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INTRODUCTION 

(a) The Problem. Very briefly, the problem is to change a forest ~vi th 
trees of all ages and of many different species only. a few of which are 
of present-day value, into a forest with fewer spe'cies but more trees 
of each which are of value and of about the same aBe. 

In 1951-52 the Food anc1 AgricultUl'8 Organization of the ' United Nations, 
at the request of the Government of Brazil, ,30nt out a three-man team 
"to advise the Government on ]i'orest Industry -:-' Sawmilling Oporatior,ts, Kiln 
Drying and Training of Personnel, un the moderriizationof Logging Methods 
and utilization of Watorways fo:r:' y.'?,tor l, on I1o.rkoting and 
Distribu.'tion of Timber" FAO Report No. 17'1 was submitted in October, 1953. 
(Ref. 4) .. 

In accordance Vii th some of the r'ecommendations of the above Report, 
the GovGrnment of Brazil asked fo]~ technical assistance for carrying out 
a logging training centJ~e and for setting up a sawmill training centro. 
At some later dato assistance ViaS also asko'd for in sil vicul tu:co with a 
view to improving the forest for tho future. 

For this assignment Mr. C.J.W .. Pitt was appointod. He arrived in 
Brazil on 30 NovombGr 1955 and left on 23 So})tember 1960. 

(b) Terms of Reference. Those were z to advise 2nd assist the Government 
in the application of silvicultural mothods to the Amazon forests for the 
purpose of developing the rational utilisation of theso forests .. 

(c) Methocl of PGrforming 'Pech:nical Assistance. As all, the funds for the 
work to be performed by the FAO :l'IIission in tho Amazon woro to como from 
the Suporintendencia do Plano de Valoriza~ao Economica do. Amazonia (SPVEA) 
the whole Mission vms attachod to this body in Belem. The Superintendencia 
did not, howover? have any Brazilian technicians in forestry working in 
the field~ 

(d) Acl5:nowledgements. Dr. Olimpio dos Santos, Diroctor J Division'of 
Pro cl1.lct:i.on , Federal Territory of i;J,uapa for holp over transport and sometimes 
for laboUl'" and for tho sitos for tho Fazendinha n'LITsGry and trial pi.ots 
near Macapa. 

Dr .. R. Butler, General ? Industr:ia e Comarcio do Minerios S.1\., 
Porto Santana, l~apa, for providing acco~uodation 'on numerous occasions 
at Porto Planton and for assistmlCo over transport. 
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Dr. Joaquim Lopes, Diroctor, Posto iJ.gro-Pocuario do Santarem (locally 
known as IICEl'~f!) for placing part of tho forost nt tho Agricultural Station 
at the disposal of FAO. 

lImo. Sr. Mario Guimaraes 'who, ns tho first administrator of the 
Sai'Vnlill Training Centre at Santarem, rendered valuable assistance on 
countless occasions. 

Dr. Rubens Lima,Diroct0r,Insti tuto Agronomico do :Norte (!lIAIIT!!), Bolem, 
for providing facilities while vU3rGlng Fordlfmdia and Bel terra, for 
allowing a diameter increment plot to bo established at Mucam'bo in the 
Institute' grounds and for holp provided by tho Botanical section of tho 
Institute. 

Dr. l\[urga Pires, in chargo of tho Botanical Section at Ili.N, for two 
short visits to tho field cmd for identifying much 1)otanic'al material, 
most of whioh had beon colleoted by ono of his fiold staff. 

Dr. Ricardo Lemos Froos,' Botanist, IJi.N, for ono visit to tho fiold 
and for holp in the horbarium" 

Dr" Batista Bonito Gabriel CalzavEll"a of IAN for including some plc.nts 
of Pinus caribeae in his 1959 tric.l plots. 

Dr. Walter Egler, Director, Ivluseo Goeldi, Bolam, for 'occasional seod 
and help ovor preparing diagrmns for a forostry exhibition. 

Dr. Waldemar Cardoso, ~hefe, 1st. ctora!e Regional, Servigo 
Florestal, for tho loan of a machino to make torroes paulista (earth pots) 
and for occasional visits to two, nurserios and somo plots in the Bragantina 
area east of Belam. 

lImo. Sr. Elias ii.ge, Santaram, for providing facilities for, a visit 
to a Pau rosa factory. 

The Conservators of Forests, British Honduras, Jamaica, ~rinidad, 
British Guiana and Surinam, and to tho J~eader, Tropical Forestry 'Research 
Center, Rio Piedras, Puerto Ric'o 9 for the facilities provided during 
brief visits to these countrioso 

Dr. Armando Navarro Smnpaio, Chefe, Servigo Flores-t;al da Comp<:nhia 
Paulista de Estradas do Ferro, Rio Claro, S.P., for seed of eucalyptus 
species. 

The Director, Servi'go li'lorestal do Estado de Sao Paulo, for some seed 
and for mycorrhizal soil. 

The Superintendent and staff, especially Dr. Nadir Genu of SPVEA for 
help generally. 

Dre Francisco Uchos Guerra nhel then Dr. Osvaldo Vera Cruz for much 
valuablo help in field and office. 

Ilmo. Sr. D61cio Seawright Salgado for much patience and efficient 
secretarial work. 
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Mr. O. Schaefer, Associate Export, FJ,O, for help over some data 
and for the graphs on pages 23a - e. 

(0 ) Definitions a11(l Namos.. 'l'ochnical torms usod aro explained briefly in 
Appendix 1. Local names arc used in tho text; botanical equivalents are 
given in Appendix XIII. 
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L S1J]1IITvU\RY OF RECOl\liJ'.VlENDN.J:lIOlifS 

(i) Major Recommendations 

1. It is suggested that, in areas of potential industrial devolopment, 
it may be economical in tho long run to convert an appreciable amount of the 
very mixed hardwood forests? 'ahich t2ke a long time to regenerate, into 
forests composed of relatively fe';v softer wood Quick-growing species whose 
rogeneration can be obtained easily and chenply by either natural or 
artificial moans (pages 39 and 85). Besides being used for pulpwood, 
these species would provide mn.terial for plywood, particle board 
and fiberboard, formwork (shuttering) for concrete, pncking cnses and 
much tim-bor for general light constructional purposes. 

With regClrd to n2turCll Tegellol'ation attention must be IJaid to early 
cleanings to eliminate the slow-growing species, and then to adequate 
thinnings- to keep a compa.rCltely wide spcl.cing for the grmving desirables 
- page 39. 

2.. Further experimonts should be laid dOVJl1 with grentcr degrees of 
canopy opening thnn those in hnnd for diameter increments (page 43) 
to ascertain the optimum be.sal c:rea 'which will give the maximum volume 
incrco))uent in tho natural forest - po.ge 42 l..mder 111iberntionl!, ccnd page LJ.6. 

3. The Curua Una Centre should be llm-intained inde~'ini tely and a Forest 
Reserve created in this area - pnge 93. 

4. Utilization research shol..ud 1)0 carried out, including use for 
sleepers, on several of tho moro COE1ElOn but loss well-known species which 
occur in tho Curua area, 11nd in othor pc,rts of the zon - page 93. 

5. The'silvicultura1 
- page 93. 

ots at CM noar SantarGn should bo maintained 

6. The silvicultural plots Campo Vorde noar Porto Plnton should be 
maintained, if the TOl'ritorial GovorYllTIGnt of can provide transport 
for occasional visits; tho campos rmd m.tTSory plots on the equator at 
Fazendinha should also bo mo.intainocl - po.gos 70 and 93. 

7. The Sil vicul tural section of the Inst i tuto }\Tacional de Posquisas na 
Amazonia (INPA), ' at I\f[annus, 8hould be gradually eXI1::mded, 11ncl the 
technical officer there (Dr~ Rubom Valle) sent to Puorto Rico on a :3hort 
forostry course - pages 15 and 94. 

8~ :J.1ho Sorvico Florc3Stal should recruit gro.duato staff (ongenheiro-
agronomists) t; work in tho' forests, Emd send them to the Curua Center 
for some training - page 94. 

9. Sil vi cuI tural 'nark on the linos of that already v>lo11 in hand on the 
CUl'ua should be started in the new Caxauna Forest Roserve t:.nd along the 
Brasilia-Belam Rond, but only aftor tho Chief of tho 1st. Regional 
Inspectorate has visited the Curun Centre - page 94. 
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(ii) Other Recommendations of 0. General ]\Jnture 

'I. Genorous financial assistnl1ce shou.ld be given to any reQuest by FAO 
for :t;unds for research on tho biol c011t:rol of the shoot borer which 
attaoks various spec'ies of tho Moliaceac, e.g. Mahogany, Cedro and 
Andiroba. (page 54). 

2.. 1l Forest Reserve shoulcl bo made in i~lTla"p6, close to tho railway to 
tho manganeso mino at Terezinha. (page 66).-

3. Forests should bo rosorved in Hato Grosso and war}: initiatod fOl' their 
improvement to ensur~ a fut1..U'e SUPlil;r of timber olose to tho more 
lJopulated regions. \.pag3s 72 and 73). 

(iii) Iilinor Rocommendations 

Thoso [12'0 listod on pagos 95 and 96. 



II. rpIIE] PROBLEM 

~]1ho com,Eosition of tho fo~_~ vcUY9 bot1:. "s rc.s;clI'C,[3 to' specios 
and 1;0 HLmbors of inCLi.vic1u:::ls of n GpCci.os,ovel' quit~, ~;hort distances. See 
Appondix V'. Corrrpnl""GL10nts 5 :::m:' IS n:co ml.j oir;ing and G D.nc1 '16 touch nt 
ono COl>nor~ '1ho ftguros in thiG J.ist fox' conp::ll,tLlontf3 5, 6 and '16 are 
fo:}:' arec..s of approxtT:lC:~toly 100 hoct~',rCfJ:, tllos,--, foI' tho Il(:;~:I)lo:J:'D.tOl>y 

sUI'veytr of Hctnscci.jlc GoveI' 'I 09 hcctcrc~3 SGattol'od GVO}.' a very l~lrgo nroa 
botwoon tho rivo:rs 'I'apaj6s "mel X:i.::1g'u> :rhG liDt on IJ:~gc 2'j for tho r0801.1.rc1: 
plots in cpt. 2 'shows how til0 :E'orc;s-G -,,ra::::':i.of3 (;VO;} in fsmeJ.J. :.";c.j o:i.ning block's 
of 1 hoctare oaoh. 

Many of those species are not of 1);rCSGnt-1ic:.y vL;.lue; cllnost nOllG or tho 
"luxuryll 'spec~tcs - nmLogany, CCdl'O or fnJi,;6 - ie' }Jrcsont OXCO:l~-IJ ::'01' 6 CCdTO 
in cpt" 6. IDven takinG all tiiC on1.L1ary ttuCc(loirn (LO loi II,. tl18s0 :rGprosont 
only 32 spocies of the tote,l of 11C l>C}:[,br:ccd ~;;o on IJ!tgo 21. 

'rho basic problem for tho Silvicul tUl'ir::t, 't:J01'0:Coro, j,G to chango tho 
forost from :3uch a hOCOI'ogOl1oous mix"!;u::.'c: of ::.,11 Qgos :end !;,\[my s})ocios, a 
l::'lrgc proportion of \7hich 2:CO u:Julofls, <:1.11C.t ir: '(Illich only Gomo sto:ns of tho 
economics o.:CG of valuo, to Q fo:('o:3t with :~ 10.rgo m.:ua'ixn.' of veel ut\blo G"Goms 
of about tho Satno ngo and of only a fev,' vvcll 0:(' ro,~s()nc' I)ly ':Jell knavm 
spocios~ 

When" hundI'Gd hectares of forest C8.n yiold 2,000 or more stoms of 11 
few uscful ;,lpccies, oven if' not in tho "l1.u:C:lI'y ll cllcss, instcl1cl of about 
20 stoms (as vl0.s tho c[~se ill. 01",,0 n.I'OL~ ~bo1ng Gxploitocl lJY a fil'm hotsed on 
SDntar~m) it is obviously going to be Duch mora economical to exploit this 
hundrod hectares. 

'll}lG next problem is to rooogniz.,2 tho. trOGs. ' EvolJ. lnOJ~O dif:ficul t i;::; 

to reoognizo the seedlings of tho il:;por-c[tl1t troos. It :Lr:; oft on lwrd to 
got good soods of those species 9 sO(',ct yoa:cf.~ JDily bo feYI e.nd' fnr botvmen, 
and much socd is entc& or quickly rots as soen as it falls. 

J1l0 next problem is to dotormi"~lo -ell'.! 3il vieul turnl rOlluiroments of tho 
important spocios. Sorno plunt:LE[s' :.l;::,f';; 1)oon dor:.e nt (~iff=l'()::1t tim:Js by tho 
Insttt"L1.to itg'ronomico do NOTte, cc·t .;:;cl6El; and ,1 little 'by t:.1G 3crvigo 
Florostnl. Thera is,howovcr,no 3rczilin~ with profossion~l training in 
forestry in tho li.r;.r:tz;on; thi~) L:1 n highly spocinlisod .3 or 4 yor:.r dogroo 
course, not ;just Lursory ",'lOrk m:d treo :plrmtir..g [tS 18 taught -~o ol1gonhci:C'o-
l:t,:rono!:\ists ,metor thu hC;h:'ld.il1G "Silv:i .. crultl1r.:-'" },j.-GtJ., -';('.s l::1G\':n c.bout tho 
bost method of :plnntiri.g most 31)oeios on n Im~go and. oconomj.co.l scnle and 
viJ~tuo.lly nothing about inducing O)~ avon tending m: T,ura.l rogonorat:i.on of 
useful spc'oj.GS, 110::" on hovv to if':provo tho cor:1I)Osition a.r.cl structuro of 
tho forest. 
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Another problem arises over tho vastness of tho area1 t'he difficultios 
of communication and tho various typos of forest which exist .. 

Another problom is tho lack of knowledge o.bout the usefulnoss of many 
of the species. Tho ease for iraproving the forest will depend considorably 
on tho intensity of tho exploitation, and this ·will de:pond on the amount 
of tho usoful sp0cies. Tho prosont IIcreaming ll of the more Elccessiblo 
forests for such troes as cedro and freij6 is highly undesirable, the 
eyes or jems are being picked out, and, onco theso aro gone, it maywoll,.,bo 
many years, if at all, bofore it vdEL be economical to return to exploit 
some of the remaining useful species 4 



III. SITUA'l'ION l:".F'FECTING T::rB SOLUrION OF 'N:E 

PROBLEU: OR F.f\.C~'S BEMl.ING ON IT 

,1. ~'btural l"e:,::.t1..U'OS 

(i) Clinmto 

Doscriptions of tho climnto tn' tho IJ.Inazon Valloy have 00\3n t!,'iven ir. 
previous FAO RepoTts - lifo. 171 (Ref. 11 .. ) on pages 77-8, c.Yld No. 756 (Rof. 6) 
on pagc)s 30-32. 

Gl'uphs 'i - :3 (;;p. G,q ~ 0)£1::0 inclu,].:;d 1.11. -this I'oport showing the data avaiJ.
able for Belem,Manaus,Jlifaoapa,Santarem(DBf'l.) ,and tlw CUTun, tho SPVEA-FAO 
Logging nnd SilvioLU tUTO Centre fc,i:l:'ly noar S:.:mtnrorq tho lo.st is for only 
two sonsons, but that for C]311 is for 1'1 years a"t the Agricultu:ral Skrtion~ 

By tropical' sl;nndards tho rainfall for both the CUI'u6, [md Cpj~ is 
surprisingly low, rphOjr nro both cort£1.inly dJ7 durtng the dry soason, and. 
in a low ro.info.ll yoar gl'o1..U1d firos can flproac1 SlOVlly ovor largo arolls; 
this V;';:'8 tho caso in th8 llry months of '1958 on "~h() C'LU'u6.. In ]1ebI'uary, 
"1959 tho lhssiol1 pcclologi.Ht found. that tho subsoil on tho Plc.nalto Vias 
apparently still q,uito dry f~rom o.bout 2 El clown to 5 m, the ckc])ost that 
coulet 1,0 reD-chocl with the soil aU{:~OI'9 ?ire can pl<:lY an imI1ort1.m'li part in 
some 8il vicultu:eal OPOI'tltions, ['.8 ·'llill be soon prtge 23 in the' scotion 
on Na:tur8.1 RegoneI'c~tion Aftel~ Exploitf.rtion (I)agos 27,28,35 and 36). 

Monthly ro.ir...:fall figuros unfortunatoly :.::.rc not Duell guide ar:; to when 
to plLmt, excopt for indi'ccl.t:Lng tho oo.:r-lics't suitcd)lc r:1onth - n total of 
about '100 mIa is dosi:cable. In 1958,I)lo.nting on tho Curud I/(lS dono undor 
idolll eondi tiol1s in ];'obru;::,rYJ but· ,'. d:cy spoll folloywd and quite 8. lot of 
roplanting W~'-S n8oes:ow.ry in L:pril. In 1959 9 therofore ,I)lcmtine; 'Flas done in 
March nnd was very suece 88fu1. In ~1960, rlrmtj.ng w01.ilc1 hClVG boon successful 
llO.d it been done cClrly i~1 Fobruary. In I\'L-~roh, dry Gunny spoIl:::) follo-,vod each 
wet spoIl whon somo pl£mtine; 'Ivns dono, ':mel n fc,ir (;.mount of rG]!J.(~nting V'laS 

neOOSf3Elry iE April. TlLo o..lJOVO reu.:1rb:l ~::']I:Dly to pl:mtt~e; in the open. L1 

enrichmont lines planting cm1 1)0 dor"0 OD.J:lio1' with SUCCGSS, cmcl also on 
clays vvhen it ts not possible to J?l:':nt :i.n tho opon, SonG successful pl:mting 
was dono near Bal6n1 OEO yoar' in So}}tclDlbor by tho Sorv:Lgo Flol'ostal, using 
plants raised in baskets. 

In some 0nrliuJ.' Ji~AO ropo:rts x'o.inf:::.ll figur~s f:)r Snnt!.~r6m have 1J00n 

given with the annual DVGI'nge of 2,3'12 IDFl. '11hi8 is for ~.f.1iiFGHI1'THA on the 
norther odge: 0:[' the pl::tn8.J.to ESE fron SC!.l1tn:l.'8C nnc1 i;l)Olrt half way to the 
Curu6.. 

On Gra})Ls 4 - 5(:pp .. Del. .- ohler.) mOl':th:i.y raini'all totalc; htlv(~ 1)0811 :plotteo. in 
111m, n:ml tho moan p.lOnthly tom])o):',::::.turGs in dc:'grcos ccntigrt'.do on doublo the 
8('a10.. I].'ho portion of tho ;:':Taph ',7:1(31'0 tho ~L'::d.l1fLl.l1 curve; f<:11:3 colow thai; 
of the tompcrc.:d;;.:tl'G (trw s11.'l:j.ocl· eU:"on) is Baid to G:tvo 80rr.O indic'"'tion cf tho 
sev~rity of tho rlry soaSOn.. Cortn:Lnly on the Curuct (Cfl~aph Lj.) the '1958 
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dry soason vms regarded by the looal poople as a sevore ono - thoro were 
several ground firos in the forest - while in 1959 it provod very difficult 
to carry out any burning. Up to October 1960 (the last month for which 
figures are availo.ble) tho dry season was quito severe~ tho graph roflocts 
this. 

For Mo.naus 9 Graph 5 suggost'S Cl much loss severe dry season in 1958, 
but a slightly drier ono in 1959. This in fact was said to be tho oasem 
The wetter period in August in both -1958 :md -'959 is unusuo.l ~ in Graph 1 
it is the driest month. 

(ii) Geolog;y: 

The following "Outline of GooloGY of Amazonia 11 was wri tton by G.rll:ahndov::n, 
a UNESCO geologist who was working 'lJi th FAO/Ul'iJESCO Mission in -1955-56. 

liTho main Araazon basin is one of the best known erGo-Synclines 
of the world. On either side of Rio ilmazonas and its main tribu
tail'es the Tertiary formations consisting mainly of red mottled 
and white sandstonos grClding up into ferruginous sandstones v"hich 
often are capped by variegated laterites, Clre met vlith. This Clre 
sometimes covered by qUo.ternClry Clnd recent Cllluvials. On the 
southern bmll<: of Rio fl.lnazonas, for some distance towards the south, 
the 'l'ertiary formations are masked by aLluvials. 

liforth and south of the Tertiaries from eD_st of Rio Jari, north 
of i,.mazonas extending westward to south of Moura on Rio Negro, and 
frora Curua extencling to Rio Abacaxis to the south of il.nl£lzonas are 
narrow bands of palaezoic forEwtions VJhioh consist essentially of 
quarzites, sho.les and occasionally of limestones. These palaezoic 
rocks are fringed to the north Clnd south by Archaean' rocks vvhich 
are for the most part granites, gneisses nnd schists. 

The terrain occupied by tho Tortiary o.nd Quaternary formations 
forms' high banks rising often to ovel' 40 metros above S1.1JIlTner water 
leveL. The country is somo.I7hat ondulc.ting. Occasionally,' especially 
towc.rds the eastern pc.rts 9 the Torti.aries form small hills .. 

Tho ];lalaezoic formc.tions giv~ risa to torrain similar to the 
Tertiaries. 

The granitic country s rise to 'bc.nks of moderate height, 
often less' then in tho' Tortiary country. Tho country is groatly 
undulating. 

One universal featuro notocl over L.mazones in tho oxtensive 
lateric soils mixod with decaying vogotation. 

There is an intiw'ato rolation lJotwoen thE; geological formations 
and tho type of forests. This'vlill bo dofini tely broueht out in the 
forost mapping now in progress. 
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Wi th rogarcl to mineral woal th, tho palaozoic fon;1ntions are 
known to be potroliferous. Tho palaezoics occur below the Tortinries 
at vnrying depths in tho basin. 

Rich deposits of lcaolin and othor industrial clays aro' foUnd 
to occur extensively in tho Tertiary and il.rchaoan formations .. 

Tho archaoans, more p1:lTticularly tho pl'otorozoics are the 
homo of the most important econoraic rninerals such as manganese, 
gold, tin, zinc, zircon, monasite, illmonitel:' .. nel oth("Jr minerals. 

One of the richest fiollis just brought out by recont work is 
in tho southern part of tho Rondonia 'Ibrri tory. 

Already the minoral vleal tIl of lUna pO: , ]\J[aranh3:o, and NE Rio 
Branco are woll known. 

General Stratigraphic Succossion in .fl.mazonia 

Ageg Locali ty~ Descriptiong 

Quaternary 
and 

recont 

Mosozoic 

Pal[lezoic 

~l\.rChean 

~ 
Azoic)Proterozoic 

( 

~ 
( 
( 

11ha do Marajo, surrounding of Bolam and 
south br.ml<: of Amazonas;; Rio Branco up to 
Catrimani. 

On eithor sido of Amazonas and its tribu
tarios. 

IJila Nova - Rio Sao IvIanuol Regions of Rio 
Tapajos and west of Rio Jaci Parane'\: in 
Rondonia Torritory. 

Rio Jari-R1..o Negro region, north of 
Tertiaries" Rio Curua-Rio Abacaxis, south 
of Tertiarios. 

North and south of tho nbovo 

Fringing tho granitos, north nnd sout~l 

Latori te 
snndstones 
alluviuJ1 

Sandstonos 
and shales 

Snndstones, 
shales and 
lirnostones 

Quartzites 
shales [md 
limestones 

G:cani tes, 
diorites, 
})egtnati tes, 
etc. 
Gneiss and 
schists,with 
intrusives of 
})ogmati tos, 
quaTtz veins, 
otc" II 

In the Curua rogion tho road from the riverside camp gradually rises 
(Wi th one reverse slope) over 5 km to 70 1::1 abovo' the' river~ thore ts thon a 
steep Ilescarpment" rising another 70 121 to a planalto. This is al)solutely flat 
for many kilometers oastwnrds towards the 'Xingu. The first 5 km is on sand 
of quaternary origin; this areas is reforrocl to as llFlcmco If. The nPlnnal to It 
is a clay of tertiary o:cigin, thore are no latori tic conc:retions on the 
planalto except at the edge 4 



There is no wator on this plc::.nalto, except in a vory fow small 
hollo1;"8; , it is only noar tho base of tho planali;o that tho gulloys have 
any water. Tho alignmont of roads is no problen. 

In the Ducke forest near Mr:maus the picture is very different; horo 
the pI anal to, called IIChapacta II is very much dissectod with numerous 
gulloys, nnd the sandy soils of tho valleys (lIbnixiosf!) aro Emch wetter 
and have many 'permanent stroams and rivulets. Road alignments will be 
more difficult. 

Going north or south from tho Amazon tho (t1cachoeirasf!) and 
waterfall'S are usually first mot at the outcrops of tho LIosozoic or 
Palaezoic. 

(iii) So~ls 

In tho aroas cleal t vii th in this Report tho soils fall into two broad 
physical groups - the sandy soils on tho flanco, and the clay soils on 
the pInnal too 'J1llO pI anal to carries a much higher voluwo of timbel' and 
is tho more promising for forostry devolo;pment. 

The Mission pedologist, fir. Thomas Day, kindly visitod areas in which 
the sil vicul tural soction was vlorkinG" Ho c['lrriod out briof soil surveys 
and sampled a number of typical profiles. 

Detailod' analyses, and a Note by hillY on the IJractical menning of some 
of the annlyses nre given in Appondix III. 

(a) Curua Una 

Referring to the planalto soil, 'whero the bulk of work dealt with 
in this report has been carriod out, Mr. Day saidg 

HThese soils are deep', heavy texturod (ciay), woll drainod, very 
stronglly acid (pH 4.5-5), anel oasily ponetrc::.ted by roots and 
moisture. They are very 01d, strong1y 1eached soils with little 
rema~n~ng in the profilo beyol1c;, 'si1ica, hydrated oxides of iron 
and 0.1 uminum, and ka01ini to CIL1Y. 

Like most Amazonian soils the Yk'1tuI'o.i fertility is lov/combinod 
with a pr01)lelD, of phosphate fix["tion. 

One striking differonco betvVGen the pI anal to soi1s in the 
si1 vicultural p10ts on the CuruQ and thoso ncar C:BA at S[mtQre)}1 
is the low compaction of the top l~ to 2 m of t1le Curuc.l, Una soils .. 
This compaction is sufficiently 10Vl so that vlhen cligging with a 
3-cm cliarlOter augor it can be l)Ushed 2 to 10 cm into tho ground 
by hcmd once the surface:: root Dathas been pressed. This is 
probab1y duG' to the Groat amount of soil fall..f1a acti vi tyapIJLtrOnt 
in the areas. 
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From the viewpoint of a silviculturist this low compClction and 
high fauna nctivity might be considored benoficinl clue to n 
probable slight ~ncrease in fortility but its wenknoss in 
supportingioads may oreo.to problems for road construction., 
(in fact it has not .. ) 

Tho soils are olassifiod o.s Yellow 1,,_tosol .. II 

A dotnilod analysis is givon for profilo No. 42 in Appondix III. 

The flanco soils 'Nere descJ~il)od in tho following termsg 

II (1) Flnneo bnixo (I)rofilG No. 43) 

These plots have soils tlio.t aro doop, woel 'drnined, very light 
lextured (loamy sand), very strongly aoid (pH 4 .. 5-5), 2nd 0.1'0 

eo.sily penotro.ted by roots and moisture. Their light to~duro, 
in addition to reduoing tho no.turo.l fertility, also roduoes 
their water hoI cling capo.ci ty o.nd thoreby makes thom somevvho.t 
more susceptible to drought. They probably also fix phosphato .. 

These light textured soils are o.ppo.r'ently oharo.ctel'istics 
of most of the Flanoo J3o.ixo of this arell4 

Soils tontatively clo.ssifiod as Yollow-Red 1atosols .. 

(2) Flanco baixo transition (profilo No .. 45) 

The soils of tho Flanco J3aixo·Transition are similar to those 
doscribod above except thnt thoso 0.1'0 somewhat mora honv,f 
texturecl (sandy loam over sandy clay 101l);1) 2nd thereforo o.pt to 
bo loss droughty. This toxtural cho.nge is probnbly duo to tho 
noo.rnoss of tho mora heo.vy toxtured. Flanco ii.l to soils (soo below) 
which occupy a small corn'o:1:' of tho 0.1'00. originally considered 
for silvhml turnl studies .. 

Clnssified as Yellow Latosols. 

(3) Flanco nl to 

'rhese soils ocoupy }:Iosi tions two to thro~ metres high~r than 
the surroul'iding soils of tho Ii11anco J3E~ixo. In the rogion seen in 
tho oren of tho nOTI lOGging road they exist ns rather narrow strips 
running parallcl to tho {Senoral direotion of the river and tho base 
of tho pinnal to. '1'ho Flnnco Al to soils hnvo many charactoristics 
si~ilar to ~he.s0ilsof th? Flanco Baixo in that they aro very strongly 
a-Old, woll dralncd and oaslly ponotrated by roots and moisture. 
Howovor, thoso s6ils havo a slighly heavier toxtUJ.~o (sandy loam-
grading to oiay in tho lowor'subsoil) nnd 0.1'0 strongly concrotionary 
at about 100, to 1'50 cm doptfu\~ . 10w fortility and phosphato fixation 
are again present. 
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The soil is classified as a Yellow Latosol, but is slightly more 
reddish than the Yellow Latosol in the Low Forest plots to the east. 

South of Igarap6 ]Jiatapi, and outside the area of the sil vicul tural 
plots, the soils are more sandy and free of the concretionary 
material but. generally otherwise qui to similar to those desoribecl 
above. However, about onG kilO~l'leter south of the igarape a small 
area was found of almost puro,quartz sand whioh is probably:a 
oontinuation of tho intermittant, morc or less east-west, strip 
of IIwh~te sand tl soils that is found to the south-east of Porto 
Platon. 

This rlwhite sand ll soil is extremely aeid in the top 30 em 
(pH 3,,5-4) and its fertility level, onoe the thin organ~c layer 
is gone from the surfaoe, would certainly approach zero .. 

The "white sand ll soils are classif.ied as Regosols. 

The soils undor the J?oor forest (profile No .. 34) are doep, 
medium textured soils (sandy loam to sandy clay loam), rather 
easily penetrated by roots and moisture. They give, however, the 
appearance of having a sl~ght restriotion to 'the free drainage 
of water through the soil .. 

The soils are vory strongly aoid (pH 4.51....5) high in 
sesquioxides and dominated by kaolinito clay.. The natural 
fertility level is very low on a world scale but L:lay be about 
average or only' slightly below the level of fertility for 
Amazonian soils .. 

Phosphate fixation would U11do'ubtedly be a problem that would 
complioate any fertilizer program" 

The reason for the differenco in natural forest oover between 
those plots al1d those on the High Forest plots further to the 
west is not prosently understood~ Perhaps tho slightly restricted 
drainage anti an increased soil oompaction in these soils may be 
signifioant" 

Tne soil is clC}ssified as a Yellow Latosol,,!! 

(e) Crun12o_s., 1I.mapa 

Two proposod sites weI'O sampled along tho road from Maoapa,to Porto 
Platona These are similar to the arc-a wi-th the Fazendinha trial plots on 
the equator near Macapa (see pago 69). 

tlTho soils at l~m 87 (profile No. 36') are well drained, deep, 
rathe!lJ' heavy tGxtured soils (olay loam)" Laok of standing water 
after heavy rains indioates rather easy penetration of water and 
probably roots. However, nuruerous· worm oasts in the form of firm, 
greyish balls of soil .( 1-3 cm cliam.) suggest the possibility of some 
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restriction in the downward movolTIont of water. Also, increased 
compaction when compared with the forest soils of' similar 
appearance add to the idea of reduced penetrability .. 

The soils are very strongly acid (pH 4.5~5), high in 
sesquioxides and dominated by kaolinite clay. The natural 
fertility level is probably 'very low. 

Phosphate fixation woulc1 undoubtedly be a problem with any 
fertilizer program. 

The reason for the lack of fore~t on these soils cannot be 
stated 1fJith any degree of certainty. However, it is difficult 
to believo on tho basis of present information th'at thoro is anything 
inherent in the soil that precludes forest growthb The repeated 
fires that sweep the cronpo are undoubtedly a major factor in 
preventing the re-establisll1nent of forest cover helped by the 
microclimat'ic conditions that exist at ground level under a 
grass cover. There is also a probable factor of reduced fertility 
caused by the lack of' the fooc1 gathering ability of trees as 
compared with grasses. The trees gather fertility elements over 
a much deeper layer than grasses, and by dropping their litter 
on the groun'd help maintain a moderately fertile layer in the 
surface soil. 

The soils are classified as Yellow Latosols and appear to be 
quite similar to those Under the heavy forest cover in the 
High Forest Plots at perto Platon. It is recognized that a 
concretionary layer exists in the latter area but this is not 
felt to be of much significance to plant growth4 

The soils of' the other areas (km 55.7) (profile No .. 39) are 
deep, well drained, rather hoavy textUl'ed (clay loam) soils with 
a thick concretionary layor that often approaches within 20 cm 
of the surfaco. These concr~tions increase in size and concentration 
with depth, starting with % - 1 cm occupying 5 - 20% of the soil 
mass and increasing to more the!.l1 Q 'om and 50 75% of the soil . 
within 100 cm of tho soil surface. 

The soils are vory strongly acid (pH 4 5-'5), high in 
sesquioxides 2nd dDlminated by kaolinitic clay. The natural 
fertility level is probably very low and phosphate fixation 
would undoubtedly bo a problem that would complicate any fertilizer 
program. 

Except for an increase in the contonts of concretions in these 
soils they bear 0. strong resemblance to those undor the heavy forest 
cover o:f the High Forest plots at Porto Plant on" 

These soils aro classified as concre'tionary Yellow Latosols .. II 
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Classified tentatively as Yellow-Red Latosols. 

Although these soils are classified as similar to those of 
tho Flanco Baixo it is at a high level of generalization and I 
believe that their topographic position, the presence of 
concretions in the Flanco Alto, and difference in textures are 
sufficient to consider .them as differont from the viewpoint of 
a silviculturist. Also, I am not sure that further investigation 
in the region would not include one or both soils with the 
Yellow Latosols~although in this particular area they are doubt
less in the Yeliow-Red Latosol group. 

(b) ~ 

These planalto plots are characterized by soils that are deep, 
heavy text1..1.red (clay), extremely acid (pH 4'-4.5), well drained 
and eaSily penetrated by roots and moisture. 

They are very old soils, strongly leached with little 
remaining beyond quartz, hydrated oxide of iron nnd aluminum, 
and kaolinite clay. However, on 10c81 standards they arc 
probably of average fertility, RI though the problem of fixati'on 
of phosphate will undoubtedly arise in any fertilizer program~ 

The soil is classified as Q. yellow latosol." 

For details, see profile No. 40 in Appendix III. 

II(C) 'Santarem (Sawmill Training Center) 

Two types of soil were mapped on the 4t hectare area in these 
plots" 

(1) Shown as IlL on maE - Deop, well drained, light textured 
(loamy aand to sandy loam) soil easily penetrated by roots and 
moisture,. 

These soils are very strongly acid (pH 4,,4-5. 0 ) with tho 
small amount of clay present boing probably dominatod by 
kaolinite~ 

The natural fortili ty level is low and phosphate fixation 
would pTobably cause difficlilties.in any projected fertilizer 
program, Due to their light texture the water holding capacity 
will be low causing the soils to be rather droughty. 

The soils are tentatively classified as Brown Latosols 4 

Included in this mapping unit aro two small 'areaS of Yellow 
Latosols in the south-eastern part of the survey. 
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The'se can be recognized by the reddish-yellow color of the 
subsoil. They are of slightly heavior toxture than the soil 
described above, very strongly acid (pH 4.5-5), dominated by 
kaolinite, high in sesCluioxides, fixed, phosphate, and probably 
of average fertility on local standards. . 

(2) Shown as TPB on map. Those arEY Torra Prota soils 
apparontly developing on a Brown 1atosol. They are d0ep~ w~ll 
drained, rather light toxtured (loamy sand to sandy loam) but with 
probably a ·relatively higher amOUl1.t of orL'::1.nic matter in the top 
40 to 50 em.' They are also very easily penotrated by roots 
and moisture" 

The soils are strongly acid (pH 5-5.5) but less acitl.and 
probably of higher fertility than tho surrounding areas .. 
lImong other things this higher fertility will be reflocted in 
a mod~rate amount of phosphato being available for plant use .. 

Althought the surface soil has a somewhat higher content 
of' organic matter than other nearby soils of similar texture 
and therefore has a somewhat higher water holding capaci-liy, 
the general light texture of the whole profile may cause some 
droughtiness during periods of' low rainfall. ll 

For details, see profilo No. 39 in Appendix III. 

(d) Porto Plat on, Amap~ 

The soils here overlie the basement complex. Two· types' were found 
under the good forest - clay with iron concretion: (profile No. 33), and a more 
sandy soil without concretions (profile No. 31) 4 A third. type., "white 
sand" (profile No. 32), supported oilly very small trees and bush; this 
vegetation type is referred to as 41 campina" or "carrasco II at Manaus, but 
is sometime also called IIcaatinga f!. It is likely to be sui table for' 
growing pines, but it is not very extensive in' the PClrto Platon area .. 
It can be picked out easily on air I)hotographs. 

liThe soil of the High Forest plots are well drained,' deep, 
rather heavy textlXred soil (clay loam), easily penetrated by 
roots and moisture~, 

A layer of iron concretionary f:ragments underlies most o:f 
the area at a depth of 30 to -100 em. The fragments vary in size 
from -~ to 20 em or more and o'ccupy about 7% of the soil mass in 
the layer in which they occur" This concrotionary layer probably 
varies in thickness from 30 to 60 em and has little 'effect on 
tho properties of the soil except to aet,is dilutant. 

The soils arc very strongly acid (pH 4~ 5-'5), high in 
sesquioX±des and dominatod by kaolinitic clay. The natural 
fertility level is d'oubtless very low on a world scale but about 
average for Amazonia.. Application o:f phosphate fertilizers 
would undoubtedly show that this soil has a tremendous capacity 
to Ilfixl! phosphato and thus make it unavailable for plant use .. 



- 11 -

(iv) Forest TY£es 

(b) 
There are two main types of forest in the fu~azon, (a) swampy and 

on terra finne. 

The main swamp types are the permanent swamp or 19aEo and the seasonal 
swamp or Varze~. Around Manaus however igap6 appea:rs to apply to the clear 
waters which are usually dark 'or black looking~ e. g. Rio Negro, and varzea 
to the muddy or Ilwhite" rivers. The permanent swamps car!'y rather a poor 
forest of not very large trees with few of economic value. The seasonal 
swamps, or tidal swamps near the mouth of the river,' carry better forest, 
with some trees of value, Buchas Ucuuba and Andiroba~ Because of the 
swampy conditions these forests are not suitable for exploitation by 
mechanical means except above' the tidal reaches and then only in the 
latter part of the dry season. 

The main terra firlne forests can be divided broadly into, 

(a) those on sandy soils of Quaternary origin, referred to 
here as "Flancc;", 

(b) those on olay soils of 'rertiary origin, referred to' a~ 
"Planal to II 

(0) thoSG forests above the rapids or "cachoeiras fl on soils 
usually developed on much older geological formations. 
ThE) forest8 west of Porto Platon in Amap1:f are of this type" 

(v) Recognition uf Import,ant SEecies 

No local botanist was available to work with the Silvicultural section; 
one from the Instituto Agron6mico 'do Norte, Be16m was already working in 
the field with the Inventory gr'oup,,; In November, "1956 a botanist made' a 
very short trip to P6rto Platon. In May 1957 one botanist was able to 
spend about 10 days in the field in the plots near Santar6m on the Curu1:f. 
In November 1958 'the othElr botanist was able to make a short visit to the 
Curua and was kind 'enough to arrange for a collector to spend som6-time in 
the field getting material from numbereo. trees which ware being used for' 
diameter incremen-t observations and other for 'some pOisoning experiments. 
From this collection of over 1000 specimens Dr. Murga Pires was able to 
provide the names which form by far the greater part of the l:lst given 
in Appendix XIII. 

Whenever material was brought back from the field the botanists ttt 
IAN, especially Dr" Murga Pires, very kindly helped in identifying it .. 

Further valuable help on local names was given by mateiro (tree namer) 
Correa who has workod for some yea:rs with. the Inventory group and who joined 
the staff at tho Curwf during 1957. 
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The number of botanical names for some of the local names shows however' 
that there is still plenty of scope for better colloction and itentification. 

(Vi) Silvicultural Reguirements 

Information here could only be obtained by observations in the field 
once the species' were recognized. In this respect mateiro ,Correa was of 
great assistance~ 

2. Other Factors affecting Solutiol~ of the Problem 

(i) Dispersal of Effort could not be avoided entirely. 

(ii) Utilization of Lesser Known Species. Once the Sawmill Training Center 
at Santarem started it vvas. possible to have somo investigations carried out 
thore by supplying logs from the Curua. 

(iii) Finance.. Ij"lunds VJOI'e considexably reduced in 1959 which slowed down 
the progress of tho work. 

(iv) Staff. No teohnioal staff was provided, but the FAO Mission was able 
to recruit anengenheiro-agronomisl; in September, '1956 and to replace him 
three years later. Both Dr. Francisco U3hoa Guerra and the present assistant, 
Dr~ Oswaldo Vera Cruz have proved apt pupils, and hard workers. Considerable 
credit is due to both of them for tho work they have dome, often Under 
diffioult and unpleasant circumstances. 

(v) Labour was adequate excepts6metim~ in Amapa. 

(Vi) Transport. To save a daily 3-hour walk at the Curu!:'t, SPVEA purchased 
a jeep in tho latter part of 1957. This jeep was still giving good service 
three years later. 

(Vii) Materials.. Such items as were not originally obtainable in Belem, e.g. 
sprayers and arboricidos, were provided by FAO .. 

(Viii) Lo'cation of Working Areas. Follovving on tho reoommendations in FAO 
Report No. 17'1, a ]j'AO Mission for Technical Assistanoe VlaS established in 
Belem, in 1953, to wo:rk with the Suporintencloncia do Plano de Valoriza9ao 
Economica dn Amaz8nia (SPVEA) 0 
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The overall concept of the forestry part of the FAO Mission was, briefly, 

(a) an Inventory section to carry out exploratory surveys, mainly 
to find out about tho composition of tho forest, 

(b) a Logging scction to carry out mechanical exploitation in a 
concon~rated area, 

(c) a Sawmill training sootion to improve the quality of sawing in 
the Amazon and to tryout many of the lesser known timbers, 
and 

(d) a Silvioul tural soction to improve tho forests for the future .. 

Wi th only one eXpeJ7t and no looal assistant at tho 
that dispersal of effort should be avoided and that the main 
effort should be in the same area as the Logging section. 

it was clear 
silvicul tural 

Tho Inventory soction, which had boen in the field since May, 1954, 
had found tho highest volume of timbor on the pI anal to.. As tho Sawmill 
Training CentoI' was to be at Santarem it was cloar both that the logging 
area should be some'Nhere noar, and that it should work in a pI anal to area~ 
A sui table site was fou.nd on tho right banI.::: of the Rio Curua Una some 105 
km by water from Santarem, whore tho planal to CD.l110 to within 6 km of the 
river.. Tho Logging section however was working at the timo at Benjamin 
Constant on tho Poruvian Border; it did not movo to tho Curua till March, 
1957. 

Fortuna toly, tho Po deral 'l'erri tory of 1l.mapa, on tho north side of' tho 
mouth of tho rivor was anxious for some f'orostry work to bo dono there. 
Two members of tho Servigo Florostal, Drs. Arthur and Humborto Miranda 
Bastos were alI'oady carrying out an inventory in this aroa, an area where 
a deep water port was being deV'81opecl and about 200 Ion of railway being 
built to a large manganese mine. Attention was therefore first turned to 
f.~napd and work on a small scale was started both in the forest beyond the 
railway construction cump of Porto Platon, then the road' and railhQad,and 
on poor campos soil noar tho territorial capital, Macapa 9 

Investigations in the vicinity of Santarem resulted in a small area 
(13 ha) of reasonably good high forest being put at FAOts disposal in 
September, '1956 through tho kindness of Dr. Joaquim Lopes, the Director- of 
the Posta Agro-Pecuario (CM) on the planalto some 14 km from ·the city .. 
This area was too small for any serious logging but it was sui~ablG for 
initiating some smal]. scale experiments to study tho effect of different 
degrees of canopy opening on inducing natural regenoration of desirablo 
species. At the samo timo somo work could be dono on afforestation trials 
in the ppor secondary grovvth on the' sandy soils in tho vicinity of the 
Sawmill Training Centre by Santarem. 

It was only in l\.pril, 1957 that it was possible to opon the main 
sil vicultural centro on tho Curu11 Una" 
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IV. ACCOMPLISIINlENT§, 

;-

A. CUHUA 

'j. Demarcation ,\1:0, Ro,-\cls 

On tho westorn odga of -tho ":F'lanal"to I! 80r,lC '1800 hE! has boon l(,id out in 
block,s of 1 krn2 • :. main rowl oonuocts tho area INith tho CC1n1]) on the river 
bank somo 6 kIll t'o tho l1orth-\'vo!3t [mel continuos i30uth,-w0st across tho nron 
for anothor 4 km.1'horo is (;1 J:liC'.in branch road of' 'j km to tho 8awm:Ul si to 
(Soo Map). 

Except along tr.o cdge of tho plol1nlto, each 'block is bordered on tho 
east al1cl west sidos by cambc;,c'ocl lorr:T Gxt:eaction ronds, and by YlQrrowor 
access roads on tho' nOI'th and south sides. 

Road constructiol1,whicl: ViaS dono by tho FLO Logging Unit, has entailed 
Tl1aking~ 

Main road (9 ill wide) 
Extr<lction roads (also caml)o:r'cd) 
Accoss ronds (sorr.c slightly cam'boJ:od) 

11 krn 
22 km 
22 km 

'1'118 firs't 4 .. 5 km :from tho cflmp is on sandy soH and has bCHm 
surfD,cod wi tll laterito ~ rho main rond [mel oxtraction roads nrc now definitely 
on an traIl weath~r" st[mdarcl, 'me. tLo 'access road,s arc always passablo by 
jOGp,' oxcc:pt w}10n closod b;)T treo falls. 

2~ Inventories 

(1) Normal 

Prior to carrying out any sil vicul t1.U'al wor:: it WLeS necessary to mako 
a normal invonto:ey of tho :nnin researh block 80 -Ghat n :rocord of the original 
composition of tho forest v/ould bo availablo. Thil~tO(m hoctaros WCl'e done 
on tho same 1inos f;lS -that ccu~loied out by Hoiur::l(Ujk in his oxpJ-oratory 
surv'3Ys (Ref. 5), oxcopt thnt tho Curua samplos '[mre normally plo~~s of 
200 x 50 m, that no trce climtcr WClS availa'blc to check tho estimates of 
tir:tboI' [might made Yi1ith the ;::tid of L1, 5-fJ10t:rO po18) Qud that the heights 
and 'widths of tho crovms ,,'lore not me(~sured. All thnt was roquired vms 
to know the original composi.tion of tho fOl'cst nnd tho alJproximate standing 
vol Ulna" 'rho m1nilnlUn diameter YJ(),g 25 em at breast height. 1\ form factor 
of 0.7 was used for calculating volume. ~1110rG trUG and overbark. 
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The inventory over the 13 ho. (plots A, 13, ,0 and D1),showGcl"per 
hectarez 

Plot Total Volume Number of Trees Number of Species 
m3 

Ai 227 102 38 
11.2 318 125 40 
11.3 265 113 36 
.A4 251 1'12 37 

131 231 111 3'1 
132 230 98 32 
133 190 '109 38 
134 307 '146 36 

01 232 96 39 
02 206 94 33 
C3 238 114 40 
C4 279 '110 42 

D1 294 128 41 

1 
Mean 252 112 37 

Total number of species 110 

SO 11S to have a rocord, for control p1.:trposes of the original forest, 
one plot - D1 - has beon sot aside as an lIINVIOLll.TEIl plot.. Two other 
plots, each of tvvo hectares ,have' also been marked for this purpose in 
compartments 1 and 17 in 'which Dr" Murga Pires, Botm'l.ist of the Insti tuto 
Agronomico do Norte, Bolem, hopes to carry out 'a detailed botanical survey .. 

(ii) Linear Regeneration SU:,t'Vey:s 

In addition to the normal inventory of all trees from class 3 up, i.e" 
over 25 em D13lI, surveys were made along strips half~·ehain ('10m), quarter
chain (5 m) and 2 m wido in plots 13, 0 ancl D1 folloYJing the MaJ,o.yan method 
(Appendix IV). Those are referred to as Linear Regeneration S1,ll'veyso 

In the half-chain strips 46% of the samples were found to contain 
desirables betweon 5 Clnd 55 em diameter, and in the g.uarter-chain strips 
48% had desirables between saplings ovor 1 .. 5 m high and poles under 25 cm 
in diameter.. Nonnally 40% is reglxrded as an adeQuate stocking; this is 
equivalent to 40 trees POl' hectare .. 1960 was too soon to carry out <1 

second 'survey of theso half and qunrter-chain strips? which were laid down 
in 19574 The, 2.--lTlotre strips have been rosurveyedand details are given 
later· Under "Nntural Regeneration ll 

- page 25" 
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(iii) Exploit~tion Invont~ 

1~ 100%oxploitatiol1inventory, LOQ for logging purposes, was carried out 
by the Logging soction in compartmont 6 where all trees of possible timber 
size -.class5 (minimum diamet~r 45 em) and up- were measured", Similar 
inventories woro lat~r mado by tho Invontory,group in compartments 5 and 16 
for statistical resoarch purposes _. soo Smi t and Glorum, Ref.; 9. 

A brief summary of tho rosults, compared with tho original exploratory 
sUrvey of Hoinsdijk for ·this aroa - his "Planalto II altol! is given below. 

1 
Compt. 5i 

i 
Compt. 6j 

i 
Compt. 16j Exp.Survey 

____________________________ ~ ________ ~ __ • ______ _L __________ _L ______ ~ ____ .i 

i i 
i .Total No. of troes i 3,691 i 3,416 I 3,161 i 3,755 i 
j----------------------------T----------t----------t---------~-t-------~----i 
jTotal volume (m3) , i 15,747 i 14,895 i 16,374 i 17,504 i 
i ------------------------·----T---------t-----------t-----------t-------~---- i 
jNumbor of specj.os . i '103 i 103 i 103 i 140 j 
i----------------------------t---------t----------t-----------T-------~----i 

Treos par ha 37 35 33 34 

Vol ume per ha (m3), 157 154 170 

Details by species are given in Appendix V. 

Although:the overall results are very close, very considerable 
variations woro foul1d: -with many specios over the short distanco (2 km) betwoen 
compts. 5 and 16, e.g. ~ 

i 
i. 

Angolim pedro. 
i .. 

Castanheira 

Cupiuba 

Louro canola 

Ma<;aranduba 

Mandioqueira 

i 
i Compt. 5 I Compt .. 16 j 

i ----'----1-------------- i ----'---t-------------- i 
i No. i Volume (b3 ) j No. i Volume (m3 ) i 

i 
165 1,442 49 745 

i 
69 1,054 172 3,000 

474- 1,380 148 557 

435 1,799 53 183 

299 '1,31 6 ~88 3,271 

498 2 409 22 120 
i 
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(iV) Invontory of Small Sizo Classes 

So that some idea could 1x) obtnined about the distribution of the 
small, as well as of the large size classes of the more important spo oies, 
ten 2-hectaro sub-blocks wore systematically randomised in compartm'ents 
5, 6 and 16 and tho numbor of stoms in cl'inmetor classes 1 to 4, i. e. from 
5 to 45 cm, recorded for some 16 species. The figuros obt:"hL~d for 
these smaller classes wore multiplied by 5' for oomparison with "t11ose of 
the larger classes from the 100% Inventory. Tho 'distribution of '10 of 
tho most common desirabiJ.es is showrr on Graphs ~.·-84 Tho number of stoms 
aro for aroas of 100 ha.. In the invontory summnries classGs 1'1 - 15 and 
16 - 20 wero grouped together, so only the avorage for 5 classes can be 
shown" 

Graphs 6 - 8 (pp.23a - c)arc fOI' species which are shade' tol~rant; the 
curv~s' are steop with high m.unbors in the smaller size classes.,. Graphs 9 and 
10 (pp.23d - e) (whore tho number scalo is four times that of Graphs 4 - 6)are 
for species which require moro light. Apnrt from various in'oljulari tio's the 
curvos are obviously muoh flattery ;.11 other words, it is' only when 
openings occur tha~ ~hose species get a chance to devolop. Taxi pitomba 
and Taxi branco have boon put together as they were sometimes confused in 
the inventories of tho larger classes; the former is much commonor. 
Taxi pretoconsists of two species whioh were not recorded separately 
in the invontories of the larger size classes, tho same applies to 
Ivbndioq ue ira. 

In compte 5 sevoral specios have l'ower numbers in classes 3 or 4 and 
show an increase in the next few classes. Only Ucuuba and tho Taxis sh'ow 
fairly regular distribution curvos in all three compal'tments. In compt ... 6 
the irregularities are l'ather Similar, but are much less marked in compt. 16 .. 

With regard to the other speCies, Cupiuba shows the greatest 
irregularities. It is quite possib10 that fir0s - see page 8 ; also, 
charcoal has boen found in somo soil borings - have resulted in periodic 
lightening of tl.18 canopy which favours the development of Cupiuba. This 
oan be seen on tho edge of the planalto at the south end of road 1 where 
fire came up from tho flanco in 1958. 

The absence of some, but not all, of the smaller 'Size classes of 
Cas·tanheira - 4 and 5 in compts.. 5, 2 - 4 in compt.6 rmd 3 and 4 in 
oompt. 16 is of interest? so is the increase in class 10 in all three 
compartments. Changos in the populntion of somo rodents, which c'an open 
tho very hard fruits of this spe.cies, may be the explanation hero. 

ll.l1gelim pedro. shows a vory irregular distribution in compts. 5 and 
6? it' too shows 1;1. ma'rkod increase around class 10; the curve however is 
very flat in compt. 16 lIvhere there are considerably fewer trees" 

Quaruba also shows considerable irregularities' in 'compartment s 5 and 
6 and is much l'f',rc:r fw_d tho curve flatte:r: in compt. 16. 

The shade toleTant species, Ma9aranduba, shows an increase in numbers 
around some of the classes '4 to 7 in each compartment, with a 'de'crease in 
the preceeding class or tW0.. Louro canela is similar in compt. 5 but 
has regular curves in 6 and 16. 
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(v) Silvicultural Inventory 

Tho object of this inventory is to find out whether silvicultural 
treatment i's necessary for any given patch or block of forost or for any 
compartmont. At tho same time it gives an idea of the density of desirables 
large enough for exploitation.. Thif~ type of inventory is described as 
"diagnostic samplingll by Dawkins Oil pagos 94-101, Ref .. 2. It gives a 
quantitative estimato of the silvicultural condition of the forest from 
which can be calculated the stocking of desirables, the competitive state' 
or freedom of the constituents and tho stage of the crop in terms of size .. 

Lines 10 m wide, as in a normal (line) inventory, are taken across 
the blooks or compartments at int;ervals of from 5 to 10 chains; the 
inventory is done in units of 10 m so as to give "100 units to the kilometre 
or hectare; the invontory is confined to the desiraoles, and only ont3 is 
considered in each unit or sub-unit according to the size of the tree .. 
Information is also recorded feS to the position of tho crown of the desirable 
in the canopy, whother it is being impoded by other stems, and the number' 
of competing stems on tho groillJ.d. Brief details aro given in Appendix VI,; 
as well as showing how tho results. are worked out, and the conclusions 
to be drawn for the silvicultural work that is required. This work of 
liberation and refining is referred to later, on pagos 41 and 42. 

The following comparisons of the clifforont invontories is of interest~ 

No. of desirables over 45 cm diameter. 
(Cl. 5 + up) por hectare from 100% 
inventory 

No .. from silviculture inventory (5% of the 
area) 

No .. from nOJ7mal inventory (4% of area) 

CQmpt. 5 

27 

28 

26 

Compt. 6 

"18 

15 

18 
______________________________________________ ~-Lj.---------------~--------------

i 
i 

In any forest where exploi-i:;ation is taking place or is to commence, tho 
ideal is to aim at regen~rating it by natural m'eans so that the next crop may 
be botter thnn the one being, or to be, removed. Rogeneration by natural 
means not only savos the expcmso of nursery work in raising transplants but 
ensure using species known to be suitable for tho particular locality. It is, 
however ,normally a complicated process, as the different species requi:ro . 
different conditions for their best development,,' Rosoarch plots are therefore 
necessary to ascertain what these conditions are. At the sarno time,however, 
work can start on a field scale following gonerally acceptod lines; these can 
b0 modified in the' light of inforrfHltion obtained from the researoh plots 
as time progr0SSGS~ 
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(i) Researoh Plots 

(a) Inducing natural regeneration before exploitation 

Two main plots (J3 and C)eaoh covering 6.25 ha have been laid down to 
study the effeot of two degrees of canopy opening on inducing natural 
regeneration of desirables. Five small plots with a total area of over 
a hectare have been lairl down to study that of' Guariuba. One of the Cedro 
plots also inoludes a study of Angelim da mata. Other plots have been 
laid down to demonstrate the technique necessary to assist the development 
of desirQ.:bles once adequate regenoration has been obtained aftor olear
felling and bu.rning; there have been somo spotacular rGS1..U ts here with 
Cupiuba, and some othor speoies. 

One plot -- n1 - of one heotare has boen set aside as a Control or 
Inviolate plot. 

In all plots oreeper outting is oarried out bofore any other op~ration 
is done, as the sooner the' oreepers die and fall down from the orowns of 
the large trees the botter.. Creeper growth however is not dense and does 
not prevent one getting through the forest quite eaSily" 

In one of the main plots, (J3) 9 there was a "light If opening of the 
oanopy; this was achieved by killing, with arborioides (see Appendix VII 
for details of the technique) or by girdling,about 18 large undesirables 
per hectere, and doing a selective thinning on the undorgrowth. In this 
last operation all saplings of the Brems, Enviras,. Miraubas, Taxis and . 
Tinteiro' round which tho thumb and fingor mot (i.e. up to about 5 cm diam.) 
were cut .. 

In the other main plot, (C), there was a fairly IIheavy ll opening of the 
oanopy. Some 25 largo and 43 smaller undesirables trees of the undorstorey 
were poisoned per hootare, and all the UJ.'1dergrowth was out back, exoept 
sapling of desirables. 

Details of costs in man-days for tho various operations are given in 
Appendix X .. 

Surveys were the.n carried out to study tho distribution and develop-
ment of the smaller sizG olasses. The results of the 10 m and 5 m s'brips 
have been referxed to page 2"'. Results of tho 2 surveys of the 2 m strips 
are given below.. The mean height (in deoimetres)' is that of the tallest 
desirables found in eaoh sample or quadrat of 2 m. 

i Control (n) Al Light (J3) II Heavy (C) II 
i Da te i -----t-----t----;-- i i -----t---:--t---7--- i i -----·t---.--t----:-- i i 
• '. If! INo.of. Mean ... If! .No .. of1 Mean .. If! .No.of. Mean .. 
I 1 ,0 Sp. I Ht.,11 1° I Sp. Ht. II 1° I Sp. I Ht. II 
i--------------t-----t-----t------tt-----·t-----t---~--tt-----t-----t------j i 

February 1958 i 38 3 i i 26 3 i i 22 4 i i 
i i i i i i 1 

Ootober -19591 40 12 5.2 i i 39 13 4.7 i i 64 16 3.9 i I 
i i i i i i i 

July 196°1 50 9 4 .. 7 i i 63 12 3.2 i i 77 18 5.0 j i 
j i i i i i 
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The results nro as to be expected - no or little change in the control, 
som8 increase in the light opening and a greater increase in tho heavier 
opening. The increase in tho nwnDer of species l)otweon February 1958 and 
October 1959 is partly duo to tho fact that in the' first sampling the 
seedlings of a f8w d8sirables 'Nero not recogl1iz8d. The decrease in mean 
heights between Octobor 1959 and July '1960 in D and :B can be attributed 
to the young se8dlings which have come in in the extra srunples now stocked. 
In C tho increase in mean hoight is duo to the propol'tion of new samples 
being much less and to the growth of the earlier 'seedlings in the other 
samples being greater due to the more open canopy .. 

It is advisable to hnve some better dof'inition of what is moant by 
a "lightfl or a I!heavyl! opening of the canupy. The forest varies very 
considorably from place to place - witness the differences in volumes 
and number of tree's in the 13 ha covered by tho inventory of blocks close 
togethor, page 21. Actual measurements of the amount of light coming 
through are veJ..'y difficult to make; thffire will be considerable differences 
in anyone spot depending on tho timo of day, tho amount 'of cloud and even 
tho timo of yoar, if thore is a gap to tho north or south. 'rhe best guide 
appears to be by using tho basal area 'of tho stems on the plot; this is 
tho area of all stems at br'oast height. It can bo calculated by measuring 
the girth of each tree and totalling tho computed areas. In part of plot 
C the original l)asal area was calm .. uatod from the inventory figures. In 
this part of tho plot (sub-plots C'l and C2) most of the unpoisoned troos 
were included in a diamoter increment experiment (seo page 43) so the basal 
area of tho remaining i;iroos after poisoning could also be calculated. As not 
many of the troes undo I' 25 cm diamGter VlGro poisoned, a comparison of tho 
basal areas beforo and af'tor poisoning gives a fair indication of the 
dogree of canopy opening" 

Using basal areas calculatod from girth measurements the following 
figuros were obtained from sub-plots C1 and C2, and for plots D and E at 
CM, (see page 61). 

C1 and 2 
D1 
D and E 
Surround 

(CM) 
(eM) 

Orig... :B. A .. 

20 .. '12 
19.62 
19.93 
19.05 

After poisoning 

11.42 
Control 
-10.97 
Control 

Tho figures for basal areas are in m2 per 'hectare. These figures, 
of course, do not include the smaller troos, i.e. those below 25 em diarJ.1oter .. 

A quick mothod for estimating basal areas is to use a prism of known 
fnctor, or to use a relascope' - pl'ovidod the undergrowth is not too dense 
to 'see the' treos at eye level. FOJ: n description of the method see Finch, 
ref. 3,Appendix II. 
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TJsing a prism at tho CurUG the following basal areas were obtained 
recently for subplots C1 and C2~ 

before pOisoning after 18 0 5 

The increase heTe would be due to having to include the smaller trees in 
the prism count .. 

Using the relasc'0pe at CBA. the following basal areas were obtained 
recontly for plots D and C~ 

before poisoning after 13.7 

A few of the larger poisoned trees at CBA have fallen' over, which would 
explain why the Ilbeforo poisoning l1 count is not higher" 

Resul ts from the two Curucl plots, (:J3 and C), in inducing rogeneration, 
and from other exporimonts elsewlwro to ·be described later, 8hmv that tho 
more the canopy is opened, ospecially tlKlt of tho unclerstorey treos, tho 
more tho re'generation comes in, excopt of a few of the very shade loving 
species e.g" Ma<;laranduba. As those al'e very slovv growing thoy are not 
really desirables from the point of viow of oconomic for01stry. The quicker 
growing trees aro no'rmally the ones which roquil'o more light for successful 
natural regeneration .. 

The increase in the regeneration of other desiro.bles in some of the 
cedro plots (pac.;e 28) and of tho he growth in the "opon fl plot C, 
should bo notec1 in this connoction. 

In tho future,thereforo,where it is desired to induce natural regeneration 
or to i;ncrease it beforo ox:ploitation, the) canopy should bo heavily olloned, 
Dainly by poisoning in the understeroy and by cutting the lU1dergrowth. 
Poisoning shoulc1 1)0 dono with 0. viow to roducing tho basal area by about 
50%, to to ahout 15 n 2/ha, or about 10 [12/h£1 if only tho treos over 25 cra 
diamoter are consiclered c 

(b) Na!:!:ITal rogo~oro.tion following exploitation 

Natural re~G~oratiJn of uort~in spacies cnll also be obtained by the 
complote romov,:~tl of thu forest, such as night if it ':Jere to bo 
oxploited for WOGe. pulp, (md' burning the rosidue:, espocially if thoro is 
a denso to.nglo of branchwooc1. This aspoct was studied in ·t.ho surround of 0. 

plot, (l\.), YJhich uas cloar-follod and burnt for pLmting trials. 

Horo, rogellorntion of Cupiuba, and sonG othor spocies quickly appoared. 
Tho burning ViaS dono in Novor1ber, 1957 Llnd by April 1959 thore vms sufficiCJl1t 
rogoneration and (levoloplilont of dosirablo s to justify a chwning. In Juno 
1959, 59?~ of tho 2 m2 s wo:r'G stockocl vii th plants averaging 9 dm in 
height; of thoso 55% ,;vere Cupiuba~ '1'0 study the requiremonts and dovolopment 
of other dosirnbles, those wero given preference ovor Cupiuba in the 
cleaning. SOLle Pau jaco.re were kept \·Jhero thoro wo.s no accepted dosirable. 
Aft(lr tho cleaning it was found that tho area was too heavily 'stocked o.nd 
the plants, mainly Cupi ubo., were thinned out to a spacing of -1.5 to 2 m. 
l\.. second cleaning was done in NovemboI' 1959. Growth rosul ts have boen 
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excellent and a survey in June 1960 showed tho following compo.red with 11 

year earlier. l\. thircl cleaning was done in August, 1960. 

June 1959 June 1960 

% of samples stockod 
% with Oupil:iba 
% with other sPGcies 

Moan height Cupiuba (dm) 
Moun hoight all species (dm) 

59 
55 

4 (3 

9 

,79 
49 

spp. ) 30 ('11 spp. ) 

25 
25 

:Most of tho unstockod samplos uro patches whoro tho fire was intonse, 
here, after 3 years, still very fow unts have appoarod. Bosides killing 
any soeds presont on tho ground tho fire soems to hc.ve storilised tho top 
soil. However, such patchos are capablo of gTowing oxc'ollont troos if 
these are plantod, as can be seen in trial plots noarby. 

(0) Codro Plots 

In theso piots thro~ degrees of canopy openin(s were aimed C1t - light ~ 
medium and heavy. L.t the same timG in each plot vaJ~ious soil treatr:lOnts 
vvore cnrried out, "vi th a viow to finding the best m'ethod of encouraging tho 
rogenoration of this recro but very valuablo specios., 

Tho !1light It oponing here consisted only of cutting bacle all saplings 
(except the felv closiTClblos) under 5 cm diameter. In the "meclium ll opening 
a numbel' of the Ul1.derstorey trees were poisoned in mIdi tion to cutting back 
the saplings. In the "hoo.vyII opening SOlTIe of tho 18.rger troos as well o.s 
morc of tho undorstorey ones were poisoned rmd the so.plings cut bo.ck. 

The soil treo.tmonts consisted of, 

(1) 
(2) 

(3 ) 

clenning or sweoping - to oxposo the minoral soil, 
bUl'ning, included the sweepings from (1) and delnis 
froru(3), 
cuI t:Lvo.ting 9 

strips 5 L1 vvi(10 :1C:r0f3S one}l 

a control. 
ot. "J. fOUl~th strip was untr0atod to serve o.s 

Un:fortun["tciy, for the n..;xt t'.70 SC SOilS no :300(1 ',';2C_S 'bOl'ne on- the: soed 
troe in each ot" IIowe'yr 0r, much rog011()re.tion of otj __ ,-0r desir:1blos (15 species 
in 0.11) apI1Co.Ted in 'I:;ho he2";'y anc'l I:"_odiu1'l opened but only Ii ttlo in 
the light-o:penod ono.. Rnther tillln destroy this the soil 
treatment just to the noxt f30oclfall, !;\'v,) IIWJ"O S L.::.ve beon mado with 
medium and. crmopy but, tho soil trccrt:1CLGS VJil1 net bo dono 
till just beforo tho soed fall. This Ghuuld [)O c'.bout SorG~;mb()r-Octobor;; 
it is O[18y to· soo the fruits as tIL (00(1:,.'0 t:,:.'oo:':; ("eTC 10aflosf:l.,t this poriod. 



Ii. f'mv cGclro seedlings w(;ro found in the plots when they were laid 
down in 1958, these seedlings have boen marked \':ith numbered stakes and 
the heights of the plants are rXi3.sured periodically.. Rosul ts to date are ~ 

D a t e ( 1 ) Heavy (2) Light (3) Medium 
_i 

June -1959 No. of plcmts i 14 6 16 
fJ tl - Mean heighi.(ru';l) i 2.7 1.2 2.1 

l 
January 1960 - No. of plants i 12 6 16 

!l t1 - J:JIean hoight( dm)j 4.2 1.5 6.1 
i 

July 1960 - No. of plants i 9 5 17 
11 !! - Mean hoight(dn) j 5 1.6 7.5 

The less good grovvth in the open (heavy) plot is possibly dUG to the 
fact that in: 1959 the plans in this plot were soverely attaclwd by a white 
scale insect. 

The development of other desirCl'oles in th8 throe plots is shown in the 
following Tableg 

CONTROL 
% 'stocked 
NO'. of species 

i No. of plants 
jMean height (dm) 

CULTIVATED 
% 'stocked 
No'. of species 

i No. of plcmts 
j]\}Iean llGight (run) 

BURNT 
% stocked 

I NO'e of spoci8s 
i No. of plants 
jIl'Ioan height (run) 

CLEANED 
-I 
~o stockod 
No. of species 

i No. of plants 
iIl'Iean height (rul1) 

i Plot 1 (heavy) I I Plot 2 (light) i i Plot 3 (medium) j 

j-o--------t--------tt--------t--------tt--------t--------j . llIar! 59 . Mar l 60 .. II'Iart 59 . Mar' 60 .. MaJ.' I 59 . Marl 60 . 
I I .1.1 ! I ! I I 

i 40 j100 i i36 156 j i75 i93 i 
7 13 11 7 10 Ii 6 13 

-15 241!i 14 i 33 Ii 196 j,281 i 
nJ.' 7.3j i nJ.'I 2.9i i 1.8j 3.5t 

i i i 1 
i i i j j i j 

i 100 i i - j68 i j i95 
9 i i 10 i i 9 

354 II 25 I I 271 i 
7 e 71 i 2. 5i i 5·71 

i i i i i 
i i i i i i i 

i - j 100 i i - j40 i i i93 
8 i i 10 i i 8 

232 I I 22 I I 144 i 
7. 9i i 2.6 i i 4.3j 

i i i 1 i i 
j i i j i i i 

20 j-IOO j j32 j80 i i58 i 83 
1 6 i 1 5 10 i i 4 10 
6 0\(-381 t I 11 41£ I I 84 i 7<-345 i 

1 8.5i i 5 3.2i i 2.2j 3.3i 
i i Ii 

Notesg Lstockedis that of t.he number of 2' ill quadratswith one or more 
d0si~ablos ovor 10 cm tall. 

No. of plants - ll:10t more than 20 are c0U11ted pOl' quadrat? * before 
, tho- numbeJ.' ShOVlS that somo quadrats had more than 20 

clesil~oblo • 
nr Heights not recorded. 
Mean height - (in dm) is that of the tal10st desirable in each quadrat 
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The species which have appeared 

Angelim da mata 
Breu sucuruba 
Guariuba 
Louro canela 
liianclioqneira lisa 
Moroto-Go 
Pau d1arco 
Ucnuba 

a:co g 

Angolim pedra 
Oupiuba 
Louro am2rolo 
Magaranduba 

'MaruIl§. 
Pnrapara 
Tatajuba 

The increase in numbers of individual plants in"the opon and medium 
plot is very marked as is tho height growth in the open (hGavy)plot. 

(d) O'ther Spe ciGS 

Patches havo boon found of soedlings of two lUlcommon dosirables 9 as 
this gregarious seedld.ng is rather rare small plots have been established 
to study tho devolopment of the seedlings' to find ont why theso species do 
not occur in groul)s in tt1.8 natural forast. Tho sGed falls occurred during 
the oarlier part of 1958. 

Fo:e GUARt0B1~ two plots havo l)oon laid clown; one is in 02 'fiho:ee the 
canopy has boen:fairly heavily openod to induco natUral regene:ea-cion 
(soo page 25 ) ;i1'1 thog'HYer 1J1ight opo of tho canopy WQS cQrriod out 
similar to thc.1t for ceetro. Rosults to elate, compared with planting, areg 

Hoavy oponing Light opening 

Sept'58 i May ' 60 
:Natural i 

j80 
i 
i75 

i j 

175 % -stocked 
i No. of plan~s 205(8) 1 119(9) 

195 
il88 (6) 99 

! Moan height (elm) i ' 4 j i 3 
-------------...:.------------------------------------- i 

Planted 

Note 

fJ1ean hoigb,t in En:eichment, 8 months aftor plcmting 5 

If 

(line Q) . Establishment Index 

It in Open plot (E) - Planalto - 20 months 
after pI 13 

Establishment Index 35 

(1) (:[lhe numb8r in brackets is tho munbollJ of samp18s (oui; of 20) 
tn which thoro woro morc than 20 Guariuba sGodlings. 

(2) }l'or moaning of Establishment Index, seo Apliondix I and 
Appondix VIII. 



Under two other seed trees tho seedlings havo 'been removed from 20-30 em 
round individual plants selected in tho contres of 1.5 m equilateral triangles 
throughout the seeded area. The best of the uprooted seedlings were 
trans'planted in tho Nursery to gi vo stock for the trial plots and enrichment 
lines. 

Owing to the lovl ostablishmont index in tho open it would appear that 
Guariuba soedlings should not be3 full light, but that root competition 
should be reduced El'S much as possible in enrichment linos. See page 59 
for Guariuba at CBli. 

For more sil vicul t1.1.ral dot ails see GUARIUBA in Appondix IX. 

In tho Caso of other specios, llNGELThI DA II/IA~:A, the one plot is 
combined with that for cedro - medium oponing. Here the growth increment 
has been rather poor? al th01.l.gh soedlings lifted froD this area. a11d tran9planted 
in- bhe nursery have 'grown well in the trial plots, and have ",Iso done better 
in enrichment lines. Rosults to date,for Angelim cla mata, from the "control" 
strip for the Cedro (3) plot, arez 

D a t e Aug. I 58 ~JIar. t 59 Mar. t 60 

% stockecl 85 50-x 62 

No. of plants 474(19) 164~(- 201(1) 

Mean height (elm) not noted 102 2.3 

For planting the results are~ 

Mean height, Enrichment line, flanco (N), 20 months after planting 27 dIn 

II 

II 

" 

lToto 

:2ist'J.blishment Index 90 

II II planalto, 20 months after planting 11 II 

Establi8hmont Index 97 

'1 Open prot,planalto, 20 mouths ~ftor planting 27 

E:3-G[,bli3hm<mt Indo:K 75 

II !! ,::~l[m.cc;) 2(J DOi::.ths a:;:tor 29 rr 

55 

1. ('I,) sou·.: . .:;;:.ccUings ·which 
Ilsu:mnor'! of 1958, o·vi'rlol1lily 

0 1,)';3 \.) X'V\) ~1. 4."j_"J_'l1";':~ ~ 

to be CGCtLi. ~li·tG:C' the vory dry 
recovoro i~ 1959; no fall of soed was 

2~No, in l)Y'·~:.c}~'':;i-'ss ElftG:r: Yfo,.\ of 
. LU 20G 

3. Gruwtl, 
is ])()OJ? 

aft en:· 8 months in -eho 

} OVGl1 aftor c'. ;TIOtliurn oponing of the oanopy~ 
thid· of fror:1 tho sarno plnoo 

LU:L'~;or;)"·. 10 ;:;ontLr3 in -t;lh; :fiold (7-15 dm). 
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It would appear that for tho best dovclopm:mt of natural regoneration 
of lmgelim do. mata tho cO.no}!y should bo very heavily opened YJherovor a 
patch of seedlings is found. The seed being light those patches 'are rather 
largor than those of Gual"iubaJ) they :lro also loss llensoly stocked .. 

For more sil vi cuI tural details see this species in ApJ,ondix IX. 

Tho only other Elpecies so far encountered with denso 'patches of natural 
regeneration und.or natural conditions aro sonG BI6SUS (not B. sucuruba), 
CAJUA<iU and ROSADINFL'l.. Tho BEEUS arc common undesirables of tho undorstorey; 
they very rarely reach timber s'ize and are regarc.led as unsuitable for sa.wing 
because of a high resin contont.. ClWUA9U is l"athor rare, although a I!floa:ter 11 , 

the logs rot Cluickly out of tho vvater a;nd. tho timber is stringy and difficui t 
to finish to a smooth surface, so it is not rogardocl as a truo desirable a'l; 
present; in other countrios ,howovor ,i t is rogarclod as being of some value. 
ROSf,DINI{A is fairly common but unfortunately it is one of the hardest timbers 
to saw - value 1 against 100 for cedro, i. e • it requires 100 tlines more saw 
blades to cut the same surface area of timber. See Appendix XI. 

(ii) Field ScaleOEorations 

Natural regGTlOration opel"ations fall into two phases - pre-exploitation 
and post-exploitation. The various operations vary in different countries 
and according to the spo cies" In Nigeria theJ~e are about 12 operations 
starting from 5 years bofore exploitation up to 5 or 20 years after it. 

(a) ~xploitation 

ThG standarcl op~ration 'hare is creeper cutting. This lets in more 
light through the canopy and removes the source of one of the commonost 
and most harmful weeds, many of tho twistod stoms, particularly in such 
light-loving troGs as Cupiubo aro due to having to struggle up through, and 
often to lift up, a mass of croepers and climlJers, especially in the early 
stages. Creepor cutting a yoar or more in' advance also roducos damage from 
falling as otho:1:' treos aro not pu110cl over. 

At tho sarno timG as croeper cutting 'young Elants of desirables a:re 
freed from compot plants by back the 1attor with a machette. 
Also, tho young growth is cut back Over any gregarious patellos of seedlings 
of desiI'ables such as G1..1.ariuba or Ange1im do. r:lQta and those seedlings 
thinned out; if roquirod the canopy can be furthor Ol)ened by poisoning at 
this stago (as reforred to above, page 27), but it is usual to wait t'il1 
after exploitation RS this in itself may open tho canopy :3Ufficiently. 

11110thor pre-oxploi tation oporation may be tho poisoning of large 
undes.irables 2 

(1) to leth in moro light, 

(2) to roduce tho ::\lllOunt of sood from vJoed troos. 
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A further pre-explotation opel'ation could be some treatment of the 
gr?und under seeel trees of 'raluable species as is being tried out for cedro .. 

At the Curua, up to' September, 1960 creeper cutting has been carried 
out over 1,029 ha (Compts.1-7;; 16, 18-21) ancl the f'I'eeing of young desirables 
over 385 ha (Cmupts. '16, 18-21). The joint.operations cost about 2-3 man 
days per ha and creeper cutting 2 nUn days. Limitations of staff and funds 
havo prevented the poisoning of largo undesirables oxcepts in the research 
plots (E and C). 

The objoct of such operations before exp1otation is to get established 
a sufficient quantity of young plants of tho usoful specios before tho seed 
treos are removed. This is not being d'ono in the illnazon at pro sent , with the 
result that some of the best sl')ecies, e.g. Cedro, FJ:eij6, Mogno (Aguano) are 
gradually disappearing. It is true that a number of the young plants will be 

d when foIling and extraction of the logs takos place~ however, some 
are likely to escape and many of the others, if damagod, will shoot up 
again. 

The degroe of pre-exploitation work must dopond on both the original 
composi tion of tho f01.'ost and on tho sJ:lecies which are to be encouraged 
for the next crOI). The intensity of exploitation is also important. It 
may be bottor not to worry too much about the rare but vary valuable trees 
and to aim for some of tho loss valuable, but still accoptable speCies', 
such as Cupiuba, VJhich :3.re fairly common and can bo regenoratod easily. 
rI'his should cortain1y bo tho policy to be followeel in tho Curua aroa. 

Prior to exploitation a dotailed logging inventoy must be carriod . 
out, at least of tho larger desirables troes for ex})loitation (see page 22). 
This work may be elono by tho exploi tor; in this caso ho will be concernod 
only with the trees which are likely to yield him tho greatost profit and 
to leavo in the forest many trees which it vvould also bo economicnl to 
eXJ:lloit, and 'which should be removed for silvicultura1 reasons. It is no 
good saying - I10h, those othor trees can 'be takon out at some lator date II. 
Unless they aro ramovecl at tho. same timo that tho best trees are exploited, 
when tho organization c:met eQuipmont and roacls are all' functioning, it will 
prove very to come back lator to romove thom. Tho inventory 
thorcforo ~;]lOulC:L ~)G c~ono by tho Government ,-,vho cem then encourage tho 
oXJ:lloi tOl' to take out QS [mcb. as }Jossi blo, but at 'tho 8a,:10 time to stop him 
re;l1oving 8.)ll1(J troes'''':1ioh na;y bo roqui:eod for soocl. 1I10r C'JG:tL1I)lo, if it is 
cl(J8irecl to :L~vo mor(J c,!,uick--crowing Goftor tir11)ors soch as p I:;krupa, 
~,1o=~oto'~6, 'but which aTO usually rathor r1'_ro, than sovoral of those 
truos shoul(l not bo fol1od lYutrok:inod as 800(1 bOL1.J.erS to insure mo.ny marc 
of the spooies in tho next cr~p4 

On t110 Gu:r'u~l ~ t1E) 
trees ovor 45 CLl dio.motor 

1007'S invontory of all 
sto.ff cUd two 

more 
(seo 

5 [meL 16, in ,c Ii ttle Eloro dotail for statistical purlJOse 
-!:;he traos bC:lvo lXlon numb'crod cUl,1 fro,,( tl.10 I'eco:rc12 it is 

01H:;y to s8lcct '.Jhich treoa should be felIed. 
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To facilitate tho invontory tho com:p9.rtrnonts VlOro dividod into strips 
100 ill wide. Tracks are clearocL by tractor along tho llividing linos and 
axploitationis th'on dono by so as to vwrk systomnticnlly 
through tho forost" Tho old tracks them serve to dolimi t sub-units for tho 
control of i:mbsoquont silvicul tural oporations4 During February to April 
1959 exploitation, ini tiatod' and controlled by the Sil vicul turist, was 
confined to an aren of 27 ho.. In this area somo 217 troos vvore fellod 
which gavo 530 logs '(4-6 ill Im'lg) with 1:1 volume o:f ovor 800 m3 suitable for 
despatch to Santar6m. In 48 different species yvore cut, several of 
which were for trial. The proliminary results of the sawing tosts on 25 
species at Santar6m are given in Ap}Jendix XI. Seventeen 6" planks of six 
spocies were sent to the Instituto Florostal Latino j~morica, Nl6rida, 
Vonezuola for full scale testing. 

(b) Post-exploitation 

Tho operations vary considoral)ly in difforont parts of tho world. 
As with othor things, those operations mush bo simple in the early stages 
in new areas such as the Amazon_ 

The following op~rations have been or will carriod out by the end 
of 1960 or early in 1961g 

(8 ) 

Froeing young advanco growth. 

Cutting back some young undosirables. 

POisoning to opon tho unclorstorey in the remaining 
denso ]xltches of forest not opened. by foIling OlJOrations. 

Felling, or blITning, largo undosirable to open the 
cc1110PY further. 

Burning the larger clumps of crown and branchwooel" 

Carrying out regeneration survey. 

Cloanine!; (including croepor cutting)' [mel t~cinning out 
the establishocl natural rogoneration .. 

Group planting of quick growing troes in the intensoly 
burnt gaps v'!here rogeneration has not 

Ovel' the courso of the next few years the following adeli tional 
oporations aro likoly to be nocossary~ 

(9) Moro cloanings, including creeper cutting, and further 
thinning out of estal)lisheel rogoneration, natural and 
artificial. This ororation is likely to need rope'ating 
on a 5 to 10 year cycle as the now crop gots older. 

(10) Further poisoning of renlaining 'understoroy tree s as 
rogoneratj,on becomes established. 
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It is too soon yet to l)rodict when tho remaining 
~illed; so much w1.11 depend. on the species desired 
their development. 

larger trees should 
in the new crop and 

Some of the abovo operations need describing in more detail. 

('!) Freeing young advance growth. This consists of cutting with 
a machette any small undesirables within a motro or two of 
good, young specimens of desira"blos. Badly-shaped desirables 
should be cut back, as wBll as any d11maged by the felling 
or extraction operations. 

(2) CuttinO' back some . oun::? undesirables. At the same time as 
carrying out operation 1 , young plants of some common 
undesirables, especially those resistant to poisoning, may 
be cut back to reduce the numbers of these specios in the 
no"?/, final crop. It is true that most of the cut back stems 
will coppice, put they will bo just that much behind the 
desirablo. this regrowth is slashed back again in 
subsequent cleanings tho st"umps will soon bocome weak and 
gradually die off. 

Oporations (1) D.nd (2) were carried out over 22 ha of the exploited 
areas in compartment 611. at a cost of 5 men clays per he ctare. Young saplings 
of Abiurana, lVIirauba and Uxis, as woll as tho heavily fluted species Carapanauba, 
Maraximbe and Pau de remo wQro cut back in these oporations. Besides all 
being resistant tho first tl-lreo are very h2rdto saw, and the second 
three are useless because of the very doop ~luting. 

(3) Poisoning of understore,Lrees in clense patches. T1;lOro 

(4) 

will alvvays bo. some patches of forest, sOi":letimos q,uito 
largo, in 'which no troes ,have been follocl. Rero the uncler
storey trees of un(iesira1:,les are poisoned to let in more 
light to oncourago regoneration. Some 1,353 stems of some 71 
sJ)ecios Viore so troated ovor 22 ha at c"!. cost of 0.85 man-clays 
per hoctare, using 136 litJ~es of 4% solution of 1 g 2 of 2'J,4-D~ 
2, 4; 5-T in diosol oil ~ The 1arCo'or stems of tho more 
rosistnntspec"ios VJOlOO d.bof'OloO l)oisoning. In 
futL.1re, opol'Lltion (4) - soo bolow - 'iiil1 be carriod out before 
the IJoisol'linC; is rIonC' DS it will bo chGEt])or and moro effoctive 
in oponinc tho cc:mopy. Howover, shoulG_ tho o1Jjoct bo to 
obtrlin 0. crol) COnll'Osod .inly of tho slowor growing more shado
"l:;0101:0.nt SI;ociGS such as HagClranclubCl, LoUJ:os and Ucuuba, tho 
next opor[:tion (4) should bo much reducecl or loft out altogether. 

bo handled"casily 
pc·.1.re 9 vihich can of ton 

OJ: 9 they m·1.Y bo of lwelo:::w 
are t11110sj.I'0.blus f'l'om tho 
of the ClJ),'C.cotnken up -both 

These may consist of 
hollO"w, overmature or 

or for snwing e.g. 
bo ;burnt clown iYl tho dry season; 

S4 In both cases tho troos 
of vic"! of the future, on ,:rccolmt 

t'1ei.r CrOY1Y1.S and their roots. 



(5) 

(6) 

Burninr: of crown and branchwooc1. 1J'fuere thoso exist in clense 
clumps after fellinG? or operation (4), fire should be put 
through them towards the end of the dry season. If left, they 
hinder the c1evelopmont of most Sl,eciGs, provide a lovely 
trellis for creepers to sproad ovor and nake suhsequent cleaning 
oporations very difficult for somG years to come. If the burn 
is light regeneration of some species, including desirables, will 
come in; if it is fierce nothing will como in and thG patch 
s11O'ulc1 bo plcntod up the next SGason (oporation 8). 

Abnormal rains in thG dry SOaSon provontedlight burns in 
1959 ; it Vias only whore tho branchwood was vorydense that the 
fire burnt at aLl., and thon it vms fairly fiercG. Light burns 9 

as woro carriod out in -1957 in the surround of plot A, 1l8.ve 
rasu1 ted in Gxcellont regeneration as describec1 above (page 27). 

RegonGration Survey. During the second year after oxploitation 
linear rGgonoration surveys· (2 m lluadrats) should be carried 
out across tho arGo.. Two lines -were cut across tho oxploi tod 
part of compartment 6il.. extended for about 150 m into the 
unexploi to(l peut for the sake of comparison. l\. surnmary of the 
resul ts is shown in Table 1 on l)age 37. The grouping of the 
samplos into ono of five canopy classos VlQS dono by throe people. The 
p~rcentage shovl1n for -bhe dogrGe of canopy is appro:;,::imate. It is 
interestinG to notG how the nUY:lbeT of stocked samples incrGases 
with tho degroo of canopy oponing. The Ilctual nUYnbe:r of 
desirables POl' snmple also incronsos in tho snmo way. 

O~hor points to noto oro the diffo~once in spocios botweon 
the moro 01,011 nnd more closod groups. Tho prosonco of Uccuba 
in tho 1l01)On 11 and llhalf open II gToups is due to advanced growth, 
prosent bofore oxploi tntion - nota tho m:unbor in tho "closod fI 
grou:p~ 'it is not a fast grmver nncl could 110t havo roached 
0.9 - 1 .. 2 m in a year from sood - it is not growing quickly 
in the enrichmont lines tn c'ompartrnont 4 nor in tho 01)en trinl 

ot (E - soo AIJpondix VIII). Madioqueira is not comillOn but 
is prosont in the moro opon samplos; its proportion in tho 
final crop could bo increasoc1 by fnvouring it in cleaning's and 
thinninGs; it is likoly to prove n vory useful S})O cie s in viow 
of its oasy sawine; 11I'O})ortios. Moro rocent and largor scale 

tosts than thoso shovm in Apponclix XI indicate that both 
-Ll~YJ:::S of' iT"c:: ::11"0 O'len Gtlsicl" t() fJilJ/l' tb.2n Codro, thoug'h 
Mn.nclioqueira lisn is rnthor linlJlo to t-,viGt. 

Ti\~rDor 31)0 cia f~ 
tho ::,l)sonco of 

ion survey line YlaS made 2 nonths IntGr across 
oito(L lX)l'tion of ilA. Tll!) rosul ts wora 

3S mny be seen by 
Q])j)onl'lcd., but tl1e: InOJ;C 

ion in Govornl in an 
opor~ C:TO::J. ·Juo to tho proscnco of Cl of l)nmboo 
"TabocuillCl II 1.vhi'cr. fOl~iDS clonse thicko+;s clboLl.t 2 

it is noi; COTHon tn tl0 CUTUil hut .L t coulel provo 
o·~' lJroblOl~1 in 01)tn:Lning nnturcll rOtSC'1cratio119 thero are 

'" foy;' 81;r:,:Ll chos in tho SU170UXFl of o-,)~. (sc;o jX1ge 27). 
but it is l)oi116' un.ler cOl1trcl i;ho c;le·· e 

Soo J)[lGD 40 for tho l'oconuration 
surv'o~r L~110"'ilS "GO 110 !3to'cl::"o(i.,i.c', "'V",,IitJl loss -t11 D.l1 

of tho 8 vcitL e. ,l .. );:li:c:l:,lo. 
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(7) Weeding or Cleaning and Thinnin.e;,. Whoro "the .abovo survoy shows 
an acleCluato numbc;rof desirables - nm'mally 'at least 40% of the 
samples stockec1 - the area should bo cloaned. This consists 
of slashing back noarly all useloss spocios, cmd some dosirables 
whon thoy nre too close togother. Here, the composition of the 
final crop can be influencod considorably Givins prof2ronco to tho 
specie~, one or more, most desired. Any tree is better than no 
tree vlhon it comes to early canopy formation, so whoro the (losirablo 
Sl)ocios nre rather fnr then some reGonoration of useless 
species must be left to help form a canoj)y Cluickly to suppress 
tho weoc1s ancl cro01Jor grovvth. Such l)lnnts thus bocome "desirable l! 
until the canopy is properl~r closed anc1 they cnn bo romoved in 
a thinning; this is being done with Pau jewaro in plot A (page 27). 

Until f.10rO inforElC1tion is av::tilablo· f:rom exporimonts in hancl,this 
cloaning should 1)(', dono oarly, i.e .when the lcnclt2.1f desirablos are be-
"7een, sc.y, 1.5 L:'lld 2 m '11ho ·botwoen tho p1ql;1ts 18ft shou1c1 be 
botwoon 1 and 1.5 m. (ellis ol1rl;T cleaning s the" 'young .p1mts 
a chance to grow U]) moro quickly into strong cmd haa1 thy saplin/Ss. 
Howovor, it oakes it ol1sior for croepors to devolop. It is possiblo 
that by YmitinG another year or tVJO ,when tho plants will be tl111er 
Dare natura1 solection Y,il1 hClve taken place? a1so j the 'spacinG 
betvJoen tho plants 10ft, and the 10ngth of time before a socond I 

cutting l)Qc};: of shoots from tho \voed p1enta, can both be greater. 
The main c1isiJ.Clvimta,,:;os of wai tine are that young nnts of usofu1 
SllociGS may bo severoly sUJ)pressecl or ki110d by the quiolwr 
GroYlinG woeds, or YLKly become too thin and spimlly and fa11 over 
whon froed in tho 1nte first cleaning. This noc~ with 
Qun.rubn. in one 1)atch, but not in anothor, at CBll, noar Santar6m6 
<:0his is' ~::. very important clubject 011. which moro observl1tions must 
bo made'. Early, and froquent, cleanings unc1oubtod1y give Good 
resul ts. ' So give tho young clesiral)1es all l)ossible llGlp b;z: early 
cloaninr,s. Eut 9 if! funds aro uncertain for subsoquent cleanings 
it is advisal)10 to v;ait a 1ittlo , say ti11 the 3rd year, 
bofol'o doing tho first oloanin(,> It is lIartly an economic question 
of bal:::'l1oing coats 111;ainst. results. 

Untro.ined 1i::'coourers \Vi11 havo consj.cl"oT:.l.oI0 clifficul ty over tho 
i~itiu1 s~o ., in tho firot o1oanings. CGn ~o a 
stick to hold ::'It 011.0 and to'lc1 to cut i)aek ,Jvory other 'plant 
\Jith.in tho ;Jtick! s from it,. ' r1.1he st'ick sho1..ud bo somewhat 
1ess than' the 
about 1 m. 

required: e.G- for 1.5 m, ~so 2 stick of 

ProbalJly throe c10anincs, and some thinnin[o', aro 1ikely to be 
nocessary in tho first five yoars~ subsoclllent1y, vJork shoulc1 be 
on a five-year cyc10 and thon ton yuars doponding on tho s}Jooios 
and ago. WIlr:,t is vitally is to goo(l crowns 
devolol)oc1 as early as possib10. Rosoa:eoh in various parts of 
tho tropics has shown that o1der troos v/ith sma1l orow!ls clue to 
insuffioiont spaoo in tho oanopy usua11y do not dov01op large 
crowns ovon if p10nty of growing spa co; a1 so, the girth 
incrernont of ·tl·oes, which is more important than hoi(~ht for 'volumo 
produotion, is close1y cOI'J:olatect wi tll tho size of tho crown" 
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Group Plantinr;. This a special'form of "Enrichment 
plantirrgll (pages 49 50) not an oporation to bo undortaken 
lightly~ It has failed. many times in the tropics because of the 
subsoquent difficulty in finding tho grou1JS '(;0 (Sive thom tho 
necessary cloanings. Undor tho sp)cial conditions which pertain 
to tho Curua~ and are likoly to bo found. on other 1)arts of torra 
firrne with clay soils of tortiary oriGin in tho .L,raazon, group 
planting may be considororl for thoso patchos whore the crown anel 
branchwood 11as boen bu:rnt aftor exploitation and whol'o tho fire 
has been intenso and no n[1t1.1ro.l regeneration has appeared during 
the subsoquent rQiny season. Experionce 11[lS shown that weeds, 
even Irnbnuba, do not como in for tho noxt 2 or 3 yoars, but thot ' 
when suitable troes are antod in such patches they grow rQpidly. 
In tho soconc1 rainy soason o.ftor lyurning therofore those bare 
patchos sould 1)0 ])lanted with 'quick groY7inrs troos such as Cupiuba, 
Parapo.rn, ~ TJorotot'o, Ta taj ul)a or oxotics SUCll ,:::tS Gme I inD;, , 
TerLlinalis i vorensis or T., surc;rba. Toy o.ro not likc;ly to noed 
weedinr; in the first couIJ,o of ye~1rs~ aftor thJ,t croepol's and othor 
woeds arc bound, to como in. 'ElOro y;ilJ. 1)0 no need to search for 
tho [;r'OU1ls at this stagG J as tho rOf~t of th,,) aroa will be hClving 
Cl cloanin'c r:mcl those grou})s should 1)0 clono 2.u-GomCltice .. l1y at tho 
snE10 timo.. On Grounds of economy, the p1nnts should bo widely spo.ced 
in tho grours, say about 4 or 5 In apclrt; thoso clistancos need not 
be neaHu:rod. felO, only ono spo cio s shoul be put, in in each Group, 
though diffor0nt Croups may havo (lifforont Sl)(;cios. Rosul ts in 
the t:dal plots (l)ClI:;O 50) shoW' thn.t on such sitos early growth of 
tho sugGostod sJ)ocios will 'bo 1.5 to 2 n yacer, 1)l::mts put put 
in those croups thorofore should be 3 or 4 tall and Vloll able to 
hold their oVJn ac:6.inst any woall troOf:l which EIny come in bol'oro 
tho first c1 By this timo tho I'ost of the ,Hoa whoro natural 
roconero.tion has been obtained. will bo duo for rmothor cloaning 
nnct tho cllos ,of group vlillnot have to 1)0 looked for 
specially. 

4. Treatment of ~roas not Adequatoly 
Stocked vd th Natural Regcmoration of Desirables 

Therl::l arc sGvorn.1 jJo:3sibilit~GS horo, cach (';ClSO Lmst bo decidec1 mn its 
merits. 

(i) Lonve the areas for ;ycClr or tvJO in c~',so tl18ro is a 8'ood seed 
yoar of specios which Cl:CC likely to COL1e in VJith tho canopy in its present 
'Stato, and of which thoro arc saeel boarGrs in tho vicinity. Tho typo of seed, 
light or heavy, is important and r:lso the condi tions under which the 
seocl wiIl e:orminato and tho dovolop. 

(ii) If tho canopy is donse or fairly dense, o~Jon it up by I,oisoninc 
somo of the donser-crownod wood troGs, particularly in tho unc'lors-Gorey. 

(iii) Enrichmont antinc f:my bo cal'riod out - soo liolow. 

(iv) If the [troceS aro fairly iarGo (mel not too irroGular in shapo, they 
cotllc1 be folle(l, burnt and lllantoc1 .. 
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If the treatment of the area with regard to canopy opening was about 
the same as in adjoining areas where good regeneration of desirables has 
been obtained, then it is possible that the poorer areas are .of a different 
soil condit'ions. These differences should be noted., and mapped, if possible, 
before exploitation takes place so that they can be given separate treatment. 
Care,however,should be tru(en,to avoid having several different treatments 
for small areas with irregular bounderiGs. 

Enrichment planting in lines 

Details of this will be discussed below under 1, Artificial Regeneratip~. 
It has been mentioned above and .should be considered briefly now as a possible 
~lternative where natural regeneration of desirables is not really adequate. 
It should,however,be avoided unless the areas of inadequate regeneration 
are really large •. 

The intensity of the exploitation of the forest is frequently patchy 
due to the irregular stocking of desirables in the original forest; in some 
patches, perhaps exploited or perhaps not exploited, adequate natural 
regeneration of desirables does not appear, anyway in the first year or two. 
Regoneration is normally regarded as adequate if the line surveys show at 
least 40% of the quadrats to have one or more plants of desi~able species, 
this corresponds to a stoclcLng of 1000 plants to the hectare. 

Where the failed or poor patches are not too small. and s~atterGd~ 
lines could be cut through them and planted with suitable desirables; however, 
it soon becomes difficult to locato these lines for subsequent cleanings; 
if they are not kept clean and fairly "opcm the plants put oui; just do ):lot 
develop and the whole off art is wastod. It is only where tho whole area 
under' systematic treatment is fairly small, whore the suporv~sion of 
the work can be intensive, and. where the number of patches neoding enrichment 
are not to"O irrogular nor tooscattored, that enrichment planting should bo 
considered" Generally, it is better to try one of the othor alternatives", 

5.. Refining and Liberation 

DaWkins, (Rof. 2, pago 91) and other workers have shown that the natural 
tropioal high forest is "saturated!!, i .. e" that it contains too many stems 
and that growth is very slow oxcept in the vicinity of fallen trees. Tho 
diameter increment plots referred to in tho next seotion shomd show this in 
duo course in the remoasurements of the controls - the natural forest. 
Eveno-agod crops from. plantations or natural regonoration have a basal aro" 
c01'lsiderably loss than that of tho original forest, but a greater potential 
yield. Tending work therefore 'shomd aim at keeping the basal area below 
the maximum or saturation level... Much work has yet to be" done to find out 
what this level is as it depends on the site, and species. Such measurements 
as have been made suggest maximum figures of frdm about 24 to 28 m2/ha in 
the good natural forest" Tending operations therefore should aim-at reducing 
the basal area to about 15 to 18 m2/ha on a cycle, say, of 10 years,. 
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g~fini¥. is uei'il1G(3, 'by TIuy/kins as liThe. general. romo;ral Qf~:eeds, 
defectivGs and prosoripts, whether they are :l.l1torf'oru1.g wJ:.th des:trablcs or 
liot. in'tho intorosts of completo ut:L1iz<~tion of the '''lito lJY the clesh'cd, 
cropHo A lII)rOscriptfl is 8. spo'cies of known o'r potontial value but not 
requirod locally £Ol.' some spo cial J:.'cttson; G. g. Bomo Taxis !Juy fall into 
this 0]:1;188 o:t the CLU'ua lJocQuse they threaten some of tho more useful 
spocios. 

Liboration is (L'ofinod by Dawkins as "freeing the dcsira'bles f~~om 
infG:r;.'io]~. compGtTtors II. This moans ths removal of -[;X'003 ',;;11io11 are impoding 
tho development of the desirc,blos; the "Gonn should not be confused '\'lj.th 
"rofininglt '1Jhio11. refers to inproving the GOllllJOsi tion of the forost as a whole. 

One refining opoTatiol':", of course, is creopor outting; this has 'been 
rei'er:t'ocl to on :page 32* 

'rho cutting of young growth of 11801\;8(3 specios a:round good saplings 
of d08i1~ablGs (pago 32) ~vhich is donG at the same -cline as creeper cutting 

.is u liboration oporation~ 

So ftu' as tho snml1; moc1iu.rn and lax'go troos are concerned_, refining 
should. b'o d,OLO 'wi tll caro.. Tho "weed.\! of today may bo the "cloGi:t.'ablo II of 
tomo~"row. Howover~ somotl"GGS should be removed from the fOJ:',:)st to bonofi t 
the rorm,lindol', and no IjL,l'tn 'ivould bo dono in 11,:i111.ng somo of the commoner 
ill1dcsirn'blos. 'fho Clrca Ylb,1ch could 'be treato(l is small compuTcd to tho 
vast extent of the Amnzon., GO that if in tho futUro ::. spooies pI'oved to bo 
economic there 'dculd stj .. ll bG J)lonty of it a.vailable from tho untroD.ted. 
ar09.S. SpociGS 'which could 'bo kil10d in the early yea.rs of refi.ning ~lre 

AlJ:i.uranas, ThIir[tub(ls, Rosndinhn J 0.11(1 UXis, "md arnonget' the undcrstoroy the 
Breus (excopt B .. ' sucurubn), Enviras nne, Aquaric!.1 .. tarunG.. Mosi; of thasEl n:(,G 
very ha:t'd to So.w. Young trees (Ul) to say 20 em diametOJ~) of such fluted 
S1)(10ios as Carapa.no..ubo.., 11arnximb6 and. Pnu de remo could. also bo lcil1ed b1 
tho l'of:Ln:i.~1g o:l'Gnl.tjon~ but it is quite useless trying to polson largor 
troes of t~cse :f1utod spocies.. Ove:rmatuX'e trees, tl:c:.t is trees which a::cc 
not ljJ.;:oly to giv~ :'3',litc:.t)le saw logs bcoaus(3' of thoir age, and treGS which 
u:re too largo for economic Gxploitation, G.g~ some Angolim nnd PiquiQs, 
should also 1)0 killed d'LU'ing this refining ollcration. 

1r .. connoction with liberation, that is in froeing tho crovmo of desirablos, 
it j.s vcry importt:.t to note that, nOJ:'I:1ally, tTOCS with sIllL,ll C1.'OVi1:.sdo no:t 
rospol1cl VOl'y :nuch in diameter gl'OIVth if thoil' croVlns aro freed. It i.s only 
the trCO[3 of dOEli,l."ol,los with lUI'gor crowns, therefore ,which should be freed; 
the younger trees :In the lmdorstorcy should. be given as much D.ttention u.s tho 
larger trees So lone: o.s they havo rensonubly good crowns. T::C80S of. 
desi:cables Vii th c~'own fO~"lns only in clnsses 5, 4, and 11~)rhi.:1ps 3 (perfect, 
gooo" tolerable - soe paga 44' ), ShO'Llld 1)8 cODside:L'cd, but in all fivEl 
of the crown position C10.>3803. 

J:tofining and Libcro,tion for the sm2l1, medium ,me. large trees can bo ' 
oal'riocl out togoth'3r, but after the CI'oopor cutting ,,,ncl f:reeing of snpl1.nr:-;s. 
]'01' tho latte::::: o:nly lIwor.ettos 8.J"e necesf3D.ry, but fo:1:' rofining 2nd libo:eo.tior:. 
thG troes must l)e poisol1ocl. Dotn:L1s of tho toclm.iclUG arc a.asoribed in 
Appendix VII. Liberation, howGvor, excopt for frooing saplings of (losirables, 
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should only be oarried nut in areas where exploitation is not likely for 
about ton years or more" If oxploi tation is oarried out s'ooner the 
liberated t:rees are not likely to have had time to benefit .. 

Creeper outting should ahvays be done as soon" as possible; other 
refining operations could be oarried out shortly before exploitation as they 
will remove 'seed bearers of undesirables and will let in light to encourage 
regenera·~ion. 

6. Diameter Increments 

From tho preceding remarks it is evident that informati'on must be 
obtained about the response of various species to liberation* For this, 
permanent plots must be laid down to study the rate of increa'se of tho 
girth or diameter under differont oonditions of crown freedom.. Opportunity 
has been taken of the plot where the oanopy - plot C - has beep heavily 
opened for natural regeneration studies to measure periodically the girth 
of the remaining trees. All un1>oisonod trees, except those with high 
buttress, have been marked at 1.5 m from the ground, numbered and the girths 
measured at two-year intervals. The girths are oonverted to diameters; 
the time that will be taken for eaoh tree to pass' from ono class to the next 
above will be observed and recorded in due course. 

At the same time as the measurements are made the orOWn position and 
orovm form of the trees are noted. Five classes are used and a number is 
assigne,d to each tree at 'eaQh measurement in acoordance with the fol1ow:i.~g 
tables (vide Dawkins, Rof. 2, pagos 44-45)~ 

Crown positiSE, 

5 Emel'gent (Emergente) # Entirely exposed, free fro!p. oompeti tion 
for light, at least within tho90-de~ree inverted' 
oone in whioh t.he orown lies .. 

4 Upper canopy (Dominante).' Exposed in entire vertioal plane but 
in contaot with other or owns laterally .. 

3 Lower oanopy (Sub-dominante)" Partly exposed and partly shaded 
vertically by othor orowns. 

2 Upper Understorey (Sub-bosque alto). Entirely shaded vertioally 
but with some diroot side light b 

1 Lower Understorey (Sub-bosque baixo)~ Entirely shaded vertioally 
and laterally by other crowns. 
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Crown fa:rm 

The dGfini tiol1s here must bG supplemented by thG word.s flfar that SJ,l0 cj.os Il. 

5 PeI'fed (Otiffio.). Of the very 1)Gst size [md dovelopm'en"G commonly 
seen, wide, circular in plan, symmetrical .. 

4 Gooel (Boa). Very nearly idoal .::mel sat:i.sfactory ~li1vicul turally, 
but with sctre sliGht d.efect of symmetry or SaLle dead. 
branch tiI)S. 

3 'Valorab1e (Hegtuar). J-ust i"n ·the sati'sfactory clnss, distinotly 
asymmct:c:ical or thin, but aI)];)ixron-tly' cap[\ble of 
improvomont if gtvGn more room. 

2 Poor (Pobro). Dis-tie,ctly 1,msntisfncto:ry wi tll. extensive die back, 
stronG asyrmnetry o.!ld: few branches, but )):;:'obably 
capable of f.;\'urv:l. ving. 

Very pOOl' (MUUi() pobre) 0 Definj.:t~ly' £,mpllressod 0::[' dOGonoruting, 
usu.o.lly badly damagG,l and .probnbly incapal)le of 
putting uny growth 011 the bolG~ 

138side measuring the girth and. noting infornw.tion about the CrOWl:, the 
tim'bor heights of' the bolos C2.11 be esttrnatocl "Ihth a :)-met:rG ;clto.ff and the 
Y01U111(:;' calculat0d. Volumo tables e1im:i.nat:i.nr:; t.ho nOG{~. :fo2' c::Jtim'D."\;ing the; 
height of bolo hc:vo 1)00n vlDrke0: OlrC fOl' 'I;ho C\u'ua area - S80 Hef. 9. 

1\.s m8.ny of tho srno.ller troos belong to spccios which (10 not grow to 
timber size, 60 em was Ch08011 as tho mil1imwn gir:th for incromont meClS1U"Ol]':onts. 

A control plot in u:n:touchcd forost (oXCOI.Jt for creopor cutti:ng) has 
boon laid down in L; 1 -tho !lill~v:l,olo.tG!f plot referred. to on Jlngo 25. Tho 
first measuroment (ufter 2 yoars was ll<::.clo in October, 1960, so it is too 
Soon to s"tnrt dro.'Ning dofinite conclusions., 

It seems !lOv-;ovor [;hc,t the Tnxis :put on the greatest incl'omont, that 
Cupiv,ba, Mc.ndioqu0irn and Quarubn arc l.l;ircJa,cly rosponding to tho opening oi' 
the canopy, but not M29D.l'[;nduba, nn(l )~ouro canale:.? whore tho <crown is already 
in tho upper co.nopy LO'uro canel[1. is ];Jutting on some inoremont but Mandioquoiri:l 
is gro'Ning more slowlyo Prom mo~surcmonts over 11 p~riod of' yoars, say about 
20, it should be :pNlsiblc to got sarno idea 0::: tho di[lli1oter growth rates in 
tho naturnl :forGst, and fJ:'om those to ost:LmLl-r.o tho PJ~obable ,:,go of the ·trees ... 
I,flQra plots should bo laid. Clown for -Chis lrurpose, o.s othc;,r works devolop. 
Two of those girth incroment. plots vltll 1)0 in tho other proposed. lIinvio1<:l to II 
:plots, montioned on pago 2/1 Vlhol'G Dr. Ivlurgr:.t Pires proposes to CoUTY out 
detailed. b'otanical stUdios" All tilE) trees tho:::"8 wil1 lleve boen pJ:.'opGrly 
idontifio Cl .. 
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, Nothing is really known yot as to what degree of freedom will result in tho 
maximum increase in diameter {or basal area) and therefore in tho volume of 
the trees which are liberatod. In the n0W plots therefore thore should be 
some in which the 'canopy is oponod to a considerably greater degree than in 
the existing plots. It is only by having plots with a "vide range of degrees 
of canopy opening, -with one or tVIO that are too heavily opened' that it will 
be possible in due COUl'se to saywhqt is the optimum to aim fa;. This may well 
vary with different forest typos .. 

7. Artificial Regeneration 

This falls into two classes, Enrichment and Plantations. 
classes is bei,ng done o.n the Curun on the t'NO main soil type's, 
the tertiary planalto ahd the sand of the quaternary flanco" 

Work in both 
tho clay of 
Before either 

operation can be out plants must be obtained .. 

, (i) Nursery; Work 

This raising of the plants is d,mo in a nursery where first the seods 
are sown in seed beds and: then tho small seocHings transplantod to other 
beds or to some container. N'ursery work is an expensive part of tho cost of 
plantations, and the transport of plant's from the nursery to the planting 
site can also bo an expensive operation. Tho "object,thorefore,should bo 
to raise plants of a typo which ban be transported easily in largo numbers" 
Tho simplest type is a small (15-20 em) transplant which can be lifted 
from the nursery bod and, tal'COn out to the field without a ball of earth 
round tho roots - nakod-rootod plants. 500 to 1000 of such plants can be 
carried in a box by ono man; expos'LU'o to the air must be' .avoidod as much 
as possible and this method is suitable,of course ,only for wet or dull days .. 

Some plants do not give good results by the above method; an alternative 
is to gr'OVl lcirger plants and thon roduce the amount of leaves at the time of 
planting~ All tho loaves oxcept tho leading shoot can be stripped off 
such a plant is callod a st:t'ipling; or, tho wholE) shoot can' be cut off about 

.5 em abovo the root collar - such a plant is callod a stum~. In both cases, 
and with naked-rootod plants as well, any long roots must bo pruned so thore 
is no dangor of tho roots being bent IFJhon planting - "short .roots are bettor 
than bent roots fl., 

.The advantagE' of striplings is'that a tall plant (1-1,,5m) canbo 
obtained on the planting site; this may be important if small pla'1ts 
likely to be oaton baok by ,animals.. A disadvantage is that if a dry 
follows pl'anting, the shoot may clio right back or oven tho plant die 
al together. ' 

are 
spell 

An advantage of stumps is that they do not suffer badly from a dry 
spell following planting. Other advantages a:ee that they can be kept qui to 
safely for a d'ay or two in VlOt sacks, and they have no shoot which can be 
easily damaged~ 
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If none of these methods gives good results then the soedlings must' bo 
transplanted into some oontainer vvhioh oan be taken to tho planting site. 
In tl1eory tho transplant oould be taken out with a ball of earth pressed 
around'the roots, but in praotice most, if not all, of the soil has fallon 
away from tho roots by tho time tho plant is put into the planting halo" 
13all rooted plants thorofare oan bo regarded as normallyhnv~ng come from 
sarno sort of oontainel'. These can 1)0 of many forms 'rho common ono,a8 
usod by most agronomists in tho ilmazon,is a basket lined with loave$; tho 
sizo may vary from 10 to 20 em diametor tmd. from about 15 to 25 cm i.n hoight; 
tho baskets of ton decay rapidly and usually neod replacing onoe or twioe 
in the nursery before the planting soason. Results are good l)ut transport 
is oxponsivo as ono man c'an usually, ca~ry only f],'om5 to 10 plants acoording 
to the size of tho baskot. ... ..,. 

Pots or oonto.iners oan' also bo made from thin shoets of wood veneer. 
Hero too they somotimos need replaoing and are hoavy to carry .. 

Pots can also 'be made from sheets of lial vanized iron (the Q,ueensiand IItube ff) 
with about 2 cm of oach side turned over to form a: oatch.. The most economical 
size is probably 0. 15 cm high pot 5'cm in diameter. The advantage of such 
pots is that they can be used again and again,though it takes a little timo 
to collect them all up after planting a large area" 

Pots may also be made of J2lastic matorinl, with some small holes in 
the sides for drainngo. Here tho material cmi be torn and the bnll 
of' earth with the plant put into the hole 9 it is not usunlly easy to got the 
plant out of the pot, so the pot can bo used again, without seriously 
disturbing the I'oot system" 

There are various other containers made from vnrious substances which 
could be t:6ad out lJUt they are not likely to be easy to get for work in 
the Amazon .. 

Another type of pot, but without a 'containing wall, is well knovvn in 
the south of BraZil, the torrao J2aulist~. Tbpse hexagonal pots, which can 
be of difforent sizes according to tho type il11d size of plant, being raised, 
are mad'e in a pre s s from a mixture of clny, s [mel, manure anclpoI' haps even 
sawdust.. Their :preparation ancl use is vvall desoribocl by Armando Navarro 
Sampaio (Ref. 8). They are a little heovy to transport and, 'vd th tho hoavy 
rnins and high humidity of tho Amazon they may break up.. They should bo' 
tried out on a Inrger senle and with varying proportions in tho mixture. 

Another container is the planting tray or box. This may l)e made entirely 
of wood, or only wi tll. \'vooclen ends and, th\3 sides and tlottom made of a sheet 
of galvanized iron with holes macle in it. A conveniont size is 40 x 30 cm; 
for this the two end piecos should be 10 x 30 x 2 cm and the sides and 
bottom of five pieces 10 x 40 x 1 cm; a gap of 1-2 mm must be left between 
tho bottom pioces for drainage.. The box, with about ,25-30 transplants, is 
takon to the aotual plnnting halos anel each plant taken out vvi"th a cube of 
oarth. When plants aro l'aised in 'boxes it is very important that the soil 
be cut betweer. tho rows of plants at intorvals of 3-4 weeks for 2 to 3 
months before planting so that each plant develops 0. compact root system 
wi thin its own little cube of soil" Tho 'boxes oan bo used repeatedly, 
theil.' life depending on the ch.1rnbili ty of the timber used .. 
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Tho size of ]2lant is important; sowing and transplanting must be timed 
so as to give the ro~uired size at planting time. In general, plants' should 
be from 10 to 20 cm high, except in tho case of striplings and stumps; the 
former can be up to 1.5 m if the species will stand such treatm~nt; tall 
plants can be used too for stumps; in any case transplants for stumping 
should be at least' 1 Cm thiclc at ground level? stumps up to 2 cm thick have 
given good results, 

Some plants are accommodatingJ some are not. Naked rooted plants, 
striplings, stumps, pots, torroos pc.ul:ista anc1 boxes have all been used 
on the C'LU'ua; tho best type of plant for' each species tr:i:ed out is mentioned 
in tho silvicultural notes in Appondix IX" Up to date it sobms best to use 
naked rooted plants 'when possible, then EnTIall striplings (30-50 cm) or 
stumps (from slightly lClrgor pl['~nts) cmd then boxes. 

Seed, when col10cte(1, should 1)0 cleaned at once Clnd dried in the shade. 
Details about some specios are given in Appendix IX. In general? it has been 
found that most seeds quickly lose their viability, so they should be sown as 
soon as collected. This sometimos means that the transplants have become 
rather large by the time the planting season arrives; if the plants can go 
out as stumps this does not mattor, but if thoy will not do as stumps, e.g. 
QUClruba or Madio~ueira, the l1'ormal container may be ratb,er small or over
crowded for thO largor plants. Experiments should be carriod out on storing 
seod; but facili tios for this do not Gxist at a fiold station such as the 
CUTua.. This is work which should be undertaken by a research ins"t;i tute 
such as tho Instituto NClcional do Pesquisas da il.mazonia at Manaus .. 

Sevoral soils have been tried in tho nursery. Besides tho normal sandy 
soil 'which is rathor aciel (pH 4 .. 5), black soii (terra p<rota of pH 5 .. 1), 
river sand c"nd sawclust havo beon used withgoocl results. Damping off can 
be serious; watering tho s'oocl bods with a solution of :potassium permanganate 
has maclo little difforonco.. Any orclinaTY fungicide should be beneficial. 
Fertili ty of transplant bods sho1..ud be maintainod, or improved, by the use 
of anumal tnanure or even fertilizers. Ash from the camp ki tcllen is also 
being usod" Green manure' (Crotalaria Pueraria) woro' tried on tho 
Curua but (Licl not do well. Further trials should bo mado .. 

Careful records of nursory work shm.lid bo kept. Dotails sho'Lud be 
noted of the erigin and weight of seed sown, the elate sown, elate of 
germination, date of transplnnting,numbe:r transplanted, number of failure's 
replnntecl and tho number of plQnts :put out in tho field and whoro planted .. 
Tho date of sowing, gormin:o.ltion and of transplanting should bo shown on a 
small peg in the nursery on oo.ch bod or eaoh grou:p of containers wi t11 ' 
trans:plants. ,A 1)lue ponoil is Ix;-iitor than rod for writing on the pogs. 
Tho nurseryman s11.ould bo, ,Ii torato and should koop a clay to clay diary of 
tho work he does.. This information should bo posted monthly 'to the Nursery 
Record. 11 suggested format for this is shown in Appondix XII .. 

Shade is an important mattor in nurserios. It shoulcl be such that it can 
be easily alterod accoI'cling to tho weather or the species of plants. The best 
thing is to havo somo sort of framework: over which slats (ripas) or palm 
leaves can be quickly plaood or romoved. 
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'l'ho "hardening off" of pl;:mts to bo put out in tho opon is. an important 
point. 'rhis should start at loast 2 or 3 months before "-[;118 p111nting soason, 
and should be in tvvo or throe stages so that tho plants aro in full light 
at least about 4-6 woeks l)oforo boing put out in the ,fiold .. 

In tho Curua nursery 55 Amazon, 18 from Minas Gerais o.n(l 21 exotic 
spocies havo becm tried. In somo casos, eonorally owing to delays in 
clearing tho seed through Customs, tho sooel had lost its viability; in a 
few casos soeel germinated but the seed.lines soon died off.. 'rho following 
failed to germinato or soon clied off g 

Local 

Amapa 
J3Rlsamo do Peru 
Jonipapo 
Matamati'i ci 

.. ,; 

Exotics 

Cordia alliodora 
Toctona grandis 

Minas Gerais 

Calyoophyllum spruoeant~ 
Joannesia principes 
Lonchocarpus discol'or 
Platycyamus rognollii 
'I'ipuana sp~ oiosa 

A9acu 
Glicia 
Maparajuba 
Palhotoira 

EucalyPtus resini-~Q:@. 
Torminalia my:;r::iocaEa 

Casuarina cunnine;hamii 
L igustrum ,i aJ2onict~ 
MYEoxylon ~oruiformn 
Terminalia catappa 

Evon if only a fow plants wero raised' thoso plants have boen put out 
in tho main trial plot (E) on tho PI anal to. Up to tho 1960 soason 44 
indie;onous and 22 exotic spocios havo boen put out horo or in othor plots to 
give 204 trial blooks or small plantations (sea page 50 ). 

Only good healtl;ty plants should bo put out in' the field. For nako(l
rooted, 15 to' 20 cm and for ball-rootecl stock from 15 to 25 cm is about 
tho best height ~ slightly largGl' stock cem be used, if tho cutting of the 
roots has boon CLone regulo.rly during tho previous 2 or 3 months. Smaller 
plants should bo avoided, unless they arc 'small simply because they are 
young due to late SOWing 3.l1d transplanting. 

It is not necessary to wait for seod bofore trying out local species. 
If healthy looking seedlings are found in' the forest, these can be liftod 
carefully and transplrmtecl in thenlITser;y'. The work shoul(l be done on 
wet days and during the main rainy season.. Seedlings of Guariuba lifted 
noar the end of the rains (June-August) did not take well, but seedlings 
from the same placG liftGd tho f'ollowing year in March and l\pril did 
very much bettor in the Nursery. If the plants are largo (say over~56 cm) 
they should be stumped, or at least stripped, on being lifted.. Care must 
be taken to keep tho roots covered as much as possible. 
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Spocies which have l)een transplanted successfully from tho fores-t to 
the nursery are Angolim do. mata, Angolim pedro., Breu sucuruba Cupiuba 
Guo.riuba, Mandioqueira liso., Morotot6, Parapara, Pau d 1 arco, kosadinha:l 
Taxi pi tQmbo., and T-axi proto f'ellha miuda. Tho only fo.iluro ho.s' been Q~aruba 
both as a seodling and a st~p. 

A noto of warning must be given hore. In general, natural seedlin'gs 
do NOT do, veIl if takon straight from the forest to the plantation site. 
They should have a speil in tho nursery first to develop a good root system 
and to be hardened off. 

(ii) Diroct Sowing: 

T,o avoid tho cost of nursery YVOTk Cl felN gpe cies can l)e estClblished by 
sowing the sood diroct in tho planting area.. This sowing can be done' 
eithor in lihos or at stalw or spots at tho, roquired planting distance~ 
For clirec1; sowing tho soeel should be fairly large, 'the plant quick growing 
in tho eaTly stnge, ane1. the soed abundant and cheap.' Even some plants 
with small seeds such as Eucal~tus citriodora can bo established by 
direot sowing if tho weather 'conditions remain suitable for some time after 
germination" 

For s{l4':lt-sowing the spot should be well cultivated over a circle of 
at least 20 cm and to a depth of 15 cm and marked clearly with a stake .. 
Normally, 5 seeds should be sown at each spot in the form of a small cross. 

For line-sowing 0. oontinuous line should be weil cultivated and the 
seeds sown at intervals of about 3 to 5 times the diameter of the seeel; 
the spacing between the lines should be the same as the normal planting 
distance. 

In both methods tho lines or spots must be kept well weeded and the surplus 
plants pulled up as soon as their leaves start touching each other~ This 
thinning out, esp'0cially in line sowings, may have to be done 2 or 3 times 
in the first year. The sUl~plus plants oan sometimes be used 9 when small, 
for replanting failures in other spots or f1..U'ther along the lines. 

, Both methods have beon rocontly demonstrated at the Curua in an open 
plot $ After 6 months the ros'lll ts wore succossful with Ancliroba (large seed) 
and Terminalia suporba (modium sized seed), but only fairly successful with 
spot-sowing and unsuccossful in linGS wi:bh Eucalyptus ci triodora (small seed) .. 
Soe page 50 for enrichment by (lirect sowing .. 

Small-scale trials should be made with other speci'0s with medium to large 
seecls vvhich Cem be ohtainecl cheaply in large quantities .. 

(iii) Enrichment Planting 

As the name implios, this 'ontails adding species of moro valuo to the 
forest than those alread_y there 6 In special circumstancos it may be done 
in groups, as has been referred to under Natural Regeneration where this 
has failed to appear in pntches where crown and branchwoocl has been burnt· 
following exploitation (page 27 and page 40) 6 Normally, however ,enricJnllent 
consists of planting in parallel lines cut through young secon'dary for~st 
where natural regonoration of dosirabl?s has not been adoquate" Tho l~nes 
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aro usually 20 m apart and the plants usually put out at intervals from 
2.5 to 5 m in tho lines; this gives a planting density of from 200 to 
100 ~lants ~or nectare compared to 1,600 in a plantation with a spacing 
of 2.5 by 2.5 m.. The lines should be cleaned to a width of 2-3 m; they 
should be kept as open as possible overhead, unless the species being 
plnnted definitely likes quite a lot of shade. The lines should run east 
and west so as to cot the maximum amount of light from the sun" 

, Enrichment cnn be done in old fOJ..'est, hut it is expensive to open 
tho lines a'dequately and the growth is usually considerably slovmr than 
in tho open. Compare the poriodic annual incrGrllont -·column 10 in 
Appendix VIII - for onri/chmont planting in compartment 4 or plot]) with 
in the 0lxm trial plot E .. 

As no young secondary forest existed on the Curua planalto, and it 
would take a few years for any to grow up following a felling, compartment 
4 was set' asido for enrichment trials ::md .. _to demonstrate the general 
teohnique. 90 ha have UOVv been pltmted here on a field scale entailing 
the cutting and opening of 45 100 of lines. Sorne -18 species are on trial 
and some direct sowing at stake has been_triod •. Ucuuba, Castanheira and 
Jaoareuba have failed but Andiroba shows some promise for direct sowing. 

Along the lines all tho undoJ..'growth, exoe]Jt saplings of uSQft9- speoies, 
is cut back to a width of about 3 m;, small troes which oan bo folled with 
n few strokes of o.n nxe are thon cut. Next, some of tho clonse-crowned uso
lessundorstoroy species' are poisoned and occasionally Q large troe when 
it is giving donse shade", Stakes aro :put at every 5 m oxcept where a 
desirable Sa1)li.ng is wi thin 2 m of the spot along the line or within 1 m 
on either side 4 Holes are then dug at the stnkes. At prosent; the canopy over 
the lines is not yet sufficiently open in many' parts so more poisoning will be 
carried out later on in tho dry season of 1960. 

As with ordinary plcmtation worle, failures should bo replanted$ 
Normally this should be VJitb. the same specios unless tho rosLll ts o.re poor; 
then another spocies should bo triocL, Those specie'S which clevolop only in 
the open should not be usodfor enrichment planting. The nioro promising 
specie'S so ,far used are Andiroba, 1I.ngelim damato., Guariuba, Quaruba and 
Ucuubo.. 

(iv) Trio.l Plots and Plantations 

Befol'e planto.tionson any sco.le are attomI)ted in a new arGo. small 
trial plots should be esto.blished to give some idea, 

(1) of which are tho moro promising species,nncl 
(2) the best technique for ostablishing them .. 

Thoro should be separate plots on each of the mnin sites likely-to be 
encountered in the area" If the number of plants allow, a species, or type 
of m;trser'y plant, should be put out in two or three separate blocks in 
each plot.. The size of the blocks does not matter very much, but' they should 
be reasonably uniform as far as the munbers of eood plants permit.. 11. useful 
size is a block of 49 plants (7x 7); discounting the outside row, which may 
show an l!edeell effect, this leaves 25 plants for subseqt:lent observations 
and meQsurell1ants~ On the Curu6: the bl'ocksare eonerally 100, 49 or 48 (6 x 8) 
plants; the smallest has only 4 plants. The plots should 1)e repeated over a 
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period of years; the conditions in one ~ar may be particularly favourable 
or unfavourablo to the species on trial. 

There are two main trial plo'ts, E on the Plan~lto, and NT on the Flanco; 
the main enrichment area in compt. 4 has been referrod to on page 50; in 
addition there are two more small enrichinent plots, D on the Planalto and 
N On the. Flanco, two other plots on the Flanco at 4 and 5 k:m, and a plot, 
li.. 1-3, on tho PI anal to with slightly 1areer blocks of somo of the' more 
promlslng specios. Apart from compt" 4, these plots cover 12ha. The total 
numbeF of' blocks is 204 with 66 species, 44 of which ar9 Brazilian, mainly 
Amazonian. Shortago of SPVEli.. funds in 1959 C'txrtailed ,,?xplancling the work 
for the 1960 season. 

Apart from the eucalypt?~which have to eo out as ballrooted plants frol'1 
some container or other, tho normal practice has beon to try naked-rooted 
trans:olants first. 'If thoso do not do well, or if they havo become rather 
large becauso tho seed had to' bo sown early to avoid loss of viability! 
striplings or stumps arc tried.. If all' those fail then the tl-ansplants have 
to be raised in sarno containor or othere 

Deta.ils for each species and: type of plant are given in ilppendix VITI. 
Infonnation of special interost is Given und:or tho species in L.ppendix IX .. 
Somo intorostine comparisons are given below. 

j Es1iab. jPcr.An.lnc7*i 
i Species anu type of plants i Age i Index i (dm) j 

i-------------------------------------~---------t-----t---~----t------------i 
Aguano stripling,Plan. 1 84 9 

11 !1 1\. (+p) 1 '76 11 
tI II En. 1 26 NTh 

Andiroba .;... stripling,Plan. 1 94 7 
II II ll, (-tp ) 1 88 5 
II II En. ' 1 93 4 

Ceuro stripling,Plane 1 92 6 
It 11 11, (+p) 1 100 10 
Il 11 En. j1 90 4 
II II .11 Flan.. i 1 87 4 

1 Cupiuba .;... stump, Flan. 1 73 14 
t 11 striplincs,Flan. 1 62 1.2 
! II II II, (+p) 1 69 13 

.1 II Plan.. ~i 87·~ 31~ 
i E,uc. citriodora boxcs~ Flan. [ 
i II II 11 f1 ': (+p) 1. 78 42 
i II II II Pleur. 1 80 22 

. i 
i 

i. 
i 

II 

II 

Marupa 
II 

II 

II 

II 

II 

II 

Pinus caribeae 
II II 

II II 

II II 

.;... llots, FInn.. . i 1 93 37 
II II (+p)' j 1 92 37 

naked root, Flan. . i 2 83 21 
shunp II ,i 1 98 13 

II II (+p) i 1 94 13 
II Plan.. 1 96 7 
tI II ( +P ) i 1 1 00 1 o· 

boxes, Flan" 14 mos.l 973 .. 5 
- naked root, Flan. i 4 II i 46 2 

II fl. fl 1y:q 7ii 5 
II Il II (+p) -I 74 i 3 

i~~~~~~ __ --~~~-,~-.~~~~~~~j~-----L-----L--------~--------~-* PeT.An.lnc. - Periodic Anual Increment 
Plarr$ ::: Planalto, plot' E; (+p) ::::: with fertilizer; En. = Enrichment, compt .. 4; 
Flan. = Flanco, plot Me . 



In tho first year those trial plots should be measured for heir;ht p:rowth 
and % survival at the end of tho :eainy season(4-5 months aftor planting) ,and 
at tho ond of tho fi:rstdry season. Sub'soquent measUIrements should be only 
once a yoar at the end of, the c1:ry season .. ' Itfter about the third year for 
fast-growing species, or'Iater fOl" tho slovJGr ones, girth measuremonts shoulcl 
also be made. Both hoiGht and cirth moasuremonts should be confined to tho 
taller treos - the 1aTgost 20% should be enough to give rC)liable data.. If the 
blocks are'Ie'rge, Le. over 100 plants, tvvo or more sampling sub-blocks shou,ld. 
be laid down in thorn .. 

In all measurements tho troes in tho outside row, or two rows in the 
larc;or blocks, should be ignorod, as thGy may show somG' "odgo!! offect due 
to compotition, or lack of it, from the adjoining block. 

Mulching has boon triod but this proved rathel" expensive when the' woecl 
growth in and around tho block was not 'suffic;Lont to provide tho mulch. 
Also, 'unrnulched plots havo not suffored. Tho 1')roadcast sowine of cover crops 
howover should be encouraged. C.rotalaria rotusa, c. stria~a and Pueraria 
are all doing we'll. fJ.'ho last may prove a nuisance if it climbs too much over 
the young plants~ 

Phosphatic fer-bilizers are' usually rO(jarded as being helpful to the 
Gf)tp.blishment of pines. As, somo had b881'i ohtai!iod foi-this 'purpose it was 
decidod to try it with some of the othor spocios as wolL In a number of cases 
tho blocks woro subdividod and fertilizer (rock phosphato 'or triple super
phosphato) addocl to part of tho block beforo transplanting.. Rosul ts so far" 
however, have not been vory conclusive:i thoro woro no obvious differences as 
on tho Iioor campos soil Macapn, page 69. ~:he small numb~rs of plants and 
absenco of roplicatodblocks has not permitted a statistical analysis; in any 
,case this work is rather outside tho tonns of roference of tho assignment; 
'such statistical research work should really be done by a forestry research 
institute,such as it is hoped will be dovelopod at INPA, Manaus. 

Tho quantity of fertil:hzer used was half a dessort spoonful put in a lump 
at the bottom of each planting hole. SOmE) COElIJarative results up to November 
1960 nTo (jiven below.. There is nothing really conclusive from these preliminary 
trials. 

i 'With P i Without P' , '. i 
j Spe cie s jEstab. Indexj Per. An. Inc .')\-j Estab .. Index i Por.An4 Inc'"?r 
j----------------------------t-----------t-----------t-----------t-----------j 
lAndiroba (E) 1 87 i 12 i 94 i 13 i 
j Cedro' (E) i 98 i 8 1 91 i 7 1 
j Cupiuba (M) 56 i 21 56 j 21 
iEucalyptus citriodora (M) i i 

II 
I 
j 
i Marupn (E) 
i Pim,1.s caribeae 

II rt 

II 

potsl 87 -
(M)boxosj 64 

93 
47 
65 1. 

50 
51 
22 
10 
11 

(E) is' on: the PI anal to;; (M) is on the Flanco. 
-it Per.An.lnc. - Periodic Annual Increment 

89 
69 
77 
49 
62 

50 
51 
21 

9 
10 
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S:eacing. This is another su1Jjoct fOl' resoarch. The closor the plants 
the Quicker the canopy vlill close, thus reducine the necessity for cleanin~s. 
However? it will mean earlier thinninG'S, and also moro plants nnd therefore 
a hiGher initial cost per he ctare. The bI'[lnchine; habit, or otherwise of 
tho specios in question may determine the So mny the objeot for 
whioh thO spe cios is being Grown, treos roquil'od only for polGS or for 
fuolwood may bo so spayed that no thinning is necessary. The seriousness 
of competition from weeds must also bo conshlered; the more' the weod 
competition the closer the spacinc~ should bo. 

In the: oarlier staGes in a new area and with species about which little 
is knovm concernine; their $ilvioultural rOQuiromcmts, it is bott(n.' to koep 
to a standard spaoing'.Later, as the vvork progressos and moro information 
is Gathered about the rate of developmont of tho SIJocios tho spaoinG may 
bc 0.1 torod. At the stnrt all plantati'on work has 1)001'1 at 2.5 by 2.5 m. 
This menns using 1600 "'.nts a heotaro. 

From rosults to dato it is su[;'(':estod that on normal or averaGe torra 
firma soils, othor oonditions boinG equal, the' follovJinG cO'l:ucl bo put out 
at a wider spaoinG, say 3 by 3 m (1,111 por ha). 

Cumaru 
Eucalyptus f'l.pp. 
Marupn 
Terminalia ivorensis 

Cupiuba 
Gmelina arboroa 
Paraparn 
1~rminalia super~~ 

Tho followinG, it is'suGg'ested, should bo put out at G olosor spaoing', 
say 2 x2·m (2,500 per ha). 

Lncolim ado 
Cuiarana 
Ma9aranduba 

Copaiba 
Jaoarouba 

Shade. Some species do not soem to do well in the open. From a study 
of thoir nntur,11 growth conditions it would' seem that these species ought 
to havo some shade, partioularly when young. Shade can l:Je provided in 
various ways; tho two comm.onest are either by planting some other spo oies 
first at a wide spacing to sorve as nurse trees, or by outtinc lines through 
young (2-3 yoars) secondary grmvth. Another mothod is to olear most of the 
forest but keeping a number of trees soattered over the area; this oan 
be rather expensive and also diffioult to carry out. Most of the trees 
felled will havo to be b-urnt to olear the area for planting, and the hoat 
of tho fire may well kill nany of the nurso trees; l:tost of tho trees in 
tho rain forest are very susceptible to fire .. 

Nurse treos, at least in tho first few yoars, should bo as Quiok 
g'rowine; as the speoies they aro to proteot, and they should not have dense 
crowns or heavy low branohes; 0. form something like an umbrella is wanted. 
Two suitable species aro Parapara and Morotot6; Irnbauba would also do, 
espeoially as 1.t -would die out as the final-crop speoies clovolo];ls and 
overshadows it. 
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Youne secondary growth can of torY be used to provide shade for cios 
thnt do not Crow Vlell out in the open. It is important to keep tho lines 
well opon to reclucG root compoti tion and to avoid d:i.rect overhead shade. 
1\. suitablo spacing botweon tho lines is 5 m, centre to contre, ,vi1h linos 
cloaned to t1. width of about 2 m, and the plants put out 0:[; 2 to 245m 
in tho linos. As the crop GroVIs up it will become necessary to cut b ck I 

some of tho larGer weod troos in the strips oriGinally left to e;ive shade. 
The plantinG lines should be cut on a north-south 'axis so thnt -tho strips 
retnined can c;ive the maximum amount of side shade. 

Judcing by results to date in the opon plots, species '1hich are likoly 
to do bettor with some shade nro Acapu, Guariuba, Itauba, Louro canola, 
Magnrnndubn~ l'/Iandioquoira aspera, l1andioqueira lisa, Quarubn and the Ucuubas. 
Tho melinceous specios, ~I.Gunno, l1ndiroba and Cedro, which suffor from 11 

shoot boror in tho open, should also :bo tried vvi th side shnde" 

Codro is already beinc triod in an alternClte mixtur~ vJith 
or Cupiuba, to sec if those quicke:t' grovvinG trees will provicle 
to di'scourae;o tho shoot Dorer, out not seriously slow down the 
codro~ 

both ParaI)art 
enough shade 
Growth of tho 

Work hns boon clono in many parts of tho tropics on combatine this shoot 
boror, but without much succoss; if thercis too ouch shado tho plants do 
not seem to bc attacked but they grow much more slowly, as can be seen by , 
comparinG the poriodic minual incl'omerit (RPA - column 10 in AppendiJe VIII). 

Tho most likely solution to the problem pl'ooably lies in bioloc;ical 
control. This is :1 matter f'or ontomologicnl oxpo'rts and should bo taken 
up on an international basis" FiLO has already initiated some enquiries in 
this rOSIJOct Vii th a view to ncquirine; funds for work to 'be dome by an 
Insti tute of BiolOGical Control \7i th tropical experience" In view of the 
very much hieher value of ceclro and mahogany (i\.guano) in the lunazon, the 
Brazilian government should give all tho help it can afford to enable this 
project to devolop. 
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J3. COMMISSAO J3RlLSILElRA-AfiJIERICANA - CJ31\. 

(ncar Santarem) 

Durine the second half' of 1956 a block of 12 ha of fo:rest was made 
available for 'experimontal work and demonstration p1..1rposes, through the 
kindness of Dr4 Jsaquim Lopes, Direetor, Posto A~ro-pecuario de Santar6m 
(formerly Commissao Brasileira-mnoricana '- CJ31\.). Part of tho area is old or 
fairly old secondary forost but part 'of' it has not 1)e8n greatly interfered 
wit./i except for cutting sorne 'Grees, e.e" Jarana, for fencing posts.. The 
incidence of the creepers and climlJors was much heavier here than in the 
virBin forest at the Curun, duo to this interference. 

The area lies on tho S[mtarem I!Plo.no.l to II (tertio.ry clay') o.nd is some '12 
km south of the city and o.bout 2 Ian off the road to Bel terra .. 

'! • Demarcation and Roo.ds 

The areas 'is reached by a track of about 300 m f'I'om tho roacl from tho 
Agricul turru station to a fazenda known as "l~ndiroball\. It has been divided 
by paths into 12 plo-ts of 1 ha hoach and subdivided by lines' for survey 
purposes - see Metp :3. A !lsurround'll (envoI to.) of 10m wide has been marked 
out round tho plots_ 

2. Inventories 

After creeper cutting in each pl'ot', a normal inventory was carried 
out of all trees :from elasses3 up, i. 8. of trees over 25 em DBH, ns was 
done on the Curu~. 



- 56 -. 

Half-chain strips (10m) were run along lines 4, 5, 6. cmel 7. 70% of the 
samples wcrre found to contain desirables between 5 and 55 cm cliameter. In 
quarter-chain strips (5 m) along lines 1 and 3 61% of the sampiles had 
desirables of sapling or pole size (over 1.5 m tall up to 25 cm di~leter). 

The fi[,'Ures for the half and quarter-chain strips are rather higher 
than those foi; the Curun - 48% and 46%. Such interference as has taken 
place in this area in the past wouJ.d appear. to have benefited the 
regeneTation of some of the more usefuJ. species, Louros, Parapara and 
Dcuuba. 

The species and percent8.ges of the desirables in two S'LU'Voys are shown 
beloiJl. 

Species 

ll.roeira 
Cumaru 
Cupiuba 
Freij6 branco 
Guar±uba' 
Itauba 
JaI'ana 
Louros 
Mc~rupcf 

Morotot6 
Mira-i;aua 
Pau d!arco 
Piquia 
Parapara 
Quaruba 
Dcuuba 

Half-chain 

l' 
2'.5 
2.5 

"15 
1 

1 
36 

1 
Se oond. only 

-1 

1· 
Second. only 

1 ' 
Second. only 

36 

QuarteI'-chain 

12 

1 
1 

41 

3 
36 

. IISe cond. only" moans thet this species was rec'Orded only as the secondaI'Y 
desirable in one, or more samples. See Appendix IV. 

2-metre strips were surveyed along line 2 and part of 1; uetails are 
given later under "Natural ReGeneration" (paGes 57, 58 and 59) .. 

It is t'oo early for a rosurvey of the quart~r (5 m) and half (1 b m) 
chain strips. 

3~ Natural Regeneration 

(i) Post-exploitation 

In the first three plots, J3 and C, about 40 large Undostrables pOI' 
hectare were Iloisonod in Octobor 1956. In July 1957, tho larger des~rables 
were felled, and tho' following month they were removed by 'GhoLoc;ging Dni t 
with its now D6 tractor... These logs were taken to the Sawmill 'rraining 
CentoI' noar Santnr~ci. 

This felling and extraction gavo a small aroa where post-exploi tat'ton 
work to further natural regonoration of dosirables could be carried out .. 
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Tho following trees of timber sizo were felled: 

Species 

L-capurana -x-
Cuiarana 
Cumaru 
Faveira uing-* 
Faveira folha fina*' 
Freij6 branco 
Glicia+:-
Gombeira 
Jarana 
Jutai pororoca* 
Louro ? preto 
Lauro sp. 
Parapara 
PiCluia 
Quaruba 
Quarubarana 
Tauari 
Taxi branco* 
Taxi proto* 
Ucuuba 

Number of treos 

1 
1 
3 
-I 

1 
2 
1 
1 
1 
-1 

3 
1 
2 
1 
8 
3 
1 
-I 

1 
_L 

Volume (m3 ) 

1 .1 
hollow 

11'.5 
3 .. 3 

hollow 
J.2 
3'.4 
1'.8 
1'.4 
2'" 7 
6'. '1 
1.9 
3 
5' 

37'.1 
21'.3 

3'.9 
1'.4 
2'.5 
9.7 

7(- The se are not yot generally aCCGlited as e conomicso 

In plot A, in which more trees had been foIled, a llheavyll opening of the 
romaining canopy was made by poisoninG somo 8 dense-crowned understorey troos 
and by cutting back all tho undererowth excopt the yom1g dosirables. In plot 
J3 a lighter opening ViaS mado by cutting back some of the undor[3Towth - those 
undesirable species with opposite loaves. In the throe plots 65 of the largo 
trees which had been poisoned a year earlier, but which were still alive, 
were repoisoned after 'exploitation. Plot C was sot aside for enrichment 
plantinG - see page 60. 

Resul ts of 2-metre strip stlrveys g 

r Plot A i i Plot J3 
Date I i i 

! % INo~of species i i % i No • of specios 
i . j i 

i i 
Novomber 195B not clone i I 68 8 
December 1959 98 -14 i i 88 11 
October 1960 88 13 i i 98 11 

I_ i i 

The light docrease in 1l. is probably the result of the last cleaning .. 



T\'l0 cleanings have been carried out in plot Ii. but none yet in B. The 
object for this is to find out; 

(a) whether adequate regeneration can 'be obtained v'lithout the 
ex;pense of cleanings in tho first tvlO years, and, 

(b) how much the development of the rogeneration is held back 
by not openinG' heavily and then cloaninG_ 

There' is no doubt that adecluate reGeneration has now been obtained in 
both plots., l~t present the growth of the regeneration in B is equal that 
of A. When it is freed ho'wever (say in 196'1 - 1962) it is possiblo that 
rnucll of it may be vJoalc and i;vill fall ovor. DurinG tJ10 first cleaning in 1~ 
in July 1959 there wero so many desirables that somo woro pulled up or cut 
back where they were intorfering yvith each other; preferonce vms given to 
specios other than the three commoner ones - Lauro, Parapara and Ucuuba .. 
Seocllings of 15 desirables species were found in this ono hectare. 

(ii) Inclucing Natural Regonoration l)ofore Exploitation 

In tho next three plots~ D, E and F, a "heavylt opening of the canopy was 
carried out. Somo 43 large troes and 68 unc1orstorey troos l,e:l.' hecta:r8 were 
poisoned and all the undergrowtp. except that of desirables was cut back. As 
wi th tho exploitation plots (A, B, anll C), one plot here, F, was set asido 
for enrichment planting - soe F~ge 60. 

As at the CUl'U;J:, to get an idea of the degree of canopy opening the 
original basal areas were calculated from the inventory moasurements, and 
that of tho unpoisoned troes from monsurements for a diameter increment 
exporiment. The agreement with tho figures fora similarly poisoned aroa 
at the Curu~ is romarkably close -

\ CurU[l C1 nnd 2 20.1 reduced to 11,.4 m2/ha (dinmoter clnss 3 ancl UP) 

OJ3[\. D l! E 19.9 II II '11.0 l! l! It II II II 

An estimnt'e of the basal area by using a relascope has boen roferred to 
on page 26. 

1\.s was to be expocted, tho regrowth of 'tho l,mdergrowth was fairly 
vigorous in these quite l'l.Oavily opened plots.· A cleaning was carried out 
in August 1958 cutting all 1;voeds' bnck to ground lovel in D; this operation 
cost 1.0 man-days for thehoctare •. In E, ,only tho weods abovo waist-height. 
were cut back though,when close to smaller desirables, the smaller weods 
wero also cut baclq this on cost 4 man-clays for tho hectare, a 
considerable saving. Similar cloanings two years later cost '14.5 and 5 mal1-
days respectively. 



- 59 -

Results of 2-metre strip surveys: 

Date Plot :n j i Pl,ot E 
--~r---~------_______ ji i 

i l % INn.of spcciesj i % iNoeof species j 

1-----------------------1-------t-------------j j-------t---------------j 
i November 1958 1 i not done ii 60 i 9 i 
i December 1959 j II "j i 86 11 j 

October· 1960 94 9 ii 92 9 
i i 

,There· is now plenty of regeneration in these two plots, mainly of Louro 
and Ucuuba. They could be exploited. As this is not practicable, the 
undestorey should l)e further oponocl periodically to assist tho development 
of the established regenoration. Furthor cloanings Will be necessary ~t 
2 or 3 year intervals till the seedlings and saplings are able to form a 
canopy to suppress tho wood growth. 

In tho next three plots, G.H. and J, a "medium" openinG of the canopy 
was carried out. About 39 large trees and 25 understorey trees (G and J only) 
per hectaro we're poisoned and some of the undergrowth cut back - as was 
don8 in plot B. As in the previous groups, one plot, J, was set aside for 
enrichment planting - see page 60. 

In the last three plots, K,L anc1~ M, a "lightll opening of the' canopy was 
carried out. Only about 39 large trees pOT hectare vvere poisoned. Nothing 
was done to the understoroy or i111dorgrowth. 

Resul ts of 2-metre strip su:evoysg 

Date Plo:tH j i Pl,Ot L 
--~r---~--~----~~i i i 

i i % i No • of speciesii % i No • of species i 
I----~------------------t-------t-------------i j-------t---------------i 

November 1958 36 6 ii 62 8 
December 1959 56 7 ii 62 9 
October 1960 79 8 i i 70 8 

i i 

'rhe stocking in these plots is J;low quite good but the regeneration of 
desirables· is less and has taken l'onger to come in than in plots :8, D and 
E; also, the height growth is less .. 

Over all the plots there is not much difference in the numbors of the 
more shac'Le tolerant species such as Cruariuba and Ucuuba, -but there are 
naturally more of the light' clemancling ones, such-,' as ParaparD. and Morotot6, 
in the heavily opened plots" 

An interesting feature in all six ];Jlots sampled is the amount of Guariuba 
which has npP8'ared. The fruit is a fairly heavy drupe about the size of a 
coffee lIberry !l. Only one seed trees is known; it is in tho surround on the 
edge of plot D, nnd yet young plants are found well distributod 'over nll tho 
sampled plots, ns well as being concentrated under the seed tree. Here,they 
have been thinned out as on tho Cu:cua (page 31). 



_ 60 _ 

4. _ J~nricpm~)llt Planting 

AsitVJ1ls nocessary to start en:richment operations oarly tmd, as it 
would take a few' years to find out tho effoct of the different degrees of 
canopy opening on securing adequate regeneration of desirablos, it was 
assumed ntthe start tha-t there wo.~ not, or ·would not be, enough no.tural 
regeneration in ono plot of oach of tho four different treatments -
exploitation and some poisoning$ heavy,medium and light C8.l'lcipy openings. 
Plots C, F, J and M vvore therofore SGt aside for enrichment, -with the 
different dogrees of canopy opening to be maintained as far as possible. 

, , 

1.1.n08 werv cut, ignoring, i"e. also cutting any natural yOLU'l.g desirable, 
through oach plot at 10-niotro intervals ans plants put out 10 m apart in 
each line. In plot C (not hoaVily exploited) 226, and in plot F, 60, small 
tr8es overshadowinG tho lines woro pois'oned. Plots F, J '-mel 111 wore planted 
early in 1957, and plot C early in 1958. Replantlng of failyres has been 
carried out as far as nursery stocks have allowed. 

ReS1Jl ts are (November 1960): 

i i P.n.I. * i 1 
Spocies lNumberiEsto.b.Indoxj (elm) Plot 

C Aguano 3 failed 
nndiroba 20 76 9 
Cedro ~FOTd) 40 83 8 
Cedro Eq. ) 30 31 "4 
Jarana i 5 55 2 
Piquia i 5 50 6 

F Andiroba 84 86- 7 
Cedro (Eq. ) 10 64 10 
Te:rminalia ivorensis 10 55 i 16 

i 
Andiroba -16-1 77 j 4 
Coclro CEq. ) 'lO 56 6 

J and M 

Terminalia ivorensis 30 57 5 

CEq.) = Plants (in F <.:md J) or seed came from Ecuador. 

It proved impossible to maintain a reliable difference in tho degree 
of canopy oponin[{ in plots J and ~1l, so these two are now regardocl as having 
a "light II opon:i.ngo 

7(- P .A.I. Periodic Annual Increment 



., 

Tho Codro plants from a Ii ttTo seed collected at Forcllandia in 1956 
continue to do very well (pl'ot C). Efforts to get more seed from here 
have sO' far proved fruitloss 4 Cedro from seed from Ecuador is not doing 
so welL iit the Curua, however, plants from this seed are doing bettor than 
plants from ,local see,d, o.g.; 

Cedro (Ecuador) 

Cedro (Curua) 

i i 
With P fertilizer j i Wi thout' , i 

i Estab.Indox j P.A.I.*ji Estab.Index i P.A.I.*j 
'j--------------t--------- j i --------------t--------- i 

92 22 i i 75 17 
i i 

98 L 8 i i 91 9 
j i i 

Plants from Ecuador seed are also proving more resistant to the shoot 
borer at tho Curua ... soo pages 80-i;>1.More trials should be made with plants 
from Fordlandia oven though tho soed trees have been badly attacked. 

5.. Diameter Increments 

As explained on page 43 for tho Curu6 it is nocossaryto 'obtain 
information about tho responso of various sl)ocies ·to liberation. AdvantaGe 
has boon taken of tho plots, D and E, where the canopy has been heavily 
opened for natuxal regeneration to measure periodically tho Girth of the 
remaining tree's. At the same time notos aro mado of tho crown prosi tion 
an'd crown form. The control plot in untroatod forost is in tho surround 
(1.4 ha)., 

As at the Curua, the first remoasu:rement (after two yoars) vms made 
in October, 1960, so it is too soon ~o 2ltart drawing definite oonclusions. 
Here, Quaruba of all sizes is putting on Gooel increment, even more than 
Taxi 'preto, while Ucuuba is growing about three times f'aster than. on the 
Curun. In general tho d.iamoter Growth is better at C]3II... 

* P.A.I. Periodic Annual Increment 
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C • SillTT.A.REM 

Tho small plots here aro within the limits of the SPVE11.-FAO Sawmill 
Training Centre. The soil is sandy, with some terra prota in the western part. 
The vegetation is poor secondary bush whioh has obviously beon ol£larod'and' 
cultivated several times in the past. It was an ideal aroa therefore in 
which to study the afforestation problem of poor secondary bush near a 
large centre of population. Thoro could be no,question of natural regeneration 
as all desirables ll.,ave long since, disappeared from the area. Tvvo plots wero 
laid out; one was for line planting through the bU'sh to talco advan~age of some 
side shade and one was for trial plots in the open. 

1. !urserl 

A small nursery was opened hore in June, 1956. Apart from raising 
plants for small local trial plots, some were to 1)13 used for enrichment work 
at CBA, and 'some were to be available for township planting, if required by 
the Prefei to. When funds become short in 1959 the nm'sery wa.s closed, but 
it V!aS re-opened lator in tho yoar for raising oucalypts, some of which were 
to go to the Curua, where the nursery results with these species had not 
been good the previous year. 

Seed of 33 differen't species were sown from 25 of which 
obtained for trial plots. The following species failes~ 

Araracanga 
Calli tris r;lauca 
~calyptus propinqua 
Jutaf a9u 

Callitris arenosa 
Eucallptus paniculata 
E. resinifera 
Pau marfim 

2. Line Planting 

ants ware 

Tho lines here were cut 5 m apart and plants put out at 2.5 m in the 
lines, as the whole area is rather small. Any benefits from shado, havo 
boen more than counterbalanced by competition from the bush between the 
lines. Sativa too have caused much damage; had it not beon for them res'luts 
would certainly have been better 'with Gmelina and Albizzia lebbo.ole, but neither 
of thesG spocies has done as well as in the open plot where sativa attacks wero 
as bad. Various formicides have been used but the whole area is covered with 
ant holos. In the 1957 oDen plot of 3,000 m2 50 holos woro .counted'from which 
ants were' working. Attacks aro loss severe now after a three-year war of 
attrition. 

3. Ordinary Trial Plots 

In the first year ('1957) advantage was taken of a recontly cleared but 
unbu,:rnt patch of very young secondary growth (about 1 m high). The new 
regrowth was cut back and burnt prior to planting. In the following years 
the plots were extended annually to 'the south-east in somewhat older 
secondary growth (about 3-5 m high)., Results on the younG secondary growth 
area was replanted in 1958 and again in 1960; whereas plants in the new 1958 
plots did well (see below for some results), the SElE10 species failed or did 
very badly in 1957 plots. 
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Usually., areas of secondary bush, in spite of repeated clearings and 
burnings for oultivation, are still capable of successful afforestation with 
such trees as Eucaly;ptus, even if after a resting period which is too short 
to give good results wi t11 agric'lll tural crops. It Vlould soom however th"t 
on these sandy soils of quaternary origin the bush must bo allowed a longer 
resting period for small·"!;roos to develop and to reach a hoight of sevoral 
metres before being cloarod and burnt for afforestation except with Gmelina, 
and perhaps Teak. Tho FAO Mission pedologist was unable to find any 
differonc'Os in the soil to account for tho poor results in the young secondary 
bush aroa. 

Sauva caused damaee in tho earlier yeaTS, par"bicularly to Gmalina, which 
was sometimes defoliateclthreo times a year. Tho growth of this sI;eciBs 
would have been about twice as rCl1Jid had it not beon attackod so often" 

Cleanings have to bo cnl'ried out 2 or 3 times a year in' all the plots, 
but can soon stop in the 1958 plo"bs of l?:~lCaly;ptus 0.1 bn and E. camaldulensis 
where tho tree canopy was closing l)y late 1960. On a large scale it might 
well be advisable to cloan parallel traces with a bulldozer and to plant 
two rows of trees along each trace. If this cannot bo dono tTials should bo 
made with an arboricido to kill back the regrowth of tho bush. 

Brief results of tho more promising specios are given bolow. More 
details may be found in L.ppenclix VIII, whore rosu1 ts can bo compared with 
those at the Curua.. 

1 i i 
i Year i Species jNumberrEstab4Inclexi P.JLI.-x-Cdm) i 

i-------t-------------------------------t--~--~t-----------t-------------l 

* 

Line P1ap.ting i 

1957 Albizzia lobbeck 
GmelinD. 

0Een Plots 

1957 AlbizziD.·1~b~eok 
Gmelina 

1958 Euoaly;ptus E1:~'ba 
E. camaldulensis 
Marupe'l 
Teak 

1959 EucalyptUs citriodora 
Parapara 

1 960 Eucaly;ptus n1 ba 
E\loamaldulensis 
Gme1ina 

r 
94 
60 

45 
60 
90 
45 
45 
45 

300 
75 
60 
60 

Pinus cariboa will be tried out in 1961. 

P.A.I. = Periodic Annual Increment 

16 
85 

41 
85 
42 
29 
62 
73 
17 
38 
81 
68 
98 

2 
13 

10 
13 
27 
31 
16 
19 
17 
22 
24 
18 
7 

. i 



The following species have failed or llone very bndly~ 

Line planting 

Andiroba (1957 and 1958) 
E. camaldulensis 
lvIarupn 
Teak 
!ermiE_~ia superba 

Plots in the open 

Cu~li~£is in~ru~ropica 

Eucal:D:2J;:,};'S drepanophylla 
Ei_,:-s al2.:J)'Yl,ll 
'J1orminalia i vorensis 
---.---"--;..;...;.-'-=-'-".;.....;~ 

Eucalyptus alba 
E. tereticornis' 
Schizolobium sp. 
Torminalia ivorensis 

Casuarina cunni~rjlrunii 
Eucalyptus ro busta 
'Schizolobium sp. 
Terminalia su],erba 

In the liCh'l; of present info=!:,mation it woulcl not appoar to be advisable 
to attempt la:::-{','e scale afforestation for timber in secondary bush on these 
qu'atel'nary sands, Only quick-crowing spocies for fuel, or possibly for ]XlIJ0r 
pulp, should 'be planted un'til 1:10re experimental "vork has been done. 

L. small fe:::-'cilizer trial with triple super phosphate ';'las made in the 
1958 plots (8speci-eS-Y-but the results were not conclusive.. In 1959 a furthor 
trial' was made on a slightly largor scale with only Eucalyptus camaldulonsis 
and !:"_ ciclri.odS:.!1':4 Results (November 1960 measurements) are: 

Species Estab. Index i i P.A.I. (elm) 

i 1 i i 
jEucalyptus camaldulensis i 50 i i 37 

l! II +Pi 53 i i 31 
II ci trioclora i 17 i i 17 
11 II +Pi 41 i i 28 

Eucalypt'us cj,triodora doos not seem to have dono so \ivell here without 
fertiiizer:=--A"C"-=t"he Curutt, however, on the sandy flanco 'soil plants from tho 
same source as above have shown ho rosponse; t~le P.A.I. with and without 
fertilizer is 51 dm in oach case .. 

4. Forestry and Erosion Control - Santarem City 

At the request of the Prefeito a study vms made in April 1956 of the 
possibility of chocking 1;ho eros'ion of some of tho city streos by afforostatj,o~1 
botwoen the airport and tho city .. 

The following note was submi ttod in June 1956 to SPVElI.,· vJi th a copy for 
tho Profoitog 

"FORESTRY 1,1m EROSION CONTROL IN SANTlI.REil.[ 

':1.1ho problem of orosion contI'ol in Santarem is eSGontially one of civil 
enginetlring, requiring tho construction of adoquato concroto or brick 
drains" Tho amount of tho run-off aftor heavy rain,however,could be 
reduced if overy open space, and' part of overy yard round every house, 
:l.s plantod with a croepinG crass. 
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2q Thero is only a small area between the fence of the aerodrome and 
tho southernbuildin[;' limit vlhe:re trees could be planted; this strip 
is about 2 'kill long and 200 m wide ~ From about half of it the water flows 
to the west to the /lJ iga:rap6 f1 IRURii., and so does not contribute to the 
erosion in tho town. 

3.. There was no sign in April, 1956 of any appreciable run-off from 
tho eastern portion, oxcept along an old road leading from the aerodromo. 
Tho water which runs away alonc~ this road com'es from the open spaces 
around some buildings near t.ho aer.odrome c;ate~ Two things can be 
done here: 

(1) plant grass oval' the open spaces, and 

(2) divert the flow from the preson~ channel and direct it 
westwards to tho lIigarap6!tIRUR1I.; this' Inttor would 
reduce the 1'10,,'1 lower down in the town~ This diversion 
will mean an incroased flow across the road to the 
south between whe'ro tho 38-metre contours cros~ and 
ro-cross tho road.. It will be necessary to raise the 
road a little at this point and to put in a wider 
cul V()}~t .. 

4. Fm'ther along this ro'nd to the south it is crossed by the main 
run-off from the; aerodromo.. i\t this point to'o it is suggested that 
the road bo raised and a large culvert put in. l\.part from planting 
Grass over as much as possible of the open spaces around the aero
drome , 'it is doubtful if anything else can 1)0 done to decrease this 
run-off. 

5. So far as tree plantinG in the iltrip north-west of the aerodrome 
is concerned, it would be better to make this area into a park; the 
trees should be vviclely spaced (20 or 30 m apart) and eac'h one would 
need some wire netting round it to protect it from Goats. A creeping 
grass should be planted over the open spaces between tho trees and 
clumps of bushes. The Fl,.G Mission coulc1 provide the trees and do 
the plantinG' but the Profeito would have to provide the wire 
nottinG to protect the treos. If the Prefeito would like this work 
to be done he should let the FAO Sil vicul turist know as soon as 
possible so that tho treos can bo reserved for- this purpose~ Tho 
plantinG could be done about February or March. To mmee a plantation 
of treos in this areas would be expensive, as the whole a1:'oa would 
neOcl a wire netting fel1ce to protect the trees from Goats" 

6. With reGard to tho suggo'stion for a "i'Jature Resorve II boyond tho 
aeroclrome and to tho.ons.t of tho rOa'C1 to tho south, tho Fl,O Sil vicul turist 
is "lvillinG' to help in any way he can. 11 

Tho sugCestions about ralslng tho road for a large 'culvort (para.3, (2)) 
and puttinG' in a larGer culvert further to the south (para:. 4) have been . 
adopted. Nothing has 1)eon done vii th to plcmting grass or tree planting. 
':Phe conversion of one or: two streets into eul1eys, larc;e enough to lose a 
lorry in, continues4 
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D~ l~fu\PA (Federal Territory) 

It was possible to maktJ an early start here, tha:n1<:s to the interest 
of tho Territorial Government.. "\ftor a short preliminary roconnaissance 
in December, 1955, a more detailed study was made early in Maxch 1956 and 
0. proposed Forestry Pl'an was submitted in April. This plan was approved 
by SPVEA in June, 1956~ 

Briefly, the plan was' in two parts, one for the forest areas and one 
for the poor de,::;raded campos .. 

1. Forest Area§. 

In viow of tho railway construction from Santana to tho site for tho 
man,::;anese mino at Terezinha proposals wore confined to the arOQ through which 
the rQilway runs west of Porto Platon, now generally rofol~recl to as IICampo 
Verde II. This is tho aroa where Dr. Arthur Mi:ral1'da Bastos of the Servigo 
Florostal was 'oarrying out an invontory - Rof. 7 b 

(i) Reservation 

It 'was suggestod that part of tho area near the railway should bo 
mado a forost res'erve, tho location of the boundaribs being clocided from 
tho results of Dr. Miranda Bastos t inventory survoys Tho seloction and 
dOl::tarcation of ono or more areas is the respons'ibili ty of the Territorial 
Government. 

(ii) Silviculture 

It was proposed that trial plots be established with a view to improving 
the forest byg 

encouraging the natural rogenoration of useful timber species, 
reducing the numbor of usoless sIlecios, and 
enrichment pl,mting whore nat"LU'al regeneration is poor or absont" 

Plots wore to be laid' out in both good high forest and in poorer 
forost close to Porto Platon. 

FAo., with fiinds from SPVEA, Undortook' the sil vicul tural 'livork, transport 
being provided by the Territorial Government. Six i-hectare plots were ' 
actually clemarco.ted in May 1956 and in Augus-I:; a~ inventory of 4ha vms made" 
This inventory showod~ . 

Plot rrotal Volume 
m3 

Number of treos Number of species 

A 219 137 57 
J3 189 124 46 
C 195 112 44 
J) 237 - i 133 43 

Moan 210 126 47 
Total number of spoc,ies = 78 
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In plot Ii. enrichm,cmt linos Vlere ol,ened;; ,in /1, :So and]) some 64 large 
undesirables wore girdled (poison and sprayors did ,not arrive till 1ater)and 
in D tho usoloss undergrowth was cu,t back~ :S, aneL]) viere to study the 
dovolopmont of natural regenoration following light and heavY canopy ojJening. 
For tho latter 33 undor'storoy troes woro poisonod in ,D in Octobor 1956. 
C was kept as a control" Cre01)Or 0uttingwas dono in li., B anc1 D. PIJots 
E'and F were in tho poorer forost v7hero lines wore cut for onrichment. 

It wa's proposed 'co oxtoncL to 4 ha, oach of tho plo'ts A,. Band D 
during 1957. Howevor, owing to somo misundors~anding ICOMI (the mangant:;se 
mining company) were a110v/o(1, to como into this aroa to establish a farm .. 
By a gontleman t s agreement th the lTIm-laging director of ICOMI, FAO agreed 
to extend only in a wostorly cli:(.'oction" In JllIay, 1951, a further' 14 
ene-hbctare plots ivero laid clown and croopor cutting carried out. See 
Map 4. A block of 3 plots a'cljoining 11 and 2 others noar tho igarape on 
the west were for enricbJ!.1on'i:;, Ono block of 4 plots was for a Ilhoavyll canopy 
oponing and one of 4 for a 1l1ig-h'c il opening. 

Ha1f-chain linear.rogoneration G1.'T'veys v18re mado in plots A to E in 
May '1956. Thoy revoalod a vory lovv sto ::ldng of desirablos in the bettor forost 
- 25% sillIlples stoclmd - o.n(l only 5% in tho poor forest .. 

Quarter-chain (5 m) strj~ps YlGre surveyed in Octorber 1957.. Tho sto'Cldng 
of tho saplings o.nd polos was bottor, but poorer than at the Curud or CBA", 

Enricbrnont Heo.vy:' J:ight 

Percentage stocked 34 42 37 

1960 was too soon to carry out a .socond su:r:voy .. 

F02' the tlheavyll opening (plots· 1,2, 5 and 6) 32 large and 41 under
storey trees of undesirables ,"vBre poisoned POl' hectare 2nd the undergrowth 
cut back, except of dosirablos" FClr tho lll,ight" opening (plots 9, 10 12 
and 13) 19 largo unc1esirables wore )ci::::0:'lGd per hectaro. . 

Cupiuba is fairly commJon in the forest and it rogenerates readily in 
the open alongside the roads o As '~hGrewere 12 Cupiuba trees over 25 cm 
diameter in plot D it WClS hOlJed that some regenoration would aIJpeo.r thoro' 
follovling tho l10avy ClJo .. ~:~n,:> "_otL.ing had come in by mid-1959. 
Howover, in plot ], '"'1hore a firo had como in:from c'loaring work by ICOMI, 
much Cu:piuba rogoneration hacl. o,Ilpoarocl 0. y(;;ar lat~r. In September 1959 
tho regrowth of 'the undorgrowth in Dwac cut back, and lat~r the ICOMI farm 
manager co-;-oporatocl by trying to burn it;, owing to unseasonal rains this 
burn was not successful, but CUjJiuba is ,nNv appearing in the few small 
patches where fires wore started. 1'ho plot VJas slashod back aeainand will 
be burnt in tho latter part of 1960 0 
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S0ptember, 1966 a 2-metro regeneration survey was carried out in 
the l!heavyll (plots 1,2, 5 and 6) and 1I1ight" (plots 9',10, 11 and 12) , 
openecl blocks s three years after the initial treatment. In the heavier 
openod plot 22% of the srunplos wero stO'cked with regonoratton of dosirablos 
and' only 16% in the lightly openecl ot. These ros,ul ts are much poorer 
than anything at the Curua or CM; they reflect the lower stocking of 
desirables which was found in the original inventory of the larger trees. 

In all plots lines were cut 10m apart and further opened by l)oisoninG9 
planting was at 10 m in tho lines (1.00 per ha). The tako was fairly good in 
both 195( (plot A) and in 1958 (plots 3, 4, (, 8 and 11), some beatingujJ 
was clone in '1959 and was plannecl for 1960 but transport was not available. 
By May 1960 many of the plant's had died and it was considered advisable not to 
continue with enrichrrlGnt YlIOrk. The lines noeo, more opening first, and, 
ovving to repeated difficulties over transport and sometimes ovor gettine; 
labour, further studies with enrichment ple,nting should bo confined to the 
Curua, and to work now being started by the forestry 'section of the 
Insti tuto Nacional de Pesquisas cla Amazonia at Mantms. Rosul ts in plots 
E nnd F in tho poorer fo~~est are as unsatisfactory .. 

The species tried were Acapu, Aguano, Anani, Andiroba, C'Odro, Cupiuba, 
Cumaru, Jacareuba,Ucuuba, and Gmelina arrd Terminal:La ivoronsis. Details 
are given in Apr,endix VIII opposi to IIPP fl • . 

2. CamEOS Areas 

It was thought that these areas, though poor for agricultural crops 
or even grazing, might,besuitablo for afforestation; trials were suggested 
with such species as Pinus carib.'1.og., Gmelina arborea and various Eucalyptus 
species with interplanting with I,eucaena rslauca to improve tho soil. 
the first nursery was to be bear Macapa to facilitate control, and later 
near Porto Platon. The trial 'plots were to be at Matapi 8.nd near Ian 85 
o.nd 55 on tho road from NIacaprt.. It was suggosted. th3t n large areas east 
and south-east of Porto Platon should be earmarked as a possible future 
reserv~ for large scale planting, if the trial plots showed promise. It 
was hoped ,that some locally recruited 'staff would be appointed for traininG' 
.. none materialized from the Territory. 

The Division of Production kindly made available a nursery site noar 
the Equator at Fazendinha-de-li'ora and "vork started here in June 1956. It 
soon became apparent that thore would be difficulties over transport and 
labour and beforo tho end of thb yea~' it was decided to site the first 
trial plot close to tho nursery.. The Division of Production pl'oughed 
strips across the plot but were U11able to do anything at Matapi. The only 
othor mechanical holp they were 0.1)10 to ,give was to clean tho fireline 
with a tractor in 1959. ' 
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(i) Nurser,;y: 

The nursery was oponod in tWQ,.adjoinine sitos ono in the open on 
recently cloared young secondary forest (3-4 m high), and ono under older 
secondary forest (10-12 m hign). The open part was for raising plants 
for the 'campos tRial :plots ancl the shaded :part for :plants for onrichment 
planting. Plants wore raised in beds for stocks of naked rootBd :plants, 
stri:plings or stumps, c.md in boxos and pots of galvanized iron.. In all 
44 species were sown in this nursery from 29 of which pla~ts were obtained 
for the trial plots or for plantinG at P6rto Platon. 11ycorrhizal soil 
for raising Pinus caribaea was introduced from Sao Paulo and ~rinidad, 
and some young pine seecllings wore brought in from thelntter.. The :plants 
from these seedlings now consti tu-to' tho main source of mycorrhizal soil 
for work at th'o Curua nnd at 1,~aniius. Sauva cnused some domage at timos 
in the .nursery. 

The following species failed to Germinate or else soon died off 
before or after transplantinGg 

nrarncanGn 
Callitris nrenosa 
Calo:phyllum antill~ 
Eucalyp-tus saliGna 
Pnu dtarco 
Pinus khns;yt?; 
Tnxi 
Terminalia myriocarpa 

(ii) Trial Plots 

Balsamo do Peru 
Callitris glauco. 
Cordia alliodorn 
Macacauba 
Pau marfim 
Pinus markusii 
Tenk 

In -tho FazondinhD. plot plc;mting WEj.S done at 2.5 by 2.,5 m half of 
tho halo having half a clef3sert spoon of rock phosphate put in tl1em just before 
planting; This troatment vms repoatod vvi th oach replanting.. 'rho strip
ploughodarea was 1% hn ancl a further 3/4 ha vms subsequently planted, 
withou-t ploughing, -to -tho O'L1S-t.· It very soon became apparent that withou-t 
P nothing would really erow. Even tho Leucaena, which [jlSrminatecl well, 
soon died in spite of fer-tilisers? so poor vms -the soil. li.l-toge-ther 
2) slJecies (5 local )\ICre -triocl~ ~lo-ts Vlore some-times ctuplico.-ted and for 
sorno species two 0:1:' -thrGe typos of ants wero tried. i'.-t first some 
promise YJaS shovm v'lith a fow Euco.lYl:,ts, Gr!jelin~~ t'.ncl Terminalia, but -this 
was not maintain8d. If the annucJ, Q(leJition of fertiliser is nocessary' to 
koep a tree c;ro\'iine; quickly, oconomic afforestation is ou-t of question. 
Comparison v;i t11 resul-ts c',t -tho C'lITua or S,"ntarom, ovon i'ith species whos'e 
seed camo from -tho Fazondinha arc'o., show how 'poor these ccuupos soils are. 

In 1958 a small (0.251 11n) plo-t VILlS put out at kln 86; oven wi-th 
fer-tilizer nothing developod. 

In 0. briof repo:rt supmi'l;-toc::' -to SPVEA in A~~l'il, 1960 i -t was recommended 
that no i'urthe2.' vvo1'l;:: should 0::; ,lono on tho Co.rrl])OS plot, but that it should 
be protocted c'.nd kopt ',7oocle(1 to GOO if, nf'tcI' Gevoral [101'e yoars of fire 
protection, tho tress 'Noulrl clevelop better. It also sugGested 'tha-t if the 
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Terri toric:,l Governrnent whishod to initiate more experiments for the 
improverrlGnt of those Iloor soils it should bo on tho fol-lowint linosg 

(1) comr;loto IJrotoction against fire and cattlo, 

(2) oul t:Lvato strirs and sow groen manure of various species, 
with :mc1 without fertilisors ~ 

if they ,clo vvel1 9 ploUGh 
stage the direction and 
the I'osponsibili ty of 0. 

-Gc\kG sevoral years to 
extent that tho soil can 
sufficiently for another 

in the croen manures. Up to this 
suvo:cvision of tho work whould bo 
Territorial agronomist" It miGht 

Greon r;mnure establishod to tho 
be .saidto have boen improved 
trial nt afforostation~ 

plant trees, usinG 
It is only at this 
may be requirocl. 

0. fortiliser, e.c- rock phosphate. 

Some 
localitios are 

that assistance from a si1vicurist 

ts Ul) to January 1960 at Fazonclinha comparod -with other 
shown in ;rab10 3. Full (1etails aro Givon in 1I.Il}Jendix VIII. 

In 1959 8.fow nnts of two slJocios of Pi'no, Pinus caribaea and P. 
52 ... C?.cidontali,sp 2m1 in 1960 fivo sl)0ci08 of Eucaly:pt8. ';"Joro put out by tho 
nursery, whero tho ,vefc'otation was younG (3-4 ill) socondary g-rowth 
of forest 0 Bero? on what caE 1)0 closcri lJo(l as still a forest soil, the 
lllants aro d.oing ,\'11011, afforostation thoroforo in shoulll bo 
done at :prosont only on areas SUI\)Jo:ct socondary forost growth - 'or 
high forest if the oxtra OXli0l1S0S of cloaring is thOUGht YJort.h\7hilo. 

3. Tho Futuro 

Wi th tho potential devolopmon'b of the 1'orri tory duo to its minoral 
resources" the 200 km of rc.lilway and port of Sc',ntona, cmd tho installation of 
a hydro-olectric scr:.omo :1t PCll'O(}.QO, it is ])ossiblG that one moro 
intonsivo OXIlloitatj.on of i t$ f"orosts mClY to.ko plClco" Tho })lots thorofore 
at Campo Vorelo 'boyol1o. Porto 1-'11.0:[;011 should 1)0 L1O.intainod and observa,tions 
T:V'lO,O in t:10,:1 fron ti;;c to time q ccs tLaso ',\'ill ~)()LC il,lf'lJl'l!l[l,tion 
of value to an;)' ,,::q)o:ciencocl ' sc'ion8.1 'forestGr who nay 1)0 calloc.1 in to 
advj.se tho Govor:;:m:cn[; on foro,stry mi',ttol'S, Cort tho ~Porl'itorio.l 
(}ovornmonc \11Joul(1 1'0 ill-ac1visoc1 to concluc1.o any sort sf forost concossion 
:£'01' oi tc::t;iol1 on a scala without consu..l tine j':rofossiol1nl forostar 
wi th tropical cx:porionco, by I!]JI'ofocJSional" is monl1t i.:' mo.n with a l.mivorsity 
(10[,;1'00 in fOr()stl~y as such. 
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'l'IU3LE 3 

COMPARISON OF RESULTS ON CAl'flPOS fUm SOME OTHER LOCALI'l'IES 

iI-
FAZENDINIDi - EQUADOR ii O'l'RAS LICfILIDADES 

i ----I"'--------t-----t--'--'--·- i i ----'t-~------t-----t--f--:--'-t---------- i 
Especie lvivaj indice i i B..P"A. i ivivai indice i 1 R.P.A. Ii 

I % j sobre-- jIdad.0j (dras) Ii % r sobre- jIdadej (dms)iLocalidadej 
________ . .....1-_-I.iviventesj ___ LL ___ Lviventesi __ ---!.. ___ .....l-____ _ 

iii i ,j i 
iAlbizzia falcata +j 20 20 2 1 ~2 Ii 100 i ' 6'72 12.1 jCurua i 
i ------------------t----'t--------t·--(...--t--(...- ---t-;-----t--------t-----t---..;.--·-t---------- i 
iEucalyptus alba +i 50 i 29 i L5 1 2.2 Ii 80 1 65 i 2 16 jSantarem 
i ------------------'t-----;---------t------t-------·i-'t----·t---·_------t-----t-------t---------- i 
i tl +1 2 I 2 1 i 1 i i 100 i '70 i 2 j 14 i + Curua 
-----------------.-------+-------;-,-----------.,------.,--;-.. _-'_ .. _-,-_.; .. ..:----;---_._;---.--._-- '---i-------t--------t---------- i 

1 1" 1 i i 95 i 9-\ j 2 . j 15 i H i 
fl 

i -'-.--,.--------------------;-----.+-.---- -t---_·--·-t-------tt----'t----------i------t-------t----------j 
IE. camaldulensis +i 31 2-\ i 3 i 4,. ; i 80 j 60 j 2 11 i Santarem 
i ------------------t---:--:-.l:..,----.:-----t-----t--'-----tt----t--------t-----t----'---'t---------- i 
I 11 , i 33 i ,\ 6 ' i' 3 i 0 $ ij, I i 94 i 85 i 2 i 9. 5 i Curua i 
I -'-------------------t----t---------t-----t·_·-'----:--·tt"'----·'t-----·-----t-----t--------t---------- i 
lE~ citriodora +1 15 60 i 3 I 9.7 Ii 80 I 51 I 2 i 9 ISantar~m I 

II +1 '70 5l Q. 2,,5 6 i j 80 80 2'7 iCurua 

!l 60 Jl; 2.5 2" 1 .J .. ..1 i j 18 78 29 jCurua 
i 
(E. tereticornis +j '10 10 .751 2 i j 88 63 2 7 iSantarem 

Il i 1 0 j1 (' ,75 i 0.8 i i 85 80 2 18 I Curua 
i ------------------t----i .. --------t------t--C-.---- ri------t--------t-----t-------t---------- j 

jGmelina +1 98 i 98 i 3 i"le5 li,100 85 3 i 12 ISantarem i 
i ------------------t----t-·-------: -"1"--- i 
i II i 90 i 72 i 3 JUL 1 j1 00 i 100 i 1 13 • 6 i CUl'ua 
I------------------t----i----------r-----t--c..----tt----to---------t---..:.-t----'---t---------- i 
iMarupa +i 59 i 46 i 2 i L2 ji 84 I 71 j 2 i 7·5 jSantarem i 
I ------------------t----t--------t------t--'------tt----t--------t-----;-----'---t---------- i 

11 6c' 2 95 ,') 15.3 j CuruD: j 
i 
jMorotot6 -;-i '10 n 

1 " nIL - . 69 28 () 
"j . 1 .6 jCurua 

j 

i l! 3 J I! 45 Y .J 2 5A jCurua 

i 
jParapara +1 4 2 2 i j 19 10 iSantarem 

l! 4 2 1.5 0.6 i j 97 52 2 14 .. 6 jCurua 

i 
jPinus caribclGa +j '30 30 -J 0.'7 i i 74 75 2~1 j+ Curua 

" 28 28 0~5 i i 7'1 j 71 'l..4 jCurua 
, 

II ( vi vciro )+ i '79 79 i 1 3c9 i i 85 2 j+ Curua 

L 1 . L .,.1 i ___ . 

+ = com fGr-Lilis!:mt8 
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E. ~jJj-i.TO GROSSO 

In Octobor '1956 a "Processo ft in tho followinG tonns was roceived 
from SPVEA~ 

"PARECER N'o. 38/,56 
Ref. Procq SPVEA - 15.'18'1 

To the Superintondent, 

cic"ting tho "Preliminary SUG'Gostions f'or the sil vicul tural 
services in the Ar:mzonian Valleyl!, prosentod Mr .. John Pitt, FAO 
Forestry Officer, noW in Bolem with tho Sllocific mission of advising 
and assisting tho Government in tho applicntion of silvicultural 
mothods fOl' the Amazonian forest, with the pUl'pOSO to develop the 
:r'ational utilization of that forost, this Sub-Comiseion of Naturnl 
Resources is quite in accordnl1co with that and recommend its 
execution as soon as possible. 

Wo also recoL1lDend a study of the pos8ibili ty of extcmding tho 
services to tho ilLlazoni'an aroa of tho Mato Grosso Sklto in a zono that 
is considorod, avni121Jlo .. 

'11his r(wommondntion is clue to tho necossi ty to stnrt studies 
ovor this trnnsition strip of tho zonian forost, and to work out, 
within the ])rosent poss:L'bili tio s, a solicitation of tho· roforred Stnto 
Govornmont in thnt sense. 

,}'his Sub-Commission, when roquired, will 1)0 at the Fi:,.O 
technician's ontiro disposnl to sottle tOLSethor with tho Mato Grosso 
Stato Roorosentntivo ihe indisponsiblo dot2ils to the GipQn~ion of 
tho reforred services .. 

Sub-Commission of No.tural Rosources 

(s) lITATIY BASTOS GElm, 
PrClsident 

(s) J'OCE1 TIIJ: 1. TIll. ROSA 
l!lomber ll 

In reS}lOnSO to this request; it was ccsked whothor anyono from Mato 
GrOSS'J Vlould bo avnilablo to como to Bolem for somo training, as it was to·o 
far mvny for work to be dono 1n this State undor direct control from BelGm" 
On being assured that ono or two ·onlSonh,oiro-a[,Tonomists 1;VOlUd ·be nvailnble, 
a 9-day visit was made to Mato Grosso in' Novembor 1956; .8. short Rerort 
wns submittocl to SPVEII. in Decornber, 1956. 
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Trips VJoro made to Caseres, Rosario Oeasto and to AGua Quente, and 
teco-teco flights by Cessna to tho :pantanal anc1 ovor :Barra dos :Bugres and 
Diamantina. FOlIT nain typos of f~rest wore seon, (1) Riparian (Varzea), 
(2) Good deciduous forest (Corradao), (3)' Semi-evergreen (ncar :Barra dos 
:Bugros) and (4) Savanah (CamJ,los Corrad.os). 'Destruction of many of these 
forests for agricul turo vms· l)rOcoeding space. 

Briefly, tho lilain ro cOL1monda t ions were ~ 

(1) for the Governor to agreo to tho policy of sotting aside 
some areas as forest rosorverl, 

(2) when this policy is approvod for tho local (Cuiabti) branch 
of SPVEA to rocruit an engenheiro-agronomo to come to Bolem 
for training in silvicultural work, 

(3) latol', for tho FLO Sil vi cu:U;urist to mako a longor visit 
to tho Stnto to advise on tho solection and dornarcation of 
forost rC:3::Jrvos~ 

(4) ·when (lGruarcation has startGd it would bo l..:ossiblo to initiate 
sil vicuI tural vlOrks to imllrovo thoso forests, Q t thtJ same 
timo as other ,,]:oas arc bo seIoctod C',nd resorvod 4 

So far ClS is· knovlll, no action has l)oon taken to chock tho dostruction 
of tho forosts, nor to build up futuro s of timber. 



F4 INST1TUTO Nl\CION1J..I DE PESQUISAS Dl~ A])IIAZONIA 

(INPA) - ]ilA:NAUS 

At tho rOCJ.uostof the ,Brazilian Government, FI10 sent out an expert in 
1956-57 lito investigate t,l1e sil vicul tural conditions in the Amazon region, 
to advise the Gover~Dent on the organization of a rosearch station for 
tropical forestry in thi's regio~ and to tI'ain national personnol in 
silvicultural practices!!. 

The Report l)y Itr~ E. Itfleijer Drees on this assiGnment has been published 
by FAO as Report JiTos 756 (pt I) and 1068 (Pt II) under the title g 

IIReport to the Government of Brazil on the OI"eanization of a 
Forest Resoarch Cen,tre in the Amazon Reeionlts 

Early in 1960 the Director of the Insti tu-co asked if help could 'be given 
in startine, on Q very modest scale, sarno silvicultural work in the Ducke 
forest near Man6:us. eneenheiro-aGronomist was sent to tho Curua for thl'oe 
short spells of traininG, and two visits have boon made to Manaus to advise 
on the orientation of tho work. 

The, current pr(JGrrul1 inol ude s ~ 

(1) demarcatinc the limits of the Ducke forest reserve, 

(2) oponinG up n nursery, 

(3) somo i:1.'Vontory work - in the nreas to be clear-felled, 

(4) clear-fellinG of small nre2S on three differont si tt3S, the 
center pnrt of each area to be usod for trial plots. 

(5) studinr; -eho develolJment of natural re[;onorntion in tho 
surrounds of these trial plots, 

(6) laying clC''1ln of plots on the 
nL1 ccural ro{;,)no:cation by 

three [:'lain si tGS to induce 
-eho canopy. 

(7) c'1J.J:'ryinS 01.-,:: c:m inventory of tho forest, nftor stratificntion, 
~"C.u :_ft·::J7 the lia:.ts of t~lO (Uff0ront tYr)0S have boen shown 
or: ~ naIl"~ 

(8) enrichmont lclrll1tin':; on all three mnin tYro s, 

(9) co~_l()ction 0:;:' si1vicul tur:~~l in:::'ormc.ltion o."i)cut tho more 
':.~rf: <-:lJ~)oci(-::s, 

ssibL) usofu1 spocies 



- 75 -

No up-to-dato air photoGraphs 0.1'0 o.vailo.ble of tho area so recourse 
ho.d to be.mado to tho 1942-44 trimotrogon photograph$ taken durine; tho war. 
Fortuno.tolymost of tho proposod resorvo is covored by vertical photoe;raphs 
::md tho FAO Imrentory scction have a mo.p on a scale of 1 :40,000 
showing the str08Jn anc1 drainage channels and tho mo.in topogra])hical features .. 
Unfortunatoly the 11o.p maker was not ablo to recognize on the photog'X'o.phs 
tho limits bot'lveon the forest on low lyinG' sanely soil (llbaixosll) Clnd that 
on the clay slopos (llencostas ll).. This stratificntion wi'll have to be 
carried out in 1961. lJY an exporienced forost intorljroter. The edges of 
tho forest on the flplannl to Il (lIchnpada 11) 'is of ton very clear howeve:r and 
much of this boundo.ry is shown on the map. 

Teclmi'cal o.ssistance will be necessary at IJIannus for some year to come. 
However, Dr" Rubom V<:dle, vill0 is in charge of the work there, shows 
considerable interest and promise. It is recomm8ncled that ho bo sont to 
Puerto to attend ono of the short (threo monthS) training courses 
ther8 to oxtond hisknowlodce of forostry so thQt ho can assumo 'greater 
rosponsibili ty clS tho Forestry section of the Instituto develops. 

Thore 'has boen a Botanical section at HTPA and -thore is some talk of 
reviving it. The 'Con801ho Nacional do PeQuisas C'.lr8ady has Cl BotClnicCll 
soction 'at tho NluS8U Gooldi in Balom, and there is a Good Botanical section 
undor Dr. IVl1J.rga Piros at IAN 7 Belem. It would soom a duplication of' 8ffort 
thol"ofore to sot L1;[) ::t third Botanical soc-t;j.on for Amazonia in Hanaus • 
. Rathor it would 1)0 bettor to employ assistants in tho fiold, VJorkinG. under 
tho Silvicul tu:r:nl anc1 I~gric'Ul tlxral section, 1'1ho would send thoir matorial 
for iclontifica-tion to Bolem. 
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G" PAU ROSA 

Tho principal reoommondations nlCldo on paee 6 of the "Report to the 
Government of J3ro.zil on the Forestry Development of the i\.m::izon Vnlleyfl FAO 
Roport lifo. 171 of Ootober, 1953, are dividecl iiyt;o~ 

(1) Proposals whioh will lead to immecliato progross on a 
practioal levol,and 

(2) Proposals which should. bo initiattJd forwi th, but whoso 
effoot will only bo felt lator on. 

The thiI'cl proposal in the first· oatogory is as follows g Il]\Jleasuros 
suggestod by tho Mission as oapn"blo of amolioTo.ting tho troubles of the 
Rosewood oil industry should be set in train!!. 

These meo.suros, elo.borntod on pages 56'-58 of tho abovo Report, troat 
primm~ily with the actunl production of oil. However, the socond last 
paraGraph on po.ee 57, begins vvi th a sentence of great significance: !!This 
expansion of output of this industry may have other consoquonces, tho most 
serious of those' being the disapl)(larclnce of tho inclustry itself for wnnt 
of raw matorinl ll • 

A visit vIas mndo to a pau rosa factory on the Moju river in the Santarem 
aroa' following which some' proposals were submi ttec1 to SPVEil. in SelJtember, 
1958. The attention of the Superintendent was callec1 to the need for early 
action by the Governor of the Stnto of Amazonas, in which most of the pau 
rosa oil factorios o.ro "vorkin£;" to set aside SOlilO Innd for sil vicul turnl 
studies on the tree - Aniba rosoodora - which produces the oiL. 

After SOL10 brief commonts on staff ancl funds, tho following proposals 
woro madeE 

"Thero a}/L)O ar to 1JO two 1 inc s of o.pproach, 

(1) encouraGing nnd assisting natural I'ec;onerntion, and 

(2) ory" ,-:-:ntations. 

1 " Natural RG{,:oner~:tion 

m," -'-1 "1' ] 1 '1 • bl .Ll1lS lS \'wr u_1 conslClcrln{s on"y W;l(;TO 'tllero lS, or wns, 0. roasona - e 
concentratton of treos, s[l.y ,".bout 5 to tho hectare ~ .liND, whor8 those 
localities are ~ccossiblo. Such localtttoG appoar to be very uncorr~on. 
Thoy weulcl havo to be visi t'OCl poriodically, say at 5 year intorvals, 
over a 1;orioc1 of n(1.11Y yoclrs. It is ::1 'Nnsto of m.onoy, and offort, thoroforo 
to st[~rt in n locClltty lNhich rno.y lJocomo il1accos~sil}lo sonG year lat~r 
whon. tho oxtr·.lct f:lCtory mOV0S to anothelO ])1::. co " J3rtofly 9 tho vvork 
woulcl oonsist of ~locrec:stng tho sl'1:1(lo ovor na roc;ol1oratton, thinning 
out thoso trees as thoy develop, (mel oui; the coppice shoots 
wheI'o thoso n:t:~'o'lr on the of foIled trooG~ GnI)S be'twoen lio.tchos 
of TO ion Goulcl. bo with nUl'fwTY :cntse(l -croos

1 
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11. useful pl'olimino.r7 invGst ion was mo.de in tho Moju aroa by 
Dr. Humberto Mircmda Bastos in December? -1953 and November, 1954. 
Unfortunately tho faotory has ooas(;jd working in this particular aroa 
(i t is '1:3 kIn from tho river) and it is now virtually impossible to 
visit it. ' 

2, Plantations 

In Dany s of tho tropios where the yield from a forest is 
low due to the econOlnic trees being widely scattorod, the future supply 
is being a'ssurc)d by plo.nting the trees in concentrated and accessible 
localities. Instead of a yield of one treo, or loss, from a hectare 
in the natural forest, the plo.ntation 'will' yielcl 20, 30, 50 or perhaps 
even 0. 100 troes per hectaro in tho future. If a 100' ha of original 
averages 1 troo l)or hoctare, the same yiolcl' in tho futuro co.n bo 
obtained from only 1 to 5 ho. of pl1.mtatiohs. Suoh plantations are 
referred to as I!compensatorytl plantati()ns. 

Pau r082. is Q very VCll uablo troo" It aP1)00.rs to sood prolifically 
::mcl the soeel to gorminato well. It should not bo difficult thorofore 
to rnise plants in nursories for Gstnblishing plnntations in easily 
accessiblo loc::llities. Even n::ltural seoc1linG's pulled up carofl1l1y in 
tho forost survive transplanting in tho rains. ~rhe growth too, anyway 
in tho early years in tho opon, sooms to be rapicl, avo raging about 
a metor a yoar. 

But a word of vvarning about plantations" The planting' of tho 
tx'oos on tho final site is only the beginning of tho work; like babies 
and chilclren~ tho young trees have to be carod for 'and looked after 
overy fow years if tho bost yield is to be obtained .. 

Plantations could bo g 

(1) either in tho open, prefol';o.t)ly on land from VJhich a crop 
of'manioc has just boon taken, or on clearod young 
secondary forest, or oven cleared hiGh forost (but this 
would 1)0 oxponsi ve), or 

(2) as llonrichDE.:mtt! pLmting in socol1clary or hiGh forost. 

In both casas, tho vlork is S1Xcilllized, })articl~larl:y tho socond? 
also, it has to bo c::lrriod out ovor lone periods of timo. 

0.01100r118 oitatinL,' tho :rarest nOlTl!llly have nei thor' 
tho timo nor tho -[;ool111ical· ·to carry out largo-scnlo antings. 

rienoo in l:1any of the worlcl h:1S shO'\'Jn thD.t such ol)orations 
must be clone by tID GovOrl1rlcnt, Forest Service. It is no m:.llcinG 
lows or orci.or:.'l th:J.t the cutter ::mst rorlLmt 1:lOro troes than ho cuts? 
oven if ho di(l, cmt thoT:1, it is very dH'fioul t to make him look 
aftol' then;; will die _llby the 'iiill ()f Godl!. 

COLpe11s11tory tions sho~d be tll0 i'osI,onsibili ty of'the 
GovOI'Ylmcnt. In tho tho ];'iJ.O Forostry Fission cnn hal]). WhC',t 
is nocossClry :Ls :for tho GOVOI'l11U0l1t to clocic18, (1) on 'tho a.Llountof 
ElOnoy to l)e lYlncl.o ;:tvnil:.:.b18, and t~lol'oforc) t~l(0 ,size 01' tho olorCltions, 
(2) ','J11oro tho ,~.nt;~1.t:j 0118 Ghoul 1)(0 s:ituntcrl - :nust bo in 
10c:l1j.·1;ioB ,(jllic}} nr(0 0[18:\" to t:r.'L1VO} to , .::1.n(1. shoulcl lJocomo 
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Government fOTest reservos, and, (3) rocrui t metra staff of young 
engenheiro-ngronomists, to holp with the yvork., 

Each separate area sh01.Jlcl havo n proGram of about 100 to 
200 ha a yoar of onrichment pl:mtinG or 10 to 20 lw pure 
plantations in tho ojJen. One agronomist should be able to look 
after two such aroas. 

It would appoar thot suitable localitios might be found' in 
Amazonas in the Municipos of Mauos, Paritins and Itacoatiara. 

1\:.t tho st:::rt, of course, the "vork will have to b(3 on a small~r 
scale t,ill the agronomists, the capi tae'S q an(l the labourers, 
have learnt vvhat is required .• 11 

Following an inquiry by Dr. Raul Antony of the Instituto Nacional do 
Posquisas do. Amazonia in Manaus some more detailed proposals were made for 
work by this Institute.. These. were based on information 'I;hat most oil is 
obtained from the sm'aller brm1ches, and least from tho lower part at the 
trunk and the roots. 

The proposals aro as followsg 

(a) Propagatiom 

1. By ~ sown in nurserios. Put out the seedlincs in& 

(i) bods Ccanteiros) 
(ii) baskets (paneiros) 

Pl::ll'ltS froo tho bods should 1)0 Imt out in tho field as~ 
(i) nakod rooted - whon small (10-20 em) 

(ii) striplil'lgs (ltsom f61has ll ) when lfu'{;;,o 
(iii) stumps (I1tocOS Il ) If I! 

( 50-100 om) 
( 1 00-1 50 em) 

2. By cuttin(!;s 

3. 

1 • 

By natural soeUl in{,"s. Put out in tho fiold i:CS (i), (ii) cmd 
( iii ) a 1}ove " ..-.l.-

Sl)acinp~. ~.lry 

probable final spacinG e.G-
close e.c- 2.5 x 2.5 m, and at the 
10 x 10 m. 

24 Thin~1inr~ (for close-l)lantecl "Tua). 'ifai t till the oano])y is closed:; 
than fnvm..1r tho trees 'illlich r::l:'C lilcoly to the lar{;'est crOVins. 

trees of nIl sizes. 

2. Plr:mtn-ijio:,l trees" Cut l,ctak somo young -eres (S~'lY when 5-6 111 hiGh) to 
2, 3 a:C1d 4-mitllOn, trlO or throe yeaTS' lntc)]:, cut the ends of the 
branchGs to onoouJ.'a(;o Q 10VT lJ'LlsJiy' Cl'ovm. at ai'ter a foyv yoi:\rs 
to tho tLl.l10r l)}:'lncc, s , 



(b) Light Regu~I'emel'~.:'3 for Natural 'Regeneration to develop 

Where the are good patches of natural regeneration, try at least 
two degrees of cannpy .. opening- medium arid heavy. 

In the medium C'Llt out all shrubs (llarbustos II) and kill understorey 
("suh-bosque Ttftrees. 

In the heav;y - a's above, and also kill the' other large trees standing 
over the regeneration .. 

Tree killing - This can be done by girdling (rranela9ao") the larger' 
trees; the. smaller (understorey) trees are likeiy to fall over if girled .. 
~ girdling is not effective 011 some spGcies" 

Most trees oan also be killed by spraying the trunks with arboricides. 
A 192 mixture of 2,4-D and 2,4~4-T in diesel oil is best, using a 3% 
(by volume) solution for small trees (say up'to 15 om. DBB) , 4% for medium 
sized ones (15-30 om) and' 5% for large trees. The solution must NOT be 
supplied'to the'1)ark 'when wet. Soales of old bark should be soraped off 
before spraying. Spray 'a strip about 20 em ((:Uil palma) wide till the oil 
just begins to flow dc.wn. 

With resistant species frill ..... girdle first, excGPt for small. trees. 
Resistant specios appear to be Abi'Lu'anas 9 Brous, Louros, M:Lrauba, Uouuba, 
Uxj.s and various othors with latex. It is useless to treat tho larger trees 
of fluted' (sulcadas) species such as CarrJanauba, l\[araximbe, Pau do romo, 
Quinarana. 

When spraying avoid high J?ressure in the tj ulverisadores (this, is 
wasteful); keep tho pressure as lew liS possi1)le. 

It is ohvious that when the troes are grown in oonoenirated areas the 
cost of prod:notion of the oil oan be gr:oatly reduood, then the inclustry 
oould i'aoo up to compoti tion by :synthetios •. 

It is rocommQ)1.dod that the Sil vioul tural sootion of INPA should acquire 
some land l1'om? tho ltaooat.iara and oarry' 0Ut . some work on the 
above lir..c;s. 
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H. MAHOGANY 

Tho timber of this tree - _Swietonia macroEh;y:,ll,£ -(Aguano' or Magno) 
is tho most vo.luablo that comes from the valloy of tho Amazon. So far 
as it is kno'wn it doos not occur on tho moro :eocont geological formations 
of tho Quatornary and To:etiary but only lIabovo the cachoei:eas ll

, Le. on 
the Cretaceous, Carboniverous, Devonian, and older fo:emations as well as 
on the basement complox. 

A visit was mado to tho mahogany aroas nOal'" A:eaguatins on the Rio 
A:eaguaia tho main trihutary of the Rio Tocantins" fIhis a:eoa is really 
outside the Amazon hyles, and much of' the vegotation is deciduous or 
semi-dociduous, as i'S mahogamy itsolf. In tho aroa soon the of th0 
soil was f:eom 6 to 7. frhis p:eo1)ably oxplains vvhy 'tho plants did not do 
well in the 1vIac8.PQ and Curwi m;trsorios - pH 3 to 

In tho vicinity of Araguatins the mahogany occurs only in the better 
patches of forest, 'which appeared to be on soil dorived from intrusiuns 
of diabas0. It was onlY' these IJatchos of forost which were boing cleared 
for shifting cultivation4 

The Govornrnont is now in tho prOC0SS of croating a larg0 forest reserve 
in this aroa; this' is a wise precaution in vi0w of its proximity to the 
Brasilia-Bolam road. 

Like tho othor valuablo membel"S 'of the same family, Codro and Andiroba, 
mahogany is attackod by a shoot boror whon grown in tho opon (see page 54) 
When planted in tho folrost, oven in modoTa toly o]Jenod onrichment lines 
it hardl:y grows' at all. Th0 averago hoight of a plot in the open at tho 
Curua (B) was 1'.2 m aftor 10 months and 2.8 m after 20 months; , in the 
forost in COlnpt .. 4, plants of tho same age avoragod 0.3 m and 0.4 m 
respectively. 

During tho earlior part of 1960 tho incident of shoot' boror attack 
was not very high comparod with cedro in an adjoining plot .. 

Specios fiji ______ JL~1~~2.~9.9: ________ : 
list attack I 2nd attack i 
i Fobruary 1960j August 1960 i 

i ----·-----------------------·------t------------t-------------1 
i Agmmo (mahogany) i 13 i -1 9 i 
i Andiroba I 4 i 4 i 
i Cedro (local) i 40 11· 
i Cedro (ox Ecuador) II. 2 1 



Thoro are 0:nly .100:pl;;;.nts mc:st ofthof;le plots. ' It' VJould however 
bo very u:'lWise to pu'::; out blocks of pure mahogany.. Some experiments 
should now be undertali:Gn wi t1: nurse or shado trees, as doscripod on page 53. 

Mahogany can be ostablished easily with nalwd rooted plants or 
striplings, i'~ the vvoather is good, or with stumps' if tho plo.nts are larger 
(80-1'20 em or more)" Containers woro not found to be necessary on the 
Curug~ , 
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A 

I. INSTITUTO AGRONOMICO DO NORTE (IAN), HELEM 

1. Girth Increment Plot 

Dr. IVlur9a Piros, the botanist of this Institute 9 had carried out a 
population study in a patch of high forest near Belem. The tvJO hectares 
had been divided into 10-metrestrips and every tree over 10 cm 1.0. 
diamoter numberocl and identifiecl. AdvQhtage vms taken of this, and, with 
the kind permission of the Diroctor, Dr. Rubens Lima, tho troes were marked 
at breast height, or 'above the buttresses if not too high, nnci the girths 
measurocL and recorded.. This patch of forest, known as MUCAMBO, is being 
left intact so that in the course of time some useful' information should be 
available a"bout growth ratos under natural conditions. 

RGcently, an adjoining area has' also beon marked out and the trees 
numbered for further botanical study. Cirth incremonts could be extonded 
with advantage to this new area as well. 

'rhe original tWb hectares vms first measured for girths in November, 
1956. The second re-nlGasuromont was c1.Ho riod out in October 1960, but 
it is too soon to drav7 dofini te conolusions. 

2 .. 

As 11 training exorcise for tho first assistant 11 half--chain 
':vas carried out 'in' M~L;T-June 1956 over the 2 ha of' the lVIuccunbo plot. All 
thn sub-plots, i.o" all tho 10-m strips were dono.. This survey showed 
45~ 5% of the :3 sto'ckGQ with 18 difforent desirables ranging in 'size 
from 5 to 45 om diamoter. 15% of tho samples hael, Q sooondary spooios, 
'1'ho th.rc,e common speoios, QU11ruba tinga, Uouul)11rana and Acapu, reprosonted 
34 of tho 45.5% stockod samples. As no silvioulturnl troatment may be 
given to this aroa, it is Q li tt10 eQrl;y for a resurvey. 

3. 

tho 8 or 10 years v~trious trir:.l havo 1'::c)l1 ?JJmtect 
ill difforent parts of th\.; grounds of the Institu.to. Last yetu', Dr. CQlzavara, 
who is in chQrge ef the plantations 9 very kindly co-operated imd included 

block of 200 along \lith several local species and. two spooj_es 
of Euc3.1J:::l?tus. wero raised at tho young trnnspl'ants were 
1:n'ought across C\nd replanted in baskets, QS vvere the athol' spccios~ The site 
is tYI)ical of the rathor poio I ' f,,::mdy soil whioh is common around :Be16m and the 
:Bragantina area to the oast" Comparative: rates of g:t'owth should givo a gooe:' 
idea of the possi'bilities of this pine in tho Bolem region. UnfoTtunatoly 
actual meo.suremonts aTe not yet Qvailabloll it is undorstood that they are 
to be published 'by Dre Calzavara vvho :ils not to supply any dD,ta in 
advance. The pinos look hoalthy; only one has died. The moan hoight is 
is probably only a little los's than of those on the Curun (pLm111 to (md flanco) 
put out about a month c)arlior" 
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Othor species in the snmo plot as tho pine areg 

1959 (early) Acapu 
Bro.catinga 
Cupiubo. 

1959-1960 

Eucalyptus teriticornis 

Bo.curi 
Cedro 
Utniri 

Aguano 
Cumo.ru 
Eucal;zptusalba 
Pau d'arco 

Castanheira 
Marupa 

In view of Dr. Calzo.varals ponding publication it would be unethical 
to comment further on this plot, or on the vari.ous other ones in the 
grounds of the Institute. His kindness 'in including some pines on behalf 
of FAO is hereby gratefully aol{Dowledgod. 
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J~ EXPLOITATION FOR PULPWOOD 

Nothing can be said to have boen accomplished here in the field, as 
such exploitation is quite outside the scope of a section working to a 
small budget of botweon ono and tVi/O million cruzeiros (£2-4,000) a year, 
when a jeep alono costs about feur hundred thousand cruzeiros. Ho"wever, 
a general note on tho regenoration of tho Amazon forosts after cutting 
for pulpwood was submitted to SPVEA in September, 1958 on the following 
lines, now m'odified slightly in the light of r Gent results and observations 
in the field. 

In view of the possible construction of an experimental pulpmill it 
was considered advisnblo to onlnrge on the very brief proposals made in the 
Preliminary Suggestions for Silvicult1~a Work in the ilinazon submitted to 
SPVEAp in March, 1956. The appropriate sentonce road~ 

llAnothor possibility worth consiuel'ation is to develop the forest 
into a soft hardwooct type with a few qu:Lck-grovving species under 
a short rotation for supplying p1ilpwood. II 

Each area must be troated on its merits; the details of the work to 
be done must vary accord'ing to tho type of forest, and to tho natural regrovvth 
which follows operations. The proposals bel/ovv must be takon as a general 
guide to be modified as experience is gained. 

In a forest typo v"hich consists of a large number of spe cies, there 
are likely to be some species which are not very suitable for pulp; the 
wood may bo too hard? tho trees may be too large, or there may be something 
in the wood which affects the pulp_ Thorefore, it is probablo that a 
better type of forost for supplying pulpwood be a type consisting of troes 
of about the sarno size 9 and conSisting of only 0. fow spocies which are 
regarded as most suitablo. So far as is known such forosts do not ex'ist 
in the Amazon, but, thoy can bo obtained in 011.0 of two different ways. 

-I. Plantations 

The first way is by making plantations with a few good spe'cies, 
immediately aftor tho original forest has boon cut for pulpwood. Bes~des 
outting tho troos wantod for pulpwood, tho fol::LJwing must also bo cut~ 

a) trees of Ul1sui table 

b) young trees too small for pulpwood, and, 

c) old troos that aro too large Ol' otherwiso tmsuitable. 

If there aro only a few of "these largo troes they could bo killed by 
cutting a r'ing through the bark rOUl1d the treG, or by poisoning with 
arboricides~ 
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Then, the vvhole aroa will have to bo burnt. The felling of as many 
trees as possible and the burning, is nocessary, 

a) to clear the ground for planting operations, and 

b)' to kill the stumps so they will not grow againo 

However, the burning will result in tho destruction of much of the 
'1'aluable humus; also, where the ground is sloping, much of the topsoil 
may oe eroded .. 

Several of tho trees too to be cut for pulpwood 'or otherwise 
unsui table, might be Quite sui table as timber for a sawmilL The integration 
of cutting both for pulpwood 'and for a sawmill is the ideal which should 
be aimed at wherever possi'ble 0 It will reduce the 'work necessary to clean 
the ground for plantations. It will also reduce considerably tho cost of 
logging and will result in the maximum utilization of the foresto 

In any country the establishment of nurseries and tho raising of the 
necessary number of transplants (at least 1,600 per hectare if the planting 
distancG is 2 .. 5 m by 2.5 m in squares) will be a very large undertaking. 
In the Amazon it will be pnrticulculy 'so as few trained suporvisory staff 
or experiencod labourers are available. Also, there is always the danger 
with plantations of a single species on a large scale (and any undertaking 
for the economic working of a pl..upmill must be on a largo scale) 'of pests and 
diseases developing and spreading rapidly through the plantations. 

2. Natural Regenoration 

Tho second way of obtaining a better pulpwood. forest at'ter the original 
forest has been cut for pulpwood is to encourage the natl..ITal regeneration 
of only the bettor species for pulp, and to eliminate the unsuitable ones. 
L. ReseaTch Institute or a pulp [(nel paper manufacturer should carry out 
pulping trials on the various quicker growing species and should say which 
ones are regarded as most sui table. Thoso pulping trials should be carriod 
out immediately, before large-scale felling operations are carried out in 
the forest" What the sil vicul tut'~st wants to know is, which of the quicker 
growing specios are good for pulp_ Ho also wants to know which species 
(slow or fast-gTmving) aro considered to bo unsuitable" In fact, any 
information about the comparative suitability~ .9.:£. unsui tabili ty, of any 
species will bo of value. 

A list of the quicker growing spocies, whose natural rogeneration appoas 
to be abundant c:md comparatively oasy to obtain at the CuruO: following 
the opening of the canopy, was submitted to the Pulp and Paper Section of the 
Insti tuto de PesQuisas Tecno16gicas, Sao Paulo, in September, 1960, for them' 
to say which ones are known to be suitable, or unsuitable, for paper making~ 
Small samples (50 kg) of the sp'ecies which have not been tested were being 
sent down in November for trial" 
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The important point now seems to be ±'or the silvicul turist to suggest 
those species which cnn be estnblished easily by natural regeneration 
methods and for the paper maker to test these (if not already done) and say 
which ones are most sui table ~ and vvhich are useless.. The best pulp 'species 
can then be encournged by every suitable menns known to silviculture. 

The quick-growing species usually are not common in the original forest; 
therefore, when not common they should not be cut in the first felling, but, 
should be left as seed trebs so as to give ns much seed as possible fol.'l 
their natural regeneration. 

An opGration which should bG done before the pulpwood is cut, and 
sGveral YGars in ad.'vance if possible, is to kill tho trGes regarded as 
unsuitable for pulp" This killing cnn be done more Gconomically by spraying 
with arboricides than by cutting a ring through the bark rounfl the treG, 
provided the arboricides 'can be obtained from the south of Brazil; they 
are not on sale in Be16m o 

In places where the killing of unsuitable species is not done bofore 
cutting tho forest, care must be taken to destroy these unsuitable s1?ecios 
as quickly as possible after the felling and removal of the pulpwood. They 
must not be left alive to go on prodUCing seed. 

If some of the treos of tho good species are kept to produce seed, and, 
if the unsuitnble species are killed in advance, then, after a forest is 
cut to produce pulpwood (integrated with timber production) tho next crop 
or genoration should contain a very much higher proportion of evon-aged 
trees of the moro useful species, as these wOlud be favoured in the earlier 
cleanings .. 

The next operntion to improve theis now crop is to go thl~ough the young 
regrowth (lIc'El.poeira ll ) nnd cut out any trees growing up which arG unsuitable 
for pulpwood.. Also, any trees of limited value should be killod or cut if 
they are interf~ring with the grow-th of more useful specios" For this 
reason, it will be appreciated how importnnt it is for tho silviculturist 
to be kept up to date with any information about tho comparative suitabili t:y, 
or unsuitability, for pulp of any species which occur in the .Amazon forests. 

Tl1G cleaning operationdG'scribed above must be repeated at intervals, 
usually about every five ye~rs. 

If the natural regeneration of su:Ltnble pulpwood spocies is absent or 
only a littlG is present in the regrowth ("capoeiralt), it may bo wo:t>.thwhile 
to do some enrichment planting. Only time will show to what extent this 
enrichment plnntingmay be nGcessary. It should take the form of open line 
planting in an east-wGst 'direction as the softer quicker growing species 
will not stand much shade. 



3- General 

Whethor there arc to be pure plnntocions Ol' only ope;] line planting, 
some e:x:rerir:.wntal "IOI'k shO"lUcl bo clone OD l'aid.nc the useflli zpec:Los; but, 
it is nGcosso.ry for' tho organization concornecl \7ith tho "Ol'o'duotion of the 
pulp to say w11101: sp::;cios '~ro rogardG(~ as tho most f':luitcc1;lc. 

Ii. few words should naY! be SD-iel about the ,H'CH of tho tU1i t 01: the ground 
for controlling operations. 'W'hcther tho fo:eost is -Co be rogenoratod 
naturally or c1l'tificially (Lo .. "by plcmtntions), it should be dividod up 
into somo conveniont unit ("oompartmont n) to c-.'~rtrol not only :falling and 
removnJ. of pulpi7ood, hut C:180 sil vioul turnl work,. It is 1?uggostcd. thilt 
tho most oonveniont uni"(; is 0. squaro of "I k:m CIOO ha), espeoially WhCH'O the 
country is flat; who~'e the ground is very uno'1,ron, the main unit "boundarios 
~3houlcl bo the !lj.gurup6s lt

• 1'0 "be e..l)10 to r.1ako a good ].Jln:r:. of 'the' oo:np!'u.'tme;mts 
gooel ni:r photographs cu:c ossontj)::l, oSPQcially in ux:ovon o01..mtry~ 

Nbove we, have considered tho lIintem:!i VG II 01.' oonoentratod working of the 
fores-t. Eowovor, 08pO o:Lally in tho cnso of the 'Ivcb~~~oa Il forests, th0 
cutting of trees fox' p-Lllpwood mny 1)(0 very sC2ttercd? only 0.' few troes of 
only c:. fow use:ful species might be cut here, rlnel 0. few there. With such 
"extensive II wo::eki~ng' it vlill not l)c pl'actico.l to rogonorato tho forest as 
proposed above, L o. to o'stnblish plantntions, or to coury out intonsi vo 
n(l-tu:r:ol regenoI'o.tiOl'l YJork. / .. 11 that could bo clone is to prohibit the 
cutting of tho f3:Hallost treos, em,d 'to il1i3ist thnt some of tho VlI'e;or trees 
of the vlOre suitable ",pooios aro left to produce socd. 

'.[11:0 question noW al'iscs Qf3 to 1;'.'lio should do the VJork proposed abovb 
the Governncmt or tLc ir"dustrj .. ,~l concern ·who y:ould exploit tho :forest. 

It i.s evident thnt the "\'lork calls for rather spccio.lizccl l<::nowloclge, evon 
if only plantations Qro to lx: esto:bJ.ishcCL. Many people can grow a few 
troes and plt:.nt them, but? who::1 rcplant:Lng forests cut for pulp very large 
m:U:1bors and nroo.s ho.vo to lx: clo0.1 t with. Also, tho plnntinc; of trees is 
;jus-c the lJeginning of tho worlq the trees have to be onreel forp failures 
have to be roplnntecl, nncl, It:::tcr nn, thirmingSh(:lve to be carried. out .. 

It is alwnys po:s~Jil)lc to make ':"l oontract in VJhich the industrial 
oonoern ho.s to plnnt tho troes~ nnd oven to enforce -I;h::,t this work is done .. 
But, it is much more di::'ficul t to rnnko them do the work proporly rmd to 
oo.rry· out sUb:::-\oqlwnt tending opeJ~nt:i.ons. When ot11Or oporntions, such as 
enrichmont plnnting and tho tonding of natUJ.'o.l ~:oc;ene:ration, are to bo 
elono , it is n1r11ost impos::;iblo to :nalw o.n inclust'.ril.11 ooncern do this VJork 
pro})crly, as it require s very spa oinl knowl 0(10;0. 

'Fhis -1;}:O[ltinC of tho forost, Yvl1othcx' plcmtntions, onrichment planting 
or toncling no.turnl rOg'cmoration, hns to be carried on periodically for :nany 
years (15, 20, 30, pcrhc:.ps OVGn nore) J -,xlfol'o tho forost is rOQ.dy again to 
bo cut for pul:p~ An industrial concorn 'is not ljJcoly to worry- 2-bout such 
'.vorl\: to give ;yields so far in th(-1 futurG. E:cj":o:cio:oco 0.11 oven' the world 
hns f3hown that 1n l.:ll.1devolopcd [trans indus"bX'inl concorns aro not wOJ.:riod 
about sil viculttU'al op'(~r[,tj.ons which nro not likely to bonef:L-t thomso1 ves 
for many yeD"rs to como", It is only h: well d.oVGlopcd oountries wl.mro muoh 
Of tho forest has nlrcacLY boen destroyed, as ir~ pnrts of thG U. S.1:..., 
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Canad~, Australin,-and Sao Paulo-,that industrial concerns will trouble 
to do the planting for themselves. Again, world experience ho.s shown that 
in undeveloped areas the replacinG of the forest for the future' is only" 
succClssful IF 'rEE WORK IS DONE BY THE GOVERNMENT FOHEST SEHVICE. 

The industrial concern thoref'ore should pay to the Goverrunent royal ties 
or fees which will provide the money to finance the replacement of the forest 
BY TEE GOVERNMENT. 

If large-scale exploitation of the forest is ever started for pulpwood, 
i.e. the foIling of blocks of sevoral hundrod hocto.res a ye"lr, somo strips 
of natural forest should be left r01ID'd each block to give protection 
against dessication in the dry soason.. If tho blocks are to 1:;& square 
kilometres, a strip 50 m wide whould bB loft round oo.ch block; these strips 
will help to retain the forest climate. 



In Jiugust 1957 the Diroctorof the Seiovigo Plorestal asked if the 
FAO Mission could help over tho training of forest personnel. This was 
agreed to and the Diroctor ViaS to recruit somo ongonheiro-agronomists in 
tho south and send them up for trai'1in[!;" None materialized. For 1958 
it was suggested that one or moro of tho j.unior local staff in Be16n go 
to tho Curun' fortl'aining 9 tho principle 'was aerood to but no one 
materialized. 

Follovving a visit to Be16m in July 1959 by tho Director, and a brief 
one to tho Curu<l in Aue;ust by Dr. Arthur Mi.randa Bastos,' both of the 
Servigo F'lorostal, it ViaS arrangod that tho .0hiof of tho -I st Inspectorate 
from Belam would visit the Curua. Although he 'i/JaS provided with a ticket 
he, too, for'various reasons, VIas not able to go,. Eventually in March 
1960 an assistant went up for a period of over three months. ':11his man 
worked well, but not: much sh:ouldbe expocted of him as he had not had 
even a high sohool eduoation_ 

It is-a tragedy of the, first magnitude that the Sorvigo Florostal 
has failed tCl avail itself much more_fully of the opportunities provided 
by the FAO forestry mission in tho Amazon for training Brazilian personnel 
in tropical forostry. Perhaps thoy will in 1961 .. 

The short course of training given to a momber of the sciontific 
staff of INPA has boon roferred to on page 74. 
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L.. TIMBER IDENTIFICl!.T10N 

This is not strictly a silvicultural subjoct" Howevor, any silviculturist 
should be able to recognize tho logs and timbors of tho more important 
sp'ecies with which he is dealing. For this roason tho :Brazilian assistant, 
Dr" Guerra, was sent to the 1nsti tuto de Pesquisas ~:ecnoI6gicas in Sao Paulo 
for a three-week course in 1958 to learn some1hing about the macroscopic 
identification of the commonor l1mazon timbers" 

The present assistant, Dr. Osvaldo Vora Cruz, went on a similar COUTBe 
of four weeks in October, 1960. 

Punched cards have been made and work is in hand in preparing a key. 
The preparation cmd distribution of sets of those punched cards should be 
a definite step forward towards the better identification of the local 
timbers .. 

Profiting from his course at Sao Paulo, Dr .. Guerra, who is now the 
Adminstrator at the Centre at Santarem, is able to instruct the trainees 
in timber identification with the aid of a hand lens .. 
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v~ APPRAISl~ or ACCOMPLISI][ENTS 

The span of life of the different trees in the :forest may 'be anything 
from 20 or 30 years up to perhaps 200 or 300 or more. In tho very short 
period of less than 5' years therefore it is impossible to expect a complete 
answer to the problem. However, as has been shown in the provious section, 
much information of value has been collected and a sound basis laid for 
the application on a larger seale of sil vicul tlli:~-w. methods to the forests, 
at least on the planalto, for developing the rational utilization of these 
forests.. Many and varied oporations have been dbmonstrated, and some cost 
figures, in man-days, collected - See Appendix X. Considerably more time 
however must elapse before total costs can be evaluated against the 
final results. 

The sco12e of tho work is almost unlimited, once funds and personnel 
are made available. The work should certainly be extended to a' varzea 
area, as soon as the Inventory section has got some data froin it.. The igap6 
and flanco types are likely to be less productive? though some growth results 
from plantation, trial plot's at tl1e Curua on the latter are somewhat spectacular, 
at least in tho early years. These sandy soils which lie between the rivers and 
the planalto in the Tapa,j6s-Xingu region~ sometimes in quito broad belts, may 
be capable of growing good pine (;einus caribaea)' vvhich would provide a much 
better furnish for pulp mhan the existing forest.. Owing to the sandy nature 
of the soil extraction could be done during much of the rainy season; in 
fact in the dry season it may be more difficult to get out the timber unless 
laterit~c gravel (Ilpigarra ll ) or something else is put down to improve the 
surface. 

The duration of the work is indefinite. For how long technical assistance 
should continue will depend on how soon a govermaent department begins to' take 
an active interest in the work and to participate in its actual execution. 
There is no doubt that planalto forests such as occur at the Curua can, 

(1) yield a good quantity of t~ber of accaptable species, 

(2) be regenerated nat'urally, and with more stems of fewer 
desirable species, 

(3) have the future composition of tho next CJ;Op determined 
to a considerable extent in tho cleanings of the natural 
regeneration du.ring the first few yoars following 
exploitation, and 

(4) be converted to good plantations after clear-felling and 
burning if a much greater quantity of more valuable species 
is required (compensatory plantations). , 

The last 0.180 applies to the flanco forests. 
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Quick economic returns must not be expected f'rom silvicultural work. 
God, throueh t~rces of nature, grows the trees. All thnt silviculture 
can do is -to speed up the time by reducing competition to the minimum, to 
improve the .quality of the individual trees and to improve the composition 
of the forest .. 

Professor Aubreville the well-knovVll French colonial forester, who 
visited Brazil in 1957, made the following stQtement at the Fonrth World 
Forestry Congress in India in 1954: 

"In a general way one can state that these tropical countries 
·which spend a part of their present financial resources on 
the improvement of their forests will create for themselves 
in the future considerable riches which will contribute to' 
the improved standard ef living of the popllia.tion. tl 

With the technical assista.nce ef FAO and funds provided by SPVEA, Brazil 
has made a smnll start in improving seme of' the Amazon forests", Now is the 
time to go ahead on a somewhat larger scale. 
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VI.. RECOMMENDATIONS FOR FUTlIER ACTION TO :BE TAKEN BY THE - -

GOVERNMENT' 

1. Curua Una Centre 

In view of the valuable resuLts already being obtained, of the long-term 
research projects already in hand, the good rivers.ide camp)) the excellent 
road system and the comparative accessibility (2! hours by air from Belem 
to Santarem, and then 6 hours by launch) this center should be maintained 
indefinitely. 

SPVEA, through the Brazilian Government has asked for FAG to continue in 
this nrea an~~~ to the and of 1962. It would~be prematl~e to make specific 
recommendations now about 1963 onwards; much will depend on what the Servig0 
Florestal does during 1961 and 1962. 

What is clear,however,is tJ:i.at the area of planalto and flanco east of 
the Curua camp and north of the Rio Curuatinga to the eastern edge of the 
area originally put at the dispo'sal of SPVEA for work by FAO should be made 
into a government Forest Reserve. A proposal to this effect has already 
been submitted by SPVEA a Explotation in this area should be encouraged 
and controlled so that silvicultural methods can continue to bo applied 
for improving the fOTests for the future. A map showing the area proposed 
is attached - Map 5. 

Utilization research, including studies of which species are suitable 
for railway sloepers, should also be carried out.. This could lead to a 
more intensive 'exyloi tation of the forests, as' several of the more common 
undesirables, e.g. Mirauba, may prove suitable. A yield of sleepers, as 
well as of timber, besides reducing the overhead costs per ton of forest 
produce obtained, or per hectare of forest exploited, would also result 
in a greater opening of tho canopy, which, as has already been shown is 
more favourable to the natural regeneration of the exploited area. 

2. CBA - Sant~ 

As acomploment to the Cl~a, the research plots here should also be 
maintained. They contain several ~pecies which aro not found at the Curua, 
in particular Jarana. 

3. Amapa 

Provided the gov~rnment of thi~ Federal Territory can provide transport 
when req,uired to visit and work at parto Platon - a few days 'once or twice 
a year - tho forest plots at Campo Verde . should be maintained. The campos 
and nursery plots at Fazendinha on tho eq,uator should be maintained - this 
moans mainly protection from fire. They can always be visited. by taxis if 
government transport is not available. 



4. Insti tuto Nacional do Posa,uizns no. Amo.zonii:t "( IN.PA ) .. - Maucfus 

Acloquate funds ShOlUd: bo providod for the gradual dovelopment of the 
Silvicultural section hore. The question of botanical work boing dono in 
Be 1 orr, has boon monttonod on pclge 75; tt VJould be better, and loss 
expensive, to have two' field assjstcmts at Manaus working to Ro16m than 
one botanist i1". Nlan~us9 

Dr. Rubons Vallo should 1)0 sent to Puerto -::'ico for ono of tho threo
month forestry coursos thore,so as·"t;o give him a bottor idea of what 
troptcal forostry really is. 

An experionced tropical forester should bo mo.do available to vtsit 
MClnaus periodically ovor, so,y, at leo.st tho noxt five yoars to ao.vtsG 011 

the dGvolopmont of the viork il:~ tho Ducleo forost in tho light of results 
'baing 01YGail1Cd" After such n period. tho Silvicul turnl sectj.on of the 
Insti tute could probably t1:'Jw oval' the Curud and ORA plots, if the Sorvig() 
Florostal has still dono nothing n1)out them. 

(a) Some ongenhoi:ro-agronomists shouldbG recruit'cd irnIDodio.tely 
who are vJiLting to work in tho llru,\zon forosts. Thoy IDo.y 
have to bo J?aid more;. GGologists for Potrobras got well 
f1aid; c().nnot similm: indueomOlll:i3 bo offoI.'cd to ag:t'onomists'? 

(b) Advantago sl:oul::tbo tcJwn now of tho SPVEA/}i'AO work on the 
Curua :E'o:r thc·so ~ncn to ::eoccivG some traIning in forostry. 
It is Iikoly to be at loast four years l)ofore any Brazilian
trainod :foroster from the new Natiol1nl ForQst School will 
bo QV~1ilablo 9 ovon thoso mon vIill not 1)0 adeCfuatoly 
ql,w.lifieS. for YJark in tho Amazon unl'()ss they have done some 
of thoir field tr::1ining c~t tho Curu~~9 

(ii) Caxuano. J:Porost RElSEH've 

A la:rgo :t'orost rosorvo hns rooo1'][;J.:1 ·beon crcntod: in this aroa, cast tho 
Hio Xingu .. ' Suo pago eo of FAO RCPOl'i No. 949, Ref. 5. Lccordir~g t'o tho 
Decroto No. 3,076 some s:ilvicultural ,,"fork is to bo carriod. out herG. 11110 
foreman, or osststnnt, roferrod to on pago 89 who hos had a littlo fiold 
tnduing at tho Curut'i: contr8, has not tho b[,sio odueation, still loss tho 
scioni;ifio, to initiate ,/Ork hO:1:'8. Bofo:co nny work i'3 initintod tl1 this 
aroa tho Chief of -tho "EJ'L" Regional Inspoctornto, which has its hendquarters 
in Holem, should visit the CU1'u6 t'o soa for himself tho linos on which work 
in tho Caxunna area should bo clone. 
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(iii) Brasilia-Belero Road 

The Servigo Florostd are acqulrulg a few square kilometres along, this' 
orad in the vicinity of Ian 70 south of the Rio Guama, for experimental work. 
Here too,before any silvicultu.ral work is initiatod,the Chief of the 
Inspectorate should visit t1].o Curua Centre. Additional plots should b~ 
laid out in each of the other forest types which the FAO Inventory section 
are finding along this road; thero may be four or five" 

6. Explojtation for Pulpwood 

The sil vicul tural implications 'of such large-scale exploitation have 
been referred to on pages 84 to 88. They are still on general lines. 
Li ttle is known ahout' tho suitability of many of the Amr:zon timbers as a 
furnish for wood pulp.. Technically, it is saiQl that a mixed furnish fJ;om 
all spec'ies will provide suitable pulp, but it has yet to be proved 
economic. Amongst other things whi'Ch do not appear to be known is the 
cost of producing the raw materialo How much will it cost to fell so , 
many hectares of forest hmv many m3 of pulpwood will be produced (inventory 
figures show only the stem volumes; no date are available for branch wood 
and for top pieces too small for timber) and, how much will it cost to carry 
the pulpwood billets so many kilometres to the factory? 

This is basic information which the Government should be able to supply 
if it Wished a c'ommercial concern to set up a large wood pulp factory in 
the Amazon region. It is information which could be obtained at little 
reasonable' cost, and in Em area INhere the sil vicul tural implicat ions could 
be studied. 

7" Minor Recommendations 

1. Resurvey of Linear Regeneration Survey 10 m and 5 in'strips, Curun, 
CBll and Porto Platon (pages 22,56 and 67)at 5 year intervals. 

2. Heavier opening of the canopy about 5 years (?) before exploitation 
to induce or increase the n2tural regeneration of deSirables; reduc'e basal 
area to below 15 m2/ha (or 10 m2 if only trees in class 3 and up, i.e .. over 
25 cm diameter, are measured) - (page 27). 

3. Give plenty of light to any seedling regeneration of Cedro (pages 28-29). 

44 Assist gregarious patches of na'tural regoneration of Guariuba 
(page 30) and Angelim da mata (pago 31). 

54 Pre-exploitation operations - r8:fining and liberation (page 41) .. 

6. Post-exploitation oporations to favour devolopmont of rogeneration
cleanings', poriodic poisoning of romnining trees as rogonorntion d~velops 
(page 34). 

7. Maintainance of and neod for more diameter increment plots (pages 43 
and 44). 
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8" Direct-sowing trials (page 49)" 

9.. Measuremonts of' establishment index, height and diameter growth 
in trial plots (page 52)~ 

10. Spacing trials for plantations (page 53). 

11. Shade or NUTse trees to assist species which appoar not to like 
full light (page 53). 

12 .. At CM continuo observations and diameter ll101C.SUrelllonts (pages 55-61). 

13. Clean plot J3 in -J 961 or 1'962 (page 58), and open understorey 
further in plots D and E (page 59). 

14. Try bu1ldozing tracos for planting in poor Y0ux:-g capoeira on sandy 
soils (page 63) .. 

15.. Protection and observation of "campos!! trial plots, F1;l.zendinha 
near Macapa (page 69). 

16. Pau rosa work by INPll. (page 79). 
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APPENDIX I 

s 

It is advisable to expiain briefly a number of terms and expressions 
which appear in this report. The Portuguese equivalent? as usedln the 
Amazon, is given in brackets. 

Basal area 

Cleaning: 

Compartment 

Defective 

(Area basal) 'I'he area of the cross section of the stems 
of the trees at l)reasth~ight. 

(Limpeza) - Cutting l)ack y normally, to near ground level 
of all undesirable plants including cre'epers, which can 
be cut with a few strokes of a machette. 

(Talhao) - A block or unit of forest demarcated for 
P"Lu'poses of control. 

(Defectivo) - An unsound stem of. a desirable species but 
which is of little or no use because of some defect such 
as a bad twist or a hollow o 

Desirable (Desejavel) - A species vihich is required for carrying 
out the ob,jects of management; normally it is a species 
of timbel' value (economic - madeira do lei) but it may 
be a weed spocios rotainod temporarily to help close 
the canopy to suppress creopers and other weeds. 

Diameter class (Classe do diilmetro) rrhe number for each class reprGsents 
the mean d in decimeters at breast height, e.g" 
Class 4 includes all troes with diamoters greater than 
35 cm and less than 45 cm. Class 1 is sometimes sub
divided in 1A (5-10 cm) and 1B (-10-15 em). Normally, th8 
girth is 1118asuro'(1 in the field and converted to diam.eter. 
by usib~ a table. 

Economic (Madeira de lei) - A species of known commercial value. 

Emergent 

An economic spocios is desirable, but a clesirable may not 
0.1 ways be an economic , 

(Emergente) - A tree whoso crown is completely exposed, 
free from comIJotttion for light. 

(Enriquecimonto) - Putting: out in lines, or occc,s~on0_11y 
groups, :plants of species which are of greater value 

than of the sUl'}~oundlng forest. 

Establishment Index (Indice de sobrovivcn"tes) - Tho 
;;;..;....;.....;..;;.=-=::.-. ........ _--:'t-o-:-"t a1 nurn b c; r of pI ant::; us e d ( 

p~rcentage of the 
planting plus 

This give a better 
the success, or 

replanting of failure) still alive. 
idea than the lJOrCel'ltage 'stocking or 
otherWise, of tho specios. 



Form factor 

Hardening off 

Impe de.!'. 

(Fator forma.) - 'rhe factor usod to allow for the taper 
of tho trunk, when calculating tho vol ume from the basal 
area and hoight of trunk. Normally 0.7 is us-ad. 

(Aclimatagao) - The process of reducing shade, and water, 
so that tho plants in tho nursery may become accustomed 
to the concli tiom; they will have when planted out. 

(Impedidora) - A' treo which is hindoring the dovelopment 
of a better treo. 

Indice de sobreviventes - Soe lIEstablishment Indox ll
• 

Liberation (Remogao da concorr&ncia) - Tho fre of desirables 
from inferior comIJeti tors 1)y tho removal of impeders. 

Madeira de Lei - See "Economic". 

Mature (Adul ts) - A treo of oi table sizo and age, which will 
not incroase in value but has not yet started to decrease 
(die back or becomo rotton). Normally, troos botwoen 
classes 5 and 10 or 11. 

Nurse trees (irvores coadjuwmtos) - ~"Proes "which are in at a wide 
spacing with tho primary objoct of providing some shade 
to trees of anothor mol' useful spocies vvhich ·will be 

antod botwoen tho or±ginal rows and which will eventually 
form the final crop. 'rho nurse troes may, or may not, 
give an intoriTlodiate yiold. ". . 

Overmature (Caduca) - A treG YJhich is deteriorating in value or is 
too large to eX]jloi t, normally over class 11 .. 

P .A_,I.. (Rendimcmto pori'6dico anuc::.l - R.P .A.) - The poriodic 
annual incrolJlont. In tho caso of hoight measuroments it 
is calculatod normally by doducting the original height 

Polo 

Proscri;et 

Refine 

Ride 

R.P.M. 

of tho plants from tho ho of the tallest 20% of 
the troes in tho pl'ot, OJ:' sing sub-plot, and thon 
dividing by the ago. 

O\.rvore pequena) .- A small tree normall;y in dimneter class 
111., 1]3, or2 (i. • 5-25 cm diamctclI·). 

(Proscri ta) - A SIlocios of pOSGibl8 val 'J.o~, ·but not required 
10ca11y; e1sewhoro, j.t may be a dosirable 0 

(Refinamento) - 'rhe removal of vveeds ~ defoctivGs and . 
proscripts, whother they are interfering with desirables 
or not, in tho interests of completo utilization by the 
desired crop. 

(Estrada de acesso) - l~ small road '(jeepable) usually 
along the boundary of a compartmont. 
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(Vara e' Varinha) - A young treo larger than a seedling 
(over 1.5 m)' ilnd less thiln'5 em in diametor. A Ivarinha l 

is betweon 'j. 5 and 3 m high. 

S,9odling - natural (Muda nativa) - A plant up to 1.5 m high developod 
from seod in the forest; plants under 5 or 10 ems a~:ee 
usually not countod as so many of thom soon die off .. 

§.eedling - nursery (Mudinha) - L ant, usually up to 15 em, developed 
from seled sown in tho nursory and 'before it is trans
planted .. 

Stripling 

Stump 

(Muda sem f8lhas) - A nursery transplant from which 
the loaves, except thG ;youngGst 9 h'O.ve bGGn rGmoved; 
usually between 30 and 150 om high. 

(Toea) - 11 nursery transplant from whioh tho shoot 
Peen out off leaving about only 5 - 10 em of ~tem. 
should be at least 1 em thick beforG stumping .. 

all 

has 
Plants 

SustainGd Yield (Rondimento rogular) - A rOClsonably constant yield which 
can bG expected yoar after yoar oJ:.' p~riod aftor period 
for an indefinitG numbor of years. 

Transplnnt 

Undesirnble 

Weed 

Woe ding 

(I\fIuda) - A nursery seedling after romoval from tho soed 
bed and planting in another bed or somG oontniner. 

(Indosejavol) - A spooies whioh doos not promote the 
objeots of management, the term inoludos Dofootives, 
ImpGdors and Prosoripts. 

(Planta inutil) ~ A species of no known value, which can 
be a potential source of hindorance to dosirables ; it m'ay 
be n croGpGr, climber or trGO as vvell as hGrbe or grass. 

- See IlCloaning ll • 
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APPENDIX III 

SOIL ANALYSIS SUPPLEIvIENT 'ro 1957 SOIL REPORTS F'OR 

SILVICUVI'URE FLOTS 

1I.mapa 9 Santar6m, Rio GUloua Una - Octobe:e,1958 

by Thomo.s H.Day, Soil Specialist 

General comments on the practical meaning of some analyses 

'1. Carbon/Nitrogen Ratio (C/N) 

This is the relative proportion by weight of organic carbon to nitrogen 
in the soil. It is a measure of the nitrogen potential of tUG soil organic 
matter, a low C/N indicating organic mo.tter rich in nitrogen. 

The ratio is of practical importance espc-lcially in two ways g 

(1) l\. given soil under a given set of conditions has a moro or less 
constant C/N. If organic matter is added with a higher {han normal C/N there 
will be competition for the availC:lble N until thG bal,mce is reestablished. 
As growing plants do not have the compotitive st:nength of the soil MICRO-' 
ORGANISME this means a temporary shortage of N available for plant growth. 

(2) In attempting to build up the organic Elattor content of a soil tho 
nitrogen contGnt must be considered bocause a stable incroa:3G in organic 
matter content cannot be accomplished without a I)rOportional increase in 
N content. 

It also be 2dded., p:--.ronthot th::tt to ::ttt to lift the 
quantity of soil organic matter much abovo tho natural lovol is generally a 
difficult and costly business. 

1. Sqil pH 

Tho soil pH is, of course, a E1GaSUrO of its acidity. The pH determinod 
using KCL is usually lowor than -I.:;h8t determined VJith water bocause of a 
reaction between the salt and the soil colloid. 

These figures offer a good clue to tho type of clay found in the soi1. 
Wher~ the Si02/A1203 is about 2 there is a good possibility of Kaolinite or 
one of its close,relativeSbeing the dominant clay mineral. A number much 
below that indicates an increasing proportion of aluminium oxide. A number 
much above 2 probably indicates the presents of montmorillonite, illite or 
their relattves. 
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The practical significance of the presence of these clays is shown in 
the Exchange Complex, the Index of Structure~ the Moisture Equivalent, and 
the "available P205 (Truog) 

The ratio Si02/A120Jas well as Si02/A1203 + Fe20) are somewhat useful 
in soil classification and nomenclature. 

This is an attempt to measure the total phosphate in the soil. The 
uni ts are in percent in contr'ast to the "available II phosphate ('llruog) which 
is parts por hundred thousand .. 

An approximate but useful factoJ7 is 4 x P205 in p.]).h.t. ::: P in p.p.m. 

In general it can be said that the value of total phosphate is· least in 
acid soils that are high in iron and al umim-1.11l ·oxides 9 and Kaolinite clay 

which closoly describes most Amazonian soils. 

The limited analyses so far made on Amazonian soils indicates a general 
variation in "total" phosphate between 0.01 and 0.05%. For some of the more 
f'ertile soils in temperate zones the variatj.on would be between 0.ci5 and 
0.1% 

Although the differences here betvveen tropical and temperate soils is 
rather substantial it is even further increased by a greatly reduced 
availability often found in tropical soils. 

5.. "Available II P205 (Truog) 

This is an attempt to measure by laboratory analysis the amount of 
phosphate available to plants. The method used has given reasonable 
correlation in field checks with soils of the Temperate Regions but the 
accuracy with Amazonian soils has yet to be proved. It must be said, 
however, that the very low levels of "available" phosphorus fOU'fld thus far 
do not conflict with what might logically be assumed to be true. ' 

6. Exchangoable Cations, 

These alre the cations absorbed. on the particals, the dominant 
ones being generally Ca, Mg, K, Na, and H. The s;ymbol llSl! is the milli
equivalent sum of all the cations except hyd:rogen. 'IT" is an approximation 
of the total absorption oapacity of tho soil. ItS" plus hydrog~n equals 
"Til. And IlVn is the percent of the oxchange capacity ocoupiod by the 
metallic ions. 

The oxchangeable cations ancl. tho oxohange caliacity of' the soil are 
an important part of the fert:Llity of the soil. A high "VIl indicates a 
good availability of the plant food elomc:1ts held in the exchange complex. 
liS!! indicates the amount of these eloments held and, o.s a generalization, 
can be said to approximate the amount ava:Llable for plant use. "Til is a 
rough measur® of the fertili t;y capaoi of a soil with the better temperate 
sone soils having a capacity of 20 or more milliequivalonts per 
100 gr of soil. 
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7. Mechanical analyses 

This is the separation .of the soil into the various sized 1,mi ts to 
determine its texture. 

8. Index of structur~ 

This is a measure of tho stabilHy of the- strctural units of the soU. 
A high index indicatos a more stablo soil, i.e. a soil more resistant ,to 
erosion and one more resistant to structural breakdmvn from cuI ti vatj.on" 

9. Moisture equivalent 

The moisture equivalent' is a laboratory' estimation of the moisture 
holding capacity of the soil. 

Comments .on the soil analyses made f.or silviculture plots 

'I. Amapa 

Tho soil analyses received do not give any basis for changing or 
adding to the original repoI'ts. (see pages 14 - 16 Report). 

2. SantarGm, Saw Mill Training Center 

a) Terra PretCl soil (rrp13 on map) - Gonerally the phosphate content 
of the Terra Proto. soils is higher than for tho normal soils of tho region 
but the extremoly high phosphato lovel in tho sample analysod is probably 
quito oxcep;l:;ional. It would be very surprising if the same lovel was 
maintained ovor tho wholo area mapped as Torra P'reta" rrhere should be no 
immediato problem of phosphate shortage, however" 

The organic matter content is much lowor than anti-eipated. The cause 
of the black soil color is not lcnown. 

The level of plant food' Qvail[lblo in tho exchange complex is low similar 
to other soils in tho HO·ilOV('.r ~ the sC'.turCltion (lIvn) of the 
exchange coml)lex is many times \VhClt it genorally is vJi th normal regional 
soils. This rosul ts in a high~r and groatoravailability of' tho plant 
food elemonts held in the cornplox. Tho higher pH, tho greator avail abil i ty 
of the metallic. ions, and tho largo amount of phosphorus present should make 
for much more favorablo growing conch tions them gonoral found in the rogion. 

Tho wetter hol C21)o.city of the soils i:::; quito lovv cend dxoughtiness 
will probably be a problom during tho dry season. 

b) BL on map - No cmalysos mado on this soil. Anal y.ses made on othor 
related s'oils show little need to change or add to the di:3cussion already 
submitted. (soe pages 13 - 14 Roport). 
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3. Silviculture plots on Curu{l Una riVGr::U1ci thO:38 on planalto near eM. 

Soil analyses revealed l:ittle bsyond th",t already 8ug[s8sted in the 
original reports. I'h" Flanco Baixo soj,ls - })p. 'j'1 - '13 -Ec;:r:ort··~ HTe i30mewhat 
morc sandy than originally th'ought, which Ifoulet mako thc::m quito droughty and 
very low in nn tu1'a1 ferti'lity. But 1)()yond tLo.t little of practical in
terpretation can be addod. 

Similar to '~h8 Terrn P:cGta n.t tho Santarem Sawmill Training Center 
thi:3 soil has a much higher level of J;)hos]!hDte than \"lOule;, n01'lllally be 
expected in' soils of the x'ogion - although lD'C<.ch .10Ylor than the Santnrom 
'l'::·}::,':L Protn. (h'gcL11io mntter, r.i trogo):, cL:c::lC,nL;oablo b,:~sus Cn'C'tallic ions 
in tho oxchange comIllo:&:) are at tho normal regional low level.. Eowoyor, 
the porcent of baGo sDtC:1"1:1."Gion (IIV1!) L:; many tiTaoS groc:to:e tLo.r.l. normal 
making for <1 higher ;pH r.md. 0. much' groat8T E<,vailabiJ.Hy of' tho plcmt food 
ions held ill tho e:;:chango complex.. .All these to{:,:cth8r vo a much moro 
favorable conditton fo:c plcmt grov.rl:;h~alt·LlO1..1g11 fGrtili!1:.ol's will lJrob<]-!Jly 
be necos'sary to n:ainta:i.n good production y"rith any :prog:cc.ln1 of long-term 
cropping. 

Fertilizor recommondations 

'1.'ho making of specific forti1:Lzor rCGo:nmondations sololy on th8 baeis 
of laboratory analysGs o:f:' thc soil ranks y;j.th crystal e;azu,ng u.nd. astrology as 
11 scionco. WheI'", cl'Gd.itablGrGoom::!ondatj_on~j nro made from laboI'o.tory tests 
thel'O j.s 0. mass of fiold data corJ:(')~Lltcd ;;:L~h provious nno.lysGs which 
allows a slcillecL man to in-Go;rprot tho numcoJ'f3 obtained from the' laboratory 
into roasonablo ost~~ntions of dosir~~lcfsrtilizo~ applicntionse 

However, o.lthough Inboratory nnalysos havG rmny limitations they do 
give a"first approX'im[-ltionl!' of the noec1s of the) soil us well ns many of 
its oharacteristics. 

RO;SClrding the soils [malyscd for tL::; silviculture plots 801)10 

g8110T'nli~,~ation8 CGl'l "be L1(uI-J :Crorn c~~~:·, tl;f:;rcs COt1(.luctG(I~ 

Excepting the To:c:t'rl I'reta alI -elw soiL:3 Cll"O very low iE l'J.(J"cuI'nl 
fortUity, very strongly (tcid, nnll, J)rooo.bly hc.vG ability t'o tie-t,;,p :Large 
amounts of phosphato :i.n 0. form cliff:'oult for :plo.niis to use,. ~:his latt~r 
fnc"l:ior will vary diroctly 'with tho clc:.y oontcr.t of the soil. Also, in 
any iutonsi V8 cropping program rdnor clement c eficioncics IU'G likely to 
0001.11'. And, short-Ii vee.. crops sucl.,. as vogo-t;[lI, 108 i.:l1'8 mOl"8 apt to show 
deficionoies than long-lived p02'cnnia18 likotroos. In aC,d.ition, it should 
be notod. t~liJ.t bGyond the 2.ctual 11in01'n1 fCl,tili ty of the 80i1 other factors 
such as soil tomperatures and moisture relations are perhaps of equal 
importance and may actually be of criticai impol'"k~r,GG in any attoupts 
to establish troos on opert, savannah ~u.'Gas .. 
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In answer to the ]~eQuest for fertilizer recommendations for ICOMI the 
following is addedg 

It must be clearly understood that any fertilizer recommendation made 
under the present conditions is at best a rough estimate. Types of crops, 
different methods of soil management, and systerrf3 of fertilizer application 
can have a tremendous influence on the effectiveness of fertilizers added. 
Also, a shortage of some element (including the microelements) can cause 
an apparent lack of rbsponse to a fertilizer application that can be 
completely misleading. 

Another point is that these soils are weakly buff~red, i.e. applications 
of fertilizers and soil amendments can have a relatively great effect. As 
a result of this the nutritional balance can be easily upset and mis~ 
interpretations made from fertilizer trials. For example, some calcium 
is no doubt desirable on these soils, but if it is applied in excess a 
nutritional imbalance may result which can cause an apparent potassium 
shortage. This can be complicated by tho fact that Superphosphate 
(16% calcium) may, when added under some conditions, give a depressing 
effect on production. Such results can easily lead to the misimterpretation 
that excess phosphorus is causing a drop in production whereas it is, in 
reality, in very short supply and too much calcium is what is causing the 
difficul ty. 

With this background of points of caution and it being understood 
that many other complications may also be involved I make the following 
recommendationg 

In general about 50 kg }IT, 200 kg P205' and -100 kg of K20 per hectare 
would be a good starting point .. 

If legume'S aro grown in a rotation or in a pasture the amount of }IT 

can bo reduced. 

The rather heavy application of P205 is recommended because of the 
probably se'Vero shortage of P as well as the strong phosphate fixing power 
of the soil. Localized application will greatly increase the effectiveness 
of phosphate ications. 

Later if deficiencies are still noted, some micronutrient applications 
might be tried like Zn, Cu, B, and Mo. Sulfur might also be in short supply, 
but if Superpho'Sphate is used as the phosphorus carrier it should supply 
the necessary S. 

The high acidity of the soils suggests the use of lime. If pastures 
or green manure crops are grown which contain legt1IIles, about two tons per 
hectere of lime would be a good estimate of need. ' For vegetables and 
other field crops perhaps only one ton per hectare. In tho latter case 
I would leave part of tho fielfrwithout limo application to see what 
effect, if any, is taking place. 
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Whereas the prosence in the soil of sLuficiont mineral nutrients is 
necessary,the' maint~nance of a good physical condition of the soil is also 
a requirement. I, therefore, suggest some method be used to maintain the 
organic matter level in the soil through the addition of animal manures t' 
good crops rotatiol'ls, or the turning under of green cover (green manure). 
This will help with both the avail abil i ty of minerals pr'esent and the 
maintenance of good physical conditions for plant growth. 

Again I caution against the acceptance of these recommendations as 
being optimum. They are, I believe, as good as can be made considering 
tho present dearth of iIDformation. But as experience is gainod there will, 
no doubt, be changes. 
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SO il.J ANAL YSE S 

Soil Section of FAO Mission to the Amazon 

Field Profile No. 31 Sample Nos~ 17,18,19 
Municipali ty~ Stute z 1fu r. of Amapn 
Locationz parto Platon - M.B. Line M.M. 500 m S. of the Matapi 
Classificationg Red Yellow Latosol Igarape 

i Analyses byg Inst. de Q,uimica Agricola Date of' Analyses ~ 8/8/58 i 
j.-----\...---------------:----..... '"-.-.:..---------------------------------------------------- i 
i Laib. j' HORIZON '1 AIR DRY S.AMPLE, (%) i BULK DENSITY i 
iNa. i Symbol i Depth I Gravel i Gravel i Fine EarthjApparent 1 Real i 
i 1 > 20mm" 20-2rnm .~ 2mm 

, i i 
i 29,892 Ai 0.:..10 
129,893 A2 10~30 
129,894 B:2 80-100 

Lab. C Nd i' C pH (1 g1) P 0 Truo~ 
iNa. i (%) i (%) i N i Water i KC1 n. i (mg/100g) i 
i -------t----·-----t----------t-----\...---t----'----t-----'------t---------'----:--------- j 

129,892 1,,34 0.12 11'.2 4.0 3'.2' 1'.3' ,i 
j 29,893 0.82 0.08 i 10'.3 4'.6 3'.7 1'.0 i 
j 29,894 0~23 0.03 ' i 7.7 4.7 3.8 1.0 j 

Lab. 
No. 

I 
129,892 
i 29',893 
i 29,894 
i 

Lab. 
No. 

Lab. 
No. 

i i -:=--.......... --=-_-.-~j --,-,~ __ ---''---::::-:--::::-___ ",.,-,,,--__ 
j ATTACKED BY H2S 04 d = 1.47 C%) Si02 Si02 I 

r--~-------------------------------------------------i ------- -----~-----i 
i Si02 A1 203 , i Fe 203

j
. Ti02 i P205Aii03 A120t;Fe203i 

Nd 
9'.93 

11.47 

Nd Nd Nd 0'.02 ... 
9'.19 i 2' .. 33 Nd 0'.03 1' .. 84 

10.79 I 2.53 Nd 0.03 1081 
.1-.58 

1.51' 
. '. ,', i .. 'i" 'j' i 

I EXCHANGEABLE CATIONS (me/i00g) i. laOS 

i----------------~--------------------------------------~--------i 
i Ca:.r+ i Mg++ i K+ i Na++ i S i rrt I T j 

i 
i 
iCoarse 

62'.2 
52'oj 

5'1.2 
j 

i . i' 

'19'.7 3'.5 
25.4 3'.6 
18.8 1 e 3 ' 

i 

1 ~:. 6 
18'.7 
28.7 

i 

7'.3 
5' .. 1 

i 2.2 
I 

Tl 
52 
99 

i 
i Moisture 

equivalent 

8'.8' 
11'.8 
14 .. 2' 
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SOIL p.IifiIL YSE§. 

Soil Section of FAO Mission to the Amazon 

Field Profile No~ 32 Sampie .Nos.g 20,21,22 
Looation~ Porto Platon - km S of Igarape M~tapi on Terr. of mnaua 
Ciassifioatiom Regosol (white sand) llne MC 
Analises by~ Inst. de Quimica Agricola Date of Analysesg 8/8/58 

HORIZON i(IRYRY S.AIVIPLE (%) i BULK DENSITY 
Lab. Sympol Depth Gravel i Gravel i Fine Earthj. Apparent i Real 

iNa. iiI 20mm i 20-2mmj <::. 2mm iii 
. i -------t--.-------j-.----------t---:---:-.--t--------t-----------t---------t--------:-:----- i 
i 29,895 0-5 
i 29,896 5~25 
129,897 70-100 

Lab. Oi N C ;. pH .. (1;1) i P 0 Truog 
i No. i (%) i(%) .i N i Water i K01 n. i (mg/100g) i 
i --'-----t----'-----t-----'-----t-----'----t----'----t------'------t----------'------------- i 
j 29,895 7'.42 0.42 i 17'.7 i 3.'1 j 2'4 0 1 5'.0 i 
j 29,896 '1'.17 0.07 16'.7 3'.7, i 2'.2 ,'1'.1 
i29,897 0.04 0.01, 4.0 5.5 3.9 ,1,.2 

i _i i 

Lab •. 
iNa. 

1 ATrJ:ACKED BY H2S 04 d = 1.47 C1bJ Si02 .... i Si02 

i * 

SiO 2 Jl.1 203 

L 

Fe 20
3 Ti02 F20 5 

0'$02 
.0.01 

i 0.01 

i 
A1 20

3 iA1203+Fe20~ 
Ki i "Kr 

iii i 
i. EXCHANGEABLE CATIONS (me/100g) i 100S 

Lab. 
No. 

l-----~--_t----------t---------t--------t-------t--------t---------i ++ ++ + ++ + i Ca i Mg i . K· . i Na j'S i HIT i T 
i' (V) i ______ ~ _______ ~i ________ ~ ________ ,L_ ______ ~ __ , __ ~ __ 

i .i. 'j 

j 29,895 . i 
j 29,896 
j 29,897 

i. 

i j i 
M"ECHANIClu.. l~NiIL YSES (Int. Sys). I 

38' .. 1 
5'.0 
0.4 

41'.4 
. i. 

5'.3 
0.5 

NaOH'dispersion - Size in mm i 'Sil t-U. S. Index Moisture 
equivalent La'b. Coarse i Fine sandi Silt i Clay. jO.05-0.002 _ ():f' 

iNa. i sand i O. 20-0.02 Z 0,,02-0.002i below mm Struo-
i _______ ~j_2_.~0--0-.~2-0~ __ ------~--~-----~0~.~0~0~2 __ ·~i--__ ----~~~t~ur~e~~ ____ ~ __ __ 
i i 
i 29'5>895 
i 29',,896 
i 29,897 

26.1 
16'.5 
15.4 

. i . 
67 
9"1 
82 
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SOIL ANlIL YSES 

Soil Section of FAO Mission to the Amazon 

Field Profile No. 33 Samp~e Nosg23,24,25,26,27 
Locatiom Porto Platon - 100 m west M.Bastos! lines Terr. of' Amapa 
ClassificationgRen Yellow Latosol MC-PB 

i Analyses byz Inst. de Quimica Agricola Date of Analysesg 8/8/58 i 
· I----~--t--------------------t_-----------------------------t----------------------j 
t Lab.. i. HORIZON i· . AIR DRY SAMPLE (%) i BULK DENSITY I 
i No. Symbol Depth Gravel Gravel i Fine Em'thj Apparent 1 Real 

i 29,899 
129,900 
i 29,90 '1 
j 29,902 

Ai 
A3 
B1 
B21 
B22 

.j. i >20mm . i 20-2mm Z2mm 
0-10 

10-:25 j ... --

25 .... 40 
40--70 
70-120 

· j .i i .. i 
i Lab. C N C pH {hi) P ° Truog 

· i No. i (%) j (%) j N- i Water i KC1 n. i (mg/100g) i 
i-------t----~----t----~-----t----~----t----~---t-----~-----t---------~------.... -----i 
j 29,898 2' •. 63 0' .. 24 '11'..0 i 4:.-'. j3'.4 1',,1 
i 29,899 1'.53 0'.14 10' .. 9 4'.4 i 3'.7 h 1 
j 29,900 1',,00 0'.12 8' .. 3 4'.6 3'.9 1'.0 
i 29, 901 0'.57 0'.07 8'.1 5',,0 4'.1 1'.0 
i 29, 902 ° . .4 7 0. ° 6 7 ,,8 5" 1 . 4 .. 8 .- i 'I ,,0 

i i 
i ATTACKED BY H2S 04 d= 1.47· (1{)i Si02 i Si02 j 

Lab" . i ---------t-----------t---------t---------t----------- i --------- i ------------- i 
. i Si02 i ..(il 203 i Fe·20 3··· j TiO'2 j P205 i A~203 jA1 203+Fe203 I 

• - . KJ. . Kr ' i _______ ~i _________ ~ ________ ~ ______ _L ______ ~ ___________ I~~ ____ ~j~ __ ~~ _____ i 

i 
j 29,898 
i 29,8.99 
129,900 
i 29,901 
j 29,9G2 

24'~34 
26.46 

'-

28.65 

-j 

22'q 10' 
24.69 

'-

26.84 

j 

'i 9',36 
10~46 i -

"-

10.82 

0' .. 05 1' .. 87 'j 1'.47 ' 
.. i 0·003 .1:.82 i 1.43 

0'.0'3 l... :... 

. i 0'.03 1 .. 81- 1.44 'j 

i 0'.04 i 
. . . i i ______ ~ ______ ~ ____ ~~.~ • 7.1 

i i . EXCHANGEABLE CATIONS (me 1 GOg) , i 1 GO'S i 
i --------·-t-:.,...;.-------t---------1"--------t-------t----------1"-------- i --.------. i Lab. 

No. 
i_, 
i 

i Os++ j ..Mg++ i K+ j Na++ i S i n+ i T iT i 
i . . i _ i (V) j 

i 29,898 
i 29,899 
129,90'0 
i 29,901 
129,902 

.. Lab. 
No. 

i i 
.. I 0'.5 12'.1 12'.3 i 

i 0'.5 8'.1 8'.3 i i 
0'.5 5'46 5'07 i 
0" .• 5 . i } .. 3 3'~ 5 j- i 
0'.5 2.2 2.3 i j'i 

i IIilECHANICAL ANALYSES (Int' .. Sys).. . i 
i 

i 
- j i 1· '1 

j NaOH dispersion -. Size in mm i ' Sil t"-U.S.j Index 
i---------t----------t----------t--------iO.G5-O'.002 i of i 
lC,oa~~iid jFine s'and i' Silt iC~~fow mm 1 Structure 1 

Moisture-i 
Equivalent 

i __ -=~~i~2~.~0~-~O·~.2~0~i~0~.~2~0-~0~.~G~2~i~0~.0~2~-~0~£O~2~i~07.~0~0~2~------__ --~_C6~7--~~--~~---.. .i 
129,898 15'.5 8'.3 12',,0' 64'.2 30',,4 
j29,899 16'.9 0'.4 10",,5 72'.2 65 30'.9 
j29,900 8'.5 4'.6 7'.3 79'.6 99 31'.4 
i29,9G1 9'.4 4',,0' 5',,8 80' .. 8 10'0 31-.. 9 
i29,202 8.9 ~.1 5.3 81.7 lOG 33.1 
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SOIL ANALYSES 

.. Soil Se.ction .. of FAO Mission to the Ama2\on 

Field Profile No. 34' Sampie Nos~ 28, 29 
i Location: Porto Platon - 20 m west of 

. i Classification~ Yellow Latosol 
Analyses byg Inst. de Quimica Agricola 

line M.D. Terr. of Amap~ 1,750 m 
south bf Road in Pitt's. i 
plot E. 

Date of Analyses~. 8/8/58 
i 
i. Lab. 

1 AIR DRY SAMPL~ C%) BULK 'DENSITY 

i No. Symbol Depth Gravel i Gravel i Fine Earthj ApparGnt~ Real' 
i ___ '-"--___ ---I. ____ --'-- > 20mro L 20..,.2mro_j~ ___ "'-._-:_:~ 2:::;mn:::;1.:...J. ____ ..i.-____ _ 

i 
i 29', 903 
129,904 

i 
Lab. C 
No. (%) 

Lab. 
No. 

2.;..25 
75-95 

N' 
C%) 

0'007 
0.03 

C 
N 

i 
i 10'09 

' i 7.0 
, i 

i 

Ell 
Water 

.i 
' i 

4'.5 
. i 5.3 

~ 1 : 1 2 
EC1 n • 

4'.1 
4.4 

. i 
, i 
- i 

i 

P 
P 0 Truog 

(mg/100g) 

. I 

j 

.. 'i i i 
i 29,903- t 
j 29,904 

11-022 i 
17.86 . i 

'JO'.47 
'16.19 . i 

2'.33 
3.25 

1'.82 
1.88 'i 

. i 

'\'.60 
1.66j 

, i 
Lab;; 
No. 

-j . i 
i 
j 29,903 

- j 29,904 

i i 

EXCHANGEABLE CATIONS (me/100g) 

M ++ 
. g Na++ 

~ 

i 

S 

0'.5 
0.5 

i 

100S 
j 

T 
H+ 1: (V) 

4'.3 Lj:" 5 
2.4 :2.6 i 

I j- .. ! i·_ ----~i----~ME~.~C~RANI~j~~CAL~~AN~AL~~~SE~lS~(~I~n~t·-'.~~y-s~)r.----J~~--~~'-i--~~~~~~----~ , i 

i. .. 

Lab. 
No. 

--::::_-.:;N~a .... O..;;:H~d.:;;.is~E"""e;;.:;r:..:.;s..;;:i~o.:::n-'---...::S::.:i:.::z;.:::e....:::.in::.::.-:mm:.:.;-;;;..-__ I ' Sil t"-U. S. j Index i Moisture 
Coarse i Fline sandl" Silt j Clay -i 0.05-0.002 i of jEquivalent 

i ' sand i O. 20-0.02 i O.02-0m 2j below mro i Structure i 
12.0-0.20 _,~i~0~.~0.:;;.02~~ __________ ~ ____ ~ __ L_ _________ __ 

20'.5 . 
16.2 

j- .22'",5 
41.6 

55 .j 13'.4 
100 19 .. 0 
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SOIL ANALYSES 

Soil Section of FAO Mission to the Amazon 

i 
I Field Profile ~o. 36 

Location: Porto Platon - lUll 87 - Macapa Road 
Classification~ R~d Yellow Latosol 
Analyses byg Inst. de Quimica Lgrioola 

Sample Nos~ 30,31,32,33 
Te rr .. of Arnapa 

i_~ ____ ~~ ________________ ~ __________________ ~ __________________________ i 

i Lan.i _-~~~~2~~¥2~L_~~~-_-~------g~tE~~_~~~_i~2~ _____ ~ _____ E~!t~~~~~!!----- ~ 

Data of Analyses: 8/8/58 

. i No. Symbol Depth Gravel .. i Gravel jFine Earth jApparent Real 
i > 20mm 20-2YfID < 2mm i 29:':-;;::;-:90~5::--1---r:--J---r;0:-:-.;..-:;-1 O;::::-....I-...::-:::..::..::~........L.-.::..:;;...=~-.I...----:;;;;..::,:::.;;;:,:...--l.--------'L------

i 29',906 10-30 
i 29', 907 30.;..90 
i 29, 908 90-'140 
i __ 

Lab. 
i lio. 
i 29,90 5 
j 29,90 6 
j 29,907 
j 29,908 
i 

Lab. 
No .. 

0'.12 
0'.07 
0'.04 
0.04 

_c_ 
N 

13'.7 
11'.9 

7'.5 
6~5 

i . L 
i pH Cl~"1) i 
i -------'--::------------ i 
i Water i KC'1 n.. i 

4'.7 4'.0 
5'.1 4'.2 
5'.7 4'.8 
5.6 4.9 

,j 

1'.0 
1'..0 
1'.0 
1.0 

i j i . iii i 
Lab. i EXCHaNGEABLE CATIONS (mc/100g) - i100S 
No. : i--~------t----------t-------t--------t---------t---------t-------j--T--

i 
i 

i i Ca++ i j'J[g++ j K+ i Na++ j 'S I IT+ i T i (V) 
j 29', 905 i 0'.5 &.21 6'.5 . i 
i 29,906 0'.5 3'.4 3'.6 i 
129',907 0'.5 -l'..2 1-.4 . i 
i 29,908 0 .. 5 'I ,,2 1 .3 

, i·' ··MECHANICliL ANALYSES (Int. Sys) ... 
Lab. I. NaOH dispcrsion - Size in mm . 
No. Coarse jFine S'Emd.l Silt i Clay 

iii 

sattd i O. 20-0.02 iO.02-0000~ below 
i_ j2.0-0.20 0.092 " 

24'.0 22'.9 -12' .. 1 41'.0 
25'.5 19'.0 9'.3 46'.2 
21'.5 14'.3 '10' .. 3 53'.9 
18 .. 9 13.3 9.9 57.9 

i i 
j . Sil t·-U. Sa i Index i Moisture 
iO.05-0.002 i of iequivelent 

i Structure i 

i 
.. i i 

i 100 22'.9 
69 23'.0 

'100 25'.6 
100 28 .. 1 

i 
. i 

. i 

i 
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SOIL ANI1L YSES 

Soil Section of FAO Mission to the Amazon 

· I 
Field Profile No. 37 
Locationg Porto Platon - Rd - Km 55 -7, Macap~ 

.1 Classificationg Red Yellow Latosol 
Analyses byg Inst. de Quimica Agricola 

Srunple Nosg 34, 35, 36 
Terr. of Amap~ 

Date of Analyses: 8/8/58 
j 

------~~------~--~--------~------~--~--~~--~-------------------l 
HORIZON AIR DRY SAMPLE (%) EULK DENSITY 

, I La'b. 
· i No. 
i... ,1 
i j 

i 29', 909 I 
i 29,910 
j 29,911 

i 
Symbol Depth Gravel Gravolj Fine EarthjApparent 

i'> 20mm 20-2mm i .< 2mm 
Real 

i 

11.1 0-15 
E21 25--60 
~2 60-120 

i _ i i . . i 

i pH (1 g 1) i P 0 Truog 
La'b"C N C i --------t----.,·---'--- i (mg/100g) 

i No. i C%) i C%) I """N i Wf'!-tor i K01 n. i i 
I r-(...----t----(...----t----'------t-----(..---:·t----'--'--'t-----(...----:--t-------~(...------------ i 
129',909 '1 '.14 0'.09, 1 12' .. 7 . i 4'.9 4'. 1 1 ,0 
129',910 0'.42 0'.04 10'.5 . i 5',,2 4'.4 1'.0 
129,911 0 .. 34 0.03 11.31 5.4 4.7 1.01 
j i ,j 

'La'b .. · 
No. 

i 
129',909 
i 29',910 
129,9'11 

Lab. 
No. ,j 

i 
i 
j 29,909 
129 9 910 
j 29,911 

i 

Lab. 
No. 

· i 29', 909 
i 29,910 
j 29,91j 

ATTACKED EY 1I2S 04 d - 1.47 (%) Si02 ' Si02 i 
i 

Si02 A1203 Fe203 Ti02 J?205 A1203 A12~Fe203 . j 
Ki Kr 

!-. .... .... 0'.03 .... i... 

21.09 19.44 6.02 0'.03 1~84 i 1.54. 
0.03 , i i 

~ 100S 
i 

T i i 

EXCH111lfGEABLE CATIONS (me/ '1 OOg) 

.i 
Ca++ j' Mg-l+ H+ T (Vl rr+ Na++ S' h _ ...... 1 ___ --"-___ -"'-_____ -"""" _____ -'--"-........ 

j, 

i' 

ii' i 

· i 
22'.6 26'.1 9'.3 i 42'.0 
18'.2 22'.5 8'.1 · i 51'.2 
14.7 '16.4 5.8 · i 63.1 

4'.4 
1'.8 
1.7 

i 
, j 62 
, i 99 
, i 100 

i 

4'.5 
1.9 
1.9 

Moisture 
equivalent 

.21'.0 
23'.1 . 
27.2 
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SOIL ANlIL YSES 

Soil Section of FAO Mission to the Amazon 

Field Profile No. 39 Sample Nos.g 1, 2, 3,4 
Municipali tyg Santar6m St'ate g Para 
Locationz Sawmilling Training Centre. Silviculture Plots. 
Classificatiom Terra Preta sabre brown Latosol 
Analyses byz Inst. do Quimica Agricola Date of Analysesg 8/8/58 

Lab. HORIZON :AIR DRX SllMPLE ~~2 I BULK DENSITY 
No. Symbol Depth Gravel Gravol Fine EarthjApparent Real 

i i >20mm 20-2mm i -<:..2mm 
i 30,061 Ai 0-35 i 
j30,062 AB 35-70 ,. i 
i30,063 ~1 70.;..100 
j30,064 ~2 '100-160 

~~-h12 :" 
i 

Lab .. C N C t_pH P ° Truog 
i No. {~L ~~) T i Water i ;[C1' n. ~mgL100g2 
i 30 ,061 1'.66 0'.13 12'.8 5'.6 4'.7 98'.8 

, j 30 ,062 0',,66, 0.04 16'.5 5'.6 4'.6 43'. -I 
j30 ,063 ' 0'.41 0'.03 13'.7 5'.7 4-.6' "31'.2 
j30 ,064 ' 0.38 0.03 12 .. 7 5.5 4 .. 3 18.0 

,j 

,Lab. ATTACKED BY H2S 04 d = 1.47 (%) Si02 SiQ2 

i 
i 
j' 

j 
No. Si02 Al203 Fe203 Ti02 P205 1'.12°3 A1203+Fe 203 i 

i ' Ki 'Kr i i 
i 30,061 4'.28 3'.94 1'.33 0'.37 1' .. 85 1'..52 
130 ,062 4'.67 ' 4' .. 29 1'.32 0'. -18 1'.85 1'.54 
j30,063 5'.24' J.97 1 '. 31 0'.14 2'.24 1'.85 
j30,064 5.68 5.29 . 1 .. 51 0.14 1.82 1.54 

Lab. EXCHANGEABLE CATIONS (me/100g) i 100S 
. i No. j---r.r-
i i Ca++ i Mg ++ i K+ i Na++ i S i WIT, i (V) i 
I -------T----'-----t----'------T----'-----T----'-----t---'-----t----'-----t----'-----t----- i 
j30,061 i J.97 i 0'.43 i 0'.08 i 0'.04 i 4'.52 i 5'.14 i 9'.66 i 47 i 
j30,062 2'.32 0'.30 0' .. 10 0',,03 2'.75 3'.60 6'.35 i 44 
j30,063 1-.71 0'.48 0'.05 0'.01 2'.25 1'.96 4'.,21 i' 55: 
j30,064 1.13 i 0.42 1 0.05 1 0.01 1.61 2.25 3.86 I' 4 1 

• • I. 
I I I 

'i MECHANICAL Alif1lLYSES (Int .. Sys). 
Lab. i NaOH dispersion - Size inmm i 'Silt-U .. S. Indox i Moisture 
No. . j Coarse i Fine sandI ' Silt 'j Clay jO.05-0 • 0 02 j of i equivalent 

i s'and 0.20-0.021°,,02-0.0.021 b'elow rom istructurej 
j2.0-0.20 0.002 

i i . i 
j 30',06-' i 63'.9 21'.2 i . 5'.8 i 9 .. 'I 55 11'.5 
i 30',062 1 65'.7 21'.9 1 1'..8 10'.6 41 7.9 
j30 ,063 65' .. 7 21'.1 1'.6 11'..6 38 7'.6 
130,064 66.1 20.0 1 .. 2 12 .. 7 39 7.7' 

. 1 
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SOIL .ANKL YSES 

Soil Sect:Lon of FAO I\I[ission to the Amazon 

Field Profile No. 40 
Municipalityg Santarem 

Sample Nosg 1, 2, 3, 4, 5 
Stateg Par~ 

side of Plot E4 i Location3 Pitt's Planalto Plots, near CBA,SE 
i Classificationg YBllow Latoso1 
i Analyses by~ Inst. de Quimica Agricola Date of Ana1ysesg 8/8/58 

" ! 
----------~----~-------------i 

1 Lab. HORIZON i AIR DRY Sfu~LE (%) BULK DENSITY 

--j -, No... Symbol- Depth Gravel Gravel ll'ineEax-thj Apparent 
. >20mm 20-2mm -::--2min 

Real 
i~~~~ __ ~ __ ~ __ ~~~~ __ ~~; __ ~~~~~ ___ ~~~~~ ______ ~ ________ __ 

j30,065 
j30,066 
j30,067 
130,068_ 
j30,069 

A11 0-20 
A12 20-40 
AB 40.;..60 
B2'j 60.;..90 i - i 
B20 90-120 i j i 
C '- N C pH C 1 g 1 2 -'i 1_ P ° Truog jLab·l 

,(%) (%) -N Water KC1 n. (mg/100g) 
" 3'.48 0'.32 10'.9 

. 
3.9 3'.6 2.1 

i N~o~.~L-~~~~ __ ~~~~~-7~~~~~~~-=~~~~~ ____ ~~~~~ __ ___ 
i30,065 
i30',066 
i30,067 
i 30,068 
j30,069 

1'.98 0.17 11 '.6 4'.1 3'.7 1-.1 
1 '.11 0.10 l1'.1 

, 
4.2 3.8 1 '. ° 

-0'.7-6 0'.07 10'.9 i 4:.2 3.6 1'.0 
0.51 0~66 8 .. 5 4. 1 3.7 1.0 

ATTACKED BY H2S 04 d "" 1 .47 (%) Si02 Si02 Lab. 
- - i -- '-j i 

i 
-i No. Si02- i - Al203 F8203 Ti02 'P205 A1203 

, Ki 
A1203+Fe203i 

, ' Kr 
34'.25 28.55 - 5'.00 0.05 2',,04 1'.8} 

i~~~~ __ ~~~ __ -=~~~ __ ~~ __ ~ ____ ~~ __ ~~ __ ~ __ ~~~ __ ~~~ ___ 
j30,065 
130,066 
j30,067 
i3-0,OG8 
i 30 ,069 

35'.10 29'.36 5'.40 0.04 0'.03 1'.82 
36-.60 i 31'.05' 5'.,35 0'.04 2'.00 1'.8'1 
31'.05-1 32' .. 22 -- i 5'354 I 0'.°4 i - --1-.95 1'.76 
37.22 33.51 5.34 0.04 1.89 1 .71 

.i 
i 

Lab'. i EXCB:ANGEAELE {"e/i00g) i 100S 
i i ~ i ~':i}--- i 
i No. i, Ca ++ i l\[ ++ ,i K+, i Na++, i S i, H+ 1, T i (V) i 
i ---------t---------t-----g-----t---------t--------t----'----t----'----t----'-----t--'--'-- i 
130',065 i i 0-.83 17'.13 i 17',,96 4'~6 i 
i 30',066 i 0'.62 W.66 11.28 5'.6 
j30,067 i 0.52 6'.79 i 1'.31 7'~1 
i 30,068j 0'.45 ' 4'.-7 1 1 5'.16 8'~ 7 
i30~069 ii' i : 0.31 3.52 3.83 8,,2 

'i ' lYlEC}lJl.NICAL fJifAL YSES (Int .. , -Sys. ) i 
Lab. NaOH dispersion - 'Size in mm i Sil t-U. S. i Index i Moisture 
No. Coarse jFine sand i 'Silt i Clay jO'.05-0".002 j of i equivalent 

i 
i 30,0'65 
i30,066 
i30,067 
i 30,0'68 

" i30,069 

j' sand' iO.20-0.02 iO.02-o.002j belowj' ,mm jStruct'urej 
j2.0-0.20 0.002--.L . 

4'.4 4-. 9 8'. 3 - 82. 4 ' 1 ------,.---'----::1;-::;"1---'-----::'3'7':"8,-;". 8----; 
}-.9 2'.6 8'e4' 85. 1 70 31';1 
2'.5 2'.3 1' ... 3 81'.9 100 35'.'6 
1 '. 7 5'.3 5'.2 87'.8 100 34'.5 
'2.68.8 6.9 81.7'i 100 j' 34.2 
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SOIL l"NAL YSES 

Soil Section of FAO Mission to the Amazon 

Field Profile No~ ~1 S 1 N 'j 2 3 4 LJ I amp e os g , , , 
Mnmicipali:!;yg SantarG:n Sta te g Para 
Locatiom Curun Una Lcggirlg Trainine: Center River Camp 
Classificationg '1'-:;;":':"';;, Pro C3. ,:;1):"3 "Lelloiv Latosol 
Analyses byg Inst. de Quimica Agricola Date of. Analysesg 8/8/58 

, i 

Lab. 
No. 

HORIZON AIR DRY SAMPLE (%) BULK DENSITY 
_..",.-_ ,. ____ i_, __ " __ -;:;-_--:;-_-:;::-::-----:;:;~~ .... i -;:--__ -:--_--:~-:::-__ 

Szrm;)')l Dept'!.l - i Grn.vel i G}'3.vcl Fi~8 EarthiApparent Real 
___ J __ _ L____ j-;> ~Q~ 20-2_mm_'"'---_-_~_-_mm __ _'_ ____ ..J._ ___ ---_ 

i 
i30~070 
130,071 
i30 9 072 
j30,073 

A121L13 
A13 

~1 

j i 
2-30 

30-60 
60-150 

'150-170 1322 1 
--~--~---_~~r7~~ __ ~ ____ ~~~I~ ________ i 

Lab. C N C ':pH (hi) P ° Truo~ , i 
__ N_o~.~_~ __ ~(i~) __ ~ __ ~(7~b)~ __ ~,~N~ __ ~~~va~t~e~r~~~K~C~1~n~. ___ ~ ______ ~(m~g~/_1~0~0~g~) ____ _ 

i I 
j30,070 0'.97 0'.08,i "12'.1 5'.6 4'.5 3'.2 
130,071 0'.44 0'.03, I 14.6 5. 1 4~O 7~0 
i 30,072 0'.28 0'.02, I 14'. ° ,i 4'.9 3'.7 6'.7 
130.073 Y..!15 ~,15.0 i 4,,7 3.6 7.4 

Lab. 
'No. 

ATTACKED 13Y H2 S °4-
i - A1 20"3---r'e203 

d := 1.47 C%) 
Ti02 

Si02 Si02 ' ~ 
--:-.,,--=---=---::,_1 

A1 20 3 r A1203+Fe203i 
K:; K' ______ ~ _________ ~ __ " ______ ~ _________ ~L_. ______ ~L _________ ~i~ __ _=~~ __ ~ ____ ~r ____ i 

, iii 
i30',070 5'050 5'.19 1',,42 i 0',,06 i 1'.80 1,.53 
j30',07 1 7'~54 , i 7\·52 1'.75 0'.07 '1'.71 ,i '1'.49 
j30',072 8'.43 . i 8'Q02 i 1'.,74 """ 0'.01 1'.79 i h57 
j30,073 9.14 8,58_~ __ ._.?17 0.07 1 .. 81 1.56 

i' EXCH~_}nF,f,']3T,:s CAT10NS (me/100g) i i0
T

OS 
i Lab. i .. .i i 
i No.' i Ca ++ i . M ++ 'j K+ i Na ++ i S i n+ r T i, (V) i 
i --------t---------t----fI------;:----------·-t--------t----'-----t---'-----t----'---,..-t-:---'--- i 
i39,070 3'.18 2'.87 6'.05 52'.5 
i 30,07 1 1-.32 2'.09 3'.41 38'. 5 
j3'\'::7° 0'.87 1'.63 2'.50 34'.8 
i30~013 L ....L ' i 0.54 1.'18 -1.72 33.9 

IvIECHANICAL AN}LYSE~r[:tnt .. 'SYSo)i ' , 'I 
Moisture L NaOH dispersion - Size in rmn i ' Sil t'-U. S. i Index 

Lab. i Coarse i Fin~ 'sandi"' Silt i Clay iO.05-0.002 i of i equival~nt 
No. i' sa'nd iO.20-0.02 jO.02-0.o02j helm'! mm jstructurej , i 

i 
i 30',070 
j30',OJ1 
j30,072 
i30,073 
i . 

i2.0~0.20 0.002 i 

5Lj:.2 30'07 3'06 '11'.5 , i 74 
59',,9 21',,3 0',,2 18'06 49 
57'.4 21'07 1',,0 19.9 52 
54.3 24.0 0.,3 21.4 54 

L. 
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SOIL ANiIL YSES 

Soil Section of FI.O ~,l[ission to the limazon 

Field Profile No. 42 Sample Nos~ 1, 2, 3, 4 
Municipalityg Santarem Stateg Para 
Locationg Curua Una - Centor of Pitt~s Planalto Plots 
Classificationl Yellow Latosol 
Analyses by~ Inst. de Q,uimica l\.grieola Date of Analyses I 8/8/58 

Lab. HORIZON 

No. Symbol 
i· 
i 
130,074 Ai 
i30,075 AB 
j30,076 B21(1) 
i 30 ,077 ~1 (2) 

Depth 

0 .... 30 
30-45 
45-90 
90-130 

AIR DRY SP~PLE C%) BULK DENSITY 

Gravel 
:::> 20mm 

Gravel iFino Earth jApparent Real 
20-2mm -<::::"2mm 

Lan. C N i C pH ~ (1 g 1 )i PO i Truog 
i No. i (%) i (%) i N i Water KC1 n. (mg/100) i 
i -;--------t---'------t----'------t-----'-----t---------t------'-------t----------'------------- i 
130,074 3'~56 0'.26 '13'.7 4.4 3.8 1'.1 
130,075 1".23 '0'.09 13'.7 4.6 3.8 1'.0 
i30,076 0'.83 0'.06 '13'.8 4.7 3.81'.0 
j30,077 ·0.56 D.04 14.0 4.9 3.9 ,1.0 

Lab. i· 
No. Si02 1',.1203 Fe203 Ti02 P20 5 

Si02 

11.12°3 
Ki 

i 
iA1203+Fe203 
i Kr 

i 
i30,074 
j30,075 
i30,076 i 
i 30~077'!' 

32'.35 
36'. -14· 
35'.77 . 
36.47 

30'.24 
32'.16 
32'.06 
32.47 

.. i 

5'.28 0'.03 1'.82 1-.64 
%58 0'.03 1'..91 1-.72 
5'.55 0'.03 -1'.90· 1'.71 

1 5.65 i 0.03 1.91 1.72 
EXCH1!NGEABLE CATIONS (me/100g) i 100S 

i Lab. i i -T- i 
1 No. i 00.++ i M ++ i K+ i Na++ i S i. H+ i T -I (V) i 
i -----:----t-------·--t-----?£----t----------t--------t-·--'-----t---'-----t----'-----t---'--- i 
j30,074 ' 0'.74 14'.81 15'.55 4:.7 
i 30 ,075 0'. 52 6'.46 6'.98 7.4 
i30,076 0',,52 4'.29 4'.81 11 
130,0771 i ._' i 0.5'1 2.55 3.06 16 

MECHANICAL ANALYSES (Iy.;"Co Sys) i 
Lab. 
No. 

NaOH dispersion - Size in mm iSil t-U. S. j Index i Moisture 
Coarse i Fino s'andi 'Silt i Clay i 0.05-0.002 i struoi:uro i equivalent 
'sand i 0.20-0.02 i 0,02-0.002 i b-elow mm 

, j- 2.0-0.20i 0.002 
i------~~~~~---~----~----~---~~~---L-------~~------~---------~ 

i30,074 
i30,075 
i30 ,076 
r30,077 

6'.0 
3'.5 
3'.5 
3.3 

6.6 
5'.8 
4'.2 
6.6 

13' .. 9 73'05 
6'.7 84'.0 
4'.3 88'.0 
6.2 83.9 

75 
59 
96 

100 

42'.5 
36'.9 
35'.8 
34.0 
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SOIL L.NALYSES 

Soil Section of FAO Mission to the Amazon 

Field Profile No. 43 Sample Nos~ 1, 2, 3 
Munioipalityg Santarem Stateg Para 
Locationg Curua Una - Pitt's flanco baixo Plot I 
Classifioatiom Yellow Latosol 
ftnalyses by~ Inst. de Qufmica Agricola Date of 1I.nalysesg 8/8/58 

J _ 

i 
i La-b .. 
t No .. 

i . 
I 
130,078 
130 ,079 i 
i30,080 I 

I{ORIZON 

Symbol, Depth 

11.12 2 ... 30 
A 30-80 
132 '1 i 80-140 

-" '" ~AIR' DRY SAMPLE (%) , i BULK DENSITY 

jGravol 
i~-2Omm 

Gravel jFine Earth jhpparent Roal 
20-2mm :::= 2mm 

, i C N C (1 1) POT Lan.. • pH' gj ruog 

I No. i C%) i (%) i -N- ; Water i KCi n.. i (mg/i00g) i 
i-------t----~----t----~-----t_----~---t--------t-----~-----t---------~~-----------i 
130,018 1'.27' 0'.10 12' .. 7 4.3 3.6 hi, 
130,079 0' .. 68 0.05 -13'.6 4.7 3.7 1',,1 
130,080 0.34 0.02 17 .. 0 4.5 3.6 1.0 

i i 
( _ATTACKE~D BY H2S 0-4_ d::: 'I .,47 (%) i Si02 Si02 i 

Lab. ...i ' i I 
i No" i- Si02 i 11.120:3 i Fe203 i Ti02 i .P20 5 i 11.1203 Ki iA1203+K1e203 j 
j-------t----~----t----~-----t----~----t--------t-----~-----t----~----t-----~------i 
i 30,018 9'.75 8'.81 2' .. 03 ' i 0" 02 , J: .. 87 1'" 63 i 
j30,079 10'.79 10.25 2'.13 ..;. 0',,02 1'..79 j, 10.58 
j30,080j 11.51 '10.132 .. .22 0,,02 _ 1 .. 83 i 1.62 
i , iii i i 

EXCHANGEABLE CATIONS (me/10ag) i 100S 
i 'Lab.. I i -T- i 

i No.. i Cc++ i M ++ i K+' i No. ++ i S i H+ i T i (V) i 
i -------t----~----t----~--'--..,.t----------t---·-----t,..,,...-,-----t-.,...-~----t--,.,...'------t------ j 
i3ci,078 i 0'.8'\ 5'.,83 6'.64 12 
i 30, 019i - 0" 51 3'.71 4,.22 12 
j30,080 i , 0.55 1.85 2.40 23 
i ______ ~ __ ~~~i~~~~~i~~~~'~j--r_--~i-'------J~·------~--------~ ___ __ 
i ' i MECHANICAL ANALYSES (Int .. Sys.) 

No. 
_-=--......;;,N;.::;a~O.;;;;H:...,d~l;;;;,;· s~p~e;..:;;;r..:;;;s.;;;,i_:_on~-____=S~i~z_:_e-l;;;;.;·1;,;;.1..;;;mn~.1:_::_-i 'Sil t-U. S. 

Coarse'j Fine sandi' . Silt i Clay jO,,05-0 • 002 
i' 'sand 'jO.20-0 .. 02jO .. 02-Q002i below mm 

2.0-020 0.002 

i i : i 
i30 ,078 32'.7 45'.2 ' i 0 .. 8 21.3 
i30,079 i 41',,2 i 26'.5 2' .. 2 i 24';":1 i 
j30 ;080 40.3 30.8 0.4 i 28.5 

i Index 
i of' i 
istructurej 
I 

70 
52 

j 53 

Moisture 
equivalent 

14'.2 
14'.5 
13.3 
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son ANALYSES 

Soil Section of FAO Mission to the Amazon 

Sample. Nos g 'I, 2, 3, 4 
Stateg Par::t 

Field Profile No. 45 
Municipalityg Santarem 
Location~ Curua Una - Flanco baixo (Froes) 
Classificationg Yellow Latosol 

Pitt's proposed Plott II 

Date of Analysesg 8/8/58 Analyses byg Inst. de Quimica Agricola 

Lab. 
i No. 
·i 
i 
i30,081 
j30 ,082 
130,083 

HORIZON 

Symbol i Depth 

0.:...15 
i 15-35 
i 35 ... 75 

. i AIR DRY Sll.MPI,E C%) 
I . ... . .. 
i Gravel 
i .-::-c".20mm 

i Gravel jFine Eart 
1 . 20-2mm -c:::::::. 2mm 

i 

:BULK DENSITY 

jApparent , Real 

j30,084 i i ..... 15-'1 60 .j . 

Lab. 
i No. 
t 
j30,08'1 'j 

i30,082 i 
i30,083 
j30,084 

i' 

Lab. 
·No" 

i i 

C 

(%) 

0'.65 
0'.'86 
0'.50 
0.22 

, . 
j30,08'1.,j .)'.45 

i 

i 
i 

130,082 2'.55 
i30,0831 ... 2'G 74 ~ 
j30,084 3.18 . i 

N 

(%) 

0'.04 
0'.05 
0' .. 02 
0.0'1 

1'.4'1 .. 
2'.65 
Z.87. 
3.38 

i . pH C 

N i . Watere 

16'.3 
17'.2 i 
25'.0 l 
22 .. .0 .i 

4'.5 
5'.0 i 
5'..3.i 
5. 1 j 

i . i 

. K::1 n. 

3'.} 
3' .. 9 
4'.1 
4'.0 

d :::: 1.47 (%) 

i 

P ° Tr~og 

(mgJ100g) 

1'.8 
1'.0 
1'.0 
E.o 

i 'Si02 
1 i 

Al203+Fe203i 
Kr 

0' .. 80 0'.01 1'.751:.29 
1'.42 0.02 1'.63 h 22 

. i 1'..41. i 0 • .02 1'.63 i 1',,24 
1.6'1 i 0.02 1-.60 1 .. 23' 

EXCU fl.NGEABLE CATIONS ( /100) i 100S I Lab. i W me g I .~ i 

1 No. j' Cn++ i M 0"++' i: K+ iNa ++ i' S i R+ I T i (;V) i 
i--~----t---------t----~-----t---------t--------t---~----t---~----t---~-----t--~---i 
.j 30:, 08.L i i., . t. . 0'.34 2.25 i 2'.59 1,3 
i30,082 i' 0'.45 4'.13 4'.58 10 
130 ,083 i ' 0'.50 2'.35 2'.85 .17 
130-1.084 i 'j i 0.40 0.66 1.06. 36. 

MECHilNICAL ANALYSES (Int. Syso) i 
Lab. N9,OR disp(3rsion - Size in mm i ' Silt'-U.S. i Index Moisture 
No. Coarse iFine sand i ' Sii t i Clay i 0.05-0.002 i of i equivalent 

i 'santi i 0. 20-0. 02 i 0" 02T O.o02 i beiow mm i.structure i 
j ______ ~i~2~.~0~-~0~.2~0~----~--~--~----~0~.~0~0~2~~---------L--~--~~ __ ~ ____ _ 
i 
130,081 
i30 ,082 
j30,083 
j30 ,084 
L. 

84'~_2 
71'.9 
12',,9 
58.4 

-11',,8 0.9 
20.9 0'.2 
20'.3 0'.6 
31.4 0.2 

3'~ 1 74 3.1 
1',,0 71 6.4 
6'.2 52 4.1 

10.0 54 4.1 
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APPENDIX IV 

LHIEAR REGENERATION SURVEY 

This is a method developed in Malaya for enumerating or sampling 
regeneration in the dense re-growth following the opening of the canopy. The 
size of' the sample is varied according to the size o£ the plants being 
sampled. The method can e~ually well be used to sample the amount of 
regeneration induced by partial canopy opening prior to exploitation, or the 
amount of adval1'ce growth arid small and medium size classos present at any 
particular time. 

rrhe method is fully described by Barnard (Ref. 1). 

Briefly, it consists of cutting one or more lines through the area to I 

be sampled and noting the number of sffiuples stocked with desirable species. 
The size of tho sample v€l,ri6s; converting to the metric system for use in the 
llmazon the size is 2 m by 2 m for seedlings, 5 m to 5 m (~uarter-chain) for 
sapli1;lgs and small poles, or 10 m by 10 m (half-chain) for poles and small 
troes~ 

The size c'lasses have been modified to fit in with thoso used by the 
[nventory group. 

Size Classes to be Recorded in Each Class of Sampling 

Sampling Class Size Classes Name of Cl,?-ss 

i 
i 2 x 2 m i up to 1.:5 m tall i Muda i 
i-----------------------t---~-------------------------t---------------------j 
i Quarter-chain 'j. 51:0 3m tall Varinha 

3m tall to 5 cm diamoter Vara 
5-10 cm 1A 

1 i 1 0-1 5 cm I 1 B i 
i ------------------------t---------------·--------------t--------------------- i 
i Half-chain i 5-10 cm diamGtor . i 1A i 

i 10.:..1 5 rt If 1 B i 
'15.:..25 If 11 2 
25-35 II II 3 
35-45 11 11 4 
45-55 11 It 5 

In each sample,of whatever size, the best stem of a desirable is noted 
by name and size, provided it is likely (with some liberation if necessary) 
to grow into an acceptable timber tree. This is referred to as the choson, 
or "primary!! tree or soedling. If thero is al1'other good dosirablo it is , , 
also rocorded as a "secondary!! tree or seedling .. 
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Tho samplos aro marked out on tho ground by laying a chain along the 
line and using 3 palos of' 2 or 5'mtogivo tho 2 m squaros or quarter-chain 
squaJ~es on one side of it 4 In the case of half-chain sampling it was found 
quicker to mark tho corners of the 10 by '10 m equaros in advanco with 
dobarked saplings, using 5 m 1)'016s laid out a-t ovory 10 m at right angles to, 
and on both sidos of tho chain. 

The object of tho sampl'ing is to obtain t.he p~rcentage number of samples 
stoked with dosirablos, and therefore an idea of the peroentage. 

Sampling Class Size of Area 

2 x 2 m 4 2 1/2500 ha m 
Quarter-chain 25 It 1/400 ha 
Half-ohain 100 II 1/100 ha 

A hLllf-chain snmplo vvith a medium sized troe is regardod as likely to 
have devolopod from one out of four quartor-chain samples with poles, which 
in turn aTe rogLlrdod QS having devGloped from twenty five samples wit,h 
soedlings. 

A porcontage of 40 samples stocked is normally rogarde,d as satisfactory 
in any sampling olass .. 

This 40.g, moans -that i00U'stockod sa'Ylpl6s'out'of 2,500 samples of 2 x 2 m 
(or ono hectaro) are likely to give 160 stocked sLlmples out of 400 quarter

"'chain samples, wliich in turn LlrolikOly to give 40 stocked'samplesou't"of 
100 half-chain samplos, or, in othor words, 40 modit1n1 sizod desirables 'per ha. 
At maturity wi th~ say, a diamet~r in olass 8 (75-85 cm) this wO'lud be about, 

'20 timber treos'porha - surely a good yield for any tropical forost. 
Not more than 20 seodlings arc rocorded anyone sample. 

To get some ideas of the rate of growth of the regeneration the height 
of the primary seedling is noted (in decimeters) aftor its nLlme; for this 
height measuring one of the 2-m poles is mo.rkod in 'lmi ts of decimeters. 
desired, the regonor::ction of all dosirLlblo spocies may be rocorded. 

For the quartor-chain sampling a diamoter gauge is used with two notches 
cut in it, 5 in 10 cm wide accordingly, and two marks mm'l,e on the 5 cm notch 
side to indicLlte 15 cm. 

POI' the half-chain sampling a tape is used to moasure the girth of the 
largor poles and tho small troos and the diamoter class filled in later 
from tables .. 

Tho dominance of the chosen tree, (column fldomn) in quarter- and half-chain' 
sampling is marked according to tho table given on page 27, for crown position. 

The presenoo of croepors or climbors iS,recorded under Obl?ervations" 

Examples of fiold shoots and of summaries are given below .. 
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ME10iQUARTO - CORRENTE -: QUADRADO - .A.Jl!IOSTRAS 

Situagaog CURUA Linha No. g 18 

Leitura da Eussolag 90 Data~ 9/9/57 

Feito por~ GUERRA Talhao No. 5 

Amostra . i Nome Dom. Cir. Diam .. i. OESERVA90ES No. i i .i 

(MEIO CORRE1!1~J 

95 Cupiuba 3 131 4 
Magarand. 2 82 3 Mudas da Mag_ 

96 
97 Louro oanela 4 163 5 

98 Ivland. lisa 1 1E 

99 .... 
'100 Ang. pedra 3 113 4 

Guariuba 2 78 2 Pou-cas mudas 
Ang. mata 

(QUARTO CORRENTE) 
(lado osquerdo norte) 

, i 
-194 Mand .. asp .. Vh i 

i 
195 j 

196 Louro oanela' iE 1 
Ucuuba V 

197 i i 
198 Magarand. i V ' i 

199 Cupiuba -IE 
Para ill. 

200 ll.ng~ ]Jod_ iE 
Uc uub a Vh 

1 
NOTEg Five out of seven quarter-chain samples' are stocked, i' 

threo of vihich have a secondary specios. 
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REGENERA9AO J-l.I."W:OSrrRAS Le. (2 x 2 m) 

C Linha NO.8 6 

Loitura da Bussolag 210 Datag 6/8/60 

Foito porg VERA CRUZ Lado da Linhag OESTE (direita) 

IAmostral . Nome da Muda Quant • OBSERVAQOES 
No. 

90 

91 

.1 

92 

93 
1 
i 

94 

i 
i 95 
i 

96 

97 

98 

i 
I 99 

i 100 
1 
1 

.. 

Ang. da mata (7) 

Ucuuba 

Ucuuba (5) 
Cupiuba 

Guariuba (5) 
Ucuuba 

Ang. podra 
Guariuba 

Ang. pod'I'a 
Ma9arand. 

Ucuuba (3) 

Piqui6: (6) 
Magarand. 

Cupiuba (4) 

(6) 

(3) 

2 

3 

2 
2 

3 
2 

2 

3 
1 

4 

1 
2 

4-

(this moans one soodling 
roccJntly germinatod i.o. 
undor 5cm tall) 

Gunri ubel' poq.. 1 
Magarnnd. poq .• 3 

Mand. asp. poq. 2 

NOTEg On this page thero 'are 8 stocked samplos, 6 with 
a socondary SpOCiOB. 
Tho hoight of the tnllost primary in oach srunplo 
is givon in brackots in dms. 



ANALISE DE AMOSTRAS DE MEIA-CORRENTE 

Localg C U R U it Talhaog 4 

Tipo da florostQ~ Planalto II Linhasg 17 20 
alto 

Datag 8 - 10/8/57 Foito por: GUERRA 

Comprimonto (las linhas cortadas 4 kms 

Homons-diasg 8 Total da nl'ea oxaminada g 

100 has 
N'Cunoro clas amostrasg 400 Area das amostrasg 

i -

}It o m e i 

i 
jAng. da mata 
rAng. peclra 
i Cupiuba 
iGuariuba 
jLouro canola 
iMaga'rand. 
jMarid' .. lisa 
iMancl •.. asp. i· 
iPiquid i 
IUcuubo. 

TOTAIS- . -j 

% 

PTimeira ' i Segundo. 

Total 1 2 3' 4 '5 Total 1 2 3 

4 1 2 1 
12 -I 4 4 3 5 2 1 
35 7 10 8 6 4 17 6 3 4 
-12 2 1 3 4 2 7 2 'I 3 
24 3 4 4 7 6 9 4 3 1 
17 8 4 3 2 1 7 2 2 
22 9 5 6 2 8 3 2 2 
23 .. ,8, .. ... 6 .4. 3 2 7 2 3 2 
8 2 3 2 1 1 1 

35 -12 9 7 4 2 19 6 4 3 

192. 52 .4Q ..... 42 ..... 36 .. . ?? .J 80 , .. 27 20 16 

48 13 10 10 9 5 20 7 5 4 

This shows an nclcquo.to stocking fairly woll 
clistrib.:uto,Q. a<? to .sizo c~?-ssos and as to 
spocies. 

4 has 

4 5 

-I 
2 2 
1 

2 
1 

4 2 

11 6 

3 

i 
i 
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AN1l.LlSE DE AMOSTRAS DE QUATRO-CORREJITTE 

Local: C U.R U A Talhao~ 5 

Tipo do. Florosto.g Planalto II Linho.s: 2'1, 22, 23, 24 
alto 

Data~ 12~17/8/57 Foito porI FRANCISCO 

Comprimonto daslinhas oortadas 4.04 kms 

Homons-dias:17 

Nimoro das amostras: 808 

i Primo ira 
N o m 0 i Total Vh V' Ill. 

1 
jAng. da mata .. 2 1 .1 
i Cupiuba 10 2 6 
ICumaru 3 3 
iLouro' can .. 320 122 160 18 
IMagar. 94 48 49 
jMaparajuba 13 5 6 2 
IParapara 3 2 1 
iUcuuba 95 57 25 5 

i 
TOTAlS 540 234 251 ~6 

1 % 67 29 ... 3.1 3 
I 

This shows adoquato 
mo,st shado tolorant 

IE 

20 

8 

29 

4-

Total do. aroa examinada: 
100 has 

Aroa das amostras~ 2.5 has 

i .So~nda. 

iTotal Vh V Ill. 
1· 

1 1 
69 51 18 

1 1 
28 21 7 

99 74 25 

.j 12 9. 3 

stocking but confinod to tho 
and slower growing spo,oios; 

,somo .. oponing of tho. canopy 9 especially in.tho. 
undorstoroy, would bo advis(1)lo to aooolorato 
thoir growth. 

i 
I 

IE 
I . 

i 
I 

i 
i 

. i 

_i 
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ANflLISE DE AMOSTRAS DE REGENERA9AO 
",..,q - -

Localg CUR U A 

Tipo do florosta~ Plananlto II Linhasg 6 

'Datcu 5-6/8/60 
al to 

Foito porg VERA CRUZ 

Comprimonto das linhas modidasg 200 ms 

Homons-diasg 2 Total aroa oxaminadag 4 has 

Nunoro das amostrasg 100 Aroa das amostrasg 0.04 has 

Nom 0 

i 
jAng. da mata 
jAng& podra 
iCupiuba 
iGuariuba 
IMaga'randuba 
I Mand'. lisa 
i Mand .. asp. 
l Parapnra 
IPiquia 
jUcuuba 

I 
I 

i _ 

TOTAlS 

% 

i 
i. 

Com Primoras Mudas Amostras com 
Altura Quantidado mudas socunda-
m6clin Totnis i------------------- rias 
~ elms 2 2-20 + 20 

7 6 4 2 2 
5 4 3 1 3 
8 15 10 5 7 
4 4 2 2 8 

4 2 2 2 

4 7 5 2 9 
3 7 5 2 4 
6 3 2 "I 

4 2 2 

4 15 8 7 9 

67 43 24 44 

67% 43% 24% 44% 

This shows adoquato stocking9 37% nro of tho shado 
tolorant spocios and 30% of tho onos which havo 
como in bocauso of tho' canopy oponing. Tho plot 
could now bo oxploitod. 

i 
i 
i 
I 
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APPENDIX V 

LIST OF TREES ,AND VOLUMES FOR A 100% ENUMERATION OF TEE THREE COMPART
MENTS OF TEE CURU.i1-UNA FOREST, COMPARED WITH HEINSDIJI(l S IJ.ifVJ5NTORY 

(FAO Report No. ; 601) FOR TRIS TyPE OF FOREST "PLJI.N.ALTO II .ALTOI! 

(Lista dos nrvoros 0 dos volumes de Ul!I1D. enumorngao '100,% do tr6stalhoos 
no. florosto. do Curua~Una, comparados com 0 inventario de Heinsdijk 
(Relat6rio de FAO, No .. 601) sabre este tipo de florostag Planalto II alto" 

CURUA-UNA' 

iiInventario de i 
T.6 i T.16 ixHeinsdijk(Plan-j T.5 

i (100 ha) i (97 ha) i (97 ha) iialto II alto) I 
Nom e iQ,uanti-j VolumejQ,uanti-i VolumeiQ,uanti-j Voluneii (109 ha) i 

i i dade dade l dade i i ~uante Volumej 
i i i 
iAbioro.na 5 1 i i 
jAb'. branea 14 36 31 89 43 131 i i 227 768 
jAb'. ' cascO. grossa 1 2 '115 322j I 66 240 
jAb' • . euti te 10 23 6 13 7 32 i i 17 i '77 
i Ab'. goiabinha r i i 19 i : 50 
jAb'o matamata 1 i i 11 ; 28 
jAb'. seea 1 2 4 1 0i i 6 21 
jAb.' ueuuba 22 69 6 46 22 74i i 99 397 
jAeapu i i 454 1,101 
iAcapurana i i 8 18 
jAgoita cavalo 1 3 4 16 4 20i i 6 20 
iAmapiI '17 7'1 5 27 14 591 i 11 158 
iAmarelinho 4 8 1 2 3 1 i j 2 5 
jAmora 'I 2 i i 
jAnani 4 11 7 18 3 221 i 3 13 
jAndira 2 2-1 i j 
iAngelim i '\ 5 i i 
lAng. da mat?' '16 1 139 10 65 14 121 i i 1 14 
jAnd'iroba i j 140 494 
iAng .. pedro. 165 1 ~442 217 1,856 49 745i i 30 423 
iAng. rajado i i 3 37 
jAraraeanga 36 187 20 -132 1 3i i 1 5 
jAraticiu j i 2 3 
jAroeira 2 8 22 160 19 115i j 52 455 
iAxixa 5 15 5 9 7 19 j i 4 10 
jAxua 1 3 2 2- . 4 7 i Ii 

jBaeabinha 2 4 i i 
iBolantinha i i 6 18 i 
i Breu branco i i 20 34 1 
iBreu mango. 2 4 5 25 16 42j i 27 56 
i Brou preto 4 8 28 5'\ 104 288 1 i 231 501 
i Breu sucuruba 14 59 8 18 8 51 i i 11 ; 49 
jBuieu i i 1 4 
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T.5 T.6 T .. 1'6 , !Planalto II altoI 
Nom 0 Q. v. Q. v. Q. v. Q. v. 

i i i 
lCajagu 22 108 18 106 12 63 i i 13 76 
i Capitiu 2 8 9 46 i i 9 87 
jCaqui 5 15 ! I 4 11 
jCaripe 33 71 164 451 18 46 -II 77 245 
jCaroara 1 2 i 1 2 11 39 ! i 4 17 
jCastanhoira 69 1,054 160 2,283 172 3,000 i i 75 1,356 
jCa}\:ingubarana 1 2 3 5 12 34 i 1 3 17 
jCaucho i j 1 1 

jCodro 6 31 i i 12 225 
iCoataquigaua 8 'I 1 2 i i 
lGopaiba i i 1 2 i i 9 80 
iCopaibarana 1 i 2' . i j 1 2 
-Croton i . ii 6 32 
I .. 

jCuiarana 46 161 41 170 89 435 i i 32 187 
jCumaru 40 187 29 135 _7 .39 i i 18 102 
1 Cumat6· i j i (8 24 
1 Cupiuba 476 1.jEW 135 i 

... 611 148 557 i j ...... 68 i 309 i 
i Env• ata braba 1 2 i i i 
i Env. branca 1 1 2 4 i i 1 4 
jEnv. prota 2 4 6 12 "11 29 i i 11 29 
jEnv. X 9 22 i i 10 34 
jFaeira 1 5 24 '119 I i 2 6 
jFav'. arara tuc'. 3 15 20 86 43 178 i i 6 43 
i FaVe barba tim. 2 4 1 3 i i 11 58 
i Fav• bolacha 19 62 -15 48 2 13 i i 38 294 
iFav. b'Olota 5 15 4 9 3 23 i i 2 8 
jFav. f. fina 34 98 55 152 90 378 i i 77 347 
iFavo' mapaxiqui 3 2Lj. 4 9 7 20 i i 11 .i. 33 
j Fav. marimari . j i i 6 15 
i Fav.· parkia . 4 12 i 1 
{Fav.· uing 22 81 -16 44 24 178 i i 33 'L92 
IFroij6 i i 19 97 
iFreij6 branco 1 2 3 7 i i 25 I 81 
jGlioia 3 9 1 22 8 31 i i 1 i 14 
jGombeira 2 6 1 1 7 26 i i 13 i 47 
jGoiabinha i1 1 i 2 
jGuabiraba i i 2 i 5 
i Guariuba 35 149 5-1 282 33 143 i i 2 i 15 ! 
iImbauba 1 4 i i i i 
jImbaubarana 1 2 i i 11 27 
jInga 9 23 8 20 20 64 j i 42 100 
jIngarana 4 1 -I 4 12 16 60 i i 12 43 
jItauba 26 . 110 13 51 16 84 i i 19 79 
jJacareuba i i 4 41 
jJanita 2 47 2 6 i i 
jJarana j i 57 324 
jJatauba i i 3 6 
jJato6 i i 4 13 
'iJoao mole 7 15 6 17 3 9 i i 9 25 
iJutal agu 12 70 13 100 10 117 i i 24 265 
jJutal miri 1 3 13 10 i i 9 50 
jJutai pororoca 5 1 !~ 8 15 4 12 i i 9 18 
jJutairana 1 3 i i 5 17 
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N 
. 11: 5' ';' - T~'6 " T;t6-,h"H'rP1anal to I'! altoi o m e . . 

Q. "V" i Q. . J ' V. Q. L V. i i Q .. V. 
i i 

"._~ ._, .".~.Ao • ~. 

i i 
jLouro j 5 19 i i 

.11 ama:r:elo 9 i 22 23 57 17 36 21 107 I i 

.11 branqo 9 23 14 55 '17 36 72 . 236 i I 

.tt canol·a 435 1,799 286 951 53 '183 i 1 
II c~nfora 1 3 i I 
II chumbo 5 32 i i 

.11 Cl1Inaru 2 14 i i 
i tt preto 1 21 1 2 35 148 i i i 
jMacacauba 4 19 i i i 
jMacaco escorrega 1 1 i i I 
iMagaranduba 299 1,316 375 1,416 588 3,271 i i 212 1,710 i 
(Macucu 4 96 11 60 5 13 j j I 
jMamorana 'I 5 6 22 7 30 I i 12 68 
jMandioqueira 498 2,409 230 1,078 22 120 i i 
jMaparajuba . 37 134 31 96 29 113 i i 28 147 
iM~rupli i 2 6 4 9 12 38 ii 4 16 
jMaramatiA branco i i 48 122 

II q:L ' 17 40 20 44 5 13 ii 2 i 4 
II verm. 'I 9 i I i 

i If preto. 27 '121 12 57 13 49 i i 8 i 30 
jMolancieira i i 3 15 
iMirauba 231 543 i 183 325 '175 406 i i 24 64 
iMolong6 2 i 7 i ii 
iMoracea i i i 9 24 
iMorototo 9 37 4 12 9 32 i i 15 67 
iM'll.irajugara 2 10 i . 2 14 i j 2 i 7 1 
iMuirapiranga i . 1 4 i j 2 i 6 
iMuirapixuna 3 9 9 '14 70 239 i i 50 '1 84 
jMuiratauli i . 5 21 Ii 12 104 
i Murta i 3 i . i i 1 3 
iMuru:ci 

.. 

1 1 4 8 i i i i 
jMururc j . 14 48 i 14 41, 49 187 i i 15 81 i 
iMututi 1 i . 3' 2 i 3 2 6 I i 6 26 I 
fMurupita i i i 4 14 1 
i°J,acacea 4 15 i i 3 9 i i 20 54 I 
i~apo de muttUD i . 1 . 3 6 i . Jj 'I 2 1 
jParapara .\ 1 i 1 2 3 13 42 i i 27 91 1 . .. ..... .. 
iParinari i 2 5 2 3 2 8 • '1' 1 II 

jPau branco 18 l~7 12 33 '10 40 i i 8 29 f 
jPau d1arco 24 23 15 '10O i i 30 i . 191 I 
jPau jacare 20 58 4 10 7 33 i i 16 53 i 
jPau para tudo 4 10 i i 3 5 
IPau santo 8 25 i i 12 42 
iPaxiubarana' i 1 i i 
iPente de macaco 4 9 .1 7 18 i i 37 119 
jPiquili i 41 362 31 271 33 402 i i 23 243 1 
IPiquierana 1 3 i 1 4 60 1 
IPracuuba '13 34 15 29 2 9 i i I 
iPreciosa n 45 20 74 26 83 i i 8 39 I 
jPurui 'I 2 i i 1 3 I 
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~ "iOil' I: 

T.5 T.G T. 1'6 I !Planalto II alto! N o ill e 
, Q,. V. j S" . V. S" V. i i Q,. i V. 

i i i 
IQ,uaruba 59 324 118 509 21 145 i i 71 595 
i Q,uarubarana 38 191 22 94 26 188 ii 32 Yl4 
iQ,uaruba r6sa 17 73 11 34 6 32 i i 
i Q,uinarana - 1 3 4 9 1 2 i i 50 95 
iRosadinha 93 191 13"1 305 51 1 'Ii i i 52 173 
jSapucaia 34 '160 18 116 38 254 ii 33 219 
! Seringa i ta.uba 41 188 14 48 i j 1 5 
ISorva 3 6 6 11 i i 12 58 
jSucupira 30 127 8 27 16 54 i i 11 47 
j SU:cuuba 2 5 j j 1 6 1 
i SumaUrna i i 3 22 1 
i Tatajuba 10 70 i I 10 81 
1 Tatapiririca 2 4 2 5 j j 2 5 
jTamang,ueira i i 1 2 
tTaruma - - 1 1 i i 
1 Ta:uari 28 -150 26 150 36 210 i j 59 408 
1 Taxi 1 5 i i 

II branco 27 85 44 109 28 88 i I 1 4 
II pitomba 259 933 244 713 300 1,279 i I 53 209 1 

i It preto 22 54 91 266 58 180 i i 155 635 1 
xTento 12 44 4 8 4 14 I I 5 37 I 
rTinteiro 1 2 i i 
jUcuuba 4 14 27 81 30 88 i i 36 -152 
IUcuubarana i - i i 21 :115 i 
j Urucu:rana - 2 i 3 i j 8 28 I jIJruazeiro i i 2 5 
iUrucu do. mata i i 11 • 21 
jUxi 20 60 58 191 23 83 ii 5 17 
xUxirana 54 147 36 108 47 119 i i 10 i 26 

i 14,895 
i i TOTilL - 3,691 i 15,747 3,416 3,161 i 1,6,374 - i'17,504 

i i 
No" de especies 103 - 103 103 i i 140 . 

I 
i i 1 

No" POl' haD 37 158 35 154 33 170 i r 34- 161 

NOTAg 

As especles sulcaclas, como Alluariquara, Carapanauba, Maraximbe e 
Paucle 

- ~ 

16 .. remo, naG se mecliram nos talhoes 5 e 

The Aquariquara, Carapanauba, Maraxim;be e Pau de remo spocies were 
not ~easurocl -in compartments 5 and 'j 6.. 
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APPENDIX VI 

SIL VI CUL'l1URAL INVENTORY 

This type of inventory ,referred to on p" 24 "x', is done to find out 
whether sil vicul -em'al treatment is necessary. The inventory lines 'should 
be from 100 to 200 m apart depending on the intensity of sampling required 
(10-5%). Each line is marked with numbeI'ed pegs at 10 ill (half-chain) 
intervals giving 100 samples to the kilometer or hectare. 5 m poles are 
laid out on the ground at right angles to the first two pegs on both sides 
of the line:; 1::0 Q.:>~V'~ C:c e IJlot of '10 x '10 m; by moVing forward the 
two rear poles to the i'l8xt peg the next sanrple is marked out. 

The most promisiD.,s; tree of a desirable species - the IlI~eading DesiTable 11 

(LD) - is selected and reccTded according to its size - see a sample inventory 
sheet below. 

5+ is for trees in class 5 or up, Le. with a girth of 142 cm or 
more at bTcast height. 

4-2 is for trees with girths between 14"1 and 47 cm. 

is for trees uncleI' 47 cm in girth and over 5 cm diameter. 

In addition the follo'wing information is recorded~ 

(2) 

the number of competing stems (concor. de pes) which equal 
or exceod the LD in girth, 

The 'Crown position (copa) of the LD, using the scale given 
on p. 43 - Report. 

whether impeded or threatened by any undesirables "Ull in the 
plot, by climbers (if these have not already been cut - use 
the l6tter IIC!! if climlJers are present), or a combination of 
thesG o 

If the LD is below class 5 another is selc)cted in' the half plot the other 
side of the lire, and the abovo details again recorded. There are thus two 
sub-plots of 10 x 5 m9 Loo 1/200 ha o 

If either LD is bo10'V/ c'lasf3 2 anothcr.:T is seloctod in the othor unoccupied 
quarter-plot of 5 x 5 ill; LC3, 1/400 ha" 

If any LD is bolon class 1, Lo. a sapling (vara) less than 5 om diameter, 
as moasured w.i th a g:'.ugc, the remaining desirables in the quarteJ.'-plot are 
counted up to five ano. all Qre recorded in tho If Observations II column by 
abbreviations of t::'e 10c8.1 hames. 

* Report 
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For interpretation of the inventory see IITable of Effective Stocking" 
below for compartments 5 and 16 at the Curua. 

Impeded Crowns Those which require at'te'nt10n are -the ones Wh1.Cn are 
being ~mpeded by ~~desirables or climbors~ i.e? with a U .or C in the 
ltImped. t! column. Dawkins suggests that if a stand fshows more than 75% 
freedom no crovlIn tending is necessary at the moment4 

Competing Stems Usually only those samplG3 in which there aro two or 
more c'Ompeting sterns are counted and recorcled in tho lIConcor. de Pes. Il 
column. Dawkins suggests that if a stand has more than 25% off the stems 
with competition some rciaction o~bh8 tasal area is nocessary. 

For more details c1bout this type' of invontory, -whieh is usually called 
Diagnostic Sampling, see Dawkins (RoL?) pp. 94--101, 
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INVENT~RIO DA SILVICULTURA 

Talhaog16 ,..... C.u R U A 

Teitura da Bussolag 270 

Feito por; VERA CRUZ 

·Li·nha g 2. 9 A (cont.) 

Datag 26/1/60 

Class~ de dHimotro - 1 i 
i 1--------t--------+--------1 Con~ ! j 

Amos. i Nom e i 5:- i 4 - 2 i 1 i cor. I CO-j Im-' i Obs" ' 
I i 142 '0+ i 14"1-41 j menos i de 1 pa i ped.j (Varas) 
iii eire. i eire. 1 47 em i Pes iii i 
i------T------~------t--------t-----·---t--------t------t----t-----t--------------j 
1 89 j - iii iIi i i 
Iii 

90 

91 

92 

93 

94 
95 
96 
91 
98 

99 

100 

i 
j 

j' 

Magar. 

1 
i' 
i Taxi :pit. 

i Taxi branco 

1.75 5 

1A 2 
105 

u 

Cup" Para 

Cup. 3' para, 
B. suo. 

B. suc'. 
T. pmt. 

T .. pit. 
jMuirac'atiara 159 

2 
4 
5 
4 j'Magar. 121 

Itauba i 1B 

i Ma9 .. T .. pit. 

Louro can .. 1B -I 2 
Uouuba i 1B 2 2 U 

r i Para 2' 
Cupiuba 1A 2 1 'lID B .. suc. 

Note g (-1) The circumferences in em· are recorded in the 
field under the appropriate dii3..meter class? 
exoept 'class I where the 5 and 10 cm gauge 
is used. 

(2) The number of "varas II are those in' an other
wise unstooked whole or sub-sample. 
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TABLE OF EFFECr:PIVE S'l'OCKING - CPT. 5 CURUjt 

(bringing all figures to the standard of 1/100 ha) 

No. of Plots 
by 

PLOT SIZES 
1 

400 
1 

100 ha 

~KING 
p.ha 

Effec-
tive 

i 

CUi1mla-\ 
tive 

i ---------'---------------------,------------------- -----.-----------------------------

• • 

This stand has 42 stems p. ho. of Cl. 2 and up 
(28 of Cl. 4 and up). 

as over 40% stocked with desirables, trees l.mder 
Cl. 2 may be ignored for silvicultural treatment. 

ImpBde~ growns, Gl. 2 and up - 32 out of 279; 
i.e. 11.5%, or 88.5% freedom. 

as over 75% freedom, NO treatment required. 

Competing stems, Gl. 2 and up - 21, i.e. 7.5% 

as hiss than 25%, NO treatment required. 

28 

42 

52 

58 
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TABLE OF EFFECTIVE ~TOCKING - CPT. 16 CURU1i. 

(bringing all figures to the standarda of 1/100 ha) 

No o of Plots 
l)y STOCKING 

PLOT SIZES p.ha 
-I 1 -1 1 Effec- Cumula-; 

i 25'50 400 -200 100 I ha tive tive; 
i ---------'-----------------------------------.-----------.----------------------------- i 
i Total No. of Plots 500 

•• area of sample 

No. of Plots stocked 
with tress Cl.5 and 
up 

•• lacking 5 

No. of plots stocked 

75 

425 

" -· 

5 

with tress C1. 2 4 87 2 43 5 - 8 .. 6 
----

• • lacking C1. 2 4 382 

No. of plots stocked 
with traes Cl. 1A 
and ]3 

4 3-1 5 = 6,,2 

-----
• • lacking 1A and ]3 351 

saplings counted 

• • Entirely 
unstocked 

528 ":""20 26 · ------
325 

'" 325 -· 5 

This stand has 23.6 stems peha of C1. 2 and 
up (15 of Cl. 5 and up) 

65 

... as lees 'than 40% stocked with desirabl'es,trees 
under Cl.2 must receive assistance,i.e. liberation 

1,mpBded crowns, C1. 2 and. up. 50 out of -162, 
i.e .. 3-1%, or 69% freedom • 

• • as less than 75% are free somo liberation treatment 
is required. 

Com.12leting stem.:;? C1.2 and up. 81, i.o. 50% 
• 

• • as moro than 25% some refining treatment is required. 

23.6 

35 
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THE USE OF ARBORICIDES ... 

The advantage of arboricides is that an undesirable tree can be flremovedfl 
wi thout' having to cut it down" thereby causing damage in fis fall and 
enoumbering the forest floor with its branches. Poisoned trees die slowly 
and their branches fall ono by one when dead; the stem does fall over 
aftor a year or two,the few dead branches left do little damage. 

Girdling can be quite effoctive on some species but it takes longer 
to do and, except for the 1arge trees, the others arG likely to fall over 
in a wind when still alive. 

There are various chemicals whioh can be used to kill trees. Arsenic 
is one of them; this is simple to use and effectivo,but it is poisonous 
to humans. The most popular aro tho butyl esters of 2.4-D and 2.4, 5-!.P; 
the former is considerably cheaper but it is less effective. A mixture 
of tho two is probably tho best. Uganda, whore Dawkins did much of tho 
early work, a mixture of D to T in the proportion of 2to 1 in a 3% 
solution in heavy 'diesel oil is used. This hasn been found to be too 
weak in the .b.rnazon. 'Jl11e normal technique now is to use a 4% solution of 
D to' T in tho proportion of 1 to 2 (not 2 to '1), nnd to frill - girdle 
(q.v.) tho more resistant 'species before spraying. Only light diesel oil 
is available in the l~mazon. 

Tho size of tree is rather important. If only small troes, up to say 
15 em in diameter, are being troated, a 3% solution will suffice to give 
a kill of about 70-80% after a year or so@ ]f only large trees, say over 
45 cms diameter, are being treated, a 51b solution should l)e used and the 
kill will take a littlo longor .. 

The standard sprayeT is the Vermorel "Florex"'vJhich is sold in England 
as the "Cooper Pegler No.5 Handsprayer" with a C.P .. low-volume nozzle; it has 
a built-in fine filter. Othc:r sprayers oan be used but they should be of 
the hand type with a capacity of 2 to 3 litres. Larger sprayers which have 
to be carried on the ba/ok are somewhat oumberosome when making one I sway 
through the undergrowth .. 

It is impoI'tant to keep everything as olean as possible. A filter 
cloth must always l)e used when refilling the sprayc:r, and the gauge filter 
in the nozzle must bo cleaned at the end of each dayts work. It is also 
important to keep checking on the variou'S a,crews and -screw pins, as these 
tend to work lose and can be lost. It is advisable to have a few 
spare sprayers, say a 25 to 33% reserve, so that no time may be lost in 
tho field if a fault dovelops. Some spare washers are also an essential, 
and spare complete no-zzle units are advj,sable .. 

One officer selecting the trees to be poisoned can keep 3 to 4 spraymen 
busy) there should be one or two ~xtra men with small axes for frill 
girdling and one or more 'Carrying cans of the solution arid provided with 
a funnel and filter cloth .. 
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The frill, on the resistant species, is made by cutting into the 
bark at an angle of about 30 degrees from the vertical and slightly 
opening the cut all the way round. 

The pressure in the sp;ri'lyor should be as low as possible, but' enough 
to give a liquid fan impinging on the tree 'a'bout half. a metor away. A mist 
cloud must be avoided - it is very wasteful. 

A completely o~erlapping bolt of at least 20 cm depth must be sprayed 
right round the tree. The wetting is adequate when the liquid begins to 
run. It is wasteful to use morG. 

Spraying should not be done when the bark is wet unless every stem is 
to be frilled ( and th'is takes extra time) • With frills, however, a little 
less spr~y may be used. 

Wi th large old' troes~ the rough loose scales of bark should be scraped 
off before sprayinge 

Heavily fluted trees such as Carapanauba, Pau de romo, Maraximbe, 
Q,uinarana and Aquariquara aro all very resistant, except when very small 
(up to 10 cm), and should not be' sprayed - it is just a waste of time, 
though occaSionally ono will die. . 

Trees with a latex, resin or 'gum tond to be more rosistant and should 
be frillod all tho way ro~u1d first. 

A controlled oxperiment with numbered tree's and three different 
concentrations was laid down in September, 1958. The concentrations wereg 

(b) 

(1) 4% 2.4, 5-T plus some 2 0 1 of D 0 T (about 5% in all) 0 0 

(2) 3% 2.4, 5-T 

(3) 4% of 1 2 cf'D g T 

All three were appli'od in separate plots to, ea) the dominants and 
the understorey trees. After 20 months the results were ~ 

Percentage DElm 

i (a) Dominants i i (b) Understorey i 
months l---~ -----... ---.------------------- i i ----------------------------- i 

i i (1) I (2) i (3) i j (1) j (2) i (3) i 
i ---------t---------t---'-----t---------t-t---------t----------t---------- j 

I 3 i 32 i - i "' i i 51 i 17 i 16 i 
7 44 7 5 69 46 44 

"13 59 25 36 86 73 71 
20 61j 26 36 88 75 81 
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(a) .. Dominants i j (b) Understorey No. of -----------------------------j j----_________________________ j 

i months i (1) (2) i (3) i i (1) i (2) i (3) i 
i ----------t---------t---------t-----------t-t---------t---·_---·---t--------- i 
i 3 56 79 91 41 57 73 

7 44 79 78 22 43 44 
-I 3 28 40 36 1 2 13 1 9 
20 34?f 30 40* 7 -Ii 11 

L. 

The difforel1c'e between the fldead" and ftalive" figures are for the trees 
classed as !ldying'!. 

7(- Tho alight incre'ases horo are for "dying" trees which have recovered, 
anyvvaY9to some extent .. 

Not@ g NO frill-girdling was done here G 

In January 1959, a Eirdling experiment was laid down for comparison; a 
ring about 5 em deep vms cut into 70 dominant troes of 29 different· species, 
including onE; or two of the main desira1)1'Gs. Some desirables wore also 
poisoned in the September 1959 treatments. The reason for also treating 
some desirables is that it may be found that logs from such trees kil1ed 
2 or 3 ahead of felling may float - as is the case with teak in Burma. 

Results from girdling wereg 

)\Jo.of months 

3 
9 

17 

% Dead 

-I 

31 
47 

81 
43 
24 

In 'the spraying experimont 93 dominants and 243 understorey trees were 
treated. 

Laboll' costs were; 

Man-days Spraying GiFdling 

per hectare 1 .17 

per 100 trees 0.35 1,,2 
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There is no point in giving the cost of the arb'oricides used,as this 
varies according to the'exchange rate 'for cruzeiros. The price of diesel 
oil has varied too since the work was started. Consumption of diesel oil 
over several 'experiments, including the above, averaged about 15 litres 
per -100 trees .. 

Arboricides in mid-1960 in Belem, ex Sao Patuo by air, coste 

2? 4? 5-T Dru.'1l of 5 gall C:1.S 

Crate of 6 tins of 1 gallon 
each 

2,4-D Drum of 5 gallons 
Crate of 6 tins of 1 gallon, 

oach 

Cr$11,500 

11 14,200 

II 

11 

5,300 

6,900 

All the above work vms done without any frill-girdling before spraying. 

In June and July, 1959 s0ll1e moro poisoning was done at C.B.A .. and the 
Curul1 to open the canopy furthor in parts of some plots where there were 
still denser patches. The resistant species, which were well known by then, 
were frilled before spraying. Results 11 lilohths later were g 

C.B.l~. (11 trees) 

Curun C (54 trees) 

% Dead 

65 

43 

% Alive 

18 

39 

Accurate costs cannot be given for this work as some of tho trees still 
alive fronl previous treatmonts were retreated at the same time. 

In November, 1959 some 1353 undesirable trees in the understorey in the 
denser unexploited patches of cpt. 6A (the area exploited early in 1958) 
were' pois'o'ned to open the canopy to encourage regenbration (operation (3) 
on p .. ,3 ). The resistant species wore frillod first. 

This work cost, 0 .. 85 man days per hoctare and 10 litres of diesel were 
used per 100 tI'ees.. The patches treated cover0d probably less than half of 
the 'whole area. This vms a normal post-exploitation operation 'So the 
treated trees were not numbered and marked for control purposes. . 

The lists below show the more resistant trees. It must be remembered 
however that the smaller tho treo the less resistant it usually is.. Bark 
thickness may not il1'attor; one of the thinest barked trees - Mirauba -
is fairly resistant. 

-)e Report 



Spra;>:ing 

Axixa 
:8alantinha 
:8reu sucuruba 
Cuiarana 
Cupiuba 
Maparajuba 
Mututi 
Parinari 
Uxi 

Spraying 

Abiuranas 
Amapa 
Angelim pedra 
Breus 
Enviras 
most Faveiras 
Muirapixuna 
Mirauba 
Rosadinha 
Quaruba 
Uxirana 

FOliage spra.lfl. 
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Very Resistant 

Frill and S;erar 
(only 11 months 

Amapa 
Cuiarana 
Enviras 
Glicia 
Joao mole 

Fah'ly Resistant 

Frill and SJ2ray 
(only 11 monthS) 

Abiuranas 
Rosadinha 
r[laxis 

Girdling 

Cuia-rana 
Cumaru 
Jono mole 
Pau branco 
Piquia 
Sapuoaia 

Girdling 

Cupiuba 
Mirauba 
Pau jaoare 

2.4-D, being less expensive, oan also be used to kill young growth by 
spraying dirootly on the leaves. In this respeot it is useful for oleaning 
along enricbmcmt lines, but great oaro must be taken not to spray the 
enriollinent plants. Tho work should bo done when there is no wind. It 
oould also bo used to keep open planting lines out through young seoondary 
growth (p. 53 - Report). 
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APPENDIX VIII -
EST1l.J3LISHMENT INDICES AND PERIO)2l.G i,llNU.i\L INCREMENTS 

- (rabel£\. de srobroviventGs 0 crescimento 

Explanation of terms used in the following tablc:) of results. 

In tho firs·b coh:u:nn of the tnbles t Localidado t vernaculaJ~ 
names (See Appendix XIII) are used :f0r the local species, 
and 'botanice.l nmnes fOl' the exotics. 

Localidade z 

PI' Porto Plat~n (ou Cnmpo Vorde) em linw.pi1. 

Faz~ 

Floresta vil>gem alt<:i em solo argiloso derj:vado c1a 1'ocho motriz. 

Porto Plnton (or Cmnpo Vcrde)in Amopi.1. 
Virgin forest on clay 80il dorived from the basemen'c complex. 

o cnnt8iJ~o no Equador, Pnzondinha; perto de Macapa, originalmente 
arado em faixas. Cwupos ~1r.1 argila lateriticn pobre (teroiario). 

The plot 'on the Equntor~ Fazendinhn; near Mac~l.p1:i; originally ploughod 
in strips. Campos on dogI'Cl.ded lateritic clay (tortiary). 

Faz~ (N. C.) Ulna :11'80 ndjaccmte que nao foi cuI tj,vada. 

An adjoining area w~ich was not cultivated. 

Fuz.liftU' Uma aroa de capoeil~a pGrto do Viveiro, no Equado1' (argila terci;§,riCi) 

Sant. 

An area of young socondary forest by tho NUl'sory on the Equa'tor 
(tort. Clay)" 

Centro de Troinornonto dn Fil.O~ porto de Santarem. Vcgetagao secun
daria en solo 8.ronoso pobre (quaternario)" 

FAO Sawmill rrrElining Centro, near San"tarem,. Seoondary bush on 
poor sandy soil ((,luaternnry),. 

1inlw .. s do on.riquecimonto. 

Enrichmont linos. 

t 5r
( .flno de plantio ao ar livre;; area desmatada (;) queimada. 

Year of planting ih open; area cleared and burnt. 



CBII. 

CBA C 
F 

J e M 

C 
F 

J and M 
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Floresta alta (parte secundchia) porto a Estagao agric'ola, uns 
12 kms ao sul de Santarem. Planaltq, argila terciaria. 

High forest (part sG'co:ndary) neal' the Agricultural Station some 
12 Ion south San-tarem. Planal-to, tertiary clay. 

Explorado 9 linha9 de enriq'Clecimento grandemente abertas. 
Linhas de enriquecimento, copa grandemente aberta. 
Linhas de enriguocimento, copa levemente aberta. 

Exploited, heavily opened onrichmont lines. 
Enricbment lines, canopy heavily opened'. 
Enrichment lines, canopy lightly opened. 

C'urua Centro de FAO na maTgem direita de Rio Curun Una, uns 105 kms 
de Santarem POl" rio" 'rODOS os cantoiros aqui estavan sob 
floresta virgem. 

or Cur. 

FAO Centre on right bank of Rio CuruiS Una some 105' kID by river 
Santarem. l\LL plots here were under virgin forest. 

Km4 Canteiro a margem da estrada - solo aronoso pobre. 

Roadside plot - poor sandy soil. 

Kn15 Canteiro' a mo.rgem do. estrado. - melhor solo arenoso nO. base de 
plano.lto. 
Roadside plot - better sandy 80il at base of planalto. 

A,E Cantoiros porto da se1"'raria, no planalto (argila terciario.) 
derl'ubndos e queimados. 

D 

4(pp) 

M. 

N 

Plots by ~awmill on the Planalto (tertiary clay) - clear-felled 
and burnt. 

Canteiro au suI de A - Enr~quecimento. 

Plot south of A - EnricllI:1ent. 

Tnlhao 4~ PI anal to - Enriquecimento. (_' P )-Linha plantada. 

Canteiro' no Flanco - solo aren080 (quaterm~rio) derrubado e 
queimadoc 

Plot on Flanco - sandy soil (quaternary) - clear-felled and burnt. 

Canteiro no Flanco, a'Q Indo de M - Enriquecimento. 

Plot on Flanco beside M - Enricllinent. 
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~ipo da iriuda 

RN Raizes nuas; normalmente pequenos transplantes de vivoiro. 

Naked rooted; normally small nursery transplants. 

Sem fol. Mudas sem folllas - transplantos maiores do vi'Veiro dos quais as 
folhas, exceto as mai's novas, foram removidas" 1I.s raizes mais 
compridas sao podadase 

Tocos 

Caua 

Vase 

Striplings - largoJ..' nursery transplants from which the leaves, 
except the' youngest ones, have.been removed; the longer roots 
are pruned .. 

Tocos - transplantes maiores 'do viveiro con os brotos cortados 
cerca de 5 em acima do coleto. As raizes mais compridas poclaaas .. 

Stumps - larger nursery transplants with the stems cut 'Off about 
5 cm above the root collar; the longer roots arc pruned~ 

EstoqililB de mudas com torrao, provinda de caixas. 

Ball-planted stock from boxes. 

Estoque de mudas de vasos feitos de£erro galvanizaclo. 

Ball-planted stock from pots made from . sheets of galvanized iron" 

Torr.Paul. Torrao 'paulista '"':" transplantes cultivados em vases de terra 
hexagonais .. 

Torrao paulista - transplants raised in hexagonal earth pots. 

Sem.em linhas Semead:u:i:'a directa em linhas. 

Direct sowing in lines. 

Som. em covas Semeadura clirocta em covas. 

Col.6 

Direct sowing at stake. 

Quantidade total usada Este e, 0 total das col una'S 2 0 5, esta 
constando do numeto de plantas usadas no replantio .. 

This is tho total of coltmlns '2 and 5, the latter b8ing the l1tunber 
of plants used for beating up. 



Col .. 7 

Col" 9 

Colo 1 ° 

+ 
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~ 

Indice sobrevi ventes Este e a percentagem do total de plantas'· 
usadas que ainda estao vivas na idade mostrada na col1ma 8. Este 
indi'ce da uma ideia melhor que a percentagem de plantas vivas 
(coL 4) das especies faceis de so estabelecerem. Quanto mais 
perto 0 indice estiver de 100 mais facil e estabe~.ec'0r-se 0 tipo 
de planta usada nas condigoes do canteiro em questao .. 

This is the percontage of the total number 01' plants used which 
are still alive at the age shown in column 8.. This index gives 
a much better idea than the percentage of plants alive' (co1.4) 
of the ease? or othorvdse, of establishing the species" The 
closer the index is to WO the easier it is establish tho type of 
plant used in the conditions of the plot in question. 

Altura media (dills) Esta e n altura media de 20% das nrvores mais 
altas no canteiro ou linha de enriquecimento, em decimetros. 
A monos que haja aponas muito poucas planta'S num canteiro, as 
~rvores na file ira exterior nao sao medidas" 

This is the mean height in decimetre'S of the tallest 20% of the 
trees in the plo-I; or onrichment line" Unless there nrc only ve'ry 
few plants in a plot, tree,s in the outside row are not measured .. 

Rendimento peri6dico anual e 0 incremento peri6dico anual, 
calculado doduzindo-se a altura' original (col.1) da media da 
altura, dividindo-se pela idade .. 

This is the Periodic anu'al incroment, calculated by deducting 
the origin'al height (col. 1) from the mean height and dividing 
by the age .. 

Signifiea que P205? ou fosforita ou triplo super fosfato, foi 
adicionado no buraco antes do plan1io - mais ou menos metade de 
uma colher de sobremesa por buraeo. ° P205 foi adicionado de 
novo no replantio. 

Means that P20r:;?· eithe:e rock phosphate -(fos)- or triple super 
phosphate - TSP - was added to the hole before plcmting - abo·ut 
half a des~ort spoonful per hole.. P205 was again added on 
beating up. 
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~}ABLE FOR AP}:EN])IX VIII 

Nom e 
e i 

Localidadej 

Ti)JO 

da 
Muda 

2 3 
i .. i "i 

i. i QuaXlti.:"~ i j 

i Al tu-'i dEl. de i QuantL-j 
i ra jpIanta-i dade i 
i (dills) i d.a j viva i 

i i 7 = j10 =: 

4 5 i 6 =2+51 3+100 8 9 19-1 
1 j i 6 is 
i Quant i- i Quanii-j Indice iii 

vival dndej clade j sobro-jIdadejAlturaj 'j 

7~ jreplan-jtotal i viven-i i mediajR.P.Ai 
i tada jusada i tes, i i (ams) i i 

i ------------t---'----··-t ------i-----·----t-· ·-----t-----·t-------T------t--------j-...'..-'---t---'---t-'<'"'--- i 
lAcapu PPjSem.fo1. i 2 10 i 5 i 50 1 '10 50 1-.5 2.6 0.4 

Curua])j II 5 25 21 84 25 84 0'.7 8 4 

i 
i 
i 

II E 1 tl 4 48 4 8 48 8 0'. 7 4 NIL 
II 4 j (Y) II 4 192 131 68 'I 92 68 0.7 4 NIL 

[Aguano PPjSem.fol.i 
Curua])j f' 

II E+ !I 

11 E'j !l 

II 4i(NN)1I 

i i 
i Al bizzia Fazoj + RN 
faIcat~ :t I II 

CV.l'ua Km4 i Ii. ! 
II II 5iSem.,fol. i 

i 1 
jAlbizzia Sant.E. It 110 

lobbed: 11157 II 4 
Curua Km5 i Caixa ,1 

i II ];159 iSom.foL i 2 
i 11 EI 60 j 11 1 

It M + Caixa 2 
i "M II C' 

i 
jAnani 

i 
PPi Som. foL i ';.1 

j, Curua E I RN 2 
i 

IAndiroba PPArSem.fol 
PP E-:,l;' 11 

Snnt~Ei tl 3,5 
eRA, Fj II :, 

1!;;'--l-JIlLj:! 3 
II C I: 3 

Curua A Som.o::: L'..nhe s 
II A l! fI, C()V(1S 

II E + Som.foL i 5 
!! TIl: II, i 5 
"4('58)iSemoar'i 
II 4 ( I 59) i, 11:<:01.( 20) 5 
II 4 ( t 68) i Semo ar. (1") 

100 
95 
50 
50 

'154 

68 
it5 
48 
49 
21 

80 13 . 
75 i' 1 
-12 9 
21 14 

9:) 

45 
6 

-]2 

100 
12 
18 

8 

70 

25 
23 

6 
12 
85 
11 
18 

39 
2 

U9 '134 
~ 20 21 

'76 
161 '149 

20 20 
125 ms x 

50 4) 
50 50 
50 50 

793 159 
-182 180 
192 '162 

68 
47 
96 
98 
14 

16 

75 
67 

28 
50 

'100 
'100 
85 
92 

'100 

49 
25 

96 
'17 
91 
>3 

100 

98 
100 
100 

i 20 
99 
85 

30 
80 
12 
15 

87 
43 
10 
8 

if: 
'14 

2.')0 
11 
10 

6 

7 
3 

'130 
175 

62 
65 

154 

22 
29 

160 
56 
9 

12 
'100 

-12 
'J8 

80 
8 

153 
350 

95 
'i94 

26 

50 
57 
53 

793 
-195' i 
192 j' 

52 
26 
77 
75 
iLl-

8 
1 

41 
50 

1.5 
2' 
1'.7 
1 '. 7 
1.7 

2.7 
2, 

2'.7 
2.7 

2.3 
2 

30 
26 

4 

5 
6 

44 
78 

16 3'.7 17 
42 41 3'.7 

67 1 '. 7 '7 
35 

2 
100 j 1'.7 
85 . i 0'.7 
92 '1'.7 52 

44 100 1.7 

49 
25 

73 
88 

6 
80 
77 
76 

98 
87 
94 
20 
92 
85 

1 .7 
7 

2'.5 6'.2 
2'.5 4.7 
1-.7 '7 
3'. '7 28 
3'.7 18 
2'.7 28 
0'.7 5 
0'. '7 4 
1'.7 25 
1 '. '7 27 
2'.5 12 
1'.7 i 11 
0.6 i 5 

0.6 
i NIL 
i 16 
i 14 

1 
j 

1-.5, i 
i 2.5 
j 16 
j28 
I 
i 2 
i 10'j 
I 3.5 
j20 
i 1 
j30 
i 25 

1, 

0.4 
2 
7 
4 
9 
7 

j 6 
i 12 
i 13 

5' 
3.5 
8 



i i = i j 
') 2 i 3 .4- 5 j6=2 + l3 x 100j 8 9 i3-=--l 

i ,N 0 m e Tipc I i i i 6 i 8 
e i da i iQuanti-j i i Quanti- i Qunnti-i Indice i i i 

Localidade i Mud::1 jAltu-l dnde i Quant-:b-i vivaj dade i dade i sobre-jIdadejAlturai 
i ra Iplanta-j dade i % jreplanoi,oi totalj viven-j media i R. P • .Lt, 
i (runs) l da j ~ vi vaj i: tada usadai tes ~dms2i 

i i 
'jAng.da mat a i j i 
i Cur. E i Sem. fo1. j 6 50 47 94 12 62 75 ! '·7 i 27 12 
j (II, oxccl sUln)I}I·~~ 11 5 80 60 ']5 34 '1'14 52 1'·7 i 28 13 

Cur. Mi If 5 '120 96 80 49 169 57 1-.7 i 30 '15 . 
II Nj '!til 5 40 37 93 1 41 90 1'.7 i 27 13 

i tt '4(59)(KK) II 4' i 158 158 100 5 173 97 1 c 7 i 11 5 
i ,11 4(60)(U) II 3'~5i '185 176 95 185 95 j' 0·7i 5 2 
i (1)-H.petraoUl'll E RN 0051 48 29 60 48 60 0·7i 2 2 
• 11 Ang~pedra i i i I 

i Cur.E i Sem .;fol. i 4 100 80 80 23 123 65 0·7 i 7 '4 
11 liI1i II 6' i '100 48 48 25 125 38 0·7i 7 1 .5 

i 114(S) i II 2.5i 188 127 67 188 67 0·71 4 2 
• 11 Ang. raj ado j i i I 

i Cp.:::-.Ei Sem. fo1. i 2 50 49 98 7 57 86 1 .7 i 14 7 
i!:.Euleia i i 
i p:caecox E' II 9 8 90 9 90 0·7i 9 11 I 

i i i 
iCabiuna E' tt 4 90 89 99 11 101 88 0·7i 1 'I 10 I 

Hi l! 4 100 86 86 6 '106 86 0·7i 11 i 10 
i i i 
jCajuagu Ej 1I 6 40 28 70 19 59 48 0·7i 9 '4 
i i i 
1 CaloP.A.yll urn j' i 
i ant ill urn Cur.E ':-r~T 4 4 4 100 4 100 1. 7i 21 10 
i i i 
jCastanheiro. Cur~E Ii 9 8 90 9 90 O.'lj 4 4 
i i i 
jCasunrina Fn>o + caixEq 1'10 10 9 110 9 3·7i 18 5 
i cunningham. i i i 
i FQ~~r l! 110 3 3 110 3 2·5; 3.6 i 
1 ; , i 'C d C' \~m SarJ.I, 3 ,:0 36 72 22 72 50 1" 5 i 5 '1.4 1 e 1'0 ,bcna, ;J..l. 

CP1~ C " ') 30 1 6 - 22 52 31 2'07 i 15 4 ,J , 
II }i' II .iL W 70 1 11 3'.7 i 40 10 I 
II T 

i 
II ,I" 10 9 90 r: '1(; 56 J.7 i 27 6 r ,j 

i CU:K'oE + tocos 0)5j 23 2'1 23 92 '1.7 i 38 22 
i E i ;t 0·51 2/~, 18 i5 ')11 7) 1.71 30 '17 \ '- ~ 
i Cedro (];]10nc:. ) e Som.loli 4 ~.O 95 IS 83 2·7i 26 8 ·C"'l.-roo(Cuoo ),".:1 11 

i j 50 50 98 :.-1 ry 

17 8 I \~l ", ~ 0 ~.: ,-

I. t i 
i F: " 3 50 4 91 ~ '·7·! 15 '7 L 

N i II 1 ,3' 1 39 it 77 1,7; '10 L~ /, (. 59) (JJ)':;OC()S C)t~ 5i '1') " j 12 26 1 :-7 '7') 'J '.7 i w 4 ' ,) I ,) , { ,,-
'1 ( I r::c) (-' 

4'( \ 1.... ". 1.1l / J.I; 0., 'r' 38 20 1 20 0,71 'I 005 (+CU}) .1. :oa:CQ)A~ 'I ~~oo 'I 71 I) 2Gb 0.71 3 3 C-i-J?['r~l) 11.3 ! it 200 7? r- ." I' '7'7 0,7 i ') -) ::U,) 1\ ,) 
]it \ 11 2'( r;f.: ') ,- " 

0·71 1" 11, ~/ .-' j j-

iCoclro TOf~Lt Cu:c.E " 19 79 ) /1 79 0,71 3 3 _"I' 
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... I l .. i .. =1. . ·i 
r' T , i 1,' '. i 2 . 4 5' i 6::: i 3 x 1 00 j 8 9 i 9 

, . , . . ·2 + 5· 6' "':"-"""8-I_.;.-... .-l --L.._----l \ ! \. .,,-,----II __ -.l.. __ --'-_=--_ 
i Quanti-l i \ QUCi11ti-JQucmti"1 .J.ndice iii 

Nom G 'l'ipo 
i ' 0 

Localidade Hl-( Lliide jQuapti-i i dade i dade sobre-jldndGiAlturaj 'j 

i ret iplanta-i dado, 10 1 rGplpn-1 total vi'ven-j pIledia jR.P.Ai 
~dm~)_L~d~a_·_··~,.~i_v~i~v~a~ ____ ~~t~a~~~a~j~u~sa~d~D~.~~t~G~S __ ~ __ ~i~(;dm~S)~·~! __ ~, i j 

i 
iCopaiba 

i 
Cur~E RN. 

i ]I[ ::. !l 

]I[ II 

i i 
i Cuinrana Cur.E 

M M~' 
1, 

It 

il 

1 i '1 
rCumaru PP i ,SGm.foL 

Cur,]} '1. It 

E i. 
IT ,j , 

!I 

II' 

i " j , 

I CupiubaPP(E) !l 

,i ' Cur,km5; 'tocos i 
'1 A j8om.foLj 
,j (+C~dro + Para)A .'1 i 
'j II is'em.foJ.:.j 

IvI + . Ii . i 
:i JI!I j it . 

i Euoa~nt us i 
i alba Faz (NC)~ 
i ---, II (NC Y+ 

.1 

It it.' 
I 

It tI. 
r 

!t (60)~~. 
II ' N\":i." 

8ant·58; 
60 j 

Cur~ km4i 
tl 'i' , I 

E 
L 

l! , 

fl (NC) ~ 
n(6CJj 
I .. 1::'...1::'1 

8ant-58 
if ):J ,: 
l! II i 

6r
i i 

c,d.xa l 
l.! 

'1 

n 

11 

I! 

.1 

!l 

II 

'! 

.1 

I, 
G 

2 
2 
" c.. 

2 
2 !. 

9 
6 

i 
2'~5! 
0.51 

4 
4 
3 
1.]: i 
4 

3 i 
'1,5: 

j 

J 
2 
1 

I '. , 
'1, 51 
"0:5 i 
'j, r: 
, .. ~ ! 
'/ r: .• 

',,)i 

2 
2 J 

! ,.)' 

. '5°' 
40 
60 
39 

153 

10 
40 
20 
39 

'j 'j 

87 
150 
200 

50 
100 
120 

50 
20 
20 
50 
49 
1L]. 
90 
60 
25 

"iOO 
')00 
?JO 

,iC) . 

.30 
3 

,W 
'1 !~ 

i" 

49 
26 
46 
30 

'\ 1:,3 

98 
65 
76 
1'7 
93 

36 72 
36 73 

7 70 
38 95 
12 60 
30 i. 77 

j 

8 72 
87 100. 
90 60 
'10 5 
L1,6 92 
87 81 

109 9'1 
j; 

failedo 
11- i 55 
8 i 40 

fn.iled. 
n 

2 
54 
52 

35 
14 
60 
87 

i ,,96 
f,:}11 c)('t 

95 95 
95 . i 

. "188 94-
'19 '76 

::0 
'lO 

/ o 
![\ 

(,7 
,~3 

! .- .3 
60 
21 

:.} 
1:5 ,I 
,')7 

"'1S" 
17 
39 
8 

25 

8 
7 

68 
57 
99 
47 

178 

57 
55 

10 
40 
24 
39 

, 
10 21: 
~5 '112 

'125 275 
I,· 200 

9 59 
56 '156 
77 197 

i .. , ,.".:, ' ··1 
72 i 1/. Ti 
46 .1:.71 
46 '1'.71 

: 64 1'.7 i 
80 '1.7 i 

i 
,63 l 
, 65 

70 
95 

'50 
:77 .i, 

:38 j, 
71 
'33 

5 
;'78 
56 
56 

. i 
0.7 i 
0.7 i 

i 
3' I 
2'. '7 i 
1'.7 j 
1/11 

i 
2'·51 
'\'.7i 
0'.7 i 
0.71 
1·7'1 
1'. '7 i 
1.71 

, i 
9 

14 ,~ 
7 
9 
5 

2 
.3 i 

i 
3.81 
12 
27 
10 

i 
5 i 

, i 
4 ' i 
T'i 
3 , j 

4 i 
2 i 

. i 
.\ o5i 
.3 j 
, . I 
0.6i 
4 

"iO 
2 

33 i 19 i 
1- jNIL'i 
.3 -1.5 i 

39 21 
40 21 
40 2'1 'I 

. i ' i i 1 i 
Replanted wi,th E. c.i triodora 'I 

3,4 i 54, ii" 2'. '7 i 1 4 i 5 1 
19 1 39 I 20 i i.5inot me,suredl 

Replanted wi~h E. oi tri6dora'i 

40 

32 
1 (, 

8, 

49 35 O'~ '7 i 7 7.i 
14. ')4 0'.7 i 13 1 6 .i 

130 42 2'.7i 771 27'·· I 
60 87 0'.71 18 24 
28 86 i . 207 i 55 1 9 
'7 (; l!sauva!! 

100 95 O~7~ 
100 95 0.71 
200 94 0'.7 i 

25 76 0.71 

25 i' 
j 

T{: 1 
62,j 
29 ·.i 
3C'i 
1.4" 1 

_,8 

60 

, i 
26 3.71 
'16 3' i 
20 2'.51 
60 0'.71 
2'j j 0'.71 
2.9 2'·7 i 
,53 '1',7 i 
50 1.7: 
65 0.71 

,23 i30' 
32 44 
28 37 
31 43' 

29 40 
i I 

24 6' i' 
.1'·9 0·4i' 
2'.3 0.8i 
3·5 3 ' 

5 4 
85 .1 31 
55 31 
65 37 
'14 18 
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'. - i i i i = i i ::: i ~ 

j. 1 1 2 3 4 5 j6=2+5 i3 x 100i 8 9 i9 - 1 . 
I 

N o rn e i Tipo i i i i i 6 i 8 .! 
do. i de i iQuo.nti-j i iQuanti-jQuantb-i Indicei i i 

Localidadej Muda jL.ltu-i dade iQuanTh-j viva! dade i dade sobre-j Idade i Alturai ;'1 
i ra Iplanta-r dade % i replan-j total viven-j im6dia jR.P,;l'q 

i i ~ drns L i do. viva tada juso.da tos l i ~ dms2 i'" ,j 

I (cont.) i 
jE.carno.ldulensis 
i co.ixa , 

i 1 
Cur.km4 ' II 2 24 7 29 5 29 23 2'.7 i 25 9"C I 

A i 
.If j 1 100 97 97 100 97 0'.71 29 40 1 

A i Torr"Paul. 1 25 19 76 25 76 0'.7 i 30 41 l 
1 E caixa 1 100 88 88 100 88 0.7i 23 32 
I M 1 If 1 100 92 92 100 92 0.7! 25 34 
jE.citrioc1orai i 

Faz.57+i Il :2 140 34 85 22 62 55 3'.7,i 58 i 1'5i 
tt If i tt 2 40 24 60 32 72 33 2'.5i 5.8l 2.11 
If (NC)4l57 II 2 50 35 70 15 65 54 2'.5i Nj i '6 i 
11 II :>7 II 2 50 35 70 91 141 25 2'·5i 2'.1 i 0.61 
Il 

fl +59 If 1 i 39 16 40 48 87 40 2·7i 2'·51 '2 i 
II II 59 tI 'I i 34 15 j 45 17 51 29 i 0.7 i .1.8 i 1 • 1 1 
11 11 +60 II 2 60 kil1ed 60 by fire 
"Nur 60 If 2 14 4 29 14 29 G'.71 12 15 
Sant 158- I! 3 134 77 57 4'1 '175 44 2'.71 49 17 

i 
I! 59+ I! 2 150 90 60 52 202 41 1 '. 7 i 50 28 
II 59 If 2 150 40 26 87 237 17 i 1 '. 7 i 31 17 
If, 60 Il 2 60 13 22 60 22 i g'.7 i 9 '10 

i Cur.M+j vasus 4 105 98 93 8 113 87 i· 1'.7i 90 50 J 
i M i II 4 105 100 95 7 112 89 1'.7 i 90 50 i 

M+ co.ixo. 3 120 93 78 26 146 64 '1'.7 i 90 51 l 
M i 

Il 3 120 103 86 28 148 69 1'.7 i 90 51 J E i 
II i 2 i 50 i 48 96 '10 60 80 'I. 7i 70 40' 1 

i A sem.en 1 inhas - 1 1 25 ms. I x x x x 0-.7 i 6 8.5) 
i 

, A II tI covo.s - 50 38 76 50 76 0.71 13 20 
iE. degl uJ2ta ~' . i i ~~i 

1 Fo.z(NC +caixo. 30 3 10 30 10 O.7i 2 1.8 
11, !! 30 30 F 0'.7 i 

i Cur. E II i 25 25 100 2 27 92 1.7 i 65 38 
jE.drepano- i I i 

, 
1 

j J2h;y:llo. Faz + " 1'.5 i '10 6 60 '10 60 3'.7 i 5~ i 14 
i If tI 1 .. 51 10 3 30 10 30 2.51 3.3i 1 
iE.gro.ndis i i j i 

CUl'.E i II :3 I 25 24 96 25 96 0'.7 i 26 33 i 
i II If 2.5i 45 36 80 45 80 0.7i 21 26 i 
iE.mo.culato. i i i i 

Sant" 60 II 1 i ' 50 0 0 50 0 0-.7 i . failed 
i Cur.Ej II 1 18 1 6 89 4 22 73 0'.71 '17 23 
i If If 1 30 -13 43 30 43 0.7j 17 23 
i E. rno.i do nii i i 

Fo.z.Nur II i 14 2 14 14 14 0'.7 i 3 3' 1 
II , + II 

i 50 5 10 - 50 to 0'.7 j 2 '1·51 
i 

, CUI'.E II 
.i 25 17 68 11 36 47 0.7i 15 20 

jE.robusta i i i Fo.:z + !! 1 10 2 20 3 12 15 3'.7 i burnt back 
If II 1 10 'I 10 4 '14 7 2.5i 4 1.21 i 
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i i '7 = i j10 = i 2 3 4 5 i 6:::2+5 j3 x -IOOj 8 9 i 9 .- 1 . 
I 

I N a m e Tipo' i ' i i i j j 6 i i 8 
da ., 

j 0 j jQ,uanti-j i j Q,uantir-jQ,ucmti-j Indicoj i i L a cell idade Muda, iA1tu-j dade ' i Q,uo.nti-j vivai dado i dado i so bre- i Idade i Al tux'a 1 1 
j ra iplanta-j dade % jraplan--j total j vivon-j jmedia iR.P.Aj 

i . (dm~ 2' da . viva j tada usadaj tos j (dmsL , j 
(cant'. )-

j "'! I 

j 
, 

i i 
'SEe saligna Cur .,E. cBixa i 2 25 25 100 26 ,97 1 '. 7 i 90 52 
i Ii i 

,11 
i 1 -100 97 97 100 97 0'.7 i 26 36 

A jTorr.Paul. 1 25 23 92 25 92 0'.7 i 30 41 
M i , caixa 2 i 100 96 96 100 96 0.7i 28 38 

IE. teratic'ornis 1 i i 
Faz. NC + II L5i 20 2 10 20 10 O.li 2,.61 2 i 

If ' II i II 1-.5i 20 2 'lO 20 10 O'·7i 1.61 0.2j 
Faz.Nur II 2 14 1 7 ']4 7 0'.7 i 6 5 'j 

II (60)+ II 2 60 11 -18 60 18 0.7i 5 4-
Sant 58 II 2, 45 31 69 22 67 46 2.71 39 14 

11 , 60 11. 2 60 3 5 60 5 0'.7 i 6 6 .i 
Cu:r.krri4 ,If 

i 3 2-1 6 28 I 28 21 2'.7 i 55 19 
!l A i~orr.PauL 1 25 25 100 25 100 0'.7 i 33 46 
II E i caixa 1 2 100 99 99 100 99 0'.71, 23 30 1 

I tI M i II 3: 100 97- 97 100 ,97 0.7i 26 32 .I 
jFaveira holacha . . I j , i i 
j C1..u:.E i Sem.fol. i 10 16 15 94 16 94 1. 7 i 31 12 i 
iGmelina arborea i i i i i 
i ' P,P '(E+F) toco'S i 0·51 20 17 85 19 39 43 2.5i 3.9i 'J .41 

, ~az. +: 3.em.fol. i 7 150 144 92 150 92 ' burnt hack ! 
(Ghana) It, .' • 7 150 135 90 49 '189 72 3 i 5.8j -0.41 , ' ! ' I 

i Sant.En. It 12 60 54 90 14 74 72 3'.7i 36 7 i 
I 

If t 57 i 
II 7 60 60 100 'lO 70 85 i 3'.7 i 54 13 :j 

If '60 i 
II 2 89 87 97 89 98 0'.7 i '7 7 .i " 

Cur.A i II 2 181 176 97 .;.. 181 97 0.71 11 n 
E i 

II '3 i wo 99 99 .;.. -100 ,99 0'.7 i 10 10 
M+ tocos o'·5i 25 25 100 25 1 100 'l'.7i 39 23 
M i II 0.51 25 25 '100 25 i' 100 1 '. 7 i 36 21 

(Paq. ) ''E + II O'·5i 12 -12 100 12 j, 100 1'07 i 26 15 i 
E i 

,\I 
i 0·51 12 12 100 12 i· 100 1-.7:1 25 '14 

1 (Ghana) M i Som. fol. 1 3 100 100 100 i '100 100 0.71 -17 20 
i Grevillea i i q j' 

i banksii E EN 2 52 48 93, i 5 57 i' 85 0.7 j 13 16 
t M :1 

II 2 48 36 75 '18 66 i 55 0.7i 11 13 
iGuariLlba i " i i i 
. (Cur) ]) i Sem. fol. i 8 23 27 74 23 74 0'.7 i 8 NIL :,1 , ' 

E i ' 
II 3 i 50 29 58 33 83 35 1'.71 n 6 

4 (Q) It '3 i '195 99 51 .;.. 195 51 0.7i 5 -3 i 
(CBA) 4 (18) 1I 2.5i 190 '165 87 190 i' 87 0.7i 3 0.7i 

i i . I i 
I Itauba Cur.Km5 RN '1 25 25 25 7 32 '100 2'.7 i 19 7 

]) i f! i 1 94 85 91 49 143 60 2'.7 i 7 2 
E+j SCjm. fo1. i 5 20 13 65 21 ~:l 32 1'.7 i 12 4 
E It 5 20 11 55 22 42 26 1. 7 i 7 1 

I 

;Jacareuba i ' 
" i i i i j 

, PP i 
,II ' 2.71 40 25 62 40 62 i' 0'.7i 3.51 1 

Cur. E j RN. 2 i 55 55 100 7 62 89 1'.7 i 2" I 11 

4 (HIi) II 2 i '152 n1 86 33 185 71 '1.7 i 4 i 1 
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'I' '" i i' '" i' t 7 = i i: i 10 -
2 3 4 5 6:2+5 i) x 100r 8 i 9 9-'1 

N 0 m e Tipo j i -,j j j i 6 i 8 
e i da i i Quanti";;;'i i i Quant i .... i Quanti-j Indicei i i 

Localidade i Muda i Altu-[ dade i Quanti"i vivai clade' i dade i sobre-j Idade iAlturai i 
i ra lplanta-i dade 1b jreplan-:-j totalj viven-i mediajR.P.Aj 

i.,., i i (dms) i da i viva i tada usadaj tes ( runs) i ---
i r i" i "j i i 

iJarana ORA. Cj , RN 2 6 i 6 100 5 11 55 2'.7 i 7 i 2 
Cur. Ei II 

i' '10 9 90 3 i 13 68 1. 7 i 14 i- 8 
4 (SS) RN e Sem .. i i i 

om covasi ::>90 18 ~o 90 i ~:>180 10 'I G 7 i h :3 '1 
iLouro branco (CBA)- I i i 

Cur. Er ' RN 2 25 8 32 36 53 15 1'.7 i 8 3.5i 
i ( II ) Ei 11 2 30 11 35 37 67 16 1 .. 7 i 7 3 i 
iMagaranduba i i i j 

i Cur. Ej II On5i 48 45 94 48 94 0 7j 0.1i 
iMaesopsis i i i 
jamenii C'!,lr.Ej Sem.fo1. 3 '12 9 75' 13 i 68 i, '1.1 i 38 21 
jMandioque:i:raj i i i 

lisa'Cur. D' tI 12 41 3 6 41 6 0.1 i 9 j":" Li-1 
E' tI i 10 i 50 Li- 8 50 '8 0.71 8 1- 2 i 

i. Ej tocos ' i 0.51 41 3 6, 47 6 0'.7 i 8 10 
i 4 (w) Sem fo1. i 8 181 39 2'1 187 21 0.7i 8 NIL 1 
iMaI'upa I i I, 

Faz.Cur.+ RN 1 100 51 51 29 129 40 2.1i 12 i :4- i 
II i II 1 100 60 60 32 132: 46 2, i 1'.5 i 0'.2 ! 
tI NC + II 1 40 30 75 29 69 44 '1'.5i 1'.7 i 0'.61 
!l tl 

i 
II 1 ' 40 32 80 26 66 46' 1.5i '2.41 1 .. 3l 

Sant En. i " 1 30 0 0 22 52 0 ' f<p.iled i 
II f 58 i II 1 45 33 73 8 53 62 .' 2'.7 i 43 16 " I 

Cur.km4 i 
II 1 98 94 95 '101 179 52 2'.7 i 53 19 

, 1005 j ff '1 i 202 '173 86 34- 236 74 2'" 7 i 68 25 
Cur. E+ tocos 0'·5i 25 25 '100 2 27 93 :1'.7i 38 22 

E i It 0'.51 25 21 84 2 27 77 '1'.7i 37 21 
M+ fI 0·51 150 ? ? 18 168 ? h7i ? ? 

I M i 
II 0'.5 1 150 ? ? 8 '158 ? 1-.7 i ? ? wi 

i 1if i 
II O·5j 39 35 90 3 42 83 1 .7 i 29 17 1 

jMorotot'o i 
h5~ 

i 1 
Faz.NC + HN 80 5 6 '109 6 2'.7 i 1'1 i 3·5; 

II, 
i 

II L5i )0 3 3 33 123 2 h5i 3.2, 1 
Cur.km4 i " i 1 " r, 1 99 88 179 278 32 2'.7 i -12 4 i ./-

i "5 i 110 Setn.flPL I i 102 83 83 90 -192 207i 35 13 i 
iNauclea did'e- ' i i 1 
i richii Cur.E vasos 6 4 ()7 7 57' 1 .7 i 5 2.5. 
jParapara , 

i i i i 
Faz. + RN' i 0.5i 100 4 " 2'10 2 2' i 2'.5 i 'I Lr , 
" i II 0 5\ '100 fj. L~ 105 205 2 1, ~, 1.2j 0·51 "..Jl SantI 58 II 

i 2 75 9 12 '1:)7 192 5 i 2'.7 i 29 '10 
! 59Sem' fol. i 4 75 4'1 87 33 108 38 1 '. 7 i 41 22 

Cur.km4 ):.YF 
i 

r. 100 123 233 42 2.7i L'~5 '16 .~ 1...l.1 L i' 
kmS l'=lN 0 sem ' i . i i 

1'01. i 0' 96 100 i 86 52 2 .. 7i 66 21-L 
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P.occidentalis 
Faz. 't'j RN, 0 II 
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4 
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1 
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21 
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50 
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19 
9 

5 

136 

'j10 
18 

9 
10 
53 
48 
45 

6 
41 

4 
65 
65 

'130 
47 
48, 

29, 
7 

30 

10 

7 
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152 
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57 
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4' 
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8 9 9-1 
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Localidade 
da i ' i Q,uanti-i j i Q,uant'i-j Q,uantt.; Indico iii 
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i ra jplanta-i dade % lreplal'i-i totali viven-j mGdiaiR.P • .t,q 
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E+i II 

i E i ' II 
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II 
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49 
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52 
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41 
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38 
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0'.1 
0'.1 
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1.7 
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11 5 i 

,j 

2i 1.5, 
i 

12j 14 ,j 
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i 
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5 6 
5 i 1 
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11 5 
'14 5 
15 1 
12 4 
1 'I 

11 5 
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APPENDIX IX 

SILVICULTURAL NorrES on THE PRINCIPAL TERRA-FIRME SPECIES 

These Notes summarise, 1J;)F species, the information which has been 
collected to date on some 44 of the more important desirables which occur 
on the terra-firme soils 0 Unless otherwise rotated the information was 
collected on the Curu~o 

There are several gaps. It is hoped that these liJi11 be filled in in 
the course of the next few yeal's. The coLLection of this informa1ion is 
really' part of the duties of the Sil vicul tural section of Ion.p .A. in 
Manaus. 

12:xf)lanatory Notes 

This is only approximate 
Size of Seed 

Very small 
Small 
Medium 
Large 
Very large 

under mm 
1.:...5 mm 
5-20 mm 
20-50 mID 

over 50 mm 

e. g. Cupiuba, rJ:'atajuba 
Cedro, Morotot6(frts) 
MarUIJ;~, P arapara, Ma garanduba 
Ucuuba, Castanheira, Anani 
Andiroba, Piquia, Acapu 

Rate of Growth 

For natural regeneration (NR) three figures or ranges are given, viz. 
!lUR. -10-6, 5, 211. The first is average growth (in dm) in the open or under a 
well opened canopy ('100-75% open); the second is 'under a partly opened 
canopy (50-25%); the third is LLYlder closed canopy~ 

The figul~es represent the average annual grovvth in decimeters and must 
be taken as an indication 'rather than an exact figure; several are based 
on only a few obsorvations. 

For artit'iciu} 
1 3-1 0, 4-3 11 • r.eho 

oi.1(AR) tViO s or rang'os arc given, .viz. 
first is for growth (in dm) in the open, and the 

second for that in' cnriclliLrJnt linos" 

Yvhere' there is none 9 or no relia-blo information, a ? is usod between 
the commas. 

T;ypos of bark 

~Chi's is for mature trees, younger -!:;I-ees art) often less scaly or less 
fisslJ.red. 

Colour of blaze 

This is for a fresh blaze. 'When two colours aro given, the second is 
for tho inner bark by the cambium,. 
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SILVICUL'J:1"URAL CHARACTERISTICS 
..... ~-"""-'-----'--

Local l~amG 

Botanical l'iELr1o 

Dstes of Floworinc~ and 

Typo of Fruit 

of Seed 

Ho. 100 

Viabili ty 

FroC\.uoncy or Socd y\::;ars 

Gormino.tivG oapac::'-;;;y 

'Ilimo to gormtnntc 

Conditions for, and 

troatment of Slod. 

Typo of root f)f soo 

Ro.to o~ 

Habito.t 

Shndo tolormlCo 

r~j.mo 01 loni' 

JlTntuJ:'al Rep'one rr. sian 

of ~ 

ACAPU 

VOltC1CapOUa o.mericana Duoko 

i011aOOo.o 

FI;-=:. J2n-Fob. ! 56 Cu:cu<,-~ - Frt. Juno 
1959 CU:L'ui 

o SOGdod 

l::lTgo: oVc~l 

J1 ~JOllt 

Poss o.nnual 

(;)01 vvhc;n fros}" 

10 

1J11 1 (.lis-l;ributod 

vory 

Fall 

:no::catiO!l - best ant r;. 110t tl-'iod t1S' 

woll in tho opon (I.A.N., 
~ (1"""'1;~ ~i\) C::"l~ -1-·,1)] o. -r' or -"11'1 cl:llno"1"-' ~f v lA. .. L lA<..-<. ..L:J ... ' )J I..- .1. V Ll.' ~.L \ __ .... _ __. 1.. v,. 

should 1)0 triod with ::::ido sho.dc'. l"J:'ui t falls 
at t;i1J1(~ for diruct ;Juwing. 

T;ypo of hark STcoth h~r. linoa 

'JlY]iO of tinbo:: Hard.) clark brow::l 

Colour of blnze hollows in ;:rGom 

Not found. S SOGd not widely dispoJ:'sed. 
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SILVICULTURliL CH.ARACTERISTICS 

Local Name AGUANO, IVlOGNO 

Botanical Name Swietenia macrophylla (L.) Jacq. 

Family Nleliacoae 

Dates of Flowering and Fruiting - Frts. June-July (Tocantins) 

Type of Ji"'rui t 

Type of Seed 

No. per 100 gr 

Viabili ty 

Frequenoy of Seed years 

Germinative capaoity 

Time to germinate 

Capsule 

Me di 1)J11, wingo d 

150-200 

Fairly short; remained good after 4 months 
in refrigerator in vogcitable oompartment 

Probably annual 

High when fresh 

16, 20-30 days 

Conditions for, and type of, germination Hypogeal; not too wet 

Pretreatment of Seed (if'neoessary) No 

Type of root of seedling Tap; a few fibrous branches 

Rate of growth Fast, in open, very slow in forest - iI.R 16-14, 
i-nil 

Habitat Semi-deoiduous forest (Babasupalm); not a true 
rain forest species, appears to prefer less acid 
soils (pH6-7) , 

Shade tolerance Not very 

Time of leaf fall End of dry seclson; deciClLwuzJ for some weeks 

Artificial Regeneration best tYlie of plnnt g Stumps or striplings? probably 
best established with a nurse tree because of 
shoot borer attaoks; not suitable for poor soils 

Type of bark Scaly 

Type of Timber Soft; floats 

Observations At Joao Cnelho (Serv"Flor.) appeared to reoover 
quiokly from borer and to send up a single new 
shoot (not branching as Cedro and Andiroba did 
at Fordlandia). Not heavily attacked at Curua 
in first year (19%). 
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SILVICULTURAL CH.f...R1J.C rrERISTICS 

Local Name LMAPA (doce) 

Botanical Name Br.osnium :Qaraense Hub. 

Family filoraceae 

Dates of Flowering and Fruiting - Pinl-e fls. Caruc'[ Se:Qt. ! 58 

Type of Fruit 

Frequency of Seed years 

Germinative ca:Qacity 

Rate of growth 

Habitat 

Shade tolorcl.l'1ce 

Type of bark 

Type of Timber 

Colour of blaze (and latex) 

Observations 

Berry, about 5 cm 

Medium, flat 

? annual 

Nil CuruQ 

Probably fairly slow 

Terra firme; a dominant or em~rgent 

Tolerant 

Roughish; lenticels 

Soft 

Light l)rn., much latex (? sweet) 

Thero are at loast two main s:Qocies, Ama:Qa 
daco ::mc1 .::unnrgo clel)ending on whether 
the latex is sweet or bitter; the latter 
is proba-bly Parahacornia ama:QQ. (A:Qocyn.) 



Local NDme 

Botanical Name 

Dates of ]'lovvering and Frui 

'rypo of frui t 

Typo of Seed 

Vitibili ty 

Germinative capacity 

Timo to 
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A NAN I 

Symphonia globuliforC' .. L. or Ivloronobea coccinoa 

Guttiforao 

Frts. April-May 157 Macapa 

? Capsule 

Medi wn roundish 

l"air if seod d.riod 

Good (freGh) 

1 - 2 wooks 9 5 months when seed dried I1nd kept 
2 months. 

Conditions for, and typo of germination Hypogeal.Likes plenty of 
moisture. 

Pretreatment of Seed (if necessary) No, for immediate sovang; 
Advisable to wash clean and 
dry for keeping. 

Rate of growth 
NR 

Hetbi tat 

Shade tolerance 

Typo of bark 

Colour of blaze 
(and latex) 
ObBervl1tiorw 

Slow 
?,3,? AR 3,? 

Primarily swrunps 9 igap$ but does occur on terra: 
firme on planal to? getf3 up into tho upperstoro·y ... 

Tolerant 

F'issures, thin I1n(l ~;hallow. Type of 'rimber 
Modiwn heavy 

Lt. brn9 low stick:y latex 

Chr.~ractorisod by i:;tilroots, rathor like Rhizophora 
(mangrove) 

Tho vC' .. rzea epocies is probably SymphoniC"' .. and that 
on tho terTe1- fj.rme if:; prebably Moronoboa. Thero 
may bo a third spocieG. 
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CIUi.RLCTERI Sl'1 CS 
.:....;~c;;.:.....-=-. _______ -"'-- ----

Local }\fame: 

13ot[1,nical Ncune 

Family 

Typo 0 f h:ui t 

Type of Boed 

Viabili 

li'roqu,ency of sooel YGaTS 

GOTminativo capD.city 

').limo to gGrmin8.te 

Condi tion~3 for anel type of 

ProtToutmont of sooel 

Typo of root of soodling 

HCLte: of grovrth 

Habitat 

Shade tolOTi'cY1Ce 

1\. DIB.OB}'1 

gui:J,nensiG ,cLubl. 

MoliEcCOD.G 

C I.\P [31.110 , 4-1001.1108 9 frt. cize of tennis b[1,lls 9 
6-8 soods 

VGry No.perlOO grs. v. few. 

Po aT 

AnnuD.l 

Gooel whcm fro8h, gOOG off qui 

5 - 17 

on Hypogoal 

No 

Fi brou;, 

F8.8 t in op<.m 9 faiT in shade 
AR 12, 5-4 

(? 1 month) 

9 varzea D.ncl 
torrZ':, firmu, usual 

igD.pO, but also founel on 
somewhat concentratod. 

}11:1irly toleTant 

Natural Regoneration requiremontr:; Probably shado 

Arti fi ci eel Re 

rrype 0 f 1) ark 

Colour of blaze 

Obsorvati on:,; 

011 - boot of ~Dir()ct [1G 80011. aD 

sGGel feLlIn, covorwell; Dtri ng;3 9 tranGplanting 
1-U1nOCOi3GZ':,ry in nUrDO];Y. il. ttackod he[\. vi ly by 
shoot l:wTor in O])()ll Ii'oTdli\ncliF:.. 

irre of Timbor 
I!I[odium-Gof't \\ floats 

NaG m.:.ch ,'1 timb8r [1,3 Hi:nhogony or COclTO, 
but \'foll Vlorth oncouraging as it a])]Joars a 
little mOTe tolorant of shade end easy to 
o stal')lif:lh. 



SILVICUIJTUR~l.L .CHAE1:CTERISTICS 

Local Name 

Botanical Ibmo 

It'amily 

Dates of floworing and frui 

Typo of fruit 

of seod 

1~8quency of soed yoars 

Germinative capo,city 

Time to germinate 

ProtrentmGnt of seed 

Typo of root of soedling 

Hate of growth 

HalJi tat 

Shade tolerance 

allium excGlswTI Ducke 

liollEl,CO[tO 

Soed f011 (3urufl 158 

Logumo 1·-;3Goclecl, frui t-~)li tly winged 

Me flat 

not annuo,l 

Fairly good 

12 days 

No 

Fibrous (Got much) 9 tap root dovelops aftor 
few E'tonths 5 somot:Lmes had nodulor3 (5xlO mm) 
NIl. 15;792, AIl. 15-12, 13-5 
Fairly fast in open, vory slow where canopy 
not 0i3en 

Pl::malto 1-wd }i'lanc0 9 an emergent; rare 

tolerant 9 but stands full light 

Natural regonaration roquirGlnonts Sh",d.onot essential:; appears along 
road sides? abundant in forest 
lmder sood troes, appears in ex
ploited areas. 

Artificial Regeneration - best 

Colour of blaze 

Observcdions 

of plant, Naked rooted or small 
lJtriplings; not tried EW stumps. 
Probably sui tal)lo for enrichment if 
linGS well opened. 

ScaJ.y, roug11 (lenticels) 

BTown to 
little dk 

brr15 
recL gum. 

'I'ype of Timber -
Hard; :lOt fully 
tested but said to 
bo better than 
Angelim pedra. 

it f:3pecies of some silvicul tural promise; nat
ural sOc,dlingf3 transplant fairly viOll in the 
nurGory and those take well later in the field 
in thG open or in enrichment lines. There is 
~mothGr species, H. potraoum vrhich i:3 very 
rare at tho Curu~ there may bo [l, third. 
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SILVICULTUPJ~L C:tI1l.HACTERISTICS 

Local Nama il.lWELIM PEDHA 

Botanical Name Dinizi~ oxcelsn Ducko 

Family 

Datos of flowering and fruiting Frtu. Epr-JlJay, Curuc~ f 59 

Typo of fruit Legume 

Typo of sood No.})()r 100 12;1'8. ? 200 

Fruquency of seod years 

Gorminative capacity Fairly good 

Time to germinate 8 days 

Conditions for and typ8 of germinG,tioE Epigoal ~ light 

Pretreatmont 

Type of root of Gec::d.ling 

Rate of growth 

Habitat 

Shade tolorance 

Time of loaf fo.,l1 

No 

Tap 9 feV! fibrous In'nnches 

Not vary fast 
NE 3 ? I. 5 ? 1. 8 L.E 4-1.5, 2 

Torra firme Oll plall::11to or whore some clay 
mixed 1Jlith ~)and on flanco. One of the principal 
emergents. 

Not tolerant 

1:ILLllc of 

Natural Rogonoration roquiromollts Li 9 i'-PP0::1rG on sidos of roads 

Artificial Rognoration 

Typo of bark 

Colour of blazo 

Obsorva ti onS 

whoro soil difJtur.bed and in 
oxploitod aroas. 

bast typo of plant. 
Small nntural GOG 

in tho nursory. 

Only small striplings triad 
l.!C 11 

Scaly 9 (15-20 cmG) of tim1)or; Ha!.:'d:; 
1igh t brovm wi tll some 

IVlott10cL, -1J:cc;wn tc dark boardor pntches. 
brown. 
One of tho J.argoGt of tho l,l2,n2.1to trooG with a 
8proadLlg crown EmeL not vory straight stom. 
Largo RneL ovormnture trOGf::; can ·l.J.:~mnlly be burnt 
down nonr tho ;md of th:.; 801",80n 5 tho st.om 
lTn;y- bUrll for a r;,onth cend t118 rootf3 for tVIO mont118. 
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SILVICUL11URAL CHARAC'rERIS'l'ICS 

Local Name AN GEL ll!I RAJ ADO 

Botanical Name Pithecolobium racemosum Ducke 

li'amily 11imosacoae 

Dates of Flowering and Fruiting Fls. Aug. t 58 C. B.A. 

Type of Fruit ... Legume 

'llYPG of Seed Small 

Pretreatment of peed (if necessary) no 

Rate of growth Slow 

Habitat 

Shade tolerant 

An understorey tree at tho Curua, not 
reaching timber size 

Tolerant 

Artificial Rogeneration - best type of plantg Only tried as small 
striplings; took well 

Type of Timber 

Observations 

Heavy; varigated 

The plants put out in tho Curua trial 
plot wore transplants from self-sown 
seedlings from a shade tree in tho 
nursery. 
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SILVICUL'rURlIL CIIARACTERISTICS 

Local Name ARARACAN GA 

Botanical Name Aspidosperma alba (Vahl) R.Ben. 

Family Apocynacoao 

Dates of Flowering and Fruiting Frt. Nov. t 59 Curua 

Type of Fruit Folliole 

Type of Seed Medium, flat, winged 

No. of seod per 100 gr: ? 10-15 seods 

Timo to germinate 26 days 

Pretreatment of Seed (if necessary) No 

Rate of gr\Jwth Probably slow 

Habitat Uncommon on tho Planalto; in the upperstorey 

Shade tolerance ? fairly 

Natural Regeneration - roquiremonts~ ? light; some seodling have appoared 
on tho roe:dside where there are a couple of 
seed treos. 

Artificial Regeneration - best type' of plant ~ Not yot tried 

'l'ype of bark Few scalas 

Colour of blaze Pink.-brn; 1)ri ttlo; latex not obvious 

Observations Bark turns pink after abrasions. 



Local Name 

Botanical Name 

Family 

Shade tolerance 

SILVICULTURlili CHARACTERISTICS 

JlB.OEIRA (or MUIRACJ,TI1I.RA) 

Astronium. lecointei Ducke, 1l. cf ulei Matt. 

Anacardiacoae 

One of tho tallost 9 (1).t srnnll crownod? treos 
on the PI anal to. Uncommon. 

? fair 

Artificial Regoneration - best type of plant~ seed not yet collected. 

Type of Timber 

Observations 

Fairly heavy? gonerally yarigated 

The log is susceptible to cerambycid attack; 
especially on the lower side when not barked. 
Probably has the tallost clBan bole of any 
tree in the planalto forest. 
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SILVI CDLrl'Uruu, ClliillACTERI STIes 

Local Name BREU - BRIJJCO, l";:UilGli. AN]) PRETO 

Botanical Name Protium - a1)out 6 species 

Family Burse race ClG 

])ates of Flowering and Fruiting B. branco fls. Oct. CuruD. 

Type of Fruit Follicle 

Typo of Seed ~,fodiu..rn; roundish 

FreQuency of Seed years Probably scattered 

Germinative capacity Probably good 

Conditions for$ and type of, germinatiOM Shado 

Pretroatment of Sood (if nocossary)g No 

Rate vf growth 

Habitat 

Shade tolerance 

Slow, in the forest 

One of tho commonest groups in the undorstorey 
of the Planalto. 

Very 

Natural Regeneration - roquirementg Shade; occurs in gregarious patches. 

Artificial Regeneration - best type of plantg Not tried 

Typo of bark 

Type of Timber 

Observations 

Rough; sm. scales on mango. 

Not good. Strong rosin smell 

Probably tho most important group of weed 
trees owing their dense cro'wns and abundant 
I'e gel'lG rat ion. Some Breu preto have beon 
detG:rminod as To tragastris or Trattinickia'; 
probably tho leaves came from another treee 
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SILVICUL'I'URilL CH.ARACTERISTICS 

Local Namo 

Botanical Name 

Family 

Frequency of Seed years 

Germinative capacity 

BREU SUCURUBA 

'LL'_1.b'C.e.:otis altissima (AubI,) Suart. or 
'rrattiniekia burserifolia ]\;iart .. 

BurseracOllG 

Occasional 

Evidently good 

Condition for, and typo of, germinationg Light 

Pretreatment of Soed (if necessary) No 

Type of root of seedling 

Rate of growth 

Habitat 

Shade tolerance 

Tap root 

Fast - NR 10-6, 6-5,2 

Occasional on the CtITU& planalto; a fairly 
large troe in tho upperstorey 

Probable only fairly 

Natural Regeneration - requirementsg Light 

Artificial Regenaration - bast 

Type of bark 

Observations 

type of plantg Probably stumps; large 
natural soodlings (0.5-1m) transplanted 
fah'ly well in the nursery as stumps in 
Apr. 160 

Rough 

Came in quito abundantly in the open natural 
regoneration plotsoarly in 1960 and in the 
more opon explo:i:tod aroa, Curua. 
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SILVICULTURAL CI~iR1.CTERISTICS 

Local Name 

Botnnical Name .il.nacardium gigantoum Hanc and Engl. 

Family Anacardiaceae 

Dates of Flowering and li"'ruiting -' Fl. buds Apr. 159; Frts. Sept. I 57 
Apr. '59, Sept. '60 

Type of Fruit 

Type of Seed 

Frequency of Seed years 

Time to germinate 

Fleshy receptacle (ediblo) with seed (nut) 
outside 

Large, curved and tapered 

Irregular ? 3 years 

6 days 

PrGtreatment of Seod (if necessary) g No 

Type of root of soedling Tap 

Rate of growth 

Habitat 

Shade tolerance 

Medium AR 4, ? 

Uncommon, co-dominant; nice clean straight 
bole 

'J:olorant 

Natural Rogeneration - requiromontsg ,L\bundant under seed troes 

Artificial Rogeneration - best type of plantg 
well in 1960; 

Type of bark Smooth 

Striplings did not take 
try as stumps 

Type of Timber Soft, woolly; floats 



Local Name 

Botanical Nama 

Family 
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SILVICUL'I'URl'Jo CHARACTERISTICS 

CliST1;.rUIEIPJ~ 

Borthollotia excelsa HE{ 

I,e cythidaceae 

Dates of Flowering and Fruiting FI s. J Cln-Fe b, Curuc1 Frts. fan a 

Type of Fruit 

Type of Seed 

Viability 

Froquency of Soed years 

Germinative capacity 

Time to gorminate 

;yoar lrlter 

Hard fJhel1 9 siZG of croquot ball; does not 
opon normally 

Large - "Brazil nut" 

FCLirly good. 

Genural13T cmnually; no no 1.960 on Curua 

Fair 

Ages (monthS) 

Pretreatment of Seed (if necessary): Possibly somo stratification 

Type of root of seedling Tap 

Rate of growth 

Habitat 

Shade tolerance 

Natural Regeneration 

Slow to fnirly slavv AR 4,? 

Tho finest and one of tho largost of the 
emer-gents on tho planalto, vcry straight 
stem. Fairly coimnon 

Not vory 

roquiremGnts~ Some animal to open tho fruit, but 
not to OElt Elll tho seeds; needs light 

Artificial Regonoration - best typo of pLmt 2 Only small striplings tried. 

of bo.rk 

Type of Timber 

Colour of claze 

Grows well in tho open at I.A.N. BelGm 

Fissured. deep fibrous 

Not too hnrd.; somotimes hets irregular zone 
of blnok"gum ll 

Lt. brown. 

Although thO timb~r is quito nice for floors, 
tables, etc., the law dOGS not allow the tree to 
be felled because of its value as a nut producer. 
It is thorefore really an agricul tural cr'op [md, 
as it is being grown and studiod at the I.A.N., 
Bel6m little attention has boon devoted to 
raising it on the Curu6.. 
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SI:LVICULTUR1J~ CILR1~Cr;:ERISinCS 

Local }Tame CEDRO 

:Botanical Namo Codroln odor2tL1 L. 

Frnnily l!Ioli[JO()UG 

Dates of FlowoI'ing anc~ Fruiting 1"ls. pnibab1y about }5Ctrch-.i~1)r. 
Pres. open and/or fall r:oout Oct.-Nov. 

~ryp8 of Fruit 

r.pypo of Sced 

No. pGr 100 gr. 250-300 

:Not vGry long (? ono month) 

FrGqu811CY of Seed yoars Irrogular ? 2-3 years and not nll sarno yoar 

Gorminati.ve capacity Ii'airly gooel 

Time to germinate 8-20 days 

Condition for, and "G;yJlC of, gormim:tiom Hypogoal 

Protreatment of Socd (if necessary) ~o 

Type of root of soedling 

Rate of grovlth 

Habitat 

Shade tolorance 

Time of leaf fal1 

Fibrous 

Fairly fast in open lifR ? 5.4,0.4 L.R 13-7,4-3 

-,l. vory l'L1rO' troe of 'the upperstorey on the 
Plo.nalto 

:Not 

July-':~ug., gonerally' lon:floss till <~b.out J}'ob. 

ND:tural Regoneration rcquirom8nts~ Light, freodom from competition 

Artificial Rogeneration - best type of pli:ln-c ~ Srrl'all naked. rootod (15 em) 
or large stumps ("l.5-2 cm);'not good for 
enrichment unlos,3 line very open; probQbl~r 

wi11 elo bost with Q shade troe because of 
shoot borGr attack 

Type of b[Lrk~ FisSUGS cleop; roel-brn. Typo of r.riL1~lClrg }'airly soft; floats 

Colour of bli"zG 

Observations 

Reel, white <"trenles 

Almostcho only tree eXT)loi.teel from higher up 
tho Cu:rua. In vieVI of its high veIl uo and compa
rative case to plant out, Gxporimonta.l work with 
this species should hcNO top priority, espocially 
on :plnnting \'ii t:J. shwle 'G:l'OGS 
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SILVICULTURll.L CHJ'i.RACTERIS'rrCS 

Local Name 

Botanical Namo 

Family 

CUV&ANA 

1'0 rminccl iCl [1Jl18.zonica (Gmil;)l) Exell and 
T. tanibouca Smith 

Cornbrotnceae 

Dates of Flowering and Fruiti~g Frts. Juno 159 Curun 

Type of Fruit 

No. per 100 gl' 

Froquency of Sood years 

Ge~ninative capacity 

~Pime to genninate 

Drupe 

Frt. sown; medium 

100 (dry frts.) 

Sporadic 

good 

4 13 months 

Conditions for, and typo of, germinatiomEpigea]" 'Net cloan soil 

Pretreatmont of Seed (if necessary) - No 

Type of root of soodling Fibl'ous 

Rate of growth S1mv AR 3-1.5, ? 

Habitat An OCC:'lS ional troG in tho uppers torey, Plc:mal to 

Shade toloranoe - Not vary 

Natural Regeneration requirononts g Light; . 1,vhere water stood in 
pools on logging track 

Artificial Regeneration - best typo of plantg Only small naked rooted stock 
triocl 

Type of bark 

Type of Timber 

Obsorvation 

Roughish; fibrol..IS 

Fairly hoavy, yollmv or groon-brown 

'l'here D.ra two species at the Curun, one vlith 
very small loavos. 
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SILVICULTUR1J., CHli..RACTERIS'l'ICS 

Local Name CDliK.A.RU 

Botanical Name Coumarouna odorata Aubl. 

Family Papilionaceae 

Dates of Flowering and Fruiting Frts. Doc. t58 and June 159 Curud 

Type of Fruit Fleshy drupe, 1-seeded 

Type of Seed Medium, elongated 

Frequency of Seed years Probably most yoars 

Germinative capacity High 

Time to germinate 11 days 

Pretreatment of Seed (if necessary) - No 

Type of root of seodling 

Rate of growth 

Habitat 

Shade tolerance 

Tap, with fibrous laterals 

Moderately fast, in open AR 10, 4-2 

A large tree with a short bole, both on the 
planalto and flanco 

Fairly tolerant 

Natural Regeneration requiremontsg Some light; suckers if roots injured 

Artificial RegGneration - best typo of plantz Probably small str:hplingsor 
largG sturnps 

Type of bark 

Type of Timber 

Colo"Ll.I' of blaze 

Observations 

Smooth; very fow scales 

Very hard 

Orange cream and dark brllO..- speckled; some red 
sap. 

It is cultivatod as an agricultural crop at 
LA.N., Belem for thG seeds (titonka boan!!) 
for oil; also, as the timber is so hard, 
littlG attention has been given to this species 
on the Curun. 
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SILVICUL'l'UBl-lL CK'illli.CTERISTICS 

Local Name 

Botanical Name 

Family 

DEltes . of Flowering and 

Type of Fruit 

Type of Seed 

Viability 

Frequency of Seed years 

Germinative capacity 

CUPIU]A 

Goupia glo.bra 11ubl. 

Colastraoeae 

Frui ting - Fls. buds Ap2'. Curua, Nlay Porto Platon 
Frts. Aug. 159, Nov.-Dec. t59 Curua 

Small black berry (3 mm) 

Very small 

Good after 5 months 

Probably annual 

Fairly good 

Time to germinate 1 - 'It months when frosh~ 211~ - 3 months 
after 5 months 

Conditions for, and type of, germination Epigeal; light clean soil 

Pretreatment of Seed (if necessary) - No 

Type of root of seedling 

Rate of growth 

Habitat 

Shade tolerance 

Fibrous, few 

Fast; NR,10-7,4,2 AR,21-19. Not suitable 
for enrichment . 
An upperstorey tree on both the Planalto 
and Flanco 
Not tolerant 

Natural Regeneration recp .. liremonts g Light; SGod' should be able to roach 
tho minoral soil. Will,come up after a 
light burn 

Artificial Regeneration - best type of plantg Stumps are likely to do better 
than striplings9 small naked rooted plants 
will take 1mt 'only if conditions remain good 
aftel' planting. 

~lype of barkg Scaly lj1ype of Timborg heavy 

Colour of blaze 

Observations 

Brn. speckled 

Sapwood attacked by wnbrosia bootIes. A species 
with possibili'i:;ies; timber is of general 
use; natural regeneration is easy to obtain by 
opening the canopy and exposing the mineral 
soil (light burn). With :.::do'1uate cleanings when 
young to keop crowns froe and supress creepers 
the stems should be much straighter and the 
number per hO'ctaro very much higher than in tho 
virgin forest. 



SILVICUIITURluJ CHARACTERISTICS 

Local Nnme GULRIUTh\ 

Botanical Name Clari8ia rnCOllOSQ R ot p. 

Family Moraceao 

Dates of Flowering un¢l Fruiting . Ii'rts. Curu6. about IJIar-1\.pr. 158 C. B.A. 
June 159 

Type of Fruit Drupe, 1-soedod; dioecious 

'I'ype of Seed Medium 

No. p~r 100 gr 104 

Viabili ty Fair 

Frequency of Seed years Irrogular 

Germinative capacity Gooel 

Timo to germinate 1 month 

Condi tions for, and tY.'90 of, germination - Epigeal 

Pretreatment of Seed (if nocessary) -- No 

Type of root of seodling 

Rate of growth 

Hnbitat 

Shade tolerance 

'I'ime. of leaf fall 

TilP; orange bnrk 

Slow Jill 6, 3-1 

A rare troe in the lmver part of tho upporstorey 
on tho Planalto; fnirly large bole 

Vary tolerant 

Aug. t 58 

Artificial Regeneration - best typo of plantg Striplings (small-50cm) do fairly 
well in forest; poorer in open. Stumps should bo 
triod fran lv.reel' cac7,ad tl'nl1splc:mts. 

Type of bark 

Type of 'I'imbor 

Colour of blaze (and latox) 

Obsorvations 

Rough; rod \7hon scl'c.:.pod~ hoI'. lonticols. 

Honvy; yellow brown. 

Orango-rod; pnlo yellow; thick latex 

];lasses of soodlings found undor soods treos 
(4 nt CurUQ nnll 1 at C. B.A.) 9 also scaGterecl 
through forests - ? by birds; adult troos howevor 
only raro; novor found in a group. 
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SILVICU1TURf~ CIU.RACTERISTICS 

Local Name I Tli.UBlI. 

Botanical Name Mezilarus itauba (Muisn) Taub. ex Moxo 

Family Lauraceae 

Type of Fruit Drupe 

Typo of Soed Medium, oval 

No. por 100 gr 220 

Viabili ty Not good 

Frequency of Seed years Irregular 

Germinative capacity Fair 

Time to germinate 4. 5 - 5. 5 vwoks 

Conditions for, and typo of, germination - Hypogeal 

Pretreatment of Seed (if nocessary) No 

Type of root of seedling 

Rate of growth 

Habitat 

Shade tolerance 

Tap, few fibrous laterals 

Slow AR 7-4, 2 

Rare large tree on Planalto; also on Flaneo 
but with a short bole 

? very tolerant; not too happy in the open 

Artificial Regenoration - bost type of plantz Small naked rooted; did well 
at km 5, Curu1i; striplings a year older took 
badly (Curua E), try as stumps at 2 years. 

Type of bark 

Type of Timbor 

Colour of blaze 

Observations 

Scaly, vert. brn 

Hard~ durable 

Pink-brn; speokled 

Very slow in enrichment lines (Curua D3), 
considerably faster in open at km5 
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SILVICULTURJlL CI-~'\.RACTERISTICS 

Locnl Nnme JACAREUBA 

Botanical Nnme Calophyllum brasilienae Camb. 

Family Guttiforae 

Type of Soed. Med.itun, round. 

Viabili ty Almost NIL nfter over 9 months 

Gorminativo capacity 6 weeks, 4 months after 9 months storage 

Pretrentment of Seed (if necessary) No 

Type of root of seedling 

Rnte of growth 

Habitat 

Shade tolerance 

Tap; some fibrous rootlets 

Slow in forest, b8tter in open (Curua E) 
AR 11,1 

11. varzea species, but young plants doing well 
in open on Planalto 

Tolerant 

nrtificial Rogeneration - best type of plantg Only small striplings tried; 
took well even in open. 

Colour of blaze (and latex) Orange latex 
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SILVIGUL'I11JRllL CRlI.RACTERISTICS 

Local Name JLRANA 

Botanical Name Eschweilera jarana (Hub.) Ducke 

Family Lacythidaoeae 

DCltes of Flowering and Fruiting Apr. '58, Nov-Dec. t59 C.B.A. 

Type of Fruit Folliole - few seeds 

Type of Seed Very large-up to tennis balls size 

No. per 100 gr 

Viability Fair; good in soil 

Frequency of Soed years Irregular 

Germinative capaoity Fair 

Timo to germinClte 1-8 months, some 13··16 months in Sant.Nursery 

Conditions for, and type of, germination - Hypogeal 

Pretreatment of Seed (if neoessary) No 

Typer of root of seedling 

Rate of growth 

Habitat 

Shade toleranoe 

Tap; dOGs.ll.£! transplant easily 

SloV! NR 7, 3, '? AR 8, 3 

Oooasional tree on Planalto; sub-dominant, but 
some in upperstorey 

Tolerant; not doing well in open, Curua E 

Natural Regeneration - l'equirements Shade 

Artifioial Regeneration - best type of plantg Sow seeds direct and oover well 
against rodents 

Typer of bark Fissures deep? fibrous 

Type of Timber Hard, durable 

Colour of blaze Light brn.; yellowish 
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SILVICULTUR1~ CIIARACTERISTICS 

Local Name JUTAI--A9U or J ATOM (Belem) 

Botanical Name Hymenaea coubaril L. 

Family Caesalpinaceae 

Dates of Flowering and Fruitine; 

Type of Fruit 

Type of Seed 

Viability 

Frequency of Seed years 

Germinative capacity. 

Time to germinate 

Lo O'LlIDe o . 

Large; some flesh 

Fair, good in soil 

? 2-3 

Low 

6-8 months 

Condi tion for, and type of, germination - Epigeal 

Pretreatment of Seed (if necessary) Clean and dry before sowing 

Rate of growth Slow 

Habitat .In upporstorey on Planalto 

Shade tolerance ? fairly tolerant 

Artificial Rogeneration - best type of plantz Not yet tried 

rpype of bark Roughish; very hard 

Colm.IT of blaze Red brn. or red 



SILVICUL'llURlU, CHARACTERISTI.9,9~ 

Local NiJ.lIW LOURO CANELA 

Ilo"tanici'.ll Namo Ocotoa cnniculatn (Rich) Mz 

Dn.tos of J?lovIGring and. Ii'rui ting Frts. July I 57 and. ! S9 

'J.1Y1JC; of Ji1rui t Drupo 

Typo of Socd Modivlil 

No .. per -100 gr About 'lOa 

Viebilit;y Poor 

F.requoncy of Soed yoc,rs ? 2 ye[J.rs 

Gorminnt:l.vo capaoity ]1a ir 

Time to gorminnto 2 -' 3 months 

ConclH:i.ono for, and tY.90 of, gormj,nation - Hypogeal 

Pretreatmont of Seed (if' 110GOSf3ecry) - No 

trypo of root of seedling Fibrous 

Hate of growth Slovi NR 5, ?, AR 3 '? , . 

Ha'bi tnt 11. sub-clomincmt tree on the Plana}. to 

Shcdo tolorcmce 

Natural Rogonoration J:'0quirenlentsg Shado 

Artificin1 Reg'Gl1oratton - best typo of plant~ Sm1.111 striplings have not taken 
'doll in the opan; x:ot tried for enrichID'Ont 
as Ellov, :provvine; 

l'ype of l)'lrk Scaly; hor. lines and lonticols 

Tyr)(') of TimboI' Brown, p18D.scll1·t; smell 

Colour of blazo 
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SILVICULTURALCRARACTERISTICS 

Local Name MACACA UBA 

Botanical Name Platymiscium uleii Huber and other spp. 

Family ionacoae 

Dates of Flowering and Fruiting Seed, Museo Goeldi, Belem in Apr.-May 

Type of Fruit Logwno, 1-seoded, small wings 

Type of Seed Medium, flat 

Viabili ty No-t good 

Frequency of Soed years Possibly annually 

Germinative capacity ? fair 

Conditions for, and type of, germination - Epigeal§ not known, failed in 
nurseries but does well undor seod treo in 
Belem.' Try leaving on top of soil and in 
fruits. 

Pretroatment of Seed (if nocessary) ? 

Type of root of soedling Tap 

Rato of growth Slow 

Habitat Varzea, normally 

Shade tolerance Probably tolerant 

Artificial Regoneration - best type of plant - In Curun nursery for trial 

Typo of bark 

Type of Timbor 

Colour of blaze 

Observations 

in 196-1; seedlings taken from under seed tree in 
Bolam. 

Roughish; cream 

Red brown; streaky popular for furniture but 
hoavy 

Yellow soon turning brp. 

Probably tho most popular fm~ni ture timber in 
Bolem 9 also usod now for parquet flooring. 
Efforts should be mado to grow this troe on 
tho' Planalto; there is one plot of it at 
I.A.N. Bolam, on sandy terra firme soil. 



- 87 -

.BILVICUL'r,URJI.1· CHARfl.CTERISTICS 

Local Nnmo 

Botanical Nnmo Manilkara huberi StandI. 

Family Sapotacoae 

Dntos of Flowering and Fruiting - FIs. Aug. 158 ClITUa Frts. Nov-Feb 158-59 

Type of Fruit Berry 2-3 seeds 

Type of Seed M:edium; flnttish 

No. per -100 gr 167 

Viabili ty Fair 

Frequen~y of Seed years Probably 2-3 

Gorminative capacity li'nirly good 

'rime to germinate 2 months nnd continuing up to over 6 

Conditions for, and type of, germination - Did best on sand, Curun 

Pretroatmont of Seed (if necessary) No 

Rnto of growth Very slow 

Habitat A slender emergent. on Plo.nalto, and Flanco ffalto" 

Shade toleranoe Very tolerant 

Natural Rogoneration roquirements Shade 

Artificio.l Regenoration - best type of plantz Only tried as small naked rootod 
pli.:'.l1ts t which took very well. 

Type of bnrk 

1J.1ype of Timbor 

Colour of Blnze (nnd lntex) 

Observations 

Fissure - deep 

Hard, dark red-brn. 

Dark r'od; wIli to lntox 

A durable timber usod for construction; nlso for 
shingles; appenrs to be rolatively evenly and 
widely distributed in all size classes. 
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SILVICULTURAL CH1~RACTERISTICS 
f"", , .... 

Local Name 

Botanical Name 

Fami1y 

Ml~DIOQUEIRA ASPERA (or ESCAMOSA) previously 
cal1ed "QUARUBf'1.1I 

Quales sp. probably Q. paraense Ducke or 
homosepela 

Vochysiaceae 

Dates of Flowering and Fruiting Fls. Jan-Mar. '60, Curua 

Type of Fruit Capsule 3 loculos 

Type of Seed Medium; small wing 

Frequency of Seed years Irregular 

Conditions for, and type of, germination Shade 

Rate of growth 

Habitat 

Shade tolerance 

Time of leaf 

Slow 

A well-shaped dominant of the Planalto 

Tolerant; appears not to like full light 
when young 

Fall 

Natural Regeneration - requirGlnentg Shade 

Artificial Regonora.tion - bost type of plantg Not yet tried 

Type of bEirk 

Type of Timbor 

Colour of blaze 

Obsorvations 

Rough or scaly 

Rod brown; with some occasional fine white 
streaks 

Dark brown 

QuitB definitoly a differont species from 
Mand" lisa - bark, fruit, soedlings', young 
loaves and timber are all differont. 
A spe cios of considerable pr'omise; with a 
nice timber very easy to saw. Regoneration 
much loss common than that of Mandioqueira 
lisa. 
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Local liJenne 

Botanical lliIame 

Fnmily 

M1I.NDIOQUEIR.A LISA 

QualGs sp., probably Q. albiflora Warm, 
or Q.. acuminata 
Vochysiaceae 

Dates of Flowering and Fruiting - Grn. frts. Feb. f59; ripo Apr. 159 

Type of Fruit 

Type of Seeel 

Viabili ty 

Frequency of Seed years 

Germinative onpaoity 

'rima to germinate 

Capsule 3-1oculos 

Small, small wing 

Probably fnir 

? irregular but seeded in 1958 and. 1959 
CUTUcl 

Fair 

4 weeks 

Condition for, and typo of, germinntion - Epigoal, shade (some anyvvay) 

Troatment of Seed (if necossary) 7 No 

Type of root of soodling 

Ra-lie of growth 

Habitat 

Shade tolorance 

Fibrous; small ones transplant well to nursery 

Slow liJR 10, 4, 2 AR ?, NIL 

A well-shapod dominant of the Pl.anal to 

Tolerant; appears not to like full light 
when young 

Natural Regeneration - requiremontsg Shade 

Artificial Regeneration - best type of plantg Ball - should be raised in a 
container;; failed as stumps and striplings in 
open, though striplings took fairly vlell in 
onrichment lines; tllGy died back in tho llry 
season 

Type of "barl( Smooth; len-liicels 

'ry:pe of Timber Yo 11 ow-brown 

Colour of blaze Very dark brown 

Obscrvc:.tions Sc:.ws very easily bu-li tends to twist 



- 90 -

SILVIctDTURAL CHARACTERISTICS 

Local Name MARUPA 

Botanical Name .Simaruba amara Aubl .. 

Family Simarubaceae 

Typo of Fruit Drupe 

Type of Seed Me di um; oval 

Frequency of Seed years One known in five years 

Germinative capacity Fnirly good 

Time to germinate 15 days 

Conditions for, and type of, germina.tion Epigeal 

Tratment of Seed (if necessary) - No 

Typo of root of seedling Fibrous when small (15 cm), then marked tap 
root 

Rate of growth 

Habitat 

Shade tolerance 

Natural Regeneration 

Fast NR ?~ 2.5, 2 
plot N) 

AR 25-16, 17 (Curun 

A "secondary"species (co.poeira) on both 
Planalto and Flanco; very rare in virgin forest 

Not tolerant 

requirementsg Open or light shade 

Artificial Regenoration - best typo of plant g Small.( 15 cm) naked rooted 
stock, or stumps from large (1-1.5 m) 
trasplnnts. 

Typo of bark Smoothish, very small vert. fissures 

Type of Timber Very light; floats 

Colour of blaze Orange 

Observations A species to be encouraged owing to its oase 
of establishmont, fast growth and general 
usefulness as a light soft hardwood. Growing 
slowly, but doing botter than Morotot6 and 
Parapa:ct3: in the Macapt3: trial plot on poor 
campos. 
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SILVICULTURlili C~1CTERISTICS 

Looal Name 
~ 

MOROTOTO 

Botanical NaIna Did~nopanax morototoni (Aubl) D. et P. 

F'amily Araliaoeae 

Dates of Flowering and Fruiting - Frts. June 151 Macapa, Aug. '58 Curua 

Type of Fruit ? Shizocarp 

Type of Seed Small flat; fruit sown 

No. per 100 gI'. 5,900 

Viabili ty Fair 

Franquency of Seed years ? almost annual 

GoI'minative capacity Fairly good 

Time to germinate 5-6 weeks 

Conditions for, [Cnd typo of, geI'mination Epigeal; light 

Typ(~ of root of seedling 

Rate of growth 

Hnbitat 

Shade tolerance 

Fibrous 

Medium to fairly fast NR 15-10, ?, 4-1.5 
AR 13-5, not suitable for enriohmont 

A slender ro.re tree in tho upperstorey on 
the Planalto, o.nd on Flanco; 0. constituent 
of secondary forest 

Not tolerant 

No.tural Rogenerntion l'equirements Light 

Artificial Regeneration - bost type of plant g Probably medhuH sized 
(50-10 om) striplings (well stripped) oI' 
stumps fI'om largeI' tl'ansplants. 

Type of baI'k 

Type of TimbeI' 

Colou:r: of blaze 

Observations 

Smooth; fine vert. lines 

VeI'Y light9 floats 

Orcmgo; white streaks 

it specios to be eJIllcou:r:o.ged; might be a useful 
shade tree'9 stems would probo.bly be stro.ighter 
when grown vvi th less competi tian. 
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SILVICULTURi~ CHARACTERISTICS 

Local Nome 

Botanical Name 

,Family 

Dn,te of Flowering n,nd Fruiting 

Type of Fruit 

Type of Seed 

Viability 

Frequency of Seed years 

Gorminnt i ve ca})a oi ty 

Time to germinate 

PARAPl\.RA (CliBAUBA near Belem) 

Jacaranda oopaia (Aubl) D. 

Bignoniaoe n,G 

Fls. Aug. t 58 Curua; Seed :Mar. t 59 
Curua 

Follicle 

Modium; very. flat, winged 

Fair 

Perhaps annual 

High 

10-35 days 

Conch tions for, Dnd type of, gelomination - Light 

Pretreatmont of Seed (if neoessary) No 

Typo of root of seedling Tap 

Rate of growth 

Habitat 

Shade tolerance 

Natural Regeneration 

Very fast - NR 10-7, 3, 1.3 
not suitablo for enrichment 

AR 26-16, 

An occasionnl to raro tree in upperstorey of 
Pln,nalto and Flanco;; often common in secondary 
growth 

Not very tolorant 

requirements Light 

Artificial Regoneration - bost type of plantz Stump; but striplings tako 
fairly well 

Type of bark 

Type of Timl)or 

Colour of blaze 

Observations 

Fissures, thin and shallow 

Very light; floats 

Brown 

A species to be encoluoaged because of its ease 
of establishment both natural and artificial and 
rapid growth 
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SILVICULTURAL ClIARACTERISTICS 

Local Namo PAU i0llIARELO 

Botcmioal Name Euxylophora paraonsis Hub. 

Family Ruto.ceao 

Datos of Floworing and Fruiting - Seed Fob. !60 Brasilia Road 

Conditions for, and type of, germination ? shade 

Rate of gro·wth 

Habitat 

Shade toleranco 

Type of bark 

Type of Timber 

Colour of blaze 

Probably sloV! 

Occasional on clay soils, east of R. 
Tocantins 

Probably tolerant 

Scales, square; gen. somo horizontal lines 

Yellow; hard 

Yellow; yellow-brn; speckled 



10cal Name 

Botanical Name 

Family 
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SILVICDLTUR1~ CHARACTERISTICS 

PAD Dvj1.RCO 

!l'aoeouia avelanedea, T. sBrratifolia (Vnhl) 
(mauve) and Nichols (yoll.) 

Bignoniaceae 

Date of Flowering and Fruiting Fls. ~ yellow June t58 and t60; 'mauve 
Aug. '58. Frts. opened aoout Oct. (yell.) 

Type of Fruit Follicle 

Type of Seed Medium, flat, winged 

Viability Fair 

Froquency of Seed years ? annual 

Germinative capacity Fair 

Time to germinate 18 days 

Condi tions for 9 and type of, germination - Fair smOlmt of I iCht 

Pretreatment of Beed (if necessary) - No 

Rate of growth 

Habitat 

Shade tolerance 

Natural Regcmeration 

Medium NR 6, ? , ? 

A vory large and tall but raro tree on the 
Planalto; also on Flanco 

Not very 

requiroments - Some degree of canopy opening 
necessary 

Artificial Regeneration - bost type of plant~ Not yot tried; stripped 
natural seodlings (25-40 em) transplanted 
well to nursery 

Type of bark Fissures,thin and shallow 

Type of Timber Hard 

Colour of blaze Dark brn., orange 
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SILVICULTURALCHlJUiCTERISTICS 

Local Name PAD ROSA 

Botanical Name Aniba rosaeodora Ducke 

Family Lauraceae 

Type of Frui t DrupG 

Type of Seed Fairly large; oval 

Conditiom for, and type of, germination Some light 

Pretreatment of Seed (if necessary) No 

Rate of growth 

Habitat 

Shade tolerance 

Probably slow 

A sub-dominant tree on clay soil, rarely east 
of R. Tapaj6s 

Probably not very 

Natural Regeneration - rO<luirements Fairly open 

Artificial Regeneration - best type of plantz Not yet tried 

Obsorvations This is the tree which yields the valuablo 
pau rosa oil. It should be trie'd in 
plantations - see p. 76 - Report. 



96 

SILVICULTURilL CH1I.Ril.CTERISrrrCS .... _. ..~.-----

Local Name 

Botanical Name Ca~yocar villoswn Pers. 

Family Cl:.ryocaraceae 

Dates of Flowering and ]'rui ting - . Fls. aug-Sept. yello;,v 
Jan. '56; Mar. '60 

Frts fall 

Type of Fruit Drupe, large 8 - 10 cm 

Type of Seed Very large; lcidney shape 

Viabili ty Good 

Frequency of Seed years Probably annual 

Germinative capacity Fair 

Time to germinate 5--6 weeks 

Conditions for, and type of, germination - Epi.geal 

Pretreatment of Seeel (if necessary) -No need to open stone to get out kernel 

Rate of growth 

Habitat 

Shade tolerance 

Time of loaf fall 

Natural Regeneration 

Medium NR W, 6, ? AR 16, 6 

Short-baled lurge-crowned dominant on the 
Planalto 

Not very 

Juno, CBit !59; Aug. Curun '59 

reeluirements - Some light; fire probably assists 
opening of ston0 

Artificial Regeneration - best type of pli:mi; g Only small stripling tried; 
these take well 

Type of bark 

Irype of Timber 

Colour of blaze 

Ohservations 

Fissures, thin; flaky, brittle 

Tough and heavy 

Dark to light brown 

11 valuable timber for heavy construction and 
for ships! raftors and rails; valuablo 
edible fruit (after boiling). 
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Local Name QUii.RUBiI. 

:Botanical Name Vochysia maxima Ducke 

Pamily Vochysiaceae 

Dates of Flowering and Fruiting -' FIs. Dec. '57, Curua - Seed collected 
Apr. t 58 

Type of Fruit Capsule 3-locules 

Type of Seed Small; small 'wing 

Prequency of Seed years Occasional; only 1 over 5 years 

Germinative capacity Fairly good 

Time to germinate 12 days 

Conditions for, and type of, germination - Epigeal 

Pretreatment of Seed (if necessary) - No 

Type of root of seGdling Fibrous 

Rate of growth Medium NR 15-12, 5,2 AR 14-11 , 5-4 

Habitat A nice straight tree in the upper canopy, plt:mal to 

Shade tolerance Good 

Natural Regeneration roquirements Some light; seed should reach bare soil. 

Artificial Regenoratiom - best type of plantg Probably potted; stumps and 
striplings did not take well at the Curucl. 
Does not seem to like fuli light. Probably 
a good enrichment species" 

Type of bark 

Type of Timber 

Colour of blaze 

Observations 

Fissures, deep; grey brn. 

Soft; liko Cedar; floats 

Choc.brn.; red; little orange gum 

Natural regcmeration should be kept well thinned, 
otherl!visE) tends to f.all 'over if dense patches 
thinned. Young stems, e.g. 2-3 cm diame, do 
not coppice. 
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Local Name QU1I.HUBt1. TTNGA 

Botanical Name Vochysia guianensis 

Family Vochysiaceae 

Dates of Flowering and Fruiting 

Type of Fruit Capsule 3-locules 

Type of Seed Small, small wing 

Frequency of Seed years ? 4 years 

Germinative capacity Probably good 

Conditions for, and type of', germination .- Epigeal 

Pretreatment of Seed (if neoessary) -- No 

Rate of growth 

Habitat 

Shade tolerance 

Slow 

An upper co.no])y troe in tho forests around 
Belam 

Artificial Regeneration - best typo of plilnt ~ Probably potted; will grow 
in the open 

Type of bc,rl< 

Observations 

Thi:: 

Does quite- well on the poor sand.y soil 
round Belem~ produces a thick leaf litter 
and suppress grass~A possible shade tree 
for Mahogany, Cedar and Andiroba. 
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Local :f\T2me 

Botanical Name Bagasi.;l. guicmonsis L.Llbl" 

Family l!loracoQO 

Datcs of Flowering and Fruiting FIs. ? Aug.-·Sept. ! 58 Curua 
! 58 - Jan! 59 Frts, Novo 

Typo of Fruit Berry largo 3-4 cm; dioecious 

'llype of Seed Very small 

Viability Fair 

Frequency of Seed y8ar~1 ? 

Gorminc,tivo cqpacity 

Time to germinato 3-4 weeks 

Conditions for, and type of, gOJ:'lnin2tion - Hypogeal 

Pretreatment of Seed (if necessary) - No 

Type of root of seedling Tap 

Rapid - NR 10-9, ?, ? 

I=o.bitai; A rare tree in the upper canopy of the Planalto 

;:)hado tolerance Not tolerant 

Time of leaf fall July-Aug. ! 58 

Jhtural Re[Seneration requir8ments~ Light; seedl which apponred in Cedro 
plot (3) - medium opening - grew slowly in the 
first year and then died off; doing well in Cedro 
( 1) _. heavy opom.ng 

Artificial Regeneration - best type of plantg Small striplings and potted stock 
~>::-:~~ 7201c \;ve11 

Type of bark 

Type of Timbe:r 

Colour of blaze 

Observations 

Scaly; narrow vert~ 

Yellow brown 

Choc ,_ brn ~; 1 ight brn; copious white latex 

rllhe Q.uickest [Srowing tree (out of UmiTi, Gunmru, 
Cupiuba and others) on poor sandy soil near Belem. Showing 
considerable promise in first year both on Planal to and' li'lanco 
at the Curua. Log;:: badly attacked by cerambycid beetle. A 
tree to be encouraged as its timbor (yellow going brown on 
eXpOS1.lXe) seoms to be quite good; debarking should decrease 
susceptibility to borers. 



Local Name 

Botanical Name 

Family 
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SILVICULTURAL CHARACTERISTICS 

TAUARI 

Couratari macrosperma~ A. C. Sm., C. pulchra 
Sand., c. tenuicarpa 

Le cythidaceae 

Datos of Flowering and Fruiting Fls. mauve Curua J"lllY 158; CBi'1. July 159 

Type of Fruit ? capsule - !1 pl ug !1 falling out 

Type of Seed Medium, wingod 

Germinative capacity Apparently fairly good 

Conditions for, anCl typo of, gormination 
cotylo Clons 

Epigoal; stem winged below 

Pretreatmont of Seed (if necessary) - No 

Rate of growth 

Habitat 

Shade tolerance 

Time of leaf fall 

Natural Regeneration 

Probably slow 

An uppersiborey tree with large tall buttress 
on the Planalto 

Tolerant 

July, just before flovvoring 

requirements - Some shaCle 

J:'.crtificial Regeneration - best type of plant g Not yet trieCl 

Type of bark Fissures, deep; fibrous; sometime scaly 

Colour of blaze Light brown 
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Local Name TliXI prrOIVLBA 

Botanical Name Sclerolobirun cf. paniculatum Vog. 

Family Caosalpiniaceae 

Dates of.Flowering and Fruiting Fls. Sept-Oct. 159 Curua Frts. Dec-J-an 

Type of Fruit 

Type of Seed 

Viabili ty 

Frequency of Seed years 

'60 

Legume -I-seeded 

Medium, flat 

Fairly good 

1 observed in 5 years. ? only once in a 
lifetime 

Conditions for, and type of, germination Epigeal 

Pretreatment of Seed (if necessary) - No 

Type of root of soodling Tap 

Habitat An uppor canopy tree on the Planalto; common 

Shade tolerance Fairly tolerant 

Artificial Regeneration - best type of plantg To be tried 1960-61 

Type of bax'k 

Colour of blaze 

Observations 

Roughish 

Red-brn. 

After seeding the tree's are said to d:ie. 
Certainly some died back on the Curua. Possibly 
a'pioneer species in openings. 
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Local Name TAXI PHETO (falha grati.da) 

Botanical Name Tachingalia myrmecophyla Ducke 

Family CaeGalpintaceae 

Dates of Flowering and Fruiting Fls. early '59 Curua Ftrs" faLi-ing 
May-June t 59 

Type of Fruit Legume, i-seeded 

Type of Seed Jl1[edium 9 flat 

Viability Fairly good 

Frequency of Seed years ? Once in a lifetime; 1 seen in 5 years 

Germinative capacity F::drly good 

Time to germinate Weeks to months 

Conditions for,and type of9 germination 

Pretreatment of Seed (if necessary) - No 

Epigeal 

Type of root of seedling 'rap 

Habitat 

Shade tolerance 

Natural Regeneration 

An upper canopy tree on the Planalto; fairly 
common 

Tolerant 

requirements -' Seeds will germinate on top of leaf 
litter. 

Artificial Regeneration - best type of plant g To boo .tried 1960-61 

Ty'pe of bark 

Colour of blaze 

Observations 

Roughish~ irreg. vert. marks 

Chaco brn.; streaky 

Heavy seeding Curua May-June 159. Locals 
said trees would thCOln die; some did; others 
died back nnd may not have recovered had 
there not been good wet spells "Of 2-3 'Clays 
with 70 to 90 mm of rain in Aug., Sept. and 
November (the dry month~ - onl;r 16 mm fell in 
the 4 months Aug.-Nov. 2n 1958). May be a 
floater. 



('0" .)' ... (")f 1,1··, ""e (~·'1(' J" a .J ".'. 1.,1.. ",J __ ~:.L \'-4 .. \. _ 

1--S0E:dod 

I:.8QGD'J8 the UPPO:;:' C& .. 10PY on the PI anal to but 
ha::l Cl ;:::imallor bolo than the large-leafed 
'ra==i 0 

Toloran":; 

lrre g, vert Q r:li:lI'ks 

1)(; '-, f1ca"~0::" Proviously lumped togethor 
ilith "vhe --J.(; .. ,£c .. Taxi preto. 
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SILVICu'LTUBlJ., CJLRACTERISTICS 

Local Harne UC1JUB[i 

Botanical Name Viroln sebifera 1\.ubl., V. mellioni (Benoist),A.C. 

Family Myristicaceae 

Datos of Flowering and Fruiting - 'Frts. CuruQ Nov. !57~ CBA Jan. 158 
Dec. ! 59 

Type of Fruit Follicle 1-seeded with fleshy red nril 

Type of Seed Largo 9 oval 

Viability Not Good 

Frequency of Seed years About 2 years 

Germinative capacity Fairly good 

Time to germinate 3-4 weeks to 2 months 

Conditions for, and type of, gormination - Epigeal; can bo sown on top of 
tho soil 

Pretrontment of Seed (if nocessary) - No 

Type of root of seedlinG Tap; food fibrous laterals 

Rate of growth 

Habitat 

Shade tolerance 

Natural Regeneration 

Slow ]1m 6-5, 4, 3 AR 7-4, 1 

occasional but common upporstorey tree of 
the Planalto 

Very tol02'ant 

requiromonts - Shade, prvbably distributed by bj.rds; 
respo~ds to canopy opening. 

Artificial l1egeneration - best type of plant g Small striplings took well; 
requires some shade for best growth 

Type of bark Small fissures, hard 

Type of Timber Soft9 floats 

Colour of blaze (and latex) - Light brn.; red-brn. or clear deep red sap. 



local Nrune 

Botanical Name 

Family 

Rate of growth 

Habitat 

Shade tolerance 

Observations 

SI1VICULTUR.i\L CHl\RACTERISTICS 

UHRI 

Humiria balsamifera, AubIo, H. floribunda T/Iart. 

Humiric1.aceae 

Fast 9 near Bolem 

On pooror soils (sandy) near Belem, and in 
Amapa (Clay) 

Probably not tolerant 

Produces 'tL heavy leaf litter and soon suppresses 
the grass. Probably a good tree as a soil 
improver, and/or a nurse. TIoing well in a 
})lantation near ]/Iarituba,Belom, established 
by the Sorvigo Florestal for the Braganga 
railway for sleepers and fuel. 
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APPENDIX X 

COSTS OF OPERATIONS 

(in man-days) 

Many of the figures below are based on small-scale operations, often' 
with untrained labour. They represent maximum rather than average figUl'es. 
Some operations' dep'end on the intensity of the work, e. g. the numb8r of 
trees po'isoned or girdled per hectare, or -the amount of selective under
brushing. 

On a field scal.:; with experienced 'labol..1.r the operations normally should 
not exceed the figure given in brackets. With inventories much depends on 
whether lines have to bo cut or if old ones can be followed" 

O]2eration 

Linear Regenoration Surveys 
Inventory, Normal 

, ;1 (in blocks) 
Sil vicul tural 
Size classes '1-4 

Natural Regeneration 
Pre-exploitation • 

Creeper cutting and freeing advance 
growth 

Underbrushing,(soloctive) 
Girdling 
Poisoning (light opening) 

It (heavy opening) 
Repoisoning 
InspGctions (counting doaths) 

Post-exploitation (after clear-felling 
and burning 

First cleaning (at 16 months) 
First tlthinning" (at 18 II ) 

Second cloaning (at 24 11 ) 

Irhird If, (at 32 11 ) 

Post-exploitation (after heavy selection 
fGlling) 

FreGing advance growth 
Poisoning 

Enricllinent 
Line cutting 
Cleaning 
Widening 
Poisoning 
Pitting 
Planting 
Beating up 
Height measuring 

Man-days per ha 

3~7 (p. l~) (3-4) 
1'..5"-2 (p.km) 
0;,6 .... 2 
3'-3.2' (P.km) (2.5) 
0,,4-0.6 (0.5) 

2.:..4 (2) 
1.:..14 (1-8) 
1'-4 
0'.4-'1-.4 (1) 
0" 7-2'.3 (2) 
0'.5-'1.5 
0.25-0!5 

18 
6 

30 
14 

1-5 (p.km) 
1 ' It 

0' .. 8-10 11 

0;.8-'184 11 

'I If 

1 ';' 4'-4.4 II 

1 "",1 .5 If 

0.6-1 II 

C-I) 

~1~ 
~n 
(0.5) 
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(cant.) 
Oporation Men.,.days per ha 

Plantations 
Underbrushing 
Felling desirables 
Clear-felling remainder 

II II all trees (one operation) 
If II (staggered) (Note 1) 

Burning (solfletimes with firelines) 
Collecting and reburning large branches 

and stems (Note 2) 
Staking and pitting (Note 3) 
Planting (Note 4) 
Beating up 
Height. measuring 
Sowing cover crops 
Cleaning and mulching (Note 5) 

4:...12 
8.:3-25 
18.7-36 
28 
31-40' 
1 .. 3-4.2 

20-60 
2' .. 5.;,.10 
4;,5-7.5 
3.:..6 
1-3 
1 ' 
8-70 

(5) 

(20) 
(30) 

Girth Increment Plots 
Number.ing trees 
Measuring 

Notesg (1) To try to avoid the cost of reburning in 1960 (lfencoivaramento") 
the largest trees only were felled in 1,fb.y,the medium and 
smaller trees in July and poles and undergrowth which remained 
were cut in September.. If everything is cut early the leaves 
all fall and the fire does not talce so well. Large trees 

(2) 

(5) 

might well be felled a year ahead", This method proved very 
su.ccessful in one plot (Curua F-31 man-days per ha) and ' 
fairly successful in another (Curua 0-40 man-days per ha). 

'J;his "encoivaramento lt should be avoided as it is very expensive; 
staggered fellings starting with the large trees (see above 
note) may l)e the answer. 

Staking is unnecessary unless the weed growth is likely to be 
rapid~ the figure (2) man-days is without staking. 

, 
Planting costs on a large scale will vary considerably 
according to the typo of nursery plants~ naked rooted transplants, 
striplings or stumps will cost loss to plant than to transplants 
from containers. 

S;ubsel1uent experience has shown that mulching is not necessary 
at the Curua, even on the sandy soil, especially if cover crops 
are .s9wn", 



I 
f 

Vernacul= name 

Abiurana branca 

Abiurana casca grossa 

Acapu 

Agoita cavalo 

Amapa 

Angelim padra 

Araracanga 

Caju-agu 

Caraipe 

I Cuiarans 
I 
I 
I Cupiuba 
T 
I Faeira 

Guariuba 

Jutai-agu 

Lauro canela 

Madioqueira aspera 
esoamosa 
lisa 

Morotot6 

1!urure 

Rosadinha 

Seringueira itauba 

Taxi branco 

Taxi preto da mata 

Tauari 
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APPENDIX XI 

PRELIMINARY QUALITY QBSERVATIQN QF 25 SPECIES FRQM CURUA 

Specif'd!c 
Gravity 

I 
IX) 0'.87 

I 
IX) 0'.88 

0'.94-1.15 

0'.61 

0'.6 

0'.83-1.0'5 
I 
IX) 0'.5 
i 
I 
i X )1.1-1.2 

0'.82 

0'.88 
i 
pc) 0'.8 

I 
p:) 0'.76 

:x) 0'.84 
IX) 0'.76 
I 0.7 
I 

I 
I 0.69 
1 
IX) 1.10' 
I 
IX) 0'.6 
I 
IX) 0'.69 
I 

Cutting 
Property 

(10') 

(50') 

(80') 

30' 

(55) 

(120--150' ) 

0'.3 

(55) 

(30') 

(60') 

16.1 

(55) 

(80') 
96·5 

(90) 

19.1 

(80) 

(1) 

(60) 

(80') 

(40') 

(90) 

Col 0 U rOb·s e r vat ion s 

I 
medium brown Sapwood pale susceptible to insect attack, should, 

be cut of'f; heartwood without figuring. Even f'orl 
sleepers very difficult to cut. 

pale yellow Very bad smell, sus'oeptible to fungi attaok, 
mould and sap stain. Much easier to cut than 

I ABBR but also auite difficult. 
dark-chocolate broVlnI Well.J-,nown timber for parquets; even dark brown 

yellowish-brown 

dark yellow 

reddish-brown 

canary yellow 

dirty yellow 

violet-brown 

olive-yellow 

Smells like pickled fish; used for Bandals and 
rifle--stocks though without f'iguring. Not 
difficult to cut. 
Unpleasant fish smell when fresh. Good timbar 
for general carpentry though not attractive. 
easy to cut. 
Good for construction and sleepers. Upon expo
sure very nice dark Ted colour. Surprisingly 
not difficult to cut. ' I 
Construction uivil and naval, sleepers',pr1ba;bl;r- i 
s~table for pnrqnots because of' nice colour. 
Smells like mouldy bread; tearing and lifting 
fibres by cutting; very easy to cut. Buitable 
ror concrete shuttering and for boxes. 

I 
medium reddish-brovffii 

Not durable; quite easy to split and not very i 
difficul t to cut with axe, burns well when green. I 
Impossible to cut longituQinally. I 
Resembles freij6 but planes' without figure. H~aVYl 
carpentry and construction. Quite good to cut, I 
better than shown by tho one evaluated saw. 'I 
Unpleasant smell;easy to 'work, good for aonstru01 
tion. I 
When fresh nice red colour;- planes without fi~ 
heavy but quite good to cut.Suitable for const~ 
~i6n ~fia §laaper§o ~ry quarter-sawn. 

tabak-brown 

cinnamon-brown 

brown 

medium brown 

yellow medium bxovln 
tabak-medium brown 
violet medium brown 

pale yellow 

orange-medium brown 

rosa-brown 

whitish-yellow 

medium brown 

dirty-yellow 

pale rose-brown 

When fresh nice yellew; for carpentry and canoeSi 
J~, 1 

In British Guiana known a.s "1ooustlf; good @::portl 
timber~ sapwood must be cut ?ff,therefor~ only I 
big logs are economic, estimated cutting in 45% 1 
- much better than shown by the one evalUated I 
saw. . I 
Very pleasant smell though not distincly"canala'l 

I 
'IWhen cutting we di~ not find much difference 
I between them, all seem to be gu'od timber for 
i carpentry,thousn not ~tt~nctive.Last one t~ists 
i on drying. 

I 
I 
I 

Susceptible to stain and insect attack; the 
estimated cutting property much higher than 2 
evaluated saWB~approx. 100'. 
Qur specific gravity is only 0'.54, probably not 
durable; suitable for carpentry, easy to cut. 
Very susceptible' to fungi (mOuld) attack; very I 
difficult to cut. ' I 
Probably very good ti:nbor for carpentry; suscepti-I 
ble to fungi attact. ' Good for cutting. 
Nice carpentry timber. 

Probably useful general carpentry timber. 

Probably a very good carpentry timber. 
~ ______________________ L-_________ ~ ________ J-________________ ~ ______________________________________ I 

Explanatory notes. 
x) specific gravity not available in any bibliography, but determined approx. in C.T. Santarem 

= around cutting property means, this only estimated, as only a few logs were cut. 

CUTTING PROPERTY Cedro is taken as the standard, with a figure of 10'0' m2• This'is equivalent to cutting 
276 m2 with one saw, the mean of a large number of obervations. 

A "Gutting Property" of 1 means that the same BSti;l would cut only 1 m2 compared to 100 for o0drO. 

Sgd. V. C. Hasek 
Santarem, 5.1.1960 



APPENDIX XII 

RECORDS 

In any forestry operation it is most important that careful records 
be kept of both the work done nnd of the cost (labour in man,,:,,'days), 
q,s woll as of the results nnd of nny comm(;nts or observations .• 

Records are required forg 

1 • Seed 
2'. Nursery 
3. Experiments 
4'. Plantations 
5. General forest work 

Seed Register 

This is, of course, kept in the main office. It should show, on a 
separate page fOl' each spe.cies, both local and botanical names, and the 
number of seeds per 100 gr, ·in cDl umns·should be .shown tho date of receipt, 
or:i,gin of seed, amount recGived and balance in stock; it should also show 
the date of issue, to 'ahom or which nursery, the amount issued and again the 
balance. 

The 'basis for many of the other Records must be d'aily notes made 
in the field by responsible mombers -of ,the- f·ield st.af:f" ,Two types of 
notes are normally sufficientg 

( -1) Nursery Diary 
(2) Analysis of Labour 

Nursery Diarl 

This should bo written up daily, in duplicato, so that about once a 
month tho top shoets can be removod and sont (or taken) to tho main office, 
while the copies remain in the nurSEJry or nearby field office. 

Information shoulcl be rocorded 'daily on the work dono (one line ,or even 
one or two words is generally enough), and also or:lg 

(iv) 

(v) 
(vi) 

Date and, vvoight of soed sown. 
Date of germination (also giving tho dnte of sowing). 
Date and number of seedlings transplanted; and if into beds 
or containors 9 this too should refer back to the date of 
sowing, as seed may bo sown in two or throo batchos during 
the soason. 
Date and numbor of replacing transplants which have died; 
this should bo referred back to both the date of sowing of 
the seedlings usod and the date of the original transplanting. 
This replacing should be dono onco a wook or ~nce a fortnight 
for a month or two. 
Date of root cutting in transplant beds or boxes. 
Date, number and typo of transplants taken to tho field for 
final planting .. 
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If the dates of sowing, germination and transplanting are written on 
name pegs in the nursery beds there should be' no confusion if thero aro 2 or 3 
batchos of soedlings and transplants. (See po 47 - Report) 

Nursery Register 

This should be posted up monthly from tho Diary. Transplanting, which 
will normally bo dono on several days, can bo totallod for the month to give 
one ontry for tho dates shown. Replanting of deaths of tho transplants 
should not be recorded in the "transplant" column, but in tho "observations" 
column, as this work doos not increase tho numbor of transplants; it merely 
aims at keeping the beds or containers as fully stocked as possible. 

A suggested form for the Nursery Rogister is shown on p. in; below 
is given a suggested form for recording nurser;y- oxpenditure month by 
month. 

Month 

MONTI1L Y RECORD OF NURSERY COSTS 19 .• 

Work done 
i i 
jMan-daysj Cost Running total 

Note g ('I) Man-days should show actual number v"Jorked, ' 
taken from tho Analysis of Labour (seo below). 

(2) Cost should include pa~nents for SLu1days and 
holidays 0 

(3) Tho cost of any matorial e. g, fencing vvires or 
fertilisers should bo incl udod. 
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Analysis of Labour 

It is most importrmt that tho number of man-day.s spent on each operation 
should be recorded daily in the field office. On a sheet fOl' each month there 
should be a lino for each day ::md columns for each oporation9 the last 
column should show the total numbor of labourers who wOl'ked that day. By 
totalling each column the number of man-days spent on eo.ch operation can be 
obtained for posting the various registers. It sometimos happens that a 
gang may work on two jobs in ono day; in this case the number should bo 
divided in proportion to tho timo spent on oach, in whole numbers as far as 
is reasonablo. 

A suggested form fo~' this Anal of Labour is below g 

PI ace "(I'" <) (> U <) • (> " ., .. " 41 • Q e III \'I> •• Month ••••.•• 19 •• 

i i jCreeperj i i L.R .. S. i jCollect-i iii 
~ Day~N~rse- ~ cutting~ Gleaning! Plm~ting~ Inv~ntory~ ROfining~ in9' seod ~ •••• ~ Sick~ TOTAL ~ 
I I Iy I cpt. I plot ••• ,plot •.•• ,plot .... ,Cpt ••••• , \.nameL.· .. , I I 

j---t------t-------t--------t--------t----------t--------t--------t----t----t-----j 
-I I 
2 
3 i. 

i • 
l • i 

• i 

• i 
i • i 
j3 1 
i i 
j TOTiuJ 

i . 

Experiment Regist~r 

j 

.j 

.. ~ j 

i 
j-

No Gxperiment is worthwhile doing unless it can be doscribed and tho rosul~ts 
recorded. The Register must consist of' a nU1n~er of forms, _though not all forms 
are requir'ed-f'or each experiment. The following forms are in use ~ 

1. Situation MaE This must show the site of the experiment in relation to 
the nearost town o-r- village or some othor well-known roference point. It 
can usually bo traced from an existing map. 

2. rl'ot Map - This is on a much scalo and shows the actual boundaries, 
and any subdivisions of the plot, if any« 

3. Plot Chart or List of Troes etc. - 'rhis is on a still larger scale to show the 
position of oach tree', if required, or gives such details as names and 
nUlnbers of treos (e.g. f'or diameter incromonts). 
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4. Description of Exporiment - This should show infol~ation under the 
following heads: 

(6) 

(16) 
(17 ) 
(18 ) 

Object of Experiment 
Species 
Date of Formation 
Area 
Situation - brief description as to how to 
find and recoO"nise the plot 
Climate - (i) Altitude~ (ii) Rn.infall 

(ii;J.)'I'empcrature, (iv) General 
remarks. 

(i) Geology, (ii) Soil, (iii) Humus 
Slope and aspect 
Drcdnage 
il,nimal factors 
Type of vogetation 
Initial Condition of Plot (i) OverViood, 
(ii) Underwood, (iii) Undergro'wth 
(iv) Ground Flora, (v) Regeneration of 
pril:).cipaJ, spe cie s, (vi) Remarks 
Method of .. Demarcation 
Mothod of numbering and mcu'king (if any) 
Details of lvork done at first formation, 
speCies, numbers of plants, type and size 
are recorded hore 
Details of Treatm~nt to be applied 
Probable Seasons of Inspection 
Remarks 

5. Subseguent HistoU - 11.11 work done subsequent to the formation of the 
plot, and anY'obseJ7vati6hs or cormnoiits' should bo recorded here. Each 
entry must be signed and dated. e.g. 

Form 5 

SUBSEQUENT HISTORY OF EXPERIMEiIJTAL PLOT No. •• 

Date and Pal'ticulars 
i signature i j 
i ----:-------------·----t-------------------------------------------------- i 
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6. Detailed Record of MQasu~emonts or Obsorvations 

This form must vary aocording to tho roquj.r'ements. The field sheets 
on regenoration surveys and inventories should be filed here (soe forms 
in App. IV, pages 27 and 28). 

7. ~ummary of Measuremonts-or Observations 

This form too will vary according to roquil"er:1onts. Tbo Analyses of 
regeneration surveys should be filc!d here (App,. IV, pages 29, 30, 31) 
Average height measuromonts and p~rcentage survivals in trial plots 
should be shovvn here, along with numbers of plants used to replant 
failuro. 

8. Labour and Cos-lis Infornv1tion recorded here is obtained from the 
n10nthly Analysis of Labour she e ts. 

Form 8 

LABOUR AND COSTS 

EXPERIMENTAL PLOT No. 

Date Work done Area or distanoe Man-days i M.D. per 
iii i i ha/lan j 

i ----:-:--...,t----------~---t-----------·-----+-'------------t----------- i 

9. Other Information - q.g. Details of soil analyses. 

When tho work becomes mal'O advanoed and S-ample Plots for yields, etc .. 
are laid down, more special forms aro required •. Work in tho ilmazon is '" 
still "to'o much in tho early stagos for those forms to bodoscribod here .. 
Anyone interested should refer to tho British, Forosj;ry Comuission Bul10tin 
No. J 1 BCode of Sample Plot Proceedure", H.M. Stationury Office, London, 
1959. 

Plantation Regis~e1: 

This register has not yet been intl'oduced us the work so far has been 
on a small scale. Once the experimentar stage is l)assed and plantations 
are establi'shed on a :field soale a separate register must be opened for the 
plantations. 
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The following forms are recommendedg 

Description o. g. 

DESCRIPTION OF PLL.N'rATION 

Year Compartment No. 0." 

(1) Species, number of plants nnd spacing 
(2~ Past history of Compartment 
(3) Vogetation Typo 
(4) Preparation Trla'atmont 
(5) Notes on Establishment (Plnnting) 

Form 1 

Area ••••• ha 

(6) Proscription for subsequont Treatment 
(7) Subsequent Notes and Obsorvations (to be signed and datod) 

2. Details of Oporations - o.g. 

Form 2 

DETAILS OF OPERATIONS 

COn1pintmont "No .. ... Year of Formation Aroa ••••• ha 

Date i Work done i Area (or Mcm-days M. D. per ha Total 
i i distance) j i per ha 

i------t--------------t-----------t------------t--------------t---------j 
j iii 

. i 

3. Details of Production This will only be required later. e.g. 

Form 3 

DETAILS OF PRODUCTION 

Compartment No ..... Year of Formation lLr~n • 0,. _~ • G h.a 

l i i iii i 
Da te I Type of Yield i Quanti tYi JO'"irea i Yield per hal Value iVaI ue I Remarks 

jl\o hai 



Compartment Register 

The Plnntation Registor is really of this, but it is usually 
convenient to keep it separate just fOl' Plnntations, and to record other 
information, e.g. details.of 0 9n. natural regeneration operations, 
in the Compartment Register. 

The following forms hnve been introduced 3.t Curua: 

Form 1 

1" D?s,cr1p-t,ion and Prescri12tions 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8 ) 

Name of forest, or locality 
Compartment No. 
ll-roa 
Sub-division (if any) 
Type of forest 
Soil 
Date domarcated~ (i) boundarios~ (ii) internal lines or roads. 
Lineal' Regeneration Surveys3 (i) lines numbered, (ii) intensity 

of survey, (iii) dato (Summary and D0tails - if needed -
should bo filod as form 4) 

Invontoriosg (i) typo 1 (ii) lines numborod,' (iii) intonsi. ty of 
survey? (iv) dato. (Summary 3.nd Details - if needed - should 
be filed as form 5) 

Previous history (if any) 
Observations . 
Proposed Proscriptions 

2. Control Register - e.g. 

Month Work done 

Form 2 

CONTROL REGISTER 

Compartment No ••• 

Area Man-days Man-do.ys por ha 

j 

i 
i 
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3. Observations and Comments - G.g. 

Form 3 

OBSERVATIONS AND COill~mNTS 

Compartment No ••• 

Dato and Signature p.~ rt i cuI ['.rs 

NOTE 

All Recol'ds should 1)0 in some sort of durable cover, o.nd of such a 
type that extra sheets can bG added Gasily at "my time" 

TIIEY SHOULD NOT BE TAl<EN OUT INTO TEE FIELD 

MGaSUl'om~nts or othor data should be rocorded' on fiold sheots cmd tho 
information postGd to the Rogisters in the office" 
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APPENDIX 'XIII 

LISTS OF LOCll1-BOTiliTICAL AND BO'HJUC1\.L-LOCAL Nil.LVlES OF TREES 

IN THE FAO LREAS, CURUA-UNii. and C. B.A •. :. SIINTlillE:M 

These lists 9 compilod by Mr. Joh~n Pitt, FAO silviculturist',are based 
mainly on determinntions made by Dr. Murga Piros, botanist, I.A.N., Belem, 
on material collocted by his :field assistant' ROimundo from nl.,llnbered trees 
in some research plots (Expts o 9, 18 and 19). The l:ocal namesweI'e given 
by matoiro Corros y"ho vvorkod with FAO Inventory party in this rogion and 
is still with FAO at the Curua. SmGll wood 'specimens were collected at 
the same time as tho 1)otaniCGl materiGl (Dec. 1958-Jan. 1959); these have 
helped considerably in somo cases 'Where a mistGke was made in the collection 
o:f the botanical m~~tO':r.iQl There is obviously still somo confusion over 
some local names, o.g~ tho Braus and Faveiras .. 

Some names are based on materiGl collected :from :felling operations at 
the Curua. 

Where no botanical material has been collected the botanical' names are 
taken from the list' given in Heinsdijk's Inventory Report FAO No. 601 or 
wore supplied by Dr. M1J~~ga Pires. 

NO'l~S 

(1) These names occur in Heinsdijkfs Report FAO No. 601, paragraphs 50-59, 
in tho forest type lIPlanal to II 'al toll; they have not been encountered 
so far at the Curua or Santarem. 

(2) Cag,ui is not a common n13.l11e. Kaki is 13. Japanese namo known in tho south 
(Sao Paolo) for an odi1)le fruit of this gonua. 

(3) These are not common name s; however they are used by workers with the 
FAO Mission in default o:f any othel' name. 

(4) Some con:fusion still exists in tho rocognition of somo of' Faveiras. 

___ 0 __ _ 

, 
Listas de nomos Loco.is-Botilnicos 0 BotilnicO's-Loco.is do Arvoros 

nas aroas do. MissB:o Fl10 g Curuc't-Unn 0 C. B.1\.. ,S2.ntarem 

Estas liwtns bo.soinm-se ~ principalmento, na classifiea gao gentilmente 
feita polo Dr. Murg::l Pil"OS9 bot£inico do LA.N. em Bol6m, com material 
eolotado pelo sou af~sistonto, Rnimundo, do arvoros nl1lnoradas em alguns dos 
canteiros de posquisr;,s (Exporimontos 9, 18 0 19). Os names locais foram 
dados polo matoiro COrl"ea, quo trabalhou no grupo do inventario florostal 
da FAO nessa rogiao, encontrc:mdo-so, atualmonte, ainda trabalhando para 
a FAO, no Contro do Curud. Poquonos ospocimes de madeira foram coletados 
n8 mosma ocasino quo 0 materin.l botanico (Doz.1958-Jan.19593 aqueles tem 
ajudado consideravoll'lOnte om alguns casas ondo foi foi to ;9m 81'1'0 na coleta 
do material botarrico. Ainda htl, obviamont'O, alguma confusao acorca de alguns 
names locais, p.o. os Brous 0 as Faveiras. 
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Alguns nomos baseiam-se no material colotado quando das opera90es de 
derruba-no Curun. 

Ondo nonh1.1ffi matorialbotanico foi coletado, os nomos botanicos sao 
tirado's da lista que so o11contra 110 Relat6rio do Inventario de Heinsdijk, 
FAO No. 601, ou foram fornocidos pelo Dr. Murga Pires .. 

OBSERVA90ES 

(1) 

(2) 

(3 ) 

Estes names occorom no Rolat6rio do Heinsdijk, FAO 601, par5grafos 
50-59, no tipo do florosta "Planalto II alto!! nte agora nao foram 
encontrados' no Curua OU Santarem. 

Caqui nao e um nome regional. Kaki G un nome japonGsompregado no 
Sul (Sao Paulo) para'umn fruta comostivel doste genero. 

Estes nomos nao sao rogionais; entretanto, sao usados pe:).os trabalha
dares da Missao FAO pOl' falta de outro. 

Alguma confusao aindn existo n8 identifica98.0 do alwnas das Faveiras. 
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LISTA DOS NOMES LOCAIS-BOTANIC9S DAS l\RVORES NAS AR]J~S 

. DA FAO; CURUA-UNA E C.B.A. ,SANTA~ 

Abiurana 
Abiurana branca 
L.1)iurana casco. grossa 
Abi lIT'ana cuti te 

Abiurana goiabinha 

Abiurana mntrumHa (-I) (prov;1ve1..,. 
mente) 

Abiurana sooa 
Abiurana ucuuba 

A9acu 
Acapu 
Acapurana 
A90i to. cava10 
Aguano 
lill1apa 

(Rape de Indio) 

Jill1arelinho 
Anani 

Andira (1) 
Andiroba 

(provB.velmente) 

Angelim do. mata (normalmente) 
(as vozes) 

.Angolim pedro. 
Angelim rajado 
Aquariquara 

Aquariquo.rana 

Araracang8. 

Arat:tciu 
li.roeir'a 

Ata bravo. 
AxixQ 
AxUcl 

(normalwonto) 
(as vezes) 
(normnlmonto) 
(hs vozos) 

-A-

Pouteria spp .. 
Pouteria sp. 
Pouteria sp. 
Pouteria cf. macrophylla 
P. spp. 
Pouteria cladantha 
P. cf. torta 
P. cf. virescens 

Pouteria sp. 
Pouteria sp. 
Pouteria cladantha 
P. cf .. gutta 
Hura crepitans 
Vouacapoua americana 
Cassia a~oucouita 
Luhea sp .. 
Swiotania macrophylla 
Rrosmi ,Jm affn. ampl icoma 
B. paraense 
01medioperebea sclerophylla 
Parahacornia D.l11apa 
Pogonophora schomburgkiana 

.. Moronobea coccinea 
S~nphonia globulifora 
H~enolobium potraeum 
Cnrapa guianensis 
H~onolobium excelswn 
H. petraGum 
Dinizia ex:eelsa 
PillthGcolobium raCGmosum 
Minquartia guian:onsis 
Goissospormum cf. vollosii 
Lincla'ckoria cf. maynonsis 
L. sp. nfn. paucif10ra 
Aspicl'ospGrma 0.1 ba 
A. cf. vorruculosa 
Sagotia racomosa 
Astronium locointei 
A. cf. uloi 

Vel.' Envira atn bravo. 
Storculia osa 
Saccoglotis cf. guianonsis 
S. sp. 



Eacabinho. C!.uina 
Enlo.ntinha 
R'"!.curi 
Bn3U brm-:.oo 

Breu manga 

Breu preto 

Ereu sucuruba 

Co.,jo.u9u 
Cnmnn 
Capitiu 
Co.q1.. .. i 
Caraprma uba 
Caripe 

Caroaro. 
Casoa grosso. 
Cns-cnrJloiro 
CnuCl.gu 
Caucho 

,en 

(1) 

(2) 

(as, VGZCS) 

(1 ) 
Co.xinQ:ubarano. (casea cortada 

amar0J.a; J.oite - crome) 
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Ferdino.ndusn cf. p~~ii 
Ecclinuso. abroviata 
Platonia inElig1.1is 
]?Toi;j,"LU"fl divnricatum v. trijugum 
P'. gignntC"lU';1 
? hoptnphy11 um 
P'. nodulosllJr, 
P. sngotianG:! 
~rotragastris oj, tissinl'D. 
PToti'-llll ClivEU'ieatul'n v. trijugum 
P. gtgant81..1Dl 
F. IlGptaphyll urn 
P. noclulos1.ui1 
P. SEI,got ianl..hll 
Totragastris altisf.;d.lU'~l 

P:cotium ciival':i..cat1.1l11 Vo trijugum 
P. giganteu!~l 

F. hoptnphyll ur:1 
P. nodulosun: 
F. of. opacurn 
F. l')unoticulo.t,1.l.m 
P. sagotian1.1ill 
Totl'agastris altissima 
TrD.ttinickia 'bl.U'sorifolia 
'J\3tr'agastri.s al tissimo. 
Trnttinickia burscrifolia 
Ormosia coutinhoi 

-c-

Anacnrdi1.1m gignntoum 
Case aria spruce ana 
SipC,Tl,n)D. guiaucmsis 
Diosp:i.:ros pl'aotorn::issa 
lispidosporma au:dcuJ.ata 
:Licania hostmannii 
1'. of ~ :Lncana 
1'. miorantha 
L. cf. stnhclli 
Hirtcllo. of". praeal'CQ 
l3rosr:;:.ium of .longii'olhml 

Vcr Abiuran(l casca gI'OSSa. 
3er'tholletia oxcclza. 
Coacol,oba sp. 
Cns'i;illca u.lei 

Br'os:LuJ:l of. longifolium 
B. ofo pauciflorn 
B. vel utimrn 
HGlioostylis ;:;p. 

Cedro 

(casco. cortada, vor~. 
marron,leito marron clnro) Ogcodeia sp~ 

Cadrel" odorata 



Cedrorana 
Chimarris 
Coato.quig3.ua 
Conario 
Copaiba 
Copaibarana 
Croton 
Cuiarana (ou 

(no C.B.A.) 
(3) 

(3) 

(1) 
Tanimbuca) 

Curnaru 
Curnate 
Cupiuba 
Cupui 

Desconhecida 
(? Moela dG mutum) 

Envira amarGla 
Envira ate.. bravo. 
Envj.ra branca 
Envira preta 

Envira surucucu 

Envira X 

Erva dG rata 

FachGiro 
Faeira 
Favoira arer;} Gucupi 

Faveirn barbatimao 
FnVGira boinoha 
FavGiro. bolota 
FaVGira dura 
Fnveira faIlle. fina 
FavGira marmari 
FaVGira mapuxiquj. 

ll'nveirn orGlll,::'- do 
Fnveirn Jxtrkia 
FavGira uintj 
Freijo 
Froijo :)I'anCO 

l1Gg'I'O 

(3 ) 

( 1 ' . ) 
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Vel' Quarubn 
VGr Pau do' remo 

Peitogyne cf .. pnniculata 
Connarus angu:stifolius 
Copaifera SP];l. 
Epurea scllomburgkiana 
Croton matauzGnsis 
Buckonavia val'. capitQta 
T'erminalia nmazonica 
T. tanibouca 
Comfinrouna odorata 
Saccoglottis 
Goupia gl D.bra 
Thocbroma subincanum 

-D-

Pora bicolor 
Quiina ptGridophylla 

-E-

Xylopia bGnthamii 
Rollinia nnnonoid.os 
Guatteria amnz'onica 
Bocagiopsis 'of. multiflora 
Gualteria cf~ pOGppigiana 
Rollinia exsucca 
Duguetia surinamensis 
D. cf. flagellaris 
Xylopia amazonica 

cf. ni tid:a 
Psycotrea sp .. 

-F-

Derris sprucocma 
Roupaia afn. montana 
Pc.l'kin lnul 'Ign 
:Pi thooololiium doc:lndrwl1 
StrY9~modendL'ur;l of. pulcllerrimum 
Va~airoa tjuianonsis 
Pi'~dd'l IJonclula 
Pithecclobium ou ? Enterolobium 

od3.l1i:::o. su,,~voolo:1.S 

Cassin ,31)rUCC2.nc 

Pi tho colo 1Ji lli.l do cCLndrwn 
Stryt)hnodondTUl1T of. pulcherrimum 
Entorolo1)iuE1 of. mnximwn 
P::rkic. OP1;usi tifob.2 

VG}~ duro. 
CJrdio. ~tCtiiCl 

C. of. ~ajlop~iio 



Glicia 
Goinbinha 

Gomboirn 

Gunbirabn 
Gunriubn 

Imb6.uba 
Imbaubnrana 
Inga 

Ingarann 
Itauba 

Itaubarana 

Janita 
Jacareuba (1) 
Jarana 
Jntaubn 
Jatoa 
Joao mole 
Jutni agu 
Jutai mirim 
Jutai pororoc(1 
Jutairan:1 

Lo. :;ro 
Louro (nonnnlmonio) 
Louro nmarolo (norm21monte) 

Lauro branco 

Louro canaln 

Louro chumbo 
Louro cumo.ru 
Louro proto 

(normo.lmonto) 
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-G--

Glycidenc1ron 'o.mo.zonicum 
Calycolpus' cf. abel' 
Eugenicl 'cf. brach;y-podo. 

of", vmokenheimii 
Andiro. macroth;y~so. 
S-wertzin nptora 

conjunctn 
Clarisia racomosa (syn. C. nitida) 

-1-

Cecropia cf. obtusa 
Pourour:1'a velutina 

'of. alba 
L cf'. capit a to. 
1'. cf'. fo.gifolio. 
L cf'.. hetorophylla 
I. cf. rubiginoso. 
Pithocolobium latifolium 
M'ozilarus itauba 
M. lindavianc:. 
Trichilia sp. 
Casoaria silvestri 

-J-

Brosmiurn cf. vol utimum 
Gnl10phyll um brasiliense 
Eschweilera cf. jarana 

VOl' Jat'oa 
Guaroa 'sp. 
Neea cf. op~ositifolia 
H;~1onaea cf. coubaril 
H. parvifolia 
Dialium guinnonse 
Cynometra hostmnnninn:1 

Visma cf. 'oayennensis 
Ocotea sppo 
Anion cf. burcheIIii 
Ocote:1 sp. 
.Ani 1)8.' S 1) 0 

A. cf. burch~llii 
Ocotes SIrp. 
Aniba Spa 

Licarin cf 0 amoricano. 
Ocotoa cf. oanaliculnta 

'lor Louro canola 
VOl' Louro canola 

Ocotea sp. 



Macacauba 
Macaco escorrega 
Magaranduba 
Macucu (norma1mente) 

(fo1ha graudn e sapupemas 
curtas) 

Mamorana 

Mandioqueira (normalmente lisa) 
(aspera ou escamosa; muitas 
vezes chamada Quaruba) 

Mandioqueira (lisa) 
Maparajuba 
Maraximbe 
Marupa 
Matamata branco 

(as vezes) 
Matamata ci (3) 
Matamata preto 

Melancieira (1) 
Mirapucu 
Mira1\iba 

Mogno 
Molonga 

Moraceae 
Morotota 
Muiracatiara 
Muirajugara 
Muirapiranga 
Muirapixuna 
Muirataua 
Muiratinga 
Murici 

Murta 

Muru:pi to. 
j\Jhlrure 
Mututi 

(raramente) 
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Platymiscil1ln trini tatis 
Ca]Jiro:r:a hyberiana 
:vlanilkara hube ri 
Hil'tella cf ~ praeal ta 
L'iuan'ia cf. heteromorpha 
L. cf'. opetala 
L. cf'. paniculata 
L'. cf'. parvifructa 
L. cf. stahelli 

Casearia singularis 
Bombax longipedicellatum 
B. paraensis 
Qualea spp. 

Q. sp, cf'. paraensis, homosepala 
Q. sp. cf. albiflora, acwninata 
Manilkara amazonica 
Emmotum fagifoli~w 
Simaruba amara' 
Eschweilera sp .. 
E. cf. sagotiaba 
Eschweilera' cf .. sagotiana 
Lecythis sp. 
Eschweilera cf .. co11ina 
Alexa grandifolia 

Talvez Mi'Conia sp. 
M'ouriria cf. brevipes 
M. cf'. calocarpa 
M. cf.' plaschaertii 
M. spp. 
Swietenia macrophylla 
Ambelania acida 
Lacmelia arb'orescens 
Malouetia cf. duckei 

Ver Caroara, Caxinguberana ou Janita 
Didymopanax morotoni 

VGr Aroeira 
Rauwo1fia pentaphylla 
Brosmium paraenS8 
Cassia scleroxylon 
Apuleia molen'is 

VOl' Paxiuharana 
ByrBonima cf. a:rugo 
Ternstroemia cf .. dentata 
Eugenia cf. patrisii 
E. sp. 
M;y-rica cf'. fallax 
Sapicnn sp. 
rrrymatococcus cf. amazonicus 
Pterocarpus rohrii 



Olacacia (3) 

Orelha de negro 

Papo de mutum 
Parapara 
Parinari 
Pau amarelo 
Pau branco 

Pau d1arco 

Pau de remo' 
Pau jacar6 
Pau marfim 
Pau para tudo 
Pau rosa 

amaro1o 
roxo 

Pau santo (1 ) 
Paxiubarana (Muiratinga) 

Pento de macaco 
Piqui6. 
Piquiarana (1) 
Pitomba 
Pitombarana 

Pracauba 
Prociosa 
Purui 

Qua rub a 

Qua:cu08.rann 
Quaruba rosa 

Quin::cran8 

11.ap6 do indio 
Rosadinha 

r 
\ 

\ 
V()~30S ) 
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-0-

Olacaceae 
Chaunochiton kn'ppleri 
EnterolobiLun cf 0 mnximum 

-P-

Tourou1ia 9 Quiinn ou Lacunaria spp. 
Jacnranda co~aia 
Parinari spo 
Euxylophora paraensis 
Chaunochi ton };:QPpleri 
110x innunclata 
Loonia cf. 5lycocarpa 
May tonus sp. 
Tabebuia serratifo1ia 
T. avelanodao 
Chimarrhis turbinata 
Lao-ha pro cora 
Agonandra brasiliensis 
Simaba cedron 
Aniba rosaoodora 
Zollornia paraensis 
Olmodiophaona obliqua 
Tuvomi ta 'cf. grata 

iba cf. aspora 
Caryocar villosum 
C. glabrum 
Sapindaco'ae 
Loonia cf .. cymosa 
Mc.:.tayba cf. arboroscons 
Sapindacoae 
'J:'richilia spp .. 
Aniba cf. canel1il 
Amajona montoiroi 
Duroia cf. sprucoi 

Vochysia ma:ciE1a 
v. 

Vor 
~ri snlLl U110 J.1'l-3 ',;lJnl 

rovoJ.'~rt;i' 
\T, cf. S-U.X'i11£'tlTICll'sis 

ira 

Gr)j BGO;7i}?U::':lTIV"H c~', ~\rollosii 

-~ol.Jtcri~t ')laLl..~~~n-cl:.c::~ 

J Eiolinonii 
~L.:t '""JC:Jl1cl"'i O~,,(2 

v sp" 



Sapucain 

Seringa itauon 
Sorvn 

SlJ.oupira 
Suouubn 
Swnaunn (1) 

Tnmanqueira 
Tanimbuca 
Tnr-uma 
Tatnjuba 
'rntapiririoa 
Taunri 

'Pnxi branco 

Taxi pi tomlXl 

Taxi proto 

Tento 
Tinteiro 

Toboquina 
Triohilia 

Ucuubn 

Uouuoarana 

Umiri 
UruazoiTo 
Urucu da matn 
UTUOUrnnc. 

Uxi 
Uxi cu;r Ll.a 
Uxirana 

(folhn mi udn) 

(raramonte) 

(folha miuda) 
(raramento) 
(raramonte) 
(nonnalmonto) 

(rnrnmento) 

(pubo soonto) 

(pu1)0 soonte) 
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-8-

Leoythis pnraensis 
l)") llSit u-tn 
HOVOD guinnolwis 
G01JIllD. guinntmsis 

.IVi,&lcoul)oa .cf 0' sprucoi 
BOYHIiohin ni tid",l 
,Pluniora .. sp. 
Coiba andra 

-T-

sp. 
VOl' Cuiarana 

Vitox trifolia 
guianonsis 

Prunus myrtiflora 
Couratari mnorosporma 
C'. pulohra 
C. tonuicarpn 
Soler'olobium ? sp. nova 
S. sp. 
S. mioropotal1JIn' 
SoIGJ:'oJ.'obi'Lun of. :panioulatum 
S'. ? sp. nova 
S. sp. 

on of. myrmocophila 
S'olorolo'bium mioropotal um 
S'. ? sp. nova 
S. sp. 
TD.ohignlon of. myrmocophila 
T. pnnicul'ata 
Ormosia of.' paraensis 
Bolluoia of. axinanthera 
IlJ:ioonia of. minutiflo:t;'a 
M. cf'. rufioalyx 
U. cf. surinamonsis 
M. sp. 
Oliyra latif'olia 
TTichilia of. noarincnntha 
T. of. looointoi 

-U-

V:Lrol-a ousplidnta 
Vo of. melinonii 
V. multinorvon 
V. cf. sebifo:['n 

sp .. 
Osteophloem IJIntyspermuIn 
HLUniria onl sCl.mifora 
Cordict sp. 
:BiXel arl)oroa ' 
Conceveiba of. guinnensis 
Conoeveibastr'LlIll cf. martianwn 
Hobepotnl um hunl'iriifoliwn 
Saccoplottis sp.' 
?8accoplottis sp. 
Saocoglottis [UUc.zonion 
Vnntanea oupularis 
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LISTA :OOS NOMES BOTANICOS-LOCAIS :OAS MlVORES Nl~S l\REAS 
, , 

:O1\. F AO 9 CURUA-UNit E C. B. Ii.. 2 S11NTAREM: 

Agonandra brasiliensis Miers 
A'lexD: grandifolia :Oucke 

-A-

Pnu marfim 
Molancieirn 
Gombeira 
Purui 
Molong6 

1\.. cf. wackenheimii R.Ben 
.Amaj ona monteiroi StandI 0 

Ambelnnia acida Auble 
Anacardium giganteum Hnnc.et 
Aniba cf. burchellii Kost. 

A. of. canellE (lIBK) Me'z. 
A. cf. rosaoodora :Oucke 
A. sp. 

Engl. Ca;jua<]u 
Louro amarolo 
Louro branco 
Preciosa 

Andira ma'orofhYJ.:'sa :Oucke 
Apeiba of. aspera Aubl. 
Apuleia molaris Bonth. ' 
Aspidosperma alba (VahL) R.Ben 
A. auriculo.to. Mgf. 
A. cf. verruculosa M. Arg. 
Astroll1lium leoointei:Ouoke ' 
A. of. ulei Maltick 

Bagassa guianensis Aubl. 
Bollucia cf. axinanthera 
Berthollotia excblsa HBC 
Bixo. arborea Hub. 
Boco.geopsis cf .. multiflora (Ji![art) 

Fries 
Bombax longipedicoJ.latum 
B. paraensis :Oucke 
Bowdichia nitida Benth 
Bl'osmium nffn. C'.mplicomo. :Oucke 
B. of. longifoli'l.1lu :Oucke 

B. paI'o.enso Iiub. 
B. cf. pn.uciflorn. Ducke 
B. cf. volutiml.JJ..' (BloJco):Oucke 

Pau rosa 
Louro branco 
Lauro canela 
Gombeira 
Pente de macaco 
Muirataud: 
Araraganga 
Carapo.nnubn 
1\'.rarac8n~a 

Aroeira \= Muiro.oo.tio.rn) 
Aroeil'o. 

-B-

Tatajuba 
Tinteiro 
Casto.nheira 
Urucu da mata 

Envirn prota 
IfInmorana 

SucupirCL 
AmapQ 
Caronro. 
CQxingubarnnn (casca cortada amarel<:l? 

lcj_to crome) 
ou l'JIuirapirnngn 

Caxingubcu'nm' 
Caxingubarann 
,J :1 ni ta 

Buchano.via vo.r. (Vahl)Eich? Cuiarana 
Byx'sonima C'.mazwnia OTis 
]3. of. arugo 

liIurici 



Callophyllwu nrasiliensi Camb 
Ca1ycolp1..1s of. glaber (Bth)Beg. 
Capirona hybo:J::'iana :D1..1ok'o 
Carapa g1..1aianensis Aub1 $ 

C'nryooar glabrwu' (A1..1bl.) Pers. 
C. vi110swu Perse 
Casearia silvestri' Sw. 
C'. singularis Eiohlo 
C. spruceana Bunth 
Castilloa uloi Warb. 
Cas;;.;ia apouoouita L,u1)1. 
C. soleI'oxy1on :Ducko 
C. spr1..1oeana Benth 
Cecropia cf. obtv:ao. Troc. 
Cedrola odcrata 1. 
Ceiba pontandra Gaorta 
Chaunoohi ton (So.got ) D1..1oko 

Chimarris turbinata: D. C. 
C1o.ri8ia ro.cemosa R. ot p. 

(8~fn. C. nitida) 
Cocoo1oba sp. 
COnnarLIDl angu:sti,folium (Rd1k) Shell 
Copaifora spp. Duoko',Hr:.yn8 
C'ordia g081 dinna Hu'b. 
C'. of'. no.idophi1:l J olmwt. 
C. ap. 
Cowno. guianonsis 1\.ubl. 
COLIDlaroLma odorata Aubl. 
C'ouratari maoroslJorma A. C. Sm. 
C. pu1 chra S,:mdw.' 
C. tenuiocnpa "LC. Smith 
Conceive'ba cf. gui'anonsis L.ubL 
Concovoibastrwu of. mi:'.rtianum P. 

'ot Hoff 
Croton matauzcmsis Aubl. 
Gynom<:i:r:'o. ho;:.;tw'1.n".ic.na 'Pul. 

-C-

Jaoarauba 
Goiabinha 
:Maoaoo esoorroga 
Andiroba 
Piquiarana 
Piquil:i 
Itaubarana 
Maouou (folha grande et sapupemas ourtas) 
Co.maQ 
Cauoho 
Aoapurana 
Muirapixuno. 
Faveira marimari 
Imbo.uba 
Cedro 
Sumauma 
01aoaoia 
Pau branoo 
Po.u de romo ou Chimarris (3) 
Guariuba 

CaLlac;u 
Conario (3) 
Copaiba 
1"roi,i 6 
Froid6 branco 
Uruazoiro 
Sorva 
CumaTu 
Tauari 
rpclUari 
T~lUari (folha miuda) 
Uruourana 

Uruourana 
CTOtOl1 
,JutairElna 

., 
-J.)-

~orris spruooan2 Bcnth 
Dialium guianonse (AubL )Sandw. 
Did;ymopanax morototoni Umbl.) Dno. 

et Pl. 
Dinizia oxcolsa Duoke 
:Diospyros p:eaotornliaf;El Semd. 
Duguoti[c of,. flage11aris 
DI> surinnmensis Fries 
})urois of. spruooi Rusby 

Faoheiro 
Jutai pororooa 

1[orotot6 
Angelim pedra 
Caqui (2) 
Envira surucuou 
Envirn surucucu 
Purui 
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Ecclinusa abreviata :Ducke 
Emmotmn fagifolium Desv. 
Enterolobium cf. maximum Ducke 
E. schomburghii :Benth 
Epurea schomburgkiana :Be nth 
ErisIna uncinat'um Warm 
E'schwpilora cf. collina Eyroa. 
E'. cf'. jal"ana (Hub.) Ducke 
E. cf. sagotiana 

E. sp" 
Eugenia cf. 'brachypoda DC. 
E'. conjunc ca Amshoff' 
E'. ef'. patrisii VahL 
E. ep. 
Euxylophora paraensis Hub. 

Fa,g;ara sp. 
Ferdinandusa cf. paxii iNinkl .. 

-E-

J3alantinha 
Maraximno 
Faveira orelha de negro 
Faveira dura (nosca) 
Copaibarana 
Quarubarana 
lflatamata preto 
Jaxana 
NIatamata oi (3) 
Matamata branco (as vezes) 
Matamata branco 
Goiabinha 
Guabi'raba 
Murta 
Murta 
Pau amare10 

-F-

'I'amanqueira 
T3aca'binha quina 

-G-· 

Geissospermum cf~ ve110sii A11emad. Quinarana 

Gl;ycidendron amazohiclJm Ducke 
GOUIJia gI-;,lbra Aubi. 
Guarea SPa 

Guatteria amazonica 
G. cf. poeppigiana Mart. 

Hebepetalum hmrririf 01 hm1 (PL) J3th. 
I-rGlicost~yJ i,:J frq.w 
Heven gniarmnsif:3 Aubl. 
HirtGl~D nf. pra3~lta Scgot. 

Humiria bahlamifQra Aubl.. 
llura crepi tans L. 
Hyroatanthus sucuuba (3})]:1'. )Woodson 
Hymonaea cf. courbaril L. 
H. ora nubGr 
Hymonolobium excolsum Ducke 
H. potraeum Ducka 

Aquariquara (as vezes) 
Glicia 
Cupiubil 
Jato[l, Jatauba 
En-viTa branca' 
Envira prota' 

.:..H-

Ul"UCUrana 
ul')ar1:l7lD 

i tauba 
]11.1CUCU 
Carlpo 
Umiri 
Agacu 
31.i.cuuba 
Jutal agu 

(
' , 
j:loru1.1.1mente) 

(n8 "rozes) 

Jutal mirim 
Angolim da mo.tR 
Angclim da matu 
Andiru (raramento) 
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Ilex innundata Poepp 
Inga 'cf. alba Willcl 
0'. of .. oapitata Desv" 
L fagifolia Willd. 
L cf'. heterophylla WilId. 
I. cf. rubiginosa (Rich.) 

Jacaranda capaia (Aubl.) D. 

Lacmelia arb'Orescens (M.Arg.)Mgf. 
LacunaI'i:a sp. Ducke 
Laetia procera Eichl 
Leeythia paraensis Hub. 
L. us'i tata Miers 
L. sp. 
L'8oni'a cymosa Mart. 
L. cf. plycocarpa P. ot E. 
L'icania of. hete'rorllorpha J3th. 
L'. ho'S tmannii Fr" 
L. cf. incana Aubl. 
L. mi'crantha Mi€}. 
L'. cf'. apotala (E.]J1ey) 
L'. cf" paniculata Fansh et M£1g. 
L'. cf. parvifructa Fansh et Mag. 
L. stahelli Kleinh. 

Licaria ef. D.m'Grioan£1 (J:ifoes-)Kost' 
L'inda'ckaria cf. maynensis P.et E. 
L. sp. afn. pouciflor£1 
Luhea st. Willd. 

:Malouoti£1 of. ducked. • 
M£1nilkara 2;on'iCo. (HuboI') 
1':1. huberi StandI. 
Macoubea cf. spruooi (M. 
:i\!Iatayba cf G' arborescon8 
May tenus SPa 

MezjJ.arus itauba .)'l'aub.o:x 
]/ioz. 

Ill. lindavianLl ;3011. O"G Maz. 
M'ioonil,l. of. minutiflora (J30111pJ.)DC. 

of. ruf':i.calyx Glc:aron 
M'. cf'. sur:LnamGnsts GIG£1ron 

• spo 

]i[inqua:ctill. 
11101'0.00£10 Duoko 
MoronoboD. ooooino£1 

-1-

Pau branco 
Inga 

Inga 
Ingc1 

...J-

Parapara 

-L-

Malonga 
Papo de mutulU 
P£1U jacare 
S(:tl)ucaia 
Sapucaia 
Mcrl;amata: pret0 
Pitombarana 
Pau branco 
Macnou 
Caripe 
Caripe 
Caripe 
Macuou 
Maonou 
}\}laoueu 
Caripe 
Macuou 
Louro o£1nel£1 
Aquariquarana 
Aqu£1riquarana 
11.9oita cavalo 

Molonga 
uba 

J:La 9arcl.l1cluba 
Sorva 
}='it orn'bnrnnn 
Pn.u branco 

(normalmonto) 
(as vGzes) 

Itnu.ha 
It Gu.ba 
'r1ntoiro 
'rinto ix'o 
'l'inteiro 
'rintoiro 
~ilirapucu (raramonto) 

(norm~llmcntG ) 
ou Jnnit6. 
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M'ouriTio. cf. ·brovipos 
M'. cf'. calocarpa Ducko 
M'. sp. plaschaortii l'ullo 
1:111. spp. 
Myrica cf. fa11ax (Rich.) DC 

Nooa cf. oppositifolia R. ot P. 

Ocotoa canaliculata (Rich.) Mz. 

0'. sp.' 
0'., spp. 
0'. spp'. 
O. spp. 
Ogcodeia sp. 

Olacacoae Klots 
Olyra la"tifolia 
Olmediophaenc, obI (Hub. ) Ducke 
OmedioporolJo:J. sclorOl)hylla Ducke 
O'rmosin coutinhoi Lucke 

MiraLllJa 
Mirauba 
Miraubn 
l'Jiirauba 
Murta 

-N-

Joao mole 

-0-

Louro cano1a 
Louro chumbo 
Lauro cumnru 
Lauro amarolo 
Louro 'branco 
Lauro proto 
Louros 

(normalmonte) 
(as vozos) 
(a,s vo§os) 

Caxingubarann (casco cortada vOl'm.) 
(marroro? 10ito l11arrom claro) 

Olacc'icta (3') 
Taboquina 
Paxiubarana (dJluiratinzsa) 

(= Rapu <10 indio) 
Bui9u 
Tonto Oc cf. parnonsis Ducke 

Osteoph1oem p1atyspormum (L. DC)Worb Uccubarana 

Parahacornirl amapo. (Hub. ) Ducko 
P'arkia multijuga BorrGh 
P~ oppositifo1ia Bth. 
P. pondulo. :Oucko 
I'arinari sp, HubcH' 
Poltogybe cf. pnniculatn nth. 
Foro, bico1o:~' 
Piptadonia suuvoolons -
Pi thecolobiurr, clacnnd,J~Uln Ducko 

P. 1atifoliurn (L.) :Bonth 
P'c ra'comosu'11 Ducko 
p" sp. Bonth 
P1atonin 
P1aty,.niscium trini to.tis HubOl' 
P1umoirn sp. 
Pogonophora schomburgk'iano. Miers. 
P our Ol.lIn a vol ut ina Urlrt. 
Poutoria clndantha StancH. 

P'. cf. gutta (Ducko) Baohni 
P'. maorophylla Eyma 
F. molinonii (Engl.) :Baohni 

-?-

ki1apc'i 
Fnvoirn [.trnrn tucupi 

. l"nvoira parkio. 
FavoiI'n bolotn 
PClrinari 
Contaquigaun 

Fnvoira i81hn fina 
F'~nloirL, EG'ara tuou})i (4) 
Ii'avoira 

ado Ango1im 
F'nvcciI'n durn ou Fnvoirn uing (3) 
Bacuri 
J'iIacacnu'ba 
Sucuuba 
Jimi:.:colinho 
Imbaumn'abn 
lcbiuTnna goinbinha 
AbiuI'ana ucuulla 
Rosadinhn 
Lbiurnnn ucuuba 
Abiurana cutito 
ROSAclinha 
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PoutoriD. cf. torta rt.) RdIk·' 
P'. vO'nulosa (Mart. at Eichl) Baohni 
P'. cf.' virescons Baehni 
P. SP1? 
P. S})'. 

P. sp. 
P. spp. 
P'. Sl)'. 

p'. Sp'e 
P. sp. 
Prothll11 divaricntUl11 Engl. v. 

trijugum Swart 

P. gigantoum Engl. 

P. hoptaphyll urn (Aubl.) Narch. 

P. nodulosum Swart. 

P'. cf. opacum Swart .. 
P. punetieula tum Ma'ehs. 
F. sagotianum Niarch. 

Prunus myrti.flora Urb. 
Psyeotrea sp. 
Pterocarpus rohrii 

Qualea sp. cf. :paraensis, Ducka 
homosepela 

Q. sp. cf. ··:11)if'101'a Warm, 
n.euDinata 

Q. spp. ' 
Quiin'D. pterj.dophylln. (RudH::)Pires 
Q. sp. 

RDllinia anonoidos R.E. Fries 
R6 exsucea DC. 
Rnuwolfia paraonsis Ducke 
R. pontn.phylla 
Roupala nf'n. rnont::ma 

Abiurana goiabinha 
Rosad.inha 
A1)iurcmn goinbinhn 

(viirias) 
iibiuranD oTL'l.nca 
L.biuralJ.Q oasca grossa au CaS'qn grossD. 
il.bhlrana cu·hte 
Lbiurana matamata 

soon 
Rosadinha 

3rou branco 
Brau manga 
Breu prwGo 
Breu brcmco 
BrGu mc:mga 
Breu preto 
Brou bnJ.nco 
Breu manga 
BrGu proto 
Brou branco 
Breu manga 
Breu preto 
Breu p]~eto 
Bnm proto 
Breu ol'anco 
Breu manga 
Breu preto 
Tatapiririca 
Erva do rato 
]\J[uUti 

,...Q-

Mandiocrueira (aspern.· ou Gscamosa, f'requen
tomente chamada Quaruba) 

Mandioquoira (lisa) 
JliIandioqueira (normalmente lisa) 

Glesconocidrc (= IVloloa de mutum) 
Papo c~o mutml1 

-R-

Envira atG brava ou Ata brava 
Envira preta 

u9ara 

FReira 
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-S-

Saccoglottis amazoniaa Benth 
S'. cf'. guianensis ll.ubl 
S'. sp. 
S. sp. 
Sagotia racemosa Baillon 
SapiulYl sp. 
SaIlindacoae 

SclerolobimTI micropotalum Ducko 

S'. cf. paniculata Voe;" 
S. ? sp. nova P. et 

S. SIl. 

Simaba cedron Plcmch .. 
Simaruba amara Aubl. 
Siparuna guianensis .:1·ubl. 
Sterculia Ililosa Duclm 
Stryphnoclondron cf opulchorrimum 

(Willd) Hochn 

Swartzia aIltera DC. 
Symphonia globulifera 1Q 
SVlietania macroIlhylla (1) JacQ. 

Uxirana 
il.XUG 
il.:X:UEL 
Uxi ou Cumat6 
.Lcraticiu 
~!Iurupi ta 
Pitomba 
Pitombarana 
Taxi preto (folha miuda) (normalmente) 
Taxi branco (raramente) 
Taxi pitomba 
rr1axi branco 
Taxi pitomba 
Tnxi proto (raramente) 
Taxi brcU1co 
Taxi pitomba 
Taxi preto (raramente) 
Pau ]X1ra tudo 

i'.wcix6. 

Ij'avoira mapuxiq,ui (normalmente 
F'1weira barto. timno (as veses) 
Gombeira 
icnani 
Aguano, r!logno 

-T-

Tabebuia avelanodno(:L 4 0t G.)Stmldl.Po.u d'arco (roxo) 
T. sOl'ratifoli:l (VallI.) Nichols PeU d' o.rco (amr'trolo) 
Tachigelea cf • myrr:1GcOIlhila Ducko 'Po.xi proto (nol'malmonte) 

tOlTIbn 
T. po.niculata AubL 
T'err:'imllj,a 2r:Vlzon~cr, (O:·1C)~. 11 Cui2r:l.nn :)u 
T. to.nihouca Smi tll Cui:1rano. ou 11aniubouco. 
Te' rn,C! tro('))"'"l' ," c.D '10"+',+'" \ ;51]"'2' o~ (""}'''IOnlo't'n'l -' _ .. ...l J.. (I u.. 11v'_~ uc. >t ) ••• ~~,.J... .L. .::..C", .,-'. u"-! .. ,,,-, j 

'rotro.go.stris 0.1 tiasirna (ii.ubL) SViort. Brou branco 
}3l'GU Planga 
Bnm PI'C)to 

Thoobroma subinc::mnm 11. 
TourouliCl 81). 

'Prattinicki a bUl'serifolia MQrt .. 

'lTichi1ia of. aco.rio.cantha Ibrms. 
T. lODointoi Ducks 
T. sp. 

Trymatococcus cf. o.r,wzonicus P. ot. 

Bruu Suc1.1.rubn (nOrL1all:1onto) 
Cupul 
Po.IlO do Llutum 
Breu proto 
Breu sucurubo. (normalmonte) 
Trichilia 
Trichilio. 
Itaubo.rana 
Prn.cauha 

E • 1v1 urm:G 
'lluvomita of. grCltn Snndw. 



Vnntnncn cupu1nris Hub. 
Vntnires guinnensis il.u1)1. 
Viro1a cuspidnta Bonth 
Y. cf. me1inoni (Benoist) ACe 
V'. mu'l tinerva Ducko 
V. cf 0 s'O bifora 1mb1. 
Vi sma cf. cayononsi'S Choir 
Vitex triflorn Vnhl. 
V'ochysia guianensis i~ubl. 
V. mnximn Ducke 

V'. revoluta Ducko 
Y. cf'. surinamonsis Sto,fl. 
v. spo 
Vouacapoua amoricnnn Ducko 

Xylopin amazonicn Frios 
X'. benthamii Ro-b.' Fries 
X. cf. nitidn Dun. 

Zollornin paraensis Hub. 

-V-

Uxirnna 
Favoira bolachn 
Uccuba(pubesconte) 
Uccubn 
Ucuubn (pubosconte) 
Ucuuba 
Lncro 
frnrumCt 
Qunrubatinga 
Qunrubo_ 
Codrornnn (ns vezos no C.B.A.) 
Quaruba rosa 
Quaruba rosa 
Quarubn 
Acnpu 

Envira X (3) 
Envirn amare1n 
Envirn X (3) 

-z-

Pau santo 



LIS1' OF RESEARCH PLO'llS 

Campos 'J1rial Plots 1 Fn~.>ondinha, NJ:acap6. 

Natural Rogonernti.on and Enrichment, Porto Platon 

Natural Regonoration and Enrichment, C.B.A. 

Line Planting, Santaram 

'J.1l'ial Plots, Santarom 

Natural Rogoneration, Planalto, Curua 

Enricbmont Planting, Planalto, Curua 

Trial Plots, Plnnalto, CUl'ua 

Girth Incromonts,Planalto, Curu6. 

Girth Incromonts,I.A.l~., Bolam 

Tree Killing - ArbOI'icidos, Porto Platon, C. B.A., Curuc~ 

Cedro Regoneration, Planalto, Curua 

Roadside Planting, Km 4 and 5, Flanco, Curua 

Campos Trial Plots, Km 56, Macapa - Porto Platon 

Trial }'lots, Flanco, Curucl 

Enrichment Planting, FLl.nco, Curua 

Guariuba Rugcl1orn.tion, Planalto, Curun 

Trao Killing - Arboriciclos and Gi]~dling, PI anal to, Curua 

Girth Incromcnts,C. 

Trial Plot, Pinos, I.A.N., Bolem. 

'l'ho position of tho Curua plots is shown on tho CuruO: map (Map No" 2) 




