Burn Quality Prediction for Simulation of the Agricultural System of Brazil’s

Transamazon Highway Colonists’

ABSTRAC]

High variability in burn quality of agricultural fields is
critical for crop yickds among pioneer settiers ovcupying
100 ha lots in Brazil's Transamazon Highway Colonization
areg near Altamira, Pard, Prediction of burn qualities, using
clesring and burning dates and weather information, is part
of a arger simulation of the colonists” agroecosystem for
estimating human carrying capicity. Colonist pioncer agri-
culture has heen largely based on annual crops such as upiand
rice, maize. beans, cowpeas, and manioc; perennial crops and
pasture are now increasing. Burn qualities of both second
growth (at least eight months uncubtivated) and virgin®
forest (uncleared by recent Luso-Brazilinn colonists) are pre-
dicted using discriminant analysis from precipitation, evapo-
ration, and nsolation bebween coting and buraing. and {rom
precipitation in the 15 days prior to busning. Simulations use
two burn categories: good and bad, condensed from a more
compiete ddevel taxonomy. Virgin burn prediction discrimi-
nant function correctly classifies 7457 of 247 casess second
geowth diseriminant funetion correctly classities 65% of 54
cases, Weather patterns, also modeled on carrying capacity
simulations, are highly unpredictable, making good burns
a major agricultural problem and an important factor allect-
ing human carrying capacity.

INERODUCTION

n most studies of shilting cultivation systems,
ot other similur agricultural systems in tropical
rainforest areas also characterized by the “slash-
and-burn™ feature of traditional shifting cultivaiion,
the assumption is made that crop yields are constant
from one year to the next. High variability in crop
yields, as in the pioneer agriculture practiced by colo-
nists settled along Brazil's Transamazon Highway. is
ftself a vital feature of this form of agriculture as a
means of supporting human populations. Estimates
of human carrying capacity based on the various
forms of the “shifting cultivation formula,” for
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RESUMO

A abta variabitidade na qualidade da queimada de rogas ¢
eritics para producbes das culturas entre colonos pioneiros
localizados em lotes de 100 hectares na dres de colonizaclo
da redavis Frassamazonica perto de Altamira, Pard, Brasil.
Prediciio de quakidades de quimadas, baseada nas datas du
derrubada ow rogagem ¢ de queimada, ¢ em dados meteoro-
logicos, forma parte de uma simulagdo maior do agro-ecossis-
tema dos colonos pars a estimativa de capacidade de suporte
humano e, em particufar, pars avaliar a importincia da varia-
Bilidade em produges dus culturis sobre i capacidade de
suporte. A agriculture piopcire dos colonos tem sido baseada,
e grande parte. em culturas anuais, tais como arroz de
sequeiro, mitho, teijio do sul, feijio da cords ¢ mandioca. As
culturas perenes ¢ pastagens estao avmentando atuatmente,
Ay quadidades de gueimada tanto de capoeira {pelo menos B
meses sem coltivagio) quanto de florests “virgem” {sao
derrubida por colonos luso-brasiteiros recentes) sio predizi-
das usando andlise diseriminante a partir de precipitagio, eva-
poragio ¢ insclagio entfre o corte e a queimada, ¢ a partir da
precipitagao nos 15 dias anteriores & queimada. As simulagoes
utilizam duas qualidades de queimada: boa e ruim, resumidas
de ums taxonoemin de queimadas mais completa com quatro
niveis. A fungiio discriminante para predicao de queimadas
visgens classitica corretamente 74% de 247 casos: a funcio
pura vapaeira classificn corretamente 63% dos 54 casos, Os
padrées meteorologicos, tambiém modelados nas simulacdes
de capacidade de suporte, sao bastante imprevisiveis, fazendo
com que queimadas ruing sejam um grande pmhlunu agricola
e um Fator influeate sobre a capacidade de suporte humano.

example, generally ignored yield variability (1,5, 7,
20), although aliowance of additional crop area allo-
cations as a safeguard against lean years is possible
(2) Assessment of the effect of variability on human
careying capacily in the Transamazon Highway area
required deriving quantitative relationships for model-
ing the causes of variation in crop yields, and incor-
porating these features into computer sinwlation
models of the colonists’ agroecosystem (8,9, 15, 16).

The importance ol burn quality as a luctor alfect-
ing colonist agsicultural production guickly became
evident during two years ol residence in the Altamira
colonization area  Dillerences in crop growth and
yield between [lields with good and poor burns, or
between small patches with better or poorer bumns
within a single field, are readily appuarent. On the
scale of the Allamiia w%mmmtms] arca as a whole,
rain during the normally dry July-September period
in 1973 resulted in many colonists failing to obtain
adequate burns, with the conseguence that in 1974
they were either unable to plant or had a meager
harvest which may also have been on a reduced wiea
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A good burn is necessary in order to remove the
physical encumbrance of cut vegetation, to reduce
tosses o pests and weeds. and especially to increuse
soil fertility. and particularly to raise pH with a
consequent reduction uf toxic aluminum ion concen-
tration and an mcrease in the abundance and avail-
ability ol phosphorus A swrvey ol soils under
“viegin™ forest (uncleared by recent Luso-Brazilian
colunists, as distinguished from possible past use by
Amerindian groups) indicates that 78 5% of the ares
has a pH ol fess than 5 0 and 33 0% has a pH of less
thay 4 0. while 83 8% hus total phosphorus ol less
than | ppm{12)

fn most other purts of the world where existing
studies of shilting or similar cultivation systems have
been undertzken vingin soil pM oand  associsted
characters  are  substantially more  favorable  foy
agriculture than is the case in the Brazilian Amazon
Soils are better in this respect, for example, in the
sites of shitting vultivation studies in various locations
in Africa (22}, Central America {24, 25). Sri Lanka
{21), and New Guines (4) In muny Alrican suils,
burning has deleterious eftects by raising pH leveis
sutficiently high that associated decieases in soil iron
concentrations  result  in iron  deficiencies (29)
Although many accounts of shifting  cultivation
systems make ne meation of variable burn quality
as a problens, poor burns are of major importance in
some areas {19).

Normal burning in Amazon soils is beneticial,
although occasionally a buin is so intense that large
logs mie completely reduced to ashes, resuiting in
stunted crop growth in the places where the logs
have burned. Later succession on an overburned site
is also deflected, sometimes resulting in patches of
ferns rather than woody second growth

Little information exisis on variability in burn
quality, or the effects of this feature on shifting and
pioneer cultivation systems Nye and Greenland’s
(22} classic literature review on shifting cultivation
mentions that “the thoroughness with whicli the burn
is carried out will also determine to some extent the
gualities of nutrients added to the soil,” but located
no data to quantify differences. Sanchez” (28) review
states simply: “the intensity of the burn is no doubt
a major variable {for soils nutrient additions). Unfor-
tunately no data are available on this aspect.”

The effect of burn quality on soil fertility changes
has been incorporated into simulation programs for
the Transamazon Highway agroecosystem. Burn
qualities enter regressions for predicting fertility
changes under burning as dummy varizbles {16).
Predicting buin qualities {rom weather data and from

information on clearing and burning behavior of
colonists is necessary to provide inputs for these
seil fertility change calculations

Study Area

The study was conducted in a 23 600 ha ares of
100 ha coloaist lots in the Allamira Integrated
Colonization Pioject (PIC~ALTAMIRA), in the
Altamira-ltaituba stretch of the Transamazon Highway
(BR-320) The study area is centered on Agrovila
Grande Esperanca, 50 km west of the town of Alta-
mira, at latitude 3° 227 south, longitude, 52° 38"
west  The area is in the Municipiv of Prainha, State
of Pasé, Brazil, with an aititude of approximately
100 meters above sea level. The climate is classified
as Aw in the Képpen system (23), with a 36-year
average snnual rainfali of 1.7 m (0). Precipitation is
highly variuble from one yeur to the next both in
guaatity and timing (13). Most soils are poor red-
yellow podzolies {(Ultisuls), but there are some
patches of much better terra roxa (Alfisol). Colonists
cut and burn virgin forest in a manner similar to that
under traditional shifting  cultivation. and  clear
second growth of all ages They do not leave land
fallow for leng periods with the intention ol
continging future cycles of annual crops alternating
with fallow as a jong term land use practice (14),

METHODS

Data on precipitation come from the Brazilian
Agricultural Research Agency (EMBRAPA) experi
ment station located 23 km west of Altamira (27 km
east of the study site), with the exception of a few
days of missing information for which data were used
from the Meteorology Department weather ststion
in Altamira. Information on insolation and evapora-
tion comes {rom the Altamirz station. A series of
Fortran programs made a variety of preliminary cal-
culations, including totals of rainfall and other mea-
sures between clearing and buring dates

Burn qualities and clearing and burning dates were
obtained from the colonists through questionnaires
applied in association with soil samples. Any informa-
tion relative to burn quality observable in the field at
the time of sampling was also recorded. Question-
naires used in the study were applied between June
1974 and August 1976, but colonist responses
include information on burns beginning with the start
of settlernent in the area in 1971 . Colonists’ memory
of this information in these ewrly years of coloniza-
tion was quite good. Regular visits to the study area
between 1978 and 1987 have confirmed that the
observed pattern of variable burn gquality continues.
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Table |,

Burn quadity classification for virgin burns.

Burn quality

Definition

none

G

(28]

No burs was attempted (therefore no date lor buning)

Burn attempted (therefore with burning date) but did not burn. There may be some blackened bark
and burned eaves, but the pround remains “raw™ Usually the colonist cannot plant. “Nac queimou™

Bad burn Only feaves and small twigs burned. Only maize can be planted without a great deal ot
coiara {piling up unburned material to clear land for planting} "QGueimou ruim. Sapecot as folhas —

Patchy bur. A mixture of ¢lass 1 and 3 patches where fire bursed with varying intensity. Can be
planted with cofrara “Mals ou menos queimon,  Queimou variado '

Good burn Burned wood as wel as twigs and jeaves, although larger logs are invariably only partly
burned Can be plnted with rice with no or very little coivara Queimou bem ~

Overburned. Large logs burned completely to ashes This “burns the earth™ and results in stunted
crops “Qucimou até que queimou a ferra '

Interviews with older residents in the traditivnal
{arming aree near Altamira reveal o similar pattern
dating back to the 1930s

Burn qualities were classified by type and guality.
Burn types were virgin forest, second growth or
capocira {defined as at least eight months unculti-
vated), weeds or palhada (defined as between two
and eight months uncuitivated), and pasture. Bumn
qualities were divided into six levels, including two
ncn-burned categories (Table 1) In data analysis and
simulation these burn gualities were condensed into
two categories: “‘bad” (classes 0 and 1) and *“good”
(classes 2 and 3).

Data were analyzed using discriminant analysis
(26), with the Michigan Inteructive Data Analysis
Systern {18) Subsequent modeling uses the KPROG?
program for human carrying capacity estimation (9).

RESULTS AND DISCUSSION
Virgin Forest Burns

Burn qgualities in fields felled trom virgin forest
can be predicted based on weather between felliing
and burning dates Months of felling are given in
Table 2, together with the distribution of days
between felling and burning

In simulation, burn gualities can be predicted
using simulated weather data for the Altamira area,
and Fisher’s discriminant functions for “good™ burns
(qualities 2-3 of Table 1) and *bad™ burns {qualities
0-1). The discriminant analysis with the two equa-
tions is shown in Table 3. [If, when appropriate
weather values are substituted in these two equa-

tions the “good” burn equation gives a greater value
than the "bad™ equation, then a good burn is

Table 2. Virgin forest felling monthly distribution.

item May June July August Seprember October November  December Total

Number H] 20 16 G 3140 180.0 820 370 140 363
% 03 Gé 44 85 495 226 10.2 39 100

Mean days between feiing and burning = 44 1 {80 = 653, N=138).

Turrialba Vol. 39, No. 2, 1989, pp. 229-235



232 TURRIALBA: VOL 39 NUM 2, TRIMESTRE ABRIL-JUNIO 1989

Table 3, Virgin burn quality prediction diseriminant analysis.

Variabie Coetficients

Bad burn Good burn
Constant: ~&6 1617 -7.5752
Rain between felling and burning (mm) 0.0032459 00012662
Lvaporation between telling and burning (mm) -{0.60353933 -0.030052735
Insolation between felling and burning (hours) 0 0034928 00025793
Rain in 15 days previous to burn (mm} 0.676949 0.0886126
Evaporation in 13 days previous to burn {mm) 0 1580% 0.01827
Insolation in 15 days previous Lo burn (mm) 0038381 0031593
General variances 243y 1032 226 x 103°
Sample sizes 76 171

Eyuality of covariances: df = 21, 83234 F = 2247
Mahalanobis distance: D? =0.686
F statistic = 5 89
Signiticance < 0 0001 in bath

predicted  This correctly predicts burn quality in
74% of the cases {Table 4) In the remaining 26% of
the cases the opposite burn quality accurs

Second Growth Burns

Burns in fields in second growth can be predicted
in 4 way similar to that used for virgin burns Distri-
butions of cutting and burning dates are given in
Table 5, together with the distribution of days
between cutting and burning

Discriminant functions for *‘good™ {class 2 and 3)
and “bad” (class O and 1) second growth burns are
given in Table 6 These equations correctly predict
65% of 54 cases ol second growth burns As with

Table 4. Observed and predicted virgin burn qualities,

virgin burns, the remaining fraction of cases is
predicted incorrectly. In simulating this process,
randomly selected cases —in the proportion each out-
come is predicted incorrectly— are assigned to the
opposite burn quality {Table 7).

Although a substantial part of the variability in
burn quality is explainable in terms of the meteoro-
logical variables used in this analysis, much variability
remains unexplained. Weather information from 2
location closer to the fields studied would un-
doubtedly improve burn quality predictions, since
precipitation and other characters are quite patchy in
the area. Unfortunately, the disappearance of a ship-
ment of rain pauges made this impossible in the
present study Information on additional weather

Predicted burn quality Qbserved burn quality {otal
Bad! Good?
Bad' 15 3 18
(83.3%:} (16 7%) (100%)
Good? 61 168 229
(26.6%) (73.4%) (100%)
Totaly 76 171 247

Number correctly predicted is 183 of 247 cases or 74%

1 “Bad” burns are lumped class 0 and 1 virgin burns
2 "Goeod™ burns are famped class 2 and 3 virgin burns
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Table 5. Second growth cutting and burning montly distributions.
Ttem Month Total
Jun. Jul, Aug. Sept. Oct, Nov. Bec Jan.
Cutting
Number ! 8 8 39 24 20 10 1 ill
% 09 72 7.2 351 216 180 94 0.9 100
Burning
Number 0 0 4 10 50 37 13 5 119
S 0 0 34 84 420 LI N 14,9 472 108

Mean days between cutting and burming = 526 (D =96 I N

characters, such as wind speed, might also be helpful,
but obtaining more localized information, especially
on precipitation, is a higher priority. The three
characters wused (precipitation, evaporation, and
insolation) are highly ntercorrelated. although all
contribute to the prediction Information specific
1o the field’s location for a single easily-measured
variable, such as rainfall, might produce better results
tharn more complete information from a more distant
weather station

Many other factors contribute to variability in
burn gquality. The strength and direction of the wind
at the time of burning appear to be important, as
does the size of the clearing, large clearings burning
better than small ones. In most cases u colonist must
burn all of his clearing in a piven year at the same

79}

time, in order to maximize the area being burned
and thus minimize the chance of fire inadvertently
entering areas that have been cut bui are not yet
ready for burning (thus making proper burning
virtually impossible later) The restit is that colonists
wait as long as they dare prior to the onset of the rainy
season before burning, so that as large an area as
possibie can be cleared i the time available. The
institutional complication of bank loans for clearing
usually not being liberated until after the proper
time for clearing has passed, also contributes to the
tendency (o burn late in the season. Since the area’s
rainy season does not begin on an accurately predict-
able date, in contrast, for example, with many Asian
monsoon climates, colonists frequently wait unti
optimal burning time has passed. Colonists must

wail long enocugh after clearing before burning in

Table 6. Second growth burn quality prediction discriminant analysis,
Variable Coefficients

Bad buen Good burn
Constant: ~0.32692 ~1.0033
Rain befween cutting and burning (mm) 000048378 ~0.0033761
Evaporation between cutting and burning (mm) - 0013939 -0 020641
Insolation between cutting and burning (hours) 0 00259036 0 0060930
General variances B92x 0! 1295103
Sample sizes 3 23

Equality of covariances:
D* =0 566

F statistic = 2 39
Significance = 0 0793

Mahalanobis distance:

df =6, 15499 F = § 78 Significance < 0.0001

Turrialba Vol. 39, No. 2, 1989, pp. 229-235



234 TURRIALBA: VOL. 39, NUM 2, TRIMESTRE ABRIL~JUNIO 1989

Table 7.  Observed and predicted second growth burn qualities,

Predicted burn quality Observed burn quality Total
Bad' Good?

Bad' 26 14 4

(65 0%) (35.0%) (100%:)

Gooed? 5 9 14

(35 %) (64 3%) (100%)

Totals 1 23 54

Numbes correctly predicted is 35 of 54 cases or 65%

1 “Bad" burns are lumped class { and 1 second growth burns
2 “Good” burns are lumped class 2 and 3 second growth bums

order to allow vegetation to dry. At the same lime, a
limit to the time one can wait is imposed by leaves
falling off felled trees, rendering proper burning more
difficult if delayed too long The skili of the coloaist
in timing and executing the burn can be important.
Better burns are obtained by felling in 2 circular
pattern, so that the edges of the clearing have dried
the longest and the {ire converges on the center where
vegetation is greenest,

Size of trees, especially in second growth, may be
important, but attempts to quantify these effects
have so far proved unsuccessful Differences do exist
between burns of “‘second growth™ (at least eight
months old) and “weeds” (between iwop and eight
months old) Weed burn quality can be predicted
from a similar discriminant analysis, but the weed
burn quality prediction subroutine was removed from
the carrying capacity simulation program when addi-
tional soil data revealed thal burn quality ceased to
have a significant effect on soil fertility changes in
the case of weed burns. Burning of weeds, which
occurred in 27.1% of 48 cases, has a significant effect
on soils as compared with unburned cases (16)
Pasture burns are not explicitly modeled, but regular
burning of pastures at 2-3 year intervals is implied in
soil changes occurring under pasture in the region

(11}).
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