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Abstract

A field experiment was conducted at the Plantation Section of the Department of Crop and Soil Sciences,
Kwame Nkrumah University of Science and Technology (KNUST), Ghana during the minor cropping season of
2014. The aim of the study was to evaluate the effect of residual nitrogen and phosphorus fertilizer and cowpea
residues on the growth and yield of the succeeding maize crop in the semi-deciduous forest zone of Ghana. The
experiment was a 5 x 4 factorial experiment with treatments arranged in a randomized complete block design
with three replicates. The treatments were (i) residual 0, 10, 20, 30 and 40 kg N/ha in the preceding growing
season combined with cowpea residues; and (ii) residual 0, 15, 30 and 45 kg/ha P,0s combined with cowpea
residues. Residual fertilization and the addition of cowpea residues did not significantly affect maize growth and
yield indices. Plots that received only cowpea residues without residual fertilization produced similar yields as
those that received N and P fertilizer in the preceding year. Thus cowpea residues alone without residual N and
P fertilizer can support the growth and yield of the subsequent maize crop in the semi deciduous forest zone of

Ghana. However, further studies are recommended to verify these findings.
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1. Introduction

Maize is the third most important cereal after wheat and rice in the world [1] and the most important cereal in
most African countries including Ghana [2]. It is used as food for humans, feed for animals and raw material for
industries [3]. Therefore, maize will play a significant role in the attainment of food security in both rural and
urban communities. Despite the importance of the crop, the yields obtained by most farmers in Ghana are low -
an average of 1.9 t/ha [4]. Low soil fertility and low application of external inputs are among the major factors
accounting for the low productivity of maize. Soils in sub-Saharan Africa (SSA) are generally low in fertility,
particularly nitrogen (N) and phosphorus (P) [5]. Consequently, there is a need for external nutrient supply to
growing crops in these soils. Mineral fertilizer use is necessary for improving the growth and yield of crops [6].
However, farmer’s poor financial status is a limitation to the use of such fertilizers in SSA [7], hence the poor
growth and low yield of crops prevail in this region. Research on sources of affordable nutrients for farmers in
the region is imperative.Crop rotation that involves cereals and grain legumes has been recognized for
improving cereal yields in tropical soils [8,9]. Grain legumes can ameliorate soil fertility decline and enrich soils
with organic matter thereby improving the yield of the subsequent cereal crop [10,11,12]. Unfortunately, as a
result of poor soil fertility with low levels of nitrogen and available phosphorus in SSA, the potential of legumes
to grow well, their N-fixing (< 5 kg N/ha/yr) ability [13], and their effects on succeeding cereal crops is greatly
hindered. Hence, there is a need for the application of mineral N and P fertilizer during the growth of legumes in
order to improve their growth [14], biomass production [15], nutrient accumulation [15] and subsequent positive
effects on succeeding cereal crops. Cereal crops like maize feed heavily on mineral fertilizers as compared to
legumes. However, farmers in SSA cannot afford to apply such huge doses to satisfy cereal needs. Therefore,
the application of small quantities of mineral fertilizer to legumes with the aim of boosting their growth,
biomass production, N-fixation and nutrient accumulation in order to improve their effect on the growth and
yield of the subsequent cereal crop will be worthwhile. An advantage of this practice will be the reduction of
mineral fertilizer use during cereal cropping which will be economical and environmentally friendly. When
mineral fertilizer is applied to legumes, the cereal crop planted on that same plot in the following season can
benefit from the residual fertilizer and the incorporated legumes residues. Based on this, the study was
conducted to evaluate the effect of residual nitrogen and phosphorus fertilizer and cowpea residues on the

growth and yield of the succeeding maize crop in the semi-deciduous forest zone of Ghana.

2. Materials and Methods

The field study was conducted during the minor rainy season of 2014 at the plantation section of the Department
of Crop and Soil Sciences, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana in the semi
deciduous forest vegetation zone of Ghana (latitude 06° 43’N and longitude 01° 33’W). The experiment was a
follow up to a previous experiment (a factorial experiment where in the treatments were arranged in a
randomized complete block design and replicated three times) which was conducted during the major rainy
season of 2014 on the same plots to evaluate cowpea response to nitrogen (0, 10, 20, 30 and 40 kg N/ha) and
phosphorus (0, 15, 30 and 45 kg P,Os/ha) fertilizer application rates. After harvesting of the cowpea, all the
cowpea residues were left on each plot. The plots were not tilled; three seeds of maize (variety Abontem) were

planted on 8 September, 2014 at a depth of 4-5 cm deep and a spacing of 70 cm between rows and 30 cm
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between hills. Each of the 60 plots measured 4.1 mx1.9 m with 0.5 m between plots and 1 m between
replications. The maize was thinned to two plants per hill at 14 days after planting (DAP) and the plots were
weeded with a hoe at 35 DAP. Stem borers were controlled by applying sunpyrifos (Chlorpyrifos-methyl) at

50ml to 15 liters of water every 7 days.

Table 1 presents weather parameters during the experiment.

Table 1: Weather conditions during the experiment

Parameters Values

Mean daily maximum temperature (°C) | 31.85

Mean daily minimum temperature (°C) | 22.34
Total rainfall (mm) 317.85
Relative humidity (%) 83.67 (09:00 hours GMT) to 59.17 (15:00 hours GMT)

[16]

Table 2 shows that the soil has a sandy loam texture and is low in fertility, mainly nitrogen, phosphorus and

organic matter which are below the critical level reported by [17].

Table 2: Characteristics of the soil at the experimental site

Depth (cm) 0-15 15-30
pH 5.57 5.50
% Total nitrogen 0.15 0.12
Available phosphorus (mg/kg) 5.65 5.22
% Organic carbon 0.72 0.50
% Organic matter 1.24 0.86
Exchangeable bases (cmol kg™)

Potassium 0.16 0.09
Calcium 2.00 2.80
Sodium 0.38 0.37
Magnesium 1.00 0.80
% Sand 84.30 80.90
% Silt 3.90 4.07
% Clay 11.80 15.03
Soil texture Sandy loam Sandy loam
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The biomass of five cowpea plants per plot were collected at harvest and analyzed for their nutrient contents
(Table 3).

Five plants from the second row of each plot were selected randomly and tagged for the collection of growth
data at 25, 45, and 65 DAP and yield data at harvest (75 DAP).

Plant height: This was measured from the ground level to the apical portion of the stem with a meter rule and the
average height was calculated for each plot. Number of leaves: All leaves on the tagged plants were counted and
the mean was calculated for each plot. Stem girth: Venier calipers were used to measure the stem girth at 2cm
above soil level. The average stem girth per plot was recorded.Dry matter yield: Five plants per plot were
selected randomly and cut at ground level, placed in different labeled envelops and oven-dried at 80°C for 48

hours. Dry matter per plant was determined by weighing each sample and the average was computed for each

plot.
Table 3: Nutrient contents of cowpea residues
Treatment N (%) P (%) K (%) C (%) Ca Mg Na (%)
(cmol/kg) (cmol/kg)

Control 1.30 0.31 1.09 44.95 0.32 0.50 0.23
N2 1.68 0.38 1.21 42.03 0.45 0.57 0.22
N3 1.21 0.48 1.02 43.36 0.40 0.54 0.21
N4 1.67 0.44 1.02 48.68 0.53 0.62 0.26
N5 151 0.46 1.39 47.08 0.52 0.63 0.29
P2 1.23 0.37 0.93 45.49 0.31 0.46 0.22
P3 1.33 0.37 1.00 42.56 0.47 0.56 0.22
P4 1.53 0.31 1.09 43.09 0.42 0.50 0.24
N2+P2 1.67 0.38 1.38 50.27 0.48 0.57 0.24
N2+P3 1.36 0.36 1.13 45.22 0.48 0.61 0.25
N2+P4 1.30 0.49 1.12 43.89 0.41 0.55 0.26
N3+P2 1.28 0.4 1.30 46.28 0.32 0.46 0.25
N3+P3 1.48 0.48 1.10 46.02 0.47 0.54 0.21
N3+P4 1.65 0.51 1.20 43.89 0.52 0.69 0.23
N4+P2 1.35 0.56 1.68 45.22 0.44 0.544 0.24
N4+P3 1.29 0.46 1.98 46.02 0.41 0.53 0.36
N4+P4 1.74 0.45 1.59 49.48 0.46 0.59 0.34
N5+P2 1.43 0.43 1.06 44.42 0.44 0.55 0.23
N5+P3 1.57 0.48 1.09 45.49 0.34 0.51 0.23
N5+P4 1.40 0.39 1.49 46.02 0.39 0.61 0.49

N,= 10 kg/ha N; Ns= 20 kg/ha N; N,= 30 kg/ha N; Ns= 40 kg/ha N; P,= 15 kg/ha P,Os; P3= 30 kg/ha P,Os; P4=

45 kg/ha P,O5
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Mean number of cobs per plant: At maturity, five plants were selected randomly from the border rows, their

cobs were counted and the average number of cobs per plant was determined for each plot.

Number of grains per cob: Five cobs were selected at random from each plot. The number of grains in five rows
on each cob was counted; the average was calculated and multiplied by the number of rows on the cob. The

mean number of grains per cob for each plot was then computed.

1000-grain weight: One thousand grains were selected randomly for each plot, counted and weighed. This

weight was recorded as 1000-grain weight for each plot.

Grain yield: Plants from the central net plot area of 2.10 m?were harvested, the clean grains were weighed, and

the weight was extrapolated from g/m?to kg/ha.

Harvest Index: Five randomly selected plants in the border rows were cut at ground level, placed in labeled

envelops and oven-dried at 80°C to constant weight.
The harvest index was calculated using the formula of [18] and expressed as a percentage.
Harvest Index = Economic yield x 100 %

Total biological yield (Above ground part)

Where economic yield is the grain yield of the five plants whilst the total biological yield is the summation of

total biomass and seed yield plus cobs.

Analysis of variance (ANOVA) was performed for the collected data using GenStat 12" edition statistical
package. Least Significant Difference (LSD) at 5% was used to determine the significance of differences

between means.
3. Results and discussion

Table 4 shows that maize growth parameters were not significantly affected (P > 0.05) by residual N combined

with cowpea residues and residual P combined with cowpea residues at all the sampling periods.

Table 5 shows that maize dry matter yield was not significantly affected (P > 0.05) by residual N combined with

cowpea residues nor with residual P combined with cowpea residues at all the sampling periods.

The effects of residual N and P fertilizer combined with cowpea residues on yield and yield components of the
succeeding maize crop are presented in Table 6. The effects were not significant. The statistically similar maize
growth and yield observed in our study for residual N and P fertilizer could be attributed to the fact that N is a
highly mobile nutrient and can be lost through several processes. Therefore, the possibility for residual effect of
such small doses of N to be seen on the succeeding maize crop is slim, while P, on the other hand, has the

tendency to be fixed in the soil into forms unavailable for plant use by reacting with soil particles, Fe, Al, Ca
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and Mg.

Table 4: Effects of residual N, P and cowpea residues on the growth of the succeeding maize crop

Plant height (cm) Number of leaves Stem girth (cm)
Treatments 25 45 65 25 45 65 25 45 65

DAP | DAP DAP DAP | DAP | DAP | DAP | DAP | DAP
Residual N (kg/ha) plus residues
Residual 0 N+ residues 75.87 | 167.80 | 225.10 | 7.47 |952 |10.80 |0.76 |1.47 | 1.62
Residual 10 N+ residues 80.98 | 175.70 | 230.30 | 753 |10.22 |11.13 | 081 |151 |171
Residual 20 N+ residues 79.72 | 168.60 | 226.80 | 7.68 |9.78 |10.38 |0.74 | 146 |1.61
Residual 30 N+ residues 78.80 | 173.50 | 229.70 | 7.73 | 10.02 | 10.88 | 0.80 | 1.54 | 1.65
Residual 40 N+ residues 76.09 | 165.60 | 22580 | 753 |9.83 |1097 |0.74 |144 |1.69
LSD (5%) NS NS NS NS NS NS NS NS NS
Residual P (kg/ha) plus residues
Residual 0 P,Os + residues 76.17 | 166.30 | 225.50 | 7.40 9.83 10.99 | 0.71 1.47 1.65
Residual 15 P,Ox+ residues 77.55 | 168.90 | 23250 | 7.81 9.99 10.80 | 0.77 1.48 171
Residual 30 P,Os+ residues 79.66 | 169.80 | 222.60 | 7.55 |9.95 |10.83 |0.78 |145 | 1.60
Residual 45 P,Os+ residues 79.77 | 17590 | 229.60 | 7.60 9.73 10.72 | 0.81 1.53 1.67
LSD (5%) NS NS NS NS NS NS NS NS NS
Residual NxP NS NS NS NS NS NS NS NS NS
CV (%) 7.6 8.8 4.4 8.0 6.0 5.8 16.1 |95 9.7

DAP = Days after planting

Table 5: Effects of residual N, P and cowpea residues on shoot dry matter of the succeeding maize crop

Shoot dry matter yield (g)
Treatments 25 DAP | 45 DAP | 65 DAP
Residual N (kg/ha) plus residues
Residual 0 N+ residues 2.79 28.98 59.80
Residual 10 N+ residues 3.63 34.73 72.00
Residual 20 N+ residues 3.02 30.12 56.90
Residual 30 N+ residues 3.01 30.46 64.10
Residual 40 N+ residues 2.75 31.44 62.90
LSD (5%) NS NS NS
Residual P (kg/ha) plus residues
Residual 0 P,Os + residues 2.83 29.07 53.90
Residual 15 P,05+ residues 3.09 32.63 66.10
Residual 30 P,O5+ residues 3.05 30.89 65.80
Residual 45 P,05+ residues 3.19 32.00 66.80
LSD (5%) NS NS NS
Residual NxP NS NS NS
CV (%) 24.9 21.0 23.0

DAP = Days after planting
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The result further reveals that all the plots that were expected to contain residual N and P from the previous

season produced similar maize growth and yield with plots that did not received N and P fertilizer the previous

year but had only the incorporated cowpea residues as means of fertilization. This indicates that the use of

cowpea residues alone without residual N and P fertilizer can support the growth and yield of maize. Studies

that have examined the effect of rotating cereals with legumes reported a positive effect on cereal yield

following the incorporation of legume residues [8,9,19]. Reference [13] reported that the practice of recycling

grain legume residues after harvest can provide net nitrogen as high as 140 kg N/ha depending on the legume.

Table 6: Effect of residual N and P combined with cowpea residues on yield and yield components of the

succeeding maize crop

Treatment No. of cobs | No. of seeds | 1000 grain | Harvest index | grain yield
plant™ cob™ weight (q) (%) (kg/ha)

Residual N (kg/ha) plus residues

Residual 0 N+ | 1.06 377.70 174.80 43.48 2505.00

residues

Residual 10 N+ | 1.08 381.70 167.00 44.10 2733.00

residues

Residual 20 N+ | 1.08 371.40 167.80 45.35 2667.00

residues

Residual 30 N+ | 1.05 368.80 173.50 43.82 2714.00

residues

Residual 40 N+ | 1.05 355.20 184.00 44.20 2562.00

residues

LSD (5%) NS NS NS NS NS

Residual P (kg/ha) plus residues

Residual 0 P,Os+ | 1.02 369.20 165.50 42.01 2351.00

residues

Residual 15 P,O5 | 1.02 379.80 173.50 44.86 2760.00

+ residues

Residual 30 P,Os5 | 1.13 354.70 176.50 45.42 2521.00

+ residues

Residual 45 P,O5 | 1.08 380.20 178.20 44.46 2913.00

+ residues

LSD (5%) NS NS NS NS NS

Residual NxP NS NS NS NS NS

CV (%) 11.8 18.6 9.4 10.0 25.5

5. Conclusion

The study revealed that the yield of maize was the same when cowpea residues alone from a previous cowpea
crop was incorporated as when the cowpea residues were combined with residual N and P fertilizer from the

previous season.

6. Recommendations

In the semi deciduous forest zone of Ghana, low soil fertility is a factor accounting for the low yields of most
crops and the purchase of mineral fertilizer is constrained by the poor financial status of farmers. Based on the
results of this study, it is recommended that cowpea residues be incorporated into the soil for the benefit of the

subsequent maize crop. However, further studies are recommended to verify the findings of this study.

233



International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 33, No 3, pp 227-235

Acknowledgements

The authors thank the West Africa Agricultural Productivity Program of Sierra Leone(WAAPP-SL 1C) for
financial support; staff of the plantation section and the soil and plant analytical laboratory of the department of
crop and soil sciences, KNUST for assistance with field and laboratory work and Dr. ChernorSullayKamara

(Director, Rokupr Agricultural Research Centre) for his support.
References

[1] S. Belfield, and C. Brown. Field Crop Manual: Maize. A Guide to upland production in Cambodia NSW
Department of Primary Industries. pp.7-8. 2008

[2] R. Al-Hassan and J.B.D. Jatoe. Adaptation and impact of improved cereal Varieties in Ghana. Paper
prepared for the workshop on the green revolution in Asia and its transfer ability to Africa. Organised
by Foundation for Advanced Studies in International Development (FASID), from 8" to 10"
December, 2002, in Tokyo, Japan, 2002.

[3] USAID/EAT. The market for maize, rice, soy, and warehousing in northern ghana. In: Gage, D.,
Bangnikon, J., Abeka-Afari, H., Hanif, C., Addaquay, J., Antwi, V. & Hale, A. (eds.) United States
Agency for International Development: Enabling Agricultural Trade.Fintrac Inc. 2012.

[4] MOFA. Ministry of Food and Agriculture: Cropped area for major crops in Ghana: Statistics, Research
and Info. Directorate (SRID). 2010.

[5] I.M. Haruna, L. Aliyu, O.0. Olufajo, and E.C. Odion. Growth of sesame (Sesamumindicum L.) as
influenced by poultry manure, nitrogen and phosphorus in samara, Nigeria. Am. Eurasian J. Agric.
Environ. Sci., 4:561-568. 2011.

[6] G. K. S. Aflakpui, V. M. Anchirinah and H. Asumadu. Response of a quality protein maize hybrid to N
supply and plant density in the forest zone of Ghana. Trop. Sci. 45. 3 - 7. 2005.

[7] S.T. Partey and N.V. Thevathasan. Agronomic Potentials of Rarely Used Agroforestry Species for
Smallholder Agriculture in Sub-Saharan Africa: An Exploratory Study Commun. Soil. Sci. Plant Anal
DOI:10.1080/00103624.2013.769563. 2013.

[8] M. Bagayoko, A. Buerkert, G. Lung, A. Bationo and V. Romheld. Cereal/legume rotation effects on
cereal growth in Sudano-Sahelian West Africa: soil mineral nitrogen, mycorrhizae, and nematodes.
Plant and Soil 218: 103-116. 2000.

[9] A. Bationo and B.R. Ntare. Rotation and nitrogen fertilizer effects on pearl millet, cowpea, and
groundnut yield and soil chemical properties in a sandy soil in the semi arid tropics, West Africa.
Journal of Agricultural Science, (Cambridge) 134: 277-284. 2000.

234



International Journal of Sciences: Basic and Applied Research (IJSBAR)(2017) Volume 33, No 3, pp 227-235

[10] K.E. Giller, G. Cadisch, C. Ehaliotis, E. Adams, W.D. Sakala and P.L. Mafongoya. Building soil
nitrogen capital in Africa. In R.J. Buresh, P.A. Sanchez &F.Calhoun (eds). Replenishing soil fertility in
Africa. SSSA Spec. Publ. No. 51. SSSA, Madison. 1997.

[11] M.D. Shoko, F. Tagwira and M. Zhou. The potential of reducing nitrogen fertilizers in a soyabean-
sugarcane production system in Zimbabwe. Afr. J. Agric. Res. 2, 16-26. 2007.

[12] J.D.T. Kumwenda, S.R. Waddington, S.S. Snapp, R.B. Jones and M.J. Blackie. Soil Fertility
Management for Smallholder Maize-Based Cropping Systems of Southern Africa: A Review. Network
Working Paper No. 1. Soil Fertility Network for Maize-Based Cropping Systems in Countries of
Southern Africa. CIMMYT, Harare, Zimbabwe. 1995.

[13] K.E. Giller. Nitrogen Fixation in Tropical Cropping Systems, 2"edition. Wallingford, UK: CABI
Publishing. 405 pages. 2001.

[14] B.J. Amujoyegbe and C.O. Alofe. Influence of poultry manure and inorganic nitrogen fertilizer on
grain yield and proximate component of two cultivars of cowpea (Vignaunguiculata L. Walps). Moor
Journal of Agricultural Research, 4(1): 37-45. 2003.

[15] A.K. Singh, P.N. Tripathi, and S. Room. Effect of Rhizobium inoculation, nitrogen and phosphorus
levels on growth, yield and quality of kharif cowpea (Vignaunguiculata L. Walp). Crop Research
Hisar, 33(13):71-73. 2007.

[16] Metrological Department, KNUST. Annual Metrological Summary Report of 2014, KNUST, Kumasi.
2014.

[17] H. Pam and M. Brian. Interpreting Soil Test Results: What do all the numbers mean? Available on
http://www.publish.csiro.au. (Accessed on 02/07/2014). 2007.

[18] L.M. Donald. Competition among crop and pasture plants. Advances in Agronomy, 10: 435-473. 1963.

[19] A. Bationo, F. Lompo and S. Koala. Research on nutrient flows and balances in West Africa: State-of-
the-art. Pages 19-36 in Nutrient balances as indicators of production and sustainability in sub-Saharan
African agriculture, edited by E.M.A. Smaling. Agriculture, Ecosystems and Environment 71: 1, 2, and
3.1998.

235


http://www.publish.csiro.au/

	2. Materials and Methods
	3. Results and discussion
	5. Conclusion
	6. Recommendations
	Acknowledgements
	References

