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ABSTRACT 
 

While there is significant evidence that the addition of organic 

residues to soils can improve overall soil fertility, it is unclear as to what 

organic residues will have the most beneficial impact. The use of residue 

chemistry as an index for assessing organic resource quality is highly 

reported and has been linked to organic matter decomposition and 

nutrient release patterns. However, less is reported on the direct linkages 

between organic residue chemistry and soil biogeochemistry and how the 

impact varies between sole and mixed organic residues. In this research, 
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we investigated the residue chemistries of Tithonia diversifolia, Vicia 

faba and Zea mays (either applied alone or in combination) and how they 

affected and related to soil microbial activities and biochemical 

properties. The results revealed significant differences in chemical 

composition among the species and affirmed that organic materials 

impact differently on soil microbial and biochemical properties based on 

their chemistry. Carbon, polyphenol, C: P and lignin: N ratios had the 

greatest impact on soil microbial activities and biochemical properties. 

The levels of biological activities were comparable in sole and mixed 

amendments but N mineralization and availability increased significantly 

in V. faba and T. diversifolia amendments. The results also demonstrated 

that basal respiration, microbial biomass carbon and the activities of -

glucosidase and -glucosaminidase are sensitive indicators of nitrogen 

availability and organic C levels in soils.  

 

Keywords: soil biogeochemistry; microbial activities; soil fertility; organic 

matter 

 

 

1. INTRODUCTION 
 

Whilst global agriculture is increasingly challenged to meet the world’s 

rising demand for food sustainably, declining soil fertility and mismanagement 

of plant nutrients have made this difficult even when improved varieties of 

crops have been made available (Pinstrup-Andersen, 2000). The impact of 

declining soil fertility on crop production are particularly visible in developing 

countries, where the most serious food security challenges exist both currently 

and in the future (Badiane and Delgado 1995; Rosegrant et al., 1995). 

Commonly, farmers in the developing world practise low-input agriculture that 

depends on organic matter in the soil to sustain production. The soil organic 

matter plays an important part in improving the intrinsic quality of soils and 

optimizing crop production (Gruhn et al., 2000). Therefore with the limited 

use of conventional fertilizers and declining soil organic matter levels (owing 

to continuous cropping), declining soil fertility could be a perpetual constraint 

to food production in developing countries  (Kumwenda et al., 1996).  

While there is significant evidence that the addition of organic residues 

(obtained from trees/shrubs and crops) to soils can improve overall soil 

fertility (Nziguheba et al., 2000; Sanchez et al., 1997), it is unclear as to what 

organic residues will have the most beneficial impact. The selection of organic 

materials for soil fertility improvement and maintenance has therefore 

remained a difficult challenge for many farmers (George et al., 2002). 
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Numerous studies characterizing and assessing the suitability of organic 

materials for soil fertility improvement have employed residue chemistry 

(mainly N, P, C, C/N, lignin and polyphenols) and its consequential effect on 

decomposition and nutrient release patterns (Partey et al., 2011; Brady and 

Weil, 2004; Palm et al., 2001; Young, 1997). Although there is significant 

information that organic residues with low C/N ratios, high N and low lignin 

and polyphenolic contents will enhance microbial activities and increase N 

mineralization (Troeh and Thompson, 2005; Brady and Weil, 2004), this has 

mostly been confirmed with sole organic inputs (Partey et al., 2011; Chander 

et al., 1997; Azmal et al., 1996;) rather than mixed organic residues. In most of 

sub-Saharan Africa where legumes are commonly intercropped with cereal 

crops, the addition of nutrient inputs from senesced legume leaves make viable 

contributions in increasing residual N for subsequent cropping. Because crops 

are grown in association in these intercropping systems, the residues of 

different crops will inevitably mix and decompose simultaneously within the 

same soil volume (Sakala et al., 2000). The interactions between decomposing 

residues can be complex and may result in N mineralization and biochemical 

pathways of the separate components of the mixture (Singh et al., 2007; Sakala 

et al., 2000; Handayanto et al., 1997). Understanding the interactions between 

organic residues of different chemistries is therefore essential, since leaf litter 

does not segregate neatly into individual species types in ecosystems, and the 

composition of plant communities changes over time (Gartner and Cardon, 

2004).  

Considering that microbial biomass, activity and nutrient status, combined 

with indices of microbial community such as microbial metabolic quotient and 

microbial biomass C: N ratio are useful indicators of soil fertility or 

sustainability changes (Dinesh, 2004), we related these parameters to the 

residue chemistries of Zea mays (Maize), Vicia faba (Faba bean) and Tithonia 

diversifolia (Mexican sunflower) to determine their implications on nutrient 

management in organically managed agroecosystems.  

 

 

2. MATERIALS AND METHODS 
 

2.1. Soil Characterization 
 

Sandy-loam soil used for the experiment was collected from the Botanical 

grounds of the University of Manchester, UK, located on lat 53
o
 26

1
 N and 

long 2
o
 13

1
 W in England. The soil was collected using a stainless steel auger 
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from 20 locations in a 5 m x 5 m plot within 20 cm of the topsoil layer. The 

soil samples were composited and homogenized by hand mixing. They were 

then air-dried till constant weight and passed through a 2 mm sieve and 

analyzed for physicochemical properties or stored at 4 
o
C for microbiological 

analysis using five replicate sub-samples. Soil pH was analyzed using a glass 

electrode with a soil/water ratio of 1: 2, total N by dry combustion using 

LECO TruSpec
TM

 CN autoanalyzer (LECO Corporation), organic carbon by 

the dichromate oxidation method (Motsara and Roy, 2008), cation exchange 

capacity using ammonium acetate extract (Motsara and Roy, 2008), and 

available P by Olsen’s method (Motsara and Roy, 2008). The physicochemical 

properties of the soil were: pH (6.7), Total N (1.2 g/kg), organic C (13.8 g/kg), 

cation exchange capacity (6.5 cmolc/kg), available P (2.4 mg/kg). 

 

 

2.2. Plant Residue Characterization 
 

Plant materials used in the study were: the green biomasses of Faba bean 

(Vicia faba), Mexican sunflower (Tithonia diversifolia); and maize (Zea mays) 

stover. Both T. diversifolia and V. faba were raised under greenhouse 

conditions and were 5 months and 1.5 months old respectively at the time of 

sampling. Z. mays stover was obtained from previously raised maize crops 

(Konsort variety sourced from Huntseeds, UK) in the greenhouse. All plants 

did not receive any fertilizer treatments when raised. The plant materials (fresh 

leaves and tender stems in the case of T. diversifolia and V. faba) were 

characterized for chemical composition. The plant materials were either 

analyzed solely or in a mixture (i.e. Z. mays + T. diversifolia; and Z. mays + V. 

faba in a 1: 1 w/w ratio). The plant materials were oven dried at 65 
o
C till 

constant weight, ground with a pestle and mortar and sieved to 0.5 mm size. 

The sieved plant materials were analyzed for total N, P, K, Ca, Mg, C and 

lignin in four replicates. Nitrogen and C were determined simultaneously by 

dry combustion using LECO TruSpec
TM

 CN autoanalyzer (LECO 

Corporation). Total K, Ca, and Mg were determined by the dry ashing and 

atomic absorption spectrophotometery method as described by Eneji et al. 

(2005) and Motsara and Roy (2008). Phosphorus was also determined in an 

ash solution by the ammonium phosphomolybdate method (Motsara and Roy, 

2008) whilst lignin was determined according to the acid detergent fiber 

method (van Soest, 1963). Polyphenols were determined by the method 

described by Gachengo et al. (1999). 
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2.3. Incubation Experiment 
 

Fifty grams of air-dried 2 mm sieved sandy-loam soil (described above) 

was put in 250 ml conical flasks. The flasks were moistened to 55% water 

holding capacity and pre-incubated at 28 
o
C for 7 days. After pre-incubation, 

125 mg (equivalent to 5 t ha
-1

) of V. faba (Vf), T. diversifolia (Td) and Z. mays 

stover (M) either applied alone or in a mixture [Vf (62.5 mg) + M (62.5 mg); 

and Td (62.5 mg) + M (62.5 mg)] was added to the soil and adjusted to 55% 

water holding capacity. Unamended soil was used as a control (C). Moisture 

levels were maintained with distilled water at 55% water holding capacity 

throughout the experiment by monitoring the weight of the flasks daily. The 

treatments (C, Td, Vf, M, Td + M and Vf + M) were arranged in a complete 

randomized design with four replications and kept in the dark at 28 
o
C. 

Destructive sampling was done at 7, 14, 28, 56 and 84 weeks after incubation 

to monitor changes in various soil microbial and biochemical properties using 

four replicates. 

 

 

2.4. Soil Carbon and Nitrogen Mineralization  
 

Microbial respiration or carbon mineralization was determined at 28 
o
C in 

closed chambers under laboratory-controlled conditions. Briefly, 125 mg 

(equivalent to 5 t ha
-1

) of V. faba (Vf), T. diversifolia (Td) and Z. mays stover 

(M) either applied alone or in a mixture [Vf (62.5 mg) + M (62.5 mg) and Td 

(62.5 mg + M (62.5 mg)] were mixed with 50 g of pre-conditioned sandy-loam 

soil in 1 L jars and incubated in the dark at 28 
o
C for 84 days. Unamended soil 

was used as a control (C). Further controls were included using jars without 

soils. The moisture content was kept constant at 55% water holding capacity 

of the soil. Inside the chamber, a 50 ml beaker containing 10 ml of 0.5 M 

NaOH was placed on the soil to absorb CO2. The CO2 evolved was collected, 

after 1, 7, 14, 28, 56, and 84 days of incubation in the 10 ml 0.5 M NaOH and 

determined by titration with 0.1 M HCl against a phenolphthalein indicator 

after precipitation with BaCl2 (0.5 M).  The CO2 evolved during the 84
th
 day 

of incubation was used as the basal respiration (Bresp) value. All 

measurements were done in four replicates. Nitrogen mineralization was 

determined by measuring the production of mineral N (NH4
+
 and NO3

-
) during 

incubation.  
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N mineralization was determined at 1, 7, 14, 28, 56, and 84 days of 

incubation by extracting 25 g of moist soil with 2 M KCl at a 1: 4 soil and 

extractant ratio. Ammonium and nitrate in the KCl extract were determined by 

the indophenol blue and phenoldisulphonic acid methods respectively 

(Motsara and Roy, 2008). All measurements were done in four replicates. 

 

 

2.5. Soil Microbial Biomass 
 

Soil microbial carbon and nitrogen were determined at the end of the 

incubation period using the chloroform fumigation and extraction method 

(Ladd and Amato; 1989; Brookes et al., 1985). For biomass C and N 

calculations, k factors of 0.35 (Sparling et al., 1990) and 0.45 (Ross and Tate, 

1993) were used respectively. The following equation according to Sparling 

and West (1998) was used to estimate the microbial C: Microbial biomass C = 

EC/k.  

Where Ec = the extracted carbon after fumigation – extracted carbon 

before fumigation, k = the fraction of the killed biomass extracted as carbon or 

nitrogen under standardized conditions. 

 

 

2.6. Enzyme Assays 
 

β-glucosidase activity was assayed at the end of incubation by the method 

described by Eivazi and Tabatabai (1988). One gram (1 g) of moist sieved (2 

mm) soil was placed in an erlenmeyer flask (50 ml) and treated with 0.25 ml 

of toluene, 4 ml of tris buffer (pH 6.0) and 1 ml of p-nitrophenol-β-D-

glucoside as a substrate. After stoppering the flask, the contents were 

thoroughly mixed and incubated for 1h at 37
o
C. After incubation, 1 ml of 

CaCl2 solution, 4 ml of Tris buffer (pH 12) were added to stop the reaction. 

The flask was then swirled and the soil suspension filtered through a millex 

filter (0.25 μm). Controls were set-up without the addition of soil. The colour 

intensity of the yellow filtrate was measured with a digital ultraviolet 

spectrophotometer (Cecil elegant technology, England) at 400 nm. All 

measurements were carried out in triplicate with one control. The p-

nitrophenol contents of the filtrates were then calculated by comparing the 

results to a standard curve for p-nitrophenol developed as described by 

Tabatabai and Bremner (1969). β-glucosidase activity was expressed as 

released p-nitrophenol per unit dry soil weight and incubation time. 
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Phosphomonoesterase activity was assayed at the end of incubation using 

the procedure by Tabatabai and Bremner (1969) and Eivasi and Tabatabai 

(1977). One gram (1 g) of moist sieved (2 mm) soil was placed in an 

erlenmeyer flask (50 ml) and treated with 0.25 ml of toluene, 4 ml of Tris 

buffer (pH 6.5 for acid phosphatase and pH 11 for alkaline phosphatase) and 1 

ml of p-nitrophenol phosphate solution. After stoppering the flask, the contents 

were thoroughly mixed and incubated for 1h at 37
o
C. After incubation, 1 ml of 

CaCl2 solution, 4 ml of Tris buffer (pH 12) were added to stop the reaction. 

The flask was then swirled and the soil suspension filtered through a Millex 

filter (0.25 μm). Controls were set-up without the addition of soil. The colour 

intensity of the filtrate was measured with a spectrophotometer at 400 nm. All 

measurements were carried out in triplicate with one control. The p-

nitrophenol contents of the filtrates were then calculated by comparing the 

results to a standard curve for p-nitrophenol developed as described by 

Tabatabai and Bremner (1969). Phosphomonoesterase activity was expressed 

as released p-nitrophenol per unit dry soil weight and incubation time. 

N-acetyl-β-D-glucosaminidase activity was determined at the end of the 

incubation period using the method of Parham and Deng (2000) as described 

by Ekenler and Tabatabai (2002). β-glucosaminidase activity was assayed by 

placing 1.0 g of soil into a 50 ml Erlenmeyer flask, and then adding 4 ml of 0.1 

M acetate buffer (pH 5.5) and 1 ml of 10 mM p-nitrophenyl-N-acetyl-β-D-

glucosaminide (pNNAG) solution. The slurries were mixed thoroughly, 

stoppered, and placed in an incubator at 37 
o
C for 1h after which 1 ml of 0.5 M 

CaCl2 and 4 ml of 0.5 M NaOH were added to stop the reaction. The samples 

were swirled and filtered through a Millex filter (0.25 μm). The colour 

intensity of the filtrate was measured at 405 nm with a spectrophotometer. 

Controls were performed with the substrate being added after the reactions 

were stopped. Additional controls were performed by following the procedure 

described but without addition of soil to the reaction mixtures. The controls 

were designed so that they allowed for subtraction of the soil background 

colour and any trace amount of p-nitrophenol produced by chemical hydrolysis 

of pNNAG during the incubation. The p-nitrophenol contents of the filtrates 

were then calculated by comparing the results to a standard curve for p-

nitrophenol developed as described by Tabatabai and Bremner (1969). β-

glucosaminidase activity was expressed as released p-nitrophenol per unit dry 

soil weight and incubation time. 
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2.7. Statistical Analysis 
 

All parameters measured were subjected to Analysis of Variance 

(ANOVA) test. Treatment means were compared using Tukey test at 5% 

probability level. Correlation and regression analysis were used to demonstrate 

the relationship between organic residue chemistry and soil microbial 

activities and biochemical properties. All statistical analyses were conducted 

using GENSTAT 11 (VSN International, 2008). 

 

 

3. RESULTS 
 

3.1. Organic Residue Chemistry 
 

Differences in residue chemistry were evident in both the single and 

mixed organic materials (Table 1). In most cases, mixing Z. mays with either 

V. faba or T. diversifolia reduced their elemental composition levels. While 

nitrogen levels ranged from 10.8 g/kg in Z. mays to 54.7 g/kg in V. faba (Table 

1), mixing V. faba (Vf) and Z. mays (M) brought N level 43% below that 

recorded in the sole V. faba treatment. In addition, mixed T. diversifolia (Td) 

and Z. mays treatment recorded N level 17% below that recorded with T. 

diversifolia alone. Carbon-to-nitrogen ratio was highest in M (37.2) and was 

more than four times that recorded in Vf (7.8). C/N ratio was increased in Vf + 

M and Td + M mixes compared to Vf and Td residues alone. Meanwhile, Td 

showed the highest concentrations of P, Mg and K whilst Vf showed the 

greatest concentration of Ca. Both N/P and C/P ratios were highest in Vf due 

to its relatively low P concentration. Lignin composition ranged from 41 g/kg 

in Vf to 58 g/kg in Td whilst polyphenolic concentration increased in the 

order: M < Vf + M < Td + M < Vf < Td. Furthermore, the high N content in 

Vf resulted in a significantly low lignin/N and (lignin + polyphenol)/N ratios 

(Table 1) compared to the other treatment. 

 

 

3.2. Soil Nitrogen Mineralization 
 

Analysis of variance test revealed significant (p < 0.05) effect of 

treatments on all soil nitrogen parameters (Table 2). The application of 

treatments increased nitrogen availability.  



 

 

 

 

 

 

Table 1. Chemical composition of sole and mixed organic residues used in the experiment 

 

Values are the means of four replicates. Lig = lignin, Poly = polyphenol. Td = T. diversifolia, Vf = V. faba, M = Z. mays 

 

Treatment Chemical element (g/kg) C/N  C/P N/P Lig/N (Lig + Poly) 

N N P K C Ca Mg Lig Poly 

Td 28.1 5.2 46.2 400.6 13.0 8.3 58.0 18.0 14.3 77.0 5.4 2.1 2.7 

Vf 54.7 2.5 17.6 427.4 27.0 3.0 41.0 14.0 7.8 171.0 21.9 0.7 1.0 

M 10.8 2.9 20.6 401.3 4.2 2.9 57.0 5.6 37.2 138.4 3.7 5.3 5.8 

Td + M 23.4 4.3 33.4 417.6 8.2 6.3 56.7 10.2 17.8 97.1 5.4 2.4 2.9 

Vf + M 31.3 2.7 19.4 436.2 19.7 2.8 48.0 8.1 13.9 161.6 11.6 1.5 1.8 
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Total inorganic nitrogen (TIN) (measured as the cumulative sums of 

ammonium and nitrate levels) ranged from 300.7 in the control to 1167.1 µg N 

g
-1

 in V. faba treatments. A higher TIN production was recorded in sole V. 

faba and T. diversifolia treatments than when mixed with Z. mays. 

Meanwhile, there were distinct differences in the dynamic patterns 

followed by ammonium and nitrate in the 84-day incubation period. Generally, 

ammonification was higher than nitrification. Ammonium levels generally 

increased up to the 56
th
 day where the highest levels were recorded but 

declined drastically up to the 84
th
 day (Figure 1). Conversely, nitrate levels 

declined through time until the 56
th
 day when levels increased gradually and 

peaked on the 84
th
 day (Figure 2). At the end of the incubation period, the 

nitrate-to-ammonium ratio ranged from 0.06 in V. faba and T. diversifolia 

treatments to 0.15 in maize treatments. This ratio increased with maize 

addition in V. faba and T. diversifolia treatments (Table 2). 

 

 

Figure 1. Temporal dynamics in ammonium levels as affected by sole and mixed 

organic residues over 84 days of incubation. Data points are the means of four 

replicates. Error bars represent the standard error of mean (SEM). Vf = V. faba, Td = 

T. diversifolia, M = Z. mays. 
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Figure 2. Temporal dynamics in nitrate levels as affected by sole and mixed organic 

residues over 84 days of incubation. Data points are the means of four replicates. Error 

bars represent the standard error of mean (SEM). Vf = V. faba, Td = T. diversifolia, M 

= Z. mays. 

 

3.3. Soil Carbon Mineralization and Microbial Respiration 
 

The application of treatments had significant (p < 0.05) effect on soil 

organic C (SOC) and microbial respiration. SOC levels were the same in both 

mixed and single treatments but differed significantly (p < 0.05) from the 

control (Table 2). The mineralization kinetics of C measured as cumulative 

CO2 evolved during incubation is shown in Figure 3. All treatments showed 

similar increasing kinetic patterns while C mineralization flattened in the 

control after the 14
th

 day. Basal respiration significantly (p < 0.05) increased 

with treatment application with comparable rates among treatments. 
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Table 2. Fractions of soil carbon and nitrogen as affected by sole and mixed organic residues after 84 

days of incubation 

 
Treatments MBN 

(µgNg1) 

Nm (µg N g-184 d-1) NO3
-/ 

NH4
+ 

SOC 

(g/kg) 

MBC 

(µg C g-1) 

MBC/SOC  

(%) 

Basal respiration 

(µg C – CO2 g
-1 h 1)  

qCO2 

(105 h-1) 

MBC/ 

MBN NH4
+ NO3

- TIN 

Control 

 (no input) 

136.5ab 270.0a 30.7a 300.7a 0.11c 14.0a 225.7a 1.6a 0.012a 5.3b 1.7a 

Td 146.0ab 1020.0d 64.0bc 1084.0d 0.06a 19.0b 866.7d 4.6b 0.033b 3.8a 6.1bc 

Vf 112.8a 1100.0d 67.1cd 1167.1e 0.06a 18.7b 1181.9e 6.3c 0.038c 3.2a 10.7d 

M 187.8b 490.0b 71.2e 561.2b 0.15d 19.9b 605.8b 3.0b 0.040c 6.5c 3.2ab 

Td + M 145.0ab 710.0c 60.4b 770.6c 0.09b 19.6b 782.7c 4.0b 0.038c 4.8b 5.4bc 

Vf + M 150.9ab 533.0b 69.0de 602.0b 0.13c 19.7b 1271.3f 6.5c 0.036bc 2.8a 

 

8.5cd 

SED 15.52 24.14 1.04 24.02 0.005 0.38 10.01 0.09 0.002 0.3 0.97 

p value 0.011 <0.001 <0.001 <0.001 <0.001 < 0.001 < 0.001 < 0.001 < 0.001 <0.001 <0.001 

Values are the means of 4 replicates. Td = T. diversifolia, Vf = V. faba, M = Z. mays, MBN = microbial biomass nitrogen, MBC = 

microbial biomass carbon, TIN= total inorganic nitrogen, SOC = soil organic carbon, qCO2 = metabolic quotient, Nm = cumulative 

nitrogen mineralization, SED = standard error of mean differences. Means in a column with the same letters as superscript do not 

differ significantly according to Tukey test at 5% proability level. 



Effects of Organic Residue Chemistry on Soil Biogeochemistry 13 

 

Figure 3. Carbon mineralization kinetics as affected by sole and mixed organic 

residues over 84 days of incubation. Data points are the means of four replicates. Error 

bars represent the standard error of mean (SEM). Vf = V. faba, Td = T. diversifolia, M 

= Z. mays. 
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3.5. Soil Enzyme Activities 
 

At the end of incubation, the application of treatments increased both -

glucosidase and -glucosaminidase activities. -glucosidase activity was 

significantly (p < 0.05) greatest in Z. mays and V. faba + Z. mays treatments 

(Figure 4a). The results also showed a higher -glucosidase activity in mixed 

organic residues compared to single treatment applications. -glucosaminidase 

activity was lower than -glucosidase activity and was comparable among the 

organic residue treatments (Figure 4b). While treatments had no significant 

effect (p > 0.05) on acid phosphatase and alkaline phosphatase activities, 

alkaline phosphatase activity was predominant compared with acid 

phosphatase activity (Figure 5). 

 

 

Figure 4. Effects of sole and mixed organic residues on -glucosidase (a) and -

glucosaminidase (b) activities. Data points are the means of four replicates. Error bars 

represent the standard error of mean (SEM). Bars with the same letters do not differ 

significantly according to Tukey test at 5% probability level. Vf = V. faba, Td = T. 

diversifolia, M = Z. mays. 

 

3.6. Relationship between Soil Parameters 
 

Interrelationships between soil microbial and biochemical properties were 

observed. Both ammonium and nitrate were significantly correlated to each 

other and to the total inorganic N (Table 3). Total inorganic N was negatively 
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(r = -0.53, p < 0.05) correlated to microbial metabolic quotient but showed 

strong positive correlation with soil organic C (r = 0.50, p < 0.05), microbial 

biomass C (r = 0.64, p < 0.05), basal respiration (r = 0.56, p < 0.05) and -

glucosaminidase activity (r = 0.76, p < 0.05). Various soil parameters were 

also significantly dependent on the soil organic carbon: basal respiration (r = 

0.94, p < 0.001), microbial biomass C (r = 0.68, p < 0.01), -glucosaminidase 

(r = 0.75, p < 0.001) and -glucosidase (r =0.83, p < 0.001). 

 

 

Figure 5. Effects of sole and mixed organic residues on phosphomonoesterase 

activities. Data points are the means of four replicates. Error bars represent the 

standard error of mean (SEM). Vf = V. faba, Td = T. diversifolia, M = Z. mays. 

 

The activities of -glucosaminidase and -glucosidase were significantly 

correlated with each other and with basal respiration and the microbial 

biomass C. Furthermore, the microbial biomass N showed positive correlation 

with alkaline phosphatase activity (r = 0.45, p < 0.05) (Table 3). 

 

 

3.7. Relationship between Organic Residue Chemistry  

and Soil Parameters 
 

Several significant relationships were observed between the soil 

parameters monitored and the chemical composition of the treatments (Table 
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4). Soil organic C levels were significantly dependent on lignin (r
2
 = 0.94, p < 

0.001), C (r
2
 = 0.94, p < 0.001) and lignin-to-nitrogen ratio (r

2
 = 0.86, p ≤ 

0.01). Plant nitrogen was significantly correlated to ammonium (r
2
 = 0.71, p ≤ 

0.05), total inorganic nitrogen (r
2
 = 0.72, p ≤ 0.05) and the soil microbial 

biomass carbon (r
2
 = 0.77, p ≤ 0.05). It was evident from the results that 

carbon, carbon-to-phosphorus ratio and the lignin-to-nitrogen ratio were 

mostly correlated to the soil parameters monitored (Table 4). 

Considering that one soil parameter was significantly dependent on 

several plant chemical properties, we deduced linear models using stepwise 

regression to remove all indirect variables and determine the set of chemical 

parameters that most closely influence the soil parameters and include them in 

the multiple regression equation. Only significant regression models were 

reported (Table 5). 

 

 

4. DISCUSSION AND CONCLUSION 
 

The biochemical characteristics of organic residues are known to influence 

their suitability for nutrient management in agroecosystems (Partey et al., 

2011; Troeh and Thompson, 2005; Palm et al., 2001, Young, 1997). Accord-

ing to Brady and Weil (2004), organic substrates of high N, low lignin, low C: 

N ratio and polyphenols have fast decomposition and nutrient release rates 

hence of high quality for soil fertility improvement practices. The results 

obtained showed fairly high macronutrient concentrations and relatively low 

composition of secondary compounds in both the single and mixed treatments. 

With the exception of maize, all plant residues recorded N levels beyond the 

critical minimum of 25 g/kg below which initial net immobilization of N could 

be expected (Palm et al., 2001). 

Similarly, C/N ratio recorded for Z. mays was above the critical maximum 

beyond which initial net immobilization of N could be expected. Carbon-to-

phosphorus ratios were all below the 200: 1 threshold for initial net 

mineralization of P (Schroth, 2003). Furthermore, polyphenol concentrations 

in all organic residues were below the critical maximum (30 g/kg) above 

which microbial degradation activities could be impaired (Brady and Weil, 

2004). Nitrogen concentration in the organic residues was negatively 

correlated to lignin (r = -0.87, p = 0.053) and (lignin + polyphenol)/N (r = -

0.89, p = 0.045) which is similarly reported by Vahdat et al. (2011). 

 

 



 

Table 3. Correlation matrix showing the correlation coefficients for the relationship between soil  

microbial and biochemical properties 

 

  qCO2 SOC NO3
- 

NH4
+ 

NO3
-
 + NH4

+ 
GSMD MBC Bresp MBN ALKP GLD 

qCO2 1           

SOC Ns 1          

NO3
- 

Ns 0.95
*** 

1         

NH4
+ 

-0.54
* 

0.47
* 

0.53
* 

1        

NO3
-
 + 

NH4
+
 

-0.53
* 

0.50
* 

0.56
* 

1.00
*** 

1       

GSMD Ns 0.75
*** 

0.81
*** 

0.75
*** 

0.76
*** 

1      

MBC -

0.79
*** 

0.68
** 

0.75
*** 

0.62
** 

0.64
** 

0.62
** 

1     

Bresp ns 0.94
*** 

0.95
*** 

0.53
* 

0.56
* 

0.82
*** 

0.68
** 

1    

MBN 0.49
* 

ns Ns ns ns ns ns ns 1   

ALKP ns ns Ns ns ns ns ns ns 0.45
* 

1  

GLD ns 0.83
*** 

0.84
*** 

ns ns 0.49
* 

0.59
** 

0.80
*** 

ns ns 1 

GLD = -glucosidase, GSMD = -glucosaminidase, Bresp = basal respiration, ALKP = alkaline phosphatase, MBN = microbial 

biomass nitrogen, MBC = microbial biomass carbon, SOC = soil organic carbon, qCO2 = metabolic quotient, ns = not significant. *, 

** and *** refers to significance at 5%, 1% and 0.1% probability levels respectively. N = 18. 
 

 

 

 

 



 

Table 4. Correlation coefficients for the relationship between organic residue chemistry and some soil parameters 

 
  PN C Lig Poly C: PN C: P Lig: PN (Lig + Poly): PN 

SOC ns 0.97*** 0.97*** ns ns 0.80* 0.93** ns 

NO3
- ns 0.97*** 0.90** ns ns 0.89* 0.97*** ns 

NH4
+ 0.84* ns Ns 0.95** ns ns ns ns 

MBC 0.88* 0.81* Ns ns ns 0.84* ns ns 

Bresp ns 0.97*** 0.92** ns ns 0.87* 0.95** ns 

GLD  ns ns Ns ns ns 0.82* 0.92** ns 

GSMD  ns 0.87* Ns ns ns 0.80* 0.82* ns 

ALKP  ns ns Ns ns ns ns ns 0.80* 

ACP  ns 0.82* 0.81* ns ns ns 0.86* ns 

NO3
- + NH4

+ 0.85* ns Ns 0.95** ns ns ns ns 

MBN ns ns Ns ns 0.86* ns ns 0.86* 

Lig = lignin, poly = polyphenol, GLD = -glucosidase, GSMD = -glucosaminidase, PN = plant nitrogen, Bresp = basal respiration, 

ACP = acid phosphatase, ALKP = alkaline phosphatase, MBN = microbial biomass nitrogen, MBC = microbial biomass carbon, ns = 

not significant. *, ** and *** refers to significance at 5%, 1% and 0.1% probability levels respectively. N = 18. 

 

 

 



 

Table 5. Stepwise regression models for the relationship between organic residue  

chemistry and some soil parameters 

 

Soil property Equation R
2 

p 

value 

NO3
- 

Y = 0.12Poly + 1.83 Lig: N + 30.84 0.99 0.001 

NH4
+ 

Y = 9.64Poly + 238.07 0.90 0.004 

Basal respiration Y = 1.19 x 10
-5

C + 0.012 0.95 0.001 

-glucosidase Y = 0.69Lig: N + 115.88 0.85 0.009 

-glucosaminidase Y = 0.009C + 99.77 0.77 0.023 

Soil microbial 

biomass C Y = 3.60N + 377.21 0.77 0.021 

Soil microbial 

biomass N Y = 1.54C: N – 0.12N + 137.88 0.94 0.015 

Soil organic C 

Y = 0.003C – 0.006N – 0.005Poly + 

14.0 1.00 <0.001 

NO3
-
 + NH4

+ 
Y = 9.93Poly + 285.04 0.91 0.004 

Acid phosphatase Y = 0.26Lig: N + 273.86 0.74 0.028 

          Lig = lignin, poly = polyphenol. N = 18 
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Differential effects of the various treatments on the soil microbial and 

biochemical properties reflected their apparent differences in chemical 

composition. Most treatments recorded increased NH4
+ 

- N mineralization until 

the 56
th

 day when levels fell drastically as a result of possible N immobile-

zation. The increased N mineralization during the early stages of incubation 

can be attributed to the high N and low polyphenolic levels in the treatments. 

Among the plant chemical properties, total inorganic N was significantly 

correlated to plant N composition and polyphenols (Table 4). Several studies 

(Troeh and Thompson, 2005, Vanlauwe et al., 2005, Young, 1997) have 

demonstrated that initial N levels in plants and polyphenol composition can 

influence their decomposition and N release rates. The results of our study 

showed fairly high N and low polyphenol concentrations (Table 1) in the 

organic amendments demonstrating possible accelerated decom-position and 

N release which may have resulted in the increased available N levels 

recorded. Initial N and polyphenol levels were best predictors of N 

mineralization (Table 5), confirming that initial plant N concentration 

influences soil N levels. From the regression models, the results of our present 

study set a 28 g kg
-1

 critical maximum of polyphenol for net N mineralization 

to be realized in decomposing plant litter. This threshold value is consistent 

with the recommendations of Brady and Weil (2004). Whilst initial net N 

mineralization was observed in all treatments, cumulative net N mineralization 

at the end of the incubation period was significantly higher in sole treatments 

(particularly V. faba and T. diversifolia) than mixed treatments. Results may 

be related to different decomposer communities which may have developed on 

plant materials based on their intrinsic qualities (Cobo et al. 2002). The 

relative increase in available N compared to the control was approximately 

86%, 100%, 156%, 260% and 288% in Z. mays, V. faba + Z. mays, T. 

diversifolia + Z. mays, T. diversifolia and V. faba respectively. Similarly, the 

proportion of total N mineralized or available after incubation was 40%, 43%, 

45%. 60% and 69% in Z. mays, V. faba + Z. mays, T. diversifolia + Z. mays, T. 

diversifolia and V. faba respectively which recommends the use of these 

amendments (particularly V. faba and T. diversifolia) for nitrogen fertilization 

(especially in places where inorganic fertilizer use are limited). 

The application of treatments significantly (p < 0.001) increased the soil 

microbial biomass C. The results showed significant differences between 

treatments as a result of their varying biochemical composition. Significant 

correlations between microbial biomass and plant N and C compositions were 

observed which demonstrated that differences in both C and N inputs 

(including quantity and quality) could significantly impact microbial biomass 
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C and activity (Tu et al., 2006). The significance of C inputs for increased soil 

microbial biomass was further confirmed by the significant positive 

correlation observed between microbial biomass C and organic C. The results 

of our present study revealed a significant positive correlation between 

microbial biomass C and available N. This affirmed that differences in 

microbial biomass and activity under different organic amendments would 

have significant implications for nutrient availability to crops. It is reported 

that high microbial biomass and activity will often lead to high nutrient 

availability to crops (Wang et al., 2004), through enhancing both the microbial 

biomass turnover and the degradation of non-microbial organic materials (Tu 

et al., 2006). Despite the significant correlation obtained between microbial 

biomass C and nitrogen availability, nitrogen mineralization was compara-

tively lower in mixed (which recorded the highest microbial biomass) than 

sole treatments. We expected that with higher C additions and increased 

microbial biomass in mixed treatments, higher N availability could be 

obtained which was not so. We attributed this to the synergistic influence of 

both C and N in the residues. As shown in Table 2, we recorded comparable C 

utilization efficiencies (shown by the qCO2 values) between mixed (V. faba + 

M and T. diversifolia + M) and sole (V. faba and T. diversifolia) but significant 

variations in N compositions. Therefore N composition should have influenced 

the microbial biomass more than C composition. This is further explained by 

the higher correlation coefficient value recorded for N (Table 4) and the 

inclusion of N in the stepwise regression model generated for microbial 

biomass C (Table 5). 

Moreover, our results demonstrated increased basal respiration (C 

mineralization) with treatment application. All amended soils showed 

comparable kinetic patterns in microbial respiration (Figure 3), probably 

because organic C levels were comparable (Table 2). This observation is also 

explained by the strong positive correlation observed between basal respiration 

and organic C, which is similarly reported by Kaiser et al. (2010) and 

Vanlauwe et al. (1999). Increased enzymatic activities in amended soils were 

also observed. The effect of treatments on soil enzyme activities was attributed 

to tissue quality of the organic residues used. In most cases, the C: P and 

lignin: N ratios were influential in predicting enzyme activities (Table 4). 

Among the enzymes, β-glucosidase and alkaline phosphatase activities were 

highest. Other studies have also found alkaline phosphatase and β-glucosidase 

activities predominant in soils from other regions (Acosta-MartÍnez and 

Tabatabai 2000; Bandick and Dick, 1999). Although enzyme activities are 

affected by soil properties, research findings have indicated that the 
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predominance and ecological role among enzymes do not change in different 

soils and vegetation (Acosta-MartÍnez and Tabatabai 2000). The significant 

correlation established between the two carbon cycling enzymes supports soil 

ecological claims that the overall activity of a single enzyme may depend on 

enzymes in different locations including intracellular enzymes from viable 

proliferating cells, and accumulated or extracellular enzymes stabilized in clay 

minerals and/ or complexed with humic colloids (Nannipieri et al. 2002). The 

results showed a significant close relationship between microbial biomass size 

and enzyme activity, which is consistent with the findings of Stark et al. 

(2008). N mineralization rate also showed strong correlations with the two 

carbon cycling enzymes and the microbial biomass C which is in agreement 

with the findings of Bengtsson et al. (2003) and Stark et al. (2008). In addition, 

both β-glucosidase and β-glucosaminidase were strongly correlated to the soil 

organic C and microbial respiration which confirms the two enzymes as 

sensitive indicators of soil organic matter and C cycling in agroecosystems 

(Dornbush, 2007). 

In conclusion, our study confirmed organic residue chemistry differs 

significantly in sole and mixed organic residues and have implications on the 

levels of biological activities and N mineralization. The results demonstrated 

comparable levels of many biological activities in sole and mixed amendments 

but N mineralization and availability increased significantly in sole V. faba 

and T. diversifolia amendments. The application of V. faba and T. diversifolia 

green manures in soil is expected to improve soil N economy in cropping 

systems for improved crop productivity. Furthermore, results demonstrated 

that basal respiration, microbial biomass carbon and the activities of -

glucosidase and -glucosaminidase are sensitive indicators of nitrogen 

availability and organic C levels in soils. 
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