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Abstract 

This revised bibliography reflects the amount of 
interest in the Populus species shown by the large 
number of publications issued on the subject, partic­
ularly in the last two years. References are grouped 
under broad subject matter headings and arranged 
alphabetically by author within each group to facilitate 
use. 
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WITH EMPHASIS ON P. TREMULOIDES 


By 

DIMITRI PRONIN and COLEMAN L. VAUGHAN 
Forest Products Technologists 

Forest Products Laboratory,1 Forest Service 
U.S. Department of Agriculture 

Before 1940, Populus species in the United States were generally considered 
weed trees. They were seldom utilized, and very little was known about their 
properties or suitability as a raw material for forest products. This situation 
has changed dramatically. 

Large acreages in the Lake States became heavily populated with aspen prior 
to 1930 as a result of clear-cutting of the original stands of white pine and 
subsequent severe and repeated fires that burned over the area. In the early 
1930's State and Federal agencies improved and expanded their fire detection 
and suppression systems, which permitted aspen to grow unmolested in vast 
areas. By the early 1940’s, some of the older aspen stands were reaching 
merchantable size and timber owners and managers began to search for potential 
markets. 

Research organizations and industry launched a concerted effort to determine 
the potential of aspen as a forest products raw material. As one result, a series 
of 21 papers, which became known as the “Aspen Series,” was prepared and 
published by the Forest Service. The papers covered a wide range of subject 
matter, including known uses of aspen, physical properties, processing (sawing, 
veneering, and pulping), lumber grade yield recoveries, and silviculture treat-
ments of aspen stands. 

1Maintained at Madison, Wis., in cooperation with the University of Wisconsin. 
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During the 22 years since publication of the “Aspen Series,” uses of the 
species have changed and greatly expanded. Many people in the United States 
have been working with aspen, and other countries have been active in finding 
new uses and promoting the Populus species. 

The Forest Products Laboratory receives many requests for information on 
aspen utilization and related matters. This revised bibliography has been 
prepared to bring together literature references dealing with the Populus 
species as a useful and ready source of information. No attempt was made to 
include material issued before 1940. 

The references are arranged alphabetically by author within broad subject 
matter headings to facilitate use of the bibliography. The subject headings and 
their locations in the bibliography are: 

Page Page 

Utilization. . . . . . . . . . . . 2 Harvesting and Processing. . . . 26 
Properties . . . . . . . . . . . 6 Silviculture. . . . . . . . . . . . 28 
Density . . . . . . . . . . . . . 10 Production and Supply . . . . . . 38 
Tension Wood. . . . . . . . . . 12 Genetica. . . . . . . . . . . . . . 39 
Chemistry . . . . . . . . . . . 14 Disease and Insects . . . . . . . 44 
Pulp and Paper . . . . . . . . . 18 General. . . . . . . . . . . . . . 65 
Growth . . . . . . . . . . . . . 19 

UTILIZATION 

1. Bergmar) O., and Nilsson, T. 
1967. 	 Outside storage of Populus tremula chips at Hörnefors 

sulphite mill. Rapp. Instn. Virkeslära Skogshögsk.,
Stockholm No. R 55, 60 pp. (In Swedish.) 

2. Bois, P. J., and Eslyn, W. E. 
1966. 	 Deterioration rates of willow and cottonwood during [out-

door] storage in Georgia. For. Prod. J. 16(11): 17-22. 

3. Bonner, L. D. 
1966. 	 Flakeboard produced from polyethylene-glycol treated [Aspen]

flakes. Abstr. of thesis, in For. Prod. J. 16(12): 48. 
State Univ. Syracuse, N. Y. 

4. Bulgrin, E. H., McDonald, K. A., and Vaughan, C. L. 
1966. 	 Veneer yields from Lake States quaking aspen. U.S. Forest 

Serv. Res. Paper FPL-59. Forest Prod. Lab., Madison, Wis. 

5. Feihl, O., and Godin, V. 
1966. 	 Veneer and plywood from aspen poplar. Publ. Dep. For. 

Can. 1157: 6. 
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6. Garland, Hereford 
1949. 	 Aspen for excelsior. U.S. Forest Service, Lake States 

Forest Exp. Sta. Aspen Rep. No. 16. 

7. 
1948. 	 Aspen for veneer. U.S. Forest Serv., Lake States Forest 

Exp. Sta. Aspen Rep. No. 13. 

8. Goetze, H. 
1964. 	 Der Pappelstam und die Verwertung des Pappelholzes.

(Poplar stem and utilization of poplar wood.) Wiss. 
der Humboldt Univ. Mat.-Nat. R 13(4): 653-72. Berlin. 
(In German.) 

9. Govers, A., and Griffioen, K. 
1965. 

10. 	 Heebink, 
1962. 

11. 	 Hilf, H. 
1964. 

12. 	 Homenko,
1967. 

13. 	 Hossfeld,
1947, 

Study of recovery from various poplar cultivars in the 
match and wooden-shoe industries. Populier, Wageningen
2(4): 9-12. (In Dutch.) 

T. B. 
Performance of pallets from low quality aspen. U.S. Forest 

Serv., Forest Prod. Lab. Rep. 2264. 

H. 
The utilization of small poplar wood. Forst. und Holzw. 

20(1): 3-10. 

E. I., and Septuha, G. F. 
Production of rotary veneer and plywood from poplar.

Derev. Prom. 16(1): 7-9. (In Russian.) 

Ralph L. 
Chemical utilization of aspen. Part II. U.S. Forest Serv., 

Lake States Forest Exp. Sta. Aspen Rep. No. 18. 

14. Jayme, G., Hidenburg, K. G., Harders-Steinhäuser, M., and Branscheid, F. 
1943. 	 Uber die Eignung ein- und zehnjährigen Pappelholzes zur 

Zellstoffgewinnung. (The suitability of wood from 1-
and 10-year-old poplars for pulp production.) Holz als 
Roh- und Werkstoff 6: 1-6. (In German.) 

15. , Brandscheid, F., Harders-Steinhäuser, M., and Eser, L. 
1943. Eignunsvergleich verschiedener Schwarzpappelhölzer zur 

Zellstoffgewinnung. (Suitability of different black 
poplars for pulp production.) Holz als Roh- und Werkstoff 
6: 231-40. (In German.) 
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16. Jayme, G. 
1947. 	 Über den Einfluss der Sorte und des Standorts auf die 

Chemische Zusammensetsung und Eignung von Pappelhölzern 
zur Zellstoffgewinnung. (The influence of species and 
growth site on the chemical content and suitability of 
poplar wood for pulp production.) Papier, Das. 1: 182-90. 

17. , and Koburg, E. 
1958. Über die Schnellbestimung des Zellulosegehalts in 

Pappelhölzern. III. Eine Verbesserte Parallelbestimmungs-
methode. (The rapid determination of cellulose content of 
poplar wood. III. An improved parallel determination 
method.) Holzforschung 11: 142-50. 

18. Kay, J. A. 
1966. 	 Effect of interlocked grain on some of the mechanical 

properties of laminated poplar beams. Abstr. of Thesis, 
For. Prod. J. 16(12): 53. [State Univ., Syracuse, N.Y.] 

19. Kehr, E., and Schilling, W. 
1965. 	 Studies on the suitability of various species and categories

of wood for particle-board manufacture. 7. Oak, aspen,
poplar, hornbeam, larch, with spruce and Scots pine for 
comparison. Holztechnol., Dresden 6(4): 225-32. (In
German. ) 

20. Koch, C. B. 
1966. 	 Effect of compression on moisture content and sorption

hysteresis of aspen [Populus tremuloides] plywood. For. 
Prod. J. 16(10): 57-60. 

21. Kraaijenoord, C.W.S. 
1962. 	 Poplars and willows as shelter on dairy farms. N.Z.J. 

Agric. 104. 

22. Kulcsar, V. 
1965. 	 The exploitation value of poplar stands. Erdo 14(12):

540-45. (In Hungarian.) 

23. Langahammer, A. 
1965. 	 The use of aspen for house building. Norsk. Skogbr.

11(3): 81-85. 

24. Mojrov, S. L. 
1965. 	 An economic evaluation of the different biological forms 

of Populus tremula. Lesn. Hoz. 18(8): 15-17. 

25. Mutibaric, J. 
1966. 	 Characteristics of the wood of Populus cv. I-214. Topola,

Beograd 10 (57/58) : 33-35. (In Serbian.) 
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26. Nikanov, V. I. 
1965. 	 The yield and defects of unedged lumber from aspen sawlogs.

Lesn. Z.Archangel'sk 8(6) : 111-14. (In Russian.) 

27. 
1966. 	 Defects and their relationship to aspen sawlog grades.

Lesn. Z. Archangel'sk 9(5): 117-19. (In Russian.) 

28. 	 Pearse, H.C.H. 
1962. Live fences of timber poplars. N.Z.J. Agric. 104(2): 123-25. 

29. Poljakov, A. V. 
1967. 	 Variation in the yield of assortments from stems in aspen

stands. Lesn. Z. Archangel'sk 10(1): 46-49. (In Russian.) 

30. 	 Polubojarinov, D. I., and Civiksin, L. E. 
1962. The utilization of defective aspen. Lesn. Prom. 10: 21-22. 

31. Rees, Louis W. 
1947. 	 Aspen lumber for building purposes. U.S. Forest Serv., Lake 

States Forest Exp. Sta. Aspen Rep. No. 9. 

32. Ritter, G. J. 
1947. 	 Chemical utilization of aspen. Part I, U.S. Forest Serv., 

Lake States Forest Exp. Sta. Aspen Rep. No. 18. 

33. Sands, Waldo 
1947. 	 Aspen for containers. U.S. Forest Serv., Lake States Forest 

Exp. Sta. Aspen Rep. No. 10. 

34. Sattler, H. 
1965. 	 The effect of some wood properties on the manufacture of 

cement-bound wood-wool building slabs. [Populus nigra]. 
Holztechnd., Dresden 6(4) : 265-68. (In German.) 

35. Schaffer, R. E. 
1947. 	 Aspen for pulp and paper. U.S. Forest Serv., Lake States 

Forest Exp. Sta. Aspen Rep. No. 14. 

36. Starych, A. M., and Koval', V. O. 
1965. 	 A trial of manufacturing extruded particle boards from 

aspen wood. Derev. Prom. 14(12): 20-22. (In Russian.) 

37 e Stegmann, G., Durst, J., and Kratz, W. 
1965. Poplar cordwood as raw material of the particle board 

industry. Holzforschung und Holzverwert 17(3): 37-43. Wien. 

38. Sump, Albert W. 
1947. 	 Aspen for cabin logs. U.S. Forest Serv., Lake States Forest 

Exp. Sta. Aspen Rep. No. 15. 
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39. Toole, Arlie W. 
1947. 	 Aspen for core stock. U.S. Forest Serv., Lake States Forest 

Exp. Sta. Aspen Rep. No. 11. 

40. U.S. Forest Service 
1959. 	 Feasibility of using Lake States hardwoods for newsprint

and other pulp and paper products. 

41. Vamos, G. 
1963. 	 The utilization of poplar in Hungary. Svensk. Papperstidn.

66 (8) : 291-97. 

42. Zasada, Z. A. 
1947. 	 Aspen properties and uses. U.S. Forest Serv., Lake States 

Forest Exp. Sta. Aspen Rep. No. 1. 

PROPERTIES 

1. Bobrov, R. V. 
1966. 	 Conditions of the occurrence of red stain in aspen.

Lesn. Z., Archangel'sk 9(5): 19-22. (In Russian.) 

2. Brace, L. G. 
1966. 	 Radial shrinkage and swelling of increment cores. For. 

Chron. 42(4): 387-9. Petawawa Forest Exp. Sta. 

3. Braun, H. J. 
1967. 	 Development and structure of wood rays with special

reference to the contact/isolation differentiation in 
relation to the hydrosystem. I. The principle of contact/
isolation differentiation. Holzforschung, Berlin 
21(2): 33-7. (In German.) 

4. Cormack, R.G.H., and Lemay, P. L. 
1966. 	 A further study of callus tissue development on stem 

cuttings of balsam poplar. Can. J. Bot. 44(1): 47-50. 

5. Curro, P. 
1957. 	 Physical characteristics of the wood of Populus X 

euramericana (Dode), Guinier I 154 and Populus tremula L. 
Int. Poplar Comm., 9th Session, Paris. 12 pp. 

6. 
1960. 	 Technological investigations on the wood of some Euramerican 

poplar hybrids. I. Physical and mechanical properties.
Pubbl. Centro Sper. Agr. e Forestale 3: 3-61. 

7. Davis, E. M. 
1947. 	 Machining and related properties of aspen. U.S. Forest 

Serv., Lake States Forest Exp. Sta. Aspen Rep. No. 8. 
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8. Filipovici, J., and others 
1962. 	 The structure and properties of poplar wood. Lucr. Sti. 

Inst. Polyt., Brasov. 1: 107-55. (In Rumanian.) 

9. Giulimondi, G. 
1966. 	 Mineral contents of Euramerican Poplars. Publ. Cent. 

Sper. Agric. For., Roma 8: 193-214. (In Italian.) 

10. Goetze, H. 
1964. 	 Strength of poplar wood in compression, tension, and bending.

Holtztechnol. 5(2): 121-31. 

11. 
1964. 	 Studies on some properties of poplar wood. Holzindustrie 

17(7,8): 187-90; 224-27. 

12. Haygreen, J. G. 
1966. 	 Some mechanical properties of aspen wetwood. Forest Prod. 

J. 16(9): 118-19. 

13. 	 Hirai, S., Tsuchiya, K., and Aida 
1962. Mechanical properties of the wood of Populus sp. of the 

Tokyo University Forest in Hokkaido. Misc. Inform. 
Tokyo Univ. Forest 14: 63-71. 

14. Hook, D. D., and Sucoff, E. I. 
1966. 	 Predicting discoloration in wood of quaking aspen. Minn. 

For. Note No. 169. 

15. Ivannikov, S. P., and Rostwcev, S. A. 
1965. 	 Cellulose content and fiber dimensions in various poplar

varieties. Lesn. Hoz. 18(5): 37-52. (In Russian.) 

16. Jakimov, I. V. 
1966. 	 The effect of mineral fertilizers on the physical and 

mechanical properties of aspen wood. Lesn. Hoz. 19(3):
32. (In Russian.) 

17. Johnson, R.P.A. 
1947. 	 Mechanical properties of aspen. U.S. Forest Serv., Lake 

States Forest Exp. Sta. Aspen Rep. No. 7. 

18. Kaldy, J. 
1962. 	 Data on the mechanical and physical properties of 

P. tremula. Erdeszettud. Koezl. Sopron 2: 59-88, 

19. Kennedy, R. W. 
1957. 	 Fiber length of fast grown black cottonwood. Forestry

Chron. 33: 46-50. 
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20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

Klauditz, W. 
1951. Über die Mechanischen Eigenschaften und Chemische 

Zusmensetzung des Stammholzes Zweier Pappelhybriden.
(The mechanical characteristics and chemical composition
of the trunk wood of two poplar hybrids.) Holz als 
Roh- und Werkstoff 9: 81-84. 

Leise, W., and Ammer, U. 
1958. Untersuchungen über die Länge der Holzfaser bei der Pappel.

(Investigation of the length of the wood fibers in poplar,)
Holzforschung 11: 169-74. 

Lieth, H., Osswald, D., and Martens, H. 
1965. Dry-matter production, shoot/root ratios, chlorophyll content 

and foliage area of young poplars. Mitt. Ver. Forstl. 
Standortskunde Forstpflzucht. 15: 70-4. (In German.) 

Marton, R., and Alexander, S. D. 
1964. Properties of fiber fractions from chemical and mechanical 

pulps. II. Comparison of poplar and spruce. Tappi
47(11): 704-10. 

Michalak, J. 
1963. Physical and strength properties of poplar plywood with 

special reference to decay resistance. Wiss, der 
Humboldt Univ. (Math. -Natur. Reihe) 12(2): 275-99. 
(In German.) 

Ohba, K., and Murai, M. 
1966. Studies on radiosensitivity of forest trees. Growth and 

somatic mutations of Alnus, Populus, and Betula species
under chronic gamma field. J. Jap. For, Soc. 48(1):
12-19. (In Japanese.) 

Polubojarinov, O. I. 
1964. Physical and mechanical properties of defective aspen

wood. Lesn. Zh. Archangel'sk, 7(6): 125-29. 

Rangelov, K. 
1965. Moisture content of sapwood and heartwood of Populus X 

regenerata stems, Gorsko Stopanstvo 21(10): 4-6. 
(In Bulgarian.) 

1965. Properties of Populus X regenerata heartwood. Gorsko 
Stopanstvo 21(7) : 11-16. (In Bulgarian.) 

Ruggeri, C. 
1966. Anatomical observations on root formation of Populus

"I 214" in controlled conditions. Publ. Cent. Sper.
Agric. For., Roma 9(1): 1-10. (In Italian.) 

FPL-0180 -8-




30. 	 Runger, H. G., and Klauditz, W. 
1953. Über Beziehungen zwischen der chemischen Zusammensetzung

und der Festigkeitseigenschaften des Stammholzes von 

Pappel. (The relationship between the chemical composition

and the strength characteristics of the stem wood of 

poplar.) Holzforschung 7: 43-58. 


31. Sauter, J. J. 
1966. 	 Seasonal changes in water content and translocation in 

heartwood and sapwood of Populus. Holzforschung, Berlin 
20(5) : 137-42. (In German.) 

32. Scarramuzzi, G. 
1955. 	 Dimensional data about wood fibers in Populus X euramericana 

(Dode) Guinier cv. 1-214. Inter. Poplar Comm., 8th 
Session, Madrid. 

33. 
1956. 	 Variations of the volume proportions of wood elements within 

the stem in Populus X euramericana (Dode) Guinier cv. 1-124. 
Inter. Union Forest Res. Organ., 12th Congr., Oxford, 
41(5): 242-51. 

34. 
1960. 	 Technological investigations on the wood of some Euramerican 

poplar hybrids. II. Anatomical Data. Pubbl. Centro Sper.
Agric. e Forestale 3: 193-216. (Italian-English summary.) 

35. 	 Simic, P. 
1965. Anatomical structure of the wood of indigenous Pyramidal

Poplars from Jugoslavian Macedonia. Part 2. God. Zborn. 

Zemj. -Sum. Fak. Univ. Skoplje (Sum.) No. 18: 99-154. 

(In Serbian.) 


36. 	 Stojanov, V., and Encev, E. 
1965. Physical and mechanical properties of wood of Populus X 

regenerata grown away from watercourses. Gorskostop.
Nauka, Sofija 2(1): 75-82. (In Bulgarian.) 

37. , and Encev. E. 
1961. 	 Study on the physical and mechanical properties of black 

poplar. Izv. Inst. Gorata Balg. Acad. Nauka, Sofija
7: 247-61. 

38. 	 , and Encev, E. 
1963. Physical and mechanical properties of wood of P. nigra

from Pazardzhik and Yambol. Izv. Inst. Gorata Balg,
Acad. Nauka, Sofija 13: 185-96. 

-9-



39. , and Encev, E. 
1964. 	 Physical and mechanical properties of the wood of hybrid

poplars grown on riverside sites. Gorskostop Nauka, 
Sofija 1(6): 57-64. Refs. 

40. Todorovski, S. 
1963. 	 Investigations of some technical properties of P. virginiana

(P. deltoides). God. Zborn, Zemj. -Sum. Fak Univ. Skoplje
16: 61-90. 

41. 	 U.S. Forest Products Laboratory
1955. Wood Handbook. U.S. Dep. Agric., Agric. Handb. No. 72. 

42. U.S. Forest Products Laboratory
1964. 	 Veneer cutting and drying properties of cottonwood. U.S. Forest 

Serv. Res, Note FPL-044 , Madison, Wis. 

43. Witherspoon, J. P., and Curlin, J. W. 
1966. 	 Radiosensitivity of clones of eastern cottonwood. Abstr. in 

Bull. Ecol. Soc. Amer. 47(3): 127-28. 

44. Zasada, Zigmond A. 
1947. 	 Aspen properties and uses. U.S. Forest Serv., Lake States 

Forest Exp. Sta. Aspen Rep. No. 1. 

DENSITY 

1. Ahlborn, M. 
1964. 	 The strength of the mechanical tissue of German hardwoods, 

P. X robusta. Holzforschung 18(5): 129-39. (In German.) 

2. Born, J. D. 
1966. 	 Specific gravity of increment cores from interior Alaska 

trees. U.S. Forest Serv. Res. Note, Nor. Forest Exp.
Sta. No. NOR-19, 4 pp. 

3. Curro, P. 
1955. 	 Variations on moisture content, basic density, and ovendry

density in Populus X euramericana (Dode) Guinier I 214. 
Inter. Poplar Comm., 8th Session, Madrid. 

4. , and Sertmehmetoglu, Z. 
1965. 	 Some investigations on Populus nigra in Central Anatolia. 

Tek. Yay, Kavak. Arast. Enst. Izmit No. 1, 30 pp.
(In Turkish.) 

5. Eslyn, W. E. 
1966. 	 Relation of visual estimates of decay to specific gravity

loss in stored cottonwood and willow [pulpwood], U.S. 
Forest Serv. Res. Note, U.S. Forest Prod. Lab., Madison, 
NO. FPL-0143. 
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6. Farmer, R. E., Jr., and Wilcox, J. R. 
1966. 	 Specific gravity variation in a lower Mississippi valley

cottonwood population. Tappi 49(5): 210-11. 

7. 	 Giordano, G., and Curro, P. 
1956. Compression strength of the wood of three poplar stems with 

respect to their specific gravity. Inter. Union Forest 
Res. Organ., 12th Congr., Oxford, 41(6): 252-66. 

8. 	 Goehre, K. 
1960. Die Verteilung von Rohwichte im Pappelstamm. (The

distribution of dry density in poplar stems.) Deut. 
Akad. dez Landwiztwiss. Wiss. abhandl. 44: 51-79. Berlin. 

9. 	 Goetze, H. 
1964. Untersuchungen über die Rohwichte des Pappelholzes. (A

study of the dry density of poplar wood.) Archiv. für 
Forstwesen 13(11) : 1193-1214. 

10. 	 Hirai, S., and Aizawa, E. 
1966. Studies on the weight growth of forest trees. VIII. Two 

artifically planted Populus species. Bull. Tokyo Univ. 
For. No. 62, 189-96 pp. (In Japanese.) 

11. 	 Inokuma, T., Shimaji, K., and Hamaya, T. 
1956. Studies on poplars. (1) Measurement of fiber length and 

specific gravity of Japanese giant poplar (Populus gigans).
Tokyo Univ. Forest Misc. Infor. N 11: 77-86. 

12. 	 , Shimaji, K., and Furuya, M. 
1962. Studies on poplars. Measurement of fiber length and 

specific gravity of Yamanarash (P. siboldii). Bull. 
Tokyo Univ. Forest 56: 315-32. 

13. 	 Julio, A. G. 
1963. Variation in fiber length and density in the same genus

Populus. Bol. Tec. Exc. Ingen. Forest Univ, Chile 2, 
10 pp. 

14. 
1965. Variations in fiber length and wood density in poplar

(Populus nigra cv. italica, P. I-154 and P. I-214).
Infor. Tec. Inst. For., Santiago No. 21: 40-44 
(In Spanish.) 

15. Paul, Benson H. 
1956. 	 Specific gravity of Populus species and hybrids. U.S. 

Forest Serv., Forest Prod. Lab. Rep. 2060. 
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16. Peterson, K. R., Guiher, J. K., and Walters, C. S. 
1959. 	 The specific gravity of eastern cottonwood, P. deltoides, 

grown in Illinois. Ill. Univ. Agric. Exp. Sta. Forest 
Note 86, 2 pp. 

17. Scaramuzzi, G., and Ferrari, G. 
1964. 	 Relation of wood density to wood structure in Populus. 

News Bull. Inter. Assoc. Wood Anat. 1: 2-4. 

18. Valentine, F. A. 
1961. 	 Natural variation in specific gravity in P. tremuloides in 

northern New York. Proc. 9th Northeast Forest Tree Impr.
Conf . , Syracuse. 

19. Walters, C. S., and Bruckmann, G. 
1965. 	 Variation in specific gravity of cottonwood as affected by 

tree sex and stand location, J. Forest. 63(3): 182-85. 

TENSION WOOD 

1. Buggenhoudt, M. van der 
1954, 	 Untersuchungen über die Gelatinösen Fasern. (Investigations

of gelatinous fibers,) Privatdruck Union Alumettiere, 
Overboelare-Grammont, Belgium. (In German.) 

2. 	 Casperson, G., and Hoyme, E. 
1964. Cell-wall formation in deciduous trees. 3. The border of 

the lumen in reaction wood. Faserforschung und 
Textiltechnik, Berlin 15(5), (205-10). (In German). 

3. Clark, W. P. 
1958. 	 Effects of tension wood on seasoning and machining of 

eastern cottonwood. Forest Prod. J. 8(3): 109-112. 

4. Haskell, H. H. 
1958. 	 Strength properties of tension wood and typical wood in a 

leaning eastern cottonwood tree using crosslap and block 
shear glue test specimens. Forest Prod. J. 8(1): 17-22. 

5. Jagels, R. 
1963. 	 Gelatinous fibers in the roots of quaking aspen. Forest 

Sci. 9(4): 440-3. 

6. Jayme, G., and Harders-Steinhäuser, M. 
1950. 	 Über die Chemische Zusammensetzung des Zugholzes in einem 

Pappelholz. (Chemical composition of tension wood in 
poplar.) Papier 4: 104-13. (In German) 
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7. Kaeiser, M., and Boyce, S. G. 
1965. 	 The relationship of gelatinous fibers to wood structure in 

Eastern Cottonwood (populus deltoides). Repr. from Amer. 
J. Bot. 52 (7), (711-5). 

8. ,and Pillow, M. Y. 
1955. 	 Tension wood in eastern cottonwood. U.S. Forest Serv., 

Central Forest Exp. Sta. Tech. Paper No. 149. 

9. ,and Stewart, K. D. 
1955. 	 Fiber size in Populus deltoides Marsh. in relation to lean 

of trunk and position in trunk. Bull. Torrey Bot. Club 
82: 57-61. 

10. 	 Klauditz, W. 
1958, Zum Zellulose- und Zugholzgehalt des Holzes der Pappel.

(Cellulose content of the normal wood and tension wood 
of poplar.) Holzforschung 21: 158-69. (In German.) 

11. 	 Lassen, L. E. 
1959. Tension wood in cottonwood--its effect on density,

toughness, and compression. Forest Prod. J. 9(3):
116-20. 

12. Norberg, P. H., and Meier, H. 
1966. 	 The gelatinous layer in tension wood fibers of aspen

(Populus tremula). News Bull, Int. Wood Anatomists 
1: 3-10. 

13. Patsche, G., Kramer, W., and Berger, S. 
1961. 	 The distribution of tension wood in the stem and in coppice

shoots of poplar. Arch. Forstw. 10(4/6): 586-602. 
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