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ABSTRACT and De Nascimeno. 1973: Seubert et al.. 1977: Silva. 
Large scale. mechanized land clearingy i%common in the humid 1979).
 

tropics even though little attention has been given to defining and It is possible that the tillage and soil management
 
solving soil problems mat ma.s be created. I he purpose of this stud% practices used after land clearing rna. be just as or
 
,Aas to evaluate various combinations of land clearing method. burn- even more tmporiant than the land clearing method
 
ing of vegetation. post clearing tillage. and soil management in ,,it itself' wkith respect to aiwenng soil ph.sical properties.

physical properti."s of a forested L I-sol in the rn1a/on basin. lAnd Hence( the objecit, e of this stud\ was to evaluate the 
clearing methods used vsere i) slash. Iii) bulldozer clearing "itha '7.CtS of land clearing method and subsequent soil
 
straight blade, and liii) bulldozer clearing sith a shear bhlade. Spe- management on selected soil ph'.sical properties of a
 
cific effects associated with clearing "ere mechanization. hulld/er forested Uiisol in the Amazo. oasin.
 
blade itpe. burning. disking. and chiseling. Post clearing soil man
agement s~stems isolated effects of hedding. liming, and fertilia- METHODS
 
tion. Soil phisical properties ere measured before clearing and 14.
 
29. and 98 eeks after clearing. Compaction increased bulk densitv The situ. asocncted on ai Pauas sol fine 
(p)of the 0- to 15-cm depth for all clearing, methods. but ,,if the loam', slceous. soh.'perthermic T..plc Paleuduh trom Jut'l 
15- to 25- depth increased h .a ?.-.r-old secondar. e1ergreen f'orestat the Yurimaguas Experinment Station 15 45 S. -5-5 W.

cleared treatments. Soil texture of the 0- t 14-cm depth '"as not 184 m aboue sea le.el) in eastern Peru. Mean ar.nual tem
altered b. land clearing. Gratimetric vaier contenz at soil mairic perature is 26:(-' .ith little month]\ or datl %anation.A'
potentials - - 2kPa %sasgreatest for the straight blade cleared soil. erage annual rainfall is 2250 mm ,"ith a dr' period in June 
The infiltration rate 14 ',eeks after clearing decreased 3. 96. and through August ,Ahen a,.crlige monthl, precipitition is about 
90% for soil clearid b slash, straight blade, and shear blade. re- 100 mm (Fig. II A 2.5-ha site ".ith slope ranging from 2 to 
spectivel%. as compared to initial ronditions. Chisel plising and 4% was selected. Forest mensuration indicated 232 m '.ood 
disking the nevl. cleared land increased the infiltration rate com- ha for trees with diam. .-32 mm. 
pared with straight blade Aithout chiseling. Detrimental changes in Details concerning sampling t:mic;, plot sizes, and the ex
soil phsical properties caused i clearing wvere minimited ,'hen perimental la.out for one of the three replicated blocks are 
post clearing management practices of bedding. fertilization, and presented in Fig. 2. The folioing soil physical properties 
liming "ere adopted. '.ere quantified before clearing: infiltration rate. texture of 

the surface soil (0-I 5-cm depth). cone index WI).bulk den-
Additional Index Ifords: slash and burn. continuous cultisation. sit% (p).soil %%atcrcharacteristics, and '.stlting point at the 

humid tropics, mechanical land clearing, shear blade. bedding. 0- to 15-luppers and 15- to 25-cm ilo'.,.er) depths. Measure
ment methods are presented later.

Alegre. JC.. D K Cassel. and D E Band\ 1St) Elfecis of land The second set of soil ph'sical propert measurements.
 
clearing and subsequent management
SoftSol Soc-ki -
J "( ! 'q-3Sataken on soil ph'.s;cal properties 14 ,%%eeks after cl,,arin, butt before planting the firstsoil Sci. Soc. AmnJ ilp I -0I t84 atrc~rn 

crop. included , . soil %%atercharacteristics at the upper and 
lo', er depths. infiltration rate. and texture. The third sct of 
measurements, taken 29 ','eeks after clearing (before har-

AND CLE-RIN(i IS THE FIRST STEP in establishing %esting the first cropl. included p. soil water characteristics. 
continuous cultiation in the humid tropics. 

Clearing with heav. machiner is rapid. results in a ,
variable substrate for root growth. and often compacts 
the soil and increases bulk densit. i concom(p. with 
itant reductions in mactoporosit\. infiltration rate. 
available soil moisture, and soil aeration iLal and E 
Cummings. 197 : Seubert et al.. 19- Sanchez and 25,0

Salinas. 1981: van der Weert. 19-l4:vander"Weertand " 

< 200-Lenselink. 1972. 1973). Slash and burn clearing, on
the other hand. is a much slo\'%er process but efl'cts .50. 
fewer detrimental changes in soil properties compared 
with mechaical clearing. oreover. there s a bene- c 

during burning (Nye and Greenland. 1964: Brinkman 50 
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Fig. 2. Sampling points for soil physical properties in block I (one 

of three replicates): A) before clearing. B) 14 weeks after clearing;
C) 29 weeks after clearing, and D) OR weeks after clearing. 

and CI at both depths. The final seL of measurements was 
taken 98 weeks after cleanng (before harvesting the fifth crop).
and incluced infiltration rate and Db. soil water character-
istics, and CI at both depths. 

Two types of bulldozer blades were used. A straight blade 
is useful for road building but is considered undesirable lbr 
land clearing; however, due to its ready availability it is often
used for this purpose. A shear blade is designed to shear 
trees near the soil surface, with minimal soil disturbance or 
mixing. A sharp projection called a "stinger'" is located at 
one side of the curved shear blade and is used to splinter
large trees to facilitate the shearing action. 

The experiment utilized a split plot design with the whole 
plot factor arranged as a randomized complete block. Three 
blocks were used. The six randomly assigned whole plot 
treatments were various combinations (technology pack-
ages) of land clearing, vegetation burning, and post clearing
soil tillage (Table I). 

Treatment 1 was slashed bv hand, the vegetation burrd. 
and the remaining tree trunks removed by hand but the 
stumps left in place. Treatment 2 was cleared with a 
Caterpillar' D-6 bulldozer with a straight blade, and the trees 
windrow,d. Immediately before planting, the soil was ro-
totilled using a 10 kW tractor. Treatment 3 was similar to 

'The use of trade namers in this publication does not imply en-
dorsenient by the North Carolina Agric. Res. Serv. of the products 
named for ci:Iticism of similar ones not mentioned. 

Table 1.Land clearing metiod, vegetative burning, and 
soil tillage treatments. 

Treatment Cearing Vegetation 
number mt'hod burned Tillage 

I Slash Yes None 
2: 
4 
5 

StraightStraight bladeblade 
Shear blade 
Shear blade 

NoNo 
Yes 
No 

RototillCh; el. rototillt
Di K.rototWll 
Rotot i!I 

6 Shear blade No Disk. rototi.? 

n48 kW rototiller. all others with 10 kW rototiller. 
Disking by buldozer. 

Treatment 2 except the soil was chisel-plowed to the 25-cm
depth 	and rototilled with a 48 kW I actor before planting. 
Treatment 4 was cleared with a D-6 bulldozer with a shear 
blade, vegetation burned, logs removed by bulldozer, and 
the soil disked 30 cm deep. The soil was rototilled with a 
10 kW tractor before planting. For Treatment 5,the soil was 
cleared by shear blade and rototilled wi~th a 10 kW tractui
before planting. Treatment 6 was similar to Treatment 5 
except that the soil was also disked to the 30-cm depth.

Three post clearing soil management practices were in
vestigated. These subplot treatments, which were randomly 
assigned within each whole plot. were: (i) seeds planted on 
level soil (flat planted) with no fertilizer or lime applied: (ii)
seeds 	flat planted with fertilizer and lime applied at rates 
based on so;. tets and incorporated by a rototiller: ard (iii)
soil bedded or ridged at 1.1 -m 	 spacings with fertilizer and 
lime applied as for subplot (ii) above. Hereafter. these three 
post cleanng soil management subpl't treatments will be 
denoted by F. FFL. and BFL. respectively. Subplot size was25 in bv 6.5 m. Th' cropping sequence was upland rce (Orvzalatita L.)-soybean [G.'."cine max (L.) Mrr.--corn (Zea mavs 
L.)-nce-corn. The first cr'op was planted on 28 Nov. 1980: 
the last. 6 Apr. 1982. 

Cone index (CI). defined as the force required to push 
penetrometer through an increment of soil divided by the 
projected cross sectional are. of the penetrometer tip, was 
measured with a Soiltest model CN-970 proving ring cone 
penetrometer. Cone diam was 11.8 mm. and the cone angle 
was 30 . Bulk densiy was determined on 76-mm high by 
76-mm diam undisturbed soil cores (Uhland. 1950). The soilwater characteristic for each core was determined at soil ma
tric potentials of 0. -0.03. -5.". -8.7. -12.7. -17.8. 
-22.9. -33.0. and -43.2 kPa. The pore neck diameter7d)
for 3.achapplied matric potentia waspocalculated by 

d 7= 	 400S cost9/p,, gh [1] 

where S = surface tension of water at 20'C. p, = density
of water. g = gravitational acceleration. h = soil water pres
sure head in m of water, and 0 is t:e contact angle which 
was assumed to be zero. 

Infiltration rate was measured in the field with a double 
ring infiltrometer having inner and outer ring diameters of 
0.30 and 0.60 m. respectively. Wilting point was estimated 
using disturbed soil samples in a pressure chamber at -'500 
kPa pressure. 

RESULTS AND DISCUSSION
 
Soil 	Texture
 

Particle size distribution of the 0- to 15-cm depth
after clearing was not significantly different as affected 
by clearing method (Table 2). It is assumed that soil 
texture of the slash treatment was identical to texture 

of the entire area before clearing because no soil mix
ing occurred during slash clearing. Based on the work 
of Seubert et al. (1977), the clay content of the upper 
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Table 2. Mean and SD of clay, sand, and silt separates in the 

0- tr 15-cm depth of Yurimaguas soil as affec.-d 


by clearing method, 


Sod separate 

Land clearing method Clay Sand Silt 

Slarh by hand 10 14)at 63 (Gia 27 5)a 
Bt0dozer with straight blade i14a 66 i9)a 23 (l6ia 
Bulldozer with shear blade 8 (5)a 66 il21a 26 iSia 

Each value is the mean of 19 measurements; SD isshown in parentheses. 

Means in a given column with the same letter are not significantly differ
ent at the 5% level by the WallerDuncan Multiple Comparison test. 


depth of soil cleared by the straight blade was expected 
to increase as a consequence of removing A horizon 
material and 	mixing A and 8 horizon material, but 

this did not occur. Nominal depth of the A horizon 
was 25 = 10 cm. Our cbservations lead us to believe 
that topsoil removal and the mixing of topsoil and 
subsoil duning clearing is probably more a function ofthe bulldozer operaor tha of the clearing methodthe 
ithe ld r
itself. 

Bulk Density 
Bulk density at the 3- to 15-cm depth prior to clear-

ing was 1.16 - 0.09 Mg m '. Clearing tended to in-
crease the variation in bulk density (Table 3) as in-
dicated by the generally higher standard deviations 
(SD). Compaction occurred for slash cleanng due to 
foot traffic duning the slashing and trunk removal pro-
cesses. The gveatest increase in p,. at 0- to 15-cm depth 
occurred for straight blade clearing, but it was not sig-
nificantly different from the shear blade and slash 
methods. This lack of different. 'among clearing meth-
ods is ;.tributed to the high variability of measured 
p,, for the rnechanical methods. Bulk density in the 15
to 25-cm depth increased for both types of mechanical 
clearing, but not for slash clearing. 

Bulk density at the iwo depths for all six whole plot 
treatments 15 d before harvesting the first (29 weeks 
after clearing) ano last crops (98 weeks after clearing) 
are shown in Table 4. No differences existed in the 
upper depth prior to harvesting the first crop. but in 
the lower depth. greater p,. values were observed for 

" Each value is the mean of 36 measurements. 
Ewch value is the mean of 18 measurements. 
For the 14 weeks data. means in a given column with the same letter are 
not significantly dfferent at the 5%level with the Waller-Duncan multiple 
comparison test. 
A. t.test was used to compare each mean for each treatment at 14 weeks 
with the mean before clearing: unlike upper case letters for each con

paron ,ndicates asignificant difference at the 5%level. 

t'o of the shear blade cleared treatments as compared 
to the shern treatment as comparedp. of 
the upper depth for the slash/burn treatment vas sig
nificantly less than p.of the two straight blade cleared 
treatments. Bulk density of the lower soil depth wao 

signzficantly greater for all mechanized methods as 

compared to the slash/burn treatment. 
Bulk density of the 0- to 15-cm depth at 29 weeks 

after clearing for the BFL management treatment was 
significantly 'ess than that of FFL (Table 5). whereas 
no difference was observed between F and FFL. thus 
indicating a tillage effect but no fertilizer effect. No p, 
differences were found among subplot treatments at 
the lower soil depth at 29 weeks or for either depth 
prior to harvesting the last crop. The whole plot by 
subplot treatment interaction was not significant for 
any depth or date. 

Cone Index and Soil Water Content 

Cone index data were subjected to a log,, transfor
mation prior to statistical analysis because CI mea
,urements were found to be log normally distributed. 
Prior to clearing. Cl was slightly, but not significantly. 
greater for the 0- to 15-cm depth compared to the 15
to 25-cm depth Table 6). As expected. log,,,CI was 

Table 4. Mean Qband SD lin parentheses) of Yurimaguas soil at two depths for two times as a function of land clearing method, 

Method ana treatment 

No. DescripLion 

I Slashlburn 
2 Straight blade 
3 Straight blade/chisel 
4 Shear bladeiburn.'disk 
5 Ehear blade 
6 Shear bladeldisk 

Comparison Effect 

I vs. 4 Hand vs. mechanical 
4 vs. 6 Burning 
6 vs. 5 Diskt.ng 
5 vs. 2 Plade type 
2 vs. 3 Chiseling 

vegetation burring and soil ti!lage treatment. 

29 weeks after clearing 

0 to 15 cm 

1.17tl ±0.10)a: 
1.26 I=0.161a 
1.25 (±0.091a 
1.18 1:±0.1Iia 
1.28 1±0.241a 
1.31 1±0.i4ia 

NS 
NS 
NS 
NS 
NS 

Table 3. Mean Qband SD (in parentheses) of Yurimaguas soil
 
prior to and 14 weeks after land clearing,
 

but before planting the first crop.
 

Clearing 

Time method 

Befnre clearingt 
Fourteen weeks 

after clearing:: 	 Slash 
Straight blade 
Shear blade 

Depth 1cmi 

0 to 15 15 to 25 
_ __- Mg m" 

1.16 (O.OIB 1.39 1O.08B 

i.27 (0.07)a§A 1.37 iO.lOib B 
1.42 (0.121a A 1.49 I0.121a A 
1.28 10.251a A 1.50 (0.151a A 

15 to 25 cm 
-Mg in' 

1.37 10.10 b 
1.44 10.191ab 
1.49 10.09lab 
1.45 10.15lab 
1.52 10.121a 
1.56 W0.161a 

Significance level 

NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 

98 weeks after clearing 

0 to 15 cm 15 to 25 cm 

1.32 10.041c 1.38 10.041b 
1.42 0.061ab 1.56 10.151a 
1.46 10 Illa 1.57 i0.07la 
1.34 10.11ibc 1.52 10.1Ila 
1.32 I0.121bc 1.58 10.04)a 
1.33 10.llbc 1.57 I0.06la 

t Each value is the mean of 9 melsurements in cores of 76 by 76 mem.
 
t Means in a given column with the same letter are not significantly different at the 5% level by the Waler-Duncan 


0.05 
NS 
NS 
NS 
NS 

multiple comparison teat. 
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Table 5. Mean Qb and SD fin parentheses of Yurimaguas soil 
t two depths for two times as a function of 

post clearing soil management. 

29 weeks after clearing 98 weeks after clearing
Subplot 
treatment 0 to 15cm 15 to 25cm 0 to 15cm 15 to 25 cm 

Mg m" MgM'No. 

Fist planted (F 1.30t10.141a: 1.47 1O.181a1.36 IO 121a 1.52 (0,12)a
Flat planted. 

fertilizer. 
ime iFFL} 1,28 10.131a1.49 l0.131a 1.37 10,0a 154 0.11 ia 

Bedding. 
fertilizer. lme 
iBFLj 1.14 1013)b 1.46 10.13)a 1.36 0 101a 1 52 If),Ota 

Each value is the mean of 18 measurements. 
:*Means n a given column with the same letter are no significantly differ-

ent at the 5% level by the Wailer-Duncan multiple comparison test. 

Table 6. Mean CI. mean logic CI. and mean soil water content
for two depth increments of Yurimaguas soil 

before clearing., 

Depth CI Log.. Cf Soil water content 
cm - kPa g g 

0 to15 745 4101* 2.809 0 2391 0.226 10054) 
15 to 25 684 1435) 2.771 tO2271 0 225 10037 1 

Each value is the mean of 180 measurements. 
Standard deviations are shown in parentheses. 

negatively correlatd with water content: correlation
coefficients were -0.5 and -0.7 for the upper and 
lower depths, respectively, and both correlations were 
significant at the 5% level. 

Log,,CI values 29 weeks after clearing in the 0- to 
15-cm depth for the slash/burn treatment were sig-
nificanty greater than those measured in two of thenifiantytha grate easued tw ofthethse nshear blade treatments and the straight blade treat
ments (Table 7). The high log,. Cl values for the slash/
burn and shear blade/burn/disk treatments were the 
result of burning. Soil water content was uniform 
among all treatments when Cf measurements were 
taken. 

Log,,,CI and water content at the two depths 29 
weeks after clearing for each soil management treat-
ment are shown in Table 8. Log, CI in the upper depth
was less for BFL as compared t-)FFL. The beds in 
BFL, constructed with hand hoes. minimized aggre-
gate destruction. Foot traffic of farm laborers was a 
significant factor in compacting the soil surface and
increasing mechanical impedance of the flat planted
land. The laborers did not walk on the beds when 
weeding. The difference in log,,,Cl bctvcen BFL and 
FFL had disappeared at 98 weeks. No differences in 
log,,CI were found in the surface 0- to 15-cm depth
due to the additions of fertilizer and lime nor in the
15- to 25-cm depth for either bedding or chemical 
amelioration. Although small differences in water con-
tent were measured at both depths (Table 8). they are 
thought not to be large enough to effect significant
differences in log,,,Cl. 

Soil Water Characteristics and Pore Size 

Distribution 


The soil water characteristic for the 0- to 15-cm

depth prior to clearing is shown in Figure 3A. The 

vertical bar through each point is two SD units long.

We consider the amount of water held between matric 


Table 7. Log,. Cl and soil water content for the 0- to 15-cm
 
depth of Yurimaguas soil 29 weeks after clearing as a
 

function of land clearing method, vegetation
 
burning and soil tillage treatments.
 

Method and treatment 

Description - _Log,. ClI Soil wster content 
kPa g g-

I Slash burn 2.746 1
(0.296)a 0232 (0.022)a

2 Straight blode 2.575 €0.410)bc 0215 10.026a 
3 Straigit b'aL- chisel 2.547 10.3381bc 0207 10.0321a 
4 Shear blade ujrn disk 2.698 I0.252}ab 0.217 i0029ia 
.3 Shear blade 2.534 (0.413'c 0.214 10.0321a 
6 Shear blade disk 2 451 0.3121c 0.208 10.0411a 

- Each value is the mean of 27 measurements 
ireansa given coiumn with the same letter are not significantly differ

ent at the 5",level by tbiWaIler-Duncan multiple comparison test 
Standard deviations are shown in parentheses. 

Table 8. Log,. Cl and soil water content for the 0- to 15- and 
i;,to 25.cm depths of Yurimaguas soil N weeks after 

clearing for three soil management treatments. 
Soil water 

Subplot treatment Log,. CI content 

kPa 9 

0- to I-cmn depth
Fatplantd Fi 2.681t10.3381a: 0.211 i0361b 
Flat plante.ifertizer,lme FFLI 2.635 0.3241a 0.226 0 225 a 

Bedding. fertilizer, lime IBFLI 2.460 IO.3581b 0209 0 030lb 
15-to 25.cm depth 
Flat planted iF) 2.763 10.2861a 0.216 0.0271b 
Flat planted, fertilizer, lime iFFL 2.761 10.2891a 0.226 10.027a 
Bedding. fertilizer. lime ¢BFL 2.817 10.3021a 0,218 (00231b 

Each value reported is the mean of 54 measurements.
 
Means with the same letter for a particular depth in a given column are
 
not significantly different at the 5'c level b,;the Waller-Duncan multiple

comparison tesot.
 

potentials of - 13 to - 1.500 kPa to approximate the 
plant available water holding capacity before clearing
and it is equal to 0.187 m' m '. The diameter of the 
largest pore neck which retains water at the applied
soil water pressures is also shown in Fig. 3A. Pores 
with neck diameters >23 gm are drained at in stu 
field capacity. 

The soil water characteristics at the 0- to 15-cm depth
14 weeks after clearing are presented in Figure 3B. 
Treatments with straight blade clearing had greater
soil water contents at soil water pressures <--2 kPa 
when compared to it atments with slash/bum or shear
blade clearing. rhese higher w?,ter contents are attrib
uted to the destruction of macropores by compaction
which in turn increased the volume of micropores.
This same trerid was present for the soil water char
acteristics for the 15- to 25-cm depth 14 weeks after 
clearing (Fig. 3C).

The soil water characteristic for the 0- to 15-cm 
depth for the three soil management subtreatments 29 
weeks after clearing are shown in Fig. 3D. Subtreat
ment BFL. which had the lowest p,. (Table 5). had the 
greatest total porosity and greatest volume of large 
pores. There was no significant main treatment by
subtreatment interaction for the soil water chiaracter
istic. 

Infiltration Rate 
The mean infiltration rate before clearing was 420 

mm h Iover a 2-h period (Fig. 4A). Mechanical clear
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Fig. 4. a) Cumulative infiltrationof Ynrimaguas soil before and after 
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*Flat Ranted/Fertilizer, Lima 	 CONCLUSIONS 

R01n Based on the sequentially monitored soil physical 
-40 -30 -20 -.0 0 property data collected under continuous cropping-

MATRIC POTENTIAL, kPa after imposing six different land clearing-burn-soil til-
Fig. 3. Soil water characteristics of the 0- to 15- and 15- to 25-cm lage combinations as main treatments and three post 

depths of Yurimraguas soil. 	 clearing management systems as subtreatments-we 
conclude that the greatest change in soil physical prop
erties occur during the land clearing process. From a 

ing with both the straight blade and the shear blade crop production viewpoint these changes tend to be 
significantly reduced infiltration rate. Mean infiltra- negative. i.e.. they degrade the land in that crop pro
tion rates during the first 2 h of infiltration were 304. duction is decreased if no effort is made to improve 
14. and 32 mm hr 'at 14 weeks after clearing for the the resulting poor soil physical conditions. The least 
slash, straight blade. and shear blade methods. re- amount of soil physical property dete.ioration oc
spectively. Because infiltrazion measurements were so curred for the slash/burn combination. Chiseling or 
time consuming. it was not possible to measure cu- disking tended to alleviate some of the poor soil phys
mulative infiltration for all mainplot-subplot combi- ical conditions resulting from the mechanical land 
nations. However, measurements were re,)licated six clearing operation. For example. the infiltration rates 
times for the four combinations measured (Fig. 4B). for soil cleared by the mechanized methods were in-
Continuously cropping the Yurimaguas soil for 98 creased by disking and chisel plowing prior to planting 
weeks after straight blade clearing and with no sub- the first crop. Changes in physical properties under 
sequent land treatment before flat planting (Treat- continuous cropping were minimized when the soil 
ment 2, F) resulted in a low infiltration rate. The same was bedded asing a hand hoe. Compaction of both the 
straight blade clearing method coupled with chisi tonsoil and subsoil was less for the bedding system 
plowing prior to flat planting (Treatm,nt 3.F) resulted when no mechanization was used for land prepara
ir a cumulative infiltration value similar to that for tion. 
the slash/burn treatment (Treatment !,F). 	 Penetromet.-r resistance and bulk density of the top-

During the 84 week-long period of continuous crop- soil increase with time after continuous cropping. 
ping, cumulative infiltration over a 2-h period de- This was true even for slash/burn clearing when flat 
creased from 800 to 200 mm for the slash/burn treat- planted, fertilized and limed: soil properties for this 
ment (compare Fig. 4A and 4B). On the other hand. treatment underwent gradual deterioration as indi
cumulative infiltration increased for the shear blade/ cated by an increase in bulk density of the topsoil and 
burn/disk (Treatment 4, F) and the straight blade/ a reduction in infiltration rate. Of the mechanical 

methods examined, we believe the test alternative tochisel treatments. 
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slash/burn clearing of a secondary forest is the corn-
bination of mechanical (shear blade) and traditional
practices (bum). 
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