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ABSTRACT

The raw glycerol obtained from the production of biodiesel contains salts and impu-
rities that can generate negative impacts when applied to the soil, however, mixing 
them with solutions of nitrogen fertilizers could be a viable solution. The objective 
of this investigation was to evaluate the effect of glycerol on the system soil-plant, 
in two crops, corn (Zea mayz L.) and sorghum (Sorghum bicolor L.). The study was 
conducted in 2016 at the Sao Paulo State University UNESP- Jaboticabal, Brazil. The 
experiments were prepared in a design totally randomized in a factorial arrangement 2 
x 3 with four repetitions. The studied factors were soil: Argisol (Hapludox) and Latosol 
(Haplustox) and fertilization (without fertilizer, urea and urea + glycerol). At 60 days 
of having applied the treatments, the electric conductivity (EC) and the dehydrogenase 
enzyme (DH) were measured in the soil and nitrogen accumulation in aboveground 
(NF) and the dry biomass (DM) in the plant. Raw glycerol increased EC values in both 
soils, while DH, NF and DM were higher in Latosol soil. The treatment urea + glycerin 
increased the EC, the DH and the DM, and the urea the NF. The DH and EC media 
values varied per treatment and in each studied soil. For application of crude glycerol 
to these crops, a systematic control of the EC of the soil should be carried out as well 
as the implementation of agricultural practices that mitigate the salinization impact. 
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RESUMEN

La glicerina cruda obtenida de la producción de biodiésel contiene sales e impurezas 
que pueden generar impactos negativos cuando se aplica al suelo, sin embargo, su 
mezcla con disoluciones de fertilizantes nitrogenados pudiera ser una solución viable. 
El objetivo de esta investigación fue evaluar el efecto de la glicerina cruda sobre el 
sistema suelo-planta, en plantas de maíz (Zea mayz L.) y sorgo (Sorghum bicolor L.). El 
estudio se realizó en el año 2016 en la Universidad Júlio de Mesquita Filho en Brasil. 
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Los experimentos fueron dispuestos en un diseño completamente aleatorizado en un 
arreglo factorial 2 x 3 con cuatro repeticiones. Los factores estudiados fueron tipo de 
suelo: Argisol (Hapludox) y Latosol (Haplustox), y fertilización (sin fertilizante, urea 
y urea + glicerina). A los 60 días de aplicados los tratamientos se midieron la conduc-
tividad eléctrica (EC) y la enzima deshidrogenasa (DH) en el suelo, la biomasa seca 
(DM) y el contenido de nitrógeno (NF) en la planta. La glicerina cruda incrementó los 
valores de la EC en ambos suelos, mientras la DH, el NF y la DM fueron mayores en 
el suelo Latosol. El tratamiento urea + glicerina incrementó la EC, la DH y la DM y la 
urea el NF. Los valores medios de DH y EC fueron variables entre tratamientos y entre 
suelos usados. Para la aplicación de glicerina cruda a estos cultivos se debe realizar 
un control sistemático de la EC del suelo, así como la implementación de prácticas 
agrícolas que mitiguen el impacto de la salinización. 

INTRODUCTION

The biofuels such as biodiesel and bioethanol 
represent an attractive energy source, as they are 
constituted of renewable materials, with less potential 
of environmental contamination. The biofuel pro-
duction it increased yearly with the proper increase 
in its main by-product: raw glycerol, that has a low 
commercial potential (Quispe et al. 2013). It has 
been estimated that more than two million tons of 
glycerol consistently reach the market every year, 
special attention in the scientific community has been 
given so the search to look for glycerol application 
(Betancourt et al. 2016). Some research was carried 
out to assess the use of glycerol in soils (Dalias and 
Polycarpou 2014).

The application of raw glycerol in soil can have 
negative impacts that should be studied. This by-
product contains salts (which vary in proportion 
according to the production process) and impurities 
such as methanol, amongst others (Tan et al. 2013). 
The salt content could affect the soil salinity and the 
impurities, such as methanol and the precipitated 
solids, affect soil microbial life (Sarma et al. 2012) 
and soil quality (Singh et al. 2014). 

The adverse effects of salinity can vary according 
to the vegetal species and the developmental state 
with the time of exposure and the saline concentra-
tion and with the nature of the salts present in the 
growing environment. Higher salt content causes an 
increase in soil solution osmotic pressure (Arslan and 
Demir 2013), since plant roots extract water through 
osmosis, the water uptake of plants decreases. Also, 
salt content could inhibit the nutrients absorption nec-
essary for the crops growth (Guerrero-Padilla 2015). 

Soil microorganisms and enzymatic activity are 
essential in determining the soil organic matter decom-
position, nutrient cycling, soil degradation (Mahajan 
et al. 2016) and the soil fertility (Preethi et al. 2013).

Among these microbiological and biochemical 
factors, soil enzymes have been suggested as poten-
tial indicators of soil quality due to their biological 
nature, simple measurement and rapid response 
to changes in soil management when compared to 
other biological properties (Ling et al. 2010). The 
dehydrogenase enzyme (DH) is a good indicator 
to know the biogeochemical cycles that occur in 
the soil. DH is one of the main components of soil 
enzymatic activity participating and guarantees the 
correct sequence of all the biochemical processes 
(Kumar et al. 2013).

The aim of this study was to assess the effect of 
raw glycerol on the system soil-plant, in two crops, 
corn (Zea mayz L.) and sorghum (Sorghum bicolor 
L.). 

MATERIAL AND METHODS

The study was carried out in the second half of the 
year 2016 in a greenhouse located in Sao Paulo State 
University UNESP, in Jaboticabal-SP, Brazil (21º 15’ 
19” S e 48º 19’ 21” L, and at an altitude of 615 m). 
For its conduction, two experiments were carried out: 
one with sorghum plants (Sorghum bicolor L.) and 
another with corn plants (Zea mayz L.) 

Both experiments were conducted in a completely 
randomized design in a factorial arrangement 3x2. 
The first factor (F1) was soil types Argisol (Haplu-
dox) and Latosol (Haplustox), and the second factor 
(F2) fertilization with three types of treatment; T1: 
without fertilization (control), T2: urea and T3: urea 
+ glycerol. Each treatment was repeated four times 
for a total of 24 experimental units which were pro-
pylene pots of five and six dm3 capacities, for the 
plants of sorghum and corn, respectively. Ten seeds 
were planted in each pot and after the emergency 
only four plants were left. 
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Urea was applied in T2 at a concentration of 
400 mg/dm3 of N in the form of urea (45 % N). 
Glycerol used in T3 was a residual of the biodiesel 
producer industry and contained 0.6 % sodium (Na) 
(Díaz et al. 2016). Fluid urea was added to this 
glycerol until it contained 20 % of nitrogen and the 
doses applied to both crops were 0.4 mL/dm3 (urea 
+ glycerol). In all the cases, watering was applied 
twice a day to keep humidity at 60 % of field capacity. 

Physical-chemical assays were carried out before 
the conduction of the study in order to know the soil 
characteristics (Table I); later phosphorus (P) (400 
mg/dm3) was applied as simple superphosphate and 
potassium (K) (300 mg/dm3) as potassium chloride. 
Agricultural lime was added to the Latosol in order to 
increase base saturation until 65 % (V) and to reach 
the same value in both soils. Soil sample collection 
was taken in the column of soil (from top to bottom) 
in order to determine electric conductivity (EC) and 
dehydrogenase enzyme (DH). The soil was well 
mixed and representative portions were taken from 
the entire column to measure both DH and EC. For 
determining EC, 100 g of soil were weighted and 
100 mL of deionized water were added. This sample 
was agitated during 30 seconds every half an hour 
during five hours. It was filtered and EC was mea-
sured using a conductivity meter CM 20S TOA.

DH was determined following the method of Ca-
sida et al. (1964) by the reduction of 2,3,5-triphenyl 
tetrazolium chloride (TTC). Soil (3 g) was incubated 
for 24 h with TTC at 30 ºC. The triphenyl formazan 
(TPF) formed was extracted with ethanol and mea-
sured spectrophotometrically at 546 nm. Dehydro-
genase activity was expressed as μgTPF/g dry soil.

Nitrogen accumulation aboveground (NF) was 
determined following the criteria proposed by Bata-
glia (1983). In order to determine the dry biomass 
(DM), aerial biomass of plants were collected and 
then placed in a hotbed of forced circulation until a 
constant mass was obtained. The variables EC, DH, 

NF and DM were measured at 60th day of treatmentsʼ 
application. 

A variance analysis of two factors was applied 
to EC, DH, NF and DM. Data were evaluated using 
Asistat (Silva and Azevedo 2009) statistics software. 
Means were compared by the Tukey test (p < 0.01). 

RESULTS

Effect of fertilization in EC, DH, NF and DM in 
the corn (Zea mays L.) plant soil system

In corn crops DM, DH and EC were significantly 
different (p < 0.01) between soils. All the variables 
measured had significant differences (p < 0.01) re-
garding fertilization factor. Significant interaction was 
observed between the two factors (soil and treatment) 
for EC and DH, but not for NF and DM (Table II). 
The soil type did not have influence in NF, but the 
fertilization factor did have. The plants treated with 
urea and non-fertilized ones had the highest and low-
est NF values respectively (Table III).

At 44th day of applying the treatments a process 
of chlorosis was observed in non-fertilized plants. 
Chlorosis was initiated in the old leaves, and through 
the days, this process was extended to all leaves and 
plants. The same chlorosis pattern was observed in 
the plants treated with urea + glycerol in the final 
days of the experiment. 

DM highest values were registered in Latosol, 
and with urea and urea + glycerol treatments (p < 
0.01) (Table III). In these fertilization treatments 
DM values were similar (p > 0.01), so the addition 
of glycerol did not affect this variable. 

The interaction observed between soil and fertil-
ization factors affected in a different way EC values. 
Highest values of this indicator were recorded in the 
Argisol (p < 0.01) (Table IV). EC values were also 
related to the effect of fertilization, the treatment with 
urea + glycerol generated the highest EC values in 

TABLE I. PHYSICAL-CHEMICAL CHARACTERISTICS OF SOILS BEFORE THE START OF THE EXPERI-
MENT 

Type
of soil

pH
(CaCl2)

OM* P S Al H+Al Addition
of bases CCI** Sat.***

Bases
(V %)

Sat.
Al

(m %)g/dm3 Mmol/dm3

Latosol 5.0 12 8 2 22 15.8 38.0 41 10
Argisol 5.4 4 6 1 13 23.5 36.1 65 4

*Organic biomass, ** Cation-exchange capacity, *** Saturation 
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both soil types (p < 0.01) (Table IV). Urea treatment 
also generated an increase in EC, with the highest 
value in the Argisol (p < 0.01). 

The interaction between soil and fertilization fac-
tors also affected the DH concentrations (Table IV). 
Although the lowest value of DH in the Argisol was 
obtained with urea treatment, similar to Latosol soil 
(Table IV). No significant differences were found 
between the treatments for DH values (p > 0.01) in 
Argisol. 

The highest value of DH (p < 0.01) was registered 
in Latosol soil with urea + glycerol treatment. 

Effects of fertilization in EC, DH, NF and DM 
in the sorghum (Sorghum bicolor L.) plant soil 
system

There were significant differences (p < 0.01) 
60 days after the onset of the experiment for the 
factor soil in DH and EC (p < 0.05). The variables 
NF and DM were similar in both soils. For the fac-
tor fertilization, the variables EC and DH showed 
significant differences (p < 0.01); meanwhile NF 
and DM did not show differences amongst treat-
ments. The interaction of both factors for EC and 
DH were significant (p < 0.01), but not for NF and 
DM (Table V). Soil and treatment factors did not 

TABLE II. ANALYSIS OF VARIANCE, F TEST FOR DIFFERENT INDICATORS IN 
THE CORN PLANTS: NITROGEN ACCUMULATION IN ABOVEGROUND 
(NF), DRY BIOMASS (DM), ELECTRIC CONDUCTIVITY (EC) AND DE-
HYDROGENASE (DH) AT 60 DAYS AFTER TREATMENTS 

Factors EC
µS/cm

DH
µg TFF/ g 24 h

NF
mg/plant

DM
g/plant

F Values 

Soil 79.5** 164.5** 5.28ns 10.5**
Fertilization 130.1** 34.8** 20.6** 5.3*
Fertil soil 12.9** 26.9** 3.5ns 0.5ns

Coefficient  of variation (%) 10.5 11.6 12.5 10.4

**significant (p < 0.01) * significant (p < 0.05), ns (Non-significant level)

TABLE III. VALUES OF NITROGEN ACCUMULATION IN 
ABOVEGROUND (NF) AND DRY BIOMASS 
(DM), AT 60 DAYS AFTER TREATMENTS

Simple factors NF mg/plant DM g/plant

Soil 

Latosol 0.828a 47.5a
Argisol 0.592a 41.1b

Fertilization 

Without fertilization 0.363b 39.9b
Urea 1.153a 47.5a
Urea + Glycerol 0.615b 462a

Different letters in each column indicate significant differences 
(p < 0.01)

TABLE IV. AVERAGE VALUES OF ELECTRIC CONDUCTIVITY (EC) AND 
DEHYDROGENASA (DH) FOR THE INTERACTION OF SOIL 
FACTORS AND FERTILIZATION IN THE CORN PLANTS

EC (µS/cm) DH (µg TFF/g 24 h)

Latosol Argisol Latosol Argisol

Without fertilization 172.3bC 715.5aC 169.5aB 88.22bA
Urea 789.5bB 916.5aB 95.6aC 78.03aA
Urea + Glycerol 993.3bA 1242.5aA 200.3aA 83.06bA

Different lower-case letters within each variable indicate differences in soil 
(p < 0.01)
Different capital letters within each variable indicate differences in fertilization 
treatments
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have influence on DM, neither NF concentrations 
for sorghum plants (p > 0.01) (Table VI). In this 
crop chlorosis was not observed.

The interaction observed between soil and fertil-
ization factors affected EC values in a different way. 
Urea + glycerol treatment in the Latosol had the highest 
EC values (p < 0.01) (Table VII). Also, control 
and urea treatments had not different EC values (p 
> 0.01). The interaction observed between soil and 
fertilization in the sampling performed 60 days after 

the start of the experiment also affected the values of 
DH in a different way. In the Latasol, all treatments 
showed different DH values (p < 0.01), non-fertilized 
plants and urea treatments registered the highest 
and lowest values, respectively, meanwhile in the 
Argisol there was no difference between treatments 
(p > 0.01). The highest values of DH (p < 0.01) were 
observed in Latosol, similar to the pattern in the corn 
crop (Table VII).

DISCUSSION

Effect of fertilization in CE, DH, NF and DM in 
the corn (Zea mayz L.) plant soil system

The different NF values between control and the 
fertilization treatments were related to the urea ef-
fects. Mineralization of urea is a necessary process 
because it provides a bioavailable source of nitrogen 
(Chilón-Camacho 2018). A nitrogen deficiency can 
be recognized by yellow leaves, since chlorophyll 
disappears from the leaves; this happens first in the 
lower (older) leaves at the bottom of the plant (Prado 
2008). We observed progressive chlorosis related 
to nitrogen deficiency, starting at older leaves and 
subsequently reaching all leaves.

The similarity observed in the DM values be-
tween urea and urea + glycerol treatments revealed 
that the addition of glycerol did not affect the dry 
biomass, as have been found in raw glycerol ap-
plication (14 %) by Díaz et al. (2016) in beet crops 
(Beta vulgaris L.).

The highest DM values (p < 0.01) in the Latosol 
were related to physical-chemical characteristics of 
this soil (Table I). In it, organic matter (OM) was 
three times higher than OM in the Argisol. Accord-
ing to Medina-Méndez et al. (2017), OM provides 
multiple benefits to the soil, as a nutrients supply, 
influencing positively on crop yield.

The highest EC value in the urea + glicerine 
treatment is attributed to the high saline content of 
raw glycerol described by several authors (Sarma et 
al. 2012, Betancourt et al. 2016, Díaz et al. 2016). 
The highest values of EC in the Argisol (p < 0.01) 
were, according to EC values of its control, four 
times higher than in the control of the Latosol (Table 
IV). Also, the increase in EC after the urea treat-
ment is related to urea in soil, because is rapidly 
hydrolyzed due the urease enzyme and, for each 
molecule of urea, two ammonia ions are formed 
(Sherlock and Goh 1985). The ammonia formed, as 
well as its following transformations in nitrate and 
nitrite (Ghaly and Ramakrishnan 2013) have a ionic 

TABLE V. ANALYSIS OF VARIANCE, F TEST FOR DIF-
FERENT INDICATORS IN THE SORGHUM 
PLANTS: NITROGEN ACCUMULATION IN 
ABOVEGROUND (NF), DRY BIOMASS (DM), 
ELECTRIC CONDUCTIVITY (EC) AND DEHY-
DROGENASE (DH) AT 60 DAYS AFTER TREAT-
MENTS

Factors EC
µS/cm

DH
µg TFF/ g

24h h–1

NF
mg/plant

DM
g/plant

F Values 

Soil 5.1* 32.69** 2.1ns 3.9ns

Fertilization 79.2** 5.8** 1.4ns 2.3ns

Fertil soil 10.5** 7.4** 1.47ns 0.47ns

Coefficient
of variation

9.73 19.6 14.5 19.6

**significant (p < 0.01) * significant (p < 0.05), ns (Non- sig-
nificant level)

TABLE VI. AVERAGE VALUES OF NITROGEN ACCUMU-
LATION IN ABOVEGROUND (NF) OF CORN 
PLANTS, DRY BIOMASS (DM), AT 60 DAYS 
AFTER TREATMENTS

Simple factor NF
mg/plant

DM
g/plant  

Soil

Latosol 31.9a 15.1a
Argisol 29.8a 19.1a

Fertilization 

Without fertilization 0.476a 14.0a
Urea 0.477a 19.0a
Urea + Glycerol 0.588a 18.2a

Different letters in each column indicate significant differences 
(p < 0.01)
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nature that generate an increase of EC in the soil 
(Chilón-Camacho 2018). Urea is useful as a source 
of nitrogen when it is added considering plant needs, 
but its continuous use can affect the physical, chemi-
cal and biological soil properties (Chilón-Camacho 
2018), as an increase of pH (Hargrove 1988). 

The lowest DH values with urea tratment in the 
Latosol (Table IV) can be attributed to urea decom-
position. The increase in pH favors the formation of 
ammonia that corresponds to a lost of nitrogen, at the 
same time it becomes toxic for the microbiota when 
retained in the soil. The ammonia formed can consti-
tute 50 % of the added urea, during the months when 
the maximum temperature of soil is 25 oC (Rawluk 
et al. 2001). In this study, carried out in summer, 
temperature was above 35 oC. The experimental 
conditions in the pots could provoke the retention of 
the formed ammonia with the consequent decrease 
of the concentration of the enzyme. 

The highest DH values in the urea + glycerol treat-
ment in the Latosol were related to the contribution 
of raw glycerol to the soil fertility due to the positive 
impact of glycerol in the development of microorgan-
isms (Betancourt et al. 2016). Additionally, in the 
Latosol used in this research the OM values were 
found to be thrice higher to those found in the Argi-
sol (Table I). OM increases the microbial biomass 
and the enzymatic activity in the soil (Mahajan et al. 
2016), aspects that agree with the results obtained in 
this research.

Effect of fertilization in the CE, DH, NF and DM 
in the sorghum (Sorghum bicolor L.) plant soil 
system

The highest EC values in the urea + glycerol treat-
ment in the Argisol with sorghum plants, were also 
related to the high saline content of glycerol, already 
explained. The difference in EC values between the 

control and the urea treatment can be attributed to the 
mineralization of urea, similar to the results obtained 
with corn plants. 

According to Ayers and Westcot (1976), sorghum 
and corn crops yields decrease in 10 % when the soil 
EC value is higher than 2500 μS/cm. Highest EC 
value (in urea + glycerol treatment) was 1389.25 μS/
cm, likely, this variable probably had no influence 
on these sorghum and corn plants. Chilón-Camacho 
(2018) states that continued use of urea increases the 
EC of the soil due to the accumulation of salts, which 
causes an increase in osmotic pressure that gradually 
generates the plasmolysis effects, affecting the root 
cells of plants and killing the beneficial soil micro-
organisms. Due to the increase in the EC of soil, it is 
advisable that use of glycerol combined with urea as a 
fertilizer be implemented using agricultural practices 
to mitigate this impact. 

The highest DH values for T1 (control) in Lato-
sol respect to Argisol can also be associated to the 
OM influence (Table I), similar to the results ob-
served in the corn crop. OM increases soil fertility 
and constitutes an energy source for microorganisms 
(Mahajan et al. 2016), which can cause the high 
DH values. 

The lower DH concentration in sorghum plants 
respect to corn crop, can be associated to the fact that 
at the 6th day of the treatment, sorghum plants were 
attacked persistently by a plague of insects. A foliar 
application of malathion insecticide was necessary, 
during all the stages of growth. This could affect the 
soil microbial biomass and the production of DH, 
whose values are frequently used for infer the effects 
of pesticides in soil (Kumar et al. 2013). According 
to Morugán et al. (2015), the use of herbicides can 
modify the function and structure of the microbial 
community of the soil and consequently the dehy-
drogenase enzime activity.

TABLE VII. AVERAGE VALUES OF SOIL INTERACTION FACTORS AND FERTILIZATION 
ON THE ELECTRIC CONDUCTIVITY (EC) AND DEHYDROGENAS (DH) IN 
THE SORGHUM PLANTS 

EC (µS/cm) DH (µg TFF/g 24 h)

Latosol Argisol Latosol Argisol

Without fertilization 614.50 bC 776.25aB 101.21 aA 43.93 bA
Urea 1122.50 aB 858.50 bB 57.53 aC 47.52 aA
Urea + glycerol 1389.25 aA 1223.50 bA 80.91 aB 48.87 bA

Different lower-case letters within each variable indicate differences in soil (p < 0.01)
Different capital letters within each variable indicate differences in fertilization treatments (p < 0.01)
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CONCLUSIONS

In the treatment applied to the corn and sorghum 
plants cultivated in a polyethylene pots with two dif-
ferent soil types (Latosol and Argisol), an interaction 
between the studied factors (soil types and fertiliza-
tion) was found for the variables dehydrogenase 
and electric conductivity measured in the soil. The 
differences observed between the media values in 
DH and EC amongst the non-fertilized plants, the 
treatment with urea and with urea + glycerol were 
not the same in Argisol and Latosol. 

In both crops the application of crude glycerol in-
crease the concentration of DH in Latosol and salinity 
for both soils. This study revealed that when applying 
crude glycerol to the soil, a systematic control of soil 
salinity must be carried out, combined with agricul-
tural practices that mitigate the impact of salinization.

Regarding DH, the reatment with urea increases 
salinity in both soils and decreased the concentra-
tions of the enzyme. For foliar nitrogen, there were 
only significant differences between the treatments 
applied to the corn crop. DH content in the plants 
grown in both soils increased with the application of 
the treatments urea and urea + glycerol. 

The DM of the corn plants showed the highest 
values when treatments with urea and urea + glyc-
erol were applied, while for the growth of sorghum 
the studied factors did not influence the DM values. 
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