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Soil microbial biomass (SMB) is the main driving force in nutrient cycling and good indicator of soil 
productivity. A greenhouse experiment was designed to assess the effect of soil compaction, cropping 
system [sole maize, rotation 1 (inoculated soybean-maize), rotation 2 (un-inoculated soybean-maize) 
and intercrop 1(inoculated soybean-maize)and intercrop 2(un-inoculated soybean-maize)] and nitrogen 
fertilizeron soil microbial biomass C (SMB-C) and N (SMB-N) and their proportion to soil organic C and 
total N. SMB-C and SMB-N were higher in un-compacted than compacted soils with percent differences 
of 2.63 and 6.04% respectively. However, they were 19.32 and 36.36% lower in sole maize compared to 
rotation 1, 7.83 and 15.36% for rotation 2, 22.19 and 20.06% for intercrop 1 and 14.62 and 12.54% for 
intercrop 2. The results also showed that the application of 120 kg N ha

-1
 produced the highest soil 

microbial biomass as a percent of soil organic carbon, followed by 80 kg N ha
-1

, while the least value 
was obtained under zero application of nitrogen. Microbial biomass carbon and nitrogen as a percent of 
soil total nitrogen was significantly higher up to 80 kg N ha

-1
 before it decline at 120 kg N ha

-1
 

suggesting better soil productivity improvement at 80 kg N ha
-1

 under the cropping systems with 
inoculated soybean. The findings indicate the need for inoculation in soybean-maize cropping systems 
to improve soil microbial biomass especially under less soil disturbances. 
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INTRODUCTION 
 

The predominant agricultural trends in the past 50 years 
have been intensive production with increased use of 
commercial seeds, fertilizers, pesticides, fuel (Tomich et 
al., 2011) and land use intensification. Consequences 
such as increased erosion, decreased soil fertility and 
biodiversity,   water   pollution   and   eutrophication,   and 

alteration of atmospheric and climate processes lead to 
the urgency to develop new strategies that use the 
ecological interactions within the agricultural ecosystem 
(Matson et al., 1997). Soil microbial communities are 
extremely diverse and the relation between their diversity 
and   function   influences  soil  stability,  productivity  and 
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resilience; on the other hand, organic matter, water 
activity, soil fertility, physical and chemical properties 
influence microbial biomass in soils (Tomich et al., 2011). 
Because soil biota is influenced by land use and 
management techniques, changing management 
practices could have significant effects on the soil 
microbial properties and processes (Stark et al., 2007).  

In recent years, there has been a rapid expansion of 
mechanized agriculture from land to harvest operation 
and this has resulted in substantial increases in soil 
compaction (Balbuena et al., 2000; Startsev and 
McNabb, 2000; Dias Junior et al., 2008; Silva et al., 
2008). Given the short rotation period, fallowing and high 
frequency of operations it can undermine the productivity 
of the stands in a near future, across agro-ecological 
zones. The negative effects of soil compaction on plant 
growth have been attributed primarily to the restriction on 
root growth (Sérgio et al., 2011). However, there is some 
evidence that soil compaction also alters the size, 
diversity and activity of the microbial community. As a 
result, there occur changes, for example, in nutrient 
cycling patterns and their availability to plants (Lee et al., 
1996; Sérgio et al., 2011). It has been shown that soil 
compaction plays an important role in microbial activity 
since the increase in soil density leads to altered pore 
size and distribution, lower O2 and CO2 diffusion rates 
and greater abundance of anaerobic micro sites and 
consequent reduction in the aerobic microbial activity 
(Jensen et al., 1996a; Tan et al., 2005).These adverse 
effects of soil compaction on microbial activity seem to 
result mainly from losses in bio-pores and other macro-
pores connectivity (Whalley et al.,1995). Low O2 
concentration (< 2-5%) (Sérgio et al., 2011) and low 
macro-porosity (< 10%) (Linn and Doran, 1984) cause a 
reduction in the aerobic microbial activity, and may favor 
N losses by denitrification (Breland and Hansen, 1996; 
Jensen et al., 1996a; Ruser et al., 2006) and 
subsequently lower the productivity of the soil. 
Accordingly, soil respiration(CO2 production) is a useful 
indicator of soil organic matter (SOM) decomposition 
(Hassink, 1994; Lee et al., 1996) by both, aerobic and 
anaerobic microbes, which is a clear advantage over 
techniques based on O2 uptake (Sergio et al., 2011). 

Despite the fact that the soil compaction may 
negatively affect the cycling of C and N by modifying soil 
aeration and/or, microbial community structure, there 
have been a few studies that have dealt with such subject 
(Torbert and Wood, 1992; Jensen et al., 1996b; Tan et 
al., 2005). Under field conditions, the microbial biomass 
carbon (MB-C) in the 10-20 cm soil layer under the 
tractor track was reduced by 38% by soil compaction, in 
comparison to the control soil (Dick et al., 1988). In fact, 
the authors found a significant negative correlation 
between MB-C and soil density. The changes in microbial 
activity and denitrification rates in soils as affected by 
variations in pore space and moisture levels have been 
extensively   researched   (Craswell   and   Martin,   1974;  

 
 
 
 
Myers et al., 1982; Linn and Doran, 1984; Rodrigo et al., 
1997; Franzluebbers, 1999; Ruser et al., 2006). 
Nonetheless, few studies have examined the effects of 
alterations in soil physical properties on N transformation 
(Torbert and Wood, 1992; Tan et al., 2005; Ruser et al., 
2006). Particularly, there is a lack of information about 
the consequences of soil compaction on N 
transformation. Although it seems reasonable to 
hypothesize that the effects of soil compaction on the 
microbial community are strong, the few available results 
indicate the opposite. Linn and Doran (1984) carried out 
a study under laboratory conditions and found that 
microbial activity decreased only slightly under soil 
compaction. Jensen et al. (1996b) observed that no 
indicator of microbial biomass was significantly affected 
when total soil porosity was reduced from 0.60 to 0.51 m

3
 

m
-3

 after 21 days of incubation. These findings were 
attributed to the fact that compaction only altered the 
larger pores and possibly had no substantial effect on the 
access of soil microbes to smaller diameter pores. Under 
intense heavy machinery traffic soil compaction may be 
severe resulting to changes in soil biomass. Dias Junior 
et al. (2008) and Silva et al. (2008) found that, depending 
on the weight and the number of passes of a loaded 
forwarder, the soil density may increase to values as high 
as 32%. Thus, it is likely that not only the soil macro-
pores, but also the micro-pores are affected by 
mechanized operations in forest stands so that their 
impact on soil microbial activity and C and N cycling may 
be more pronounced than previously thought. The recent 
findings that a major portion of soil organic matter is 
stabilized in the entrance of small pores in soils (Kaiser 
and Guggenberger, 2006) supports this hypothesis. 

Thus, intensive agriculture systems with high inorganic 
fertilizer inputs, however, limit the return of crop residues 
to the soil (Roper and Ladha, 1995). Maximizing nitrogen 
content in plant not only entails maximizing the 
application of organic matter or chemical fertilizer, but 
also requires that recovery of N is optimized (Yadvinder-
Singh, 2010). Nitrogen transformations are occurring 
during breakdown of soil microorganisms, which are 
influenced by amount and types of residue, soil physical 
and chemical properties (Peoples et al., 1995). Studies of 
MB may be valuable as an indicator for research on the 
effects of integrated management on soil productivity 
(Omeke, 2016). This study was carried out to assess, 
under greenhouse condition, the effects of soil 
compaction, Brandy rhizobium inoculation in maize- 
soybean-based cropping systems and nitrogen fertilizer 
application on MB-C and MB-N in savanna Alfisol of 
Nigeria. 
 
 

MATERIALS AND METHODS 
 

Location and soil preparation 
 

Greenhouse experiment was carried out at the  Department  of  Soil 



 
 
 
 
Science, Faculty of Agriculture, Ahmadu Bello University, Samaru, 
Nigeria. The Greenhouse is located within longitudes 11°

 
11' N and 

latitudes 007°
 
37' E. The bulk soils used for the experiments were 

taken from 6 points at 0-15 cm depth (top soil) using spade from the 
field where soybean trial was not conducted over 5 years. The 
samples were bulked, air-dried and sieved with a 5 mm sieve in 
readiness for compaction process (Omeke, 2016) 
 
 
Treatment and experimental design 
 
The treatments consisted of two levels of compaction (compacted 
and un-compact soils) as main plot. A total of 120 pots (PVC) with 
diameter of 15 and 52 cm height were filled with prepared bulked 
soil of about 15% moisture content to a predetermined depth (50 
cm) for compaction process. Approximately 8.1 kg of soil at 15% 
water content was placed in PVC cylindrical pots, and the bulk 
density was 1.31 Mg m

−3
 in the non-compacted pots. The 

compacted pot was prepared by packing soil in a Proctor hammer 
(5 cm that is, 30 cm drop height, 10.4 kg weight) in three layers by 
giving a sufficient number of blows using a flat-bottom hammer to 
reach the target bulk density (approximately 1.50 Mg m

−3
). Soil bulk 

densities were determined by the core method (Blake and Hartge, 
1986). A handy penetrometer gauge was used to obtain uniform 
penetration force of 2.5 kPa in all the compacted pots. The two bulk 
densities used for the un-compacted and compacted soils were 
based on established bulk density range of 1.39 to 1.50 Mg m

-3
 for 

soils of Samaru, Northern Guinea savannah of Nigeria (Oikeh et al., 
1998). Continuous maize, maize-inoculated soybean rotation, 
maize-un-inoculated soybean rotation, maize-inoculated soybean 
intercrop and maize-uni-noculated soybean intercrop and N 
fertilizer rates of 0, 40, 80 and 120 kg N ha

-1
 were sub plots. Pots 

were arranged on a bench in the greenhouse according to a 
randomized complete block design with three blocks (each block 
contained all 15 treatments × 2 soil compaction× 4 Bradyrhizobium 
inoculation and nitrogen application rates x 3 replicates). 
 
 
Inoculation and planting  
 
Two sets of experiments were conducted and terminated at eight 
weeks respectively. In the first experiment, soybean seeds were 
divided into two, one part was inoculated with commercial rhizobia 
inoculants, Legume-fix at 400 g ha

-1
 (inoculated soybean) while 

remaining seeds were not inoculated (un-inoculated soybean) as 
shown in Figure 1. Before inoculation the soybean seeds were 
sterilized as reported by Vincent (1970). The peat-based inoculants 
(Legume-Fix) were applied directly on the seed with some quantity 
of liquid gum Arabic as adhesive to coat the seeds according to 
user guide produced by the company. The inoculated seeds were 
allowed to stay for about 10-15 min under shade to avoid effect of 
direct sun light and for air-drying before planting. Both maize and 
soybean seeds were sown on the same day in all the pots but un-
inoculated soybean pots were sown first to avoid contamination. 
Four seeds were sown per crops in all the pots and thinned to two 
per stand (1:1 per stand for intercrop, 2:0 per stand for rotation and 
2 per stand for continuous maize) at 10 days after sowing (DAS). 
The first set of greenhouse experiment was established mainly to 
create enabling soil environment to carry out effect of the following 
Bradyrhizobium inoculation in maize-soybean cropping systems; 
continuous maize, maize-inoculated soybean rotation, maize-un-
inoculated soybean rotation, maize-inoculated soybean intercrop 
and maize-un-inoculated soybean intercrop on MB-C and MB-N in 
second set of greenhouse. The first set of the experiment was 
terminated at 8 weeks after sowing (WAS). The crops (maize and 
soybean) were harvested by cutting of the shoot system at their 
base without causing any disturbance to the soil and root system 
within the pots. The second set of the experiment commenced  at  2  
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weeks after first experiment was terminated (harvested). In second 
set experiment, all the 120 pots both compacted (60 pots) and un-
compacted (60 pots) soils were sown only with 6 seeds of maize 
without soybean and thinned to 2 per stands at 10 days after 
sowing. The experiment was also terminated at 8 weeks after 
sowing. 
 
 
Fertilizer application  
 
The same fertilizer treatment was observed throughout for both the 
greenhouse and field experiments. P (single supper phosphate; 
SSP) and K (Muriate of potash; MOP) fertilizers were applied to all 
the pots planted with maize at the rate of 60 kg P2O5 ha

-1 
(1.45 mg 

kg
-1

 soil) and 60 kg K2O ha
-1

(0.44 mg kg
-1

 soil) at planting, 
respectively. But the sole soybean used for rotation received 40 kg 
P2O5 ha

-1
 (2.50 mg per kg soil) and 60 kg K2O ha

-1 
(0.75 mg kg

-1
 

soil) and no fertilizer was added to the soybean in intercrop pots. 
The pots containing maize in both sets of experiment received N 
(urea) fertilizer application at the rates of 0 (0 mg kg

-1
 soil), 40 (3.26 

mg kg
-1

 soil), 80 (6.52 mg kg
-1

 soil) and 120 kg N ha
-1

 (9.78 mg kg
-1

 
soil), which was shared into two: first and second applications were 
at 2 and 6 WAS, respectively. Fertilizer application was done by 
band placement method and late in the evening in both sets of the 
experiment.  
 
 
Soil sampling and laboratory analysis 
 
Composite soil sample was taken from the bulk soil before pots 
experiment and used for initial soil analysis following standard 
procedures (IITA, 1989). The soil was sandy loam in texture with 
the following properties: pH (Water), 5.40; Corg, 5.50 g kg

-1
; Ntot, 

0.46 g kg
-1

; available P (Bray 1-P), 9.14 mg kg
-1

; exchangeable 
cations (cmolkg

-1
) of Mg

2+
, 0.36; Ca

2+
, 0.80; K

+
, 0.15; and Na

+
, 0.28; 

exchangeable acidity (cmolkg
-1

), 1.08; extractable micronutrients 
(mgkg

-1
) of Cu, 3.36; Fe, 71.68; Zn, 2.94 and Mn, 96.52, Bacteria; 

8. 50 × 10
6
 cfug

-1
 soil, fungi; 3.44 x 10

6
cfug

-1
 soil, MB-N; 16.98 mg 

kg
-1

, MB-C; 188.68 mg kg
-1

 and Cmic : Nmic; 11. Soil samplings were 
only taken from the second set of experiment at 8 weeks after 
sowing. Surface soil sampling was done per pot using hand trowel, 
by cleaning the surface of the pot before and after sampling. The 
sampled soil was bagged, labelled properly and stored in the 
refrigerator for laboratory analysis of microbial biomass carbon and 
nitrogen while the air-dried samples were crushed lightly in 
preparation for laboratory analysis of selected soil chemical 
properties. The soil microbial biomass MB-C and MB-N were 
estimated by the fumigation-extraction method (Brookes et al., 
1985; Sparling and West, 1988), using field-fresh, moist 2mm 
sieved soil sample. The extractable MB-C and MB-N in both 
fumigated and unfumigated samples were determined. MB-C was 
estimated by multiplying the difference in extractable C of fumigated 
and unfumigated samples, using a conversion factor of 2.64 (Vance 
et al., 1987) whereas MC- N was calculated by multiplying the 
difference in extractable N of fumigated and unfumigated sample 
using a conversion factor of 1.46 (Brookes et al., 1985). The soil 
nitrogen was determined by micro-Kjeldahl digestion method, as 
described by Bremner and Mulvaney (1982). Organic carbon was 
measured using the method described by Nelson and Sommers 
(1982).  
 
 
Statistical analysis  
 
Data collected were subjected to analysis of variance (ANOVA) 
using the mixed linear model procedure of SAS, Institute Inc., 
(2009). Duncan’s multiple range test procedures was used when 
the F-calculated of the ANOVA for each variable  was  found  to  be 
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Figure 1. Soybean seeds before inoculation (left) and inoculated with Bradyrhizobia (right). 

 
 
 
significant and their interactions were compared by computing least 
square means and standard errors of difference (SED) at 5 % level 
of probability.   
 
 
RESULTS 
 
Effect of soil compaction on biomass carbon (MB-C) 
and nitrogen (MB-N)  
 

The results in Table 1 show that soil compaction had 
significant effects only on soil microbial biomass carbon 
(MB-C) (P < 0.05). Compared to compaction soils, MB-C, 
MB-N and Cmic/Nmicratio were consistently higher in 
uncompacted soils, with percent differences of 2.63% for 
MB-N, 6.04% for MB-C and 14.29% for Cmic/Nmic ratio. 
Generally, the results indicated that the initial values of 
MB-C, MB-N and Cmic/Nmic ratio obtained before setting 
up the greenhouse experiment were higher than those 
values obtained after the greenhouse experiment except 
that of MB-N in both soil compaction. A significant 
interaction in MB-C was observed between soil 
compaction and cropping systems (Figure 2). Moreover, 
inoculated soybean-maize rotation with uncompacted soil 
had higher value of MB-C, compared to other soil 
compaction and cropping systems combinations. 
 
 

Effect of bradyrhizobium inoculation on biomass 
carbon (MB-C) and nitrogen (MB-N)  
 

Also, cropping systems significantly (P<0.05) influenced 
MB-C and MB-Nin the soil (Table 1). Pots with inoculated 
soybean-maize rotation had higher values of MB-C and 
MB-N, followed by inoculated soybean-maize intercrop; 
while the least values were found in pots with continuous 
sole maize. Value of Cmic/Nmic ratio was significantly lower 
under continuous sole maize as compared to other 
cropping systems. A significant interaction  was  obtained 

between soil compaction and cropping systems on MB-N 
(Figure 2). Moreover, inoculated soybean-maize rotation 
with uncompactedsoil combination had higher value of 
MB-C, compared to other soil compaction and cropping 
systems combinations. The data also show that MB-C 
value was significantly lower in pots treated with 
maize/soybean uninoculated and N fertilizer application 
as compared to those with bradyrhizobium inoculated 
soybean and nitrogen fertilizer application which tend to 
increase with increased N fertilizer application to the peak 
of 80 kg ha

-1
and decrease (Figure 3). Similar trends 

obtained in Figure 3 are observed in Figure 4, which 
indicated significantly higher value of MB-C at 80 kg ha

-1 

under both bradyrhizobium inoculated and un-inoculated 
soybean/maize cropping systems with N fertilizer 
application treatments combinations.  
 
 

Nitrogen fertilizer application on biomass carbon 
(MB-C) and nitrogen (MB-N)  
 
The effects of N fertilizer on MB-N, MB-C and Cmic/Nmic 

ratio were significantly different (Table 1). The values 
were generally lower in pots without N fertilizer (except 
for Cmic/Nmic ratio) than for other levels of N fertilizer 
application. The results further showed initial increase 
and decrease with increment in N fertilization rates in 
both MB-C and MB-N. However, the values of MB-C and 
MB-N in pots with 0 kg N ha

-1
showed no significant 

difference from the result obtained in pots treated with 
120 kg N ha

-1
. 

 
 
Effect of soil compaction on MB-C and MB-N as a 
percent of soil carbon and nitrogen  
 
Proportion of soil organic C (%) and total N (%) as 
biomass C and N as  influenced  by  soil  compaction  are 
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Table 1. Microbial biomass carbon and nitrogen in soil under greenhouse experiment. 
 

Treatment 
MB-N MB-C Cmic/Nmic 

(mgkg
-1

) (mg kg
-1

) Ratio 

Soil compaction (SC)  
 

 

Compacted soil (1.50 Mg cm
-3

) 24.46 153.96
b
 6.29 

Uncompacted soil (1.31 Mg cm
-3

) 25.12 165.96
a
 6.61 

SE± 0.40 7.82 0.53 

    

Cropping system (CS)  
 

 

Continuous maize 20.07
d
 178.53

a
 8.90

a
 

Rotation-inoculated 28.74
a
 167.05

ba
 5.81

b
 

Rotation-uninoculated 26.73
a
 156.06

b
 5.84

b
 

Intercrop-inoculated 25.87
b
 155.03

b
 5.99

b
 

intercrop-uninoculated 22.55
c
 142.46

c
 6.32

b
 

SE± 0.26 12.36 0.04 

    

Nitrogen fertilizer application (NFA : kg ha
-1

)  
 

 

0 20.55
c
 146.35

b
 7.12

a
 

40 27.92
a
 164.25

a
 5.88

b
 

80 25.25
b
 161.20

a
 6.34

b
 

120 23.44
c
 156.50

a
 6.68

b
 

SE± 0.26 12.36 0.04 

    

Interaction  
 

 

SC*CS NS * NS 

SC*NFA NS * NS 

CS*NFA ** NS NS 

SC*CS*NFA NS NS NS 
 

MB-C = Microbial biomass carbon, MB-N = Microbial biomass nitrogen, Cmic/Nmic= Microbial biomass carbon and Microbial biomass 
nitrogen ratio, NS = Not significant at P<0.05, * = Significant at P<0.05, SE = Standard error. 

 
 
 
 

 
 

Figure 2. Interaction between soil compaction and Bradyrhizobium inoculations on microbial biomass carbon. 
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Figure 3. Interaction between nitrogen fertilizer application and soil compaction on microbial biomass carbon. 

 
 
 

 
 

Figure 4. Interaction between nitrogen fertilizer application and Bradyrhizobium inoculation on microbial 
biomass nitrogen. 

 
 
 
organic C and total N as biomass C and N (Table 2) 
showed a significant difference between the two soil 
compactions. The biomass as a percent of soil carbon 
and nitrogen under un-compacted soil were observed to 
be higher than those obtained in compacted pots with 
difference of 7.47 and 4.79%.  
 
 
Effect of cropping system on biomass as a percent of 
soil carbon and nitrogen  
 
Rhizobium inoculation inmaize-soybean-based cropping 
systems showed a significant effect (P< 0.05) on biomass 
as a percent of soil carbon and total nitrogen (Table 2). 
Among the rhizobium inoculation inmaize-soybean-based 

cropping systems, biomass as a percent of soil carbon 
and total nitrogen were highest in maize following 
maize/inoculated soybean intercrop, followed by maize 
following inoculated soybean rotation; it was lowest for 
maize following maize (continuous sole maize). Biomass 
as a percent of soil carbon and total nitrogen obtained 
under continuous sole maize was lower than others with 
difference of 19.32 and 36.36% for rotation inoculated, 
7.83 and 15.36% for rotation un-inoculated, 22.19 and 
20.06% for intercrop inoculated and 14.62 and 12.54% 
for intercrop un-inoculated respectively. Significant 
interaction was observed between soil compaction and 
cropping systems on proportion of MB-N in soil total 
nitrogen (Figure 5) which was significantly higher under 
un-compacted    soil    in    combination    with   rhizobium  
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Table 2. Proportion of soil organic C and total N as biomass C and N as influenced by soil compaction, 
Bradyrhizobium inoculation and nitrogen fertilizer. 
 

Treatment 
Biomass as a percent of soil 

Total N (%) 
Organic C (%) 

Soil compaction (SC)  
 

Compacted soil (1.50 Mg cm
-3

) 4.15
b
 3.76

b
 

Uncompacted soil (1.31 Mg cm
-3

) 4.46
a
 3.94

a
 

SE± 0.04 0.02 

   

Cropping system (CS)  
 

Continuous maize 3.83
c
 3.19

c
 

Rotation-inoculated 4.57
a
 4.35

a
 

Rotation-uninoculated 4.13
b
 3.68

b
 

Intercrop-inoculated 4.68
a
 3.83

b
 

intercrop-uninoculated 4.39
b
 3.59

b
 

SE± 0.26 
 

   

Nitrogen fertilizer rate (NRate: kg/ha)  
 

0 3.21
d
 3.29

c
 

40 4.08
c
 3.55

b
 

80 4.35
b
 4.04

a
 

120 5.16
a
 3.88

b
 

SE± 0.12 0.16 

   

Interaction  
 

SC*CS NS * 

SC*NRate NS NS 

CS*NRate ** ** 

SC*CS*NRate NS NS 
 

OC = Organic carbon, TN = Total nitrogen, MBC = Microbial biomass carbon, MBN = Microbial biomass nitrogen, 
NS = Not significant at P<0.05, * = Significant at P<0.05, SE = Standard Error. 

 
 
 

 
 

Figure 5. Interaction between nitrogen soil compaction and cropping systems on % microbial biomass carbon 
in soil organic carbon. 
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Figure 6. Interaction between nitrogen fertilizer application and cropping systems on % 
microbial biomass carbon in soil organic carbon. 

 
 
 

inoculated soybean-maize rotation as compared to other 
combinations. 
 
 
Effect of N fertilizer on biomass as a percent of soil 
carbon and nitrogen  
 
Results of the effects of various N fertilizer application 
rates on biomass as a percent of soil carbon and total 
nitrogen are presented in Table 2. Comparison data on 
the various fertilizer treatments showed that biomass as a 
percent of soil carbon and total nitrogen increased 
significantly, as compared to that of control, which 
increased with additional increase in N. The application of 
120 kg N ha

-1
 produced the highest biomass as a percent 

of soil carbon, followed by 80 kg N ha
-1

, while the least 
value was obtained under zero application of kg N ha

-1
. 

Whereas, biomass as a percent of soil total nitrogen was 
significantly higher at 80 kg N ha

-1 
which shows 

increasing trend with nitrogen application rates and 
decreased at 120 kg N ha

-1
. Interaction results obtained 

between cropping systems and N fertilizer application 
rates show significantly higher values of MB-C and MB-N 
proportion in soil organic carbon (Figure 6) and total 
nitrogen contents (Figure 7) under rhizobium inoculated 
soybean-maize rotation at all levels of N application as 
compared to other cropping systems and N rates 
combinations. Under all the cropping systems, values of 
biomass of carbon and nitrogen proportion to organic 
carbon and total nitrogen contents of the soil increase 
with N rates to a peak of 80 kg N ha-1 and decrease with 
additional N application. 
 
 
DISCUSSION 
 
Significantly, higher microbial biomass carbon (MB-C) 
and nitrogen (MB-N) under  un-compacted  soil  could  be 

attributed to the beneficial effects of uncompacted soil on 
the accumulation of soil microbial biomass C and N 
(Spedding et al., 2004; Omeke, 2017). The current study 
found that compacted soil lower microbial biomass C and 
N as compared with compacted soil, due to negative 
effects of compaction process on soil biological activity. 
This suggests that compacted soil could create 
unfavourable soil condition for microbial activity and 
greater protection of soil organic matter due to the 
formation of small pores and poor aeration that lower 
microbial biomass C and N in soil. Study conducted by 
Omeke (2016) in the same field where soil sample was 
collected for the greenhouse experiment claimed that OC 
needed a longer period to respond to cultivation, as 
compared to SMB-C. This could explain the slight 
variation found among the soil compactions with percent 
difference of 6.04% for MB-C, 2.63% for MB-N, 14.29% 
for Cmic:Nmic ratio and none significant difference 
observed for OC. Therefore, the soil’s quick turnover rate 
facilitates the changes of MB-C and MB-N in the short-
term (Wang et al., 2012) which may serve as a potential  
indicator of soil productivity. The greater average 
difference of Cmic:Corgand Nmic:Ntotratios observed in un-
compacted soil as compared with compacted soils may 
be related to residual effect of un-compacted soil on 
accumulation of organic carbon. Results obtained from 
cultivated soils show a higher proportion of MB-C and 
MB-N in soil OC and TN in un-compacted soils than 
compacted soils, with values ranging from 0.2-4.4 (Souza 
et al., 2003) are within the ranged obtained in this study. 
The variations in the Cmic:Corg and Nmic:Ntot relationship 
reflect the pattern of residues deposition, efficiency of the 
microbial C and N conversion, losses of C and N from the 
soil, and stabilization of organic C and N in the mineral 
fractions of the soil (Carter et al., 1994; Sparling, 1992) 
and intensity of compaction process (Omeke, 2016). 

The variations of MB-C, MB-N and Cmic/Nmic observed 
among   the   various  cropping  systems  with  or  without
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 Figure 7. Interaction between nitrogen fertilizer application and cropping systems on % microbial biomass nitrogen 
in soil total nitrogen. 

 
 
 
rhizobium inoculation could be ascribed to greater 
production of organic source through underground 
biomass and low C/N ratio of soybean residues, 
compared to continuous sole maize. Agronomic practices 
that favoured the accumulation of organic matter in soil 
increases both microbial biomass and its proportion in 
total soil organic matter (Adeboye, 2009). But the higher 
microbial biomass N observed in inoculated soybean-
maize rotation than those without inoculated soybean and 
continuous sole maize could be attributed to greater N 
contribution through BNF and root N supported by lower 
C/N ratio of soybean root and nodule biomass. The 
significant interaction observed for compacted soils and 
cropping systems on SMBC and Cmic/Nmic ratio implies 
that the inclusion of inoculated soybean in the cropping 
systems under less soil disturbances would provide a 
good soil environment that facilitates microbial biomass 
production in soil. The high utilization of N by maize 
(compared to soybean) during the growth stage reduced 
N availability and consequently lowered MB-N in soil 
under continuous sole maize. For cropping systems’ 
sustainability, soil microbial biomass is the active 
component of the soil organic pool, which is responsible 
for organic matter decomposition, affecting soil nutrient 
content and, consequently, primary productivity in most 
biogeochemical processes in soil ecosystems (Haney et 
al., 2001).  Variability of Cmic:Corg and Nmic:Ntot proportion 
obtained among the cropping systems with or without 
rhizobium inoculations may indicate the differences in 
contribution of OC and TN to the soil (Omeke, 2017). It 
has been suggested that values of the proportion of 
Cmic:Corg express a balance point and can range from 
2.3 for monocultures to 4.4 for crop rotations (Carter et 
al., 1994) which is comparable to  those  reported  in  this 

study. Larger or small values may indicate carbon or 
nitrogen accumulation or losses; this proportion is used 
as a good indicator for alterations of soil carbon and 
nitrogen content as a function of soil management. 
Therefore, measuring microbial biomass in soil would 
give clear understanding effects of land preparation in 
combination with integration of inoculated soybean in the 
maize-soybean-based cropping and N rates for 
sustainable soil productivity (Omeke, 2018).  

Values of MB-C and MB-N were generally lower under 
control (0 kg N ha

-1
) than other N fertilizer treatments 

pots, which significantly (P<0.05) increase and decrease 
with N fertilizer rates. This suggests that a decline in N 
status of the soil would negatively influence microbial 
biomass status of the soil, and verse versa. Also, 
nitrogen fertilizer application contributed to more 
availability of N due to low N status of the soil (Table 1). 
Improvement of soil N enhances generation of organic 
carbon source from the growing and decaying of plant 
residues like dead root and sloughed root cap cells as 
well as N release from root exudates (Adeboye, 2009). 
Generally, N treatment at 80 kg N ha

-1
 confirmed to be 

best among other N treatments for soil biomass 
improvement, meaning that below or above this N rate 
(80 kg N ha

-1
) would lower nutrients cycling for crop 

production. This implies that N fertilizer applied within the 
rhizosphere stimulated growth of gram-negative bacteria 
more than fungi in the soil (Omeke et al., 2016). Bacterial 
growth is favoured by the crop-root rhizo-deposition, rich 
in amino acids (Vinzke et al., 2004) and soluble sugars 
(Jensen, 1996) with substantial nitrogen content. 
Influenced by all these factors, bacteria multiply faster in 
population in soil under N fertilizer application and may 
contribute to  increasing  soil  microbial  N  and  C  in  the 
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rhizosphere due to their lower C/N ratio as compared to 
plots without N treatment (Omeke et al., 2016; Omeke, 
2017). 
 
 
Conclusion 
 

Compacted soil had lower values of MB-C and MB-N as 
compared to un-compacted pots, with a percentage 
contrast of 1.83% for MB-C and 19.67% for MB-N. The 
values of MB-N, MB-C and their percentage in soil 
organic carbon and total nitrogen were significantly lower 
in continuous sole maize than other cropping systems 
with soybean; significantly higher in inoculated soybean-
maize rotation. Generally, pots without nitrogen fertilizer 
treatments (0 kg N ha

-1
) had significantly lower values of 

MB-C and MB-N proportion in soil organic carbon and 
total nitrogen. The results revealed that un-compacted 
soil in combination with maize-soybean cropping systems 
with rhizobium-inoculated soybean promotes microbial 
biomass activity as compared to other treatments 
combination. The study also demonstrated that 
integration of inoculated soybean in soybean-maize-
based cropping systems in combination with nitrogen 
fertilizer application enhances microbial biomass status of 
the soil, which appears to be better at 80 kg N ha

-1
. This 

suggests that those cropping systems with rhizobium 
inoculated soybean under minimum soil disturbance have 
best improved soil conditions (quality/health) for 
sustainable crop production, by restoring microbial 
carbon proportion in soil organic carbon and nitrogen 
content better than the other treatments combination. 
Therefore, findings advocate the need for inclusion of 
bradyrhizobium inoculation in legume-maize-based 
cropping systems to improve soil microbial biomass 
especially under less soil disturbances in combination 
with 80 kg N ha

-1
 rate of application. 
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