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Summary

Surface mulching with crop residue
at the rate of 4 to 6 tons/ha decreases
soi! temperature and maintains favor-
able soil structure through enhanced
tiological actvity. Continuous surface
cover can be maintuned by growing
crops exclusively for ase as a mulch,
by live natch from low prowing and
least competitive cover crops or byvthe
use of crop residue through rotation
and tillage techmiques. Mulch allape,
such as mintmum tillape based on the
zonal ullape concept of maintaining
crop resdue in the inter-row zone and
simuitancously providing a pood seed
bed, mects most soil management re-
upland
Yields of maize, cowpeas, prgeon peads,
sovheans and sweet potatoes on mulch
tillage plots cqual vields tron plowed
plots. At the same time the soil cro-
sion is minimal and soil structure is
maintained by more intensive soilfora
and fauna aceivity,

\|llif(.‘”\('ll[.‘w for manv t'rt)[‘\.

introduction

Muleh farming techniques oifer a
tremendous potential in evolutionizing
a permanently viable system of Tand
use in the humid tropies, which is now
predominantly under a traditional bush
— or prass — fallow system.In addition
to overcoming the problems caused by
conventional method of sotl manage-
ment, there is a definite saving in time

and power resources of the farmer

Though the possibilities of such farm-
ing systems are promising, the adapta-
tion of this system to specific condi-
tions depends on dhe soil types, the
nature of the crop and financial re-
sources of the farmer.

When centinuous farming replaces
traditional cultivation in the tropics
there is:

@ Degradation of soil structure and
accelerated soil crosion,

@ Increased fluctuation in soil tem-
purature.

© Decrease of setl organic martter,
nutrients  and  moisture  holding
Capacity.

O  Change ih soil physical properties
and formation of compacted layers
near the sotl surface.

Productivity of troptcal soils for
arable crops can only be maintined
by cvolving farming systems suited
for the specific soil conditions. The
use of plow as a means of weed con-
trol appears unrealistic for tropical
soilswhere the serious limiting factors
are soil and water conservation and
high sotl temperature. Weeds can be
controlled cither manually, by chemi-
cals,and by surface cover of organic
mulches from crop residues. This bul-
letin details the potential of mulch
farming techniques as a system for
maintaining favorable physical condi-
tions of the soil in the humid tropics.



Soil Physical Characteristics

Once or the toposequences of soils
derived from basement comples rocks
mowestern Niperfa constats of soil
series Bkio, Epbeda, Two, Thadan and
Gaambor as upland and Apomu, Trepun
and  Marako oo lowland sorls. The
majortey of upland orls derived from
bascement complex and sandarone par-
entoanaternals 0l mnter-
mediate in particle size disuiburion
m the surtace horizon, Thewe
alvo characterized by oo Tow il trac-
tion (g 1), The surface horicons
have a sand content of S6-8077, <ilt
content from Ti=197 and clav content
of V=250 The mdividual partcles ot
such soils are casihy detached by rhe
beating action ot ron, and tiner parti-
cles are washed off the freld with the

are Corse (o

oty are

runot! water.

A pravelly honizon,  immediately

below the sartace horivon 1n a charae:
teristic
ment complex. Inaddition o variation
in the depth of the surface woil, the

pravel conteat i different soils also

teature of most sorls op bages

varics from 0, for soils inthe lower ca-
tena, to 75% of skeletal material im -
beded in the fine carth fraction (Fig, 2).
The depth and the thickness  of the
gravel horizon varies from seriesto
series in the various topo-sequences,
For the upper slope soils the gravel
hortzon is 15 emin Ekid, FEgheda and
Iwo, 20 to 25 c¢m deep for Thadan and
Cambari and deeper than 50 cm for Ire-
sun and Apomu soil sertes, Pl oas,
i penernd, a shallow soil with parti-
ally decomposed parent rocks within
0 cm oof the surface. The thickaess of
the pravel horizon is 50 cm for Iregun,
7S em for Gambari, 100 cm for Fgbeda
and 1% ¢ for Iwo. The penctrometer
readings in the gravel horrvon are pe-
crally highyranging from 1.33 to preat-
er than LS kg em-2 The overall bulk
density of the gravel horizon, depen-
dingonthe gravel concentration iy gen-
crally highyranging from Lo 1.7 g om ?,
The ngidity of the matrix tormed by
thiv combmaten inhibits the roor pene-
tration of most of arable crops such as

matze, rice, sovheans and vame,

? 10

B PRALTEN (men

I . |

1

Part cleeseee disinbation of the swurface horizon of different sotl series.



The available water holding capa-
city of the soil above the gravel hori-
zon is generally low for most of the
upland  sotls. The moisture release
curves show a sharp deflection point
between 0.1 and 0.3 bar suction and
there is little change in moisture con-
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tent beyond a suction value of 1.0 bar
(Fig.3). The available water holding
capacity of the surface soil horizon
ranges through 1.0, 1.2, 1.6, 2.1, 2.4
and 3.1 em for Iwo, Lgbeda, Ekiu,
Gambari, Iregun and Ibadan soil serics
respectively.
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Fig. 2. Particle size distnibution of the gravelly horizon for
dhifferent sonl senes,
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Fig. 3. Morsture release charactensties of the surface hori-

zons of some sorl sernes.,
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nges in So/ Properties as
sult of Forest C/earz'lzg
" Cultivation

Viogic Cycle:

Fhe removal of vegetation cover
ts the different components of the
logic cycle. The water balance
RS o1y fEDt--(1)

ton 1s P

¢ P Precipitation

R = Surface runoff

S Soil moisture storage
I Interflow

2 Evapotranspiration

t Time

Inder pative vegetation cover,
maintains ats infiltrability and
e runoff losses are low. Table |
data of surface runoff for four
ent slopes on newly cleared and
trvated land under bush fallow.
f losses trom bush tallow plocs
irely 1= of the ratns recetved
npared to a maximum of J9% {rom
d Tand, Stmilar resules for Went
voare reported by Dabin (1959),

Nye and Greenland (1960)and Charreau
(1972). Over a long period of time, soil
moisture storage (3) or the cquivilent
rise in the ground water level for hy-
dromorphic soils forms only a small
fraction  of the total precipitadion,
Available  water  storage  cupacity
(AWC) of the soil, on rthe other hand,
is decreasad by reduction in organic
mateer content (Cunningham,  1963).
Reduction in AWC of the surface soil
may also be agpravated by a decrease
in silt and clay content because of
sotl crosion (Lal, 1970, Removal of
deep-rooted vegetation also decreases
the water uptake by plants from the
deeper soil stratum, thereby increasing
the interflow losses of the infilirated
water (Charreau and  Fauck, 1971),
Forest clearing, therciore,may increase
Roand ©and decrease S and B compn-
nents of the avdrologic eyele.

Sotl Infiltrability:

Infiltration capacity of many soils
i the tropical torest zone is high.
Infiltration rates of savannah sotls are
reported  at 12,5 em he'l or more
(Wilkinson, 1970).Samie (1970) reported
mrttal infrltration rates of some savan-
mah sotls as vaying from 4.3 emoto
S0 em hett depending on vegetation
cover. The anfiltration rates of some
soti oseries from western Nigeria are
shown in Fipure 4 The infiltrabiliey

1. Effect of soil slope and vegetation cover on runoff losses different

times after land clearing.

Freshly cleared
Bare plowed

Two years after clearing
Bare plowed

% sush fallow
1.7
1.3
1.7

2.0

b7 201
20.0 21.4
291 219
12.8 17.0
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Accomulative anfiltration for same
soil before forest clearnmg.

Fig. 4.

at two hours after starting the infilira-
tion is S04, 6.0, 1704, 24.0, 49.0, 6O
and 720 cm he't, for Ekiti,
Gambart (repon 1, A ponu and Matako),
cpbediay repun B oand Thadan woil
series respectively.

Iwo,

This high initial rate indicates
the predominance of macropores in the
profile and o high magnitude of the
horizontal component of the hvdraulic
conductivity of the soils under forest,
The high ool anftltration rate de-
clines rapidly  after forest clearing
pecause the exposed soil is sealed
due to seructural degradation by direct
impact of rain drop on unprotected soil
partictes (Fig.S) In two hours, the
rotal water intake decreased from 300
land to 180 c¢m
for land under maize, and only B0 cm
for unprotected tallow, one vear alter
clearing. Hf the soil has been croded,

cmon pewly  cleared

with only stones and gravels left on
the surface, the infiltration rate may
again increase.The structural stability
of the soils to raindrop impact is
generally low (Bruce-Oktne and Lal,
1975), and the surface crustation de-
creases the mnstantancous infiltration
rate tremendously.

Soil Erosion:
Vegetation  removal  results  in

accelerated  soil crosion. This is
demonstrated by the work of ORSTOM

(Roose, 1967, 1970, 1971), IRAT
(Chaminade, 1970) and HTA all in
West Africa, and Hudson (1957) in

Rhodesia. Soil lesses of 10 tons/
ha/year are novmal under different crop
rotations.  Fournier (1967) reported
crosion losses on 1.9 slope of 1420,
33 and 954 tons/km? under sorghum,
proundnuts  and  rice,  respectively,
Kowal (1972) reported an average soil
foss of 10 tons/ha/year on plots of
approximately 19 slope. Experiments
it HTA indicate dhac on a bare plot
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annual soil loss can be as high as 115 0

tons/ha and 75%of the annual loss can » gwm e
. . . . s } Sub-Suetare fom
occur tn a single high intensity. ’
"
The nutrient losses in soil and ' r
runoff water caused by crosion are ’
substantual. The nutrient losses from
"‘

bare fallow plots of 1-15% slopes are

given in Tables 2 and 3. The loss of [
nutrients in surface runoff water is i
negligible as compared to the loss of 27

nutrients and organic matter in the : -
croded soil. In these tropical soils, )
the leaching losscs of nutrients with
percolating water wre more serious than
the nutrients iuthe renoffwater (Fip.0).

—

Loss of the surfare soil and puat- - {
rients can result in significant yield ["‘I I [ [ J "
reductions, particularly on soil with T T tUA T
shallow surface soil horizons. The

Fig. 6. Relative nutrient coneentration in
surface run-off and sub-surface
water.

Table 2. Nutrient losses in run-off water (xg/ha/yr)

Slope % N P K Ca Mg
! 3.90 0.45 4.56 11.24 24.46
5 5.51 0.54 6.17 16.99 2.53

10 5.68 0.77 5.57 14.86 3.14

15 4.51 0.72 4.14 12.53 2.96

Table 3. Nutrient losses in eroded soil (kg/ha/yr)

) Total Organic .

S/,%)L 0 C)‘mb,(i/n"m Total N Available P
! 58.3 6.2 0.2
5 865H.4 99.7 1.8

10 1847.2 191.3 2.2

15 3073.4 225.6 8.1
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effect of artificial removal of surface
soil on vield reductions of matze and
owpeas for bBgbeda soil series iy
shown i Figure 70 A Toss of 109 cmof
carface sotl resulted i oyield reduc-
tions of 40 for maize and S0 for

C()\\.‘p(,‘.lh.

Soil Temperature

Various components of the energy
halance equation are affected by vege-
tation removal, The energy balance
CqUALION In:

RoT-v R G B L1l cm- s hon
N [

flux density of total shor

where Ry
wave radnttion recetved.

albedo (for reflection coef-
ficient) of ground surface.

A

D

Effect of salace soil removal on yield reduction,

Rp, nee flux density of Jong
wave radiation emitted by
the surface, the difference
between that emitted and
absorbed.

G Hear flux densiey into the
ground.

I Sensible  (or non-latent)
heat flux density into the
atmosphere.

. - Latent heat of vaporization

of water {(cal g").

I Evaporation rate.
Vegetation removal increases the
heat flux density into the ground (G)
and the L. oand E components of the
energy balance equation. The effect of
vepetation removal on soil temperature
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be b

adversely affect emergence, vigor and
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and

fluctuating soil temperatures on naize
scedlings are shown in Figures 9 and

10,
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temperature of cleared land can : TR -
ctween 20 and 30 .

Sotl temperature above 36 € can

Lof crops such as maize,soybeans
vam. The effeces of constant and

On the average there was a 107
case in fresh and dry-shoot weipht

ture above 30 C. The shoot and
concentrations of N, P and K were
decreased while that of B oin-
sed with an increase i soil tem-
te. The effeet of high soil tem-
ture on soybean scedlings was
Lar to that of maize (Fig. 1),

STOR M HATA

Structure and Biological Acdivity: .
ctation removal deteriorates soil Fig. 9. Effect of constant soil tenperature

structure, particularly if the sotls are on shool weight of maize for two
exposed to the vagaries of tropical Soill moisture suctions,
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Frg. 10, Effect of fluctuating sorl tempera-

ture on plant height,

climate for 2 long time. The factors
responsible for decline in sotl strue-
ture are decrease inoorganic macter
content, raindrop splash and changes
in micro climate, thereby adversely
affecting the flora and fauna.

Changes in Soil Propertzes by
Tillage

Soil structure is altered by plowing
Jue to increase in porosity and percent
of macropores. This increase in poro-
sity decreases the thermal conducti-
vity as well as the volumetric heat

8

capacity (Van Duin, 1956). The effect
of tillage on soil thermal regime is
also affected by initial soil properties
such as stratification and the particle
size distribution of various horizons.
Tillage effects on annual variations
in soil temperature are small,

In addition to plowing, various
culturul practices such as planting on
ridges, furrowis, mounds, flat seed bed
and orientation of rows significanty
affeer the soil temperature, Tempera-
ture variations resulting from different
cultural practices are also governed
by such soil properties as texture,
moysture characteristics, heat capacity
and thermal conductivity. For coarse-
textured soils, the effect of different
cultural pracuces on changes in soil
thermal repgime is shown tn Fipures 12
and ! 3. Ruidges and mounds have higher
maximum temperatuce and lacper fluc-
tuations in soil temperature than che
flat seed bed.On coarse-textured soils,
ridges and mounds not only have more
exposed surface  rea but also the
lower soil moisti.¢ regine irncreases
the temperature fluctuations.

Effect of Mulching on Soz/
Pmpert/'&s'

Mulching affects both the physical
and chemical praperties of soil. The
organic matter content, an important
faccor in maintaining the fertility sta-
tus of tropical soile and cation ex-
change capacity, can be maintained at
a high level by mulching. The effect
of mulching on soil physicalproperties
is described below:

Frosion Control:  Mulching has a dis-
tinct advantage for erosion control on
tropical soris. Not oaly is the rain
drop direct impact on the soil avoided

by mulching, the runoff losses also
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are minimized hecause the soil aofil- 1 shown o Table 6. The runoff losses
trability s maintained at s maximun owere 2004, 8 and 29 for 0,20 4 and

leve!, The effect of straw mulching on O tons of mulch per hectare. Runoff

runoff losses is cquivalent to that of  Josses for mualch rate of 2 tons/ha
Lush fallow cover for all the slope were only one-third of that from un-
ranges of oo 197 Clhable ) Runoff mulched plots. Soil losses were 1n the
water from the mulched plots 1 penes- atio of 1900 19 40 1 for mulch rates
vy clear wirh a aunrmum of s edinent of 002090 Grtons/ha. The plot of rato
Clable ™. bxperiment. at ITA i of wotl el water Toss with mulch 1o
Cate that crosion losaees from mulched  correnponding losses with no mulch
plots are neplipible widhin the lope Cuudo b facton) sndicates the effective-
ranpen of Tto 1970 The effect of rate e of mulih in crosion  control

ot mubching oo runoff and soil Tonen (hapa

Table 4 Effect of mulching on runoff losses (September - December 1970)

S/’r')pv Bush fallow Percent runofl under maize
Urnmulched Mulched
1 1.7 6.4 2.0
5 1.4 40.3 7.7
10 1.7 42.3 5.7
15 2,0 17.6 1.9

10



Table 5. Effect of mulching on the sedimeat density in runoff water (Storm
of June 1, 1973) Totui rmntall  44.2 mm

Slope Sediment density g/liter under maize
~ Unmulched Mulched
! 0.28 0.00
S 9.76 0.36
10 7.0 0.45
15 5.75 0.08

Table 6. Effect of rate of mulch on runoff and soil loss.Total rainfall 64 mm

Muleh rate Stope (%) Mo Percentage
{tons/ha) 7 5 10 15 ean of rainfall
Run-off {min)

0 12.0 14.8 10.4 14.8 13.0 20
2 1.3 6.2 6.0 5.7 4.8 8
4 0.4 1.6 3.6 3.3 2.2 3
6 0.0 0.7 1.9 1.8 1.1 2
Soil loss (tons/ha)
0 0.48 12.19 27.06 12.25 13.00
2 0.01 3.49 0.82 0.64 1.24
4 0.00 0.67 0.11 0.31 0.27
6 0.00 0.16 0.03 0.08 0.07

Soil Temperature: Soil thermal repime a mulched layer is thereby recduce:l.
is a function of the contact coelficient  In a tropical climate, malch keeps the
(AC), a produce of *hermal conductivity  sotl temperaves - more uniform and
and the vorumetric heat capacity of - decreases the aaplivad: of vemperature
the soile A mulched plot widh dev crop wave,

residuc s equivalent to o two-lavere |

profile of which the upper Laver has a The effect of mulching on soil
lower contacr cocfficient. The tem- temperature under maize and yams s
perature viriation in the soil underlving shown in Figures 15 and 16 ln the

11
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mitial stages of crop growth, wempera-
tare differences of as much as 8 (.
were observed between mulched und
unmulched plots at S-cm depri. The
maximum temperatuse  recorded  for
at
S-cm depth. The minimum temperature

umulched maize plots was 42 C

is generally lower; hence the diurnal
tluctuations are higher. Hourly obser-
sations mode on soil temperature indi-
wte that there is a phase difference
of daily temperature fluctuations due
to mulching. The maximum temperature
on mulched plots occurs one to two
hours after that of the unmulched plots.,

Soil Moisture: Mulching generally im-
proves the soil moistare regime by
deerceasing losses caused by surface
runcff and cvaporation. Evaporation of

water from wet soil is characterized
by three stapes:
(1) a constant rate stage when the

sotl surface is wet and the evapo-
ration is controlled by the external
conditions (evaporation demand of
the atmosphere).

12

(2) a stage of rapidly decreasing eva-
poration rate, which begins with
initial drying of the surface layer.

(3) a stage of slow e¢vaporation rate
at  which  the water movement
through soil is primarily by diffu-
sion and therefore the evaporation
is controlled by the hydrological
characteris:ics of the soil.

Mulching may mprove soil mois-
ture storage under both stages of cva-
poration. The beneficial cffects of
mulching on  soil moisture  storuge
under maize shown in Figures 17-18
are penerally more pronounced during
frequent rains. Mulching also affects
the soil moisture storage indirectly by
contrelling sotl crosion. Because the
unmulched plots erode severely, the
loss of surface soil eventually de-
creases the soil moiswre holdingcapa-
city.

Soil Structure and Ionfilradon Rate:
Mulching affects the soil structure and
porosity both directly and indirectly.
By minimizing the dircece impact of
raindrops,there is a minimal crustation
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and therefore the initial pore space is
maintained. Indirecedy, mulching in-
fluences the activity of micro flora
and fauna and hence the sorl seructure,
Notablv in westein Nigeria the
carthworm activity as influcnced by
mulching that stimulates worm casting,
Farthe orm counts mulched  and
unmulched maize plots, as observed
cight weeks after planting, are shown
in lable These data are o rough
approximation and should be consider-
ca in terms of their retative values,

TS

on

Muiched plots were observed o
maintan their initial infiftration rate
s compared to significant decline i
mtilrability of the unmulched plots
(g 1), Hipgh carthworm activiey and
aominimal crust formation under mualeh-
ing mayv o part be responsible for
bigher mfileration than
mulched sorl, Worm cliannels may adso
bave an additional advantage of facili-
tatig the root penctration in soils
wirth otherwise resoricted roor penetra-
bilriy.

Y ///c'/)/')/g Effects on Crop
N el iy

Crop Yield: The effect of mulching on
rop vicld s an megrated cffect of

rate onooun-

mnumeravle factors and 10 1s difficule
to atrtbute the vield increments to
anv one variable. In addition to physi-

Tabie 7.

cal factors and availability of nutri-
ents, the fertilizer response may be
significantly affected by mulching due
to complex physicochemical and biolo-
gical facrors (Jack et al 1955, Jurion
and Henry, 1967). The effect of three
years of mulching trials on maize grain
vield as shown in Tables B and 9
indicates significant yield increases
by mulching. The effect of different
kinds of mulches, with and without
treatment against termite, was found
to have a similar effect on grain vield.
Termite damage to maize by mulching
was found to be significant during oniy
the first vear after clearing (Table 9).

As pomnted out earlier, culwral
practices significantly influence soil
thermal regime. Ridges were used in
the past as a soil conservation mea-
sure on steep slopes. The uscfulness
and feasibility of ridges as a soil
protecting  device  is  questionable,
particularlv for unstable soils of coarse
texture. Planting on mounds has  the
same drawbacks as on ridges. High
soil temperature,for instance, enridges
and mounds  is observed to signifi-
cantly influence vim emergence. Soil
temperature 1s observed to be i major
Limiting factor for vam emerpence when
planted in the dry season of November

of
only

to March. Mulching ridges and

mounds, however, not tmproves

the percentage of emergence,the period

Effect of mulching on earthworm casts in maize.

Equivalent weight

Treatment Worm cast/m2 tons/ha

Mulched 568 127
Inter-row mulch 264 59
Unmulched 56 13

14
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Table 8. Effect of mulching on maize grain yield (1970-71 NAfter Lal, 1974)

Grain yield (tons/ha)

Treatment 1970* 1971
Mulched 0.8 5.4
Unmulched 0.5 3.6
LSD (0.5) 0.3 0.7

Signiticantty low grain vields in 1970 were attributed to a prolonged dry spell ot the
Howering stage,

15



Table 9. Effect of mulching on maize grain yield (1972)(After Lal, 1974)

Grain yield (tons/ha)

Treatment With termite control Without termite contro!
Rice straw mutch 4.5 4.4
Forest hitter mulch 4.4 4.3
Control 3.6 3.6
1.5D (0.5) 0.7 0.7
of emergence 1w also sipnificantly Because tenpth of prowing season

S=00,

ridges, however, can be useral for roor

reduced (Frgs. Moundsy and
crops particularly for sorls with Shal-

low surface horizon above the ground

ey animportant influence on total yam
vield and noterme of tuber formation,
mulchiog can prolong the prowth period
of carly and full wtand establishment.
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vield per hill, and total vield as affect-
ed by different times ot planting 1
strown in Figures 23=25 Malching can
sigmificantly improve yvam vield when
planted carly in the season. There was
an cightfold increasce inyield by mulch-
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ing on flae for the carly planting as
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Mulching and Weed Growth: Mulching
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growths. Weight of fresh weeds har-
vested  cight weeks  after planting
maize in the second scason of 1972
was significantly higher in the un-
mulched than tn the mulched plots
(Table 10), The moisture
contert in the unmulched plots could
also be partly due to hpgh weed rrowth,

lower soil

Werys 1o Procure Mulch

Mulceh
prown

Transported  Mulch Marerial:
maternal obramed from crop,
comewhere clse crther for the

purpose of producing mulch or as

i
sole

renidue of a previous cropean be used
a5 o muleh for another crop. This pro-

cess  generally  requires  additional
labor and time and often the material
is not avatlable when needed. The
method is uneconomic except for high-
vitlue vepetable cash crops.

Live Mulch: This involves the princi-
ple of mixed cropping. A low prowing
crop, preferably a legume, is grown
throughout the vear. A small soop s
then opened, with or without using
herbicides, to plunt o new crep in
between. This method should work
provided the host crop is not competi-
tve for Hight, moisture and nutrrents
Fxpetiments, conducted  with Shy/o-
santhes pracilis and matze were en-
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of seed bed preparation and malching on total tuber yield.

Table 10. Effect of mulching on weed control

Treatment

Weed growth (kgmpiot)

Rice straw mulch
Forest titter mulch
Control

LSD (0.05)

15.0
13.0
46.0

9.0

couraging for erosjon control. Howevet,
Stylosanthes  gracilis is aggressive
and competes with maize for soil mois-
ture. kxperiments with other specics
c.p. Paspalum, S bumilus, Desmodium
and Centrosema need w be conducted.

19

Using Previous Crop Residue In Situ:
The use of previous etop residue and
weed regrowth in site is another alter-
native. Crop residue lefe on the soil
surlace  offers  maximum  protection
against run-off and :oil erosion



Tilage Technmiques: The use of live
mulchand crop residuein sitrinvolves
the spectal tillage practices, hereby
referred to as mulch ollipe rechnaue.
Mulch alliape techniques are based on
the zonal ullape concept, whereby the

ecd bed g divided oo g weedhing
zone and a corl manapement  zone
(Fup. 20)0 The wecdbing cnvironment

zone servens to provide the adeal con-
dittons for seed peminntion cmerpence
The

e

and establichment, ter-row L onl

lll.llhl""l[l('ll( sOne ooyt Colperye
soll morture, prevent tunofl and ero
sion and optimize the ol temperature
repime. Accarding to this concepr the

woil 1o Jeast diturbed,

Mulch Tillage Effects on Sozl
Conditions

Indincrere ullage and exposing a
stracturally unstable sorl o hiph in-
tenaaty tropical storme result in o sotl
Crustation run-off and
the of
a weed control measure has

and mncreased

rrosion loawnen. Because role
H”.l;(l' at
dimininvhed hecauae of the economical
avatlabilivy of herbie 1den  conventional
crivical ap-

[»I.li'..tl u';{.mhn;{ therr eftecrs on ol

..... need n

¢ ‘)f;“ f1c e,

and water s pement 1N the !rn]»i("“
Thouph mulch tillage has been widely

practiced 1 many of the remperate

INTER-ROW

S50iL AND /

WATER .

MANAGEMENT
ZONE

SEEDLING
ENVIRONMENT ZONE

Fugy, 2Hh, Zanal b

Py concopt,
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ount.iiz, .i is yet to be known in the

tropics. Muller and Bilerling (1953)
reported from  their work using the
corridor system of land utilization in
Belgian Congo (now Zaire), that upland
rice yielded higher on unplowed than
on plowed land.

Ospina et al. (1957) found. in
Columbia that the use of plow often
resulted in heavy erosion. Kannegieter
(1967),(1969) reported from Ghana that
a short-term Pueraria fallow combined
with mulch tillage gave eftective soil
protection against crosion and improved
sotl motsture storage.

Soil Erosion and Run-Off Losses: Soil
crosion increases exponentially with
the increase in slope under high inten-
sity storms. For storms of low inten-
sity, soil physicuil properties have a
predominant influence on soil erosion.
Soil of low infiltration rate on gentle
slopes can have higher crosion losses
than soil of steep slopes and high
infiltration rate (Fig. 27). Continuously
maintained cover of partially decom-
posed crop residue decreases run-off
and soil Tosses to a minimum for soil
of 1 to 15% slopes (Fig.27). This
effece of mulch on sotl erosron 1s due
o decreased impact on unexposed soil
as well as high infiltability of the
soil mantained gt its maxtmum level
on soil under minimum tillage (FF1g.28).
The practice of mintmum tillage culu-
vation without crop residue on the soil
surface, removed either by burning or
prazing, results in soil crustation, de-
creased infiltration rate and higher
losses due to run-off and crosion
(Fig. 29). The maintenance of adequate
vegetative cover, etther from a crop
restdue or from o cover such as Puera-
ria or Stylosaathes, is cructal an ero-
sion control. The results of minimum
tillage experiments indicating higher
run-off and crosion losses as compared
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F1g.29. Run-off and erosion losses from
with

plowed and unplowed plots
crop residoe removaed,

to the plowed land are due to the re-
moval of restdue from the un-
plowed plots. (Charreau and Fauck,
1971; Charreau and Nicou, 1971; and

Charreau, 1968).
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Soil Moirure Regime: Soil motsture
reserve fer muleh dllape plot is
consistently higher than that under
2350 In general, the

tals.

plowed (I,
increase in moistare storape for (= 14
inpher thaa 10- 20-¢m

cm laver wa
no

laver. Tl
stgnificant cffe . on anpreving the
moisture storage capacity of the deeper
Pos0-cm depth. The un-

Sila

treatment, have

horizons bes
irtigated plocs e aaleh ullage treat-
ments showed svmptoms of leaf curling
less frequentle than the plowed plots;
thus the increased moisture reserve
could carry the crop through periods of
short-ter droughe without strony mois-
ture stresses developing within the
plants. Burimg periods of long, dry
spells there mav aot be a significant
increase in moisrure storage ader
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mulch over conventional tillage if the
overall moisture hoiding capacity of
the soil is low.

Soil Temperature: Soil temperature is
supnihicantdy influenced by titlage and
crop residue management (Figs . 34=30),
The differences in the maximum soil
temperature of the muleh dllage plogs
were as high as 10 and 4 C for 20-cm
depthe respectively. The soil tempera-
ture torthe plowed plots were observed
to be above the optimum level for crop
prowth from 1130 am. o (.30 p.m.
trom November to June 1n the Western
State of Niperia,

The eftect of decreaaed sotl tem-
perature of
cmerpence of vovbeans was obvious in
the mulch tllape plor.. Not only did
taster, there was
SO ore emergence inonaleh tillage
plots than

an o rrme .lH\i I‘(‘r‘,'('llf&i}:(‘

sovbeans  emerpe

in plowed one,
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Soil morstare tegime under plowed
and unplowed soybean plots,
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Soil Structure: The surface soil of
the [)l()u'('(f ]\l()t.‘. cxhibits crustation
after high intensity storme. A crust of
approximately 2 toS-mm thickness with
peretrometer resistance of 2.9 to 2.8
kp cm™ and the average force of 1.2
kg em 2 Qs obuserved tor the plowed
plots. Abour T-cm thick Laver of dead
crop restdue on the surface of muleh
tilliyre plots nor only prevent, crusta-
tion but strmvlates biological ;l('livil}').
Larthworm of 2400 mT-
are counted for no-titllape plot, as com-
pared with that of lews than 100 m-2
for the plowed plots. The cffect of
mulch tillage on worm activity under
different crop rotations i shown in
Table 11 As o result of high biologis
cal activity wnd luck of crust formation
the bulk density of the wurluce soii
horizonunder muleh tllage 1s pencrally
low CTable 12). Alternation in particle
size distribution of the due to
accelerated soil crosion in the plowed
and unplowed treatmeats can affect

Canty ahout
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the pore size distribution und also the
moisture release characteristics of the
surface soil under different crop rota-
tions (Figs. 37-38). Two ycars of con-
tinuous plowing increased the noisture
content at zero suction from 31 1o 34%
for the ro-tillage plots, while the mois-
ture reeention at the higher potential
(more negative) remained the same,
thereby increasing the available water
capacity of the soil. Similarly the
moisture equivalent values were found

Table 11,

Effects of tillage treetments

to be 9.45 and 9.73% for plowed and
no-tillage plots respectively. The in-
filtration rate of the soil is maintained
at its maximum + mulch tillage tech-
niques (Fig. 39).

Changes in Chemical Propertics of the
Surface Soil: A continuous cover of
crop reuidue retained in the mulch
tiltage plots helps maintain the ever
dwindling organic matter content of the
tropical soils at acceptab'e level. For

and crop rotation on earthworm activity

in the second season (Number of casts week m‘2).

Number of casts per week at different times

after planting

Rotation 60 Days 67 Days 74Days 81 Days

NT" P NT P NT P NT P
Maize—Maize 86 12 104 0 100 0 68 O
Maize—Cowpeas 26 0 24 0 20 0 28 0
Pigeonpeas ~Maize 107 18 56 8 108 0 272 0
Soybeans—Soybeans 4 i 0 1 0 2 0
Cowpeas—Cowpeas 8 2 0 4 0 2 0
Average 46 7 37 2 47 0 72 0

" NT -~ No tiritage or mulch tillage P — Plowedu
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Table 12. Sl bulk density® at different times after plantina as affected by
t.1lage and crop rotations (0.10-cm depth, g cm-3).

First Season

Second Season

Rotation 20 vavs 40 Days 50 Days 20 Days 40 Days
NT P NT P NT P NT P NT P
Maize--Maize 1.42 157 1.27 1.40 1.36 1.48 1.47 1.61 1.56 1.59
Maize—Cowpeas 1.07 1.61 119 1.31 142 1.46 1.49 1.52 1.53 1.60
Pigeonpeas—Maize 1.42 1.45 1.32 1.37 1.28 1.43 1.37 1.46 1.23 1.44
Soybeans-—-Soybeans1.37 1.48 1.49 1.37 1.38 1.48 1.49 1.41 1.36 1.49
Cowpeas—Cowpeas 1.45 1,48 1.37 1.71 1.34 1.47 1.35 1.55 1.38 1.66
Average 1.34 150 1.32 1.43 1.41 1.46 1.44 1.51 1.41 156
“The hulk density of the inter-stone malerial,
mstance the initial value of organic
carbon content of the surface soil,
inmediately after clearing of 2.33% in
March 1970, decreased to 1,097 for \
plowed and 2.26% for unplowed plots o e
i Auguse 19725 and to 1.4% for plowed e
and 1827 for the mulch tillage plots
in February 1973 (Table 13). The "
cation exchange capaciry, the concen-
traticns of the cations on the exchange
complex and status of available nuteri-
ents can also be affected due to til- v’
lage treatments. Muleh tillage plos i
had higher € 1L bigher concentra-
ton of the divalent cations on the ex-
change complex, mere nitrate nitrogen :
and available  phosphorus  than  che
plowed treatments. The cffect of dif- >
ferent  crop  rotations  under mulch ,z
tillage on soil chemical properties is ' - - ——,
shown in Tables 14 and 15, The crop v
which leaves more residue on the sur- i
face maintaing the organic mateer con- F1g.37. Soil moisture release character-

tent and CoE.Coata higher level (e.p.
maize) than those which have licde or
no restdue (sovbeans). The role of
suttable crop rotationy theretore,  is
impaortant.

CropYiclds: Different tillage svstems
affect prain yield through various prime
factors and the interaction between

26

istics of surface soil for plowed
and mulch tltage plots (Lal,1974),

them. Tillage effects on soil tempera-
ture,soil structure,nutrient avatlability
and root development nfluence crop
performance. The effect of two levels
of cach of irrigation and fertilizer ap-
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yield is shown in Figure 40,

morsture redease chatacter- In general, equivalent vields for

plots unde
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~

’

maize  were  obtained  under mulch
tillage treatments as compared to those
of plowed plots. Irrigation is necessary
only during prolonged drv spells, par-

different crop

Tai o 130 Tiltage elfects on soil chemical properties,

Organic Available C.EC. i
Treatments carbon P NO3-N e, Fxchange cations (me/100g)
v, (ppm) (ppm) 700 g Ca: Mg K Na
August 1972
Plowed 1.69 10 33 44 229 055 1.06 0.16
No-tillage 2.26 27 40 54 246 0.83 1.19 0.15
February 1973
Plowed 1.40 27 25 - 3.29 067 0.37 -
No-titlage 1.82 37 35 - 3.84 076 0.36 -
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Tatle 14, Eftects of Lillage and crop rotation on suil cheniscal propsrties (030 cm depth, sangled July, 1973)
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ticularly at silking stage (1972 second
scason, Figd0). And during die normal
reiny  season, lrrigation  enhances
leaching of fertilicer. For the first two
seasons, fertlizer showed response
only under no-tillapge plows. The com-
petition between micro-organisim and
maize for fertilizer under no-tillage
may he responsible for significant
vield increase on fertilized over unfer-
tilized plots. It seems that nitrogen
requirements under mulch ullage tech-
niques are generally higher than under
conventional methods of clean sced
bed preparation.

Satisfactory grain yields for_cow-
peas, pigeon peas, soybeans and sweet
potatoes  have also been obtained
under mulch tillage treatments (Table
16). Significantly higher maize yicld
from the mulch tillage plots was ob-
tained in the first season of 1973 ag
compared with those of the plowed
treatments.  This  differential maize
yield response was attributed to along
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dry spell of three weeks in the carly
flowering stage. The crop under mini-
mum tillage showed less symptoms of
drought stress as compared with the
plewed plots.

The fertilizer requirement under
mulch tillage is generally higher than
that of plowed land. Plants on unfer-
tilized mulch rilinge plots show fre-
quent symptoms of N oand P deficiency.
These symptoms are particularly noti-
ceable in soybeans  which, despite
denser stand,show severe Pdeficiency
symptoms and stunted growth.

The weed competition in the muleh
tillage and plowed plots may have a
significant effect on grain yield. Veed
growth can be seppressed by the dead
crop residue in the minimum tillage
plots, The weeds of Graminue family
were prominent in the plowed plots as
compared to bush regrowth and broad-
leaved weeds in the mulch tillage
plots. For cxample, the total quantity
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of weeds harvested four weeks after
planting maize in 1972 first season
was 20kg and 0.5 kg per plot of200 m
in the plowed and no-tillage plots
respectively.

Mulch Tillage Technigues

Mulch  tllage techniques  are
based on the principle of causing
least soil disturbance and leaving the
maximum of crop residue on the soil
surface and at the same time obtaining
a quick germinacion, an adequate stand
and a satsfactory yvield. The minimum
tillage necessary to obtain a good
stend and satisfactory yicld in any
particular situation depends upon soil
type, the nature of vegetation cover,
previous soil management practices
and the nature of crop to be grown.

Mulch Tillage Under Labor Intensive
farming: Under labor intensive farms,
like most of the farms in West Africa,
crops such as maize, soybeans, cow-
peas, pigeon peas and cassava can be
planted dircctly after bush clearing,
while leaving most of the leaves and

Table 16, Comparative crop yicld in mulch and conventional tillage

(1st season, 1973)

Grain yield (kg/ha)

Crop Mulch tillage Conventional tillage
Maize 4500.0 3000.0
Cowpeas 748.0 639.2
Soybeans 846.0 1066.0
Sweet potatocs 22,000.0 17,750.0
Pigeon peas* 26,250.0 25,000.0

o Tatal drv matter.
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small branches and dried weeds in the
inter-row arca. To some extent this is
what the farmers under shifiing culu-
vation do. bUnder the mulch ullage
system, fertilizer can be broadeast
dircctly on the sotl surface before
planting and the top dressing can be
made closer o the plant row ac the
appropriate time.

If the plot s heavily weedy, use
of paraquat at a rate of 2.5 17ha spray-
ed three o four days before planting
can control the The crop can
then be direcely planted o the dead
weed grown. Il the weed growth s
high, slashing and leaving them on the
sotl sarface fucilitute planting.
Planting 15 pencrally done by hand.,
Once manual weeding at two 1o three
weeks after plantng may be enough
to control weeds.

weeds,

will

Partially or Completely Mechantzed
Farms: The of the  mulceh
tillage technique on large-scale mecha-
nized farms, now developing in West
Africa, depends on the soil conditions
at the time of planting previous soil
management and crops to be grown,

The general soil pr(plrnmn by plow-

ing and harrowing is replaced by spray-
ing a contact herbicide,
at the rate of 2.5 sprayed 3 0 5
diys before planting. One of the fol-
lowing methods of sced bed prepara-
tion and planting can then be adopted
by using sub-surface tillage equipment
to till the soil under the crop residue
and keep the moleh on the surface.

chotce

with paraquat,
/b

Sod Planting: Planting 1s done directly
in unplowed soilwith chemically killed
sod, weeds, cover ciops or In previous
crop residuc. o this method, paraquat
or any other contact herbicide is used
to replace plowing and manual, me-
chanical weeding or residual herbi-
cides {atrazine, lasso etel) used for
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pre-emergence weed  control. Crops
can be planted either by a hand planter
or by opening a narrow trench (5 o 7
cm wide and 5 em deep) for the sced.

Mulch Tillupe: A chisel plow can be
used in the previously shredded crop
restdue to break open the hard crust or

hard pan underneath the soil. Care
should be taken not to invert the soil
S0 as to leave the maximum of crop

residiae on the soil surface.

Strip Tillage: Tillage 1s eliminated
tn most of the nter-row areas and
narrow  strip is openced to facilitate

planting and the plucement of the fer-
tilizer. The crop residue 1s left undis-
turbed 1n the inter-row zone,

Dive Plant: One discing prior to plant-
g and leaving most of the crop resi-
dues on the surface can also help
open a crusted field and 1mprove 1ts
imfiltration,water holding capacity und
root penetration.

Till Plant: Tractor driven ecutpment
can be used on large farms to slash
and remove the previous crop residue
from the row te the inter-row zone and
also open o small wench as a seed
bed, In one operation,

method can be used
Small fur-

Bed Plant: Thiw
for surface irrigated crops.

rows can be opened at a distance of
I to 1.5 m raising the bed in between

and then planting manually or with a
mechanical planter directly on the bed.

Relative Merits of Mulch
Tillage in the Humid Tropics

No-tillage or mulceh tillage techni-
que has no magic to produce crop on
soils which will not produce under
conventional tillage. These techniques
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require a coreful husbandry of all the
factors of production. Some of the ad-
vantages of this system of land mana-
gementare:

Steads Yield Returns Over a
Period: Mulch tillage technique may
not give the maxtmum yvield in the best
season but it will produce a satis-
factory crop in the scason with poor
rainfalldistribution and longdry spells.
Under sotl conditions, mulch
tillage technique may cven outyield
the conventional tillage,

Long

some

Soil Run-Off Contred:
Tropical soils, because of their struc-
tural instability and high rainfall ero-
sivity, are extremely susceptible to
soil eroston. Highly erodible soils on
steeper slopes, otherwise considered
uncultivable under conventional me-
thods, can safely be cultivated by
minimum  tllage techniques. If soil
crosion is the scrious limiting factor
in replacing shifting cultivation by a
permanent system of land utilizacon
in the humid tropics, minimum tillage
15 definitely desirable.

Frosion and

Soil Moisture Storage: Drought  sus-
ceptible tropieal soils will certainly
produce higher vield under minimum
tllage techniques, because the soil
motsture storage is superior to that of
conventionally plowed soils,

Soil Temperature: If supra-optmal soil
temperature prevails inthe carly stages
of crop growth, the mulch effect in the
minimum tillage plots will help im-
prove soil thermal regime and quicken
the germination,

Soil Structure Maintenance: Soil struc-
ture is maintained at its ortginal level.
The principal factor of rebuilding the
surface soil horizon under bush fallow,
as under the cover of native 'vegetation
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like carthworm activity, is maintained
even when sotl is under arable crops.

Savings in Labor and Power: There is

generally o 50°% reduction in power
requirement  with  judicious  mulch
tillage techniques. The labor is also
I('.\N.

Savings in Time: Time of planting the
sccond  season crop s critical in
western Nigeria. There is little time
between harvesting the previous crop
and planting the next. Planting done
after the third week of Aupust is risky
due to short ratny season. The time
required for preparing the sceed bed can
be minmized by no-tillage or mulch
tillage techniques.

Minimizing Losses Due o Lodging:
The experience at IITA shows that
crop lodging is less for the maize
planted with minimum tillage than any
other techniques,

Fertilizer Efficiency: The loss of the
ferttlizer elements in run-off water is
less by minimum tillage than by other

techniques.

Improvements Needed in the

Mulch Tillage Technique

Preseatly, mualeh dllage technique
is not perfected; it is yet soil and crop
specific. Basically it should work for
all crops and soils. Its specificity
cails for its improvement toward ver-
satility. The mulceh dillage technique
involves a new system of soil and
farm management which has different
requirements for husbandry. Rescarch
needs to be conducted for this new
system toward:



Mechanization: Suitable machinery is
required for planting, ferulizer appli-
cation and weed control, The equip-
ment design uand cost should consider
the small weale farmers. The emphasis
should be placed on hand operated or
cmall motor driven cquipment,

Pertilizer: the fermlizer requirement
for mulch tllape crops 1o different
from that ot the conventionally cul-
vated plot.. There 1o a need 1o know
the rate, nnee, and  kaind of
fertilizer application for moat of the
The effccr of mualch on micro-
bial populiation and mitropen avarlabi-
y b e trpated

method
crops.

Lty needs

Weed Cantrol: Hedbuorde s are contly,
The efficient use of crop residue as a

weedcontrol devic e chonldbe cxplored.

Crop Rotation:
an important aspect of mulch tllape
technique, The uae or prasaes andd
]('g\mllnnll" cover cropsoan the rotation

f‘ru]'t'r croporotation .o,

15 eosential, partculardy for the biodly
managed and compacted corla. A crop
which produces erauph residue Should
be usedin rotation with low-dry -nateer-
producing crop.

F.conomi-
and

Diseasve and tewect Coutrol:

cal methody of dinease, mmacct

nematode control need o be developed

forthis new syatem of Lol manapement.

The Forure of Muleh Tillage Systems
of Soil Management in the Tropres:
Mulch tillape technique holoa preat
potential for worl and water connerva-
tion. Sotl conventional
tlbage wall be when
man rped by mudch tllage technigues,,

loaaen under

drastically cut
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Sail conservation is particularly im-
portant for those tropical sotls with
shallow surface horizon and low water
holding capucity. Mulch ullage tech-
nique has a promising future for semi-
arid arcas alvo with severe drought
problems.  Available holding
capacity of the sotls 04 preatly en-
hanced bythe mulch furming technique.

water

I addicron to the benefits from an
apricultural viewpoint, mualch furming
practices have pood future for pollu-
tron and eonvironmental control, Rivers
that run oranpe with soil during the

rany seasen will be dew 1d of sedi-
menty and  farm chemieals sach as
herbnerde oo i b ad fernitier

which will be filtered throupgh the sotl,

Larpe-wcale mechanized farms in
Went Atrica are noted for their limited
succenaes, Such projects should be
approached with cautron, Unrealistic
adoption of technology from the tem-
perate countries i the tropics  can
lead o connequenees.
Muloh fannig techniques offer o good
ponsibibity  to substitute taditional
apriculture by permancot viable sys-

dicastrous,

rere, of Land e,

With the mcreaning pressure of
population on Land, mulch tillage tech-
niques can bring even margial land
with stecper slopes under cultivation
for arabile crop produetion in the humid
tropics. The tammers can be encouraged
to adopt thie practrce af they are as-
sured of the cconomre value of this
“vntem of soil management. Coordina-
téd effort of wpricularal and socral
scientists 1o needed to avercome these
obutacles,
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