African Journal of Environmental Science and Technology Vol. 3 (9), pp. 234-238, September, 2009

Available online at http://www.academicjournals.org/AJEST
ISSN 1991-637X © 2009 Academic Journals

Full Length Research Paper

On farm evaluation of the contribution of three green
manures to maize yield in the semi-deciduous forest
zone of Ghana

J. O. Fening'*, E. Yeboah', T. Adjei-Gyapong? and E. Gaizie'

'Soil Research Institute, Academy Post Office, Kwadaso, Kumasi, Ghana.
2Kwame Nkrumah University of Science and Technology, Crops Science Department, Kumasi, Ghana.

Accepted 11 August, 2009

Low soil fertility is one of the major factors responsible for low crop yields on small-scale farms in
Africa. The use of Chromolaena odorata, Crotalaria juncea and Panicum maximum and their
combination with NPK for improving soil fertility and maize yield was investigated in the semi-
deciduous forest zone of Ghana. Each plant material was applied at two application rates, 1 and 3 t ha™.
The field design was a randomized complete block with three replications. The plant materials caused
an initial immobilization of nutrients which negatively affected maize grain yield in the major season.
The plant materials plus N4sP3Kgo however, was able to provide nutrients that were sufficient to
increase maize yields by over 85% relative to the control for the two consecutive seasons. NgyPsoKgo
application alone produced the highest grain yield of 4.65 t ha™ in the major season but less so in the
minor season. Maize grain yield was not influenced by the quantity of plant materials application but
was higher during the minor season than in the major season. The results of the study provide soil
fertility management options for sustainable food production in the semi-deciduous forest zone of
Ghana.
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INTRODUCTION

The use of mineral fertilizers to overcome declining soil
fertility in small scale farming in sub Saharan Africa is
limited by economic constraints (Drechesel and Gyiele,
1999). The integration of farmer available organic
resources in these cropping systems is therefore being
regarded as an alternative to mineral fertilizers. Farmer
available organic resources such as manure (cowdung
and poultry manure) are however severely limited
particularly in the semi-deciduous forest zone where
livestock is not fully integrated in the farming system. The
greater proportion of livestock feed on extensive range
land where manure is difficult to collect. Another limiting
factor is the cost of transporting manure to farms as
farms are getting further and further away. Crop residues
also have alternative uses as fodder, fuel and building
materials for which there are often no substitutes
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(Quedraogo et al., 2005). Other organic resources such
as high biomass producing plants are therefore needed
as soil amendments to address the declining soil fertility
under continuous cropping systems (Vanlauwe and
Giller, 2006).

The use of plant biomass for soil fertility replenishment
also requires the identification of species found in the
farm vicinity to reduce labour cost. Such plant species
should have the ability to increase P availability to crops
since organic inputs have low P contents (Palm et al.,
1997). Also the plant material must be able to produce a
large pool of mineral N before the period of rapid N
uptake by a crop (Magdoff, 1991). This will mean
application of large amounts of the plant material which
may not be available. Combining plant biomass and
mineral fertilizers may therefore provide an intermediate
solution allowing the most efficient use of scarce
resources (Vanlauwe et al., 2004). The outcome of the
combination may however depend on the quality of the
plant biomass (Palm et al., 1997), and underline the need
to test them experimentally. Most of the studies on re-



source quality characterization, decomposition and
nutrient release have mainly concentrated on leguminous
plant species which are considered as high quality
materials (Cadisch and Giller, 1997; Palm et al., 1997),
Mafongoya et al., 1998). However, biophysical characteri-
zation of African farming systems has shown that organic
resources accessible to farmers are highly heteroge-
neous. It is apparent that most of the resources utilized
on farm are low or intermediate in quality since the
resources are often used in mixtures. There is a need
therefore to improve our understanding of resource
quality and soil organic matter management interactions
under different climatic and edaphic conditions and
translate the available knowledge into practical manage-
ment solutions that are adaptable on farm. In the semi
deciduous forest zone of Ghana, Chromolaena odorata,
Panicum maximum and Crotalaria juncea abound on
farmer’s field. Farmers clear and burn these plants during
land preparation. This study aimed at assessing the re-
source quality of C. odorata, P. maximum and C. juncea
and quantifying their contribution to maize production.

MATERIALS AND METHODS
Study site

The study was located at Ayuom (6°35'N135'W) in the Bosumtwi
Atwima Kwanwomma District of the Ashanti Region of Ghana. The
area receives bimodal mean rainfall of 1200 mm per year with
peaks in June (major season) and September (minor season). The
major soil of the area is Ferric Acrisol. Some of the initial soil
chemical properties in the surface 15 cm are as follows; pH 1:1
(H20) 6.6, total N 0.15%, organic C 0.6%, exchangeable acidity 0.1
cmol kg™ soil, exchangeable Ca 7.7 cmol kg™ soil, Mg 0.8 cmol kg™
soil, Na 0.1 8 cmol kg™ soil, K 0.4 8 cmol kg™ soil, available P 2.9
mg kg"'. The loamy sand soil contains 74% sand, 6.5% silt and
19.5% clay.

Plant materials

The plant materials (C. odorata, P. maximum and C. juncea) were
characterized for quality parameters according to the
recommendations of Palm and Rowland (1997). Total N and P were
determined colorimetrically (Parkinson and Allen, 1975) and K by
flame photometry (Anderson and Ingram, 1993). The C contents
were determined using the Nelson and Sommers (1982) wet
combustion procedure, while Ca and Mg contents were estimated
using the procedure of Anderson and Ingram (1993). Lignin was
determined according to the acid detergent fiber method of van
Soest (1963). Total extractable polyphenols was analysed following
the method described by Constantinides and Fownes (1994a).

Field experiment

The trial consisted of 11 treatments in a randomised complete block
design with three replications. The treatments were (1) a control
with no inputs; (2) 1 tha™ C. juncea (3) 3tha™ C. juncea (4) 1 tha
C. odorata (5) 3tha™ C. odorata (6) 1 tha™ P. maximum (7) 3t ha’
' P. maximum (8) 1 t ha C. juncea + NasPaoKeo, (9) 1 t ha C.
odorata + N45P30K50, (10) 1t ha'1 P. maximum + N45P30K50, and (1 1)
NgoPsoKeo. The plot size was 12 x 30 m with 1.5 m border between
plots and 2 m between blocks. The plant materials were broadcast
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and incorporated into the soil manually with a hoe to a depth of 15
cm. Treatments were applied in May, 2008, the beginning of the
long rainy season and maize (Hybrid Mamaba) sown at a spacing
of 0.25 x 0.75 m. The inorganic fertilizers were applied banded, two
weeks after planting. The N fertilizer (urea) was split applied. A third
was applied at two weeks after planting and two-thirds applied 6
weeks after planting. The P source was triple super phosphate and
the K was applied in the form of muriate of potash. Hand weeding
was done twice. A second crop was planted in September, 2008,
(the short rainy season) with no application of plant materials or
NPK in order to observe residual effects. Crop residues from the
major season cropping were removed at harvest to reduce
confounding effects from additional inputs of different qualities.

Maize grain yields were determined for the two seasons
harvested in August, 2008 and December, 2008. A total of 18
plants were harvested per plot leaving one border row on all sides.
Total fresh weight of the cobs and stover per plot was taken in the
field. Sub-samples were taken to the laboratory for oven drying at
65°C to constant weight to determine dry matter content. In order to
compare the treatment effects of the two seasons, yields were
converted to relative increase compared to the control:

Yield increase % = (Yield treatment — Yield control) x 100
Yield Control

Soil samples were taken from the treatment plots at 0 - 10 cm depth
after the second harvest for analysis of N P K and organic carbon
by the method of Anderson and Ingram (1993).

Data analysis

Analysis of variance was conducted using the ANOVA procedure of
SAS (SAS Institute Inc, 1995) to determine the effects of treatments
on crop yields. The Least Significant Differences (LSDs) were
computed and used to separate the treatment means at 5% level of
significance.

RESULTS
Plant materials

P. maximum had the highest N and K content with C.
odorata showing the highest, P and Ca contents. The Mg
concentration among the organic materials ranged
narrowly from 20 to 24 mg g' (Table 1). The N
concentration of C. odorata and P. maximum were within
the critical level of 20 to 25 mg g, below which point net
N immobilization from soil would be expected. That of C.
juncea was below the critical level. The P concentration
of all the materials on the other hand was above the
critical level of 2.5 mg g'1 for P immobilization (Palm et
al., 2001). The C/N ratios of P. maximum and C. odorata
were less than 20 with C. juncea indicating a C/N ratio of
41. Even though the N concentration of C. juncea was
very low, its lignin and polyphenol contents were below
15 and 4% respectively, levels that would not significantly
reduce decomposition rates (Palm et al., 2001).

Maize yields

Maize grain yields for the two seasons differed among
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Table 1. Initial nutrient contents of the plant residues.

Plant N P K Ca Mg C C/N Lignin Polyphenol
material = oo LR I — %

C. odorata 24.6 4.2 256 321 233 3364 1489 10.78 1.62

C. juncea 10.7 3.8 13.8 274 242 4347 4080 1244 0.73

P. maximum  24.9 3.3 26.1 26.0 202 4525 18.17 13.24 1.48

Table 2. Maize grain yield response to the application of green manure and their combination with NPK.

% Yield Increase

Major Minor Total Major Minor Total

Treatment season season yield season season
--------------------- tha TIL— |

Control 3.08™ 1.38° 4.46°
C. juncea t/ha™ 2.72" 3.42° 6.14% -11.7 147.8 37.7
C. juncea 3 t/ha™ 2.10° 4.84% 6.94° -31.8 250.7 55.6
C. odorata 1 t/ha™ 3.38™ 3.50° 6.88" 7.9 153.6 54.3
C.odorata 3 t/ha 3.07™ 3.92°2 7.02° 2.3 184.1 57.4
P. maximum 1 t/ha™ 3.20™ 3.50° 6.70° 3.9 153.6 50.2
P. maximum 3 t/ha™ 2.48° 417% 6.65° -19.5 202.2 49.1
C. juncea 1 t/ha™ + NasPaoKeo 3.24% 5.00 2 8.24% 5.19 262.3 84.8
C. odorata 1 t/ha™* + NasPsoKso 3.60° 5122 8.72° 16.9 271.0 95.6
P. maximum 1 tha' + 3.70° 5.08°2 8.78° 20.1 268.1 96.9
NasP30Kso
Ngo PsoKeo 4.65° 3.60° 8.25% 51.0 160.9 85.0

Means followed by same letters in a column are not significantly different at 0.05 level.

the treatments. Application of NooPsoKeo produced the
highest grain yield of 4.65 t ha™ |n the major season while
C. juncea application at 3 t ha' gave the lowest yield of
2.10 t ha' which was 32% less than the no input control
(Table 2). Yields obtained with C. odorata were higher
than with P. maximum and C. juncea for each season
though the difference was not significant in all cases.
Grain yields for the major and minor seasons showed a
better response to the combined application of organic
and inorganic inputs than the sole plant material
appllcatlon The sole application of the plant materials at
3t ha' showed a greater increase |n relative yield for the
minor season compared to 1t ha'. The average grain
yield of 3.2 t ha for the major season was lower than
that of the minor season (4.0 t ha™') and relative yield
increase of between 37 and 97% was achieved for the
total yield of maize during the two seasons (Table 2).

The chemical properties of the surface soils from the
treated plots showed improvement in organic carbon and
total nitrogen contents relative to the initial levels (Table
3). Organic carbon from the inorganic application
treatment (Ngo Peo Kgo) was however observed to be
reduced.

DISCUSSION

The focus of soil fertility research in recent years have
shifted towards the combined application of organic and
inorganic nutrient sources to reverse the negative nutrient
balances in cropping system in agriculture in Sub-
Saharan Africa (Vanlauwe et al., 2001). While mineral
fertilizers supply plant nutrients, organic residues are a
precursor of soil organic matter which maintains the
physical and physico-chemical components contributing
to soil fertility such as cation exchange capacity and soil
structure. Another more practical reason for advocating
the use of organic and inorganic nutrient sources is that
either one of them may not be available or affordable in
sufficient quantities.

Organic materials differ considerably in their ability to
supply nutrients to the soil and crop. These differences
are controlled in part by the resource quality of the
material. The resource quality analysis of C. odorata, P.
maximum and C. juncea in this study indicates that they
contain appreciable quantities of nutrients which suggest
their suitability for soil fertility management. Several stu-
dies have focused on P content as the key parameter for
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Table 3. Chemical properties of the surface soil after the minor season harvest.

Nutrient Concentration

Treatment C% N% P mg kg'I K mg kg'I
Initial soil 06 0.15 2.9 0.48
C. juncea t/ha’ 1.02  0.86 3.0 0.08
C.juncea 3 t/ha’ 1.00 053 3.2 0.09
C. odorata 1 t/ha™ 096 0.86 6.0 0.092
C.odorata 3 t/ha 1.06  0.46 6.2 0.145
P. maximum 1 tha™ 1.05 0.60 4.8 0.102
P. maximum 3 t/ha’ 1.01  0.68 4.2 0.125
C. juncea tha™ + N45P30Ke0 0.94 0.53 3.8 0.087
C. odorata 1 t/ha‘1 + N45P30Keo 0.97 0.60 3.2 0.082
P. maximum 1 tha" + NgsPaoKeo  0.95  0.51 3.6 0.085
Ngo PeoKeo 0.45 0.48 3.3 0.068
Control 0.5 044 2.52 0.032
LSD (0.05) 021 0.19 2.90 0.031

selecting plant materials. Blair and Boland (1978) put
forward a threshold of 2.5 g kg, Paim et al. (1999), 2.4 g
kg' and Tossah (2000), 3.0 g kg'. Going by these
threshold values, the plant materials used in this study
would all be classified as suitable. Other commonly used
indices for determining relative rates of N immobilization
and mineralization from organic materials include initial
tissues nitrogen concentration, lignin to nitrogen concen-
tration and various carbon to nutrient ratios (Melillo et al.,
1982; Swift et al., 1979; Constantinides and Fownes,
1994b; Tian et al., 1995). Of these indices the initial N
concentration of the material serves as the best criteria to
predict N release (Palm et al., 2001). The N concen-
tration of C. odorata and P. maximum were within the
critical level of 20 to 25 mg g™, below which point net N
immobilization from soil would be expected (Palm et al.,
1999). The N content of C. juncea which was a legume
was less than 12 mg g and its C/N ratio 41. This is
unexpected; however, the resource quality of plant
materials varies with the plant parts and their maturity
(Palm et al., 2001). Studies on the resource quality of the
various parts of C. juncea showed that the N content of
the leaves and stem were 33.4 and 80 mg ¢’
respectively (Yeboah, personal communication). Accord-
ing to the decision tree for selecting organic materials
developed by Palm et al. (2001), C. odorata, C. juncea
and P. maximum should be mixed with fertilizers for
annual crops because they contained <2.5% N,<15%
lignin and <4% phenol.

Nutrient availability in the right quantities, ratios and in
synchrony with crop demand is important for good crop
yields. The green manure of C. juncea, C. odorata and P.
maximum at 3 t ha' caused an initial immobilization of
nutrients which in no doubt negatively affected yields in
the major season. The plant materials plus N4sP30K3y was
able to provide nutrients in quantities and rates sufficient
to increase yield for the two consecutive crops following a

single application. The addition of the mineral fertilizer
improved synchrony by increasing the nutrient supply at
the initial stages of net immobilization resulting from
application of the plant materials. Several studies have
demonstrated such additive effects between organic and
inorganic mineral fertilizers (Palm et al.,, 1997; Giller,
2001). The question of whether there was an additive
interaction is important for researchers, but what counts
for farmers is that with the mixed treatment one needs to
purchase only half the quantity of fertilizer and still get the
same yield.

The NggPeoKeo treatment showed increased yields but
less so in the minor season probably due to gaseous
losses and leaching which mineral fertilizers are
subjected to under field conditions (Christianson et al.,
1990), or probably because crop recovery was low. An
improvement in the nutrient capital of the soil was also
observed after the second cropping in the plant material
treatment plots. This is an indication of a build up of the
nutrient capital and buffering capacity of the soil due to
improvement in the soil organic matter content and
because the process is slow, related potential benefits
are likely to become visible in the long term compared
with a pure fertilizer treated plot. The decline in organic C
with inorganic fertilizer could be due to destabilization of
soil aggregates. A similar observation has been observed
by Khan et al. (2007).

Conclusion

This study has shown that the biomass of C. juncea, C.
odorata and P. maximum are potential sources of
nutrients for maize crop production and there is clear
incentive for farmers to use them in combination with
inorganic fertilizers. As the quantity of traditional organic
inputs such as animal manures decline in many tropical
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farming systems the use of diverse organic inputs
including trees, shrubs and cover crops should be
exploited.
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