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ABSTRACT

  Anatomical comparison of 8 North American species of Abies was executed to provide taxonomic 

information. The species of eastern (balsam and Fraser fir) and western (Pacific silver, white, grand, sub-

alpine, California red, and noble fir) were found to be separated on the basis of crystals and color of con-

tents in ray parenchyma cells and ray height. In eastern species, crystals in ray parenchyma cells were 

absent and ray parenchyma cell contents were colorless to very light. These two eastern species were fur-

ther characterized by the absence of uniseriate rays exceeding 25 cells in height. In western species, only 

subalpine fir had colorless to very light contents but the remaining five species have dark contents in ray 

parenchyma cells. Crystals were absent to extremely sparse in Pacific silver fir, somewhat frequent in no-

ble fir, frequent in grand and California red fir, and very frequent in white fir. Uniseriate rays exceeding 

25 cells in height were regularly found in grand and California red fir but absent in white and noble fir.

  Keywords : balsam fir (A. balsamea), Fraser fir (A. fraseri), Pacific silver fir (A. amabilis), white fir (A. 

concolor), grand fir (A. grandis), subalpine fir (A. lasiocarpa), California red fir (A. magnifi-

ca), noble fir (A. nobilis = A. procera), wood anatomy, microstructure, ultrastructure.

1. INTRODUCTION

  Nine species of Abies are native to the United 

States and Canada (Alden, 1997). In eastern 

species, only balsam fir (A. balsamea) is of 

commercial importance but Fraser fir (A. fra-

seri) is of little importance because of very lim-

ited distribution (Kukachka, 1960; Hoadley, 1990). 

The western species of Pacific silver fir (A. 

amabilis), white fir (A. concolor), grand fir (A. 

grandis), subalpine fir (A. lasiocarpa), Califor-

nia red fir (A. magnifica), and noble fir (A. no-

bilis = A. procera) are of considerable impor-

tance in their production but the bristlecone fir 

(A. bracteata) does not enter commercial chan-

nels due to its limited distribution (Kukachka, 1960).

  The color of fir heartwood and sapwood is 

similar, ranging from very light buff to very light 

brown, sometimes with a tinge of lavender in 

the dark latewood, and individual species are 
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Table 1. Woods of Abies species used in present study

Commercial Name Sample No
1

Species Origin

Pacific silver fir 8800 A. amabilis Dougl. ex Forbes Canada

Pacific silver fir 8446 A. amabilis Dougl. ex Forbes U.S.A.

Balsam fir 8660 A. balsamea (L.) Mill. U.S.A.

White fir 8540 A. concolor (Gord. & Glend.) Lindl. ex Hildebr. U.S.A.

Fraser fir 8662 A. fraseri (Pursh.) Poir. U.S.A.

Grand fir 8366 A. grandis (Dougl. ex D. Don) Lindl. Canada

Subalpine fir 8041 A. lasiocarpa (Hook.) Nutt. U.S.A.

California red fir 8328 A. magnifica A. Murr. U.S.A.

Noble fir 8237 A. nobilis (Dougl. ex D. Don) Lindl. (= A. procera Rehd.) U.S.A.
1
H. P. Brown Memorial Wood Collection accession number

inseparable on the basis of macroscopic features 

(Hoadley, 1990). Woods belonging to this ge-

nus, however, may be readily recognized by the 

microscopic features of normal resin canals and 

ray tracheids lacking, end walls of ray paren-

chyma cells nodular, and cross-field pitting 

taxodioid (Kukachka, 1960; Panshin and de 

Zeeuw, 1980).

  The woods of this genus may be further sep-

arated into two groups based on the color of ray 

parenchyma cell contents. In the eastern species 

of balsam and Fraser fir and in the western spe-

cies of subalpine fir, the ray parenchyma cell 

contents are colorless or at most a very pale 

yellowish color (Kukachka, 1960; Hoadley, 

1990). These three species are further charac-

terized by the crystals absent or extremely 

sparse (Kennedy et al., 1968; Eom et al., 2006). 

  The remaining western species of Pacific sil-

ver, white, grand, California red, and noble fir 

were reported to have distinctly reddish brown 

contents in ray parenchyma cells (Kukachka, 

1960; Hoadley, 1990). Crystals, however, were 

found to be very frequent in white fir, frequent 

in grand and California red fir, and somewhat 

frequent in noble fir (Hoadley, 1990; Eom et 

al., 2006). For practical considerations, these 

western species were classed collectively as 

white firs (Kukachka, 1960; Panshin and de 

Zeeuw, 1980).

  For identification purpose, this study exam-

ines and describes microscopic features of the 

genus Abies represented in the United State and 

Canada in detail through light and scanning 

electron microscopy.

2. MATERIALS AND METHODS

  Wood samples of genus Abies (Table 1) were 

obtained from the H. P. Brown Memorial Wood 

Collection of the Faculty of Construction Mana-

gement and Wood Products Engineering, College 

of Environmental Science and Forestry, State 

University of New York, Syracuse, NY 13210, 

U.S.A.  

  Small cubes of about 10 mm per side were 

prepared and softened in water in an autoclave. 

For light microscopy, radial and tangential sec-

tions 25 to 30 µm thick were cut with a sliding 

microtome, followed by staining with safranin 

O and dehydration in an ethanol and xylene 

series. Finally, permanent slides were prepared 

with Permount mounting media in accordance 

with general laboratory techniques (Japan Wood 

Research Society, 1985; Eom and Butterfield, 

1997). For photography, a Spot-RT digital cam-
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Fig. 1. Transition from earlywood to latewood gradual. - Fig. 2. Tracheid pitting in radial walls uniseriate and 

pits with torus extensions (arrowhead). - Figs. 3 & 4. Tracheid pitting in radial walls locally biseriate

and crassulae (arrowhead). - Fig. 5. Warts on inner surface of tracheid secondary walls and trabeculae

(arrowhead). - Fig. 6. Tracheid pits with characteristic torus extensions (arrowhead). - 1: subalpine fir. 

- 2: noble fir. - 3: grand fir. - 4: white fir. - 5 & 6: California red fir. - 1: transverse surface; 2∼6:

radial surface. - 1∼3: light micrograph; 4∼6: scanning electron micrograph. - Scale bars = 200 µm

in 1; 50 µm in 2 & 3; 20 µm in 4; 10 µm in 5; 50 µm in 6.

era was used with a Nikon Optiphot light mi-

croscope equipped with DIC (Nomarski) optics. 

For scanning electron microscopy, clean cut and 

split surfaces for observation were made in the 

radial surface of the above softened small cubes. 

After removal of unwanted wood, the speci-

mens were oven-dried at 100°C, glued to speci-

men stubs with conductive carbon paint, sput-

ter-coated with gold-palladium to a thickness of 

30 nm using a Denton Desk II Cold Sputter 

Unit (Exley et al., 1974, 1977; Eom and Butter-

field, 1997), and photographed in a JSM-5800 LV 

Scanning Microscope, JEOL, at 15 to 20 kV. 

  The anatomical description mostly followed 

IAWA list of microscopic features for softwood 

identification (IAWA Committee, 2004).

3. RESULTS and DISCUSSION 

  Detailed microscopic and ultramicroscopic ch-

aracteristics are as follows:

  Growth ring boundaries distinct; transition 

from earlywood to latewood gradual to inter-

mediate (Fig. 1). Tracheid pitting in radial walls 

mostly uniseriate including the occasional oc-

currence of locally biseriate pits; tangential pit-

ting present in the last few rows; warts present; 

crassulae present; trabeculae occasionally pres-

ent; torus extensions present; tracheid pits en-

crusted with organic extraneous contents present 
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Fig. 7. Tracheid pits encrusted with dark organic contents (arrowhead). - Fig. 8. Axial parenchyma marginal 

(arrowhead). - Fig. 9. Nodular transverse end wall in axial parenchyma cell (arrowhead). - Fig. 10. 

Crystal in axial parenchyma cell (arrow) and warts on inner surface of tracheid secondary walls. - Fig. 

11. Crystals in axial parenchyma cell (arrow). - Fig. 12. Homocellular rays composed solely of ray pa-

renchyma cells with dark organic contents (arrowhead), and horizontal and end walls of ray parenchyma

cells distinctly pitted (arrow). - 7: California red fir. - 8∼9 & 12: Pacific silver fir. - 10 & 11: white

fir. - 7 & 10∼12: radial surface; 8: transverse surface; 9: tangential surface. - 7∼9 & 12: light micro-

graph; 11: light micrograph with DIC (Nomarski); 10: scanning electron micrograph. - Scale bars = 50

µm in 7∼9 & 12; 5 µm in 10; 30 µm in 11.

in Pacific silver, grand, and California red fir 

(Figs. 2∼7 and 10). Axial parenchyma marginal, 

very sparse or wanting; transverse end walls 

nodular; crystals present only in white fir (Figs. 

8∼11). Horizontal walls of ray parenchyma 

cells distinctly pitted; vertical end walls nodular 

or distinctly pitted; indentures present; organic 

contents colorless to very light in balsam, 

Fraser, and subalpine fir but dark in Pacific sil-

ver, white, grand, California red, and noble fir; 

crystals extremely sparse or absent in balsam, 

Fraser, Pacific silver, and subalpine fir, some-
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Fig. 13. End and horizontal walls distinctly pitted, and dark organic contents (arrowhead) and crystals (arrow)

in ray parenchyma cells. - Fig. 14. Cross-field pitting taxodioid. - Fig. 15. Indenture (arrowhead) and

crystals (arrow) in ray parenchyma cells. - Figs. 16 & 17: Uniseriate rays generally high (16) and low

(17). - Fig. 18: Crystal in biseriate ray (arrow). - 13∼15: white fir. - 16 & 18: California red fir. -

17: balsam fir. - 13∼15: radial surface; 16∼18: tangential surface. - 13 & 16∼18: light micrograph;

14 & 15: scanning electron micrograph. - Scale bars = 50 µm in 13 & 18; 20 µm in 14; 10 µm in

15; 200 µm in 16 & 17.

what frequent in noble fir, frequent in grand 

and California red fir, and very frequent in 

white fir (Figs. 12, 13, and 15). Ray width ex-

clusively uniseriate including the very sporadic 

occurrence of partially biseriate rays; homo-

cellular composed solely of ray parenchyma 

cells; ray height 25 cells or higher regularly 

found in grand, subalpine, and California red fir 

(Figs. 16∼18). Cross-field pitting mostly taxo-

dioid; 1∼4 per cross-field (Fig. 14).

  Bordered pits of tracheids in the radial walls 

are predominantly uniseriate (Fig. 2) but those 

in tangential walls are confined the last few 

rows like the description of Panshin and de 
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Table 2. Diagnostic features for the separation of fir woods

Group Species
Crystals in ray 

parenchyma cells

Rays exceeding

25 cells in height

Color of ray parenchyma

cell contents

Eastern Balsam fir Absent Absent Colorless or very light

Eastern Fraser fir Absent Absent Colorless or very light

Western Pacific silver fir Absent or extremely sparse Absent or regularly found Dark

Western White fir Very frequent* Absent Dark

Western Grand fir Frequent Regularly found Dark

Western Subalpine fir Extremely sparse Regularly found Colorless or very light

Western California red fir Frequent Regularly found Dark

Western Noble fir Somewhat frequent Absent Dark

* Occurrence of crystals both in the axial and ray parenchyma cells.

Zeeuw (1980). The tangential intertracheid pit-

ting, however, was indicated to be of no con-

sequence in separating woods by species or ge-

nus by Core et al. (1979). 

  Warts are identified in the tracheids by scan-

ning electron microscopy (Figs. 5 and 10) as 

the report of IAWA Committee (2004). And 

crassulae in the radial walls of tracheids and 

trabeculae traversing tracheid lumina in radial 

direction (Figs. 3 and 5) are found. These fea-

tures, however, were of no diagnostic value be-

cause of common presence of crassulae 

throughout the coniferous wood with the ex-

ception of Araucariaceae and occurrence of tra-

beculae in any of the gymnosperms (Panshin 

and de Zeeuw, 1980).

  Torus extensions (Figs. 2 and 6), thickening 

bars in the pit membrane radiating from torus to 

margo periphery, are observed like the descrip-

tion of IAWA Committee (2004). Also, tracheid 

pits covered with organic extraneous contents 

(Fig. 7) are found in Pacific silver, grand, and 

California red fir.

  Axial parenchyma is marginal, very sparse or 

wanting and transverse end walls of axial paren-

chyma cells are nodular or distinctly pitted 

(Figs. 9 and 10). The marginal parenchyma was 

known to found in both juvenile and mature 

wood in certain species of Abies but more fre-

quent in juvenile than in mature wood (Noshiro 

and Fujii, 1994). And transverse end walls of 

axial parenchyma cells were known to be nod-

ular by true simple pitting of the secondary wall 

(IAWA Committee, 2004).

  Homocellular rays composed exclusively of 

ray parenchyma cells are present, but hetero-

cellular rays composed of ray parenchyma cells 

and ray tracheids are absent (Fig. 12) as op-

posed to the observation in balsam fir by 

Panshin and de Zeeuw (1980). In genera of 

Pinaceae without normal resin canals, ray tra-

cheids were reported to be very rare in Abies 

and Pseudolarix by IAWA Committee (2004).

  In ray parenchyma cells, horizontal walls are 

distinctly pitted and vertical end walls are nod-

ular or distinctly pitted (Fig. 12) like the de-

scription of IAWA Committee (2004). And in-

dentures, depressions in horizontal walls of ray 

cells at their junction with vertical end walls, 

are present. They were known to be observed in 

all conifer families except Araucariaceae by 

IAWA Committee (2004).

  Cross-field pitting is taxodioid (Fig. 14), like 

the earlier observations (Panshin and de Zeeuw, 

1980; Hoadley, 1990; IAWA Committee, 2004).

  Crystals in ray parenchyma cells (Figs. 13, 
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15, and 18), color of ray parenchyma cell con-

tents (Figs. 12 and 13), and uniseriate ray 

height (Figs. 16 and 17) are variable (Table 2). 

Crystals were known to be regularly present in 

the ray parenchyma cells of white, grand, 

California red, and noble fir (Kennedy et al., 

1968; Hoadley, 1990; Eom et al., 2006). And 

color of ray parenchyma cells were reported to 

be colorless or pale yellow in balsam, Fraser, 

and subalpine fir but to be distinctly reddish 

brown in Pacific silver, white, grand, California 

red, and noble fir (Kukachka, 1960; Hoadley, 

1990).

4. CONCLUSIONS

  The woods of eastern and western species are 

found to be separated on the basis of crystals 

and color of contents in ray parenchyma cells 

and ray height. In eastern species, the crystals 

in ray parenchyma cells are absent and the con-

tents of ray parenchyma cells are colorless to 

very light. These two eastern species are further 

characterized by the absence of uniseriate rays 

exceeding 25 cells in height. In western species, 

only subalpine fir has colorless to very light 

contents in ray parenchyma cells. The remain-

ing five western species have dark contents in 

ray parenchyma cells but presence of crystals 

and uniseriate rays exceeding 25 cells in height 

are variable.

  Identification key to eight species of Abies 

native to the United States and Canada is as 

follows:

  1. Ray parenchyma cell contents colorless or 

very light 2

  1. Ray parenchyma cell contents dark 3

    2. Rays exceeding 25 cells in height ab-

sent Balsam fir (A. balsamea),

      Fraser fir (A. fraseri)

    2. Rays exceeding 25 cells in height regu-

larly found

    Subalpine fir (A. lasiocarpa)

  3. Crystals usually present 4

  3. Crystals absent or extremely sparse

    Pacific silver fir (A. amabilis)

    4. Crystals present only in ray parenchyma 

cells 5

    4. Crystals present both in axial and ray 

parenchyma cells

      White fir (A. concolor)

  5. Rays exceeding 25 cells in height absent 

and crystals somewhat frequent

    Noble fir (A. nobilis=A. procera)

  5. Rays exceeding 25 cells in height regu-

larly found and crystals somewhat fre-

quent Grand fir (A. grandis),

    California red fir (A. magnifica)
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