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 The use of forage legume species as cover crops in the management of immature rubber plantation soils is 
not attractive to smallholder rubber farmers (owners of about 75% of the global acreage under rubber 
production). We sampled immature rubber plantation soils under the following respective creeping vegetable 
cover crops: Vegetable cowpea (Vigna unguiculata L., Walp. Ssp. Sessquipedallis.), Egusi melon (Cucumeropsis 
manni Naaudi) and Broadleaf pumpkin (Cucurbita pepo) and a forage legume species (Centrosema pubescens) 
for four consecutive years at the Rubber Research Institute of Nigeria, Benin. The samples were analyzed for 
mineral N (NO3

- and NH4
+) content, and microbial group populations at the onset and end of rains, as well as 

selected physical and chemical properties. Generally, the result showed that the creeping vegetable cover crop 
species had a comparative positive effect on the soil properties assessed relative to the forage legume species. 
The two sampled period mean values of NO3- and NH4+ (10.62 and 8.18 mgkg-1, respectively) obtained from 
the plantation that had vegetable cowpea were significantly (P≤ 0.05) higher than those of the Egusi melon 
and Broadleaf pumpkin, but slightly (not significant) lower than that of the Centrosema pubescens. The soil 
microbial groups (Fungi, Bacteria and Actinomycetes) populations were significantly affected by the cover 
crop species.  At the onset and end of rains, plantations that had vegetable cowpea and Centrosema pubescense 
cover crops had the maximum number of bacteria (29.58 and 29.50 C.fug-1drywt.soil ×10-6, in that order), 
while the maximum number of fungi was found in the broadleaf pumpkin (23.66 C.fug-1drywt.soil ×10-6) and 
Egusi melon (22.92 C.fug-1drywt.soil ×10-6) cover crop plantations. The broadleaf pumpkin and Egusi melon 
had significant positive effect on the soil surface layer (0-15cm) pH, Org. C, base cations, bulk density and 
percentage water filled pore space. These findings suggest that the creeping vegetable cover crops could be 
considered as alternative to the forage legumes in the management of immature rubber plantation soils. 
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1. INTRODUCTION 

Natural rubber tree - Hevea brasiliensis (Wild, Ex. Juss). Mull. Arg is 
primarily grown for its latex production. The latex (a milky liquid) is of 
great significance in the automobile and construction Industries. The 
traditional growing regions of the tree are characterized by high erosive 
rains and erodible soils when left bare (Lal, 1983 and Verheye, 2011).With 
the recommended planting density of 450 to 500 trees per hectare, more 
than 70% of the soil surface is left as inter-row during the early phase of 
plantation development ( Esekhade and Okore, 2012). Such inter-rows, if 
left bare, are prone to raindrop impact and its attendant problems. The 
standard practice is integration of cover crops and/or compatible 
component crop as intercrop (Delanbarre and Serier, 2000). 

Leguminous cover crop species such as Calapogonium mucuniodes. Desv., 
Centrosema pubescence Benth and Pueraria phaseoloides (Roxb) Benth are 
often recommended as suitable cover crops. These species are known to 
protect and preserve not only the soil physical properties, but also the 

chemical and biological qualities. An enhanced soil moisture 
characteristics and eight-fold reduction in soil loss by erosion in a 12-year-
old rubber plantation have been recorded with integration of such cover 
crop species (Berzeniber et al., 2006; Liue et al., 2016; ). It has a reported 
on the nutrient reservoir potentials of leguminous cover crops in 
immature rubber plantation with an enhanced nutrient content of rubber 
saplings and annual girth increment (Broughton, 1997  Daulphen et al., 
2016). 

 In spite of the numerous merits of leguminous cover crop species in the 
management of soils of immature rubber plantations; their use among 
smallholder rubber plantation owners is rare (Obouage et al., 2016). This 
group (smallholder) of plantation owners which cultivate over 75% of the 
global acreage under rubber (Mohlner and Wessel, 2016) prefers 
intercropping young trees with annual or quasi perennial crops which 
could provide food and/or monetary income during the zero income 
(immature) phase of the plantation (Esekhade et al., 2014; Bomyen et al., 
2018; Romyen et al., 2018). There are reports on the effect of some quasi-
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perennials and annual food crops respectively, on some soil fertility indices 
(Esekhale and Okore, 2012;  Liuel et al., 2020). These authors working in 
different locations of the humid tropics showed the beneficial effects of 
annual or quasi-perennials to the tree during the early stage of plantation 
development, but added that they do not provide the required ground 
coverage for the conservation of soil nutrient, biological and physical 
attributes.    

In the rainforest area of Southern Nigeria, some creeping vegetative plants 
that are primarily grown as food crops have been evaluated as cover crop 
substitute to forage leguminous species for weed control in immature 
rubber plantation (Okore and Akpabome, 2009). The result was 
impressive with the creeping vegetable crops producing higher biomass 
and more effective in weed control relative to forage legumes. However, the 
effect of these creeping vegetable crop species on soil characteristics has 
not been evaluated. Therefore, following the repot  on cover crop specie 
specific effect on soil characteristics especially the microbial community 
and its related soil qualities; the objective of this study was to evaluate the 
impact of the creeping vegetable crops on mineral nitrogen content,  
population of culturable microbial groups and selected physical and 
chemical characteristics of an immature rubber plantation soil of (Finney 
et al., 2017). 

2.   MATERIALS AND METHODS 

2.1   Site Description and Field Experimentation 

A field experiment was established in 2016 at the Rubber Research 
Institute of Nigeria to evaluate the potentials of selected creeping 
vegetable crops as a substitute to the conventional cover crop specie 
(legumes) in the management of soils under immature rubber plantation. 

Rubber Research Institute of Nigeria is situated at Iyanomo (Lat. 60 00’ and 
7000’N and Long. 50 00’ and 60 00’E) near Benin City, Edo State. The 
location is characterized by tropical rainforest climate with a mean annual 
rainfall of 2516mm in bimodal pattern. The mean minimum and maximum 
temperatures are 23.6 and 31.50C respectively with relative humidity of 
75% (Umar et al., 2017). 

The soil is described as a very deep and well drained Typic Kandiult – an 
ultisol of acid sand formation (Ojo-Atere et al., 1987).   Physico-chemical 
properties of the upper layer of the soil (0-20cm), are contained in (Okore 
et al., 2019). The vegetation at the commencement of the experiment was 
predominantly shrubs (Chromolaena odorata; Cnestis ferruginea; and 
Newbouldia laevis) with some grasses such as Panicum maximum and 
Adrogon gayanus being sparsely distributed. 

Land preparation for the establishment of the field was manual. The 
residues generated during clearing were partially burnt and the unburnt 
portions were packed out of the field. 

The treatments which consisted of 

i. Vegetable cowpea (Vigna unguiculata L. Walp subspp: 
Sesquipedallis) + Rubber 

ii. Egusi melon (Cucumerospsis manni) + Rubber 

iii. Broad leaf pumpkin (Cucurbita pepo) + Rubber 

iv. Centrosema pubescence+ Rubber (as check), 

 were laid out in randomized completely block design with six replications. 
Each of the experimental units measured 222m2 with the rubber budded 
stumps (NIG 800 clone) being planted at the spacing of 6.0×3.7m between 
and within rows. The cover crops were seeded at 1X1m spacing within and 
between the rubber avenues in each experimental unit.  

Due to the short gestation period of the creeping vegetable crops, seeding 
was done twice (March and August) in each year (2016-2020), except for 
the conventional cover crops (C. pubescence) which was planted only once 
yearly because of its longer gestation.  

2.2   Soil Sampling and Processing 

Four sub-samples of each of the six replicates of a given treatment were 
taken at the depth of 0-15, 15-30 and 30-45cm, respectively at five years 
after plantation establishment. Sub samples at each depth for each 
treatment replicate were bulked to obtain a composite sample consisting 
of three (3) depths, six (6) replicates and four (4) treatments. The 
composite samples were dried at room temperature and sieved with 2mm 
mesh sieve for routine laboratory analysis.  

Samples for the determination of mineral nitrogen (NO3
- and NH4

+) were 
taken following the same pattern as those for routine analysis, except that 
the sampling was done twice (at the onset and  end of rains). However, for 
the microbial group population determination, sampling was restricted to 
the surface layer of 0-10cm at the onset and end of rains also. 

At each season, fresh samples meant for mineral N and microbial group 
population determination were also sieved (>2mm) and stored at a 
temperature of 40C for not more than 14 days after collection for analysis. 

For bulk density (BD) determination, metal core samplers (216.12cm-3) as 
described by Blake and were used (Hartge, 1986). Fifteen core samples 
were taken randomly at each depth across the experimental units. 

2.3 Soil Analysis Determination of Mineral N and Microbial Group 
Population  

The soil pH was measured using digital electronic pH meter in 1:2.5 w/v 
(soil : water).  

Organic carbon was determined by Dichromate wet oxidation method as 
described Total Nitrogen was determined using the micro-kjeldahl 
digestion and distillation approach as described by (Bremner, 1996; 
Nelson and Sommer, 1982). Available Phosphorus was determined 
following the procedure described using Bray 1 extractant followed by 
molybdenum blue colorimetry by (Frank et al., 1998).  

Exchangeable bases (Ca2+, Mg2+, K+ and Na+) were extracted with 1N 
Ammonium Acetate as described by Hendershort and Lalande, 1993. The 
concentration of K+ and Na+ in the extract were determined using flame 
photometer, while Ca2+, Mg2+ concentrations were read in atomic 
absorption spectrophotometer. 

Exchangeable acids (Al2+, H+) were extracted using 1.0 N KCl, followed by 
titration with 0.1M NaOH with phenolphthalein indicator. 

Bulk density and water filled pore were determined as described by 
(Arshad et al., 1990). Mineral nitrogen (NH4+ and NO3-) was determined by 
using 2MKCl extractant (Rowell, 1992). Extracts were analyzed for NH4

+ 
and NO3- by automated colorimeter using a Technicon auto analyzer. 

The populations of three microbial groups (bacteria, fungi and 
actinomycetes) in the samples were measured by using the serial dilution 
and plating technique. Samples were serially diluted in 90ml ringer’s 
solution up to 10-4 dilution. This was followed by pour plating of 1ml of 
aliquot in selective media:  Nutrient Ager for bacteria, Martin’s Rose Bengel 
Agar for fungi and Ken Knight’s and Munaier’s Agar for actinomycetes 
(Chhonkar et al., 2002; Allen, 2013; Martin’s, 1950).  

2.4   Data Analysis 

Data generated were subjected to analysis of variance as described for 
randomized complete block design experiment. Where significance 
differences occurred among the means, they were separated using the 
least significance difference (LSD) approach as described by (Little and 
Hill, 1978; Gomez and Gomez, 1984). 

3.   RESULTS AND DISCUSSION 

3.1   Soil Chemical Properties 

Effects of the non-conventional (creeping vegetables) relative to the 
conventional (Centrosema pubescence) cover crop species on an immature 
rubber plantation soil chemical properties at 0-15, 15-30, and 30-45 cm 
depths are shown in Table 1.Generally, the cover crop species effect on the 
soil pH did not differ significantly (p≥0.05) across the depth evaluated, 
except at 0-15 layer. At that depth (0-15cm), the broadleaf pumpkin and 
Egusi melon plots had a significant high value compared to the legume 
species (vegetable cowpea and C. pubescence in that order). While the non-
conventional cover crop species consistently had higher pH values at 0-15 
and 15-30cm depths; the reverse was the case at the lower depths of 30-
45cm. The highest PH values recorded from the non-conventional cover 
crops plots at the soil surface layer relative to the conventional ones could 
be attributed to the differences in the chemical and biochemical 
compositions of the plant species as reported by (Doran, 2019). Previous 
work showed that the creeping vegetable cover crop species provided 
early and rapid ground cover (shade) compared with the forage legume 
(Okore and Akpbome, 2010). This may have resulted to reduced leaching 
of the base cations, hence higher pH values within the upper soil layer in 
the nonconventional cover crops compared to the conventional cover crop 
plots. 
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Table 1: vegetable cover crop impact on selected chemical properties of 
immature rubber plantation at three (0-15, 15-30 and 30-45) depths 

 

Non conventional cover crops 

Conventional cover crops 

Vegetable cowpea = Vigna unguiculata walp. Subseq 

The treatments (cover crop species) effect on the soil organic C content did 
not differ significantly at 0-15 and 15-30 depths. However, at 30-45 cm 
depth, plots under Egusi melon and broad leaf pumpkin had highly 
significant values compared with those of the vegetable cowpea and 
Centrosema pubescence in that order. Total N concentration differed 
significantly at 0-15 and 15-30 cm depths across the treatments, with plots 
under Centrosema pubescence and vegetable cowpea having higher values 
respectively, compared with the other treatments. At 30-45 cm depth, the 
non-leguminous (non-conventional) cover crop species had higher total N, 
although not significantly different.  The observed non-significant 
difference in organic C content of the soils at 0-15 and 15-30cm depths of 
the various cover crop species plots could be related to the quantity of 
residues generated by each of them. The observed no significant difference 
in the quantity of above ground biomass generated from these species with 
broadleaf pumpkin consistently having higher quantity of residues 
compared with others (Okore and Akpabome, 2010). As a reported that 
plants or any operation within the field that adds large quantity of organic 
residues to the soil may increase the soil organic C. Higher values of 
organic C recorded at 30-45cm soil depth in the non-leguminous cover 
crop plots compared to the legumes could be attributed to extensive 
rooting system of these species which sometimes go beyond 35cm depth 
(Nascente and Stone, 2018). It is observed that broadleaf cover crop 
species grow faster and deeper roots relative to other species (Thorup 
Kristensen, 2001). Similarly, noted that the effectiveness of some cover 
crop species is related to their root attributes (Dabney et al., 2014). 

Significantly higher values of soil total N observed in the conventional and 
vegetable cowpea cover crop plots, may not be unconnected to the unique 
genetic similarity of the two compared to the other species evaluated. 

At the lower depth (30-45cm; the higher total N values recorded from the 
non-conventional cover crop plots could be ascribed to the organic C 
content of those plots at that depth.  As a reported on the relationship 
between below- ground biomass organic C and total N of soils of the humid 
tropics (Okore, 2003). 

The effect of the cover crop treatments on the soil available P (Bray-1) 
mirrored that of the total N across the three depths examined. Legume 
cover crop (C. pubescence and vegetable cowpea) plots had higher values 
at 0-15 and 15-30cm depths. The values obtained from the vegetable 
cowpea plots (16.03 and 14.60mgkg-1 at 0-15 and 15-30 cm depth, 
respectively) were significantly higher (P≥0.05) than those of broad leaf 
pumpkin and Egusi melon plots at those same depths.  These results are in 
line with the findings of who observed higher values of Bray-1 P in 
rubber/cowpea intercrop compared with Pureria and Centrosema species 
plots in an acid sand soil of mid-western Nigeria (Esekhale, 2004). The 
author attributed that to the quality of residue generated from the cowpea 
relative to other species evaluated. 

Exchangeable base cations (Ca2+, Mg2+, K+ and Na+) of the soil at 0-15cm 
depth across the various treatments (Table1) did not differ significantly 
except for the K+ which was higher in the broadleaf pumpkin plot. 
However, at 15-30cm depth, the concentration of these nutrient elements 
differed significantly with the highest concentrations being recorded from 

the Egusi melon plots followed by the vegetable cowpea and Centrosema 
plots which had equal values (0.13 Cmol/kg each). At 30-45cm depth, 
higher concentrations of the exchangeable bases were recorded from the 
Centrosema pubescence plots with only Ca2+ having significantly higher 
value. 

The higher concentration of exchangeable K+, Ca2+ and Mg2+ at the upper 
layer in broadleaf pumpkin and the other non-conventional cover crop 
specie plots relative to the conventional one could be attributed to reduced 
leaching resulting from wider ground coverage often aissociated with the 
crops. In Denmark, observed that broadleaf cover crops grow faster, 
deeper roots and provided sufficient shade to checkmate leaching of 
mineral nutrients (Thorup Kristensen, 2001). 

The value of exchangeable acid cations (Al3+and H+) at the upper layer of 
the soil (0-15cm) differed significantly, with higher concentrations of Al3+ 
being  obtained from the respective legumes specie plots. The reverse was 
the case at the lower depths. 

3.2   Soil Bulk Density and Water Filled Pores Spaces 

Table 2: vegetable cover crop impact on selected Bulk density (BD) and 
water filled pores (WFPS) of an immature rubber plantation  at 0-15, 15-

30 and 30-45 depths 

 

Non conventional cover crops 

Conventional cover crops 

Vegetable cowpea = Vigna unguiculata walp. Subseq 

Table 2 shows the impact of the cover crop species on the soil bulk 
densities (BD)and water filled pore spaces (WFPS) at 0-15, 15-30 and 30-
45cm depths. Broadleaf pumpkin plots consistently had a significantly 
lower BD values relative to the vegetable cowpea and Centrosema 
pubescence plots in that order at 0-15 and 15-30cm depths. However, at 
30-45cm depth, the treatment effects on the BD did not differ significantly, 
although broadleaf pumpkin plots maintained lower values (1.52cm-3) 
compared with others. 

The water filled pore spaces (%) differed significantly at 0-15 and 15-30 
cm depth with maximum values being recorded from the broadleaf 
pumpkin and Egusi melon plots in that order. However, at the lower depth 
of 30-45cm, the maximum value was obtained from the Centrosema 
pubescence plots, although not significantly different from those of other 
treatments. 

The lower bulk densities recorded from the broadleaf pumpkin and melon 
plots could be due to their above –below ground vigorous growth 
characteristics compared with other species (vegetable cowpea and 
Centrosema pubescence). The had similar observation and stated that cover 
crop species that have vigorous growth habit and deep root system 
contribute immensely to soil decompression and consequently reduces 
the BD (Salton et al., 2008). 

The observed water filled pore species is within the rang (60 -75%) 
reported for optimum aerobic microbial activities and may have been 
influenced by the cover crop species growth characteristics by (Linn and 
Doran, 1984). 

3.3   Soil Mineral Nitrogen (NO3- and NH4+ - N) 

The concentration of NH4+ N across the treatments mirrored those of NO3- 
N in both seasons with the legume cover crop plots having a higher value, 
irrespective of the season of sampling (Table 3). 

The higher mineral nitrogen (NO3- and NH4+) obtained from legume cover 
crop species (Centrosema pubescence and vegetable cowpea) relative to the 
Cucurbitaceae species (Egusi melon and Broadleaf pumpkin) could be 
attributed to differences in the quality of their residue as it affects 
decomposition and mineralization. The legumes tend to have narrow C:N 
while that of Cucurbitaceae are wider , hence the legumes decomposing 
faster with higher rate of mineralization 
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Table 3: vegetable cover crop impact on soil NO3-N (mgkg-1) content of 
an immature rubber plantation at the onset and  of rains across the 

depths of 0-15, 15-30 and 30-45cm 

 

Table 4: Impact of vegetable cover crop on soil NH4-N (mgkg-1) content 
of an immature rubber plantation at the onset and end of rains  across 
the depths of 0-15, 15-30 and 30-45cm after four consecutive years of 

cover crop integration 

 

Also, the WFPS obtained from the legume-based cover crop plots relative 
to the other species (Table 4) may have influenced their respective mineral 
nitrogen concentration as reported by (Doran et al., 1990). 

3.4   Soil Microbial Groups 

Table 5: Impact of vegetable cover crop on the population (C.Fug-1 dry 
wt soil X 10-6) of selected soil microbial groups in an immature rubber 
plantation at the onset and end rain after 4yrs of continuous cover crop 

integration. 

 

The cover crop species effect on three major soil microbial groups at the 
onset of rainy and dry seasons is presented in Table 5. The maximum 
bacteria population (36.10 c.fug-1 dry soil) at the onset of rains was 
recorded from the vegetable cowpea plot followed by the Centrosema 
pubescence (32.12 c.fug-1 dry soil). These values were significantly 
(P≤0.05) higher than those of the broadleaf pumpkin and Egusi melon 
plots in that order. The results at the onset dry season followed similar 
trend. 

However, the reverse was the case for fungi population with maximum 
value (28.30 c.fug-1 soil) being recorded from the broadleaf pumpkin plot. 
This was followed by those of the Egusi melon plot (27.58 c.fug-1 soil). The 
values were significantly higher than those of Centrosema pubescence and 
vegetable cowpea plots in both sampling periods. This observation is in 
line with the report of (Finney et al., 2017). The authors reported that 
specific cover crop species promote the abundance of specific soil 
microbial group. According to microbial group population distribution is 
highly influenced by cover crop species due to specific chemical trait and 
plant: soil biota interaction (Martinez-Garcia, 2018).  

Higher population of fungi group observed in the Broadleaf pumpkin and 
Egusi melon plots relative to the other two species, studied could be of an 
advantage by promoting soil organic accumulation and enhance soil 
aggregation and stability as reported by (Lennon et al., 2012;  Finney et al., 
2017).  

The effect of the treatments on actinomycetes population mirrored those 
of bacteria with Centrosema pubescence and vegetable cowpea plots 
having higher values compared with the other treatments. 

4.   CONCLUSION 

Results obtained from this study suggest that the creeping-edible 
vegetable crops evaluated have comparable positive effect on the 
immature rubber plantation soil relative to the conventional cover crop (C. 
pubescence). The vegetable cowpea effects on the soil mineral nitrogen 
(NO3

- and NH4
+) and microbial group population were highly comparable 

to those of the C. pubescence. The Cucurbitaceae species (Broadleaf 
pumpkin and Egusi melon) had a significant positive effect on the soil BD, 
WFPS, fungi group population, the surface layer pH, and base cation values. 
Consequently, they could be considered as alternative to conventional 
cover crops in the management of immature rubber plantation soils, while 
serving as food and/ or monetary income source to the farm family during 
the zero income phase of the plantation. 
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