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Summa ry. The roo ts of mato rral shrubs were excavated from an 18 m 2 site of 
a mixed ma torra l stand loca led on a 27º NE fac ing slope al 1000 m elevation 
40km NNW fro m Sant iago de C hile. T he climate in th is a rca is sim ila r to 
tha t o f the Southern Califo rn ian chaparra l. The ma in spccies p rescnl were 
Lithraea ca11stica, Cryptocarya alba, Collig11aya odorífera, Al11risia re111sa, and 
Sat11reja gilliesii. Aftcr ha rves ting the above ground b iomass, the soil was 
washed o ut in 20 cm layers down to a dcpth of 60 cm. The roots wcre 
harvested accorcling 10 their positio n in !he s ite, separatcd into species and 
root s ize classes. So il ana lysis indicated a fenik a nd deep reach ing. clayish 
so il. L. caustica was a dcep roo ting species with ma ny thick roots growing 
deeper than 60 cm. This species had a massive burl o f 67 kg dry weight in the 
excavatio n s ite. Cryptocarya was less deep roo t ing, and C. odorífera had a 
sha llow roo! systcm. It is Lho ught tha t the roo t :shoot biomass rat ios o f 4.9 
and 1.4 for L. ca11s1ica a nd C. alba respectivcly a re indicative of the forcsl 
cha racter o f this si te in thc pas t. This fores t wo uld havc been dcstrnycd by 
co ntinuo us charcoa l ma nu facture. T he bulk o f the fi ne roots was found 
in the 20-40cm so il !ayer. The average distance between fine roo ts was 
calcula ted as 1.9 cm. The n::sults were co mpared wit h a n earlicr cxt::1,·at ion in 
the Ca li fo rnia n cha parral. 

lnl roduction 

Recen! comparati\'c stud il'S of thl· Cali forn i:111 d1a p:1rr:il and the Ccn tr:tl Chi
lcan mato rral ha,·l· contribu tl·d :-:ub:-:tantiall~ ll) l)llr understan,lin,! llÍ stru,turl· 
a11cl p r i111 :1 ry pn1dudi t111 in 1hesl· l'.:11s~stems (Kumnww"· and 1·ishbl·.: I... IIJ-7: 
Moonl.'.y. 1977}. Ncwnhekss. it is l'' itknt tha t :111 adequa te dat:1 b;t~l· rc,::;trd
ing thc hio lligit::tl prl,l'l'S~,·~ hd1)\\' frlllllld is lll'ú':ss:tr~ for a tlh)r,· .:l'111['1l'll' 
picturl' lll' the plant co111111t1 t1i1~ d ~ n.tlll il·s. 



lnit ial ly, thc structurc: of r,1--11 systems of tlic 111a i11 sh rub specic:s in the a n::1 
sht,uld be :111aly;,cd. Snmc: i11f,,rmati t,11 in this r.::-¡K·d is a\'ai labk from th,.; 
Southcrn Calirtin1ian chaparra l. 1 kllmers el al. ( 1955) dt'S1:r ib..:d the rool sys
tcms of 18 shrub sp..:cies with r..:spe1.:l lo thcir lwri1,,11t:li sprcad and dcpth 
penetra! ion. I nformation was obtained frnm road cut obs..:rvations ami h)'
draulic cxcavations; roo ting tlcpths of 4 m ami hori1,,nta l root cxt..:nsiuns of 
10 m wcre found. In thc lsrac.:li maquis. roo! dcpths n f apprnximatdy 9 m ,n:rc 
rcportcd ' by Shachori et al. (1967). Rc:1.:ent ly. more qu;1ntitativc information on 
chaparral roots has becn add..:d (Kumm..:row et al., 197': \lillcr ami Ng. 1977). 
In gen..:ra l. it can be concludc:d that hori1ont:tl roo! spr,·:1d cxcccds the extension 
of the shoot systcm by c:,cral times. \Vith r..:spcct to ro,,ting dcpth, chaparral 
spccies are vcry plastic arnl adapt to a \\"idc varicty of soil conditions. 

lnformation 011 root systcms in thc Chilcan m:110rral is scarcc. So mc 
mcchanieal excavations and road cut obscrn,t ions madc by Gi libcrto and Estay 
(personal com municatio n) ha\'e yicldcd rcsu lts simii:lr to those obtained by 
Hellmers et al. ( 1955) in Cal ifornia. Thc fi rst hydrau lic rL,ot cxcavatio ns in Chi le 
wcrc repo rtcd by Millcr and Ng ( 1977). The two specics mcnt ioned in this stucly, 
Sa111reja gilliesii and Co//ig11,1_rn odorífera. wcre charactcri 7ed by shallow fibrous 
and shallow widc spreading root systcms, respectively. The root: shoot biomass 
ratio (R :S rat io) for both spccics was 0.7. This valuc is s imilar to the R:S ratios 
reported by Kurnmcrow et al. ( 1977) fro m lht: chaparral in California. T he roo! 
exf.:ava tions in Chile and Calií0rnin wcrc made on shallow soils in an open 
vegctation. lt is thercfore lcgitimate to ask wha! R :S ratios would be found if 
the analyses wcrc maclc on a s itc with severa! competing specics, a closcd 
canopy, and a deepcr soil. 

The purposc of the presc nt s tucly is two-fo ld: First. to contribute c¡uantitative 
data to the gcncrally scarcc knowledgc of mediterranean scrub root systems; 
and seconcl, to test the hypolhesis tha t with highcr soil fertility the fine roo! 
density inercases. 

Matcrials ancl Mcthods 

111e Root Excal'lltiu11 Site 

Thc general arca fo r the rool exca,ations was lucalcd wi1hi11 thc b0 und:i ries of th,· Fundo Santa 
Laura. 40km NN\V fro m Santiago de Chik (3Jº 4'S latilutk. 71°00 W J.:,ng.itudc) atan clcvati,•11 ,,f 
about 1000111. A dctailcd dc, cr iptiu n o f dim:otc a,u.1 gcugraph) íor thi, , pcci lic wnc wa< rcccntly 
publishcd by Th rU\\Cr ami Bradbu r} (l\177¡. Dr). \\¡orno summa nw nlh< ,oncl mild. humid 11 inta,. 
a,•cragin¡? 350mm po , cipitati,,n pcr ),·ar. chara,·tcrit.c th is part o í C,·111 0:ol Chik as a typkal 
mcd itcrrancan :orca ( i\,chm:on. 19 7 .,1. 

On a 27° no, thcast fat·ing ,lop,· (lh >rth cquatur facing). a J x 6 m ,ih' 11 a, cho,,n aud marl..,·d 
"ith angl.: iru1h. Tlii, dil•il·t..· r1.:prt:,1..·11 t1..·U a c11111pnu11 i"'1..' bl't\\ccn lvgi')ti1..·, :.ind tlw 1h:cd f1.)r a ~itc with 
a rcpr ... ·,c:ntati,c íl ,,ii, tic <.:omr<,,i1 io11 ,1 nd pl:inl l'n,~r. /\ ruad nnl~ ~ll m d1,t.111t f,, ,111 tht.: sitl', :11...'\.'t'S:-. 

to au dcn ,i,·;d p1111 c1 lin,. 11.ota ír,•m a ,mall u,, l... 50111 ;rna) ;ind 15m hclu11 th, s it,. 11 ,·1,· tl1<· 
main pnu.:ti<.:a l ath.intagc, . Sinl'.1..' tlw '-'":c.:~ i..; tt:,.u:_tlly dry durinc: tb .. · ,u11Hnl·r. "-'x1.:a, :1til,1b \\t..'1"'· 
limitc<l to 11i11tcr .cnd , pri ug. Jul) uc1 .. h.r. 197& 

Thc.: \ \.'.'µc1,1tion III tlt'-· , 1.,"..:d l '..: m1 , 1 h: 1111..: ludcd a dcrhc g1,,up ~,r ... ·,t.·r;, .. ·,.:n ".:l .. ·1,,pl1~1l\,lh ,!11uh, . 
uamd) l .1tl11111•a , ,111,1 ,1 ,1 ( ,\ 1 .. 11,:.11 ,J 1 1 ..... ·,1cf. Cn¡1t,11 ' ' " '"' ' 11/hc1 ( I .1ur .1 ..... 1.:1. ~111d ( ·,,tt,,-:1,,n ,1 ,,d,wi/l'lt l 
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(Euplwrhiaceae). Severa! , pccimcm of thc dimhin¡; .\lu1i, i11 r,•11"11 (Compo,itacJ. thc lc,s con
spi,uous >llh, hruhs. Sutur1:1r1 l(•/11<·\li ( l.ah1a lac). a nti l/aplo¡111p¡,u, ,p (C'11mpo,it~c1. Jnd onc 
spcdmcn o í a cacllh ( '/nclu,rer1:"' rhit,,..,.", J ,_c,c a l,n prc,cnt. flclm, thc cano py anti b .. • ccn the 
shrubs an im pnrtanl hcrh;icc,,u, fractio11 o í thc , cgctatio 11, compo,ctl principal!) o í gr;", ~' anti 
gcoph) lC>, c.g. S" lt•111Jmc•/11 , , p. ( lridaceac). Tridwdinc ,p. (Compo,itaeJ. a nti /' 111111"'" ;,p t l.ilta~ac) 
was found. 1 lo" e vcr, ruot, o í thc hcrbaccou, fracti ,111 \\ere nol ~onsidc1cd in thi ' s tutly. 

Tiu! Soil 

Thc soil at thc cxcavation sitc, ongina1i11g from an igncou, porphyritic roc k. ha, modcralc 
pcrmcabilit) and iníilt ration ca pJcit). /\huntfant ,upcrfic ia l ,tone, \\ Crc sccn. Soil charact.:n,11.:, 
and rcsulls o í chcmica l soil an:tl),i> are ,ummaritcd in Table, 1 a nd 2. Thc chc mic-al anal)'" o í thc 
soil samplcs was madc b) thc ln,titulc o í /\gricttllural S<:icm:cs. Palmcr Rc,carch C cntcr. Pa lm~r. 
Alaska. undcr thc supcni ,,on o í Dr. J ay Mc Kcnúricl- . 

Table l. Soil horizons and 1n 1urc a l thc fundo Santa Laura root cxca,at io n sitc, 1~ m 2 in sizc 

Soil Dcplh Color' pH " T cxt urc and ob;cn at ions 
horizon cm 

A 0-8 IOY R 5, 4 6.8 Compact a nd hard. base hum us !ayer 
undcr Lithroca 

B 8-32 10 Y R 3.5/ 3 6.8 Cht) ish. sandr. grave!, brokcn stonc; 

e 32-46 7.5 YR 5¡6 5.8 Ind ications for past firc. C la) ish 

D 46-63 5 YR4, 8 6.6 C layis h 

> 63 Compac l, hard. Rock compktd} 
d ccomposcd 

Color írom Munsell Soil Colo r Table (M unsell Colo r Company. !ne .. Ba h imo rc). Drr soil 
pH mcasurcd with cr.:osolbromidc bluc 

Tahl<' 2. N and P a nal) sis in the rocll cxca\'a tion sitc F undo Santa La ura. C hik Thc '"º sc:ri,·s o í 
sa mpl.:s rcprescnl data from two indcp.:ndcnt soil colkctions. I : soil colkctcd No\'cmhcr. late: sprini,:. 
1976; 11 : March (Fall¡. 1977 

Samplc location ppm-:S: ppm-N ppm-N % to ta l ' ppm- P o 
0 Lotal r l''f~:..tni'-.· 

1'11, 1'0) total m.,inl~ írom wc:ak + n,,n,·, · h;111;:. 
0rganic I IC I ,,,Ju. minaal 

0-::!0 cm ckpth 16.1 7.5 2.'.6 0.16~ 2:-.1 O.OS9 
11 15.2 6.9 22. I 0.1.17 no 0.092 

20--40 cm dcpt h 1 ~.5 6.2 1-1.7 0.07., 5.0 O.tl:-2 
11 10.<J -1.0 1-1.9 0.090 6.5 O.ll:-.1 

40 60cm dq ,1h 7,$ -1 .) 12.1 ll.\l(,6 2. 7 \l.!k•b 

11 ~--- -1.-1 J.,. J U.0(,5 -1.-1 11.11--

suría.-.·. 1 -I J..1 S.5 -19.S 0.22-l Jc,A 0,1),)() 

open ¡,:r,H111<I 11 17.:- 1-l.-l J~-~ 0 .2 11 56.1 11 \l-N 

surfa,·c. :.; .. , 6 . .1 J .\ .() 0.-l )., -l'l.7 O. l ll<.l 
U11<kr l.itlu·,,.,o 11 ~~-1 S.7 J~.s 0 ,5(,() -12.ll ll.Jlll 

'\lll'Í,lú.". .,n - 6.6 37.) ll _:5-1 su: \1,(l-19 

und1..·r ( "ryrtn, i.ll'\ ., 11 lll,•) 7.-1 l:U 0.-125 Sll.7 0. 1 J') 
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Thc.: c,c·a,·at i,,n ,itc "ªs subdi,idc.:d into 1~ o nc.:- m' pl,•h h) mc:uis uf wirc.:s stn111g bc.:l\\c.:.:n 
supporl ing :111;;k irvns al gwund kvcl. Thc slc ms ami br.111,h,·s in cad1 m 2 plo l wc.:rc.: cardull) 
han,stc.:d and indi,idu,,11) baggcd. Suh,c.:q ucntl) thc matcri.11 frnm cad1 plo l "ª' sc.:p,1ratcd i11to 
sp.:d,s, <w.:n-d ric.:d, :111J thc.: dry 1w ights wcr, rc..:urd c.:d. Sul:>d i, i,i,,n o í thc.: ahovcgrnuml matc.:rial into 
stcm si,c classcs. ka,c,. cte. \\llS nol d,rnc.: sin,,· c·onsidc.:rahl: inf,,rmalÍ(>n in this rc.:gard is alrc.:ady 
availabk (GilibcrlL> ct al.. 1977 ). 

Rnot l/arrt'sli11¡: 

Water for t hc.: h)draul ic cxca,at ion was pumpcd (c.:lc.:,tric pu:nr.50 1 min) from thc.: crc.:ck through a 
3/4 g:irdcn hose.: \\ ith a spraying 11011.k. Thc 27° slopc.: p,rn: i11 c.:tl adc.:quatc w:Hc.:r run-ofT. Thus, 
bcginni11g with t hc.: lo \\ c.:r bo undary oí thc sitc. il was po,sibk w \\ ash out thc upper soil !ayer to a 
dc.:plh ,,r 20cm squarc mc.:tcr by sq uare meter. Scvc.:ral largc rnd,. \\ Cighing up to about 75 kg. had to 
be removed during 1hi, phasc. 

Thc th inna roC\ts (diam. < 1.0cm) th:tt had bccn cxpo,-•J d uring thc firs t phasc o f cxcavation 
wcre h:1ncstc•d ,1ri..:tl} according to thc m 2 limits. In gcnc.:r.1I. ¡¡ "ª pvssibk to a,sig.n thc roots to 
their corrcspo nding spccics, but crrors in idc.:ntific:11io n rn:i) ha,·c m:t:urrcd. Major roots wcrc 
collectcd aftc.:r thcir posilio n had bccn recordc.:d by mcans oí in-,c:tlc drawings. In thc !alter c.iscs. 
spccific idcntification o í roots w:1s possible. bccausc, afkr tra,ing sorne o í thcm to thcir respective 
crowns and burls. thcy could be rccognizcd by thcir morphoJ,,.,:i.:a l fcat urcs. 

Aftc r harvcsting thc first 20cm !ayer. lhc ncxt two !ayer, cac.:h 20cm dccp, werc trcatcd likcwisc. 
In thc dcepcr la)crs. whcrc fine root masscs wcrc fcwcr but thicl.:er roots more frcquent. crowbars 
wcrc uscd to looscn thc hard clay in a rder to incrcasc thc cr,hi,c actio n o í thc wa ter nccessa ry lo 
movc thc clay dvwn thc slopc. At 60 cm dcpth furthcr cxca,·:11i,,n provcd to be ncarly impossiblc. Al 
this depth linc roots \\ Crc rare but considerable.: numbcrs o í thi, kcr roots, mostly frorn Lir/rraca 
caustica, werc found pcnctrating thc dccper soi l laycrs. R úe'! le>ss. rcsuhing from thc cxcavation 
tcchniquc, was cstima1ed a t 25 % for lhe linc root fra,tions an,I 5 ~~ for the thickcr s izc classcs. 

Root Proce.'ising 

Thc root prot:cssing fo llowc.:d thc mcthod cstablishcd carlicr in California (Kumrncrow c.:t al., 1977). 
The routs. idcntilicd and baggcd in thc lidd, wcrc washcd in thc laboratory and subdividcd into 
thrce cliamctcr sizc clas,cs: Class 1= <2.5 111111, 2 = 2.6- 10 mm 3 = > 10 mm. Al1 houg h thc bul~ of thc 
linc root fraction (sizc Class 1) had root d iamclcrs < 1.0 mm. it proved impractical to scparatc thcsc 
mostly ,1bsorbing fi ne roots from thc s lightly thickcr and nh',tl) conducting roo ts. í'inally. d ry 
wcights for cat:h root fraction a nd spcci~s wcre m~asurcd and r~.:orded. 

Rcsults 

Abor<'iro11111/ Shnrh I Í'gt'WI io11 

Thc cxpcrimc:ntal ~itc: is hctcrogcno us in its íluri,tic t:0111pos1l1011 c011sitkri11g 
on ly thc: nu mlwr of ¡x rcnnial shrubs. Figure l. illu:-trating a bird's cyc pcr
spcctivc o f tht: n~gl'lation. c111phas i1cs lhc: do111i11.1nt íl'k of Lirhraea n111s1 in 1 i11 
thi-; ~pct:ilic :-ill.:. 1\ prl, lilc dr,111 ing (Fig. 2) ~h(,\\ S tlh: ht:ight rl.!la1i,l 11s hct,,·c:c: 11 
thc maj(lr shrub :,p,·t:ics ami thc:ir m.1i11 íl>Oli11;: p;1t lcrns. M111i.,i<1 n •111s11. a 
fo li:1tcd vi 11 c: ,,l1ich i;ro1,, pruf11sl'iy in lh.: :-hrub ,".l!ll'l'Y- pr,·scnb a spl·cia l case:. 
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Abore- a111/ Bdmr-Grou11tl Bio11wss 

Fig. l. Floris1ic composi1ion 
and specics distribution of 
thc root cxcarntion sitc from 
thc bird·s eye perspcctive. 
Each squarc rcprcscnts onc 
m 2• Thc lwtch<'d area in
dica tcs thc canopy projcction 
of Litlrraea caustica (Lit) on 
thc ground. 
Cry = Cryptocar.rn o/l•a : 
Col = Collig11a.rn odorif('n,: 
M 111 = .\I 111 isia re tusa: 
Sal= Satur.-ja gilli<"sii: 
H ap = H <1p/opapp11s sp. ; 
Sw = Swdrys sp.: 
Tal = Talgm·11,•a q11i11-
q11e11,•rrw; 
Bac = Bacclwri.< 
rosmarinif<>lia: 
Tri = 1riclroan ·11s c/1ilt>• 
ensis. Thc d<>u,·cl arc,1.< 
rcpr~-s.:nt r,ll'ks 
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Thc total roo t ami shool biL1mass rc,·orlkd pcr spcl· i,·s. wi tlll'lll r,·gard Ll' th ,· 
numbL·r o í sp,·cimcns in thc CXL':l\·ati,1 11 sit,·. is summari7,·d in T:1bk >. The 
calculated R: S r:tlil, sll(lws that appr,,ximall'ly fi yc lim,·s thc slw,ll bi,,111:1ss l,f 
litl,m,·,, Cil/tstica is ro 1111d bl'l ll\\. grou nd. r \·cn di s,·l'll llti11g lh,· 71 l-. g l,r bml 1is,ue 
o í th is species ír,1111 t lll' h >,ll w,·igh t. t h,· R: S ra l i,1 \\',>tild sl i II bl· ~.9 a nd t h us. 
11111ch high,·r than nth,·r R: S r:1l i,1s rcp,,rlc'd frl,m th -.· 1111:dit,·1-ran,•;111 ;1r,·as in 
C hik arnl Califl>rnia l~lilkr and Ng. 1977: Ku111111L·r,,w ,·tal.. !977). lt sh,,uld 



"· NOlllna nn ;1110 J . l',.Ull\lllcrow 

m 

Fig. 2. Proíile drawing through thc roo! cxcavalion sitc. r\bbre, ia1ions ;irc as in Figure l. Thc 
nurssi,·e block striKtw·<' on the right Jra11d side o í thc clrawing is a burl with scvcral thick roots 
emcrging from it. Cr_rptocarya, haca small trce, is frcquen1ly scrn in thc arca as a dense shrub from 
st ump sprouts 

Table 3. Root ancl shoot b iomass from a n 18 m 2 experimenta l si1e. Fundo Sanla Laura, C hile 

Spccics Root % Shoot % Root :shoot 
biomass oí total biomass o í to tal bioma~s 
g dr.wt. g dr.wt. ra tio 

Lit/,raea ,·austirn 173,054 85.3 34.355 64 4.9' 
Cryptocar_ra a/ha 24.580 12.1 9.:09 18 1.4 
Colliguaya odnrif¡,ra 3,916 1.9 6.09.: 11 0.6 
Mutisia rc:t 11.<C1 63 1 0.3 2.156 4 0.3 
Satureja gilliesii 163 0.1 7.19 1 0.3 
Staclrys sp. 94 0.05 :!56 0.5 0 .3 
Bacclrari., rns11wri11if,1/ia 501 0.15 15~ 0.3 
Triclwcerrus c/1i/,1('11sis 60 0.03 10-t O.:! 0.5 

Thc R:S raliu includcs thc burls with 71 kg in thc wot s~,tcm 
Somc br.t11chcs han¡:ing in lo thc cxpcri111,·n1al $i l,·. Thc r,,,,1 crnwn t,,,·a1cJ bcy,,ml thc $itc 

limih 

also b..: co11 , itkrc.:d tha l many thick L. ca11s1ic,1 rnot,; pcnc.:t rakd dc.:l'pcr inl t> thc 
soil than thl'. ..:,c:1\'atcd 60cm, a11CI that th..: ury ,,..:ight o f this dc.:l'. p..:r fradio 11 
m,1y wcll cqu;il th;il ,>f thl'. bu rb . 
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Fi¡:. J. S uríacc vicw of thc c, c:1\"ation , itc aftcr thc rcrmn:tl ,,fa ~Ocm s,,il 1:r~<'í- Grid .,,¡11c1r,·, :ir,· 
thc samc as in figure l. fcw bigg,·r and m:111y lin,· r,,ots are , isihk. Thc 111,1<, ir,· ,11·, ,1., in th,· li¡;ur,·. 
ope11. l>lack. :111cl lwtc/1c•d. represen! burl,. The Ji11,• r11()/S are n,>t d r:rn n h' s,·.1k: th i, r,>,>t fr.1,1i,•n 
forms dense m:lls arnund thc burls. 

Root Distrih11tit111 

Thc general nwt distrihut i,1n \\ as r.:c,,rd..:d b~ tlll':tns ,,f sc:1k d r.1\\ ings. Th..: 
high ru1'1 dcnsity f0rb:1dc· :111~ :tttc·mpt to l'fll.ic·l'l thc· 111.tj,,r t ,,,,is (d1a111. 
> 1.0cm) into a singk plattl'. Thl'rl'forc·. d r:t\\'ings rc,r l':tdl : oc·m ,,f snil ,kpth 
w.:rc pr.:par,·d (Figs. J 5). T hc· l:trga c·o11d11c ti11g r,,,,1~ ,,r l.. ,·,111sri.·,1 f,,rn1ú l :111 
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Fig. 4. The samc , icw as in Figure 3 aíler han·csl o í thc roots anJ removal oí a scc,rnd 20cm soil 
!ayer. Only roob 1hi. kcr ,han 1 <:m wcrc Jrawn lo scak. RoOl ;;pccics S) mb,,ls are gi,cn in Figure J 

inl ricah: mcslrnorl-.. anti grafts wcn.: frc.:qucnt ly ob~cn ·cd a l crossings 1101 o nly 
bctwccn roots oí th.: s:1111c sh rub hut also bctWl'C.: 11 individ ua ls grow ing s.:n~ra l 
mctcrs apart from ead1 ot hcr, c.g. in F igure 5. plot s 12 ami 16. 

Stru11g evidentl' ÍN thc cx istcncc.: of spc.:;: ics-charactcristiL· ro,)t dL'pths in th is 
cxpcrirrn:ntal site is shown in Tabk 4. T he tt,tal rool hil1111 ;1ss per specil'~. 
rccorJ..:d for th r..:e diffac.:111 dc.:pt h k1·d s and thre..: ront Ji:1m..: ll'r elass..:s is gi1·,·11. 
Thc.: fim: ro<1b of / .. ca11.,1 i ca , C. o//Ju. C. utl11rif,-r11, ;111d 1/ 11¡,/11¡"'!'/" ts sp. ll'l' rc.: 
11H1'1 den-.e in th..: 20 -IOcm soil kv;: I. \\h c.:1c.1s the fibrous r,1()1 systems of 
J\/111iúa rc/1 /\a . S,1111n·111 gi!lic'.\ÍÍ, Stuclt.1., ~p. and thc t·:1c.:tu~ Tricltocan/\ c/1i-
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Fig. S. Thc samc vkw as in Figur,, 4 af1cr harvcsl o f thc roots and r,'llh)\al r,f a thirJ 20c·m Sl'il 
!ayer. Dctails are gi,·cn in Figure 4. Nmc thc rvM va/1., in squarcs l'so. 1: anti /6. Thc burls l,r 
li1hraN1 in squarcs No. / ! a nd /5 did 1101 rcach dccpcr J own into thc grounJ 

loc11sis wcrc conccntratcd in !he uppc r 20 cm 0 f thc soil. folgll, ·11,·a <Jlli11,¡11,·11n-ria. 
a summcr d cciduous shrub. sccms w he a mcmhcr of thc first grl)U p. h ut as tth)rc 
tha n hal f 11f thc r,,l1ls of t his sp,·cics grcw outsidc th,· pl,,t. tlw data ma~ tll'l h.
sign ificant. Thc s:1mc rcaS1)ning is ,·alid for D11cd1aris roS111Cll"it1 iJ;,1;a. 

Thc dL'L'P fl1o ti11g paltc rn 11f l.. n111s1in1 is H' ry ob,·i,1us. R,, ,,1s \1 ith di:tmL·tcr:,; 
>2.5 mm are L·1111cc111r:1túl in thc -10 60rn1 lc,·cl {Table.¡ and Fi;:.. :-l. 1r t h1· bu rl 
tissuc, 67 kF. dry ,w ighl al1111c f,11 sq u:1rc llll'IL·rs l.t and 1 :>. :111d ll•,·.ttl'll m ,>:-t ly in 
thc 20 -Hlcm k,·d (Tabk .¡ a nd Fig. ➔). ,,ere ll(ll addcd w 1h.1t l"L'l'l fr:tl· ti,,11. th,· 

-rcla ti, c a11wu111 or ro1lls in thc .tll úO u11 ll'\d \111til,I ªPl''' ·1 r 1·,,· 11 p ·c.111•r. 
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Table -t To t:il rú<)I bi\1m:,~" h:i rvcstcd fr,1111 
scparah.:J into r,.'1...) l di:.un\.·ti..·r c1.~"'~" 

th.: 18111! t·,.· .. , .H1ún sitc fur cach so il !ayer and 

Spccic, Snil dc plh Root d i.101,::r d:isscs (n,m) Tota l roo t 
k vcl biom:lSS 
cm 0 -2.5 .:(,- 10 > 10 g d r.wt. 

Lithnu·,, "'"'"tica O 20 471 :~1 14.072 14,764 
20--10 1 .. rni .!.S t:! 5U91 57,641 
40 60 990 1 .:c,67 86,992 100,6-19 

Crypl()rnrya 11/1><1 0 -20 275 35 6.254 6,564 
20 40 80-l !.MS 11,457 13,926 
40-60 145 915 3,030 4.090 

C ollig11aya otlorijcru 0-20 302 l.081 448 1,831 
20.-40 967 , go 169 2.016 
40 60 68 60 

Bacdiaris ros11111ri11iji1/i11 O 20 
20 40 42 22 64 
40 60 266 171 237 

Mmi.,ia re111s11 0-20 268 363 631 
20-40 
40-60 

Jlap/0¡>11p¡>11s sp. 0-20 
20- 40 13 13 
40 60 

Sa111reja gilliesii 0-20 150 13 163 
20 40 
40-60 

Talg11,•11,•a q11i11q11e11t'rda 0-20 21 44 65 
20--40 57 195 252 
40 60 78 239 317 

Swclrys sp. 0-20 83 11 94 
20-40 
40-60 

Triclroccrt' IIS d1ilnmsi< 0-20 22 7 30 59 
20--40 2 2 
40-60 

Crn11ocarya a/ha is díífcrcnt : Most o r thc stro :-: g::- r roo ts wcrc found in thc 20-
40 cm lcH:I (Tnblc -l). Fcwcr roots grcw do\1• ~ 10 thc dcpth of 60 cm and 
dccpcr pcnctraling rnots wcrc obscn ·ed on ly <' :::i, ionnlly. Co/liguaya odoriji·ra 
is shallow routing with most o í thc strongcr íl'<' :s growing in th.:: uppcr 20cm of 
thc grouncl. 

In contra~! ,, ith c.:-arltcr root studit::,, from Ccnt 1.1 : Chile ancl South..:rn Ca lir0rni:1. 
thc root ancl :-hoot hioma~s va!t1cs rcp(lrtú ! hac ca mc fr1,111 a . vq.:clati11r 
growing 011 :1 d..:..:p and ícrtik: soil (Table :2 ). ¡ ·¡·;" •:1 u11atdy. Íl was i111p11ssibk l( 
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procccd with thc cxca v:it ion to a dcpth g rca tcr titan 60cm. i"Ol o nly wa~ thc 
toxicity o f rno ts a 11d sho o b o f Li1/,raca. cum pa rahlc to thc i"o rth Amcrii..:a n 
po ison oa k (Tox icodc1ulro11 dirC'rsi/olm111 ), a prohkm but a l-..o t hc hard c.: la1 in 
th ..: th:cpcr soi l l.iyc r~ rcndcrcd tite hydr.iu lic cxcava tio n tcch n iq uc incfficicnt. 
Ncvcrthclcss, thc info rma tion co llcctcd can be u~cd for a compari<,o n ,, ith 
Californ ian da ta. 

With th c cxceptio n o f Litl,roea cmtstirn a m i. to a lc;;~e r dcg rce, Cr_rp1ocarya 
alba (Tablc 3), thc C hilea n species sho w R :S ra t io com para b k to thu~e 
rcported from Califo rnia (M illcr a mi 'g, 1977 ; Ku mmcrow et al.. 1977¡. T hcse 
valucs a re below uni ty and confi rm 13arbou r's ( 19 73¡ s ta tcmcnt that xcro ph) tic 
pla nts necd no t havc high R :S ratios. 

L. caustica and C. alba with R :S rat ios o f 4.9 a nd 1.4 rcspccti , ·cly, sho ulcl be 
co nside red cli ffcrent ly. 130 th the. e spccies a re known to fo rm trce whcn un
d isturbecl. Thcir llo ris t ic importancc was strcssecl by Obcrdo rfcr ( 1960¡ who 
co nside rcd thc Lithrneo-Cryptocaryetea assoe ia tio n as thc term ina l s tagc in ::i 

sueccssio n o f plant a soc ia tio ns. Espccia lly s tr ik ing is thc sizc o f thc Lithraca 
burl (Figs. 3- 5). Sinc·c thc vo lu mc o f b urls inc rcascs with a gc and rcpcatcd stcm 
harvest ing, the massive bu rls o f bo th spec ics are p rob::ib ly thc re ult o f m::iny 
ycars o f wood cutting fo r charcoal man ufae tu re. Severa ! charcoa l o,·ens o n the 
farm grounds a re evidence for this activity, whic.:h co nt in ucd un ti l 1959 ,,hcn thc 
farm owncr ado ptecl a po licy of vcgcta tio n p ro tcc tio n (Aschmann a nd Bah re. 
1977). Altho ugh an estima te of the agc of largcr bu rls is impossiblc. t hc h igh 
R :S ratios o f thesc two s pec ies may be a n indica tion o f thc o r igina l c.\ is tcncc o í 
a Lithraca-Cryptocarya grove. The fcrtilc so il a nd adequatc mois turc supply ha ,·c 
p robably permitted maintenance o f a roo t systcm suitablc for a fo rest typc 
vegela tion with higher biomass values for the sho o t systcm. T hc frcquen t roo t · 
grafls in L. caustica may con tribute to the succcss of th is s pccics in the rcscarch 
area. It is postula ted that 50 years o f u ndistu rbcd growth wo uld rccsta b lish th is 
sma ll Lithraea-Cryptocarya forcsl. 

The carlier root excavatio ns by Kummcrow e t al. (1977) and t-. li lkr a nJ Ng. 
(1977) in Califo rnia a nd Ch ile fai lcd to sho w spcc ific root d cpths for d iíTacnt 
shrubs. This was intcrprc tcd as rcsult ing fro m a \'cry shallo,r so il in which a li 
the roo ts had lo compete fo r the availablc rcso urccs in a li mit ,:J .pace. T h1e 
excavatio n repon ed hcrc d cals with a dccp and fcrtilc soil. and ::i d ca r cut 
ve rtical root clis tr ibut io n could be dcmo nst ra tcd (Tabk -1). t-.fL, s t of thc major 
Lithrnea roo ts werc fo und in thc dccpcst soil laya (-tO 60 cm) a nd 111:111y thil'k 
roots pcnctrating bcyond thc 60 c.:m c:xG1\'a lit,n limit wcrc obscn cd. \ t ,,st 0f th ,· 
Cryptocar_rll ro0 ts wcrc ío und in thc 20-40 cm s0il !ayer. wh ik C<>lli~11<1_r<1 prt, ,·,·s 
to be a shallow roo t ing sp,·l·i,·s. l t is in tcr,·s t ing 1,, o bscn c tha t th,·sc tlir,·e srú· ics 
conccntra tc thc ir fine n , L,t mass , ·cr) clc:1rly in thc 20 --tO,:m s,, il l:1_,,·r. a 
tcnd -:ncy m ud1 lcss p r,u1t,un,·cd in the Cali fL,rnia n c:,, ,·;n :11 i,,n sitc. 

A com parison ti f thc bit,111:1ss ,·alucs pc r m ~ t' bt:1inecl in Ch ik ,, ith th,,s,· in 
Cali fo rnia. using id cntira l 111L·tll()ds. is ins lru,·t i,·,· tT:1bk 5). lt sh,, uld k 1111,k1 -
s1ood that th is L·ompari~,,11 rdcrs to ,, ni~ 1,,0 sm:1II e\,·:n:11 i,,n sii,·s. b,,1'1 
a rbi t ra r ily ch,hcn. and 11tH mc.1111 to rcp,c~,·n t mat,, n:d a nd ,h.t1'.1rr:1I h ll 
ra l he r 1 \\'() d j ff,·rcn l l.. i nds ,,r mcd it,·1r;111 ,·:111 :-,Tll h. T hc :-11, , ,,¡ t, i, '111 .1~~ rr,,111 l h..
C h i k :111 s itc w:1s fou11d t,, h1.· a bt,111 1 3 a nd thc r,h , t h i,,m.b:- l o u111,·~ g.11.·.1tn 
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Table 5. Cumpari,,,11 nf ~h,,ot and rm>t bi,>1n,1SS l'aluc, pcr 111' " ith Californian v:lluc, (K unlllh:row 
et al., 1977). ,lhlaincd with thc samc• tHL·th,ld 

Sl)OOI biomass pcr m 2
, g 

Root biomas, pcr m1
• g 

Fine roo t ma,s pcr m 3
• g 

Fine w o ts in ~~ of total r,wts 

Calif,,rn ia 
Ech,, Vallcy 

2.0-l0 

685 

110 

9.6 

Chik funJo 
St:1. Lau ra 

2.9SS 

IUl-l' 

567 

3.0 

The ,·aluc indudcs 4 .-l k); m - 1 o f burl tissuc. lt is cst imatcd lhat a similar a mount o f roots was 
110 1 colllcctcd from soil laycrs dccpcr than 60cm 

Tahl~ 6. Average N and P rnlucs from thc Chilcan root cxc·a,·at ion sitc and thc Californian general 
rcscarch arca. Thc, alucs frnm Chile are uvcragcs from Tablc ~- Thc valucs from Californi,1 rcprcscnt 
avcragcs of 50 indcpcndent a na lyscs, fro•ll' 5 sampling dates bctwccn spring and fall :ind 10 sampk s 
fo r cach dale. Thc ratios bc1wccn thc Chilcan and Ca lifornian dala show a highcr availability of N 
and P for the Chikan root cxcavation s ilc 

Chile Californi:i Ratio 
Rool cxcavatio n Echo Vallcy Chile : California 
sil e 

Total % N 0.233 0.065 3.6: 1 
(mainly o rganic) 

Availablc N. ppm 25.7 18.7 1.4 : 1 
(NH,t +NOj') 

Total % P 0.092 0.039 2.6: 1 
(org. + non-cxcha ngcabk mineral) 

Available P, ppm 32.5 7.1 4.6: 1 
(from wcak l lC I solution) 

than the correspond ing Californian valucs. Although the root biomass data for 
Chile includc thc burl wcights, similar amounts of roots could not be extractccl 
from soil laycrs bclow 60 cm, whcrcas in California root cxtraction was ncarly 
complete, and thus thc compa rison may still be fair. A possibh: rcason for this 
high R:S ratio i11 Chilc has bc.:n discussccl abo\·c. In aclclition, as shown in Table 
6, average N and P conccntratio ns for th¡; Chikan and Cal ifo rn ian cxcavation 
arcas ha vc bcen compiled. A much highcr ,\\·ailabi lity of n itrog<.:n and phos
pho rous in thc Chilran sitc is ohvio us a nd may also b.: significa n! in comparing 
thc clifkring hi,1111:i~~ \',ilucs of thc two ar.:as. 

Also not¡;wn rthy i:, thc cliffcrcnc.: in fi n¡; root masscs bct\\'<.:cn thc two siles 
(Table 5). Sim:c thc,,c fine roots ar¡; conccntr,lln l in th <.: uppcr 40cm of tia: :mil 
thcir dcnsity h:i~ to he much highcr in tia: Chikan sil.:. Root 111casurcmcnts 
fro m cPn laina grl)1111 matorral shruhs (:11·~·r.1gc Íl(H\1 4 spccics. Kummcl'll\\', 
un puhl.J sho\\' that I r (,f frcsh fin e roots c:di:1Hkd 01Tr 6.2 111. Thc cqt1i\·:1k11t f1lr 
chapa, ral rn11l~ from fi cld n ,llcct ions \1 :1~ 15 m g 1, i.l·. cl1:1 parral r1111ts wc1 e 
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signific: intly lhinncr. lt i!. possiblc thal ficld colk<.:tccl roots from th c matorral are 
thinncr than thosc from conta iner grown plan Is. J7urt her rc!.carch is ncec~,ary to 
decide this qucstiun. 

Thc root lcngth data pcrmil calculatio11~ (>Í root lcngth dcnsitics (RLOJ. For 
the matorral and thc cha pa rral !>ill:~. 1650 and 3513 m-m · 3 of soi l. re,pccti \cly. 
were calculated. The RLD can be converted into an average di!>tancc bcl\\c..:n 
roots beeause the reciproca! (ni-' m - 1

) is the average crO!>S sectional arca of the 
cylindcr of soil exploited for wati.:r and nul ricnts by thc root~ (Millcr and :\g. 
1977). The avcrngc distance b..:twccn fin e roots in the Ch ilcan and Californian 
exeavation si tes was fo und to be 1.9 cm ancl 2.8 cm re!.pcctively. lf it could be 
shown that ficld grown fine ruots are thinncr than !hose from containcr grown 
matorral shrubs, the average distances betwcen roots will be smaller. This 
ca leulation is not considcred definitc, but it dcmonstrates clearly thc rclation 
between highcr nut ricnt conccntra tions, shorter root dis tances, and grcater 
shoot biomass values. 
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