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Abstract

An experiment was carried out to study effects of intercropped legumes with maize (Zea mays L.)
on chemical properties of soil and grain yield of maize in Abakaliki. The field was laid out in a
Randomized Complete Block Design with four treatments of soybean (Glycine max) and maize,
groundnut (Arachis hypogea) and maize, bambaranut (Vigna subterranean) and maize and sole
maize which is the control and were replicated five times. Data obtained from the study were
subjected to Statistical Analysis System for Agricultural Science (SAS). Results showed
significantly (P<0.05) higher effect of legumes intercropped with maize on soil pH, total N, organic
carbon, calcium, magnesium, cation exchange capacity (CEC) and base saturation when
respectively compared to values obtained in sole maize monoculture except in soybean intercropped
with maize for organic carbon, CEC and base saturation. Soil pH, total N and organic carbon in plot
treated with bambaranut and maize intercrop were higher by 9, 35 and 57% compared to their
respective values in plot receiving sole maize. Groundnut and maize intercrop had 39, 34, 29 and
10% higher Ca, k, CEC and base saturation than values obtained in sole maize. Legumes
intercropped with maize further showed significantly (P<0.05) higher effect on grain yield of maize
than in sole maize. Groundnut and maize intercrop had 33, 4 and 44% higher grain yield of maize
compared to values recorded in plots receiving soybean and maize as well as bambaranut and maize
intercrop and sole maize. Legumes intercrop with maize is recommended as management
technology for higher and sustainable soil productivity in Abakaliki agro ecology, but with more
emphasis on groundnut and maize intercrop for its phenomenal superior performance and easy
accessibility.
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Introduction

Natural forces in form of erosion, compaction, sealing or crusting and inappropriate farming
practices such as bush burning (Nwite and Alu, 2017), overgrazing, indiscriminate felling of trees,
continuous cropping and soil mining have resulted in serious degradation of soils in Abakaliki
agricultural ecology. The consequence is reduced soil fertility and productivity. Incidentally,
inorganic fertilizer sources are becoming increasingly unavailable due to their scarcity and high cost
to small scale farmers for intensive agriculture and sustainable production. For instance, Ayoola and
Makinde (2007) reported that continuous use of inorganic fertilizers alone is not helpful under
intensive agriculture as they often aggravate the problem of soil degradation. Consequently, there
must be concerted efforts in exploring and evolving other viable alternatives for sustainable soil
fertility and productivity in our farming system. One of such alternatives is the legume- cereal
intercrop. Legumes fix atmospheric nitrogen or one excereted from their nodules into the soil and
this is used by plants growing nearby (Andrew, 2000). Alternatively, legumes could transfer fixed N
which is important mineral nutrient to intercropped cereals during their joint growing period (Shen
and Chu, 2004). Apart from improving soil fertility status through their ability to fix N and thereby
produce N rich resides in soil, legumes intercropped with cereal play important role in subsistence
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food production under traditional or developed and developing countries (Tsubo et al., 2005)
especially in situations of limited soil resource and for appropriate soil management technology.
Other host of benefits accruing from legume-cereal intercrop include ability of legumes to combat
erosion and thereby conserve soil resources, suppression of weeds and increase in yield of
benefiting crops (ljoyah, 2012). Essentially, cultivating two or more crops in the same piece of land
had been a common practice among small holder or peasant farmers (Dahmardeh, 2013). This
combination commonly referred to as “intercropping” mostly involves legumes and cereals (Ijoyah,
2012) and in most cases maize, cowpea, groundnut or soybean are involved. Studies indicate
positive contributions of legumes-cereal intercropping system in farming systems (Dahmardeh,
2013) compared to monocrop culture. However, exploit of farmers in legume-cereal intercrop
appears to be location specific with particular reference to agro climatic circumstances for improved
production. Generally, in Abakaliki agro ecological environment, legume-cereal intercrop is
practiced under traditional farming system with no scientific approach to document results. This to a
large extent has given rise to paucity of information in this area. This study was therefore to bridge
this gap as well as to create awareness to farmers and land users on effects of the system on
immediate soil environment and host crops. The main objective of the research was to study effects
of intercropped legumes with maize on chemical properties of soil and grain yield of maize in
Abakaliki, Nigeria.

Materials and Methods

Study Area

This experiment was carried out at the Teaching and Research Farm of the Faculty of Agriculture
and Natural Resources Management, Ebonyi State University, Abakaliki. It is located by Latitude
06° 04/ N and Longitude 08°65  E in the derived savannah of the southeastern agro-ecological zone
of Nigeria. The area experiences a bimodal pattern of rainfall which is spread from (April-July and
September-November) with a short dry spell in August. The mean annual rainfall ranges from 1700
mm to 2000 mm. The area has minimum and maximum temperatures of 27 °c and 31 Y respectively
for dry and rainy seasons. The relative humidity in dry and rainy seasons ranges between 60% and
80%, respectively. The soil belongs to the Order ultisol and is classified as a Typic haplustult
(FDALR, 1985).Abakaliki area falls within derived savannah zone of Nigeria. The vegetation of the
place includes tall and short trees, shrubs, herbs and grasses. There is also growth of economic trees.

Field Design and layout

The site was cleared of existing vegetation with cutlass and debris removed without burning. A total
land area of 418m?, approximately (0.042 ha ) was used for the experiment. The field was laid out in
randomized complete block design (RCBD) with four treatments of legumes and maize intercrop
and five replications. The plot size was 3 m x 3 m and separated from one another by 0.5 m spaces
while replicates were set apart by 1m alley. Plots were prepared with native hand hoe. The
treatments were soybean and maize, groundnut and maize, Bambaranut and maize and control
which was sole maize. The treatments were replicated five times to give a total of twenty
experimental plots. The planting distances for the legumes were 60 cm x 60 cm, 60 cm x 60 cm, 60
cm x 60 cm and 25x75 cm respectively for soybean, bambaranut, groundnut and maize. Seed rates
of two per hole and at 5¢cm depth were sown in all plots receiving treatments. Two weeks after
germination of both legume crops and maize, thinning was carried out while those which failed to
germinate were replaced to ensure optimum plant population. Weeds were removed with hands at
three weekly intervals till harvest. Cobs of maize were harvested when husks had dried. The cobs
were dehusked, shelled, and further dried while grain yield was determined at 14% moisture
content. The legume crops were uprooted at flowering stage and deposited on their plots.

Soil Sampling
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Soil samples were collected with soil auger at 0-20 cm depth. These samples were composited for pre-
planting analysis. Auger samples were further collected from each plot after planting for soil chemical
properties determinations. The samples were collected at 0-20 cm plough layer. Samples were air dried
ground and passed through 2mm sieve for laboratory analysis.
Laboratory Methods
Soil pH was determined in soil/water solution ratio of 1:2.5. The values were read off with glass electrode pH
meter as described by Mclean (1982). Organic carbon determination was done using modified Walkely and
Black method of Nelson and Sommers (1982). Total Nitrogen was determined by use of micro kjeldahl
method (Bremner and Mulvaney, 1982). Available phosphorus determination was carried out as outlined in
Page et al. (1982). Organic matter was evaluated using Bemeler factor of 1.724. Exchangeable bases were
extracted by the process described by Tel and Hagarty (1984). Exchangeable acidity was determined using
titration method as described by Juo (1979). Cation exchange capacity was obtained using ammonium acetate
(NH,0AC) displacement (Jackson, 1958) method whereas base saturation was evaluated by diving total
exchangeable bases (TEB) with cation exchange capacity value and product multiplied by 100. The
expression is:
% BS = TEB x100

CEC 1

where
TEB-= total exchangeable bases (cmolkg™)
CEC= Cation exchange capacity (cmolkg™)

Data Analysis

Data which were collected from the field during the experiment and laboratory were subjected to Statistical
Analysis System for Agricultural Science. Significant difference (F-LSD) was accepted at 5% probability
level (Obi, 2012) for means that were significant.

Results and Discussion

The result in Table 1 shows the properties of soil prior to amendment. Even though the particle sizes varied
but sand was dominated among the fractions. Textural class was sandy loam. The pH (5.10) of the soil was
strongly acidic. Total nitrogen was very low (6.00gkg™) while available phosphorus was moderate with value
of 21.50 mg kg™ but organic matter and organic carbon values were low. calcium and magnesium dominated
the exchange complex of soil. Cation exchange capacity recorded very low value (3.57 cmol kg™) but there
was high base saturation (84%).

Table 1: Initial Properties of soil before planting

Soil Properties Values
Sand (gkg™) 468
Silt (gkg™) 344
Clay (gkg™) 198
Textural Class Sandy loam
pH (H;0) 5.10
Available phosphorus (mgkg™) 21.50
Nitrogen (gkg™) 6.00
Organic carbon (gkg™) 10.90
Organic matter (gkg™) 18.80
Calcium (cmolkg™) 2.00
Magnesium (cmolkg™) 0.80
Potassium (cmolkg™) 0.05
Sodium (cmolkg™) 0.16
Exchangeable acidity (cmolkg™) 0.56
Cation exchange capacity (cmolkg™) 3.37
Base Saturation (%) 84
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Table 2 showed that different legumes intercropped with maize had significantly (p<0.05) higher
respective effect on soil pH, total N, organic carbon, calcium, magnesium, cation exchange capacity
(CEC) and base saturation when compared to sole maize cropping except in soybean intercropped
with maize for organic carbon, CEC and base saturation. Significantly (p<0.05) higher effect of
bambaranut and maize intercrop was obtained in N and organic carbon compared to other legumes
intercropped with maize. There were also significant (p<0.05) differences in calcium among
different legumes intercropped with maize. The result further indicated that groundnut legume
intercropped with maize significantly (p<0.05) differed in magnesium and CEC from those of
soybean and maize as well as bambaranut and maize intercrop, respectively. However, groundnut
legume intercropped with maize only significantly differed in base saturation when compared to
value recorded in soybean legume intercropped with maize. Soil pH, total N and organic carbon of
bambaranut plot intercropped with maize were respectively higher by 9, 35 and 57% compared to
value obtained in plot receiving sole maize treatment. Plot receiving groundnut and maize intercrop
had 39, 34, 29 and 10% higher Ca, K, CEC and BS when compared to respective values obtained in
plot treated with sole maize crop. Conversely, available phosphorus of maize sole crop was
significantly (p<0.05) higher than their respective values in plots receiving soybean and maize as
well as groundnut and maize intercrop. These represent 12 and 25% increments in available
phosphorus of maize sole crop compared to their counterparts in soybean and maize and groundnut
and maize intercrop. Similarly, sodium and exchangeable acidity were significantly (p<0.05) higher
in maize sole crop compared to values recorded in legumes and maize intercrop except in plot
treated with soybean and maize intercrop for exchangeable acidity. Exchangeable acidity was higher
by 8, 65 and 49% in plot receiving maize sole crop than in plots treated with soybean and maize,
groundnut and maize and bambaranut and maize intercrop, respectively, Legume intercropped with
maize did not show any significant effect on potassium. The general trend in improvements of
chemical properties of soil due to legumes and maize intercrop is bambaranut and maize intercrop >
soybean and maize intercrop>groundnut and maize intercrop>maize sole crop.
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Table 2: Effect of intercropped legumes with maize on chemical properties of soi

gkg~ R «— comlkg™ >
Treatments pH(H,0) P(mgkg?) OC N Ca Mg K Na EA CEC BS%
Sole maize 5.8 23.59 110 820 271 190 0.07 0.13 0.66 547 87
Soybean and maize 6.2 20.82 140 940 327 230 0.07 0.07 061 6.32 90
Groundnut and maize 6.3 17.74 1.30 10.10 4.45 2389 0.07 0.09 023 773 97
Bambaranut and maize 6.4 23.59 170 19.00 4.10 230 0.09 0.07 034 6.90 95
FLSD (P<0.05) 0.5 411 0.2 0.28 0.77 0.48 NS 0.04 117 112 5.0
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Results (Table 3) show that legumes intercropped with maize had significantly (p<0.05) higher
effect on grain of maize when respectively compared to sole maize cropping. Furthermore,
groundnut and maize intercrop significantly (p<0.05) differed in grain yield of maize from that of
plot receiving soybean and maize intercrop. Generally, the groundnut intercropped with maize had
33, 4 and 44% higher grain yield of maize than plots receiving soybean and maize, bambaranut and
maize intercrop and maize sole crop. The trend in grain yield of maize as influenced by legumes and
maize intercrop and sole maize is groundnut and maize intercrop > bambaranut and maize intercrop
> soybean and maize intercrop> sole maize crop.

Table 3: Effect of intercropped legumes with maize on grain yield of maize

Treatments Maize grain yield (t ha™)
Sole maize 0.25
Soybean and maize 0.30
Groundnut and maize 0.45
Bambara and maize 0.43
FLSD (P<0.05) 0.04

The net effect of legumes and maize intercrop is evidenced in the higher N value obtained in all
plots treated with legumes and maize when compared to values obtained in maize sole crop and pre-
planting values. This finding was corroborated by Crews and People (2004) who noted that legumes
trapped and fixed N in the soil through their nodules and in that way increased N content of soil.
Significant N level recorded in all plots receiving legumes and maize intercrop also agrees with the
report of Nweke (2016) that significant N levels were obtained in plots treated with groundnut and
maize as well as bambaranut and maize intercrop. Dahmardeh et al. (2010) had reported that legume
and maize intercrop was beneficial to nitrogen poor soil as it increased its content. The positive
effects of increased N content in plots receiving legumes and maize intercrop are the corresponding
increments in organic carbon, calcium, Mg, CEC, BS, pH and reductions in exchangeable acidity.
Furthermore, Esekhade and Idoko (2010) reported higher soil pH in legume and cereal intercropping
treatments compared to their counterpart under mono cropping culture. Soil pH moved away from
strongly acidic to slightly acidic conditions in all plots which received legumes and maize intercrop
(Schoenerberge et al., 2002). Similarly, exchangeable calcium and magnesium increased from low
values to moderate values respectively for groundnut and maize and bambaranut and maize
intercrop compared to soybean and maize intercrop, maize sole crop as well as pre-planting values.
Increase in soil pH and organic carbon was instrumental to reduction of exchangeable acidity
(Esekhade et al., 2003). The decrease in value of available phosphorus in all plots treated with
legumes and maize intercrop relative to value obtained in maize sole crop could be attributable to
excessive demand and use of phosphorus by legumes for N fixation and other physiological
processes. This finding is supported by Nweke and Emeh (2013) report that legumes required
abundant P in the soil for nitrogen fixation and growth. The non-significant effect of legumes and
maize intercrop on K could be attributed to exploitation of the nutrient element by maize host crop
for fruit formation and ripening. Similarly, the beneficial effect of legumes intercrop with maize is
the observed higher grain yields of maize in the plots treated with legumes and maize intercrop in
contrast to plot with sole maize crop. This positive higher grain yield of maize in these plots could
be adduced to be higher N contents of the plots due to N-fixation by the respective legumes
compared to sole maize (Table 3) as well as generally improved soil condition. On the other hand,
higher grain yields of maize obtained in plots which had legumes and maize intercrop relative to
sole maize monoculture could be due to higher organic carbon content, calcium, magnesium, CEC,
base saturation, soil pH and decreased exchangeable acidity in the plots (Table 2). These findings
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are supported by the report of Thyamini and Brintha (2010) that legumes and maize intercropping
system significantly increased grain yield of maize compared to maize monoculture. This was
facilitated by positive impact of nitrogen fixation by the legumes that created ideal environment
(Jekison, 1990) for the maize grain yields. Higher grain yield of maize in plot with groundnut and
maize intercrop could be due to more efficient N fixation by the legume crop and its maximization
by maize crop for higher yield. Reddy and Reddi (2007) in their studies reported increased grain
yield of maize after intercropping with groundnut.

Conclusion

The results of this study have shown that intercropped legumes with maize improved soil chemical
properties and therefore productivity of the soil. Legumes intercropped with maize played
restorative role on a poor fertility degraded soil. Soil N was significantly increased after
intercropping activity. Organic carbon, calcium and magnesium moved away from critical to
moderate levels. Soil pH was improved from strongly acidic to slightly acidic condition which acted
as panacea for proliferation of other nutrient elements. The consequence was increased grain yields
of maize in all plots with legumes and maize treatments. The performance of the legumes and
maize intercrop in terms of improving soil chemical properties and grain yields of maize could be
in the order of groundnut and maize intercrop > bambaranut and maize intercrop >soybean and
maize intercrop >sole maize culture. Legumes-cereal intercrop is recommended as a low technology
base for soil restoration and sustainable productivity.
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