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S um m ary
S tru c tu ra l changes accom pany ing  th e  rever­

sal o f  sp irality  in in te rlo c k ed  grain w ere stud ied  
in A n a card ium  occiden ta le  L. T he reversal o f  
sp irality  som etim es occu rs w ith in  a narrow  zone 
com prising  a  few  cell layers o f  th e  g row th  in­
crem en t. T h is zo n e  is d istingu ishab le  by  num er­
o u s sm all vessels o ccu rrin g  in g roups and  clus­
ters, sh o rte r  and  th in-w alled  fibres, ab u n d an t 
paren ch y m a and  w ider ray s  densely  filled w ith  
ex trac tives. T h e  course  o f  vessels is irregular 
a n d  th e ir  anas to m o sis  is fre q u e n t in th is  zone, 
w hile ad jacen t to  it, a ten d en cy  tow ard s le f t  o r 
righ t sp ira lity  is ev iden t. T h is  ten d en cy  is m ore 
p ro n o u n ced  in  th e  vessels.

► K ey  w ords: Reversal o f  spiral angle; rays; ves­
sels; fib re  leng th ; cashew .

* In tro d u c tio n
In te rlo ck in g  o f  grain in th e  w ood  and its  fre­

q u e n t o ccu rrence  in various h ardw ood  species 
have been o f  in te re s t to  w ood  technolog ists 
since long. F o r  s tru c tu ra l app lica tions in ter­
locked  grain is an undesirab le  fea tu re  as it  seri­
ously  affec ts th e  s tren g th , seasoning and m achi­
n ing p ro p e rtie s  o f  w ood . In te rlo ck ed  grain is a 
re su lt o f  repeated  changes in b o th  d irec tion  
and  a n ^ e  o f  spiral grain (W ebb, 1967, 1969). 
T hese d irec tio n a l changes are  exp lained  in term s 
o f  cam bial cell o rie n ta tio n  du ring  successive 
stages o f  g ro w th  (B annan , 1966; H ejnow icz, 
1967, 1968; H arris, 1973). H ow ever, it  is o f 
p a rticu la r  in te re s t to  observe a rap id  reversal o f  
le f t o r  righ t sp irality  (i.e. w ith in  a few cell layers 
o f  g ro w th  in c rem en t)  in som e species. T h e  pres­
e n t co m m u n ica tio n  c ites som e an atom ical obser­
vations in A n a card ium  o cc iden ta le  L. (cashew ) 
as re la ted  to  th e  in te rlo ck ed  grain.

A nacard ium  occiden ta le  a lth o u g h , prim arily  
o f  h o r tic u ltu ra l im p o rtan c e , has been  widely 
reco m m en d ed  fo r  d ry  lan d  a ffo res ta tio n  in India 
over th e  p as t few  y ears ( ly p p u , 1957; Rajasingh, 
1968). T h e  m o d era te ly  hard  tim b er is used fo r 
pack ing  cases, charcoal and  fuel, rayon-grade 
pu lp  and  f ib reb o ard  in Ind ia . I t  is also used fo r 
b o a t bu ild ing  in  B urm a and  C ey lon  (A nony­
m ous, 1963).

M aterials an d  M ethods
Five trees o f  A n a card ium  occiden ta le  were 

se lected  in a m ixed  s ta n d  near th e  K F R I-su b - 
c en tre , N ilam bur. T h e  trees w ere felled and 
transverse discs 5 cm  th ick  w ere rem oved at 
b reas t height, a t 50%  and  a t  75%  o f  to ta l tree 
h eigh t. T h e  discs w ere sp lit radially  and  sam ples 
w ith  ap p a ren tly  a b ru p t reversal o f  grain d irec­
tio n  (Fig . 1) w ere p repared  in to  b locks fo r  m i­
c ro to m y . O ne transverse surface w as used as 
th e  refe rence p lane  to  determ ine  grain angle. 
2 0  /xm th ick  transverse and  tangen tia l sections 
w ere c u t  w ith  a shd ing  m icro tom e. A p p ro p ria te  
chisel m arks w ere m ade on  th e  b lo ck s ,'b e fo re  
c u ttin g  sections, to  lo ca te  th e  zone o f  ap p a ren t 
grain reversal in cross sections. S im ilar m arks 
helped  in p ro p e r o rie n ta tio n  o f  tangen tia l sec­
tio n s du ring  m oun ting . S ections were sta ined  
w ith  safran in-fast green (Jo h an sen , 1940). F o r  
m acera tio n  F ran k lin ’s m e th o d  was fo llow ed. 
C ellu lar d im ensions w ere m easured  on  a Viso- 
p an  p ro jec tio n  m icroscope a f te r  ca lcu lating  the 
n u m b er o f  fib res needed fo r  a reliable estim ate  
(S te in , 1945).

R esu lts and  D iscussion
T h e  w ood  o f  cashew  is d iffuse p o rous. G row th  

rings are in d is tin c t. Vessels m o d era te ly  large 
and  usually  ro u n d  o r  oval in  shape, p redom i­
n an tly  soU tary (Fig . 2 ), w ith  occasional radial 
m u ltip les o f  2 - 4  vessels. A xial paren ch y m a is 
vasicentric to  alifo rm , rare ly  co n flu en t. F ib res 
are thin-w alled.

T he le ft o r  r ig h t spiral grained w ood  does 
n o t  d iffe r app reciab ly  in s tru c tu re  from  straigh t 
g rained w ood . H ow ever, due to  ob lique c u ttin g  
o f  fib res w ith  resp ec t to  th e ir  long itud inal axes 
th e ir  rad ia l walls do  n o t ap p ear c lear in a cross 
sec tional view  (Fig . 3). In th e  zone w here the 
reversal o f  sp ira lity  occurs ( fo r  convenience , re­
ferred  to  as th e  SR  zo n e ) vessels are  num erous 
and  are  arranged in long radial m u ltip les o f  4  to  
10 (Fig . 4 )  o r  occasionally  in tangen tia l groups 
(Fig . 5). M ost o f  them  are m uch  sm aller in dia­
m ete r th a n  those  o f  norm al w ood , and  are 
co m m o n ly  angular in o u tlin e  d ue  to  th e ir c luste r­
ed  arrangem ent. A ccordingly , th e  p ara tracheal
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p arenchym a is arranged in irregular pa tches 
a ro u n d  th e  vessels and  th e ir  groups. T he rays 
are  rich  in  ex trac tiv e  c o n te n t  in th e  SR  zone 
w hich to g e th e r w ith  num ero u s sm all vessels 
m ake th is zo n e  readily  d istingu ishab le  in a wood 
sam ple w ith o u t m agn ifica tion  (Fig . 1, arrow s).

A lthough  th e  vessels are k n ow n  to  be vari­
ously  in te rco n n ec ted  in a tree  (see Esau, 1965; 
Panshin  & D eZ eeuw , 1980), they  com m only  
ap p ear parallel to  the flb re  axis in a tangen tial 
section . In  co n tra s t, fibres, in th e  SR  zo n e  are 
o rien ted  nearly  parallel to  th e  long axis o f  the 
stem  w hile vessels run  ra th e r  d iagonally  to  bo th  
le f t and  righ t (F ig . 6 )  w ith  f req u e n t anastom o­
sis (F ig . 6 . a t a rrow ). As a resu lt, the vessel ele­
m en ts com e to  possess steep ly  ob liq u e  p erfo ra ­
tio n  p la tes som etim es p o sitio n ed  la tera lly . F i­
bres in th e  SR  zon e , resem ble fusifo rm  in itials 
in tangen tia l sec tions (Figs. 6 & 7). T hey  are 
sh o rte r , b ro ad er and m ore th in-w alled  (and 
co n seq u en tly  have w ider lum ina) in th e  SR 
zo n e  th an  in th e  in n e r and  o u te r  zones w here 
sp irality  is tow ard s le f t o r  righ t (T ab le  1). The 
d ifferences are  all s ta tis tica lly  significant a t the 
1 % p ro b ab ility  level.

•  F u rth e r  it m ay  be  seen in T able 1 th a t fibres 
are  sh o r te r  in th e  o u te r  zo n e  th an  in th e  inner 
zone. O ne o f  th e  p robab le  ex p lan a tio n s is th a t

* th ere  is a  decreasing  tre n d  in fib re  leng th  near 
th e  bark  region as th e  fib re  leng th  v aria tion  is

' in a curvilinear m an n er from  th e  p ith  o u tw ards 
(B h a t & B h a t, u n p ub lished ). A negative co rre la­
t io n  has been  rep o rted , be tw een  spiral grain 
and tracheid  len g th  in som e con ifers (Pa terson , 
1968). A  m ark ed  d ro p  in  fib re  len g th  in th e  SR 
zo n e  suggests th a t  care sh o u ld  be tak en  in sam ­
pling  th e  tim b er w ith  in te rlo ck ed  grain fo r  th e  
es tim a tio n  o f  fib re  leng th . T h e  SR zo n e  appears 
to  be relatively  so f t in n a tu re  d u e  to  thin-w alled 
fib res and a b u n d a n t paren ch y m a w hich  m ight 
a ffe c t th e  tim b er s tren g th . W edell (1 9 6 1 )  has 
rep o rted  low er s ta tic  bend ing  s tren g th  and  stiff­
ness in u tile  and  g reen h eart d u e  to  th e  presence 
o f  w ell defin ed  in te rlo c k ed  grain.

T h e  rays in th e  SR  zo n e  are b ro ad e r th an  
those  o f  s tra ig h t ' o r  spiral-grained w ood as i t  is 
co m m o n  in  som e h ard w o o d s th a t  rays su rround-

T able 1. M eans and  s ta n d a rd  dev ia tions (in  pa­
ren theses) o f  ana to m ica l p ro p erties  in zone o f  
reversion o f  sp ira lity  (SR Z ), o u te r  (O Z), and 
in n e r zones (IZ ). V alues u n d e r  th e  b ars  are n o t  
significantly  d iffe re n t (a t 1 % level) (D u n can ’s 

m u ltip le  range tes t) .

P ro p e rty  in ^m SRZ OZ IZ

Fibre leng th 535
(1 0 2 )

688
(8 7 )

757
(8 3 )

Fibre w id th 25 .3
(3 .9 )

19.3
(2 .3 )

19.5
(1-9)

D ouble wall 
th ickness

4.7
(1 .0 )

5.4
(0 .6 )

5.6
(1 .0 )

L um en d iam eter 2 0 .6
(4 .1 )

13.8
(2 ,2 )

13.9
(1 .7 )

Ray w id th 54 .0
(1 0 .2 )

46 .6
(1 J .8 )

43 .8
(J2 .8 )

ed by  so f t tissue (axial p a ren ch y m a) are  usually  
b ro ad e r th an  those  am ongst fibres (e.g. B hat, 
1981). Som e rays in  th e  v icin ity  o f  vessels in 
th e  SR zo n e  app ear, in tangen tia l view , to  be 
arranged in ob lique o r  diagonal row s (Fig . 7). 
This fea tu re  is co m m on  even in th e  spiral grain­
ed w o o d  lying in th e  v icin ity  o f  th e  SR  zone 
(Fig . 8 )  and is p robab ly  re la ted  to  th e  d iffe ren ­
tia tio n  o f  vessels.

In  th e  im m ediate  v icin ity  o f  th e  SR zone the 
sp irality  is e ith e r  to  th e  le f t o r  to  th e  rig h t, b u t 
i t  is m o re  p ro n o u n ced  in th e  vessels as com pared  
to  th e  fib res (Fig . 9 ). I t  is, th e re fo re , p robab le  
th a t th is k ind  o f  vessel o rie n ta tio n  adds to  th e  
severity  o f  in te rlo ck in g  in  cashew .
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Fig. 1. B elow ; a sam ple w ith  a b ru p t change in th e  grain d irec tio n . A bove; cross sectional view o f  a 
sam ple show ing  tw o  SR zones (a t arrow s); x  0 .7 . —  Fig. 2 - 5 .  C ross sections. -  2 : N orm al s traigh t- 
g rained w ood  show ing  d is tr ib u tio n  o f  vessels and  axial paren ch y m a; x 3 2 . -  3 : Spiral-grained w ood  
show ing ob liquely  c u t fib res; x  SO. -  4 ; SR (reversal o f  sp ira lity ) zone w ith  num ero u s sm all vessels 
and  long  rad ia l m u ltip le s; x  3 2 . — 5: SR  zo n e  show ing vessels in  a  tangen tia l g roup ; x  4 0 . —  Fig. 
6 —9. T angen tia l sections. -  6 : Vessels ru n n in g  irregularly  to  le f t  o r  righ t in th e  SR zone and  th e ir  
anastom osis (a t arrow ). N o te  fib res resem bling  fusifo rm  in itia ls in shape; x  53 . — 7; R ays in th e  SR 
zo n e  arranged in d iagonal row s; x  37 . -  8 : R ays in diagonal row s in zo n e  o f  righ t sp ira lity ; x  37 . -  
9 ; Vessels runn ing  moYe ob liquely  th an  fib res and  rays in  le f t  spiral-grained w o o d  n ea r  S R z o n e ; x  30.
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