matured into seeds within a fruit as a function of dispersal mode is consistent 

with genetic relatedness. They proposed a general model to account for variation in 

brood size and extend the models developed for animals to the plants to explore the 

conditions under which reduction in brood size might occur. Defensive strategies of 

seeds include strength, chemical toxins, mast fruiting, fibrous lignin, and size variation 

(Bodermer, 1991).   

Gibberellins promote seed development and germination. Particularly in early 

stage of seed development GAs are required because of the fact that aborted seed 

exhibit reduced levels of bioactive GAs (Taiz and Zeiger, 2006). Taiz and Zeiger noted 

that some plant seeds required light or cold stratification to induce their germination 

which can be overcome by application of bioactive GA. In germinating cereal grains 

this exogenous GA stimulate to produce higher level of hydrolytic enzymes 

(alpha-amylase) in aleurone layer as the GA signal transduction pathways. 

Abscisic acid (ABA) is involved seed development processes such as the 

deposition of storage reserves, prevention of precocious germination, acquisition of 

desiccation tolerance and dormancy induction (Feurtado et al., 2007). ABA is required 

for the regulation of seed maturation in maize (White et al., 2000). At early stages in 

seed formation the embryos of angiosperms complete rudimentary organogenesis and 

acquire two developmental potentials, germination and maturation. ABA plays a central 

role in embryo maturation, both to suppress precocious germination and to induce the 

expression of maturation associated genes for storage product accumulation and 

acquisition of desiccation tolerance. ABA also appears to prevent seed abortion and 
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encourage embryo growth during embryogenesis (Frey et al., 2004).  

Light quality, the ratio of red and far-red (R: FR), plays a role in regulating the 

germination of some seeds. Phytochrome (a photoreceptor protein that absorbs red (Pr), 

far-red (Pfr) and blue light) was discovered in studies of light-dependent lettuce seed 

germination by the USDA-ARS researchers during 1940s to 1960s. In general, large 

seeds have enough food reserves to sustain prolonged seedling growth in darkness and 

do not require light for germination. While small seeds usually require light, a high R: 

FR ratio for their germination, thus, if they are covered with soil in certain depth that 

prevents the staring of germination process (Taiz and Zeiger, 2006). 

The genus Rubus  

The genus Rubus includes more than 750 species (Robertson, 1974; Thompson, 

1995) and occurs on all continents except Antarctica (Focke, 1914; Gustafsson, 1943; 

Hummer, 1996). Rubus is a large and complex genus that subdivided into 12 subgenera 

(Focke, 1910; Focke, 1911; Focke, 1914; Zasada and Tappeiner, 1991). The United 

States Department of Agriculture (USDA) Germplasm Resources Information Network 

(GRIN) database (USDA, 2006) describes 13 subgenera within the genus. Focke’s 

traditional classification of genus Rubus divides into the following twelve subgenera: 

  Subgenus Species included   Subgenus Species included 

 Anoplobatus 6  Dalibardastrum 4 

 Chamaebatus 5  Idaeobatus 117 

 Chamaemorous 1  Lampobatus 10 

 Comaropsis 2  Malachobatus 114 

 Cyclactis 14  Orobatus 19 

  Dalibarda 5   Rubus (Eubatus) 132 
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According to Focke (1914) the subgenera Orobatus and Chamaebatus are allied to 

Malachobatus, and the subgenus Cyclactis to Idaeobatus. Three of the most important 

and richly differentiated subgenera, Rubus, Idaeobatus and Malachobatus, have 

different areas of distribution. Subg. Malachobatus occurs mainly in south-eastern Asia, 

Japan, the Malay Archipelago, Australia, and Madagascar, but is absent from the colder 

temperate zones as well as from areas bordering on the Atlantic. Subg. Idaeobatus 

occurs somewhat more northerly, in China, Japan, and the eastern Himalayas, but is 

also represented in East and South Africa. R. idaeus is circumpolar. Subg. Rubus is 

most abundantly developed in South America, but is almost completely missing from 

all the Pacific-Ocean and Indian-Ocean regions. Through his extensive study on genus 

Rubus Focke speculated that Rubus had originated polyphyletically from the fact that 

pronounced differences in Rubus distribution correspond to considerable morphological 

differences. Therefore, he further divided subg. Rubus into six sections depending on 

their distribution; Xerocarpi—Brazil, Ecuador and Bolivia; Ursini—West Coast of 

North America; Dissitiflori—Bolivia and Peru; Floribundi—most of the South 

American countries, especially along the Andes, Mexico, Guatemala, Costa Rica, 

Guadeloupe, Jamaica; Duri—Peru, Brazil, Bolivia, Cuba, Porto Rico, St. Domingo; 

Moriferi—Europe, North Africa, the Canary Islands, etc., Minor Asia, the Caucasus, 

North America (the eastern states of the USA and Canada) Mexico, Guatemala, and 

Japan.   

Rubus spp. are a major fruit crop in Europe and North America so that there has 

been an intensive research focusing on factors limiting fruit and seed production 

(Zasada and Tappeiner, 1991). Most of the cultivated fruit species belong to two 
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subgenera: the Idaeobatus (raspberries) and the Rubus (blackberries) formerly Eubatus. 

Thompson (1997) reported that commercial fruit crops include the red (R. idaeus L.), 

black (R. occidentalis L.) and purple (red and black raspberry hybrid) raspberries, 

blackberries (Rubus species and hybrids), Andean blackberries (R. glaucus Benth.), and 

cloudberries (R. Chamaemorus L.). 

Rubus flowers normally have five sepals and petals as a typical flower of 

Rosaceae, but size of the flowers varies with subgenus, and subg. Anoplobatus has 

generally large and showy flowers. Most Rubus species are monoecious, although there 

are dioecious species such as R. ursinus and R. chamaemorous (Agren et al., 1986) and 

other Arctic spp. (Jennings, 1988). The blackberry ‘fruit’ or ‘berry’ is an aggregate of 

drupelets, or a ‘drupecetum’, which develop independently while adhering to a common 

receptacle. Each drupelet consists of one pyrene, which is a seed and its surrounding 

sclerenchymatous endocarp, a fleshy mesocarp and a thin dermatous exocarp (Nybom, 

1980).   

Rubus species are mostly deciduous perennial shrubs that vary in their growth 

habit from erect and semi-erect to trailing types. Most economically important species 

have perennial roots and crowns that produce biennial flowering structures (canes) 

(Moore and Skirvin, 1990). New canes (primocanes, first year of growth) are vegetative 

growth produced from crowns or roots (root suckers). Vernalization alters the 

primocanes to reproductive structures (floricanes, second year of growth) that 

eventually die after fruiting. However some species are reported as flowering and 

fruiting without vernalization. Primocane flowering is considered as a very desirable 

trait (Lopez-Medina and Moore, 1999).   
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Red raspberry was domesticated from 400 to 500 years ago. Jennings (1988) 

noted that the Greeks cultivated raspberry 2000 years ago, and they called the fruit ‘Ida’ 

named after Mountain Ida. Later Carl Linnaeus (1707~1778) used ‘idaeus’ as the 

specific epithet for the red raspberry as derived from the word ‘Ida’ with the genus 

name of Rubus ( Latin word Ruber meaning ‘red’).  

European raspberry, R. idaeus, and North American raspberry, R. strigosus are 

the two most important species in backyard commercial raspberry cultivars. The five 

dominant parent cultivars all originated from these two ancestral species; ‘Lloyd George’ 

and ‘Pyne’s Royal’ derived from R. idaeus, ‘Newburgh’ from R. strigosus and ‘Preussen’ 

and ‘Cuthbert’ from crosses between the two (Dale et al., 1993). Only recently did 

breeding efforts started to utilize other species in sub. Idaeobatus (i.e. R. occidentalis L., 

R. cockburnianus Hemsl., etc.); subg. Cyclactis (R. arcticus L., R. stellatus Sm.); and 

Anoplobatus (R. odoratus L.). These produced new cultivars with desirable traits 

including pathogen and insect resistance, cold hardiness and primocane flowering 

(Daubeny, 1996).   

Blackberry was domesticated in Europe by the seventeenth century and in North 

America, during the nineteenth century. The first description was found in 370 B.C. by 

the Greek scientist Theophrastus who noted that blackberry was used in hedges to keep 

out invading forces (Jennings, 1988). Jennings also reported that only six ancestral 

diploids of blackberry species presumably survived in Europe, the Mediterranean 

regions and on the Canary Islands. Consequently, the range of genetic variability of 

blackberry is very narrow even though it went through the intercrossing of primary 

diploid species and occasional polyploidization events followed by intercrossing 
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between new polyploidy species. Hall (1990) reported that R. ulmifolius, R. nitidioides 

and R. thrysiger are all represented in most cultivated European blackberries. In the 

eastern USA, R. allegheniensis is present in almost all released erect cultivars (Clark et 

al., 2007). In the south and west USA, R. baileyanus and its hybrids R. trivialis and R. 

ursinus are involved for the trailing cultivars. The western trailing blackberry cultivars 

such as ‘Marion’ are quite diverse trailing to multiple diverse species (Finn et al. 1997). 

Various geographic regions for species distribution were reported in many studies. 

Native species of Rubus have widespread distribution from the lowland tropics to the 

sub arctic regions (Thompson, 1995). Carl Linnaeus included the names of only two 

European blackberries, R. fruticosus and R. caesius in his ‘Species Plantarum’ (1753). 

Cultivated black raspberries are derived from R. occidentalis L. and also lack genetic 

diversity (Weber, 2003). Most cultivars lack heterozygosity, and demonstrate little 

segregation and much inbreeding (Jennings, 1988).    

Rubus genetics 

The genetics of Rubus is complex because of the sexual and asexual 

reproductive mechanisms (Zasada and Tappeiner, 1991). All forms of vegetative 

reproduction as well as apomixis and agamospory are well developed in most Rubus 

species. The subg. Rubus (blackberry group) commonly produces sexual hybrids with 

varying degrees of sterility, which then reproduce asexually by vegetative reproduction 

and agamospermy. The subg. Idaeobatus (raspberry group) is predominantly diploid 

(Naruhashi et al. 2002) and thus sexual reproduction is most common. The basic 

chromosome number of Rubus is seven (Thompson, 1997). However, multiple ploidy 

levels exist in this genus and range from diploid (2n = 2x = 14) to (2n = 14x = 98) 
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(Moore, 1984). Most raspberries are diploid except for a few natural triploids and 

tetraploids while blackberries range from 2n = 2x = 14 to 2n = 12x = 84 (Daubeny, 

1996) or 2n = 14x = 98 (Moore, 1984). All species belonging to the subg. 

Malachobatus are polyploid (4x, 6x, 8x, and 14x) (Thompson, 1997). The 

chromosomes are small (less than 3 µm) and metacentric (about 90%) or submetacentric 

(Wang et al. 2008). Rubus parvifolius L. is mixoploid of diploid and tetraploid (Wang et 

al. 2008).   

The Pacific coast blackberries (Rubus) are members of a large and extremely 

complex genus, which are extensively used in horticulture (Brown, 1943). The cultivars 

Logan, Zielinski, Mammoth, Young and many others originated, at least in part, from 

the Ursini. Brown investigated the relationship of a group of fourteen morphological 

characters to chromosome numbers and to geographic distribution. The study showed 

that the characters depend more on geographic distribution than on presumed 

chromosome set constitution. However, several morphological characters, particularly 

leaf incision and glandulation, are directly correlated with chromosome number groups, 

supporting a hybridization hypothesis. Gustafsson (1943) concluded in his ‘The Genesis 

of the European Blackberry Flora’ that diploids apparently predominated among the 

South-American blackberries (Floribundi) while polyploids dominated among the 

European. In Rubus, hybridization between closely related species is especially 

common and produces viable progeny (Richards, 1986; Nybom, 1986; Nybom, 1988).  

The agamospermous mode of plant reproduction system is considered to be an 

evolutionary dead end (Babcock and Stebbins, 1938; Stebbins, 1950). However, Hall 

(1990) emphasized that blackberry breeders still have not utilized the enormous 
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reservoir of genetically variable wild species and hybrids occurring in most parts of the 

world.  

Rubus taxonomy 

Many studies report the genus Rubus is one of the most taxonomically 

challenging genera of flowering plants (Robertson, 1974; Richards et al., 1996), and 

lacking a universal species concept (Gustafsson, 1943; Weber, 1995). Rubus exhibits 

great morphological diversity including large, woody, upright species; delicate, 

semiherbaceous, prostrate species; and climbing species with highly reduced leaf blades 

(Gustafsson, 1943). Therefore, systematic difficulties exist at higher infrageneric levels 

due to their variable growth forms, versatile systems for reproduction, and wide range 

of site conditions on which they occur. Gustafsson described that Focke (1877) 

published his monograph Synopsis Ruborum Germanici and emphasized that the Rubi 

are so rich in forms chiefly due to their hybridization ability, the longevity of the plants, 

the ability to vegetative propagate, and the dispersal of seed by birds and human beings 

over great areas. Focke was the first to conduct cultivation experiments with Rubi which 

reported that the pollen in many Rubi is considerably degenerated and that this is likely 

due to an earlier hybridization.   

Although stem armature and leaf morphology are key characters (Gustafsson, 

1943), both are highly homoplastic and have limited phylogenetic value among the 

Rubus subgenera (Alice and Campbell, 1999). Molecular methods were used to 

investigate the first phylogeny of Rubus utilizing nuclear ribosomal DNA internal 

transcribed spacer region (ITS) sequences (Alice and Campbell, 1999). The study 

concluded that biogeographic and ploidy level variations are generally more consistent 
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with ITS-based trees than leaf type and stem armature. Nybom (1995) reported that 

DNA fingerprinting appears to be especially valuable for analysis of taxa with low 

levels of genetic variation like the apomicts allowing the assessment of population 

diversity. Nevertheless, systematic studies by Doyle (1992) and Kellogg et al. (1996) 

emphasized that gene trees may not represent species trees. It might be safe to say that 

the physiology and genetics of Rubus have less basic information in comparison of 

commonly cultivated crops such as Malus, Fragaria or Vitis.   

In Rubus, Satomi and Naruhashi (1971) utilized seed coat characteristics to 

re-classify R. trifidus from subg. Anoplobatus to subg. Idaeobatus because of their 

closely analogous seed coat morphology. 

Rubus seed 

Botanically Rubus fruit is a drupecetum, an aggregate fruit containing a number 

of fleshy drupelets attached to a single receptacle (torus). Each drupelet contains a 

single seed. The drupelets adhere to a central torus, which may or may not separate 

when the berry is picked. This is the common way in which raspberries are 

distinguished from blackberries. Blackberry drupelets are more firmly attached to the 

receptacle than are those of raspberry (Moore and Skirvin, 1990).   

Descriptions of Rubus seed are scarce. Corner (1976) cited Topham’s (1970) 

report on the seed coat morphology of two Rubus species, R. fruticosus L., agg. and R. 

idaeus L. stating “integument is 6 cells thick, the persistent seed coat of thin-walled 

cells, the middle layer is crushed, and the endosperm is six cells thick”. Robertson 

(1974) reported “single seeded drupelets on a dry or spongy, often elongated receptacle, 

the drupelets falling individually or coalescent and either falling from the receptacle as 
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a unit or with it; stones hard, variously textured; seeds filling the stone; embryo small, 

the radicle superior”. 

Rubus form seeds that vary within among subgenera and species depending on 

the pollen source. Parthenogenesis (seed formation without pollination) occurs in some 

species (Grant 1981). Blackberry ‘fruit’ or ‘berry’ is an aggregate of drupelets that 

develop independently while adhering to a common receptacle. Each drupelet consists 

of one pyrene that is a seed and its surrounding sclerenchymatous endocarp, a flesh 

mesocarp and a thin dermatous exocarp (Nybom, 1980). The seed size in blackberry is 

highly heritable and small seededness is partly dominant (Moore et al., 1975).   

The histogenesis of the sclereids forming the drupelet endocarp of R. strigosus 

was investigated by Reeve (1954). Outer and inner protoderm layers of the young 

drupelets arise from the outer tunica layer of the floral apex. Reeve found that the first 

evidence of sclereid initiation in the Rubus endocarp is a slight elongation of the inner 

epidermal cells parallel to the locule surface when the floral bud is very small. Early 

elongation of subjacent cells follows immediately in directions cross-wise to that in the 

inner epidermis. Longitudinal divisions in planes anticlinal to the carpel cavity result in 

a stratified, cambium-like structure in the young endocarp. Limits of the endocarp are 

well defined shortly after flowering. The young sclereids continue to elongate and many 

develop short branches, or become curved or twisted by the time the berry is half grown. 

During the latter part of this growth phase secondary wall formation has begun and a 

considerable amount of secondary wall material has been deposited in the endocarp. 

Some increase in sclereid size continues after this period until before the berry is full 

sized, sclereid growth ceases and most fruit growth is due to enlargement of the 
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mesocarp parenchyma. The walls of the mature sclereids are lignified and have many 

tiny pit canals. Some of the cells are over 500μ long, but most of them average less in 

length and are between 10 to 20μ in width. Transition sclereids differentiate in a narrow 

zone on the outer margin of the endocarp shortly after flowering. These cells vary in 

structure from short, sclereid-like forms to larger and more globular shapes with 

reticulate wall thickenings. In many of the transition cells near the mesocarp 

parenchyma the reticulum of the wall thickenings is incomplete. Most treachery 

transition cells in veinlet endings of angiosperm leaves. Endocarp sclereids in Rubus are 

similar to those in other drupaceous fruits. Druses are found in some of the transition 

cells, particularly near the vascular traces and a few phloem fibers also develop along 

the main vascular traces of the endocarp (Reeve, 1954).   

Maternal interaction effects correlate with development of the endocarp (seed 

coat), but the number of seeds set is largely genetically determined (Jennings, 1971). 

Seed size in blackberry is highly heritable and small seededness is partly dominant 

(Moore et al., 1975). Kerr (1954) reported that of the average of 56-84 carpels per berry 

in studied blackberries (R. laciniatus, R. procerus, R allegheniensis, etc.); a third 

developed, and up to half contained a collapsed seed. In most cases, maternal effects on 

emergence were negatively correlated with maternal effects on endosperm size, and 

inbreeding caused reductions in embryo size. Flowers pollinated by three pollen donors 

rather than one had significantly higher fruit set, greater seed production, heavier seeds, 

better germination and more vigorous seedlings (Vander Kloet, 1984). Hummer and 

Peacock (1994) investigated the seed size of 43 wild Rubus species collected from 

Ecuador, China and North America. An 80-fold range in seed weight has observed 
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within the genus. Seed weight was not related to ploidy level in wild species, however, 

seed weight and length were positively correlated and seed flatness was not related to 

seed length.   

Gametophytic apomixis has been well documented in blackberry species 

(Nybom, 1995). Nybom evaluated the interspecific crossing experiments in 

facultatively apomictic blackberries (Rubus subgen. Rubus) using DNA fingerprinting 

to assess the proportion of apomictic vs. sexual seed set. DNA fingerprinting appears to 

be especially valuable for analysis of taxa with low levels of genetic variation like the 

apomicts allowing the assessment of population diversity. In Rubus, apomixis is 

facultative and usually occurs by the formation of unreduced embryo sacs (Einset, 

1951). Pratt and Einset (1955) studied the development of the embryo sac in Rubus 

allegheniensis (2x), R. canadensis (3x), R. localis (3x), R. bellobatus (4x), R. abactus 

(5x), R. meracus (7x), and R. flagellaris (9x). The diploid Rubus reproduced sexually 

and the polyploids were facultatively pseudogamous. The Rubus carpel contained two 

anatropous, unitegmic, crassinucellate ovules attached one above the other to the 

placenta. They reported that the seed development in Rubus seemed to be dependent 

upon pollination, rather than independent of it. The failure of ovules to produce a 

mature sac with a fully differentiated egg was more marked in odd-ploid Rubi than in 

the tetraploid, and was even less conspicuous in the diploid. Non functional ovules were 

characterized by arrested sporogenous cells, immature sacs, abnormal sacs, 

degeneration of the egg, of the sac, or of the whole nucellus.   

Longevity of Rubus seeds after long term (22 to 26 years) cold storage was 

studied by Clark and Moore (1993). The study reported germination rates higher than 
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those reported by Moore et al. (1974) for non-stored seeds of similar genetic 

background. They noted that long-term seed storage seems to be a viable method of 

maintaining blackberry germplasm, with highest success for thorny populations. 

Peacock and Hummer (1996) suggested that germinated seedling from the liquid 

nitrogen (LN) treatment of six Rubus species showed normal development upon 

planting, which indicate that long-term cryogenic preservation of these Rubus species 

seeds may be possible. 

Rubus seed dormancy and seed coat 

Drying interferes with germination of blackberry seeds (Mian et al. 1995). No 

seeds germinated when they were either cut in half or kept intact and moist halved seeds 

germinated well however dried halved seeds did not. They concluded that the inability 

of dried blackberry seeds to germinate is due to more factors than just the hard seed coat 

typical of the genus. Drying also may induce dormancy in the seed, possibly by 

increasing endogenous levels of a germination inhibitor, such as abscisic acid (ABA) 

that migrated from the seed coat or outer layers of the cotyledon, where it resided in the 

moist seeds, deeper in the embryo. Similarly, Dale and Jarvis (1983) reported that 

freshly harvested raspberry (R. idaeus L.) seeds germinated readily, but when they were 

dried, germination rates were reduced. Deep dormancy of Rubus seed may be due to an 

impermeable seed coat (endocarp), mechanical resistance of the seed coat to growth, 

chemical inhibitors, or presence of a dormant embryo (Zasada and Tappeiner, 2003). 

Early research by Rose (1919) on the germination of R. idaeus seed documented that if 

the pericarp (seed coat) is left intact all treatments. Low concentration of acids, bases 

and salts, immersion in warm water, cold storage, exposure to increased oxygen 
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pressure or the either vapor, freezing and thawing, and injection with water under 

pressure are ineffective.   

Jennings (1971) studied genetic factors in raspberry that affected fruit set and 

the development of the pyrenes, seeds and embryos in two series of diallel crosses.  

Jennings theorized that seed dormancy was determined predominantly by maternal 

tissues. He assumed that a similar situation exists with the earlier research by Lasheen 

and Blackhust (1956), where growth inhibiting substances were concentrated in the 

endosperm and testa of dormant seeds of a blackberry cultivar. They documented that 

during the breaking of embryo dormancy in blackberries at low temperatures, starch 

decreased but sucrose and reducing sugars increased in the seed. These carbohydrate 

transformations took place very slowly at room temperatures, but were greatly 

accelerated by after-ripening at 1 to 5 0C. The initial rate of starch breakdown was 

accelerated by sulfuric acid (H2SO4) treatment for 45 minutes followed by moist 

pre-chilling.   

Taylor (2005) reviewed information on all aspects of the biology of Rubus 

vestitus Weihe. and documented that the blackberry seeds exhibit double dormancy. 

Double dormancy is a combination of extended external and internal dormancy. 

External dormancy is determined by the endocarp and the seed coat which delays the 

uptake of water and oxygen and may also mechanically prevent the embryo from 

swelling. This dormancy is broken if the seed coverings are removed or scarified. 

Internal dormancy is regulated by biochemical and biophysical changes which occur 

during an after-ripening process at low temperatures (0-50C). Ether-soluble growth 

inhibiting substance(s) extracted from freshly harvested blackberry seeds strongly 
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inhibited growth of Avena coleoptile sections. The relative concentration of the growth 

inhibitor, which was active for up to 7 months, was found to be highest in the 

endosperm, lower in the testa, and lowest in the embryo. The disappearance of the 

inhibiting substance(s), during low temperature after-ripening of the seeds under moist 

conditions, was correlated with the breaking of dormancy and the ability of the seeds to 

germinate. Embryos deprived of endosperm will not germinate so it is likely that 

growth-promoting substances are also formed within the endosperm. 

Rubus seed germination and dormancy breaking 

In case of the Rubus seed germination studies, Heit (1967) reported that a hard 

seed coat alone or in combination with a dormant embryo will result in failure of 

seedling production. Thus, without proper seed treatment these hard seeds will not 

germinate even when exposed to ideal moist growing conditions. Blackberry seed lots 

were more difficult to germinate compared with raspberry species and varieties. He also 

noted that a long warm-and-cold stratification period will usually give satisfactory 

germination and using sulfuric acid scarification was effective for those species.   

Warr et al. (1979) examined germination studies of cloudberry (R. 

Chamaemorus L.). They reported that cloudberry seeds do not germinate unless the 

tough, boney endocarp is broken down or removed. Nicking of the seed coat and the 

endosperm pellicle is also a necessary factor for germination. They found evidence of a 

cyanogenetic compound, amygdalin, in the seed coat and endosperm pellicle, which 

likely prevents seed germination. Similarly, Theim (2003) investigated cloudberry 

reproduction for micropropagation and the production of bioactive compounds, such as 

flavonoids and phenolic acids. Theim also reported that sexual reproduction in this 
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species was slow and inefficient. Under experimental conditions, germinability varies 

from 0 to 31%.   

Haskell (1955) found that genetically unbalanced pleiocot seedlings tended to 

germinate late in other Rubus species. Outcrossed Rubus seeds germinate relatively 

more rapidly than selfed seedlings from the same mother plant, which suggests that the 

role of heterosis involving rapidity of germination. One of the most important roles of 

heterosis in nature is during intra-specific competition among seedlings.   

Naruhashi et al. (1999) examined germination of 47 indigenous and cultivated 

species of Rubus in Japan to clarify the germination pattern. Germination rates of the 

samples of each species generally showed interspecific variation, and they concluded 

that the lower rate or lack of germination of Rubus seeds is explained by seed 

dormancy. 

In case of Rubus seed breaking dormancy, the procedure described by Jennings 

and Tullock (1965) has been widely used. Thoroughly dried seed is treated with 

concentrated sulfuric acid for 20 min, washed in running water, and then immersed for 6 

days in a 1 % solution of calcium hypochlorite and an excess of calcium hydroxide 

(scarification) followed by another thorough washing and then moist chilling for 6 

weeks (cold stratification). One suggested treatment in sulfuric scarification for 15 to 20 

minute for raspberry (R. idaeus L., R. occidentalis L.) and up to 3 hours for blackberry 

(Moore et al., 1974; Clark et al., 2007; Finn et al., 2008). Lasheen and Blackhust (1956) 

showed that growth inhibiting substances were concentrated in the endosperm and 

testas of dormant seeds of a blackberry cultivar. Some raspberry seeds soaked in 

concentrated sulfuric acid for more than 20 min were damaged (Misic and Belic, 1973).  
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Rubus Chamaemorus L. seeds do not germinate unless the tough and boney 

endocarp is broken down or removed (Warr et al. 1979). Nicking of the seed coat and 

the endosperm pellicle is also a necessary factor for germination.  

Naruhashi et al. (1999) noted that disseminules of Rubus are fruitlets consisting 

of aggregate fruit; however they are also pyrenes consisting of endocarp and real seed 

after digestion of the outer fruit-coat by birds and mammals, or after rotting by fungi 

and bacteria. Even if pyrenes are stored for a long time under the soil or on the soil 

surface with litter cover, they can germinate with soil disturbance resulting in 

environmental changes such as receiving light and diurnal temperature fluctuation. 

These traits of the dispersal and germination pattern are common characteristics of 

Rubus, and explain why the germination rate of the seeds is very low in the wild under 

immediately sawed after harvest. Similarly, Zasada and Tappeiner (2003) reported that 

Rubus spp. consumption of seed by animals is important to the reproductive biology of 

the plant because the seeds that pass through the digestive tract of animals receive 

varying degrees of scarification and as a result have potentially different germination 

patterns. Deposition in feces of differing composition and chemistry affects the 

germination substrate, and physical and chemical environment available for seedling 

establishment. 

Interest in seed coat anatomy has been stimulated by the availability of scanning 

electron microscopes so that it is now possible to determine difference in seed coat 

patterns that readily define species characteristics. However, because of the changes 

surface patterns undergo during developmental stages only mature seeds should be 

studied (Cutler et al. 2007).   
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CHAPTER 2:  MORPHOLOGICAL ANALYSIS OF RUBUS SEED 

Abstract 

The genus Rubus exhibits morphological diversity and a wide range of 

reproductive systems and habitats. We examined seed coat ultrastructural 

morphology of seed accessions of 10 subgenera preserved at the United States 

Department of Agriculture, Agricultural Research Service, National Clonal 

Germplasm Repository (NCGR), Corvallis, Oregon, using scanning electron 

microscopy (SEM). SEM images were taken of 56 seed samples collected 

worldwide. Macromorphological characteristics differed among groups at the 

subgenus level. Chamaemorus, Cyclactis (except R. saxatilis L.), Idaeobatus, 

Lampobatus, Malachobatus, and Michranthobatus have similar exomorphic 

patterns.  R. odoratus L. and R. parviflorus Nutt. (subg. Anoplobatus) had a 

unique hilar end hole. R. saxatilis had seed coat sculpturing inconsistent with its 

assigned subg. (Cyclactis) and appeared more in common with subg. Idaeobatus. 

The subgenera Rubus and Idaeobatus showed conspicuous patterns of reticulate 

and rugose surface relief of the outer cell walls. Species belonging to the subg. 

Rubus had steeper-edged truncate or acute lateral ridges with a wide and 

protruded raphal region, while Idaeobatus had smoothly curved rounded ridges 

and raphal region. The two species in subg. Chamaemorus showed areticulate, 

finely textured surface with flat or no secondary cell wall protrusion and a ridged 

raphe. For R. arcticus L., subg. Cyclactis, accessions from three geographical 

regions had consistent microsculpturing patterns. These morphological 

characteristics of Rubus seed revealed by SEM provide additional information to 
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identify infrageneric levels. 

 

INTRODUCTION 

The genus Rubus includes ~750 species (Robertson, 1974; Thompson, 1995) 

and occurs on all continents except Antarctica (Focke, 1914; Gustafsson, 1943; Hummer, 

1996). The largest subgenus Rubus, the blackberries, is further subdivided into 12 

sections. Rubus taxonomy is difficult and controversial. Stem armature and leaf 

morphology are key characters, however both are highly homoplastic and have limited 

phylogenetic value among the Rubus subgenera (Alice and Campbell, 1999). Rubus 

seed is enclosed in a hard stony endocarp or testa. The testa structure, maternal origin 

tissue, is a major constraint to radicle emergence in reduced seed dormancy phenotypes 

of Arabidopsis (Debeaujon et al., 2000). Descriptions of Rubus seed are scarce. Corner 

(1976) cited Topham’s (1970) report on the seed coat morphology of two Rubus species, 

R. fruticosus L. agg. and R. idaeus L. stating “integument is 6 cells thick, the persistent 

seed coat of thin-walled cells, the middle layer is crushed, and the endosperm is 6 cells 

thick”. Robertson (1974) reported “single seeded drupelets on a dry or spongy, often 

elongated receptacle, the drupelets falling individually or coalescent and either falling 

from the receptacle as a unit or with it; stones hard, variously textured; seeds filling the 

stone; embryo small, the radicle superior”.   

Seed coat morphology provides important taxonomic information in many plant 

families. Garnock-Jones (1991) prepared a generic key for Brassicaceae using seed 

morphology, testa anatomy, and embryos for several New Zealand genera. Clear 

differences in seed coat morphology were evident among the genera investigated. 
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Recently Dowidar et al., (2003) studied the ultrastructure of seed coats and/or achenes 

using SEM and certain selected macromorphological characters for 47 taxa of the 

Rosaceae. This study suggested that the Rosaceae needs taxonomic revision.   

 Ultrastructural pattern analysis of the seed coat observed under the SEM is 

reliable for evaluating phenotypic relationships and clarifying taxonomy (Bouman, 

1975; Barthlott, 1981; Tobe et al., 1987; Vaughan and Whitehouse, 1971; Zou et al., 

2001). Seed morphology provides various practical applications that perform an 

important role in many areas of seed biology (Jensen, 1998). A crucial application is the 

identification of seeds for gene bank management. The objective of our study was to 

characterize the seed coat characters revealed by SEM of Rubus seed at the NCGR. We 

examined the surface exomorphology of 56 Rubus seed accessions representing 51 taxa 

in 10 subgenera (USDA-ARS, 2006). 

 

MATERIALS AND METHODS 

The seed accessions for this study were collected from 15 countries (Table 2-1). 

Samples of 100 seed per accession were obtained from seed storage (-20 oC) at NCGR. 

SEM images were taken using an AmRay3300 FE Field Emission SEM in the 

Department of Botany and Plant Pathology, Oregon State University. Seeds were 

mounted on aluminum stubs with two-sided carbon conducive-adhesive tape and sputter 

coated for 2 minutes with a thin layer of the alloy, 60% gold and 40% palladium 

(Edwards S150B,U.K.). All supplies for the SEM were purchased from Ted Pella, Inc. 

(Redding, CA). Terminology of Barthlott (1981) based on SEM observations of 

epidermal and seed coat surfaces in 5000 species of seed plant was applied and that of 
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Koul et al. (2000) as modified from Murley (1951) was also used. Further terms were 

added to describe specific seed coat morphology for this genus. Accession identifying 

numbers are in parentheses, plant identification (PI) numbers are listed in Table 2-1.  

 

RESULTS 

Morphological analysis by subgenus  

The basic cell shape is mostly scale-like with anticlinal undulations and sinuate 

margins. The micropyle is located on the protuberance of the raphal region, which is 

more or less wider and shallowly or highly raised depending on the species. Seed 

dimensions range from 1.4 x 1.2 x 0.81 mm to 6.0 x 3.5 x 2.35 mm. 

Subg. Rubus (Fig. 2-1-a)  

R. adenotricos Schltdl. (1250), R. allegheniensis Porter (552), R. argutus 

Link(1818) , R. caesius L. (2167), R. canadensis L. (791),  R. canescens DC. (941), R. 

hirtus Waldst. & Kit. (905), R. hispidus L. (2022), R. kennedyanus Fernald (525), R. 

lacinatus Willd. (2224), R. robustus C. Presl. (1789), R. sanctus Schreb. (1057), R. sp. 

(1909), R. separinus Genev. (754), R. ulmifolius Schott. (943), R. ursinus Cham. & 

Schltdl. (2041): Most seed samples of subg. Rubus have conspicuously reticulated 

secondary periclinal wall sculpturing which appears as rough seed surfaces. Four groups 

share common traits of microsculpturing pattern. Subg. Rubus commonly has more 

conspicuous and steeper-edged truncate or acute ridges in the lateral view with wider 

and well projected raphal regions.  

Group 1: R. allegheniensis, R. argutus, R. caesius, R. kennedyanus, R. robustus, 

R. separianus, R. sp.: Outlines of the cells are mainly round or curved with conspicuous 
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markings such as a circle, half moon, heart and omega shape. The rounded, curved 

outline cells are surrounded by the secondary periclinal wall sculpturing; those are 

distinctly reticulated with somewhat more rounded structures, which continue from 

concave to U-shaped depressions. 

Group 2: R. canadensis, R. canescens, R. lacinatus: Outlines of the cells are 

smaller than other groups. The outlines are round, elongated in one direction or have a 

curved C-shape. The cells are surrounded with fairly thick and flat-topped wide, 

secondary periclinal walls. These walls are irregularly reticulated, consisting of the 

various shapes, including round, elongated in one direction with curve or without, 

triangular or rectangular. 

Group 3: R. adenotricos, R. hirtus, R. hispidus, R. sanctus, R. ursinus:  Outline 

of the cells are wavy and undulate rather than reticulate. Cell shapes include round, tri- 

or tetragonal and eye-shaped (ocellate). The cells are surrounded by the secondary 

periclinal wall and have narrower and somewhat more pointed (inverted V-shape) 

sculpturing in a wavy striped pattern. Shallower concave depressions are reflected in the 

cell wall sculpturing. 

Group 4: R. ulmifolius, R. robustus: Outlines of the cells are mostly curved 

ranging from round to half moon-, triangular-, or square- shaped. The cells are 

surrounded by flat-topped wider secondary walls with relatively regular patterns of 

reticulation (common feature of reticulation shown in subg. Idaeobatus). Shallower, 

flattened C-shaped and concave depressions are continued to the secondary periclinal 

walls. 
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Subg. Cyclactis (Fig. 2-1-b) 

R. arcticus L. (1894: Alaska/ 1919: China / 2238: Sakhalin), R. pedatus Sm. 

(1895), R. saxatilis L. (2173): The basic cell type is scale-like, finely textured somewhat 

round, half moon, isodimetric, or elongated in one direction in outline. R. arcticus and R. 

pedatus have similar patterns of seed coat sculpturing. These patterns have neither 

secondary wall structures of surface reticulation, depressions, nor protruded raphal 

regions and ridges but present an entirely flat and smooth surface. For R. arcticus, 

subgenus Cyclactis, three accessions were examined from different geographical 

regions (1894: Alaska: R. a. subsp. Stellatus, 1919: China: R. a. subsp. Arcticus, 2238: 

Sakhalin). These samples revealed a consistent microsculpturing pattern.   

Subg. Idaeobatus (Fig. 2-1-c) 

R. aurantiacus Focke (1961), R. coreanus Miq.(1636), R. crataegifolius Bunge 

(2283), R. hawaiiensis A. Gray (2191), R. hoffemeisterianus Kunth & C.D. Bouche 

(1079), R. idaeus L.(2177): The cell outline is round, elongated in one direction, and/ or 

curved C-shape, which is similar to that of subg. Rubus. The secondary periclinal walls 

are also distinctly round edged with C-shaped structures that appear rotated 900 to the 

right and have surface sculpturing between foveate and reticulate. When compared to 

subg. Rubus, seeds of Idaeobatus have smaller and more regular spaced depressions. 

Most subgenus Idaeobatus taxa investigated here (except R. crataegifolius and R. 

hoffmeisterianus) show smoothly curved round-ridges in the lateral view with flatter or 

less protruding raphal regions. R. crataegifolius and R. hoffemeisterianus have 

exceptionally narrow and acute ridges. Two accessions of R. idaeus (2177: Armenia, 

2302: Georgia) and R. strigosus (1690: Canada, 1978: US, Oregon) showed consistent 
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cell types and sculpturing pattern of reticulation of the secondary wall. 

Subg. Lampobatus (Fig. 2-1-d) 

R. bogotensis Kunth (1283), R. briaceus Focke (1809), R. glaucus Benth.(2095), 

R. megalococcus Focke (1800), R. nubigenus Kunth (1249), R. roseus Poir.(1281): The 

cell outlines are rounded, elongated in one direction, or triangular to pentagonal. The 

cell boundaries range from irregularly straight to regularly curved. Secondary walls 

appear flat topped more than other subgenera and circular in shape for most species (R. 

briarceus, R. glaucus, R. megalococcus, R. nubiginus, and R. roseus), except R. 

bogotensis (more angled, thicker, wider periclinal walls with deeper and larger 

depressions). R. bogotensis has one of the most spectacular, unique and a species 

specific seed coat sculpturing for all of Rubus (Fig 2-1-d). R. nubigenus and R. roseus 

exhibit similar sculpturing pattern in cell types, secondary periclinal wall structure, and 

total seed shape.   

Subg. Chamaemorus (Fig. 2-1-e) 

R. pseudochamaemorus Tolm. (2243), R. Chamaemorus L. (2241): Subg. 

Chamaemorus, consisting of only two species (some authors report it as monotypic), 

has distinctive seed coat morphology that is finely textured, areticulated and entirely flat 

without protruded secondary wall sculpturing. These seed coats have neither significant 

ridges nor raphal regions in the lateral view.  

Subg. Michranthobatus (Fig. 2-1-f) 

R. cissoides A. Cunn. (772), R. schmidelioides A. Cunn. (741): In both taxa the 

secondary periclinal walls are sulcate or striated and areticulated. Instead of reticulation, 

striated transverse wall sculpturing toward the embryonic axis is exhibited on the seed 
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coat of R. cissoides (this characteristic striation is also observed as a unique feature 

from several taxa, R. lambertianus, R. multibracteatus, R. tephrodes of the subg. 

Malachobatus). R. schmidelioides has more scarcely and irregularly folded and/or 

verrucated surface sculpturing.   

Subg. Malachobatus (Fig. 2-1-g) 

      R. hillii F. Muell. (1199), R. lambertianus Ser. (2133), R. multibracteatus H. Lev. 

& Vaniot (1642), R. tephrodes Focke (1713), R. setchuenensis Bureau & Franch. (1695, 

1696), R. swinhoei Hance (1671): Three different trends of seed coat sculpturing pattern 

are observed. 

Group 1: R. lambertianus, R. multibracteatus, R. tephrodes:  Secondary walls 

are areticulate and with transversely striate or sulcate periclinal sculpturing to the 

embryonic axis which is straight and/or somewhat curved. These are unique seed coat 

features compared to those of the other subgenera. Only one species in 

Michranthobatus, R. cissoides (772) collected from New Zealand, had these transverse 

striations.     

Group 2: R. hillii, R. swinhoei: Total seed coat morphology was similar to the 

common pattern of sculpturing of the subg. Idaeobatus, but shallowly reticulate and 

continued by periclinal walls with milder and shallower depressions. R. hillii has similar 

seed coat sculpturing and total seed shape like R. hayata-koizumii in the subg. 

Chamaebatus. 

Group 3: R. setchuenensis Bureau & Franch: Both accessions (1695, 1696) have 

flat and non-sculptured surfaces. They have flatter reticulations than other subgenera 

and/or have areticulated surface sculpturing. 
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Subg. Anoplobatus (Fig. 2-1-h) 

R. odoratus L. (2215), R. parviflorus Nutt. (1738): Seed coat sculpturing of both 

taxa is somewhat more delicate but similar to the common features of the subg. 

Idaeobatus. However, both have a distinctively unique hilar end hole which is a visibly 

raised and rimmed structure. This structure is observed only in seeds of this subgenus.  

Subg. Dalibardastrum (Fig. 2-1-i) 

R. tsangorum Han. –Mazz. (1674): The cell outlines are round, elongated in one 

direction or dichotomous, curved, triangular, or tetra to pentagonal. The secondary 

periclinal walls are foveate-reticulate, flat topped or widely rounded, with apparent 

rough surface sculpturing. The depressions are small, V-shaped or concave, and are 

continued by the secondary wall. 

Subg. Chamaebatus: (Fig. 2-1-j) 

  R. hayata-koidzumii Naruh. (178): The cell outlines range from mostly round, 

elongated in one direction, to triangular. The secondary periclinal walls are 

foveate-reticulate with flat topped, widely rounded surface sculpturing. Shallow 

depressions are concave into and continued by the secondary wall sculpturing.   

 

DISCUSSION  

Barthlott (1984) emphasized and our observations confirmed that seeds of Rubus 

exhibit a complex and high level of morphological and micromorphological diversity. 

This study provides valuable taxonomic information concerning genetic-phylogenetic 

differences. Satomi and Naruhashi (1971) utilized seed coat characteristics to re-classify 

R. trifidus from subg. Anoplobatus to subg. Idaeobatus because of their closely 
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analogous seed coat morphology. Seeds of related species possess similar 

microsculpturing, suggesting that differences in microsculpturing can correspond to 

divergent taxonomical classification (Clark and Jernstedt, 1978).  

Our study observed distinct exomorphic patterns in each of the subg. 

Chamaemorus, Cyclactis (except R. saxatilis L.), Idaeobatus, Lampobatus, 

Malachobatus, and Michranthobatus. Subg. Rubus and Idaeobatus exhibited a 

conspicuous pattern of reticulate and rugose surface relief of the outer cell walls. Seeds 

of species within subg. Rubus had more projected and steeper-edged truncate or acute 

ridges on their lateral view with a wider raphal region in contrast with those of 

Idaeobatus which had rather smoothly curved rounded ridges. However, several distinct 

groups of shared sculpturing patterns existed within both subgenera. Subg. Rubus and 

Idaeobatus possibly have polyphyletic origins (Alice and Campbell, 1999). We found R. 

saxatilis to have seed coat sculpturing inconsistent with its assigned subgenus 

(Cyclactis) and more in common with subg. Idaeobatus. Therefore, we suggest that R. 

saxatilis should be moved into subg. Idaeobatus, which is consistent with recent 

molecular criteria. Alice and Campbell (1999) documented that R. saxatilis should be 

transferred to the subg. Idaeobatus, proximal to R. crataegifolius. Although the taxon 

has fruit that dehisces with the receptacle it is most likely a tetraploid derivative of R. 

idaeus. R. odoratus and R. parviflorus, in subg. Anoplobatus, can be distinguished by 

their hilar end hole, unique in this genus.   

 

CONCLUSIONS 

Seed exo-micromorphological characteristics of genus Rubus as revealed by 
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SEM in this study provided consistent key polymorphic traits, and useful information 

compared to other morphological markers employed to identify specific subgenera 

and/or species. Our SEM investigation of seed coat characters of the genus Rubus 

shows the diversity among the species and demonstrated common traits within 

subgenera. Further study through broader sampling of species could improve taxonomic 

consistency.  
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TABLES AND FIGURES 
Table 2-1: Origin and identifying numbers of Rubus accessions 

Rubus Taxa 
Acc. 
number 

P I 
number Rubus Taxa 

Acc. 
number 

P I 
number 

 Australia  New Zealand 
R. hillii 1199 553226 R. cissoides 772 553163 

 Armenia R. hispidus 2022 618367 
R. caesius 2176 643953 R. schmidelioides 741 553883 
R. idaeus 2177 638211 R. separinus 754 553887 
R. saxatilis 2173 638210 Georgia 

 Bolivia R. idaeus 2302 643957 
R. briaceus 1809 618475 Japan 
R. megalococcus 1800 618473 R. crataegifolius 2284 638306 
R. robustus 1989 618466 R. mesogaeus 2321 643958 

Bulgaria R. sachalinensis 2282 553870 
R. sp. 1909 618410 Pakistan 

Canada R. hoffmeisterianus 1079 553241 
R. lacinatus 2224 638255 R. sanctus 1057 553877 
R. strigosus 1690 606474 Russia 

China R. arcticus 2238 638266 
R. arcticus 1919 608837 R. chamaemorus 2241 638269 
R. aurantiacus 1961 606538 R. pseudochamaemorus 2243 638271 
R. coreanus 1636 618520 Taiwan 
R. lambertianus 2133 643936 R. hayata-koidzumii 178 553899 
R. multibracteatus 1642 606459  USA 
R. parvifolius 1664 606467 R. allegheniensis 552 553093 
R. setchuenensis 1695 604616 R. arcticus 1894 606526 
R. setchuenensis 1696 604617 R. argutus 1818 606490 
R. tephrodes 1713 604621 R. canadensis 791 553136 
R. swinhoei 1671 606471 R. hawaiiensis 2191 638225 
R. tsangorum 1674 618534 R. kennedyanus 525 265790 

Ecuador R. occidentalis 2211 638243 
R. adenotricos 1250 548889 R. odoratus 2215 265790 
R. bogotensis 1283 548895 R. parviflorus 1738 606477 
R. glaucus 2095 618275 R. pedatus 1895 606527 
R. niveus 2092 618305 R. spectabilis 2045 618357 
R. nubigenus 1249 548908 R. ursinus 2041 618353 
R. roseus 1281 548921 Yugoslavia 
   R. canescens 941 370253 
   R. hirtus 905 370217 
   R. ulmifolius 943 370255 

Figure 2-1: SEM images:   
For each letter (a-j) there is a surface view in higher magnification (the scales are shown below 
each) with smaller images of (upper) seed overview, (middle) view of a micropylar on the raphal 
region and (lower) view of a seed edge (back side of raphal region). a. Subg. Rubus (R. 
lacinatus), b. Subg. Cyclactis (R. arcticus), c. Subg. Idaeobatus (R. aurantiacus), d. Subg. 
Lampobatus (R. bogotensis) e. Subg. Chamaebatus (R. Chamaemorus), f. Subg. Michranthobtus 
(R. schimiloides), g. Subg. Malachobatus (R. multibracteatus), h. Subg. Anoplobatus (R. 
odoratus), i. Subg. Dalibardastrum (R. tsangorum), j. Subg. Chamaebatus (R. 
hayata-koidzumii). 
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CHAPTER 3:  SEED COAT MORPHOLOGY DIFFERENTIATES BLACKBERRY 
CULTIVARS 
 

Abstract 

Determining the cultivar identity of blackberry fruit may be problematic 

when the parent plant is not available for examination. The ability to correctly 

identify commercial cultivars is important to the industry. Less desirable cultivars 

may be mistaken or substituted for more desirable ones, resulting in mislabeled 

products or economic losses. Often processers are interested in distinguishing a 

highly popular cultivar from other commercially grown blackberries with similar 

fruit characteristics. The objective of this study was to develop an effective way to 

distinguish blackberry cultivars using seed morphology. Seed of 17 commercially 

important blackberry cultivars collected from the US Department of Agriculture 

(USDA), Agricultural Research Service (ARS), National Clonal Germplasm 

Repository (NCGR) and Horticultural Crops Research Laboratory (HCRL) were 

examined with light and scanning electron microscopy. One key characteristic is 

the shape of the raphe: straight, concave or convex. Seed shape, color, size and 

seed-coat sculpturing further distinguish the cultivars. Although scanning electron 

microscopy showed the seed coat sculpturing in greater detail, it was not necessary 

to differentiate these cultivars.  

 

INTRODUCTION 

Blackberry fruit cultivar identity may be difficult to discern in the harvested 

product. Fruit variations are common for many cultivars and fruit shape is often similar 
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as well. The ability to correctly identify the cultivars of commercially produced fruit is 

important to the industry. Economic losses may result when less desirable cultivars are 

mistaken or substituted for more desirable ones. Cultivar verification using molecular 

techniques is expensive for general use.   

Seed shape and structure are used to identify many plants ( Barthlott, 1984; 

Moise et al., 2005). The structures and surface sculpturing on seed coats are 

characteristic of the maternal parent, so they are distinctive for each cultivar. Satomi 

and Naruhashi (1975) used seed coat characteristics such as seed shape, shape of 

reticulations, height of ridges and shape of valleys, for taxonomic repositioning of 

Rubus trifidus from genus Rubus subg. Anoplobatus to subg. Idaeobatus.  

We studied seeds of 56 types of blackberry and raspberry (species and hybrids) 

and found that the seed coat structures, especially seed coat microsculpturing, were 

distinctive for the 12 subgenera (Wada and Reed, 2008). A standard low-power light 

microscope (10-40X) reveals the shape and major surface features of the seed coat.  

Species seed coat structures are distinctive when viewed by scanning electron 

microscopy (Barthlott, 1981). At higher magnification (80-400X) with scanning 

electron microscopy (SEM), we can see specific cell types and more distinctive seed 

coat structures. The seed coat sculpturing visible with SEM is unique and can 

differentiate even closely related cultivars and species. Dowidar (2003) studied the 

ultrastructure of seed coats and achenes of 47 taxa of the Rosaceae using SEM and 

observed many taxonomically important characters. Patterns of seed-coat sculpturing on 

the many species of Rubus used in breeding cultivars are very diverse ( Wada and Reed, 

2008). SEM examination shows detail that is not clearly visible with light microscopy 
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and can be used to highlight important structural characteristics and make definitive 

classifications. The combination of light and SEM images provide definitive identifying 

features for distinguishing cultivars using a simple key (Wada et al., 2009).   

 The objectives of this study were to develop a systematic method for 

distinguishing the most economically important blackberry cultivars based on seed 

morphology and key anatomical features. The combination of light and SEM 

microscopy used in this study defines the use of seed anatomy for blackberry cultivar 

identification.   

 

MATERIALS AND METHODS 

 Fruit of 17 commonly grown cultivars was collected from plants identified as 

true to type in the NCGR collections or from Dr. Chad Finn’s breeding collections 

(HCRL) in Corvallis, OR (Table 3-1). For seed extraction, fruit (200 g) was placed in a 

beaker with 400 ml water 15 ml pectinase for 24 h at 25 ˚C. Seeds were extracted in a 

blender with the blades covered with plastic tubing and set at a low speed for 2 min 

with a 3:1 water-to-berry ratio. Floating seeds or fruit were discarded. The main mass of 

fruit pulp was added to a strainer and washed thoroughly in running water. Seeds were 

mashed against the strainer as needed to completely remove the fruit pulp and spread on 

paper towels to air-dry at ambient temperature.   

 Light microscope study of clean dry seed employed a Nikon SMZ 1000 

stereomicroscopic Zoom Microscope and Infinity digital camera. SEM images were 

taken using an AmRay3300 (Bedford, MA) or Quanta FE Field Emission SEM 

(Hillsboro, OR) in the Department of Botany and Plant Pathology, Oregon State 
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University, Corvallis, Oregon. Seeds were mounted on aluminum stubs by two-sided 

carbon conducive-adhesive tape and coated for 20 seconds with either of a thin layer of 

the alloy, 60% gold and 40% palladium or 100% gold with a sputter coater (Edwards 

S150B, U.K.). All supplies for the SEM were purchased from Ted Pella, Inc. (Redding, 

CA). Terminology for describing the seeds is based on Barthlott’s SEM observations of 

epidermal and seed coat surfaces of 5000 species of seed plants (Barthlott, 1981; 

Barthlott, 1984). In addition the terminology of Koul (Koul et al., 2000) was also used. 

Further terms were added to describe specific seed coat morphology of blackberries. 

Cultivar identifying numbers (PI numbers) for plants from NCGR are shown in Table 1. 

Information on pedigrees was obtained from Clark et al. (2007). 

 

RESULT AND DISCUSSION 

Blackberry cultivars are often complex hybrids of several species and many 

cultivars. This complexity is evident in the structure of the seed coat: characteristics of 

the raphe (the portion of funiculus that is attached to the ovule wall), the shape of the 

ridge on the back of the seed, and the sculpturing on the sides of the seed coat. 

Preliminary low power microscopic observation of the 17 cultivars indicated that they 

can be distinguished by color, size and shape of the seed as well as by seed coat 

characteristics (Table 3-2). The seeds could be divided into groups based on the raphal 

shape (Appendix B). Concave, straight, and convex raphae were noted. Once divided 

into these groups the individual cultivars could be divided by seed size, shape and color. 

Sculpturing patterns were unique for most cultivars. A handbook was developed for 

general use by growers and processors as a first step in identifying mislabeled fruit 
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(Wada et al., 2009). These commonly grown cultivars can be distinguished based on the 

color, size and shape of the seed.   

 Our earlier studies (Wada and Reed, 2008) of seed coats of Rubus species and 

subgenera found that seed samples of blackberry species, subg. Rubus, have clearly 

reticulated secondary periclinal walls which appear to the naked eye as a rough seed 

surface, while raspberries, subg. Idaeobatus have smoothly curved rounded ridges and 

lower reticulations and appear as a smooth seed surface. Seed surface morphology is 

defined by the maternal parent. Four groups in the subgenus Rubus have distinctive 

surface sculpture trends caused by cell shapes and the U, or V-shaped or irregularly 

shaped valleys. The subg. Rubus usually has deep and steeply-edged truncate or acute 

ridges with a wide, obvious raphal region. Many of these 17 complex hybrid cultivars 

show subg. Rubus characteristics. A few cultivars, Boysen and Young, have the milder 

and flatter rounded back ridges of subg. Idaeobatus leading to the speculation that they 

have raspberry species present in the maternal line. 

 For these 17 commercial cultivars, differences were observed in the surface 

morphology as well as the back ridges and raphe. Cultivars were most easily 

distinguished based, first on the raphal shape, then by size and color (Wada et al. 2009). 

Seed coats of cultivars with the same maternal parent are similar, because the seed coat 

is maternal tissue. This is clearly seen in those cultivars with a straight raphal region 

that are derived from ‘SIUS 47’ and as a result have similar shapes and reticulations 

(Table 3-1, Fig. 3-1). A straight raphe was characteristic for four cultivars (Fig. 3-1). 

‘Cacanska Bestrna’ exhibits a sharp back ridge and is the largest of the group. ‘Hull 

Thornless’ is also large and has prominent reticulation, deep and sharply curved L-shape 
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valleys, high, narrow walls, and high, sharp back ridges. ‘Loch Ness’ is medium sized 

with a round back ridge and half-moon shape, with U-shaped valleys, and regular 

reticulations. ‘Chester Thornless’ is the smallest of the group and has deep reticulations 

with broad walls, a protruded back ridge, and a triangular outline. 

 Concave raphae characterize the largest group, with a range from deeply 

concave to very slight. Four cultivars have deeply-concave raphe (Fig. 3-2). ‘Kotata’ 

has a flat surface with insignificant surface reticulation, shallow valleys and rounded 

back ridges. The ‘Black Diamond’ surface is very similar to its maternal parent ‘Kotata’ 

as it is relatively flat, with shallow secondary walls, and flattened and rounded back 

ridges. ‘Nightfall’ displays shallow U-shaped valleys and low walls. ‘Wild Treasure’ is a 

very small, flat seed with insignificant reticulations, very shallow valleys and very low 

walls.   

 A moderately or slightly-concave raphe is characteristic of seven cultivars (Fig. 

3-3). ‘Black Pearl’ exhibits a protruding back ridge, moderate reticulation with 

U-shaped valleys. ‘Boysen’ has a round back ridge, deep L-shaped valleys with wide 

walls, and deep valleys with narrow edges. The ‘Marion’ surface has deep, irregular 

reticulations (long I and L-shape, triangular, round rectangular and polygonal). 

‘Obsidian’ is a very large seed with regular reticulations on the center and 

multi-striations with irregularities on the chalazal region, and broad, high secondary 

walls. ‘ORUS 1324-1’ exhibits regular reticulations and a round back ridge. ‘Silvan’ 

displays irregular shaped reticulations, long I and L-shaped, triangular and round 

valleys. ‘Young’ exhibits low reticulation with shallow valleys and flat, low walls, flat 

and rounded back ridges. 
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 Two cultivars displayed convex raphae (Fig.3-4). ‘Navaho’ is a 

triangular-shaped seed with deep U-shaped valleys, round topped flat walls and broadly 

protruded back ridges. ‘Tupy’ has a unique outline that is compactly triangular, with 

regular reticulations in the back ridges and irregular sculpturing patterns are present in 

the lower half of seed. 

 Seeds can also be distinguished by color (Table 3-2). Three groups, pink, purple, 

and brown were observed. Within the pink group, the darkest was ‘Marion’ as rosy pink, 

followed ‘Nightfall’, ‘Black Pearl’, ‘Black Diamond’, ‘Tupi’, and ‘Young’ was the 

lightest as salmon pink. The purple group included dark purple ‘Silvan’, ‘Boysen’, 

‘Navaho’, to light purple of ‘Wild Treasure’, ‘Kotata’, and ‘ORUS 1324-1’. For the 

brown group, ‘Obsidian’ and ‘Hull Thornless’ were dark brown, ‘Loch Ness’, ‘Chester 

Thornless’, medium brown and ‘Cacanska Bestrna’ was the lightest tan.  

 Seed sizes and weights were also characteristic for each cultivar (Table 3-2). 

Lengths ranged from 4.3 mm for ‘Boysen’ to 2.49 mm for ‘Wild Treasure’ and width 

from 2.59 mm for ‘Cacanska Bestrna’ to 1.63 mm for ‘Wild Treasure’. Weight of 100 

seed varied from 0.32g for ‘Boysen’ to 0.08 g for the tiny ‘Wild Treasure’. 

 From this data we conclude that commonly interchanged and closely related 

cultivars can be readily separated based on seed characters (Table 3-2, Fig. 3-1, 2, 3, 4). 

Cultivars from the same maternal line such as ‘Cacanska Bestrna’ (Fig. 3-1-a), ‘Chester 

Thornless’ (Fig.3-1-b) and ‘Hull Thornless’ (Fig. 3-1-d) are clearly distinguishable by 

size, shape, color, and depth of reticulations. ‘Navaho’ (Fig. 3-4-a) is distinguished from 

‘Tupi’ (Fig. 3-4-b) by length, color and the depth of reticulations. ‘Boysen’ seed (Fig. 

3-3-b) are distinctive from ‘ORUS 1324-1’ (Fig. 3e) and ‘Young’ (Fig. 3-3-g) based on 
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color, shape, seed length and width. ‘Marion’ seed (Fig. 3-3-c) can be separated from 

‘Black Diamond (Fig. 3-2-a), ‘Kotata’ (Fig. 3-2-d), and ‘Silvan’ (Fig. 3-3-f) based on 

size, shape and color.  

 This is the first SEM study of Rubus cultivar seed morphology. The distinctive 

seed morphological characters observed in these 17 cultivars make seed characters a 

relatively easy method for confirming fruit identity. Determining the shape of the raphe, 

then separating the seeds by size and color provides a technically easy and inexpensive, 

but dependable way to identify Rubus cultivars.  
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TABLES 

Table 3-1: Pedigree and background of cultivars under commercial production. 
 
Cultivar Pedigree Background information 
Black Diamond Kotata x NZ 8610L-163 (E90 x 

N-71) 
Popular processing cultivar 

Black Pearl ORUS 1117-11 (OSC 1122 x OSC 
2009)x ORUS 728-3 (Olallie 
x ORUS 728-3) 

New and likely to be a popular NW 
processing cultivar 

Boysen A hybrid between R. ursinus x R. 
idaeus  

Industry standard of Boysen group 

Cacanska 
Bestrna 

Dirksen Thornless x Black Satin 
[SIUS 47 (US 1482 x Darrow) x 
Thornfree] 

Popular Serbian cultivar  

Chester 
Thornless 

SIUS 47 (US 1482 x Darrow) x 
Thornfree 

Popular fresh cultivar that is often sold 
to processors 

Hull Thornless SIUS 47 (US 1482 x Darrow) x 
Thornfree 

Popular fresh cultivar that is often sold 
to processors 

Kotata (Pacific x Boysen) x (Jenner 1 x 
Eldorado) 

Popular NW processing cultivar  

Loch Ness Complex hybrid derived from 
Comanche, Chehalem, Early 
Harvest, Thornfree and selections 
from Illinois and N.C.  

Popular fresh cultivar in Europe that is 
often sold to processors 

Marion Chehalem (Santiam x Himalaya ) x 
Olallie (Black Logan x Young ) 

Industry standard for processing 

Navaho Ark. 583 x Ark. 631 Popular fresh cultivar often sold to 
processors 

Nightfall Marion x Waldo New and likely to be popular NW 
processing cultivar  

Obsidian ORUS 828-42 x ORUS 1122-1 New and likely to be popular  
processing cultivar  

ORUS 1324-1 ORUS 834-5 x ORUS 1045-14 Being planted as “firm Boysen for fresh 
market” in California; concern about 
blending. 

Silvan ORUS 742 (Pacific x Boysen) x  
ORUS 928 (Marion) 

Popular processing cultivar  

Tupy Obscure but may be Comanche x 
Boysen 

Popular fresh cultivar in Mexico often 
sold to processors 

Wild Treasure Obscure but may be R. usinus x 
Waldo 

New NW small fruited processing 
cultivar 

Young Phenomenal x Mayes Popular processing cultivar often mixed 
with ‘Boysen’ 
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Table 3-2: Characteristics of blackberry cultivar seed used to differentiate the cultivars. 

 
Cultivar Color Raphe shape Size Length 

(mm) 
Width 
(mm) 

g/100 
seed 

Black 
Diamond 

Pink Deeply incurved Medium/thi
n 

3.20 1.96 0.19 

Black Pearl Deep pink Incurved Medium 3.81 2.20 0.26 
Boysen Purple Slightly incurved Large 4.30 2.54 0.32 
Cacanska 
Bestrna 

Light yellow 
brown 

Straight Large 4.20 2.59 0.30 

Chester 
Thornless 

Purple-brow
n to mauve 

Straight/broad Medium 3.19 2.33 0.27 

Hull Thornless Dark brown Straight Large, broad 3.91 3.01 0.42 
Kotata Light purple Deeply incurved Medium to 

small, 
narrow 

3.48 1.82 0.20 

Loch Ness Medium 
brown 

Straight Medium and 
broad 

3.37 2.14 0.22 

Marion Rosy pink Slightly incurved Medium to 
small 

3.44 2.06 0.14 

Navaho Dark purple Out curved Medium and 
broad/short 

3.28 2.44 0.29 

Nightfall Medium 
pink 

Deeply incurved Medium to 
small 

3.60 2.00 0.15 

Obsidian dark brown 
purple 

Slightly incurved Large, long 
and narrow 

4.13 1.96 0.25 

ORUS 1324-1 Light purple Slightly incurved Large 4.06 2.09 0.24 
Silvan Deep purple Slightly incurved Medium to 

small 
3.04 1.83 0.15 

Tupy Light pink Out curved Medium 3.66 2.34 0.21 
Wild Treasure Light purple Deeply incurved Very small 

and thin 
2.49 1.63 0.08 

Young Salmon pink 
to yellow 

Very slightly 
incurved 

Medium and 
long 

3.36 1.71 0.28 
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FIGURES 
 
Figure 3-1: Blackberry cultivars with a straight raphal region: a) Cacanska Bestrna, b) 

Chester Thornless, c) Loch Ness, and d) Hull Thornless. Left; SEM whole seed, 
Center; SEM surface reticulation, Right; group of seeds at 10X with light 
microscopy. 

 

Fig. 3-2: Blackberry cultivars with a deeply concave raphal region: a) Black Diamond, 
b) Nightfall, c) Wild Treasure, and d) Kotata. Left; SEM whole seed, Center; 
SEM surface reticulation, Right; group of seeds at 10X with light microscopy. 

 

Fig. 3-3: Blackberry cultivars with a moderate to slightly concave raphal region:  a) 
Black Pearl, b) Boysen, c) Marion, d) Obsidian, e) ORUS 1324-1, f) Silvan, and 
g) Young. Left; SEM whole seed, Center; SEM surface reticulation, Right; 
group of seeds at 10X with light microscopy. 

 

Fig. 3-4: Blackberry cultivars with a convex raphal region: a) Navaho and b) Tupy. 
Left; SEM whole seed, Center; SEM surface reticulation, Right; group of seeds 
at 10X with light microscopy. 
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Figure 3-1: Blackberry cultivars with a straight raphal region: a) Cacanska Bestrna, b) 
Chester Thornless, c) Loch Ness, and d) Hull Thornless. Left; SEM whole seed, Center; 
SEM surface reticulation, Right; group of seeds at 10X with light microscopy. 
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Fig. 3-2: Blackberry cultivars with a deeply concave raphal region: a) Black Diamond, 
b) Nightfall, c) Wild Treasure, and d) Kotata. Left; SEM whole seed, Center; SEM 
surface reticulation, Right; group of seeds at 10X with light microscopy. 
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Fig. 3-3: Blackberry cultivars with a moderate to slightly concave raphal region: a) 
Black Pearl, b) Boysen, c) Marion, d) Obsidian, e) ORUS 1324-1, f) Silvan, and g) 
Young. Left; SEM whole seed, Center; SEM surface reticulation, Right; group of seeds 
at 10X with light microscopy. 
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Fig. 3-4: Blackberry cultivars with a convex raphal region: a) Navaho and b) Tupy. 
Left; SEM whole seed, Center; SEM surface reticulation, Right; group of seeds at 10X 
with light microscopy. 
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CHAPER 4: DEFINING GERMINATION REQUIREMENTS OF RUBUS SPECIES  

Abstract 

Seeds of wild Rubus species are orthodox and can be stored at -20 ˚C for 

many years; however germination is often poor because many exhibit a deep 

double dormancy. A series of germination studies were performed to determine 

optimum germination protocols for Rubus species germplasm seed accessions at 

the United States Department of Agriculture (USDA), Agricultural Research 

Service (ARS), National Clonal Germplasm Repository (NCGR), Corvallis, 

Oregon. Fresh seed and cold-stored seed from the germplasm collections were 

tested. Four scarification treatments were tested on fresh moist seed and fresh dry 

seed: sulfuric acid, sodium hypochlorite, pneumatic and liquid nitrogen (LN). 

These were combined with four germination treatments: deionized water (DI), 

gibberellic acid (GA3), potassium nitrate (KNO3) + GA3 and smoke gas, to 

determine germination requirements for six diverse Rubus species from two 

subgenera. Scarification treatments were based on seed size and subgenus. Fresh 

untreated seeds of R. caesius germinated (14.5%) by 6 months, but untreated seed 

of the other five species did not. Most sulfuric-acid scarified seed germinated by 6 

months with only a few more germinating by 12 months. Sodium-hypochlorite 

scarified seed germinated poorly at six months, but significantly improved by 12 

months. Sodium hypochlorite scarification resulted in less germination than 

sulfuric acid for four of the six species. Pneumatic and LN scarified seed was 

discarded due to fungal contamination. R. occidentalis, R. georgicus and R. ursinus 

germination following sulfuric acid scarification was significantly better with 
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KNO3+GA3 or smoke gas at 6 months than DI or GA3. Most subg. Idaeobatus 

species germinated well with 30 min in sulfuric acid, but R. occidentalis did not; a 3 

h scarification as used for subg. Rubus produced >70% germination. 

Proanthocyanidins (PAs) from seeds of the six species were extracted and 

quantified by high performance liquid chromatography (HPLC). PA levels were 

low in the fully mature dry seed. R. occidentalis and R. georgicus exhibited higher 

PA contents and harder seeds than the other species in their subgenus. 

Wild-collected seed of 16 Rubus species stored at -20 ˚C for 2 to >30 yrs from the 

NCGR collections had variable germination. After one month 11 species had some 

germination and by 6 months all 16 species germinated (2% to 96.7%); but only 6 

were >40%. Seed age did not correlate with germination. A unique anatomical 

structure on the seed coat, a hilar-end-hole was noted on two species, R. parviflorus 

(43%) and R. odoratus (72%), in subg. Anoplobatus which had high germination in 

all treatments including untreated seed. Overall Rubus seeds germinated best when 

the sulfuric acid scarification was followed by a germination treatment of 

KNO3+GA3 or smoke gas. Overall, adequate scarification is very important for the 

germination of Rubus seed. The seed coat is one of the main determinants of seed 

germination, dormancy, seed vigor and longevity. Understanding of its properties 

and characteristics may allow the modification of seed performance in storage, 

may explain important information critical to the germination treatment and 

scarification.   
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INTRODUCTION 

The genus Rubus includes more than 750 species (Robertson, 1974; Thompson, 

1995) and occurs on all continents except Antarctica (Focke, 1914; Gustafsson, 1943; 

Hummer, 1996). The largest subgenus Rubus, the blackberries, is further subdivided 

into six sections. Seeds of blackberry (subgenus Rubus) and raspberry (subg. 

Idaeobatus) have a deep dormancy caused by one or more mechanisms. Deep dormancy 

of Rubus seed may be due to an impermeable seed coat, mechanical resistance of the 

seed coat to growth, chemical inhibitors, or presence of a dormant embryo (Zasada and 

Tappeiner, 2003). Growth inhibiting substances were concentrated in the endosperm and 

testa of dormant seeds of a blackberry cultivar (Lasheen and Blakhust, 1956). 

Dormancy of Rubus seeds can cause substantial problems for blackberry and raspberry 

breeding programs (Heit, 1966; Moore et al. 1974, 1984; Nybom, 1980; Campbell and 

Erasmus, 1988). The dormancy mechanisms are complex and not limited to those 

imposed by the hard seed coat (Lasheen and Blackhurst, 1956; Jennings and Tulloch, 

1965; Nybom, 1980; Campbell and Erasmus, 1988; Taylor, 2005). External dormancy is 

determined by the endocarp that delays the uptake of water and oxygen and 

mechanically prevents the embryo from swelling. This dormancy is broken if the seed 

coat is removed or scarified, while internal dormancy is regulated by biochemical or 

biophysical processes that occur during an after-ripening at low temperatures (0 to 5 0C) 

(Taylor, 2005).  

Acid scarification plus warm and cold stratification are considered the best 

procedure for breaking dormancy in seeds with an intact stony endocarp (Baskin et al. 

2002). Three scarification methods were employed by Campbell et al. (1988) for sand 
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blackberry (R. cuneifolius Pursh) seeds; concentrated sulfuric acid in an ice bath; 15% 

of sodium hypochlorite in an ice bath; and making a longitudinal cutting on seeds.  

Sand blackberry germinated better (71.3%) when scarified with 15% NaOCL than with 

concentrated sulfuric acid (58.8% for 3 h sulfuric acid). They found that sodium 

hypochlorite effectively reduced the endocarp thickness resulting in structural 

weakening and was the best technique for species with extremely hard seed coats. 

Peacock and Hummer (1996) determined that seedlings of six Rubus species (R. 

Chamaemorus, R. eustephanos, R. leucodermis, R. multibracteatus, R. parviflorus, and 

R. ursinus) germinated after plunging for three min in liquid nitrogen (LN) treatment 

showed normal development upon planting. A widely used two-step procedure for 

Rubus seed was described by Jennings and Tullock (1965) where thoroughly dried seed 

was treated with concentrated sulfuric acid for 20 min (scarification), washed in running 

water, and then immersed for 6 days in a 1% solution of calcium hypochlorite and an 

excess of calcium hydroxide (scarification) followed by another thorough washing and 

then moist chilling for 6 weeks (cold stratification). Moore et al. (1974) suggested 

sulfuric scarification for 15 to 20 minutes for raspberry (R. idaeus L., R. occidentalis L.) 

and up to three hours for blackberry (Rubus spp.).   

Briggs et al. (2005) defined the five functions of seed coats: 1) mechanically 

restrict germination of the embryo. 2) restrict the exit of germination inhibitors from the 

embryo. 3) contain germination inhibitors, such as phenolic compounds, 4) restrict 

water uptake and, 5) restrict oxygen uptake. Thick sclerified seed coats provide physical 

protection against many types of seed damage (Werker, 1997). The seed coat 

synthesizes novel compounds that aid in seed defense and control of seed development. 
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Defensive strategies include physical strength, chemical toxins, mast fruiting, fibrous 

lignin, and size variation (Bodermer, 1991). Marbach and Mayer (1974) found that the 

permeability of seed coats to water is related to the content of phenolic compounds in 

the seed coat, and to their level of oxidation. The oxidation of the phenolics may be 

catalyzed by catechol oxidase present in the seed coat itself and is O2-dependent. In 

addition, the oxidation process may cause structural changes of seed coat. Phenolic 

compounds have long been identified as inhibitors of plant growth (Kefeli and Kadyrov, 

1971; New Phytology 1986) and inhibit seed germination in a number of plant species 

(Stom, 1982). Flavonoids are considered to play essential roles as the seed defense 

mechanism against pathogens and predators (Winkel-Shirley, 1998), UV light damage, 

oxidative stress (Shirley, 1996). More importantly in seed biology, flavonoids are 

responsible for strengthening seed coat-imposed dormancy and longevity (Debeaujon et 

al., 2000). Flavonoids such as quercetin and catechin are effective antioxidants 

(Rice-Evans et al., 1997) that could limit seed deterioration during storage. Moreover, 

proanthocyanidins (PAs) diminish water uptake and imbibition damage by solute 

leakage and possibly will act as a mechanical barrier as of the polymeric nature of PAs 

and their ability to bind proteins (Debeaujon et al., 2001), preventing embryo injury 

(Bell et al., 1992; Kantar et al., 1996), as well as, playing an indirect preventive role in 

seed germination by hindering radicle protrusion from the integuments by testa 

hardening. Flavonoids are found and accumulate in the mature testa exclusively within 

endothelium layer (Albert et al., 1997; Devic et al., 1999) and crushed parenchymal 

layers adjacent to the endothelium (Debeaujon et al., 2001). The biosynthesis of seed 

polyphenols in the seed coat is possibly linked with seed dormancy and longevity 
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(Werker, 1981).  

Drying also interferes with the germination of blackberry (Rubus sp.) seeds 

(Mian et al. 1995). Moist, fresh halved seeds germinated well and dried halved seeds 

did not. This indicates that the inability of dried blackberry seeds to germinate is due to 

more factors than just the hard seed coat. Dale and Jarvis (1983) reported that freshly 

harvested raspberry (R. idaeus L.) seeds germinated readily, but when they were dried, 

germination rates were reduced.   

Plant growth regulators affect seed development and are extremely important for 

the regulation of seed dormancy and germination (Koornneef et al., 2002; Finkelstein, 

2002). GA has two suggested functions during seed germination; to enhance the growth 

potential of the embryo (by cell growth/division and by signaling phytochrome), and to 

weaken the tissues surrounding the radicle to allow protrusion from the seed coat 

(Koornneef et al., 2002; Yamaguchi and Kamiya, 2002; Leubner-Metzger, 2003). GA 

induced significantly more germination of Rubus chamaemorous L. seed than water 

treatments (Warr et al. 1979).   

Smoke derived from burning plant material increases germination of a wide 

range of plant species from Australia, North America, and South Africa (Brown and 

Staden, 1997). Keeley and Fotheringham (1997) found that dormant seeds of a 

California chaparral annual were induced to germinate by smoke or vapors emitted from 

smoke-treated sand or paper. Flematti et al. (2004) reported the identity of a compound, 

(+) – straggle, which is at similar concentration to natural fire (10-9M). Straggle 

contains a butenolide moiety, present in plant- and cellulose-derived smoke that 

promotes germination of a variety of smoke-responsive taxa at a level similar to that of 
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plant-derived smoke. Butenolide, the active compound in smoke, acts in a fashion 

similar to gibberellic acid in promoting seed germination of light-sensitive seeds 

(Merritt et al. 2006). Butenolide is stable at high temperatures (melting point is 118 to 

119 C), water-soluble, active at a wide range of concentrations (1 to 100 ppm), and 

capable of germinating a wide range of fire-following species (Flematti et al. 2004). 

Rubus species seedling emergence (including R. allegheniensis Porter and R. 

occidentalis L.) was increased from 7.0% to 17.6% after fire (Nuzzo et al. 1996), as 

were Himalaya blackberry (R. armeniacus Focke) and cutleaf blackberry (R. laciniatus 

Willd) (DiTomaso et al. 2006).  

Potassium nitrate (KNO3) is commonly used as a seed treatment in seed-testing 

laboratories, but the mode of action is not known (Cetinbas and Koyuncu, 2006). 

Soaking for 4- h in a solution of 2 g/L of potassium nitrate was successful in eliminating 

seed dormancy of pepper (Capsicum annuum L.) (Bosland and Votava, 2000). 

Hard-seeded cherry (Prunus avium L.) seeds had greatly enhanced germination (64.5 

%) when seeds were treated with 7,500 ppm potassium nitrate after 120 days of 

stratification (Cetinbas and Koyuncu, 2006), indicating a possible nutritional effect.    

Due to the great diversity of this Rubus, a single standard germination protocol 

is unlikely to be useful for germinating seed of wild germplasm for evaluating in 

breeding programs, especially due to the diversity in seed coat thickness and structure 

present in the genus (Daubney, 1996). Germination procedures are not available for 

most Rubus species. Double or combined dormancy of Rubus seed is imposed by a hard 

seed coat and physiological dormancy, and must be addressed for increased and reliable 

germination of Rubus species. Naruhashi et al. (1999) examined 47 indigenous and 
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cultivated species of Rubus in Japan to clarify their germination pattern. Germination of 

each species generally showed a great interspecific variation, a low rate or lack of 

germination of Rubus was explained by seed dormancy.   

The objective of this study was to develop germination protocols for seed 

accessions of wild-collected Rubus germplasm in the United States Department of 

Agriculture (USDA), Agricultural Research Service (ARS), National Clonal Germplasm 

Repository (NCGR), Corvallis, Oregon. This study was designed to evaluate 

scarification treatments using four scarification agents (sulfuric acid, sodium 

hypochlorite, pneumatic, and liquid nitrogen) for reducing physical dormancy. We also 

defined the effects of germination treatments with DI water (control), GA3 and KNO3 or 

smoke gas for overcoming physiological dormancy. The effects of seed coat thickness 

and PA content on germination were examined.  

 

MATERIALS AND METHODS 

Germination of fresh seed 

Plant materials:  Seeds from six Rubus species belonging to two subgenera 

were studied, including; three species in subg. Rubus; R. ursinus Cham. & Schltdl., R. 

georgicus Focke, R. caesius L. and three species in subg. Idaeobatus; R. 

hoffmeisterianus Kunth & C. D. Bouché, R. coreanus Miq., R. occidentalis L. Fully 

matured Rubus seeds were collected from plants in the USDA-ARS plant breeding 

research field at Oregon State University Lewis Brown Farm (Corvallis, Oregon) in the 

summer of 2006. Fruit was soaked in pectinase (15 ml/ 500 ml fruit), mashed, and held 

for 24 h at room temperature. After treatment with pectinase, the solution was blended 
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for one min in a blender with plastic-covered blades, then poured through a strainer and 

rinsed in tap water as the seeds were rubbed against the mesh of the strainer. 

Thoroughly cleaned seed was scraped off the strainer, spread onto paper towels labeled 

with species name and collection date, dried 3-4 days at room temperature, and put into 

a desiccator for 24 h. For determining fresh germination, 100 fresh seed of each sample 

(17 species) were immediately placed in each of two germination boxes (n=200) on 

blotters before drying, fully soaked with DI water. Seeds were held in warm storage (4 

weeks) in light at 18 0C, and then a cold storage period (12 weeks) in dark at -4 0C, then 

moved into a germinator (4 weeks) with 8 h of dark at 15˚C, 16 h of light at 30 0C. The 

remaining clean dry seed were held in transparent plastic boxes at room temperature at 

least 6 months before use. Plates were treated with fungicide (Cleary 3336; 0.13 ml/L) 

as needed to control fungi.   

Seed viability with TZ test: Prepared seeds were soaked 2,3,5 triphenyl 

tetrazolium chloride (1%) for 24 h. Seeds (n=100 each) were soaked for 12 h in water, 

cut in half longitudinally and treated with 1 % solution of 2,3,5 triphenyl tetrazolium 

chloride for 24 h at room temperature. Lactic acid (85 %) was added to the seeds for ½ 

h and the embryos were visually evaluated under low magnification of dissecting 

microscope (TZ testing Handbook, 2000). Viable were stained red on most of or the 

entire embryo.  

Seed size: Seeds were divided by subgenus, and three seed sizes were selected 

from the two subgenera. Four replications of 50 seeds each were used per accession for 

each germination test (n=200). Seeds of each species were categorized as small, 

medium or large for each subgenus. For the subg. Rubus, small was R. ursinus (0.12 g / 
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100 seed), medium was R. georgicus (0.26 g / 100 seed), and large was R. caesius (0.37 

g / 100 seed). For the subg. Idaeobatus, small was R. hoffmeisterianus (0.04 g / 100 

seed), medium R. coreanus (0.10 g / 100 seeds), and large was R. occidentalis (0.19 g / 

100 seed).    

Seed coat thickness: Seed coat thickness was measured for ten seed of each the 

six species, before and after sulfuric acid, sodium hypochlorite, and the pneumatic seed 

scarifier. Measurements were taken at the middle of micropylar region and at the hilar 

end with a micrometer and a low power microscope.     

Scarification procedures: Preliminary scarification tests were done to determine 

scarification times for each species so that no embryo injuries were observed. Those 

with the most significant reduction in seed coat thickness, but without embryo damage, 

were chosen for our experiments. 1) Control – no treatment. 2) Seeds were soaked in 

concentrated  H2SO4 (98% +) in an ice bath for 30 minutes for Idaeobatus or 3 hours 

for Rubus, then rinsed in running water for 1 hour. Then seeds were soaked for 5 min in 

calcium hypochlorite (3g/L) completely dissolved in water with an excess of calcium 

hydroxide (3g/L) in each treatment beaker, and rinsed for 5 min in running water. Seeds 

were rubbed against a strainer before stratification to remove the carbonized portions of 

testa. 3) Seeds were soaked in NaOCL (14%) in an ice bath for 6 h for Idaeobatus, and 

20 h for Rubus and rinsed for 1 h in running water. 4) Mechanical scarification: 

pneumatic scarifier Model PSS1000 (Mater International Inc. Corvallis OR) was used 

for subg. Rubus; small seed was treated for 4 min 30 sec; medium and large seed for 5 

min 30 sec, and subg. Idaeobatus; small seed for 2 min, medium for 3 min, and large 

seed for 4 min 30 sec. 5) Liquid nitrogen (LN); seeds were placed into a mortar and LN 
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was poured over the seed and allowed to evaporate (about 1 min). Seeds were gently 

ground with a pestle to create cracks in the testa. Cracked but undamaged seeds were 

selected for germination testing.   

Response to prolonged scarification of R. occidentalis: Because the seed size 

of R. occidentalis (subg. Idaeobatus) was similar to R. ursinus (subg. Rubus) and also 

because the seed coat was as thick as some of the Rubus species and very hard, we also 

tested scarification with the 3 h sulfuric acid treatment that we used for species in subg. 

Rubus. Seeds were germinated with five germination treatments. 

Modification to sodium hypochlorite scarification: Because of the initial poor 

response to sodium hypochlorite scarification, we did a second test without an ice bath 

and with a shorter exposure time. R. hoffmeisterianus and R. coreanus were scarified for 

1.5 h at room temperature and the remaining species for 8 h. All seeds were germinated 

with DI water.    

Germination treatments: After scarification treatments, germination blotters 

were fully soaked and 5 ml of one of five solutions was added: 1) Deionized (DI) water. 

2) KNO3 (34 mg/L; 0.034%). 3) GA3 (5.8 x 10 -5 M; 2.03 mg/L; 0.002%) or, 4) GA3 + 

KNO3. 5) Smoke gas solution (Super Smoke Plus, Claremont, South Africa). All 

treatments were replicated with 50 seeds per 9 cm plastic Petri dish and 4 dishes per 

accession. Seeds were stratified for 4 wks at 18 0C dark and 12 wks at 4 0C dark and 

then moved into a germinator (Thermo Electron Corp. Marietta, Ohio) with alternating 

temperatures of 15 0C/ 14 h dark and 30 0C/ 10 h light. All plates were placed in a 

randomized complete block design with each shelf considered a block.  

Data set and analysis: Germination counts were taken at one month (at the end 
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of the warm storage period), 4 months (at the end of the cold storage period), and 

monthly from 5 to 12 months (in the germinator). Data were analyzed with ANOVA 

using SAS 9.2 (2008). The t-test was performed for values of Least Significant 

Difference (LSD). Means were separated with Duncan’s multiple range tests. Dunnett’s 

test of pair-wise multiple comparisons significant at 95 % confidence limits level was 

also used. 

Proanthocyanidin (PA) content in Rubus seed 

Rubus seeds (1 gram each) were counted, and the total seed numbers per gram 

recorded (Table 1). One gram of seed was ground to a powder using a mortar and pestle 

under liquid nitrogen. Fifteen ml of acetone: distilled-deionised water (2:1) were added 

to the powder, covered with aluminum foil, and placed at ambient temperature (ca. 20 

C) for 22 h on a platform shaker at 150 rpm. After extraction, samples were 

centrifuged to remove gross particulates, filtered, the acetone was removed by rotary 

evaporation (35 C), and the residue was brought to 25 mL with distilled-deionized 

water, and stored at -80 C until analyzed. For analysis, 5 ml of each aqueous extract 

was evaporated to dryness in a centrifugal concentrator, and then reconstituted in 2 mL 

methanol. Phloroglucinolysis reagent was prepared as described previously (Kennedy 

and Jones, 2001) although the concentration of phloroglucinol, ascorbic acid, and HCl 

were doubled. For reaction, one mL methanolic extract was combined with one mL 

reagent and reacted at 50 °C for 20 min. To stop the reaction, one volume of this 

solution was then combined with five volumes of 40 mM aqueous sodium acetate. The 

reversed-phase HPLC method used to analyze the proanthocyanidins following 

phloroglucinolysis (Kennedy and Taylor, 2003) consisted of two Chromolith RP-18e 
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(100 x 4.6 mm) columns connected in series and protected by a guard column 

containing the same material, all purchased from EM Science (Gibbstown, NJ, USA). 

The method utilized a binary gradient with water containing 1% v/v aqueous acetic acid 

(mobile phase A) and acetonitrile containing 1% v/v acetic acid (mobile phase B). 

Eluting peaks were monitored at 280 nm, and the elution conditions were as follows: 

column temperature 30 C; 3.0 ml/min; 3% B for 4 min, a linear gradient from 3% to 

18% B in 10 min, and 80% B for 2 min. The column was washed with 3% B for 2 min 

before the next injection. Proanthocyanidin concentration and composition were 

determined as previously described (Kennedy and Jones, 2001). Extraction and 

chromatography solvents (acetone, methanol and ascorbic acid) were HPLC grade, 

purchased from VWR, and phloroglucinol from Sigma-Aldrich. An Agilent 1100 HPLC 

(Palo Alto, CA) consisting of a vacuum degasser, autosampler, quaternary pump, diode 

array detector, and column heater was used. A computer workstation with Chemstation 

software was used for chromatographic analysis (Agilent Technology, CA). An Innova 

model 2300 platform shaker from New Brunswick Scientific (Edison, NJ), Labconco 

centrivap concentrator (Kansas City, MO), and Büchi model R-205 rotary evaporator 

(New Castle, DE) were used for the extraction and concentration of PAs. 

Germination of stored seed 

Plant materials: Rubus seed accessions were taken from germplasm collections 

stored in freezers (-20 0C) at the NCGR. The Rubus seed collection database was 

screened and 16 species selected in variable size that were <30 years old and had large 

quantities of seed belonging to the seven subgenera (Table 1). Ten species were used for 

the same five treatments used for fresh seed (750 for each sp.); six species with fewer 
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available seed were used for three treatment sets (450 for each sp.).  

Scarification procedures: The same scarification agents, H2SO4 and NaOCL, 

were employed as for the fresh seed with three treatments: control, H2SO4 and NaOCL.  

Scarification times were determined for each accession based on the subgenus, seed size, 

seed color and texture (Table 4-2A, 4-2B).   

Germination procedures: After H2SO4 scarification treatments, germination 

blotters were fully soaked and 5 ml of DI water, GA3+KNO3 or smoke gas solution 

were added to the scarified seed. For the NaOCL scarified seed 5 ml of DI water was 

added. All treatments had 50 seeds per 9 cm plastic Petri dish with 3 dishes per 

accession (n=150). Seeds were stratified and germinated as for fresh seed. 

  Data sets and analysis: Same as the fresh seed germination. 

 
RESULTS  

Fresh seed germination 

 Seed viability with TZ test: All seed samples were confirmed as > 95% as 

viable. 

Seed coat thickness: Seed coat thickness varied with the size of the seed and the 

subgenus (Table 4-3). In the subg. Rubus, the larger seed of R. caesius and R. georgicus 

were thicker than the smaller R. ursinus. In the subg. Idaeobatus, R. occidentalis 

resembled R. caesius and R. georgicus more in size than the other members of the group 

(R. coreanus; R. hoffmeisterianus), and R. coreanus resembled R. ursinus in seed coat 

thickness, while R. hoffmeisterianus had a very thin seed coat. Scarification decreased 

the seed coat thickness by 12% to 50%. Pneumatic scarification reduced the seed coats 
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the most.   

Fresh seed germination: Fresh seed of 17 wild species (without scarification) 

had variable germination (Table 4-4). R. setchuenensis seed reached 99% germination 

during the first month of warm stratification, so no cold stratification was required. R. 

caesius had >50% and germination at 6 months, but the remaining 15 species did not 

germinate. By 12 months, two subg. Malachobatus species, R. swinhoei and R. 

setchuenensis, had high germination as did two subg. Rubus species, R. caesius and R. 

caucasicus. Fresh seed of the remaining 13 species included eight species that 

germinated at <20% and five had no germination at all. 

 Scarification treatments: Sulfuric acid scarification resulted in better and 

faster germination for the six species when compared to sodium hypochlorite (Table 

4-5A, 4-5B, Fig. 4-1). Response to individual germination treatments varied by 

genotype. R. hoffmeisterianus was unique in that the seeds germinated almost 

immediately following sulfuric acid scarification and treatment with DI water, GA3 or 

smoke gas. By six months all six species had vigorously responded to the 

scarification/germination treatments. R. occidentalis seed scarified for 30 min with 

sulfuric acid had very low or no germination but responded well to 3 h scarification (Fig. 

4-2). Untreated control seeds of two species, R. caesius and R. coreanus, began to 

germinate at six months. Most sulfuric acid treated seeds reached maximum 

germination at 6 to 8 months. From 6 to 12 months there was little change in 

germination with the sulfuric acid treatments but the sodium hypochlorite treated seeds 

continued to germinate. Most of the sodium hypochlorite treated seed had maximum 

germination at 12 months. At 12 months there was some additional germination with the 
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sulfuric acid treatments and large increases in the sodium hypochlorite treatments.  

Comparison of a 22 h sodium hypochlorite scarification on ice with an 8 h 

scarification without ice resulted in varying response by species (Fig. 4-3). R. caesius 

germination at 6 months increased from 37% when treated on ice to 47% without ice. R. 

ursinus increased from 7% on ice to 13% without ice, while R. hoffmeisterianus 

decreased with the no ice treatment. R. coreanus remained about the same and the other 

three species germinated at a low level with both treatments.   

Pneumatic and liquid nitrogen scarification resulted in germination rates below 

10% through 12 months due to high amounts of fungal infection at 5 or 6 months in 

germinator (data not shown). Both techniques gave good seed coat reduction.  

Germination treatments: After 6 months of stratification, the sulfuric acid 

scarification combined with KNO3 + GA3, GA3, or smoke gas were highly effective for 

germination of all six species (P <0.0001) (Table 4-5A, 4-5B). All species germinated 

by six months with these treatments, and germination ranged from 60 to 90%. R. 

occidentalis did not germinate well with the original scarification treatments (<10%), 

but with a 3 h sulfuric acid scarification R. occidentalis responded to smoke or 

KNO3/GA3 with > 70% germination. GA3 treatment alone was less effective than the 

combination with KNO3 for some of the species. KNO3 alone was tested, but not scored 

due extensive fungal contamination at 5 or 6 months in germinator. 

All of the 16 stored Rubus species had some germination with one of the 

scarification and seed germination treatments (Table 4-6). However, only 6 of the 16 

species had > 40 germination and ranged from 0% to 96.7% at 6 months. The six 

species with moderate or high germination varied in age from 2 years (R. niveus), 6 
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years (R. odoratus), 19 years (R. urticifolius ), and 20 years (R. sanctus), to 24 years (R. 

leucodermis and R. parvifolius). Seed age and germination numbers had a very low 

correlation (R2=0.0275). Clark and Moore (1993) studied longevity of open pollinated 

Rubus seeds after 22 to 26 years of cold storage (4 to 5 0C) and reported germination of 

0% to 84%. 

 At 6 months, the germination treatment H2SO4+GA3/KNO3 was significantly 

better than the control for most of the stored species. This is similar to the results we 

obtained with fresh seed (Table 4-3A). The H2SO4+GA3/ KNO3 treatment produced the 

best results for R. urticifolius (96.7%), R. parvifolius (57.0%) and R. leucodermis 

(48.7%) while NaOCL was best for R. odoratus (86.7%). More than 40% germinated 6 

species through 6 months were shown in Fig. 4-4   

Raspberry group (subg. Idaeobatus) (Fig. 4-5) 

R. hoffmeisterianus: Sulfuric acid scarification (0.5 h) resulted in immediate 

germination, (93%) with DI water at one month and reached 98% by 6 months with all 

treatments. Germination following sodium hypochlorite scarification began at 4 to 6 

months and produced low germination with all treatments (<32%) at 6 months with the 

best germination (>38%) with DI water or KNO3/GA3 at 12 months.  

R. coreanus: This species responded moderately well to both scarification chemicals 

and all germination treatments. Germination began at 4 to 6 months and reached a 

maximum of 70% at 7 to 8 months. Sulfuric acid (0.5 h) was the best scarification 

technique for this species. A low level of germination (~10%) was seen with control 

seed by 8 months. 

R. occidentalis: With a 3 h sulfuric acid scarification, seeds in the smoke gas treatment 
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began to germinate in the first month (22%), and reached a high of 60-78% at 7 months. 

Germination for this scarification treatment ranged from 58% with DI water to 77 % 

with GA3 + KNO3 and 78% with smoke at 12 months. Germination following 0.5 h 

sulfuric acid and sodium hypochlorite scarification treatments were all very low 

(<15%).  

Blackberry group (subg. Rubus) (Fig. 4-6) 

R. ursinus: Sulfuric acid scarification (3 h) resulted in 80% to 98% germination at 6 

months. Germination response to sodium hypochlorite began at 6 months (7%) and 

increased to the maximum of 36% by 12 months. Treatment with sodium hypochlorite 

without ice was slightly better for early germination with 13% at 6 months but total 

number of seeds germinated only slightly increased later (data not shown). 

R. georgicus: Sulfuric acid scarification (3 h) led to fast germination with 65% to 90% 

germination at 6 months and 96% with KNO3+GA3 by 12 months. Sodium hypochlorite 

scarified seed had poor germination for the entire 12 months with a maximum of 29% 

with GA3. Scarification with NaOCL on ice did not improve germination (data not 

shown). 

R. caesius: Germination for all treatments began by 5 months. Sulfuric acid 

scarification (3 h) produced >80 % germination at 5 months. Sodium hypochlorite 

scarification gave 40 to 60% germination by 12 months. Control non-scarified seed with 

DI water germinated at 30%. Scarification with NaOCL without ice improved 

germination slightly (79%) at 12 months. 
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PA content analysis 

Proanthocyanidin peaks were observed in all six species; although the only peak 

of significance was consistent with a catechin extension subunit (Fig. 4-8). Due to the 

large differences in size and seeds per gram for the species (Table 4-4) the final 

calculations were done on a per seed basis (Table 4-6). Two species in subgenus 

Idaeobatus, R. hoffmeisterianus and R. coreanus, contained similar lower amounts of 

PA (< 0.5 µg), however, R. occidentalis contained more than twice as much (~ 1 µg) and 

a similar level to two of the subg. Rubus species. R. georgicus, the hardest seed, had 

nearly three times the PA (2.81 µg) of the other subg. Rubus species. 

Stored seed germination  

At the end of the warm stratification (4 wks) 11 species had germinated, most in 

small amounts (Table 4-6). R. urticifolius had 53% germination, R. parviflorus, 34%, R. 

odoratus, 12% and the rest were <10%. No controls germinated for any of the 16 

species at one month. The best germination occurred with the ‘H2SO4+GA3/ KNO3’ 

treatment except for two species, R. niveus from the ‘H2SO4 with DI water treatment’, 

and R. parviflorus from the ‘H2SO4+smoke’ treatment. At the end of the 12 weeks of 

cold stratification, only two species, R. sanctus (12%) and R. urticifolius (21%) had 

increased germination with combination of H2SO4+GA3/ KNO3 and no controls had 

germinated (data not shown).   

Many species had high or maximal germination at 6 months for one or more 

treatments (Table 4-7). Sodium hypochlorite scarified seed of 9 of the 16 species 

germinated on DI water by 6 months, but the only high level of germination was R. 

odoratus at 87%. Unscarified controls of R. odoratus (60%), R. parviflorus (43%) and R. 
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sanctus (38%) germinated moderately while most of the remaining species did not 

germinate. Seven of 10 species germinated with the H2SO4 + DI or smoke. All of the 16 

species treated with H2SO4+GA+KNO3 germinated but the there was a wide range of 

response. Six species had more than 40% germination by 6 months (Fig 4-6). R. 

hawaiensis belongs to the raspberry group (subg. Idaeobatus) and is a large seed with a 

hard seed coat; 1h sulfuric acid scarification likely was not adequate for inducing 

optimal germination (p=0.2742). 

Light and scanning electron microscopy of the seed coats revealed that R. 

odoratus and R. parviflorus each had a unique seed coat structure, a hilar-end hole (Fig. 

4-9). This structure was only apparent in these two species.  

 

DISSCUSION  

Fresh seed germination 

Rubus is a double or combined dormant seed due to the restrictions of the hard 

seed coat and internal dormancy mechanisms, however, fresh seed is usually considered 

to be less dormant than dried seed. Of the 17 species studied only six germinated at 

>10% at 12 months (Table 4-4). R. caesius had fresh seed that germinated (50%) and 

15% of non-scarified dried seed also germinated (Fig. 4-1). Most studies report that 

freshly harvested raspberry (R. idaeus L.) seeds germinate readily, but when dried the 

germination rates are reduced (Dale and Jarvis, 1983) and the same is true for 

blackberry seeds (Mian et al. 1995). As a general conclusion for fresh Rubus seed 

germination, our study contradicts these reports, because the fresh seed of only two of 

the 17 species (R. caesius, 65%; R. setchuenensis, 99%) germinated at 6 months. At 12 
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months only six species germinated at >10%. Naruhashi et al. (1999) screened 47 

species of Japanese Rubus for germination patterns of fresh seeds and found large 

interspecific variations. High germination rates by 3 years were demonstrated in 10 

species including R. hakonensis (79 to 83%) and R. trifidus (72 to 98%), 7 species were 

moderate including R. palmatus (0 to 49%) and R. sieboldii (0 to 43%), while 7 species 

hardly germinated. Twenty three species did not germinate at all including R. idaeus var. 

yabei, R. mesogaeus, R. subcrataegifolius and R. sumatranus. Those species that 

germinated best were mostly of subtropical origin with evergreen leaves. 

The diversity of Rubus species seed morphology was very evident in our study 

and is clearly seen in the response to scarification and germination treatments. Adequate 

scarification was related to the seed size and the seed coat thickness regardless the 

subgenera. The seeds were originally divided by subgenus, then by seed size and the 

length of scarification treatments was based on the amount of seed coat 

removed/remaining. Each scarification method decreased the seed coat thickness by 

12% to 50% (Table 4-3). A reduction of the seed coat by 20-33% gave the best 

germination for all but R. occidentalis. The seed coat of R. occidentalis, a raspberry, 

resembled those of the blackberry species R. caesius and R. georgicus in size, texture, 

and thickness more than the other members of the raspberry group. The seed of 

raspberry R. coreanus resembled the blackberry R. ursinus in seed coat thickness. 

Moore et al. (1974) found a significant positive correlation between seed weight and 

endocarp thickness in blackberry seed and a negative correlation between endocarp 

thickness and percent germination. They also measured seed coat thickness and noted 

that 3 h sulfuric acid scarification reduced seed coat thickness by a mean of 43%.   
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Dry seed of the six newly collected species required scarification for optimum 

germination to proceed (Table 4-5A, 4-5B). Sulfuric acid was a much more effective 

scarification agent than sodium hypochlorite. R. hoffmeisterianus germinated well 

immediately after sulfuric acid scarification (Fig. 4-4A). The other five species scarified 

with sulfuric acid began to germinate at 5 months with the response depending on the 

germination treatment used. We initially determined the length of sulfuric acid exposure 

based on the seed size and seed coat thickness (Table 4-3). Initially seed of subg. Rubus 

species were exposed for 3 h and subg. Idaeobatus seed for 30 min. R. occidentalis had 

a very thick, hard seed coat and did not germinate with the 30 min sulfuric acid 

treatment; but when exposed for 3 h it produced 58% to 78% germination (Fig. 4-2).  

Clark and Moore (1993) studied Rubus seed longevity and germination (25 blackberry, 

Rubus spp.; 5 red raspberry, R. idaeus; and 2 black raspberry, R. occidentalis). Most of 

the blackberry group had >40% germination with 3 h sulfuric acid scarification; 

however the two sets of R. occidentalis seeds did not germinate after the 30 min sulfuric 

acid scarification that was effective for the 5 red raspberries. R. occidentalis did not 

respond to either of the original scarification treatments in our experiments, possibly 

because it had a deeply pigmented, very thick and hard seed coat. We surmised that 

because the seed coat resembled those in the subg. Rubus a longer scarification was 

needed. By 12 months, R. occidentalis germination reached 58% with DI water, 77% 

with GA3 + KNO3, and 78% with smoke treatment. The hardness of the seed coat was 

confirmed by analysis of the PA content indicating that R. occidentalis seed PA content 

was similar to the higher subg. Rubus concentrations, and twice those of the other subg. 

Idaeobatus species (Table 4-6).  
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Sodium hypochlorite scarification was suggested in earlier studies (Campbell et 

al. 1988). Our study of fresh dry seed found that scarification with sodium hypochlorite 

on ice produced 10% to 40% germination for most species at 6 months, but by 12 

months germination increased to 61% for R. coreanus and 67% for R. caesius while the 

others remained low (<30%). Changing the procedure to scarification with sodium 

hypochlorite without ice decreased germination for R. hoffmeisterianus, enhanced 

germination for R. ursinus, and germination stayed the same for the other species, but a 

much shorter scarification time was required (reduced from 22 h to 8 h blackberries and 

R. occidentalis and 1.5 h for raspberries)(Fig.4-3). Sodium hypochlorite was less 

hazardous to use than sulfuric acid, but the time to maximum germination was 6 months 

longer and the total germination was less for most species (Table 4-5A, 4-5B, and Fig. 

4-1). Campbell et al. (1988) suggested 15% sodium hypochlorite with an ice bath for 

Rubus seed scarification as the most promising technique compared to sulfuric acid, but 

using an ice bath reduce responsiveness. We tested 14% sodium hypochlorite 

scarification without ice and found it produced better germination without any 

detrimental effects (embryo damages or lowering seed viability) for some species. It 

also shortened considerably the time required to effectively reduce Rubus seed coat 

thickness inducing greater germination rate (Fig. 4-3). 

We also tested LN as a scarification agent to create cracks on Rubus seed coat 

and a pneumatic scarifier was employed to reduce overall seed coat thickness. Despite 

the use of topical fungicide, we observed severe fungus problems with LN and 

pneumatic scarified seed and the trials were not completed. It is possible that nutrients 

leached from the seeds and allowed fungus proliferation. KNO3 seed treatments also 
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became heavily contaminated with fungi and were abandoned. Fungi are inhibited at 

low pH, and the higher pH of the KNO3 solution (pH 6.2) compared to GA3 (pH 3.4) 

may have allowed increased fungal growth. KNO3 and GA3 combined have a lower pH 

(4.4) that is likely more inhibitory to fungal growth. Lowering pH of KNO3 solution pH 

may be necessary when it is used alone as the germination treatment. 

After effective scarification is applied, seed treatments can also impact the rate 

and amount of germination. Germination response of seeds to DI water, GA3, 

GA3+KNO3, or smoke gas varied with scarification technique and with genotype (Table 

4-5A, 4-5B, Fig. 4-1). We found that sulfuric acid scarified seeds responded well to all 

the treatments but the rate of germination varied. At 6 months germination was nearly 

complete for all treatments of R. hoffmeisterianus and for the GA3+KNO3 and smoke 

treatments for R. ursinus, and R. georgicus, and GA3, GA3+KNO3 and smoke gas for R. 

caesius. By 12 months, R. georgicus and R. occidentalis were the only species where 

the GA3+KNO3, and smoke gas treatments were significantly better than the water or 

GA3 treatments. Germination treatment with GA3+KNO3 enhanced seed germination, 

but these wild Rubus species also responded well to smoke. Smoke is effective for 

increasing the percentage of Rubus seedling emergence after fire from 7.0% to 17.6% 

(Nuzzo et al. 1996). In our study, adding smoke gas following scarification enhanced 

seed germination of five species compared to the DI water treatment by 4% to 16%. We 

also noticed that germination treatments with GA3, GA3+KNO3 and smoke treatment 

speed up seed germination for some species by at least a month depending on the 

genotypes (Fig.4-4, 4-5). At 5 months compared to DI water, germination treatments 

with GA3, GA3+KNO3 with sulfuric acid scarification; R. georgicus (>40%), R. caesius 
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(>30%), and R. occidentalis (>10%) showed considerably higher germination; and with 

smoke treatment R. caesius (> 40%), R. georgicus (>20%), R. occidentalis (>10%), and 

R. ursinus (>20%) produced higher germination at 5 months. These were even greater 

germination numbers than at 12 months with DI water. Generally, sulfuric acid 

scarification combined with germination treatments, particularly GA3+KNO3 and 

smoke, results in faster germination than DI water. Response of the sodium hypochlorite 

scarified seed was more variable. The maximum germination occurred at 12 months for 

most species and the final germination counts were lower than with sulfuric acid in 

most cases. Germination with sodium hypochlorite scarification of R. coreanus and the 

smoke treatment and R. caesius with GA3 were not significantly different from the 

sulfuric acid scarified seeds at 12 months while all other treatments were significantly 

less (Table 4-5A, 4-5B).   

PA content analysis 

The  methods for extracting, purifying and determination of subunit 

composition of proanthocyanidins were originally developed and used for analysis of 

grape tissues, but have also been applied to other plant tissues and products (Cortell et 

al., 2005; Koerner et al., 2009; Taylor et al., 2003). Compared to the contents of seed 

tannin in grape (reference and an amount), significantly lower amounts were detected 

from the Rubus seed (Table 4-6). Seed tannins change through fruit maturity. Grape 

seed polyphenols decrease dramatically during ripening with a 90% reduction in 

flavan-3-ol monomers and a 60% decrease in procyanidins (Kennedy et al., 2000, 

General PA structure: Fig. 4-7). In addition, homogenization or cryogenic milling of the 

plant tissue prior to extraction could lead to a reduction in conversion yield caused by 
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incorporation of impurities (such as seed oils and waxes) and potential loss of 

proanthocyanidins from the following precipitation with polysaccharides and proteins 

(Kennedy, 2002). The high proanthocyanidin content in the seed coat prevents seed coat 

degradation in concentrated sulfuric acid.  

Flavonoids are responsible for strengthening seed coat-imposed dormancy and 

seed longevity (Debeaujon et al., 2000). Possibly PAs act as a mechanical barrier due to 

the polymeric nature of PAs and their ability to bind proteins that creates harder seed 

coats (Debeaujon et al., 2001). One role of PA is to limit the exchange of gases and 

fluids between the environments and the seed, protecting and prolonging the life of the 

dormant embryo, and preventing germination until conditions are favorable (Haughn 

and Chaudhury, 2005). Proanthocyanidins (Fig. 4-7) are well known for their particular 

susceptibility to oxidative degradation. As seed mature, PA oxidize to form 

anthocyanidins and result as the species specific seed color and characteristic 

pigmentations of the seed coat. More importantly, Kennedy (2002) noted that PAs 

isolated from fully ripened plant tissues have lower conversion yields; as much as 50% 

to 80% less by mass. All of these factors indicate that for each species the seed size, 

seed coat texture and thickness are more important than crop type (blackberry or 

raspberry) for determining an optimal seed scarification treatment. Traditional 

scarification techniques generally include treating raspberry seed for 30 min in sulfuric 

acid, rinsing 5 min in running water, and soaking in sodium bicarbonate for neutralizing 

the acid (Moore et al., 1974; Nesme, 1985; Jennings and Tullock, 1965); Peacock and 

Hummer, 1996, Clark et al., 2007 ). Our study showed that scarification times may not 

be categorized by the subgenera. Heit (1967) tested blackberry R. allegheniensis, and 
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raspberries R. idaeus and R. occidentalis with sulfuric acid scarification (50 to 60 min) 

and noted that blackberry seed lots were more difficult to germinate compared with 

raspberry species and varieties. This study was unsuccessful for optimal germination of 

blackberry seed because 50 to 60 min of sulfuric acid scarification is evidently not 

enough scarification time to reduce seed coat of blackberry inducing the germination.  

Stored seed germination 

 Naruhashi et al. (1999) tested 47 species of Japanese Rubus for germination 

patterns and found large interspecific variations. High germination rates were 

demonstrated in 10 species including R. hakonensis (79 to 83%) and R. trifidus (72 to 

98%). Those species that germinated best were mostly of subtropical origin. Two 

species in our study collected from Ecuador, R. glaucus (> 3% germination) and R. 

urticifolius (97%) (subg. Lampobatus), showed totally different responses to this study. 

R. urticifolius is smaller and required only 1 h sulfuric acid scarification for good 

germination, but for R. glaucus with large hard textured seeds, even a 3 h scarification 

may have been suboptimal (Table 4-2A, 4-2B). R. niveus recently collected from Brazil 

(2007) and treated with H2SO4+GA3/KNO3 produced moderate germination (43%) after 

40 min scarification. R. sanctus collected from Pakistan twenty years ago (1989) had 

the best germination of untreated seeds requiring only warm and cold stratification, but 

not scarification or special germination treatments. It is difficult to draw conclusions on 

the effectiveness of germination tests for some of these stored species because there are 

no initial germination tests and the conditions of collection and handling before cold 

storage at NCGR are not well documented.   

  Especially hard seeded species such as, R. hawaiensis, R. sachalinensis, R. 
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spectabilis, R. arcticus, R. and chamaemorous may also need longer scarification. We 

noticed that thick hard seed coats on fresh seed required much greater scarification time. 

R. occidentalis that was first scarified for 30 min like the other Idaeobatus species, only 

germinated with 3 h scarification (Fig.4-1, 4-2).  

Scarification and germination treatments were not significant for several species 

as they had high germination in all treatments including untreated control seed. Of those 

with good germination of control seed, R. parviflorus (43%) and R. odoratus (72%) 

both belong to the same subg. Anoplobatus (R. parviflorus; p=0.4256, R. odoratus; 

p=0.1191). Our earlier study of 57 Rubus species (light microscopy and scanning 

electron microscopy) revealed that both species had a unique seed coat structure 

compared species in the other subgenera (Wada and Reed, 2008). These species 

possessed a unique hilar-end-hole structure on the seed coat (Fig. 4-9). This unique 

structure provides an open channel for water imbibition and likely resulted in high 

germination rates.  

 

CONCLUSIONS 

The germination requirements for these six Rubus species varied by subgenus 

and seed coat thickness. Only R. caesius produced 50% germination of fresh seed and 

15% of non-scarified dried seed, and the other five species did not germinate by 6 

months. Appropriate scarification of dry seed with sulfuric acid produced moderate to 

high germination for all species by 6 months. Sodium hypochlorite was less effective. R. 

hoffmeisterianus (subg. Idaeobatus, raspberry group) did not require stratification for 

full germination after sulfuric acid scarification. Four species; R. ursinus, R. georgicus, 
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R. coreanus and R. caesius, produced high germination by 6 months. We found that R. 

occidentalis had an exceptionally hard seed coat requiring a longer scarification similar 

to that of blackberry species. PA analysis indicated that R. occidentalis has PA 

concentrations similar to some blackberries and likely contributes to the hardness and 

thickness of the seed coat. Germination treatments were not significantly better than DI 

water for germination of three species; however R. georgicus, R. occidentalis and R. 

ursinus had significantly better germination with GA3+KNO3 and smoke gas at 6 

months. For each species, seed size, pigmentation, texture and thickness were more 

important than crop types (blackberry or raspberry) when applying seed scarification for 

optimal germination.  

The seed coat is one of the main determinants of seed germination, dormancy, 

seed vigor and longevity. Understanding of its properties and characteristics may allow 

the modification of seed performance in storage, may explain important information 

critical to the germination treatment and scarification.   
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Table 4-1: Seed numbers per gram  

Rubus 
Subgenera  

Rubus  
species 

Seed samples 

gram numbers 

Subg. Idaeobatus R. hoffmeisterianus 0.996 g 1396 

 R. coreanus 0.996 g 884 

  R. occidentalis 0.996 g 672 

Subg. Rubus R. ursinus 0.997 g 603 

 R. georgicus 0.997 g 413 

  R. caesius 0.998 g  280 
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Table 4-2A: Five treatments (Control, H2SO4, H2SO4+GA3+KNO3,H2SO4+Smoke, NaOCL/no ice):Total 750 seeds 

  
Local 
number 

PI 
number Rubus species Subgenus H2SO4/ h NaOCL/ h Country 

Yr 
collected 

1 651 553681 
R. leucodermis Douglas 
ex Torrey & A. Gray Idaeobatus 40 min 3 h Oregon United States 1985 

2 2068 618330 R. glaucus Benth. Lampobatus 3 h 8 h Imbabura Ecuador 1996 

3 2190 638224 
R. hawaiensis  A. 
Gray Idaeobatus 1 h 4 h Hawaii United States 2002 

4 1385 604613 R. hirsutus Thunb. Idaeobatus 30 min 2 h Zhejiang China 1991 

5 2354  653286 R. niveus Thunb. Idaeobatus 40 min 3 h Brazil 2007 

6 2214 638246 R. odoratus L. Anoplobatus 30 min 2 h New Jersey United States 2003 

7 719 553805 R. parviflorus Nutt. Anoplobatus 40 min 3 h Oregon United States 2007 

8 1967 608855 R. spectabilis Pursh Idaeobatus 1 h 4 h Oregon United States 1989 

9 846 553868 
R. sachalinensis H. 
Lév. Idaeobatus 1 h 3 h Wyoming United States 1987 

10 784 554023 R. strigosus Michaux Idaeobatus 1 h 3 h North Carolina United States 1986 
Table 4-2B: Three treatments (Control,  H2SO4+GA3+KNO3,NaOCL/no ice): Total 450 seeds 

  Local 
PI 
number Rubus species Subgenus H2SO4/ h NaOCL/ h Country 

Yr 
collected 

1 1881  606514 
R. arcticus subsp. 
stellata Cyclactis 30 min 2 h Alaska United States 1996 

2 1053  553879 R. sanctus Schreber Rubus 3 h 8 h Pakistan 1989 

3 1290  548933 R. urticifolius Poir. Lampobatus 1 h 8 h Pichincha/ Ecuador 1990 

4 178  553899 
R. hayata-koidzumii 
Naruhashi Chamaebatus 30 min 2 h Taiwan 1982 

5 173 553166 
R. microphyllus var. 
subcrataegifolius Idaeobatus 30 min 2 h Taiwan 1981 

6 2156  638202 R. chamaemorus  L. Chamaemorus 1 h 4 h Khabarovsk Russian Federal 2001 
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z mean number 

  

Table 4-3: Seed coat thickness (mm) of six Rubus species before and after 
scarification (n =10) 

  Subg. Idaeobatus  Subg. Rubus 

Species 
 

R. 
hoffmeister

ianus 
R. 

coreanus 
R. 

occidentalis  
R. 

ursinus 
R. 

georgicus 
R. 

caesius 
Seed coat 
thickness 
(Control) 0.09z 0.14 0.18  0.15 0.17 0.19 
Sulfuric acid   
(30 min/ 3 h)      0.06 0.11 0.11  0.12 0.15 0.15 

Percent reduced 33% 21% 39%  20% 12% 21% 
Sodium 
hypochlorite  
(6 h/ 22h) 0.07 0.11 0.12  0.12 0.13 0.14 

Percent reduced 22% 21% 34%  20% 24% 26% 
Pneumatic 
scarifier (various) 0.05 0.08 0.09  0.09 0.1 0.12 

Percent reduced 44% 43% 50%   40% 41% 37% 
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Table 4-4: Fresh seed % germination for 17 Rubus species  (n=200) 

Rubus species Subgenera 6 months     12 months 

R. caesius Rubus 64.5 89.5 

R. canadensis Rubus 0.0 0.0 

R. caucasicus Rubus 0.0 57.5 

R. coreanus Idaeobatus 0.0 10.0 

R. chorchorifolius Idaeobatus 0.0 19.0 

R. crataegifolius Idaeobatus 0.0 2.5 

R. cyri Rubus 0.0 1.0 

R. georgicus Rubus 0.0 0.0 

R. hoffmeisterianus Idaeobatus 0.0 1.0 

R. insularis Rubus 0.0 0.0 

R. leucodermis Idaeobatus 0.0 0.0 

R. occidentalis Idaeobatus 0.0 0.0 

R. parvifolius Idaeobatus 0.0 0.5 

R. sachalinensis Idaeobatus 0.0 1.0 

R. setchuenensis Malachobatus 99.0 99.0 

R. swinhoeii Malachobatus 0.0 60.0 

R. ursinus Rubus 0.0 0.5 
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Table 4-5A: Mean germination numbers of subg. Idaeobatus (n=200) 
Species R. hoffmeisterianus (30 min)  R. coreanus (30 min)  R. occidentalis (3h) 

Month 6 month 12 month  6 month 12 month  6 month 12 month 

H2SO4 49.5 a*** 49.5 a***  28.0 ab*** 32.8 ab***  29.0 b*** 30.8 b*** 

H2SO4+GA3 49.3 a*** 49.3 a***  32,5 a*** 37.8 a***  30.3 b*** 31.5 b*** 

H2SO4+KNO3/GA3 42.0 b*** 49.3 a***  27.3 ab*** 33.0 ab***  36.8 a*** 36.8 a*** 

H2SO4+Smoke 49.3 a*** 49.3 a***  29.5 a*** 36.5 a***  36.0 a*** 37.0 a*** 

NaOCL 5.8 de 15.5 bc***  11.8 c*** 26.5 bc***  2.8 c 3.3 c 

NaOCL+ GA3 1.0 e 3.8 de  12.3 c*** 26.5 bc***  0.0 c 0.3 c 

NaOCL+ KNO3/GA3 16.8 c*** 19.0 bc***  14.5 c*** 22.5 c***  0.3 c 0.3 c 

NaOCL+Smoke 1.3 e 3.8 de  21.5 b*** 30.3 abc***  0.0 c 0.8 c 

CONTROL 0.0 e 0.0 e  0.8 d 5.8 d  0.0 c 0.0 c 

LSD
 Z

 6.8
 
 6.9  6.6 8.2  2.9 3.0 

Table 4-5B: Mean germination numbers of subg. Rubus (n =200) 
Species R. ursinus (3h)  R. georgicus (3h)  R. caesius (3h) 

Month 6 month 12 month  6 month 12 month  6 month 12 month 

H2SO4 41.3 b*** 47.5 a***  32.5 c*** 34.8 b***  26.5 b*** 37.0 abc*** 

H2SO4+GA3 30.3 c*** 32.3 b***  33.8 c*** 34.3 b***  40.0 a*** 45.5 a*** 

H2SO4+KNO3/GA3 46.5 a*** 47.0 a***  46.8 a*** 47.8 a***  42.0 a*** 43.3 abc*** 

H2SO4+Smoke 49.0 a*** 49.0 a***  42.0 b*** 43.0 a***  43.8 a*** 44.0 ab*** 

NaOCL 3.5 de 7.8 d***  2.3 e 9.5 cd***  18.3 bc 32.5 cd*** 

NaOCL+ GA3 3.3 de 17.8 c***  2.0 e 14.5 c***  13.8 cd 33.3 bcd*** 

NaOCL+ KNO3/GA3 3.0 de 4.8 de  1.8 e 5.5 def  24.3 b*** 25.5 de 

NaOCL+Smoke 5.8 d*** 13.3 c***  3.3 de 9.3 cd***  7.0 de 20.8 e 

CONTROL 0.0 e 0.0 e  0.0 e 0.0 f  7.3 de 15.3 ef 

LSD
 Z

 4.4 5.4  4.7 6.3  9.0 10.9 

Means in a column followed by different letters are significantly different (P<0.05) by Fisher’s protected LSD and by Duncan’s multiple range test (4 
replicates of 50 seeds, n =200).*** in a column indicates significance at 95% confidence limits of Dunnett’s test of one-tailed pairwise multiple 
comparisons .Z Fisher’s protected least significant difference. 



 

122
122

 
 

f 
 
 
 
 
 
g
 
 
 

a  

 

 

 

 
  

Table 4-6: Mean germination number (#/50) at 1 month of 16 stored species  

Rubus species 
Age 

(year) Control H2SO4 H2SO4+GA3/KNO3 H2SO4+Smoke NaOCL LSD 

R. glaucus 13       0.00 z a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 
R. hawaiensis 7       0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 
R. hirsutus 18       0.00 b 1.33 ab 3.33 a*** 2.33 ab 0.00 b 1.82 

R. leucodermis 24       0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 
R. niveus 2       0.00 b 0.67 a*** 0.00 b 0.00 b 0.00 b 0.47 
R. parviflorus 24       0.00 c 2.33 c 12.67 b*** 17.00 a*** 0.00 c 3.70 
R. sachalinensis 22       0.00 b 0.00 b 0.67 a*** 0.00 b 0.00 b 0.47 
R. spectabilis 20       0.00 b 0.00 b 1.33 a*** 0.00 b 0.00 b 3.12 
R. strigosus 23       0.00 a 0.00 a 0.00 a 0.00 a 0.00 a 0.00 
R. odoratus 6       0.00 b 1.00 b 6.00 a*** 2.33 b 0.00 b 2.10 
R. chamaemorus 8       0.00 b NA 1.00 a***      NA 0.00 b 1.00 
R. hayata-koidzumii 27       0.00 b NA 5.00 a***      NA 0.00 b 5.00 
R. microphyllus 28       0.00 b NA 1.33 a***      NA 0.00 b 1.33 
R. sanctus 20       0.00 b NA 4.00 a***      NA 0.00 b 1.15 
R. urticifolius 19       0.00 b NA 26.33 a***      NA 0.00 b 8.18 
z  Means in a row followed by different letters are significantly different (P<0.05) by Fisher’s protected LSD and by Duncan’s multiple range test 
*** in a row indicates significance at 95% confidence limits of Dunnett’s test of one-tailed pairwise multiple comparisons. 
LSD: Value of least significant difference. 
NA: not applicable. 
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Table 4-7: Mean germination number (#/50) at 6 months of 16 stored species 

Rubus species Age (year) Control H2SO4 H2SO4+GA3/KNO3 H2SO4+Smoke NaOCL LSD 
R. glaucus 13 0.00 b 1.33 a*** 1.33 a*** 0.00 b 0.00 b 1.05 
R. hawaiiensis 7 0.00 a 0.00 a 0.33 a 1.00 a 0.33 a 1.05 
R. hirsutus 18 0.00 c 2.67 bc 11.00 a*** 5.67 b*** 0.00 c 4.43 
R. leucodermis 24 0.00 c 16.00 b*** 24.33 a*** 16.00 b*** 0.00 c 5.42 
R. niveus 2 0.00 d 12.67 b*** 21.33 a*** 13.00 b*** 2.33 c*** 1.63 
R. parviflorus 24 21.33 a 19.67 a 28.33 a 34.33 a 20.33 a 19.47 
R. sachalinensis 22 0.67 b 3.67 a*** 4.67 a*** 0.00 b 0.67 b 2.05 
R. spectabilis 20 0.00 b 0.00 b 1.67 a*** 0.67 ab 0.00 b 1.05 
R. strigosus 23 0.00 a 0.00 a 0.33 a 0.00 a 0.00 a 0.47 
R. odoratus 6 36.00 ab 26.33 b 30.67 ab 26.00 b 43.33 ab 14.85 
R. arcticus 13 0.00 b NA 0.33 b NA 1.33 a*** 0.94 
R. chamaemorus 8 1.33 b NA 7.00 a*** NA 6.33 a*** 3.59 
R. hayata koizumii 27 0.00 b NA 8.33 a*** NA 0.00 b 4.66 
R. microphyllus 28 0.00 b NA 1.33 a*** NA 0.00 b 1.33 
R. sanctus 20 25.33 a NA 18.33 a NA 24.00 a 7.08 
R. urticifolius 19 0.00 c NA 48.33 a*** NA 16.00 b*** 3.88 
z  Means in a row followed by different letters are significantly different (P<0.05) by Fisher’s protected LSD and by Duncan’s multiple range test. 
*** in a row indicates significance at 95 % confidence limits of Dunnett’s test of one-tailed pairwise multiple comparisons.  
LSD: Value of least significant difference. 
NA : not applicable. 
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FIGURES 
Figure 4-1: Germination of six Rubus species seed at 6 months after scarification and 
five germination treatments. A. Sulfuric acid; B. Sodium hypochlorite. (n=200).  
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Fig. 4-2: R. occidentalis % germination following sulfuric acid scarification for 30 min 
or 3 h followed by five germination treatments. 

 
 
 
Fig. 4-3: Comparison of a 22 h sodium hypochlorite scarification on ice with an 8 h 
scarification without ice resulted in varying response by species.   
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Fig. 4-4: Germination response graphs of left column; A) R. leucodermis B) R. niveus 
C) R. odoratus, and right column; D) R. parviflorus E) R. sanctus F) R. urticifolius. 
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Fig. 4-5: Germination of 3 Rubus species from subg. Idaeobatus after two scarification 
techniques and five germination treatments (n=200). All were germinated with one  
month warm stratification, three months cold stratification and 8 months in a germinator.  
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Fig. 4-6: Germination of 3 Rubus species from subg. Rubus after two scarification 
techniques and five germination treatments (n=200). All were germinated with one 
month warm stratification, 3 months cold stratification and 8 months in a germinator. 
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Fig. 4-7: General proanthocyanidin structure 
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Fig. 4-8: Proanthocyanidin content (µg/seed) of six Rubus species seed detected by 
HPLC.  Subgenus Rubus species are at the top of the chart and subgenus Idaeobatus 
species at the base.   
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Fig. 4-9: Hilar-end-hole of two species, R. odoratus L. (a. SEM b. LM) and R. 
parviflorus Nutt. (c. SEM d. LM), belong to subg. Anoplobatus. 
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CHAPTER 5:  SEED COAT ANATOMY OF THREE RUBUS SPECIES 

Abstract 

 This study focused on the seed coat anatomy of three Rubus species, R. 

hoffmeisterianus Kunth & C. D. Bouché, R. occidentalis L., and R. caesius L. that 

had unique cell structures and cell composition. Especially unique were the 

sclereids, and each had layers of exo-, meso-, and endotesta as seen in longitudinal 

section under microscopic observation. The seed coat of R. hoffmeisterianus had 

the thinnest testa and least exotesta reticulation with the meso- and endotesta 

composed of regular shaped and sized sclereids. In contrast, R. occidentalis had the 

thickest and most reticulate exotesta of the three species and its meso- and 

endotesta were composed of various shapes of sclereids; macro-, osteo-, filliform- 

as well as densely packed short, polygonal and globular sclereids. The largest seed, 

R. caesius, had moderate exotesta reticulation and was composed of somewhat 

irregular, but large sclereid cells loosely arranged in the meso- and endotesta. R. 

occidentalis (subg. Idaeobatus) had a seed coat thickness similar to or greater than 

that of the largest seed, R. caesius (subg. Rubus), and its seed coat showed most 

heavily lignified and intricate sclereid composition. The seed coat structure of the 

species corresponded to their response to scarification and germination. The thick 

lignified seed coat of R. occidentalis was consistent with its resistance to sulfuric 

acid scarification and low germination rate. 

 

INTRODUCTION 

The fruit of the genus Rubus is a ‘drupecetum’ botanically; an aggregate fruit 
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containing a number of fleshy drupelets attached to a single receptacle (torus). Each 

drupelet contains a single seed. The drupelets adhere to a central torus that may or may 

not separate from the plant when the berry is picked. This is the common way in which 

raspberries are distinguished from blackberries. Blackberry drupelets are more firmly 

attached to the receptacle than are those of raspberry (Moore and Skirvin, 1990). Each 

drupelet consists of one pyrene that is a seed and its surrounding sclerenchymatous 

endocarp, a rich portion of flesh mesocarp and a thin dermatous exocarp (Nybom, 

1980).  

Seed of Rosaceae have bitegmic and unitegmic ovules. However, Corner 

(1976) reported that the genus Rubus seed is unitegmic with a connate integument. 

Corner (1976) also cited Topham’s report (1970) on the seed coat morphology of two 

Rubus species, R. fruticosus L., agg. and R. idaeus L. stated that the “integument is six 

cells thick, the persistent seed coat of thin-walled cells, the middle layer is crushed, and 

the endosperm is 6 cells thick”. Rubus seeds are enclosed by hard sclerenchymatous 

endocarp tissues that impede water imbibition and restrict the oxygen needed for 

germination to occur. 

Esau (1977) noted that the word ‘sclerenchyma’ is derived from the Greek, a 

combination of sclerous (hard) and enchyma (an infusion). Sclerenchymatous cells are 

thick-walled dead cells and are an important component that give rigidity to the plant 

and that are very variable in size and shape (Metcalfe and Chalk, 1979). Because of 

their highly variable size and unique shape, sclereids in a plant may be characteristic of 

the species and could have taxonomic value (Barua and Dutta, 1956). Categories of 

sclereids are: 1) Brachysclereids - stone cells, short, isodimetric. 2) Macrosclereids - 
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elongated rod-like cells. 3) Osteosclereids - bone-shaped cells, columnar cells enlarged 

at the end. 4) Astrosclereids - star shaped. 5) Filiform sclereids - long, slender cells 

similar to fibers, and 6) Trichoschlereids - branched, similar to plant hairs (Bloch, 1946; 

Nicolson, 1960).   

The seed size and seed coat thickness of six Rubus species were studied earlier 

(Chp. 4). The species differed in seed size: for the subg. Idaeobatus the smallest seed 

was R. hoffmeisterianus (0.04 g/100 seed), and medium size was R. occidentalis (0.19 

g/100 seed); while for subg. Rubus the largest seed was R. caesius (0.37 g/100 seed).  

Differences in seed coat thickness were noted as well with R. hoffmeisterianus (0.09 

mm), R. occidentalis (0.18 mm), and R. caesius (0.19 mm). The species also exhibited a 

distinctive germination behavior (Chp. 4). R. hoffmeisterianus responded well to the 

sulfuric acid scarification (98%) with no requirement of cold stratification. R. 

occidentalis did not respond to 30 min sulfuric acid scarification that is a normally use 

for raspberries, but when treated with 3 h scarification similar to that for the 

blackberries, it germinated well (78%). R. caesius seed with no scarification germinated 

well (89.5%) by 12 months. The large differences in these seeds may be due to seed 

coat structure, but no information is available to confirm this speculation.  

The objectives of this study were to investigate and document the structure of 

the Rubus seed coat, especially the layers and tissues relating to the hard texture, and to 

define the unique seed coat characteristics of R. hoffmeisterianus, R. occidentalis and R. 

caesius as they may relate to germination characteristics. 
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MATERIALS AND METHODS 

Sample preparation   

Dried seeds of R. hoffmeisterianus, R. occidentalis, and R. caesius were soaked 

in distilled water for >48 h before fixation. Seed samples were fixed in FAA 

(formaldehyde 38%, 10cc; ethyl alcohol (ETOH) 95%, 50cc; glacial acetic acid, 5cc; 

and distilled water, 35cc /100ml: Baker, 1966) solution for 48 h. After fixation, the 

samples were dehydrated through the ethanol series; 50% ETOH for 2 days; 70% 

ETOH for 2 days; 95% ETOH for 3 days; all the samples in a dehydration procedure 

were kept in 4 0C degree. For histological infiltration, a glycolmethacrylate embedding 

kit ‘Technoviz 7100’ (Kulzer, Germany) was used following standard procedures 

(2:1.1:1, and 1:2 ratio of 95% ethyl alcohol to the cold-curing resin solution). A Spencer 

rotary microtome (Spencer Lense Co., NY) was employed for the longitudinal 

sectioning (5µm) of seed samples. After staining with toludin blue O (0.05% 

equivalent) for 1 minute, washed them out in running water, the slides were oven dried 

at 56 0C degree for 2 h. The slides were mounted with synthetic mounting medium 

(Poly mount, PA). Nikon compound microscope (Eclipse 55i, Japan), Infinity camera 

and imaging capture software (Lumenera, Canada) were used for observation.   

  

RESULTS 

The three species of Rubus exhibited three very different layers of heavily 

lignified sclerenchymatous cells under 200X microscope (Figures 5-1, 5-2, 5-3). The 

structure of the outer most layer (forming the reticulations of the exotesta) was multiple 

cells-thick and was seen most clearly with R. occidentalis with its thick seed coat (0.18 
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mm) (Fig. 5-1). Exotesta of R. hoffmeisterianus (0.09 mm thick) was composed of 

mostly two cell-thick layers (Fig. 5-2) while R. caesisus had 2 to 5 cells-thick layers 

(0.19 mm thick)(Fig. 5-3). Observation under the same magnification (200X) provided 

straightforward comparisons of the relative seed coat thickness among the three species 

belonging two subgenera. 

 R. hoffmeisterianus had two layers of exotesta that were composed of stacked 

trachearies and vascular bundles and sometimes had large empty sclerenchymatous cells. 

The first testa layer of hypodermis consisted of the mesotesta with regularly stacked 

macrosclereids (Fig. 5-1), with six or seven layers of 40 to 50µm long, slender cells, 

closely attached to the adjacent stack of macrosclereids (Fig. 5-1A). Pits in the 

macrosclereids and druses (spherical aggregates of prismatic crystals) in the vacuoles 

were observed. In second testa layer of the hypodermis, the endotesta consisted of 

uniformly globular, isodimetric, macrosclereid layers that were arranged in an opposite 

orientation to the mesotesta (Fig. 5-1A).    

R. occidentalis had 2 to 5 layers of exotesta composed of stacked trachearies 

and vascular bundles with large empty sclerenchyma holes more frequently exhibited 

than R. hoffmeisterianus. The mesotesta (Fig. 5-2: A) consisted of more than 12 layers 

of irregularly intermingled macrosclereids, and osteosclereids of mixed sizes. Some 

sclereids were less than 5 µm (short) while others were 10 to 20 µm (long) with many 

different shapes and sizes (Fig. 5-2). Sometimes this layer also had thin filiform 

sclereids stacked together in 10-20 layers (FS). Pits and druses were often observed in 

the macrosclereids. The endotesta (Fig. 5-2: B) consisted of globular, triangular or 

polygonal shaped sclereids and the macrosclereid layers were arranged in a different 
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orientation to the mesotesta (Fig. 5-2: A). The endotesta of R. occidentalis was further 

devided into two layers of differentially stained cells (about half of the inner most cell 

layers were visible in lighter blue, outer half of cell layers were seen in darker blue). 

 R. caesius had two to five layers of exotesta that were mostly composed of 

large sclerenchymatous holes, and tracheries and vascular bundles (Fig. 5-3). The outer 

mesotesta (Fig. 5-3: A) consisted of irregular shaped macrosclereids. About 12 layers of 

short and round or polygonal cells of 5 to 10 µm to more than 60 µm long filliform cells 

were loosely intermingled within this layer. Pits in the macroscleried cells and druses in 

the vacuoles were observed, but pits were visibly fewer per cell compared to R. 

occidentalis. The endotesta (Fig. 5-3: B) consisted of uniformly globular, isodimetric, 

macrosclereid layers that were arranged in a different orientation to the mesotesta (Fig. 

5-3: A).  

 In the micropylar region of R. occidentalis, a piece of loosely attached 

plug-like sclerenchyma tissue was observed (Fig. 5-4). The inner micropylar region had 

numerous green-dyed cells representing the phenolics stained green by toludin blue O 

(Baker, 1966). 

 

DISCUSSION  

 The seedcoat anatomy of the three species showed distinct differences from 

each other. The seed coat of R. hoffmeisterianus had the thinnest testa and least exotesta 

reticulation with the meso- and endotesta composed of regular shape and size sclereids. 

In contrast, R. occidentalis had the thickest and most reticulate exotesta of the three 

species and its meso- and endotesta were composed of various shape of sclereids; 
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macro-, osteo-, filliform- as well as densely packed short, polygonal and globular 

sclereids. The largest seed, R. caesius, had moderate to little exotesta reticulation and 

was composed of somewhat irregular but the largest sclereid cells loosely arranged in 

the meso- and endotesta. R. occidentalis (subg. Idaeobatus) had seed coat thickness 

similar to or greater than the largest seed of R. caesius (subg. Rubus), and its seed coat 

showed most heavily lignified and intricate cell composition of sclereids. 

 Sclereids are variable in size and shape, and are important components of the 

structural support of the plant that seeds protecting the embryo from pathogens and 

fungi, providing longevity in the storage life. The anatomical characteristics of each 

species were distinctive in this study and may not only correlate to their unique 

response to germination, but also may possibly have a correlation to taxonomic 

characters. Cutler et al. (2007) emphasized that enough is known for us to realize that 

good comparative studies of seeds can yield taxonomic characters of significance. Seed 

coats develop from the integuments that surround the ovule prior to fertilization. Before 

fertilization, cells of the integuments are relatively undifferentiated. However 

development after fertilization can include extensive differentiation of the cell layers 

into specialized cell types. In addition, some cell layers in the seed coats may 

accumulate large quantities of substances, such as mucilage or pigments that can also 

contribute to overall seed morphology (Moise et al. 2005). The seed coat varies in 

structure in relation to the specific features of the ovule, such as the number and 

thickness of the integuments and the pattern of vascularization, and to the 

developmental changes in the integuments during seed maturation (Esau, 1997). 
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 The mature seed coat is usually divided into three regions. An exotesta or outer 

seed coat layer(s), a mesotesta or middle seed coat layers(s), and an endotesta or inner 

seed coat layer (s), and the sclerified tissue of the endocarp can have different origins 

(Cutler et al., 2007). These three species of Rubus seed each showed a unique 

composition of cell structures, but all possessed three clearly distinguishable sections. 

Those sections included a thickened outer epidermis (exotesta), under which there were 

two directionally different multi-cell layers of macrosclerenchyma cells, the mesotesta 

and endotesta, lying at right angles to each other (Figs. 5-1, 2, 3). An exception was 

observed at the micropylar region (Fig. 5-4) where all the cell layers of 

macrosclerenchyma were in one direction. A plug-like sclerenchyma tissue was noticed 

blocking the micropyle. 

 Reeve (1954) found the first evidence of sclereid initiation in the endocarp of R. 

strigosus Michx. (subg. Idaeobatus). When the floral bud is very small, a slight 

elongation of the inner epidermal cells parallel to the locule surface begins. The walls of 

the mature sclereids are lignified and have many tiny pit canals. Some of the cells are 

over 500 μ long, but most of them average less and are between 10 to 20 μ wide. 

Endocarp sclereids in Rubus are similar to those in other drupaceous fruits. Druses are 

found near the vascular traces and a few phloem fibers also develop along the main 

vascular traces of the endocarp (Reeve, 1954). Our seed samples (Figs. 5-1, 2, 3) 

showed common features in the testa similar to Reeve’s findings from R. strigosus. The 

mature sclereid walls were lignified and have many tiny pit canals; druses were 

frequently seen near the vascular traces. However, in our study we did not observe 

sclereids cells over 500 μ long as noted in any of the three species studied (Reeve, 
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1954). 

   Corner (1976) reported that the Rubus seed coat is unitegmic and the integument 

was six cells thick; however with fully matured seed samples it is not possible to see the 

multiple layers because the tegmen is crushed at maturity and does not contribute to the 

seedcoat. We used only fully matured seeds for this investigation so the integument 

structure was not observable. However many druses in the macrosclereid vacuoles of 

the exotesta and pits, cell lumina in sclereids of the meso- and endotesta were visible. 

No stomata were observed on the seed coat.   

 In prior Rubus seed germination study (Chapter 4), seed samples of these three 

species exhibited uniquely different germination behaviors. R. hoffmeisterianus 

responded well to the 3 h sulfuric acid scarification (98%) with no requirement of cold 

stratification. R. occidentalis did not respond to 30 min sulfuric acid scarification but 

when treated with 3h scarification it germinated moderately (78%), while in R. caesius 

even unscarified seed germinated well (89.5%) by 12 months. It is unique that R. 

occidentalis required scarification at the same level of subg. Rubus (3 h) rather than the 

30 min normally suggested for the subg. Idaeobatus. R. occidentalis produced moderate 

germination after the longer scarification, but even then it did not reach maximum 

germinations. This anatomical study indicates that R. occidentalis may possibly endure 

far more than 3 h sulfuric acid scarification due to the thick layers of sclereids observed 

in the seedcoat. In addition, the sclerenchyma tissue in the micropylar region likely 

further inhibits the germination process. It may be possible to determine the effect of 

this micropylar plug by studying the histology of scarified seed. 
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CONCLUSIONS 

 Seeds of the three Rubus species exhibited distinctive testa structures under the 

microscope. Anatomical differences and uniqueness of seed coat structure in 

composition of the cell shapes, numbers and structure of layers, were observably 

different among the species. These differences likely relate to the protective functions 

and germination qualities of the seed coat. The intensively thickened exotesta layers 

consist of vascular bundles, trachearies, and thin walled empty-looking globular cells 

including druses. Unique and species specific structural arrangements of heavily 

lignified sclerenchyma cells in mesotesta and endotesta were clearly seen in 

longitudinal sections (Figs. 5-1, 2, 3). The structure and thickness of the seed coats of 

these species are directly correlated with their response to sulfuric acid scarification and 

subsequent germination.  
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Fig. 5-1: Seed coat of R. hoffmeisterianus at 200X microscopy. A: Mesotesta B: 
Endotesta. 
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Fig. 5-2: Seed coat of R. occidentalis at 200X microscopy. A: Mesotesta. B: 
Endotesta. FS: Filiform sclereids. 
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Fig. 5-3: Seed coat of R. caesius at 200X microscopy. A: Mesotesta. B: Endotesta. 
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Fig. 5-4: Micropylar region of R. occidentalis at 200X with green stained phenolics 
and sclerenchyma tissue plugging the micropyle.  
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SUMMARY AND CONCLUSIONS   

 The National Clonal Germplasm Repository in Corvallis has a large collection 

of Rubus seed accessions ranging from intensively wild to some hybrid species. The 

collection includes nearly 2,000 accessions and about 100 genotypes from many 

geographic regions around the world. These seeds are available to researchers and plant 

breeders, however germination of many species is problematic. Researchers frequently 

report the seed of Rubus as having a deep double dormancy. The major factor in Rubus 

seed dormancy appears to arise from an intensively lignified, hard and thick 

sclerenchymatous seed coat. The seed coat varies in structure in relation to the specific 

features of the ovule, such as the integuments, patterns of vascularization and the 

developmental changes during seed maturation.  

 In this research project, we considered that the internal and external seed coat 

morphology and anatomy of genus Rubus seed required clarification. We wished to 

understand systematic relationships in the genus as well as to provide useful clues for 

the breaking of seed dormancy. Our initial studies of the surface structure of Rubus 

species indicated that taxonomic characterization based on the seed was very likely.  

Chamaemorus, Cyclactis (except R. saxatilis L.), Idaeobatus, Lampobatus, 

Malachobatus, and Michranthobatus have similar exomorphic patterns. R. odoratus L. 

and R. parviflorus Nutt. (subg. Anoplobatus) had a unique hilar end hole not seen in 

other subgenera. R. saxatilis had seed coat sculpturing inconsistent with its assigned 

subg. (Cyclactis) and appeared more in common with subg. Idaeobatus (See Appendix). 

The subg. Rubus and Idaeobatus showed conspicuous patterns of reticulate and rugose 

surface relief of the outer cell walls.  Species belonging to the subg. Rubus had steep 
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edged, truncate or acute lateral ridges with a wide and protruded raphal region, while 

Idaeobatus had smoothly curved rounded ridges and raphal region. The two species 

examined in subg. Chamaemorus showed an areticulate, finely textured surface with 

flat or no secondary cell wall protrusions and a ridged raphe.  For R. arcticus L., subg. 

Cyclactis, accessions from three geographical regions had consistent microsculpture 

patterns. 

Important new information was generated from this series of investigations. 

Seed coat ultrastructural morphology of 56 seed accessions of 10 subgenera elucidated 

the macromophological characteristics that differed among groups at the subgenus 

level. This basic knowledge was then applied to the examination of 17 commercially 

important blackberry cultivars. Cultivar identity of blackberry fruit was established 

using seed coat characters, seed shape, color, size and seed-coat sculpturing to 

distinguish the cultivars.  

 This fundamental study of seed anatomy, structure, and morphology using light 

and scanning electron microscopy of representative Rubus species was a priority for 

developing basic knowledge in studying the germination and dormancy mechanisms of 

the genus. This knowledge could then be applied to develop a standard germination 

protocol and improve the basic knowledge of fruit and seed biology. An additional 

objective of this thesis was to initiate a series of germination studies to evaluate the 

influence of chemical scarifications combined use of germination treatment.  

 Germination requirements of wild species were defined including the effect of 

two scarification agents, concentrated sulfuric acid (98% +) and sodium hypochlorite 

(14%). These were combined with germination treatments (gibberellic acid, potassium 
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nitrate, and smoke gas). The two subgenera differed in the amount of scarification 

needed; however sulfuric acid was always faster and more effective than sodium 

hypochlorite. Idaeobatus species usually required only 30 min scarification and 

germination treatments with GA and KNO3. For subgenus Rubus species 3 h 

scarification was effective for most with GA3 and KNO3 or smoke gas for germination 

treatments. The thickness and hardness of the seed coat was a determining factor in the 

failure of scarification. R. occidentalis, an Idaeobatus species, had an extremely hard 

and thick seed coat and required 3 h scarification for even moderate germination. R. 

hoffmeisterianus required scarification but did not cold stratification and R. caesius did 

not require any scarification for good germination. 

 The seed coat anatomy was examined for three genotypes that exhibited unique 

responses in the germination study. R. hoffmeisterianus exhibited low dormancy and R. 

occidentalis very deep dormancy, while the others had moderate dormancy. The species 

had distinctive compositions of the layers of exo-, meso-, and endotesta. The seed coat 

hardness of these species varied greatly, with very thick seed coats composed of 

compacted sclereids layers in the highly dormant species, and thin seed coats composed 

of more diffuse layers of sclereids in the low dormancy species. The chemical structure 

of the seed coat was also explored by determining the amount of proanthocyanidins 

(PAs) in several genotypes using HPLC analysis. Generally the blackberry species 

(Rubus) contained more PAs than the Idaeobatus species. R. occidentalis (Idaeobatus) 

had very high concentrations of PAs similar to the blackberry (Rubus) species. These 

studies tie both the seed coat anatomy and the PA content to the hardness of the seed 

coat and the level of dormancy. Increased scarification is required for hard or thick seed 
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coats regardless of the subgenus involved (raspberry or blackberry). Initial evaluation of 

the seed before attempting germination should include a determination of the thickness 

of the seed coat as well as the relative hardness. 

 Further research is needed that combined anatomical, histological and 

molecular techniques for defining dormancy and germination mechanisms of species in 

the genus Rubus. The first goal could be investigating seed coat morphology for all 

available species and cultivars as this will provide further clues for analysis of their 

taxonomic relationships. This may reflect the parental history, more specifically 

maternal history, of each genotype as seen in our current study. The next short term goal 

is additional histological investigation to determine the distribution of PAs in specific 

genotypes or comparative investigations of strongly dormant and non-dormant 

genotypes. Furthermore, it would be useful to define how seed coat structure and 

micropylar region anatomy is affected by scarification agents and germination 

treatments. Finally, a histological and/or molecular level study to define the mechanism 

of cell wall hydrolysis, especially in sclereids of the micropylar region.  
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APPENDICES 
 
 

A. List of SEM images (NCGR local number) 
 

36. Subgenus Anoplobatus R. odoratus L. 
37. Subgenus Anoplobatus R. parviflorus Nutt.   
38. Subgenus Chamaebatus R. hayata-koidzumii Naruhashi 
39. Subgenus Chamaemorus R. chamaemorus L.  
40. Subgenus Chamaemorus R. pseudochamaemorus Tolm.  
41. Subgenus Cyclactis R. arcticus L.  
42. Subgenus Cyclactis R. pedatus Smith 
43. Subgenus Cyclactis R. saxatilis L. 
44. Subgenus Dalibardastrum R. tsangorum Hand.-Mazz.  
45. Subgenus Idaeobatus R. crataegifolius Bunge  
46. Subgenus Idaeobatus R. glaucus Benth 
47. Subgenus Idaeobatus R. idaeus L 
48. Subgenus Idaeobatus R. mesogaeus Focke  
49. Subgenus Idaeobatus R. parvifolius L.  
50. Subgenus Idaeobatus R. spectabilis Pursh  
51. Subgenus Idaeobatus R. strigosus Michaux 
52. Subgenus Lampobatus R. bogotensis Kunth 
53. Subgenus Lampobatus R. megalococcus Focke  
54. Subgenus Lampobatus R. nubigenus Kunth  
55. Subgenus Lampobatus R. roseus Poiret  
56. Subgenus Malachobatus R. lambertianus Ser.  
57. Subgenus Malachobatus R. setchuensis Bureau & Franchet  
58. Subgenus Malachobatus R. swinhoei Hance  
59. Subgenus Malachobatus R. tephrodes Hance 
60. Subgenus Michranthobatus R. cissoides Cunn.  
61. Subgenus Michranthobatus R. schmidelioides Cunn.  
62. Subgenus Rubus R. allegheniensis Porter 
63. Subgenus Rubus R. caesius L. 
64. Subgenus Rubus R. canadensis L. 
65. Subgenus Rubus R. canescens DC.  
66. Subgenus Rubus R. hispidus L. 
67. Subgenus Rubus R. laciniatus Willd.  
68. Subgenus Rubus R. robustus C. Presl  
69. Subgenus Rubus R. sanctus Schreber 
70. Subgenus Rubus R. ursinus Cham. & Schldl.  
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Subgenus Anoplobatus 
R. odoratus (#2215) 
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Subgenus Anoplobatus 
R. parviflorus (#1738) 
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Subgenus Chamaebatus 
R. hayata-koidzumii (#178) 
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Subgenus Chamaemorus 
R. chamaemorus (#2241) 
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Subgenus Chamaemorus 
 

R. pseudochamaemorus (#2243) 
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Subgenus Cyclactis 
R. arcticus (#1919) 
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Subgenus Cyclactis 
R. pedatus (#1895) 
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Subgenus Cyclactis 
R. saxatilis (#2173) 
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Subgenus Dalibardastrum 
R. tsangorum (#1674) 
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Subgenus Idaeobatus 
R. crataegifolius (#2283) 
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Subgenus Idaeobatus 
R. glaucus (#2095) 
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Subgenus Idaeobatus 
R. idaeus (#2177) 
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Subgenus Idaeobatus 
R. mesogaeus (#2321) 
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Subgenus Idaeobatus 
R. spectabilis (#2045) 
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Subgenus Idaeobatus 
R. parvifolius (#1664) 
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Subgenus Idaeobatus 
R. strigosus (#1690) 

 

 



183 
 

 
 

Subgenus Lampobatus 
R. bogotensis (#1283) 
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Subgenus Lampobatus 
R. megalococcus (#1800) 

 



185 
 

 
 

Subgenus Lampobatus 
R. nubigenus (#1249) 
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Subgenus Lampobatus 
R. roseus (#1281) 
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Subgenus Malachobatus 
R. lambertianus (#2133) 
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Subgenus Malachobatus 
R. setchuenensis (#1695) 
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Subgenus Malachobatus 
R. swinhoei (#1671) 
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Subgenus Malachobatus 
R. tephrodes (#1713) 
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Subgenus Michranthobatus
R. cissoides (#772) 
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Subgenus Michranthobatus
R. schmidelioides (#741) 

 

 

 



193 
 

 
 

Subgenus Rubus 
R. allegheniensis (#552) 
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Subgenus Rubus 
R. caesius (#2167) 

 

 

 



195 
 

 
 

Subgenus Rubus 
R. canadensis (#791) 
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Subgenus Rubus 
R. canescens (#941) 
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Subgenus Rubus 
R. hispidus (#2022) 
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Subgenus Rubus 
R. lacinatus (#2224) 
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Subgenus Rubus 
R. robustus (#1789) 
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Subgenus Rubus 
R. sanctus (#1057) 

 

 



201 
 

 
 

Subgenus Rubus 
R. ursinus (#2041) 
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IDENTIFICATION OF BLACKBERRY CULTIVARS BY SEED STRUCTURE 
 

Cultivar identity of blackberry fruit is often difficult to determine in the 

harvested product due to variations in the fruit of each cultivar and the similarity of fruit 

shape among some cultivars. The ability to correctly identify the cultivars of 

commercially produced fruit is important to the industry. Less desirable cultivars may 

be mistaken or substituted for more desirable ones, resulting in mislabeled products and 

economic losses. Cultivar verification using molecular techniques is expensive for 

general use. This manual was developed for general use by growers and processors to 

provide the first step to identifying the cultivars from samples of fruit. Identity problems 

detected by this simple method can be followed up with DNA tests if needed for legal 

confirmation. 

 Seed shape and structure are used to identify many plants.  The structures and 

surface sculpturing on seed coats are characteristic of the plant on which they are 

produced, so they are distinctive for each genotype.  Earlier we studied 56 types of 

blackberry and raspberry seeds and found that the seed coat structures are distinctive 

(Wada and Reed, 2008). The shape and major surface features of the seed coat can be 

viewed with a standard low power microscope (40X magnification). At higher 

magnification (80-400X) with scanning electron microscopy (SEM) specific cell types 

and more distinctive seed coat structures are apparent. These distinctive patterns of seed 

coat sculpturing visible with SEM differentiate closely related cultivars and species. 

There are very diverse patterns of seed coat sculpturing on the many species of Rubus 

used in breeding cultivars.   

This manual includes 17 of the commercially grown blackberry cultivars.  Fruit 
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was collected from plants identified as true to type in the National Clonal Germplasm 

Repository collections or from Dr. Chad Finn’s breeding collections (USDA-ARS).  

Funding for the development of this brochure was provided by the Oregon State 

University Agricultural Research Foundation and the USDA Agricultural Research 

Service. 

 

Seed preparation 

1. Soak about 1 cup of fruit in about 3 cups of water and add 1 tablespoon of pectinase.  

Mash and let sit for 24 hours at room temperature.   

2. Extract seeds from fruit: use a blender with the blades covered with plastic tubing 

and set at a low speed.  Use a high water-to-berry ratio (3:1).  Blend for 2 min and 

discard any floating seeds or fruit. 

3. Pour main mass of fruit pulp into a strainer and wash thoroughly in running water.   

4. Mash seeds against the strainer as needed to completely remove the fruit pulp. 

5. Spread seeds on paper towels and air-dry at ambient temperature.   

6. Examine under a dissecting microscope at 40-80X. 
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Glossary 

1. SEM: Scanning electron microscope 

2. Raphe: Lower edge of seed where it was attached to the wall of the mother plant 

3. Reticulation: Network of ridges and valleys formed by the cells of the seed coat 

4. Chalaza: Basal end of the ovule 

5.  Cultivar: Cultivated variety, a single genotype propagated asexually 

6. Genotype :The genetic makeup of an individual organism  

 
 
 
Keys for identification of blackberry seed based on the shape of the raphe 
 
 
 

 

 
 
 
 

Chalazal end Raphe

Reticulations  Back ridge 

 Straight lower edge Convex lower edge Concave lower edge 



206 
 

 
 

A. Does the seed have a straight lower edge? 
  
 1.  Size Large:  

 a. Cacanska Bestrna  
Size large, 4.20 mm L x 2.56 mm W,  
Color light yellowish brown, Weight 0.30 g/100 seed 

  b. Hull Thornless  
 Size large and broad, 3.91 mm L x 3.01 mm W,  
 Color dark brown, Weight 0.42 g/100 seed  

 
2.  Size Medium:  

 a. Loch Ness  
Size medium and broad, 3.37 mm L x 2.14 mm W,  
Color medium brown, Weight 0.22 g/100 seed 

  b. Chester Thornless 
 Size medium, 3.19 mm L x 2.33 mm W,  
 Color purplish brown to mauve, Weight 0.27 g/100 seed   

 
B. Is the lower edge deeply concave?  

 
1. Size Medium: 

a. Black Diamond 
Size medium to small and thin, 3.20 mm L x 1.96 mm W,  
Color pink, Weight 0.19 g/100 seed 

b. Nightfall 
Size medium to small, 3.60 mm L x 2.00 mm W,  
Color medium pink, Weight 0.15 g/100 seed 

c. Kotata 
Size medium to small, 3.48 mm L x 1.82 mm W,  
Color light purple, Weight 0.20 g/100 seed 

 
2.  Size Small:   

a. Wild Treasure 
Size small and thin, 2.49 mm L x 1.63 mm W,  
Color light purple, Weight 0.08 g/100 seed 
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C. Is the lower edge moderate to very slightly concave? 
 

1.  Size Large:   
a. ORUS 1324-1 (slight)  

Size large, 4.06 mm L x 2.09 mm W,  
Color light purple, Weight 0.24 g/100 seed  

b. Boysen (slight) 
Size large, 4.30 mm L x 2.54 mm W,  
Color purple, Weight 0.32 g/100 seed  

c. Obsidian (slight) 
Size large and long,   4.13 mm L x 1.96 mm W,  
Color dark brown purple, Weight 0.25 g/100 seed 
 

2.  Size Medium:  
 

a. Black Pearl (moderate) 
Size medium, 3.81 mm L x 2.20 mm W,  
Color deep pink, Weight 0.26 g/100 seed 

b. Marion (slight-moderate) 
Size medium to small, 3.44 mm L x 2.06 mm W,  
Color deep rosy pink, Weight 0.14 g/100 seed  

c. Silvan (slight) 
Size medium to small, 3.04 mm L x 1.83 mm W,  
Color deep purple, Weight0.15 g/100 seed  

d. Young (very slight) 
Size medium and long, 3.36 mm L x 1.71 mm W,  
Color salmon pink to yellow, Weight 0.28 g/100 seed. 

 
D.  Is the lower edge convex? 

 
a. Navaho 

Size medium and broad and short, 3.28 mm L x 2.44 mm W,  
Color dark purple, Weight 0.29 g/100 seed 

b. Tupy 
Size medium, 3.66 mm L x 2.34 mm W,  
Color light pink, Weight 0.21 g/100 seed 

 


