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APPERDICES
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APPENDIX A

INITIAL SOIL QUALITY ON THE TRANSAMAZON HIGHWAY
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Pig. A-1. -- Soil saapling procedure. Samples are
composites of cores taken to a depth of 20 cas at a minim
of 15 locations in a field. Over 1000 samples were taken.
Profiles were also taken to 1 meter depth. Photograph sh:
agthor taking sample in area nevly cleared for pasture.
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Fig. A-2. =—- HBap of pH in virgin soil of intensive s
area. Levels are assigned to 20 hectare quadrats fros
nearest saasple for which data are available.
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Pig. a-3. ~-- HNap of phosphorus in virgin soil of intensive
study area. Levels are assigned to 20 hectare gquadrats froa
nearaest sample for vwhich data are available.
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Fig. A-8. -~ Map of alaminum in virgin soil of jntensive
study area. Levels are assigned to 20 hectare quadrats froa
nearest saample for vhich data are available,
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Pig. A-5. —-- Hap of calciums and magnesius in virgin soil
of intensive study area. Levels are assigned to 20 hectare
quadrats from nearest sample for wvhich data are availabdle.
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Fig. A-6. ~-- Hap of potassium in virgis soil of intensive
study area. Levels are assigned to 20 hectare guadrats fros
nearest sample for vhich data are available.
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Fig. A-7. -- Locations of samples for basic fertility maps
of virgin soils of the intensive study area. *“Basic
fertility” refers to pH, Al*+¢+, Cat+ and Ng*+, K, and P.
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TRBNSAMRZON HIGHWAY INTENSIVE STUDY RRER
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818 .

Fig. A-8, -~ HNap of nitrogen in virgin soil of intensive
study area. Levels are assigned to 20 hectare guadrats froa
nearest sasple for whickh data are available.
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Fig. A-9. -- Locations of samsples for nitrogen map of
virgin s0ils of the intensive study area.
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rig. 4-10. -- Hap of carbon in virgin soil of intensive
study area. Levels are assigned to 20 hectare quadrats from
nearest saaple for which data are available.
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rig. A-11., -- Locations of samples for carbon map of
virgin soils of the intensive study area. virqin sails of
the intensive study avea. ~ ac. . oo LT L
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FPig. A-12, +~- Nap of total clay ipn intensive study area.
Levels are assigned to 20 hectare quadrats from pearest

sanple for vhich data are avajlable. 11l samples, both
virgin and non-virgin, are used. .
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GRANULOMETRIC ANARLYSIS SOIL MAP FAOM ALL SAMPLES
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Fig. A-13. =-- Hap of =silt in intensive stody area. Levels
are assigned to 20 hectare quadrats from nearest sasple for

vhich data are available. All samples, both virgin and non-
virgin, are used.
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GRANULOMETRIC ANALYSIS SOIL MAP FROM ALL SAMPLES
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Pig. A-14. -~ Map of fipne sand in intensive study area.
Levels are assigned to 20 hectare guadrats froa nearest
saaple for vhich data are available. All sasples, hoth
virgin and mon-virgin, are uased.
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GRANULOMETRIC ANRLYSIS SOIL MAP FROM ALL SRAMPLES
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Pig. A-15. ~-- HNap of coarse sand in intensive study area.
Levels are assigned to 20 hectare quadrats froam nearest
sample for which data are available. All saaples, both
virgin and nom-virgin, are used.
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GRANULIOMETRIC AMFLYSIS SOIL MAP FROM ALL SRMPLES
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Fig. A-16. -- Locations of sasples for granulometric maps
of the inteasive study area. Granulometric seasures are
total clay, silt, fine sand, and coarse sand.
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Fig. A-17. =~ HNap of slope in intensive study area.
Levels are assigned to 20 hectare gquadrats from nearest
saaple for wvhich data are available. Slopes of all sanmple
locations are used, virgin or non-virgim. Slopes are
measured over distaaces on the order of 10 - 30 meters.
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Fig. A-18. =-- Locations of measurements for slope map of
the inteasive study arca.
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TABLE A-2.

MULTIPLE REGRESSION FOR ALUNINUA TN VIRGIR SOIL

Regression Y = 11.429 - 7.677 a » 0.0627 b
Standard EBrrors 1. 391 0.907 J.0079
t statistics 8.216 -8.467 7.913
Significance <0.001 <0.001 <0.001
Partial Correlations | -0.621 J.5%1
R-Squared = 0.51 F stat. = 67.34
Std. errotr of est. = 1.959 . Eultiple K = 0.73
P < . 0.001 N = 116

Ovt

il

Abbreviations: Y Al++* (HE/1009g)}

It

a natural log of pH

b

H

total clay (%)
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Pig. A~-19, ~-- Aluminum ions in virgin soil observed vs
predicted values from regression on natural log of pH and
total clay.
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MULTIPLE REGRESSION FOR NITROGEN IN VIRGIN SOIL

flegression XY = -11.986 + J.17132 a * 3.,0220 b
Standard errors 0.0333 0.0115 0.0087
t statistics -3.599 11.489 3.267
Significance 0.0007 <0.001 0.0029
Partial correlatious 0.852 0.419
f-squared = 0.73 F stat. = 6B.05
Std. error of est. = 0.0304 Multiple R = J.713
P < 0.001 N = 53

1327

i

Abbreviations: Y Nitrogen (% dry weight)

i

pH
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FIG. A-20,  =-- Bitrogen in virgin s0il observed vs
predicted values from regression on carbon and pH
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TAELFE A-4,

BEGRESSION OF CALCIUM AND MAGHESIUM IN VIAGIN SOIL

Regression : Y = -10.610 + 2.04%1 a
Standard Errors J.942 0.209
t statlstics ~-17.268 13.579
Significance <0.001 <0.001
Fartial Correlation 0.706
R-5quared = ¢.50 I stat. = 184.15
5td. error of est. = 2.98 Multiple R = 0.7%
P < 0.001 N o= 187

9%t

Abbreviations: ¥ Catt and Hgt+ (nE/100q)

a = pH



447

Plg. A-21. -- Calcium and magnesjcs vs pH in virgin soil.



448

8.0 7.0 8.0

S. 0

4.0

20__Pmmmnmnulmu
-+

(9 00T/3H] HNIS3NOYW ONV WNIDVI

PH



450

Fig. B-1. -~ Mean monthly rainfalls for Altamira from 1931
through 1976, All moanths for which complete data for month
avajlable used. Means have been calculated from raw data
from Weather Department. Numbers of complete cases range
from 18 to 29 per month.
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TABLE D-1.

ALTAHIRA MONTHLY RAINFALLS AS PROPORTION OT YEARLY TOTALS

Percent of yearly total

ITEN Total —_ - _ S -
Raiu nonth
(mm) '
Jan. Feb, Mar. Apr. May Jun. Jul. Aug. S5ep. Oct, Nov. Dcc.
complete years (N = 8) {monthly rainfalls as percents)
Mcan 1942.3 16,2 15.0 2u.2 13.9 13.u 6.3 4.4 1.9 2.3 2.9 .3 .7
Std.bav. 449,06 8.8 2.3 7.8 3.5 3.9 1.8 3.1 1.1 1.3 2.2 2.2 J. b

all years {rainfalls in mm)

Mean 1295,.7¢1) y74.7 150,7 192,.9 178.3 151.3 132.9 57.4 27.2 33.9 46.6 638.9 110.5.
!
5td.Dev. -— $18.9 157.3 190.80 128.5 196.8 67.9 49.3 22.0 23.3 31.5 5H1.2 65.0

N - 21 22 21 20 19 18 30 29 29 21 26 23

(t) fpean® is sum of wmonthly means

Ay



YARLAPLILY IN DAILY WEATHER AS

TAGLE D-2.

PROFORTION OF MOWTHLY TOTALSY(1)

T T T
I RATH ] EVAPORATION i INSOLATIOR

RONTH | I -4

1 5.0. " i 5. 0. N | 5. D r
= : 3
I | !

1 | 0.0485 12 0.0219 123 | 0.0242 123
| | i

2 | 0.0890 113 ) 0.0178 113 | 0.0307 a5
t i !

3 1 0.0412 155 0.0123 152 1 0.0261 123
| | |

8 I 0.vu78 150 ¢ 0.0270 15¢ |  0.02R9 120
1 1 1

5 t  0.0696 155 0.0258 155 ] 0.0667 124
| 1 f

& i 0.06u0 150 ] 0.0302 150 | 0.0312 120
| | 1

7 | 0.0843 155 0.0342 154 | D.0162 124
i { |

8 | 0.1096 147 $.0267 146} 0.0108 124
i t |

9 y  0.0969 120 ) 0.0289 120 1 0.0136 120
i ' ! |

10 I 0.1013 "y 0.0250 119 | 0.023t 59
| 1 :

1 1 0.124y 120 0.0150 120 |  D.0263 120
. | ! 1

12 i 0.0677 126 ] 0.0302 120 ] 0.0336 124
1 A A

(1)

means used are wonthly *otals divided by nusber of days in month

£st



TADLE B-3.

REGRESSICON OF FEBRUARY RAIN CR MARCH RAIN FORk ALTAMIRA

Regression T = 124.32 + 0.474 a
Standard Errors 45. 13 0.123
t statistics 2.1I55 l.B38
Significance 0.011 <0.,001
Partial Correlation 0.601

R-5quared = 0.36 F stat. = 14.73

Std. error of est., = 75.40 Multiple R = 0.60

P < 0.001 N = 28

Abbreviations: Y February rain

a March rain {(om)

()

1514
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Pig. B-2. =-- ©February rainfall vs March rainfall for
Altamira
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TABLFE B-U4.

REGRESSION OF MNARCH RAIN ON APRIL RAIN FOR ALTAMIRA

—— —_————

Regression Y = 135.03 ¥ 0.763 a
Standard Errors 64.51 0.211
t statistics 2.093 j.e12
Significance 0.047 0.001
Partial Correlation 0.5886
R-Squared = 0. 38 F stat, = 13.06
Std. error of est. = 97.54% Fultiple R = 0.59
P = 2.001 N = 27

i

Abbreviations: ¥ farch rain (mm)

1l

a April rain f{mm)

L5Y
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Fig. B-3. =~-- Barch rainfall vs April rajinfall for Altamira
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TADLE D-5.

BONTHLY RAINFALLS AS PROPORTTIONHS OF PERIOD TNTALS

HONTH K HEAK STANDALD DEVIATION
proportions of rainy period {Jan. - Hay) totals
Jan. 21 0.17178 G.0hEexR
Feh, 21 J.2th1 0. 0389
Mar. 21 0.2631 0.0502
Apr. 21 0.2136 0.0G505
Eay 21 0.13132 G,05%22
N rainfalls in ®e for months not included in periods
Jun. 10 77.58 an. 14
Jul. 28 58, H2 50.748
Aug. 27 28,07 22.39
proportions of burning period (3ept. - Dec.} totals
Sep. 12 D. 1862 3. 1995
oct. 12 0.190% 0.107%
Hov, i2 0. 1850 06,1377
Dec. 12 G203 9.1326

09¢%



TABLE B-6.

HEGRESSION OF MONTHLY INSOLATION ON HMONTHLY RAINFALL

Regressicn Y = 156.68 - 0.180 a
Standard Errors 11.015 0,045
t statistics 4,224 -3.999
Significance <0.0001 0.000z
Partial Correlation -0.521

R-Squared = 0.27 F stat. = 15.99

Std. error of est. = 44.05 Bultiple R = 0.52

P = J.0902 4 = 45

13

Abbreviations: Y monthly insolation (hours)

Monthly rainfall (mm)

T
it

L9%
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Fig. B-4., -~ Monthly insolation vs monthly rainfall for
Altamira
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TABLE P-7.

KEGRESSION OF MOHTHLY EVAPORATION ON HONTHLY RAINFALL

Reqression Y = 102. 34 -
Standard Errors 0.018
t statistics 12.727
Significance <0.0091

Partial Correlation

R-Squared = .33 F stat.
S5td. error of est. = 3z2.96 Bultiple &
P < 0.0001% N =

yov

il

Abbreviations: Honthly evaporation {am)

<4
il

NMonthly rainfall (mm)
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Fig. B-5., == MNomthly evaporation vs monthly rainfall for
Altamira
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TABLE B-8.

BURN QUALITY CLASSIFICATION FOR VIRGLIHN BURNS

BURN QUALITY

DEFINITION

none

Ko hurn vas attempted (therefore no date for burning}.

Burn attempted (therefore with burning date) but did not
burn. There may be some blackened bark and burned leaves, but
the ground remrains “raw". Usually the colonist cannot,

Bad burn. Only leaves and small twigs burned. Only
maize can be planted without a great deal of colvara
(piling up unburned material to clear land for planting}
"Yueimou ruia", "S6_pecou as folhas."

Patchy burn. A mixture of class 1 and 3 patches where
fire burned with varying intensity. Can be planted
with coivara. "Mais ou_menos _quemou." "Quemou_variado.™

Gouod burn. Burned wvwood as wel]l as tvwigs and leaves, although
larger logs are invariably only partly burned. Camn be planted

Overbnrned. Large logs burned completely to ashes., This
"burns the earth" and results in stunted crops.
“"Quemou até que quemou a_terra."

L9V
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Fig. B~6. ~= Poor burns are a major agricultural

problea. Buran quality can bhe predicted from clearing and
burning dates and weather information. This is a class one
virgin bura.
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TABLE B-9.

YIRGIN BURM QUALITY PREDICTION DISCRIMIHART ARALISIS

Egquality of covarlamces: df=2%, 81234 F=22.47
Bahalanobis distapce: D2 = D.6BG
F statistic = 5.89

Siguificance ¢ 0.09001

Signii.

< 0.0001

Ly
| COEFFICTENTS
FTARIABLF [ 2
| Bad burn Good hurn
1
|
Constant: | -6, 1617 -7.5752
I
raln between felliing ard bucniog {(mn} | 0.0032459 0.3012662
i
evaporation between fellliag and burning {mm} } -9.400359133 -0,002052715
: 1
insolation between felllng and burwing (hours) | 0.0014928 J,0025793
rain in 15 days prevlous tgo burn {[mm) L] 0.076949 0.988626
. |
evaporation in 15 dags previous to burn {om} | 0. 15809 0.01027
|
insolation in 15 days previous to burn {am} I 0.033381 2.031593
. —
L)
i
general variances I 2.43 © 1022 2.26 X 1i0z0
1
sample sizes I 76 171
=
1
1
)
|
i
i
i
I
']

OLY




TABLE B-10.

OBSERYED AND PREDICTED VIRGIN DURN QUALITIES

OBSERVED DUEN QUALITY

i 1
PREDICTED } — total
BURN QDALITY } bad(1? good(2) |
t +
] : }
bad¢s? } 15 : 3 i 18
{ {83.3%) (16.7%) { (100%)
| ‘ {
goodt 2> | 61 168 { 229
] {26.6%) {73.4%) } (100%)
t ¢
] ! :
TOTALS ] 76 171 1 247
L 2

Rumber correctly predicted is 183 of 247 cases or 7u%
(1) ®"had™ burns are lumped class D and 1 virgin burnms.

(2) "go0d" burns are lumped class 2 and 3 virgin burns.,

(V4




SECOND GROWTH CUTTING AND BURNING

TADLE B—~11.

MOWTH DISTRIDBUTIONS

L ] ) |
i HONTH I
ITEN o —§ TOTAL
} Jun. Jul. Aug. sep. Dct. Nov., Dec. Jan. |
I '
cutting
L) L
J |
number | 3 8 8 39 24 20 10 L I B B B
| |
percent | 0.9 7.2 7.2 35.1 21.6 18.0 9.0 0.9 t 100
i |
burning
L 1
| ]
numaber | 0 0 n 10 50 37 13 S |1 119
1 t
peccent } 0 0 3.4 8.4 42.0 3t.1 10.9 4.2 §y 100
] b |

mean days betveen cutting and boroing = 52.6 ([S5.D.=96.1

N

2Ly



TABLE B-12.

SECOND GROBTH BUBN QUALITY PREDICTION DISCRIMINAMNT ANALYSIS

COEFFICIENTS
YARIABLE
Bad burn Good burn
Constant: -0.32692 -1.0033

rain between cutting and burning {mm) 0.00048378 -3,0033761

evaporation between cutting and burning {am) -0.013939  -0.0206u41

insolation between cutting and burning (hours) 3.0029030 0.00060930

general variances B.92 X 101t 1,29 x 1012

sample sizes N 23

Equality of covariances: df=6, 15499 F=5.78 Signif. < 0.0301
Mahalanobis distance: D2 = 0.566
F statistic = 2.39

Siquificance = 0.0793

B e e e S T L s —— A S TG M A e N dwve VRN g e e e a—

ELY



TABLE D-13.

ODSERVED AND PREDICTED SECOND GROWTH DURN QUALITIES

¥ T
| OBSERVED BUBN QUALITY i
PREDICTED b — total

BUORN QUALITY ; bad¢ 1) qond¢2) H
1 i
L k)
{ ]

bad(1? { 26 14 ] 4o

! (65.0%) {35.0%) [ {100%})
1 |

goodt2? ! 5 9 I 14

1 (35.7%) (64, 3%) } {100%)

F {
i !

TOTALS | 31 23 } Sl
[ | L

Number correctly predicted is 35 of 54 cases or 65%
(1) rmhad" burns are lumped class 0 and 1 second growth burchos.

(2) nrgood" burns are lumwped class 2 and 3 second grovth burns.

viv
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APPENDIX C

BORE EFFECTS OFN SOIL FERTILITY



TAELE C-1.

BULTIPLE REGRESSION FOR pH CHANGES WITH VIRGIN BURNS RWITH

INITIAL pll LESS THAN 4.0

Regression Y =
Standard Errors
t statistics
Significance
Partial Corrtelations
R-Squared =
S5td. error of est.

P <

t.538 -
0. 111
13.802

£0.0001

0.48

= 3.609

0.0001

0.266 a -
0.0714
-3.72)
0.0004
-0.376

F stat.
Multiple R

o=

it

-7.035

<0.0001

-J.60H5

3g. 07

0.69

a7

14

ALbreviations: ¥ pH chanye

a
{(+1 if bad; -1 if good)

or
It

initial AL+++ (ME/1004g)

virgin burn quality dupsy variable

1A
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Pig. C-1. == Virgian burn pH change regression observed vs
predicted values for initial pH less thanm 4.0.
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TABLE C-2.

MULTIPLE REGRESSION Fu0r pll CHANGES WITH VIRGIN DBUENS WITH INITIAL pH FROHM #.3 TN 5.0

Regression Y = 1.888 - 0.0311 a - 0.0668 b
Standard Errors 0.264 0.00627 0.0367
t statistics 7.154 -4.9865 -1.818
significance <0.03¢1 <0.0301 0.0737
Partial Correlations -0.5217 ~0.222
R-Squared = 0.729 F stat. = 12.95
Std. errar of est. = 0. 714 Multiple R = 0.54
P £ 0.0001 N = 67

Abbreviations: ¢ pH change

H

a initial total clay (%)

b

Ll

predicted erosion per year {mm)
(see Fearnside 1978i for erosion prediction equations)

6L
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Fig. C=-2. == ¥Virgin burn pH change regression observed vs
predicted values for initial pH from 4.0 to 5.0.
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BULTIPLE REGRESS1ON

TABLE C-3.

FOR pH CHANGES RITH VIRGIN BUERNS 1O

—_ ———— e

R

IN1TIAYL pH GREATER THAN 5.0

Regression Y = 5.207 - 0.180 A - 0.214 B ~ 0.000609 C
Standard Errors 0.606 0.0537 J. 1065 0.020175
t statistics 8.5084 -3.385 ~T.649 ~3.474
Significance <0.0001 0.001 <0.0001 <0.001
Partial Correlations ~0.245 -0.499 ~0.252

R-5guated = 0.31 F stat. = 26L7

R = 180  Multiple B = 0.5&

P < .0001 5td. error = 2.7V
Abbreviations: X pH change

virgin bucrn jquality duomy variable

(*1 for bad burns; -1 for gyood burns)

initial pH

days in annual crops

Z8Y
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Fig. C~3. =-- pH change regression observed vs predicted
with virgin burns for initial pH greater tham 5.0 Values
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TABLE C-4,

MULT1PLE REGRESSION FOR ALUAINUM CHAMGES WITH VYIRGIN BURHS

Regression Y = 0.295 - J.222 a - 0,224 b
Standard Errors 0.129 0.0376 0.0907
t statistics 2.297 -5. 897 2.472
Significance D322 <J,0031 J.014
Partial Correlations -0.324 0.142
R-yquared = 0.13 F stat. = 22.93
5td. error of est. = 1.489 Hultiple R = 0.237
P o< 0.0001 N = 299

Aluminum change {ME/100q)

]

Abbreviations: Y

1]
1]

initial Alt*v (ME/100q)

o
Ii

virgin burn quality Aupmy variable
(+1 if bad: -1 if good)

a8y
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Fig. €=#. == Virgin burn aluminuk change regression
observed vs predicted
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TADLE C-5.

MULTIPLE REGRESSION FOR PHOSPHORUS CHANGES WITI VIRGIN BUERWS

Regression Y = ~-0.778 + 0.677T a - 0.357
Standard Errcors 0.288 0.0613 0.15140
t statistics -2.702 11.034 -2.358
Significance 0.007 <0.0001 0.019
Partial Correlations 0.450 ~-0.108
B-Sguared = D.21 F stat. = 63.48
5td. error of est., = 3.255 Multiple R = Q.46
P < 0.0001 B = 473

BBY

[}

Abbreviations: Y phosphaorus change (ppm}

a = predicted phosphorus change from unburned
regression {see Fearnside 19783))

b = virgin burn quality dummy variabhle
(*+1 if bad; -1 if good)
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Pig. C-5. -- V¥irgin burn phosphorus Change Regression
Observed vs Predicted Values
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TADLE C~-6.

HULTIPLE REGRESSTON OF NWITROGEN CHANGE HITH VIRGIH

—_ —— —

DURNS

Regression Y = ~3.0580 - 0.654 & +
Standard Errors 0.065] 0.2111
t statistics -0.889 —-3.0949
Significance 0.378 J.003
Partial Correlations -0.U08
R-Squared = 0.21 F stat. = 4,32
N = 52 Multiple H = 0.Ub
P < 0.01 Std. error = 0.0588

0.0489 B + 0.0263 C

0.0375 0.0128
T.458 2.0u48
2.152 3.0u6
0.2006 0.282

Abbreviations: Y = Nitrogen change (% dry weight)

b
i

initial nitrngen {% dry weight)
B = initial carbon (% dry weight)

C = initial pH

L6¥
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Fig. C-6. =-- HNitrogen change with virgimn burns regressio
observed vs predicted values.
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0.37 NITROGEN CHANGI WITH VYIRGIN BURNS
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Fig. C~7. == pH change with second growth burmns regres;
observed vs predicted values.
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TADLS C-0.

REGRESSION OF ALUMINUM CHANGE WITH SRCOND GROWTH BURRS

Regression Y = 0.76551 - 0.26687 a
Standard Errors 0.324% 0. 104
t statistics 0.511 -2.555
Significance 0.b12 0.015
Partial Correlation ~0.375
R-Squared = 0. 14 F stat. = 6.533
Std., error of est, = 1.53 Multiple R = 0.37
P = 0.J15 N = 42

L6b

il

Abbreviations: i aluminum changye (ME/100q)

o
il

initial AL+*+ (ME/100q)
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Pig. C-8. =~- Aluminum Change with Second Growth Bar
Before field Aluminum
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8.7 ALUMINUM CHANGE WITH SICOND CROWTH BURNS
+
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HULTIPLE

" TABLE €C-9.

REGRESSION FOR PHOSPHOKRUS CHANGES W1TH SECOND GROWTH DURNHS

Regression
Standard Errors
t statistics

Significance

Partial Correlations

Y = -1.5170 + J. 70065 a -
0.637 0.135
-2.1382 5.484
d.012 <J.0801
0.535
R-5quared = .31 F stat. =
5td. error of est, = 2. 620 Multiple R =
B < 0.0001 N =

0.83055

g.217
-2.623
0.011
-0.290

17.07

b

Abtreviations: ¥

a

phosphorus change {ppm)

predicted phosphorus change from unburned
regression (see Fearnside 19787)

second ygrowth burn guality dummy variable
¥t 1f bhad =1 iF aand}

009
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Pig. C-9. -~ Second growth burm phosphorus change
regression observed vs predicted values



OBSERVED PHOSPHORUS CHANGE (PPM)
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20.1 PHOSPHORUS CHANGE
WITH SECOND GROWTH BURNS
+
15.¢
+
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+ +
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+
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++
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TABLE C-10.

MULTIPLE REGRESSION FOR pH CHANGES WITH WEED BURNS

Regression Yy = : 2.9749 -~ 0. 16504 a - 0.51659 b

Standard Errors 0.6939 0.0717 0.1161

t statistics 4,287 —-2.303 —d.uuq

Significance 0.00d1 0.025 <3.00901

Partial Correlations -0.287 ~0.501
R-Squared = J. 26 F stat. = 10.11
Std. error of est, = 0.74525 Pultiple R = 0.51

P = 3.0002 H = 62

£0§

H

Abbreviations: pH change

1l

a initial pH

b

initial Al+*++ (ME/100q)
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Pig. C-10. == ©Weed burn pH change regression observed vs
predicted values
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TABLE C-11%.

REGRESSTION OF ALUMAINUM CHANGE WITH VEED DUENS

— -

Regression Y = 0.55043 - 0.39232 a
Standard Errors 0.509 0.163
t statistics 1.081 -2.403
Significance 0.290 0. 024
Partial Correlation ~0.426
R-Squared = 0.18 F stat. = 5.78
Std. error of est. = 1.850)] Niltiple R = 0.43
p = 0.02"% N = 28

90S

i

Abbreviations: ¥ aluninum change (ME/1004q)

il

a aluminum of before Eield (ME/100g)
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Fig, C~11, ~- Aluainum change vs hefore field aluminum
with weed burns, .
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8.7 ALUMINUM CHANGI WITH WIID BURNS
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TADLE C-12.

REGRESSION OF PHO3PHORUS CHANGE WITH WEED BIRNSC(1)

609

Regression Y = 3.93715%

Standard Errors 0.844

t statistics U.ah6

Significance <0.J001

Partial Correlation
R—-Sguared = V.25
5td. error of est. = 5.0023 Hultiple R :
P < U.091 N =

Abbreviations: Y phosphorus change (ppm)

i

a predicted phosphorus change per year fronm

unburned vegression {ppm) (see TFearnside 19787Y)

€1) for non-zero phosphorus changes only. Probkability of
zerp change is U.262 (N = 61).
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Fig. C-12. ~=- Phosphorus change with veed burns Pasture
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APPENDIX D

SOIL EROSION PBEDICTION
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Fig. D-1. Erosion measurement stake showing typical drop
in soil surface level on the order of one centimeter per
year under annual crops. Stakes were arranged in 47 plots
of 15 stakes each for erosion prediction with different land
uses and slopes.
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FPig. D-2, =~ Erosion in fields bare or in annual crops on
the day of maximum rainfall observed vs predicted values.
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Fig. D-3. ~-- Stake slope vs plot slope for erosion stakes.
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Fig. D-4., -- Stake erosion in fields in black pepper vs
stake slope.
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APPENDIX E

SOIL CHANGE PREDICTION UNDER VARIOUS
CROPPING AND FALLOWING TREATHMENTS



TABLE E-1.

REGHESSION OF pH CHANGE IN UNBURNED FILLDS V3 BEFORE FIELD pH(L)
Regression Y = 1.8594 - 0.41866 a
Standard Errors 0.265 0.0472
t statistics 7.022 -8.871
Significance <0.0001 <0.0001
Partial Correlation -0.476

R~Squared = 0.23 F stat. = 78.70

Std. error of est. = 0.84175 Multiple R 0.48

P < 0.0001 N = 270
Abbreviations: Y = pH change

i

a pH of before field

(1) excluding pasture

9¢s
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Fig. BE-1., -- pH change in unburned fields vs before field
pH.
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TABLE EB-2.

MULTIPLE REGRESSION FOR ALUMINUM CHANGES IN UNBUKNED FIELDSC(1)

kegression Y = 0.0000048516 - 0.000015033 a - 0.000151317 b
Standard Errors 0.0000226 0.00000656 0.00093299
t statistics 0.215 -2.290 -5.121
Significance 0.831 0.024 <0.0001
Partial Correlations -J.230 -J.467
R-Squared = D.28 F stat. = 18. 31
Std. error of est. = 0.00014465 Multiple R = 0.523
p < 0.9001 N = 97

Abbreviations: Y = Al+++ change (ME/100qg)

a Al+++ of before field (AE/100q)

b

pH change

(1) excuding fields with either hefore or after aluminum equal to zeco
and excluding pasture.

625
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Fig. E-2. == Alunminum change in unburned fields regression
observed vs predicted values
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TABLE E-3.

REGRESSION OF PHOSPHORUS UNBURNED CHANGE PER YEAR ON BEFORE
F1ELD pii FOR BEFORE FIELD PHOSPHORUS OF ONE PPH.

Regression Y = | -3.4733 ' 1.0143

Standard Errors 1.864 0.354

.t statistics -1.864 3.991

Significance 0.072 0.000Y

Partial Correlation 0.576
R-Squared = 0.33 F stat. = 15.93
Std. error of est. = 1.9841 Multiple R = .58
P = 0.0004 N = 34

A%

Abbreviations: ¥ Phosphorus change per year (ppm)

a Before field pH (1) Excluding pasture. Probability of zero

change = 0.648 (N

L}

108)
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Pig. BE-3. -- Phosphorus change per year in unburned fields
vs before field pR for fields with before field phosphorus
equal to one ppam. Excluding pasture and zero changes.
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TABLE E-4.

MULTIPLE REGRESSION OF PHOSPHORUS CHANGE PER YEAR 1IN UNBURNED

FIELDS

WITH BEFORE FIELD PHOSPHORUS IN 2

- 9 PPH RANGEC(U)

Regression
Standard Errors
t statistics
Significance

Partial Correlations

Y = 2.1671 + 0.97151 A
J. 496 0.235
4,371 4.134
<0.0001 0.0001
0.335
R-Squared = 0.u8 F stat. =
N = 139 Multiple R =
p < 0.0001 Std. error =

- 1.0405 B + 0.022395 C

0. 114 0.00480
-9.117 h.666
<0.0001 <0.0001
-0.617 2.373
41.29
0.69
2.5049

Abbreviations: Y =

B =

C =

Phosphorus change per year (ppm)
pH change per year
Phosphorus of before field (ppm)

Proportion of time field bare or in

(1) Excluding pasture.

annual crops

GESG
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Fig. E-4. -- Phosphorus change per year im unburned fields
regression observed vs predicted values for before field
phosphorus in 2 - 9 ppa range. Pasture is excluded.
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TABLE E-5.

REGRESSION OF PHOSPHORUS CHANGE PER YEAR IN UNBURNED FIELDS VS BEFORE
FIELD PHOSPHORUS FOR BEFORE FIELD PHOSPHORUS OF F 10 PPM OR OVFERC1)

Regression Y = 6.8086 - 1.8363 a
Standard Errors 4.157 0.254
t statistics -1.638 -5,651
Significance 0.130 0.0001
Partial Correlation -0.862
R-Squared = 0.74 F stat. = 31.93
Std. error of est. = 6.5830 Multiple R = 0.85%
P = 0.0001 N = 13

Abbreviations: Y Phosphorus change per year (ppm)

a Before field phosphorus (ppm)

(1) Excluding pasture.

8ES
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Pig. E-5. -- Phosphorus change per year in unburned fields
vs before field phosphorus for before field phosphorus of
10 ppm or over. Pasture is excluded.
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TABLE E-6.

BULTLPLE REGRFESSION OF NITROGFN CHANGF IN UNRURNED FIELDSC)

Regression Y = -0.070371 - 0.77136 A 4 0.091668 B - 0.000033756 C - 0.012951 D 0.000041763 E
std. Errors 0.0280 0.0685 0.0128 0.0000286 0.003ud 0.0000255
t stats. -2.937; -11.253 7.177 -1.284 3.769 1.640
Significance 0.004 <0.0001 - <0.0001 0.202 0.0003 0.104
Partial Corr. ~0.735 0.568 -0.123 0.3m1 0. 156

R-Sguared = 0.59 F stat. = 31.15

N = 14 Multiple R = 0.77

P < 0.0001 Std. error = 0.036064

Abbreviations: Y = Nitrogen change (% dry veight)
‘ A = Tnitial nitrogen (% dry wveight)
B = Initial carbon (% dry weight)
C = pays in aunual crops
D = Initial pH
E = Days fallow

€1) Excluding pasture and tallow perjods of 3 or more years.

LvS
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Pig. E-6. =- Nitrogen change in unburned fields regressit
observed vs predicted values. Both days in annual crops an
days fallow are significant (<0.05) when included
separately; the depletion of nitrogen through cropping and
regeneration through fallowing are regarded as fundameantal
processes in the agroecosystem. Pasture and fallovw periods
of three or more years are excluded.
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TABLE E-T7.

MULTIPLE REGRESSION FOR CARBON CHANGE IN BURNED OR UNGURNED FIECLDSC(D)

Regression Y = 0.11566 + #.3151 a - 0.52549 b 3.8721 c
Standard Errors 0.433 0. 2346 0.639 0.413
t statistics 2.671 12.483 -8.218 9.566
Significance 0.009 <0.0001 <0.0001 <0.0001
Partial Correlations 0.672 -0.513 0.562
R-Squared = .47 F stat. = 56.46
Std. error of est. = 0.21106 Multiple B = 0.69
P < 0.0001 N = 193
Abbreviations: Y = Carbon change (%dry weight)
a = Nitrogen change (% dry weight)
b = Initial carbon (% dry weight)
¢ = Initial nitrogem (f dry weiqght) (1) Pasture more than 25% of

comparison interval excluded.

vvs
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Fig. E-7. =-- Carbon change regression observed vs
predicted values for both burned and unburned fields.
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TABLE [-8.

PRICES OF FPERTILIZERS AND LIME IN ALTAMIRA

T
ITEN ] DATE PRICE Ccr15%/kgt3) ACTIVE PERCFNT cr15t/ky
] AT INGHEDIENT ACTIVE ACTIVE
) DATE INGREDTENT INGREDIENT
‘l,
f
Superphosphate | Apr.iv,1976 4.70C1) 2.72 P‘O‘ LINAR R 5.90
{triple) ]
1
Urea ] 4,60C1 2.66 N 45%¢C») 5.91
|
Potassiunm ] 2.70¢1)> 1.56 K 60%C+) 2.60
Chloride }
|
Dolomitic t 0.75¢1) 0.43 bolomitic 100% 0.43
Lime { Lime
|
organic i Jul.17,1974 0.25¢2) 0. 31 Covw S0%¢s) 0.61
fertilizer | . LEYT 4.
{rice bran and |} equiv.
spoiled beans) |
'y

(1) prices of Brasil Noctte Ltda., Altamira {where financed colonists purchase supplies)

(2) pAverage of Cr$0.30/kg for rice branm and Cr$0.20/kg for spoiled beans paid by Japanese colonist who was
using 2222 kg/ha of each of these on black pepper.

€3} Cruzeiro valmues corrected to Jan. 1, 1975 using an inflation rate of 35%/year.
Coelho and Varlengia (1973, p.181).
(S) pstimated (for purposes of cost) from the fact that the dose for the rice bran and spoiled bean

combination being used by the Japanese colonist mentioned was double the recommended manvege dose
for pepper.

LYS
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Effects of Fertilizers op Soils

Effect of Liming

An eguation usable for obtaining gquantitative
estimates of the pH changes which would result from the
liming applications recommended for cacao (Pearnside 1978q)
and black pepper (Fearnside 1978r) is needed for use in
mnodeling soil changes as a part of the carrying capacity
nodels. HNo data which would be usable for this exists for
the Transamazon Highway, but a 1liming trial carried out in
the Zona Bragantina near Belém does contain usable data.
The liming trials (Struchtemeyer et al. 1971) were carried
out on three different soil types, one of which is the
vyellov latosol (Utisol) which 1is coamon over much of the
Transamazon Highwvay. The raw data which is presented in the
report of the liming experimsents (Struchtemeyer et al. 1971,
p.22) was used to‘ obtain a regression egquation of kgs/
hectare of dolomitic lime on change in pH. The pH changes
as of the twenty-eighth day were used, since this appeared
to represent the high-point of pH effect form most lime
doses. The data are plotted in figure E-8. It is apparent
that that a dose of 8000 kgs lime/ha represents the liait
above which no further increase in pH above the starting pH
of 3.9 is possible. The regression analysis therefore only
includes lime doses less than or egual to 8000 kg/ha.

The Zona Bragantina 1liming trials include weekly
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Fig. E-8. -- pH change vs kgs per hectare lime applied in
Zona Bragantina liming experiment. Soil is yellow latosol
(Utisol), with initial pH of 3.9. pH changes are 28 days
after application. Only lime doses up to 8000 kg/ha used
for regression (R2 = 0.98, P < 0.0001). Data source:
Struchtemeyer et al. 1971, p.22).
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observations for an additional three weeds beyond the peak
at 28 days. these data were analyzed in an atteapt to
obtain an estimate of the rate at which pH declines
subsequent to the attainment of its highest value. Although
the mean pH change for the 33 additional measurements would
indicate a slight drop in pH, the change is not
significantly different from =zero. Therefore no special
relation for the declines ia pH subsequent to attainament of
the peak pH from liming were included in the sisulation. 1In
the years following the year of 1liming, hovever, other
equations governing pH changes under differeant cropping
treatments make appropriate pH adjustments during the course
of a simulation.

The data on changes in aluaminua is not included in
the report of the Zonma Bragantina liming trials, although
a hand-sketched curve of the trend in aluminua
(Struchtemeyer et al. 1971, graph 5) indicates that a
relation with pH holds which is very similar to the relation
found between aluminum and PpH in virgin soil on the
Transamazon Highway (Fearnside 1978f). The virgin soil
relation was therefore used in the =modeling to calculate
aluminum values from pH and clay subsequent to liming

(Fearnside 1978b).

Effects of Phosphate Fertilization

No appropriate data exists for obtaining a usable
gquantitative relationship between phosphate fertilizationm

. . . 7
rates and soil phosphorus levels for experiments in Para, so
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the search for appropriate data had to go farther afield.
Data were found which 1is usable for this purpose in the
report of two phosphate fertilization experiments carried
out in the cerrado zone of Brasil. Both trials include soil
phosphorus measureaents taken three months after the
application of different amounts of P205 in the form of
simple superphosphate (North Carolina State University Soil
Science Department 1974, pp.89 and 101). In the case of one
data point vhere no three month measurement was reported the
mean of the zero and six month measurements which were
reported were used. Phosphorus changes vwvere expressed as
differences from the 2.3 ppm (North Carolina extractant)
level in the unfertilized control plot. A simple linear
regression analysis wvas run on the fourteen data points
which wvas able to explain 97% of the variance in soil
phosphorus changes (P < 0.0001). The data are plotted in
figure E-9 and the regression equation is summarized in
table E-9. This equation has been incorporated into the
simulation models to make appropriate adjustaments in soil
phosphorus values when fertilizers are used.

In addition to the principal effect on phosphorus
levels, phosphate fertilization is known to have a variable
amount of "liming® effect in raising pH and 1lowering
aluminum levels. The amount of the effect depends on the
type of phosphate fertilizer used (North Carolina State
University Soil Science Department 1974, p.94). Simple

superphosphate has relatively 1little 1liming effect when
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compared with several other phosphate sources. It wvas
decided not to include the 1liaing effect of phosphates in
the simulation models in view of the variability in effects,
the lack of data, and the fact that nitrogen fertilization
is alwvays carried out with phosphate fertilization.

Nitrogen fertilization generally has the opposite effect on

pH.

Effect of Nitrogen Fertilizatjon

An attempt was made to locate a data set which would
be usable for deriving a regression equation for soil
nitrogen changes following nitrogen fertilization similar to
the equations derived for pH changes from 1lime and
phosphorus changes from phosphate dressings. Data were used
from a nitrogen fertilization experiment done on bulldozed
and burned plots at Yurimaguas in the amazoanian portion of
Peru (North Carolina State University Soil Science
Department 1974, p.21). The results vere inconsistent: the
soil nitrogen level in the top 50 cams after four moaths
depended on whether the plot had been burned or bulldozed.
In the case of the bulldozed plots, the nitrogen levels
after four months vere lower with nitrogen fertilization
than without. The mean changes for the six measurements
reported lumping both types of plots is not significantly
different from zero: the nitrogen from the fertilizer
applied had been taken up by the crops planted or lost to
leaching, etc. If +the soil nitrogem additions from

fertilization at all dosages disappears within four sonths,



TABLE E-9.

& BEGRESSION OF SOIL PHOSPHORUS CHANGE ON PHQSPIIATE

FERTILIZER APPLIED

Regression Y = -6. 4136 + 0.056751 a
Standard Errors 2.5582 0.00277
t statistics -2.507 20.4399
Significance 0.028 <0.0001
Partial Correlation 0.986
R-Squared = 2.97 F stat. = 420.20
Std. error of est. = 6.2891 Multiple R = Jg.99
P < 0.0001 BN = 14
Abbreviations: Y = pH change

It

a ky/ha P205

2]
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FPig. E-9. -~ Phosphorus change vs kg/ha P40y

applied. Data are from experiments in the cerrado zone of
Brasil (North Carolina State University Soil Science
Departmsent 1974, pp.89 amd 101).
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one can safely assume that soil nitrogen will not build up
as a result of accumulation through fertilization froam one
year to the next.

Since nitrogen does not enter directly in either of
the two yield egquations for crops fertilized -- cacao
(Fearnside 1978q) and pepper (Fearnside 1978r) -- the level
of nitrogen in the soil can be ignored during the year that
the fertilizer is applied. Since there is no carry-over of
fertilize-supplied nitrogen from year to year, one can
simply consider the change in nitrogen resulting fros
fertilization to be zero for the purposes of modeling soil
changes.

Nitrogen fertilization is known to have an effect on
soil pH, varying with the nitrogen source used. Ammoniusm
sulfate, aamoniuam nitrate, and urea all cause decreases in
pH, wvhile pH goes up slightly wvith sodium nitrate (Sanchez
1973, p.105). Acidity resulting froam asmonium sulfate
fertilization has become a severe problem in many parts of
East Africa (Phillips 1972, p.554). Russell (1972, p.570)
estimates that it takes 110-120 kg of calcium carbonate to
neutralize the effect of 100 kg of ammonium sulfate. It was
decided that the optimistic assumption that nitrogen
fertilization would not increase acidity would be the best
for the simsulation models, given the variable effects of
different sources, and the opposite "liaing” effect of the
phosphate fertilizer which is alvays administered at the

cano +time ag *he nitroagen 3 Ff covernment recommendations are
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folloved.

Effect of Mapsurdiias

The effect of manerinng on soil carbon levels aust
be considered for use with the pepper yield regression
equation (Fearnside 1978r) for vhich maneningj is
recoamended in government fertilizer schedules and for which
carbon  levels had a significant effect on yields.
Fortunately, the 1lack of data available for accuracy of
yield predictions for unfertilized pepper or the soil carbon
levels for the years after fertilization has ceased. Soil
organic matter has a very high rate of breakdown im exposed
s0il such as the soil under pepper (Cunningham 1963). Soil
carbon levels following fertilization probably follow the
same pattern as soil nitrogen levels, since the relative
constancy of C/N ratios 1is a coamson denoainator for most
carbon-nitrogen relations. One can therefore probably be
safe in igmoring any carry-over of soil carbon from one year
to the next, and simply use the pepper critical level of
2.0% carbon (Fearnside 1978r) in making yield calculations
for fertilized pepper. 1In modeling this the 2.0% value for
carbon is used in the pepper yield subroutine, but no
adjustment is made in the carbon value stored for the patch

in the soil nutrient change subroutine (Fearnside 1978b).
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Pig. E-10. -- Average pH in fields bare or in annual crops
in a typical stochastic run of AGRISIN. pH is high after
initial virgin burn, but falls to low values soon
aftervards.
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Fig. E-11. -- Average carbon in fields bare or in annual
crops in a typical stochastic run of AGRISINM. Carbon levels
fall to lov levels after several years of cropping.
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APPENDIX F

YIELD PREDICTION FOR ANNUAL CROPS
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Fig. F-1. -- 1Typical rice fields in nevly cleared land.
Rice is planted alone on the left and interplanted with
maize on the right. Rice is the principal cash crop in the
Transamazon Highway Colonization Area.
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TABLFE F-1.

MULTIPLE REGRESSION YOR RICE YIFLD PREDICTION

Regression
Standard Errors
t statistics
Significance

Partial Correlations

Y = -0.0060286 +
0.178
-0.0339
0.974
R~Squared = 0.61
N = 17

P = 0.017

0.59699 A
0.160
3.722
0.003
0.732

F stat.
Hultiple R

Std. ercor

i

- 0.000015236 B »

0.2000163
-0.935
0.368
-0.261
4.69
= 0.78
= 0.20288

0.016296 C - 0.0949706 D

0.0170 0.0398
1.002 -2.379
0.326 0.0235
0. 278 -0.566

Abbreviations: Y =

Rice yield (proportion of

experiment

Carbon (% dry weight) adjusted to 2.0

station yield for variety)

Interplanted maize density (plants/ha)

Phosphorus (ppm)

Al*++ (NE/100q)

994
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TABLE F-2.

RICE INTERPLANTING FREQUENCIES BY YEAR

YEAR PERCENT NUMBER N UM B ER

INTERELANTED INTERPLANTED ALONE
1972 27.8 10 26
1973 42.2 27 37
1974 58.2 39 28
1975 62.7 64 38
1976 38.7 7 11¢)

Year effects P < 0.01 (X2=17.84; df=U4 N=287)

1)

biased toward rice aloane by selection of

large fields

699
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Fig. F~3. -- BRice showving toppling in goverament-
distributed variety (IAC-1246) in the foreground and
resistance to toppling in traditional variety (canela de

ferro) in the background.






TABLE F-3.

SEVERE RICE TOPPLING BY VARIFETY

T
VARIETY § NUMBER NUMBEKR
| NOT TOPPLT.D TOPPLED PERCENT TOPPLLD
E
|
hybrid (IAC-1246 or IAC-101) } 183 28 13.3
|
traditional (camnela de ferro) ] 25 ' ) 0.9
|
other { 14 ' 0 2.0
| |

variety difference P < 0.01 (Max. likelihood statistic = 10.13

df=2 N=250)

eLS



TABLE F-§.

RICE YIELD RFGRESSION EXCLUDED CATEGORY SUHMARY
AJ Ll L
] FREQUENCY I RICE DENSITY ] EFFECT ON YIRLD
| (percent) | {1000 hills/ha) ] {proportion of predicted)
CORDITION t -4 +
| MEAN N { MEAN STD.DEV. N [] MEAN STD.DEV. N
1 4 H
i L} |
Manioc interplanted 1 10.1 306 ( 93.50 44,59 28 1} 1.08
| | |
Pasture interplanted } 2.9 306 | B3.73 33.99 71 0.814
| i |
Other interplanted crop | 1.6 306 | 73.22 19.68 5 4 0.815
{ { I
Poor germination t 4.7 306 1§ 0.793 |
| { 1
Disease | i 1
Hybrid {IAC-1246,I1AC-101) | 1.9 211 1
Tradit. {canela de ferro) I 12.0 25 | |
Other {non-barbalha) ] 14,3 59 1
lumped non-barbalha effect |} | { 0.806
| [ |
Toppling | { i
Hybrid{(ITAC-1206,IAC-101) ] 13.2 211 4 i 0.760 0.559 7
Others{non-barbalha) | 0.0 39 | | o
I | | -
Var feties planted | | | e
Hybrid (IAC-1246,1AC-101) | Bu.4 183 | |
Tradit. {canela de ferro) {t 10.0 183 § }
Other (non-barbalha) | 0.823 183 1
1 | {
Planting date out of season | 3.4 290 |} | 2.168 0.226 2
| | |
4 Il i

(Nov.,Mar.,Apr.)
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Fig. F-4. ~-- A.) Maize with stunted growth in poor soil.
Ruler in photograph is 15 cs long. B.) Maize ears with
beetle damage showing greater damage in government-
distributed hybrid maize than the traditional variety. Not
that the hybrid ears are larger, partly coapeansating for
increased levels of beetle attack. C.) Haize ears eaten by
rats in the field. Rats damage maize when greem, dry, or :
storage.






TADLE F-6.

MULTIPLE REGRESSION FOR MAIZE

YIELD PREDICTIOHN

Regression
Standard Frrors
t statistics
Significance

Partial Correlations

Y = ~330.00 ¢« 125,46 A
251.180 46.235
-1.311 2.714
0.203 0.012
0.492
K-Squared = 0.42 F stat. =
N = 28 Multiple R =
B = 0.011 Std. error = 1

- 0.029183 B -
99.228
-2.9%1
0.007
-0.523

4,18

0.65

53.06%

0.022234 C -
14.091
-1.578

0.128

-0.313

0.00081571 D
4320.66

- 1.894

2.07M

=~0.367

Abbreviations:

Maize yield (kg/1000 plants)
pl (adjusted to 6.0)

Maize planting density (plauts/ha)
Interplaated wanioc density {(plants/h

Interplanted rice density (plants/ha)

a)

LLS
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Fig. F-5. -- HNaize yield regression observed vs predicted
values
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TABLE F-7.

MAIZE YIELD REGRESSION VARIABLES SUMMARY

b | v
{FREQUENCY{ MAYZT DENSITY
| {(percent) | {plants/ha)

INTERPLANTED
CROP DENSITY

CONDITION {plants/ha)

MEAN STD.DEV. N

=
Iyl
>
=

N MEAR STD.DEV. N

— e wun afe -

33.9 22436274.8 4343.7
!

51.8 224)3507.0 3454.1 1261126100 118289 41
} !

13.8 22415119.0 3539.3 2115328.7 2647.0 18

| |
9.4 22415623.9 2794.3  18)
| ] 4

)]
x
—— . — e ———— —

Maize alone 0 224
Rice interplanted

Manioc interplanted

S e

Other interplanted crops

089



TABLE F-8.

MAIZF YTIELD KEGRESSION EXCLUDED CATEGORY SUMMARY

L] T
] FEREQUENCY } EFFECT OR YIELD
] (percent) } {proportion of predicted)
CONDITION + +
1 MEAN L] ] HEAN STD.DEY.
+ +
| !
Poor gersination [} 7.1 224 i 0.966
1 i
Rats intensity 2 or 3 | 38.8 229 ] 0.563 0.469 7
| |
Disease | 1.8 220 [} J.39%6
A i

189



TABLE F-9,

MULTIPLE REGRESSION FOR PHASEQOLUS BEAN YIFRLD PREDICTION

Regression
Standard Prrors
t statistics
Significance

Partial Correlations

Y = 267.64 - 69.765 A +
134.53 20.233
1.989 -3.448
0.078 0.007
-0.754
R-Squared = 0.62 F stat. = h.94
N = 13 Multiple R = 0.79
p = 0.026 Std. error = 29.802

13.777 &
15.283
0.991
0.391

0.288

- 9.001509 C

0.00232

-3.649

Abbreviations: Y =

o>
1]

[~
"

o]
]

Phaseolus yield (kg/kg seed sown)

Common log of planting density in plants/ha

pti adjusted to 5.7

Interplanted maize density (plants/ha)

289
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Pig. F-6. =-- Phaseolus bean yield regression observed vs
predicted values,
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Fig. F-7. =- A.) Phaseolus beans attacked by the fungus
Rhizoctonia. Phaseolus seed is distributed by the
government. When healthy, yields are higher than Vigpna cow-
peas, but frequent disease attack causes mean yields to be
lower. B.) JYigna cowv-peas show resistance to Rhizoctonia
fungal attack. Yigna is typically planted in small flelds
with dry maize stalks. Yiqna is not financed and Viqgna seed
is not distributed by the government. C.) Vigha cov-peas
shovwing severe damage from rabbits. Vertebrate pests attack
both Phaseolus and Vigna. Both disease attack and vertebrate
pest attack probabilities are included in the KPROG2 and
AGRISIM simulations.






TABLE F-10.

YLELDS

AND DISEASE INTENSITY

Disease intensity
Phaseolus yield (ky/ha)

Sample size

o —— e —

308

11

186

10

151

24

L89



YIELD REGRESSION

TABLE

F-11.

VARIABLES SUNMARY

previously planted so0il
vhen virgin soil available

T
ITEM - MEAN STANDARD DEVIATION N
}
i
kgs seeds planted/ha | 29.18 26.15 112
|
Planting density (plants/ha) | 52666 49036 114
|
Interplanted maize: |
i
Frequency | 11.7% 120
|
maize density | 1698.4 3688.2 13
{plants/ha) 1
l
Frequency of planting in | 9.1%
|
|
A

889



TABLE F-12.

PHASEOLUS BEAN YIELD REGRESSION EXCLUDED CONDITION SUMMARY

— e cnton . s e g

¥
1TEH | MEAN STANDARD DEVIATIOWM N
+
|
Poor germination: |
|
frequency | 5.8% 120
|
effect on yield(1? i 1.002 1
|
Disease: |
|
frequency: |
|
overall | 67% 115
|
virgin soil | 78% 50
|
previously planted | 100% 5
|
Effect on yield | 0.3496 0.5728 32
. 1

(1) an a priori decision was made to exclude poor germination
from all crop yield regressions.

689



REGRESSION OF

TABLE IF-13.

VIGNA COW-PEA YIELDS ON piH

Regression

Standard Errors

t statistics

Significance

Partial Correlation

Y = -84,403
36.981
-2.282
0.1067
R-Squared = 0.76
Std. error of est. = 356.98
P = 0.9535

+ 20.810 a
6.726
3.094
0.0535
0.873

F stat. = 9.57

1]
o
»
x©
~J

tultiple R

N = 5

Abbreviations:

Y

a

yield (kg/kg seed sown)

066
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Pig. F-8. -- VYVigna cow-pea yields (kg/kg seed sown) vs soil
pH
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TABLE F-14.

VIGNA COW-PEAR YILLD REGRESSION VARIABLES AND EXCLUDED CONDITIONS S5UIIMARY

effect on yield

LE
ITEN | MNEAN STANDAKD DEVIATION N
1
variables
T
|
kgs seeds planted/ha | 8. 10 7.82 30
A
excluded conditions
L
i
Disease: I
|
frequency i 1, 3% 28
!
effect on yield | 0.0896 1
|
Rabbits (intensity 3 or Uu) ]
|
frequency } 17.65 34
1 .
effect on yield | 0.677 1
|
Poor germination {
|
frequency | 0%
|
|
1
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TABLE F-15,

REGRESSION OF BITTER MANIOC YIFLDS ON pH

Regression Y = -17369. +
Standard Brrors 4503.6
t statistics -3.857
Significance 0.031

Partial Correlation

R-Squared = 0.86 F stat. =
Std. error of est. = 414,22 Multiple R
P = 0.022 N =

Abbreviations: Y

Bitter manioc yield (kgs flour/12 months growth)

&
1}

soil pH
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Fig. F-9. ~-- Bitter manioc yields vs soil pH. VYields are
kgs floux/ha/12 months growth for fields with areas of at
least 0.5 ha and growth periods of 1 - 2 years. Note that
upper limit of regression is a pH of 5.0; yields could not
be expected to increase substantially at pH levels above
this (see text).
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TABLE F-16.

REGRESSION OF SWEET MANIOC YIELDS ON pH

Regression Y = -1559.2 + 587.53 a
Standard Errors 1215.4 289,55
t statistics -1.283 2.354
Significance 0.422 0.256
Partial Correlation 0.920
R~Sqnared = 0.85 F stat. = T 5.54
Std. error of est. = 81.50u Multiple R = 0.92
P = 0.256 8= 3

Abbreviatjons: Y = Sweet manioc yield (kgs flour/12 months qgrowth)

a soil pH (adjusted to 5.0)

L6S
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Fig. F-10. -- Sveet manioc yields vs soil pH. Yields are
kgs flour/ha/12 months growth for fields with areas of at
least 1.0 ha and growth periods of 1 - 2 years. pH is
adjusted to 5.0. The parallel with bitter manioc adds some
credence to the general nature of the sweet manioc
regression. Very few colonists harvest large areas of swveet
manioc for flour at one tinme.
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APPENDIX G

~

POPULATION: DEMOGRAPHY, HEALTH, AND LABOR SUPPLY



TABLE G-1.

AGE DISTRIBUTION IN COLONIZATION AREA AND RURAL BRASIL

COLONIZATIOUN AREAC1)

ALTANIRA

CENSUS DATA FOR RURAL

BHAZILIAN POPULATION(Z)

v
|
|
f
age group percent ! age qroup percent
1
0-5 24 1 0-4u 17.2
6-10 18 : 5-9 15.5
11-15 14 } 10-14 12.9
16-20 9.5 : 15-19 10.8
>20 54.5 : 20-24 8.7
‘ £5-29 6.7
: 30-3u 5.5
: 35-39 4.9
} 40-44 4.3
|| 45-89 2.5
: 50-54 3.0
: 55-59 2.2
: 60-69 .0
: 270 1.6
i unknown 0.2

(1) SOYRCE:Brasil,

(2) SOURCE:Brasil,
da Mat

Ministério de Agricultura, IKCRA 1972)

FIBGE/IBI. 1970 {data presented in
a et al. 1973, p.119).
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TABLE G-2.

LADOR EQUIVALENTS IN AGRICULTHRAL HOLK

SOURCE 1¢1)D

SQURCE 2(2)

L
i
} Woman
age group man voman { age group man
4
+
1
9 - 10 V.30 0.30 ! 7-8 0.2¢ 0.15
!
i1 - 13 0.5 0. 30 i g - 13 0.25 0.20
|
14 - 17 1.90 .50 t " - 17 .50 0.40
)
218 1.00 0.75 | >13 1.00 0.75
I §
¢1)> source 1 data presented in Tavares et al. (1972, p.148).
(2 source 2 data from Brasil,Ministério de Agricultura, INCRA (1972, p.202).
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TABLE G-3.

FREQUENCY DISTRIBUTION OF FAWILY LADBOR I'ORCE

Labor force Percent
(man-eyuivalents) occurrence
1.9 - 1.5 9
1.6 - 2.0 24
2.V - 2.5 16
2.6 - 3.0 8
3.0 - 3.5 9
3.6 - 4.0 9
4.1 - 4.5 9
.6 - 5.0 3
5.1 - 5.5 8
5.6 - 6.0 3

> 6.0 2

€09

SOURCE: Braslil, ministério de Agricultura, INCRA 1372



TABLE

G-b.

AGE-SPECIFIC FECUNDITIES FOR RURAL BRAZILIAW

POPULATION

Age class

Total No.
Women

Total live
births in

previous year

Probability of
live birth
for age class

15-19

20-24

25-29

30-34

35-39

40-44

2,188,350
1,772,913
1,334,934
1,087,641

987,395

837,890

132,029
414,291
162,629
274,239
198,659

91,948

0.060

0.234

0.252
0.201

0.110

SCGURCE:

1970 census figures presented in da Mata et al.

{1973,

p-175) .

¥09
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Fig. G-1. =-- MNalaria yearly probabilities for males by a
class. Age classes are: 1=0-4 yrs, 2=5-9.yrs, 3=10-14 yrs,
4=15-19 yrs, 5=20-24 yrs, 6=25-29 yrs, 7=30-38 yrs,
8=35-39 yrs, 9=40-44 yrs, 10=45-89 yrs, 11=50-54 yrs,
12=55-59 yrs, 13=260 yrs. Disease probabilities are used
calculate family labor availability for agricultural
operations in KPROG2. Probabilities are calculated froa
numbers of hospital adamittances in SESP hospital in
Altamira by given sex and age clasgfor 1973. Data used are
from Saith (1976, pp.217,235,239, and 247). Proportions o
individuals in the entire area by sex and age were estinmat
froa the survey of 101 families done by Moram {1975) as
modified by Smith (1976, p.216) to include Smith's estinmat
of individuals in each category in the (mostly amigrant
labor) population not under INCRA auspices (Smith 1976,
P.216). The estimate of the total population of the area
used is the 34,000 figure given by Saith (1976,

p.212). (note: Saith also gives a figure of 24,000 (Saith
1976, p.205).
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FPig. G~2. -- Malaria yearly probabilities for females by
age class, Age classes are: 1=0-4 yrs, 2=5-9.yrs,

3=10-14 yrs, 4=15-19 yrs, 5=20-24 yrs, 6=25-29 yrs,

7=30-34 yrs, 8=35-39 yrs, 9=40-44 yrs, 10=45-49 yrs,
11=50-54 yrs, 12=55-59 yrs, 13=>60 yrs. Disease
probabilities are used to calculate family labor
availability for agricultural operations in KPROG2.
Probabilities are calculated from numbers of hospital
admittances in SESP hospital in Altamira by givem sex and
age class for 1973. Data used are from Smith (1976,
PP.-217,235,239, and 247). Proportions of individuals in the
entire area by sex and age were estimated from the survey of
101 families done by Moran (1975) as modified by Smith
(1976, p.216) to include Smith's estimates of individuals in
each category in the (mostly migrant labor) population not
under INCRA auspices (Smith 1976, p.216). The estimate of
the total population of the area used is the 34,000 figure
given by Smith (1976, p.212). (note: Smith also gives a
figure of 24,000 (Smith 1976, p.2095).
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Figo G-3. -- Trauma yearly probabilities for males by age
class. Age classes are: 1=0-4 yrs, 2=5-9.yrs, 3=10-14 yrs,
4=15-19 yrs, 5=20-24 yrs, 6=25-29 yrs, 7=30-34 yrs,

8=35-39 yrs, 9=40-44 yrs, 10=45-49 yrs, 11=50-54 yrs,
12=55-59 yrs, 13=>60 yrs. Disease probabilities are used to
calculate family labor availability for agricultural
operations in KPROG2. Probabilities are calculated from
nuabers of hospital admittances in SESP hospital in

Altamira by given sex and age classfor 1973. Data used are
from Smith (1976, pp.217,235,239, and 247). Proportions of
individuals in the entire area by sex and age were estimated
from the survey of 101 families done by Moram (1975) as
modified by Smith (1976, p.216) to include Smith's estimates
of individuals in each category in the (mostly migrant
labor) population not under INCRA auspices (Smith 1976,
p-216) . The estimate of the total population of the area
used is the 34,000 figure given by Smith (1976,

p.212). (note: Smith also gives a fiqure of 24,000 (Smith
1976, p.205).
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Fig. G-4. —-- Trauma yearly probabilities for females by
age class. Age classes are: 1=0-4 yrs, 2=5-9.yrs,

3=10-14 yrs, 4=15-19 yrs, 5=20-24 yrs, 6=25-29 yrs,

7=30-34 yrs, 8=35-39 yrs, 9=40-44 yrs, 10=45-49 yrs,
11=50-54 yrs, 12=55-59 yrs, 13=>60 yrs. Disease
probabilities are used to calculate family labor
availability for agricultural operations in KPROG2.
Probabilities are calculated froa numbers of hospital
admittances in SESP hospital in Altamira by given sex and
age class for 1973. Data used are from Saith (1976,
PpP.217,235,239, and 247). Proportions of individuals in the
entire area by sex and age were estimated froa the survey of
101 families done by Moram (1975) as modified by Saith
(1976, p.216) to include Smith's estimates of individuals in
each category in the (mostly migrant labor) population not
under INCRA auspices (Samith 1976, p.216). The estimate of
the total population of the area used is the 34,000 figure
given by Smith (1976, p.212). (note: Smith also gives a
figure of 24,000 (saith 1976, p.205).
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Fig. G-5. -- Other disease yearly probabilities for males
by age class. Age classes are: 1=0-4 yrs, 2=5-9.yrs,

3=10-14 yrs, 4=15-19 yrs, 5=20-24 yrs, 6=25-29 yrs,

7=30-34 yrs, 8=35-39 yrs, 9=40-44 yrs, 10=45-49 yrs,
11=50-54 yrs, 12=55-59 yrs, 13=260 yrs. Disease
probabilities are used to calculate family labor
availability for agricultural operations in KPROG2.
Probabilities are calculated from numbers of hospital
adaittances in SESP hospital in Altamira by given sex and
age classfor 1973. Data used are from Saith (1976,
PpP.217,235,239, and 247). Proportions of individuals in the
entire area by sex and age were estimated from the survey of
101 families done by Moran (1975) as modified by Smith
{1976, p-216) to include Smith's estimates of individuals in
each category in the (mostly migrant labor) population not
under INCRA auspices (Smith 1976, p.216). The estimate of
the total population of the area used is the 34,000 figure
given by Smith (1976, p.212). (note: Smith also gives a
figure of 24,000 (Smith 1976, p.205).
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Pig. G-6. -~ Other disease yearly probabilities for
females by age class. Age classes are: 1=0-4 yrs, 2=5-9.yrs,
3=10- 14 yrs, 4=15-19 yrs, 5=20-24 yrs, 6=25-29 yrs,

7=30-34 yrs, 8=35~39 yrs, 9=40-44 yrs, 10=45-49 yrs,
11=50~-54 yrs, 12=55-59 yrs, 13=>60 yrs. Disease
probabilities are used to calculate family labor
availability for agricultural operations in KPROG2.
Probabilities are calculated from numbers of hospital
admittances in SESP hospital in Altamira by given sex and
age class for 1973. Data used are from Smith (1976,
PP.217,235,239, and 247). Proportions of individuals in the
entire area by sex and age were estimated from the survey of
101 families done by Moran (1975) as modified by Saith
(1976, p.216) to include Smith's estimates of individuals in
each category in the (mostly migrant labor) population not
under INCRA auspices (Smith 1976, p.216). The estimate of
the total population of the area used is the 34,000 figure
given by Smith (1976, p.212). (note: Smith also gives a
fiqure of 24,000 (Smith 1976, p.205).
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Fig. 6-7. =- Malaria monthly probabilities. Calcalatioms
are made by month since the probabilities of illmess are far
greater during the key agricultural seasons. Malaria
monthly probabilities are calculated from SUCAM data for the
Altamira area on numbers of positive slides found for
malaria in blood samples from patients with suspected
malaria who had been referred to this agency. Data used to
calculate the probabilities is taken from Smith (1976,
Pe212) &
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Pig. G-8. ~-- Trauma monthly probabilities. Trauma
probabilities are calculated from numbers of hospital
admittances in SESP hospital, Altamira, for 1971, 1972, and
1973. Data for complete ceasus of hospital records doane by
Smith was taken from Moranm (1976, p.121).
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Fig. G-9. —-- Proportion of original colonists remaining by
year in a stochastic run of KPROG2 with the dynamic
population sector option enabled. The rate of turnover in
the colonist population (based on data from the intensive
study area) is somevhat higher than that in the actual
population. Even at lower rates the turnover would be guite
rapid: INCBA's report for 1974 states that 17% of the
original colonist population had left by the end of that
year (Brasil, Ministério de Agricultura, INCRA, Coordenaria
Regional do Norte CR-01. 1974), which would correspond to a
half-1life of approximately 11 years. Colonist turnover
influences land use and resource allocation patterns.
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Fig. G-10. -- Simulated colonist population in stochastic
run of KPROG2 with dynamic population sector enabled.
Population growth is quite slov due to rapid turnover in
colonist population with newvcomers entering with relatively
small family sizes. The maintenance of this pattera is
dependent on the continued presence of attractive
alternatives for emigrating colonists. The model does not
iaply that such alternatives would exist indefinitely.
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