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AMATCMICAL STUDY OF OHE WOOD OF THE QEMUS HEVEA

latroductloM

Im B ra zil, the area o f  geographic d is tr ib u tion  o f  the 

genus Hevea (Fig*1) covers the whole o f  H ileia« that i s ,  the 

States o f  Avazonas, Para, Acre and Amapa, up to the 77 th Meridian 

the northweast part o f  the State o f  Maraahao, the north o f  the 

States o f  Mato Grosso and Rondonia. Outside the borders o f 

Brazil the genus Hevea has been observed in  the Guyanas, 

Venezuela, Colombia, Equador, Peru and B o liv ia , In the forests  
contiguous to  the B razilian Amazon. 'Rie northern-most ends fo r  

Hevea are Upper Orinoco and Lower Essiquibo and the southern­

most p o in t is  the sub-Andine East B oliv ia  (Ducke & Black, 1954). 

As regards the s iz e , a l l  the species are trees , with the except 

t io n  o f  Hevea camporum, which is  a shrub growing in  the Amazonic 

sand p la in s . In general they are medium to b ig  sized trees and 
the b iggest trees belong to  the species H. Guianensis and H, 

b r a s il ie n s is , which may reach SO m o f height and 1 to  1 . 5  m 

o f  DAP (P ie re s , 1973)*
At times the p os itiv e  id e n tifica t io n  o f  the wood is  possib ­

le  only through the botanical ch a ra cter istics  o f  the tree . 

However, in  many cases the structural d iv ers ity  o f  the wood, 

associated to the known va ria tion s  such as colour, weight and 
look  o f  the grain^figure provide a co rrect  means o f  ldentific«4fc< 

tiom (Pansh/n, 1970).
Heywood (1970) poin ts out that the anatomy o f  the wood 

has been su ccessfu lly  used in  various groups o f  p lants, which 

has helped to  estab lish  the systematic p o s it io n  o f  prim itive 
fam ilies  o f  angiosperms without conductor vessU .s, such as 

Wlnteraceae, Trochodendraceae and otherv*



The works carried out e a r lie r  on the anatomy o f  Hevea woed 

were very elememtary, both^oa IJw  anotem> e[f ttiiMtu sp ecies , 

siBce the m ^ ority  o f the studJsa carried  out concerned mostly 

Hevea b ra z ilie n s is , as i t  is  the most important species as a 
producer o f  la te x .

With the anatomic data obtained in  the present research we 

draw up a dichotomic key based on the quantitative anatomic 

ch a ra cteristic#  o f  the wood, fAr separation o f  the species 

studied, or at le a s t  fo r  o ffe r in g  inform ation fo r  such a 

study. In  th is  way, we tr ied  to contribute to  the c la r if ic a t io r  

o f  some p oin ts  s t i l l  obseure in  the botan ica l taxonomy, consider 

ing that th is  i s  a complex nntter ^ i c h  one could understand fro i 

the voluminous synonymy which involves more than 100 binomies 

or trinom ies.

M aterial—d Methods
The m ajority o f  the sanples o f  the species studied came 

from Belem (Baldwink Chart -  CPATU/EMBRAPA), but the samples 

o f  Hevea camargoana were co lle c te d  from Joanes, in  the muni* 

c ip a lity  o f  Salvaterra in  Para State and those o f ^ v e a  camporui 

were co lle c te d  from Tapajos (Para) and from Rovaima. The spe­

c ie s  % vea paludosa was co lle c te d  from the Tunui mountain range^ 

in  i\mazon and from Uquitos, in  Peru.

For eadh species we co lle c te d  samples from J  to 5 trees 

from the reg ion  c lo se s t  to  the bark and at a height o f 1.30 m 

( dap) }  w«!^av# to  point out that in  the case o f  H. Paludosa the 

saatples were taken only from two trees , considering the sca rcit] 

and the d i f f i c u l t y  in c o lle c t in g  the m aterial.
The id e n tifica t io n  of the herborized material was done 

by Dr, Joao Murca P ires, Botanical Researcher o f  the Paraense 

Emilio Goeldi Museum, Belem, Para.



The botanical material correspomding to  the species studli 
are archived in  the herbariums o f  CPA71I/EMBRAPA and o f  Goeldi 

Museum in  Belem, Para, w ith  the fo llow ing c o lle c to r  numbers: 

Hevea benthamiana Muell, Arg.

Nelroa Rosa 260; Manoel Cordeiro 1621 and Benedito R ibeiro 

(1829, 1B36 and 1835»).
Hevea b ra s ilie n s is  (H«B. K.) Muell, Arg#

Nelson Rosa (3610 and 9613)* Nelo T« S ilva  4945 and Emmanuel 

O liveira  5957.

H.Camporum Ducke

N ilo T. S ilva  4523 and F ires (10907 c 14480)

H. guianensis Aubl.
Nelson Rosa 262, Bento Pena 752, Manoel Cordeiro 1620 

H, M icrophylla Ule
Bento Pena 763; Manoel Cordeiro 1625 and Benedito R ibeiro 1827 

H .nitida Mart, ex Muell Arg*

Nelson Rasa 264; Bento Pena 755 and Benedito R ibeiro 1837 

H« Paludosa Ule

Osvaldo Nascimento 227 and Pires 13254
H. P auciflora  (Spruce ex Benth.) Muell Arg*

Nelson Rosa 265# Benedito R ibeiro 1830 and P ires 13254#

H. R ig id i fo l ia  (^ r » c e  ex Benth,) Muell Arg.

Benedito R ibeiro (1931, 1832, 1833, 1834 and 1835)

H. Spruceama (Benth.) ttuell Arg.

Nelson Rosa 267; Bemto Pena (757 , 758 and 759)



/

Fig»1 > Geographic d istrltm tlon  o f  the genus Hevea according 
to Ducke and Black (195^)«

( l )  S cale: 1|62»000^000 ( 2) Hevea b r a s il ie n s is , ( 3 ) Hevea 
benthamiana (4 ) Hevea genus formed by species which are not 
b ra s ilie n s is  or benthamiana. (5 ) A tlantic Ocean. ( 6) P a c if ic  
Oceaji (7 ) Legend o f  sa i^ lin g  (8 ) Hevea benthimiana (9) Hevea 
b ra s ilie n s is  (10) Hevea camporuM ( 1 1 ) Hevea guianensis (12| a m  
Hevea nitida* (13) Hev«a paludosa (14) Hevea p auciflora  (15) 
Hevea r i g i d i f o l i a i  (16) Hevea spruceana (17) Hevea camargoana 
(18) H, B rasilien sis  and H.camargoana.

The t# * t bodies were previously prepared in  dimensions o f 

2 x 2 x 1 cm and then subjected to soften ing by means o f  cook­

ing in  water. In the case o f  Hevea cafflporumf due to the small 

diameter o f  the stem (about 1 . 5  cm) we u t i liz e d  a whole d isc  

with 2 cm o f  height* We prepared about 5 p lates per sample 

The sections obtained from sauries attacked by staining fungi 

were washed clean with sodium hypochlorite*



For d issoc ia tion  o f  fib rou s elements^ we adopted SchultzeV 

method c ite d  by Shimoya (1966), but instead o f  concentrated xjbbc 
n i t r ic  a cid , we u tiliz e d  a !50% solu tion  and some granules o f  

potassiiia ch lorate . A fter maceration, which \as completed in  

3 to  3 minutes, the d issociated  material was placed In a 
f i l t e r  paper funnel fo r  washing with d is t i l le d  water. Then the 

macerated material w^s l e f t  in  safranine fo r  2k to 7  ̂ hours* 

For intervascular parenchymo-vascular and ray-vascular 

pttBctuatlons; for diamter o f  the ce lls  o f  the axial parMchyma 

and for  width o f  the uniseriated rays, we made 25 measurements 
per san^le, ; In Ihe determination o f  the number o f pores|fjBm 

we made 100 countings per sample*

Onthe basis o f  the quantitative data^we con5>uted the 

fo llow in g parameters: average, standard deviation  and c o e f f i ­

c ien t o f  variatiomfc
We u t iliz e d  the SNK te s t  (Student, Newmat^nd Keuls) f o r  

comparison between the averages o f some histbm etrlc data such 

as number o f  pores/mm , tangential diameter, th icknessof the 

w all o f  the v e sse ls , number o f  rays/mm, width o f the m u ltiseri­

ated rays in  c e l ls ,  length , tj^tal diameter, diameter o f  lumen an< 

thickness cf the wall o f  the f ib re s .
Photomacrographs were obtained by u t i l iz in g  Tessovar->Zeiss 

and photWcrographs were obtained by using Olympus and Carl
A ®

Zeiss photomicroscopes with kodak film  Plus -  X Pan 125 ASA- 

22 dI n and were printed on Kodak photographic paper fin e  F3.
The-test bodies fo r  photomacrographs were duly prepared 

by u t i l iz in g  iron  llx a  No. 400 under running water and JUNG 
microtome with appropriate blade*
Hevea b ra a ilie n s is  (HBK̂  Muell. Agg«

Parenchyma with lin e s  in  concentric bundle s (with upte 
s ix  c e l ls  o f w idth), regu larly  spaced, sinuous, continuous.



^Sm

at tlneil^ terrupted  and anastomose; there is  a lso  scarce 

paratracheals; series with 3- 7 -12  c e l ls  ( 300-972«1500 

o f  height and 10-2^48 jm o f  width; crysta ls  very ft*equemt 

w ith upto five  chambers fo r  ce lls# V esse l^ ifffu sed , s o lita ry  

(60.559i)» m ultiples o f  2 radial m ultiples o f  iipte 12

v e sse ls , occasion ally  racem ifom ; very few pores (0- 2^4 -12
o

pores/mm )t o f  average diameter (54-161-290 jm o f diam eter); 

section  oval in  ihe s o lita ry  vessels  and flattened in  the 
miiltiple v e sse ls ; vascular elements very long ( 232- 803-1500  ^ ) ,  

with short appendices at one or both the ends; perforation  

p lates sim ple; l^iokiiess o f  the wall with 4-7-16 jbp o f  width; 

thyloses ra re ly  present and crysta ls occassion a lly  present 
in  the th y lests ; iatervascu lar punctuations b i ^ 8- 12-22  ^  #f 

diam eter), areolated and a lternate, polygonal contour, 

elongated, roundish and ova l; opening in  h orizon ta l, oblique 

and in clu sive  c l e f t .  Heterogeneous rays, the \miseriated show 
e re c t  and square c e l ls ;  the m ultiseriated show pred<»&inance 

o f  procumbent c e l ls  and ra re ly  there are rays with upto 

fiv e  teindles o f  square c e l ls  in  th ^ id d le  o f  tb i ^ y ;  in  

some stretch es the square c e l ls  show a tendency towards 

la te r icu lifo rm  c e l ls ;  numerous rays (6 -9 -15  rays/mm); the 

umiseriated mys are very fin e  (15-24-40 ^ ) l  the m ulti- 

seriated  rays are fine (22-45-73 jun); with 2- 3 , 5-6 c e l ls  
o f  width; as regards height, the uniseriated rays are 

extremely short (0 .1 -0*42 -0 .9  mm), with 1-5-13 c e l ls ;  the 

m ultiseriated  rays are very short (0 .2 -0 .6 7 -1 #7 mm)

with 6-23-67 c e l ls ;  roundish graaulations o f  reddish colour 
vdry frequent. Fibres lib r ifo rm , not septate, gelatinous, 

th in  ( f in e ) ,  short (0 .8 -1 .41 -1*9  mm o f  len g th ), o f  atferage 
size  (14-25-48 p i  o f  w id th )l vAlX with 1-4-11 um o f thick­

ness; punctuations simple, opening in  lin e a r , oblique, in c lu -



s lv e , and exclu sive  in  the in tersection  with the c e l ls  o f

the ray and parenchyma -tiiey m f conspicuously areolated (ra d ia l 

plane)* Growth rings demarcated by fibroTis zones with wall o f  

c e l ls  th icker and tangentia lly  flattened* (F ig .3) .

F ih»t3 , Anatomical aspects o f  the secondary xylem o f  H. brasi. 
l ie n s is .

a
b
c
d

Macroscopic look  (10 X) transverse section ) 
M icroscopic look  (50 X) transverse section ) 
Ri^dial longitudinal section  )50 X ). 
Tangential longitudinal section  (50 X)«



fccroacQ Plc anatomical eharaetgrlstlea  o f the genua Hevea

PaTMchyna Is d istinguishable only under lens in  the 

species H. cai^oruB, H. camargoana and H. paluAdosa and v is ib le  

to  the naked eye In a l l  the re s t  o f  the sp ecies ; i t  appears in  
fiwe lin e s  in  the m ajority o f  the species, but in  H. campor̂ Tum 

i t  ex is ts  in  scarce aliform , with lin ear extension , z te tx iU  'V isible 

only under le n s . Pores are distinguishable with naked eye in  

the m ajority o f  the species , with the exception o f  H, canqporxim,

H. paludosa and H. camargoana, urtiich a r w is ib le  only under le n s , 

pores range from very few to numerous (1*4 to 32 pores/an ) buti' 

in  the m ajority they range from few to  average ( 2 . 3 - 1 1  pores/«n  ) j  

vascular lin e s  can be d is tii^ ish e d  with naked eye in  the m ajority 

o f  the species ; perforation  p la tes  simple; th flo s ts  range from 

occasional to  very frequent, Rays on the top range from very fin e 

to  fin e  and in  the tangential face they are irreg iila rly  arranged# 
Growth rings are distinguishable with naked eye and are demarcated 

by dark fibrous zones.
Mierttmeopic anatoalcal chflraeterigticfl o f  the genus Hevea

Pfrenchyma in  fin e , concentric lin e s  with 1-3 c e lls

o f  widUi| regu la rly  spaced^ sinuous and continuous. Occasionally

there is  scarce aliform  parenchyma, o f  lin ea r  extension in  H.

camporum; series  with 3-18 c e lls  and 410-1530 (790-1000

p i  ) o f  height; 8- 6l (26-37 pa) o f  width. V essels d iffu sed , s o lita ry
(30-54%), m ultiple o f  2*3(3496), rad ia l m ultiples o f  upto 12  v e sse ls ,

2
occasion a lly  racemiform; 0-32 ( 2-.3- 1 1 ) pcres/nn  } tangential

diameter with 28-294 (103-164 p a ); oval section  in  the s o lita ry  

pores and polygonal in  the m ultiple; vascular elements with 150-  

1500 ( 6 1^ 8 20  p i )  o f  length; perforation  p la tes simple; thickness 
o f  the w all with 2-16  ( 5- 8) p i  o f  width; thyloses present in  the 

m ajority o f  the species studied; Intervascular pxinctuaticais 8-34



(9 -14) ^  o f  diameter; aareolate#, a lternate; polygonal contour 

roxmdleh, oval and elongated; opening in  h orizonta l c l e f t  s lig h t ly  

oblique^ in c lu s iv e  and exclu sive  and» occa sion a lly , coalesced 

c lose  to the perforation  p la tes} ray-vascular punctuations with

6-26 (9 -14) p i o f diameter; pores sem i-areolated, alternate and, 

occa sion a lly , w ith tendency to  be esca larlform , polygonal contoiirs 

ova l, roundish, triangular and elongated; opening in  horizontal 
• le f t ;  in clu sive  to ecclusive and, occasion a lly , show coalescence 

c lose  to  the perforation  p la te s . Rays heterogeneous, the uni- 

seriated  being constituted by e re ct  and square c e l ls  and the 

m xiltiseriated showing in  the m ajority o f  the sp e c ie S ^ to  four 

bundlesof c e l l s ;  3-16 (7«4-10*4) rays-mm; the uniseriated rays 

are very fin e (18-28 jm); the m ultiseriated rays are very 

fin e to  fine ( 2 8 - 4 5 ^ )  with 2 to 3 .5  c e l ls  o f  width; As regards 

height, the uniseriated rays are extremely short (0#24-0#42 mm) 

with 4<-6.6 c e l l s ;  the m ultiseriated range from extremely short 

to  short (0«4l-0#67 mm) with 12-23 c e l ls ;  crysta ls  occasionally  

present and granulations o f  orange and reddish colour very fre ­

quent in  H, benthamiana and H« b ra s ilien s is  resp ectiv e ly ; s i l i c a  

grains present in  H. benthamiana (F ig .13)» fib re s  lib rifo rm ; 
not septate, gelatinous and th in , presence o f  sp ira lled  thick­

ness in  the wall o f  the fib res  o f  some specimens o f  H. camar- 

goana; short (1*1-1«4 mm), medium(25-34 ]|im); w all with 3-7 p i  o f 
thickness; punctuations^mple and opening in  c l e f t  lin ear 

and oblique; in  the in tersection  with the c e l l s o f  the ray and 

partnchyma, they are conspicuously areolated; growth rings de­

marcated by fibrous zones with the wall o f  the c e l ls  thicker and 

tan gen tia lly  fla tte n e d .



D lc h o to lc  key fo r  a«p«T-«tta« the sneclea o f  Hevea oa the baals

o f  the n u a n tlta t lv  anatoMlc charactcra o f  the wo«d

1«a -  Average d luM ter o f  the T assels ti^to 109 pB...........2

1 .b  -  Average dlaaeter o f  vessels  o f  120*-164 pH***.****. 4
2 22 .a  -  Upto 32 pores/Mn (average 11 p ores /m  ) ------ - H. canporua
2 2 2*l> -  Upto 13 p ores /ra  (average 2«4*3 pores/nm ) 3

3 .a -  Fibres with wall thickness o f  2-8 urn (average 5pm) H.canar^*
goana

3 ,b  -  Fibres with wall thickness o f  5-11 pn (average 7
H.paludosa

4. a -  M ultiseriated rays with upto 69 c e l ls  o f  h|fiaht
(average 23 c e l l s ) * .•••• ® H .brasilienses

4#b -  M ultiaeriated rays with upto 52 c e l ls  o f  height
(average 20 -20 )................................. 5

5«a -  Average diaveter o f v esse ls  120-*1A0 .........  6

5«b -  Average dianeter o f  v esse ls  157-164 .............  9

6«a -  M ultiseriated rays with 42-52 c e l ls  o f  g ^ i g h t . 7

6 .b  -  M ^ tiser ia ted  rays with upto 36 c e l ls  o f height* 8

7*a -  Uniseriated rays with width upto 44 c b * . . . . . . *  H, spruceana

7-h -  UBiseriated rays with width upto 28 uh««« H*nitida

8«a «- M altiseriated  rays frequently with 2-3  c e l ls  cT
width •••• H.guianensis

8 .b  -  M ultiseriated rays frequently with 3 c e l ls  o f
width...............  H .n icrophilla

9*a -  M ultiseriated rayswitji average width o f  4̂ 2 H#bentha»iana

9«b -  MmltiseriateA rays with average width o f  28-29pn*,,« 10
1 0 .a -  M ultiseriated rays with average height o f  0.62wa. H .r ig id i f -

o lia

lO .b M iatiseriated  rays with average height o f 0.4mm H .pauciflora

( fo r  fig .1 3  please see next page)
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F l g . ^ 3 . D eta il ofthe secondary xylea o f the genus Itevea: showin 
the interrascu lar punctuations (a ) ,  vascular parenchyma 
(b ) f  gelatiaous fib re s  (c )  and s i l i c a  grains in  the 
rays ( d ) .

S ta t is t ic a l analysis (SMt Test)
In the SNK te s t  (Student, Newsan and Ketils)» *016 

species studied were considered as treatments and, in  order to 

fa c i l i t a t e  I t s  conclusion, the species were placed In alphabetic 

order and enumerated in  the fo llow in g m aner:

T 1 -  H. benthamiana

’ '2 -  H. brasiliem sis

-  H. camargoana

-  H. ca^orum

^5 -  H. guianensis



m H, BlcrophylXa

H. n itida  

H« paludosa

Tj -  H. n itida

Tg -  H. p a u siflora

T^q -  H. r ig id l f o l ia

-  H. spruceaaa

The resu lts  are demonstrated in  Table 1 and tbe speeifts 
or treatments which are united by horizontal bars do not show 
s ig n ifica n t  d ifferen ces between themselves*

I t  was found that in  the m ajority o f  the species studied^ 
the th ick n e s^ f the walls o f  the vessels  i s  a 'weak element to  

separate them. In  the case o f  the f ib re s , the d ifferen ces  betweeen 

species a lso  are small, with the exception  o f H. paludosa wilJi 

-thicker wall fib re s  and H. spruceana with fin e r  walls*

T|ble 1 -  R p u lt  o f  the a ta t la t lc a l analvFls connarlag the averages 

o f  the speel«3 studied. u tllla lB g  3WK T^st ( le v e l  o f  s ign ifican ce

0 . 5 )
2

Number o f pores/mm

^̂ 4 '^7^10 *̂ 1 **̂5 '̂ 8 '̂ 6 ''̂ 2 '̂ 9 “̂ 11

Tangential diameter o f  the v esse ls  in  ym 

^1 0  ty  T ,  Tg Tg T ,

Thickness o f  the wall o f  1iie vesse ls  ( in  

^2 ^6 ^9 ~̂ 4 ^5 ^7 ^ 0  ^11 ^3 ^8

Number o f  rays per mm 

'»'l1 ^ 10  h  Tq Tq I2 ^6  Ti T ,  Tg

Width o f  the m ultiseriated rays in  c e lls

T2 T-ii '*’10  "̂ 4



Length o f  the fib re s  in  mm
m m  m r n m i n  fW n* • inni
^2 ” 7 ^11 •'̂ 8 ^10 ^6 ^

Total diameter o f  fib re s  ( in  pa)

"̂ 6 ^8 '̂ 1 ’’ 9̂ ''̂ 7 ^10 ^2

Diameter o f  the lumen ( in  jm) o f  the fib res

Thickness o f  the w all o f  the fib res  ( i n ^ )  

"̂ 8 ^6 ^10 T, Tg T, Tq
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Discussion

The family Euphorblaceae possesses 250 genera and more than 
500 species o f  trees and shrubs. The wood o f  th is family shows 

b ig  varia tion  In structure and In i t s  p roperties . In general the 

pores are not very numerous and frequently tend to  form rad ia l 

l in e s . The parenchyma is  not much developed, very f in e , ir r e -  

gular^ usually showing concentric lin es  or tangentla lly  spaced*
The rays are very fin e , inconspicuous and not s t r a t i f ie d  (Record 
and M ell, 1924),

Record (1938), studying the structure o f  the secondary 

xylem o f  the genera o f  Euphorblaceae, concluded that these genera 

show very b ig  pores, with ex c lu s iv e ly  simple p erfora tion , d is t in c ­

t ly  areolated and big punctuations. The ch a ra cter istics  mentioned 

by the said author agree partly  with those in  the species studied, 

since the m ajority show medium pores, according to  the standard 

c la a s ifie a t io B  COPANT (1973)» but i t  i s  Important to point out 

that Record (1938) slkudled only H. b ra s lllen s ls  and H. n ltid a , 

Lourelro and S ilva  (1968) m acroscopically described the wood 

o f  H. guianensls and stated that th is  species shows upto 3 
p

pores/mm and the diameter o f  the p a n s  pares ranged between 100 

and 300 pm. Thec^ta found In th is  work fo r  th is  species (Table 2) 

d i f f e r  mainly with regard to  the average tangential diameter 

(133 yi»)f since they are m icroscopic measurements.

The d is tr ib u tion  o f  the vesse ls  show that in  the transverse 

se ction  IJiey can be seen as s o lita ry  or aggregates o f  various 
s iz e s  and forms. The so lita ry  v esse ls  are o f  oval or c ircu la r  

contour and the m ultiple vmssels are flattened in  the zones o f mu­

tual contact (Esau 1999). These ch a ra cter istics  are very fret^uent 

in  the wood o f  the species o f  Hevea in  which the vesse ls  are s o l i ­

tary , ra d ia l, m ultiple and, occasslon a lly  racemlform*



Thyloses are very frequent in  the -Vessels o f  Hevea; they 

occur in  the heart o f  the tree and at tiaes in  the alburnuM.

The presence o f  these thyloses i s  very inportant, s in ce , according 

te  Eases and Macdaniels (1953)» they reduce the attack o f fungi 

and the entry o f  water and oxygen; they are more frequent in  the 
heart o f  the wood, but they urn be found a lso  in  the alburnum.

Metcalfe and Chalk (1930) Stated that H* b ra s ilie n s is  and

H. spruceana show very d is t in c t  parenchyma, ty p ica lly  apotra- 

cheal in  continaous uni-and b iseria ted  bundles, frequently 

containing cry sta ls  in  chamber with e i ^ t  c e l ls  and some times 

with four . Record (1944) studied H. b ra s ilie n s is  and H. n ittda 

and reported the presence o f  abundant parenchyma, re t icu la te  and 

irregu la r . The parenchyma observed in  Hevea, more esp ec ia lly  in  

the species H* b ra s ilie n s is , H. n itid a  and H. sprucea^  p a r t ia lly  

agrees without the data^of l ite r a tu r e , since in  Hevea, besides 

apotracheal parenchyma in  fin e  l in e s , one finds aliform  para- 

tracheal parenchyma o f  lin ea r  extension. The height o f the series  

and the width o f  tie c e l ls  o f  the axia l parenchyma o f  Hevea do 

not contribute fo r  Ihe separation o f  the sp ecies , though H. 

guianensis shows series in  greater number o f  c e l ls  and H. paludosa 

and H. paucifloraiin  lesser  number (Table 3 ). Presence o f  cry - 

s ta ls  in  diamber was observed in  -tiie parenchyma o f  the species 

o f Hevea, but th is  i s  not a p os it iv e  ch a ra cter istic  fo r  the 

separation o f  tl® species since not a l l  the samples (tre e s ) o f 

a determined species show crysta ls  with regu la iilty .

Milanez (1932), studying the modifying action]^f calcium 

on iiie c e llu la r  structures, observed that the elements o f  -Hie 

secondary wood which more commonly enclose crysta ls  belon^jto the 

parenchyma. The author a lso  found crysta ls in  the c e l ls  o f  the 

rays, although w ith lasser frequence. In the structure o f  1he



secondary xylem o f Hevea the presence o f cry sta ls  in  the parency- 

■a is  more frequent than in  the rays#

The rays o f H. b ra s ilie n s is  and apruceana, described 

by Metcalfe and Chalk (1950), show almost the same ch a ra cteristics  

reported in  th is  work, which only h ig h l i^ t  the fa c t  that the 

rays o f  Hevea are fin e . Record (1938), studying H. b ra s ilie n s is  

reported that th is  species shows rays with upto s ix  c e l ls  o f  
width and upto 30 c e l ls  o f  height • The species sbudied (Table 4) 

shows rays with upto s ix  c e l ls  o f  widlli (average 35 c e l ls )  and 

upto 69 c e l ls  o f  height (average 23 c e l l s ) .  In general the rays 

Hevea are heterogeneous and th is  is  in  ggr^eMent with -the anatomi­

ca l descriptions o f  Metcalfe and Chalk (1950), Record (1944) and 

Hess (1948). The rayslof the species o f Hevea studied by xis are 

in  th e ir  majority^ heterogeneous t3rpe I I ,  according to  the old 

c la s s i f ic a t io n  o f  Cribs (1959) » today no more used, In con­
form ity with lAWA (1989), that i s ,  unlseriated rays composed o f  

e re c t  and square c e l ls  or only o f  e re ct  c e l l s .  The multlaeriated 

rays hsyrm the •xtran ltlea  shorter than the m ultiseriated part 

(tangentia l section ) and are constituted  by e re c t  and squaire 
c e l l s  (ra c ia l s e c t io n ). In the spec£es H. camargoana, H. camporum 
and H. paludosa there is  no predominance o f  the horizontal c e l ls  

over the square or e rect c e l ls  and hence thase species are c loser  

to  the c la ss if ia it io m  o f  rays type I o f  cr ib s  (1959)*

I t  is  important to point out 1hat many species h f Hevea 

show mixed rays, that i s  to  say, layers o f  procumbent (h orizon ta l) 

c e l l s  intermingled with bundles a f  e ^ c t  and square c e l ls  or only 

e re c t  c e l l s .

According to Core e t  a l. (1979), in  normal growth, some trees 
deposit in  the c e l ls  organic compounds lik e  s i l i c a ,  which are



frequently found in  liie form o f  sand. According to Espinosa de 

Pernia and Peres Mogollon (1985^, s i l i c a  commonly occurs in  the 

ra d ia l c e l ls  and at times in  the axia l parenchyma and fib re s , the 

more common|^rms being onroidf g lobu lar, irregu lar oblong and in  

aggregate s«

According to  Welle (1976), the genus Hevea does not 
possess s i l i c a  in  the structure o f  -te secondary xylea . However, 

in  one o f  the samplesof H« benthamiana^roundish granules o f  s i l i c a  
were observed in  the rays, which can be seen in  1iie ra d ia l se ctio n  

(F ig .1 3 ).
According to  the standards COPANT (1973)t a l l  the species 

show, on an average, short and th in  fib re s , fdth the exception o f

H, microphylla which are very short and H. spruceana^ very th in .
The presence o f  gelatinous fib re s  i s  very freqtient in  the genus 

Hevea and th is  agrees with tHe descrip tion  o f  M etcalfe and 

Chalk ( 1950) fo r  the group Crotonoidae, in  which th« genus 

He-€«a i s  included. The gelatinous fib res  can be recognized in  

the transverse se ction  due to  the fa c t  that the internal layer o f 

the wall is  highJkjr refl?actory, having an appearance o f  gelatin  

or mucilage. These fib res  haipe been found ininipny genera o f  fo^ - 

hosae, making i t  an Important element in  the sepmsatiom o f  fami­

l i e s .  Other researches reveal that the gelatinous fib res  tend 

to  occur on one side o f  the stem and subsequent studies *how 

that th is  characteristici^ o f  the tissu e i s ,  in  general, known as 

wood o f  tension (Rendle 1937).
According to  Reinders (1955)# the fibrotrach eoids show a 

moderately elongated length and usually possess th ick  walls and 

somewhat big areolated  punctuations. These punctuations are 

very numerous in  the tangential longitudinal plane, while Hie 

lib rifo rm ^  fib res  are small, simple and very frequent in the



ra d ia l long itud ina l plane. The fib re s  o f  Hevea show sinple 

punctuations and are more frequent in  the ra d ia l longitudinal plane. 

In some samples o f  H« camargoana the presence o f  sp ira lled  
thickness was noticjifed in  the f ib r e s . I t  shouldbe pointed out 

that th is ch a ra cte r is t ic  was not mentioned in  the bibliography 

consulted .

I t  can be observed in  Table 5 that the values obtained in 

resp ect o f length , diameter and th ic k n e s ^ f the w alls o f  the 

f ib r e s  are not parameters ind icative  fo r  separation o f  -the species 

o f  Hevea studied .
Within one tree , there i s  a horizontal va ria tion  in  the 

structure o f  wood, from medulla to  bark, and a ]rertiea l varia tion  

from the base to  the top(Tsoumis 1968), V a r ia b ility  can a lso  e x is t  

from tree to  tree o f  the same sp ecies , from lo c a l i t y  to lo c a l i t y ,  

or even within the same tree , the influences a ffe c t in g  these changes 
being « I lB a te ,s o i l ,  humidity, spacing, age and, undoubtedly, 

gen etic  fa ctors  (Jane 1970 and Panshin 1970). The number o f  

vesse ls  e x is t in g  in  a determined area i s  o f  B la tiv e  Interest and 

i s  a character very variable between the d if fe r e n t  species; one 

can find th is va ria tion  betmreen botan ica lly  id e n tica l individual 
trees  a lso . In sp ite  o f  these v a r ia tion s , th eir average frequency 

i s  an index which shovld not be re;jected fo r  being related wi-th 

some physical properties (P ereira  1933)»
The in tra sp e c ific  varia tion  occurring in  the species o f  

Hevea i s  more frequent in  the v e sse ls , e sp e c ia lly  with regard to  

the arrangement, number per mm and tangential diameter. Ihe 

v a r ia tion  which occurs in  the ax ia l parenchyma i s  not very ev iden t. 

Meanwhile, the width o f  ttie rays {m ultiseriated and u n iseria ted )^  

shows small varia tion s in  the species studied.



According to  Hatcalfe and Chalk (1950) these variations in  

Hevea concerning the nuuaher o f  poMs/am^taligektial diameter, 
length  o f  vascular elenents and quantity o f  parenchyma, are 

ch a ra cter ist ics  which can be influenced by the environment, and 

hence are not very important fo r  taxonomical purposes#

Under the macroscopic aspect, id e n t if ic a t io n  o f  the species 

o f  Hevea on the basis o f  diameter o f  pores, number o f  pores/mm 

and liie ir  arrangement, that i s ,  greater or le sser  percentage o f  

s o l ita r y  pores or m ultiple pores, i s  quite d i f f i c u l t .  There ire 
some exceptions as in  the cases o f  H* camagoana, H. camporum and

A.

H. paludosa, which possess very small diameter, making th e ^  

recogn ition  with naked eye very d i f f i c u l t ,  but, under len s, i t
2i s  found lhat H* camporum shows greater number o f  pores per mm 

in  re la tio n  to H. camargoana and H. paludosa.
Sobreder (1908) reported the presence o f  scalariform  perfora ­

t io n  p la tes in  -Uie vessels o f  some genera o f  the family Euphor- 

b iaceae, including Hevea.

Metcalfe and Chalk (1950) mention the occurrence o f  

sp ira lled  thickness in  the vesse ls  o f  some genera o f  the said 

fam ily, such as Alchomea, C leid ion , Elateriosperum, Mallotus, 

Pogonophora and Trewia. In the case of ^ v e a , the presence o f  

s im ilar s tr ia tio n s  and the sp irra lled  thickness was reported, 

but these are not arident in  the vesse ls  o f  H. benthiamiana.

I t  i s  important to  c la r ify  that w ithin the fiv e  samples examined, 

these ch a ra cter istics  were observed in  sample Nos# l621, 1836 
and 1838, occuiring close to  the perforation  p la te s .

Conclusions

Our study, basedon macroscopic and m icroscopic anatomic 

ch a ra cter istics  o f  the wood, concluded the fo llow in g :



-  The gpnus Hevea, with regard to  the macroscopic structure o f  
the wood, is  very xiniform, making the id e n t if ic a t io n  o f  the 

sp ec ies  under th is aspect very d i f f i c u l t .

Ihe m icroscopic anatomic ch a ra cter istics  of the wood are more 

in d icative  f0r the id e n t if ic a t io n  o f  Ihe species o f  Hevea, 

p a rticu la r ly  the rays.

Under the qualitative point o f  some species lik e  H,

b ra s ilie n s is  and H. canqporum are e a s ily  recognized by the 

rays, since the former shows rays wi-Ui 1-6 c e l ls  o f  width 

and the la t te r  shows predominantly uni—and b iseriated  rays,

-  ©le presence o f  sp ira lled  thickening in  the fib res  was 

obsez-ved in  some specimens a f  H. camargoana.

The species H. benthamiana showed some scalariform  type per­
fora tion  pistes and s i l i c a  granules in  the c e l ls  o f  the rays, 

but these anatomic ch a ra cteristics  occurred only in  one o f 

the sas^les examined.

tn about 5096 o f  the species o f  Ifevea studied , rhomboid cry ­

sta ls  occurred in chamber or iso la ted  in  the parenchyma and 

occa ssion a lly , in  the rays.
The presence o f  gelatinous fib re s  is  a very frequent charac­

te r is t ic ^  in  the secondary xylem (wood) o f  the species o f  

Hevea.
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