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EDITORIAL 

The present issue of the News Bulletin gives an account of recent research 

in wood anatomy at the Wood Structure Section of the Forest Products 

Research Laboratory, Princes Risborough, England. We are glad to publish 

an up to date report of that institution which is a pioneer for the intro­

duction of new methods in wood research. As far back as 1938 the 

<<Multiple-Entry-Perforated-Card-Key » has been propagated, and recently 

the beta-radiation is used as a tool for density measurements on a micro­

scopic base. 

It is our intention to acquire similar reports from other laboratories for 

research of wood structure and we hope that this innovation will find the 

approval of our members. If such an account will be accompanied by a 

similar general introduction as that at the head of this number, no 

Editorial will be necessary any longer. A. Frey-Wyssling 
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THE WOOD STRUC TURE SEC TI ON AT THE 

FORE ST PRODUC TS RESEARCH LABORATORY 

PRINCES RISBOROUGH 

by 

Dr . E . W. J . Phillips 

Very few wood anatomi sts have opport uni t i es t o v i s i t t he l aboratories of 

other member s of our Assoc i at i on and have little idea of the day-to- day 

activi t i es of the i r fellows i n thi s fi el d . The pr esent brief i nt r oductory 

art i cle and the other paper s i n t h i s i ssue of the Bulleti n a r e a i med at 

gi vi ng a pi ct ur e of some of our activities a t Pr inces Ri sborough , and we 

l ook forward to seei ng account s of the act i v i t i es of other laborat ories i n 

later Bulle tins . 

The Forest Produc t s Research Laboratory at Pr i nces Ri sbor ough was s et up i n 

1927 and now covers research i n wood structure , mycology , entomol ogy, 

chemi s try (and pulpi ng) , wood pr eser vation : t h i s group compri ses the Sci enc e 

Divis i on ; i n addi t i on , the Engi neeri ng Di v i s i on deal s _with timber mechani cs , 

seasoni ng , woodworking and composite wood . The t ot a l s t aff cons i sts of some 

180 people, of these ·about one- thi rd have sc i entif i c or t echni qal qualif i­

cations . From it s i nception until t he begi nni ng of 1 965 the Laqor atory _was 

admi ni stered by t he Governmental De pa r tment of Scientif i c .and I ndustrial 

Research but , s i nce then , by the new Mini st r y of Te chnol ogy . Thi s r ecent 

admini st r at i ve change has t he object of deve l opi ng resear ch i n t o _matters 

of direct value to i ndustry and , i n our ca se , to the timber - produci ng and 

timber- consumi ng industrie s . Thi s will i nclude a cer t ain amqunt of basic 

appl i ed r esear ch as well as ad hoc items ; i nvestigat i ons of a pur ely 

academic char acter , more appr opri ate t o t he Uni vers i t i es , will no l onge r 

be carri ed out here though s t eps may be t aken to encour age such _resear ch 

i n the appr opria t e academi c i ns titut i ons . 

My own prof ess i onal i n t eres t s in wood anatomy s t arted i n 1930, a t about the 

t i me our Associ at i on was f ormed , when I joi ned B.J.Rendl e and S . H.Cla r ke , 

t wo founder membe r s of t he Associ at i on , at t he Labor atory . The former was 

in charge of the Wood St ructur e Section until 1 961 and i t i s l argely due to 

hi s pers i s t ent e f forts that t he fine collection of t i mber speci mens , now 

28 ' 000, was amassed t9 provide t he bas i s fo r our resear ches 

me t hods of i dentificat i on and r eference materia l for day-to- day advi sor y 

Mr . Clar ke , a ft er maki ng val uable contribut i ons to the developi ng sc i ence 
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of wood anatomy , l eft i n 1940 to take up a seri es of hi gh admi ni strat i ve 

posts i n vari ous ot her branches of sc i ent i f i c research. The present perman­

ent staff of the Sect i on cons i sts of three scient i f i c staff (Phillips, 

Brazi er and Di nwood i e) , three experi ment a l staff (Adams, Frankl i n and 

Patterson) and two ass i stants. From t i me to t i me we have , in add i tion, 

vacat i on and over seas students and other short- term workers . 

Our research on methods of t i mber i dentif i cat i on cul mi nated wi th the publi­

cat i on i n 1961 of Forest Products Research Bullet i n No . 46, "Ident i f i cat i on 

of Hardwoods : A Mi croscope Key " , fo l low i ng our earl i er Bullet i ns (Nos . 22 , 

25 and 26) deal i ng wi th the i dent i f i cation of softwoods , and of hardwoods 

us i ng macroscopi c (lens) features . Si nce then, this ki nd of anatomi cal 

research has occupi ed a minor part of our research programme being confi ned 

to ad hoc i nvest i gat i ons l argely to meet the needs of commerci al development . 

Wi th the growi ng availabi lity of computers consideration i s being given to 

the poss i bili ty of f i tt i ng our accumulated anatomi cal data i nto sui tabl e 

form for use with such machi nes for purposes of ident i f i cat i on and correlation 

of anatomi cal features with each other and a l so wi th t imber properties. In 

this connect i on, spade work carried out by a subcommittee of the Associat i on 

duri ng the meet i ngs in Pari s i n 1954 may prove useful as a starting point 

(see News Bul leti ns, September 1954). I n our current research progr amme wood 

anatomy featur es i n i nvestigat i ons of the vari ation wi thi n and between trees 

of vari ous speci es of softwoods now maturi ng from t h e large - scale plant i ngs 

of the Forestry Commi ss i on set up i n 1 919. A.llied to this work i s the select i on 

of potent i al parent trees of superi or t i mber quality with a v i ew to long term 

i mprovement by controll ed breeding . Thi s i nvolves studi es i nto the effect of 

envi ronment on structure with the object of differentiat i ng between the 

effects of genet i c and environmental factors and also of the relationships 

between juveni le and adult structure so t hat forecasts can be made of the 

character of mature t i mber from the examinat i on of comparat i vely young stems . 

I t is mainly i n connection with these seri es of i nvestigat i ons that we 

originally developed the spec i al beta- ray density techniques for studying 

the patterns of dens i ty variat i on i n growth r i ngs and apparatus for rapi dl y 

measuring and class i fying fibre length . 

Latterly i t has been poss i ble to recommence the study of the relations 

between wood anatomy and techni cal propert i es and , in the f i rst place, a 

re - examination is being made of the i nfluence of anatomy on the manner in 

wh ich wood fractures when stressed i n different ways . 
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The establishment of research units in several of the deve l opi ng countries 


wi th large timber resources has reli eved us of the need to devote so much 


t ime to the i nvest i gat i on of overseas timbe r s as i n the past. Neve r thel ess , 


some work on selected spec i es i s st i l l carri ed out here and the pr elimi nary 


apprai sal of the potent i al i t i es of unt ried timbers from anatomi cal exami na­


t ion i s frequently call ed for . 


Our vari ous r esearch projects do not occupy all our t i me, an apprec i abl e 


effort be i ng devot.ed to advi so r y wo r k ( i ncl udi ng t i mber i dent i f i cat i on) , 


and other non- research i tems . Teaching forms onl y a small part of our 


programme, l ectur es on wood anat omy be i ng contri buted to the Labo r ato r y 


Wood Technology Courses held seven t i mes a year, a t tended by nearl y 200 


s tudents , and i n addition member s of the staf f gi ve courses i n the s ubje ct 


at l ocal Eveni ng Cl ass I nst i tut es . 


It i s cl earl y i mpract i cable t o di scuss i n de t a il t he whol e range of our 


a ct i v i t i es but thr ee aspects of our work a r e deal t wi th i n the fol l owi ng 


pape rs . 
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TI MBER I DENTIFICATI ON 

by J . D. Br azi er 

Summary 

The mul tiple- entry perfor ated- card keys developed i n the Wood 

St r ucture Sect i on at Pri nces Ri sborough are i n regular use to 

deal with the 1' 000 or so speci mens rece i ved for i dent i f i cat i on 

and apprai sal every year . A sel ection of cases of topi 9al 

i nte r est are bri efly di scussed and i t is suggested that i tems 

of thi s ki nd mi ght usefully form a regul ar feature of_the 

News Bull et i n . 


The Wood Structur e Sect i on at Pr i nces Ri sborough pi oneered the use of the 

multi ple- entry perf orated- car d for timber identification . Thi s system was 

first put i nto use about 1935 and i n 1938 CLARKE (4) descri bed the card 

de s i gned for the i dent i f i cat i on of hardwoods . Si nce then card keys for the 

de termi nat i on of softwoods and hardwoods have been in almost daily use and 

the data n~cessary for t heir formulation were publ i shed", at .. fi r st "' ior the 

s oftwoods (6) , fol l owed by a key to hardwoods us i ng l ens features (1), and 

f inally a mi croscope key to hardwoods (3) . 

http:devot.ed
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Undoubtedl y one of the outstandi ng advantages of the card sorting t echnique 

i s that i t readil y enabl es comparative observations to be made us i ng coded 

descri pt i ve records. Comparative and not simply descriptive anatomy i s the 

bas i s of timber ident i fication and thi s fact has a l ways been kept i n mind i n 

the preparation of the Princes Risborough keys . Many comparative studies were 

made duri ng t heir preparat i on , some were publ i shed separately but for t he 

most par t they a r e i ncorporated in publ ished Bullet i ns. 

With the publicat i on i n 1961 of the microscope key to bardwoods many of the 

problems connected wi th the i dent ification of the more fami l iar woods met on 

the Uni ted Kingdom market were resolved, so fa r as was feasible on the basis 

of the i r wood anatomy , and , since then, studi es in comparat i ve anatomy have 

ceased to be a major i tem in our research efforts . Nevertheless identifi­

cat i on remai ns an important act i v i ty as i t forms part of the Laboratory's 

advi sory service to i ndustry. More than 1 ' 000 wood spec i mens are identified 

ever y year and although the enqui ries come mainly , although not exclus i ve l y , 

from Britain , the t i mbers submitt ed come f r om all parts of the world. This 

advi sory demand provi des a cont i nuous rev i ew of t he ident i f i cation technique 

but more part i cularly , it quickly bri ngs to not i ce new timbers, for a new 

t i mber i s rarely on the Unit ed Kingdom market long before informat i on i s 

being sought about it fr om the For est Products Research Laboratory. And be­

fore advice can be gi ven about an unf amiliar timber, determi nat i on or 

confi rmat i on of it s i dentity is essent i al and an apprai sal of its phys i cal 

and anat omi cal characteri st i cs very desirable . 

Thus i n order to provide an effici ent adv i sory service many de t erminations 

are made and some of the more topical of these are descri bed below in the 

hope that they are of i nteres t to others faced with s i milar problems . 

In Bri tai n , as in Qther European countries, there i s a f ashi on for rosewood , 

particula rly for furni tur e . This was met at f irst by the use of I ndi an 

rosewood (Dalbergi a latifolia) but, as demand increased, B~azilian or Ri o 

rosewood ( ~ ni gra) became the principal source of supply. Separation of 

these t i mbers on their anatomical structure and alcohol extract (3 } i s 

usually feas i ble although both are somewhat vari able i n character and there 

is occasionall y some uncertainty . However, as demand and consequently price 

increased so other t i mbers were i ntroduced as rosewood. One, from Brazil, 

was Machaerium scleroxylon, closel y related to spec ies of Dalbergi a and very 

s i mi lar i n appearance to Brazili an rosewood but readily di st i ngui shed by i ts 

finer texture and more conspicuous and regularly banded parenchyma . I t was , 
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however , a most unfortunate choi ce as it i s par ticul arl y unpleasant to work 

(2) , caus i ng such severe ski n i rritat i on to operat i ves as t o be unacceptable 

for any purpose i nvolving extensi ve machi n i ng or sanding of dry timber . 

A note on thi s timber and it s effects i s be i ng publ i shed (7). ·Another 

Brazilian wood with some resemblance to rosewood has been introduced as 

arruda rajada. Through the courtesy of Dr . Mai n i eri of the Institute de 

Pesquisas Tecnologicas, Sao Paolo, thi s has been determi ned as a species of 

Swartzi a and i s of potential i nterest as a decorative t i mber, although some 

care may be needed i n i ts selection as spec i mens exami ned have varied some ­

what in col our and figure . Species of Swartzia commonly have a h i ghl y 

coloured heartwood and, from Africa, the t i mber of . ~ . f i stuloides and 

~ - madagascari ens i s , with a superfic i al resemblance to rosewood, i s marketed 

as pau rosa; i t i s readily distinguished from rosewood by a conspi cuous 

banded arrangement of its parenchyma. 

In Africa there are many species of Dalbergia but few are t rees and true 

rosewood is onl y exploited i n Mal agasy (Madagascar), a l though i n East Africa 

the much sought after Dalbergia melanoxylan is hi ghl y pri zed for its black , 

ebony- like wood. It i s perhaps , the absence of a true African rosewood that 

has resulted in the marketing of various so- called Afri can rosewoods. Thi s 

name has been used i h the past fo r speci es of Gui bourt i a with t i mbe r of the 

bubinga type and perhaps l ess underst.andably for Copaifera salikounda with 

i ts lustrous, red- brown wood . In recent months "African rosewoo'd " has been 

used for timber of Combretodendron macrocarpum, more familiar as es i a or 

minzu . Seen mainly as veneer i t is a medium red- brown , rather coarse - textured 

wood whi ch, although of some decorative val ue , lacks the character and 

di stinct i ve appearance of true rosewood . Anatomically es i a i s readily 

di st i nguished from r osewood by it s very hi gh , non- storied rays whi ch gi ve 

a characteri stic ray f i gure on quartered surf aces . 

Although interest, for the time being, i s mainly i n rosewood for decorat i ve 

purposes, there is, too, a demand for walnut - like .wood s . For many years 

suppl i es of true wal nut (species of Juglans ) have been insuffic i ent to meet 

demand and other t i mbers such as "African walnut " (Lovoa trichil i oides) and 

"Aus t rali an walnut " (Endi andra pal merstonii) have become so well establi shed 

commercially that they are accepted as wal nut a l though qui te unrelated to 

the genuine timber . The demand is for a grey to brown, f i gured wood devo i d 

of a reddish colour . "New Guinea wal nut ", closel y related to and possibly 

the same species as Phil i ppi ne paldao (Dracontomelum dao) , has a t i mber of 

this type and is a popular veneer , although i ts figure is somewhat regular 
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i n compari son wi th that of t r ue wal nut . Anothe r f i gured wood , for a while 

marketed i n Bri tai n as "olive wal nut " but now fami l i ar as mutenye , comes 

from the Congo and i s pr oduced by Gui bourt i a arnoldi ana . Si milar in appearance 

i s Q. ehi e, known as ovangkol from Gabon and amazakoue from the I vory Coast 

and seen mai nl y as veneer . I t has a l so been shi pped from Ghana , where i t i s 

known as hyedua , a name used for copal - bearing trees and , in part i cular , fo r 

speci es of Dani elli&, wi th whi ch Q. ehie i s somet i mes confused . So far as 

the i r t i mbers a r e concer ned, however, the r e i s litt l e resembl ance , fo r 

dani ellia has a comparatively pl a i n appearance and i s characteri sed by the 

presence of axi al i n t ercell ular canal s and stori ed rays , features absent 

from Q. ehi e . Gui bour t i a arnol di ana and Q. ehi e although s i mi l a r i n appearance 

a r e readily separat ed , t he forme r havi ng many, small pores , not v i s i ble t o 

the unai ded eye and t he l atter fewer , l a r ger pores whi ch are just vi s i bl e . 

From East Af r i ca veneer has been seen of a plai n , pal e brown to almost 

yellow wood known as Tanganyi ka wal nut . Its identi ty has not been determi ned 

for certai n a l though i t cl early be l ongs to the family Sapotaceae and i s 

probably a speci es of Ani ngeri a, Chrysophyl lum or Sideroxylon, a group whi ch 

i s botani cal ly confused and anatomi cally very s i mi lar . Other so- called walnuts 

have been r ece i ved as Brazilian wal nut or i mbuya (Phoebe porosa) and yellow 

wal nut (Beilschmi edi a bancroftii ) from Queensl and, the l atter wi th a bri ght 

yellow , un- wal nut l i ke wood . Both belong to the Lauraceae fami ly , character­

i sed by the presence of oi l ce l ls , although these are not an i nvariable 

feature of B. bancroftii . 
. -

Fi nally, i n thi s group of brown t i mbers , there has been i nterest i n spec i es 

of Cordi a . Although somewhat pl a i n i n appear ance , they provi de soli d wood 

matchi ng not onl y wal nut veneered surfaces but a l so wi th a superfi ci al 

resembl ance to teak . Fre i jo (Q.goeldi ana) from Brazi l , a l though rare l y seen 

i n quant i ty · i s a fami l i ar t i mber and sal mwood or Ecuador l aurel (C.alliodora) 

from Central and Tropi cal South Ameri ca has been marketed i n the past . 

Recent l y, t i mber of Q. t r i chotoma has been offered , mai nly i n the form of 

veneer . I t comes from Southern Brazil where it i s known by the confusi ng 

name l ouro, commonl y used i n South America fo r t i mbers of the Lauraceae 

fami l y . An a t tract i ve , warm brown t i mber, i t i s often characteri sed by 

depos i ts of a white crystalline substance , wi th a cotton- woo l like appearance , 

on i ts surface. Thi s is a natural component of the wood, whi ch has been 

i nvest i gated chemi cally at the Uni ted· States Forest Products Laboratory (8) . 

I t i s readily removed and di sappears on standi ng by sublimat i on . From Afri ca , 
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also, there has been trade in species of Cordia, mainly from Ni geri a where 

the timber is bel i eved to be pri ncipally Q. millenii although some 

Q.· pl atythyrsa may also be i ncluded . It i s known by the local name omo, but 

to avoid confusion with omu (Entandrophragma candoll e i ) the name Afr ican 

cordi a or Ni gerian cordi a i s suggested. Spec i es of Cordi a have a character­

i stic end- grain structure, typicall y with broad rays and tylosed vessels . 

It i s often possible to di st i ngui sh the Afri can commerc i a l speci es from the 

Ameri can as the former commonl y have l arger pores, often very heavily 

tyl os ed and wi th banded parenchyma moderatel y to well developed . In the 

American species (Q. all i odora, Q. goeldiana and Q. trichotoma) the pores 

are t ypical ly smaller, somet i me s i n cl usters or with a tendenc·y to a 

tangent i al arrangement and wi th parenchyma associated wi th the pores but 

confl uent only by v i rtue of the closeness of the pores . 

Most of the t i mbers noted so far are of interest for the i r f i gure . There 

is, particularly in the furniture industry, a very large demand for plain, 

featureless easy worki ng hardwoods which lend themselves to mass product i on 

techniques. Thi s group is typified by beech and b~rch, and among tropi cal 

timbers by rami n (Gonystyl us spp . ) and abura (Mitragyna ciliata). There have, 

in the past year or so , been two i nteresting new t i mbers of thi s type , both 

belonging to the botanical family Myri st i caceae and although comi ng from 

di fferent parts of the world , very simi lar in character . The f i rst to appear 

was mtambara , produced by Cephal osphaera usambarensis from Tanganyika but it 

has been followed, recently, by virola from Brazil and Colombi a . In Brazil 

virola is produced by spec i es of Viroia, mai nly ~ · surinamensi s , fami l i ar 

in some European markets as baboen from Surinam, wi th some ~ · sebi fe r a, but 

i n Colombi a virola i s the product of species of Di alyanthera . Ti mbers of the 

three genera are superfi c i ally s i mi lar; they are pale, pinki sh- brown i n 

col our, a l most feature l ess wi th a fai r l y f i ne texture and straight grai n, 

and typ i cally moderately light to light in weight . Mtambara , at about 

37 lb/ft3 when dry i s somewhat heav i er than virola whi ch varies a little 

according to i ts ori gi n, Colombi an speci es of Dialyanthera having a somewhat 

softer , f i ner- textured wood than the Brazilian species of Vi rola . 

Anatomically the genera are similar , and Garratt' s (5) -- 1933 descript i ons and 

key st i ll provide the best gui de to their separation . Dialyanthera with 

predominantly if not exclusively s calariform · perforat i on plates is read i ly 

di st i nguished from Cephal osphaera and the spec i es of Virola cons i dered here 

whi ch have predominantly s i mple perforat i ons . Cephalosphaera and Virola 

are not always separable especi ally when only small specimens are avai lable 
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but , with .l arge r pi eces, Virola commonly shows ·some tendency to growth-ring 

devel opment due to somewhat denser bands of fibres often with assoc i ated 

parenchyma or parenchyma-like tissue; thi s has not been observed or recorded 

(5) for Cephal osphaera . 

Some of the above determi nations wer e poss i ble us i ng the accumulated data on 

t i mber i dent i f i cat i on, somet i mes publ i shed , as i n the case of the Myristica­

ceae t imb ers, many years ago . For others , a new comparative study was 

necessary , a l though, because of the time re~uired for a comprehensive review, 

this was usually of limi ted scope and desi gned to resolve onl y the i mmediate 

probl em . Nevertheless, such studi es and apprai sals of the anatomi cal and 

phys ical characterist ics of unfamiliar woods contri bute to our knowl edge, 

although it i s onl y occasi onal ly that this war rants recording for an i ndi v i dual 

timber. Over a period .of time, however , the examination of many , often 

economi cally i mportant speci es means that a considerabl e fund of information 

i s accumulated , although rare l y made availabl e i n published form mai nl y 

because of i ts fragmentary nature . Yet it i s surely of interest to a l arge 

number of technologists concerned with timber i dent ificat i on and it i s i n 

t his belief that thi e art i cl e i s presented . I t i s hoped that others will 

bri ng to the attent i on of I.A .W .A. membe r s new or i nterest i ng timbers in use 

el sewhe re in the world, and , it i s suggested, t hat the News Bulletin could 

become a useful medi um for the presentat i on of such i nformat i on and meet a 

need not available since "Trop i cal Wood" ceased publicat i on . 
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RESEARCH ON YOUNG PLANTATION TIMBER 

by J. D. Brazier 

Summary 

The procedures for i nvest i gat i ng the struGtural features of 

home - grown t i mbers are descri bed together with the resul ts of 

selected studies on spruce (Pi cea ab i es and P.s i tchens i s) , 

larch ( Larix dec i dua and ~- Iept01epi8) and l odgepole pine 

(Pi nus contorta). 

Research on home - grown timber and, i n part i cular, on the structure of young 

plantat i on growth softwood i s an i mportant aspect to the work of the Wood 

Structure Sect i on at Pri n ces Risborough . The reasons. for thi s are to be 

found i n the development of forestry i n Britain duri ng thi s century . Up to 

1919 the State had been l ittle concerned wi th forestry and it was only 

following the heavy fell i ngs of the Fi rst World War and the necess i ty for an 

extens i ve nat i onal replanting programme that a State forest servi ce, the 

For estry Commission, was established . Extensive plant i ngs were made in the 

1920s and 1930s, mai nly of exotic softwoods such as Sitka spruce (Pi cea 

s i tchensis) and No r way spruce (f. ab i es) , European larch (Lari x dec i dua) 

and Japanese larch(~ . leptolepis) , Douglas fir (Pseudotsuga taxifoli a) 

and Corsican pine (Pi nus ni gra var . calabrica) , but also the nat i ve Scots 

pi ne (Pinus s ilves tri s) and, i n comparatively small ~uantit ies , some native 

hardwoods . Some of the earli er plan~ings were felled dur i ng the Second World 

War (1939- 45) but much was s till too young at that t i me to yie l d saw timber 

and i s only now assuming commerc i a l i mportance . However, as often appears 

to be the case, exotic species when e s t a blished and managed under plantation 

condit i ons on a comparatively short rotation, produce a t i mber different i n 

many respects from that of old growth from natural forest, and i n the 

marit i me conditions, part i cularly of western Bri tai n, growth of spec i es such 

as Si tka spruce and Douglas f ir can be very rapi d, such that their timbers 

differ markedly from those of North American origin . There i s a need there ­

fore to apprai se such t i mbers , to revi ew their properties and cons i der their 

ut ility both in relat i on to the more famili a r imported product and also i n 

their own right. 

I t would be mi s l eadi ng to suggest that such invest igations at Princes Ris­

borough are of recent occurrence only , for s ince it s establishment i n 1927, 

the Forest Products Reo~arch Laboratory, although always independent of the 

Forestry Commission , has been concerned with the State forest service i n the 

apprai sal of home - grown timber . However, thi s work received a cons i derable 

s t i mul us in 1958 when a jo i nt committee, with representatives of the Forestry 
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Commi ss i on and the Forest Products Research Laboratory , was set up with the 

speci al responsibility for co- ordi nat i ng the work on home - grown timbers. 

There was a need to obtai n adequate i nformat i on on the relative meri ts of 

the t i mber of vari ous speci es not only as a contribution to their more 

efficient ut ilisat i on but also as a factor i n the determi nat i on of future 

planting poli ci es . 

I nvestigat i ons at the Forest Products Research Laboratory cover all 

aspects. of t he assessment and ut ilisat i on of home - grown t i mber. They i n­

vo l ve research in a l l f i elds of t imber technol ogy and the contribution of 

wood anatomy has been i n determi ni ng the bas i c structural characterist i cs 

of the pl antat i on timber, it s vari abi l i ty wi thi n and between trees, the 

study of the relationship between structure and pr opert i es , and the appli­

cat i on of this assembl ed dat a to timber improvement studies . The form and 

scope of the observations have vari ed accord i ng to the problems under 

investigation, but , as a rule , each has i nvolved the examination of a 

l arge number of trees, sampled by means of discs taken usually at two , or 

more rarely three he i ghts in each tree , one at breast he i ght and the others 

at fixed proportions of the t otal tree height . The anatomi cal propert i es 

studi ed incl ude fibre ·l ength vari a tion, compression wood development, i n­

c i dence of spiral grai n, extent of sap- and heart - wood formation and the 

pattern of growth of the tree as shown by i ts radi al i ncrement. The 

quant i ty of wo r k involved i s often cons i derable and new techni ques for 

e i ther assembl i ng or r ecording the data have been developed. One such i s 

the examination of dens ity vari at i on which i s the top i c of another paper 

i n this issue ; others which are referred to briefly here are concerned 
\ 

with the measurement of f ibre length and spi ral grain . 

Fibre length i s determi ned on i ndi v i dual r i ngs of both the juvenile and 

adult wood , typical ly on the nort h facing s i de of the tree . Whole rings 

are sampled as this i s cons i dered to give a f i gure of more pract ical 

s i gnificance than one based onl y on the last formed trachei ds of the l ate 

wood. The whole r i ng i s sampled by means of a t hi n chi p cut at an angle 

of 45° to the radial direct i on so as t o give tracheids deri ved from a 

l arge number of cambial i nitia l s and representative of the compl ete year ' s 

growth. This chi p i s macerated and after washi ng the tracheids are deposit ­

ed in water on a clean sli de; the water i s removed us i ng absorpt i ve paper 

and after very gentle warmi ng for f i nal dryi ng the fibres are covered with 

a glass sli p held by a short length of clear adhes i ve tape. Such a dry , 
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unstained mount i s not only quick and easy t o prepare but, a l so , on projection , 

a f i bre i s seen with such contrast that even at low magni f i cat i ons there i s 

little di fficulty i n dec i di ng whether or not i t i s complete at it s ends. 

Measurements are made on 25 f i bres for each sample and f or thi s purpose a 

fiqre length measurer and classifier has been des i gned (1) . Measurement i s 

by means of a small di amete r t racing whee l which produces an electri cal 

i mpulse on each rotat i on . When the wheel i s run a l ong t he projected i mage 

of a fibre , the i mpulses produced are counted by a r el ay and counter circuit 

and the number stored , a procedure whi ch i s repeated unt il the required 

popul at i on of fibr es i s measured when the total number of i mpulses i s 

print ed and the equi pment automaticall y re se t to ze r o for a fresh count . 

This pr ocedure has done much to r educe the tedium of f i bre length measurement 

as well as maki ng it a s imple one -man ope r at i on . 

Grai n i ncl i nat i on in the tree i s a structural feature of i nterest and 

i mportance . Grai n i s rarely strai ght re l at ive to the axi s of the stem for 

any cons i derable di stance and our studies have shown, i n agreement wi th those 

of many other workers (2) , that i n most softwoods there i s some tendency t o 

a spi ral development . Spi ral grai n , i f well devel oped , has a marked effect 

on the techni cal behavi our of wood, notably on i ts strength , i ts tendency 

to di stort , and the ease wi th whi ch a sat i sfac t ory machi ned surface is 

obtai ned , a l l factors which affect i ts general utility . For comparat i ve 

studie s of t i mbers and the exami nat i onoft he effec t of gr a i n i nclinat i on 

on technical behavi our, a numeri cal assessment of spi ral gr a i n i s required . 

Thi s pre sent s some difficulty for not only does grai n inclinat i on differ 

from t r ee to tree but a l so · i t commonly changes during the growth of a tree; 

thus a singl e obser vat i on on the surface of a log i s of limi ted significance 

and an est i mat e needs to be made of the ave rage grain i ncli nation a cross the 

stem . Such an est i mate, called the spiral grain i ndex , has been developed 

and i ts rel a tionshi p to certai n technical properties demonst r ated (3) . 

The purpose of the anatomical studi es undertaken have been vari ed and it i s 

poss i ble here to refe~ only to a f ew and review briefly some of the results 

obtai ned . Many have been or are being published el sewhere , usually as part 

of the revi ew of the range of te chni cal proper t i es and behavi our of each 

t i mber (4) . 

Spruce. Spruce i s of i ncreas i ng i mportance i n both British forestry and t i mbe r 

product i on . The area of fo rest under spruce exceeds that of any other coni fer 

and although Scots pi ne, because of the large area of old- growt h fo rest , 
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no t abl y i n Scotl and, i s a more i mportant timber producer at present , i t must 

ul t i matel y be overtaken by the more vigorous spruce . Of part i cular i mportance 

i s Si tka spr uce (Pi cea sitchens i s) , extensi vely planted on wet and often 

exposed s i tes of western Bri tai n where i t has been particular ly successful . 

It gr ows f aster and i s a l arger vol ume producer than No r way spr uce (E. abies) 

a l t hough thi s , too , is a very i mportant component of Bri t i sh forests . 

Bo t h speci es have been the subject of studies i n recent years . Young plan­

tat i on t i mber of an age and s i ze suffi cient to yie l d saw timber (30- 37 years 

in Si tka spruce , 40- 47 years in Norway spruce) has been examined to determine 

i ts anatomi cal characteri st i cs , to compare the general character of the 

wood of the two speci es , and to study the effects of s i te and quality cl ass 

on the i r t i mber propert i es . 

In both spec i es , adul t wood had an average trache i d l ength of wel l over 3 mm 

(see Table l ) , margi nally longer in Si tka spruce compared with Norway spruce . 

Compr ess i on wood , which· in all studi es us i ng disc material is determined by 

exami ni ng a 3 mm thi ck cross- section over a bright light source (5), was 

found to be of extensive occurrence in both t i mbers a l though not often of 

intensi ve development . Spiral grai n was present , to some extent, in every 

t r ee . I t commonl y had a tendency to a well - marked left - hand tw i st i n the 

juvenile wood , thereafter decreasing i n i nclination with increase in tree 

s i ze - a pattern repeated i n other softwoods examine d . The extent of grain 

i nclinat i on i n the juvenile wood was suffi cient to cause severe twist but 

outside thi s central core i t was not such a seri ous feature. Differences 

between the species i n average grain inclinat i on was smal l (see Tabl e 2) 

and may be attributed, i n part , to a di fference i n age because with the 

characteristic pattern of grai n incl ination described , the average i ncl i nat i on 

can be expected to decrease wi th age . 

Di fferences attributed to quality cl ass and s i te were for the most part small 

and somet i mes confl i ct i ng . Thus f i bre length in Sitka spruce was found to 

i nc r ease from south to north for two quality classes and decrease for another , 

whi le for Norway spruce there was l i ttle evidence for a regi onal pattern of 

vari ation . For other features , also, while there were somet i mes di fferences 

between sites , there was agai n litt l e evidence for a regional patter n of 

variat i on . But , i f di fferences between quali ty classes or s i tes are smal l , 

di fferences between trees on a s i te are often consi derable and undoubtedl y 

some of the most i n t eresting anatomical observat i ons that have come from thi s 

series of i nvestigat i ons are the data on between tree vari at i on , data whi ch 
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give some i nd i cat i on of the potent i al for i mpr ovement i n timber quality 


which mi ght be effected by a process of sel ect i on and breedi ng . 


Table l. Mean and observed variat i on i n f i br e l ength i n some pl antat i on 
softwoods grown in the Uni ted Ki ngdom 

Speci es Juvenil e 	wood Adult wood 

Age , from Fibre l ength Age , from · Fibre l engt h No . of pi th . yrs . (mi cr ons) Mean pith . yrs . (mi crons) Mean t r ees
(underlined) (underlined)
and r ange and range 


!Norway 

spruce 
 ll 2000- 2310- 2750 26 2450- 31 60- 3770 75 
Sitka 

s pruce 
 8 2230- 2890- 3480 20 2670- 3210- 3860 40 

!European 

P- a rch 
 ll 2460- 2930- 3380 29 2430- 3600- 4710 40 
Japanese 


iJ_a rch 
 ll 2470- 3010- 3500 30 2480- 3730- 4570 40 
Lodgepol e 

pine 
 ll 2090- 2660- 3290 

Yellow 

pi ne 
 ll ] 900- 2200- 2500 31 2690- 2940- 3330 l3 I .. I 

Table 2 . 	 Gr a i n i nclinat i on i n some young pl antation softwoods 

grown i n the Uni ted Ki ngdom 


Speci es Average and standard No . of t r ees Average age
dev i at i on of sp i ral examined of 	trees . yrs .
grain index *) 

No rway spruce 2 . 79 ± l. 24 136 41 
Sitka spruce 2 . 97 ± l. 44 170 32 
European l a r ch 3 . 26 ± 1. 30 40 29 
Japanese l arch 2 . 40 ± 0.97 40 30 
Lodgepol e pi ne l. 24 ± 0. 51 45 18 
Yellow pi ne 2.01 ± 0 . 68 13 41 

*) 	 The spi ral grai n i ndex i s a wei ghted average for the grai n 
inclinat i on across a stem - see (3) 
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Larch . European larch (Larix decidua) , although not a nat i ve speci es , has 

been grown in Britain for more than 200 years and its timber is we l l known . 

Japanese larch (1 . leptolepis) is a comparat i vely recent introduction, having 

been pl anted extens i vely only during the past 50 years, so that much of the 

timber that has been available has been from young growth . The relative 

merits of the timber of the two species have been a matter of controversy 

since the first Japanese l arch appeared on the market and an i nvestigat i on 

was recently undertaken to determi ne the comparat i ve properties of the two 

spec i es . In general , the conclusions of the study were that the species 

were s i milar for a range of technical properties when wood of comparable 

age and growth rate was compared and there was l it tle reason to market them 

separat ely . They were similar i n appearance although both showed some 

variat i on i n heartwood colour from pal e yellow- brown to a moderate l y dark 

red-brown with , on the whole, paler wood more common in the European and 

darker wood more common i n the Japanese l arch. Sapwood was appreciabl y 

wi der in European larch, with the grea ter width attributed, at least in 

part , to persistence for a longer t i me in this species. 

Li ke most softwoods , the larches tend to grow vigorously i n the early. years 

following establishment but thereafter growth rate falls and , i n mature timber 

with commonly ten or more rings per inch, becomes slow in comparison with many 

other plantat i on softwoods. Japanese larch had a rather more v i gorous growth 

when young compared with European larch but this was not mai ntai ned in older 

growth . The extent of spiral grain varied appreciably from tree to tree i n 

both species (see Table 2) with a somewhat greater variation in European larch 

which, on average, also deve l oped more extensive spiral grain than did 

Japanese l arch . Fibre l ength i n juvenile and adult wood of both speci es was 

long (see Table l) with no signi ficant di fference between them, nor was there 

evi dence that the incidence of compression wood differed markedly between the 

spec i es . An interesting observat i on was that many trees of both spec i es 

sampl ed from throughout Britain had a marked tendency to eccentric growth , 

part icul arly in the l ower par t of the bole . The extra growth occurred mostly 

on the side between north and east , ' away from the prevailing southwest wind, 

and suggests that l arch i s part i cularly responsive to wind action . 

Lodgepole pine . Lodgepole pine (Pinus contorta) has been planted extensively 

i n Britain only during . the past ten years or so. It i s of interest, in 

particular , for afforestation of exposed sites on very poor peat whi ch are 

otherwise unplantable but it i s also suitable for less exacting s i tes . On 

these it must be considered in comparison with other pl antable species and 
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the character of it s timber i s thus i mpo r tant . Furthermore it i s a species 

for whi ch many provenances a r e recognised and , a lthough provenance i s l i kely 

to be chosen mai nl y on silvicultural cons i derat i ons, the character of the 

t i mber could influence the choice. As yet , there are only i solated small 

s tands of large trees and provenance experiments are st i ll at a young stage 

but timber from both these sources has been studied to exami ne the potential 

of lodgepole pi ne . 

In compari son with Scots pine, it s mai n competitor on l ess exact i ng s ites , 

l odgepol e pine i s of somewhat more vigorous growth up to forty years with 

a greater percentage of heart wood and a more uniform texture at comparable 

growth rates because of a more unifo r m growth ring structure with less 

contrast between early wood and late wood . Fibre length s t udi es showed that 

lodgepole pi ne at l l years has a fai rly long f i bre (see Table l) and, al­

though observat i ons on older growth are based on few trees, that . fibre length 

cont i nues to i ncrease up to the 26th ring. It compares cl osely with Scots 

pine and may well approach the average l ength , 3.1 mm , recorded for mature 

growth lodgepole pine from Ameri ca . Compre ssion wood was of extens i ve 

although not often of intensive development ; i t was commonly found on the 

s i de of the stem away from the prevaili ng wi nd and there seems l i ttle doubt 

that the establishment of l odgepol e pine on exposed s i tes must result i n 

compression wood development . Like No,rth American t i mber the plant'ation 

growth commonly had a dimpl ed grai n but perhaps one of its most important 

characteri stics is the low i nc i dence of spi ral grain . This was rare l y well 

developed and the low f i gure as shown i n Table 2 i s ail the more remarkable 

when its age is considered . A feature of some interest was the presence of 

i nterlocked grai n in some trees; this i s of rare occurrence i n most soft­

woods but was rather more frequent than i s usual in lodgepole pine. 

A compari son of the timber characteri st i cs of di f f erent provenances has only 

been poss i bl e using young, 1 5- 20 year old trees . This preli minary appraisal 

suggests that di fferences occur between provenances in growth rate, percent ­

age heartwood, dens i ty and fibre length, but that i n no case were the t i mber 

properties such as to make it unacceptable, although a final appraisal of 

provenance differences and their comparative meri ts must awai t the exami nat i on 

of more extensi ve materi a l of mature growth . 

These are a few of the studi es assess i ng anatomical and other propert ies . 

They gi ve an apprai sal of the t i mber at present being grown, but i n Britain, 

as in most countri es with a l ong term commi tment to afforestat i on , there 

is concern for the improvement of t i mber quality , i n part by management 
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techni ques but also by a programme of selecting and breedi ng from those 


trees with a des i rabl e comb i nation of gr owth and t i mber characteri st ic s . 


Where timber i mprovement i s sought co - operation is necessary between the 


forest genet i cist and the timber technologist, and such work is carried out 


i n Britain as a jo i nt project by the Genet i cs Branch of the Forestry 


Commission and the Wood Structure Sect i on of the Forest Products Research 


Laboratory . At present part icular attent i on is be i ng gi ven to Sitka spruce , 


a tree of generally good stem form and one for which an i mprovement i n 


certain t i mber characteri st i cs could do much to i mprove i ts general quality . 


Tree s of outstandi ng form and v i gour a r e sampled by means of large i ncrement 


cores or borings, ll mm in di ameter and extendi ng from bark to pith, and on 


the bas i s of these an apprai sal i s made of the t i mber propert i es for each 


tree. Particular i mportance i s attached to increasing dens i ty wi th the 


improvement to come , if poss i ble , by i ncreas i ng early wood density . Thi s 


could result i n a mor e uniform texture and should do much to i mprove working 


and f i n i shi ng propert i es as well as reduce the tendency for collapse to 


occur on drying - among the most unsat i sfactory aspects of fast - grown 


Si tka spruce . It i s for such studi es that the beta- part i cle absorpt i on 


techniques descri bed elsewhere i n this i ssue have been of particular value . 


The .above are some exampl es of the contribut i on of the wood anatomist i n 


assess i ng the characteristics of young , plantati on timber . They are neces ­


sary , i n part as a descri pt i ve account of the material exami ned , but more 


part i cularly as the basi s for an effect i ve understanding of ~ts technical 


propert i es and behavi our . Such i nformation i s the bas i s of eff i c i ent 


ut i l i sat i on now ; it also contri butes to dec i s i ons on t he character of the 


forests of the future, and the wood anatomi st , with his assistance in the 


select i on of the trees which may ult i mately stock these forests, thus 


performs a dual servi ce , not only in purpose but also i n t i me . 
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THE USE OF BETA-PARTICLE RADIATION METHODS 


I N TIMBER RESEARCH 


by 


Dr . E.W. J . Phillips 


Summary 
A brief review of the applicat i ons of beta- particle techniques i n 
t i mber research i n the past decade i s fol l owed by an account of the 
par t icular problems studied at Princes Risbor ough. These incl ude 
some of the problems connected with the deve l opment of the 
carbon-14 appar atus and it s appli cat i on i n the select i on of parent 
trees for breedi ng to i mpr ove timber quality, and i n the ear l y 
recogni t i on of sui table types of progeny . Other applicat i ons i n ­
clude the assessment of the propor t i on of l ate wood, the calculati on 
from ni t r ogen determi nat i ons of the abso l ute amount s of t hi s 
el ement i n different parts of the annual ring, comparison of the 
texture of vari ous timbers, and the determination of packing dens ity 
of the cell wall. A recently developed apparatus provi des a semi­
automat i c means of measuri ng the density of indiv idual annual rings 
for s tudie s of pat t erns of within- tree variat i ons. 

I t i s about ten years ago s i nce the poss i bility of us i ng beams of beta­

pa rticles ( "beta- rays") f or density determi nat i on on wood and wood products 

was appr ec i ated and research became act i ve i n various countries i n the f oll ow­

i ng years . The vari ous i nvest i gators approached t he matter from r athe r differ­

ent poi nts of v i ew . Some were ori gi nally concerned with the larger s cale 

appl i cat i ons such as sawmi ll gradi ng (BERSENEV and FOKINA, 1 958 ; LAKATOSH , 

1956 ,1958) , others with automat i c measuri ng of the wi dth of the growt h rings 

(SANDERMANN , SCHWEERS and GAUDERT, 1 960) and others with the semi - mi cro­

assessment of dens ity variat i on within the gr owth rings (CAMERON, BERRY and 

PHILLIPS, 1 959; PHILLIPS, 1960 ; PHILLIPS , ADAMS and. HEARMON, 1962). Most 

i nves t i gators based their work on the adsorpt i on of beta- par t i cles as the 

beam was transmitted through the wood but the poss i bility of the backscatter 

.me thod , so potent i ally useful for examini ng timber i n s itu where two oppos i te 

faces are not access i ble, was not overlooked . This was examined by LOOS (1 957) 

who found , however , that results of useful preci s i on could not be achieved i n 

this way . The work appears to have been of a preli minary nature , carri ed out 

wi th apparatus which happened to be available but not well sui ted fo r the 

purpose. The Geiger counter used was operated above it s normal maxi mum count i ng 

rate and the source energy , for some unaccounted reason , tended to drift . A 

repe t i t i on of this work with more refined apparatus seems worth doing before 

abandoning such a potentially useful method . 

The gener a l principl es i nvo l ved i n beta- part i cle absorpt i on techniques are 

descr i bed i n the paper by CAMERON, BERRY and PHILLIPS , 1 959 , and theoretical 

cons ider at i ons a i med at i mproved resolution are reported by LLOYD and ADAMS, l 96l , 

http:Prod.Jour.l5
http:Prod.Jour.l3
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KEYLWERTH and KLEUTERS, 1 962 and KI.EUTERS, 1964. 

Several other appl i cations of beta- part i cle absorpt i on methods have now been 

reported, all dependi ng on assessment of wood density . These include mo i sture 

content determi nat i on (NOACK and KLEUTERS, 1960) , especi ally use ful where 

cont i nuous observation of samples i s necessary as, for example, i n humi dity 

cycling experi ments , and i n the determi nat i on of f i bre saturation po i nt 

(from the change in shape of the beta- ray absorpt i on ~ mo i sture content 

curve) (BERSENEV ana FOKINA, 1958) ; also re s i n content location and assess­

ment, measurement s be i ng made on the wood before and after res i n extraction 

(NIEMANN and SCHWEERS , 1958 ; SANDERMANN, SCHWEERS and HOHEISEL , 1963) . 

GILLWALD (1960) has reported their use i n measuri ng thickness of wood and 

compos i te boards, and ±n the study of diffusion and the movement of liquids 

i ncluding preservat i ves , and ZI TKOV (1958) us i ng specimens impregnated with 

phosphorus- 32 (a source of beta- part icles) determined the dens i ty of 

compressed wood . 

Most i nve s tigators have used a strontium- 90 source, the hi gh energy bet a ­

part i cles from which give useful absorpt i on va l ues with speci mens such as 

those cut from· "king- s i ze " i ncrement cores (up to 12 mm di ameter) . For 

thinner sampl es , for example, the 0 .1 mm (100 micron) sec tions used by 

PHILLIPS, ADAMS and HEARMON , 1962 , a speci al carbon-14 source was used 

g i v i ng a comparat i ve l y high output of low energy particl es . 

I n the follow i ng pages some account is given of research carried out at 

Pri nces Risborough. i n connect i on wi th the improvemen t and appli cat i on of 

beta- part i cl e methods of density determi nation . 

Publ i shed descriptions of t he basic pieces of apparatus and of their 

development have a l ready appeared elsewhere (CAMERON et a l . , 1 959 ; 

PHILLIPS et al . , 1 962) and a di agram shown i n Fi gure 1 . will suffi ce here 

to show the essent i al components of the carbon- 14 apparatus with whi ch most 

of our i nvest i gat i ons have been carried out. 

Our earlier work was concerned wi th examining the possibility of using a 

beta- part icle method for dens ity ·determination on a semi-micro scale with 

the part i cular object of studying dens i ty vari at i on i n trees of genet i c 

i nterest (PHILLIPS, 1963) ; so far this work has been confi ned to Sitka 

spruce (Pi cea s itchens i s) . These home- grown trees are being selected i n the 

first place on morphologi cal features such as good stem form and s l ender 

hori zontall y placed branches as well as growth vigour, all features which 
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are desirable for the economi c product i on of timber of improved quality . 

Before finally accepting these "candidate" trees for seed product i on i t is 

necessary to examine the character of their timber ; this has to be done on 

small samples s i nce obviously these potent i al parent trees must not be 

f elled . The necessary samples are taken i n the form of "king-size" (12 .mm 

diameter) bori ngs from bark to pi th by means of a hand- operated Pressler­

type borer supported i n a speci a l jig strapped to the trunk at breast height. 

The original i ntent i on was to determine the form of the density variation 

within each annual r i ng across the actual borings. I n the first pl ace a 

s t rontium- 90 source was selected to produce the hi gh- energy beta- particles 

with a suitabl e penetrat i ng power needed for dealing wi th these comparatively 

t hick sampl es . It was soon found that the round bori ngs after dryi ng to the 

s tandard 12 per cent moisture content were not sat i sfactory for obtaining 

precise measurements s i nce sligh~ distortions and surface irregularities 

produce s i gnificant variations from the true di ameter a l ong the length of 

the s ample. -To overcome this difficulty the borings were carefully machined 

t o have parallel flat radial faces and a uniform thickness of 8 mm . This type 

of sample gave i mproved results but failed to give meani ngful val ues with 

r ings near the pith showing appreciable curvature or with other rings in 

which the boundaries presented an oblique target to the beam. It was for 

t his reason that the use of much thinner samples, in whi ch ring curvature 

would have no appreci able effect, was considered . Radial longitudinal· sections 

l OO mi crons thick were prepared from the fresh boring us ing a s l edge 

microtome and placed between strips of glass so that their thickness could 

be checked by v i ewing them on edge under a low-power mi croscope f i tted with 

an eyepiece micrometer . The sections were then allowed to dry out, s till 

held between the gl ass stri ps whi ch ensured that they remained flat and so 

easy to mount on the s peci al carrier used to convey them slowly past the 

beam in the beta- part i cl e densitometer . 

These comparatively thi n samples were virtually "transparent" to the hi gh­

energy beta- particles from strontium-90 and it was nece s sary to sel ect a 

s ource providi ng particles of sufficiently l ow energy to give a useful, 

measurable range of attenuation. A high a ctivity carbon-14 source i n the 

fo rm of crude lipid from the · a l ga Chlorella grown wi th a ctivated C0 was2 
fo und very suitable from thi s poi n t of v i ew. 

KLEUTERS (1964) has made a careful mathematica l analysis of the effect s of 

most of the factors which cause los s of re s olution . Thi s work, like our own 

earl i er research, wa s based on experience with a strontium- 90 source used 
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on fa i rly thi ck samples . The object i ons to thi s method , already consi dered 

above, l ed t o t he deve l opment of the car bon- 14 method which gi ves a much 

hi ghe r resolut i on . The pri nc i pal error i s like l y to be found where there 

are sharp di scontinuities i n dens i ty. These mai nl y occur at the ring 

boundari es and are brought about chiefl y by the forward mot i on of the 

speci men and by the collimated beam spanning the di f;lcontinuity . Under opt i mal 

condi tions of t i me constant , beam wi dth and suffi cientl y s l ow forward travel, 

t he di s t or t i on i s extremel y smal l . A demonstrat i on of thi s i s shown i n Figur e 

2 i n whi ch successi ve lOO- mi cron sect i ons were charted and then carefully 

mounted back- to- back so that in one case duplicate early wood zones of the 

.same r i ng and in another case the duplicate late wood zones of a second ring 

were adjacent to each ot her , thereby largel y eli mi nating the sharp 

di scont i nuity . Compari son of the normal curves and those for the back- to- back 

sect i ons indicates that the origi nal trac i ng gi ves values for the e.arl y wood 

and late wood dens i t i es very close i ndeed to those obtained when the putat i ve 

sburce of di stort i on i s l argely (late wood) or compl etely (earl y wood) re ­

moved. I n another experiment the motor dri ve was di spensed wi th and t he 

specimen advanced past the beam i n very small steps (about 40 mi crons or 

1/3 of the wi dth of the beam) by rotating the dr ivi ng screw a part revolution 

(1 5°) at a t i me by hand . Thi s removed the sli ght forward slope of the 

recorded trace normally observed at the ring boundary (due to the cont i nuous 

motion of the speci men) but di d not otherwise detectably affect the shape of 

the curve, thus confi rmi ng the f i deli ty of the method normally employed . 

I t i s r ecogni sed that the carbon- 14 method employi ng comparat i vely thi n 

sect i ons i s best sui ted to the study of t i mbers composed of narrow el ements 

l i ke t hose found i n coni fe r ous spec i es . I n mos t Di c·otyledons , the diameter 

of the vessel s i s l arge enough to result i n ho l es being present in sections 

of thi s thickness so that consi derable care is required in interpreting the 

dens i ty graphs in such cases ; preferably thi cker samples shoul d be used i n 

conjunction wi th a hi gher energy source. 

We can now return to consi deri ng the application of the carbon- 14 apparatus 

to . the problem for which i t was or i gi nally deve l oped , vi z . the assessment of 

the form of density variat i on i n potent i al parent trees selected wi th a vi ew 

t o the product i on of progeny of improved timber qual i ty . Apart from provi di ng 

v i sual records of the characteri st i cs of the dens i ty vari ation across a 

radius of each tree for purposes of routine compari son , a number of 

ill uminating facts emerged from the detailed analysis of these records . I n 

Sitka spruce , as in other·species of Picea, the annual ring typically 

comprises a rather l arge proportion of early wood elements with a gradual 

trans i t i on towards the narrow l ate wood boundar y zones . In fast - gr owi ng stems 

the wi de early wood zone i s often l ow i n dens i ty and thi s i s associ ated wi th 

technical di ff i culties such as "col lapse " duri ng the early stages of season­

i ng and poo r woodwo r ki ng pr oper t i es. Some stems showed early wood with above ­

average den s i ty despi te the fact that i n some case s they we r e of fas t growth . 

The timber fr om such stems would appear to be of adequate quality f or 

successful ut ilization wi t hout t echni cal di ff i cul ty . As mi ght have been 

expected , s i nc e the ea rly wood cons ti tutes a l a r ge propor t i on of t he annual 

r i ng and t he l at e wood so lit t le, i t was found that the overal l dens i ty of 

the wood (as assessed a t r i ngs 21-25 from the pi th) i s more cl osel y related 

to that of t he early wood than to maxi mum l a t e wood density . Thi s f i nd i ng 

poi nts t he way to a s i mplif ication of the probl em of choos i ng sui table par ent 

trees, s i nce s election on the bas i s of hi gh overall wood dens i ty should en­

sure sat i sfactor y ea rly wood dens i ty . I t i s appre ci a ted t ha t t he heritabi l i ty 

of these fea t ure s has yet to be es t ablished but selection i n.thi s way se ems 

pr udent i n v i ew of the accumulat i ng evi dence fo r the he r itability of wood 

dens i ty in other speci es of conifers . 

Another i mportant aspect of t i mber i mprovement work i s t h e establishmen t of 

a forecast i ng method for sel ecting potential parent t r ees at · an early age 

and also fo r assess i ng wood quality i n youthful progeny from previ ously 

selected par ent t r ees . I n thi s case a l so, s t udy of t he beta- part i cl e 

density gr aphs has yi elded use f ul r esul ts wi th part i cular reference to the 

question of earl y wood density . An exami nat i on of a sample of 80 Si tka spruce 

stems showed t hat there i s typical ly a fai r l y r ap i d dec r ease i n earl y wood 

density i n successi ve r i ngs f r om t he pith , and a val ue s i mi lar to t hat found 

i n adult wood i s r eached wi thi n the f i rst 5-10 rings . Some fluctuat i on of t en 

occurs i n thes e earl y rings but by taki ng the mi ni mum earl y wood dens i ty 

reached in the first 10 r i ngs a cl ose cor re l at i on wi th t hat i n the adult 

wood (21-25 rings f r om the pi th) was obtai ned . This f i nding offers pr omi se . 

that exami nation of qui te young trees can serve to detect those likel y t o 

develop above- aver age earl y wood dens i t i es i n l ater life . I n the same way 

trees l i kely to pr oduce l ow val ues can be recognised and i f necessary culled 

at an early age . 

The dens i t y cha r ts present a pi ct ur e of the di stri but i on of wood subs t anc e 

that has pr oved applicabl e to a number of other probl ems . One of the ear l i est , 

ori gi nall y worked out with our ol d st r ont i um- 90 appar atus , was to devel op an 

object i v e method of assessi ng the proport i on of late wood pr esent i n the annual 

rings . Thi s entai led a prelimi nar y assessment of the pos i t i on of the early 
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wood - l a te wood trans i tion on a few rings us i ng the well known Mark 

criterion ( i . e . the po i nt where the radi al wi dth of the trachei d lumen 

becomes equal to the wi dth of t he double wall be tween radially ad jacent 

trachei ds) . The po i nts so determined were transferred to the correspondi ng 

dens i ty charts and an average of the density val ues so obtained f or the 

transition zones . I n subsequent work a line represent i ng this average 

dens i ty was drawn par allel to the abscissa on the charts . Th~ i ntercepts 

made across the late wood port i on of each annual ring shown on the dens ity 

chart gave a measure of the amount of l at e wood . I n t hi s way a dens i ty value 

rather than a v i sual criteri on could be objectively applied i n the estimation 

of late wood . The method has been fully describe d elsewhere (PHILLIPS, 1960) . 

An example of the us e of thi s method on a sample of Dougl as fir is illustrated 

i n Figure 3. 

Another appli cat i on is in the study of the chemi cal const i tuents present i n 

di fferent parts of the growt h ring , knowledge of the dens i ty variat i on 

enabling the anal yt i ca l values (based on percentage of dr y weight) to be 

corrected to gi ve the absol ute amounts of t he substances present i n di ffe rent 

part s of the annual r i ng . Thi s method was applied i n i nvest i gat i on i nto the 

effects of the amount and di stribution of nitrogen on the growt h and act i v ity 

of wood - boring i nsects . 

Use has a l so been made of the dens i ty char ts i n demonstrating the texture of 

a number of coniferous speci es and of spec i al i nt erest was a compari son of 

the home - gr own t i mber of Pi nus strobus with that of the same species grown 

in its natural hab i tat i n North America. I n these cases a s imple analys i s 

of the wi t hi n- ring density di fferences enabled a revealing numerical compari son 

to be made . The observat i ons are summarised i n Table l . 

The di fference i n t he withi n- r i ng density range between the home- grown and 

Canadian adult material amounts , on average , to about 60 per cent and the 

home - grown t i mber is clearly i nferi or where uniformi ty of texture i s i mportant . 

Si mila r observat i ons made on a home- grown tree of Pinus ho l ford i ana s howed 

thi s to have a s i gni f i cantly less variable dens i ty than home- grown Pinus 

strobus and even superior to the Canadi an- grown wood in t his respect . 

Pinus holfordiana i s a fast - gr owing , lightly br anched natural hybrid between 

Pi nus a yacahui te (Mexican white pine) and Pi nus walli chi ana (Bhutan pi ne) 

found i n the famous Weston birt arboretum i n 1932 . I t i s frost - hardy but 

unfortunately, like Pinus strobus , i s sus cept i ble to attack by pi ne blis t er 

rust and requires to be gr own i so l ated from spec ie s of Ribes , the alternat e 

hust for t hi s f ungus . 

Tabl e l . Compari son of the texture of home - grown and Canadi an- grown
Pi nus strobus 

Si te and tree number Mean r i ng 
wi dth(mm) 

Ri ngs 
f r om pi th 

Average 
between 

densi ty di fference 
earl y & l ate wood 

l . Home - grown Pi nus strobus 
Adul t wood 

Wi ndermere : 
Ardgoil : 
Delamere : 

No . 5 
No . l3 
No . ? 

3,5 
2,5 
l,l 

31- 40 
25- 35 
24- 54 

0,23 
0 , 21 
0 , 215 

Average 0 , 218 
Juvenile wood 

De l amere : 
Wi ndermere : 
Ardgo i l : 

No . ? 
No.5 
No . l3 

6,6 
5 , 0 
2 , 5 

ll- 22 
l4­ l9 
l 0- 23 

0 , 25 
0 , 225 
0 ,13 

2 . Canadi an Pinus strobus 
(Adult wood) speci men no . 

2951 
2951 
2951 

ll224 
ll224 

2,0 
1, 8 
1 , 5 
l, O 
0 , 5 

0 ,145 
0 ,195 
0,13 
0 , 145 

_Q, 065 
Average 0,13 

Th ese perli minary studies of texture measurement on t i mbers of speci al top i cal 

i nt erest have po i nted the way to a more fundamental study a i med at devel op i ng 

a precise measure of texture i n numeri cal terms t hat correlates closely with 

those woodworki ng and poss i bl y other techni cal propert i es which can be 

expressed i n numerical form . Up t i ll now texture has been a wi dely- used 

descript i ve feature but has defi ed numeri ca l express i on . 

A further applicat i on of beta- part i cl e density records is i n the study of the 

vari a t i on in cell wall dens i ty between di fferent parts of the annual r i ng i n 

coni ferous wood. Observat i ons made here several years ago on Douglas f i r 

showed t hat ce l l wall dens i ty (for whi ch the term "packing dens i ty " has since 

been coined by JAYME and KRAUSE , 1 963) , far from be i ng fai r l y constant as has 

been commonly supposed, vari ed cons i derably . I n early wood it may be as low 

as 0.70 whereas i n l at e wood val ues of 1 . 40 were obtai ned , i. e . a di fference 

amounting to lOO per cent of the early wood va,lue . Some earlier work on 

Si tka spruce flour usi ng the benz ene displacement method ( PHILLIPS , 1941) 

showed that wood substance deri ved fro m late wood was no more than 3 . 5 per 

cent denser than that from the ea rly wood. I t would, t herefore, appear probabl e 

that the l a r ge di fference observed in Douglas f i r is accounted for mai nly by 

vari a t i on i n t he character of the pi tt i ng rather t han in ultrami croscopic 
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phys i cal structure and chemical composition. Variation in the number of pi ts 

per trachei d across a ring were recorded by PHILLIPS (1 933)- for a number -of 

coni fers, the number i n earl y wood be i ng at l east four t i mes that i n the late 

wood and, in some cases, considerably more: the variat i on i n the volume of 

pit vo i ds per uni t volume of · cell wall is clearl y greater even than thi s s i nce 

the late wood pits are very much smaller than those in the earl y wood. 

In a recent study on Sitka spruce density vari ation across annual rings was 

determi ned by the beta- part i cl e method and the volumetric proport i on of cell 

wall by Ladell' s r andom- spot method (LADELL, 1959). The oberservati ons again 

showed marked vari ation i n packi ng dens i ty between earl y wood and l ate wood, 

and further that thi s vari at i on was not as cl osely related to bulk dens i ty as 

would have been expected ; i n other words , t i ssues havi ng the same bulk density 

may differ i n their packing dens i ty . It may be supposed that they di ffer a l so 

in their physical and mechanical pr op erties . There i s clearly much more 

remai n i ng to be lea r ned about the manner tn which the cell wall substance is 

distributed within the tissues compri s i ng the annual ring . Such knowledge may 

lead to a better understandi ng of why the relat i onship between dens i ty and 

technical pr opert ie s is much better i n some cases than others , and also why 

the values for any s i ngle property may di ffer wi dely amongst samples of the 

same dens i ty . Packi ng dens i ty i s a conveni ent measure for express i ng the 

within-tissue di stri bution of cell wall substances i n numeri cal terms and 

the beta- part i cle method of revealing the dens i ty vari ation i n considerable 

detail opens the way to exploring further this fundamentally i mportant line 

of research . ­

Our most recent development i n the beta- part i cle field has been the con­

struct i on 	of semi-automat i c equipment to measure the average dens i ty i n 

whole annual rings taken from 1 2 mm di ameter i ncrement cores . Thi s ki nd of 

determinat i on i s par t i cularly useful i n stu~ying the rel at i onships between 

the density of a r i ng , 'i ts growth features , and i ts pos i tion i n the tree . 

The accur ate di ssect i on of the i ncrement core into individual r i ngs has 

presented cons i derabl e di fficult i es but these have now been overcome by 

using a speci ally constructed c i rcular saw, duplicate cores be i ng used and 

alte r nate 	rings taken fro~ the two sample s to avoid error due to l oss of 

wood i n the saw kerf . I n some i nvest i gat i ons i t is conveni ent to use radial 

stri ps sawn f r om cr oss- sect i onal di scs taken at various heights i n the stem 

rather t han i ncrement cores . 
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The prepared samples are condi t i oned to 1 2 per cent mo i sture content and their 


thickness ( i n the radi a l direction) measured wi th a mi crometer . They are then 


mounted on a conveyor belt and moved i n turn between a beam of beta- part i cles 


and a sc i ntillation- count i ng apparatus which records the numbe r of emerging 


part i cles . Each sample i s exposed to the beam for 100 seconds, the part i cl e 


count i s passed to a pri nt - out recorder , and then another sampl e i s moved i nto 


place , an electrical ly- operated escapement mechani sm be i ng used for thi s 


purpose . The whole sequence of operat i ons i s automat i cally controlled by a 


programmi ng uni t and, at present , up to 70 sampl es are deal t wi th at each 


loadi ng . This number could be increased i f necessary by extendi ng the length 


of the conveyor- belt uni t . The dens i ty of each sample is r ead from a calibrat i on 


chart after the part i cle count has been corrected fo r sampl e thi ckness (i. e. 


ring wi dth) . A stront i um- 90 source i s employed i n thi s apparatus and provi des a 


beam sui table for softwood sampl es between about 1 and 1 2 mm i n thi ckness . 


Since we are concerned with determi ning the overall density of each annual ring 


onl y the previously mentioned difficult i es of gett i ng good resolution with 


this kind of source do not arise . 


So far, most of the papers publi shed on beta- part i cle work have deal t with the 


development of techni ques and comparatively little has been publi shed about 


the results obtained . Thi s i s a reflect i on of the fact that very few wood 


anatomists and other biologi sts have yet had experience with these modern 


techni ques . The apparatus needed for beta-ray studies on wood is necessarily 


rather cost l y, although no more than comparabl e wi th a well equipped research 


microscope in this respect . Most of the expenses relates to i tems that are 


standard equi pment i n laboratories concerned wi th phys i cal i nvestigations, 


and the remai nder of the apparatus can be made even i n a modest· l aboratory 


workshop . To judge from enqui r i es rece i ved for advi ce on prepari ng such 


apparatus i t seems l i kely that results will be forthcomi ng from various parts 


of the world in due course . 
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