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Abstract

The effects ol seven years of no-tillage with crop residue mulch on

soil physacal and chemical properties tYas compared with that of the

conventional seedbed prePardion involving ploughing and harrowing
for an Alfisol in Southwest Nigeria. These observations were made on

soil samples obtaiiried from the longterm tillage plots established at the
experiment:-i tarm of the lnternational ln$titute of Tropical Agriculture
since 1971. Soil bulk eipnrltv. ?r?talporositY, resistanceto penetrometer'

and Satur j."ed hydraulio ccjrtlitetivity were more favourable in no*tillage
than in flarr+had plots. The water runoff was 11 and 74 mrn with

corresponglrrs .;,'r.i :'"-rtc *f 320 and 2800 kg/ha season for no-tillage and

Conventionally ploug,:ed plots, respectively. Higher infiltration rate, and

therefore ress rur:*tf and erosion, on no-tillage plots was partly

attributed to fav*urable soi! structure created by high earthworm
a{:tivity. Earthworm castg air:};nted to 2O2O/m2 and 860/m2 in 80 days
for no--tiiiage and *{.31v-*::.-*.ii3ilY ploughed plots, respectively' The,

Surface layer of untilled plots contained higher concentration of organlc
carbon, total nitrogen, and exchangeable cations than that of the
ploughed plots.

lntroduction

The choice of an approplate methocl ol seedbed preparation depends on

soil characteristics, cropping systems, climatic envi:'onments, and

Socio-eooncjmic conditions. ln the humid and Sub-humid tropics. where sotl

erosion by water is a serious hazard, mechanical methods of seedbed
preparation may further ac-Oent_u.ate the ptoblem of soil er*si** {fii-i:1it, 1949:
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Abeyratne, 1956; Pereira, 1g62; Lat, 1976). Under ihese condltions,
no-tillage system with crop residue mulches and with chemicalweed control
has been shown to be promising for erosion control (Greenland and Lal,
1977), and for sustained productivity (Greenland, 1975).

Rapid decline in productivity of soils in the humid tropics following
deforestation for arable landuse is reiated to a multitude of inreracting factorsl
including deterioration in soit physical, chemical, nutritionat, and biotogicat
properties. Removal of a protective forest cover brings about a drastrc
change in ecological parameters that may lead to degradation of soii s
productivity (Lal and cummings, 1g7g; Lal, lggo). Maintenance of a
protective ground cover through crop residue mulches and with least scii
disturbance may dampen this rate of decline in soil properties. The objective
of this report is to describe the effects of long term adoption of no-tillage and
conventionaltillage methods on physical and chemical properties and crop
yield of an Alfisot in South-West Nigeria.

Material and Methods

These experiments were conducted at the lnternational lnstitute of Tropical
Agriculture (llrA), near lbadan, Nigeria. The llrA is located approximately 30
km south of the northern limit of th+zone of tropical rainforest. The average
qnnual rainfall varies f rom 1000 to '1350 mm,. and has a bimodal distribution.
Ihe f irst rainy season begins towards the end of March and terminates in July,
and the shorter second season beings in August and ends in November.
These two rainy seasons are separated by a short dry spell rn August and a
long dry season from November to March.

The soil analyses reported here pertain to samples obtained in 1977 -7g
from the long term tillage plots established since 1971. The soit belongs to
Egbeda association and is classified as a clayey skeletal, kaolinitic,
isohyperthermic, oxic Paleustalf. Under the cover of natural vegetation, the
surface soil is sandy loam with strongly developed fine crum-b structure
There exists a well defined gravel horizon that lies approximately between 25
to 60 cm depths.

The effects of tillage systems on soil propdrties was jnvestigated under
maize-maiie crop rotation. Maize (var TZpB) was seeded arorod 1Sth April
in the fiist and 1Sth August in the second season. conventionaily tiiled ptots
were pioughed with a moldboard plough to a depth of approximateiy 2ocm
and were disc harrowed twice.

No-tillag.e plots were sprayed with 2.5 I /ha of paraquat (1 . 1 - dime thyt-4,
4-bipyridinium ion) before seeding. Both tillage treatments recdived atrazine
(2-chloro-4-ethylamino-6 isopropyl amino* 1, 3,5-triazine) at 2 kg/ha as
pre-emergence weed control.

All plots received a basal dose of murihte of potash at 30 kg/ha Nitrogen
application was made at the rates of 0 (No), 40 (N1) B0 (N2), and 120 (N3)kg
N/ha as urea applied 1/3rd at seeding and the.remaining 4 weeks after There
were three levels of phosphorus: 0 (po), r 3 (p1), and 26 (p2) kg p/ha apptied
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as single super phosphate at seeding. Treatmenis were laid out as 
randomized split plot design with tillage methods as main plots. All treatments 
were replicated thrice with sub-plot size of 2Ox5m. 

Soil physical properties were determined on six undisturbed cores (100 
cm3) obtained from each sub-plot for 0-5, 5-10, 15-20, and 25-30 cm 
depths sampled before seeding and 4, 8, and 12 weeks. Soil physical 
propert~es monitored included bulk density, low and high energy moisture 
retention characteristics determined with tension table and moisture 
extractors, and saturated hydraulic conductivity monitored with a constant 
head permeameter. Pore size distribution was inferred from the moisture 
retention curves (Black, 1965). In addition, unconfined soil strength was 
monitored with a penetrometer, and aggregated stability was determined by 
Yoder's wet sieving technique (Yoder, 1936). The results of wet sieving 
analysis were computed to obtain a mean-weight diameter of aggregates 
(Van Bavel, 1949) Earthworm activity was monitored as the number of weekly 
fresh casts produced on a 25 x 25 cm quadrant in each sub-plots. 

Soil erosion and water runoff was monitored in some treatments by 
establishing 10 x 1 m runoff plots. Estimates of,water runoff and soil erosion- 
were obtained after each rainstorm. 

Chemical analyses of the soil was done on another set of samples similar to 
those obtained for soil physical analyses. These samples were air dried, 
ground gently and sieved through q 2-mm sieve. Soil samples were 
analysed for organic carbon (by dichromatic oxidation), total nitrogen (by 
Kjeldahl digestion), Bray-l phosphorus, and IN ammonium acetate 
extractable cations such as Ca++, Mg+, K+, and Na+ (Black. 1965). 

Results 

Enrrh Worm Activity: 

The example of soil analyses are presented for either 1977 or 1978 growing 
seasons only. The results for two years ware identical. Earthworm casts were 
more in untilled than in tilled plots (Fig. I ) ,  and amounted to.2020 and 860lm2 
in 80 days from August to October for no-tilled and conventionally tilled 
plots, respectively. Higher worm activity in untilled plots may be due to the 
effect of mulch (Lal, 1978), and to favourable soil chemical characteristics 
(Madge and Sharma, 1969). 

Bulk Density and Soil Strength: 

Changes in soil bulk density at different times after seeding for both tillage systems 
are shown in Fig. 2. Higher bulk density observed before ploughing the con- 
ventionally tilled plots may be attributed to soil compaction caused by raindrop 
impact on an exposed unprotected soil. Th,e loosening effect of mechanical seed- 
bed preparation lasted for about 4 to 6 weeks, and thereafter the surface soil 
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Fig. 7. Nutrient profile u n r i ~ r  trco rilloge sysrerrrs. 
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settled t o  a higher bulk det~s~n/ than the untilled soil. Development of-a m- 
pacted zone in the ploughed plots is  observed between 20 to 30 cm depth. 

Soil strength was related to changes in soil bulk density (Fig. 3). In convert- 
tionally tilled plots, y e  resistance to penetrometer of the surface s il changed 

, 9 from about 2 kglcm before ploughing to 1.2, 2.7, and 5.0 kglcm at 4, 8, and 
12 weeks after. On the contrary, there were slight changes in resist nce to pene-- 1 trorneter of the surface soil in the ~lntilled olots (0.7 to 1.0 kg/crn ). 

al' Stabili 'ty and Pc ore Size i on: 

r-- I-. .. Mean wergrn d~ameter or rne surface 0 to acrn layer was 3.6 and 2.6mm for 
no-tillage and conventionally tilled plots, respectivelly. Poroslte profiles 
measured before seeding and 4 weeks after are shown in Fi. 4 and 5 
respectively. Before ploughing, there was higher total porosity-and more 
macro-porosrty in untilled than in tilled plots (Fig. 4). Increase intotal porosity 
and in the relative proportion of macropores by ploughing was observed for 4 
to 6 weeks. Ploughing resulted in 15 to 20 percent increase in total porosity of 
the surface layer. However, the effect of ploughing on porosibr wais negligible 
about 8 weeks after. 

Saturated ~ ~ d r a u l i c  Conductivity: 

Saturated hydraulic conductivity of the 0 to 5 cm layer was significantly 
more in no-tillage than in conventionally ploughed plots befoce ploughing, 
and reverse was the case immediately aftel ughing 
(Fig. 6). On the other hand, the hydraulic ( 5-20, 
and 25-30 cm layers was more in ploughe ments. 
Higher conductiv~ty of the surface layer in no-tillage p ~ o ~ s  was relared to a 
honey-comb like crumb structure created by biological activity of soil 
animals including earthworms, centipedes, an$ millipedes 
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Rimoff and Soil Erosion: 

Mechanical tillage incresed soil erosibn. Cumulative runoff losses were 14 
and 74 mm with corresponding soil loss of 320 and 2,800 kgtha per season in 
no-tillage and convent~onally ploughea plots, respeqtively. High infiltration 
in no-tillage treatment that decreased runoff losses is attributed to the lack of 
crust formation of the mulched soil surface. and to g high activity of soil fauna 
that imy: 

Nutrient rrojues: 

Soil chemical characteristics under both tillage systems are shown In Fig 
7. On weight basis for analyses c ~ d u c t e d  on sieved soil samples, the 
surface layer of untilled plots contained higher concentration of organic 
carbon, total nitrogen. and exchangeabkcations thanthat of the --  . ploughed 
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plots. However, tnere was a relatnfefy unmrm distribution of these elements 
with depth in ploughed than in unpWghed plots. 

Considering differences in soil bulk density due to tillage treatrnenrs, rota1 
nutrient contents of different layers was computed for both tillage methods 
(Table 1). Total nutrient contents in 0 to 5 and 5 to 10 cm layers were more in 
no-tillage than in ploughed plots, although reverse was the case for 15 to 20 
and 25 to 30cm layers. The sum of N, P, Ca; Mg and K for 0 to 30 cm layer was 
9.77 and 8.35 tlha for no-tillage and ploughed plots, respectivety. However, . 
the total quantity of organic carbon in 0 to 30 cm layer was more in pk~Qhed 
than in unplwghed soil (39.2 vs. 41.2 ttha), although a considerable afnount 
of undecomposed crop residue remains on the surface of no-tillage plots. 

depth, the soil depth above the gravel layer, and its water and nutrient 
retention capacity. Root development through the gravel layer is restricted 
(Babalola and Lal, 1977). Decline in the nutrient reserve of the ploughed plots 
may be attributed to soil erosion that 1 preferentially r m e s  Cdlo~d fraction 
with high "enrichment ratio" (Lal, 1976), resulting in a progressive depletion 
of its nutrient reserves. 

There has also been, over a period of time, decline In physical and 
chemical properties of soil in no-tillalge plots. Some +eed species have 
developed resistance to paraquat and compete with crop growth. Weed 
species that persist in no-tillage plots include Panicurn maximum, Talinum 
triangulare, and Zmperata cylindrica. Besides, herbicides may be expensive 
and often not readily available to many small fanners in the tropics. The 
surface soil is also compacted wherever the crop residue mulch is 
inadequate. Mechanical tillage alleviates the adverse effects of soil 
compaction.during seedling establishment, althdugh crusting may inhibit 
seedling emergence. 

The success of no-tillage system depends on the availability of crop 
residue mulch in quantity sufficient to prevent erosion, and to improve 
hydro-thermal regime of the soil. The mulch material may not be always 
available because of its alternate uses for fuel and fodder. 

Both tillage systems have therefore their merits and demerits, and no sjngle 
method can be universally applicable for all soils and crops. Though 
no-tillage system may maintain soil productivity over a long period, 
immediate returns are also of greater significance. lnspite of its high fertiliv 
status, no-tillage system may require additidnal N to oV-set its 
immobilization by microbial aaivity. Crop yields in no-tillaqe plots may also 
be reduced by an increase in insect and pest incidence due to the infected 
residue left on the soil surface 

The most serious problem with convent-l tillage is soil arosfm. Whereas 
contour cultivation, terraces, grass watetways, and bu"3" ctr 3- CT 

decrpsse soil erosion. those mechanical devices am ~ x m n s i w  to ~w'P'~ e-d 
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maintain (Couper et al, 1979). Farmers may be releuctant to invest in such 
techniques whose returns are rather doubtful. 

Whether no-tillage is a feasible alternative for tropical environments 
depends on its acceptance by the farmer. Its long term advantages in erosion 
control and maintenance ofsoil productivity have to be evaluated in view of its 
special requirements of herbicides, appropriate seeding and spray 
equipment, and development of specific farming systems. That is the real 
challenge to agronomists; extension workers, and farmers in the tropics. 
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