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The use of different legume species, as green manure, may affect differently soil biological and 
chemical properties. The aim of this study was to evaluate the effect of four legumes species used as 
green manure on soil biological and chemical properties in short-term. We evaluated the following 
legume species: Crotalaria, Cajanus, Mucuna and Canavalia. The study was arranged in a completely 
randomised design with four replicates. The plants were incorporated into the soil (0-20 cm) by harrow 
and the chemical and biological properties were evaluated 30 and 60 days from the incorporation. Soil 
chemical and biological properties showed different trends according to legume species used. Soil P 
and K contents were highest in plot with Crotalaria, while soil Ca content was highest in plot with 
Mucuna. Soil microbial biomass was higher in plot with Mucuna as compared with others green manure 
species. Fluorescein diacetate hydrolysis was higher in plots with Mucuna and Canavalia than the 
others plots. Our results supported the hypothesis that different types of legume used as green manure 
affect differently the biological and chemical properties of soil. In this case, Mucuna was more effective 
to improve soil biological properties, while Crotalaria seems to be more efficient in the improvement of 
chemical properties. 
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INTRODUCTION 
 
The use of legumes species as green manure is an 
important practice for sustainable agriculture as the 
legumes may fix N and have deep and extensive root 
system, allowing greater extraction and recycling of plant 
nutrients. Some studies have shown the great potential of 
green manure for supplying nutrients to crops (Perin et 
al., 2004; Adediran et al., 2004) and the improvement of 
soil properties (Adediran et al., 2004; Ziblim et al., 2013).  

However, several legume species may be used as green 
manure and each one presents different properties which 
may affect differently the soil properties. Also, the 
influence of organic residues on soil properties depends 
upon the amount, type and size of the added organic 
materials (Zhang et al., 2015). Among the legume 
species used for green manure in tropical regions, the 
Canavalia is one of the most favorable for agricultural use
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Table 1. Chemical properties of legume species. 
 

Parameter  Crotalaria Guandu Mucuna Canavalia 

Dry mass (t ha
-1
) 9.0 8.5 13.4 8.1 

C/N ratio 22 19 29 24 

N (g kg
-1

) 20.1 16.3 21.2 18.7 

P (g kg
-1
) 5.4 3.0 1.9 3.5 

K (g kg
-1
) 25.7 13.4 13.0 12.4 

Ca (g kg
-1
) 4.2 3.0 12.6 3.9 

Mg (g kg
-1

) 2.0 1.3 2.8 3.0 

 
 
 
by their morphological and physiological characteristics 
(Heinrichs et al., 2002), while Crotalaria is very efficient 
as producer of plant dry mass (Ziblim et al., 2013). 
Mucuna is other legume specie which has a potential for 
soil restoration, improving the chemical and physical 
properties of the soil (Alvarenga et al., 1995). Finally, 
Cajanus presents deep root system with high potential in 
water absorption and recycling of nutrients from deep  
layers (Alvarenga et al., 1995). 

Although it is widely known that green manure and 
others crop residues improve the soil chemical and 
biological properties (Biederbeck et al., 2005; Liu et al., 
2006; Shah et al., 2010; Ye et al., 2014; Adediran et al., 
2004; Ziblim et al., 2013), there is the need to compare 
the different legume species in the improvement of soil 
biological and chemical properties in the short-term as 
usually these soil properties may respond quickly to soil 
management according to chemical characteristics of 
organic residue.  

As an important biological property, soil microbial 
biomass is used as an ecological attribute to evaluate 
changes in soil properties by soil use and management 
(Lopes et al., 2010; Santos et al., 2012). In addition, soil 
microbial biomass releases enzymes which play 
important functions in soil processes, such as the 
decomposition of organic matter (Silva et al., 2012). 
Thus, soil enzyme activity may be used as an indicator of 
soil quality due to its control on microbial growth (Burns 
et al., 2013). For chemical properties, Smith and Doran 
(1996) suggested that soil total organic carbon (TOC), 
available P, exchangeable K and soil pH are important 
measurements of soil quality because they provide 
indicators of soil nutrient supplying capacity. 

We hypothesized that each legume species presents 
different chemical composition and therefore affect 
differently soil biological and chemical properties in short-
term. Thus, the aim of this study was to evaluate the 
effect of four legumes species used as green manure on 
soil biological and chemical properties in short-term. 
 
 
MATERIALS AND METHODS 

 
The experiment was located at the Experimental Area from 
Agricultural Science Centre, Teresina, Piauí, Brazil. The regional 

climate is dry tropical (Köppen) and is characterised by two distinct 
seasons: Rainy summer and dry winter, with annual average 
temperatures of 30°C and rainfall of 1200 mm. The rainy season 

extends from January to April, when 90% of the total annual rainfall 
occurs. The soil is classified as a Fluvisol with the following 
composition at 0 to 20 cm depth: 10% clay, 28% silt, and 62% 
sand. 

The following legume species were evaluated: Crotalaria, 

Cajanus, Mucuna and Canavalia. We included a treatment without 
green manure as a reference (control). The experimental area was 
arranged in a completely randomised design with four replicates. 

Plots measured 10 m
2
 each, with 6 m

2
 of usable area for soil 

sampling and rows are spaced 0.4 m apart. Crotalaria and Cajanus 
were grown at a density of 10 plant m

-1
, while Mucuna and 

Canavalia were grown at a density of 7 plant m
-1

. After 60 days 
from the sowing (flowering), all plants inside the plots were 
harvested and incorporated into the soil (0-20 cm) by harrow. 
Chemical characteristics of the legume species are shown in Table 

1 (Cavalcanti et al., 2012). After 30 and 60 days from the 
incorporation, five soil samples were collected (0-20 cm) in each 
plot (from usable area) using a spade and pooled to form a 
composite sample per plot. Each soil sample was sieved (< 2 mm) 
and stored prior to analysis. Soil pH was estimated in water (1:2.5 
v:v) and measured using a pH meter (Tedesco et al., 1995). 
Available P and exchangeable K, Ca, and Mg were evaluated 
according with Tedesco et al. (1995). Soil organic C was 

determined by wet combustion using a mixture of 5 mL of 0.167 mol 
L

−1
 potassium dichromate and 7.5 mL of concentrated sulphuric 

acid under heating (170°C for 30 min) (Yeomans and Bremner 
1988).  

Soil microbial biomass C (MBC) was determined according to the 
methods developed by Vance et al. (1987) with 0.5 M K2SO4 

extraction of the organic C contents from fumigated and 
unfumigated soils. The soil respiration was monitored through daily 

measurement of CO2 evolution under aerobic incubation at 25°C for 
7 days (Alef and Nannipieri, 1995). Fluorescein diacetate (FDA) 
hydrolysis was measured by spectrophotometry at 490 nm after 
incubation for 20 min at 30°C, according to the method described 
by Schnürer and Rosswall (1982). 

The data were submitted to the analysis of variance (ANOVA) 
and the means were compared by the Student’s test (5% level). All 

the statistical analyses were performed with the SPSS (version 
15.0) software package. The data from the variables were analysed 
using multivariate ordination non-metric multidimensional scaling 
(NMS) with Sorensen distances. Ordination was performed using 
the PC-ORD v. 6.0 program. 
 
 
RESULTS 
  
The incorporation of green manure changed the soil
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Table 2. Chemical properties of soil after 60 days of incorporation of green manures. 
 

Plots pH 
P* K** Ca** Mg** 

mg kg
-1

 cmolc kg
-1
 

Crotalaria 7.3
a
 62.4

a
 16.4

a
 2.2

b
 0.7

a
 

Guandu 7.2
a
 44.9

b
 14.8

b
 1.7

b
 0.7

a
 

Mucuna 6.9
a
 40.4

b
 15.0

b
 4.2

a
 0.6

a
 

Canavalia 7.1
a
 48.8

b
 14.3

b
 2.9

b
 0.4

b
 

Control*** 6.8
a
 25.1

c
 9.4

c
 1.3

c
 0.2

c
 

 

* Available P; ** Exchangeable K, Ca, and Mg; *** Control – plot without green manure 

 
 
 

Table 3. Soil organic C (SOC, g kg
-1

), microbial biomass (MBC, mg C kg
-1

), microbial quotient (qmic, %), basal respiration (BR, mg CO2 

kg
-1

), and diacetate fluorescein hydrolysis (FDA, mg FDA kg
-1

) in plots with different green manure. 
 

Plots 
SOC MBC qmic BR FDA 

30 60 30 60 30 60 30 60 30 60 

Crotalaria 6.6
a
 5.9

a
 80.3

b
 98.5

b
 1.2

b
 1.6

a
 5.06

a
 3.56

a
 74.1

b
 81.4

b
 

Guandu 6.3
a
 5.8

a
 83.6

b
 107.6

b
 1.3

b
 1.8

a
 4.97

a
 3.55

a
 78.7

b
 96.0

b
 

Mucuna 6.2
a
 6.7

a
 132.5

a
 138.5

a
 1.6

a
 1.5

a
 5.19

a
 3.71

a
 154.1

a
 142.9

a
 

Canavalia 6.5
a
 6.8

a
 78.2

b
 113.2

b
 1.2

b
 1.6

a
 5.23

a
 4.69

a
 175.2

a
 158.1

a
 

Control* 6.1
a
 6.3

a
 46.3

c
 39.2

c
 0.6

c
 0.5

c
 4.81

a
 4.06

a
 52.1

c
 47.3

c
 

 

*Control, plot without green manure. 

 
 
 
chemical properties as compared with soil without green 
manure (Table 2), where the incorporation of green 
manure increased the content of available P and 
exchangeable K, Ca and Mg. Comparing the plots with 
green manure, soil chemical properties differed according 
to the legume species used (Table 2). Soil pH did not 
differ between evaluated plots. However, available P and 
exchangeable K contents were highest in plot with 
Crotalaria, while soil exchangeable Ca content was 
highest in plot with Mucuna.   

The incorporation of green manure, in short-term, did 
not promote difference in soil organic C content at 30 and 
60 days after green manure application. Soil biological 
properties changed with the incorporation of green 
manure (Table 3). The incorporation of green manure 
promoted an increase in MBC as compared with soil 
without green manure. However, soil MBC showed 
different behavior according to the green manure 
incorporated. Thus, plots whit Mucuna showed highest 
values of MBC at 30 and 60 days as compared with 
others green manure species. There was an increase in 
soil MBC from the 30

th
 to 60

th
 days of evaluation for all 

plots with green manure. At 30
th
 day, the microbial 

quotient (qmic) was higher in plot with Mucuna; while at 
the 60

th
 day there was not difference between plots.  

Soil microbial activity, as measured by basal respiration 
and FDA hydrolysis, increased with the use of green 
manure as compared with the plot without green manure 
(Table 3). However, the soil basal respiration did not 

differ between plots with green manure. On the other 
hands, FDA hydrolysis was higher in plots with Mucuna 
and Canavalia than the others plots. There were not 
differences in values of FDA hydrolysis between the 30

th
 

and 60
th
 days of evaluation for all evaluated plots. 

NMS analysis explained 81% of variation and clustered 
two main groups according to biological and chemical 
properties (Figure 1). The first group consisted of plot 
with Mucuna and was linked with soil microbial biomass 
C and FDA hydrolysis; while the other group consisted of 
plots with Guandu, Crotalaria and Canavalia and was 
grouped with soil basal respiration and microbial quotient.  
 
 
DISCUSSION 
 
The incorporation of green manure, in short-term, 
increased the content of some chemical elements in the 
soil, suggesting that this practice may improve the soil 
fertility shortly. Previous studies had shown the positive 
effect of green manure on soil fertility in short-term (Astier 
et al., 2006; Partey et al., 2014). The legume species 
promoted different responses of soil chemical properties 
and it occurred due to different composition of each 
green manure. The higher values reported for soil P and 
K content in plot with Crotalaria are due to decomposition 
of the green manure, which presents high content of P 
and K in its composition (Table 1) and contributes for the 
releasing of these  elements  to  the  soil.  Similar  results



Carvalho et al.         4079 
 
 
 

MBC

BR

qCo2

qmic

FDA
SOC

pH

Ca

H+AL

Axis 1 (45%)

A
x

is
 2

 (
3

6
%

)

CRO_30
CAJ_30
MUC_30
CAN_30
CRO_60
CAJ_60
MUC_60
CAN_60

 
 
Figure 1. NMS of chemical and biological properties of soil after the incorporation of 

different green manures.   
 
 
 
were found by Ziblim et al. (2013) comparing the 
potentials of Mucuna and Crotalaria as green manure on 
soil fertility, where they observed that Crotalaria added a 
higher amount of available P and K as compared to 
Mucuna. It is important for the improvement of soil fertility 
and may provide essential nutrient for crops. On the other 
hands, Mucuna presented high Ca content in its 
composition and it contributes for the increase in soil Ca 
in soil with this legume specie. These findings are in 
agreement with Adediran et al. (2004) which evaluated 
the effect of Mucuna intercropped with maize (Zea mays 
L.) on soil fertility and observed, after two months of 
Mucuna application, the increasing in the content of 
exchangeable Ca by 81% when compared with the 
chemically fertilized soil. 

Our results showed that soil organic C did not change, 
in short-term, with the addition of green manure indicating 
that soil organic matter is not sensitive to short-term 
changes of soil quality with different soil or crop 
management practices (Liu et al., 2013). Usually, soil 
organic C increases in medium- to long-term as reported 
in previous studies (Dou et al., 2006; Huang et al., 2010).  

On contrary, soil microbial biomass is a sensitive 
indicator of soil quality and responds quickly to changes 
in soil management. Several studies reported that soil 
microbial  biomass  improved  significantly   by   using   of 

legumes as green manure (Biederbeck et al., 2005; Liu et 
al., 2006; Shah et al., 2010). The results showed that soil 
microbial biomass and showed different values according 
to legume specie as also reported by Shah et al. (2010) 
who evaluated six types of legumes as green manure 
and observed that soil microbial biomass varied with the 
type of legume, where the highest microbial biomass was 
found in soil with sesbania and lowest in plot with guar. In 
our study, the higher soil MBC found in plots with Mucuna 
occurred due to its high input of dry mass with low C/N 
ratio which increases the availability of C to soil 
microorganisms (Franchini et al., 2007). It may suggest 
that this legume specie presents high potential to improve 
soil biological properties as reported by Blanchart et al. 
(2006) who evaluated the use of Mucuna as cover crop 
and found a positive modification in diversity and 
composition of soil biota.  

On the other hands, the increase in soil microbial 
biomass from 30

th
 to 60

th
 day suggests that the all green 

manure maintained C source to soil microbial biomass. It 
may have occurred since the legumes are applied on soil 
surface and releases slowly the C for soil microbial 
consumption. Therefore, there is an increasing in soil 
microbial biomass over-time. The highest microbial 
quotient observed in plot with Mucuna is due the higher 
soil microbial biomass found in this plot. As the  microbial  
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quotient is an indicator of availability of organic C for soil 
microorganism (Anderson and Domsch, 1989), this result 
means that in plot with Mucuna the organic C is more 
available for soil microbial biomass (Steiner et al., 2008).  

Soil management practices which modify the soil 
microbial biomass also affect the enzyme activities (Dick 
et al., 1996). The FDA hydrolysis is directly proportional 
to the microbial growth (Swisher and Carroll, 1980) and is 
involved in the transformation of soil organic matter 
(Sicardi et al., 2004). Also, FDA hydrolysis is a good 
indicator of soil microbial activity and reflects the activity 
of several enzymes, including lipases, esterases and 
proteases, and its activity increases with SMB (Schnurer 
and Rosswall, 1982). Our results showed that microbial 
metabolism was positively influenced by Mucuna and 
Canavalia, suggesting these legume species may 
increase the soil microbial activity.  

The NMS analyses of the soil biological and chemical 
properties revealed distinct trends for the legume species 
used as green manure. The plot with Mucuna clustered, 
at 30

th
 and 60

th
 days, and was characterized by higher 

microbial biomass C and microbial activity. This may 
suggest that this legume species has a potential to 
improve soil biological properties. On the other hand, 
Crotalaria, Guandu and Canavalia clustered together and 
were characterized by basal respiration and microbial 
quotient, which can be indicative of higher decomposition 
and availability of C and others nutrients.  
 
 
Conclusion 
  
Our results supported the hypothesis that different types 
of legume used as green manure affect differently the 
biological and chemical properties of soil. It occurs mainly 
due the different chemical composition of each legume 
species used. In this case, Mucuna was more effective to 
improve soil biological properties, while Crotalaria seems 
to be more efficient in the improvement of chemical 
properties. 
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