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ABSTRACT 


Mechanical land clearing in 1972 of a Yurimaguas soil (fine-loamy 

siliceous, isohyperthermic Typic Paleudult) located in the Amazon 
Basin of Peru resulted in compacted soil that was abandoned for 
continuous crop production in 1974. The purposes of this study were 
to reclaim this abandoned land for continuous cultivation and to 
evaluate temporal changes in soil physical properties with time after 
reclamation treatments began. In February 1980, guinea grass [Pan-
icum maximum L.1, which covered the compacted soil, was cut by 
hand, dried, and burned. The following eight rclamation treatments 
were imposed: (1) control (no till), planted with a planting stick; (2) 
rototill (12 kW) and stick plante; (3) rototill (48 kW); (4) chisel 
plow 25-cm deep, rototill (48 kW); (5) controlled traffic (i.e., as-
signmen, of pathways for foot traffic); (6) bedding with hoe and 
planted with stick; (7) simulatel subsoiling to 25 cm with a tile 
spade; and (8) mulching (mulch applied when se.-diings were 10- to 
25-cm high). The following soil physical properties were quantitied 
several times during the study: infiltration rate, cone index (CI), bulk 
density (pb), and the soil-water characteristic. The crop rotation dur-
ing the 2-yr-long period was rice (Oryza sativa L.)-soybean [Glycine 
max (L.) Merr.l-corn (Zc! mays L.)-soybean-corn-rice. Compared 
to the control treatment, all others decreased p,and CI and increased 
infiltration rate, macro porosity, and total porosity in the 0- to 15-
cm depth. Only cisel plowing and simulated subsoiling alleviated 
the detrimental efiects of the compacted soil below 15 cm. Infiltra-
tion rate at the conclusion of the experiment for the control treatment 
was 9 mm h ' compared to 148 mm h ' for the chisel plow tres.t-
ment. Yield responses were greater for chiseling and simulated sub-
soiling. For example, the average relative grain yield for each of the 
thre.i crops was 100% for chiseling; for no-till, relative yields were 
69, 23, and 20% for rice, soybean, and corn, respectively. We con-
clude that compacted soils similar to the Yurimaguas series can be 
reclaimed for continuous cropping by using deep tillage practices 
such as chisel plowing and subsoiling. 

Additional Index Words: bulk density, slash and burn, mulch, 
soil-water characteristic, cone index, simulated subsoiling, bedding, 

chisel plow. 
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LASH AND BURN CLEARING is a common practice 
L in the Amazon Basin. Trees are felled by ax or 
chainsaw, left to dry for 3 weeks or longer, and the 
dried vegetation is burned. This labor-intensive prac-
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lice is very time-consuming, but causes little physical 
damage to the soil. 

Various mechanical land clearing methocis have 
been proposed to replace the slower manual slash and 
burn method. Mechanical methods usually employ a 
crawler tractor and such tools as a straight blade, shear 
blade, or tree pusher with or without a front-mounted 
root rake (Webster and Wilson, 1980; Hulugalle et al., 
1984). One effect of using heavy machinery to clear 
land is soil compaction, which reduces root penetra
bility, aeration, infiltration rate, water permeability,
and crop yield (van der Weert and Lenselink, 1972, 
1973; van der Weert, 1974; Seubert et al., 1977).

Both surface and subsurface compaction often oc
cur when mechanical clearing is done when the soil is 
too wet. Clearing land under this condition is com
mon b-,ause contr,.ctors are typically paid by the area 
cleared, not by the time required to clear a given par
cel of land. When compaction is limited to the surface 
soil, good soil structure can often be restored by shal
low tillage. However, if severe subsurface compaction 

Occurs, the damage is less easily rectified (Greenland,
1977). Subsoil compaction can be loosened by deep
chiseling, subsoiling, or other forms of deep tillage 
(Charreau and Nicou, 1971; van der Sar, 1976; Trouse, 
1979; Kamprath et al., 1979). Presumably, if soil is 
severely compacted during mechanical land clearing, 
it can be reclaimed and maintained in a condition 
suitable for continuous crop production.

The objectives of this study were (i) to evaluate var
ious techniques for reclaiming, fo: continuous crop
ping, land that was previously damaged by mechani
cal clearing and (ii) to assess the rates of change of 
selected soil physical properties in response to differ
ent land reclamation techniques. 

METHODS
 

This study was conducted from February 1980 to March 
1982 in the humid tropics at Yurimaguas, Peru (5°45'S,
76"5'W, 184 m above sea level). The Yurimaguas soil (fine
loamy, siliceous, isohyperthermic Typic Paleudults) had been 
compacted during land clearing ;n 1972 using a bulldozer 

with a straight blade (Seubert et al., 1977). Most of the bull
dozed land was then cropped to upland rice (Oryza saliva 
L.), corn (Zea mays L.), and soybean [Glycinemax (L.) Merr.] 
During the following 2-yr period, the infiltration rate for the 
btlldozed land remained at 1 mm h- I as compared with the 
rate of 118 mm h - ' for the slash and burn cleared land. Soil 
bulk density at the 0- to 2-cm depth after 2 yr was 1.54 Mg 
m- 3 for the mechanically cleared site as compared to 1.24 
Mg m for soil cleared by the slash and burn method. Un

fertilized crop yields at this time were reduced to 33% of 
those for crops grown on slash and burn cleared land (Seu
bert et al., 1977). decause of this continuously decreasing 
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Fig. 1. Bulk density and mechanical impedance from the 0- to 60-
cm depth before the land reclamation study began. 

crop performance, the bulldozed land was abandoned in 
1974. Since that time the land had been covered with guinea 
grass (Panicum maximum L.). 

Selected soil physical and chemical properties of the pre-
viously bulldozed and abandoned land were characterized 
in 1979. A compacted zone between the 15- and 45-cm depth, 
as evidenced by an increase in bulk density and penetro-
meter resistance, was found for the mechanically cleared soil 
covered with grass (Fig. 1). Pertinent soil chemical data are 
shown in Table I. Exchangeable acidity increased with depth 
and exchangeable Al saturation exceeded 60% at all three 
depths. 

In February 1980, guinea grass, which covered the entire 
experimental area, was cut by hand, dried in rlace, and 
burned. Eight land reclamation treatments were installed in 

randomized complete block design with four replications. 
Each treatment isdescribed in Table 2.Plot dimensions were 
4 by 10 m. Treatments I and 6 required no mechanized 
tillage equipment whereas treatment: 2, 5, and 8 requirt-
small power machinery. Treatments 3 and 4 requireu a 48. 
kW tractor to pull the tillage implements. Chisel plow shanks 
spaced 30 cm apart extended 25 cm below the soil surface 
and physically disrupted tht compacted soil to this depth. 
Because treatment 7 would require a more powerful tractor 
than was available, subsoiling was simulated by loosening 
the soil to the 30-cm depth with a tile spade at the positions 
where the row-z wL .ild be planted later (Gooderham, 1976). 
The no-till treatment was a facsimile of the traditional slash 
and burn cleari'g method used in the area; it received no 
tillage and seeds were dropped into small holes made with 
a sharp pointed stick (planting stick). Dry plant material at 
the rate of 2 Mg ha ' was brought in from outsid- 'he plot 
boundaries to serve as mulch for treatment 8. 

The cropping sequence is shown in Table 3. Tillage was 
repeated before each successive crop was seeded. Prior to 
planting upland rice (cv. IR 4-2) or. 2 February, all plots 
received lime at the rate of 1.0 Mg ha ' and were fertilized 
at rates of 80, 44, 66, and 12 kg ha- for N, P, K, and Mg, 
respectively. The sixth crop, rice, received fertilizer at the 
same rate as the first crop. Seed spacing was 0.20 by 0.20 m 
when seeded with the planting stick; for all other treatments, 
rice was seeded wi:h a Planet Jr.3 in a continuous row with 
rows spaced 0.20 m apart. Each rice crop was hand-weeded 
twice. Rice straw and grain were harvested from 15 m2 of 
area in each plot and the grain yield expressed at 13% mois-
ture. 

The second and fourth crops in the rotation, soybean (cv. 
Jupiter), received fertilizer at rates f 20, 44, 66, and 24 kg 
ha-' for N, P, K, and Mg, respectively. Tle seed v, as in-
oculated with Rhizobium japonicum (Nitragin). Seed spac-
ing was 0.40 by 0.05 IT when stick planted; for the other 
treatments, soybean was seeded at the identical population 

IThe use of trade names in this publication does not imply en-
domement by the North Carolina Agric. Res. Serv. of the product
named nor criticism of similar ones not mentioned. 

Table 1. Soil chemical properties prior to installing land 
reclamation treatments on Yurimaguas soil. 

Exchange
able Cal' + Avail- Al Organic

" Depth Acidity acidity Mgl able P Sat. C 

cm pH - cmol I+)kg" - mg kg-' % mgkg "l 
0-15 4.5 1.87 1.10 6.5 62.9 0.0114 

15-30 4.5 2.82 0.64 2.3 81.5 -
30-45 4.4 3.30 15 1.3 90.4 -

Table 2. Reclamation treatments imposed on Yurimaguas soil 
damagecd by mechanical land clearing in 1972. 

1. Control, no till: cut grass and burn, plant with stick.
 
2 !3totill (12 kW): cut grass and burn, rototill, and plant with sick.
 
3. 	Rototill (48 kW): cut grass and burn, rototill, and plant with hand 

planter. 
4.Chisel plow: cut crass and burn, chisel plow to 35-cm depth, rototill 

148-kW tractor), plant with hand planter.
5. 	 Controlled traffic: cut grass and burn, rototill (12 kW), and plant 

with hand planter; pathways for foot traffic were assigned. 
6. 	 Bedding: cut grass and burn, bedded with hoe, and plant with stick. 
7. Simulated subsoiling: cut grass and burn, simulate subsoil operatio. 

with shovel, rototili, and plant with hand planter. 
8. 	 Mulching: cut grass and burn, rototill, and plant with hand planter; 

mulch was applied when seedlings were 0.1- to 0.-n tall. 

Table 3. Cropping sequence for six crops in the land 
reclamation study. 

Crop Planting date Harvest &. 

6 June 1980 
Soybean 20 June 1980 15 Oct. 1980 
Corn 7 Nov. 1980 16 Feb. 1981 
Soybean 20 Mar. 1981 7July 1981 
Corn 24 July 1981 10 Nov. 1981 
Rice 26 Nov. 1981 3Mar. '992 

Rice 2 Feb. 1980 

using a Planet Jr. ii. rows spaced 0.40 m apart. Each soybean
2crop was hand-weeded once. The harvested area was 15 m . 

Grain yield was expressed at 14% moisture. 
The third and fifth crops, corn (cv. Amarillo Planta Baja), 

received 0.50 Mg ha-' of lime and 100, 44, 66, 12, and 20 
kg ha- ' for N, P, K, Mg, and S, respectively. Seed spacing 
for all plots was 0.80 by 0.20 m. Corn was harvested from 
a 14.4-m area and grain yield expressed at 15% moisture. 

The following soil physical properties were quantified sev
eral times during the study: infiltration rate, cone index (CI), 
bulk density (pl), and the soil water characteristics at the 0
to 15- and 15- to 25-cm depth. 'he first set ofmeasurcinents 
was taken before harvesting the first crop (121 d after plant
i'g, hereafter denoted as the "121-d" samplin;, the second 
set before harvesting the second crop (251 d); the third set 
before harvesting the third crop (375 d); and the fourth and 
final set before harvesting the sixth crop (755 d). Cone index 
is defined as the force required to push the cone of the Soil
test model CN-970 penetrometer through an increment of 
soil divided by the projected cross-sectional area of the 
penetrometer tip. Cone diameter was 11.8 mm and the cone 
angle was 30' . Twenty measurements were taken for each 
treatment at the 0- to 15- and the 15- to 25-cm depth for 
each sampling date. Bulk densit) for each treatment was 
determined on eight undisturbed soil co.es, having dimen
sions of 76-mm height by 76-mm diam, within the 0- to 15
cm depth and four cores from the 15- to 25-cm depth for 
each sampling date. 

The soil-water characterist; sfor each undisturbed soil core 
were determined at soil-water potentials of 0, -0.0?, -5.7, 
-8.7, -12.7, -17.8, -22.9, -33.0, and -43.2 kPa. The 
pore neck diameter, d, is given by 

d = 4 S cos O/p.. g h [1 

S 	= surface tension ofwater of20*C, p. = density ofwater, 
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Fig. 2. Cumulative infiltration for selected treatments aft'r growing
six consecutive crops (after 755 d). 

g = gravitational acce!eration, h = soil-water pressure head 
in centimeters of water, and 0 is the contact angle assumed 
to be equal to zero. Infiltration rate was measured with a 
double ing infiltrometer having inner and outer ring di-
ameters of 0.30 and 0.60 m, respectivf.1y. Cumulative infil-
tration during a 2.00-h period was measured after the soil 

ad been prewet by rainfall. Eight replicate infiltration mea-
".ircments were taken for treatments 1, 2, 3, and 4 at the 
conclusion of the study (755 d). 

Penetrometer resistance from the 0- to 60-cm depth for 
several pedons was measured with a Soiltest blunt-tipped 
pocket penetrometer. Small, 16.0-cm undisturbed soil cores 
were taken adjacent to the locatior of the penetration mea-
surements; p,, and water content were determined on these 
samples. Thirty-two penetrometer resistance, p,,, and water 
content measurements were taken at each depth for the fourth 
sampling date for treatments 1, 2, 4, and 7. 

Corn root length was determined at tasseling for the third 
crop. A 170-cm 3 soil sample was collected from each of the 
0- to 20-, 20- to 40- to 60-cm depths using a bucket auger. 
Four replicate samples were collected for each of three po-
sitions (row, 20 -n to the right of the row and 20 cm to the 
left of the row) for each treatment. Root length was deter-
mined by the modified line intersect method described by
Sartain and Kamprath (1975). 

RESULTS AND DISCUSSION 

Infiltration 

Cumulative infiltration vs. time for selected treat-
ments 755 d after !he study began is shown in Fig. 2. 
Because infiltration measurements were so time-con-
suming and the variability so high, we were able to 
thoroughly evaluate only four trea'ments. The control 
treatment (treatment 1) had the very low infiltraion 
rate of 9 mm h- . Shallow rototillage did not increase 

-the infiltration rate significantly (14 mm h 1)becauseaction of this tillage operation did not extend deep 
enough to loosen soil below 10 to 15 cm. Simulated 

and chisel plowing increased cumulative 
infiltration because both tillage operations extended 
below 15 cm and disrupted the compacted soil. 

Cone Index, Soil-,vater Content, and Buik Density 
Cone indc.t measurements were log normally dis

tributed and transformed by taking logo of each CI 
value prior to statistically analyzing the data. Diffr
ences among treatments after 121 and 25 i d were notsignificant for !og1oCI at the 0- to 25-cm depth. Soilwater content and log 0CI for the 0- to 25-cm dc th 

before harvesting the third (375 d) and sixth (755 d) 
crops are given in Table 4. The no-till control and 'he 
bedded treatment had consistently greater log10Cl val
ues. The bedded treatment was tilled (hoed) by hand 
to a maximum depth of 10 cm and thus did not alter 
the compacted soil below 10 cm. The chisel plow and 
the simulated subsoil operations resulted in consist
ently lower logloCI values because the soil was dis
rupted throughout the 25-cm depth. The lower logloCI 

values found for the chiseled and subsoiled treatments 
agree with the observation that the infiltration rates 
were also higher foi these two treatments. Although 
soil-water content was significantly different among 
treatments, we believe these differences to be too small 
to greatly affect the measured CI values. 

The effect of time (or cropping) on logI 0CI and soil
water content at the 0- to 25-cm depth are given in 
Table 5. These results appear erratic in that logloCI 

measured at 251 d was significantly less than the value 
measured at 121 d. The log loCI increased between 251 
and 375 d and had the same value at 755 d as at 375 
d. Hence, log IoCI w-s the same at 121 and 755 d. 
These measurements, taken each time at water con
tents as close to in situ field capacity as possible, al
lowed us to observe the effect of continuous cropping 
on soil strength. In general, no great change in logl 0CI 
occurred with time. On the contrary, the changes that 
did occur appear to be more dependent on the crop,
the number of passes of farm machinery and/or the 
number and frequency of laborers walking on the soil 
surface, and the soil-water content when this compac
tion occurs. Moisture content at the time of measure
ment is also important. The logloCI values at 375 and 
755 d are not significantly different, yet the highest 

Table 4. Effect of reciamation treatment on log,* CI and water content at the 0- to 25-cm depth before harvesting 

the third (375 d) and sixth (755 d) crops. 

Third crop Sixth crop 

Treatment log,0 Cit W-',*r content log', Ci Water content 

kPa kg kg "I kPa kg kg-' 

Control (no till) 3.20 ± 0.14a* 0.174 ± 0.033b 3.18 ± 0.13a 0.190 ± 0.017bc 
Rototill !12 kW) 2.99 ± 0.12c 0.180 a: 0.015ab 2.96 :k 0.15bc 0.205 * 0.016ab 
Rototill (48 kW) 2.97 ± 0.13c 0.181 *- 0.015ab 3.01 L 0.19b 0.197 L 0.026abc 
Chisel plow 3.01 t 0.19bc 0.172 . 0.014b 2.87 * 0.23c 0.191 L 0.019bc 
Contiolled traffic 2.99 : 0.13c 0.179 : 0.013b 3.01 :1 0.17b 0.196 * 0.019abc 
Bedding 3.08 ± 0.16b 0.172 h 0.016b 3.15 * 0.15a 0.186 : 0.016c 
Simulated subsoiling 2.99 + 0.19c 1,.176 : 0.018b 2.93 * 0.16bc 0.190 : 0.016bc 
Mulching 2.98 ± 0.18c 0.019 :F 0.0!4a 2.98 * 0.18b 0.208 1 0.016a 
$ Means witn the same letter in a given column are not significantly different with the Wailer-Duncan multiple comparison test. 
t Mean and standard deviation of 80 measurements. 

http:respectivf.1y
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Fig. 3. Penetrc ,eter resistance, pi, and water content profiles for Yurimaguas soil for selected treatments in the reclamation study after 755 
d of continuous cropping (six crops). Horizontal bars are the LSDo.o that compare differences among treatments for each depth. 

water content occurred at 755 d. It is likely, .',erefore, Bulk density at the 12-cm depth was significantly
that the soil was more compacted at 755 d than at any lower for the rototill, chisel, and simulated subsoil
other time since the reclamation treatments were im- treatments as compared with the no till treatment (Fig.
posed. Data for the time means for bulk density it. 3B). At the 18-cm depth only the chisel and simulated 
Table 6 support this viewpoint, subsoil treatments had significantly lower Pb values 

No significant difference in pb at the 0- to 15-cm than the no till treatment. No pb differences were ob
depth was observed among treatments for the 121- served for any other depth. Water content (Fig. 3C)
and 251-d samplings (Table 6). Variability of mea- did not differ significantly among treatments for any
sured ph values was high for both sets of measure- depth.
 
ments. Much of this variability had disappeared by

the 375-d sampling when significant differences were Soil-water Characteristics and Pore Size Distribution
 
found. The bedded treatment had the lowest Pb valLe The soil-water characteristics for the 0- to 15-cm
 
primarily due to the fact that the field laborers did not
 
walk on the beds. Bulk density before starting the study depth were determined before the study a after 121,
 
was 1.44 Mg m-3 . Tillage treatments effected an initialdecrease in p, of the 0- to 15-cm depth, which in turn 251, 375, and 755 d. Soil-water content values averaged across all treatments for a given soil-water pres
increased with time during the continuous cropping sure are shown in Fig. 4. An increase in volVme wettimincrasedwitdurng he cntinouscroping ness (0)at pressures < -2 kPb occurred for all timesperiod. When the topsoil was continuously tilled 3 compared to the initial values.
 
times yr- , phincreased because soil structure was pe- Tillage increased he volume of macropores and det 

riodically destroyed.


Figure 3 shows penetrometer resistance measured Table 5. Effect of time lor cropping) on logt. CI and water

by the blunt tipped penetrometer (PR), ph, and soil- content at tLe 0- to 25-cm depth.

water content profiles measured after growing six crops Tm Crop Log, CI Water content 

755 d). Penetrometer resistance decreased signifi
cantly at the 0- to 5-, 5- to 10-, and 10- to 12-cm depth days kPa kg kg-'
for rototilled, chiseled, and simulated subsoil tillage 121 Rice 3.00tb* 0.175c 
when compared with the no-till control (Fig. 3A). A 251 Soybean 2.96 c 0.172d375 Corn 3.02 asignificant difference in PR in the 12- to 21-cm depth 755 Rice 3.01 ab 

0.178b
0.195a
 

occurred only for the chisel treatment; the low PR was
due to the more uniform, deep tillage effected b5 chisel , Mleans with the same letter in a given lurn are not significantly differ. 
ent at the 5"k level by the Waller-Duncan multiple comparison test.plowing. tEach value is the eman of 320 measurements. 

Table 6. Bulk density of undisturbed soil cores from the 0- to 15-cm depth before harvest;ng crops for the different 

land reclamation treatments. 

Treatment 121 d 251d 375d 755d Mean 
" Mg m 1 

Control ino till) 1.37t- 0.14 1.39 : 0.07 1.51 * 0.05a* 1.55 * 0.02 1.44a
.Rototill112 kW) 1.34 ± 0.08 1.38 * 0.10 1.46 * 0.08ab 1.45 k 0.04 1.40ab 
Rototill (48 kW) 1.39 ± 0.08 1.41 * 0.11 1.49 * 0.08ab 1.47 * 0.10 1.43&
Chisel plow 1.34 h 0.13 1.31 * 0.09 1.49 * 0.05ab 1.47 * 0.09 1.40ab 
Controlled traffic 1.33 + 0.18 1.36 : 0.07 1.47 * 0.06ab 1.42 + 0.14 1.36ab
Bedding 1.26 0.11 + 0.10 1.36 ** 1.32 0.08c 1.44 * 0.06 1.33c 
Simulated subsoil 1.33 1 0.11 1.42 : 0.08 1.50 * 0.05ab 1.49 : 0.02 1.43a
Mulching 1.27 * 0.17 1.32 E 0.08 1.46 : 0.03b 1.41 = 0.04 1.36bc
Time means 33 ± 0.12C 1.36 k 0.09B 1.47 k 0.07A 1.46 k 0.08A 

* Means within a given column with the same luwerc-se letter, and time means followed by the same uppercase letter, are not significantly different at 
the 5% level by the Waller-Duncan multiple compari.in Let. 

t Mean of eight measurements. 

http:compari.in
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Treatment 

Table 7. Effect of reclamation treatment on grain yield of six consecutive crops at Yurimaguas, Peru. 

Rice Soybean Co.n Soybean Corn 

(lst crop) (2nd crop) (3rd crop) (4th crop) (5th crop) 

Mg ha-' 

Rice 

(6th crop) 

Control 
Rototill (12 kW) 
Rototill (48 kW) 
Chisel piow 
Controlled traffic 
Bedding 
Simulated subsoiling 
Mulching 

2.08 
2.24 
2.15 
1.99 
2.19 
1.56 
2.15 
1.63 

* Means within a given column with the same letter 

Initial 
---- Before horivting first crop
 

_ ore harveting seond crop
Be--

harvetlng third cop~), 

- harv 
h 

crop 
War... 


Befors ixt 


-a----.- '-"-" 

0.32c* 0.70( 0.49d 0.64e 1.44d 

1.16ab 2.66ab 1.23bc 2.41cd 2.51bc 

0.98ab 2.51eb !.04c 2.38cd 2.29bc 

1.40a 3.22a 2.05a 3.45a 3.12a 

0.79b 2.16b 1.09c 2.12d 2.16c 

1.01ab 1.16c 1.43bc 2.10d 2.51bc 

1.27a 3.25a 1.61ab 3.06ab 2.57bc 

1.16ab 3.13a 1.47bc 2.74bc 2.67b 

are not significantly different at the 5% level by the Waller-Duncan multiple conparison test. 

Corn (third crop) root length vs. depth as aff-etedTable 8. 

by 'and reclamation treatment. 
E 

GA IEDepth0 


0.3 


(12 . 

T I i g 

OI 


I I 

0-44.0 -39.2 -29.4 -19.6 -9.8 

PRESSURE HEAD (k Pa) 

6.5 79.8 

PORE NECK DIAMETER (pim) 
15-cm depth of Yuri-

Fig. 4. Soil-water characteristics of the 0- to 


maguas soil. Vertical bars show the ISDoo for each pressure.
5 

creased the volume of micropores. The smallest vol-
ume of micropores, arbitrariiy defined as those pores 

that drain at soil-water pressures <-4.9 kPa, was 
measured prior to harvesting the seconid crop (251 d) 
after which time it began to increase. This behavior 
is probably due to the effect of tillage before seeding 
each crop, a process that encourages aggregate destruc-
tion. 

Grain Yield 
are given in Table 7. 

Grain yields for the six crops 

The first rice crop was the only crop that did not have 

significant yield differences among treatments. Ini
tially the soil structure was good in the surface soil of 
the no-till treatment due to aggregation effected by the 
5-yr growth of guinea grass on the site. Guinea grass 
has been reported to increase organic C content and 
improve soil physical properties such as hydraulic 
conductivity and water-holding capacity of Alfisols of 
western Africa (Kang anc. Yunusa, 1977). The low rice 
yield for the bedded treatment probably resulted from 
a lower seeding rate compared to all other treatments. 
Rice plants did not grow well on the edges os the beds 
because roots were often exposed. The mulch treat-
ment, which 	also had a low yield, had competition 
from grass that germinated from seed carried onto the 
plots during the mulching process. 

Rice yields for the sixth crop did respond to recla-
wasmation treatment. Yield for the no-till treatment 

significantly lower than all others and the highest yield 
was obtained 	for the chiseled treatment. 

Treatment 

Control (no till) 
Rototill (12 kW)
Rototill (48 kW) 

Chisel plowControlled traffic 

Bedding 
Sinualted subsoiling 
Mulching 

LSD,.,T Treatment = 5.0 

8.6 

0 to 0.2 to 0.4to 
Mean0.2 m 0.4 it. 0.6 m 

km m"
 

0.0 8.0t20.7t 3.1 
7.1 1.6 17.142.7 

2.1 13.534.6 3.8 
26.445.8 22.2 11.3 17.544.2 5.5 2.7 

1.8 12.431.5 4.0 
38.5 18.3 8.3 21.7 
35.9 9.e 2.0 15.9 

x depth =DoTreatment14.7 2%4 
of 12 measurements. 

t Mean of 36 measurements. 
tEach value ia the mean 

Table 9. Effect 	of land reclamation treatment on relative 
grain yield for each crop. 

Treatment Rice Soybean Corn Mean 

- % 
Control 69t 23 20 37 

Rototill 112 kW) 
Rototill (48 kW) 

Chisel plow 
Controlled traffic 
Bedding 
Simulated subsoilingMulching 

93 
87 
100 
85 
80 
9284 

69 
59 
100 
54 
71 
8376 

76 
73 
100 
64 
43 
9488 

79 
73 
100 
68 
67 
9083 

t Each value isthe mean of the relative yield for two crops. 

The second and fourth crops (soybean) had signif
icantly lower yields for the no-till treatments than for 
all others (Table 7). Yields for both crops were poor, 
but those for the second crop were generally lower 
than the fourth due to drought and poor germination. 
Nevertheless, a response to chiseling and simulated 
subsoiling was observed. Mulching showed no yield 
advantage over the unmulched treatments even though 
the weather was dry. Lack of mulch response ;:s prob
ably associated with weed problems stemning from 
the applied grass mulch. 

Corn showed the z-ne general responses as soy
bean, with no-till having the lowest yield and the two 
deep tillage methods the highest. Corn root length data 
for the third crop arm shown in Table 8. For all treat
ments, the highest root length occurred in the 0- to 
20-cm depth, but root length in the 20- to 40-cm depth 
was significantly greater for the chisel plow and sim
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ulated subsoiled treatments than for all other treat-
ments. Few roots penetrated below 40 cm for any 
treatment but this is especially true for the no-till con-
trol. These data support the idea that the deep-tillage 
operations improved the poor physical properties in 
the compacted subsoil and thereby allowed deeper and 
denser rooting. 

Relative yield for the three crops for each recla-
mation treatment are summarized in Table 9. The 
greater relative yields were obtained for the deep til-
lage practices. Chisel plowing consistently produced 
the greatest yield and no-till the lowest.

Based on the soil physical properties, yield and root 
response data collected in this study, we believe that
reclamation of soils similar to this compacted Yuri-reclmaton o comactd Yui-sols smilr tothi 
maguas soil can be attained using deep tillage and ad-
equate fertilization. Compared to no-till, all treat-
merts decreased pb and CI and increased infiltration 
rate, the macro porosity, and total porosioy in the 0-
to 15-cm depth. However, only the two deep-tilled 
treatments alleviated the subsoil compaction. Tillage 
was effective in incorporating fertilizer and lime 
throughout the tilled layer. For all crops following the 
first rice crop, the soil physical properties for the no-
till treatment were not conducive to root proliferation 
and even though fertilizer and lime were applied, this 
treatment yielded poorly. The first rice crop for the
no-till treatment yielded well because it benefited from 
good soil structure in the 0- to 12-cm depth as a result 
of the guinea grass cover. It is possible that guinea1 
grass would be benieficial in promoting regeneration
of soil structure in the surface of compacted soils. 
However, deep tillage is necessary in deeply com-
pacted soils to obtain soil structure conducive to root 
growth below the 15-cm depth. 
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