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Abstract: Tillage is a very important crop production activity which may affect crop performance differently.
An experiment was conducted during the during the 2009 and 2010 major crop growing seasons in Kumasi,
Ghana, to compare the effect of four different tillage practices on Asontem cowpea (Vigna unguiculata (L)
Walp) performance. The treatments consisted of disc ploughing only, disc ploughing followed by disc
harrowing, disc harrowing only and no tillage. There was significant difference in Asontem cowpea growth, dry
matter yield and yield components between tillage practices. Disc ploughing followed by disc harrowing gave
the best results producing the highest percentage seedling emergence, tallest plant, biggest stem girth and
greatest number of leaves. Furthermore, disc ploughing followed by disc harrowing resulted in the longest root
length, highest dry matter yield, highest number of pods per plant, highest number of seeds per pod and
highest 1000 seed-weight. The no tillage plots produced the shortest plant, smallest stem girth and smallest
number of leaves. In addition, the no tillage plots gave the shortest root length, lowest dry matter yield, smallest
number of pods per plant, smallest number of seeds per pod and smallest 1000 seed-weight. Therefore,
considering the soil and weather conditions of the experiment the best tillage practice for Asontem cowpea
growth and yield is disc ploughing followed by disc harrowing.
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INTRODUCTION farmers sow cowpea after disc ploughing without disc

Tillage creates  an  ideal  seedbed  condition  for before sowing. There are some farmers who disc harrow
plant  emergence,  plant  development  and unimpeded without disc ploughing before sowing while others use no
root growth [1]. Tillage practices are critical components tillage in the production of cowpea. Cowpea is a
of soil management systems [2]. Inappropriate tillage multipurpose legume providing grain, leaf and forage and
practices could inhibit crop growth and yield. The also improves soil fertility. It has very high nutritive value
selection of an appropriate tillage practice for the and high palatability [4]. It plays a major role in the
production  of  crops is very important for optimum nutrition and farming systems in Ghana. Cowpea is one of
growth and yield. A good soil management programme the most widely grown legumes in Ghana [5]. The crop
protects the soil from water and wind erosion, provides a features prominently in several food products relished by
good, weed-free seedbed for planting, destroys hardpans both the rich and the poor. In the fresh form, the young
or  compacted  layers  that  may  limit root development leaves, immature pods and seeds are used as vegetables,
and allows maintenance or even an increase of organic while several snacks and main meal dishes are prepared
matter [3]. from the grain [6]. 

Resource poor smallholder farmers in Ghana produce The objectives of tillage are to develop a desirable
cowpea (Vigna unguiculata (L) Walp) under rainfed soil structure or suitable tilth for a seedbed [7] for the
conditions. These farmers employ different tillage optimum growth and yield of the crop. Different tillage
practices in the production of cowpea. While, some practices  may influence the growth and yield of cowpea.

harrowing, other farmers disc plough and disc harrow
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Olaoye [8] evaluated the effects of five different tillage between 18 and 35°C. The maximum and minimum air
treatments commonly used in Nigeria on crop residue temperatures as well as the rainfall amounts during the
cover, soil properties and some yield parameters of experimental period are presented in Table 2.
cowpea and found that disc harrowing and no tillage
treatments gave the highest grain yield and number of Experimental Design: The experimental design was a
pods per plant among the treatments considered. Ojeniyi randomized complete block design with four treatments
and Adekayode [9] compared the effects of seven namely disc ploughing only, disc ploughing followed by
different tillage methods on the growth and yield disc harrowing, disc harrowing only and no tillage. Each
components of cowpea on Alfisols in the rainforest zone treatment was replicated three times.
of Nigeria. Their study revealed that no tillage produced
taller plants and higher grain yield compared with disc Sowing, Weed and Pest Control: An early maturing
ploughing followed by disc harrowing although the cowpea variety, Asontem (65 Days) seeds were obtained
differences were not significant. Kombiok et al. [10] from Crops Research Institute of the Council for Scientific
assessed the effect of tillage systems on cowpea growth and Industrial Research. The crop was sown on 25 March,
and yield components under Ferric Luvisol in the northern 2009 and on 20 March, 2010 at two seeds per hill at a
Guinea savannah zone of Ghana and found that disc depth of 5 cm with a custom made depth controlled
ploughing followed by disc harrowing resulted in better dibbler [13]. Plant spacing of 60 cm by 20 cm was used
cowpea growth and yield components compared with that giving a plant population of 166,667 plants ha . Each plot
under no tillage. Information is needed in selecting an measured 2.4 m long by 2.4 m wide. In both growing
appropriate tillage practice for the production of cowpea seasons, weed control was carried out twice using a hand
in the semi-deciduous forest agro-ecological zone of hoe. The first weed control was carried out three weeks
Ghana. The objective of the study was to compare the after planting while the second weed control was
effect of four different tillage practices on Asontem undertaken six weeks after planting. Weed control on no
cowpea growth, dry matter yield and yield components. tillage  plots was carried out using a knapsack sprayer and

MATERIALS AND METHODS

Description of the Study Location: Experiments were
conducted during the 2009 and 2010 major growing
seasons  at  the arable field of the Plantation Section of
the Department of Crop and Soil Sciences in the Faculty
of Agriculture, Kwame Nkrumah University of Science
and Technology, Kumasi, Ghana, located at latitude 6° 41'
0" N, longitude 1° 33' 3" W and altitude 296.6 m above sea
level. The soils are sandy loam in texture and are located
within the semi-deciduous forest agro-ecological zone.
The characteristics of the soil at the experimental site are
presented in Table 1. The soil is classified as Ferric
Acrisol [11; 12] or Paleustult in USDA Classification. The
climate is humid with an average annual rainfall of 1300
mm.  The  average  daily  temperature is 26°C with a range

1

Table 1: Selected Soil Physical and Chemical Properties at the
Experimental Site

Soil layer (cm)
---------------------------------------------

Soil Property 0-15 15-30
Sand (%) 71.84 85.60
Silt (%) 26.15 6.40
Clay (%) 2.01 8.00
Organic Carbon (%) 0.78 0.76
Organic Matter (%) 1.34 1.31
pH 5.60 5.20
Total N (%) 0.07 0.04
Ca (cmol kg ) 1.60 1.871

Mg (cmol kg ) 1.07 0.271

K (cmol kg ) 0.19 0.171

(cmol kg ) 1.56 0.311

Available P (cmol kg ) 22.64 16.901

Na (cmol kg ) 0.03 0.041

Table 2: Temperature and rainfall at the Experimental Site
T  (°C) T  (°C) T  (°C) T  (°C) Rainfall (mm)max min max min

------------ ------------ ----------- ----------- ---------------------------------------
Month 2009 2009 2010 2010 2009 2010
March 33.5 22.7 34.5 23.4 162.9 41.3
April 33.4 22.5 34.4 23.4 123.9 129.1
May 33.0 22.7 33.1 23.4 99.0 132.6
Total 385.8 303.0
T  (°C) Maximum Air Temperature °Cmax

T  (°C) Minimum Air Temperature °Cmin
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Tarzan 480 SL, a systemic herbicide at 480 g glyphosate crop resulting in the tallest plant in both years. In 2009,
per litre. In both seasons, insect pests were controlled the disc harrowed treatment presented Asontem cowpea
three times using a knapsack sprayer and a non-systemic plants significantly taller than that of the disc ploughed
contact insecticide (RAMBO 2.5 EC) containing 25 g of treatment. However, in 2010, the disc ploughed plots
Lambda-cyhalothrin per litre at a rate of 600 ml ha . produced taller Asontem cowpea plants compared with1

Insecticide application was carried out at two, four and that of the disc harrowed plots although there was no
seven weeks after planting. significant difference between the two treatments. The

Crop Growth and Yield Components Parameters: Data reported taller cowpea plants in disc ploughed followed
collected included plant height, stem girth, number of by disc harrowed plots in comparison with that in the no
leaves per plant, root length, dry matter yield, number of tillage plots under Ferric Luvisol in the northern Guinea
pods per plant, number of seeds per pod and 1000-seed savannah zone of Ghana. In contrast, Ojeniyi and
weight. Six plants were selected per plot at random and Adekayode [9] found taller cowpea plants in no tillage
tagged for determination of plant growth and yield plots compared with that of disc ploughed followed by
components parameters. Plant height was measured disc harrowed plots under Ferric Luvisol in the rainforest
initially using a ruler and later a meter rule. Stem girth was zone at Akure in Nigeria, although the difference was not
measured using a white thread and a ruler. Root length significant.
was measured using a ruler. Dry matter yields were
determined by manually harvesting the six tagged cowpea Effect of Tillage Practice on Stem Girth: Stem girth is an
plants per plot at harvest. The plants were washed and important component of crop growth. Fig. 3 and Fig. 4
cleaned to remove traces of soil and placed in a bag illustrate the mean values of stem girth over the period of
before oven drying them at 70°C for 48 hours. The the experiment for both the 2009 and 2010 major cropping
numbers of pods per plant and seeds per pod were seasons, respectively. Stem girth was significantly
counted at harvest. The 1000 seed-weight was measured affected by tillage treatments over the course of the
using an electronic balance. experimental period except for that in the first week after

Data Analyses: All data were subjected to analysis of significant tillage practice effect on stem girth was in the
variance (ANOVA) using the Balanced Analysis of order disc ploughing followed by disc harrowing > disc
Variance procedure in MINITAB Statistical Software harrowing > disc ploughing > no tillage. In 2010, at seven
Release 15 [14]. Treatment means were separated using weeks after planting, stem girth under the no tillage
least significant difference (LSD) comparisons at p<0.05. treatment was significantly smaller compared with that of

RESULTS AND DISCUSSION treatment recorded the biggest stem girth. The disc

Effect of Tillage Practice on Plant Height: Plant height is the next the biggest stem girth. The disc harrowing only
an important growth character directly linked with the treatment had the third biggest stem girth. There was no
productive potential of plant in terms of fodder and grain significant difference in stem girth between the three tilled
yield [15]. The effect of tillage practice on Asontem treatments. On the contrary, Agbede et al. [16] reported
cowpea plant height is presented in Fig. 1 and Fig. 2 for bigger sorghum (Sorghum bicolor L.) stem girth in the no
the 2009 and 2010 major crop growing seasons, tillage plots compared with that in the disc ploughing
respectively. Analysis of variance showed significant followed by disc harrowing plots under alfisols in the
difference in Asontem cowpea plant height between the forest-savanna transition zone of Nigeria. They reported
different tillage practices over the period of the experiment that there was no significant difference in stem girth
except for that in the first week after planting in 2010. At between the no tillage and disc ploughing followed by
seven weeks after planting, the tallest plant was located disc harrowing treatments.
in the disc ploughed followed by disc harrowed plots,
while the shortest plant was observed with no tillage plots Effect of Tillage Practice on Number of Leaves per Plant:
for both the 2009 and 2010 major growing seasons. Number of leaves per plant produced by a plant is directly
Increasing soil loosening effect created by disc ploughing proportional to the photosynthate produced [17]. Fig. 5
followed by disc harrowing probably created an ideal and  Fig.  6  show the effect of tillage practice treatments
seedbed condition which influenced the growth of the on  Asontem  cowpea  number   of   leaves  per  plant over

results are similar to that of Kombiok et al. [10] who

planting in 2010. In 2009, at seven weeks after planting,

the other tillage treatments. The disc ploughing only

ploughing followed by disc harrowing treatment produced
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Fig. 1: Effect of tillage practice on plant height – 2009

Fig. 2: Effect of tillage practice on plant height – 2010

Fig. 3: Effect of tillage practice on stem girth – 2009
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Fig. 4: Effect of tillage practice on stem girth – 2010

Fig. 5: Effect of tillage practice on number of leaves per plant – 2009

Fig. 6: Effect of tillage practice on number of leaves per plant – 2010
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Table 3: Effect of Tillage Practice on Root Length and Dry Matter Yield

Root Length (cm) Dry Matter Yield (kg ha )1

------------------------------------------------------------ ------------------------------------------------------------
Treatment 2009 2010 2009 2010

Plough 13.94 12.82 3061 3030
Plough and Harrow 15.53 15.22 3472 3425
Harrow 14.60 10.48 3301 2590
No-Tillage 12.33 8.10 2336 1031
Average 14.10 11.66 3043 2519
LSD (P<0.05) 0.38 1.82 341 1660

Table 4: Effect of Tillage Practice on Asontem Cowpea Yield Components

No. of Pods per Plant No. of Seeds per Pod 1000 Seed-Weight (g)
-------------------------------------- --------------------------------------------- --------------------------------

Treatment 2009 2010 2009 2010 2009 2010

Plough 19.5 13.06 10.28 10.11 121.58 107.75
Plough and Harrow 23.0 16.83 11.65 11.15 126.43 118.09
Harrow 20.7 12.78 10.94 9.93 124.45 99.19
No-Tillage 15.6 9.44 9.77 7.48 117.47 79.79
Average 19.7 13.03 10.66 10.00 122.48 101.21
LSD (P<0.05) 0.7 4.43 0.51 1.31 2.03 14.31

the course of the experiment. There was significant effect located in the no tillage plots. An important factor
of Asontem cowpea number of leaves per plant between determining the rate of plant growth is the ability of roots
the different tillage practices over the study period except to grow and explore the soil for water and nutrients [19].
for that in the first week after planting in 2010. In 2009, at The root is the main organ of the plant which has to make
seven weeks after planting, significant tillage practice contact with the soil to absorb nutrients and water but the
effect on number of leaves per plant was in the order: disc quantum and rate of water and nutrient uptake by the
ploughing followed by disc harrowing > disc harrowing > plants depends mainly on the development of the root
disc ploughing > no tillage. In 2010, at seven weeks after system in spread, depth and density particularly under
planting, the number of leaves per plant in the no tillage conditions of dryland agriculture [20]. Optimum crop
plots was significantly lower in comparison with that of yields are dependent on optimum root growth and when
the other tillage treatments. The disc ploughing followed soil is in good condition, root systems are large, deep and
by disc harrowing plots produced the highest number of expansive [21, 22]. The longest root found in the disc
leaves per plant. This was followed by the disc ploughing ploughing followed by disc harrowing plots compared
only plots. The next was the disc harrowing only plots. with the other treatments were associated with increased
There was no significant difference in number of leaves soil loosening.
per plant between the three tilled treatments. Crop growth
depends on the amount of intercepted photosynthetic Effect  of  Tillage  Practice  on  Dry  Matter  Yield:
active radiation and the efficiency to convert the Cowpea dry matter yield was significantly influenced by
intercepted photosynthetic active radiation in tillage practice for both 2009 and 2010 major cropping
aboveground phytomass, commonly referred to as seasons (Table 3). The highest dry matter yield was
radiation use efficiency [18]. recorded in the disc ploughing followed by disc

Effect of Tillage Practice on Root Length: Table 3 found in the no tillage plots. There was no significant
presents  the  mean  values  of   the   Asontem  cowpea difference in dry matter yield between the disc ploughing
root length as affected by the four different tillage followed by disc harrowing, disc ploughing only and disc
practices at harvest. Tillage practice had statistical harrowing only treatments.
significant effect on root length. For both 2009 and 2010,
plots under disc ploughing followed by disc harrowing Effect   of   Tillage   Practice   on   Yield  Components:
produced the longest root significantly longer than that The influence of the four different tillage practices on the
of the other tillage treatments. The shortest root was Asontem  cowpea  yield components is shown in Table 4.

harrowing plots while the lowest dry matter yield was
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Number of pods per plant, number of seeds per pod and ACKNOWLEDGEMENTS
1000 seed-weight were all significantly influenced by the
tillage treatments. Among the different tillage practices,
ploughing followed by disc harrowing gave the highest
number of pods per plant, greatest number of seeds per
pod and highest 1000 seed-weight. The no tillage
treatment gave the lowest number of pods per plant,
number of seeds per pod and 1000 seed-weight. The
superiority of ploughing followed by disc harrowing in
producing the largest number of pods per plant, greatest
number of seeds per pod and highest 1000 seed-weight
was associated with increased soil loosening. These
results agree with that of Polthanee and Wannapat [23]
who reported that tilled plots gave higher number of
cowpea seeds per pod than that of untilled plots. They
attributed their findings to tillage operation which
improved soil aeration. Similar results have been reported
by Rashidi and Keshavrzpour [24] who evaluated the
effects of seven tillage methods on grain yield and yield
components of maize (Zea mays L.) under clay-loam soil
and observed significantly greater maize grain yield and
yield components under tilled treatments compared with
that of the no tillage treatment. In contrast, Olaoye [8]
reported significantly higher cowpea number of pods per
plant in no tillage plots compared with ploughing
followed by harrowing plots under Ferrisols Ferruginous
soils in the derived savannah agro-ecological zone of
Nigeria while Agbede et al. [16] also observed greater
sorghum grain yield in the no tillage treatment in
comparison with the ploughing followed by harrowing
treatment.

CONCLUSION

On the Basis of the Study, the Following Conclusion Is
Drawn: Asontem cowpea variety was significantly
influenced  by  tillage  practice  treatments.  Disc
ploughing   followed   by    disc    harrowing   produced
the tallest  plant height, biggest stem girth, highest
number of leaves per plant, longest root length, highest
dry matter yield, highest number of pods per plant,
highest number of seeds per pod and highest 1000 seed-
weight. The no tillage treatment presented the worst
growth and yield components parameters. Therefore, disc
ploughing followed by disc harrowing is the best
alternative for the production of Asontem cowpea variety
considering the soil and weather conditions of the
experiment.
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