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Summary iaturat:on percentage below 0.5 cmole L 
Improper mechanical clearing has I and 5%. respectively.57 The Pinitialh highland p picto rae kg )P applicaton rate (567 kg P ) inha- ' in
damaged large areas in humid tropical creased modified Olsen extractable P to 
regions. rhe objective of this study creaedPmodifieddOrsendextra t eo was .o evaluate the effects of several ftataster rate than the decrease~in soil
soil reclamation treatments on the soil 
chemical properties of an acid. infertile pH. Fertilizer K had to be applied af-
Oxisol inaWest Sumatra. All combina- ter each crop to maintain desired critical 
tionsMg, of four lime pus fertilizer IN. . K. levels. Mulching decreased the percentli fertionserS. Cou n. ca n, K.2ageMg, S. Cu. Zn. .1vln) applications inure.a of Al as a result of basic cations 
low, medium, and high) and six tilaae coming from the mulch. The mediurn o
practicts level of chemical inputs was suflicient tohoeing [H], H - mulcing maintain soil fertility above critical, but 
wirh calopogonium (Calopogonum Mu- below optimum nutrient levels and isa 
canoides), H - green manure, manually
turning the upper 0 cm of soil with a 

prac:ice that could be adopted to rec!aimighly acid soils in the humid tropics.
digging fork, deep forking in alternate h
 
strips, and rototilling) were evaluated.
 
The continuous sequence I
cropping was Introduction 
rice (Oryza saria L.), soybean (Glvcine
 
max L. (Merri), mungbean (Vigna radi- The 
 use of improper mechanical land
 
ata L.), rice and soybean. Soil chemical clearing piocedures often removes top
levels were measured initially and after 
 soil and results in unfavourable soil
harvesting each crop. The initial high physical and chemical properties for
lime application rate (6840 kg ha 1) in- plant growth (LAL & CUMMINGS
creased and maintained soil pH > 6.0. 1979, LAL et al. 1986). M1ch mechan
increased -ECEC by 3.1 cmole 1 1. and ically cleared land in the humid trop
decreased the exchangeable Al and Al ics. especially that cleared with bulldoz
[SSN 0933-3630 ers with straight blades, has limitations

by CATENA VERLAG, f989 1981.for annual crop production )LAL 
D-3302 Cremlingen-Destedt. W. Germany NYE & GREENLAND 1964. SEU0933-3630 89 5011851 USS - BERT2.00 0.25 et al. 1977). Prior to clearing, 
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28 Makarim Cassel & Wade 

the topsoil typically is richer in nutrients, soil reclamation practices the chemion
has a higher organic matter content. and cal properties of an Oxisol. The soil hadhas a higher CEC c:ompared to the sub- previously been stripped of most of itssoil. Mechanical clearing often removes topsoil during mechanical land clearingsignificant amounts of the topsoil, and in and subsequent erosion IMAKARLM et
extreme cases, the soil remains devoid cr al. 1988).

nearly devoid of. vegetation. Such bare

soil typically rias high soil temperatures 2 Materials and methods
 
which may result in further reductions 
in organic matter. total N and P (CUN- A 0.23-ha field was selected in an areaNINGHA.I 1963). that had teen cleared in 1977 using a

Simple methods for reclaiming soils bulldozer with a straight blade. The field.daraged in the above manner were de- located in an area of undulating topogveloped for Ultisols IALEGRE et al. raphy. had a 10% slope, and most of1986) and Alfiso!s iOPARA-NADI et al. its topsoil had been removed during tne19861. For those soils unfavorable phys- 1977 land clearing operation. The soilical properties resulting from mechani- was a clayey, kaolinitic, isohypothermic.
cal land clearing operations limited plant Typic Haplorthox. Several attempts bygr-.,th. Little reclamazion work has been local farmers to grow crops on this soildone on damaged Oxisols which typi- had f'iiled.
cally have stronger soil structure and a The site was located in the Ihumid trop
higher degree of aggregation. ics at Sitiuig, West Sumatra. Indonesia

Strategies for reclaiming land dam- 2 S. 102'E. 60 m above sea level). Dailyaged or harmed by mechanical land air temperature ranges from 20 to 33"Cclearing must be designed to alter soil and there is a wet season of 6 monthschemical prcperties. physical properties. duration 1> 200 mm month-') and less 
or both (ALEGRE et al. 1987). High than 2 months of dry season (rainfall
application rates of lime and P may be < 100 mm month- 1). The reclamation
needed to overcome low pH and low P study was conducted from September

levels on acid, infertile soils, respectively. 1983 through May 1985.

and both chemicals have loog 
 lasting Soil physical and chemical propertiesresidual effects on soil! chemical prop- of the field site were measured intenerties (SANCHEZ & UEHARA 1980. sive!y prior to formulating reclamation
YOUNG & PLUCKNETT 1966, SEU- treatments. Selected chemical properties

BERT et al. 1977). High P and lime in the 0- to 
 I5-cm depth and methods ofapplication rates decrease the amount of measurement follow: 12 mg organic CP required for plant growth, decrease the g-1 soil IWALKLEY & BLACK 1934):
P fixation capacity ISALMON 1973) and 1.0 mg total N g-' soil. determined byincrease CEC in soils of variable charge Kjeldahl (BREMNER 1960); 0.4 mg
IUEHARA & KENG !975). Incorpora- extractable P L soil. Modif.:ed Olsention of green manure may help maintain (HUNTER 1974), 0.12 cmoi,, extractablethe levels of soil P. K. -N. Ca and Mg K L 1 soil. Modified Olsen iHUNTER(WADE & SANCHEZ 1983). 1974): 0.73 cmol., exchangeable Ca + Mg

The objective of this investigation was -' soil. I V KCI extraction (THOMAS 
to evaluate the effects of a wide range of 1982): and 2.22, 7.7. 4.2. and 69 mg ex

01L 7E :1P.0I ) r %. -l r n . Iorrlj) I1 CATENA 
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changeable Mn,Zn. Cu,and Fe L soil, 
Modified Olsen (HUNTER 19'4). pH 
was measured in a 1:2.5 (gig) soil to wa-
ter suspension. Summation of K, Ca. 
Mg, Al, and H gave an effective cation 
exchange capacity (ECEC) of 4.61 cmcl, 
L-1soil. Soil physical property measure-
ments in the 0- to 15-cm depth showed 
the soil was 74% clay, had a low bulk 
density of 1.09 g cm',and an infiltration 

-rate of 0.20 m hr '. 
Based on the above information, we 

concluded that unfavorable chemical 
properties were the major' constraints to 
crop production. C~nsequently. three 
fertility treatments (tab.1)were designed: 
treatment FO. no lime or fertilizers: Ft. 
the addition of lime to maintain Al satu-
ration near 404 and fertilizers to main-
ratin4% anner fetiliersto min-
tain nutrients just above their critical 
levels (HUNTER '974): and F2, lime 
and fertilizers added to neutralize all ex-

changeable Al in the soil. to satisfy the 
P fixation capacity of the soil, and to 
maintain the other nutrients at their low-
est optimum levels. Because soil acidity 
and P levels of the FO treatmtni were so 
low, plant growth was negligible. Con-
sequently. treatment FO was terminated 
after the third crop and was replaced by 
treatment Fl-2. for which lime was ap
plied in amounts to attempt to maintain 
the Al saturation at 20%. while other 
nutrients were kept adove critical, but 
below optimum levels (HUNTER 1974). 

All fertilizers and lime were broadcast 
except Cu, Zn. and Mn which were foliar 
applied to each crop 30 days after plant
ing. Broadcast applications were applied 

volume of soil two times greater than for 
the other five tillage treatments. Lime 
and fertilizers were applied to the strip 
forked plot'i on a whole plot basis, but 
were concentrated in the forked strips. 
Two additional N applications were ap
plied 30 and 60 days after planting. 

Six tillage treatments were formulated 
in an attempt to optimize chemical in
corporation ind promote deep roo.ting. 
Tillage treatments were: 

I. 	hand hoeing to the 15-cm depth ithe 
accepted tillage practice in the area): 
h flowed by mulching with 
hci fo 
calopogonium Calopogonium mu
tLioldes) at 12.J Mg fresh weight 
ha -' for the rice crop, or 8.0 Mgdry matter of rice straw ha-i tor 

the soybean and mungbean crops; 
3. green manuring by incorporation 

with hoeing of calopogonium at the 
rate of 12.5 Mg fresh weight ha -' 
prior to p!anting the first, fourth, 
and fifth crops: 

4. 	 forking. i.e.. uniformly mixing the 
soil to the 30-cm depth with a 4-or 
5-pronged digging fork: 

.	 strip forking by tilling the soil to the 
30-cm depth in alternate 20-cm wide 
strips spaced at 40-cm centers: and 

6. 	 rototilling, an operation that uni
formly mixed soil to the 10-cm 
depth. 

Deep tillage in the forked and strip
one day before plaiting, e:ccept that lime forked treatments was performed one 
and P were applied 7 days before plant- time each year. before planting rice.
ing. Rates of lime and P were doubled for Crops were planted in the tilled soil for
the forking tillage treatment (described the strip forked treatment. All six treat
later) prior to planting each rice crop: ments were hand hoed before planting
these chemicals were incorporated into a the second. third, and fifth crops. 
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30 Makantm. Cassel & Wade 

Lime.fertilizer. Nutrient Wit 
FO FI-2 F1 

kg ha - ' 
F2 

Rice (1) 
Limo" 
Urea 

CaCO3 
N 

0 
0 

1500 
120 

6840 
I50 

TSP" P 0 39 567 
KCI K 0 73 146 
\.SO, 
NgSO 

H'O 
1H1O 

Mg 
S 

0 
0 

o0 
93 

1,.) 

187 
CuSO4 SHO Cu 0 I 2 
ZnSO4 HO Zn 0 4..C 
MnSO4 3H:0 Mn 0 0) 0 
So.bean (2) 
Lime' CaCO 0 0 0 
Lrea N 0 0 0 
TSP*" 
KCI 

P 
K 

0 
0 

) 
50 

0 
149 

M1SO H:O %Ig 0 0 0 
M0 HgSOH S 0 0 0 
CuSO 'HO Cu 0 0 0 
ZnSO 4 H*O Zn 0 0 0 
MnSO4 3H-0 Mn 0 1j 2 
\lungbean (3) 
Lime' CUCO 0 313 0 
Urea N 0 0 0 
TSP' 
KCI 

p 
K 

0 
0 

39 0 
0 

MgSO 4 HO Mg 0 0 0 
MgSO4 HO S 0 0 0 
CuSO4 5HO Cu 0 0 0 
ZnSO 4 H:0 
%MnSO 3H.O 

Zn 
Mn 

0 
0 

0 
0 

0 
2 

Tab. 1: Rates of lime and errili:ersapplied, based on nutrient units, for each level of 
chemical inputs and for each crop. 

Treatments were arranged in a split ing treatment which required a 40 cm by
plot with fertility as the whole plot 15 cm spacing because of the 20-cm wide
and tillage as subplots. The experi- untilled strips. A granular insecticide. 
mental design was a randomized corn- carbofuran [2.3-dihydro-2. 2-dimethyl
plete block with four replications. Sub- 7-benzofuranvlmethyl-carbonate 3G)J],
plot size was 4 m x 8 m and the field was mixed with the seeds as the rate 
was terraced to control surface water of 30 g insecticide per kg seed. Soybean
removal. The cropping sequence was cv. "Orba' was planted .ith the dibble 
rice (crop 1),soybean (crop 2). mung- stick at 40 cm by 20 cm spacings. All
bean (crop 3), rice (crop 4), and soy- details concerning plart response to the 
bean icrop 5). Rive cv. 'Sentani' was reclamation tre,tments will be presented
planted with a dibble stick at 25 cm by in a separate paper.
25 cm spacing, except for the strin fork- Effects of the imposed reclamation 
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31 Land Reclamation Practices. West Sumatra 

FO 1F-2 Ffl F2 1Limefertlize' Nutrient unit kg ha- i 

Rie (4)
 
Lime' CaCO3 21200 100 0
 
Urea N 
 135 120 150
 
TSP'" P 150 22 
KCI K 46 
MgSO 4 H:O Mg 10i 0 1)4 

S.MgSO4 H'O S 140 0 I)
CuSO4 5H-O Cu 0 
ZnSO4 HO Zn 1 7 " 
MnSO.i 3H2 O Mn 1i," 0.8 0.8 
Soybean 15)
Lime, CaCOl ) 0 0 
Urea N 1 0 0
TSP'" P ') 0 0 
IKCI K 93 46 140 
MgSO' H:O Mg I) ) 0 
MgSO, H:O S 0 0 0 
CuSOA 5H'O Cu )
ZnSO,. H.O Zn 4) 0 0 
.MnSO, 3H.O M n 0 0 0 
Total 
Lime' CaCO3 ) 2200 1913 6840 
Urea N 0 35 240 300 
TSP" P 0 150 100 567 

p KCI K I) 245 124 5 6
1 MgSO 4 HO Ig ) 05 0 140 

NMgSO, H:O S ) 140 93 187 
CuSO, 5H.O Cu 0 I I 2
ZnSO 4 HO Zn 0 7. 6.2 10.7
MnSO 4 3HO Mn 0 0.8 IS 48 

Rates of lime and P only .ere doubled Cor the forking 
tillage treatmert as described in the text. 
TSP = Tnple super phosphate 

Tab. 1: Continuation. 

treatments on the following soil chemical 3 Results and discussion 
properties were measured periodically:

pH. exchangeable Al. Al saturation per-
 3.1 Soil Acidity pH 
centage, extractable P. exchangeable K,
exchangeable Ca - Mg. ECEC, and ex- The effects ofchemical inputs and tillage
tractable Mn. Soil samples for the strip on soil acidity (pH) for five successive
forked treatment were taken from those crops are shown in tab.2. Soil pH in
soil strips where lime and fertilizers had creased with increasing lime and fertility
been incorporated. The lime and fer- levels. After the first crop was harvested.
tilizer application rates for each fertility i.e.. 19 wk after the initial lime applica
level for each crop are shown in tabI. tion was made. soil pH had increased 

0.03 and 0.02 pH units per 100 kg lime 

iOIL : ECHNOLLOGo- %;. lmrn Jou -I o1 CAENA 



32 Makarim. Cassel & Wade 

Treatment Rice 11) Soybean (2) Mungbean 3) Rice (4) Soybean 0) 

FO 4.2" 4.1 3.9  -

Ft 4.8 4.6 4.6 4.6 44


I FI-2  - - 4.9 4.8

F2 6.6 6.3 6.1 5.9 6.1

LSDn,). 0.2 0.3 0.2 0.3 0.2
 

Hoe 52 5.0 4.9 4.9
Mulch 5.2 5.0 4.9 5.0 50Green Manure 5.1 5.0 4.8 5.0 50 
Fork 5.4 5.2 4.9 5.6 5.6
 
Strip Fork 50 49 
 4.8 4.9 4.9Rototill 5.2 50 4.8 5.3 5.1
LSDn,)5 0.2 0,2 0.2 0.3 0.4 

Initial pH %as 3.7 

Tab. 2: Soil acidity (pH) as afected by chemical inputs and tillage /br -fiesuccessive 
crops on an Haplorthox soil. 

ha' for treatments FI and F2, respec-
tively. For each chemical input level. pH 
at harvest of the second crop was similar 
to the corresponding values at harvest 

ha- I of the first crop. The 313 kg lime 
application prior to planting mungbean 
maintained the pH level a! 4.6 for treat-meintainedSoil pHlevela,4.6for treatment Fl. Soil pH for treatment F2 was 
still >6.0 one year after the initial lime 
application although pH gradually de-
creased with time. 

Before planting the fourth crop Irice). 
lime and fertilizers were applied to create 
main plot treatment FI-2. thus terminat-
ing treatment FO (tab.1). When rice was 
harvested 17 wk later, soil pH for treat-
ment FI-2 had increased from 3.9 to 4.9. 
or 0.05 pH unit per !00 kg lime ha' 
applied. Treatment Fl. which received 
only 100 kg lime ha - ' before planting 
the 'fourth crop, maintained its pH at 
4.6. For treatment F2. although no lime 
was added for the fourth crop, the soil 
pH after rice harvet was still high (5.9). 
Only a 0.5 unit decrease in pH occurred 
for treatment F2 during the 61 wk pe-

riod between the harvest of the first and 
fifth crops. 

The tillage effects on soil p- were not 
as great as those for the chemical in
puts. Compared to hoeing, no signifi
cant differences in soil pH were found
for tillage except for the fourth and fifth 
crops. In general. compared to hoevig, 
pH in the forked treatment tended to be 
higher, whereas it tended to be lower in 
the strip forked treatment. Recall that 
lime was applied at twice the rate on a 
plot basis for the forked treatment corn
pared to the other five tillage treatments 
(tab. l). Although an effort was made 
to uniformly mix the chemicals through
out the 0- to 30-cm depth of the forked 
ireatment. a greater proportion of lime 
apparently remained in the 0- to 15-cm 
depth as compared to the amount incor
porated in the 15- to 30-cm depth. The 
lower pH in the strip forked treatment. 
on the other hand. probably resulted 
from unintentional mixing of soil from 
the 20-cm wide strip to which the lime 
was applied with soil from the adjacent 

'I AL rECHNULUO I A .- NJPl arl .1 C.Ek%, 
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Treatment 

FO 
F1 
F1-2 
F2 
LSDo0 5 

Hoe 
Mulch 
Green Manure 
Fork 
Strip Fork 
Rotoull 
LSD 0 os 

Rice (i) Soybean 12) 	 Mungbean 3 Rice (4) Soybean 15) 
lcmoi, L-Ii 

4.3 3.6 17 
1.8 1.8 1.6 1.7 2.0 
- - 0.5 I0 

0.4 0.1 0.2 0.2 0.2 
0.4 0.6 1)3 0.2 0 3 
2.3 2.0 2.0 1.2 1.2
2.0 1.8 I - 08 1.1
2.1 18 I 0.8 I I
1.9 1.5 1 6 0.3 106
2.4 2.1 2.0 09 1.4 
2.1 19 5 0.7 	 1.1
0.3 03 03 0.3 

Tab. 3: Exchangeable .41 as affected by chemical inputs and ttl!,.ge otr fice 'uccessire 
crops on ar Haplorthox soil. 

20-cm wide unfilled strip which received 
no lime. In general soil pH decreased be-
tween successive lime applications for all 
tillage treatments. No significant inter-
action between chemical input level and 
tillage was found. 

3.2 Exchangeable aluminum and 
aluminum saturation 

The effects of chemical inputs and tillage 
on exchangeable soil Al after harvest 
of' all five crops are shown in tab.3. 
Exchangeable Al levels varied inversely 
with soil pH. The initial 6..R4 Mg ha - 1 
lime application rate for treatment F2 
was based on the presence of 4.56 cmol, 
L-' of exchangeable Al and the assump-
tion that 1500 kg ha-' of lime would 
be required to neutralize each cmol, of 
exchangeable Al L'. 

The effects of tillage on exchange-
able Al were less than those for chemi-
cal inputs (tab.3). Compared to hoeing. 
mulching resulted in significantly lower 
soil levels of exchangeable Al following 
harvest of the first, 	 second and fourth 

iol1I TECHNOLOGY-A r 1ouraq CrILNA,J .I 

crops. Although the difference was not 
significant, the trend was for exchange
able Al level in the green manured treat
ment to be less than 'or hoeing. It is 
possible where mulches or green ma
nures were applied, that temporary com
plexing of Al by organic acids occurred. 
Deep forking consistently decreased the 
amount cf exchangeable Al. the reason
being attributed to non-uniform incor
poration of lime throughout the 30-cm 
deep soil 'olume as discussed above. Dif
ficulties associated with uniformly incor
porating lime below the plow layer in 
Oxisols have been reportted by GONZA-
LEZ et al. (1979). Incorporation of the 
second lime application prior to plant
ing the fourth crop resulted in a signifi
cant reduction in exchangeable Al for all 
tillage treatments compared to hoeine. 

The effect of chemical input on Al 
saturation for each crop was significant 
(tab.4). The initial lime application re
duced the Al saturation value in treat
ment Fl to about 40, and maintained 
it near that value for each crop except 

http:ttl!,.ge
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Treatment Rice II Soybean 12) Mungbean (3) Rice 4 Soybean 5) 

FO 90 80 9 - -

Fl 39 46 38 38 55 
FI-2 - - - 10 27 

F2 5 2 2 3 4 
LSD,w 8 7 6 6 

Hoe 47 47 44 25 30 
Mulch 41 41 36 18 32 
Green Manure 45 43 39 19 31 
Fork 40 36 35 7 15 

Strip Fork 51 47 43 20 28 
Rototill 44 43 40 15 28 
LSDno: 5 5 6 6 6 

Tab. 4: -luminum saturation as affected by chemical inputs and tillage ;br fiue 
successive crops on an Haplorthox soil. 

100 II V 
0 9 SOYBEAN 

o RICE 

sBo RICE 

600 %Y 84.2-0.83(%AI sat.) 
" 60 0 8 

a. 

0 o SOYBEAN(0

U40 For AI sat2> 70 % 

w %Y x 0.4 I 

>
 
1 20 - For AI sat.< 70% 0 

w %Y •96.3-1.37(% Al sat.) 

R2 --0.99 

0 20 40 60 80 100 

ALUMINUM SATURATION (%) 

Fig. 1: Relative rice and soybean yields as functions .1Al saturation at harvest time. 
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Treatment 


FO 
F1 
F-2 

F2 


LSDo05  

Hoe 
Mulch 
Green Manure 
Fork 
Strip Fork 
Rototll 

LSDoo5 

Rice (1) Soybean (2) Mungbean (3) Rice 14) Soybean 5) 
icmol, L) 

0.4 0.9 1.0 - -
2.7 1.9 2.5 2.6 1.4 
-

7.2 
-

5.6 
-

6.5 
.0 

i.3 
2.3 
5.1 

0.5 0.3 0.2 1.3 0.4 
3.2 
3.6 
3.3 

2.7 
2.8 
2.7 

3.1 
3.4 
3.1 

36 

3' 

2.9 
1.72.6 
2.6 

4.0 3.4 3.9 50 
2.6 
3.8 
0.5 

2.3 
3.0 
0.4 

2.8 
3.6 
0.5 

.4 
43 
06 

2.4 
3.2 
0.5 

Tab. 5: Exchangeable Ca + Mg of soil as affected by chemical inputs and tillage Jbr 
five successive crops on an Haplorthox soil. 

the last one. Likewise. Al saturation for 
treatment F2 remained <5.0& for all five 
crops. These results suggest that soil tests 
can be used to help maintain a low Al 
saturation for very acid soils. The effects 
of tillage on Al saturation, also shown 
in tab.4, are similar to those reported in 
tab.3. i.e.. mulching and forking consis-
tently decreased Al saturation compared 
to hoeing. No significant interaction be-
tween chemical input level and tillage 
was found for either exchangeable alu-
minum or aluminum saturation. 

Relative grain yields for rice (first 
crop) and soybean (second crop) for all 
chemical input-t.Ilage combinations ver-
sus percent Al saturation at ilarvest time 
are shown in fig.l. A relative grain 
yield of 100% corresponds to 2.94 and 
2.44 Mg ha-' for rice and soybean, re-
spectively. (A complete discussion of 
yields as affected by tillabe and chem-
ical amendments for all five crops will be 
presented in a separate paper.) Although 
the data are scattered, it is apparent that 
soybean yield decreased linearly until no 

iOL TECHNOLOGY-- .alc/9 mOo Jou.r,,. CI.rENA 

grain yield was produced at 70% Al satu
ration. Rice yield also decreased linearly 
as percentage Al saturation increased, 
but the effect was not nearly as great as 
for soybean and no threshold value was 
observed. Exchangeable Ca + Mg data 
are presented in tab.5 for completeness. 

The addition of lime and fertilizers to 
treatment F2 increased ECEC (data not 
shown) at harvest of the first crop to 
7.8 cmol, L as compared with the 4.7 
cmol, L-' for treatment FO. At harvest 
of the third crop. the ECEC of treatment 
F2 was still 2.2 cmol, L greater than 
the 4.7 cmol, L 1value for treatment FO. 

3.3 Available P 

The effects of chemical inputs and tillage 
on soil extractable P after harvest of each 
crop are shown in tab.6. The soil P level 
f6r treatment FO was initially below and 
remained below the critical level of 12 mg 
P L-' (HUNTER 1974). Treatment Fl. 
designed to maintain P near the criti
cal level. received P fertilizer three times 
during the stud:t (tab.l). The P level for 
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Treatment Rice (1) Soybean (2) Mungbean (3) Rice 41 Soybean 151 
mg P L-1 

FO 2 I I -
FI 
Fl.-: 

t0 
-

4 
-

8 
-

8 
15 

6 
17 

F2 118 57 47 38 35 
LSDo 05  13 18 8 6 I1 

Hoe 38 18 15 16 17 
Mulch -18 17 17 19 18 
Green Manure 
Fork 

35 
56 

14 
37 

13 
33 

14 
36 

13 
38 

Strtp Fork 
Rotoill 

30 
55 

12 
24 

12 
22 

16 
22 

18 
18 

LSD,,.5 14 13 13 h 9 

Tab. 6: Soil extractable P as affected by chemical inputs and tillage tr five successite 
crops on an Haplorthox soil. 

Ft for each of the five crops at harvest However, there was no significant inter
had been drawn below the critical level, action between chemical input level and 
Phosphorus fertilizer was added to treat- tillage. 
ment F I after harvesting the second crop 
in an attempt to increase its level. Af- 3.4 Soil Exchangeable K 
ter the third crop was harvested, residual 

-soil P had increased to 8.0 mg L which The soil exchangeable K level for treat
was still below the critical level. Fur- ment FO ftab.7) was far below the critical 
ther applications of P to treatment :f levelof0.20cmol, L- (HUNTER 1974).
maintained the P level slightly below the Increasing the initial K level and main
critical level. The P fertilizer regime for taining it near the critical level (treatment
treatment FI-2 successfully maintained F I) and at a high level of 0.40 cmo). L- 1 
P above the critical level. For treatment (treatment F2) required a total of 224 
F2. P underwent an abrupt initial de- and 576 kg ha- 1, respectively, for the 
crease and then a slower rate of decrease duration of the study. Although the tar
but remained in the high range of avail- get soil K level for treatment F2 was only
ability. We anticipate the maintenance two times greater than for treatment Fl.
levels of P fertilizer will be required 3 2.6 times more K fertilizcr was required 
to 5 yr after the initial P application for to maintain it. Soil K was maintained 
this treatment, near 0.3 cm l L- for treatment FI-2. 

Tillage had little influence on soil ex-
With regard to tillage effects on soil changeable K level (tab.7). For each

P, the largest extractable P values were chemical input level, each tillage treat
found for forking and are atributed to ment except forking, received the same 
the higher P rates applied to this treat- amount of fertilizer K. Mulching signifi
ment in conjunction with incomplete cantly increased the soil K levels mea
mixing throughout the 30-cm depth. sured after the harvest of the third, 
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Treatment Rice (1) Soybean 2) Mungbean 13) Rice 0) Soybean 5) 
(cmo L -) 

FO 0.05 0.05 0.04 -
FI 
Fi-2 

0.10 
-

0.18 
-

0.15 
-

o.12 
0.25 

0,20 
0.29 

F2 0.23 0.30 0.21 0.25 o.38 
LSDoo5 0.13 0.04 0.02 0)07 0,12 

Hoe 
Mulch 
Green Manure 
Fork 
Strip Fork 

0.12 
0.14 
0.16 
012 
0.10 

0.16 
0.18 
0.19 
0.16 
0.18 

1)13 
'.;6 
0.14 
0,10 
ol-1 

019 
1)25 
,)22 
019 
'021 

0.27 
1).3 
0.31 
0 24 
o.27 

Rototill 011 0.18 ',2 t017 02 
LSD 0 5  006 0.10 1)02 ')4 0.05 

Tab. 7: Soil exchangeable K as affected by chemical inputs and tillage Jbr fie 
successive crops on an Haplorthox 3ol. 

fourth. and fifth crops. K was released lar acid, infertile Oxisols cleared by im
from the applied mulch and contributed proper mechanical clearing operations 
to a significantly higher K level for later can be rapidly reclaimed by judicious 
crops. Green manuring did not signifi- app!icatiois of lime and chemical fertil
cantly increase K although the trend was izers. We found it technically feasible 
for this treatment to have more K than to use soil tests to monitor changes in 
for hoeing. The greater effect on soil K of soil chemical properties after each crop.
mulching as compared to green manure This information was used to formulate 
is probably due to the fact that mulch and maintain plant nutrient levels within 
was applied to each crop whereas green prescribed limits for as many as three 
manure was incorporated only prior to crops per year by periodic applications
planting the first, fourth and fifth crops. of lime and fertilizers. Treatment F2 uti-
No significant interaction between chem- lized high input levels of chemicals to 
ical inputs and tillage was found. successfully maintain a desirable pH and 

optimum soil level of P. Ca and Mg for a 
time span long enough to grow five con-

Practical implications secutive crops: however, the more mobile 
K had to be added for each crop.

Successful reclamation of this Oxisol re
sulted by correcting the severe soil acid- Subsistence farmers in the area rarely
ity problem and applying sufficient P and have sufficient capital to purchase the 
K at appropriate time intervals. Hoeing large amounts of lime and fertilizers 
was a sufficient low input, but labor in- utilized in treatment F2. It is more 
tensive. tillage operation to incorporate likely that farmers would adopt a sys
these materials into the soil. Based on tem that uses kwer levels of chemical 
our results and observations at other lo- inputs (treatment FI), and which main
cations in the vicinity, we believe simi- tains lower soil levels of P. K, Ca -

SOILTECHNOLCGY- cOov 
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Mg, and pH by more frequent, but 
smaller, additions of lime and fertiliz-
ers. Although more research is needed, 

the medium chemical input system (treat-
ment Fl-2) utilized smaller amounts of 
lime and fertilizers compared to treat-
ment F2. but maintained the levels of P. 
K. Ca -,- Mg and pH above critical lev-
els. Long term research for both systems 
needs to be :onducted. 

ically from those reported for the recla-
mation study on an Ultisol in the Ama-
zon IALEGRE et al. 1986). The Ultisoi. 
a fine loamy, siliceous. isohyperthermic 
Typic Paleudult. had been severely com-
pacted during land clearing with a bull-
dozer witi a straight blade. Even though 
the pH was 4.4 to 4.5 to a depth of 
45 cm and percent Al saturation ranged 
from 63 to 900. the major limitation to 
plant growth was physical rather than 
chemical. Its successful reclamation was 
effected only when the soil, compacted 
during mechanical clearing, was allevi-ated by deep tillare i.e.. chisel plowing 

SbdB.S. 
to 25 cm or subsoiling to 30 cm. The 
two deep tillage treatments in the Ox-
isol for the current study presented an 
advantage over hoeing to 15 cm. 
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