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I.) ZI&TRODUCTIOL: , .

The present paper forms a part of a general overview of the
agricultural system in the colonizatkon area of the Transamazon
Highway as a prelude to modeling the system for the calculation
of its carrying capacity for human populations. This paper deals
with the part of the agricultural production process related to
annual crops. Other parts of the system such as perennial crops,
domestic animals, and hunting and gathering will be trgated separately.
1ield relations with soils nutrients, planting density, interplamnting,
variety, and in some cases disease, have been treated separately
for the six most widely-planted annual crops (Fearnside 1975).

Also being treated in a separate paper are the parts of the agroecosyst
which interface with the agricultural production subsystem, such as
land clearing, land use allocation, and allocation of products to
storage, sale and consumption, among others,

Lhe present paper gives a discussion for each annual crop of
the extent of the crop's occurence, agricultural practices such
as planting, weeding, and harvesting as practiced in the colonization
area, plus an evaluation of vroblens such as insects, weeds, vertebrate
pests, and plant diseases. Apparent trends and future prospects are
also discussed for each crov.

Particularly for the six major annual crops (rice, malze,
rhaseolus beans, Vigna cow-peas, bitter nanioc, and swect nanioc)
the informotion relatcd To fresuency and size of plantings, labor
recuireunents in different seasons, and contriobutions to yield varianilit
from nests, weeds, diseases, etd., will be important for inclusion

in the carrying cav:city models.
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II.) CRUSS D AGIICULANURAL FPR.COPLICES:

7irtually all colomnists plant at least some uplond rice.
Plantings range from subsistence plots of a hectare or less to
cash plantings of as much as 25 hectares. I'inancing policies in
the nast resulted in many colonists makinz financed planti s of
about six hectares, but the arsas vary widely. Rice is the most
important cash crop in the area at present.

2.) FPLAFPING, INTERPLA.AWIWG, ..U V.RISTINS:

{pland rice is.planted just after tle beginning of the rainy
senson from the end of December throush ~ebruary, with most nlantings
being made in January. Flanting is occasionally done with a machcte,
but usually is doue with a hand plantving nachine. Yensitics vary
widely: a median of 25 kn/ha of seeds were planted in /12 fieclds, witl
the runge from 12 Lo 45 kz seeds/ha. The number of sceds ner hill
varys, but 1is usually around 20-250, and the svaceument also varygs
widely with the median of 42 fields being $5,000 hills/ha and the
range extending from 17,000 o more than 200,000 hills/ha. .oth
seeds per hill and planting density are somewhat differcnt from
the five secds per uill and 111,111 hills per hectare recommended
by IPEAIN (Lopes et. al. 1973).

tice must be planted in fairly clear ground, and so rewulres
a more thorough coivara than does maize. Ior this reason rice ix
usually planted where the best burn has been obtained, and maize
in the places tihct ' rned less thorcuihly. Usually a weeding is
required just before planting. Women and children over about ten
years of age often help the men with planting.

Some colonists plant early (in December) with the intention

either of re-using the same area for a subgequent crop of beagns
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(wvhich are planted in 4pril and Iay) or of gelting a small second
harvest of rice from the.resprouting stumps. Har&esting the resprouts
can add about 6C kg/ha to the final yield. PFlanting eurly, however,
crrrics thne risk of having to harvest the rice before tie rainy season
has cuded, which can cause losses. Toppling can 2e .ore of a problen
with early-olanted rice. Yhere is no planting of more than one rice
crop per yexr: there is no irrigation.

Lote planting can also result in reduced yiclds due to weather
factors. If mailze hus been interplanted with rice, late planting
of rice cun cause furvier rcduction in yield due To The increascd
shading from the taller miize. wsumbers of colouvists planted somewha
later than they otherwise would have this year when 1uCRA geed being
distributed in the ares did not arc-ive until the end of danuary.

wolonlets making larse nlantings of rice are wise To subdivide
the area into gseveral parcels nlanted 2 few weeks anmart. 'fhils reduces

the need Lo uire supvlencnvary lavor abt harveszt uUime. There nay =also

i
H

sone of The plonting

ot

.eas

be some added advantasce in insuring vhat ot 1
will fall in the unpredictable best Cine fron the »oint of view of
westher. “his last factor is not so imortant for rice as for sone
other crops, noteably beaus, aund 1t is usually the labor consider.tion
that wmotivate split Hlanting dates.

There are several ricc varieties in use in Tthe crea. riost common
is IaC-1246, which was distributed by INCRA in 1973/74 and 1974/75.
Some colonists are also still using IAC-101, which was distributed
by INCRA in 1971/72. Some also use the traditional variety Canela de
Best yields are obtained with IAC-1246 and IAC-101. Canela de Ferro
does have the advantage of bheing less prone to toppling, and I suspect
there is more leeway for late harvesting before the seeds begin fallin
fut of the panicles. There are a very few colonists who have made

small plantings of other varieties. The DBarbaria variety that was



!!!! distributed by INCRA in 1972/73 and proved succeptible to the fungal
disease Helminthogporium oryzae, Van Breda de ilaan, has disappercd
from the area. It is not uncomwon for colonists to have diffcrend
parcels planted with different varieties. The distribution of 1:CRA
seeds in the area, along with the former reqguirciient thut they bve
used in financed plantings, has undoubtedly resulted in an abnormally
low.diversity of v.rieties being .lanted., This may chionse nov chat

the 1.Ca. sced distribution program hes ended. With colonists planting

' L3

gseveral Giffercent vorieties tlie chances should be reduced ot an

1

arca-wide crop railure due o disexse such as the one that occurred
in 197% wil re-occur.

Inter lonting of rice with maize or with ianioc or vwith both
naize and manioc is common, althoush wot universal. dinterplantiug
with izize wlone is 1o0st cowone sensitics of the intervlanted crop
v.ry widely, but maize is ucuwally >lonted in idell-spaced rovs
(carreiroes) about 5-GC meters avart, with «bout two meters between
plants. hen manloc is added 1t usually is rlanted with one s:anioc
plant between each maize lant in the same rows. liaize is planted
before the rice. lianioc is usually planted after the rice, butb
sonetiiies it is planted vefore und the towns trimined back. whether
or not the wmanioc is trimned suould have an effect on rice yield.,
The relative olanting dates of Tthe different crops planted together
in an interplanted field affects the amount of competition between
them and the resulting yields. ‘The relation of interplanting to rice

yields, as well as the relations of rice planting density, variety,

and soils,are discussed elsewhere (Fearnside 1975).

3.) WeEDS, FESTS, AND DISEASES:
dice requires that more labor be spent in weeding than in most
other crops. <Two or turee weedings are required after planting, and

reduced yields result if adequate weeding is not done. 'he tining
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of the weedings way also have an c¢ffect, but this is hard Lo auantifly.
The anmount of weceding re uired dewveuds on the bufn auclity and on
the age of vhc Tield, older ficldss requiring riore veeding. Weedin
is usually domne with a hoe (eniada) althoush sonetines weeds are
pulied oy hand. <omen and children helw in the weedi s, znd » id
labor is seldom re uired.

-nsect losses viry from ye.r vo yezr., sunbers of co0lo Llosts
complain of hawving lost zicc Go o lecf-c.tine lesidovieran laova in
e Lhos voen slighl since. Wien rice is kent in viles

1972, vut dana

(pilhas) for loung periods between harvestiuz rnd thres:iin;, there
may he severe losses o mothdfn%kgﬁﬁﬁgﬁg&ios-from colonist %o
colonist, between different piles and different parts of the pilc.
“here are several vertebrates th:t cause damage to rice. ‘hen
rice seeds are first planted they are dug up by lizards and by rodents.
Rodents also eat the young rice shoots. LRodent damage is grecter
near the edges of the Drest. =Rats also eat the heads of rice that
touch the ground if the rice topples, eat the rice wile it is drying
before being piled, and e&#t it while it is stored in the piles awaiting
threshing. There &s also a bird (chico preto) which eats the ripe
heads just before harvesting and eats the rice while it is drying
before being piled. Vertebrate damage, especially from rodents; varies
between colonists and between different parts of a field. |
Disease, as already mentioned, caused Utremendous losses in
the 197% Barbaria rice. Barbaria had been brought from Fernambuco
without previous testing under imazonian conditions. iany colonists

zot no harvest at all. ZIight atltacks of the same helminthosporium

sometimes produce soile symptoms on the more resistant v.rlieties, as

does the blast (brusone) Iiricularia oryzae, ..ri. & Cav., dut only

an occasional colonist complains of losses.
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Chemical trestuents can reduce sone of the insect and rodeant

bR i)

osses. Seeds suopplied by IL.CLA are already poisoned with aldrin,

=

and many but not all colonists use aldrin on seeds boucht from other
sources or oroduced on their om lotes. aldrin is the most effective

for »nreventing rodents fron digging us the sceds. L. few use Geswurol 3%

- -y

(formula: 4.575 1,1 bis~(p-chlorovhenil-2,.,2-trichlorostan + 0.5

“

C
£

sonna 1,2,5,4: 5,6-hexachlorocyclohecue). This powder is only good
Tor insects and does nothing for rodentc. A few dip the rice seceds
in kerosene before »linbing, but this technicue often results in
killing the rice sceds 1f they are left in the kerosene too long.
tesarol is sowetiires sprinkled on the outside of Li.e rice »iles,
which nay help reduce mobh dumice soievhrt.

A very Tew colo il Tt~ e used sone sort of spHray or other
tre-tment winile the rice was in the field. Sever:l vried shis during

the atveck of _elminthosnorium in 197%, but to no avail. “he hish

nrice of chenicals »lus the relative nezlthivess of rice in the field
digcour.ze this. o fertilizers or lining are uscd on rvice, and

the price would be prohibitive if these vere used.

T A Y PRI
4, ) LARVESSD I T

'

Harvesting tales place from liay throush July. YThis s usually
done only by the men, although occasionally women help some. Harvestin
must be done guickly, otherwise there are losses as The grains loosen
and fall from the panicles. If the rice begins to topple badly,
immediate harvesting is also required. The need for large amounts
of labor in a short period of time means that supplementary labor
must be hired if large plantings are involved.

Harvesting is usually done with sickles, cutting the stalks off
about 10 cns from the ground and placing the bunches of rice on
convenient stumps and logs for drying. After drying the rice is

usually not threshed immediately, but is stored in piles called
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"pilhas", which are long roof-shaped heaps of rice draped over logs
in the field. <“he rice nust be layercd in the pilhas in a very
precise way to prevent webting and spidilage. Several inexperiencad
colonists lost rice in the early yeors due o improverly cornstructed
pilhas. fbe length of time rice is left in the pilhes varys gre.tly,
gsonetinmes extending until Cetober. [his may be beeause of valting

to use an Ln.Cli thresuing mochine, weitving for a welier umarizet price,

L)

.

or waiting for a Tr.vessao to be onencd in the case of “Those in
cloced trovescoes. Since vt danage is usually less in Shie pilhas
thvn in rice which has been threshed and sacked, it 13 best to leuave
threshing until Just before sclling tiie.

Threshing (bategdo) is doune Lobh by hend and with threshing
nachines. “he cost is about the Bame: L4 provides the use of

of the machines for a fee of Ury 5,00/saco (a saco is nouw 50 kus,

H

]

having been re-delined from the vrevious 50 kgs in 1974 by the 3anco

do “r:sil;, which is about the same as the cost of threshing using
hired labor. The machilune has the advantase in that no cash is needed
25 the cost is put on an LiCRA account which is paid later through
direct deduction from the value of rice sole to the Lanco do Lrasil.
The machine is also <uicker and easier and gives cleaner rice with

less broken grains. ILiiCRa maintzins tractors in the roadside agrovilas
which are used to tow the thréshing machires to the colonists' lotes,
‘as well as for hauling sacked rice out of the travessoes by cart. The
services of the tractor are also not paid in cash, but are put on the
colonist's INCRL account. “Three colonists in the intensive study area
also havevthreshing machines of thair own which were bought on credit.
¥ne colonists were convinced to buy them by a salesmon that passcd
through the area in 1973, but the machines have proved easlily breaikable
and parts for them are hard to find, with the result Ch:t onl, one is

s¢111l functioninge.
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l ..and. threshing is doue either on a threshing nlat:

)

oz, which

is a waist-hich »latform of s¥icks lasuhicd vogetiaer with a cloth

curtain ri;ed @s a buckstop To cateh flying rice groins, or 1 is

Zone on a couvenient log. . Gargsculin or sheet of rlactic is goreud

n the ground Go cutch the turesid rice. +sunches of rice are micked
.

ur 0 the stalits and be ten oun the lo~ or »latform. Debris is

funned fror the fallen rice, and the rice is saciked for transport
and storage. +he anount of rice that can be threshed in a day
varys, usually being at least 5-86 sucof of GO kgs per nan, being
more when the rice is well dried. Iliand threshing has the advantage
over the machines of using family labor rather than money, but if
paid labor 1s used this must be paid in cash. Threshing is stritly
man's work.

The stmaw left after threshing is usually burned, it is not
composted or allowed to rot in the field.

Milling (beneficiamento) is done only for rice to be consumed by
the colonist's family. This has so far been largely done by hand
by women using a traditional mortar and pestle (pilao). CIBRAZEM,
which mills rice which has been sold to the bank, also mills rice
for the colonists (for a fee) on:.one day per week. iecause this
involves a trip to Km 46 with no guarantee that the rice will be
milled thot week, few colonists from Tvhe intensive study area nuve
taken advuntase of this. & private milling nachine anas recently vecn
iunstalled by a newconer colonict who bought vhe lote fucing .orovila
Trende isperanga. This nay replace the vpilao in the arex Tor those
éolonists thit cun afiord it.

Me chaff left after The wmilling ~rocess es not veen uscd.
Until this wear oIlassll at im. 46 burned all of the chafl produced

by their milliuz. ~hey stonped tidls year, perhons as a result of ny

pe

having »ointed out the tremendous woaste this revreseunts to sowe of
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~of their staff. <The chaff is now left in a huge pile outside the

rilling plant, and remains unused. Y
Be) ILinIdm:

1.) OCCUR&.CE:

liost colonists plant at least some mailze, but relatively few plant
it ©s a cash crop. *he grect sensibivity of maize yields to poor soil
conditions hns causcd a few cplonists with poor soil to discontinue
planting it. %he relations of maize yield to soil quality, as well as
the relations with planti.g density and interplanting, are discussed
sekasewhere (Fearnside 1975). The relatively low market value, of maize,
in addition to the variety of hostile conditions resulting in voor
yields, hos discouraged its use ags a otash crop. liaize was financeg
as a cash crop in the early years, but maize financing has since been
discontinued. ©Only a little maize is consumed directly, its primary
use beins feed for domestic animals.

~ AT b v e ;! ';1“"_1"—: Iz WA TT.‘“ ] T AT TN
e ) BL LTI o Ll AR L Gy uld) VORI NS

Haize is normdlly planted'iﬁ December, Jjust after the beginning
of the rainy season and before the beginning of rice planting. “here
is only one maize cron planted per year, although one colonist in the
intensive study area has been pleased with the results of an experiment
hé did on a small plot of his land planting in October and harvesting
in March and then planting the same area again in lMay and harvesting
in October. Maize planted early seems to do fairly well, especially
if it is a smail plot intended to be eaten green rather than drdked
for animal feed. I suspect weevil attack in the dry ears may be worse
for earlykplanted maize. Maize which ig planted late, as in larch,
does very poorly due to weather factors. | ‘

Maize planting is usually done with a hand padanting machine, and

is usually done by men. Since plantings are almost all either small
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in area or are sparcely planted "carreirOes" interplanted with

rice, the labor demand for plahting is not great: Patches of ground

that have burned poorly or have unburned material not removed in

the coivara are often planted with maiae with the better-cleared

pootions reserved for rice. In Venezuela, Harris (1971, p. 492)

had observed maize being planted on wellpcleared ground as contrasted

with manioc. On the Transamazdnica manioc is usually planted after

the ground has already undergone a coivara for a previous rice

crop, and it is maize that is relegated to the tangle of branches

when the burn is poor and there is little time for coivara.
Spacement of maize varys widely. JYor maize planted alone

the median of 22 fieldd is about 7000 plants/hectare, but values

range from 1500 to 17,000 pnlants/hectsre. Yor maize interplanted

with rice alone, the median maize planting density of 75 fields

was 6000 maize plants/ha, but the range was from less than 1000 to

11,000 plants/hectare. These densitics are of “Shose nlants that

survived rodents, insecis, and germinotion problems to bedome adult

Lost moize planted is internl nted, usually with rice bubt also
with either nenioc or both rice anu wmanioc. Yhen cov-peis (feijdo da

corda; Vigna sinensis) are vplaunted, the already dry uaisc serves

cs a trellis. Occasionally other »nlants are intse . olantsd, as in
the early stiopes of nlantobions of nermanent cropse.

the varlety which hes been distributed by ICRA is Centralmex.
Thiere are woth hybrid and traditional "comun" varieties available
from private sources. aAn occasional colonist plants a few plants
of poncorn as well. “he hybrid and "comun" varicties do not show
rauch difference in yield in the field, and IPELI variety trials: have
also been unable to show any significant differences Between varieties

tested (Viégas & Kass 1974, p. 25). liore colonists have used non-ILICRa

seeds for maize than for rice.
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5.) WEEDS, FuST3, AUD DISSASES:

L4

“he number of weedings recuired varys, and is usually cither
one or two, more often two. Iliaize recuired less work in weeding
tiian does rice. “there is some variation in the wvecedineus different
colonists toler.te in their maize ficlds. vouen and children sonetines
heln with.%aeding, as with other crons. ‘eeding is done by hoe,
herbicides whein:; quite expensgive.

insects are m major problem with malze. 'hen the maize nlamts -
are youns it is common to see five or six different species of insectis
feeding on different parts of the plant. Ilost serious are those
that cut through the stem near the base felling the whole vnlant.
It is not uncommon to see at least 10/ of the plants seriously damaged
while still young. Once the ears are formed and drying, weevil
attack can be a very serious problem. Weevil losses vary from colonist
to colonist and from year to year. Old farmers in the older settled
area Horth of Altamira claim that every few years there is a great
outbreak of weevils with heavy losses for everyone, and in other
years there are very few. This is supported by the greater losses
that occurred to weevils in 1974 as compared with 1972, 73, and 75
in both the older area and in the study area. In 1974 many colonists
had maize that was so badly damaged that it was unsuitable for use
as seed, and the few with good quality maize were able to sell it
foxr a high price at planting tine vhen the arrival of IIICRA seeds
was belhind schedule.

fodents are also a severe problem for maize. If the seeds
are not trexted with aldrin before pnlanting,the losses of seeds
to rots, azoutvis, etc. before rerminatvion can sometimes be near
total. ZLosses vary greoatly, however, Ifrom colounist to colonist.
Yhey are prestest near the edses of the fields. Later wlhen the

4o

maize ears are formcd and after they have dried,the rats climb the
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maize stalks and e»t re:t holes in the ears. This damage zlso

vorys from colonist So colonist, =nd in the nmostrseverc cases can

afiect almost all of the ears in a-field. The extent of rat damage

to the ears also depends on how long the dry méize is left in the field.
The use of alirin on tvhe seeds is the only chemical tre:tndémt

uscd, although not all colongsts trext their seeds. IiCRL seeds

are already treated hefore distribuivion. “he high cost of nesticides

nitigates against their use on a low=priced subsistence crop such

as maize. TFertilizers, although ITLLN experiments have shown them

to be effcective in increagsing yields (Cruz et. al. 1971), are

brohibitively expensive in the area. ILiminz is also uneconomical

and is not uscde.

4.)  ILAUVESDTNG:

Wgen the ears are foPmed but not yet dry the colonists harvest
a little nnize for esting green.e In April and lay when the maize
planted in December is dry, molonisvs usually bend the stalks over
avout two-thirds of TtThe way up the stalk and leave the maize in
the field ("virar" or "dobrer nilho’je. ‘‘he folded-over naize isg
left in the field until neceded, usually being harve:ted a few ears
every day for feeding to chickens. In spite of the damages from
rats and weevils in the field, the damage tb mailze stored in the
colonist s house is likely to be even greater. .ny maize still
remaining in the field by about October is then harvested for sale
or storage. If the colonist intends to sell the maize he often
harvests it earlier. BSometimes colonists do not fold the maize
over, and harvest it directly, usually in July or August. Some
colonists even leave piles of ears in the field for some time after
harvewting them rather than bring them back to their house ior storage.

Usually the grains are f$ripped from the cobs fairly soon after

picking the maize, but this varys. Usually the grains are stripped
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in the hand, but occasionally a colonist will flail at a pile of
ears with a stick to break them off. Once the nmaizd is doubled
over the colonist often leaves it to children to bring the ears

in from the Pield for feeding to animals.

1.) OCCURELCE:

Phaseolus beans (feijao de arranca) are common as/gubsistence
crop and somewhat less comﬁon,aSaa cash crop. +hey are preferred
over Vigna cow-peas (feijéb da corda) besause of taste, price,
availability of secds from ILCRA, ond higher yields if undiseasedL
Bean plantings were financcd regularly in the ecrly years, but now
beuan financing is uncoamon but 1ot forbidden. sareas lanted are
usually small, the nedian field size of 34 fields being Just over

one hecctare.

2 PLalliis, TIMaRITAl
2

GG, ALD VoRIWDTHS:

Phagcolus is usually vplanted in April&and gy, where is a
fair amount of variation in pdanting dates; some have planted as
late.as July, but they have regretted it. Sorne have e:rmeriunented
with »Hlanting different paréels as aifferent dates. If becns ére
nlanted oo early colonists say They are attacked more heavily by

the web blight ("mela®) fungus Lhizoctonia microsclerotia Hatz

(Thanatophorus cucuneris IFrank). This agrees with IFZAN's conclusion

that humid conditions favor the disease (Albuguercque & Uliveira 1973).
If planting is done too late there is an increased chance that there
will be inadequate rain at the ¥ime of flowiring (about 28 days after
planting) and the plants will die.

Spacemenf of beans varys widely, and its effect on yields is
discussed separately (Fearnside 1975). IFw.ll has suggested that

wider spacing results in less Rhizoctonia‘(Gongalves 1969). although
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an IPEAN experimeht implanted at Km. 68 in 1974 attenpted to show
this without success (unrublished), casual observations in the ficld
tend to support the spacensent cflfect somewhat.

“he Fhaseolus varieties distribued by LUCRL have been Canario,
Jalo, +im do Yorco, and Costa dica ("preto"). There also have
been a number of rhaseolus varicties from »rivate sources in use.
4 number of colonists have planbtoed more vhan one Fhageolus variety
in the sane ycar, and bome of them linlk this to a comnscious cfilort

to escape fhizoctonia with at least one variety. I suspect that

there may vbe a slight teend to more diverse bean plantings.
4 few colounists have complained of germination »problems where
a large percentage of the beans planted simply rot in the ground.

Sometimes a second planting is made 2f the first one has ppor germinatior

3.) WEEDS, PESTS, AND DISEASES:

Usually beans are weeded twice, although occasionally only
one weeding is given. If the beans are badly attacked by Rhizoctonia
then the weedings are airtailed.

Rats and agoutis pose no significant problem for bean seeds, and
seeds are often not treated with poisons before planting. After
the beans have sprouted, rabbits can :e a problem eating the young
plants. Rabbit damage varyss from colonist to colonist, and occasionallj
it reaches severe proportions. Vertebrate damage to the bean fruits
is not a problen.

There are a variety of insects which feed on the vegetative
parts of the plant, especially caterpillers and beetles. In spite of
bvident leaf damage from insects, outbreaks completely devastating
beans have not ocurred, and colonists rarely complain of insect losses.

The fungus Rhizoctonia is far the most severe limitation

on Yhaseolus production in the area, and has been discussed separately

(¥earnside 1975).
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A very few colonists have applied insecticides to vecns, chiefly
Folidol or s.7.C. 4 few colonists have back-carried sprayers which
were supvlied by LHTRA (charzed to the colonists' I..CR. accounts)
in the early years. Lreataent with insecticides is very rare, and
treatnent with fungicides 1is even less common. 1.oiil exveriucnts

have shown several fungicides to have sowe effect ajainst lhizoctonia

Trabhu et.al. 1975). ALlthough they could not climinate Rhizoctonia

completely, the use of funricides guve zn avnprozimate S0 increase in
1 43

nroduction in the cxperimentzl plots. <*here is a problem with the

che leaves wihien applied in rainy weather, which

1":

fungicide washing off
is when the funpus is most active. Some colonists have asked IPBELN
técnicos for advice on the fungus and been told to use the fungicide
Benlate; I know of no colonists who have followed the advice. ZFlanving
the more resistont Vigna instexzd of Yhaseolus &s probably the surest

defense against Rhizoctonia.

Of on whenptpe begns are picked through %0 remove spoilcd beans

._.—-.-..r_

Jjust §9§ g?gggg}ggayggrqwCun be large numbers of bad beans Tthrown out,

LI

occasionally approaching half the beons. Althouph sone of Thils
gpoilage may occur in storuge, much of the snoilazze occurs beloxe

1 1-
ArVEeS5T e
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lHervesting is done in July and augzust, about 70 days alter
nlanting +“he entire beun,flaht ig pulled ur by the roots (which
~ives FPhaseolus its name "feijZo de arranca”) and dried. . tarpaulin
is then swpread on the ground anda the dried pnlants placed on the
tarpaulin and beaten with a ~uarterstave. This is strictly man's
work. After the beating has broken the beans out of their pods they
may or may not reguire additional drying before being sacked for

storage erisale.
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D.) VIGH.i COV-PEAS:

1.) OCCURE.CE:
Vigna sinensis has so far been planted only about asquarter
as often as ‘haseolus vulgaris, although this may change gradually

as Rhizoctonia fungus makes Phaseolus cultivation inviable for

-many colonists. Vigna has a less preferred taste, lower price,

and lower ylelds volh mer hectare and per kg of sceds planted tvhan

undiseased rhageolus. Yhc rrecter resistvance vo Lhizocvonia co wensabe

vell Tor 2ll of Ghese disadvanto jeg.  Jima sceds have not been
distrivuted by L.URL, nor hns Vicna  vezn Tinanced -
e ! e W Ly Li o LA —y kA e L) o " L]
/3 18 2lmost ertirely a subsistence crowm, ANG DLANTINGS are

thercrlfore smaller on aver;C GHin 10T .0 580 US.
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Vimo 1o vosuelly clontedoin .pril, o couple ol ucels carlier
KU A 19 1 Lhe cres oF She Troacgorinuonicn LU o Lhvoarioaoly
G271 *Ll.,k.JOOlv.:J - 211 e el OL g RS RN PR SATT © I B N G248 N N VRN U5 S U VR A IR :}
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slonted wAvh ory weldse wlants in Shie Jield to serve 45 SuoDorvS. WILS

is in convrast Lo practice clsevhere Ln iard, as in the Jonn ragsniing

vhene Ji-ne s slonted without malze.

i e TR FS Y e e 2w S EA I — [PEN. B | - Eal o
Jhe olanting density is usally fuirly soarsc, ana (o8 ol scoeds

wer necture is alimost aliunye less thun for . haseolus. =he effects

of nlunting density are disou sed senmarztely (learnside 1975, .
Sowrctimes manioc has been intverplanted in Vigpa fields.
Yhe most common varicties are Roxinha and "Bronco'

AT

3.)  WoeDB, PuSits, AND DISHASLS:

deeds are cleaned off the area Jjust before Vigpa is planted
(the "limpa®) and then usually one additional weeding (‘'carpa") is
applied latecr as the crop grows. s with all crons, this is in

addition to casual »nulling u» of weeds noticed whencver tae faxice

o

valks throush tie field.



Yhere are nuny insccets tiat attack vigna, ond coloints of
losces uare a bit more fre-uent + on with ‘hascolus. 10 chemic.l
vreatuents cre applicd. abbivs con also e a problem, o8 with
L 115C01uUS .

shidsocvounin occusiovally anseris oun Mijma, wub is uuch less
common and dées less danage thnon on fhoascolus. Lnilsocuvonic cffects

RN

are dlgcussed zepar woly, as are tne criccts of il nutrlencs

(Yeurnside 1975).

4l i RS R P e
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Jirma dis harvested in July cad ..unust. Ucecasionally the nods
are beaten with a quarterstave to release the secds in The sane woy

as Phaseolus, wut more often the pods are picked by hand, dried, and

§0

then broken open by hand. The beans are always eaten without the pods.

E.) BITTER MANIOC:

1.) OCCURELCE:

Bitter manioc (mandioca brava) is common both as a subsistence
and as a cash crop. The frequency and extent of plantings appear
to be increasing. Although the lack of financing for manioc has
made other crops such as rice more attractive for cash plantings
in the past, manioc has distinct advantages from the relatively
secure yield with low risk of losses from diseases and pests, plus
the lower need to rely on hired labor allowed by a crop which can
be harvested year-round rather than all at once.

One drawback is the re uirement of the equipument for a ‘''casa

da farinha" to process the manioc tubers into farinha. To make the
process practical for producing farinha in quantity as a cush crop;

2 small motor is necded to run the grinder. totors and farinha-noking
ecuipment have not been finonced, olthougzh two colonists in the
intensive study are- have govten around This -y usin, otors fron

financed wice threshing machines. In the iffencive study avea there
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cre six casas da farinha with motors wnd gon 02 that meke farinha

as a cash crop without notors. This represcits about onc casa

da farinha for every 43 occupied lotes. There are numbexs of other

]

colonists who have sumaller versions of the e-uipnint not reclly

)

Qualifvinﬁ 28 a “casa da farinha” for making farivha for Their own

Uost of ; '

/ine orerations without notors in the intensive study aren

do the r-Sing of vhac furinho by hond by rubbins the tubers on a

five of the em tha
srater made from an old kerosen 1n ik khave apehave The 1nde}

driven 7 a hand-oper.ted Ilywvhecel that is characteristic of dasas

The sneller

-~

onern :ions nmake a few saclis B8f farinha for sale. Tiie owners of

a foarinha in traditional areas of FardA. Souebinmes

jof]

the mechanized oper tions alie ment out the use of their cquipment
for a percentage (20%) of the farinha vroduced. Doth white Fforinha .
"seca ond yellow farinha "ddzue"™ are nade.

A

& modern farinha-neking factory wos built by IL.CRA in the

"industrial sector” of igrdnolis Drasil ilovo at Im. 4G. Unforitunatvely

1.8

thie Anrdorolis hes a severe provlem with its water supply, which
is pumpced from wells by an cver—~failing »um». Since the Aordpolis
has a ciironic lack of water both for drinking purnoses and for
running the steau-operated geunerators it has in its saw:ill, the

- i,

increased depnnd from the farinha factory could nov be reb. The
factory's shining nev machinery has'never neen used. ‘erc farinha
to be industriclized in the area vhe amount of manioc lanted could
be exueccted to increase dramatically.

The cre.tion of an industry to exiract alcohol from manioc for
use as a gasoline additive is another possibility that could result
in dramatic alteraticns of the present pattern of manioc occurence.
The Brazilian government has announced the intention to do just this

to reduce reliance on Arab oil. There has been a redent flurry of

interest in the press on this possibility (cf. Abelson 1975). The
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calculations avnpeuring in the press have arrived at various conclusions,.
Some have suggesved that tihe alcohol produced by ércsent iietiiodoloyy
would be too expensive Lo be cconomical as an additive (i Irovincia

do Pard, 7 Oct. 1975);‘however, this may be due to confusion as to
whether it is gasoline or érude oil thot is to be replaced with
alcohol. The most universal error in the calculations that I have
seen 1s the use of figures for per-hectare yields of manioc referring
to the amount that is obtained per hectare when a field is harvested,
rather than a sustained yield figure that includes the fallow period.
This can make an order of magnitude difference in the results obtained
for area requirements. Repeated manioc crops could be expected to
result in reduced yields through depletion of soil nutrients, as is
mentioned in the separate discussion of soils‘effects on manioc

yields (Fearnside 1975). In any case, if the government does follow
through on the plan to reoluce 15-20% of the volume of gosoline burned
in the country with manioc alcohol, then manioc may well become a
principal crop in the area.

- .
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iianioc is usually planted during the rainy season, althoursh
there ig wide wvariation in »lanting dates. IiBAL exveriments with

plancing dats have shown it pogssible to »lant all rear rounc, but

M 1,

hegt results are obt incd if the dry season and the first few weceks

of the roiny season are avoided (Aldbucuercue et. 2l. 19074). If »anioc
is interplanted with rice or with rice and maize it is usually planted
in January ox» Jebruary. Cubtings of the stems about 15 cms in length
are planted horizontally in a shallow »it scraped with a hoe and

just barely covered with earth. All plantings I have seen have

been made with the horizontal planting nethod, but a few vortheasterners

are said to have used the vertical planting method at first which is
adapted to the dry, rock-hard soil of Northeastern Brazil.,
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Planting densities vary among colonists. ILEAN spacement
exneriments done at Km. 23 do nolt show significant differences
between treatments in yield in kgs tubers/hectare. However, when
the data wreseated in the report (Vidgas & Kass 1974, p. 24) is
plotted with the conversion made to yield in kgs/1000 plants, a
clear negative relationship between denéity and yield emerges.
This agrees with a similar decline in yied in kgs farinha/1000 plants/
12 months growth found in the daté from the intensive study area.
Interplanting is done with rice, maize, rice and maize, beans,
and sometimes other crops such as bananas. lgnioc is also used
regularly as a shade plant for youns caeao seedlings.
ot all colonists distinguish between varietics of bitter
manioc, although some distinguish between "yellow"” and "red" manioc.
‘he varieties used are of th: branching, as opposed to the ercct, ityve.
The manioc varieties tested in IESAN variety trials have not been
disseminsated in the area. There is one case in the intensive study
area of a colonist experimenting with a manioc variety talien from
an Indian camp which was abandoned at the beginning of the colonization
(the camp is outside of the intensive study ares in Travessao 15/20).

LT PALCE T ATTTY Ty A, ey
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Manioc usually recuires two, and sometimes three,weedinss before
it is large enouzh to shade the zround and »revert further weed
growth. If it is interplanted with obther crops, the first one or
somnetines two we@dings take place while the interplanted crop is
5till in the field. If it is rice that is interplanted, usually
two additional weedin s are recuired after the rice has been harvested.
Because the manioc shades the ground for much of its vegetative
cycle, the weeding recuirement is considered light. If the growth
of the tubers is slow due to poor soil conditions, the amount of

additional labor reguired from a lomger growth period is not greut.
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Damage to bitter manioc from vertebrates insects =:nd disease is
not a great probkem. Caterpiller damage and a bacterial disease attacking
the aerial portions of the »lant have:beesn occasional problems in
other parts of Irazil (Almeida & Canéchio ¥Filho 1972 oo. 155—155);
but have not bcen probiems here. In ten bitter manioc fields; 20%
of the colonists comolained of losses to rodents. Losses were slight,
however. One com:on rroblem is a root rot that occurs where the soil
ks waterloszed during nart of the year; especially if the soil is
clayey (which contributes to the noor drainage). <Yhis has caused
severc losses in several case§, although in others the others the
¥ields, even though less than they might be; are still sufficilent
to make manioc an attractive crop. Of ten fields of bittef manioc,
80% had some loss from root rot. It is possible that some of the

rot may be the attack of a fungus such as Llhytophthora drechsleri

which has attacked manioc in other parts of Pard (Figueiredo & Albuguerocue
1970), but rotting from waterlogsing independent of fungal attack

undoubtedly explains much of the root rot.

L. 4,)  HARVESUING:

Some harvesting takes place all year round, although harvesting
1s easier and losses from tubers brealking off in the ground in the
hard soil are less if it is not done at the height of the dry season.
‘he problem of brecking tubers is worse in clayey soils than in |
sandy soils.

narvesting usuvally bakes place bezinning alter about the twelfth
nmonth and continues until aftcr the eighteenth month. Cccasionally
‘a colonist. that is short on farinha may harvest after as little as
six months, and if he h=s more manioc than he con »rocess he nay
leave it for as long as 30 months. If manioc is harvested Too youngy

the tubers are small and much more labor is reguired to peel them
for conversion to farinha, in addition to the disadvantaze of lowered



!!ggrowth rate of the tubers in the later months.and the problem of
the tubers becoming woody producipg farinha of lewer quality. The
.relation of growth neriod to yield is discussed separately (Fearnside 1975).
Harvesting involfes first cutting the tows of the wanioc off
by machete and then pulling the tubers out of the ground by the stem.
The> stems are then cut off and the tubers separated and piled to
awalt tramsport. Transnortation can be a major problem if the colonist
does not have a casa da farinha in his own or in a nearby lote.
Transportation of the tubers is done by either carrying them directly,
by burro, or by wheelbarrow; hiring a pickup truck has been considered
by some and rejected as uneconomical. Transporting a pickup truck-load
of manioc 10 kms costs Cr$100, and is good for making about 15 sacks
of 60 kgs each of farinha. Occasionally colonists will mell manioc
still in the field to another colonist who will harvest it and conert
it to farinha.
‘he amount of labor required to convert the tubers fnto farinha
is considerable, varying with the size of the tubers and the water
content; as well as with the ecuipment used. The farinha must be
processed within a day or so after the tubers are harvested. There
are two processes; one for the yellow "farinha puba"(farinha dAgua)
which has a hishep market value and is ireferred by people from Iard,
and the white "farinha seca' (farinha hHranca) which is prefe:red
by lortheasterners. Making farinha dagua involves soalkigg the tubers
in wgter for a while while the skins w»artially rot off. laking
farinha seca reéuires more work: the skins are peeled off the tubers
by women gnd children which is often a limiting paint in the production
oper:tion. The peeled tubers are then ground and the ground manioc
left in its own juice for a while in & trough. The mash is then put

in a wooden press, often overnight but for shorter periods if farinha

is being produced in quantity. After removal from the press the mash
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is passed through a sieve and then roastéd in the shallow metal bin
of a wood-burning "forno". The mash is stirred on the forno with

a wooden paddde; this is a man's job as the fumes from the roasting
manioc can cause dizziness and vomiting. The dried farinha is then
cooled in another trough and sacked for storage or sale.

Use of other parts of the manioc plant is 1imited; with the exception
of the stems which are saved for planting. The leaves are sometimes
fed to pigs; but are generally not eaten by people in the area. A few
colonists save some of the starch (fecula). The tucupl (manioc juice
which is used in several dishes eaten by Paraenses) is not usually
saved by non-Paraenses. An alcoholic beverage made from manioc¢ also
appears occasionally, but is a rarity. The larger chunks of the manioc
mash that do not pass through the sieve are often roasted and fed
to pigs. On the whole, farinha is the only manioc product produced

regularly and in cuantity.

o) SWEul PaiIOC:

1.) OCCURZCE:

Sweet manioc (macaxeira) is nlanted in small quantities by almost
all colonists as a subsistence crop. There are a few larger oplantings
for cash purposes, but these are rore since the higher yields of bitter
manioc moke it more attractive for nroducing farinha for sale. ‘Some
farinha is made from sweet nanioc, however. <“he lack of toxins in
the tubers allows sweet manioc to be ecten boiled or frycd or in a
variety of less common reparations. 1t is also used as feed for
pigs. Under the organization of the I :CRA admingstritor in ..zrovila
Grande Esperanga, a communal plot of sweet manioc has been plunted in

the senter of the asrovila for the use of those colonists thal contribute

labor to i1ts maintenance.
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2.) PLUMIG, INT-RELANTING, AND VARI /DIUS:

Sweet manioc is planted and interplanted ifi the mne way as
bitter mankoc. UlMost colonists do not distinguish between different
varieties of seecet manioc. |

Zlanting density shows the same relationship with yield ax

with bitter manioc.

3.) WEEDS, FESTS, AND DISH.SES:

Vleeding requirements ére the sémé for steet as for bitter manioc.

Insect damage to:.sweet manioc is,small; as with bitter manioc.
Vertebrate pests can be more of a problem with sweet manioc, mainly
rodents eating the tubers. ~Xodent damage was complained of in 80% of
five fields of sweet manioc, four times as often as for bitter mankoc.
The damage was greater in magnitude, in addition to the much greater
frequency, than in bitter manioc fields.

Root rot also causes losses in sweet manioc, 29% of Heven

sweet manioc fields having been affected.

4,) HARVESTING:

Sweet manioc is harvested yeor round, with a few plants being
pulled every day or so for table urposes and for feeding Pigs.
Yield relations are discussed senar.tely (Fearnside 1975). ‘Yhen

farinha is made, it follows the same pattern as for bitter manloc.

G.) SWEET 20RATO:

Sweet potatoes (batata doge ; Ipomea batatss lawm.) are strictly

1.

o subsistence crbp planted in smzll pavches in many lotes. lantin;;

ig done from cuttings, usually in Tthe rainy secson, and larvesting

is year-round. The variety uscd is one with white flesh in the

tuber. “he tubers are either boiled and eaten directly or fed to »is.
Virtuzlly no effort is expended in weedipg sweet »notaltoes, as

the vines auickly cover the ground themnselves. ieveral colonists



complain of insecct d=2mage to The tubers, and of root rot in poorly-

drained soil. BSweet notatoes are also succeptible to a long list
of diseases (4lbuauercue & ¥inheiro 1970), but these have not been
\

a nroblem yet.

d.) ROV
Yams ("inhame"” or “card" ; Dioscorea S“p.) is common in small

subsistence plantings. although there is a long list of sta and
diseases that can potentially attack it (Albucuercue & Pinheiro 1070, .56),
it, like sweet potcto and swect nanioc, does well eough to annrly

satisfy subsistence needs for starchy tubers. <The vines muickly

spread out to ctover the ground and need a minimum of maintenance.

It is eaten boiled or fryed or fed to pigs. There is no market

demand for yans.

I.) VEGETAZIES:

volonigsts payvvery little attention to raising vegetables,
certainly much less tien would be warranted by their nutritional
importance. Illany, but by no means all, colonists have a small
vegetavle garden or "“horta™, usually a window-box-like arran;ement
on stilts. These are the responsibility of the women. & survey
done by AC&R—fnhA in 1974 outside of the intensive gtudy area
found only seven of 31 familiecs (23%) had hortas (Brasil 1974).
Llthough the same gtudy found over half of the colonists "always
eating vegetables, these resnonses are vest exnlaincd as the result
of the colonists' cesire to please the orzanizers of the survey.
Colonistsue:t very few vegetables, in my experience, ceven vhen they
have hortas. -—oth the TiCRA and ACaR-FARN social assistants have
made attenpts To convince the colonicts to raise and et nore vegetables,
but the colonists have not changed their ways.

‘The most common vegetables grown in the hortes are green onlons

(cebola), leafy cabbage (eouve), and coriander (coentre). Other
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vegetables are lettuce (alface), okra (quiabo), and once in a while
beets (beterraba), chicory (chicbria); and head cabbage (repolho).
Green peppers (pimentao), chile peppers (pimenta malageta); tomatoes
(tomate), = 71 scuash (abdbora or jerimu), cucumper (pepino), and

"zibd" are planted in small cuantities

a bitter green vegetable called
in the field. “here are a few other vegetables of minor imvortance
which appear occasionally.

“here has been one attemnt made in the intensive study area
to grow tomatoes as a cash crop. This was not successful. Outside
of the intensive study area in the area of terra roxa nrear Em 90,
however, there is one Jqpanese_colonist vho 1s cultivating vegetables
as = cash crops .ulte successfully. “Yhe anproach is nmuch nore
capltal- and labor-intensive bthan the agricultural endewors of
the colonists in the intensive stuvdy area. ILettuce, tomnatoes,
coriasnder, <ond green ounions are all being grown. <+Yhe colonist
ovns a truck, with which he takes the »roduce. to 4ltamira weekly
for sale to COBAL (the Zrazilian Food Company, a government-run
retail food outlet). Jle also has a microtractor for cultivating
the vegetable plots, as well as a small diesel irrigation pump.
He =21s0 applies regulaf treatments of fertilizers and pesticides.
e also has one of the best lotes in the entire’Altamirq area: terra
roxa, almost level, and located on the roadside. iiis origins as
a farmer in Japan and as a self-made man in other Japancse settlements
in Amazonia cive him an ideal background for mastering a new
asricultural zystem, conscientiously applying the inputs recguired,
and for hondling money responsibly. ?his ideal combination of financial,
whysical and culbvural conditions is highly atypical, and the pattern
of agriculture resulting can not be interprefied as foreshadowing

a shift in ¥this direction in the arez at large.




J.) COITCil:

Oné colonist in the intensive study area pdrticipated in an
IHCRL schee for beginning cotton production in the aresa in 1974,
The plantation was largely destroyed by insects and by rats carrying
off the cotten as it ripened. o chemical treatments or fertilizers
were applied. %he colonist only bothered to harvest a small part
of the planting for lack of a market. What was harvested was sent
to B850 Luis in Maranhdo for sale by INCRA, which was 80 expensive
that almost nothing remained for the colonist. He says he will not
plant cotton again.

Another colonist outside of the intensive study area made a

e

small rlanting of cotton independent of the INCRA scheme and was
satisfied with the results. He estimated his yield at 1500 kgs/ha
( a very approximate figure with his small planting) which would.put
the yield on a par with those obtalned elsewhere in “ard (Dos Santos
1973, p.6). No trectments were avplied, but asrarently insect »Hrobdlens
were not serious in this case. llefertheless, he decided not To
continue »l nting cotton.

If cotton were to be planted continuously on a large scale in
the areavit could ex.cct to encounter the sane limitations that
hnave been encountered under similar circumstonces in other apls
of the vorld. ™“he ever—increasing nroblems with insect nests that
have destroyed cotton industries in FPeru and Costa ica, or the
heavy drain on soil nutrients that have impoverished soils in

nuch of the “outhern »nart of the Unived States, could be e:jpected

to occur on the Transamazonica as well.



K.) EIANULS:

Peanuts (amendoim) have been planted in small experinental
plantinzs by a couple of colonists. One colonist got a satisfactory
yield, although he later lost most of it when the stored peanuts
were inadequately protected from rats. Another colonist had serious
ingsect problems in one year and got no yield, and in the next year
had no insects and got & good yield. He attributed the heavy insect
damage in the first year to a poor burn quality in that year.

Peanuts will undoubtedly continue to be planted on a small
scale by some of the colonists; but there are no indications of

a trend to large plantings for cash purposes.

L.) T03iCCO:

Tobacco was one of the crops that INCRL oonsidered introduciﬁg
into the area when the colonizavion program began, but the nlan was
not acted on. I know of no tobacco in the intensive studly area,

al

although onc colonist outside of the area has expressed nis inbtentions

<o

of »lantingz some for his own use.

Yobacco is a traditiun&l'cash crop in small plantings of less
tiian 0.5 ha in the older settled arex -orth of Altamira. Yields
are sufficient to continue interest. Insect problems are a severe
limitation. There is one inmseebilérva which eats out the stems from
the inside and another catefpillar which eats the leaves. An insecticide
powder is used when the base of the stem is attacked, but the caterpillar?
attacking the leaves is picked off by hand. In one field examined
this was being done every dther day for a five-week period, regquiring

an estimated 40 man-days/hectare. The labor demand on the farmer

is lessened by the use of child labor.
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M.) BS0YA EHEANS:

Soya beans (soja) were planted by one colorist in the intensive
study area as a part of an INCRA project to establish soya beans"in
the area. Unfortunately due to the late arrival of the seeds they
were plantéd in July whereas they should have been planted earlier;
the result was no yield. There is some confusion over the proper
planting date for soya beans in the area: an INCRA publication with
recommendations for the Altamira area lists the proper time as
December; whereas IFPSAN experiments (presented at 19 dia do campo,
km 2%, June 15; 1974: unpublished) lead IFEAN tédcnicos in the area
to recommend the beginning of liay.

Interest in soya beans avvears o have cooled.

Je)  BORGUM:

Sorgum (sorgo) has been exvperimented with by one colonist in
L ; ppeare ; .
the intensive stuly area. <whe mlants %fpfqnt§easonaoly healsthy,

! ‘nd

with vigor more or less e¢-uivalent to thalt of maize on The soil

type used. KFe does not intend o continue nlanting sor;um.

SNy 0 Ty h T
Ve ) (X INSRGEIONTY SIS

Ceshor beans (mimona) have been »lanted by a few colouists in
th: internsive study arez both for subsiztence purroses and <5 an

exnerinent intended to evaluate thelr »nerformance as a »notential

cash cron. =~he »Hlant ~ives nobticeubly better growth on betlter soil.
Uil is =nresce’ from th: seeds and use. for subsictcrce Hurposes;
none has bezn sold and thelr is no market. Since the oil is relatively
chezn in enall cuantities, some that Zove castor beins in their lotes
buy ©vhe dil rother th;n/press it themselves. To ny Imowlzase o

colonicite intend ©vo ecixmand wlantings Ior cash »urtoses.



ITT.) CuUnCLUsiCLls

re roster of onnual crovs in use in the coloniaation arca of
tac Wronganasonidca conbtaing crons with o wide varicety of advanta es
then for different roles as sunsisvonce
. |

- . R | ca . B A R s [TV ~ L
2nd a3 cosh crons. Chorcevoristics of crong inflvenci. o tie colonisus

choices iuclude: (1) vezn yields, (2) fhe security of -iclds, (3)
amount of lzbor reruilred and the Jiztribution of the lulor reculrenent
torouchout the yzar, (4) -Hrices and narketing onportunitics, (V) 2 7]~
avility of sezds, (6) financing, (7) re uirements for capitol innuts,
snecial ecuipment, ebtc., and (3) »reference for different crops based
on the individual colonist's previous experience and culture<related
prefereﬁces.

A number of crops have been tried by colonists in a spirit of
experimentation. Experiments with different varieties and agricultural
practices such as planting dates have also been tried. The land
devoted to these experiments probably has an importance much greater
than its small area would indicate in shaping the future evolution of
cropping patterns in the area.

The problems which limit crop yields are many and varied. The
great variability in agricultural practices duch as planting dates,
planting densities, varieties planted, interplanting (including the
choice of interplanted crops, interplanted crop density, and relative
planting dates), chemical treatments (especially of seeds), effort
spent in weeding, promptmess of harvesting, length of time harvested
crops are left in the field, and numerous other behavioral differences
between colonists adds to the variability in yields. Other factors
such as differences in soil quality, weather, soil drainage, weed
problems, insect losses at different stages in the production cycle,

losses to vertebrates, and disease attack all contribute to the
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the variavility in yields. The great wvariability in these practices
and problens and in the yields themselves justifies the enphasis
on variance and stochastic nrocesses vhich characterizes the corrying
capacity modeling cffort.

Yhe availability of canital =nd labor have been very insort nt
in shaping cron choilces and asricultural vractices. ‘fhe annroach
has been senerally hizhly land-intcensive, with virtually no exmenditures
being mode on non-labor capnitnl inouts such as fervilizers, insccticides,
hervicides, fungicides, eond liming. “he continued »nrescnce of vik;in

Jand ip the colonists'

-

lotes means that changes in yields and crovping
patterns fron degradaticon of soll nutrients through crorping haove

not yet shown their full effect. Degrodation eif

o '
I

ects will undoubtedly
increase in Tthe future.

Shifts in cro»nzing choice related to agriculvural problens
limiting production (in addition to other factors; include decre-szcd

»lancives of hascolus wenns and Haiae 2s cash crops, and 1ncrea "1n~

irwortance of monioc. JFubture chances in orices and moriet avalladbility

could result in sre~t chances in cropping oabissong in this lorely

cosh cron=-oricnted sycten.
“he oresent and »oroboble future oatterns ol occurcnce or the

moJor anpual crons, congtrilnts on The choices of land-use oén

o 1

to the colonist fron lazbor and capital recruirements Zox the diflferent
crons, ~nd the nany factors contributing To variunce in agriculsural
production will all be necessary components in the comnuter modesls

50 be used in simulating the system and estimating its carrying capocitvy.

~r
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