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Abstract
The aim of this study was to evaluate the effect of different nitrogen doses and five period of sample collection, 
on soil microbial biomass - nitrogen (SMB-N), total nitrogen (total N) and percentual ratio of the microbial bio-
mass and total N (SMB-N/total N) in a Oxisol cultivated with barley (Hordeum vulgare L.). The experiment was 
installed in June, 2005, in an area located at Embrapa Cerrados, Federal District. The experimental design was a 
randomized block, with three plots received doses of nitrogen: 20 – 40 – 80 kg ha-1 N and a control without it and 
the subplots were period of soil sample. Three applications of N were realized: 10 kg ha-1 on the 5th day (06/14) 
after sowing; the rest of N was parceled in two applications with fertigation, on tillage, on the 27th (07/08) DAP, 
e no 43rd (07/22) DAP. Soil samples layer (0 - 10 cm deep) were collected for (SMB-N) determination and total N 
in six periods: 02 days before of the first fertigation; 02 days after of the first fertigation; 04 days before of the 
last fertigation and 04 days after of the last fertigation; on flowering stage and after harvesting. There was effect 
of the doses of N and the period of soil collection on the SMB-N, total N and in the ratio SMB-N/ total N. The 
average values of total N revealed steadier in short-term (cycle of the culture) and this was not a good parameter 
to evaluate the behavior and N transformations in the soil-plant system.

Keywords: Cerrado, Hordeum vulgare L., Microbial biomass, Nitrogen, Soil quality.

Resumen
El objetivo de este estudio fue evaluar el efecto de diferentes dosis de nitrógeno y cinco período de muestreo en 
la biomasa microbiana del complejo suelo - nitrogeno (BMS-N), nitrógeno total (N total) y la relación porcentual 
de la biomasa microbiana y N total (BMS-N/N total) en un Oxisol cultivado con cebada (Hordeum vulgare L.). El 
estudio se inició en junio de 2005 en la estación experimental de la Empresa de Pesquisa Agropecuaria (Embra-
pa-Cerrados), Distrito Federal, Brazil. El experimento se dispuso en bloques al azar con tres repeticiones.  Las 
parcelas recibieron dosis de nitrógeno: 20 – 40 – 80 kg/ha de N más un control sin N, y las subparcelas fueron 
el periodo de muestro.  Las aplicaciones de N se realizaron de la forma siguiente: cinco días después de la siem-
bra (dds) se aplicaron 10 kg/ha y el resto de la dosis se aplicó con fertirrigación en dos dosis 27 y 43 dds.  Las 
muestras de suelo (0-10 cm de profundidad) para determinar BMS-N y N total fueron tomadas, 2 días antes e 
igual número de días después de la primera fertirrigación y 4 días antes y después de la última, en floración y 
después de la cosecha.  No se encontró efecto de las dosis de N y el período de muestreo en el BMS-N, N total 
y en la relación BMS-N/N total.  Los valores medios de N total fueron más estable en el corto plazo (ciclo de la 
cultivo) lo que indica que éste no es un buen parámetro para evaluar la dinámica del N y sus transformaciones 
en el sistema suelo-planta.

Palabras clave: Cerrado, Hordeum vulgare L., Biomasa microbiana, Nitrogeno, Calidad del suelo.
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Introduction
The barley cropping in Brazilian Cerrado is a suit-
able alternative for crop rotation, due to the local 
climate and soil well adapted, high yield potential, 
and can be employed non-tillage system due to 
high dry matter production.

The soil fertilization practice is a fundamental 
practice for the farmers, when applied properly. 
Fertilization primary aims to maintain or increase 
the availability of soil nutrients and organic 
matter, because the incorporation of essential 
elements can replace those lost by soil leaching, 
erosion, complexion, immobilization, fixation, 
volatilization, denitrification, and plant uptake 
(Sanchez, 1981; Hargrove & Thomas, 1984).

In tropical zones, the soils in general have been 
weathered and leached consequently having low 
fertility. In this situation, the soil organic matter 
can be considered a major source of energy and 
nutrients to the system due to their ability to 
maintain soil productivity (Xavier et al., 2006). 
Thus, the soil natural fertility depends on organic 
matter dynamics and nutrient cycling, which are 
usually catalyzed by soil microbial biomass (SBM) 
(Melloni et al., 2001; Billings & Ballantyne, 2013). 

The SBM is defined as the smallest fraction 
of soil organic C and constitutes a significant 
portion of the available N available to plants. 
The SBM represents a fast cycling, strongly re-
sponds to seasonal fluctuations in humidity and 
temperature, the cultivation and waste manage-
ment. The variations on macroclimatic conditions 
affect the activity and soil microbial biomass and 
subsequently in global cycle of C and N (Gama-
Rodrigues et al., 2005).

The soil microbiota decomposition of nutri-
ent cycling and energy flow, (Matsuoko et al., 
2003; Singh et al., 2011). In addition, biochemi-
cal transformers of organic compounds, SMB 
compose a reservoir of N, P and S (Wardle, 1992; 
Melloni, 2001). It contains between 2 to 5% of 
carbon, 1 to 5% of nitrogen and 2 to 20% of or-
ganic phosphorus in tropical soils (D’Andrea et 
al., 2002). The amount of nutrients immobilized 
in biomass can reach values above 100 kg ha-1 
of N. The N retained in biomass is released with 
the death of microorganisms and are mineralized 
by the remaining, in environmental stress soils, 
most of the mineralized N might be of originated 
from microbial source. The MB acts as a buffer for 
soil nitrogen, because it controls the availability 
of nutrients through mineralization processes 
and immobilization (Paul, 2007). The microbial 
activity and biomass are influenced, among other 
factors, by temperature, moisture, aeration, fertil-
izer and availability of substrate in soil (Coser et 
al., 2007; Harrison-Kirk et al., 2014). 

The monitoring of soil biota allows to evaluate 
not only the soil quality but also the production 
system, since it is related to decomposition and 
nutrient cycling in the soil-plant interface. 

The application of fertilizers through irrigation, 
the fertigation, is a routinely adopted practice, 
with some advantages such as: savings in labor-
ing, the application of the products at any stage 
of the cropping, divide the doses of nutrients, and 
finally to efficiently control the using of nutrients 
(Costa et al., 1994; Ebrahimian, 2014). 

The microbial biomass nitrogen (SMB-N) is 
easily available fraction, but little is known about 
the biotic and abiotic factors that affect their 
dynamics on growth of malting barley (Hordeum 
vulgare L.) in the Brazilian cerrado with fertiga-
tion. Thus, studies on microbial biomass could 
allow associating the amount of immobilized N 
and microbial activity with the potential of soils 
to supply this nutrient to barley.

This study aimed to evaluate the effect of ni-
trogen applied through fertigation, and harvest 
dates on soil microbial biomass nitrogen (SMB-N), 
total soil nitrogen (total N) and the percentage 
ratio of nitrogen from SMB and soil total nitrogen 
(SMB-N / total N) in barley.

Materials and methods 

Experimental area characterization

The field experiment was conducted between 
June and September of 2005, at the Experimental 
Station of Embrapa Cerrados (CPAC) in Planaltina 
city-DF-Brazil, (15º35’30’’S and 47º42’30’’W, with 
1,007 m of altitude).

The soil of the experimental area was classified 
as a typical red clayey Oxisol (LVd) (Embrapa, 
1999), cultivated during 15 years. Historically, 
the brachiaria grass (Brachiaria decumbens) was 
cultivated in the last three years before barley 
cultivation. At the end of each cycle, the grass 
was cut and removed from the area in order to 
exhaust the soil nitrogen. Before cultivate the 
plant drought was performed for the direct seed-
ing, but the machine damaging prevented the 
planned system, so the conventional tillage was 
applied for that.

The area preparation consisted of plowing 
down, followed by disking. The fertilizers were 
applied before planting as follows: 165.2 kg ha-1 
of potassium chloride, and 138.8 kg ha-1 of triple 
superphosphate, distributed manually and then 
the fertilizers were incorporated into the soil by 
disking. The soil chemical properties were de-
termined according to the methods proposed by 
Embrapa (2006), which are shown in Table 1.

Acta Agronómica. 65 (2) 2015, p 137-143
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Effect of nitrogen fertilization on soil microbial biomass in an Oxisol 
cultivated with irrigated barley in the Brazilian Cerrado

The experiment was conducted under con-
ventional tillage system in randomized blocks 
with three replications; plots received nitrogen 
rates: 20 - 40 - 80 kg N ha-1 and a control, and 
the subplots represented soil collected stages. 
The urea [(NH2)2CO2] was applied as a nitrogen 
source through fertigation. Nitrogen fertilization 
was applied three times (Table 2).

SMB-N at the end of the crop cycle in all treat-
ments. In the first and second sampling times, 
there was no significant difference between treat-
ments in SMB-N (within each dosage), but in the 
control treatments, these values were similar in 
the 4th and 5th sampling time and higher than 
other sampling times (3rd and 6th). Probably the 
N immobilization by microorganisms could occur 
in the first two collections, whereas at 25 and 29 
days after seeding the plant was still in the early 
stages of development so the demand for nutri-
ent was low.

In the 3rd sampling, the control had reduced 
their values significantly from 33.10% compared 
to the first time. With this reduction the SMB-N, 
perhaps the soil N was not immobilized by mi-
croorganisms making it available for absorb by 
plants, which at this stage (39 days after seed-

Table 2. N fertilizer applying date using the urea and the treatments dose.

Date Dose (kg ha-1)

14/06 (5 DAP) – basic 
amendment

10 kg ha-1 of N

08/07 (27 DAP) – beginning 
of tillage

Half of the recommended dose for each 
treatment (5 – 15 – 35 kg ha-1 N)

22/07 (43 DAP) – 15 days 
after tillage

Completed recommended dose for the 
treatments (20 – 40 – 80 kg ha-1 N) 

DAP: days after seeding.

The barley genotype used was the AF9585 due 
to its response to nitrogen fertilizer and might be 
launched as an alternative to irrigated farming in 
the Brazilian cerrado. The crop seeding was done 
in June 9, 2005, where each plot (2 x 4 m), with 
spacing of 0.20 m between lines, composing 10 
rows of plants per plot. The sampled area of each 
the plot was established by five lines to evaluate 
chemical and biological soil properties.

Irrigation was performed when the tensiom-
eters reached the predetermined values of 100 
kPa for barley, and 400 mm of water were applied 
during the whole crop cycle.

Soil samples were taken using the Dutch auger 
at 0-10 cm, inside the plots to avoid the borders 
effect, in a zigzag system between the lines, with 
attention to not collect samples from different 
periods in same location. The soil sampling was 
done in six periods for the SMB-N and Total N 
(Table 3).

Results and discussion
There was a significant interaction between ni-
trogen and sampling times in the SMB-N (Table 
4). The overall data showed a downward trend in 

Table 1. Soil chemical analysis in the experimental area at layers 0 – 10, 
10 – 20 and 20 – 30 cm. CPAC, Planaltina, DF, Brazil.

Layer  
(cm)

pH 
H2O

P                  K 
---- mg dm-3 ---

Al3+       Ca2+       Mg2+ 
-----cmolc dm-3 ------

MO 
g kg-1

0 – 10 6,27 37,67 260,00 0,00 3,16 0,99 25,6

10 – 20 6,35 30,87 160,00 0,00 3,05 0,93 23,2

20 – 30 6,45 22,86 110,00 0,00 2,89 0,86 22,0

Soil sampling date for the chemical analysis - May 9th, 2005

Table 3. Soil sampling time for the SMB-N e N total analysis.

Soil sampling time Fertilization 

1. 02 days before 1st fertiga-
tion (25 DAP).

The treatments (20 – 40 and 80 kg ha-1 N) 
had the basic amendment (10 kg ha-1 of N), 

except the control. 

2. 02 days after 1st fertigation 
(29 DAP). 

The treatments (20 – 40 and 80 kg ha-1 N) 
had half of the recommended fertiliza-
tion (5 – 15 e 35 kg ha-1 N) respectively. 

3. 04 days before last fertiga-
tion (39 DAP). 

The treatments (20 – 40 and 80 kg ha-1 N) 
had 5 – 15 and 35 kg ha-1 N respectively. 

4. 04 days after last fertiga-
tion (47 DAP). 

The complete recommended fertilization 
for the treatments (20 – 40 e 80 kg ha-1 N). 

5. Flowering (67 DAP). 

6. After harvesting (113 DAP). 

DAP: days after seeding.

The SMB-N was determined by fumigation-extraction method (Vance et al. 
1987). The results were submitted to analysis of variance and the Tukey 
test at 5% was used to compare means using in Sisvar program (Ferreira, 
2003).

Table 4. Soil microbial biomass nitrogen (SMB-N) (mg N kg-1 soil) in barley 
crops under fertigation system with urea in different N doses at six sam-
pling times (1).

Sampling 
time

N Dose (kg ha-1) 
Control 20 40 80

1ª (25 DAP) (1) 37,25aB 38,25abAB 33,75abB 46,17aA

2ª (29 DAP) 39,57aAB 35,88abAB 32,77abB 43,01aA

3ª (39 DAP) 24,92bA 31,92bcA 28,59bA 25,64bA

4ª (47 DAP) 36,47aA 24,70cdBC 18,47cC 28,82bAB

5ª (67 DAP) 35,93aB 45,12aA 38,97aAB 26,93bC

6ª (113 DAP) 25,30bA 21,27dA 24,23bcA 25,12bA

(1) 1st (25 DAP): 2 days before first fertigation; 2nd (29 DAP): 2 days after first 
fertigation; 3rd (39 DAP): 4 days before the second fertigation; 4th (47 DAP) 
4 days after second fertigation; 5th (67 DAP): Flowering; 6th (113 DAP): After 
harvesting.
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ing) the tillage was done. In 4th sampling of the 
same treatment there was a significant increase 
of 46.35% in SMB-N, compared to the 3rd one. It 
suggests that a favorable condition to stimulate 
microorganisms could occur, such as water con-
tent and substrate availability. Maybe because 
the plant was under a stress condition caused 
by lack of N necessary to meet their demands, 
which could stimulate the growth of root system 
to make easier the N immobilization at this stage 
(before flowering). The higher root density can 
release more carbon and other compounds to 
the soil especially through the decomposition of 
dead roots. 

In the 5th sampling there was a reduction on 
values, without any significance. Interestingly, 
the most expected rhizosphere effect during 
flowering period was not detected here. The 
rhizosphere of grasses have strong effect due 
to its extensive root system, which usually has 
high rate of nutrient cycling (Santos et al., 2004) 
to make available organic compounds of easy 
degradation. Such compounds are used as an 
energy source on microbial growth (Freixo et al., 
2002). Also, root exudates have strong effect on 
soil microbial communities (Chaparro et al., 2012)

In the 6th one there was a reduction of 29.58% 
in the control treatments compared to the previ-
ous sampling and storage of SMB-N at end of 
crop cycle corresponding to 32.08% of the first 
sampling. These data suggest that part of SMB-N 
have been used by the culture.

In the treatments with 20 kg ha-1 N and 40 
kg N ha-1 until the 3rd sampling, the SMB-N was 
similar, with a reduction up to 39 days. In 4th 
collection there was a significant reduction of 
22.62% and 35.39% compared to the 3rd one in 
SMB-N. This N removing from the system may 
be due to uptake by the plants, volatilization and 
leaching that could reduce the availability of N to 
soil microorganisms and these immobilized lower 
amounts of N compared to previous season.

In the 5th sampling (flowering period), there 
was a significant difference between the sampling 
times, with an increasing of 15.22% and 13.40%, 
respectively for doses 20 and 40 kg ha-1 N compar-
ing to the first collection; and an increase from 
the previous season, respectively, for the doses 
20 and 40 kg ha-1 N of 45.25% and 52.60%. The 
higher amount of SMB-N obtained was probably 
due to the rhizosphere effect. The root system 
itself can provide a higher amount of organic 
matter easily degradable in the soil surface 
(Moore et al., 2000; Chaparro et al., 2012) and 
probably induce more microbial activity, which 
can immobilize nutrients by rhizodeposition 
(Martens, 1995). The largest amount of SMB-N 
in cultivated areas is fundamental for N cycling 

through the microbial biomass. The immobilized 
N by microorganisms would be available to plants 
in short and medium term, according to cycling 
this environment (Souza & Melo, 2000) and avoid 
N losses by leaching, providing N according to 
plant demand (Kuzyakov and Xu, 2013).

In 6th sampling with the dose of 20 kg N ha-1 
there was a reduction by 52.86% compared to 
the previous sampling and a storage at the end of 
crop cycle of 16.98 mg N kg-1 soil corresponding to 
the first sampling time. For the dose 40 kg N ha-1 
a reduction of 37.83% was observed compared 
to the previous sampling and storage of SMB-
N of 9.52 mg N kg-1 soil, taking out the SMB-N 
from the 1st and 6th samplings (28.20%). This N 
removal from the system could occur mostly due 
to exportation of these nutrients through grains.

In the 80 kg N ha-1 treatment there was no 
difference in SMB-N in the first and second sam-
pling. In the third one there was a significant re-
duction of 44.46% in SMB-N compared to the first 
and perhaps a portion of N added by fertigation 
was not immobilized by the soil microorganisms. 
These N may have been removed from the system 
by plants uptake, nitrate leaching or volatiliza-
tion. In 4th, 5th and 6th samples the SMB-N were 
similar with a reduction of 7.2% and SMB-N stor-
age was 21.05 mg N kg-1 soil (45.59% compared 
to the first sampling).

Within the sampling times, the first one (25 
days after seeding), except for the control, the 
other N rates (20 - 40 and 80 kg ha-1) contained 
only the basic fertilizer (10 kg ha-1 N), it was 
observed that the dose of 80 kg ha-1 N was sig-
nificantly higher than that of 40 kg ha-1 and the 
control. At the 2nd time, 29 days after seeding 
(after fertigation, where treatments received half 
the recommended dosage: 5-15 to 35 kg ha-1 N), 
the results followed the same trend. Also the dose 
of 80 kg ha-1 N was significantly similar to 20 
kg N ha-1 and the control, and the dose 40 kg N 
ha-1 was significantly lower. These results could 
be explained by lack of management uniformity 
for several years which results in ranges in SMB 
influenced by soil temperature and addition of 
plant residues (Patra et al. 1990). In 3rd sampling, 
39 days after planting (DAP), no significant dif-
ference was detected between treatments. In 4th 
sampling at 47 DAP, after the second fertigation, 
the control plots and treatments of 80 kg ha-1 
N were similar, but the control had the largest 
absolute value (36.47 mg N kg-1 soil).

In the 5th season at 67 DAP (flowering) the low-
est value of SMB-N was obtained in the highest 
N dose; therefore, it is inferred that the addition 
of 80 kg N ha-1 led a decreasing of SMB-N at high 
activity in the root system during the cropping 
cycle. At this sampling time, the doses of 20 and 
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40 kg ha-1 N were significantly higher compared 
to 80 kg ha-1 N, and the dose 20 kg N ha-1 immo-
bilized larger amount of N; and the control, was 
similar to the dose 40 kg ha-1 N.

At the flowering season, the highest values 
of SMB-N suggest greater immobilization of N in 
the SBM, probably due to the higher amount of N 
derived from root exudates and plant residues on 
soil surface that are immobilized by the microflora 
(Perez et al., 2005). In the 6th sampling to 113 
DAP, after harvest, no difference was observed 
between doses with immobilization decreasing 
maybe due to N exportation through the grain.

Coser et al. (2007) evaluated the effect of dif-
ferent dosages (0 to 80 kg N ha-1) of N fertilization 
applied in the rows on microbial nitrogen biomass 
in the soil after barley harvest and obtained that 
these attribute varied between 20,03 to 38.39 
mg N kg-1 soil at layer 0-10 cm. The authors 
concluded that there was no effect of different 
dosages on NBM at harvest. These results are 
similar to the preset paper.

The maintenance of long-term productivity in 
agricultural and forest agro-ecosystems depends 
on transformation of soil organic matter. Thus, 
the larger SMB-N value suggests a management 
and addition of fertilizers could stimulate the 
transformation of N in soil and microbiological 
processes involved in this nutrient cycling. These 
facts promote the N availability to plants accord-
ing to their demand in the crop cycle. The largest 
amount of SMB-N may indicate greater potential 
for N mineralization, as observed by Santos et 
al. (2004).

There was a significant interaction between 
nitrogen levels and harvest dates, in the total 
nitrogen (Table 5). The total N for all samples 
within the doses showed a similarity, except the 
control treatment, which was lower at 1st, 2nd, 5th 
and 6th, compared to the 4th sampling.

The sampling time did not influence the other 
treatments (doses 20 - 40 and 80 kg ha-1 N). The 
treatment which did not receive urea and for 
doses of 20 and 40 kg ha-1 N, the highest value 
was observed in 4th sampling (47 DAP), after 
fertigation, suggesting an increasing of total N 
proportionally to the fertilizer dosage. 

The sampling time probably influenced the 
SMB-N over the crop cycle by the fertilization at 
80 kg ha-1 N, the rhizosphere effect; and other 
processes of N removal from the system: leach-
ing (NO3

-) and volatilization (NH3); plant uptake, 
export to the grain, unlike soil total N (Tables 4 
and 5). These results indicate that SMB-N was 
most influenced by changes in biotic and abiotic 
factors during the crop cycle than the values of 
total N, apparently more stable in short-term 
changes. This suggests that this parameter by 
itself may not be a good indicator of transforma-
tions in organic matter and management systems 
on annual crops.

The magnitude of changes in total N depends 
on management intensity, the type and frequency 
of implements, the quality and quantity of fertil-
izers and organic residues replaced to soil (Beare 
et al., 1994; Gillespie, et al., 2014). According 
to Bayer & Mielniczuk (1999), the conventional 
soil tillage (plowing and harrowing) promotes 
faster decomposition rate of organic matter and 
lower addition of residues. These results in dif-
ferences in the organic C amount and total soil 
N, but there was almost no fluctuation in total N, 
thus this parameter alone does not explain the N 
dynamics in the system. Santos et al. (2004) in 
studies on flat soils under different management 
systems found differences in soil total N in the 
0 - 5 cm and 5-10 cm layers indicating that the 
effects of management systems with high or low 
plant residual addition could affect the total N in 
the soil. However, Moreira and Malavolta (2004) 
observed an increase SMB-N at 0 -10 cm layer, 

Table 5. Total nitrogen (N total) (g N kg-1 soil) in barley crops under fertigation system with urea in different N doses at six sampling times .

Sampling time N dose (kg ha-1) Control 20 40 80

1ª (25 DAP) (1) 1,44bA 1,45aA 1,50aA 1,58aA

2ª (29 DAP) 1,43bB 1,50aAB 1,47aAB 1,61aA

3ª (39 DAP) 1,59abA 1,45aA 1,52aA 1,49aA

4ª (47 DAP) 1,65aA 1,53aA 1,53aA 1,57aA

5ª (67 DAP) 1,46bB 1,41aB 1,52aAB 1,63aA

6ª (113 DAP) 1,49bA 1,45aA 1,41aA 1,51aA

(1) 1st (25 DAP): 2 days before first fertigation; 2nd (29 DAP): 2 days after first fertigation; 3rd (39 DAP): 4 days before the second fertigation; 4th (47 DAP) 4 days after 
second fertigation; 5th (67 DAP): Flowering; 6th (113 DAP): After harvesting.

Effect of nitrogen fertilization on soil microbial biomass in an Oxisol 
cultivated with irrigated barley in the Brazilian Cerrado
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regardless the management used in cupuaçu 
(Theobroma grandiflorum) orchards, while the 
total N decreased in this layer.

There was an interaction between nitrogen 
levels and sampling time in terms of ratio of N 
percentage from SMB-N and soil total nitrogen 
(SMB-N / Total N) (Table 6). It suggests that the 
SMB-N / N ratio expresses the overall efficiency of 
the microbial biomass to immobilize N according 
to the quantity and quality of available substrate, 
and lower ratio indicates less efficiency of micro-
bial biomass to immobilize the C and N (Monteiro 
& Gama-Rodrigues, 2004).

Comparing the sampling times within N rates, 
the SMB-N / total N ratio varied between seasons 
(Table 6), suggesting that this variation could oc-
cur due to factors that change the balance and 
influenced the microbial activity, such as root 
development during the crop cycle.

Concerning on the sampling time in control 
plots, the ratio SMB-N / total N were higher and 
similar at the 1st, 2nd, 4th and 5th sampling due 
to higher values of SMB-N shown in this treat-
ment (Table 4). The lowest ratio was observed in 
3rd sampling and after harvest; it is important to 
emphasize that ratio SMB-N / total N confirmed 
the little ranging between sampling times com-
pared to treatment without urea.

In the treatment of 20 kg ha-1 N there was a 
large fluctuation on SMB-N, decreasing within the 
cycle with the highest value during the flowering 
(3.2%). The one with 40 kg N ha-1, there was less 
fluctuation between the values, where the high-
est ratio SMB-N / Total N was obtained in 5th 
sampling (flowering) and the lowest value in 4th 
sampling (after 2nd fertigation). Nevertheless, in 
the dose of 80 kg N ha-1 there were  few variations 
between the results; in the 1st and 2nd samplings 
it was observed the highest values, whereas in 
the other samples the values were similar. 

At the flowering stage, even availability of 
substrate increased by rhizodeposition, the ratio 
SMB-N / N total was not affected as occurred at 

40 kg. Among the N concentrations, within each 
season, in the first sampling, the highest ratio 
was obtained at the highest dosage (3.2%) and 
the lowest at dose 40 kg N ha-1 (1.2%). In the 2nd 
and 6th samples no difference was found between 
N dosages in 3rd sampling, in particular the con-
trol value was statistically similar to 20 kg ha-1 
N, demonstrating that at 39 DAP, the addition 
of N resulted in a similar ratio SMB-N / N total.

In 4th sampling (after 2nd fertigation), the SMB-
N / total N was higher in the treatment without 
N and 80 kg ha-1 N and the lowest at doses of 20 
and 40 kg ha-1 N. Whereas in the 5th sampling 
(flowering), the lowest values were found at the 
highest dose of N and at 20 kg N ha-1, the highest 
values of SMB-N / N total. At the dose of 40 kg 
ha-1 N it was equal to those without N. The soil 
amendment with N induced higher conversion 
of available N in the microbial tissue, which is 
desirable, because a higher N recycling system 
could occur through the microbial activity. In 6th 
sampling, there was no difference on ratio SMB-N 
/ total N between the N rates.

The ratio SMB-N / total N may be an indirect 
estimation of the organic matter quality, i.e. 
the lower the value indicates a lower substrate 
quality, thus less efficiency in immobilization of 
microbial biomass C and N (Monteiro & Gama-
Rodrigues, 2004).

Supposing an average of 1.5 g kg-1 for total 
of N experimental area in the layer (0 - 10 cm), 
would correspond to 1500 kg ha-1 of total N. 
Whereas SMB-N / Total N ratio, averaged 2%, has 
the ratio SMB-N 30 kg / 1.5 g total N / ha, then 
an average of 20 kg of N / g total N, originating 
from microbial source may be cycled and would 
become available for plants and microorganisms 
throughout the crop cycle.

Conclusions 
There was an effect of N rates and sampling time 
in SMB-N, total N and SMB-N / total N. 

Table 6. Ratio SMB-N and total N (% SMB-N/ N total) in barley crops under fertigation system with urea in different N doses at six sampling times.

Sampling time N dosage (kg ha-1) Control 20 40 80

1ª (25 DAP) (1)     2,58aAB      2,65abAB   2,25abB   2,93aA

2ª (29 DAP)   2,77aA   2,38bA   2,24abA   2,68aA

3ª (39 DAP)   1,57bB     2,19bcA     1,87bcAB     1,72bAB

4ª (47 DAP)     2,23abA      1,62cdBC 1,20cC     1,83bAB

5ª (67 DAP)   2,47aB   3,20aA 2,58aB   1,65bC

6ª (113 DAP)   1,69bA   1,49dA   1,71bcA   1,66bA

(1) 1st (25 DAP): 2 days before first fertigation; 2nd (29 DAP): 2 days after first fertigation; 3rd (39 DAP): 4 days before the second fertigation; 4th (47 DAP) 4 days after 
second fertigation; 5th (67 DAP): Flowering; 6th (113 DAP): After harvesting. 
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The average N values were more stable in the 
short term (crop cycle), which is not a good pa-
rameter for evaluating the dynamics and trans-
formations of N in the soil-plant system.

In terms of soil microbial biomass preservation 
and fertility the N dosage of 40 kg ha-1 could be 
recommendable. 
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