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SUMM/\RY 

The annually produccd xylcm of an individua l shmb of Colliguaya odorífera Mol. (Eupho r­
biaceac) was analyzed for four con,ccut ive yca rs ( 1972- 1975). Thc da ta indicate that in addition to 
the primary growth sccondary thickcning growth in stcms and rootS contributed to about 20 % of 
the biomass produccd. A survcy oí thc shrub's bark biomass (ali 1i suc pcriphcral to the vascular 
cambium) showcd that contribut ions to biomass by bark in smallcr tranchcs and roots (diam. 
< 0 .5 cm) werc 56 and 90 % rcspectivcly, whilc in largcr stcms and roots (diam. > 0.5 cm) bark 
cont ributions to thc dry weight wcrc 22 and 53 % re pcctivcly. 

RÉSUMÉ 

La product ion annuelle de tissus ligncux par un buisson de Collig11a_,·a odorífera l\ lo l. (Euphor­
biaccac) a été analysée durant 4 années con.sécutives (1972- 1975). Les doru1ées recueillic-s montr~nt 
qu·a la croissancc prinrnire vicn t s'ajoutcr une croissancc sccondaire correspondan! a r accroisscm~nt 
diamétral des tiges et des racincs, représentant environ 20 % de la biomassc produite. Un invcntaire 
de la biomassc corticalc du buisson (comprenant tous les tissus cxtéric urs il J'assisc cambiale ps:ri­
vasculaire) a montré que sa contribution il la biomasse était, rcspcctivcmcnt, de 56 et de 95 % chcz 
les branches et racines de faib le diam.;trc ( < 0,5 cm), alors que chcz k s branchcs et rac incs de fort 
d iametre (> 0,5 cm) cette contribution é1a it, rcspcctivcmcnt, de 22 et 53 %. 

INTRODUCTION 

l ntensivc bio logic;tl s tudics in mcd iterrancan arl' :h of t he world. cspccially 

in So uthcrn Califorr,ia a nd Central Chik (l\ loo~n·. 1977: T1 1RO\\TR a nd 

BRADBURY. 1977) ha\'<' adqmced undcrstanding of thc n'gct:1 ti l) tl 0f t hl'Sl' sumnwr 

dry arcas to thc poi nt tlut an ecosys t.:ms modcl w simul:1il' p:lltc, ns oí fl'S,)t1 rl·c 

use a r,d p bn t rcspo 1;st' coulcl he dc, c l,)pl'd (i\ !11.1 rn cr al .. 197S). \\.ith the' \\cHk 

o n thc suhnh)dcl for pl:ir,t grl)\\th it bú·:1111c.' rk:1r tha t th,: a,·;1il:tbk' qtt:illl it :11i,l' 

inform:11ion o n sc,·oncb ry shoot and r,)(){ ¡;.rl1\\ th w:1 -; in ~11tli,:il'n t. 

Thc lack c1f a st,!id dat :i ba, l' rc¡;.:1rd i1,¡;. thc c:1rb,, 11 :1ll,,l·:1ti ,, n p.11tn11~ \l':1, 

poink'd out hy l\lom;i Y ( 1972). Thcr.: is ampk info rn1,llill11 :l\:til.tbk r,·f:trdi11~ 

• 1.a h,rat,Hio de· lh>t,í ni.::1. t ·ni-.·1, id.1.I C:n;,¡¡,-;¡ d,- Chile-. ~111ti.1¡:,, ,k Ch,k. 

• • Uot:1ny Dq,.trtnwnt . San P i,·t:•' SI.lle· llni"· r,i1~ . S.tn D i,·~•'· C.tl if,,rni.1. <1 ~1 :;2 l i.~ \ . 



368 G. /\V II.A el al. 

th..: m o l : s ho o l bio mass r:il ios i11 d iffc rcn t ccosy~lc111s. Rn:cnt d ,1ta fro111 thc C h ilcan 

m:'llorral and thc Californ i:111 chapar r:11 s how t ha t R: S r:llios ílul·tua tc bct,, ccn 

0.4 a ,,d 0.8 (M 11 .LER and NG. 1977; Ku,\1~11:ROW e, al .. 1977; H o rrnANN and 

K u~J\JLRO\\' , 1978). But thcs~ data d o not pcr111it cx t rapob t ÍO!lS of sccond ary g rowt h 

incrc rncnts. In l /c1cromelcs arb11tif11lia, an cv~rg n.:.::n sh rub ~pccics o f thc Californian 

chaparral, abo ut SO% o f thc tc rmi r.:tl brar,t·h product il)ll is rnntaincd in thc lcavc~, 

10 % in t h<.: s tcms, a nd 10 ~ ~ in rcprocluctivc p,1 r ts (l\'1oo:--LY and C 11 u, 1974). Again, 

thcre are no comparable d ata on ca rbo n co 111mitmc1:1 to o ldcr s tcms ancl roots. 

Thc mcd itcr r:1r.can s h rub \'egc tat ion is ad a p tcd to \\'id c fluc tua tions of annu a l 

precipitations and their correlatio1; with thc width of an1¡ual growth l:iycrs in s tcms 

and roots ha s bren shown for t wo C h ilcan mato rrn l shrubs by R1vrnos ( 1973). 
Th'; purpose o f thc presen t ~tudy is a dctailcd ar,a lysis of thc íluctuatio r,s of scconclary 

root and stcm g ro" th fro m 1972-1 975 oí a s ir.g lc individual o f Collig11aya odarifera, 
a common s h rub in thc central Chilcan matorral. T he a111oun t o f secondary wood 

p roduccd in stems a nd root d u ring !he e ycars wi ll be quan ti fied and the possibili ty 

of gt'ncra liza tio ns based 011 thcse data will be discussed. 

MATERIAL AND METHODS 

A J0-yc.1r-old shrub of Colliguaya odorifC'rn Mol. (Et:phorbiaceac), apparcntly a 
sccdling shrub and no! a rcsproul was carcfully cxcavated to\\'ards thc end o f thc groll'ing 
season in Dcccmbcr 1975. Thc shrub, 1 111 ta ll and 60 cm widc and approxim:itcly symmetric 
in its form, was free s tanding and fully sun cxposccl. Thc specimcn grcw in thc boundarics 
of the farm "Santa La.ura" a t 1 000 m clcv;:, t ion about 60 J...m N>lW of Santiago de Chile. 
A de tailed dcscript io n of climatc and biology of this arca has bcen publishcd rcccnt ly 
(T IIROWER and BRAOBURY, 1977). 1-lol and dry summcrs and cool, wet winlers charactcrizc 
the zone. Thc mean ycarly prccipita tion from 1971- 1977 was 5-13 mm. 

TIIE MEASUREMENTS 

Aflcr excavation the shrub was defoliatcd and d ivicled into branch and root agc classc,,. 
T hc number of ycar rings pcr brancl1 and roo! was countecl from unstaincd hand scct ions. 
Sincc stcms, and cvcn mo re rn roots, are usually cxccntric in thcir cross scctions thc rccordcd 
width of cach gro" th laycr was !he mean of fivc measurcment, . 

Stcm ancl roo t agc cla, es ,~crc cstabli , hcd ancl a\crag.: kngths and dry \\'C;gh ts for 
cach si,c class 1\crc record.xi. 

T hc y,·arly lcngt h inc1 cmcnt oí roots and stcrns \\'a, fo1111d by n11.:a11s or snia l cr,>~s 
scction~. llcginning a l thc di,ia l cnd oí a stcm or rool, obscn:'.tions 011 c10s, scction~ ll'Crc 
nmdc to c, tabli,h thc distan..:c fwm thc ,hnol (root) 1i p 10 thc ripr.:arancc or th,· 11c,t gr.-"' 1h 
(ayer. T hi~ d iqancc i, i.:qui1alc111 lo th,· ,· lun¡:ation of thc shoot (1001) during thc r,·~¡,.:u iv..: 
ycar. -, he ,amc ptu(:nlurc 11;!, 1h.:n rcp,·,11cd for each 11<.:w y,·.1r ri ng i11 pro:-. i111a l di :..:ction. 
T hc obtaincd rcsulh can h.: 1alidat..:d by obscr, a tiun~ c,r thl· h1 .11:d 1ing p,111..:1 ·1, in yc, 1111gcr 
s1c111, bu1 1101 ~o i11 1001\, ,i11-.:..: tlll· clu~tcrcd ~1i l~r1 i111c rnnd·:, at th-.: cnd oí ..:al·h gr1111 i11g 
r,c riod l',lll be r.:cu¡;ni,cd hy th..: k -if,c.11 •, in tliv rc,pccti ,i.: s1c111 r..:r. it111. Thc a111111a l ~:1 (mlh 
layc rs an.: C(111,idcr..:d cylind, 1, ,up,·1 pn,ctl o ,·,-r c;,.:h t, tlll·, . ·1 h,· small ctT(lr illtrod11..:,·d 
hy thc r.1c1 thal lit.:,; :tll' 1.11hcr n111ic.tl ligu1c·, C,\11 h,· ncgkc lúl. Thc lcnglh or cach llllli<)II' 
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cylindc r wilh thc mc:i~urcd wall 1hicknc\\ ( 1hid.11c<s of thc a:rnual grow1h l,1y-:r) a llowcd 
thc calcula tion of thc , o lumc of lhc annua l wood prod uc1io11 o f thc re~pcc ti,c rool or 
stcm. Thi~ proccd urc was rcpcatcd with all lhc roo l~ and ~hoot\ of thc tc,t ,hrub. O ncc 
a pa tlcrn of annual growth layc rs was c~tab lishcd work on s tcms anti root~ of ~imilar si1.: 
progrcsscd c¡uid , ly. Thus, a rcasonabk: ca lcula lic n of lhc volumc of annual ~ccond a ry 
xylcm product ion in a li thc root~ and ~tcm u f 1hi, onc , h rub beca me po~~ibl~. ·1 h: 
following formul.: was uscd : 

4 

TWP = WPS+ Wl' l{ , whcrc WPS = ¿ (b, x /\s_ x 11s¡) 
; =' 

and 
4 

WPR = ¿ (Ir¡ x /\r, x nr¡). 
i = I 

TWP = tota l wood produc1ion; W PS = wood prod uction o f stcms and \VPR wood 
production of roots. 1~, lcngth~ of ycar ri ng.s in s1cms fo r cach of thc ycars 1972- t 975. 
As, arca of ycar rings in stcms fe r cach of th:: nbovc mcntioncd ycars, and ns, numbcr of 
stems in thc respective agc clnss. Ir, /\r, nr, corrcspo nding ca tcgorics of thc roo1 systcm . 

Thc weight dcns ity of thc wood o f C. ocl<;nfc-ra with O. 98 g. cm - 3 allows a simpl,~ 
transla tion of thc mcasurcd cubic centimcters in10 grams. 

R ESULTS ANO DISCUSSION 

Thc results of agc classificat io n o f s tcms and roots of thc cxcavatecl Col!ig11a_ra 
a re summarizcd ii. ta ble l. The d a ta shows clca r ly t hc typical mult istcmmcd ch:m1cter 

of the shrub specics. Scven 8- 10-yca r o ld b rar .ches diverge at gro11 11d le\·el. Up 

to the age of fivc, the numbcr o f branchcs r bes sha rply u ntil the maximum o f 

32 branchcs of 1-2 years is auni1~cd. lt can be assumed tha t a certai r. 1;11111bcr of 

1-year-old branchcs was shcd ovcr thc past yea r , prob::ibly r.!suh i; ,g from thc 

shading of lower brar.che:s by thc growir,g crown ar,d se\'cre water st ress d urir.g 

the la te summcrs. This phc1,0111c1;011 has been clisc usscd tho roughly by J\ flLLl:S: GTO>: 

and Ct1ANEY (1 973). l t is diílicu lt to co rrcct fo r thi. factor. lt must be u nda~ll'l'-' 

tha t th is lcad to a11 u1;dcrc:-.ti m:it io11 of pa~t sccor,da ry wood p ,·,,durtic,·1. Th,· 

m::i in root, 10-ycar~ o ld, ar ;d probably th o ri.,:i:,al t:~p w ot of th is shrub. br.1 11t·lw 1 

3 cm distal írom tht: root crow1, nr.d th is bra1 .l'h i1,g r o .. t ir. u.-d lll()l'C nr k:-s rt'_,:ul.1rly 

ycar aítcr yc:tr. Thc data in table I sho ws furt h..:r tha t thc a , .-r:1g,· It-1:.,:t lt l' f th,• 

1--1-ycar brar.ch:::- i, a bout 11 rn1 "hik thc 5- IC-)c:t i rn ,c~ ha\': 17 rn1 ),' :1rl~ k : . .,:1 ?1 

inc rcm,• 111:,. 111 ro,11~. tht· 3-8 ) C:tr br.11:,·hc~ \\ Cr,· 15 ;:111 ln;;g a, d th tr- . ,i~:· 111,·,1 .. tl~ 
long,·r th :111 thc 9-)t':ir b1:t1 ,·he, \\ h ich 111c:h11rcd ,1,, I~ 9 ,:111 ol :1\1.'r.•~,· k , '-:1i1. h 

table l s tcms ami l'úl' l~ ,,,·re d:1,,ificd by di :1111,· ,c r. ,\ 1,:tlysis :,h,n,-~ t!i:11 di .1 11~c· t,·1 

and agc w,·rc, al'n•rdi n,;:. 1,, c, pcrt.11io1 ,s. corr\.'1;11<:d. T h,- :l\ cr.,1:,· l-r.11 ,d 1 kr ,f:h 

in tablc l. tltcrcf,,rl', ~houl.l p :-l" id: tlt, )c':trl~ l:1 ,!!lh ir c1c,11,·,, t b~ , li\ ¡.¡ ; ·:! th.-

111,·:111 br:111d1 lcngt h h~ thc ll ll lllb,·r l1r fl"l'" th la~ c•r,. T h.: d ir, ,·t lllt',hlll,'ll'.~'lot l'I 

an11u:1l ¡;r,1\\ th lay,·r knt:th , {t ,1hk 11 ) ,·alid:11c, tlt i, J'l'int. 
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TA11Lr 1 

Di<11m·11r c/(1.\scs, 1111111/Jcr of ycarly gr()lrtlt layrrs in c11clt dia111c1a ,/.:,.<. ami 1!,c 11c11w/ 1111111/Jcr of 
bra11cl,cs pcr <!ia111c/a cla.,s. TI,, ni•fft1Cl' lcng/1, of bra11cl,cs ra .<i::e c/11.1·s 111n/1,¡1licd by //, ,t 

111111,ber of hrnncl,cs indica/es 1!,e lota/ lcng1!, of brrmcl,rs in i/1<! u.-,~ccti1·e ca1c¡;ory. Tl,c lust 
co/11111 sl,ows 1/111 dry weigltt o/ eacl, hmnc/1 si::c clau. (S. E.), S1c11:.;-:-J c-rror. 

Srcm 

- ---- ---- ---
No. Av. k n~::1 1 T oral 

Ycars 
D iamctcr of N o. of lcngth Dry 

(cm) growrh o f l:,ranc~ 1 of wcight 
1 

l:l)Cl"S t->ranchcs (cm~ (S. E. ) branch:s (i;) 

1 __ , (cm) 
- -----

1 
- - - ----

1 1974-1975 ..... o -0 . 2 1 1-2 32 11.0 tO. ~) 352 20.4 
1972-1973 ... . . 0 .2-0. 5 1 3-4 28 10.7 (1.11 300 33.7 
1969-1971. .... 0 .5-0.8 5-7 9 17.0(l.:1 1 153 38.5 
1966- 1968 .. . .. 0 .8-1 .O 

1 
8-10 7 17.0 (0. ,1 

1 
119 111.8 

Root 

1974-1975 ..... o -0.2 1-2 19 10.5 (1 . ,1 200 4 .3 
1971- 197 3 ..... O. 2-0. 5 3-5 16 15 . 5 (O. 9) 248 39.8 
1968-1970 ... .. 0. 5-1.0 6-8 10 15.0 ti. ~) 150 42.4 
1967 .......... 1.0-2.0 

1 

9 6 8.0 (1.01 48 117.4 
1966 .. . ..... . . 2.2 10 1 3.0 3 44.0 

TABLE 11 

Leng/1, (cm) of yearlr growJ/1 layers fo1111d by áirecl rr:,..:is11re111cn1s. 
&,ch m/ue is r!,c mean of eigl,t 111eas11re111cnts fro111 difJercnt sf1001s 1/11(/ r,>ors. (S. E.), Standard error. 

Shoot (S. E.) R oot lS. E.) 

1975 ... .. . . .. 

1 

5 .60 (1.40) 5 .50 (2 :3) 

1974 ......... 5.43(1.03) 4.91(:! .;:• 

1973 ......... 4.90(1.34) 4.91 (2.l\.1) 

1972 ......... 5. 17 (1.49) 5.08 CI . ".'~) 

Rcc:ordi1ig oí1k ,1idth uíyca rly ~rm1t h l:,ycr~ 01c¡ t º : yea r~ from 1972- 1975 
(iahlc 111) dc111 011', lr:ttc 111·: detrl·a~c oí th:: thid--1.c:-s or c.,. :-1 annual growth )ayer 

from thc ha-.-.: toward~ thc a1·,·,. Thi, i1.íor 111 a1 io11 a 1id tr.~ ..: .1 1:i in t:tblc~ I and 11 
a llowcd thc cak-ulatio11 oí !IK' ,olum:: o f ~rcor,dary X)I T ' ;,rL•dt1.:l·d annuall) by 

thc cntin.: shn,h fro111 I ?72- I 97:i. Our d a la , hn\\~ thal 11
: ,· amouI1I of Sl·condary 

woo I i ncrca,cd ~tcad ily in , t.'111, anti roo 1, írom 1972 l'-' : 975 ( t:tblc I V). 

( l:t'ologi11 /'/,111u1r11111 
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T A llLF. 111 

Width of y carly gro wtli layers (mm) mcam red c/0\c to 1/11: .rhoot (mol) bow t111(/ 10-20 cm prox im/ 
f rom //,~ shoot (root) l ip. Eac/1 1•u /11c i r tlic 111ea11 of 40 111ct1.<11rc111c11tr 011 eigltt differcnt ,hnots 
011d m ots. (S. E.), Standard error. 

1 

Clo:;c to shoot (root) ba\e 10-20 cm í rom , hoot (root) tir 

Ycar -- -- - -
Shoot (S. E.) Rnot (S . E.) !:>hoot (S . E.) 

- - - - --
1975 .. . ..... 

1974 .. . . · ... . 

1973 ..... . .. 

1972 ........ 

0.51(0. 11 ) O. 53 (0 .02) 0 .49 (0 .0-l) 

0 .35 (0.04) O. 51 (O. 15) O. 4 1 (0 .07) 

0.48 (0.07) 1 0 .52 (0. 11) 0.34 (0. 05) 

1 0 .53 (0.09) 
• 

0 .56 (0.08) 0.31 (0.09) 

T AHLE IV 

Grams of 0//11110 / xylem produc1io11 from 1972- 1975 
in ali s tems a11d roots of the ana/y:ed C. odorífera 

1972 1973 1974 
-- -- . 

Stcms .... . . _ 14.9 

1 

20.3 29 .9 

R oots ....... 19 .2 24 .9 30.6 

- -- - -
1 Root <S . L) 

-

0.43 (0. ICJ 

O .43 (O. 07) 

1 
O. 38 (O.O.) 

i 0 .36 (0 .07) 

1975 

60.6 

40 .0 

-

It was coris idc red in tcrcstir.g to establish the ratio o f secor. d ary to primary 

growth. A verage yearly production data for C. odorífera havc bcer, publishcd fro m 

the samc area. Thcy ir.d icate a tota l twig a1 ,d lca f p roduction o f 71 6 g. m - 2 of 

g round cover yr - 1 (438 g twigs a,:d 278 g lca,·es) for 1973 ( ~IOONEY et al .. 1977). 

The ana lyzcd C. odorífera probably had i1, 1973 a crow,~ proj;:-ctio:o close to 0 .3 111 2• 

Thus, for thi . spcei fic sh rub, tw ig a1 el kaf procluct io r. m u~t ha ,-c bcc!, :1ho ut ~39 g. 
(t wigs -1 !cave ). Fo r thc same yca 1 ( 197 3) thc calcu l:H io1.~ of t he 11, ta l x~ k m p rl1-

duction ilidica tcd 45.2 g (:?0.3 g ,!cm, . 2-l.9 g rool, ). \\"i¡ h 01 h•: í \\ O.-d , . j ¡; :1dd i1i,111 

to thc lc:if a r,d prima ry 111 ig. p roJm: ti,1 1, :tbl'lll 20 ",, 111u, t be :tdlk d i!'. 0nkr w 
includc thc scco11 cl :1 ry gww1h i1; th i: l-.1 e,,. 

A compklc ba la r.ce o f b io111:1,, r r,,d u,·tio .. r,' t;u irc-; fun h,r l.,, , , idc r.•; i,,1. or 
ycarly fi n,' rno l l_.!ro111 h (a r :t l,1l,!t' lb ¡,, k·.1f p r,1du,·ti l, . ,) :rnd t hl· gr,,111h l'I° 1h, ¡,_, rl,. 

( =- al l ti,s11c o ursilk 1h, , :i-;n1:.1r c:1111 bi t1 111). \\' it h rc~pc,·t 10 th,· fii , íl' t'h 

(d iam. 1 111 111) o: , ly :~ r,, t:t! h cq i1L,' i,' !1 .1~,· d o•, r,·,11l1> ,,r C::! if,,n. i:: r. cl1:1p.1rr.il 
shrubs ¡, p,,, sibk (K 1111111wni11 . 1111¡-: f,t,,/;,·J r,·., 11/1,·). \,·,· ,, , di li ,.! ¡., 1h,· ,j¡ • :1 1.d k.1r 
bio111:1" 111" o u r t.:, t ~hrub 1h, fü . .: r,,,,¡ ¡•1,•J u:1i,,, , f,1:· l 97., mu ,t h.11c b,-_·,1 in 1h,· 

o rdn o i" .SO e!· 

tum.: IJ. 11•· -1 • I IJ7S 
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A sunc)' of thc th ick1.css of thc b:1rk for two brar.~·h ~izc cla:;scs i shown in 
table V. Tlll'.~C' da, :i. pcrrnits thc co1.c1L:: ion tliat thc dry \\,'Íf ht rcprc~cntecl by bark. 
ti~ ucs is or.c-thircl in brar.chcs ai:d more than 01.c-half in r0ots. Ur. fortu natcly. 
thcrc docs r,ot scem to exist an casy way to rncD.stm: th,' ~c:~rly b:i rk prod t!<.:L ion. 

T ABLE V 

S 11n-ey of the proportions of rhe bark and xy/em co111rib111io11 to li:,· 111rnl dry ll'eigtli of slioots 
a11d rnots of tlic tcsted C. odorifcra. Analysis accordi11g to tiro arbitra_:· cl:ose11 diamcter size clmscs. 

Srems 
diam. < 0.5 cm . . 
d iam. > 0.5 cm .. 

TOTAL .... . . .. . 

Roots 

diam. < 0.5 cm . . 
di:im. > 0.5 cm . . 

TOTAL .. . •.... 

Bark 
dr. wt.. 

(g) 

30.3 
33. 1 . 

63.4 

39.5 
108.2 

147.7 

Xylcm ll:lrk 1 

(g) 

Xylcrn 
(%) 

-

c-lr_. _w_l_. _ , __ e0

) 1

1 - -·-¡---
23 .7 56 44 

117 .2 22 78 

140.9 31 69 

4.6 
95.7 

100.3 

90 
53 

60 

10 
47 

40 

It is not claimed th~t thc present~d values for a sir.gle Co/liguaya are rcprc­
sentative for ali 111cditcrra1;can cvcrgrecn shrub species. Yct, a survey of ycar ring 
widt h~ from seven chnpa rr?.1 a;-;d cight matorral shrub ,recies showed that lhese 
value~ wcre ali ir, thc ~ame arder of mrig .. itude (K urnmcrow a r.d Gilibcrto, 
11n¡mhlislied data) . \Ve lee! justificd to co;~cludc tha t iht calcu!ated 20 % value is 
a n 2.cccptable mc,\G for thc year[y xylcm grn,\ th of m:Ho;·ral ar.d chaparra l shrubs. 

Thc amour, l uscd anr,u.d ly for ba rk gro\1-Lh car; o r. ly be guesscd but may be as 
high as 5- 10 % of thc total yc-arly biom,w, procluction . 
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