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I.) llJTRODUCTION: 

A.) OVERVIE~fl OF HODELING STR.i'l.'r:EGY FO~ SOILS: 

:~ediction of the probability distributions for yields from 

ai.1nuoJ. crops is a vi tal )art of the effort to construct simulation 

models for a series of estir.1ates of human carrying ca·:!aci ty in 

the colonization area along the 'J:'r::.nsamazon Highvmy. In modelinG 

t!1e yield a coloDL;;t attains when he -~)lants a given crop, one 

must draw a value from a probability distribution describin.rj 

his chances of attaining each possible yield. The mean and 
shape of this distribution l·Jill be dependent on such factors 
as the levels of various nutrients in the soil at the tiDe of 

plantinr~; a ~tack of insects, vertebrates and diseases; the plsmting 

density, density of interplanted crops, and seed variety, as 

well as many other factors tJhich are not considered in the present 

description of pror;ress such as wee dings, plantinr; date, \'leather, 
etc. As a prereq_uisit.e to being able to use yield predictions 

based on ti,_ese variables, one must be able to draw va~ues for 

each variable from probability distributions which describe the 

chance that each condition will actually be encountered. \'lith 

the exce31tion of one disease attackinc; be.ans, and also \vith the 

exception of soils, these distributions can be estimated directly 

:from the freQuencies of occurrence in t:-~e data collected. Lore 

elegant derivations of the distributions are proposed for the 

bean disease and for soils. 

In the case of soils this involves beginning with initial 

values. for soil constituents (which o.re drawn from their ovm 

probability distributioDs describing the patchiness of the soils 

in the area), and then modifying these initial values dnring the 

course of the s imule.tion run to nimic the effects of V:lrious 

treatments such as burns of different .~uali ties, cropping with 

different crops, and fe..llo·vJiDg. The probability t:1c.t each of 

these treatments will occur, and the distribution of effects that 

will result from any given treat~ent, are themselves describable 
in terms of probability distributions. 

The inclusion of large numbers of probability distributions 

such as these in a computer model, and the keepin:c· truck of 

----- ------~- -~---- ---·---~---------~-
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l'c::·:l\~ i.n~~ c1 1: .• ~1. c::: in :· .. _J1Y cJ :~ ::·arcnt :-J~ltcllGS of soil cu.1d colonist 1 s 

lots~; is ?:ro.:rtly f<..LCilit:.tcod by ;1-20 SII-1JLA corn utcn~ l.:.u1~1la_:o 

(Bm~rouzhs Cor:!• 1972). Tho rendering of tho model into this l:.:Ll1gnaGo 

h.:.,s boon begun DJ.1J h.:::.S goner.:.ttod Ul1Sightl~.' l)ilos 

Hith chickon-scr:/cc ings called IIl·ml'i diagr<.:.ms. 

dcsc::·ibod in V.ds description of 'Jrogrosso 

B .' • i SUUJ.~.t\RY Ol" PH.OGRillSS IN D 4L A COLillC·rron; 

of . c,por covered 

These 1dll not oo 

Tho datiL ··:resented in t.l~.is doscri>tion of ~~ro:::-ross ~lrovidos 

Sl.ll)}Jort ::'or till notion tl:.~~t pl~ob~.IJilicy distJ:ibutions for· .~)1ni.l.:.cl 

cro~~ iolds cun b o constr·1_ctcd 1•Thich, through tho incorpor:.tion 

of effects frorJ soil nutrtents, CD.l1 l)rovido be tor 1roclictions 
of the yields i:.1.tt:.:.inod b:r colonists L ~m 'iTO"J.ld. be .:_j:;t;_in __ blc from 

prob~ .. :)ility distributions describing U:c yieldS ;di:coctly \·rithout 
rcforonco to soils. Th.a ost~tblisi:-;.r:wnt of rcl::,tionships bct~.rocn 

soils ::_nc1 yields is ossontL.:.l i-· lonc·torm effects of soil do~T~.d .tion 

:J_ro to be l'Oflcc<cd in tho i)Oh-,_-vior of tho L1oc1ols. Tho gro.~·.t 

v:,_r~L.:.bility .tn yiel s observed on \ .. ridoly diffcrins soils u do it 

by no means obviou.s tl2.:..~t any such roL.ticns i·TO,_,_ld omor:;o. Since 

a -_· ro~.-~t deal of o :ffo::.·t l:.ad boon '-"bsorbod by t11o soils 'IOrtion of 

!;he d:..:~t c.: colla ct ion, some · lJ:'Oli:min.::~ry :::u1;.:J..ysi s vr:.,s justified in order 
~- 0 (" .. ·[· ·i C' fy '('l';r .... ol .c> ·i•' .-, t -:- t-, 0 l,., .__~ ( . .1~.J....,J ~.:l,j ~...; _...L v '-'~ ul.:.. .rod.:Lctio~: o<, yields fl'o,~: soils \·L .. s o. vi~;blo 

ondoo.vouro .,Utl-ough srao of the roL:.tions ,:~Lro b otter t:1:.m otl~~ers, 

tho rc.:~·lts ;,.J:'c gcncr;_Llly hoarl~oning. 

The soils c1J~a set J..ncll,_c1os d.:.;_t~~ :('rom soil sc.1J:1)lcs in 388 
loc·_.tior:s. In order to cst: .. blish tho soils/yield rol, __ L;ions tho 

d:_,t a sots for fields of o ::,ch c1~01 had to b o culled sav;_~:::;oly to 

remove .i'ield.s \·n·ich hi.Ldlmreli.:.tblc in2orr:'1;..ction clue ~;o su:...ll:.:~rc.:.~, 

incomplete in~ol,m:..tion, :n~ :::.ny of sovor,:.l other c1~:i.toria. Tho 

cullinc; ·wocccb_ro is doc;c:::i 10d in the .lppendi..'C. T: is i·l~Ls u11 oA.'tromoly 

painful process, s.hD o oac1, soil s:..un}llo re•1rc::crJ.ts Sovor:..-..1 hou1·s of 

h<,:~.rd l: .. bor. 

~he d:_,_-(;c, 1·r.i..ll h:..:Yo to be subjected to .:.~ ·:~l~oncr multil1rl£e:.:.r 

ro:;rossion <J.l1:_,lysis inco:!.'})Ol':.tting t::c di ~,:fcrent vari;_,_blo s after 

com~Jlctio·1 of ficJd i·TOl'l::. 'rho 1)re;,;cnt ::ill.:_;.lysis involves c~djustr2101TL s 

Ol tho dc.~ta :fOl" effects of Vi.,rioty, pl:._,ntin::: density, :•11d c.len::ity 
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Eiothocls 1:Thich .:..1 rc clctcdlcd in the Appendix. These arc not intcndocl 

to be stLLtisticc.lly rigorous. 

r.:,_:Jze, but res·:.:.ll;s .for PhriSOoL:s beans, SI·TCCt m:.!l1ioc, Cll1c1 bi:;tcr 

r:1<:~nioc look ?;Ooc1 1ri th sn.:..,~l s.:..!ln:lo size::;. Vfgnil coT•l-}lC:,_s h;_~vc not 
X. 

effects. IUcc is t' __ o ;:;ost difficult to but 

la.~ .. st sor:o iritic: .. tiun o::' c•. rol~d;ion Hith nitroi:~cn. All 

nco dod for mod cline: ch.:..~-n._:'cs from initic.~ sOil conditions from 

burnJ.nc;, Cl.,O'lping, :·l1\.1 :~aJ~oT:Iing ~-: ... rc .:.. .. lso been collcctcad. J£ctcnsi'ac 

da:; u. for •n·ccUctiorl of burn qu'-tli tics ::;l1cl tho nucr iClt in:Ju.t:: that 

ro ~.:ult · fror:1 oach c J'")C ;_,_nc1 :-;,,qli ty of burn ht s :x:on c:Jllo ct cd. 

·.L.'ili s shcn-ts grcc,_t diffcr·cn.co in tho f'.ccqucncy of d ifforont bl.u"n 

burn •jucJ_ity shmTs diffe1·enccs in nutrient inputs. Some critic.:J. 

results, such ,,_s or::_:~<11ic "CL~tter, h_,vc not :ret been 

rat·._mnod from t !w lu.borc.~tory. rhc~:c :.:Lre numborsci' other v;.:.ri.:_._ 1llc s 

both frons oils ::u1.:..,lysos : .. ncl from obscr\r:.tions to :n incOJ.:pol,.:..:tcd 
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diffdrondos between YO<:;.rs c.:.\.usod by \·TC~'.th::r, dif~orcncos in tro 

numb<:lr of weedit)gs or in man-d.:zys per hect i..!XO spent in weedlnr;, 

o.nd in m~-dt\VS par hectq.ro spent in 11 coivara" (piline up unburned 

branches to prepare tho ground for nlunting), effects of differences 

in blu~n quulity i.vhich :.:. ro not reflaccod in the chemical an:W.ysms 

(such as tho ~::1nount of unournad mat ari:.W. loft on tho c~rom1<1), <Jlld 

tho u.:~o :.Ln<l ')ravious hisi~ory or the field. Di.ffcroncos can ;_~lso 

bo CX)oct,:d from vc..ri:..ti:::m in tho nwn~Jar of's c:od.s ·11~i.ntod ~er 

. "11 . ' . 1 t 1' ;u , 2:orr:un~-~-GJ.on., anc · o;1p J.ng. No ulljusti cents 1vcr c r:1:.,do in tho 

soil nutrient v;..tlues to a1 lo11l for different ilicn2~ths o:C: t ir;n ~.:t.nd 

dii'foront intor"!oning uses botvreon dw cro:) .:J.nc1 the s :J.nnli.g.g date. 

:io•:~cv': r, those fields th: .. t 1-rcro burned 1x:t1.focn tho cl'O'l .:..nd tho· 

S:.\lnplo ;:,-rare ko]t so~1.JXato ;_;JJ.c.l Hero included in tho sat of f:i.olds 

~crith 11ind ii'oct 11 soils d:.t ~-L c;J_o~-:.g · .. ri th fields 'lvhare the s :.tnr:>k c.:.tn e 

from .:.tnothor fieJd in [;he s i).me lot ,,.Jith a hist o:.'Y s:i.~il.. r to t 1::c 

one to Hhich ·Lhe :rillJd fi:;ure a:Jplies. 

Plots ~rare G~~do of rico yields versus the different nut1·d.dmts 

:for >.vhich s:)ils rcs1.1~ts hc.cva Jean rot1wnod. Ho vary con:1 incirr 

reJ.i.i.. (;ions 1,.,rero found for phoSlJhorus, ::Jot:..s:-~ima, c~lcium '-!.nd 

~~cl ~,um"nn!l1n ·reeo ;,·•ith tho obsorv:•tJ.· on th:;t in.~.itial s oil typ_ e '-iu O..U. • .A. • £L?, A < -c - . 

seems to h~ .. ve rcL.Ltively li'L~tle effect on rice yields. lTitrogen, 

;_.;hich is ·uch loss tightly corrolatcc.l with soil tylJO thi.:l1 al'a :1H 

U +++ h . 1 . ' . ... l t. . th . . ld ~:.nd 1 , s m·rS some J.nc.J.c,xcJ.on or a ro_a 1.011 \•!l • l'J.ce yJ.c , 

although no one v:.,ri.::tble c:::.n~~c cx:_1cctad to su.ffice for a ~Jrodiction. 

Tho nitro•::;on rel<:ttion is plotted balOi·r in Figu~~e 1. 
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-------------------------------------------Burn QU<.Ui ty 0 1 2 3 

t:e:.l1 l'iCe yield 
( ·:;ro;Jorti on of 0.35 0.99 1.05 1.03 
)reclictcd yield) 

Sample size 2 19 11 13 

--------------------------------------------

Pl: .. nting 

L:..:Lxo Jiel·"::; J.'O onor.:.J.l:r ::~J_t~h :1o:c·c clanr.ly linked·~ o soil 

only 

j_n Fmc;uro 2. J:: is coccs .: .. s no s u ll' iso sL1co pH is ::;cncr :..Llly :.L oocl 

:LnJ · c;_Lto:c o.:· D7CJ'<ll soil :u.,_, ity, 1Join~; positively corrcLcccd 

corrcL.:c ad '.-lith toxic c::.lurlll1llil1. 

soils .~u:c.l non-s oils v ia''Jlcs should. 

of t~c rel~~ionship even rnoro. 
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Presence of s~)orcs in t.[lc :::oil from previous a·ct.:.tcks on })C:J.1s in 

·ceo .:.i.l'C.:.t (Albuqucr :ne cc Olivcirc1., 1973). Colonists cluJm _.;l~:l1ting 

to b c confirm:; d from dat ac; of 50 Ph4soolus fields ~:Jhcrc no b o~;J"E 
h~Ld iJCon previously ~;la.ntod on the site, 39 (78%) vrcrc ;_~tt[l.cl\:Cd 

<:.<.nd 11 (22%) T,·rcrc not, ivhilc of 5 ficJd s whore bc.:.t.t1S :tl~Ld :ocn '1lancod 

all 5 -vroro att~:.clwd. 

Rhi~oct onia atto.Lck intensities vTOl'C r.:.(;od on a s c.:.Llo of zero 

to t:1J:CC for no c.l isc:.:~sc, sli~·ht .~~.tt<..Lck, mocJ.cr.:.:~:,c attack (or <..CCtac~:ed 

\·JiLhout modifying dcscri ··tion), ;_:.nd hc;_,yy .:~:tt<.tck. T'· esc very 

rou.·hly col' rc s·oo ~.:. to O%, l-25)i, 26-50%, <:\J.1d 51-100% of tln 

'1l.::.11.1ts being affect eel, but the data is nost ly b .. sed on the colonist 1 s 

tcstirnony r.:.r.tl:n r thD.n (~ired; obscrvution. Bc:._,n ¥ickls decline 

stc,).dily ~-lith incrc.:.tsing d.iJscaso intensity, as Shoun bclo\:1 in 

T .:.~blo ,::. 

-----------------------------------------------DI .33..:a)3~ I II':.L'~~~. 5 Ij.LY 0 1 a 3 

Phu.scolus yield o-~"/.h·,) -b. '-lo 308 186 151 58 

_o; S <.Ul1~:Jl e size 11 10 24 11 

Fol' [;he est :.~bli .sJ.~J!1Cnt o·t soils a~" feet s on -'hasgolus yields, 

·chc c1JJ.lin,rr ·. oc chJ.l'C inclu< cd ti'c rornov ::.~1 o~ ~.11 ficU:l::> u.t·t; .:.Lclml1 
the 

by Rhizoctoqj.~~ from thcd.at,:;_ act, :..cS ~::aSCl'i;JcJ. in/A·FlGnclix. 

r~-~~.:.:·. il.ftcr :..l correc·cion fDD pl:.111ting density effects, -~1rccUc :;eel 

Plots ~mrc rJ:.clc o.~ bc:..:.l1 yield :.LS ;~L ·~-: '.··:: proportion of ·cln !_ll'cdicccd 
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n = G 

soil it still ~·~ivcs somothinc; 1.1ith .;oor soilo -L'his, \ri1cn cc:..r,1bincd 

11i.th the f.:..~.ct 
-'-1 .• 1 .. 
u.:lO:.i.L. 1 ,., '. 1 . . lJ.C 'l O:. 'G[lO <..~JOl' rcqui;rcr::cnt involvcc.l. 



s~:1<.-.ll since the felling i:cc3 often clone first for :..i.notllcr cro -, such 

-~or the tuber::> to re:.~ch <-'11 c~dC(lL~tc size docs not detr:..ct too 'Jnch 

: .. l'C t-·)ic .. 11y on t~·:o oclc·r of 

C!.!ll.O•"'hio Ti'iP-,o 107? ;~ 160) o -~ ..., ~ - ~- ' / ._, .;;-'. 

.i..LVe 

been inclu·Jed : .. J.Hl. rl;_:rkccl i.I ith di ff or cnt syn1)ols :..cs o:: Lcinecl in 

-;~: · clc ··end f;)r l~'ic't).:.·e 6. 

~ =.-Indirect soils r.1.::J~ a 

4 = liDlmo'.-111 or nixed VGI'ietics 
(:~}robably or nostly 1Ji·[;tcr) 

- ... , a- l c r·• r _._, .. 0 6 h· e - <.U G - · ,".,)>J ~ll._J.1 • • <-I.e 
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\mile 10 bitter mw1ioc fields had a menn yield of 2807 lcgsJ;h.a/12 

mos. growth. 

The d c.1.t:.:~ lvD.s culled as described in the .t~-"1~-:Jendix. Of the 

soils c.1:.t[~<..1. returned so far, the rel.:::.tion for ~JH looks the best. 

The four data :Joints ::Jlotted belo"t·l in Ffgure 7 look encour:J,ging 

for the prediction of yield from pH, although the s <J.lllplc suo 

is obviously miniscule. 

FIGlJR,E 7: SWSET LANIOC VERSUS DH 

.,....... ~ 

liS 
•r-f /.4 
!))C\J n = 4 
' ()' 

0 a1 3 
·a~ 
a1 bD ... a )l:l ~ 

.pO. 

Q) 0 ' Q)Q 
~r-i 
W'-' 

pH 

III.) PRliDicmG SOIL NUr~HT nrPUT FROH BDJW QUAJ.tiTX& 

A. ) VIRGIN D URNS : 

In order to make the yield/soils rel<.~tionships useful for 

' . I· . • ' ' l s·l· 1 1 1 -'- 0 '"'t l. ra !- e ·I- he es·Glm.:.L·clng cu.rrylng ca!;J~ .. c~·cy 0.1 uu " oe '-:L D_o t.. e.-' ":.c~.. " 

probubili ty cUstri i)ut ions for the soil qu.:1.liti es :-· -_-·- -~. · · ·"": on 

vmich tho c; olonist will be plo.nting. This ont ails :predict iono 

bused on the ini ti.::J. soil quality moclifiod by subsequent bu.nns, 

crops, and fD.llmv 1;eriods. 

Burn qu.:tlity <.(!')e<n~s to h<.'.ve a murkcd effect on soil nutrient 

in:r)uts. 3l.J.l~ns vTCre clivmdod into th1·ec t y~1cs ~ burns of vire;in :Jh>rest, 

second gro-;,rth bum1s, and P<-~sttu·c bu1·ns. l'.futricnt in'mts fron vir sin 
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'l'hcrc ;:,rc a v .:.tr icty of other soils effects tlwt c:..J1 influcnc c 

m.:v.•1ioc procJ.ucti on. Soil vtith poor dr:.cinaze h~_):; res:...u·ced in losses 

from root rot fo1, scver;..J. colonists. Cl.::Lyey soil T.vhich h:.t.rdens 

in tho dry se<.tSon has caused losses frot:l the tubers brecC-::inz o:f 

in the gro· ncl during the harvest for one oolonist. Other soils 

nucrients for '.oJ'hich r(jsu~ts ruLve not yet been rctt.u,necl from the 

L.~_bor.:.LtJZ)ry, such ct s or§<Jnic Llattcr, D.::t/ prove to :Je coocl ~~redictors 

of yieJ.d. Orz.:.,11ic matter h~-~s been stc.,_-cecl to have .:.. ~;ositivc effect 

on ~:-Jrocluction in the litorat~,rc (Alm:..;.deia. & Cci!lcchio ~ ... ill:'o, 197.2,p.l60). 

Some colonists have :9l.:.J1tecl mcUlioc D. second time in the s.:u:1e }1lacc, 

cLlthou~h the area is not yet old enou:::b, to have yield results fror:.l 

·c:1e second ~)l,:mt ing scJ ho\vcver, it is common kno,..rlcdcc .:.;non; the 

old settlers I t alkccl H'ith in tho £lrea Irorth of Alt c0·r..ir '-~ ( :.u1d 

is the cxncricnco in other _p.rC;b.s in imta.z~niu as well) th.:.1.t subsequent 

m.:.tllioc crops .::!.l.'O much rcc.hJcocl since :.c1anioc 11t cJc. s .:.L lot from the 

soiln. i'hc litcrc.Lturc confirms this: in another terre firma loc'-'tion 

h . p , . . ll . d d elso-vr ere J.n o.ra mcu1J.Oc yJ.c c s Dl'C rc)or-cc us 20-25,(1 lOl·lCr in 

'1L.:nt in s from cleared soc01x1 growth th.J.l1 from cle u.red virgin 

forest of! very o.clv.:.:.ncecl second grm~-th (Vicir.:L etoal., 1967, p. lL:.). 

It i.e:: therefore expected th.::tt the ac.1dit1on of o·chcr soil4 nutrients:, 

such :..~.s or~~:,:~.nic uc;.~tor, to a nmlt ·_l.i.noar regression model should 

result in good precHctions of mc.U1ioc yields fr::m s oils if onou;::h 

F.) SU.i:!Er VI-I I OC: 

S1·rcot ~~:c.il1ioc (mac ... xciru) is cil.so common in tho area. Sweet 

manioc produces smaller yields th.::u1 bitt or m:..nioct; 9 fieJd s of 

sweet m:.1.nioc had h mc.::u1 yield of 1566 1~ s farinha/ha/:. 12 mos • c;roT,Jbh-' 
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and second grmrch burns CLl'G discussed bcl?v;; do.t LL on ~l:.. •• stlU'O 

bul'ns arc too scar co to mar it this as yet. Btn·n quCLliti as i.;oro 

I'L:Ltcd on CL scala of 0 to L~ for incrc.:.~sing intensity, i·ri·ch .:.m 

adcJ.ition:.ll c.:.{c cgol'Y of 11nono" for fields th:.:lt 1.;erc cle:..,rod '•ii th 

no burn a·(;tor:Iptod. 'rctblo 3 balm; described tho burn qucJ.ity 

cJa ss definitions for virgin bums: 

TABLE 3: BURN ·;UiU;I'rY CLij?SIFIC& IOU FOR VIRGIN BURNS 

---------------------------------------------------------------
B~n·n quc~li ty 

nona 

0 

1 

2 

3 

4 

dofinit ions 

no burn 'wc•s actcm-otcd ( an therefore no date 
foi· burning) ·· 

burn .:1.ttcmpt cd (thoroforo 1-rLth bll.rn clute) but 
did not burn. Thoro ;·;.:.IY be s orne bl:.:. ckcnod 
barl;: ;.Jl.l btu• ned lc avos, but the ~;ro1.md remains 
"rc.1.w 11 • Usually colonist c:..J1not pl.:.mt. 
"nO..o quionou 11 • 

Bad h·J.rn. Only lo;wos and sm.:W.l t-vlis;s bu.Pnod. 
Only maize c:..u1 rJe planted vTithont ct groat 
do;. .. l of coivc~:L·a. (nililY' U'J 1.u1burnod matori:.:CL 
to cloDr L.:.n<l for --~L:n tirg j •. 11 T~uo ~mou _; . _· _ .... 

. . . ... ~ , .. ::. , - _,:_ . ,. · ru.im "J "so 1) e c ou as 
folhas "· 
Pc,.tc)Jy bul·n. 1-\ mixture of cl~tss 1 .:.i.nd 3 
;J;_;_'Cchas l!Thcrc fire bu1·ncd Hith v.:~r:~in::; intcn:::ity. 
C.:::.n be --.. J:..i.ntod vJith coiv;..~ra. 11nw.is ou uonos 
cmcimou" ·, "oucirJou v_ric~do". . . 
G:J ocl ourn. Dtn,ncd i.vood as \·TOll ;_,s ·c 1.·1ig s .:.111c1 
loaves, <."J.though L.u·_:-er logs arc il1V;.;.rLLbly 
only ~i<J.:l'tly bl.U'nod. Cw1 be ~1lanted ~viti-:c rico 
\'lith no or vary little coivd,a. "quoimou 'Jcm". 

Ovarbu.rnod. Larc::c locs btt.rnod com)lotoly to 
ashes. T}-~is 11 hu.rns tho co.rthtt arrl rc:::ults in 

• ' 1 tlr • ·•, ' • s-cmrc oc crops. ~uoJ.mou <.fCC qu.o qucJ.mou a 
torr:.. ..• 11 

------------------------------------------------------------------
If the coivaro.s (piles of ~JI'U1chcs) .:ll'O burned, this is included 

in tho al.)ovc cl::~ssific;:,;.tion i•Thlch is .:::!.11 OV<.;.luation of the final 

condition o · cho :'lcld at the time of nlo.nting. 
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~~ u. a l.a.1!p var.baoe ia lJuZ!l.X quali Vt both w1 thil:L ;years and 

betWe• ;yea;rs. !1!ha qualltJ' o:f the 'tlllm. clepends J.arp]3. em. the weath~· 

1.a the time before the buD. :1.a a'tt-ptect.. !b:1.e Tal7B frca pta:r to year 

with the aJDOUD.t o~. rain recei ve4. d\U'iD.s ~: drJ' &8Ci&OD.• and &JJiO Y&r38 

~ween oolcm'•t.a .w:DG c.:;Lear 8JU1 fl.u.l:a nn. ~tt.naali d.~t.tea. If the felled 

f'i.e~d .t.S *Ill ptea. UdLO.N .;... t haS had tiae to dJ.7 •. the burn rill be bad 

and attempts at re-fl.ring gene~ fail. H 1t is left too long ~ore 

lJgrQingt'' the leaTea au :fall off the downeCi treu and the bu:rD. will alao 

be poor. Colcmieta aJ.ao commonl7 obsern that bur.a. qualit7 dependa oa 

the 8:1.ze o:f' the clearirJ,g aud on the s1ope. If a •all cl.ea.r:I.DB is aa4e 

ida:l.ch. ia ~ed b.f forest. or i:t the cl.e8.riu& ia iB. the lDttOil of 

a vall.e7, the wiad oireulation wil.l be poor and a poorer bum will. be 

obtailled. Sl.ope &Jld area infoDla:tio:n l1aa been recorded,-· but not yet 

ana17zecl. Data has beg collected on :f'eJJ1ng and b'Ul'Di.Dg dateal whicll 

will be used in conjunc1iicm 1d. th weather data to predict bum quali v 
probabili'tJ' diatribu.tiou. There is also aoae data for ba.m qv.aliti.ea 

1a older fields goi.Dg back as far as 1912. but wi thou.t f'e1 1 1 ag and 

burD.ing dates. !hese will also be used w1 th weather data.. Table 4 

below presents data on 'b1m qv.al1 v for 254 fienta, and d•OD&tratea 

the wide variation both between colo:niata and ._twee11 yea;ra for bum 

qualitJ'· 
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r:-~ ,-~T c·:- 4 
.LA:J~ ; 1971-19711 

----------------------------------------~--------------I...;.:ill 13 u i1 I\I ,·· u •\ 1 I ,-;, 1,7' ·~'o-~~ l..i.l "i,; .:~ .. J. ... 
-o-ar----r------z------3------u---
none -----------------------------------

1971 no. 
..,. 10 9 9 0 31 :J 

c1 ;o 10~ 32/; 295; 29% Oc! ;o 100(; 
I 

1972 no. 5 15 a 34 1 64 / 

c1 s~; 235b ll_j;j 53>·; -xr1 100;0 p C...,J 

1973 no. 37 39 9 29 0 114 
(..., ..,.~c1 ...,.4"" 8c1 25'1 oc1 100% I;J :; :Jp :; ;1 70 IJ p 

1974 l10Q 2 14 11 17 1 45 
% 1-l% 31% 25c1 ;o 38% ~ 100~'; 

--------------------------------------------------------
0 ' 1 - 1 *1*. "' h* . ,..; . , l . ' nee ·c 10 ~WO:X~!Jl l"GY Oi ~'..C 1C'I1"'-f~; a :·;lVCl1 DlU'n c:U<:L!..l"CJT 

0cen estim::cccl, one must 'Jc :.c ~)lc to cstinc.to tbo n·ob<.<bility clistrib"Lr~;i::m 

fo::c the nutrient in:i_mt thc.ct \·Till result. The d.:ct a in 'i' able 5 bolov.r 

shovrs tho l;1Cc.J1 nuc1·icnt in lJ.t v.:.~lucs (usecl fioJd v.:::J.uo - 'lil'"in 
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TAiJLE 5: SOI~ lH.JTRill~NT CEA.NQES Fl:tOl·: BURN ;;UALITY FOR VIRGIN BURTS 

• ----------------------------------------------------------
BLEI-~TT B U R N Q U A 1 I '.r Y 
-------------------e-or-------r-------z-------3-------u---

no no ---------------------------------------
p " +1 +1 +3 +98 eh.o:ngc +2 

(ppm) n (20) (52) (29) ( 5L~) (1) 

K cl--:.D.ng c +10 +20 +26 +24 +424 
(p)m) 11 120) (52) (29) (54) (1) 

C ++o 11 ++ +0.6 +0.6 +2.1 +0.6 +4.6 o. oc · g ch.:.:U1G o 
(millicou.iv/ 11 (20) (52) (29) (54) (1) 
100 g) , 

+++ 
-0.:3 -0.2 +0.2 -0.1 -1.1 Al ch.:~.ngc 

(millico::-miv/ (20) (52) (29) (54) (1) 
166 g) " 11 

pH ch.:.:.ngc +0.2 +0.7 +1.5 +0.6 +4.7 
n (20) (52) (29) (54) (1) 

N ch.:.:n··c 0 0 +0.01 -0.01 -0.01 

(%) 
n (14) (21) (28) (54) (1) 

----------------------------------------------------------
The tc.t;)lC shoVTS thc.,.t, c.J.though mrcr.:..J.l batter burns ( clCLssos 2 & 3) 

givo bigger nutrient in']Ut s t':'.:::il1 poorer burns (cl:Lssos 0 & 1), this 

pattern is not followed vThen che burn QU . .:.:J.ities .::::.rc considered 

scJ;.:..,r.:.:,:;ely. r~·Iith the a.xcel;tion of alUlfl.imurn (for which a ncg'-Ll;ivo 

thc:n did cL .. ss 3 b·.uns. 'rhis is corrobor,_,_tcd by a simil.:..i.r ;):..tttcrn 

being fm.mcl for second zrwwth bu~"'ns (disculsccl in the noxt section) 

D.nd by the s.:::t.Ine ·-~uttcrn boj_ng found in rice yields .:..s H:..)3 shoHn in 

as u ell. ·Nyc & Grconlux.l ~ 1900, p. 70'-!-72) found a v~u·ici;y ot clc.~ims 

of H>.i::!h sho·:;ed either <:.L sli::·ht decrease or no significant cl~l<:.)sc. 
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pO:!_JUL.tions at first follm·rdd by a.n increase to levels hishcr th.:.n 

those before bunning~ the rate of nitrogen m.incr ... :Lization p.:.,r:..l.llcling 

these popul.::.ttion ch.:.lll.gcs is considered to be one o:t the l::1orc inll)Qrt.:.u.1t 

ch::ill':~cs in soil fertility from heating (NVJJ & GrccnL.tl1d, 1960, '· 72). 

One mig:ijt CX]_loct this effect to b c grcc~tcr ,,v-ith hotter ;Jurns. 

Although the t.:.Lblc sho·vrs only mc:.:.ns, there is considor:.,_blc 

'larL:u.1cc in the nutrient input for Cc._ch burn quo.lity. All fields 

were less th:.n four yc;c,rs old and none had ::con bru:ned .::t second 

time. Only virgin buJ.n s '-1.re inclw~~ ad in the d.:.t"C a in tho table. 

It should be noted tlwt no correction t.:...s been m.:.Ldc fo~, possii)lo nutrj_cnt 

ct .. ;.:~ngcs relc:.J~ ad to the t imc bct\·rccn hu.rning c:.nd SD.m_:ling or from 

different croppin c; :.J_nd f .::i.llO'.·r3.ng trc~.d;mont s. If nutrients dccrec.,so 

l·rith tiro , the differences bat ween 0 or 1 burns md 2 or 3 burns nny 

be grccl.ter th.:::!Il in:lic.:ttod by Table 5., This c.:.:.t1 be seen froc Table 4, 
1·n1.cre cl::. ss 2 or 3 bm·ns .~~re about evenly distributed betvJ(; en older 

ficJd s (71 und 72 b Tns) .:.l.nd yom1ger fields (73 :>.nd 74 burns), while 

about 3/4 c£ the class none, o, or 1 burns Ctl'C concontr.::,_ted in the 

~oungcr fields. 

Bt~) $COED GRmtrH BURNS: 

Second growi:;h burns vrcrc classified in a manner D.llalasous to 

that alrc:.~dy d ascribed for v ::.rgin burns. The cl :.,'bu. set of :")~:ired a~;ric-

ulturcJ. field and second growth s;:Lmplo s is much smaller tl::c-J.1 th:~. t 

for virc;in burns, having 22.pJUl'S of s.:.Ji.1plcs,for ,.;hich soils results 

h:.tVc been returned for only 12 r:nirs. 

Althoug)! ~the sample sizes ;::.rc v cry smcLll, the r csults for 

different burn quCl.litics a,ppca.r to fbllow the s ci.Dc pattern Q.S w:as 

fow.1d for virgin burns, with cl:L ss 2 011d 3 burns shmdng bigger 
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improvements in soil nutrients t:lc~ clc,ss 1, ,_,J.1cl c~t ss 2 burns 

shmdng bigger impDovements in the :::; oil th<.1.l1 oi1;her class 1 or c l; __ ss 3. 

Aluminum, i•Thich W.:.;.S the only clement not to follovr this :1cLU~ern for 

the virgin 1:> urns, f<.J.lls into the p;::..ttern shown bY! the other clements 

in the C<..LSe of s ocond growth burns~._, The mean soil nutrient chc.;..r;.ges 

(a~~ricultur::J. field value - second growth pair value) arc sh0'~/111 

bolo1v in Table 6. 

TABlA 2: SOIL NUTRIENT QI:L&HGOO FROH BuRN ,~UALITY li'QR SECorD 
GROWrH BQR,NS 

------------------------------------------ELBNgNT B U R N ~~ U A L I T Y --------------------1 ______ 2 ______ 3 ______ _ 

p 
(ppm) 

K 
(ppm) 

++ ++ 
Ca & ~·fg 
(millioqni vi 
100 g) 

Al+++ 
(Milli equ.i vI 

lOOg) 

pH 

N 
(%) 

-------------------------
-4 +4 +2 

+9 +52 +50 

+0.3 +1.0 +l,o 

0 -0.3 -0.2 

+0.3 +1.1 +0.7 

-0.02 +0.05 -0.02 

-=~======================================= 

SAHPLE SIZGS (7) (1) (4) 
========================================== 

All of the second grovrth st D.ncls ro~n·c son ted in T D.bl e 6 i·TCr a less 

than two yoc.trs old ;::.t the time of burning, ctnd c;,ll of tho ac,ricultu....u 

field su.mplos wore taken less th~:.l.n 6 months after burning. Bac<-Luso 

the results from Jurning of older second growth stands have not yat 

been returned from the laborc.~tOI'Y, no r elc~tion botv;een s cnonl gror,vth 
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age and nutr::.. ant input can be cstaglished here. Howovor, it .is 

interesting to note th.:.tt a comp<:i.rison of tD.blos 5 :_;_rd 6 shO\•l'S 

th.:t.t moan nutrimt; inputs from burning those ~roung second grovrth 

st.:.111ds arc of comp;.:trablo ~:1agnitudo to inputs~- from 'firgin bums. 

Although tho heights of second e;rowth st.:.:nds troro soil S.:.lr.ll)lcs 

vroro t:::.kon wore measured, <).nd in some cases of older second gro,.rth 

there is diameter inform:..,_tion as \·loll, it is ho-:Jed th.:.tt tho 

ostimution of nutrient in!ut to be ox>ccted from burning second 

growth c£ different .:.-..ges c.:.J1 be estimated directly from the soils 

results of tho agricultm"':).l field I second gro1.fth :U.rs in order 

to by].J.:.~ss the need to include bim~1.:1ss considor.:.,_tions directly 

in tho m:rcloling. ·_( he fo._,_sibility of ·chis uill h(NO to .:.nt<.dt tho 

rola.:.Lsc of the results for' ·che older seconl gl"'O\vth st .:.il1ds from 

IV.) PREDICTING SOIL !TUI'RIB11T CHANB&:i ~'ROl-: CROi"PING a;:·D F;ji.I.OHIHG: 

After c._,lcul~..,_ting the s mil conditions :.Lfter ;J urnil1~, ti1o V'l.Lluo 

for CJ.11Y zivon nutr:i.D nt in tho soil at tho tine of 11l:.Lntirg should 

be c.:.:.lcul~..'.blo in a simul<.Lti on by clrqvring ap)roprL:.~to n1odif'Jing 

tcm2s fl'om prob:::.'Jility distri!Yntions for the effects of diffc:c·ent 

crops ~.:11d lengths of fll.llow. Those distributions rmst be clorivod 

frond .:.:;.tq on co.ah troutnont. 

Tho da·c.:.:. sets relovt. .. nt to dorivinz the )rObi..t~Jilit?" distributions 

for croppin~; u.nd -{';..;llo·dinc:: tre;_,·[~ nen.t s aro of four ty:;os' 1) com~)Cl.l' is on 

of .:.F~ricultu.:..l field nutr<e;nts \'lith ;_!.::drod virgin s'"'·lJ~)los, 2) comp;..J.•ison 

o:f :.L:_:r icultuc..l f iclds \•rhi ch Rare nade from clc:J.rod second :~rmrth \·rl. tlr 

l . J ...,.) usc :us Gory, :5 co .:J.)o.rison o:r paired s UX')lc s w!.1era the second s:..Lnplc 
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s.:l.mplc, D11d W informa\j_ on on erosion under di{fcront tro._,;t;ucn·cs 

1·Thich Cd1 be usod to n~odict soil nutrient ch:..Ln.c;cs 1vhich I·TOuld 

follmv the rcmov:_Ll of supcrfici;_;.l l;_Lyers. 

A.) COHP_;RISOH OF .AGRIC.CLTUR-'""'AL NTD ~~LO~i FIELJS \HTH 

P.tURW VIRGIN SAl·lPL~: 

crl~.-11'_;es, ~nd h.,s 170 :pairs of ficl.l s in which there ha.s been only 

one int ci'"vening hu.rn bct'.-recn -~~ ln .··irgin c oa1 it ion :..t11d the "used" 

.field. ~J:Ihc L.nd usc history of ectchsitc h.:_s oconrccor<..lcd. '.L'J:n 

d,/c.::~ vrill h~c..rc to be Jrtr~.tj-ficd fori) tu~n ctLl:..tlity (or· l'lilmpcd combin.::.~tions 

of bm~n qu.:1litics 1.-il::ore :~. ··;;ropri~te) ;::;.nd ct :;;ro;cr mlltiline~.r 

rec;ression ci.l1CLlysis dono on e,:Lch soil nutrient :..tS a flmction of 

nuznbor o!' months under a etch t rc~:_tment. The dcl:c c~ sot uill h:_,'ve to 

be culled first to include only those tro~Ltrucn·cs for Hhich there is 

a re:..tson:..L.lble s.:.:.nqlo size ,_,v:..LiL~blo. Chu1,ccs in soil nutrients 

lU1d or f :..J.lo,,.;inz ~-rill be treat cd in ·[;he s.: . .r:1e •.r:_y ;_;. s ·[;he otlwr 

o'oscrtrcd in ·t;his c.lc.t"~ a sot by tl1c tremendous v:.~~L:t;ion in nutrioni; 

inputs from tho i::mrn. Pibots uorc r:1cldC of :.Lll of t:1c nutriicnts 

for ;;.rhich soils rc sults h;_,_vc boon rct-,n·ncd vcr~::us the nonths since 

l. __ st b1n·n. Bu1·n quu.litic:::; Hero kept scpc.Ll'u.te on <.:.11 .. _ · ~ plots. 

In the c~_,.sc of pH :_~ scpc:Ll"'..:~tion lv:..~s also Elc.c.1c bet>.mon those fields 

t::~,t h~.d boon .)l~,n-:;od ovary yy~~r 1,rith .:umual crops Dnl those t 1 ~lt 

had only been l1lanccd one yc.:~.r a 11d then loft falloH~ [~his did not 

··---·-··---------
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rovo;..,,l o.ny 'llSOctblc relationship. Of tho ~;lot~s of n·1_tricnt ch.::.,.ngo 

Cuscd field V;..Ll ·.o - ~;irgin pc:.ir Vc.!~ 1JO), the :1l0L~S of ~,l~_1Jilinlll!l .:u.1d 
' 

phosphorus sho-vr themost co ::vinc:Lng trcndsf cJ.ltunin1Jm incro~~s:Lng (which 

is u dctorior ... ttion of soil qu.::J.ity) and phosphorus doct'o.:~sing ,vith 

timo since last htun. thoro is lJlonty of sc<:~.ttr:r in tho -,-Joints, hoivovor• 

For the ti-TO soil chCLrcLctcrs in ·chc yield )rodiction section, pH ail 

nitrocon, tho amount of scatter makes st:...t:~omonts as to trends 

haZK!'i.1ous. 'I' he L~-month" time sp.::_n o.v u.il<.~ble in tho colonization 

aro.:t is prob~:L:Jly not enough to rcvc<.J. long term trends, hut tho 

ro::lJ.lts from tho s cries of s.::.anplos from the older settled .:;.rca North 

of Jutcl)nil'.::.L with f iolxs c1s old ctS 1904 shou~d help in this roc<.Lrd 

once tho results ;:w.·o returned. 

Tho litor~_tnl"C on c h,_nge.'ifin ~;II domonstr.::d~os tho I•TL!.o ~hLrioty 

of pos siblo behaviors. Host, but; not all of tho ::tudios shovt tho 

incre : .. so in pE vrith bu1·ninc; foudd hero, some then find a d cc1· e:_,_so 

ov::: r tho next foUl! yoc~rs but some do not. Decreases arc more likely 

to sho1v up after tho first four yc.::.w.·s• Of the prc-1960 stuc1ios 

rovio,.,.rod by Nyc & Groonl.::tnd (1960, :!.Jl)• 100-103), t' .. ~o show increases 

in pH in tho :first fOUl"' yo;..rs follaring burning, .::;.nd ti·TO shoH no 

ch:_ngot of tho st·udios Hhi ch -~)Qrmit s 01.1:~ r .:xc c concl l>.sions about 

results a:rte1"' the fourth year, throe showed docre:_.scs in lJH und 

one sho·.rc:J. W-1 incro~Lso. Ho.rris (1970, pi:. 1+90) in a study of 27 

SDr.nlcs :~ron the U'mor tlrinoco of Venezuela finds rao:.n DH v~uuos .. -·· '"' .. -

for four s tucly .:u·eD.S all increc..,;~o ;_ofith clc ar ing, 1:ut two of tho 

urc:_,_s then sho',·T continued increase in the flh.rst thrco yo:.,;.rs (_~:rtor 

burnirt ,_.nd t:::_cn SL~.:_;_rt to ,_-ccrcaso, uhilo one docroasos sto~Jiily both 

in the first throe yo c;,rs .::mc:t thereafter. Cunningh(_JD. (1963, p. 3Lil) in 
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of 8 ·lots in Gha.na finds dccre:..Lscs in 

-T 

·nn OV C l' 3 "J C LLl' S ., 

Krebs (1975, p. 386) in a study of 10 fields wi.th.4 s.::anplos from 

c:..Lch in a rosta Rica docs not find the normal ;JH incrcasa. \·Tith 

clc:.. .. ril1g~ pH decreases af:;or clcCI.ring, then in:: rc.::~scs to t:c 

fourth yc;.>X, and then declines O':rcr a 22-ye .::>X time S):..:.l1 in suz;.:.-..r 

c:..:.nc, but not with coffee or );_:_stu~" c. Sc:unplcs t :..Jwn durinz my mm 

study in Co::rc;...t Ric.:.L (Fearns.:id c, 1972) shovr il1dic;-'.tiOl1S ~Jf a decline 

in pH over a 4-ye.:.J." rc:..ngc, but the rc,.:rcssion is non-signific~l1t (p=O.l3) 

and the SDj.11ple size ia miniscule (n=7 used field/virgin ~J:..!.irs). 

fhc li-;;er;..i.tlU"C Hith regard to nit;ro on ch:m=~cs gcnor.:.·.lly shovrs 

clccrc~~scs in nit1·o~~cn r,;ith cle.:.tring .:.J1d over the first 4 ya~J-'S 

-l;ho::cc.~.:rc Cl"• Hyc & Grccnl.::J.nd 1 s (1960, pp. 100-103) review shwtls a 

consisttJ.nt ·)attorn o·!' tiocrcasos. Nyc & Grccnhncl (1964, dat<.~L 

presented in rdilliD.ms & Josc)h, 1970, P• 142) f01.Ll1d a dccrOCLSO vrith 

burn follwvTcd by o. continued docrc:_;_se wvcr t-vro years in CL study 

done in Gh.:.:nu.. Cmmingh<.un (1963, p. 339) f0lll1d CL J ocre.:.Lsc ofcr a 

3-yc.::.r time sx:n. Kro ;Js (1975, ~1. 384) fm_md CL docrcc.tSC 1·Tith clcCI.ring 

o.nd over tho f ir;.::t four yc:..Lrs, but no continued dccrou.sc O'!Cr tho 

22-yc:_._r S).:.!l1 of fieJd .:<-;cs. 

B;) COlil?+l.fiiSOIT OF AJRICu;LTURjjL FIBID S \IIl'II Pit.IRIID S:ZCOlTD GRm·JTij 
SAl-PillS: 

socon.l 

:..L::> ~:.c ae;rictllturu f iald may be usea:Jle in cscira.:.(cins the m~fccts 

of SlJ_bscqncnt cro \ ing ~ .. nc~. t~llwing. n• . 1y • i,-, • J..DC .na SlS IVOU..li..L ;JG 

1 • • rn - l 6 · 1 • ' "'f ' C<.:.r 1cr 111 1: a1Le , >YLl.:"n qucl 1 cy or·- cc·c s follm·T the s :_.me '"X.L '[; -L; ern 
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cx~Joct t>c nutri cnts removed through cropping .~l1cl fallovring.# follatng 

C;) COUP JiRISOH OF &:TURIT Sltkf~.S \liTH PffiVICTJS S,;UTW~ Ii'ROL 
TLIE SiD·E LOC¥ lOII; 

The loc:..:cions of &.1 soil s:..mplcs tdwn hctVo \)con no·ccd to 

fu.cilit.:.~.to rct"'cE'nil12: to the~; D.rac loc:..t ion.s for second soil s:..:.lll":"lles. 

So fd' there :..Ll'C only 8 p:..tirs of rct1J.rn s~nplcs idth pl'C7ions sar:lples, 

c:.nd only 3 of these h<.~.vc hied the soils results returned toF1c,t;e. 

The s: .. :.m 1le si zo for this d :.~t:.:. st:((; 1·r.ill incr ec.~se colJD idcr:..t1Jly :.·. s rctlU'n 

su:1ples arc i.~u.kcn in all of the 47 locc.~.tions of tho erosion plots, 

plus in .:_;.S m~UlY otro r previously scan pled f iclds u.s tiro parmi ts o 

It is hoped th;,_~t this c1.:.:.·(;i.L s et w· ill prove the r:1ost rcli:..~blc 

trc:..,tmcnts, sinc.e the ·cremendous 'I:..triancc fron int e1·vcnin=: :Jurns 

vrill not be J)l' cse:rc as in the c.:.~.sc of coDp:..~.riS0!1s of:'_ agricultural 

of s.:::.n1~llc s from t l:.e s ~c loc._ct ion '!ill decrease W1:;/ v .:.~.r~cil1ce c~ddcd 

by small differences in soil type bct';.rcen .::,gr icnlc ur:..~ ficl" s a.nd . 
:..~.c1jaccnt ,:.:.ired vi::csin or second gro·, .. 4·. · ·. locations. 

D.) SOIL J'.Ti'R]JIHT c: .. .tiNG3S DOE TO :SROSIOIT: 

ilS erosion pro cedes (;or e1:10vc the u~Jpcr layers of ~:oil, the 

nutrcint con:; en:_; of the l_,_ycrs -vrhich arc ::v.bsequontly c-cposod C<-'11 be 

it h::.s bean augges\;ed tl:l .. .::,.t erosion C<.-11 often servo to improve the 

qualh;y of' the sur:facc l<.t::/er iJy renov:U1::; HG~.:.\;herec.i. m:..~torial (S.::~nchaz & 

Buol, 1975, l1• 600), this r::sul·;; ,.wuld not be CXJ_)ectod hero. Soil 
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profiles from tln w.·e[L vTith unalysos done at various depths up to 

120 ems, such as those described ih 'Falosi 's (1972) survey of soils 

on t;ho Truns~aaon Eighwa.y, invariably shww poorer soil qu.D.lity as 

one descends to the lo;..ror l)lyors. Tho uncovering of those lower 

l.:.:YorS" should result in [L decline in xmil JtucJ.it;y. 

Erosion is boinz measured through a s ormcs of 705 st ~Jms sot 

out in 47 plots of 15 st;..,Jm s o o.ch over D. ro.nt;o of diffc:.'ont sloncs 

and L.nd uses. The:: td;:es ._;_ro long.bhs: of :JL.tStic pipe uhich u.rc 

ha·.~~ucr od hr~; o the ~;round to a c.le)th of 40crns. In ec. .. ch plot tho 

2 notcrs bct~,;oen s"L;_J>:e s u1d 10 notors bctu·oen ro1·rs. I'hc ro\lS l"'l..m 

per::~onclicul._t to the fcQl line. Stoles on tho Cl1(~s of o,_Lch rovt .:.1.re 

one uat cr lone, ~ .. vrhilo st cU.·::os in the IaidcUo a ro 50 ems lon:.; as 

an cconorny mc:. .. suro since tho s·c.::Jw s arc not cho<.•P• Each stc.Jcc h:.:.s 

a notch cut hori ont.::LllY i..U1<.1 set a::actly avon vrith the · urf:~LCO of ·(he 
':'; 

gr01md when tho st;..,~os IJ"Oro iiaplantcd. There is .:.tlso :1. vertical 

Cl:tt to Ll<.!.l"k tho cant or of a.tch hot ch to :lt.cilit ;:.l.tc mo.:.J.BiJ.rcr:lCnt. Tro 

notch is oriented ·co f.::1.CO thcsidc (facing c:W..ong theoontour of tho 

slo·.1c). Slo;Jcs 1101"0 mcc~surod :·rith '-·'· clinometer at oc~ch ·)lot O'!Or 

tllc i..l.t lo::.st 20-motcr r.::t.n~c of the ·llot. Hicroroliof l·tas ~Llso En:..t.surcd 

ut O<.'.ch s t ;..Jm by placing the clinomot or on a 20-cm -long blocl\: of 

wood orient od cJ.'?:on;~ the ::; t ec~)o st slopo at th:.·.t sc.::Llo :::t ·c each s t ;..Jo • 
'·"' 

the composite s:.·r.aplo coming from the b~so of each st ;.J.~o. 

of erosion \•Till be ma.dc by mo~Ls· .ring ·:~he d is·c ~.,nco from t~he cant or 

of the notch to t;ho g ro•.md for each st .::~ko. Variations of tho notched-

st.::J;:e method h:..~vo been used by a v.::i.l'ioty o£' other -vrorkcrs. 
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None of the stal(CS have yet boon measured for erosion, but; 
• 

casual obscrv:..~tion of s omo of them indic. tes tat erosion of over 

o. centimeter is common·:Jlc:.1.co. This is sura to pl:..!P a key role in 

·chc longtcrm fUtUro oft ho systomo 

An effort w.:.ts nndo to koo) all the plots on cl<JYcY soiJs, iorith 

the exception of one s cries of 5 plots 1.mdcr rico ".·Jhich w<".ls )ut on 

S<.:u.1cly soil for the estimation of Soil jppo effects by COm::t1:..1l,ison 

with a p~allcl series for rice on cluy. The ovcl,ull slopes of iD 

plots under different treatments .:tro shown below in T:..;_blo 7. 

TABlE 7: §~QPES ANP LAip USE OF EROSION PLq.r S 

==========================================;=====~==~=====-==================== 
LAND us m s 

-------------------------------------------------------------------------
s virgin second BO:..t.l1S Rico Rico Haizo Past- Manioc Cacao Black 

growth ( S[t.nd) (cl<J.Y) uro pepper 

L -------------------------------------------------------------------------
1% 1$ 

0 
5o1 ,o O% O% 1% 2$ ?$ ~ 1% 

8% 13% 14% 10% 8% 9% 10% 1')~ 17% 9% 
p 

19% 
E 

21% 29% 16% 22.% 20% w 13% 35% 29% 

39% 40% 35% 35% 38% 47'11 
/0 37% 25% 

s 
55% 62% 51% 34% 65% 70% 58% 40% 

89% 
=======================================·===~-=======-========================== 

Ve) INITIAL SOILS SURVeY INFOJUA'£IOlj: 

In ordor to ;1rodict crop yields from soils in modeling carrying 

C.:J.~lc:Lcity, ono must begin with S; y.~ting v ulues fer the v .::trious soil 

nutrients, Dl1cl then :modify these as the ran procedos according to tho 

different burning, cropping, <.U1d f<lllowing t:;:o;J.tmonts applied. Soil 

quality vurics enormously; pH values in virgin forest, for ex;unplc, 
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rcJ.180 from 3.8 to 7elo The initial soil ty)oS ro)tosontod in u. x 
• 

colonist 1 s lot~ must be dr.::L'\il1 from probability distributions 

which rcproduct both tho rclat ivc ovcr<:tll ext ant of o ;;,_ch soil 

tyJ10 UJ.1d the scale of patchiness of soils in tho a.rco.. Onoo 

the quality of the first hcct arc in a lot is kno'Wil, o. probability 

distri biltion reflecting tro patchiness of tho <.:.rc(). should describe 
that 

tho chancoitha next hectare '~:rill b c of tho same or of a different 

typo. 'rhoso distributions must be chrivod from informCJ.tion from a 

lar~e numbar of samples, since the putchdls of soil .:~.ro quite small 

in tho uraa. D!ld often result in more thon one soil type in DJ.-ry 

given lot. 

'' .lho d at.:~. sot so far consists of tho s am.ples I have t:.1.kcn from 

388 different locu.tions in 87 lots. Within tho 215-lot "intensive 

study a.roa", 81 lots, or 38% have boon salnplcd. Tho virgin samples 

from these lots vrill be tho main sourco of informCJ.tion on initial 

soil qu~itios. 

In addition to tho samples I have ta.knn myself, thoro is 

o,lso a sot of 353 s~unples from 246 lots tcJmn by the colonists 

themselves under the supervision of the extension workers of tho 

Association for Credit u.nd Rural Assistoncc (ACAR-PAR!) in conjunction 

ivith applications fDD financing of pormana.ilt crop3. Of those, 41 aro 

rrom lots in tho intensive study aro;:t for '\vhich I do not yet have 

my ovm sc:l.ill··1los, wll..d:ch brings tho total of lots for 1\lhich some 

soils information is avcJ.lablo to 57% in tho intensive study aroa. 

Thoro is also a little information a vaila.blo from tm literature, 

inclucUt)g~ tho profiles in Falcsi {1972) ;;md a little data prosontcd 

in tho report of tho radar-based ,_ . · ·-. ·. · ... -~ natur.::U. resources survey 
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which inclu<los a largo-scale soils t:ap (Pro j:J to RADAl1, 1974). 

Thoro aro:: also sovoroJ. soils surveys l-.!hich havo .. bcon dono in 

tho aroa of tho TrDnSaiDazenica for v.rhich tho results aro not yot 

availabl?, including one by F9A.O. in Bolo'm and t\lro by graduate 

studontsCj :' one by Emilio Hor<:lll of tho Anthl"'O)ology Department 

cf tho University of Florida and ono by Nigel Smith of t ln Geography . 
DepD.rtmcri; at tlb.c University of California at Berkeley. 

All of tlloso surveys J.mavo St:"tlllPlD s t.:.lkan by different mctltnodolo~os. 

Hy own follows tltoo mctll:n.odology used by F.A.o. in Bol~ for fertility 

samples. Each sample is a composite of 15 cores t.:ikon from differort 

locations in the fioJd and covers only tlle top 20 ems of soil. 'nl:1s 

is tho layor most rolovont to crop production. Informo..tion from 

lo\lror depths would bo usoful in tho formal identification of soiu 

typos, ~1ich in somo casas roqu»ros comparison of tho different 

ltoorizoro. It would a.J_so bo useful in conj1mction with tlD erosion 

dt::Lta. Tho docisdlon to concentrate on surface fertility s.:.llUplos vras a 

wise ono however, us otherwise the largo swmplc SizO attained would 
moreover 

not ~o boon posfi blo;/ t1:-:o data would have been less useful in 

invostig.:Lting both tliDe soils(yiold rc~~tions ;J.nd tho inputs from 

different burn qualities. Some deeper samples muy yet oct .::ken in tlh!.o 

locations of tho erosion plots, but muchof tho infDrnt1.tion that 

would have como from a ·- study concentrating on full soil profiles 

will ha.vo to be doducod from tho published surveys. 

In addition to t~o clements which ha.vo boon discussed in tl!IB 

++ ++ +++ foregoing sections (P, K, Ca.. _& Mg , Al , pH, and N), sovorul 

ot l'llr analyses have boon dono on my s <Jllplos. Thoso include a 

grunulomotric analysis wlhlich gives porcantages of coarse sand, fino 

-----------------------------~··----·· 
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~ sand, s ~lt, and total clay. This should be paeticul~ly useful 
~ 

in inter~reting the er:bsion data • -- """' 
There is alao a group of 

three atialyses called the "lateritic complex", which consists 

of percentages:. of ~io2 , Al2o3, and Fe2o3• Results which haVEl 
,...... ........ 

not yet been returned from the laboratory include ana lys es for 
. . - - -

ca.abon, organic matter:-·, exchangeable bases (ca++, Jvlg++, Na+, & ~), 

and ca~ion exchange capacity. All analy~s, are being done at th~ 
v 

laboratory of the Empreasa Brasileira de Pesquisas Agropecu!rias--

~nstituto de Pesquisas Agropecuariasz do Norte (EMBRAPA-IP.E&a) in 

Be 16m. A Methods us ed are described in detail in Guimares, et.al, 
\....;' 

(19?0). 

Information from the chemical analyses, plus the information 

on land use and burning liistory mentionad ea.zrlier, is supplemamted 

""' by several other observations made for each s~mple.> These inclmde 

(1) measuring the slope wit~:a clinometer, \'lhich will be essential 

for modeling erosion, (2) observeable erosion such as gulleyine, 

(3) drainage, (4) soil depth if there is a solid layer of rock 

or lateritic concretions near the sur~ace (as sometimes occurs), 

(5) the superficial ap")earance of the soil ( a rough soil type 

based on color and sand versus clay content), (6) observations on 
. -

ro~ outcrops and the number and depth of rocks encountered in 

taking the 15 soil cores, and (8) in some fields notes have also 

been made on the relative hardness of the soilo The increasing 

compaction of the soil: . in older fields and in pasture is readily 

observable amd may prove very troublesome to colonisUs in the 
- . . 

future. \'lith only a few exceptions a photograph has also been 

taken of the site of each soil sample. 

--------------------------------



AlthouBh aot al.l re8Ul.ts •• eqnall7 c1ea:L"-ca11: the reaul.ta 

eo fa:r ~ encouraging in ah.o1ri.Dg that annual crop yields on which 

the colonists depend hea~ can be large~ predicted f:rca infollll&f;ion 

an ao11s;i insecta;· and disease when corrections are made tor variev, 
plantin& denaiv,~ and deaai'Q" of interplan-ted crop. Wha a :tull 

anaJJrsia is possible incor;poratil'lg the varipl-ea w'hicli ware ••~ 

wt not 1nol.ude4 1n the presant ana.JJe1s,• .. nll. .. m1n1a1 zing tist

oriicm.a :r.roa the rou.gh noa-rigorous teolmtque8' used here;1 better 

rel.atiODabipa ahoul.d .urge. llore iata~' part1cul.ar:b' data :trGIIl the 

older .t1eld8 and 1'rol1 a retln'll samples takan in preTious:q aaapl.ed 

locati.au ah.oul.d oontri'bllte greatl;r to the eatablishaent of relationships 

between 'the varioua croppi.Dg and fallowi!Jg treataeate and. soils obangea. 

!he m.euaurcents on the eroaioa plots are yet to be made, and the• 

a1.so ahoul.d fill in a 'Vital. set of rel.a.ticmahipe in the modeliag of 

fUture eo11 qual'tr chaJlge8. Bstaltlialamt:rof relation.ahipa in the. 

cbal n of evata frca 1.D.1 ttal soil oond1 tion uader vir4P.D fore.'tt~ t(l) 

the ocmdition a:rter receiving inputs frca bu.ruiDg'~, ad f1na1.l¥ to 'tile 

ocmditioa after .modUi• aUon bT mbsequent croppinc~i fa11011i.Dgl'* and 

aeconcJ.-growth 'b.u."n treatments 'llbould parmi t compu:ter siau.la tiOD of 

theae eTente oh:r an extended peti;o4. fhia toms a ltq part of the 

cmaral1aodel.ill8 ~ for eatima.ti.Dc c~ing capa.ci t7 for bmnaD 

populati0Jl8 1D th• 2razlaamazcm Bigbwa7 col.iD:l.sation area. 
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i;}~ CULLilfG i'BE D.A,fA SBT: 

!he rice yi.eici-dak-set ,.._.-first culled to remove all fields 

planted w1 th the Barbaria variety rice distributed by DClU. in 197 3• 

This variev had been brought from. :Bern.•bQ.co with no previous testing 

in the area., and provecl to be suocepti ble to the fungal diseasez 

Re1•1nthoeporiaa o;yz8@J' V~ Breda de Haan• Removing these fields 

ieri-i05 ~ fieid8 -iti-the-data aet With in:to:rmation on rice yielcls'tl S5 of 

which had •direct so Us data •, aeaning that the s aap~e Was taken in 
~ ~ 

the e:xact location of the fiel.d and the field had not bee& bu.r.ne& 

between the rice crop and the SMplADg da-. Ttnm.ty fields W:. 

•indirect soUs data•,"" mea1dDg either' that the BaJilple Calle frca. a 

similar adjacent fieid in the SeJ118 l.ot, or that the :tiUd had bee 

1:nmea be11ween c rop:ping and sampl..i.n.g. Fields with •indirect soils 
- ~ 

data" are marked w1 th an -x• sy.mbol in :Pigure 1. The 105 fields 
~ ~ ~ 

were than culled to 44 based on the criteria deacr:i bed bel&we ot the 

44 f'ields, 38 have had the nitrogen resul.ts retum.ed from the laboratory 

and are p~tted iD ~gu.re 1 ·~ the remai n;i ng 6 fields have not had nitrogen 

reaul ts :De turned yet. 

The f iel.ds were cul.led to remove all fie--. with areaS less than 

or equal to one hectare. !rhe ~-fields show much more erratic 

per hectare ;yields. . There mq actu~ be greater variance in yiUda 

of smaJ.J.er fields, certainly dramatic differences in rice growth caD 

be observed on a micro-scal.e o:f a few meters due to pa.tcey bw:us. However, 

.much of the greater variance in smaJ J field yields is cl.earl.y' due to 

greater error in est~ating the production and the field are~ since 

the fa.mer is likely' to round off the area to the nearest ta:refa and 

the production to the nearest saco. 
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VIII.) 

£.) BlOB& -i;} ~ oumlfG mE D.t!A SETs 

!he rice yi&id '"ciai&. ~set wti8,. first culled to remove all fi.elds 

planted w1 th the Ee.rbaria variety rice distributed by DC1U. in 197 3• 

!hi a variev had been brought :from Bern•ba.co with no previous testiD& 

in the area, and provacl to be suocepti ble to the fungal diseaaeJ" 

HeJ•1nthoapo:ri.ull oqzf!!,' v.,_ Breda de Haan. Baaoving these fields 

ieri-i65-fieid8 ,. :IJi.-tlie-data aet w1 th information on rice yi.eldStl S5 of 

Which had •direct soUs data•, aeaning that the sample WaS taken in 
~ ~ 

the ex.act location of the fiEU.d and the fiel.d had not bee& bu.r.nea 

between the rice crop and the sattpl.bg da-. Twa:ty fields W:. 

•indirect eoiJ.s data•; meatdXJg either that the saJD,ple cam.e frca a 
"' .., 
simi.J.ar adjacent field in the SaJZle lot, or tbat the :t1Ud had bem 

lnmed be11reen c rop:ping and sa,mpl.ing. J'ields with •indirect soil.s 
- "' data" are m.arlcecl wi.th an ax• zqmbol in Figure 1. The 105 fields 

~ ~ ~ 

were then culled to 44 based on the criteria described bel&w. Of the 

44 fields, 3B have had the n1 trogen resul. ts retumed from the laborator,y 

and are plotted in ~gure 1·: the remainjn& 6 fields have not had nitrogen 

results hturned yet. 

The fields were cull.ed to remove all fiea.a with areaS less than 

or equal. to one hectare. The~- fields show mu.ch more erratic 

per hectare yields. . There mq actu~ be greater variance in yiil.da 

of ama.ll.er :fields, certa.inl.y dramatic differences in rice growth CaD 

be observed on a micro-acal.e of a few meters due to patcl:v' bluus. However, 

much of the greater variance in smaJ 1 field yields is cl.ear]Jr due to 

greater error in est~ating the production and the field are~ since 

the tamer ie likely to round off the a rea to the nearest tare fa and 

the production to the nearest saco. 



P • .34 
The data set was further C\llled to remove all fields with 

questionabl.e yields, where the co1onist contradic ted himse1f in 

describing either the area or the production or the info~on needed 

to make the ad.jus WlltUl1is .fur J:l1antiq <1ensi ty• variety,: and deasi v 
of interplanted crop. 

Alsl r~oved were a1l fields where yields from interplanted and 

not interpl.-.ted sections;· or frca sections planted with different 

varietiesl-coul.d ¥>ai1tD separated. 

Jll fie1ds/!i t~~~- w~oll ~~~md was avaUabl.e for meldng 
... .. 

the variety adjustment were also removed. !his necessitated removing 

al1 :fields planted with varieties other than I.AC-1246; Canela de 

ferro, and uc-101 due to the l.aek of information frQDJ. experiment 

station variety trial.se 

Fields interplanted with anything other than maize were also 

removed. This included fields w1 th manioc, manioc and maize,· pasture, 

f1'ui t trees, and even bananas. Of these the manioc and maize remova.l. 

represents the most important restriction. There is not enoagh data 

to be able to make the necessary adjustments to include this combination, 

and it woul.d be/fairly complicated relationship to unrave1 since VBZ'-
... 

iation in the pl.anting dates of the different plants, whether the 

manime is trimmed b aek, etc. are also important~ This combination 

is extremely cOlnL'lon in the older settled a-ea North of .U tamira, and 

J. thillk my data will show that its use is increasing among the 

colonists of the Trana~ca. As of now it is still too rare to -produce adequate am.ounts of data to make the correction. 

2.) ,ADJUSTING PREDICTED RICE YIELDS FOR SElm V AR.IJl'Y AND 
~ PW.N!lliG -DNSI!PI 1 - - · ·· ... · · - - - · - - - - - - · - · - - · - - · - · · · 

Adjustments for seed variety' were made by interpo1ating from 

graphs I made by plotti.ng data from the EMBlUPA-IPEAN experiment 

station at Km. 350 (presented in V~"'igas & Kass, 1974. P• 7). The 



rel.ationshipa tlm.s derived were as followsa 

for IJ0-12461 y • 27e9%for x '~ 111 

.l::'e 35 

g_. ! y • 8.72 x + 21.66 for 1ll c:. x '- 222 

for canel.& de ferroa 
7 • 20.5 X for x -:_ lll 

y • 2278 for lll £ x ~ 222 

where y • the yie1d in kgs/ha 
x • pl.anting density"' in 1.000 hiJ la/ha 

It ahoul.d be noted that these rel.ations are «2rived from V8r'7 

few data points. At least other va;riabl.es su.ch as ntmLber of seeds 

per hill (al1 5 seeds/bill),' pl.an.ting and harve.t dates, weather, 

weedings, ,. chemical treatmarit s, and soil ( tJ.l. l.atosol. amarel.o) are 

all. controlled,' wbieh increases the credibil1 ty of the sma.l.l. · num.be:e 

of points oonsiderab:cy. 

The I.&0-1246 data comes from an exper.:l.ment which was specificallY 

designed to test for :planting density effects, but has only · :_ ~e 

points incl.Uding the origin. fbree other experimeatal :plmtings 

of IAC-1246 at the sSile de.usi ty as one of the pensi t7 plantings 

gave yiel.d values in the saJD.e range. :ror the canela de f er:ro rel.a.t10ll 

there was 110 expe:riment run at 1aa. 350 to test for pl.antin8 density 

effects, so a control plot from another experiment was used, giving 

two points incl.udin8 the origin. However, a planting density experiment 

wae run on canela de :ltrro at the !aracua*eu.a experiment station in 

the Zona Bragantina (Lopes- et.al., 1973). This gives yiel.ds much 

l.ower than those obtained f_. canela de'" ferro at km. 350, but the fo:rm of 

a. plot of five. points (1nc1uding the origin) made frail the data 

presented in Lopes et. al. (197 31 shows very li ttl.e crowding ef':tect 

up to l.ll J: 1.05 bills/bai' -foll~ed by a very- slight net decline in 
5 ... 

yiel.d over the range fX.om l..ll X 10 to ·~. 2.22 X 105 hills/ha. 
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~a steady rise and then p1ateau :form is what was used in the 

canela de ferro adJUS tr:ient equations p ven above; scal.ed for the 

yiel.ds at kill.. 350 to make them. 9Cif1Par&bl.e to the IJ0-1246 data. 

For the variety IJC-101 which was diatribu.teci 1rJ. the area by 

INCB.a' · in 1972 and is ·still a f'airl.S c011111.on varietJ' there bas never 

bean-· a:r:JY eJIP&riment station testin8 done in the area. !he yiela 
~ . 

attained qy col.onistst· however, seem to be comparable to those 

attained frcm IAC-l.246 (which is not the case with the traditional 

variety canela de :lt:rro l~ ~e equa)'t.- derived for IJ0-1246 were 

therefore use& for ~101·aa well. 

!'or the measurement of rice plan. tina denai ty ·. . · the Clat& •all' 

obtained iD. two wqs. In the cases where the rice w_.; standing 1n the 

field, or where the stualps of the harf'ested rice were still prisentl' 

I measured the spac•ents direct:b' for a mmlber of hills,' and thEm 

1ater made the appropriate calculations to obtain the number of 

h:UJ..a!h.. When ttis w8a im.poaai ble~· as when the rice crop had been 
"' 

pl.anted in a·nother year,· the planting density had to be estimated 

:trcm the;; kgs of seeds planted per hectare. A. plot was made of planting 

den.ei ty on legs seeds/ha for 42 points where the plantillg dao.si ty had 

been measured in the ·field. An eye-fit "regression• was then used 

to derive plan1;1 ng densities for fields where only the kgs seed&/ha 

was known... The rel.ation used ~ 

y. 3.9 % 

where 1 • the planting density in 1000 bills /ba 
x • kgs rice seeds p1anted per hectare. 

3.). AliJUSTil'lG PBEDICTED RICE YDLDS FOB DBNSifi Of 
,. D:tl!lBOit§!Jm :-&OPt ~ - - - ·· - - · - ·- ,. - .., - - - - - ~ - - - - - - - - -

Since ther&-have~bean-no-Uperi.Jaent station trial.& results avail.able 

which coul.d be used for meld ng an adjustment for the effects of 

different densities of interplanted crop, another eye-fit -regression" 
... 
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had to be used. !fhere has been one experiment station trial done 

comparing one denld ty of interpi!tn'til2g w1 'th no interplanting. The 

report ( · · .}/1,egas & Kass, l97 4) unfortunately doee not mention the 

pl.antin8 density used and all.~ o:r·, the technical. peopl.e invol.ved ill. 

the exper.i.Jilent have been transferred awQ to otblrr l.ocationa. I 

hope to be able to get thi.s out of the a.rchi ves of the field station 

l&ter. 

The •regression• used was fit from a pl.ot of rice yields {expressed 
~ ~ . 

as proportions of predicted yie1d from variety and · · · ._ rice pl.anting 

density) versus the dlmsity of interpl.anted crop. There were 75 points,-! 

which h~d ~~· cul.l.ed only to remove fiel.ds inter,pl.antlld with other 

thsl maize. A decrease in yiel.d With increased interpl.anttng is 

evident, al.though. there is pl.enty of scatter in the points as one woul.d 

expect gi. ven the number of uncontrol*!l variabl.es. The rel.ationship 

estimate• fran•. this graph which WaS used to make the interpl.anting 

adjustimente was& 

Y • .M.0.03094 1 + Oe495 
"" where y • the m.ul tipl.ier to ~ust predicted rice yiel.dB 

B.) 14.IZB: 

for interpl.anting (the rice yiel.d as a proportion 
o£ the predicted y-iel.d :r.rom variety and rice 
pl.anting densi~) 

x • density of inter:Plantad crop {maize) in 1.000 pl.ants 
per hectare. 

i;}~"'opmNG THE DATA SET: 

Yield d~ta ... is~ava.ifabie""for~g§ .maize fiel.ds, 82 of which have 

had the 'bJ.sic fertil.i ty soil.s resul.ts returned so :rar; M the 82~~ 

25 have onJ.3' j,n(ttrect soi.J.s data and 57 have 111.rect a>il.s data• These 

were cuLLed at described below to 8: and 39 fields respective~. The 

39 fields Wl. th chrect s 01.1s da'ta tre plotted i.n Figu.re 2. 
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were excludeda 1) all fields with areas less than one hectare,. 

2) al1 fields with questionatile.yields or conflicting answer. 

regarding information needed to make the adjustdl.ents for plantin& 

density and interplan:ting, 3) all fields with 1ncillmplete in:fo:matiOllc 

for making the density and iliterplanting adjus"taents, 4) fields 

which the colonist said were tota.lly' destroyed by rata ( 2 of 44 fields), 

and 5) fiel.ds in wlij.ch the •eds did not geminate (2 of 44 fields). 

,. 2.) .AJi!iTUSTING PREDICTED M.Uza YI"EI·DS l!'OR.PLA!TING DENSITY: 
f#" ,... -- ~ -· .... •• ., • ..., - .- - ,.,. ,~ - .- .., ,.r• •·' - •.• - ,- _... r. - - .- r .-- - ~ ~ - -~ ., .. - .-' - ... - ,, ,- __. -- - "" .. - ... ,... - -

There have · been no ecperim.ent station tests run : - · on the 

Transam.azOni.ca to dete:mine the effects o:f different pl.&llting densities -an maize yields, so another eye-fit •regression• was employed. A plot • 
... ... 

was made of 22 pointe for non-interplanted maize of maize yield per 

1000 pl.anta versus ·. maize planting density. The data show the expected 

declline in yield/1000 pl.anta as density increases, bu.t given the number 

o:f uncontrolled factors, it comes as no suprise that there is plenty 

of scatter in the points. The rough "regression• fit from the plot .. .., 
and usee to make the planting density adjustments waas 

Y • 215 - 10e5 X 

where y· • the maize yield in kgs/1000 plant•: (the 
~redicted yiel.d from maize denaity•{PIMD)) 
~ ~-

X • ft1of8aritanting denai ty in 1000 plants per 

There did not a}lpear to be sufficient difference between 

varieties to justify maJdug a correctton. This is supported by the 

fact that variety trials done an Terra Roxa Estruturada and 

Podzil,ico Vem.elho Amarel.o at the EMBRAPA-IPEJl'i experiment station 

at km. 23 showea no signU'icd:t differences between any of the 

varieties tested {Vjjgas and Xass, 1974, P• 25). 
. - ~ 

A.s With rice, planting dansi ty could be measured direct~ onl.y 

for ma;i.ze crops that were still in the field at the time o:f sampling. 



• _QU :..---e _:...;nsi ties for crops in pJrevious years were estimated from an 

eye-fit •regression"1 of maize pl.anti.ng denai ty on k8s seeds per 
-· ... hectare. ~ ·. A plot of 29 points of fiel.cls with areas grea tar tha1l 

or equal to Sk 0.5 hectare yie1ded the :fo11ow~ 

Y • 537e5 X 

where 1 • the maize density in pl.ants per hectare 

x • kgs maize eeels p1anted per hectare 
.. 

3•) ADJUSTING PREDICTED MAIZE YIELDS FOR DENSITY OF 
D'!DPleAJI!D -GRePt ~ ·· - ·: - "' .:· - - - -- ,.. c - - - - - - .- ·· - - - - - ·- ~ 

AA~ustmbt of predicted maize yie1da for density of interp1anted 

crop was .made using another eye-fit •regression•. .l plot was maae 
... .... 

of 39 points of the proportional. deviation of the maize yie1d from 

the yie1d predicted on the basis of maize planting density ai.one 

( (actual-predicted)/predicted , where predicted is from Equation 5) 

versus the i.uterpl.&D.ted crop density. Again, a decline in yiel.d. 

as interpl.a.nted crop cimsi ty increaserl. wa.s ertdent, although there was a 

good deal. of scatter in the points. The re1ationship estimated from 

the p1ot and used for the adjustments was: 

Y • -().00685 X 

where y • the proportional deviation in kgs/1000 maize plants 
:from the value predicted f'rom tm -maize planting lb 
density relation ((actual. - predictea)/predictetl}. 

x • interp1anted crop'" d.ensi ty in 1000 · p1ants/h.a.. 

Modifying this to gi.ve a predicted maize yie1d in kgs/ha one 

obtains: 

P • (-o.00685 ICD + 1)(PYMD)(MD) 

··where p • predicted yield iii-kg/h8.. riCin maize c1msi ty and 
density of interp1anted crop 

ICD • interp1ented crop density in 1000 p1ants/ha. 

PYMJ) • predicted yie1d in kgs/1000 ple.nts from maize 
density (from Equation~ 5) 
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MD • maize planting density in 1000 plants/he. 

C • ) lfuHASEOLOS BEANS a 
i.-J'" :crottrNG "TilE DATA SET: 

There is yield data available for .- ··. 69 fields, 58 of which have 

had basic fertility soils results :aetur.ned. The 69 fiellls include 

37 with direct soils data and 32 with indirect soils data. The chta 

set was first culled to remove all fields with e:IJ:7 mg.zoctonium or 

which had no inf'ol.'!ll.ation regarding Rhizoctonium attack; .. -This~ reduced_ 
-·~.- ...... "~ ........ --

the sample size to 12 fie1ds. fields with incomplete information for 

making the adjustments for planting density (kgs seeds/ha) were 

removed.9; along with fields with areas less than o. 5 ha~ Tb:is reduced 

the data set to 7 fields, 2 of which had only indire4lt soils data. 

Fields with indirect mils data are marked with an "x" symbol in Figu:ar 3. 

2. ) ADJUSTMENT BB PLANTING DENSITY: 

P1ots were~ made -of--pefci ~on~ planting~ d. ensi ty expressed as kgs 

seeds planted per hectare. No attempt was !Qf.le to a djua t for ef:fects of 

di:f'feren t varieties of Jba.seoJ.us d•e to the smal 1 SaJil:ple size, nor 

was any correction .made~ for~ th~ d.:f'ferent seed weights of the varioti.s 

varieties. A log-J.og plot of yiel~ seeds planted versus kgs seeds 

plan ted / hectare e;ppeared to give t).e best fit, a1 though the Elll.all 

number of data points makes it likel,y that the eye-:fit"regression• 
... ... 

obtained will be modified slightl,y when more data points are l!lded. 

Nonetheless, there is a clear negative relation between planting 

denai ty and yield/kg.. seeds. The fit for Vigna beaus w1 th the 

same log-log tranefermation appears very good.;-adding indirect support 

for ,,&1 ng the same trausformation on the Pha,seolus dat~. The eye-1'1 t 

regression obtained for Phaseolus w8s: 
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Y • 1e62 - 0.6807 X 

'" where y • Phaseolne yield as 1oBio ~ seeds planted 

x • iO~~~:k&B seeds planted per-hectare 

This equ.a,tion WaJ:l then used to cal.cu1ate predicted l)a.seolus 

yields for each data point given tbe pl.anting density th8·f·liad -been 

used. 

VIGNA COW PEAS: 
,. - ,~ - .- - ·- -....... """ ·- - ..;.. .;. 

1•) CULLD'G THE DATA sm: 
- .- ..-·~,..-- .--- -~ -- ~ ·-- . - - r 

CnJ 1 i ng was done using the same criteria .~w.l th l}la.seolusu fields 

with disease attaCk, fields with incaaplete infor.mation;~and-ffelds 

w1 th areas less than 0.5 ba were removed. This reduced the ini tia.l 

sample size of J.6 fields to 8, including 2 ti th indirect soil.s data. 

The fields With indirect a oils data are marked with au •x•' a,mbol 

in Pigures 4 and 5. 

2.) ADJUSTING Jill PLJ.N!ING DENSITY: 

Plots were,. made ~of~ yfeid -in~ kiSlJi.i "'seed, planted versus planiing 
' 

density exp~ssed as kg& seeds planted per hectare. No attempt was 

made to adjust for differences between different varieties of Viepa • 
.--- .... -

A l.og-1og transformation waa found to give a:n excellent fit, as 

shown earlier in Figure 4• As explained in the text, an unfortunate 

correlation between plauting denai ty ab.d pH made it impossibl.e to 

separate the two effects using predicted yields derived from the 

pl~ting density relation. 

E.) BITDR WIOC: 

i~e a.S.ta~ set-for ""bitter manioo yields includes lO fields, pl.u.s 

an a&iitional. 3 fields of unknown manioc variety (which are probably 
,.. 

bittw) and 3 fields with a m.Uture of sweet and bitter manioc which 

are at.~ least haJ.f bitter. ~ee of the bitter manioc fields and one 
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of the unknown variety fields had indirect soils data, and are marked 

wi.th an "x" symbol. in Figure 6. ~he fields with UJILknown or mixed 

varieties are distinguished in Fig.u.e 6 with triangle symbols. 

Basic ·, fertility soils results have been retunled for all of 

the fieldso 

J.t was evident that the wide variation in months to havest had 

a great e:f:fect in the resulting yield in kgs of farinha per hectare. 

Yields were therefore standartized :1f!:...·!~~1~_fl.,~-~·:f.~2 months 

growth. A. pl.ot of yield standar41zed for growth period versus months 

of growth·· did not reveal a decli:iie in output that wouJ.d warrant 

making a correction for the range of 12-30 months, with 17 points 

in th8 t range. It is common ka.owled.ge amoq the colonists tbat 

if manioc is left too l.OJ:18 it gi. ves less, so more points may make 

a ~refil'lement for months of growth possible. In addition to giving 

less yield, the older manioc tubers are more woody and give poor 

quail ty farinha; ~or fields with less than twelve months growth 

it W eS Blear tht,'t, the yield per twelve months growth figure WaS 

affec~ed, ... and th~se points were culled from the cJ _at a set. 

No correction was na de for planting density. A plot of nine 

points of yiel.d/hectare/12 months versus planting density in 

pl.a.nt• per hect&.re indicates that: there ma.v be a slight decline in 

yield over the range of densities used, but not enough to justif7 

ma.king a correction. If a correction were made, the dl.ta set woul.d 

have to be further culled to remove :11elds w1 th incomplete information 

on planting density,· which would further reduce the $1111ple size since 

the technique use4 with other crops to estl.ma.te planting densities 

from seeds planted per hectare for crops of pjevious years is not 

possible with manioc, which is pl.anted from cuttings .. 

The ma11er fields have not been culled from the data set but 
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are di atinguished in :Figure 6 '10' circles. 

No distinction was maJie between the different varieties of 

bitter ~oc. No distinction was made between"far.Lnha branca" 

(wbite farinha •eeca• preferred by No:lrtheaste:rn.ers wbich has allower 

market price) and "f8.rinha puba• (yellow farinha "dagua• preferred 
~ "' ~ ,... ~ ...... 

by Paraenses which has a higher market price and is made by a different 

process involving removing the husks by allo'<ving the tubers to "rot" 

while soaking in water). Only fartnha waa considered, ignoring~other 

useable manioc producTis mch aS leaves (rareJ.y usel b the _.ea)~' 

stems, starcA (f'tcul.a); and jUl.ce (tucup1)• 
,.. 

~'he swee'C mam.oe data se't eont~ns !l1n~ l:"j_eJ.dsl eight of wh1.eh 

have had basic fertility soils reauJ. ts revurned. These 1.nolude two 

fie.lds wi. til indirect soils datao J.ll of the fields have growth 

pen~fls J.n eK~ess ~ J.2 mon"ths, ao no cul.ung needed. to be don• on 

ti.tl.1s score. 1:1elds with ~as less than 0.8 hectares were removed 

from t.ne ~-r.a se-c-,· reduc::Lng the number of' useab.le f'1elds to four. 

1he maccura.c:..es fi'om sma.l.l fields can be expeo.i'ed to be greater 

t'or sweet manioc 'than for bitter manioc~' since the c olon1st often 

pul.ls ou-t a few t>fan'ts thrOughout the year either to eat boiled or 

::t"l"yeci, or tcfeeed to pigs. This drain would have a gre:::~ter proportionate 

effect on small :plantings than on larger ones~ which makes the higher 

area standards ne4essar.y for sweet manioc. Only data on manioc 

converted to farinha was used in the analysis. No corrections 

were made for planting density. Yields were standardized for growth 

pe..Uod and expressed as kgs farillha/Ha/l.2 months growthJ no farther 
•. "' 

correction for months of growth was made to allow for devreasing 

growth rate w 1 th time. 
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