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I INTRODUCTION

The choice of land c1earang method to be u~ed 10 c1earang a particular region I~ an
extremely Important decIsion one which will affect both short- and long·term sOIl
productivIty In general past research has ~hown that clearing land In the humid tropics
"Ith the use of heavy machinery damages the sOil and provides an extremely varIable
~ubstrate for root growth Typically clearmg with heavy machinery IS fast but the
machinery Increases sOil bulk densIty with concomitant reductions In macroporoslty
Infiltration capacity available sOIl mOisture and SOIl aeration (Lal and Cummings
1978 Seubert et oJ 1977 Sanchez and Salinas 1981 van der Weert and Lensehnk
1972 1973) The resultmg crop growth on such sOils IS highly variable (van der Weert
and Lenselank. 1973) Attempts to modify or alleViate thiS compacted soil by deep
plowmg or subSOil dynamltmg have produced confllctmg results (McKibben 1971)

Slash and burn clearing on the other hand IS a much slower people-onented
process and results 10 much less damage to the sOil than mechamcal cleanng The
Influence of burmng the dried vegetative matter has been shown to be beneficial
I ".J.nchez and Salinas 1981 Nye and Greenland 1960 Bnnkman and De NaSCimento
1971) Burnmg releases plant nutnents and Increases the pH of the topsOil Both effects
I.J\ or Improved crop growth

land clearmg research began at Yunmaguas 10 1972 when the North Carolina
I roplcal SOils Research Program began work at thiS locatIOn Research emphasIs IS
pl.Jced upon developmg economically sound continuous crop production systems for
1\.ld Infertile salls of the humid tropics DUring the past ten years three distinct phases
III land cleanng related research have been mveslJgated ThiS paper presents a brief
J l'\.U~Slon of the techOlques and treatments used 10 the three studIes along wIth a
, I mphng of the salls and crop response data used to evaluate the various treatments

( rltrlhutlon of the Tropical Soll~ Program," the North Carolina Research Service North Carolina Slate
f rll\l r"t\ conducted In cooperation wtth the Mlnlstereo de Allmentaclon del Peru supported by Contract
\II> 1.1 C' 1236 IIollh the US Agen" for Internallonal De\elopmenl The use oj trade name~ 10 thiS

"1"Jlllln, doe~ nOI Impl) endorsement b) the "'orth C'arollna Re~earch <;ef"\l~e of the products
(I\''''nld nor Cfl!lCl~m of SimIlar ones not mentioned
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1 SOILS AND CLIMATE

The three phases of the land clearing research were located on the Yunmagu.h
Expenment Statton (5°45' S 76° 5 W 184 m above sea level) Mean annuoJl
temperature IS 26° C With little monthly or dally variation Average annual ratndll 1\

2250 mm With a dry period In June-july-August when the average month I,
preCipitatiOn IS about 100 mm The three phases of the study were conducted on [h~

Yunmaguas SOil senes a fine loamy SIliceous Isohyperthermlc typic paleuduh Th"
SOil occurs on level to gently slop109 land

3 PHASE I

DetaJled experimental procedures and results for this phase have been reported b\
Seubert et af (1977) Land clearlOg was performed on a 2 ha tract covered by a 17-year
old secondary evergreen forest The split-split-split plot deSign conSisted of t"'o
cleanng systems (slash and burn vs mechamcal) as the maIO plots, SIX cropping
systems as subplots and seven fertility levels as sub-subplots Each 280 m2 subplot wa!l
replicated four times

For the slash and burn treatment felled trees and underbrush were dried three week!l
before burmng The remalOlOg tree trunks were manually removed Mechanical
cleanng was accomphshed With a D-6C Caterpillar tractor With a conventional
straight blade All vegetation including stumps were removed whale attempting to
mlOlmlZe the removal of top SOil although some top SOIl was removed from the plots
while pushmg off trees and stumps

Cumulative IOfiltratlon for a 21h hr penod for the slash and burn method was 12
times greater than the 2 cm that Infiltrated the bulldozer cleared land This reduction an
mfiltratlon rate which was measured one month after c1eanng still remaaned at the
end ofone year SOil fertlhty tests revealed that the SOil for the slash and burn treatment
had slgmficantly more exchangeable bases and higher organic carbon and total N
contents and Significantly less-exchangeable aCidity and percent alummum compared
With the bulldozed SOil The plant nutrients In the ash were a valuable Input mto the
croppmg system

Crop yields dunng the two-year period follOWing clearing are summarized In Table I
when N P K and lime were added at rates of 50 172 and 40 kg/ ha and 4 T I ha
respectively Rice (Oryza sativa) maize (Zea mays) soybeans (Gfycme max) and
gumea grass (Pamcum maximum) produced yields on the bulldozed plots which were
less than or equal to 80 percent of the yields on slash and burn cleared land For
unfertilized plots crop yields were reduced to about 33 percent of the yields for the
slash and burn plots Based upon the limIted yield responses attained when adequate
fertilizer and lime were added we felt that these limned yields stemmed from poor soli
phySical conditions resulting from compaction After two years of contlnuOU!l
croppmg crop yIelds on the bulldozed land became so poor that It was abandoned
Gumea grass contInued to grow on thiS land untJl 1980 when Phase II of our work
began It IS Interestlng to note that secondary forest regrowth did not occur on thiS
compacted SOli even after It had been abandoned for ~IX years
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Tolble I Summary of the effects of land c1eanng melhod on crop yield when Yunmaguas so.1 received lime
dnd N P and K fertlhler

Crop

Rice
Corn
c;oybean~

CaS!lll\a
GUinea grass
Mean relative Yield

Number of
harvests

1
I
2
2
6

Crop yield

Slash and Bulldozer Bulldozed as
bum percentage of

burned

(Tlha) (T/ha)
290 231 80
, II 236 76
265 180 67

256 249 97
322 242 75

78

Source Afler Seuben et al (1977)
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~ PHASE II

In 1980 an experIment was initiated to reclaim the land which was cleared bv bulldozer
,n 1972 dnd abandoned In 1974 (Pha~e I) Pnor to Inttlatlng thIS reclamation
L'rt.nment an examinatIon of selected soli phySical properties In 1979 showed that

169



comJMCted sod still remained m the plots cleared by bulldozer m 1972 The measured
bulk density profile IS shown m Figure I Bulk density near the sOil surface (0-5 em)
exceeded I 4 II emJ and reached amaxJmumatadepth of 18 em Bulk density between
the 20 and 60 em depth was relatively constant bemg I 57 gl cmJ Bulk density of the
sod cleared by slash and bum In 1972 and which was continuously cropped to ro\\
crops dunng the past eight years IS also shown In Figure I Except for the upper 10 em !

of soli the bulk denSity of the contmuously cropped, non-bulldozed 5011 was as much
as 0 2 gJ emJ less than the bulldozed treatment. Finally, the bulk denSity profile for
Yunmaguu sod cleared byslash and bum m 1972 and contmuously cropped to gumea
grass smce that time wast'very SJmdar to the bulk density profile of the cropped SOIl
except In the upper 18 C!n where a dense fibrous root mat eXisted These data
confirmed the premJse thaUhe sod compactJon problem created by bulldozercleanng
stili persJsted seven years after the land was cleared The deCISion was made to
investigate alternative sotl1ft8nagement practIces to reclaim and properly manage thiS
land for contmuous crop production

This reclamation study was deSigned to reclaim the compacted land and mcluded the
eight treatments hsted InTable 2 At the beglDDlng ofthe study gUlDea grass which was
growmg on all plots was cut, dried ID place and burned, thus allowlDg all eight
treatments to benefit from the nurtlents added by the ash Treatment I received no
Ullage and was planted With a planting stick whereas treatment 2 was tllled With a 14 hp
rototdler and planted With a Planet Jr A large 6S hp tractor was used to rototdl the SOil
for treatment 3 and to ctuselplow and rototlll for treatment 4 The chisel plow shanks
spaced at 30 cm iDtervals. extended 3S em below the soli surface and phySically
disrupted the compactedsod to thISdepth The mtent With treatment Swas to mmlmlze
surfaee sod compaction Induced by the workers dunng hand weedlDg This treatment
although good In concept is- not feasible unless the workers are under constant
SUpervISion It IS awkward for the workers to weed between rows whde squatung
between adjacent rows Treatment 7 was a Simulated subsolhng operation because a
subsoller for the 65 hp tractor was not yet available at the time the study began
Subsolhng was Simulated pnnr to plantmg by loosenmg the soil to the 3S em depth at
the field posItions where the rows would be planted later Dry plant matenal at the
a pproxlmate rate of 2 T I ha was brought m from outside the plot boundaries to serve as
mulch for treatment 8

Table 2 Treatmenls Imposed In the 1980 land reclamallon study

I Control no 1111 cut Ira" and bum plant with stick
2 Control till cut and bum rototill (14 hpj and plant with stick
3 Rototill cut and bum rototill (14 hpj and plant WIth Planet Jr
4 Chisel plow cut and bum chisel plow (35 em) rototdl (65 hp tractor) plant with Planet Jr
S Controlled traffic cut and bum rototill (14 hpj and plant with Planet Jr A.sslgnment of pathways for

foot traffic InSIde the plot
6 Beddma cut and bum rototill (14 hp) and plant WIth stick
7 SImulated subsollmg cut and bum rototill (14 hpj and plant With Planet Jr
8 Mulchml cutand bum rototill (14 hp)and plant WIth PlanetJr Mulch was applied when seedlings were

10-25 em hIgh
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Table 3 GraIn yield for the first three crops In the reclamation study expressed as a percent of Ihe highest
treatment yield

Treatment Rice Soybeans Com

Control no 1111 93 22 JJ
Control 1111 100 82 84
Tilled 96 77 70
Chisel plow 89 99 100
Controlled traffic 98 66 S6
Bedding 70 36 72
Simulated subsolhng 96 100 91
Mulch 73 96 83

A completely randomtzed block deSign With four rephcatlons was used The
croppmg sequence was nce-soybeans-corn-soybeans-corn-rlce The first plantmg of
nce (cv IR 4-2) was February 2 1980 Pnor to planting all plots received hme at the
rate of IT/ ha and were fertlhzed at rates of 80 44, 66, and 12 kg/ ha for N, P, K and
Mg respectIvely Plant spacmg for nce was 20 cm X 20 cm when planted With the
plantmg stick for treatments 2 to 8 nce was planted With a Planet Jr m a continuous
row WIth rows bemg 20 cm apart The nce crop was hand weeded tWice The second
crop soybeans (cv Jupiter) was planted on June 30 and harvested on October IS,
1980 NItrogen P, K and Mg were apphed at rates of 20,44 66 and 24 kgl ha pnor to
plantmg, and the seed was moculated with RhIzobIum (Nltragm) Soybean seed
spacmg was 40 cm X Scm when stick planted, for treatments 2 to 8, soybeans were
planted with a Planet Jr m a contmuous row With 40 em between rows The soybean
crop was hand weeded once The first corn (cv Amarillo Planta BaJa) crop was seeded
on November 7 1980 and harvested on February 16, 1981 Nitrogen P K Mg and S
fertlhzerrateswere 100 44 66 12and20kg/ha hmmgratewas05T/ha Seedspacmg
for all plots was 80 em X 20 cm The final nee crop was planted November 26, 1981, and
harvested March 31, 1982

Table 3 shows relative gram yield for the first nce soybean and corn crops YIelds
are expressed as a percent of the maximum treatment yield Yields of nce gram for the
beddmg and mulch treatments were appreciably lower than yields for the remammg 6
treatments The denSity of corn plants m the beddmg treatment was lower than the
other treatments because the rows on the beds were spaced a little further apart thus
dllowmg only 5 rows compared to 6 rows per plot for the other treatments The mulch
Ireatment had competition resultmg from grass that germmated from some grass seed
which was mtroduced dunng the mulchmg process

Bulk denSity wlthm the 0 to 15 cm depth Initially and pTior to nce harvest and
mechamcallmpedance pnor to nce harvest are shown In Table 4 Bulk denSity values
for all treatments were lower before nce harvest than values measured before the study
began All tillage treatments reduced mechamcaluhpedance compared to treatment I
the no-till control

ConclUSions denved from the Phase 11 study for whIch only a limited amount of
data have been presented are that all seven tillage treatments Improved the SOIl
ph\slcal conditions of the IOltially compacted SOil Ie mechamcallmpedanee and
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Table 4 Bulk densIty In the 0 to 15 em depth inItially and pnor to nee harvest and mechamcallmpcdance
pnor to nee harvest expressed as percent of the maximum Yunmaguas Peru 1980

Treatment

Control no till
Control. till
Tilled
a"sel plow
Controlled traffic
Heddln.
Simulated 5ubsolhng
Mulch

Mechanical
Bulk denSIty Impedance

Initial Before harvest
before nee harvest

gtem) gtem) %

155 142 100
155 133 79
155 137 72
155 135 32
155 133 51
155 123 31
155 134 45
15S 130 47

bulk denSity were reduced 10 the upper 15 cm of SOil Except for the first nce crop, the
chlselplowed and simulated subsotled treatments, I e those treatments which
disturbed the soli deeper had the highest yields The Phase II study can be summarized
by notmg that for thiS severely compacted Yunmaguas sotl, some tillage IS good, and
deeper tillage IS even better It IS emphasIZed that the deep tillage procedures used 10

thiS experiment merely broke up the compacted SOil but did not IOvert or mix SOIl from
below the 2S cm depth With the surface soil

5 PHASE III

In 1980 shortly after plans for the land reclamation study descnbed In Phase II were
formulated, It became obVIOUS thala second land cleanng study at the Yunmaguas site
was needed The Phase 1study had prOVided useful mformatlon about the effects of
bulldozer cleanng on crop performance, but, except for several measurements of
IOfihratlon rate and bulk denSity, little effort had been made to quantitatively assess
the changes 10 SOil phYSical properties as a function of time By mld-1980 early results
from the Phase 11 land reclamation study mdlcated that the poor phySical properties
resultmg from bulldozer clearmg could be overcome at least partially, by uSlOg
appropriate tillage practices. especially deep tillage Moreover we felt that the SOil and
crop management practices. espeCially tillage or the lack of tillage practices. followmg
cleanng might be Just as Important or pOSSibly even more Important then the actual
land cleanng method Itself The deCISion was made to IOvestlgate several systems
each system would mvolve a combmatlon of a speCific land clearing method and a
specific SOil tillage (or management) method followmg cleanng The remamder of this
paper diSCUSses the methodology of the Phase II I study The speCIfic objectives of the
study were (I) to determme the rates of change of selected sot! phySIcal properties
resultmg from several land cleanng~ontlnuous cultivation management systems and
(2) to determme crop performance for the vanous systems Few results WIll be
presented as the research IS still 10 progress and results have not been appropnately
summanzed

172

1



Table 5 Selected 5011 chemical propenlCs on AUlult 22 1980 pnor to land cleannl Yurunaaual

Ca" Avail
Depth pH AClChty plus P AI saturation

MI"
em me/IOO eml me/IOO emJ PPM %

0-15 429 376 057 59 85
15-30 424 452 091 36 82
JO-45 430 441 088 22 83

A 2 5 ha site was selected for the study The land whIch was covered wIth twenty-year
old secondary evergreen forest was less than 200 m away from the location ofthe Phase
I study A forest mensuration survey mdlcated 232 mJ wood per ha for trees with
dlameters~ 3 2 cm The soli was the same except that a smaH portIon ofthe land In the
present study had a 4 percent slope Table 5 shows selected chemIcal propertIes of the
5011 prIor to c1eanng In addition selected soil physical and chemical properties
(dIscussed later) were quantified pnor to cleanng

The expenmental deSign was a spht plot repltcated three times The Intent to
rephcate treatments four tImes was negated by hm~ed availabIlity of contiguous land
havmg the same age of secondary forest The SIX main plot treatments were land
c1eanng-soll tdIage combtnatlons and are defined 10 Table 6 The slash and bum
treatment was located near the center of a block 10 order to prevent sod compaction
dunng the process of mechamcally cleanng the other five treatments The field
diagram for Block I IS shown m Figure 2 The two plots cleared by 'bulldozer WIth
straight blade' were located Side by side, as were tbe three plots cleared by 'bulldozer
with shear blade The main treatments minimIZed the use of large tractors for land
preparation followmg cleanng because no large tractors are available m the area One
treatment that we wanted to Impose was that ofchammg,l e ,the pulhngdown oftrees
by a cham dragged through the forest by two bulldozers Unfortunately we were

Table 6 Land c1eanng - sot! tillage treatments used In the Phase III study Yurunaaua5 Peru

Treatment no

I
2
3

4

Descnptlon

Slash and bum With tree trunk removal by hand plant with stick
0-6 bulldozer With straight blage trees Immediately windrowed plant With Planet Jr
0-6 bulldozer With straight blade trees Immedl8tely wmdrowed land chisel plowed
rOlovated with 65 hp tractor plant With Planet Jr
D-6 bulldozer wlth shear blade vegetatIOn dned on land burned then logs removed
by bulldozer disk With bulldozer plant with Planet Jr
D-6 bulldozer cleanng With shear blade rotovate land with 65 hp tractor plant with
Planet Jr
0-6 bulkloler with shear blade disk With bulldozer 14 hp rotovator plant With
Planet Jr
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Figure 2 Schematic of block 3 In the land
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unable to locate a cham 10 sufficient time to transport It to the expenmental site The
dlsk10g operation Imposed 10 treatments 4 and 6 was performed by the same bulldozer
that was used for cleanng The dlsKmg operation cut up the larger tree roots that
remamed In the sOIl and IRcorporated trash left on the soli surface One potential
disadvantage of dlskmg IS soli compaction Moreover dlskmg too deeply mixes finer
textured. B horIZon material with the surface soil which may lead to soli crusting
problems

Subplot treatments were various combmatlons of fertIlity and soIl management
practices The three subtreatments were (I) flat planted. no fertilIzer or hme added (2)
flat planted fertlhzer and hme added based on sod test data. and (3) sod bedded or
ndged at I I m spacmg. fertlhzer and lIme appbed at the same rate as 10 subtreatment
(2) Subplot SIZe was 26 m X 65 m The cropp1Og sequence was nce-soybeans-eorn
nce-eorn The first nce crop was planted on November 28 1980

Table 7 shows the SOil phySical and chemical properties that are bemg 10tenslvely
monitored at varIOUS times throughout the study Detailed procedures for
measurement of these soli properties are not presented here

Changes ID two of the 5011 phYSical properties lIsted above as mfluenced by cleanng
-mett-od afe-s~owa m-Table 8 Land deanng resunea ID an IDcrease IR bulk density ID

the 0 to IS cm depth for all treatments mcludmg slash and burn Increases 10 Db
mduced by c1eanng method were greatest 10 the followmg order straIght blade> shear
blade> slash and burn Bulk denSIty Increased by only 0 I g/ emJ 10 the 15 to 25 em
depth for both types of meehameal cJearmg The before-elearmg mfiltrallon rate of 64
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Table 7 Sod phYSical and chemIcal propenles monitored dunn. the land cleann. study Yuruna.Uls Peru

Physical
Bulk density
PartICle SlU: analySIS
In s"u field capacity
Soli water charactenstlc
Pore SIU: dlstnbUtlon
Mechanical Impedance
Infiltration rate
Aggregate stability
ISOO-KPa percentage

ChemIcal
Orgamc matter content
Effective CEC
Exchangeable cations
pH
Available P
InorganIC N

Before
cleann.

x
X
X
X
X
X
X
X
X

X
X
X
X
X
X

Immechately
after
cleann.

X
X
X
X
X
X
X
X
X

X
X
X
X

Later

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X

ern! hr was reduced to values 8 and 14 percent of thiS Iqltlal rate for the straight blade
and shear blade respectively The soll cleared by slash and burn mamtamed a high
infiltratIOn rate of 5I cml hr

Gram yields for nce the first crop planted on the cleared land are given m Table 9
As expected nee yields for the non-fertilized plots were greater for treatments I and 4
because these treatments benefited from nutrients released by burmng the vegetation
No ash was present on the other four treatments because the vegetation was phYSically
removed from the plot area dUring the c1earmg operatlons Fertilizer and hme apphed
to both the flat planted and bedded subplots mcreased gram yield for all treatments
Without the addition decreased nce yields compared With the slash and burn
treatment These results for the first nee crop are slmllar to those for Phase I study and
to prevIous results of other Investlgators

Table 8 Bulk denslly and IRfiltrauon rate before and Immedullely after land cleanng

Deanng
method

Bulk denSIty

0-15 em 15-25 em tnfiltratlon rate
g/emJ g/cmJ cm/hr

Refore c1eanng
After clearing Siraighl blade

Shear blade
Slash and burn

116
142
131
127

139
149
ISO
137

64
5 I

10
51
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Table 9 Rice gram yields as affected by land c:leanng-sol1 tillage method

Treatment No fenlhzer WIth fenl1lzer Bedded With fenlhzer X

I 3 10 3S6 398 355
2 091 275 338 235
3 114 284 285 228
4 239 306 368 304
5 127 302 320 249
6 091 258 274 207

X 162 298 330
LSD :a0 43 Treatment

o26 Subplots
o65 Treatment x subplots

6 CONCLUSIONS

As noted earlier the data for the Phase III study have been only partially analyled
Hence. conclUSions resultmg from this land clearmg study cannot be made at this tlme
Additional data for evaluating the changes In SOil properties are stlU bemg collected It
appears at this time however that the shear blade has an advantage over the straight
blade from the standpomt of Inflletmg less compactlon damage to the soli and thus
resultmg In higher yIelds

Some general observations that can be made at this time are
Detnmental effects of land clearmg With a bulldozer With straight blade last at least
SIX years

2 All land clearmg methods alter soil physical propertles
3 Reclamatlon of buUdozed cleared Yunmaguas SOIl was successful through the use

of subsolhng and chisel plowmg
4 Traditional slash and bJlrn clearing causes the least damage to soli physical

properties and Improves sod chemical propertles by prOViding ash

SUMMARY

Land cleanng research and related studies have been conducted for a penod spanning
ten years In the low Jungle of the Amazon at Yunmaguas Peru Three dlstlnct research
phases have been conducted at thiS site Phase I began In 1972 ended In 1974 and was
designed to compare the effects of mechamcal bulldozer cleanng and slash and burn
clearing on SOil properties and crop production Phase II began In early 1980 when a
study was initiated to reclaim land that was severely compacted by bulldozer cleanng
In 1972 Phase III began late In 1980 With the design and Initiation of a second more
comprehenSive land cleanng experiment

Results of Phase Imdlcated that land c1earmg uSing a D-6C bulldozer Wlth a straight
blade compacted the SOIl and drastically reduced the infiltration rate Crop yields were
reduced slgmficantly The SOil that was compacted In Phase I was successfully
reclaimed In the Phase II study In 1980-1981 The use of any ullage practice which
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loosened the upper IS em of soli Increased crop Yield. however the two deep tillage
treatments - subsOlhng and chlselplowmg - produced the greatest corn and soybean
yields

Results of the Phase III study have not been completely analyzed Both methods of
bulldozer c1eanng I e clearing With a 'stralght blade' and With a 'shear blade resulted
tn some SOil compaction A cursory exammatlon of the results suggests that shear
blade bulldozer c1eanng IS preferred over that of the straight blade
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