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ABSTRACT
Field experiments were conducted (2009, 2010, 2011) at the Teaching and Research Farmland of 
the University of Benin to determine the effectof seven ratios (1:0, 0:1, 1:1, 2:1, 3:1, 1:2 and 1:3) of 
maize-egusi melon intercrop under four (0, 200, 400, 600 kg/ha) and six (0, 200, 400, 800, 1000 kg/
ha) levels of NPK fertilizers on some soil properties of an utilsol in Benin City, Nigeria. 
The results of the soils physico-chemical properties prior to planting and after harvesting of maize 
and egusi-melon showed significant differences (p<0.05, 0.001) in the various ratios of maize-egusi 
melon and NPK 20:10:10 fertilizers. Though not significant, soil pH was lower under the various 
cropping ratios of maize-egusi melon and NPK 20:10:10 fertilizers than the value prior to planting.
In contrast, % C, N and P were significantly increased in all the experiments after harvesting of 
maize and egusi melon. 
Significant increases in K, Ca and Mg contents were obtained due to cropping ratios and NPK 
fertilizer application generally in the experiments. Sole and intercropped plots of maize and egusi 
melon before planting and after harvest were characterized of dominance by sand but with signifi-
cantly enhanced amounts of silt and clay by various cropping ratios and NPK fertilizers indicating 
stable soil texture.

INTRODUCTION
Continuous cultivation of farmlands occa-

sioned by increase in human population result-
ing in shortage of land has become a character-
istic feature of Nigeria farmers. This practice 
often result in soil degradation if not maintained. 
Though the use of mineral fertilizers (inorganic) 
proved to be more effective and convenient in 
soil fertility and productivity than the organic 

fertilizers, but the resulting effect of the former 
fertilizer on soil degradation and increased soil 
acidity and nutrient imbalance has necessitated 
the need to re-adopt the use of organic manures 
(Ehigiator, 1998). The manure has less negative 
effects on environmental and soil degradation. 
While the use of inorganic fertilizer is limited 
by high cost and scarcity, the organic manure 
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are limited by their low nutrient contents which 
makes crops demand for them to be high. An 
area which perhaps has not received adequate 
research attention is the use of combination of 
crops in various mixtures and ratios as means 
of nutrient recovery or restoration in degraded 
soils; especially as farmers in the tropics prac-
tice this system of crop cultivation regularly. 

Integrated use of organic and inorganic fer-
tilizers has been advocated lately (Agboola and 
Obatoru, 1989) and most recently by (Iren et al., 
2012, 2014). 

There is limited information on the use of 
combined crops in various ratios as means of 
nutrient recovery or restoration in a degraded 
soil. This study is therefore aimed at combining 
various ratios of maize-egusi melon and NPK 
fertilizer to determine their effects on some soil 
properties of an ultisol.

MATERIALS AND METHODS

Experimental site/Design/Treatments

Field experiments were conducted for three 
years (2009, 2010, 2011) at the Teaching and 
Research Farm of the University of Benin (50 

04’ and 60 43’E, 60 14’S and 70 34’N) Benin 
City, Nigeria between March and August under 
rain fed conditions each year. The vegetation 
of the study area is tropical lowland rainforest 
with mean annual rainfall of 2300 mm and mean 
temperature of 32 0C. Soil of the study area and 
its environs are of the order ultisols generally 
described as leached, ferralitic type dominated 
by deep, reddish soils with clayey sub-soil and 
black organic matter (Egharevba and Osunde, 
2000). Random soil sampling was done before 
planting to determine inherent soil nutrient sta-
tus and after harvesting of maize and egusi-mel-
on for nutrient uptake and left over. Soil auger 

was used to obtain random and composite soil 
samples at 0 - 30 cm depth in plots of maize 
(MA) and egusi-melon (EM) at seven cropping 
ratios of 1:0, 0:1, 1:1, 2:1, 3:1, 1:2 and 1:3 un-
der four levels (0, 200, 400, 600 kg/ha) of NPK 
20:10:10 fertilizers in 2009 and 2010 (as experi-
ments 1 and 2 respectively) and six levels (0, 
200, 400, 600, 800, 1000 kg/ha) of the fertiliz-
ers in 2011 as experiment 3. The fertilizer rates 
were increased to six in experiment 3 to validate 
results of experiments 1 and 2. Plant population 
of maize (MA) and egusi-melon (EM) in each 
experiment was MA 64: 0 EM, MA 0: 64 EM, 
MA 32:32 EM, MA 48:24 EM, MA 48:16 EM, 
MA24:48 EM and MA 16:48 EM representing 
ratios 1:0, 0:1, 1:1, 2:1, 3:1, 1:2 and 1:3 respec-
tively of maize and egusi-melon. Four levels of 
the NPK 20:10:10 fertilizers were applied to the 
seven cropping ratios of MA and EM amounting 
to 28 plots replicated three times in experiments 
1 and 2, and six rates in experiment 3 resulting 
in 42 plots replicated equally three times. The 
experiments were factorial in a Randomized 
Complete Block Design. 

Laboratory Analysis 

Soil properties were analyzed using standard 
procedures as described by IITA (1984) to de-
termine pH (1:1 H20), % C, N, P, K, Ca, Mg, S 
and Na, and particle size (% sand, silt and clay). 

Data Analysis 

Data collected were analyzed using proce-
dures as outlined by Gomez and Gomez (1984) 
for Randomized Complete Design. Means that 
were statistically significant were separated us-
ing least significant diference (LSD) at 5 % level 
of probability.
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RESULTS

Soil pH and carbon (%) 

Cropping ratios of maize with egusi melon had 
no significant effect on soil pH after harvest in all 
the experiments (Table 1). The soil pH values ob-
tained after harvesting the various crop mixtures 
were higher than the values present before planting 
the crops although treatment differences were not 
significant in all the experiments. 

In contrast, the % C in the soil after harvest-
ing the various maize-egusi melon mixtures 
was significantly (P<0.05) enhanced in all the 
experiments compared with the values in the 
soil before planting the crop mixture (Table 1). 
In Experiments 1 and 2, soil % C contents af-
ter harvest were generally higher in plots grown 
to crop mixtures than those sown either as sole 
maize or sole egusi melon. 

Soil N (g/kg) and P (c.mol/kg)

Both soil N and soil P values were signifi-
cantly increased in all the experiments after 
harvesting the crop mixtures as occurred for % 
C contents and the soil values at planting were 
lower (Table 1). In Experiments 1 and 2, soil N 
contents after harvest were generally higher in 
plots grown to crop mixtures than those grown 
either as sole maize or sole egusi-melon. 

Sodium (Na) c.mol/kg

In both experiments 1 and 3, soil Na was sim-
ilar before planting and after harvest in plots of 
the various maize-egusi melon mixtures (Table 
1). However, in Experiment 2, growing the vari-
ous mixtures on the plots significantly (P<0.05) 
increased soil Na after harvest compared with 
the values before planting. 

Soil K and Ca (c.mol/kg) 

The various crop mixtures generally in-

creased significantly (P<0.05) soil K after har-
vest in Experiments 1 and 2 respectively, while 
they decreased it significantly (P<0.0t) in Ex-
periment 3, compared with the respective val-
ues in the soil before growing the crops (Table 
1). In Experiments 1 and 2, soil K contents after 
harvest were generally higher in plots grown to 
the crop mixtures than values obtained in either 
sole maize or sole egusi-melon. For soil Ca con-
tents, this latter trend occurred only in Experi-
ment 2, and while soil Ca content before plant-
ing in Experiment 1 was significantly (P<0.05) 
higher than the values obtained after harvesting 
the various crop mixtures and sole crops, the op-
posite trend generally occurred in Experiments  
2 and 3 (Table 1).

Soil Mg and S (c.mol/kg)

The trend after harvest for soil Mg in plots 
of the sole crops and various mixtures was as in 
soil Ca whereby, in Experiment 1, significantly 
higher value occurred before planting in the soil 
(Table 1). This trend was reversed in Experi-
ments 2 and 3 whereby higher soil Mg occurred 
after harvest in sole crops and various maize-
egusi melon mixtures, values for the former be-
ing significant (P<0.05).

Significant differences occurred for soil S 
only in Experiments 1 and 2 (P<0.05 or 0.001). 
in the former, the sole crop values after harvest 
compared with the content before planting (Ta-
ble 1). In Experiment 2, the sole crops and the 
various crop mixtures depleted soil S after har-
vest compared with the values in the soil before 
planting. The soil content after harvest were 
similar in plots of the sole crops and various 
crop mixtures respectively for either Mg or S.

Sand, Silt and Clay Contents (%)

The sand component of the soil was not sig-
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nificantly affected by the various treatments of 
sole crops and cropping ratios both before plant-
ing and at harvest (Table 1). A similar trend oc-
curred for the silt component in Experiment 1 
only, while in Experiments 2 and 3 respectively 
the crop treatments significantly (P<0.05) in-
creased the values after harvest compared with 
those before planting. The clay component of 
the soil was significantly (P<0.05 or 0.001) de-
creased in Experiments 1 and 2 on harvesting the 
various crop mixtures and sole crops grown com-
pared with the values before planting while a re-
verse trend occurred in Experiment 2 (Table 1).

Effects of 20:10:10 NPK fertilizer rates on 
some soil Proprties

Soil pH and Carbon (%)

Both the soil pH and soil percent carbon (% 
C) after harvest were not affected by the various 
rates of 20:10:10 NPK fertilizer application as 
values similar to those obtained before planting 
occurred for these respective soil properties in 
all the experiments (Tables 2 and 3). 

Soil N (g/kg) and P (c.mol/kg)

Soil N contents before planting and after har-
vest were similar in all the fertilizer treatments 
in the three experiments, excepting Experiment 
2 where fertilizer rates of 400 and 600 kg/ha 
significantly (P<0.05) enhanced the value of N 
after harvest (Table 2). All the fertilizer rates 
(including 0 kg/ha where no fertilizer applica-
tion occurred) significantly (P<0.05 or 0.001) 
enhanced the P status or content in the soil after 
harvest, compared with the content before plant-
ing, in Experiments 1 and 2 (Table 2).

Sodium (c.mol/kg)

In Experiment 1, the Sodium (Na) content in 
the soil decreased significantly after harvest, in-

dicating that the uptake by the crop treatments 
surpassed any addition of this nutrient to the 
soil by the various fertilizer treatments (Table 
2). However, in Experiment 3, fertilizer rates of 
400, 600 and 800 kg/ha respectively improved 
the Na content of soil significantly (P<0.001) at 
crop harvest compared with the soil value be-
fore planting and also, at fertilizer rates of 0, 200 
and 1000 kg/ha respectively (Table). 

Soil K and Ca (c.mol/kg)

The respective soil contents of K and Ca be-
fore planting and after crop harvest were simi-
lar in Experiment 1 and application of various 
fertilizer rates to the plots had no influence on 
values obtained at removal of the crops (Table 
2). A similar trend also occurred for soil Ca in 
Experiments 2 and 3 (Tables 2). In contrast, the 
various rates of fertilizer application significant-
ly either enhanced (Experiment 2) or decreased 
(Experiment 3) soil K at harvest compared with 
the value before planting. 

Soil Mg and S (c.mol/kg) 

Application of fertilizer rates of 0 - 600 kg/ha 
of 20:10:10 NPK significantly (P<0.05) either 
decreased (Experiment 1) or increased (Experi-
ment 2) the soil Mg after harvest compared with 
the values before planting (Table 2). The S con-
tent at planting was similar to values obtained at 
harvest under the various fertilizer treatments.

Sand, Silt and Clay Contents (%)

In Experiments 1 and 2, where fertilizer rates 
of 0 - 600 kg/ha were applied to the crop treat-
ments, the silt and clay (Experiment 2 only) com-
ponents of the soil were significantly (P<0.05) 
increased at harvest relative to values obtained 
before planting (Table 2). In Experiment 3, the 
sand, silt and clay components of the soil were 
similar before planting and at crop harvest. 
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DISCUSSION

The result of the soil physico-chemical prop-
erties before and after harvest of maize and egusi 
melon under the various cropping ratios (Table 
1) and 20:10:10 NPK fertilizer rates (Tables 2) 
showed significant (P<0.05 or 0.001) differenc-
es in some of the properties assessed. Though 
the soil pH values lowered under the various 
cropping ratios and 20:10:10 NPK fertilizer 
rates as also observed by (Iren et al., 2014) after 
harvest than before planting in Experiments 1 
and 3, then increased more in value after harvest 
than before planting in Experiment 2 but were 
not significant. This agrees with earlier findings 
by Fondufe et al. (2001) and Ayoola and Adeni-
yan (2006) in which intercropping did not affect 
soil pH.

However, % C, N and K were significantly 
(P<0.001) enhanced due to cropping ratios in 
Experiments 1, 2 and 3. Perhaps the organic ma-
terials which resulted from the left over residues 
in this trial enhanced the organic matter and nu-
trient contents of the soil as earlier reported by 
Ehigiator and Ikhidero (1999), and Egharevba 
and Mayah (2001). This is feasible as the plots 
used for Experiment 1 were successively used 
for Experiments 2 and 3. Similar influence on % 
C, N, P and K due to intercropping was report-
ed by Kurtz (2004), Ait (2007) and Osundare 
(2008) but for maize in mixture with cassava and 
Iren et al (2014) on flutted pumpkin. Although 
the % C and N contents were not significantly 
enhanced as a result of applied 20:10:10 NPK 
fertilizer rates in Experiments 1 and 3, but in Ex-
periment 2, the 400 and 600 kg/ha rates of the 
fertilizer significantly (P<0.001) enhanced the N 
over the no fertilizer which could be due to re-
sidual effects of the previously applied fertilizer 
(Suomare et al., 2002) or less competition for 
the nutrients by the tested crops resulting in less 

demand (Agoume and Birang, 2009; Anikwe, 
2004). The significant increases in the amounts 
of Ca and Mg due to cropping ratios particularly 
in Experiments 1 and 2 and of pH in Experiment 
2, though not significant, confirms the reports 
of Brady and Weily (1999) and Egharevba and 
Mayah (2001) that increase in the level of Ca 
and Mg contents of the soil will lead to increase 
in pH and thus, low soil acidity. Similarly, ap-
plied poultry manure at 7.5 tha increased 0.M, 
N, P, K, Ca and Mg (Adekiya et al., 2014).

The physical properties (sand, silt and clay) 
of the soil were observed to have been signifi-
cantly (P<0.001) enhanced by the various crop-
ping ratios and partially by the 20:10:10 NPK 
fertilizer rates excepting sand.

This seems to agree with the findings by Ali 
et al. (2014) in which sand, silt and clay frac-
tions were not significantly affected by mano-
rial treatments though there was reduction in the 
sand contents in all the treated plots of maize.

Sole and intercrop plots of maize and egusi 
melon after harvest and even before planting 
were characterized of dominance by sand with 
values ranging from 74.61 to 79.10 % with sig-
nificantly enhanced amounts of silt and clay by 
the various cropping ratios as land use systems 
significantly enhanced sand, silt and clay too in 
a similar trial (Agoume and Birang, 2009). It has 
been reported previously that soils of the South-
south of Nigeria are acid sands with low nutri-
ent retentive capacity due to low clay content of 
the soil (Ojanuga et al., 1981). The sand nature 
of the soils indicate possible effect of low water 
retention ability (Soumare et al., 2002) and may 
require regular supply of water and nutrients 
(Agbede, 2010). The fact that the different crop 
combinations had no negative effects on the soil 
texture particularly silt and clay in Experiments 
1, 2 and 3 indicate a stable or enhanced soil tex-

Ehigiator, J. O. et al., Nigerian Journal of Soil Science, 26, 2016



13

ture. Past findings have clearly indicated the 
benefits of stable soil texture (Muller-Samann 
and Kotschi, 1997) and of intercropping (Kang, 
et al., 1990., CTA, 1995, Jayne et al., 2003) on 
soil properties to include yield stability, insur-
ance against crop failure and thus sustainable 
agriculture. 

CONCLUSION

The cropping ratios of maize and egusi melon 

NPK fertilizer rates had positive effect on soil pH. 
Significant increases in % C, N, and K were due 
to cropping ratios of maize-egusi melon and not 
as a result applied NPK fertilizers. Increase in the 
amount of Ca and Mg equally resulted in increase 
in soil pH. Sole and intercrop plots of maize and 
egusi melon prior to planting and after harvest 
were characterized by dominance of sand. 

Determination of physico-chemical properties of an ultisol 
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