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lPPEBDH 1 

IRITilL SOIL QDlLITY OB THE TB1BS181ZOR BIGHil! 
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Pig. A-1. Soil saapling procedure. Saaples are 
coaposites of cores taken to a depth of 20 cas at a ainial 
of 15 locations in a field. Over 1000 saaples were taken. 
Profi~es were a.~so taken to 1 aeter depth. Photog.raph she 
&Qthor taking saaple iD area nev~y cleared for pasture. 
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Fig. A-2. sap of pH in Yirgin soil of ia~aasiwe s 
area. Levels are assigned to 20 hectare quadrats fro• 
nearest sa•pLB for which data are available. 
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TARNSAMRZON HIGHWAY INTENSIVE STUDT AREA 

pH 

< 4.0 

4 0 - 4.4 

4 5 - 4.9 

T. 
5.0- 5.4 

5.5 59 

6.0 6.4 

TOTAL AREA: 23600 HECTARES 

SCALE: ~ 3 K~ 
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Piq. 1-3. Sap of phosphorus in •irqin soil of intensi•e 
studJ area. La•els are assigned to 20 hectare quadrats fro• 
~earest &a•ple for vhicb data are aYailable. 
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PHOSPHORUS IN VIRGIN FOREST SOIL 

TARNSRMRZON HIGH~Rl INTENSIVE STUb! AREA 

PHOSPHORUS lPP!'11 

PH. OS PI-ORUS (PPm) 

0- 1 

2 

7_9 

TOTRL RREAr 23600 HECTRRES 

SCRLE: ~~ 3 K~ 
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Pig. A-4. Bap of aloaiaua in virgin soil of latensiYe 
study area. Levels are assiqaed to 20 hectare quadrats froa 
nearest sa•ple for which data are aYailable. , 



ALUMINUM lme;100gl 

0.0 

0.1 

0, 

0.3-0.4 

0.!3- 0.9 

~5.0 
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ALUMINUM IN VIRGIN FOREST SOIL 

TARNSAMAZON HlGHWAr INTENSIVE STUOl AAEA 

RLUMINUM IRL+++ ME PER !OOGI 

TOHIL AI\EA: 23600 HECTAfi[S 

SCFILE: =-== 3 K" 



Piq. &-5. lap of calciua and aaqnesiua in virgin soil 
of iuteasiwe study area. Lewels are assiqaed to 20 hectare 
quadrats froa nearest saaple for which 4ata are awailable. 
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CALCIUM ANO MAGNESIUM IN VIRGIN FOREST SOIL 

TARNSAHAZON HIGH~Ar INTENSIVE STUDY AREA 

0.1-0.2 

0.)-0.4 

0.5-0.8 

0.9- 1.4 

)110.0 

TOTAL R~EA: 23800 MECTAP.ES 

SCALE: ~ 3 KH 



Fig. ~1-6. lap of potassiua in virgia soil of iatensiwe 
study area. Lewe~s are assigned to 20 ~ectare quadrats froa 
aearest saap~e Lor vhic~ data are awailah~e. 
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POTASSIUM IN VIRGIN FOREST SOIL 

TRFINSFIMFIZON H!GHWFIY INTENSIVE STUDY ~REFI 

POTASSIUM {ppm) POTFISSIUH (PPHl 

10_24 

65_84 

85_100 

, 1 0 0 

TOTAl,. IIAEII' 23500 HECTIIPIES 

SC~LE: ~ 3 K~ 
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Fig. &-7. Locations of saaples for basic fertility aaps 
of wirgia soils of tba iateasi•e study area. •Basic 
fertility• refers to pH, &1•••, ca•• an4 sg+•, K, aad P. 
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TRRNSRMRZON HIGHWRI I N T E N 5 I V E STUDI RRER 

LOCATIONS OF SAMPLES FOR "BASIC FERTILITY" MAPS 

• 
• 

•• 

NUM6ER OF S~MPLES USEO • 187 

• 
• • 

• 
• 

• 

• 
-("'1 • :::::::::: _;.. • 

• 
• • 

~ 
• 

• • 
• •• 

• • ~ 
• 

• • 

TOTAL AREA, 23600 HECTARES 

SCRLE: ~ 3 KM 

M. N. T. N . 



Fig •. 1-8. aap of aitrogea ia virgia soil of iateasive 
stody area. Levels are assigaed to 20 hectare quadrats froa 
nearest saaple for which data are available. 
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0-05-0.09 

0.10 -0.14 

0.15-0.19 

0.3J O.:lil 
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TARNSRMRZGN HIGHWAY INTENSIVE STUDY AREA 

NITROGEN (Y,1 

TOT~l ~REA: 2~600 HECTRRES 

SCALE: === 3 1'(1'! 

~.M, T.N. 



Pig. &-9. Locatioas of sa•ples for nitrogea aap of 
virgin soils of the ioteasive study area. 
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TRANSAMAZON HIGH~AI INTENSIVE STUDY AREA 

LOCATIONS OF SAMPLES FOR NITROGEN HAP 

-- NU~9EA OF SR~PLES USED • Ill 

• 

• 

• 

• 
• 

• • 
• 

• 

• 

• 
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. ~ 
:::::::::: 

r--::;;:.-
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• • 

• • 
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~ 
%__. 

TOTAL AREAo 23600 HECTARES 

S C R L E : c::::::F=-L:::: 3 K M 

f'LN.T.N . 
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Pig. 1-10. -- ftap of carbon iD virgin soil of inteasive 
sta4r area. ~evels are assigued to 20 hectare quadrats fro• 
nearest saaple fo£ Mhich data are awailable. 



CARBON \o\'1 

<0.50 

0.50- 0.66 

0.67- 0.99 

1.00- 1.49 

1 50- ~ 99 
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TRANSAMAZON HIG~WRT INTENSIVE STUDT AREA 

CFIABON {1.1 

TOT~~ AREA: 23600 HECTARES 

SCFII..E: =i== 3 KM 

1'1. N • T. N' 



Pig. 1.- U. Locations of saaples for car boD aap of 
wirqia soils of tbe iateDsive stmdy area. wirgia soils of 
tbe .iDteasive study area. a." . ; , • 
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TRANSAMAZON HIGHWAY INTENSIVE STUOY AREA 

LOCATIONS OF SAMPLES FOR CARBON MAP 

NUI't8ER OF SAI'tPLE, 

• 
• 
• 

• 
• • 

• 

• • 
• • % -

• • 
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TOTAL AREA, 23600 HECTARES 

SCALE: ~ 3 KM 

SUSE0•75 

M.N. T.N • 



Pig. 1-12. 
LeYels are 
saaple for 
Yirqin and 

426 

-- Sap of total clay in iatensiye study area. 
assigned to 20 hectare quadrats fro• nearest 
vhich data are ayailable. &11 saaples, both 
non-Yirgia, are used. 
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GRRNULOMETRJC RNRLtSIS SOIL MRP FROM RLL SRMPLES 

CLRT ("loJ 

0_!4 

54_ 59 

so_ 7 4 

AANSAMAZON MIGH~AY INTENSIVE STUDT AR 

TOTAL CLAY !i.l 

TOTAL FIFIE>h 23600 11ECTFIAES 

SCALE: == ~ Kl'l 



Fiq. &-13. Sap of silt in intensive study area. LeYela 
are assigned to 20 hectare quadrats froa nearest saaple for 
which data are available. All sa•ples, both Yirqin and non
virgin, are used. 
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GRRNULOMETRIC RNRLrSJS SOIL MRP FROM RLL SRMPLES 

30-44 

TA~NSAHAZDN HIGH~RY INTENSIVE STUDY AREA 

SILT 0:.1 

TOT~L ~AE~: 23100 HECT~AES 

St~LE: === 3 Kll 



Pig. a-a. 
Leyels aLe 
saaple for 
Yirgia aDd 

430 

Map of fine sand in iateusive study area. 
assigaed to 20 bectaLe guadrats froa aaarest 
which data aLe a•ailable. lll saaples. both 
aoa-Yirgin. are used. 
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GRANULOMETR!C ANALYSIS SOIL MAP FROM ALL SAMPLES 

FINE SAND(%) 

Q_ 14 

45_59 

TRRNSAMRZON HIGH~A! INTENSIVE STUDY AREA 

FINE SAND li.l 

TOTAL AIUA• <!3500 HECHIIES 

SCALE1 === 3 K,. 



Pig. &-15. 
Lewels are 
sa•ple for 
't'irgin aad 

Q32 

Rap of coarse sand in intensiwe study area. 
assigned to 20 hectare gQadrats froa aearest 
which data are awailab1e. All saap1es. both 
noa-Yirgin, are used. 
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GRRNUL~MET9[C R~FLlSIS SOIL MRP FROM ALL SAMPLES 

0 _ I 4 

I 5-2 9 

30_44 

60_74 

75_89 

TRRNSRMRZON h!Gh~RY !NTE~SIVE STUDY RAEA 

COI=IRSE SAND {/.1 

TOT~L R~EH1 23800 HECTARES 

SCALE: === 3 ~H 

fl 



Fig. &-16. Locations of 
of tbe iatensiwe study area. 
total clay, silt, fiae sand, 

sa•ples for granuloaetric •aps 
Graoglo•etric •easares are 

and coarse sand. 
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TRRNSRMRZON HIGHWRr INTENSIVE STUDr RRER 

LOCATIONS OF SRHPLES FOR GARNULOHETA!C HRPS 

• 

• 

• • 
• • • 

• 

•• • 

• 

• 

• • 

• 

NUMBER OF 9R"PLES USED • ~00 

H. N. T. N • 

TOTAL AREA, 23600 HECTARES 

S C A L E : c=:F="c::::::J 3 K t1 
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Piq. A-17. Rap of slope in intensive stgdy area. 
Levels are assigned to 20 hectare quadrats froa nearest 
saaple for which data are available. Slopes of all saaple 
locations are uaed, virgin or non~virgia. Slopes are 
aeasnred over distaaces on the order of 10 - 30 .aters. 



SLOPE 

0_4% 

10_19% 

30_49% 

50_69/. 

70_90% 
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TARNSRHRlON HIGHWRl INTENSIVE STUDl AREA 

SLOPE !Y.l 

TOTAL AREA• 23600 HECTARES 

SCALE= ="='= 3 Kl'l 

1'1. f\1, T., N. 
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Pig. A-18. Locations of •easqre•ents for slope ••P of 
the iateasive study area. 
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TRANSAMAZON HIGHWAY INTENSIVE STUOI AREA 

LOCATIONS OF SAMPLES FOR SLOPE HAP 

NUIIIItR OF SAPIPLtS 
• 

• • 
• 
• • 

• 

• 

• 

• 
• 

r-: ~ 

• • 

~ • • • • • • 

--• • ;..:-:: 

• • • 

• 

• 
• 

• 

TOTAL AREA< 23600 HECTARES 

S C ALE : c:::::::F""""""-=::t 3 K M 

uno • ns 
"·N·T.N . 



nHLE A-2. 

l'tULTIPLE REGRESSION FOR ALUIUNUI.'I tN VIRGI:N SOIL 

-----------------------------------------------------------------------------

Regr:ess ion y = 11.~29- 7 .. 677 a + 0.0627 b 

Standar:d Er:r:or:s 1. J91 o. 901 0.0079 

t statistics 0.216 -a. 461 7.913 

Significance <0.001 <0.001 <0.001 

Partial Correlations -0.620 0.590 ... 
R-Squar:ed = 0.50 [' stat. = 67.JB ... 

0 

Std~ error of est. = 1.J59 l'iultiple lt = 0.7) 

p < 0.001 N = 116 
------ -------------

Abbr:eviatious: Y = A.l+H (f'IE/1001]) 

a = natural log of pH 

b = total clay ('I) 



Pig. l-19. lluainqa ions in •irgia soil obser•ed •s 
predicted •alqes froa regression on aatoral log of pH and 
total claJ. 
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12. 
ALUIOIJ1TII 1011 Ill Yll'DI IOU. ,.... 

CD 

0 10. + 
0 + .... 
....... 
ILl + + I: e. 
<.J 

I: ++ 
:::1 + + z s. + + .... + + 
I: + 
:::1 + .;+ _I ++ < 4. + 
0 

~ ... ++ ILl 
::> + + a:: 2. ILl 
(f) 

+ 10 
0 + o. 

-4. -2. o. 2. 4. s. e. 
PREDICTED ALUMINUM CME/100 Gl 



TABLE A-J. 

~ULTIPLE REGRESSION FOR NITROGEN IN VIRGIN SOIL 

Regression y = -11.986 + 11.132 a • 0.0220 b 

Standard errors 0. 0 33 3 0.0115 0.00{>7 

t statistics -3.-,99 11.4R9 3.267 

Significance 0. 0 00 7 <O.Il01 0.0020 _,. 
Partial correlations 0.852 0.1119 

_,. 
w 

a-squared -= 0.13 F stat .. = 61:J. 05 

Std. error of est. = 0. 0 304 Multiple R = iJ.7) 

p < 0. 001 N = 53 
-----------------------

Abbreviations: l -= Nitrogen (% dry veightt 

D = pfl 
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FIG. l-20. litrogeo ia wtrgio soil obserYed YS 
predicted walues fro• reqressiOD on carbon aad pH 
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Kll'lOGIN IK YII.GIK SOR.S 

,... + 
• o • 

1- + 
:.a + 

+ 
>- + 
a::: + + 
c 

• • 
1-
u + + 0... ++ ...... +++ ++ 

+ + + 
z + + 
UJ + + 
(0 +++ + 
0 + +++++ 
a::: ++ 
1- + .... o • ++++ z + ++ 

++ 
0.0~--~----~----+---~~--~ 

0. 0 o. 05 0.10 0.15 0.20 0.25 

PREDICTED NITROGEN CPCT. DRY ~T.l 



TABLE A-ll. 

ABGRESSION OP CALCIU~ AND ~AGNRSlUK IN VIRGIN SOIL 

·----- -----------
Regression y = -10.610 + 2. Olt1 a 

Standard Errors 0.942 0.209 

t statlstics -11.268 13.570 

Significance <0.001 <0.001 

"" Far:tial Correlation o. 706 "" "' 
R-Squared = o. 50 F stat. = 1All .. 15 

Std. error of est. = 2.JB rtultiple R = 0.71 

p < o. 001 N = 107 
----------------

Abbreviations: Y = ca•-t and rtg++ (MI:V100q) 

a = pH 
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Pig. 1-21. -- Calciu• aad •aqnesiu• YS pB in virgiD soil. 
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,...., 20. 
, .... AD lilA! ... W .. 8 ...... 

(!) 

0 
0 + - + ....... 
w 15. I: ..... 
I: 
::::> + - + + 
(f) + + w z + (!) + 
< + 
I: + 
0 z + < 5. + 
I: + + 
::::> -u 
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Fig. B-1. Mean monthly rainfalls for Alta~ira from 1931 
through 1976. All months for which complete data for month 
available used. Means have been calculated from raw data 
from Weather Department. Bombers of complete cases range 
fro~ 18 to 29 per month. 
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200. KIAM KOMlBLl lAIMJALU 101 .U.TAKD.A 

,...., llftl - U'N) 
I: 
I: ..... 
...J 150 • 
...J 
< 
LL. z ..... 
< 
0::: 100. 
>-
...J 
:r: 
I-z 
0 
I: 50. 
z 
< w 
I: 

o. o. 2. 4. 6. 8. 10. 12. 

MONTH 



ITEM 

ff(!illl 

Std.Dev. 

T.I\.ULE fl-1. 

ALTAMIU\ MONTIILY ~hiNf~LLS hS PHOPOI<TIO~ Of YEARLY TOTALS 

Total 
Rain 
( m m) 

Perc~1nt of yedrly tot.tl 

lilOHth 

Jan. feh. Mar. \pr. Hay Jun. ,Jul. Au-1. Sf'r. oct. Nov. Dec. 

complete years (N = !J) {m0nthly rainfalls as pP.r:c•~nts) 

19~2.3 16.2 15. 0 21).2 13.9 1 3." 6. 3 ~.4 1.9 2. 3 2. 9 .2.3 o.7 

lilJ9.6 B.U 2. 3 7.8 J.') 3.9 1. 8 J. 1 1.1 1. ) 2. 2 2. 2 J. If 
-------------------~~---~-~~----~------------------------------------~---~-

all years (raintalls in mm) 
-----------------------------------------------------~------------------

!'lean 129~. 70) 174. "] 150.7 PJ2.. 9 170. J 151.3 102.9 57.4 27.2 33.9 q6.b 6~.9 110.S. 

' Std.Dev. -- 118.9 157.) 19\J.O 1 21J. 5 10 6. 8 67.9 1!9.J 22.0 23. 3 ]1 .. 5 57.2 6 ':l. 0 

N -- 2 1 22 2 1 20 19 1 u 30 29 29 2 1 26 23 

Cl> ''mean" is sum of 1nonthly means 

"" '" N 



'UIJLF. 0-2. 

'fllllA.UlL'f IN OAIL'f lo'EJIT!IER r._:, PIIOt'OR'l'ION OF ~OJoi'HlLY TUTA.LS( I l 

------r----------------T---------------y-------------
1 RAHI I l':YAPORA.Tl_Otl I l!ISO!.A.TlON 

ftOKTtl f--------------·------------------t ------------------
1 s.o. N I s.o. If I s.o n 

------+---------------+---------------i--------------
1 I I 
1 o.Oij85 1li2 I 0.0219 12J I o. Ollie' 1 '' ·-
I I I 

2 I 0.0~90 113 I 0.017R 11J t 0.0307 65 
I I I 

J I 0.0<411 1S'i I O.Ol2J 1:.3 I 0.0261 1..!3 
I I I 

' I O.UlilB 150 I 0.0270 15e I 0.02fl9 120 
I I I 

5 I o.Ob96 155 I 0.0278 155 I 0. 0667 "' I I 

• 0.06Li0 1'JO 1 0.0302 150 I 0.0)13 120 
I I 

1 0.08113 155 I 0.0~42 15Li I 0.0162 ''" I I 
6 0.1096 '"' 1 0.0267 1li6 I o.o1oH 12U 

I I 
9 0.0%9 120 I 0.0289 120 I o. 01J(i 1LO 

I I 
10 0. 1 013 "' I 0.0250 11'! I 0.0231 59 

I I 
11 0. Ullu 120 I 0.0150 l.W I 0.0263 1LO 

I I 
12 0. 0617 1:C.4 I 0.0302 12U I 0.0336 1.211 

---~----------------------..1.......--- ..1.......-------------------
t1 l 11ean.s used an.• monthl'j' ~otals divided by nlliJbe[" o[ days in RJontb 

-"' 
"' w 



TAULE 0-3. 

REGRESSION OF FEBRUAR( RAIN ON MARCH R~IN fOfi ALTAMIRA 

----------------------------------------------------------------------------------------------------------------------------------------------- ----

Regression y 124.32 + 0.471J a 

Standard P.r:rors 1.!5. 13 0.123 

t s ta tis tics 2.7'}5 ]. 538 

Significance o. 011 <0.001 

Partial CorLelation 0.6'J1 

R-Sq uarcd = 0. )6 r stat. - 1l1.73 

Std. error of est. = 75. '0 Mult.iplc H = 0.60 

p < 0.001 " = 28 

Abbreviations: Y = Febt'uar_y rain (l!lm) 

a = r1at'ch ['ain {111111) 

.. 
~ .. 



Pig. B-2. 
11 ta• ira. 

Februarr raiafall vs !arch rainfall for 
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500. U:BII.UAllY vs N:AllCH RAINfALL JOR. ALTAW!llA 
+ + 

+ 

400. + 

+ + 
+ + + + 

300. + + + 
+ + ++ 

+ + 
+ + 

200. + 
+ + ++ 

100. 
+ 

0.~--~----~--~~--~----+---~ 
100. 200. 300. 400. 500. 600. 700. 

MARCH RAINFALL CMMJ 



TABLE B-1.1~ 

REGRESSION OF ~ARCH RAIN ON APRIL RAIN FOR ALTA~IRA 

-----------------------------------------------------------------------------------------------------------------------------

---------------
RegrP.ssion y = 135.03 + 0.763 a 

Standard Errors 64. 51 0. 2 11 

t statistics 2.093 3.613 

significance 0.041 0.001 

Partial CorreLation 0.586 

R-Squarell -= 0 .. ]4 F staL = ... 13 .. 0 6 <.n .... 
Std. erroc of est~ = 97.54 r':ultiple R = 0.59 

p = 0.001 N = 27 

Abbreviations: I= Harch rain (mm) 

a = Apri 1 rain (mm) 
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Fig. B-3. aarcb rainfall vs April rainfall for Alta•ira 
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1 00. -1--+---+---+------<>----+--+---+---1 
1 00. 150. 200. 250. 300. 350. 400. 450. 500. 

APRIL RAINFALL CMMJ 



TADU: [l-5. 

I'IONTHLY RAINFALLS AS PfiOPO!lTHHJS OF PEIHOD TOTALS 

·~-------------------------------------------------~--------------------------------------------------------
~~-~-------~~-----------~~~-------~-----

liON Til ' liP. AN STANDA.l<D DEVUr.TJON 

proportions of c-.iny period (.Jan. - liay) totdlS 

Jan. 21 0.1170 O.O"ieil 

Fe h. 21 J.lllll o. ()HJi) 

!lac. 21 0.2bJ1 o.o'io2 

Apr. 21 0.2136 0.0'>05 

,., 21 o. 1J 12 U.l1'.>2::! 

cainfallo. in ID for 11on+.hs not. iuclud~·d in periods 
_,. 
"' Jun. JO 77.50 a a. 1a 0 

Jul. '" 'l8.H2 ')0. 711 

Aug. 21 28. 07 22 •. i'l 

t•ropor~.ions of bucninq pl'ciod (3ept. - Dec.) t<lt<:~ls 

5Hp. 12 0.1Af,2 (). l\}(j') 

Oct. 12 0. 1 'J<l') 0. 107'j 

!I of. 12 0. 1 f!<;l} o. 1377 

Dec. 12 1). 112~ J 0. 1 J26 



TAOLE: B-6. 

HEGHESSIOH OF ~ONTIILI INSDLATJON ON MONTHL~ RAINfALL 

----------------------------------------------·-----------------------------------------------------------

----------

Regression T = 156.68 0. 1 BO a 

Standard Errors 11.015 0.045 

t statistics 14.224 -3.999 

Significance <0.0001 0.0002. -1> 

"' -Partial correlatio11 -0.521 

B-Squared = 0.27 t' stat. = 15.99 

Std. error ot est. = 44.05 l'!ult iple R = 0.52 

p = 0.0002 " = 45 

Abbreviations: I = l"'onthly insolation (hourS) 

a= ftonthly rainfall (mm) 



Fig. B-4. 
Alta.mira 

Ronthl7 insolation vs •oatbly rainfall for 
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250. MONTHLY INSOLATION VS MONTHLY RAINFALL 
+ 

,...., ++ 
(f) 

0::: 
:J 200. + 0 + I + '--' 

++ ++ 
+ z 

0 150. ++ + ...... 
I-
< 
__J + 
0 
(f) 100. ij. z ++ ...... + + + + >- + ++ __J 
I 
I- 50. + 
z + 
0 
!: 

0. 
0. 100. 200. 300. 400. 500. 600. 700. 

MONTHLY RAINFALL CMMJ 



TABLE 0-1. 

REGRESSiot1 OF MONTHLr EVi\PORATION ON t!ONTHLY RAINFALL 

----------------------------------------------

Re1 ression r ~ 102. Jq 0. 150 a 

Standard ErTors 0.018 0.03) 

t statistics 12.727 -4.572 

Significance (0.0001 <O.J001 ... 
"' ... 

Partial Correlation -O.S12 

R- Sq uarecl =- 0.3) F stat. = 20.90 

Std. error of est. = 32.06 Multiple U -= 0. 57 

p < 0.0001 N = 45 

A.bbreviations: l = Honthly evaporation {mm) 

a = Monthly rainfa 11 (mm) 



Fig. B-5. 
Altaaira 
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ftoatbly evaporation vs aonthly rainfall for 
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250. MONTHLY lVAPOil.AnOH VI MOMTHLY ll.A!HIALL lOll. ALTAM!I.A 

,..., 
!: 200. 
!: 
'-' 

_J 
_J 

150. ++ < 
LL + 
z + 
...... 
< + + 
0::: ++ 100. 
>-
_J + 
:r: 
1- -f z + ++ _r+-~,r+ ++ 
D 50. 
!: + 

+ * + + 
+ 

0. 
0. 100. 200. 300. 400. 500. 600. 700. 

MONTHLY EVAPORATION CMMJ 



BURN QUALITY 

none 

0 

1 

2 

3 

Q 

TABLE 9-8. 

BURN QUALITY CLASSIFICATION FOR VIRGIN BURRS 

DEFIJHTION 

No burn was attempted (therefor-e no date for- bu£"ning). 

BuL·n attempted. (therefore with burning date) but did not 
burn. There may be some blackened bark and burned leaves, 
tbe g'Cound remains "raw". Usually the colonist cannot. 
plant.. "!!..~2-EJ.!!eimQ.I!". 

Bad burn. only leaves and small twigs burned.. Only 
mai'Ze can be planted without a great deal o.f coinu 
(piling up unburned material to clear land for planting) 

11 .1J:y_giiDQ.!!_rUj.!!, 11
, "2,Q_.Q~.Q!!JL!Ol!:!i!£·" 

Patchy burn.. A ml!tture of class 1 and 3 patches vhere 
fire burned with varying intensity. can be planted 
111 i th s;:oi_y:ar-~. 11 lllai§.__Q.!L.J!~..!!21L9..!!~2.!!." "Q uemQJL!~!!!.!!Q• " 

but 

Good burn. Burned wood as well as twigs and leaves, although 
larger logs are inva£"iably only partly burned. Can be planted 
with rice vith no or very little £.Qi.lli.~· ".Quemou be_!. 11 

Over:bnrned. Large logs burned co11pletely to ashes. This 
11 bur:ns the earth" and results in stunted cr;ops .. 
112-Y~!Q_.!!_~ t~ _gy~_gyg_!Q.!L~_!_gu~. II 

_,. 
"' ~ 



Pig. B-6. 
prob~e.. .Burn 
burning dates 
virqin burn. 

Poor burns 
quality can 
and weather 

Q68 

are a •ajor agricultural 
be predicted fro• c~earing aad 
infor•ation. Tbis is a c~ass oDe 
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T.lBLE B-9. 

YIRr.l~ BURl QUALITY PREDICTION OlSCRI~l~A~T AMALYSIS 

------------------------------------------------------
f AltllBU: 

----------------
Constant: 

raln betwePII felling aAd burning (1111) 

e1'aporation betweea telllag aod burning (1111) 

insolltion between felling dnd b1truinq (ho'HS) 

rain in 15 days previous to burn (1111) 

e9aporation in 15 dafs pre•ious to burn (11111) 

insolation in 15 days previoUs to hurtt {11111 

general 'lariances 

sa11ple sizf'~ 

~----------------------------

1 COEfflCl£MT5 

' 1 Dild burn Good b11rn 
+-----------------------· 
I 
I -t..1617 -7.5752 
I 
I 0~00121159 o.oJ12662 
I 
I -V.OOJ59J3 -O.OOOUS27JS 
I 
I O.OoJq9l8 o.OV2579J 
I 
I 0.0769~9 O.V88626 
I 
I o. 15809 o. o 1027 
I 
I 0.018191 0.031591 

I 
I 
I 
I 

' I 

2.11] l lOU 

16 

2.26 I to<>o 

111 

Equality of couriances: df=2l. 812311 f=22.1J7 SiqnH. < 0.0001 I 
I 

~ahalanobis dlsta~~ee: D• = O.b66 1 
I 

f statistic= 5.89 I 
I 

Significance < O.OV01 I --- --~----------

... 
~ 
0 



TABLE B-10. 

OBSERVED AMO PREDICTED YIRGIM DURN QUALITIES 

------------------
T ·- ~----------

I OBSER'iED DURlf QUALITY I 
PREDICTED ~ ------ ---- ' total 

BUBH QOA.LITI 1 bad< tJ qoodC2'J 1 
---- --+ --------------------+-----------------

1 I 
bad<tJ I 15 J I 

I (BJ.J%) (16.7~1 I 
I I 

qood< .2J I 61 168 I 
I (26.6'1 (73.q~) I 
t------
1 

TOTALS I 76 111 

__ , 
I 
I 

18 
(100~.1 

229 
(1001·1 

2ij7 ________ __. _____ --- ___._ _____________ _ 
Rumber correctly predicted is 191 of 247 cases or ?q% 

(1 J "bad" burns are lu•ped class 0 and 1 virqln burns .. 

<zJ "good" burns at"e lu•ped class 2 and 3 virqin burns. 

... .... -



TABLE B-11. 

SECORD GROWTH CUTTING A~D DURNING HOHTH DISTRIBUTIONS 

---------------------------------------------------------------------T----
1 

ITE~ I--
I Jun. Jul. 

----T 
I 

number I 1 8 
I 

percent J ~.9 7.2 
-L 

I 
nu•ber I 0 0 

I 
percent 1 0 0 

A.ug. 

--
8 

7. 2 

q 

3.4 ____ __.___ -

T 

"QRTH I 
·-------------i TOTAL 

Sep. Oct. Nov.. Dec. Jan .. 1 
.a.._ ____ _ 

cutting 
---------,------

I 
39 24 20 10 1 I 111 

I 
35.1 21.6 18.0 9.0 o. 9 I 100 

burning 
---- -. 

I 
10 50 )7 1 3 5 I 119 

t 
8.4 42.0 31.1 1 o. 9 4.2 I 100 

---- ......__ ______ 
mean days between cutting and bu~ninq = 52.6 (5.0 .. =96.1 N = 79} 

... ..... 
N 



TABLE B-12. 

SECORD GROWTH BURN QUALITI PREDICTION OISCHI"INANT ANALYSIS 

-------------------------------------------============= T 
---------

VARIABLE 

Constant: 

rain between cut·tinq and burning (mm) 

evaporation between cutting and burning (•m.) 

insolation between cutting and burning (hours) 

general variances 

saaple sizes 

Equality of cowariances: df-=6, 15499 F=S. 78 

f'lahalanobis distance: oz = 0.566 

f statistic= 2.39 

Significance = 0.0793 

I COEYFICIENTS 
f--- --
f Bad bu~n Good burn 

I 
I -o. 32692 
I 
1 0.00048370 
I 
I -0.013939 
I 
I 0.0029030 
1-----
I 
18.92 X lOll 
I 
I 

I 
Siqnif. < O .. OJOll 

I 
I 
I 
I 
I 
I 
• 

J1 

--------

-1.0033 

-0.0033761 

- o. 02064 1 

0.00060930 

1.29 X: lOll 

23 

... .... 
w 



TABLE D-13. 

ODSE:RVF.D AMil PREDICTED SECOND GROWTH OUBN iJIJ.ALlTIES 

------. ------------- .-----------------
1 O-BSERVED DURN QUALIT'l I 

PREDICTED ~------- ------------------1 total 
B[JRN QUALITY 1 bad<,, 'JOod(2') 1 

--- -----+------------------------------j------------
bad<tJ 

good<.Z) 

TOTALS 

1 I 
I 26 14 I 
I (&S. D~) (35. D~) I 
I I 

40 
( 1 0 0~) 

I 5 9 I 111 
I (J5.71) 164. 3%) I I 100~) 
1---------- ----------+-----------
1 I 
1 31 23 1 54 

_,____ ------------------'-----------

Nu•be~ co~rectly predicted is 35 of 54 cases or 65~ 

< • J "bad" burns are lumpe<l class 0 and 1 .second growth burns. 

(.Z) "good" burns are lumped class 2 and J second qro~th burns. 

... 
~ ... 
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APPENDIX C 

BDBH EFFECTS OR SOIL PERTlLlTI 



TAllLf.: c-1. 

nULTIPLE REGRESSION FOR pH CHANGES WITH VIRGIN BURUS HITII INITIAL pll LESS THAN ~.0 

Regression ' = 1. 53 8 -

standa["d ErTors 0. 111 

t statistics 13.002 

Significance (0.0001 

Partial correlations 

R-Squared = 0.~8 

Std. er~or of est. = 0.1}09 

p < 0 .. 0001 

,\Lbreviations: I = pH chanye 

a= virgin burn quality du~~y variable 
(•1 if bad; -1 if yood) 

b = initial Al••• (!'IJ·:;100q) 

0 .. 2h6 a - o. 230 b 

o. 0714 0.0290 

-3.12~ -7.0:15 

0.0004 <0.0001 

-0.376 -J .. fiSS 

F .s~at. 30.07 

rtultiple R = o. 69 

n = 07 

... 
~ 

"' 



Pig. C-1. 
predicted 

Virgin burn pH change regression obser•ed •s 
values for initial pH less than 4.0. 
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.3. PI CBANGI Wl'lK tllGDf BUJJCI 

- .. ... ( .. + 
3. 

++j lLJ 2. 
(!) 
z + 
< 2. + :t J: 
u .. 
J: 1. + + 
a.. 

+ 
..I 

++ h !!.:tt < 1. 
::::1 .. 1- + :t* + ++ u 

i:+ < 0. ++ + # + 

~ 
+ + + +:!i.+ o. 

++ + 

-o. -o.s o. 0 o.s 1. 0 1.5 2.0 
PREDICTED PH CHANGE 



TABLE C-2. 

JIIULTIPLE REGRESSION FUR pll CHJ\NGES WITH VIRGIN OllHNS \liTH INITlAL pH fUOr1 4.') 'J'O ~.J 

--------------------------------------------------------------------------------

Reqression < = 1.888- 0 .. 0311 a- 0.0668 b 

Standard Er~o~s 0.264 0.00627 0 .. 1)](,7 ... 
t. statist. ics 7.1')4 -14-.965 -1.810 

~ 

"' 
significance <O.OJu1 <0.0001 0.0737 

Partial Con:elations -0. 527 -0.222 

R- Sq uarcd = 0.7.9 f sta-1:: .. = 1..'. 9 5 

Std. error of e!;t. = o. 714 !'lultiple R = o .. 54 

p < 0.0001 N -= 67 

Abbreviations~ Y = pH change 

a = initial total clay ('t) 

b = predicted P.rosion per ye~r (mm) 
(see fearnsidP 1978i for erosion vreJlction equations) 



Flq. C-2. 
predicted 

QBO 

Virgin burn pH cbange regression obser~ed Ys 
values for initial pH fro• Q.O to 5.0. 
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Ill CIWICI WliB YIIGII IIVIJI ... II -.a. + 

·41-U"~ 

+ + + + 

UJ + 
!0 

2. + z + + 
< + + X + u + + 
X 

1. + ...t 
Q.. 

+ + + 
c 1. + 
UJ + 
> + It: + + 
UJ o. + + + +++ + 
(/) 
a:l + + t c + + t ++ ++ ++ ++ + + o. + + * + + + 

-0'. 
+ + 

-0.5 o.o 0.5 1.0 1.5 
PREDICTED PH CHANGE 



Tft.BLE C-3. 

~ULTIPLE R~GRESSlON fUR pll CllANGES WITH VIRGIN AIIRNS PUR INlTIAJ. pH GR~A1'ER Tf!AN S.O 

Regression J = 5. 2 0 7 0.!80 A o.o1q n- o.ooo609 c 

Standard Errors O.fi;J6 0.0537 D. 1Q 6 5 o. 000175 

t statistics B. 580 -3. JCJ5 -7.600 -3.474 
_,. 

Significance <0.0001 0.[)[}1 <0.0001 <0.001 ~ 

Partial Correldtions -0.205 -0.499 -0./53 

a-squared = o. 31 F stat. -· 26.')1 

N = lBO Multiple R = 0.5& 

p < O.iJOJl Std. error = 0.717 

hbhreviations: J = pH chanye 

A = virgin bucn <Juality dum111y vaci<Jble 
( + 1 for ba!l burns; - 1 for qood burns) 

" = initial pH 

c = ddfS in annual crops 
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Pig. c-3. pH cbange regression obserYed •s predicted 
with v~rgin burns for initial pB greater than s.o Values 
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3. PB CIL\KGI WHK YD.GIK BUJlf 

--· .... )1 + 
2. + + 

+ .J:+ 
lJ.J + + @! *+ + (0 

t+~ *+ z 1. + ++-q; < t H:\)1 +UJ- f + :r:: 
u ++ :~~;+~ + 
:r:: 0. ++If"~+\++ 
(L ++ .;+ 
..J .jl" + *+ + 
< + + + ::::> -1. + + + + + + 
...... + 
u .jl" + + .¢ + + 
< + 

-2. + + + 

-3.~--~-----~---~---~------~---~ -1.5 -1. o -o.5 o. o o.5 1. o 1.5 
PREDICTED PH CHANGE 



TADLf. C-ll. 

!1ULTlPLI:: ii.EG~ESSION fOH ALUtHNUM. CHANGES 'lr/ i1'H V ll\GIN BUFIHS 

Regression y " 0.295 -

Standard r::rrors 0. 119 

t statistics 2. 29 7 

Significance J.J22 

Partial cor~elations 

R-Squar-e•l ::: 0. 1 3 

Std. £I"I"Or of est. = 1.48'J 

p < 0.0001 

Abbreviations: Y: ::: Aluminum chanqe (.'IE/lDOfJ) 

a = initial Al-+H- (ME/10llg) 

b = vi~gin h11~n quality ~urnmy var-ial1ln 
(-+ 1 if bad: -1 if goorl) 

0.222 a-

0. 0 ::3'/IJ 

-5 .. 097 

<0.0031 

-0 .. 3211 

F stat. " 

Multiple " " 
" " 

0.221~ b 

0.0907 

2.(112 

J.014 ... 
"' <.n 

0.142 

22.93 

o .. .:l1 

299 
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Pig. C-4. Yirqin burn a1uainua change regression 
observed vs predicted 
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,..... 
g 8. ALUIIDfUII CHAHGI 'WrrB VD.GDf BUlHS 
0 + ... 
' UJ 
X: ...... 
UJ 
!.!) 
z 
< 
:I: 
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§ 
z .... 
X: 

s. 

4. 

2. 

o. 

3 -2. 
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0 
UJ -4 > • 
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+ + 

+ + 
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+ 

+11' 
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-G~--~----~----*-----~--~ -2.o -1.s -1.0 -o.s 
PREDICTED ALUMINUM CHANGE 

o. 0 o.s 
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TA.DLE C- 5. 

!tuLTIPLE REGRESSION FOR PHOSPHORUS CHANGES ~HTII VIRGIN DURi~S 

Regression y = -0.710 + 1) .. 677 a -

Std.ndacd Er:cors o. 288 o. 0613 

t statistics -2.102 11.034 

significance 0.01)7 <O. 0001 

Partial Correlations O.ll5lt 

R-Square~.'l = 0. 21 F stat. = 

sta. e~:roc of est. = 3.255 l'lultiplc R = 

p < 0.0001 

~bbreviations: J = phosphorus change (PPID, 

a = predicted phosphorus change fcom unbu~:ned 

cegrcssion {see Fearnside 1978j) 

b = virgin burn quality dummy variable 
(+1 if bad; -1 if good) 

N = 

0.357 b 

0. 151 4 

-2.358 

0. 01 g 

-0. 10 H .... 
"' "' 6J.48 

il.4fi 

473 
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Fig. c-5. Virgin burn phosphorus change RegressioD 
Observed vs Rredicted Values 
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..... 20 • IIOIIBOI.VI cu•A wm tJUDI IVUI 
:c a.. + 
a.. .... 2'5. 
w 
to z 

20. + ++ < + 
::J: u 
trJ lS. + 

++ + 
~ ~::: a:: + 
0 
::J: 10. + 
a.. tt trJ t+ 
0 + * ::J: s. \..t+ a.. 
0 
w 
> o. * + a:: t + w 
trJ + 
(D -s. 0 -G. -4. -2. 0. 2. 4. s. 8. 

PREDICTED PHOSPHORUS CH~NGE CPPM) 



TAIILE C-6. 

~ULTIPLE REGRESSION OF NI1ROGEN CHANGE WITH VIRGIN DURNS 

----------------------------------------------------------------------------------

----------------- ---------------------------

Regres~ion y = -0.058J - 0. fiS4 A. • 0.0409 E +- 0.0263 C 

Standard f.rTot·s o. 0653 0.2111 0.0315 0.0120 

t statistics -0.889 -3. 09B 1. 45B 2.0t.j.H 

Significance 0.370 J.OOJ 0. 152 0.04!1 

Partial Correlations -0.4 DB 0.206 0.283 

R-Squared = o. 21 .F st.a~ .• = 4.32 

N = 52 M.ult iple U = 0.46 

p < 0. 01 stl\. eL"I"OL"""' O.OSHB 

Abbreviations: I = Nitrog~n ch<l.nge (% dq 'lleiqht) 

A = initial nitrn<Jcn ~~ dry '!leigh t} 

B = initial carb()n ('.l dry weight} 

c = initial pH 

... 
"' ~ 
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Fig. c-6. Bitrogen change vith •irgin burns regressio 
observed vs predicted values. 
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,...... 
I- o. z KITI.OGIN CHANGI Wl'l'B VD.GIN BmNS 
llJ 
u + 0::: 
llJ 
0... o. + ...... 
llJ + 
(D 
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Fig. C-7. pH cbanqe with second groKtb burns regre2 
observed vs predicted values. 
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3. PH CH~NGE ~FTER SECOND GROWTH BURNS 

+ ++ + 

2. 
-t+ + + 
t+ ++ 

++ :j: .t 1. ++ + \ +++* + + + 
++ + + + t + 

+ -t -it+ 
+ .t + ++ :j: 

+ ++ + 0. + +++ -HI-*+ 
+ + + 

+ + + + 
+ + 

-1. + + 
+ + 

-2.~----~----~----T-----+---~ 
-1. 0 -0.5 0.0 

PREDICTED 
0. 5 1. 0 1. 

PH CHANGE 



TADL"E C-U. 

HEGRRSSION OF ALUHINUH CH~H~E UITH SHCOND GROWTH DURNS 

-------
------- ------------------------------------------------

Heqre;:;sio11 y = 0 .. 16551 0 .. 206tl7 a 

Standai:'d Ert'Ot'S 0 .. 324 o. 1 oq 

t statistics 0. 511 -2.55'} 

Significance 0.012 0 .. 015 

Partial Correlation -0.:175 

R-Squar::ed "" O.llt F stat. = 6.53 

Std. error: of t~st .. = 1. 5 J f"'ultipl!=! R = 0.37 

p = 0.015 N = ij2 

·----------------· 

A bbrev ia tions: ~ = aluminum change ("E/100q) 

a = initial Al+H (MEjlOO!J) 

... 
"' " 



Pig. c-a. Aluaioo• Change vith second Growth Bor 
Before field Alu•ion• 
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s. ALU'IIDIVM CBAI"I WlTII IICOIID 'lOWTB lllJlJII 
+ 

,..... 
I!) 

0 
4. 

0 + -' + 
L!J 2. I: 
<.J 

L!J + 
I!) o. + 
z 
< **++ + 
:I: 
u ++ -2. I: + 
::;:) + + z .... 
I: -4. ::;:) 
_I 
< 

+ 
-G. o. 2. 4. s. 8. 

BEFORE FIELD ALUMINUM CME/100 6) 



TABLE C-9. 

rtULTIPLE REGRJ::SSION POll PllOSPUORUS CHANGtS WlTI! SP.CONil GROWTH OURNS 

Regression r " -1.5110 + 0.74065 a- o. !3)05~ h 

standard F.t-rors o. 637 0.135 o. 317 

t statistics -2. )82 5.1184 -2.623 

Significance 0.012 <0.0001 0. 0 11 

Partial CoLTelations o. 535 -0.290 

R-Squa~:ed = 0 • 3 1 F stat.. " 11.07 

Std. eri:oi: of est. = 2. 620 Multiple n = 0.56 

p < 0.0001 N " 78 
-------------------------------------

Abbreviations: I = phosphorus change (ppm} 

a = predicted phospho~:us change from unbu~ned 
reg~:ession (see Pearoside 1978j) 

b = secon~ growth burn quality dumgy variable 
t•1 if h~~· -1 if nnn~\ 

~ 
0 
0 



Pig. c-9. 
regression 

501 

Second groMth burn phosphorus change 
observed vs predicted values 
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TABLE C-10. 

MULTH'LF. REGRESSION FOR pH CUANGES WITII WEED BUllNS 

-------------------------------------------

Regression y = 2o 9749 - 0.16504a 0.51659 b 

Standard .Errors 0.6939 Oo0717 0 .. 1161 

t statistics 4. 2f11 -2o303 -4 .. 411'1 

Significance OoOOJ1 o. 0 25 <Jo0001 <.n 
0 
w 

Partial Correlations -0o281 -O .. S01 

R-Square!l = Oo 26 F stat. = 1 0 0 1 1 

St!l. error of est. = 0.7115~5 f"!u.ltiple H = 0 0 51 

p = Oo 0002 n = b2 
- ---------- ------------

Abbreviations: l = pH chanqe 

a = initial pH 

b = initial .n+++ (HE/lOOg-) 
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Pig. c-10. -- Weed burn pH change regression obserYed •s 
predicted values 
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2. PH CHANGE WITH WEED BURNS 
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TABLE C-11. 

HEGRESSION Of ALUftiNUM CIIANGE ~ITII WEED UURNS 

Regression y = 0.55043 

Stand,u:d E.n:ors 0.509 

t statistics 1. OR 1 

Significance 0.~90 

Partial correlation 

R-Sq ua red == o. 10 F stat. = 

Std. error of est. = 1.85\.IJ Hnltiple f!. "" 

p = 0.02 11 N = 

Abbreviations: Y-= aluminum chanqe {PIB/100g} 

a = alumi.num of before field (ME;100g) 

0 .. 39232 a 

o. Hd 

-2.403 

(). \)24 

-0.426 

5.70 

(). 4) 

28 

~ 
0 

"' 
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Pig. c-11. Aluminnm cbange vs before field alu•inu• 
wit:b weed burns. 
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TUlLE C-12. 

REliUESSION OF PII05PIIORUS CHftNGt; WITH WEElJ UIJTINSC t) 

------------------------------------------------------·------------------------------------

Reg cession y 0 3.<1375 + 1.2660 a 

Standard E ITO rs 0.844 o. l3'J 

t statistics (l..OGG J. 17B 

<O. JG01 <0.001 
"' 

Significance 
0 

Partial correlation 0 .. (l.9'J "' 
R-SgUa["ed = 0.25 F stat. 0 14.27 

Std. error of est. = 5. 0023 Multiple • = 0.50 

p < v.vo1 • = 4S 
-------------------------------------------

Abbreviations: Y = plllJsphorus change (ppm) 

a = predicted phosphorus cbanqe per year fro11 
un l.lurned t:£)qres!>ion (ppm) (see feit.t'nsi de 197!:1j) 

o J for non-ze~:o phosphorus chanl)es only.. Probability of 
zero change is ll. 262 (N = 61). 
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Fig. C-12. Phosphorus change with veed borns Pasture 
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25. PHOSPHORUS CHANGE WITH WEED BURNS 
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APPENDIX 0 

SOIL EROSION PREDICTION 
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Fig. 0-1. E~osion measurement stake shoving 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 vith different land 
uses and s~opes. 
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Fig. D-2. 
the day of 
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Erosion in fields ba~e or in annual crops on 
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 slope. 
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Stake erosion in fields in black pepper vs 
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25. EROSION IN FIELDS IN BLAC[ PEPPER + 
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APPENDIX E 

SOIL CHANGE PREDICTION UNDER VARIOUS 
CROPPING AND FALLOWING TREATBEHTS 



TABLE E-1. 

REGi:tESSION OF pH CIUUGE IN UNBURNED FIELDS VS Bl~FORE FIF.LO pH( 1 J 

Regression y = 1.8594 0.41Bfifi a 

Standard Errors 0.265 0.0472 

t statistics 7.022 -O.R71 

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 

d = pH of before field 

(1 J excludin~ pasture 

U'1 
N 
Ol 



Fig. E-1. 
pH. 

521 

pH change in unburned fields vs before field 
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3. PH CHI\NGE IN UNBURNED F I ELOS 



TABLE E-2. 

MULTIPLE HI::GRESSION FOR ALUMINUM CIIA.NGI::S IN UllPUI\NED FIELDS< t > 

Regression y = 0.0000040516 - 0.000015033 a - 0.000151317 h 

Standard Errors 0.000()226 J.OOOOl>656 

t statistics 0.215 -2.290 

Significance 0.831 0.024 

Partial Correlations -J. 230 

R-squared = 0.2A F stat. = 

Std. error o( est. = 0.00014465 Multiple R = 

p < 0.()001 N = 

Abbreviations: ~ = Al+-++ change (ME/ 1 OOg) 

a = Al+++ of before field (HE/100q) 

b = pH ch.1 nge 

Ct> excuding fields with either before or after aluminum equal to zero 
and excluding ~asture. 

v.JOO:J29Y 

-5.121 

<0.0001 

-1).467 

18.31 

0.53 

97 

U1 
N 
1.0 
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Piq. B-2. lluaiau• change in unburned fields regressioD 
observed vs predicted values 
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TA BLF. E- 3. 

HEGR ESSION OF PHOSPHORUS UN BURN ED CHANGE PER YEAR ON BEFORE 
FIELD pH FOR BEFORE FIELD PHOSPHORUS OF ONE PPM. 

Regression y = -3.4733 + 

Standard Errors 1. 864 

t statistics -1.064 

Significance 0.072 

Partial Correlation 

R-Sguared = 0.33 F stat. = 

Std. error of est. = 1.'1841 Multiple R = 

p = 0.0004 N = 

Abbreviations: Y = Phosphorus change per year (ppm) 

a = Before field pfl c I> Excluding pasture. Probability of ze~:o 

change = 0.648 (N = 10H) 

1. lf14J a 

0.35LJ 

3.991 

0.0004 

0.576 

1S.93 

\).50 

J4 

(}1 
w 
N 
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Piq. E-3. Phosphorus change per year in unburned fields 
Ys before field pH for fields vith before field phosphorus 
equal to one ppa. Excluding pasture and zero changes. 



534 



TABLE E-4. 

~ULTIPLE REGRESSION OF PHOSPHORUS CHANGE PER YE~R IN UNDURNEU 
FIELDS WITH BEFORE FIELD PHOSPHORUS IN 2- 9 PPM RANGEtt> 

Regression y = 2.1671 + 0.97151 A - 1.0405 D + 0.022395 C 

Standard Errors 1).496 0.235 o. 114 0.00480 

t s ta tis tics 4.)71 4. 134 -9.117 4.666 

Significance <0.0001 0.0001 <0.0001 <0.0001 

Partial Correlations 0.335 -0. 617 u.J73 

R-Squared = 0.48 F stat. = 41.2 9 

N = 139 Multiple R = 0.69 

p < 0.0001 Std. error= 2.5049 

Abbl:"eviations: Y = Phosphorus change per year (ppm) 

A = pH change per year 

B = Phosphorus of before field (ppm) 

c = Proportion of time field bare or in annual crops 

tt> Excluding ~astul:"e. 

(.J'l 

w 
(.J'l 
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Fig. E-4. Phosphorus change per year in unburned fields 
regression observed vs predicted Yalues for before field 
phosphorus in 2 - 9 ppa range. Pasture is excluded. 
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3. PHOSPHORUS CHANGE IN UNBURNED FIELDS 
f"""'' 
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TABLE E-5. 

REGRESSION OF PHOSPHORUS CHANGE PER YEAR IN UNBORNED FIELDS VS BEFORE 
FIELD PHOSPHORUS FOR BEFORE fiELD PHOSPHORUS OFF 10 PPM OR OVER<tJ 

Regression y = 6.8006 1.4363 a 

standacd Eccocs 4.157 0.~54 

t statistics 1. 6 JB ·-5,651 

Significance 0.130 0.0001 

Pactial correlation -0.062 

R-squared = 0.74 F stat. = 31.93 

Std. ercor of est. = 6.5830 Multiple R = 0.86 

p = 0.0001 N = 13 

Abbreviations: Y = Phosphorus chan1e per year (ppm) 

a = Before field phosphocus (ppm) 

(t) Excluding pasture. 

<J1 
w 
co 
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Fig. E-5. Phosphorus change per year in unburned fields 
vs before field phosphorus for before field phosphorus of 
10 ppa or over. Pasture is excluded. 
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~ 10. PHOSPHORUS CHANGE IN UNBURNED FIELDS 
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TADLF. E-6. 

ftULTlPLE REGRESSION Of HITROG~K CH&NG~ IH UNnURHED FltLos<t I 

Regress ion J = -0.070371 - 0.71136 A ~ 0.0916QO B - O.OOOOJJ756 C - 0.012951 D O.OOOOII17b3 R 

Std, Errors 0.02110 0.0685 0.012fl i),\)1)1)1)2!Jfi O.OOJqq 1).;)000255 

t stats. -2.931; - 1 1. 2 53 1. 117 -1.2!111 ).769 1. 611 0 

Significance 0.0011 <0.0001 <0.0001 0. 202 O.OOOJ !l. 10 II 

Partial Corr. -0.735 0.568 -I). 12 _l 0. )111 ll. 156 

R-Squared = 0.59 t' stat. = 31. 1 5 

" = 11 4 l'lultiple R = 0.17 

p < 0.0001 Strl. ~rror = 0.0360611 

A bbrevla tions: Y = Hitr:ogen <.:han qe p:. dry weiqht) 

A = Initial uitrogen (l' dry welqht) 

B = Initial carbon (,; dry weiqht) 

C = Days in aunual crops 

D = Initial pH 

E = Days fallow 

CIJ Excluding pasture and tallow periods of J or ~ore ye~rs. 

(J1 
.j:::o _. 
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Pig. E-6. Hitroqen change in unburned fields regressic 
obseryed vs predicted Yalues. Both days in annual crops aac 
days fallow are significant (<O.QS) vhen included 
separately; the depletion of nitrogen through cropping aad 
regeneration through fallovinq are regarded as fundaaental 
processes in the agroecosystea. Pasture and fallow periods 
of three or aore years are excluded. 
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TABLE E-7. 

MULTIPLE REGRESSION FOR CARBON CH~NGE IN BURNED 0" UNBURNED FIELOS< I) 

--------~---------------------------------------------------------------------------

Regr-ession Y. = 0. 1156 6 + lJ • . 31 r>1 a - 0.52549 b 3.0721 c 

Standard EI'rOI'S 0.433 0.346 0.639 0.413 

t statistics 2.671 12. 4 BJ -B.21B 9.566 

Significance 1).009 <0.00·)1 <0.0001 <0.0001 

Pai'tial Coi'relations 0.672 -0.513 0. 56 3 

H-Squai'ed = o.rn F stat. = 56. '16 0'1 
~ 
~ 

Std. errot: of est. = 0.21106 Multiple R = 0.69 

p < 0.0001 N = 193 

Abbi'eviations: Y = Cat:bon change (%dry weight) 

a = Nitrogen chan<Je (% dt:y weight) 

b = Initial carhon <" dt:y weiqht) 

c = Initi<~.l nit.rogeu (1. dt:y weight) c 1) Pastur:e more than 2')~, of 

comparison intei'Val excluded. 
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Fig. E-7. Carbon change regression observed vs 
predicted values for both burned and unburned fields. 
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UBLE [-!l. 

PRICES OF FERTILIZERS AND LiftE IN ALTAMIRJ\ 

~----------------------------------------------------------------------------------------
ITF." 1 ll~TE PRICE Cr75J/kg< 3 I ACTIVE Pl:RCf.NT Cr-75!/kg 

I AT INGHf:DIIONT J\CTJVE ACTl VE 
I DATE lNGREDTI':liT INGHEIJIENT 

-----------t---------------------------------------------------------------------
1 

superphosphitt.e 1 AiJr.1Ll,1976 
(triple) I 

Urea 

Potassiu • 
Chloride 

Oolo•itic 
Li 11e 

Organic 
fertilizer 
(rice bran "nd 
spoiled beans) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I Jul.1 1,191Q 
I 
I 
I 

II. 7()(1 I 2. 7 2 

Q.()Otll l. 66 

2.70(1) 1. 56 

0.75(1) 0.113 

0.25!21 0. 3, 

PlOt 

II 

K 

Uolo10it.ic 
Li10e 

Co11 
mauvte 
equiv. 

~6%(.) 5. ''0 

Q')~(·) 5.Y1 

b0%<•1 2.60 

100l 0. !I) 

50\( 5) 0.1;1 

______________ .._ _________________________ ·---------------------------------------------------

!lJ rrices of Brasil Norte Ltda., Altamira (llhere financed colonists purchase supplie~ 

!~I Average of Cr$0.30/kg for rice bran ilnd Cr$0.20/kg for spoiled beans paid by Jdpanesc colonist ~ho was 
using 2222 kg/ha of each of these on black pepper. 

n I Cruzeiro values corrected to Jan. 1, 1915 using an inflation rate of 35~/YP'lr. 

Coelho and Varlengia (1973, p.181). 

!51 Rsti•ated (for purposes <Jf cost) fro• the fact thilt t.he dose for: the rice br'"' and spoiled L.:oan 
co•bination being used by the Japilnesc colonist mentioned was !louhl<' the recoml'l<'nclc•l 11all~ <l'>se 
for pepper. 

(J"1 

~ 
"'-.1 
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Effects 2! Fertil!1ers 2a Soils 

Effect of Liaing 

An equation usable for obtaining quantitative 

estiaates of the pH changes which would result froa the 

liaing applications recoaaended for cacao (Pearnside 1978q) 

and black pepper (Fearnside 1978r) is needed for use in 

aodeling soil changes as a part of the carrying capacity 

aodels. lo data which would be usable for this eKists for 

the Transaaazon Highway, but a liming trial carried out in 

the Zona Bragantina near Bel'• does contain usable data. 

The liaing trials (Struchteaeyer et al. 1971) were carried 

out on three different soil types, one of which is the 

yellow latosol (Dtisol) vhich is comaon over auch of the 

Transaaazon Highway. The raw data which is presented in the 

report of the liming experiaents (Struchteaeyer et al. 1971, 

p.22) vas used to obtain a regression equation of kgs/ 

hectare of dolomitic liae on change in pH. The pH changes 

as of the tventy-eigath day were used, since this appeared 

to represent the high-point of pH effect form most liae 

doses. The data are plotted in figure E-8. It is apparent 

that that a dose of 8000 kgs limejha represents the liait 

above vhich no further increase in pH above the starting pH 

of 3.9 is possible. The regression analysis therefore only 

includes liae doses less than or equal to 8000 kgjha. 

The Zona Bragantina liming trials include weekly 
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Pig. E-8. pH change vs kgs per hectare liae applied ia 
Zona Bragantina liainq experiaent. 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: 
Struchteaeyer et al. 1971, p.~2). 
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3. PH CHANGE VS. LIME APPLIED 
C28 DAYS AFTER LIME APPLIED) 
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observations for an additional three veeds beyond the peak 

at 28 days. these data vere 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 aean pH change for the 33 additional aeasureaents would 

indicate a slight drop in pH, 

significantly different from zero. 

the change is not 

Therefore no special 

relation for the declines in pH subsequent to attainaent of 

the peak pH from liming were included in the siaulation. In 

the years following the year of liming, however, other 

equations governing pH changes under different cropping 

treataents aake appropriate pH adjustments during the course 

of a siaulation. 

The data on changes in aluainua is not included in 

the report of the Zona Bragantina liaing trials, although 

a hand-sketched curve of the trend in aluainua 

(Struchteaeyer et al. 1971, graph 5) indicates that a 

relation with pH holds which is very siailar to the relation 

found between aluainum and pH in virgin soil on the 

~ransamazon Highway (Pearnside 1978f). The virgin soil 

relation vas therefore used in the aodeling to calculate 

aluminum values fro• pH and clay subsequent to liming 

(Fearnside 1978b). 

Effects of lhospha!e Fertilization 

No appropriate data exists for obtaining a usable 

quantitative relationship between phosphate fertilization 

rates and soil phosphorus levels for experiments in Par:, so 
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the search for appropriate data had to go farther afield. 

Data were found which is 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 measurements taken three months after the 

application of different amounts of P205 in the fora of 

siaple superphosphate (Borth Carolina State University Soil 

Science Departaent 1974, pp.89 and 101). In the case of one 

data point where no thr~e month measurement vas reported the 

aean of the zero and six aonth measureaents which vere 

reported were used. Phosphorus changes were expressed as 

differences froa the 2.3 ppa (Borth Carolina extractant) 

level in the unfertilized control plot. l simple linear 

regression aaalysis vas run on the fourteen data points 

which vas able to explain 971 of the variance in soil 

phosphorus changes (P < 0.0001). The data are plotted in 

figure E-9 and the regression equation is sumaarized in 

table E-9. This equation has been incorporated into the 

siaulation models to aake appropriate adjustments in soil 

phosphorus values vhen fertilizers are used. 

In addition to the principal effect on phosphorus 

levels, phosphate fertilization is known to have a variable 

aaount of •liming• effect in raising pH and lowering 

alaminua levels. The aaount of the effect depends on the 

type of phosphate fertilizer used (Borth Carolina State 

University Soil Science Department 1974, p. 94). Simple 

superphosphate has relatively little liming effect when 



553 

other phosphate sources. It vas coapared with several 

decided not to include the liaing effect of phosphates in 

the siaulation models in view of the variability in effects, 

the lack of ddta, and the fact that nitrogen fertilization 

is always carried out with phosphate fertilization. 

Nitrogen fertilization generally has the opposite effect on 

pH. 

Effect of Nitrog~-q Fertilizatios 

An attempt vas made to locate a data set which would 

be usable for deriving a regression equation for soil 

nitrogen changes following nitrogen fertilization siailar to 

the equations derived for pH changes from lime and 

phosphorus changes from phosphate dressings. Data were used 

from a nitrogen fertilization 

and burned plots at Yurimaguas 

Peru (North carolina State 

experiment done on bulldozed 

in the amazonian portion of 

University Soil Science 

Department 197ij, p.21). The results were inconsistent: the 

soil nitrogen level in the top 50 cas after four months 

depended on whether the plot had been burned or bulldozed. 

In the case of the bulldozed plots, the nitrogen levels 

after four months were lover with nitrogen fertilization 

than without. The aean changes for the six measurements 

reported lumping both types of plots is not significantly 

different from zero: 

applied had been taken up 

leaching, etc. If the 

the 

by 

nitrogen from the fertilizer 

the crops planted or lost to 

soil nitrogen additions from 

fertilization at all dosages disappears within four aonths, 



TABLE E-9. 

I REGRESSION OF SOIL PUOSPfiORUS CHANGE ON PHOS Pll 1\TE FERTILIZER APPL lED 

Regression y = -6. 't13n + 0.056751 a 

Standdcd Ecrocs 2.5583 0.00277 

t statistics -2.501 20.499 

Significance 0.02f3 <0.0001 

Partial Correlation 0.986 

R-Sguared = 0.91 l'' stat. ::: 420.20 

Std. error of est. = 6. 289 1 Multi.ple R = 0.')9 

p < 0.0001 N = 14 

Abbreviations: Y = pH change 

a = ky/ha P205 

<.T1 
<.T1 
~ 
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Pig. E-9. Phosphorus change vs kg/ha P«Oi 
applied. Data are froa experiaents in the cerrado zone of 
Brasil (lorth Carolina State University Soil Science 
Departaeat 1974, pp.89 and 101). 
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120. PHOSPHORUS CHANGE VS FERTILIZER 
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one can safely assuae that 

as a result of accuaulation 

year to the next. 

557 

soil nitrogen will not build up 

through fertilization froa one 

Since nitrogen does not enter directly in either of 

the tvo yield equations for crops fertilized cacao 

(Pearnside 1978q) and pepper (Pearnside 1978r) -- the leYel 

of nitrogen in the soil can 

the fertilizer is applied. 

be ignored during the year that 

Siace there is ao carry-oYer of 

froa year to year, one can 

in nitrogen resulting froa 

the purposes of aodeling soil 

fertilize-supplied aitrogen 

siaply consider the change 

fertilization to be zero for 

changes. 

Bitrogea fertilization is tnovn to haYe an effect on 

soil pH, Yaryiag vita the nitrogen source used. laaoniua 

sulfate, aaaoaiua nitrate, and urea all cause decreases in 

pH, while pH goes up slightly with sodiua nitrate (Sanchez 

1973, p.105). Acidity resulting froa aaaoniua sulfate 

fertilization has becoae a seYere problea in aany parts of 

East Africa (Phillips 1972, p.55Q). Bussell (1972, p.570) 

estiaates that it tates 110-120 kg of calciua carbonate to 

aeutralize the effect of 100 tg of aaaoniua sulfate. It vas 

decided that the optiaistic assuaption that nitrogen 

fertilization would not increase acidity would be the best 

for the siaulation aodels, 

different sources, and the 

phosphate fertilizer which 

given the variable effects of 

opposite "liaing" effect of the 

is alva.ys adainistered at the 

~a•A •i•~ 3Q ~h@ ni~roaen if aovernaent recoaaendations are 
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followed. 

Effect 2! SantvnP!F 

The effect of aanuuth~g on soil carbon levels aust 

be considered for use with the pepper yield regression 

equation (Fearnside 1978r) for which aan111:'1:ag·J is 

recoaaended in governaent fertilizer schedules and for which 

carbon levels had a significant effect on yields. 

Fortunately, tke lack of data available for accuracy of 

yield predictions for unfertilized pepper or the soil carboa 

levels for the years after fertilization has ceased. Soil 

organic aatter has a very high rate of breakdown in ezposed 

soil such as the soil under pepper (Cunninghaa 1963). Soil 

carbon levels following fertilization probably follow the 

saae pattern as soil nitrogen 

constancy of C/1 ratios is a 

carbon-nitrogen relations. One 

levels, since the relative 

coaaon denoainator for aost 

caa therefore probably be 

safe in ignoring any carry-over of soil carbon froa one year 

to the nezt, and siaply use the pepper critical level of 

2.01 carbon (Pearnside 1978r) in aaking yield calculations 

for fertilized pepper. In aodeling this the 2.01 value for 

carbon is used in the pepper yield subroutine, but no 

adjustaent is aade in the carbon value stored for the patch 

in the soil nutrient change subroutine (Fearnside 1978b). 
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Pig. 1-10. -- lverage pH in fields bare or in annual crops 
in a typical stochastic run of AGBISIB. pH is high after 
initial virqin burn, but falls to low values soon 
afterwards. 
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Fig. E-11. -- Average carbon in fields bare or in annual 
crops in a typical stochastic run of AGBISilt. carbon levels 
fall to lov levels after several years of cropping. 
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APPENDIX F 

YIELD PREDICTION FOB ANNUAL CROPS 
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Fiq. F-1. -- Typical rice fields in newly cleared land. 
Rice is planted alone on the left and interplanted with 
maize on the riqht. Rice is the principal cash crop in the 
Transaaazon Hiqhvay Colonization Area. 
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TlDLr. 1'-1, 

~ULTJPLE ~EGRESSIOft fOR RICE YI~LD PREDICTION 

Regression y = -0.0060206 • 0.59(;99 ~ .. o.oo001523fi n • o.016Q9b c - n.09~706 n 

Standard Errors 0.178 o. 161) O.OIJ001bJ 0. Ll17 0 1).0190 

t statistics -0. 0339 3.722 -ll. 915 1. 002 -2. J79 

Significance 0.9H 0.003 0.36fl 0.3Jf. o. 03 5 

Partial correlations 0.732 -tl. 2(, 1 ll. 27fl -J. 566 

R-5<,~ uared = 0.61 f stat. = IJ.6'l 

N = 11 nultiple R = 0.70 

p = 0. 017 Std. error: = 0.202BB 

Abbreviations: Rice yield (pl"oportion of exper:iment station yield for •at·icty) 

A Carbon (% dry weight) adjusted to 2.0 

B = Inter:plante~ maize density (plantsjha) 

c = Phosphorus (ppm) 

n = a1 .. • t"E/100q) 

(.)'1 
0'1 
0'1 
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1. 
liCI OBIDVID VI PUDICTID YDLDS 

,... + z 
0 1 • ...... 
t-
ct:: 
0 + 
0... o. 0 
ct:: + 0.. + + 
~ 

c o. + ....J + + + + lLJ ..... 
)- o. c + 
lLJ + > 
ct:: ++ lLJ o. + (() 
tD + + 
0 

o. 
0.2 0.4 o.s 0.8 1. 0 

PREDICTED YIELD CPROPORTIONJ 



• 
TABLE F-2. 

RICE INTERPLANTING FREQUENCIES BY YEAR 

YEAR PERCENT NUM3EH N U!1 B ER 
INTERPLII.NTEJJ INTERPLANTEI> ALONE 

1972 27.H 10 26 

1973 42.2 2"1 37 

58.2 3') 28 
<.11 
~ 1974 
1.0 

1975 62.7 64 38 

1976 3U. 1 1 11 ( l ) 

Year effects P < 0.01 (X2=17.8'~; df=4 N=287) 

<l> biased toward rice alone by selection of large fields 
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Pig. P-3. 8ice shoving toppling in goYeraaeat-
distributed Yariety (IlC-1246) in the foreground and 
resistance to toppling in traditional variety (canela de 
ferro) in the background. 





TABLE F- 3. 

SEVERE RICE TOPPLING DY VARIETY 

r-----------------------------------------------------
YAHIETY" I NUMBER NUMBEI\ 

I NOT TOPPLr:D TOPPLED PERCENT TOPPLED 
----------------------~---------------------------------------------

1 
hybrid (IAC-1246 Ol' IAC-101) I 183 2R 13.3 

I 
traditional (cauela de ferro) 1 25 1) 0.0 

I 
other I H 0 J. 0 

~--------------------------------------------------

variety difference P < 0.01 (Max. likelihood statistic = 10.13 df=2 N=250) 

U'1 
'-I 
N 



TABLE F-5. 

RICE fiELD REGRESSION EXCLUDED CATEGORY SUI'II'IARY 

-------------------T---------T------------------T------------------------
1 FRI>QUE!ICY I RICE DENSITY I EFFECT ON YIELD 
1 (peccent) I (1000 hills;ha) 1 (proportion o[ l'<<'dict.cJ) 

CONDITION f----------+ -----------+-----------------------
1 lit: AN II I I'IEAII 5TD. llEV. N I tiE AN STD. DEV. II 

--------------------+--------+------------------+----------------------------

llanioc interplanted 

Pasture interplanted 

Other interplanted crop 

Poor ger•ination 

Disease 
Hyb~id(IAC-121J6,IAC-1JI) 
Tradit. (canela de terro) 
Other (non-barbalha) 
lu•ped non-barbalha ~·ffl-'ct. 

Toppling 
Hybrid(JAC-121tb,IAC-101) 
Others(non-barbalha) 

Yarieties planted 
Hybrid (IAC-1246,1AC-1 01) 
Tradit.. (canela de terro) 
Other(non-barbalha) 

Planting date out of season 
(Nov.,llar.,Apr.) 

1 I 
1 10.1 306 I 93.'i0 
I I 
I 2.9 306 I 03.73 
I I 
I 1.6 306 I 73.22 
I I 
I ll. 7 3 Ob I 
I I 
I I 
I 1.9 2111 
I 12.0 25 I 
I 111.3 S I 
I I 

13. 3 
0.0 

81J.4 
10.0 

0.823 

3.11 

I 
I 

211 I 
39 I 

I 
I 

183 I 
183 I 
183 I 

I 
290 I 

I 

IJIJ.59 28 1.08 

3 3. ll'! 7 ().~1~ 

11l.6B 5 0.015 

0. 7Q3 

0.01>6 

0. 760 o.~s<J 7 

'l. Ifill 0. :l26 2 

--L----------~---------·----------------L------------------------------

<.J1 
-...,J 
~ 
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Fig. F-Q. A.) ftaize with stunted growth in poor soil. 
Ruler in photograph is 15 ca long. B.) !aize ears with 
beetle daaage showing greater daaage in governaent
distributed hybrid aaize than the traditional variety. lo~ 
that the hybrid ears are larger, partly coapensating for 
increased levels of beetle attack. C.) !aize ears eaten by 
rats in the field. Bats daaage aaize when green, dry, or J 
storage. 
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TADLE f-6. 

ltUI.TIPLE REGRESSIOII FOR ft.UZ.E HELD PRf.DICTlOH 

-----------------------------------------------------------------------------------------------

Regression y = -330.1)0 ~ 125.46 A - o.0291BJ n - o.0222J4 c - o.oooq1511 o 

Standard F.rt:ors 251.180 46.235 99.22 8 14.09, 4 30. 66 

t statistics -1.311 2.711J -2.9'-1 -1.578 -·1.094 

Significance 0.203 0.012 0.007 0.128 0.071 

Partial Correlations 0.41J2 - o. 52 3 -o. Jn -0.367 

!:<-Squared = 0.42 F stat. = 4. 1 B 

N = 28 llultiple R = 0.65 

F = 0.011 Std. error = 15J.bf) 

~bbreviations: Y llaize yield (kg/1000 plants) 

A = pH (adjusted to 6.0) 

B = Maize planting density (plants/ha) 

c = lnterplanted manioc density (plant.s/bil) 

D = Interplanted rice density (plants/ha) 

U'l ......., 
......., 



Pig •. P-5. 
values 
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Baize yield regression observed vs predicted 
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,...... 1000 IIAIZI YIILDS + (f) 
1-
z 
< 
...J 800 Q.. 

0 
0 
0 _. . 

' GOO 
(!) 
~ + ~ 

0 
...J 400 . 
UJ ..... 
>- + 
c 

200. *+ + + UJ 
> + + + ..; + 0:::: -; 
UJ + ++ * + 
(f) ++ a:l + 
0 0 

200 4 -100 0 100 300 

PREDICTED YIELD CKG/1000 PLANTS) 



TABLE F-7. 

MAIZE YIELD RF.G~E5SION VABI~BLES SUMMARY 

-------------,..--------~ ~-------------
1 FliEQIJENCY! MAIZE OENSITY I INTER PLANTED 
I (percent) I (plantsjha) I CROP DENSITY 

CONDITION I I I (plantsjha) 
1----- -1-----------+-------------
IHEAN N I MEAN STD.DEV. N I MEAN STD.DEV. N 
+-----+------------+------------
! I I 

Maize alone I 33.9 2241627~.8 4343.7 6B1 0 224 
I I I 

Rice interplanted I 51.8 22413507.0 J4'P~.1 1261126100 118280 41 
I J I 

Manioc interplanted 1 lJ.q 22qt5119.0 1530.3 21)5328.7 2&47.0 18 
I I I 

Other interplanted cropsl 9.q 22ql5623.9 2794.3 181 
------------------------i I ~--------

(J"' 

co 
0 



nBJ.& F-o. 

~AIZR YIELD HEGRRSSIOM EXCLUDED CATE~ORY SU~~ARY 

------------~---y--------------~---------------------------------------

1 nP.OIJEIICY I EFHXT 011 YIP.LD 
1 (percent) 1 (proportion of pr:ctlict .. tll 

CONDITION .. f--------------------------------------
1 "UN II I ~EAII STD. DEY. N 
+- f---------------------------------
1 I 

Poor ger:dnatlon I 1.1 2211 1 0.966 
I I 

Rats intensity 2 or J 1 38.8 22ft 1 0.56J 0.1169 17 
I I 

Disease I 1.8 220 I J.J96 ___ _L__ _______________ ._ _________________________________ _ 

U1 
(X) ...... 



T~BLC F-'J. 

I'IUL'l'IPLE REGRESS ION FOR .f.!!A~!'!Q!dm BEAN YIF.l.O PREDICTION 

Regression y = 2fl7.64 - 69. 7r>5 A f- 13.777 R - 0.001509 C 

standard P.rrors 134.53 20.2J3 15.203 0.00232 

t statistics 1.989 -3.4118 o. 90 1 -0.6119 

Signi fica nee 0.078 0.007 0.391 0.532 

Partial Correlations -0.7511 0.288 -0.212 

R-SquarP.d = 0.62 F stat. = II. 90 

N = 13 1t11Hiple R = 0.79 

p = 0.026 Std. error = 2'J.802 
----------------------------

Abbreviations: Y Phaseolus yield (kg;kg seed sown) 

A = Com•oo log of plantinq density in plants;ha 

8 = pH adjusted to 5.7 

C = Interplanted maize density (plants/h~) 

<..TI 
co 
N 
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Piq. F-6. Eha§!olg~ bean yield reqressioD observed vs 
predicted values. 
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(!) 
:s::: 

' (!) :s::: 100 • ...... 
c 
....J 
UJ ...... 
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Fig. F-7. A.) PhaseolU§ beans attacked by the fungus 
Rhizoctonia. Phaseolus seed is distributed by the 
government. ihen healthy, yields are higher than Vign~ cow
peas, but frequent disease attack causes mean yields to be 
lover. B.) Vigna cow-peas show resistance to Rhizo£.,t gni~ 
fungal attack. Vigna is typically planted in s•all fields 
with dry maize stalks. !igna is not financed and !!gna seed 
is not distributed by the government. C.) Viga! cow-peas 
shoving severe damage from rabbits. Vertebrate pests attack 
both PhaseQ1~2 and Vigna. Both disease attack and vertebrate 
pest attack probabilities are included in the KPROG2 and 
AGRISIM simulations. 
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TABLE F-10. 

PIIAS ~OLU~ ¥1 ELDS AHD DISEASE INTI~NSITY 

---r-·----
1 

--------------------+----------------------------------------
1 

Disease intensity 1 0 1 2 3 
I 

.fhaS£2!.~§. yield (kg/ha) 1 300 186 151 S8 
I 

Sample size 1 11 10 24 11 
..1. 

<.1'1 
co 
........ 



TADLE F-11. 

fll!~~Q1~~ BRAN YIELD REGRESSION VARIABLES SUMMARY 

-----------------------------· --------·--------------T----------------------------------------
IT EM . I MEAN STAN Dl\H D DEVIATION U 

kgs seeds planted/ha 

Planting density (plants;ha) 

Interplanted maize; 

Frequency 

maize density 
{plants;ha) 

Frequency of planting in 
previously planted soil 
when virgin soil available 

+ 
I 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.J.. 

29.18 26.15 112 

52666 49036 114 

11. 7% 120 

169B .. I.J 3668.2 13 

9. 1~ 

(J"I 

00 
00 



TABLE F-12. 

PHAS~Q,b].§ BEAN YIELD REGRESSION EXCLIJUF.O CONDITION SUlHlARY 

T---------------------------------------
ITEM 1 MEAN STANDARD DEVIATIOM N 

t--------------------------------------------------
Poo~ ge~mination: 

frequency 5.8% 120 

effect on yield(t> 1.002 1 

Disease: 

frequency: 

overall 61, 115 

virgin soil 18~ 50 

previously planted 1oo,; 5 

Effect on yield O.Jll96 0.572B 32 
~--------.1.-----------------------------------------------------

(t> an! 2£iO£! decision was made to excluJe poor germination 
from all crop yield ~eg~essions. 

(J'I 

00 
1.0 



T l\ DL E f- 13. 

REGRESSION OF 1!!ilfA COW-PEA YIELDS ON pH 

- -----------------------------------·--------

Regression y = -04.403 + 7.0.810 a 

Standard Errors 36.981 6.726 

t statistics -2.202 3. 09 4 
(J1 

Significance 0.1067 0.0535 
\.0 
0 

Partial correlation 0.873 

R-Sqnar-ed = 0. 76 F stat. = 9.57 

Std. er-ror of est. = 36.98 Multiple R = 0.87 

p = 0.0535 N = 5 

Abbreviations: Y = !.!.9!!!! yield {kg/kg seed sown) 

a = pll 
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Pig. P-8. -- !!g&a cow-pea yields (kg/kg seed sown) vs soil 
pH 
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TARLE F-14. 

,!IGM! <:Oif-PEA YIJ::LD PEG!lE5SION VARUIH.ES 1\.ND EXCI.UOEO CONDITIONS SUliiURY 

----------------------------------T----------------------------------------------------
lTf.ft I ftF.~N STANDARD DEVIATION N _______________________________ ...._ 

variables 
----------------------------T--------------------------------------------------

1 
kqs seeds plant~d/ha 1 B. 10 7.82 30 _____________________________ ...._ _________________________________________________ _ 

c~cluded conditions ______________ "-T ______________________________________________ _ 

Disease: 

f~equency 1!1. n. 2B 

effect on yield 0. 08'.16 

Rabbits (intensity J o~ !I) 

f~equency 17.65 ]Q 

effect on yi~lrl 0.617 

Poo~ ge~•ination 

f~equ~ncy ()l 

effect on yi~ld ? 
....__ 

<.n 
\0 
w 



TIIIJLE F-15. 

REGRESSION OF BITTER nANIOC YIRLD5 ON pH 

Regression y = -1736'J. + 41L:II.'I a 

Standard Errors 11503.6 91t5.33 

t statistics -3.857 4.36] 

Significance 0.031 0.0.22 

Partia 1 Correlation o. 929 

R-Squar:ed = O.!J6 f st.at. = 19.011 

Std. error oE est. : IJllt. 22 Multiple R = o. 93 U1 
1.0 
.j::>. 

p = 0. 0 ~ 2 N = 5 
----------------------------------------------------

Abbreviations: Y Hitter 11anioc yiel<l (k:gs flour/12 months growth) 

a = soil pll 
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Fig. F-9. Bitter aanioc yields vs soil pH. Yields are 
kgs flour/ha/12 aonths growth for fields with areas of at 
least 0.5 ha and growth periods of 1 - 2 years. Rote that 
upper liait 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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T~BLE F-16. 

REGRESSION OF SWEET "ANIOC YIELDS ON pH 

Regression y .,., -1559.2 ~ 5fl7.')3 a 

Standard Errors 12 1 5. II 2119. <)5 

t statistics -1.283 2.3511 

Significance 0. 11?.2 0.256 

Partial Correlation 0.920 

R-Squared = O.R5 F stat. = 5.511 

Std. en:ox: of est .• "' 81.5011 l'lultiple R = 0. 92 c.n 
1.0 

p = 0.256 tl = 3 
....... 

Abbreviations: Y Sweet 111anioc yield (kgs flour/12 months growth) 

a= soil IJH (adjuste(l to 5.0, 
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Fig. F-10. -- sweet aaaioc yields Ys soil pH. Yields are 
kgs flour/ha/12 aonths growth for fields vith areas of at 
least 1.0 ha and growth periods of 1 - 2 years. pH is 
adjusted to 5.0. Afhe parallel vita bitter aauioc adds soae 
credence to the general nature of the sweet aanioc 
regression. Yery few colonists harYest large areas of sweet 
aanioc for flour at one tiae. 
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APPBIIDIX G 

POPULlTIOII: DESOGBAPBY, HEALTH, AID LABOR SUPPLY 



TABLP. G-1. 

Al;E DISTRIBUTION IN COLOMIUTIOM AREA AND RURAL DRASIL 

y------------------------------------------

A.I.TAIIIRA I CENSUS DATA fOR RURAL 
COLOIHZATlON A NEAl I J I BHUILIAN POPULATIOR<>'l 

-----------------------------f ·-------------
aCJe CJI:OUp perc<>n1: I aCJ<> ')t:oup pecccnt 

0-5 H 

6-10 11l 

11-15 H 

16-20 9.5 

>20 54.5 

t------------------------------------------
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0-~ 

5-9 

10-111 

15-19 

.<0-211 

2. 5- 2'1 

30-311 

?5-39 

110-1111 

II 5-119 

50-54 

'j'j-5<) 

60-69 

~70 

Ull known 

17. 2 

15. tj 

1 ., 0 '·-
10.8 

0.7 

h.7 

!i. <; 

II.'! 

II. 3 

:'.5 

3.0 

2.? 

J.O 

1.(; 

0.2 
.1.---·---------------------------------------

Ill SOURCE:Brasil, llinistihio de Agricultura, IMCIIA 19721 

<Z I SOURCE: Brasil, fiBGE/IIll. 1971) (<lata presente<l in 
da l'lata et al. 1973, p.119). 

en 
0 __, 



TABLE G-2. 

LADOR EDUIVALENTS IR AGRICULTURAL WOtK 

~-----------------------------

SOURCE 1(ll I SOURCF.2CZ) 

----------------------------+---------------------- wo:nan 
age group man wo11an 1 age group 111an 

-------------------------------f-------------------------------
1 

9- 10 U.JO O.JO I 7-6 0.21} 0.15 
I 

11- 13 o.5o o.Jo 1 9- n 0.25 0.20 
I 

111- 17 1.00 o.so 1 111- 11 J.5J 0.110 
I 

~18 1.00 0.75 1 ~1f1 1.00 0.75 _.___ ___________________________ _ 
( t, source data p1espnted in Tavares et al. {1972, p. 11JO). 

(Zl source 2 data from Ut·asil,l'linisterio de .Aqricult.tJra, INCRA {197.l, p.202). 

0'\ 
0 
N 



TABLE G-J. 

FOEUUENCI DISTRIBUTION OF f~niLY LAOOR fORCE 

Labot· force 
(man-e•:! ui val en ts) 

1.<) - 1.5 

1.6 - 2.0 

2.1- 2.5 

2.6- 3.0 

3.0- 3.5 

3.6 - 4.0 

11.1 - 11.5 

''-6 - 5.0 

5. 1 - s. 5 

5.6 - fi.O 

) 6.i) 

SOURCE: Brasil. IHnisu;rio de 1\qricultura. II•CRII 1'H2 

Per.: cent 
occnrrence 

9 

211 

16 

0 

9 

9 

9 

3 

8 

3 

2 

0"1 
0 
w 



Aqe class 

15-19 

20-2Q 

25-29 

JO-Jq 

35-39 

Q0-4Q 

T A BL t; (; - ll • 

AGE-SPBCIFIC FECUHOITIES FOR RUHAL BRAZILIAN POPULATION 

Total Ho. 
Women 

2,188,350 

1,772,913 

1,3JQ,9JQ 

1,087,64) 

907,395 

837,090 

Total live 
births in 

previous year 

132,029 

4 14.291 

362,629 

274,239 

190,659 

91,980 

Probability of 
live birth 

for a')P class 

0.060 

0.234 

0. 212 

0.252 

0. 201 

0.110 

SOURCE: 1970 census figures presented in da ~at.a et. al. (1973, p.115). 

m 
0 
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Fiq. G-1. ftalaria yearly probabilities for aales 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=30-34 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 
calculate faaily labor availability for agricultural 
operations in KPROG2. Probabilities are calculated froa 
nuabers of hospital adaittances in SESP hospital in 
Altaaira by given sex and age clastfor 1973. Data used are 
froa Saith (1976. pp.217.235.239. and 247). Proportions o 
individuals in the entire area by sex and age were estiaat 
froa the survey of 101 faailies done by ftoran (1975) as 
aodified by Saith (1976. p.216) to include Saith•s estiaat 
of individuals in each category in the (aostly aigrant 
labor) population not under IHCRl auspices (Saith 1976. 
p.216). The estiaate of the total population of the area 
used is the 34.000 fiqure qiven by Saith (1976, 
p.212). (note: Saith also qives a figure of 24.000 (Saith 
1976, p.20~. 
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Fig. G-2. Malaria yearly probabilities for fe•ales 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 lltamira by given sex and 
age clasJfor 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 INCBA 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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0. 
M/\LARI/\ YE/\RLY PROB/\BILITIES 
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Fig. G-3. Trauaa 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 
Altaaira by given sex and age clas~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 vere estimated 
from the survey of 101 families done by 8oran (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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Fig. G-4. Trauma yearly probabilities for feaales 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=30-3' 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 faaily labor 
availability for agricultural operations in KPBOG2. 
Probabilities are calculated froa nmabers of hospital 
admittances in SESP hospital in Altaaira by given sex and 
age classfor 1973. Data used are fro• Saith (1976, 
pp.217,235,239, and 2'7). Proportions of individuals in the 
entire area by sex and age were estiaated froa the surYey of 
101 faailies done by ftoran (1975) as aodified by Saith 
(1976, p.216) to include Saith's estiaates of indiYiduals in 
each categorJ in the (aostly aigrant labor) population not 
under IICRA auspices (Saith 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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Fig. G-5. Other disease yearly probabilities for aales 
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 faaily labor 
availability for agricultural operations in KPROG2. 
Probabilities are calculated froa nuabers of hospital 
adaittances in SESP hospital in Altaaira by given sex and 
age cla83'for 1973. nata used are froa Saith (1976, 
pp.217,235,239, and 247). Proportions of individuals in the 
entire area by sex and age were estiaated from the survey of 
101 faai~ies done by Moran (1975) as aodified by Saith 
(1976, p.216) to include Saitb 1 s estiaates of individuals in 
each category in the (aostly aigrant labor) population not 
under INCBA auspices (Saith 1976, p.216). The estiaate of 
the total population of the area used is the 34,000 figure 
giYen by Saith (1976, p.212). (note: Saith also gives a 
figure of 24,000 (Smith 1976, p.205). 
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Pig. G-6. Other disease yearly probabilities for 
feaales 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 faaily labor 
availability for agricultural operations in KPROG2. 
Probabilities are calculated froa nuabers of hospital 
adaittances in SESP hospital in Altaaira by given sex and 
age cla~for 1973. Data used are froa Saith (1976, 
pp.217,235,239, and 247). Proportions of individuals in the 
entire area by sex and age were estiaated froa the survey of 
101 faailies done by Moran (1975) as aodified by saith 
(1976, p.216) to include Saith•s estimates of individuals in 
each category in the (mostly migrant labor) population not 
under INCBA auspices (Saith 1976, p.216). The estiaate 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 (Smith 1976, p.205). 
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Pig. G-7. Malaria monthly probabilities. Calculations 
are aade by month since the probabilities of illness are far 
greater during the key agricultural seasons. Malaria 
monthly probabilities are calculated froa SUCAft data for the 
lltamira area on nQabers of positive slides found for 
malaria in blood samples froa patients with suspected 
aalaria who had been referred to this agency. Data osed to 
calcQlate the probabilities is taken fro• S•ith (1976, 
P• 212) • 
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Pig. G-8. Trauaa aonthly probabilities. Trauaa 
probabilities are calculated from nuabers of hospital 
admittances in SESP hospital, lltaaira, for 1971, 1972, and 
1973. Data for coaplete census of hospital records done by 
Saith was taken froa !oran (1976, p.121). 
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Fig. G-9. -- Proportion of original colonists reaaining by 
year in a stochastic run of KPBOG2 with the dynamic 
population sector option enabled. The rate of turnover in 
the colonist population (based on data froa the intensive 
study area) is soaevhat higher than that in the actual 
population. Even at lover rates the turnover would be quite 
rapid: INCBA 1 s report for 1974 states that 171 of the 
original colonist population had left by the end of that 
year (Brasil, ftinisterio de Agricultura, IRCRA, coordenaria 
Regional do Norte CR-01. 1974), which would correspond to a 
half-life of approxiaately 11 years. Colonist turnover 
influences land use and resource allocation patterns. 
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Fig. G-10. Siaulated 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 nevcoaers entering vith relatively 
small faaily sizes. The aaintenance of this pattern is 
dependent on the continued presence of attractive 
alternatives for eaigrating colonists. The aodel does not 
iaply that such alternatives would exist indefinitely. 
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