JARI REVISITED:

CHANGES AND THE OUTLOOK FOR
SUSTAINABILITY IN AMAZONIA’S LARGEST
SILVICULTURAL ESTATE

PIHLIP M., FEARNSIDE ond JUDY M. RANKIN

he period since the sil

vicutiure and minkig

operations of the Jart
project came under Bsazilian manage-
ment io January 1982 has been one of
rapid chanpe. We huve previmmly ex-
smined this 1.6 mibos heciore estate in
the northeastern portion of the Brazilian
Amazon from the point of view of pro-
viding a potential deveiopinent model for
wider areas of the Amazop regien, and
from the point of view of the prospecs
of the Jari enwyprise itself af the time
that the Morith American shipping mag-
aaic 1. K. Ludwig sold a coutroiling
interest in the sidviculture and mining
operations o a consortium of Drazilion
firms (Fearnside and Rapkin, 1980,
19827, On a recent visk @ Jari (July
20-26, 19833 we found ihat sinoe those
reports many chanpes have occurred.
The changes, some of them subataniial
and some of them smail, potentially af-
fect the long-term susiajnszbiity of sit-
vicuitural and agricultural produciion at
Jari and in the Amazon region. We use
the ferm “sustainability” to refer {0 pers
menent maimtenance of bivlogical proe
ductivity on the site, with the cosls of
imported supplemenis of energy, pu-

trgents and other inputs pot exceeding
the commercial value of the dte's pro-
duction. Several of the potentiaily prave
probiems we warned abouf eariier huve,
unforiunatefy, beey confirmed by subse-
quert developments, The new manage-
men: has embasked on an accelernied
progrum of maimtenance a¢livities and
new planting {Fig. 1} in ozder 1o reverse
the detesioration of the estate that oc-
curred during the transition period and
ta make the nndertaking profitshie to its
new owners. Among the prercquisites for
long-icrm sustainability of the plania-
siomg, research hay uot received equal
atfenfion,

Changes and Outiooks

Plaitaticns

Profound changes in
pluntution mrapagemen: have bean mo.
tivated by the unpremittisg apread of the
funga! disease causcd by Cerafocysiis
fimbeintg in Gmeling arborza, Jormerly
the pringipal silvicultural troe species,
The cancre causséd by the disease was
first detected in the plantations in 1976
{Mnchovei er &f, 1978). When we

observed the disease in §9TE and warp-
ed of its poteniially devastating impact,
it had affected only a tiny fraction of
the (tmeling plantations {Fearnside and
Rankig, 1980). By onr second vist to
¥ari two years lafter, the disesse had
spread o many parts of the plantation,
srd we have since learned ihat the
(previous} company's policy farbade
staff members {0 discuss the irue extemt
of Ceraiccystis uwttock  at that time
{1980). Since 1980 thg disease has be-
come very obvioosly more seripus. The
silviculturnl staff esnmate thar plantation
productivity was jowered 4% per vear
ulter ihe fifth year of Gmefinag growth,
leading o a decision g shorien the Gme-
¥na yotation from six years o five. Since
most of the cost of plastations & in
piunting, harvesting and the weadingz of
the first vears of prowth, the change will
substantially increase the cost of each
ton of Gmefing produced,

Another response  to
the Cerprocystis problem has beéen to
abandon plans for allowing the stumps
of harvested Gwreling to resprout for a
coppice crop in some areas. Coppiced
(fmefinu appears to be atiacked suooner
and more severely than trees plased as
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Fig. 1. Locasions of Jad plantntions,

seeds or seedlings. Dther factors betieved
by some of the staff to reduce Cera-
focystis Mtack include planting on virgin
forest sl rather than in  previcusly
plunted aress and burning slash from
harvested plantations in the second cycle
planungs. Buming can be done only in
those ayeas harvested during the dry
senson. Spraying with fungicides wouid
be uneconomic on a commercial scale
and has only been dune in Ceraiocyssis
- killed trees removed from the Gmeling
seed orchard.

Little progress hag been
made on determining the epidemiciogy
of Ceratocyatis. The technical sfaff no
tonger believe that prunming was a sig-
uificant fagtor in the spread of the di-
sease. An as-yei uncaptured insect vecior
is swpecied, with fransmission hypo-
thesized to be similaz to that of Dutch
elm disease in the Unided States.

An effori to deniify
Ceratocystis - resistant lines of (Freling
iz just now being started. Although other
puals of this genetic improvemeat pro-
gram «t Jar, such as stroightening
Gmgzling trunk form, bave met wilh
speclacular success, progeny of some

1z

trees hove proven to be mofe registant
thau others, however n satisfaciory re-
sistant strain has not yet been identified.

The biggest snd most
costly effecd of the Ceratocysiis problem
is the decision to phase gui (imeling in
favor of Fucolypiwy spedies in much of
the area with scils sdequale (but not
excellenty physical and chemics! pro-
perlies for Gmelina growth. The staff
suggest that if the disease losses bevome
more severe in the future, it may be
necessary to discontinue Gmefing an-
tirely, The Company is relucisnt Lo lake
such & mrove, since Gmeling puip has
been the hallmark of Jari and forma the
Basis for the estate’s reputation for high
quadity pulp. Gmeiina, which produces
o shori fiber pulp ideal for expensive oarl
papers and gloasy mapazines, compeles
directly with Scandinavian birch for the
top of the market. Eucalyptys pulp, more
suitable for cheaper armdes of paper,
commands a substaidially iower market
price per ton. Large Euwcalypiur plamia~
tions in other parts of Bruzil pose & com-
pelitive threat, since Eurafyptus grows
no faster at Jari than it does in Lhe stoie
of Minns Gerais, while costs are higher.

This indirect cost of the Cerafocystis
atack im Gmelina may therefore be
heavy when Ewcolyprus hecomes & major
product of the onterprise beginuing in
approximately 1985,

Anocther indirect cost of
the Ceriocystis atiack may bécome an
ecoromic droin only in the longer lerm,
but its effects could be bmh severe and
perminent. This is scil erosion. In an
efforl to eliminate resprouling (Fmelina
stumps from areas o b diverted to
ather species or to be plunted o Gmefina
from seeds or seedlings, heavy machinery
bas been used to pile native forest ioge
and plaaistion remains Inte windrows,
aliowing an “intensive site preparation”
by making with truciors before planting.
Unfortunelely, the ferra roxa (Alfisol;
soils most soied to Grreling also tend to
oceur on the more stecply stoping tecrrain,
mosily in the norihern posiion of the
estate {Figs, 2 and 3}. The Company haz
foregone using lreavy machinery on the
sirepesl stopes, but it has dome windrow-
ing and inlensive site preparation on
glopes up to approximately 20% in (he
(Fmeling areas. Gully formation and se-
diment transparied by sheet erosion are
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readily apparent in those areas replanted
to Omelina (such as Block 62-83), o8
well as in similarly mechanized former

Grmeling areas planted to Pitus carifraea

{such as Dfock 45-83).

Windrowing, necessacy
dise {0 the aggressively resprouting Gme-
{ng stumps, removes valuable nutreierts
from the more feritle surface soil layers
and the decompasing biomasa. The use
of heavy machingry aiss compacts the
s0il, a factor foond 1o reisrd Gmelina
growth when buildomers were used in
clearing native forest during the early
years of plantation esinblishment at Jan
{Fearnside and Rankin, {980}. 50} com-
paction pgenerally increases crosion by
reducing  infiltration, thus leaving =&
targer fraction of rainwater to become
wedimeat-carrying runnff. The Company’s
policies regarding use of heavy machinery
have changed a number of times since
s0il compaction led to & switch to
manual felling of native forest in the
mid-1970’s. The praclice of using ball-
dozers for felling operstions has never
returned, although skidders are usad to
drag Iogs felied in native forest to the
roadside as clearing proceeds, Skidders
were also used fo tvansport harvested
puipwoed (o roads in most parts of the
extate untit 1982, when the practice was
discontigssed ip favor of haufing bun-
dles of pulpwuod an cables drawn by
winches on “Big sticks” — Mercedes-
Benz trucks equipped with small cranes
{See Fraser, 19%1). Previously, “Big
sticks” were used only on the sieepest
serrain, Harvesting with skidders s a
cheaper method but damages the land
by soii compaction and creation of for-
midablc trenches when these heavy snhs
bes-tired vehicles become mired in $oft
earth during rzins. The chanpe in methed
did not fake place uadil three years after
the il effects of skiddery were noted in
1979 during the estaie’s first commercial
hurvest, despite a running hattle aver the
issue between the forest manogement and
the harvesting sectom of the Company.
The delay in <hanging harvesting
methods. ablowing dumage to be done
to the soff of a substantial pam of the
estate, i an indicatiom of the almost
toial dizcouwmiing of long-term produc.
tivily during the fimal vears of Jaris
pIevics manzgement.

Soil compaciion has be-
come u probiem in siowing the grawth

of trees in the second cyele piamations .

in the log patios or “decks” --greas
wihich served as collection and lading
points for pulpwood harvested =t the end
of the first rotation, The deck areas are
readify apparent fromm the stunted ap-
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pearance of planied irees s compared
with surrounding sreas.

The use of fertiizers
is a significani change in the manage-
ment pragram at Joayi. Fear of an im-
pending shorifall of wood supply for
the puip mill, az well as concern over
early prowth apd survivership of newiy
piunted seediimgs and the shift 1o
Ewcalvpras, led the pstate’s managers
to invest in feriizing seedlings of
Gmeling apd Ewcalyprus, begioning in
1982, Fertilizer is applied only once, at
the time of planting. Jar wsad 2300
metric fons of fertilizer in 1982 at a raie
of 250 ke/hy (150 g/plant at the 1667
plants/ha density used). The 1982 mix-
ture af §:31:5:0 {nitrogen: phosphorus:
pdlassium: micronutrients) wag altered
vz H:30:5:1 in 1983, meintaining the
samne dosage per hictare. The February
1983 price paid by lari {ar this fertilizer
mixtute af Belém was US562.97/ha,
plus the costs of (rensporting the fer

1983, Evcalyprux urophyila, which was
showing better growth than E. deglupia,
was {ist plapted commerciaily on a
small scale in 1982 {experimental testing
hegan in 19803, and has been ropidly
expanded. reaching 8065 ha in 1983,
Amang oiher advantages, E. wrophyifa
has proved more drought resistant and
more wmform in growih than E, deglupta
to datz.

Severai other species
were under testing lor poasibie future
commercial planting, FEucafypius ca-
riafduiensis appeared more drought-resis-
tant and faster growing than either E.
degiupta ot E. urophyila, One must be
very careful in using the initial growth of
a piantation species as ap index to its final
yieid, however, 85 many species grow
rapidly in the fimt year onoly to slow
down Jater, This wns the casa with
Giniclinn when planted on the sandy soily
in the southern portion of the ari estate
(Seg Fearmgide and Rankin, 19503,

Fear of an impending shortfall of wood supply for the pulp mili,
as well as concern over early growth and survivorship of
newly planted seedlings and the shift to Eucalypzus, led the estate’s
managers to invest tn fertilizing seedlings of 'meffnq and
Fucglyprus, beginning in 1982,

tilizer from the port of Belém end of 3
man-days/ha for application. The use of
oulside nutrient supplemenis, not pre-
viously considered by management, re-
presents a major change. It is important
to note that dosages, #s in agronomit
practice generally, are cafeulated hased
on what managers fesl will give the best
return on money invested in thie follow.
ing crop, ratheér than being determinesd
by the amounts needed to balunce oui-
flows through harvesting and othag chan.
nels, The substantisl owtiay, caiculated
at USS$134/ha/year for Tmelita {Feam-
side znd Rankin, t982: 1315 that would
ke needed to achieve such a balance is
clear fram chemical analyses of Gmeli-

rg {Fearnside and Rankin, 1982; Fyfe

ot ai., 1983: 398} and FPinur caribaea
{Jordan and Russedi, 319833,

Anothey major change
in plantation manageren: wgs an in-
crease in the numbes of different pulp-
w00d species planted commercizily on
the estate, Ewenlvptis deglupta, HHrst
started on a sma)l scale in 1979 and
ocoupying 1425 ha by 1980, had in-
creese<d rapidly to pearly 20,000 ha by

One must also be ex-
tremely c¢areful about extrapoisting the
mesvits of experimental plantations to
full-zgale commercial plantings, Using
resuits fram very smalf plots, apd eg.
peciaily line plantings, can be mislead-
ing, szince the dominance of cdge effzcts
meukcs the outcome highly depesdent on
growth of the test specics duying the first
months relative to the initisl growtl; of
species in adjacent plantings. Reswlis can
ajser be affected by the tendency of sinail
experimenta! plantings to receive better
contzof of weeds, pests and other pro-
blems than do the commmercial planiings
they ar iniended to simulate.

Planting of Eucalypius
degiupta, foy example, wgs launched on
a commercial scale largely on the basis
of impressive giowth in a Hoe planting
trial (Bloek 74.77, Plols 21 A%}, As we
painted out ai the lime commezcial piant-
ing hegan, this species is nrome 10 highty
uneven growth, with the few besi-grow-
ing individuals being a poor index 0
average performance {Fearnaide and
Roazkin, 1582}. Subsequent performance
of the species at Jari has proved this to
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be correct, uneven growth being the
norm in E. deglupta stands. Greater in-
vestment in screening a wide range of
poiential plantation species and pro-
vencnces in order to identify species less
susceptible to intraspecific competition
might have paid off handsomely. Since
tiic cost of establishing and maintaining
com.nercial plantations is quite high, as
wcll as being fairly similar regardless of
the species planted, the choice of a
species or variety which raises gross
productivity by, say, 10% would repre-
sent a far greater increase than this in
profits to the enterprise. Money invested
in species und variety selection would
be weli spert.

In the case of Euca-
typtus deglupta, a mistake was made in
seed selection for rapid expansion of the
plantations, Rather than obtaining seed
from established foreign sources, the fi-
nancially pressed Company collected
sced from the early flowering trees in
their own young commercial plantations.
The result was the sefection and wide-
spread propagation of an undesirable ge-
neiic trait: precocious flowering. When
Eucalvptus deglupra flowers at an early
age, often in the first year and sometimes
even as seedlings, in the nursery, the
tree's vegctative growth is slowed. Early
flowering also results in an undesirable
“dog leg” form in the trunk.

Most of Jari’s current
species testing centers on trials of dif-
ferent members of the genus Eucalyptus
rather than native Amazonian species.
None of the native species trials has re-
sulted in commercial plantings, One
reason is the greater number of pests
that can he expected to attack native
species as compared with recently in-
troduced exotics. One species under trial,
known locally as "Purd-Pard” (Jacarandsa
copaia) has shown good growth at Jari
but has almost invariably had its tronk
cut off at a height of approximately nine
meters by an Hypsipyla shootborer (pit
moth larva). The same problem has oc-
curred in experimental plartings at Bel-
terra, Pari, although it has not yet oc-
currcd at Manaus, Amazonas. The result
of shootborer damage is poor form, as a
ring of lateral branches substitutes for
the main teunk above the point of attack.
Nevertheless, the spontanconsly occur-
ring individuals of Pard-Pard in unferti-
lized E. deplupta planted in 1981 are
being retaincd for eventual harvest.

Trials on a second po-
tential native pnlpwood species, the
“munguba’ (Bombax munguba), began
only in 1983. Other native species, such
as Laetia procera have been identified as
having oustanding characteristics for
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pulp, but have received no silvicultural
investigation, The copious natural re-
generation of Laetic in newly-cleared
lands and disturbed forests {J. M. Ran-
kin, in preparation) suggests that an al-
ternative may exist to plantation mono-
cultures as an exclnsive pulp source at
Juri.

Drastic reduction of
Jari's research staff, mainly occurring in
the period immediately preceeding the
transfer of control to the present con-
sortium, is a measure that risks serious
setbacks in the long term. Not only can
the gradual improvement of genetic lines
and management techniques justify a
substantial research investment, but the
adequate testing of new species provides
the hest insurance against costly mistakes
or inability to adapt to changing disease
and pest problems. Research staff has
been reduced from 14 to 1. The soil
monitoring program has been snspended
since 1981. The area of new experimental
plantings installed each year gives some
indication of the extent of research ef-
fort. In 1978, 195 ha were installed; the
figure then fell to 80 and 99 ha in 1979

operation by the presence of squatters
are many times those implied by the
direct withdrawal of potential plantation
area, Thc principal problem is the in-
crease of fire in tbe plantations. When
the squatters burn the cut vegetation
during the dry seuson in preparation for
planting, the fires often spread to ad-
jacent silvicultural plantations. Pirus ca-
ribaea, with its comhustible mat of dead
pine needles and retained dead lower
branches, and Fucalyptus species, with
their high content of flammable oils, are
particularly susceptible. During the 1982/
1983 dry season, which was a particu-
larly long one, 4-6 fires were usually
burning on any one day over a period of
several months. The technical staff es-
timate that only 200-30{ ha were lost to
fire during the season, but credit such a
low figure to extremely good luck. Many
of the plantation fires were started by
sqnatters preparing their fields, including
those responsible for the greatest planta-
tion losscs.

Resolution of the squat-
ter situation has been hindered by the
cstate’s continued failure to gain legal

When Eucalypius deglupta flowers at an early age, often in the

first year and sometimes even

as in the nursery seedlings, the

tree’s vegetative growth is slowed.

and 1980, the period during which
Ludwig's cash restrictions became more
serious. Experimental plantings fell to
zero in 1981, the year of the ownership
transition, In 1982, the second year of
the new management, 24 ha were plant-
ed. Jari's managers hope to increase the
research staff to a modest level in the
futnre.

The number of sqnatters
present in the Jari area has increased
precipitonsly since 1980, a change
readily apparent when travcling through
the plantations, The Company estimated
that 1500-2500 squatter families were
present by 1983, Most have selected
sites near roads or navigable rivers.
Squatters have favored areas with the
most fertilc soil type, “terra roxa” (Al-
fisol). While the ares occupied hy
squatters remains refatively small, this
may ¢hange in the near future due to the
rapid increase in the number of families,
together with the need to rotate plantings
over an area of land much larger than
that planted in any given year, in order to
maintain productivity of annnal crops.
The losses caused to Jari's silvicultural

confirmation of its land claims. The
Brazilian government’s interest in remov-
ing bureancratic impediments to develop-
ment at Jari, as indicated during the
July 1983 visit to the project by Minister
of the Interior Mirio Andreazza, may
eventually lead to breaking such long-
standing impasses.

Jari has discussed vari-
ous schemes for resettling squuatters in
areas removed from the silviculturat
plantations, but no definitive decision
has been taken. Economically crippling
losses to fires are quite possible if the
situation js not resolved in a way which
provides ample margin bctween small
farmers and the silvicultnral plantations.
The “good luck” of past fire control
programs cannot he counted on to
protect the estate from losses, especially
as_the number of squatters increases and
the transition continues from Gmelina to
more flammable tree species,

Pulp Mill

Gradual improvements
have been made in the industrial proces-
ses employed at the pulp mill. The mill
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now produces 750 metric tons per day,
a level well above its 700 metric ton no-
minal capacity. When pulping Gmelina,
which has a higher yield than the Pinus
caribgeq being used in the current mill
cycle. maximum production has occasion-
ally reached almost 900 metric tons/
day for brief periods. .

The reduction of un-
pleasant smelling air pollution at the
mill site is readily apparent. The staff
attribute the reduction to improvements
made in the milling process.

A tiny fraction of the
solid residuals produced by the mill is
now collected in trucks and utilized as
fertilizer (Fig. 4). This is an important
change in principle, even if relatively
insignificant as a nutrient pathway. The
vast majority of nutrients removed in
the harvest are neither returned to the
plantations nor exported in the final
product, but are simply discarded. All
of the bark, where most of the nutrients
are concentrated, is burned (Fig. 5).

The pulp mill, and the
silviculturat operation as a whole, is high-
ly dependent on the price of pulp. The
market has partially recovered from a
major depression of pulp prices that
added greatly to the Company’s financial
problems. The price per metric ton for
pulp on world markets stood at ronghly
USS500 in 1980, but fell to US$320 at
its low point in 1982, and rose io ap-
proximately US$400 in July 1983.

Nutive Wood

Wood from felling na-
tive forest (Fig. 6) is still an important
source of supplementary material for
pulping, fucl for supplying power to the
factory and city, and timber for export.
The umount of wood haryested has de-
crcased as the project’s capansion has
slowed. Felling of native forest slowed
from approximately 5000 ha/year in
1980 to 1750 ha/year in 1983. The re-
duced volume of wood affects its mar-
ketubility as an export commodity, since
timber dealers are often more interested
in the volume of any given speties
available than in the positive or negative
aspects of the wood itself. If a sufficient
volume is available, a market ¢an be
found for virlually any wood (Henk Ro-
denhuis, personal communication, 1983).
Timber murketing has also been affected
by a change in the composition of the
forests being harvested with a switch
from clearing on the Pard side of the
Jari River to the Amapi side. The “an-
gelim vermelho” (referring to trees in
two genmera of the “angelim” common
name groups: [dnizea and Hymenolo-
bium}, provides an example. This much-
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sought group of species (World Wood,
1981) is much mnore common in the for-
ests of the Pard portion of the estate.
The chapge in location and slowing of
felling have decreased the harvest of this
species from 76,000 m?/year to about
700 m?*/year (Henk Rodenhuis, personal
communication, 1983).

The rednced flow of
wood from clearing for new plantations
has been partially compensated by wood
obtained from other sources. In 1983,
areas tn Jari’s “Bananal” sector (located
in the north-central section of the Para
portion of the estate} have bcen logged
for “thin” logs for use as pulp and fuel,
but not lumber. The larger trees in this
area are left standing. The area may be
used for a settlement scheme for re-lo-
cated squatters, but no final decision has
been made; otherwise it may be used for
plantations at a later date.

A second source of
supplementary wood is obtained through
contractors who tow rafts of logs from
assigned riverside territories. The logging
territories extend along both sides of the
Jari River from San Antonio Falls to
tbe confluence with the Amazonas River,
the left bunk of the Amazonas between
the Jari and ParG Rivers and the left
bank of the ParG River to the Para-
nagui Falls (See Fig. 1). In a typical
week (July 1-7, 1983) Jari harvested
22,046.82 metric tons of native wood,
of which 13,715.41 metric tons (62.2%)
cume from felling for plantations in
Amapa, 7,890.26 metric tons (35.8%)
came from the selective felling at Ba-
nanal, and 44!.1 metric tons (2.0%)
camc from the contractors logging in
“virzea” (floodplain) and casily acces-
sible upland areas along the rivers.

The number of tree
species used is gradually increasing, and
testing continues on new species po-
tentiafly usable for pulpwood or hogfuel.
As of 1983, BO species were used for
pulpwood. Upland forest felled for plan-
tations typically yields approximately
350 metric tons/ha (wet weight) of
logs over 10 cm diameter at breast
height (DBH). About 10% of the weight
is used for pulping, 60% for hogfuel,
and 30% for the sawmill. An additional
50 metric tons/ha are represented by
large branches which can be collected
for hogfuel. Tree species too dense for
chipping, plus fine branches that cannot
be used at present, account for some-
thing over 100 metric tons/ha.

Experimentation is un-
derway to assess the feasibility of mak-
ing charcoal using fine branches and
species too dense for chipping. Charcoal
produced so far is of a high quality

suitable for export for the market in
industrialized countries for barbecue
¢harcoal and brickettes. Pulverized
charcoal may also be used at Jari to
replace diescl oil in heating the lime kilns
associated with the pulp mill, necessary
for producing the caustic soda (NaOH}
used in the pulping process.

Mining

Kauolin (China clay)
mining continues. The mine provides a
profitable sideline for the Company while
requiring relatively little overhead.

Crushed rock is now
being quarried in the Pacanari arex lo-
cated in the northeastern part of the de-
veloped porlion of the estate’s holdings
in Pard. Transport is grcatly facilitated
hy the cxcellent railway and port faci-
lities already in place for the silvi-
cubtural operation. The rock is used in
railway bed construction in western Para
for the baunxite mining project Minera-
¢io Rio do Norte {Trombetas). Crushed
rock has been exchanged upon occasion
for limestone (from Monte Alegre, Pa-
ra), needed as an input for Jari’s pulp-
mill.

Gold mining within the
area claimed by Jari has expanded from
relative insignificance to a booming pi-
ratc industry. The deposits lie outside of
the area usable for piantations. Gold
strikes have been made along the
streams to the north of the paredio
(“great wall”) geological fault which
forms the wall-like northern limit of the
plateau where most of the company's
plantations on the Pard side of the Jari
River are located. The deposits are
within the 1.6 million hectares c¢laimed
by Jari, but outside of the 600,000 ha
for which the Company’s legal docu-
mentation 1s most secure. The deposits
are worked by small, uuauthorized
prospectors, who use as their base of
support the “Beirad3o” shanty-town
across the river from the town of Monte
Dourado. They wuse the medical and
other social services in Monte Dourado
provided frce of charge (so far) by the
Company to all residents of the area.
Transfer of all medical serviees to the
Brazilian povernment’s Public Hcalth
Service Foundation (FSESP)} is antici-
pated in the ncar future.

No mining of alnmina
bauxite has been done, and construction
of the 22 km rail spur planned for the
alumina deposit area has been postponed
indefinitely. A deposit of the more va-
luable refractory (fire-briek) bauxite
located at the same site (Sce Fraser,
1981) also remains unexploited,
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Brap present in smudl numbers in provi-
ous sears M e never hecorue an oco-
neancadly dumaging pest. Yarions pos-
sihititios Buse buen suggested as expiana-
thas of The eaplosion, iocluding the ex-
trereety dry westher of 1883, and a
whanpe ia land preparation methods jes-
tavtad in 19E2: the practice of passing
a deepecutting puddier fralo faeal over
the paddies was disgontintzd in favor of
wsing fractors with cage whecls, There
are also Lirge soail pupolations i the
tmplapies? vearoes outside of the rice pro-
ductior area. The effect of the snails
ean pasily e obhserved az open patches
of watey scuttesed throogh tae padiies
of growing rce. Meost of the openings
are  smul,  bowever production  staflf
menihers pote thet 0mw are as farge /s
one hectare. The stalf say ihat no es-
tipiante of overall losses bay boen made,
sitirongh lividwad  pradoetion hiocks
huve fost as woch as 5% of their stand-
ing rice. ‘The soails mudiiply rapidly, and
w pwmiteriiyr program has beoee  es-
tubbished to Jdetegt focl of srnall siails e
Yore thyy peuch their Tl siee €adutdl shedt
fenpth s G-F cm}. Cantrol is attempled
by adding coppor sulinte (CuSG 3 sn-
lutions Jirgetly 2o the jrrigation water.
Siceess s been suaried, the potency of
the solution J&iffering preatly depending
on the cominereial source. While alrsost
afl wisle snails can be killed in froated
paddies, not ali paddies have been treated
amd The populsiion of snails continnes to
increese, aucording to the feports of
fiohdworkers responsible for  individoal
bari s,

The  principal  insoct
problerms of rice =t 5o Raimundo dare
the horers Rugello aubinele and Distrea
sevearnfe, Vhese sre confrofied with fwo
applications per wrop of Furadan {(Sare
ofarun ). This systemie {osecticide alyo
conteols army worms fSpadopters fru-
piperdal aud siink bugs {Debaius pocci-
fng). As with furgicides, the ingroased
wee of insecticidgs, refiegtyd in the adop-
ttonn of o oreguiay sehedule of spraying
rather than  applicstions on an “'as
mecaded”™ Basis, I3 expensive byt nod up-
expoctel, )

The principal wecds ase
Thalin gesiculuts {Marentacesed  and
(‘_}';x(’f‘u.\‘ PP {C'}'Dﬁl'iiﬁl‘:{iiﬁ}, bath present
sinpe  before 1080, Lepizchina {Gra-
minag} i sow present bat respands well
to the  reguniar applicaiions of Stam
(propuein or propanil) herbicide.

The preblemn of teals
iprobabiy the Brazilian teal: Anas sppld,
kesow locally s “marrecas”, has inviodas.
ed in gecent vesrs. These hixie are most
damaging by arcas bordering on the un-
sultivated vegelstion of river inargins.

i2u

They arc aise a greater problem during
the wet season, when dey land in sur-
rennding  arens ks unavailable, One
countermessure has been to leave some
ficids dyy to atirger the binls away from
planled areas. Angther has boen to wm-
play workers to shoof shotgens af reguiar
intervaly i un cfforl tov frighten fhem
awpy.

Cerets (Apdeidas) have
alsy been incressing revently. ARthough
these hirds do ot eal piec directly as do
the tpals, their wading dumagss smail
pianty,

The Comspany hzy given
up s incipient plans for using variouos
non-rice euliigens as rotition creps. Also
asbandoned sre plans {o abiain a ratoon
(stubble} crop of rice between the fwo
principzf crops oy changing the varjesy
af the pringipal crop to T-226. Plaos are
heing made, however, o try planting
shori-vycde rice variety {J-369. with a

A change in the way
prohiems are monitored in the {:d took
plave i 1982 Roather than o system of
regular obscrvations by Compaty sizff
10 ensess levels of fnsects, diseases, and
ether pradiems. a group of Beldworkers
hus heen giver A short tradning course,
Each responsible persen, Xnown 235 as
arrgipire, & given responsibility Tor s
single riwe block and & to use z “hkel”
for rige aalivre to identify problems and
alert the adminidration te neods, So far
the administration s pleased with the re-
sulty, for example in following ihe
probilermy of snadls and sl

Rice yicids for the two
crops in the 198273983 agricultoral year
averaped 473 metric tons per hectars
per orop, acecrding to tho  techmical
staff. Yichls for 1981 and 1987 were
aot  reveaicd, The 198271983 vields
cosnpars fuvorably with the approximate.
Iy 4 wetric lons per hectace per ¢rop

The number of squatiers present in the Fari arca has increased
precipitously sinee 1980, 2 change apparent when traveling
throwsgh the plantattons, The Company estimated that 1,500-2,500
squatter families were presemt by 1983,

gyoie of 8 dayg} berween the two prin-

cipal crops of the current conmepcial

variety {3228, with 5 gycle of 110 dayy),
The trial was o be fextalled in late 1933
in a 32 ha areq of ihe commercial
plavtation.

The rive projects ¢x-
pansion prograra bas confinued slowly.
incTeasinp the coliivated area from 5062
ba in 1980 to 3300 ha in 1963, This
has heen done by bhrimging as-yet up-
deveiaped partiens of the first phase of
the progest into production. Akout GOU
ka remain that can be developed in this
way. taking sdvantage of the canals and
dikes aiready ir place. Further expansion
o0 the fill 14,165 ha originally planned
for the projcet would reguire the con-
steugtion of additional infrastruciure,

The original iarze rive
fieldy {570 m wided continpe 1o be bi-
sectod  Hito smaller ones where  water
manzgement can be done more guickly
and easily. The pace has beea stower
than criginally plunned, and the eatire
ares will nnt be converfed by the esd
of 1983, ss expectsd eartier. The pro-
aram competes with area expassien for
the use of equipmeni, sithough canals
can be buill at any time 0f year while
sew areas ¢wn bz prepared only in the
dry season,

cbiained in 1980, a production level that
also characterized the operation before
the agricuitural problems of 1979, when
vields feil 0 about 3.5 metric tons per
crop {8ec Tewrnside and Rankin, 19323,

The fertilizer doses per
crip In 1983 hove stabilized af 126 kg/
his N, 40 kgfhs K, 40 kg/ba P and 12
kz/ha 8. For comparison, the doses per
cropr i J988 were 120 kgsha N, 26-44
kg/ha P, 60-66 kg/ha K, and 275 kb
5 (sopplicd with the N ag ammonigm
sulfated,

The rize project, i
summizry, has contined to cope with &
zhanging argay of agriculturaf probizms,
Use of chemical inputs such as ferii.
zers. insecticides, apd fongieiles has in-
creased  as predicted  (Fouarnside  and
Razokin, 1980, 19823, While the nopsber
of biological probieins affecting ihe rice
has  pists,  incregased  expenddosss on
control measures have so far prevented
major losses, The greaiest risk to long-
terin sustainability i the current sus-
pension of resenreh, especlally rioe va-
riety festing so that new cultivarg will
be availsble when {uture changes in the
types, aumbers and resistaree of pest
ani disgaze organising eventually negate
the present cheraical centrais.
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ienersl Conclusions

The principal threats fo
thc sifviculbaral operations at Jari in the
short and medium tetms include {1} the
spread of the Ceratocysiis Hmbriota fun-
EUS iD the mosat vaiuable commercial tree
species, Gmelina arborea, (I} ecanomic
competition from other parts of Brazil
for the Ewcaiyprus pulp market, and {3}
rapidly increasipg fire horard from the
agricuftorat octivities of squetlers adja-
cent to the silviculturat plantstions, Long-
term problems are Hkely to foclude sofl
degradstion from crosion and s0il com-
paction, and decling of putrient stocks
relative to newly cleared aresy, The
greatly increased costy noccomponying the
eventual exhaustion of native foreat will
afso only be feit in the-long term. Drostic
weduction of the rescagch and monitor-
ing effona at the estale place the opera-
tton in danger of being unable to adapt
to future biological problems requining
different species or managemeni tech-
nigues,

On the vpositive side,
the estate has dJdivemified its plantings
significantly in relstion f0 i¢s past his-
tory, cithough it would be wise 1@ conm-
tinne increasing the number of different
species planted commercislly., Several

management chonges, for pcxzmple in
harvesting proceduyes, are less damaging
ithan previows practives.

The separate jrrigated

rive aperniton hag a simiiar set of prob-

tems, including increased disenge amd
pest attacks, increased chemical inputs,
and a mgpension of research activities
that may sericusly jeopardize the sus-
tainability of the operation when fuiure
probiems arise.
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