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I.) {TRODUCTION:

A.) OQVERVIEW OF MODELING STRATEGY FOR SOILS:

srediction of the probability distributions for yields from
annual. crons is a vital pnart of the effort to construct simulation
models for a series of estimates of human carrying canacity in
the colonization area along the Trunsamazon Highway. In modeling
the yield a colonizt avtains when he vlants a given crop, one
nust draw a value from a probability distribution describing
his chances of attaining each possible yield. The mean and
shape of this distribution will be dependent on such factors
as the levels of various nutrients in the soil at the time of
plantingy a~tack of insects, vertebrates and diseases; the plamting
density, dersity of interplanted crops, and seed variety, as
well as many other factors which are not considered in the present
description of progress such as weedings, planting date, weather,
etc. As a prerecuisite to being able to use yield predictions
based on tiese variables, one must be able to draw values for
each variable from probability distributions which describe the
chance that each condition will actually be encountered. With
the excention of one disease attacking beans, and also with the
exception of soils, these distributions can be estimated directly
from the freguencies of occurrence in the data collected. Iliore
elegant derivations of the distributions are procosed for the
bean disease and for soils.

In the case of soils this involves beginning with initial
values for soil constituents (which are drawn from their own
provability distributions dewmcribing the patchiness of the soils
in the area), and then modifying these initial values dmring the
course of the simulation run to nmimic the effects of various
treatments such as burns of different cualities, cropping with
different crops, and fzllowing. The probability that each of
thege treatments will occur, and the distribution of effects that
will result from any given treatment, 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= truck of
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rooclting chontes in mony 41 Terent nubches of soil and colonist's
lotg; is greatly fucilituted by the SIMULA com uter lunguaie

(Burroughs Corn. 1972). The rendering of the model into this language
has beon begun ond has gencrated unsightly viles of aper covered
with chicken-seruteings qulcd 8IlUL4 diagrums, These will not be
described in tlds doscrlpolon of NTOZTCS Se

Bi) SUMIARY OF PROGRESS I D AT COLLECTIONS

The data wrecsented in this descrintion of »rosress »nrovides
suenort Tor the notion Thit probublility distribuvions Tor nnuul
cron ields cun be constructed which, through the incorpor:tion

of effeets from soil nutrients, can provide be ter »redictions
L the yields attained by eolonists t.on would he -tt.inuble from

provunility distributions deseribing tic yiclde directly without
rceference to soils. Tha estoblishnont of rclotionchins between

0

[N
(o}
o]

soils wnd yields 1s essentiul i longterm cffects of soil degred:.
are to be reflec:cd in the beh:vior of the modelse The grewt
voricbilicy in viel s observed on widely differing csoils o de it
by no means opvious thul any such rel:ticns would ecmerse. Since
acrect deal of effort haod been wbsorbed by tne solils nortion of
the data collcction, some npreliminary analysls w.s justificed in order

-

to ¢ alisfy zrycelf € ot the “redictio: of yieclds frow soils w.s a vizble
cndoavouro Altﬁough ane of the relotions ;re better tiwwn other
the resi-lts wre gener:lly heariteninge.

The soils dL a set inecludes dcmﬁ from soil suinlcs in 388
locitionse In order to estublish the soils/yield rel:-itions the
dita gsebs for fields of cach crod had to be eulled savisely to
remove Ticlds which had unrelisble information duc to s=ll o rea,
incomplcte inormition, or wny of severul other critceria. The
culling »rocedurce is deserised in the Appendix., T.is Wig on oxtremely
padnful process, simee cuclr so0ilsumnle renrccents deveral hours of
hard lohor,

Lhe duto will have to be subjeeted to ¢ wroner multiline.r
regrecsion an.lysic incornoruting the diferent variobles after
comnlction of ficld worke. The »rccent mnelyels involves adjustmont s
of the duata for ceffeets of variety, plmating density, w«nd dencity
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of internlunted crom wnich were done by ouilckeand-=dirty gravhical
mcthods which are detalled in the Apnendix. These are not intended
to be statistic-1ly rigorous.
Deto 1s »nregented related to the nrediction of yriclds of six
annuel eronsy rlec, mulge, Phgsceolug beuns, ¥Vizpnn cow-neus,
vitter manioc, wnd sSweet monioce Best recuvlis were obtuined far

nulze, but reculdts f beans, sweet manioe, wnd bitter

ronioe look zood with smull somole sizes. Vfgg 1 COw=pe..8 hive not
vot nroiuced enough data to sehurate »liiting dengity from soils
effects. Hice is the wogt dAifficull to ‘redict from soils, but
chows ot lewst some indic:.tiocn of o relation with nitrozen. A1l
ocher c¢rons show thelr best relotionshing with »nile Informgpiion
nccecded for modeling chm:tcs from initicsl soil conditions from
burning, cronplng, 1d Tallowing h:.,c wlso becen collcetad. Lxtensiee
dasg for »redictica of burn gualitics wnd the nutrick innutc That
esult from cach tyne wad ,8lity of burn his xecn collcectced,
Ynls shews greot difference in thefreguency of diffcrent burn

4

cuadities »etween yeur's, - nd ot leust bebtween the exircmes of

burn uulity shews differcnces in nutrient inputs. Some ceritical

Q

»

50lls opelysks results, such 8 orgunic nwtter, heve not yet been
retorned fromt he loborukory. There gre numbersd other voariahles
both from soils agnulyscs wnd from obgervitions toir ineornorited

into the ancdlyscs. dven whon ¢ll varlidlcs have been irne orpor:ted
Into ohe reliitions al eoelr sten from iniviud soils to crop yilelds,
tLrhere Lo surce To renmgln o consideorupnle umount of uwnhexnloined vorionce.
The rect vo lability in yiel's will be duplicuted Uhvoush stoch. stie

A ’ ] - 3

torms in the modeling. The resultc cosnort the cmohocis wiich
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diffdrendes betwecen yeurs caused by weuwihor, differences in the
numboer of weedipgs or in man-days per hecture spent in weeding,
and in man-days ver heetgre spent in Yeoivara" (piling up unburned
branches to prapare the ground for »nlunting), effacts of diffarcnces
in burn guality which i re not reflectcd in the chemical anclyseés
(such as the smount of unburncd materiul left on the ground), ubd
the ore and »revious history of the ficld. Differcnces cun ulso
ho exnectaed from veriction in the number of sceds »lmnted mer
hill, gormination, and tonnling. UNo adjustiments were mado in the
soll nutricnt values to gllow for differcnt adenzths of € ilme wnd
different invervening uscs between the cron wnd the ¢ amnlipng date.
Howevrr, those filelds thut were burned between the cron wad the-
sample were lkent senarato und were included 1n Che g et of ficlds
with "indireet" soils dita glong withficlds where the sunnle cdne

[

from another ficld in the s ame lot with a history sigilir to tle

oneg to which the yigld fisure anpliese.

Plots were nude of rice yields versus the differcent nutriénts

1=

for whiech s2ils results huve been returncds o very convineirp
relations were found for pniH, nhosphorus, »otuscium, coleium wnd
moznesium, qnd gluminume. The lack of & strong relahion with »H

and 2duminum azrceeg with the obsorvgtion thot initial s oil type
scems o hove relotively little effcet on rice yiclds. Hitrogen,
which 1g "uch less tightly correlabed with soill ty»ne thun are HH
and Al+++, shows somc indicutlon of u relation with rice ylald,
although no onc vuriable canc cxnceted T o suffice for a »nrediction.

The nitrozen relation is plotted below in Figure 1,
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Prcsence of swnorces in the:zolil from previous gttucks on bewns in
the wrea (Albuquer-uc « Cliveira, 1973). Colonists cluim »lunting

ate is Imrortunt. The cffectm of »revious beon pl.ntin s ameurs

o

to bhe confirmed from duata@ of S0 _nhgxglgg ficlds wherc no bHaws
had been previously »nlanted on the site, 39 (T78%) were ttacked

and 11 (22%) were not, while of 5 field s where bewas had een nlantod
all 5 were pbttaclied.

Rhigoctonig attack intonsitices were rated on o scule of zero
to threee for qocllscyuc, slizht wttuck, moderane attuck (or abtacited
without modifying deseri-tion), wnd heuwy attack. T cse very
rouhly corrcsnonl to 0%, 1=259, 26=50%, wnd 51-100% of tlo

o

nlante being affcecbed, but the datu is mostly bH..scd on the colonist
=1 ?

1
S

Rl ]
K

testimony rubthor than dircet observubion. Bcun yiclds decline
steudily with inercasing dbscase intensity, as shown below in
T LLblG :?.o

[4n0LUS YILLOS FROM DISEASE IHNTLLSICY

DIugﬂuu IHTS bIYY 0 1 z 3
Phuscolus yield (kgfhs) 308 186 151 ©8
sgamnle sige 11 10 24 11

For the csvublighmaont of soils ceffcetg on olus yiclds,
the eculling —oeccdure inelu’ecd the rcemovel o 11 fieclds ottt ackal
the

by Ruizogtoniy from the duba @et, us deseribed in/sonendix.,
rizn After u correcvion fop plunting density effcects, nredicied
bern yields were coleulubed, clso s deserined in the 4nocndizx,

1 -~

Plots wverc mcde of beun yield aus w <™« pronortion of tle onredictcd
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of 15 Virpu fields, only 2 <0 77 (13%) were attacized, u8 conbrastel
wich 809 «bouch in pPhusgolus.
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gith the susll Sote seb and with doba vneorrcebed for ~lunting

o

13

Goncitye <ho doesw ic plotted below in Figure 5.

FIGUEE 5: VIGHG VIRLD V LLBUD il

— 2t anT S 4. SR RO S
X = infirect solils dubua

planted)

igna yield
kg/kg seed

v

Bitver mwnioe (mundbocy bhrove) io o troeiivioncl ceropn cunslying

- ~

Ghe 7 o (groted, leached, and heub-drged mwnioe) which is

ubirmitous in the amuzoniun & ct. IC I8 the advinture over uak

osher cerong o7 oeing rcelotively {ree Trom ottock o7 incce.o
A = o 2

] v
i
H

Portebrutes, wnd dise.ce, ag well S twvolding ludor wund stor:.ge

nroblems Dy being horvestable youp round.

iinioc iz inowm to be relhatively tolcrcht of noor goil co:dflitions,

whiich ic one recson for its widesore.d usce, but

it ig not uvnreswnongive
to s0ils effceto. Althou h maniloc gives o beticer yleld with ~oed
soil it sbill cives something with woor soils +his, when combined

with the fact thot suweh of the lubvor reautrement involved 1s reluted



to the nrojuction rither thun the wrcu,as in ¥ aoHorting the
vibers and processing the furinnhno, 4r comrelatod work is relatively
am11 sinee the felling is often donc first for anotlhicr cro such

.5 rice, und the :wnioe shades the ground re lueins the reanirarent

for weeding during ruch of its vegcbubive cyclece The fuct thuot onc
(e ol less yleld ner heetare or thot one may huve o wult longcr

cor the tubers to resch wn adccuute size does nol detroct too ueh
from the ahtractiveness of munioc as & CcYODe Studies in the litcroturce
indic.te thut munloe is usylly grown in soil with PH ronsins fron

I to 5 (Alburucroue, 1970, n. 37), bt quotutions for the "ldeul™

DL wre troiellly on the order of 5,5=65 (sdlmelda &
cundenio Pilho, 1972, B. 160).

fhe dibo wen culled wnd wddusted for montias vo hurvest oS
deseribed in the aopendix. The dube rezented below in 7L ure 6
aonear Lo show o relutisn with o, wlthough it should be noted Thil
goiic of uie cibrene dube noints are frowm smell fields. Jue €O the
sr1:1l dabo set, noints frow voricty of rwrgingl cutcnorics wve
been included tsnd r:z‘z,;:,rlx:‘c with Aifferent cymbols ws o lulnced in

ticle-end for Piggic 6.
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while 10 bitter manioe ficlds had o meam yield of 2807 kgséha/12
mos. growthe ‘

The d ate was eulled as deseribed in the 4vendix. Of the
soils data returned so far, the relction for nH looks the best.
The four dcta noints nlobtted below in Figurce 7 look checouraging
for the prediction of yicld from pH, although the sample sixeo

is obviously nminisculec.

FIGURE 7:

e

)
&

indireet soils data

L

x
n

»

3
n

w

»

-
1T
1

Sweet manioc yield
(1000 kg/ha/12 mos

.
H
SEAREERANSAl

|
:

III,)

A.) NIRGIN DURNS:

In order to make the yicld/soils relutionships vseful for
estimuting currying capwelty on mst be able to estimate the
probability distributions for the soil qualities = - "7~ on
vhich the golonist will be plonting. This ontolls predictions
based on the initisl soil quality modificd by subsequent bumnsg,
ecrops, and fullow periods,

Burn quality annears to huve a marked eifcct on soll nutrient
innuts. 3Burns were divided into three tynest burné of virgin fm®rest,

sececond growth bums, and puasture burnse. UHutrient innuts from virgin




ne 1l

There are a variety of other soils ceffecets thut cun influence
manioe producti on. Soil with poor druinaze haes rcesulited in losses
from root rot for sever:l colonists., Clayey soil witich hardens
in tho dry scuson has caused logses from the tubers bregliing olf
in the gro:nd during the harvest for one colonist. Other soils
nutricnts for which rdsults have not yet been returned from the

v prove to e good rredictors

laborutpry, such as organic matter, na
of yickl. Orgunic matter has beecn stated to have . nositive effcet
on nroduction in the literat re (Almadeia & Candehio Fillko, 1972,0.160).
Some colonists have planted manioc ba; sceond time in the same »lace,
although the arca is not yet old enoush. to have yicld resulis fron
the sccond »nlantingsg however, it ic common lnowledze wmong the
old settlers I talked with in the arca Horth of Altamirc (and
is the oexnericnec in other argas in Am:xz'énia as well) that subsequent
munio;: crops are much reduced since manioc "toe s o lot from the
soil"., <Thc literaturc confirms thiss in another terre firme locubion
elsewhere in Para monioc yields cre resorted as 20;-2573 lower in
Hlontin ¢ from clecared second growth than from clcured virgin
forest of very advuinced second growth (Vieira ct.al., 1967, D. 1i1).
It ic therefore expceted thoat the addition of other soil: nutricnts,
stich us orgoniec naitter, to o mlt linecar regression model should
recsult in good prcdigtions of munioc yields from s oils if cnouzh
data can be gathered.

F.) SWERT 1.41I0C:

Sweet Lanioc (macuxeira) is also common in the aToa. Swect
manioc produces smallcr yields than bitter muniocey 9 ficlds of

sweet munioc had @ mean yield of 1566 lgs furinha/ha/: 12 mos. growhh,

Mmoo



Page 16
and sccond growth burns are discussed belows datu on nusture
burns are too scarce to merit this as yet. Bufn qualitics were
reted on o seale of O to Ly for increasing intensity, with an
additional cutegory of "none" for ficlds that were cleured with
no burn attcrnpted.s Table 3 below doscribea'tho burn cuality

cl: ss definitions for virgin burns:

Burn guality definitions

0ne no burn was attemptced ( an therefore no dute
for burning)

0 burn attempted (therefore with burn dgte) but
did not burn. There mgy be some bla ckened
bark il burned leaves, but the ground remains
UpowMe Usually colonist cunnot plant.

"3o quicmou',

1 Bud burne Only lcaves wnd small twigs busncd.
Only mailge cun be plantcd without o prouat
dewl of coivora. (pilins up wnburned motorial
to clesr lund for “lmtirg). "“guejmou .. ol
LT L oxeews oo Tuim™g "sO peeou as

folhas®,

2 Petehy burn. & mixture e o195 1 .na 3

natehes where fire burned with verying intensity.
Can be “lunted with coivirae. '™mais ou mecnos
queimou'sy "gucimou voriado™,

3 Good burne ILurncd wood us well us vwigs and
leaves, olthough larrer logs arc invariubly
only »artly burncd. Cun be »nlanted witin rice
with no or very little coivira. "gueimou bem",

L Overburned. Large loss burned comnletely to
ashes. This "burns the carth" aml results in
stunted crops. M"Queimou atce gue queimou a
AP N
bGllL:..

If the coivaras (piles of brunches) gre burncd, this is ineluded
in the avbove clussificution which is mn ceveluation of the final

condition o7 thedcld at the time of nlanting.
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Thecre 18 a large varisnes in burni quality, both within years and
 between years. The quality of the burn depends largely on the weather>:
in the time before the bumm is attempiede This varys from year to year
with the amoumt of rain received during the dry sesson, and aiso verys
between colonists who cisar and burn on difrerwat dates. If the felled
field 18 warneda veiors .¥ haslhad time to dr,v', the burn will be bad

and attempts at re-firing gemerally fail. If it is left too long before
burning, the leaves will fall off the downed treds and the burn will also
be poors Colonists also commonly observe that burm quality depends on
the size of the clearing and on the slope., If a smgll clearing is made
#hich is surrouzided Wy forest, or if the clearing is in the Wttom of

a valley, the wind circulgtion will be poor and a poorer burn will be
obtained., Slope and area information has been recorded, but not yet
anslyzede Data has been collected on felling and burning dates, which
will be used in conjunction with wéather data to predict burn quality
probability distributionse There is also some data for burn qualities
in older fields going back g8 far as 1912, but without felling and
burning dates. These will also be used with wegther data. Table 4
below presents data on turn quality for 254 fielis, and demonatrates

the wide variation both between colonists and mitween yeagrs for burm

qualitye
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T3AR 3URN LU AaLlI
0Tor ITTTTTT 2= 3777
_ nose . _

1871 no. 3 10 9 9
% 10% 32% 295 29%
1972 no. 5 15 9 3l
% 85 23%  1lg 53%
1973 no. 37 39 9 29
Fo3% sl 8 ;
1974 now 2 1 11 17
¢ 315 % 38
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Once the »robability of achicrifyz o -

for the nutricnt input thot will result.

been cstimated, one must be uble to estimate the Hrobuability distri

Ty Hotal
S
0 31
0% 100%
1 64
2] 1004
0 114
0% 100%

25 1004

[

iven burn cualivy o

b

The data in ©3dle 5 below

shows the me.n nutricnt in ub valucs (used ficld value - vir-in

nudir volue) Tor the 6 nutricnts for which

reourned so for.

soils results hove hemn

tion



(pm) aoo1200 (52)  (29)  (5L) (D
Ca++& Mg++ change +0.6 +0,6 +2,1 +0.6 +l. 6
(milliequiv/ n (20) (52) (29) (5L) (1)
100 g)

at change <0.3  =0.2 +0.2 =0.1 ~1.1
(millicequiv/ (20) (52) (29) (54) (1)
100 g)

oH change +0.2  +0.7 +1.5 +0.6 +1. T
n (20) (52) (29) (54) (1)

N chinc O 0 +0,01 -0.01L  -0.,01

@ nooW @ @ Gl (@)

The tuble shows thut, wlthough overull better burns (classes 2 & 3)
give bigger nutrient innmuts ti:an poorer burns (clisses O & 1), this
pattern is not followed whcn the burn guglitics are considercd
seouruiely. With the exception of alumimuam (for which a negutive
chunge is desireuble) class 2 burns produced larger weragce improvements
thon did cluss 3 buarns. This is corroberutced by o similuar nuttern
being found for sccond zrewth burns (discudsed in the noxt scction)
and by the same =uttern being found in rice yicelds ws wes shown ir
Tunle 1 on page T. This recgivas sore sunort from the literocure
aswelle liye & Greenlond § 1960, n. 70+72) found o vuricty of cluims
in the liter.ture Pegurding nitrosen chuofzes £ollowin~ buriing, most

~

of wrich showed cither o slirzht decrcase or no significant chiahizc.

s ~ AR} e - O o .1 - » uﬁ ;5— (] .
Lhey olso found that the heabing of tnou01lér83ﬁé%¥ the microbual
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nonulitions ot first followdd by an inercase to levels hizher thun
those¢ before bunnihgi;’ the rate of nitrogen miner dization puralleling
these populgtion chunges is considered to be onc of the more important
chanzes in soil fertility from heating (Nye & Greenlund, 1960, e T2)e
Onc might exneet this effeet tobe grecter with hotter hurns.

Although the table shows only meuns, there is consideruble
varionee in the nutrient input for c.ch burn quality., All ficlds
were less thoan four yeurs old and none had -ecn burned & sccond
time. Only virgin bums wure included in the duta in the table.
It shouli be noted thal no corrcction lus been mude for nossivble nubricnt
chonges related to the time between burning «nd smm»ling or from
different cropping sud fallowing treabtme® s. If nutrients deercuse
with time , the differences between O or 1 burnsmd 2 or 3 burns my
be greater than imdicated by Table 5. This cwn be scen from Table Ll,
wvhere clk.ss 2 or 3 burns ure about evenly distributed betwtan older
ficlds (71 and 72 b rns) wnd younger fields (73 «nd T4 burns), while
about 3/LL & the clagss none, O, or 1 burns arc concentrated in the

pounger ficlds,

By) SECOLD

Sccond growth burns were classified in a manner wnalgzous o
that alreudy d eseribed for virgin burns. Thed uwba sct of »ulred asric-
wltural field and sccond growth samples is much smaller than the t
for virgin burns, having 22pmirs of sumplcs,for which soils results
have been returncd for only 12 mirs.

Although the sumple sizes ore vory smagll, the resulis for
different burn qualities appear tofollow the same pattorn as was

found for virgin burns, with class 2 and 3 burns showlng biggcer
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improvements in soil nutricnts than class lywnd = cliss 2 burns
showing bigger imppoverments in the soil than cither class 1l orcl:ss 3.
Aluminum, which wus tLhe only clement not to follow this »atitern for
the virgin burns, falls into the nattern shown by the other olements
in the cuse of sdcond‘growth burnsy: The mean s oil nutricent chuniges
(azricultural field value - second growth pair value) arce shown

below in Table 6.

K +9 +52 +50
(ppm)
Catte Mg +0.3  +1.0 +1,0
(millicquiv/
100 g)
attt 0 0.3 0.2
(Millicgquiv/
100g)
pH +0.3 +1,1 +0.7
N -0.02 +0.05 -0.02
(%)
SAIPLE SIZES (7 (1) (1)

T e T TP S G (b o i 7o . e GV B gy B P e S oy S D vy A SR M WS H y SD G G S D o o = e ) S e S
S . S > D . e G e gy S B gy S T g G S D S P T G S T gy Y S S T W S s gt e il G

411 of the second growth stonds revresonted in Table 6 were less
than two yours old zt the time of burming, -nd all of the agricultunl
ficld samples were taken less than 6 months aftoer burning. Boesusc
the results from urning of older sccond growth stands have not yat
becn returned from the laborutory, no relution between sememd growth
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age and nutrient input can be estublished here. However, it is
intercsting to note that a comparison of tablcg 5 wd 6 shows
that mean nutricxt innuts from burning these roung sccond growth
stinds are of comparablc mugnitude to inputs” from firgin bum s.

Aithough the heights of sccond growth stunds were soil sumnles
wore token were measured, and in some caSes of older sccond growth
there is diamcter informution gs well, it is honed thal the
octimation of nutrient inout to be cxnceted £ rom bnrning secord
growth o different oges cun be ostimated dircetly from the s oils
recults of the agriculturc:l field / sceond growth drs in order
to bynuss the need to include biomuss coasiderctions directly
in the modeling. *Yhe feusibility of this will h:ve to await the
relacse of the results for the older scecomd growbh stunds from

the luboratory, s well .5 incrcgsing the samnle size.

After culculuting The il conditions ufter b urning, the vulue

for any giveon nutricnt in the soll at the time of »luntirg should
be caleulable In o simulution by drgwing appropricte modifying
tomnms from probunilily distributions for the ceffcete of different
crops wnd langths of fdllow. These distributions must be derived
fromd stg on caek troutnont.

The datu scets relevent to deriving the probability distributions
for cropping und llowinc trecinments are of four tynes§ 1) comparison
of agricultucl ficld nutrents with saired virgin s.emmles, 2) compurison
of wrricultucdl ficlds which were wmade from cleured scecond =zrowth wiitlr

saanles from naired loegtions in scecond growth of the sunme ozc nd

usc history, 3) co:parison of paircd samnlcs wherc the scecond sunple
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is a return samble Gtoken in the samc locualion s Q’ orevious
sample, ond L) informgi on on erosion under dif'ferent troutments
which cun be used to sredict soil nutrient chuoniges which would

follow thc rcemovil of superficicl Liycrs.

A.) COIPARISON OF AGRICULTUR AL 4D ,é]_a { FINTOS WITH
PATRED VIRGIN SAMPL..S:

+hizg ic the largest d ya sel related to “rediceting nutrictd
ciieizcgy end hos 170 palrs of ficlds in which therc has beeon only
onc intervening burn between Tl virgin coniition upnd the ™used"
field., <The 1.nd use history of cuch site his been rccordcd. IThe
dute will have to be mbratificd for b urn cuslity (o limped combinatbions
of burn qualitics where :;:_-“-pro*_;_txrig.tc) nd o proner multilineur
rerregsion analysis done onm cueh soll nutrient s a function of
number of months under cuch treutment. The date get will huve to
becaulled firet o inciude only "'chosg treutnents for which there is
a reusonalble sumple size wwallable. Chonges in soil nulricats
under following will be treated in the some wey os the otiwcr
eropning treutmentse.

Bven with stratificction of thedatufor burn cuwlity, the
relutiong frowm trceabucents of cforping and Lllowing gy well be
obscured in this duca sct by the tremendous veorivtion in nutriom

et

inputs from the burn. Phots were made of wll of Tlic nutrdcnts
for which solls wcsults huve been returned versue thce months since
l.st burn. Burn quualitic s werc Eepl separute on «ll 77 plots.
In the cuse of pH o soparction was also made between those ficlds

not had been »lunted overy ygoar with annuagd cfops and those O at

had only been planted one year and then left followg tCthis did not
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revesl any uscable relgtionship. Of the nlots of nutricnt chonge
(uscd ficld vil c - virgin palr velue), tl}o nlot: of Jluminum wnd
phosphorus show thamost co:wvinecing *E:rcndsgf aluminum inere:sing (which
is a deteriorution of so0il quality) and phosphorus deckessing with
timo since last burn. &here is nlenty of scaltcr in the noints, Howevere
For thc two soil characters in the yiceld »srediction section, pH aid
nitrozen, the amount of scatter makes statements as to trends
hazardous. The /[2-month . time span avallcble in the colonization
arce is probably not cnough to reveal long Term trendsy hut the
recullte from the serics of samnles from the older scttled area Horth
of Altamirs with ficlxs as old as 1904 should help in this rezard
once the results ire rcturncd.

The liter.ture on chmgc.sfin oll demonstrates the wide voriety
of possible bechaviors. lost, vbut: not all of the %udies show the
inere;so in pH with burning foudd here, some then find a deere;Sc
ovir the next four ycars but some do {101:. Decregscs arce more likely
to show up after the first four yeurse Of the pre-1960 studies
reviewed by Nye & Greenlsnd (1960, np. 100-103), t:'o shew increcases
in pH in the first four 3rc;;rs folloring burning, and two show no
chingeg of the studics which nermit semrate conclusions about
resulis ofter the fourth yeur, three showed deercuses in »H and
onc showel an increusce Harris (1970, pXs L90) in o study of 27
samnles Trom the Unper Orinoco of Venczuela finds mewn »H values
for four study arcos all incrc.ce with clcaring, mut two of the
are:.s then chow conﬁinued inercase in the farst three yours ufter
urning ond trhen sturt todeercuse, while onec decreases stculily both

in the first three yeagrs and theroafter. Cunninghum (1963, v»e 341) in
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a study & 8 ~lotz in Ghana finds deercases in o over 3 yeurSe
Kreps (1975, pe 386) in o study of 10 ficlds with L samples from
cueh in € ®osta Rica does not find the normal »H increncd . with
cleuringg pH decrcases afier clcaring, then increcases to tle
fourth yc;zi‘, and thaen deelines over g 22-ycar time s»un in surar
cune,y but not with coffee or -usturce Samples tiken during my own
study in Costu Ricu (Feurnside, 1972) show indicutions of a deeline
in pH over a l~ycur range, but the resression is non-significont (p=0.13)
and the samplc size im miniscule (n=7 uscd field/virgin nairs).

Ine liteoruture with rogard o nitroren chunzes generally shows
deereuses in nitrogen with clecaring wnd over the first I} yeurs
thereufter, Hye & Greenland's (1960, ppe. 100-103) review shols a
consicbant nattern of @ecreases. Nye & Greenland (196, dul:
nresented in Willioms & Josenh, 1970, pe 1U2) found o decrease with
burn follewed by a continucd decresSe @ver two vears in o study
done in Ghonae Cunninghanm (1963, Pe 339) found o d ecercuse over a
3-ycur time soun. Xrebs (1975, ne 38L) found a deerecuse with clearing
and over the fircst four yeurs, bub no continucd deercusc over the

z2=yecur shan of fickl uzcse

Some of the dute from nuirs of agricultural ficlds wnd sdcoml
growth sailnles where the sceond growth has the sume snreaxd histay
28 e agriculitural £ficld may be uscable in ¢stimating the cifcets
of subscduent cero: ing wund llewing. The nalysis would be whalagous
to thut for grriculturgl ficlds phaired with virgin sganlos, 4AS chown

curlicr in Table 6, burn quglity cffects follow the suxie “witern
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for geecont orowth burag o8t ey do for virgin burns. Onc would alco
cxncet trec nutricnts rcemoved chrough cropping cnd fedlowing.. follaing
these & rns Go follow the s e ':;;;L;'i;orn.‘
1PLao PROL:

C;) COLP JPLAS WITH

i r
sy

The loceoions ofdll soil scmples taken hoave beoen noved o

fucilitute returmning to the ¢ ane locy; ions for scecond soil siunlcs

<.

®)

So fur therc wre only 8 pulrs of rcturn sgmoles with previous swmples,

and only 3 of these huve had the soils results reiurnced uo]cuuo.

The smunle size for this dutu st will inercuse considerably as rcturn
samples arc token in @ll of the 47 loeutions of the crosion nlots,
plus in us mony otier previously sauaplcd ficlds us time »nermitse

It is honcd thuet this d s rpuscel will prove the most reliible

SV

(N

for recdicting soil nutrient chonges wnder croqping aml fullowing
treutments, since the tremendous voriance from intervening burns
will not be »resc:at as in the case of comparisons ofl agricultural
ficll ond paired virgin or sccond growbh suaples. &lsgo, The ©oking.
o samples from tlic sg{pc locubion will decrcuse any v arillunee added
by small differeonces in soll typc between cgriculcurad fic:llj. s and

cdjaceont wuired virein or ¢ cecond zrowkR. . T " locationse

D.) CANGAS DUR D0 AROSICIS

As crosion procedes o r cmove ©he upper layers of noil, The
nutreint coms ent of the L.yers which arc wibscquently aposed cun ba
xnccted tod iffer from thut of the originul upper loyorce 4Althoug

BN

it hos been smggested That crosion cun oftcen s ervet o improve the
(o)

quulity of the surface lgyer by rcmoving wewthered material (Sanchez &

Buol, 1975, ne 600), this rosult would not be anected herce Soil
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profiles from the area with analyses donc at v arious depths up to
120 cms, such as those described ih "Falesi's (l97é) survey of soils
on the Transamamon Highway, invariably shew poorer soil quality as
onc desconds to the lower 1lmyers. <The uncovering of these lower
layore should rosult in o decline in g2il fuality.

Brosion is being measured through a s erges of 705 st:kss sab
out in L7 plots of 15 stule s cach over o range of differont slobes
and 1lond uses. The o tudies ure longhbs  of nlastic pipe vhich wure
heumered into the ground to a desth of LOemse. In cuch plot the
stulies ure arranzed in 3 rows of 5 stgkes cach with annroximately
2 ncters hecitween stule s wnd 10 meters betiwecen rowse. fLhe rows run
nernendicul. £ to the fall linc. Stae s on the ends of cuch row are
one zicter loag, » * while stukes in the middle are 50 cms lons as
an cconomy measSure since the stokes are not cheune 8Hach stalke hus
a notech cut horiquntu.lly and sct cractly cven with the . urfoace of de
ground when the stuxes were implanteds Therc isaglso o vertical
cut to murk the center of ach hoteh to #ieilibate measurcment. The
1oteh is oriented to fuce theside (fading along thecontour of the
zlone). Slones were measured with o clinomeclber ot owch 2lot over
the ot lewst 20-meter range of the »lot, HMiecrorelief was algo measured
at cwch stike by placing the clinomelter on a 20-cm ~long block of
wood oricnted cd'zong the cteencst slope ot th.t scalent cach stulo .
Soil samples were azlso tiken ot aieh lot, with the cores mudting up
the composite sample ecouing from the bgsc of cach stuke, Yo surenents
of crosion will be made by mcasuring the d istunce from the ¢ gnter
of the notch to the ground for cach stokes Vairi-tions of the notehed-

staiic method huve been used by o variety of other workers,
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None of the stukes have yet been mcasurcd‘fPr crosion, but
cusual obscrvution of some of tham indic_écs thit erosion of over
o centimebter is commonv»lace. This is sure to plag a key role in
the longterm fubtre of t he systaem.

An cffort wus made to keen all the »lots on clayey soils, with
the cexception of one sceries of 5 plots under rice wvhich w;s »ut on
sundy soil for the aestimation of soil Pppe cffects by compuarison
with a parallel serics for rice an cluaye The overall slopcs of Gr

plots under different treatments are shown below in Tuble 7.

virgin sccond Beuns Riece Rice Malze Past- Mgnioe Caéazo Black

growth (sand) (clay) ure pepper
1% L 5% 0% 0% 1% 2% 2% 2% 1%
8% 13% 1 10% 8% 9% 10% T% 17% 9%

19% 21% 29%  16% 224 20% 22% 135 35% 29%
39% 110% 35% 35% 38% iy 37% 25%
55% 62% 51% 3h%  65% 70% 58% Lo%

@ B v o © o

Vs) INIT S0I URVISY INFQRIATIOL

In order to »nredict crop yiclds from soils in modeling carrying
cabuclity, one must bogin with &£ ,eting values fa the various soil
nutrients, ond thon modify these as the run procedes according to the
diffcrcnﬁ burning, cropping, and fallowing ticatmonts applicde Soil

quality varies cenormouslys pH values in virgin forest, for cxample,
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rangoe from 3.8 to Tele The initial soil tynes restesented in a =
colonist's lotm must be druwn from probabili%y distributions
which reproduct both the relative overall extent of esch soil
tyne und the scole of patchiness of soils in the arca. Onee
the quality of the f£irst hectare in a lot is known, a probability
distribtition rgflecting the patchingss of thearea should describe
the chance/gggtnext hectare will be of The same or of a differont
tynce <+hose distriblitions must be derived from information from
larpe number of samples, sinco‘the patchés of soil are quitce small
in the area and often result in more than one soil type in way
given lot,

rhetlata set so far consists of the s amples I have token from
388 different locations in 87 lotss Within the 215=lot Mintonsive
study area®, 81 lots, or 38% have bean sampleds The virgin samples
from these lots will bo‘the main source of information on initial
soil quglities.

In addition to the samples I have tokon myself, thore is
also a set of 353 samples from 216 lots takmn by the c olonists
themselves under the supnervision of the cxtension workers of the
Association for Credit und Rural Assistance (ACAR-PARL) in conjunction
with applications fop finaneing of permanaht crogs. Of these, L1 are
from lots in the intensive study arca for which I do not yet have
ry own sumnles, whieh brings the total of lots for which some
soils information is available to 57% in the intensive study area.

There is also a 1little information available from the literature,
includipggy the profiles in Falesi (1972) and a little data presented

in the report of the radar-based .. ..~ _i naturcl resources survey




'''' P, 30
which includos a large-scale soils map (Projeto RADAM, 197L).
Thore are:: also sovoral soils surveys which have<‘becon done in
tho area of tho Transamajdnica for which the rosults are not yot
avallablo, including one by F3d.0. in Bolem and two by graduato
students§ .’ one by Bmilio Moran of tho Anthronology Departmait
d the University of Florida and one by Nigel Smith ofj;ha Geography
Departmert at the University of California at Berkelceye. _
All of these surveys Mave samplos tgken by difforent methodologles.
My own follows the methodology used by F.A.O. in Boldm for fortility
samnlos. Bach sample is a composite of 15 cores tukon from differort:
locations in the field and covers only tihe top 20 cms of soil. This
is the layoer most relovant to crop production. Inform,tion from
lowaer depths would be useful in the formal identification of soilx_‘
typos, which in some caScs requibres comparison of the different
horizoms, It would also be useful in conjunction with the orosion
dotas The decishon to concentrate on surface fertility samples was a
wisc onao howover, as othorwise the large sample sijzo attained would
Moreover
not hmve been possi blej/ the data would have been lcess useful in
investigating both the sqils/yiold rela;ions and the inputs from
differont burn qualitices. Somo decper samples may yet be t cken in tho
locations of the erosion plots, but muchof the informition that
would have come from a -~ . study concentrating on full soil profiloes
will have to be deduced from the published survays.
In addition to the elements which havo bacn discusscd in the
forogoing sections (P, K, Ca..,Ht& Mg“, Al'H*, pH, and K), scveral
ot hor analysos have boen done on my s ampleos. These include a

granulometric anslysis which gives porcenmtages of coamrse sand, fino




sand, s:ilt, and total clay. This should be Pazticularly useful
in/inteé:?reting the eﬁ:bsion data . CThere is alao a group of '
three ahmlyses called the "lateritic complex", whith consists
of percentages: of Sioe; A1,05, and Fe,0;. Results which havd
not yef been‘returned from the 1aboratory include anéZiyézgs for
cambon, organic matter:’, exchangeable bases (ca**, mMg*t, mat, & k),
and cabtion exchange capacity. All analy#es are being done at %ﬁjﬁ
laboratory of the Empressa Brasileira de Pesquisas Agropecudrias=--
~nstituto de Pesquisas Agropecudriasz do Norte (EMBRAP.A-IFEAN) in
Belém.< Methods u{:§d are described in detail in Guimares, et.al,
(1970). |

Information from the chemical analyses, plus the information
on land use and burning History mentioned eamlier, is supplememted
by seweral other observatiopa made for egch sé:pple» These inclhde
(1) measuring the slope withs'a clinometer, which will be essential
for modeling erosion, (2) observeable erosion such as gulleying,
(3) drainage, (4) soil depth if there is a solid layer of rock ‘
or lateritic concretions near the surface (as sometimes occurs),
(5) the superficial aprearance of the soil ( a rough soil type
based on color and sand versus clay content) (6) observations on
foq:k But;foﬁs 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 soil. The increaaing

compaction of the so0il! in older fields and in pasture is readily
observable amd may prove very troublesome to colonis#is in the

future. With only a few exceptions a photograph has also been

taken af the site of each soil sample.




re 32

Klthough not all results sre equally clear=ocut, the results

80 far are encouraging in showing that annual crop yields on which
the colonists depend hegvily can be largely predicted from infomsgtion
on s0ils, insects, and dise,se when corrections are made for variety,
planting density, and density of interplanted crope Whem a full
analysis is possible incorporating the varigbles which were measured
tut not included in the present gnalysis, as well es minimizing diste
ortions from the rough non-rigorous techmiques used hero,‘ better
relationships should emerge. More data, particularly data from the
older fields and from mx return samples taken in previously sampled
locatians should contribute greatly to the establishment of relationships
between the various cropping and fallowing treatments and soils changes.
The measurements on the erosion plots are yet to be made, and these
also should £ill in a vital set of relationshipe in the modeling of
future soil qualify changes. BEBEstahlishmentirof relationshipa in the.
chain of events from initisl soil condition under virgin forest; teo
the condition after receiving inputs from burning) md finglly to the
condition gfter modifié ation by subsequent cropping, fallowing, and
seconde=growth burn treatments whould permit computer simulation of
these events ofer an extended re#iod, This forms a key part of the
overall modeling stragegy for estimating carrying capacity for hmman
populations in the Prmnsgmazon Highway colanigzation areas
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VIII.) m DESCRIPTION OF &N_USTMT ﬂg WIQN PROCEDURES
 -USER - IN -PREBIGT ) FROM -SOXES - - --
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L) RICE:

" 1.)  CULLING THE DATA SET:

The rice yield data sei wes first culled to remove all fields
planted with the Barbaria variety rice distributed by INCRA in 1973
This variety had been brought from Pernambuco with no previous testing
in the area, and proved to be succeptible to the fungal disegafir
Helminthogporium oryzae, Vem Breda de Haane Removing these fields
left 105 fields in the data set with information on rice yields, 85 of
which had “direct soils data", meaning that the sgmple wos taken in
the exmct location of the field and the field had not beem turned
between the rice crop and the saapling date. Twenty fields had
®indirect soils data", meaning either that the sgmple came from @&
similar adjacent field in the same lot, or that the £idld had been
burned between cropping and sgmplinge Flelds with "“indirect soils
data® are marked with an "x" symbol in Figure l. The 105 fields
were them culled to 44 based on the criteria described beldw, Of the
44 fields, 38 have had the nitrogen results returmed from the laboratory
and are plotted in Figure 17 +the remaining 6 fields have not had nitrogen
results Peturned yete

The fields were culled to remove gll fiells with aregs less than
or equal to one heotares The sm#ller fields show much more erratic
per hectare yields. There may actually be greagter variasnce in yialds
of smaller fields, certainly dramatic differences in rice growth can
be obmserved on a micro~gcale of a few meters due to patchy burmse However,
much of the greater varisnce in small field yields is clegrly due to
greater error in estimating the production and the field area, since
the farmer is likely to round off the area to the nearest tarefa and
the production to the nearest sgcoe
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vxn.) mﬁ IOOF gm gv_q qn PROCEDURES

1.)  CULLING THE DATA SET:

The rice yield data sef wes first culled to remove all fields
planted with the Barbaria variety rice distributed by INCRA in 197 3.
This variety had been brought from Bernsmbuco with no previous testing
in the area, and proved to be succeptible to the fungal disegafir
Helminthosporium oryzae, Vem Breda de Haane Removing these fields
left 105 fields in the data set with information on rice yields, 85 of
which had “direct soils data®, meaning that the sgmple wos taken in
the exget locgtion of the field and the field had not beem burned
between the rice crop and the spapling date. Twenty fields had
"indirect soils data", meaning either that the sgmple came from a
similar adjacent field in the same lot, or that the f£iald had been
burned between ¢ropping and samplinge Flelds with "indirect soils
data® are marked with an "x" symbol in Figure l. The 105 fields
were them culled to 44 based on the criteria described belaw, Of the
44 fields, 38 have had the nitrogen results returned from the laboratory
and are plotted in Pigure 17 the remaining 6 fields have not haed nitrogem
results beturned yete

The fields were culled to remove gll fieklis with areas less than
or equal to one heotares The sm#ller fields show much more erratic
per hectare yields. There may actually be gregter variance in yialds
of emaller fields, certainly dramatic differences in rice growih can
be obaserved on a micro-ascale of a few meters due to patchy burmse However,
mach of the greagter variance in small field yields is clearly due to
greater error in estimating the production and the field area, since
the farmer is likely to round off the area to the nearest tarefa and
the production to the nearest sacoe
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The dgta set was further culled to remove all fields with
questionable ylelds, where the colonist contradic ted himself in
describing either the area or the production or the informsiion needed
Yo make the adjusuuwents for planting density, variety, and demsity
of interplanted crope "

Alsé removed were gll fields where yields from interplanted and
not interplmnted sections, or from sections planted with different
varietiesicouldp% separated.

411 fields/witnAF THioD ingufLiciMY voo available for meking
the variety adius'lmént were also removed., This necessitated removing
all fields planted with varieties other than IAC-1246, Cenela de
ferro, and IAC-101 due to the lack of informgstion from experiment
station variety trialse

FMelds interplanted with anything other than maize were also
removede This included fields with manioc, manioc and maize, pasture,
fruit trees, and even benanas. Uf these the manioc and maize removal
represents the most important restriections There is not enough date
t0 be able to make the necessary asdjustmenis to include this combination,
and it would be/Pairly complicated relationship to unrevel since var-
iation in the planting dates of the different plants, whether the
manide is trimmed back, etc. are also importantsa This combination
is extremely common in the older settled ges North of Altamira, and
4+ thimk my data will show that its use is incregsing among the
;oloniats of the Pransgmazdnicae As of now it is still too rare to
produce gdequate smounts of data to make the correctione

2.) ADJUSTING PREDICTED RICE YIEIEDS FOR SEED vw
- PBANPING -DENSITY: - e

Adju.stm.ents “for seed iariety were made by interpolating from
graphs I made by plotting data from the EMBRAPA-IPEAN experiment
station at Kme 350 (presented in Vil¢gas & Kass, 1974. pe 7)e The
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relationships tms derived were as followss
for IAC-12463 ¥y = 27.9xfor x ~ 111
EQR. 1 ¥y = 8,72 x + 2166 for 111 - x . 222

o

for canela de ferro:”
Y= 20,5x for x - 111
EQR. 2

y«2278 for 111 £ x < 222
where y = the yield in kgs/ba
x = planting density in 1000 hills/ha

It should be noted that these relgtione are érived fram very
few data points. At lezst other variables such gs number of seeds
per hill (all 5 seeds/hill), planting and harvest dates, weather,
weedings, chemical treatments, and soil (gll latosol amarelo) are
all controlled, which increases the credibility of the small number
of points considerablye
The IAC-1246 deta comes from an experiment which wys specificglly
designed to test for planting density effects, but has only . three
points including the origine Three other experimental plmxtings
of IAC~1246 at the same detnsit& as one of the gensity plantings
gave yield vplues in the same ranges For the canela de ferro relation
there wys no experiment run at km. 350 to test for planting density
effectes, 80 a control plot from another experiment was used, giving
two points including the origine. However, a planting density experiment
Wgs run on csnela de Brro at the Taracuateua experiment station in
the Zona Bragantina (Iopes eteales, 1973)e This gives yields much
lower than those obtained femr canela de ferro at kme 350, but the form of
& plot of five points (including the origin) made from the data
presented in ILopes et.al. (1973) shows very little crowding effect
up to l.11 % 10° hills/ha, followed by a very slight net decline in

yield over the range from 1.11 X 10° t0 .. 2,22 X 109 hi11s/hae



Ye 30

Inis steady ride and them platean form is wha‘i wgs used in the
canela de ferro adjustment equations given above, scaled for the
yields at kme. 350 to make them pomparable to the IAC-1246 datae

Por the variety IAC-101 which was distributed in the area by
INCRK in 1972 and is 8ti11l1l a fairl¥ common variety there has never
been any emperiment station testing done in the areae The yieldm
attained by colonists, however, seem to be comparable to those
attained from IAC-1246 (which ie not the case with the traditional
veriety canela de Brro)e The equak¥imns derived for IAC~1246 were
therefore used for IAC~10l1 as well.

Por the measurement of rice planting density .. ' the datg Was
obtained in two wayse In the cgses where the rice wes standing in the .
field, or where the stumps of the harvested rice were still pr@sent,
I megsured the spacemente directly for a number of hills, emd them
ia-t:er made the appropriate calowlations to obtain the number of
hille/bee When tMls was impossible, as when the rice crop had been
planted in another year, the planting density had to be estimated
from th: kgs of seeds planted per hectarees A plot wgs made of planting
demsity on kgs seeds/ha for 42 points where the planting demsity had
been meapured in the field. An eye=-fit “regression® wgs then used
to derive planting densities for fields where only the kgs seeds/ha
w,s knowne The relation used wgs: )

m& 1 Iy = 3.9 x
- where y = the planting density im 1000 hills /ha

x = kgs rice seeds planted per hectare.

3.) ADOUSTING PREDICTED RICE YIELDS FOR DENSITY OF

Since there have been no experiment station trialm results gvailgble
which could be used for mgking sn adjustment for the effects of
different demsities of interplanted crop, another eye~fit "regression®

- -
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had to be used. There has been one experiment station trigl done

comparing one density of interpismting with no interplantinge The
report (. Viégas & Kase, 1974) unfortunately does not mention the
planting density used and all of . the technical people involved in
the experiment have been transferred away to otlwer locations. I
hope to be able to get this out of the archives of the field station
later,

The “regression®™ used wes £it from a plot of rice yields (expressed
as propor'?;ions of prédicted yield from variety and * - . rdice planting
density) versus the dnsity of interplanted c¢rope There were 75 pointe‘é'@
which had 7°*® culled only to remove fields interplent®d with other
than maizee A decrease in yield with increased interplentimg is
evident, although there is pleanty of scatter in the points as one would
expect given the number of uncontrolad variables. | The relationship
eatimated fram. this graph which was used to make the interplanting

adjustiments wast

Bl 4 ¥ = «0.03094 x + 04495

" where y = the multiplier to #ljust predicted rice yields
for interplenting (the rice yield as a proportion
of the predicted yield from variety and rice
planting density)

X = density of interplanted crop (maize) in 1000 plants
per hectare. - -

Bs) MAIZE:
" 1.Y "CULLING THE DATA SET:

R I L A R e R

had the Wmsic fertility soils results returned so fars Of the 82;

25 have only 1ndirect soils data and 57 have direct 2ils datae These
were culled g% described below #0 8 and 39 fields respectivelye The
39 fields with direct soi1ls data ge plotted in Figure 2e
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were excludedt 1) all fields with areas less than one hectare,

2) all fields with questionalle yields or conflicting answerm
regarding information needed to make the adjustiments for planting
density and interplanting, 3) all fields with incémplete information.
for making the density and interplanting adjusthents, 4) fields

which the colonist said were totally deatroyed by rats (2 of 44 fields),
end 5) fields in wh ich the meds did not germinate (2 of 44 fields)e

° 2.) ADJUSTING PREDICTED MAIZE YIELDS FOR PLANTING nmsmr-

There heve been no epériment station tests rvm ~° “on the

-

Transemazdnica to determine the effects of different planting demsities
on maize §ie1ds, 80 another eye-fit "regression" wgs employed. A plot m
was made of 22 points for non-inte:pianted. maize of maize yield per

1000 plants versus == maize planting densitye The data show the expected
dedline in yield/1000 plants as density increases, but given the number
of uncontrolled factors, it comes 38 no suprise that there is plenty

of scatter in the pointse The rough "regression™ fit from the plot

and uses to make the planting density adjustments wass:

BQN. 5 y = 215 - 10,5 x

where y = the maize yield in kgs/1000 plants (the
*predicted yield from maige dengity"(PYMD))

= ﬁgnc.%earg:}ecntmg dengity in 1000 plants per

There did not aﬁpear to be sufficient difference between
varieties to justify making a correctkon, This is supported by the
fact that variety trials done on Terra Roxa Estruturada and
Podzglico Vermelho Amarelo at the EMBRAPA-IPEAN experiment station
at kme 23 showed no. significet differences between any of the
.7 i:  varieties tested (Vifgas and Kass, 1974, pe 25)

As with rice, planting density could be me sured directly only
for mgize crops that were still in the field zt the time of sampling.
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£ lanieg -ngities for crops in ppevious years were estimated from an
eye-fit "regression™ of maize planting demnsity on kgs seeds per
hectares 7 . A plot of 29 points of fields with areas gre,ter than

or equal to Xk 0.5 hectare yielded the followings

EQN. & ¥y = 5375 x
""" 7 where y = the ma%ze demsity in plants per hectare
X & kgs maize seeds planted per hectare

3e) Ay_u_s_mmc PREDICTED M_A_IZE YIELDS FOR mmsm OF
- IRPERP KB -GROPS -~ -« - mrcmmc e

Adjustment of pred:.oted ma,ize yields for dengity of interplanted
crop was made using another eye~fit “regression®e A plot was maide
of 39 points of the proportional deviation of the mgize yield from
the yield predicted on the bgsis of maize planting density allone
((actual~predicted)/predicted , where predicted is from Equatiom 5)
versus the interplanted crop densitye Again, a decline in yield
as interplanted crop @&nsity increased wgs evident, although there was g -
good deal of scatter in the points. The relationship estimgted from
the plot and used for the gdjustments wgss

EQNe 7 y = =0.00685 x

- -

‘where y = the proportional deviation in kgs/1000 maize plants
from the value predicted from the -maize planting &=
density relation ((amctual - predicted)/predicted).

x = interplanted erop demsity in 1000 ‘' plantsfha.

Modifying this to ghkve a predicted maize yield in kgs/ha one
obtainss )

_93 8 P = (~0,00685 ICD + 1)(PYMD)(MD)

‘Where P @ predicted yield in "kg/ha from maize @éneity and
density of in¢erplented crop

ICD = interplanted crop density in 1000 plants/ha.

PYMD = predicted yield in kgs/1000 plents from maize
density (from Equation-5)
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MD = maize plenting density in 1000 plants/ha

Ce) %OLUS BEANS:

- P

,,,,,,,,,,,,,,,,,,,,,,

There is yie]d de_ta available for . 69 fields, 58 of which have
had basic fertility soils results meturnede The 69 fields include
37 with direct soils dgta and 32 with indirect soils data. The &ta
set was first culled to remove all fields with any Rhizoctonium or
which had no information regarding Rhigoctonium attacke This reduced.
the seample size to 12 fields, Fields with incomplete information for
meking the adjustments for pk nting density (kgs seeds/ha) were
removed‘;; along with fields with areas less than 0.5 hae This reduced
the data set to 7 fields, 2 of which had only indiredt soils datae

Fields with indirect @ils data are marked with an "x® symbol in Figuwe 3.

2.) ADJUSTMENT BBR PLANTING DENSITY:

il S i B e

secds planted per hectarees No attempt was mile to adjust for effects of
different varieties of Phaseolus dee to the amall sample size, nor
was any correction made for the dfferent seed weights of the variofis
varietiese A log-log plot of yield#/kg seeds planted versus kgs seeds
planted / hectare pppeared to give i:he best £it, although the amall
numBer of data points makes it likely that the eye-fit®"regression"
obtained will be modified slightly when more data points are alded.
Nonetheless, there is a clear negative relation between planting
density and yield/kg. gsecdse The fit for Vigna beans with the

for uming the same transfomation on the FPhaseolus datae The eye-fit
regression obtained for Phaseolus wgs: |
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Mﬁ a I = 1e62 = 0.6807 X

-~

vwhere y = Phaseolus yield as log, k@'kg seeds planted

e e

used.

Do) VIGNA COW PEAS:

” PR S
e e e et e e e e S
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Culling was done using the same criteria **with Phaseolug: fields
with aregs less than 0.5 ha were removeds This reduced the initial
sample size of 16 fields to 8, including 2 ®ith indirect soils datae.
The fields with indirect soils dgta are marked with an "x™ symbol
in Pigures 4 and 5. T

2.) STING FEB PLANTING DENSITY:
density expressed as kgs seeds plantéﬂ per hectare, No attempt was
made to adjust for differemces between different varieties of Vigna.
A log-log transformation was found to give an excellent fit, as
shown earlier in Figure 4« As explained in the text, an unfortunate
correlation between planting density ahd pH made it impossible to

separate the two effects using predicted yields derived from the
planting density relation.

B.) BITTER IO0C:

the adata set for bitter manioco yields includes 10 fields, plus
an additional 3 fields of unknown manioc variety (which are probably

bitter) and 3 fields with a mixture of sweet and bitter manioc which
are at legst half bittere Three of the bitter manioc fields and one
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of the unkmnown variety fields hgd indirect soils data, and are marked
with an "x" symbol in Figure 6. <The fields with umknown or mixed
varieties are distinguished in Figure 6 with triangle symbols.
Besic " Pertility soils results have been returned for all of
the fieldse

“t wgs evident that the wide variation in months to havest had
a gre;.t effect in the resulting yield in kgs of farinha per hectaree
Yields were therefore standardized gg,yx?lds.:gkgsfgi@a&a/ﬂ mon ths
growthe A plot of yield standardized for growth period wversus months
of growth did not reveal a declife in output that would warrent
making a correction for the range of 12-30 months, with 17 points
in th.t range. 1t is common knowledge among the colonists that
if manioc i=s lef'i: too long it gives less, s0 more points may make
a pefinement for months of growth possible. In addition to giving
less yield, the older manioc tubers are more woody and give poor
quality farinhae Tor fields with less than twelve months growth
it wzs flear th&b the yield per twelve months growth figure wgs
- affected, and these points were culled from the d ata sete

No correction was made for planting demnsitys A plot of nine
points of yield/hectare/12 months versus planting demsity in
plante per hectare indicates thmt: there may be g slight decline in
yield over the range of demnsities used, but not enough to justify
making e correctione If a correction were made, the d&ta set would
have to he further culied t0 remove flelds with incomplete information
on planting density, which would further reduce the mample size since

the technique used with other crops to estimate planting densities
from seeds planted per hectare for crops of ptevious years is not
possible with manioc, which is planted from cuttingse

The maller fields hpve not been culled from the data set but
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are distinguished in Figure 6 Wy circless

No distinction was made between the different varietiss of
bitter manioce No distinection wys made between®™farinha branca®
(white ferinha “seca® preferred by Nottheasterners which has allower
market price) snd “farinha puba® (yellow farinha “dagua® preferred
by Paraenses which has a higher market price and is mgde by a different
process involving removing the lmgks by allowing the tubers to "rot"®
while soaking in water)s Only farinha was considered, ignoring other
useable mgnioc products such g8 leaves (rarely used Im the rea)),
stems, starch (fgctu.a), and juice (tucup‘f;.

f.) SWEET IOG:

The sweet manioc data Set contains nine rields, eight of which
nave had basic fertility soils results returnede These include two
fieids with indirect soils data. All of the fields hgve growth
| perivds 1n excess of 12 months, s0 no culiing needed to be done on
this scoree Fields with grezs less than 0.8 hectares were removed
from tne data set, reducing the number of useable fields to four,

The 1nagccuracies from suall fields cgn be expeeked to ba greater

for sweet manioc than for bitter manioc, since the colonist often
pulls out a few plants throughout the year either to eat boiled or
fryed, or tgféed to pigse This drain would have g greuter proportionate
effect on small plantings than on larger ones, which makes the higher
area standards nedegsary for gweet manioce Only data on manioc
converted to farinhg was used in the analysis. No correctionms

were mgde for planting dengitye Yields were standardized for growth
pediod and expressed as kgs farinhs/Ha/ 12 months growth3 no further
correction for months of growth was made to allow for devreasing
growth rate with time,
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