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Introduction
Microbial activity is a good general measure of organic matter 

turnover in natural habitats and in different agroecosystems, since 
generally more than 90% of the energy flow passes through microbial 
decomposers.1 The hydrolysis of fluorescein diacetate (3´, 6´-diacetyl-
fluorescein; FDA) is widely accepted as an accurate, sensitive, and 
simple method for measuring total microbial activity in a range 
of environmental samples, including soils.2 The FDA hydrolytic 
activity represents an estimation of microbial activity, showing the 
global hydrolytic capacity of the soil for microbial decomposition of 
organic matter (OM).3 Colorless FDA is hydrolyzed by both free and 
membrane-bound enzymes, such as proteases, lipases, and esterases, 
releasing the colored end product fluorescein which can be measured 
by spectrophometry4 or visualized within cells by fluorescence 
microscopy. 

Fluorescein can also be quantified by fluorometry.1 Green et al.2 
have used this technique to determine the impact of tillage on soil 
biological activity, while Floch et al.5 used this method to study 
the potential of soil enzyme activities as indicators of pesticide 
contamination. However, the hydrolysis of FDA, related to several soil 
hydrolases, has been little utilized to estimate the potential microbial 
activity of soil freshly amended with different organic materials. Prior 
research has show the benefits of using green manures (GMs) and 
other organic amendments to improve soil physical, chemical, and 
biological properties such as soil microbial populations and plant 
growth.6 

In Jalisco, Mexico, there is increasing interest in the potential use 
of some wild species of the genus Lupinus (Fabaceae = leguminosae) 
as GMs. For example, Zapata et al.7 estimated the biomass production 

and yield of N in Lupinus exaltatus, L. rotundiflorus, and L. 
mexicanus.7 However, the effects of these manures on the physical, 
chemical, and biological properties of the agricultural soils of Jalisco 
are not yet known. Thus, an experiment was conducted to evaluate 
microbial activity in regosol and luvisol soils from Jalisco amended 
with L. exaltatus and L. rotundiflorus as GMs. Three samples of each 
soil were collected at depths of 0–20 cm and a composite sample was 
obtained separately. They were dried and sieved using 2 mm diameter 
mesh. The materials used and incorporated into the soil as organic 
amendments were GMs of L. rotundiflorus (Figure 1), L. exaltatus 
and Zea mays, were produced during the spring–summer cycle of 
2016–2017 in Zapopan, Jalisco, Mexico, as described by Zapata et 
al.8 (Figure 1).

Figure 1 Wild  Lupinus rotundiflorus growing in chiquilistlan, jalisco, Mexico.
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Abstract

The incorporation of legumes as green manures modifies some physical and chemical 
properties of soil, but its effects on some biological properties have not been evaluated. The 
current study aimed to evaluate the potential microbial activity of soil freshly amended with 
green manures of wild Lupinus species using the hydrolysis of fluorescein diacetate (FDA) 
method. Two wild lupine species (Lupinus exaltatus, L. rotundiflorus) with green manure 
potential were added at the rate of 44 t ha-1 to two different agricultural soils from Jalisco, 
Mexico, and incubated for 14 days under laboratory conditions. A treatment with maize 
(control+) as green manure and a treatment without addition of green manure (control–) 
were also included in the experiment. The enzymatic activity in terms of the hydrolysis of 
FDA was quantified at 1, 3, 7, 10, and 14 days. The FDA hydrolysis values fluctuated from 
0.51 to 0.82 mg fluorescein kg-1 h-1 in the treatments with green manure and from 0.10 to 
0.13 mg fluorescein kg-1 h-1 in the soil without green manure. L. rotundiflorus and maize 
yielded higher values of FDA hydrolysis compared with L. exaltatus. The addition of the 
organic amendments increased microbial activity measured as FDA hydrolysis. 
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The plants were collected in the vegetative stage, dried in a forced-
air oven at 65°C until completely dry, and ground to a particle size of 
1 mm, in accordance with the American National Standard Institute 
(ANSI/ ASTM).9 The chemical compositions of the plant materials 
before their incorporation into the soil as GM are shown in Table 1.

Soils for incubation with GMs and the control were used at a 
humidity sufficient to occupy 50% of their water retention capacity 
(WRC) and pre-incubated for 7 days. At day 8, 25 g portions of both 
soils were weighed and separately mixed with 0.4 g of the different 
organic amendments (L. rotundiflorus, L. exaltatus and maize). 

They were then placed in flasks and kept in 1 L jars for incubation 
at room temperature (23 ± 2°C) for 14 days. The experiment was 
carried out in triplicate with its respective control (soil without organic 
amendment). The enzymatic activity in terms of FDA hydrolysis 
was quantified at 1, 3, 7, 10 and 14 days in each sample, following 
the method described by Green et al.1 The results obtained from the 

FDA hydrolysis reaction were subjected to an analysis of variance 
(ANOVA) of repeated means. To compare the means, the Fisher test 
was used at a significance level of P ≤ 0.05.

At the end of 14 days of incubation, the FDA hydrolysis values 
(means of 5 evaluation periods) showed a significant difference 
between treatments (P < 0.05) due to the effects of GMs and soil 
type. By comparing means, it was observed that the soils amended 
with organic material in the form of GM had the highest average 
FDA hydrolysis values compared with the non-amended control (soil 
without the addition of GM) (Figure 2). After 14 days incubation, 
mean released fluorescein levels varied from 0.51 to 0.82 mg 
fluorescein kg-1 h-1 in the soils treated with GM and from 0.10 to 0.13 
mg fluorescein kg-1 h-1 in the soil without GM. Soil microbial activity 
or soil enzyme activities, as measured by FDA hydrolysis, increased 
in both soils (luvisol and regosol), but with different results depending 
on the GM added (Figure 2). 

Table 1 Chemical compositions of plant species used as GM in the aerobic incubation experiment (L. rotundiflorus, L. exaltatus, and maize)

Species
Initial concentration (%)

C N Lignin Cellulose Hemi cellulose Lignin:N C:N

L. exaltatus 42.48 3.06 19.85 35.69 17.35 6.48 14

L. rotundiflorus 39.52 3.26 18.62 35.09 17.38 5.71 12

Maize 42.02 1.74 7.52 38.3 26.57 4.32 24

*Dry weight basis

Figure 2 FDA hydrolytic activity (mg of fluorescein kg-1 h-1) at the end of 14 days of incubation. The values is are the means for each soil type and treatment.

Discussion
Since most soils in Jalisco, Mexico, are limited in organic matter, 

it was not surprising that the addition of labile organic residues (i.e., 

GM) to the soil increased FDA hydrolytic activity (a general indicator 
of microbial activity). Increases in microbial activity after soils were 
amended with GM and other organic waste (e.g., sewage sludge, 
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fresh and composted animal manure) have been reported previously. 
For example Carvalho et al.10 in Brazil reported significant increases 
in FDA hydrolysis in soils amended with leguminous GMs such as 
Crotalaria, Mucuna, Canavalia, and Cajanus compared with the non-
amended control.10 The values reported by these authors at 30 and 
60 days of incubation in soil without organic amendment were 52.1 
and 47.3 mg of released fluorescein FDA kg-1 respectively. However, 
in the soils treated with Crotalaria and Cajanus GM, the released 
fluorescein FDA values increased up to 50% with respect to the 
control treatment, while with Canavalia and Mucuna GMs the values 
were 100% greater. Similarly, in this study all soils amended with GM 
displayed significantly higher levels of FDA hydrolysis than the non-
amended control. Overall, after of 14 days of incubation, on average 
the lowest levels of FDA hydrolysis were registered with L. exaltatus, 
while the highest levels were found in soils amended with GMs of L. 
rotundiflorus and maize, but no significant differences between them 
were observed. 

This likely indicates that the decomposition of L. exaltatus GM 
in the soils was slow compared with L. rotundiflorus and maize. In 
agreement with Hoitink and Boehm,11 FDA hydrolytic activity is a 
good indicator of the level of decomposition of soil organic matter. 
This may be related to some differences in the chemical compositions 
of the GMs used, as observed in other investigations.12,13 It is likely 
that the slightly higher lignin content and higher initial lignin-to-
nitrogen ratio in L. exaltatus tissues (Table 1) compared with L. 
rotundiflorus and maize increased the resistance of this species to 
attack by decomposer microorganisms. In this regard, Oglesby and 
Fownes14 and Talbot and Treseder15 reported a negative relationship 
between lignin content and litter decomposition dynamics. On 
the other hand, although the soils amended with L. exaltatus GM 
had less biological activity than soils amended with the other GMs 
studied, their FDA hydrolysis values were much higher than those 
of the non-amended soils used as controls. These values (means of 
five evaluation periods) differed significantly (P < 0.05) among the 
evaluated soils (Figure 2). Ours results showed that the addition of 
GM increased the FDA hydrolysis levels of both soils compared with 
the non-amended control. Independently of the GM used, there was 
a general tendency to higher mean FDA hydrolysis values in regosol 
soil compared with luvisol soil. These values in regosol soil amended 
with L. exaltatus and maize were 30% and 8% higher, respectively, 
than the mean values obtained in luvisol soil. 

On the other hand, although FDA hydrolysis levels were also 
higher in regosol soil than in luvisol soil with the incorporation of L. 
rotundiflorus (0.79 vs. 0.77 mg of fluorescein kg-1 h-1), they were not 
significantly different (P > 0.05). This indicates that microbial activity 
in terms of decomposition was slower in luvisol soil than in regosol 
soil. This can be explained as a function of the chemical and physical 
compositions of the soils. In this work we consider that differences in 
the physical compositions of the soils, especially, were probably what 
caused the variation in the levels of FDA hydrolysis. In this regard, 
many researchers have observed that organic residues decompose and 
mineralize more slowly in soils with higher clay contents, especially 
clays that have higher exchange capacities.13,16 In this study the luvisol 
soil had a higher clay content than the regosol soil (42 vs. 17%, 
respectively), and according to Thönnissen the reduced aeration or 
lower oxygenation for the microorganisms in clay soils compared 
with sandy soils may contribute to slowing the decomposition of 
organic residues.13

Conclusion
Soil microbial activity, as measured by FDA hydrolysis, increased 

with the use of GM as compared with the soils without GM. Lupinus 
rotundiflorus and maize yielded higher values of FDA hydrolysis than 
did L. exaltatus. 
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