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Abstract

Published information on the response of crops in mixed cropping systems to tillage systems in the northern
savanna zone of Ghana is scanty. A field experiment to assess the yield and nitrogen (N) fixation of cowpea
(Vignaunguiculata(L.) Walp) intercropped with maize (Zea mays L.) on four tillage practices was conducted
in 2000 and 2001 at Nyankpala (9°25° N, 1°0* W at 183 m above sea level). The experiment was laid in a
split-plot design with four replications. The major factor wastillage systems made up of conventional (Con),
bullock plough (BP), hand hoe (HH) and zero tillage (ZT). The sub-factors were cropping systems (CRPSYT)
comprising of sole maize, sole cowpea, maize/cowpea inter-row cropping system and bare fallow in 2000,
which was replaced by maize/cowpea intra-row cropping system in 2001. The results revealed that Con and
BP, which had tillage depth of more than 10 cm, led to a significant (P <0.05) reduction of soil bulk density.
The leafareaindex (LAI), plant shootheight, dry matter and the subsequent grain yields of maize and cowpea
were also higher on Con and BP than HH and ZT practices. Phosphorus (P) and potassium (K) contents of
both crops, nodule number, nodule weight and N, fixation of cowpea were not affected by tillage systems
but N contents in maize on Con and BP practices were similar but were 29% higher than on HHand ZT which
were also not different. Cropping systems had no effects on LAI, nodule weight, nodule number and the
subsequent N fixed by cowpea. The semi-erect cowpea (Su/-518-2) in the mixed cropping systems became
viny and climbed the maize associated with it due to shading. This led to a reduction in the dry matter content
of maize by 26%. Maize/cowpea intercropping is more productive than the sole (LER > 1) but no significant
difference in yields was obtained between the inter- and the intra-row cropping systems.

Introduction of organic matter in this ecological zone.
Nitrogen and phosphorus deficiencies in  The soil is exposed to long dry season
the savanna soils of northern Ghana have  where erosion by wind and also by water in
been widely reported (FAO, 1967; Acquaye, = wet season occur which further reduces
1973, Tiessen, 1988). Some of the causes  the available soil nutrients. Also, the long
of this situation include the fact that most  bush fallow periods of about 15 years,
soils in Ghana are developed on well- which were previously used by peasant
weathered parent materials that have been  farmers to replenish soil fertility have been
leached over a long period of time (Halm  reduced to about 3 years in some parts of
and Asiamah, 1992). Theannualburningof  the Northern Region of Ghana due to
crop residues or their removal for various  population pressure on the land.
uses such as for fuel, animal feed and for The use of inorganic fertilizers for soil
building purposesalsopreventsthebuildup  fertility maintenance is also becoming
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increasingly difficult, as the price of the
commodity is far beyond the reach of most
peasant farmers. This situation might have
compelled most farmers in recent times to
intensify the practice of the age-long
cropping systems such as mixed cropping
and crop rotation with high legume
componentto fix rﬁﬁogen that consequently
reduces the mineral nitrogen requirements.

The existence of mixed cropping system
involving mostly cowpeaand cereals among
the small scale farmers of the West African
savanna has long since been identified
(Norman, 1975) and studied by many
workers including Andrews & Kassam
(1976), Fisher (1979) and Willey (1979).
Some of the reasons advanced for the
persistence of this system of cropping have
been precautions against uncertainty and
instability of income, and unstable soil fertility
maintenance (Abalu, 1977).

Due to the importance of cowpea as an
organic fertilizer (Eaglesham et al., 1977),
a dietary protein source in the northern
savanna zone of West Africa, and in some
areas as a cash crop, it has received-a lot of
attention by several researchers. Efforts
have been made to increase cowpea grain
yields by fertilizing poor scils, breeding and
selecting varieties for high grain yields in
inter-cropping systems with cereals
(Isenmilla et al., 1981), and finding
appropriate time of planting the crop in an
intercropping system (Terao et al., 1997,
Zuofa et al., 1997). Manipulating the row
spacing or the geometry of cowpea with
othercropsto increase yield in intercropping
systems has also been done (Adetiloye,
1980; Tsay, 1985). Efficient methods used
for the identification and selection of
genotypes for high nitrogen fixation has also
been determined (Danso ef al, 1993).

Levels of phosphorus required to increase
yields and nitrogen fixation of cowpea to
raise the N level of the savanna soils has
also beenknown and reported (Ankomah et
al., 1996).

Farmers in northern Ghana, however,

~prepare their land for crop production

manually using the hoe, tractor, bullocks
and, to some extent, by the slash and burn
method (no-till). The use of these various
implementsresultin differenttillage depths,
different levels of pulverisation and weed
control (Unger, 1984) which also have
implications for soil moisture, nutrient
availability and crop yield, and this must be
investigated. Published information
especially onthe response of crops inmixed
cropping systems to these tillage practices
in the northern Ghanaian savanna region is
lacking. In attempt to bridge this gap in
knowledge, a study was initiated in 2000 to
assess and compare the yield and nitrogen
fixation by cowpea in sole and intercropped
withmaize on four different tillage systems
in the northern savanna zone of Ghana.

Materials and methods

Study site description

A field experimentto determine the influence
oftillage onmaize/cowpea cropping system

was conducted at the Savanna Agricultural

Research Institute farm, Nyankpala (lat. 9°

25’ Nand long. 1°00’ W, at 183 m above sea-
level) inthe northern savanna zone of Ghana

in the 2000 and 2001 wet seasons. The

climate is warm, semi-arid with monomodal

annual rainfall of 800-1100 mm, which

occurs mostly between June and September.

This short rainy season is followed by a

pronounced dry season between October

and ‘May annually. The average daily

atmospheric temperatures range from a
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minimum of 26 °C to a maximum of 39 °C
with a mean of 32 °C,

The vegetation is short, deciduous, widely
spaced with fire resistant trees such as the
shea butter (Butyrospermum parkii) and
the dawadawa (Parkia biglobosa) trees
which do not form a close canopy. The
ground flora is made up of different species
of grasses of varying height.

Soilanalysis of the site before the start of
the experiment in 2000 showed a pH of 5.1
in calcium chloride solution (0.017). Other
soil chemical properties of the site
determined were total N, 0.06%, available
P,24.5mgkg"',andexchangeable K,40 mg
kg

The land has a gentle slope of about 2%
and is strongly disturbed with sheet erosion.
The soil unit is well drained and locally
referred to as the Tingoli series. Detailed
soil profile study and characterization
undertaken in the 2000-cropping season
revealed that it is a Ferric Luvisol (FAO/
UNESCO, 1977). The climatic data
collected at the site of the experiment in
2000and2001 asshownin Table 1 indicates
that both the number of rainy days and the
amount of rainfall were higher in 2000 than
in 2001 during the experimental period.

Experimental design and treatments

The field experiment was laid in a split
plotdesign with four replications. The main
plot treatment was tillage system and the
sub-plot treatment was cropping system.
The tillage systems evaluated were
conventional (Con), bullock plough (BP),
hand hoe (HH) and zero tillage (ZT). The
cropping systems (CRPSYT) were sole
maize, sole cowpea, maize/cowpea (inter-
row)and a bare fallow plotin 2000.In 2001,
however, the bare fallow was replaced by
maize/cowpea (intra-row)cropping system.

In the conventional tillage system, the
land was prepared using disc plough and
harrowed once using atandem disc harrow.
Inthe bullock tillage system, abullock plough
was pulled by a pair of bullocks in the land
preparation. Inthe third tillage system (hand
hoe), a larger hoe was used manually. A
herbicide (gramoxone) was used to kill all
vegetation on the zero tillage plots at the
rate of 51 ha''.

The cultivars of the test crops were
maize (obatanpa) and cowpea (Sul-518-
2). Each sub-plot measured 8.1 m x 5 m
from which a net plot of 4 m x 5 m
representing six rows of crops were taken
out from the middle of each plot for final

TaBLE 1

Climatological data taken at experimental site during the experimental period at Nyankpala

Month Mean temp. (°C) Rainfall (mm) Relative humidity (%) Rainy days
2000 2001 2000 2001 2000 2001 2000 2001

Jun 27.8 282 2604 62.9 83 68 13 7
Jul 26.3 27.0 96.9 182.0 80 73 6 10
Aug 26.1 26.0 165.1 134.5 84 62 13 13
Sep 26.5 26.0 212.7 249.4 76- 61 18 15
Oct 27.6 28.6 27.5 9.2 60 63 4 1
Total 762.6 638 54 46
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yield analysis.

The spacing in sole maize was 90 cm x 40
cm with two plants per stand while in sole
cowpea, it was 60 cm x 25 cm with one
plant per stand. With the maize/cowpea
inter-row cropping, maize population was
maintained at 100% with cowpea planted in
rows midway (45 cm) between each two
rows of maize. In the intra-row cropping,
maize population was again maintained but
instead, the cowpea was planted on the
same row with maize but in between each
twomaize stands. Bare fallow was included
in 2000 to find out whether it is a better
water conservationtechnique. Inboth years,
crops were planted on flat surface without
ridging. Planting of crops was done on the
6 Jun 2000 and on the 11 Jun 2001.

Tillage depth ‘

Thedepthtowhich eachtillage implement
reached in the soil was measured before the
planting of crops. This was done by gently
dipping a metre rule into the soil of each
practice or major treatment till the rule
touched the bed. The reading at the surface
of the soil on the rule in each case was
recorded as the depth of tillage.

Plant dry matter and nutrient analysis
(NPK)

Four plants of each species were cut at
ground level (in the sole and intercropping
systems) from two border rows in each
‘plot. These were kept in brown envelops
and dried in an electric oven at 65 °C for 48
h. The samples were removed and the dry
matter weighed on a sensitive scale (Mettler
PM 600) manufactured by Toledo Ltd.,
UK, with a capacity of 6.10 kg. The plant
materials were milled toa very fine material
and packaged according to crop species
and treatment for the determination of total

N, P and K at the Savanna Agricultural

Research Institute laboratory.

Using hydrogen peroxide as an oxidizing
agent, the milled materials were digested
with concentrated sulphuric acid, and
selenium (a catalyst) was added to
accelerate the process. An aliquot was
pipetted out from the digest after it was
topped up to a known volume and distilled
fortotal nitrogen by steam distillation ofthe
ammonium liberated by the addition of 30%
sodium hydroxide. Titration was carried out
onthe distillate using boric acid solution with
a known concentration of sulphuric acid.

For the determination of total P, the
phospho-molybdate and ascorbic acid
reduction method was used. The absorbance
was measured on a spectrophotometer
model Pye Unicam (PU8600 UV/VIS) at
850 nm wave-length. An aliquot of the
digest was also taken for the determination
of K on a flame photometer (Ependorf,
Germany) as described by van Reeuwijk
(1992). These analyses were done at green
pod and cobbing stages of cowpea and
maize, respectively.

Nodule count, weight and N fixation
Four cowpea plants from each of the sole
and intercropping plots were dug out for the
nodule count and nodule dry weight
determination. The process involved initially
loosening the soils around the plants to a
reasonable depth with a hand hoe making
sure their roots were not disturbed. The
plants were then pulled out gently and kept
in polyethylene bags. These were then sent
to the laboratory and washed with water to
remove all the soil particles on the roots.
The nodules were then removed and those
that fell off during the process of washing
were added and counted. These were then
putinenvelopes and oven-dried at 65 °C for
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48 h after which they were weighed on a
sensitive scale, and an average weight per
nodule calculated. The percent nitrogen
fixed by cowpea was estimated using the
total nitrogen difference (TND) method as
described by Hassen (1994).

TNﬁx - TNrc

%Ndfa = L 108

fix

This method is based on the assumption that

the N-fixing crop and the non-N fixing crop -

assimilate identical amounts of soil nitrogen.
Ndfa = N derived from the

atmosphere
TN, = Total N accumulation by
the N- fixing crop (cowpea)
TN ., = Toal N accumulation by

the reference crop (maize)

Plant measurements

Plant datacollected included plant height
atmaturity, crop yield and yield components
of both maize and cowpea in sole and in
their inter-crop situations. Grain yield taken
per plot were expressed in kg ha*. Land
Equivalent Ratio (LER) of the mixture was
calculated on each ofthe tillage practices as
described by Willey & Osiru (1972) as
LER=La+Lb=Ya/Sa+Yb/
Sb; where La and Lb are
LERs of crop species a

(LSD) at 5% probability.

Results

Tillage depth and bulk density
Among the tillage treatments, Con
maintained the highest working depth during
the 2 years of experimentation. This was
followed by BP treatment with a depth of
about 12 cm, HH of about 6 cmand ZT (i.e.
Con>BP>HH>ZT)in order of decreasing
depth (Table 2). \

Soil bulk density varied among tillage
treatments inthe 0-15 cm soil depth ranging
from less than 1.34 under Con to more than
1.50 g cm® under ZT treatment. Soil bulk .
density under Con was not different from
BP but was significantly (P <0.05) lower
than HH and ZT, which were also similar.

- However, in the 15-30 cm depth, there

were no significant differences observed
among tillage treatments (Table 2).

Cowpea shoot height

Cowpea shoot height was not affected
by tillage practices in 2000 but in 2001,
cowpea under ZT was significantly
(P < 0.05) shorter than cowpea under the
othertillage practices (Table 3). Cowpea in

TaBLE 2

Tillage depth and bulk density as affected by tillage practices

and b, YatYDb are the

Tillage system® Tillage depth (cm)

Soil bulk density (g cm’)

individual cropyieldsinthe 0-15 cm 15-30 cm
mixture and Sa and Sb are 2000 2001 2000 *2001 2000 2001
their sole crop yields. Con 182 19.2 125 135 156 1.60

Data collected were gp 123 115 136 138  1.64  1.62
thensubjectedtosstatistical  yn 58 63 142 1.50 162 1.64
analysis using the SAS  zT 0.0 0.0 149 1524 1.65 1.68
programme (SAS, 2002),  LsD%,,, 12 11 0.16 0.1 0.14 0.8
where means were

separated using the least
significant difference
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TABLE 3

Cowpea shoot height, dry matter and LAl as affected by tillage and cropping systems

Tillage system" Shoot height (cm) Dry matter (g/plant) LAl

2000 2001 2000 2001 2000 2001
Con 59.58 55.58 47.31 35.10 2.24 2.49
BP 58.18 55.59 41.87 31.97 2.26 2.52
HH © 58.18 53.71 37.33 31.87 2.22 1.95
ZT 54.75 45.39 2675 25.65 1.26 1.60
LSD"“,_,,S) 6.27 6.87 6.12 4.28 0.30 0.74
CRPSYT*
Sole 54.05 48.22 30.30 39.47 2.63 2.80
Inter 58.99 54.87 32.82 35.86 2.65 2.65
Intra - 55.86 - 39.62 - 2.83
LSDs(‘,_(,S) 2.44 4.86 3.21 5.30 0.53 0.66

Tillage system®: Con = Conventional tillage, BP = Bullock plough, HH = Hand hoe, ZT = Zero tillage LSD%(0.05)

= Least significant difference at 5% probability level.
Inter = Inter row cropping system; Intra = Intra row cropping system

CRPSYT* = Cropping system:

mixed cropping systems was significantly
(P < 0.05) taller than in pure stands. It
became more viny and climbed the maize in
association with it. However, nodifference
in height was observed between the inter-
row and intra-row cropped cowpea in the
trial (Table 3).

Cowpea dry matter

With the exception of ZT treatment,
which significantly reduced cowpea dry
matter per plant, all the othertillage practices
produced statistically similar dry matter in
both years (Table 3). Cropping systems did
not change the dry matter per plant as the
dry matter of cowpea in the mixed cropping
systems was similar to that in pure stands.
Also no difference was observed between
the inter-row and intra-row cropped cowpea
(Table 3).

Cowpea LAI
The effect of tillage treatments on LAI
differed between years. In 2000, only ZT

significantly reduced the LAl of cowpea. In
2001, however, while Conand BP produced
similar cowpea LAI, they were significantly
(P < 0.05) higher than the LAI under HH
and ZT treatments. No statistical difference
existed between the LAI values of the HH
and ZT treatments (Table 3). Cropping
systems did not significantly change the
LAI of cowpea. The LAI values of both
inter-row and intra-row cropped cowpea
were also similar (Table 3). :

Maize shoot height

Tillage practices had nosignificanteffect
onmaize shootheight in2000. However, in
2001, the increase in maize height was of
the order ZT < HH < BP < Con (Table 4).
ZT and HH produced maize with similar
shoot height, which was significantly
(P <0.05) shorterthan those on the Con and
BP, which were also not different. Tlie
effect of cropping systems on maize
indicated no significant difference in height
between sole and inter-cropped maize. Also
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1ABLE 4

Maize shoot height, dry matter and LAI as affected by tillage and cropping systems

Tillage system* Shoot height (cm) Dry matter (g/plant) L4l

2000 2001 2000 2001 2000 2001
Con 191.09 195.53 89.32 59.90 3.20 2.74
BP ) 190.94 186.30 90.97 48.93 3.60 2.74
HH 186.90 167.71 88.38 47.54 2.20 1.51
ZT 180.92 156.32 59.27 28.47 2.29 1.91
LSD"Wm 10.65 9.99 10.20 7.95 0.58 0.80
CRPSYT®
Sole 197.00 179.23 88.27 57.97 4.21 2.91
Inter 196.34 176.39 61.92 47.61 3.96 2.65
Intra - 181.28 - 43.03 - 2.85
LSD? 7.52 8.66 9.45 6.89 1.91 0.33

(0.08)

Tillage system®: Con = Conventional tillage, BP = Bullock plough, HH = Hand hoe, ZT = Zero tillage LSD®(0.05)

= Least significant difference at 5% probability level.
Inter = Inter row cropping system; Intra = Intra row cropping system

CRPSYT* = Cropping system:

no difference in height was found between
the inter-row and intra-row cropped maize
(Table 4).

Maize dry matter

Among the tillage practices, only ZT
treatment reduced maize shoot dry matter
perplantinbothyears. Therest of the tillage
practices had no significant effect on maize
shootdry matter (Table 4). Maize dry matter
in mixed cropping system was significantly
(P <0.05) lower compared to the maize in
pure stands, but no significant difference
was observed between the inter-row and
intra-row cropped maize (Table 4).

Maize LAI

The LAI of maize on ZT and HH
treatments were similar but significantly
(P < 0.05) lower than on Con and BP
treatments. However, there was no
ditference between the LAI values of HH
and ZT and also, the LAl valuesonConand
BP were not different (Table 4). Maize had

similar LAlinboththe sole and inthe mixed
stand. There was also no difference in the
LAI between the inter and the intra-row
cropped maize with cowpea (Table 4)

NPK content in cowpea and maize
Tillage practices and cropping systems
had no significant effects on the NPK
contents in cowpea (Table 5). With the
exception of HH and ZT in both years,
where N content in maize was lower than
the other treatments, tillage treatments had
similarN contentin maize. Tillage practices
did not have any effect on the content of P
and K inmaize (Table 6). Cropping sysiems
had no significant effects on the WPK
content in maize though the mixed cropped
maize had slightly higher values (Tabie 6).

Cowpea yield and yield components
Tillage treatment means separation
indicated significanteffectsoncowpea grain
yield and number of pods per plant. Both
variables were significantly (P <0.05)higher
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TABLE 5

NPK content in cowpea as.affected by tillage and cropping system

Tillage system” N% P% K%

2000 2001 2000 2001 2000 2001
Con 3.38 3.63 0.21 0.24 1.73 1.15
BP 3.30 3.3 0.20 0.25 1.77 1.17
HH 3.32 3.16 0.21 0.25 1.58 121
zZT 3.39 4.16 0.18 0.25 1.51 1.22
LSD?, .o, © 0.69 1.42 0.04 0.06 0.29 0.36
CRPSYT
Sole 3.35 3.95 0.25 0.26 1.96 1.59
Inter 3.13 3.37 0.23 0.25 1.95 1.58
Intra ) - 3.42 - 0.26 - 1.47
LSDb 0.82 1.23 0.03 0.06 0.83 10.23

(0.05)

Tillage system®: Con = Conventional tiliage, BP = Bullock plough, HH = Hand hoe ZT = Zero tillage LSD®(0.05)

= Least significant difference at 5% probability level.
CRPSYT®= Cropping system:

Inter = Inter row cropping, Intra = Intra row cropping.

TABLE 6

NPK content in maize as affected by tillage and cropping systems

Tillagesystem” N% P % K%

2000 2001 2000 2001 2000 2001
Con 2.03 2.19 0.22 0.24 2.03 3.47
BP 2.16 2.11 0.25 0.25 1.73 3.67
HH 1.60 1.72 0.24 0.25 1.73 3.47
ZT 1.56 1.73 0.19 0.25 1.66 3.03
LSD®, s, 0.34 0.28 0.09 0.06 0.78 0.59
CRPSYT* \\ N
Sole 2.17 1.92 0.18 0.26 2.04  *3.53
Inter 2.35 2.03 0.16 0.25 1.95 3.61
Intra - 2.01 - 0.26 - 3.41
LSDP C0.72 0.32 0.08 0.06 0.41 0.25

(0.05)

Tillage system®: Con = Conventional tillage, BP = Bultock plough, HH = Hand hoe, ZT = Zero tillage LSD®(0.05)

= Least significant difference at 5% probability level.
Inter = Inter row cropping, Intra = Intra row cropping.

CRPSYT¢ = Cropping system:

under Con and BP than under HH and ZT
treatments. There were no significant
differences between the grain yield and
number of pods/plant of cowpea under Con
and BP. Grain yield and number of pods per
plant under HH and ZT were also not

different (Table 7). Threshing percent and
100 seed weight of cowpea were not
influenced by tillage practices.

Cowpea in pure stands produced
significantly (P < 0.05) higher number of
pods/plantand grain yield than inthe mixed
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TaABLE 7

Yield and yield components of cowpea as affected by tillage and cropping systems

Tillage system Grain yield (kg ha’) 100 seed weight (g) Pods/plant Threshing (%)
2000 2001 2000 2001 2000 2001 2000 2001
Con 1296.40 791.67 18.80 16.76 19 15 - 70.11 61.09
BP : 1323.10 804.17 18.00 1623 17 16 71.45 69.97
HH 1060.00 664.58 17.89 1734 10 8 70.53 70.36
ZT 1074.40 633.33 15.90 16.56 9 9 76.51 67.39
LSD"“,_“S) 235.96 105.24 0.89 0.9 5 3 7.71 7.85
CRPSYT
Sole 1401.56 1153.4 18.36 16.94 15 9 72.68 65.64
Inter 1 954.00 543.75 17.39  17.01 13 7 70.81 66.74
Intra ’ - 473.44 16.22 8 - 69.23
LSD? 166.66 91.14 1.55 0.78 9 7 13.62 6.79

* (0.05)

Tillage system®: Con = Conventional tillage, BP = Bullock plough, HH = Hand hoe, ZT = Zero tillage LSD%(0.05)

= Least significant difference at 5% probability level.

CRPSYT® = Cropping system: Inter = Inter row cropping, Intra = Intra row cropping.

crop but the difference between the inter-
row and intra-row cropped cowpea was,
however, notsignificant. Threshing percent
and 100 seed weight were not affected by
cropping systems(Table 7).

Maize yield and yield components
Tillage practices significantly increased
the number of grains per cob and the
subsequenttotal grain yield of maize under
Con and BP. Tillage practices had no
influence onthe 100 seed weightand shelling
percent of maize. Even though the maize
grainyield and grains/cob were lower under
HH and ZT, no difference was observed
between them statistically (Table 8).

With the exception of the grain yield

which was higher in maize monoculture
than in mixed cropping system, none of the
above variables were affected by cropping
systems. There was no difference in yield
too between the inter and intra - row cropped
maize (Table 8). The calculated values of

West African Journal of Applied Ecology, vol. 7,2005

LER of the mixture under all the tillage
practices were more than unity (>1). In
bothyears, ZT had the highest LER (1.79 in
2000 and 1.24 in 2001) while the lowest
came from Con with 1.43 and 1.23 in 2000
and 2001, respectively.

Nodule weight, number and percent N
fixed by cowpea

Tillage practices had no significant
influence on cowpea nodule number per
plant, nodule weight and the subsequent
percent N fixed. These variables (nodule
number, nodule weightand N percent fixed)
were also not changed by the cropping
system in the study (Table 9).

Discussion
Tillage effects on soil and crop variables
The highest tillage depth recorded by Con -
followed by BP in this study supports the .
findings of Mutua & Conwell (1999) that
thedepthat whichatillage implementreaches
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TABLE 8

Yield and vield components of maize as affected by tillage and cropping systems

Tillage system* Grain yield (kg ha') Grainsicob 100 seed weight (g}  Shelling (%)
2069 2001 2000 2001 2000 2001 2000 2001
Con- 2591.40 2325.00 470 490 22.48 28.75 - 71.79 72.90
BP ’ 2761.90 2316.70 495 498 22.39 28.21  77.63 71.61
HH 1640.60 1925.00 321 378 . 22.38 27.49 78.99 73.00
T 123980 1825.00 315 350 19.83 2823  77.62 69.12
LSDb((),«:5) 363.4% 410.14 112 110 1.09 1.27 4.61 3.93
CRPSYT
Sole 273390  2400.00 482 465 22.27 27.34  76.61 71.07
Inter 1062.70 1731.30 404 425 22.51 27.75  77.64 72.39
Intra - 1937.50 - 425 - 29.42 - 71.50
LSD"(”_OS) 367.93 355.19 198 185 1.91 1.91 8.09 3.40

Tillage system®: Con = Conventional tiltage, BP = Bullock plough, HH = Hand hoe, ZT = Zero tillage LSD"(0.05)

= Least significant difference at $% probability level.

CRPSYT¢ = Cropping system: inter = Inter row cropping, Intra = Intra row cropping.

TABLE 9

Nodule number, weight and percent N fixed by cowpea as affected by tillage and cropping systems

Tillage system’ Nodule number Nodule weight v N fixed
2000 2001 2000 2001 2000 2001
Con 10 8 5.21 5.20 41.60 40.60
BP 12 9 3.65 6.00 34.45 38.20
HH 9 8 5.71 6.30 39.53 30.50
ZT 12 6 7.65 5.12 45.17 38.20
LSD"(“M 9 2 4.26 4.20 9.6 12.30
CRPSYT" )
Sole 15 18 3.65 4.80 36.78 39.18
Inter 18 15 3.64 4.25 38.62 41.32
Intra - 16 - 5.25 - 40.50
LSD"(O_US) 5 4 5.20 5.20 - 7.65 8.15

Titlage system®: Con = Conventional tillage, BP = Bullock ploﬁgh, HH = Hand hoe, ZT = Zero tillage LSD({ 05)

= Least significant difference at 5% probability level.

CRPSYT® = Cropping system: Inter = Inter row cropping, Intra = Intra row cropping.

in the soil depends on the size of the
implement and the force applied to it.
Therefare, the tractor and the bullock
ploughs being larger than hand hoe and
providing bigger forces than the human
force could have been the reasons for such

greater tillage depths recorded.

With differences in soil depth created by
different tillage practices, it was also found
that soil bulk density was lower within the
various tillage depths than below. Con as
the deepest system also had the least soil
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bulk density in both years. Similar
observations have been made by Klute
(1982) and lke & Aremu (1990) when they
found very low bulk densities and increased
porosities of the surface soil due to tillage.
At the same time, the soil just below the
tillage depth had increased bulk densities as
a result of compaction imposed by tillage
machinery and implements used.

Tillage as performed by Con and BP is
important to the easily compactible soils of
the semi-arid zones such as found in the
northern savanna region of Ghana.
According to Gupta & Gupta (1986), such
soils require mechanical loosening to
alleviate soil compaction; increase water
infiltration capacity, conserve water for
deep rooting development and decrease the
risk of soil erosion. Ploughing has been
shown to increase porosity, root growth and
improve cropyields inthe arid and semi-arid
zones of West Africa (McCartney et al.,
1971; Nicou, 1974; Chopart, 1981; Kanton
etal,, 2000). It was, therefore, not surprising
that Con and BP tillage practices of more
than 10 cm depth increased crop shoot
height, the dry matter and LAI which,
subsequently, gave significant higher grain
yields than in HH and ZT of less than 6 cm
tillage depth. However, the values of the
LER under each of the tillage practices
being more than 1(>1) indicate that the
intercrop is more productive than the pure
stands of cowpea and maize (Willey &
Osiru, 1972). ‘

Grain yields of maize and cowpea and
their attributes such as grains/cob and pods
perplant, respectively, were higherin2000
than 2001. This could be attributed to the

early onset of rains, which were adequate -

and more evenly distributed in 2000 than
2001. The lower quantity, late onset and

poor distribution of rain throughout the
growth period in 2001 made the effects of
Con and BP tillage practices on crop yields
and other crop parameters more pronounced
than in 2000.

The non-significance of P and K contents
in bothmaize and cowpea indicated perhaps
adequate supply of these elements in the
upper soil profile to meet their requirements.
The lower N content in maize under ZT and
HH could be attributed to the higher bulk
densities under these treatments. The roots
were probably restricted by the high
impedance offered by the higher bulk
densities inthose tillage practices (Tardeau
et al.,, 1992).

The same reason cannot be advanced
for the non-significance in nodule number,
nodule weight and the subsequent percent
fixed by cowpea. This is because the
reduction in root length due to physical
impedance offered by the high bulk densities
would have caused areduction inthe number
of nodules under ZT due to the reduction of
the available potential infection sites of
rhizobia (Ayanaba & Nangju, 1992). This,
therefore, suggests that there were no
serious restrictions in root length, and the
low N content in maize under HH and ZT
could be dueto low mobility of N in HH and
ZT as aresult of high bulk densities.

Cropping systems effects on crop
variables ‘
Cowpea as an under storey in mixed
cropping systems is always limited by light.
Light becomes more available to cowpea
intercropped with cereals when the soil is
poorand the cereal is poorly developed and
intercepts less light (Terao et al., 1997).
The taller cowpea plant observed in the
mixed cropping system than in the sole
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could, therefore, be attributed to shading by
the maize, especially when maize population
in the mixture was held at 100%. Similar
observation has been made by Koli (1975)
when groundnut intercropped with maize in
Ghana was etiolated as a result of shading
by the maize component.

The non-significant difference in crop
dry matter, N fixed, LAl and NPK ¢ontents
of sole crops and their mixed species showed
that the competition for resources was not
very intense as to significantly result into
low values of these plant variables. This
suggests that the higher yields obtained in
the pure stands of maize and cowpea could
be mostly due to the higher population per
unit area of these crops in sole than in the
mixtures. The apparent less competition for
resources could also be attributed to the
large differences in maturity periods of
cowpea (66 days) compared to maize (116
days).

Conclusion ,
Tillage in this study generally reduced the
bulk density of soil, favouring the availability
of resources such as water and nutrients for
crop uptake. These favoured the increase
in LAI, shoot height and dry matter which
subsequently raised the crop yields in the
tilled treatment. Under the tilled treatments
in the year with low and poorly distributed

rainfall, the deeper tillage systems such as

Con and BP (>10 cm depth) significantly
affected dry matter, height and yield of
crops than under HH of less than 6 cm
tillage depth.

Tillage systems inthe study had no effects
on nodule number, nodule weight and the

subsequent percent N fixed by cowpea. -

The upper storey (maize) in the mixed
cropping system was found to shade the

under storey cowpea, which altered the
growth character of the cowpea from semi
-erect to creeping. These made the cowpea
in the mixed cropping system to be taller
than cowpea in the sole.

Cropping systems had no significant
effects on LAI, drymatter and NPK content
in crops. While it is necessary for some
amountoftillage to be carried outto improve
upon soil conditions for higher cropyields in
the northern savanna zone of Ghana, inter-
row or intra-row cropping systems may
produce similar grain yields of both crops.

Acknowledgement

The authors wish to express their sincere
thanks to the Director, CSIR/SARI, for
funding the fieldwork. Their appreciation
goes to PHMD, IITA, Ibadan, Nigeria, for
making funds available for the literature
search and the write up of this work. Finally,
they thank Messrs Harunna Abdulai, Iddrisu
Sumani and Samson Konlan, forassisting in
the data collection.

References

AcquayeD. K. (1973). Some problems in the use
of West African soils. In Facfors of
agricultural growth in West Africa (1. M.
Ofori, ed.), pp. 67-70. Proceedings of an
International conference, 22-30 August 1920.
ISSER, University of Ghana, Legon.

AbaluG. O.1.(1977). Notes on mixed cropping
under indigenous conditions in Nigeria. J.
Dev. Stud. 13:212-220.

Adetiloye P. O. (1980). Growth, development
andyield in sole and intercropping cowpea
and maize in Nigeria. (PhD Thesis.)
University of Nigeria, Nssuka. 95 pp.

Andrews D. J. and Kassam D. H. (1976). The
importance of multiple cropping in increasing
world food supplies. In Multiple cropping.
(R. Papendick, A. Sanchezand G. B. T Plott,
ed.), pp. 1-10. ASA Special Publication No.

106 West African Journal /\Afplied Ecology, vol. 7,2005



27. Madison ASA, CSSA and SSSA, USA.

Ankomah A. B., Zapata F., Harderson, G. and
Danso S. K. A. (1996). Yield, nodulation and
N fixation by cowpea cultivars at different P
levels. Biol. Fertil. S0il 22:10-15.

Ayanaba A. and Nangju D. (1993). Nodulation
and N fixation in six grain legumes. In
Proceedings of 1" IITA Grain Legume
Improvement Workshop held at IITA, 24"-
28™ Feb. 1992, Ibadan. pp. 198 —204.

Chopart J. L. (1981). Le traveil du sol au
Senegal. Institute. Senegalais de Reserches
Agricole (ISRA), Banbey, Senegal. 36 pp.

Danso S. K. A., Harderson G. and Zapata F.
(1993). Misconception and practical problems
in the use of '°N soil enrichment techniques
for estimating N, fixation. PL. Soil 152:25-
52.

Eaglesham A.R. J.,MichinF. R.,Summerfield
R.J.,DartP.A.,HuxleyP.A. and DayJ. M.
(1977). N nutrition of cowpea. 111.
Distribution of nitrogen within effectively
nodulated plants. Expl Agric. 13: 369-380.

FAO (1967). Land and water survey in Upper
East and Northern Regions of Ghana, vol.
111. Soil Surveys. pp. 17-25.

FAO/UNESCO (1977). FAO soil map of the
word, vol. 6. Africa.299 pp.

Fisher M. N. (1979). Studies in mixed cropping.
3. Further results with maize/bean mixtures.
Expl Agric.15:112-114.

Gupta J. P. and Gupta G. K. (1986). Effect of
tillage and mulching on soilenvironment and
cowpea seedling growth under acid
conditions. Soil Tillage Res. 7: 337-344.

Halm A. H. and Asiamah R. D. (1992). Soil
erosion in the savanna zones of Ghana. In
Improving farming systems in the interior
savanna zone of Ghana. pp. 179-186.
Nyakpala Research Repert No.§. SARI,
Nyankpala, Ghana.

Hassen A. P. (1994). Symbiotic N-fixation of
crop legumes: achievements and
perspectives. Centre for Agriculture in
Tropics, Germany. 115 pp.

. lkel.F.and Aremu J. A.(1990). Soil physical

properties as influenced by tillage practices.
Samaru J. agric. Res. 7: 67-74.

Isenmilla A. E., Babalola G. and Obigbesan G.

(1981). Varietal influence of intercropping on
- growth and yield and water relations of maize.
Pl Soil 62(1): 153-156.

KantonR. A.L.,FrimpongO., TerbobriP. and
Sadik A. 8.(2000). Influence oftillage systems
and seed bed types on sorghum yield and
economics in Northern Ghana. Soil Tillage
Res. 55:79-85

Klute A. (1982). Tillage effects on hydraulic
properties of soil. ASA Special Publication
44:29-43.

KoliS. (1975). Pure cropping and mixed cropping
of maize and groundnuts in Ghana. Ghana J.
agric. Sci. 8:23-30.

McCartney J.C.,Notwood P. J. Daag M. and
Dawson R. (1971). The effect of different
cultivation techniques on soil moisture
conservation and establishment and yield of
maize at Kongwa, Central Tanzania. Trop.
agric. Res. 48:9-17.

MutuaJ. M. and Cowell P, A.(1999). Dynamic
steering response of animal—-drawn ploughs.
In: Conservation tillage with animal
traction. A resource book of ATNESA (P.G.
Kaumbutho and T. E. Simalenga, ed.), pp.
130-135.Nairobi, Kenya.

Nicou R. (1974). The problem of caking with
drying out'of sandy-clay soils in arid tropical
zone. Agron. Trop.30:325-343.

Norman D. W. (1975). Rationalising mixed
cropping under indigenous conditions. The
example of Northern Nigeria. Samaru agric.
Bull 232:3-21.

SAS (2003).S4S Users’ Guide. Statistics Version
8,27"ed. Cary, NC, Statistic Analysis System
Institute.

Tardieu F. Zhang J. and Davies W. J. (1992).
What information is conveyed by an ABA
Signal from maize roots in drying soil? Pl
Cell Envir. 15: 185-191.

TeraoT. Watanabel.,MatsunabeR., Hakoyama
S. and Singh B. B. (1997). Agro-physiological
constraints in intercropped cowpea: An

West African Journal of Applied Ecology, vol. 7, 2005 k 107



VR

analysis. In Advances in Cowpea Research.
B.B. Singh, D. R. M. Mohanraj, K. E. Dashiel
and L. E. N. Jakai, ed.), pp. 240-247: IITA/
JIRCAS Co-publication, Nigeria.

Tiessen R. (1988). Assessment of soil fertility
management in Sub-Saharan Savannas. In
Challenges in dry land agriculture. A global
perspective. (P. W.Unger, R Jorad, T.V.
Sneed and R. W. Jenssen, ed.) Proceedings
of the interntional comference on dry land
farming, August 15-19, 1988 Amarillo/ Bush
land, Texas, USA.

Tsay J.(1985). Physiological studies ofcassava/
soybean inter cropping. (PhD Thesis.)
Queensland University, Brisbane, Australia.

Unger P. W. (1984). Tillage systems. Soil and
water course. FAO Soil Bull No. 54. 73 pp.

Yan Reeuwijk L. P.(1992). Procedures for soil
analysis. International Soil Reference and
Information Centre, Wageningen, The
Netherlands. 6 pp.

Willey R. W. (1979). Inter cropping, importance
andresearchneeds. 1. Competition and yield.
11. Agronomic and Research approaches.
Fld Crop Abstr. 32(1). 2-10

WilleyR. W, and Osiru D S. 0. (1972). Studies -
in mixture of maize and beans (Phaseolus
vulgaris ) with particular reference to plant
population. J. agric Sci., Camb.79:519-529.

ZoufaK. TariahN.M. and IsirinahN. O.(1997).
Effects of groundnuts, cowpea and Mellon
on weed control and the yield of intercropped
maize. FldCrop Res.28:309-314.

108 West African Journal of Applied Ecology, vol. 7,2005



