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ABSTRACT: The use of mulching is an alternative to control weeds but there are few studies on its effect on
soil quality. In this sense, this study aimed to evaluate the effect of types of mulching on the attributes of
microbial carbon, nitrogen and phosphorus in a Typic Hapludox with production of integrated apples in
southern Brazil. The experiment was conducted in randomized blocks in the Vacaria, state of Rio Grande do
Sul, southern Brazil. The soil mulch types studied were: pine needle, sawdust, black plastic and a control. The
soil samples were collected in February (summer) and August (winter) of 2006, and the attributes related to
total organic and microbial carbon, nitrogen and phosphorus were determined. Organic mulchings (pine
needle and sawdust) promoted lower soil temperature, and greater moisture, microbial carbon (Cmic), microbial
nitrogen (Nmic), and the ratios Cmic:Corg, Nmic:Norg and microbial C:N than black plastic. Microbial
phosphorus was greater in winter. Sawdust mulching promoted the best conditions to microbial biomass in
winter. The mulch types increased the microbial compartment in winter as compared to the nonweeded
control .
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Biomassa microbiana do solo sob coberturas em pomar integrado
de magis no Sul do Brasil

RESUMO: O uso da cobertura do solo ¢ alternativa para o controle de plantas daninhas. Entretanto hd poucos
estudos sobre seu efeito na qualidade do solo. Avaliou-se, em duas estagdes do ano, o efeito de tipos de cobertura
do solo nos atributos microbianos de um Latossolo com producio integrada de magis no sul do Brasil. O experimento
foi conduzido em blocos ao acaso em Vacaria, RS. As coberturas estudadas foram: acicula, serragem e plastico
preto comparativamente ao tratamento controle (infestado). As amostras de solo foram coletadas em fevereiro
e agosto de 2006, sendo avaliados atributos relacionados ao carbono, ao nitrogénio e ao fésforo. As coberturas
organicas (acicula e pinus) promoveram no solo menor temperatura ¢ maior umidade, além de maiores teores
de catbono e nitrogénio microbiano, relagio Cmic:Corg, Nmic:Norg ¢ Cmic:Nmic quando comparadas ao
solo sob plastico preto; ja o fésforo microbiano foi maior no inverno. A cobertura com serragem promoveu as
melhores condi¢bes para os compartimentos microbianos no inverno, sendo que nessa mesma estacio, as
coberturas incrementaram o compartimento microbiano comparativamente ao tratamento controle, infestado
com plantas daninhas.

Palavras-chave: carbono microbiano, cobertura do solo, compartimentos microbianos, microrganismos,
coberturas orginicas
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Introduction

In Brazil, the apple tree (Malus domestica Borkh) is
cultivated in the southern region. The subtropical tem-
perate climate, differently from other Brazilian regions,
contributed to the establishment of the apple crops in
this area. The apple tree began to be cultivated com-
mercially in South Brazil around the 1970s. In the be-
ginning, the cultivation was conducted in a conven-
tional orchard system. However, recent concerns about
sustainable soil use in this region led to the develop-

ment of alternative systems for apple production
(Maluche-Baretta et al., 2007).

One of the major management problems of or-
chards is weed control. This control is usually cat-
ried out through herbicide use, primarily in conven-
tional systems. The constant use of these chemicals
can be harmful to the environment and the organ-
isms in it (Schutte, 2002). Furthermore, soil and wa-
ter pesticide accumulation can also contaminate
plants and fruits used directly in food (ANVISA,
2007).
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In order to find solutions to this problem, many or-
chards are managed using alternative production systems
that utilize conservationist methods of soil management.
One such alternative is the integrated system, which in-
cludes implementing a management system that tries to
reduce or exclude pesticides. There are a number of op-
tions, such as weeding, either to keep the bare soil clear,
or covering it with different types of mulching, such as
bark, straw, crop residues or polyethylene plastic. Soil
cover techniques are already used in many parts of the
world and for a variety of plant cultures (Gao et al,
2009). However, some soil attributes, such as soil mois-
ture and temperature, may change with the use of these
covers, and also vary with the type of mulching used
(Liu, 2000).

The type of mulching can modify the biological
characteristics of the soil and affect its quality by chang-
ing temperature and soil moisture. Quantitative and
qualitative changes in soil microorganism population
reflect soil quality changes, and they are useful indica-
tors of the effects of any management changes (Li et
al., 2004).

The changes in soil use affect the ecological balance
by reducing or increasing the organic matter intake, with
implications for the sensitive soil microorganisms. This
is because the C, N and other soil elements are recycled
mainly through microbial activity and their interactions.
Thus, the quantity and diversity of C compounds used
by microorganisms as energy sources affect the elements
in the soil. This study aims to evaluate the effect of meth-
ods of soil mulching, in two seasons, on the C, N and P
microbial compartments in a Typic Hapludox with in-
tegrated apple production in southern Brazil.

Material and Methods

The study was conducted in an integrated apple or-
chard production in Vacaria, state of Rio Grande do Sul,
Brazil (28°33” S; 50°47 W, average altitude of 954 m a.s.l).
The climate is characterized as temperate subtropical
with summer temperature less than 22°C and winter
higher than 3°C, the annual rainfall is 1,750 mm. The
orchard, Gala apple variety, was established in 1997 un-
der a Typic Hapludox derived from basalt. The orchard
fertilization was in accordance with the fertilization and
liming recommendation for the Rio Grande do Sul and
Santa Catarina states (1995). The main chemical and
granulometric soil characteristics are: pH (water) = 4.5,
total organic carbon = 24 g kg™, total nitrogen = 2.1 g
kg, exchangeable aluminum = 20 cmol_ kg, clay = 670
g kgﬁl, silt =270 g kg1 and sand = 60 g kgﬁl.

In September 2003, an experiment was set up to
evaluate the effect of kinds of mulch. The following treat-
ments were tested: soil cover with pine needles, 0.28 m’
in dry weight (0.1 m depth); soil cover with sawdust, 0.25
m’ in dry weight (0.1 m depth); soil cover with black
plastic and one treatment without weed control. Treat-
ments consisted of tracks of 1 m width, including five

plants. Trees were planted in a spacing of 8 X 5 m, with-
out irrigation. Each treatment had three replicates,
which were arranged in randomized blocks. Mulchings
were replaced every year, to the same specifications.
Concentrations of C, N and P from organic residues
(pine needles and sawdust) were, respectively: 390 and
385g kg, 1.44 and 0.63 gkg ', 2.9 and 2.8 g kg .

Two samplings were carried out, one in February
(summer) and one in August (winter) of 2006. One com-
posite sample, with eight cores, was taken from a depth
of 0-0.1 m in each plot. The samples was transported to
the lab in a thermic box and kept at constant refrigera-
tion of 4°C. Soil samples were first passed through a 2
mm aperture sieve.

For microbial C (Cmic), N (Nmic) and P (Pmic)
determinations, the methodology described by Vance et
al. (1987) was used, which involves fumigation followed
by extraction with potassium sulphate for Cmic and
Nmic, and with sodium bicarbonate for Pmic. Cmic
concentrations were determined using the methodology
described by Walkley and Black (1934). The amount of
Nmic was estimated by the Kjeldahl method (Brookes
et al.,, 1985). Cmic and Nmic were determined by titra-
tion with ammonium ferrous sulfate, and Pmic by mo-
lecular absorption at a wavelength of 882 nm (Brookes
et al.,, 1982). The Cmic, Nmic and Pmic were obtained
by taking at the difference between the fumigated and
non-fumigated samples.

Microbial respiration in soil samples was adjusted
to 60% moisture, using the methodology described by
Jaggi (1976): samples were incubated in a sealed vial con-
taining a bottle trap with NaOH at 25°C for 48 h. The
total organic C (Corg) was determined using the meth-
odology described by Walkley and Black (1934). Total
organic N (Norg) was determined by the Kjeldahl
method with digestion, distillation and sulfuric acid ti-
tration. The levels of NH“+ (ammonium) and NO,™ (ni-
trate) were determined after extraction with KCI, distil-
lation and sulfuric acid titration. Soil P were extracted
with Mehlich 1 solution and determined by molecular
absorption at a wavelength of 660 nm. All these meth-
ods are described in Tedesco et al. (1995). Temperature
and moisture were measured on the sampling day, us-
ing a geothermometer for temperature and a lab gravi-
metric method for moisture.

Results were also used to calculate the Cmic:Corg,
Cmic:Nmic, Nmic:Norg ratios and the metabolic quo-
tient (¢CO,); that is, the ratio of microbial respiration
to microbial biomass. Following a similar approach to
Garcfa-Ruiz et al. (2008), a microbial biomass geomet-
ric mean (Gma) for each soil sample was calculated as:
Gma = (Cmic X Nmic X Pmic)l/s. Results were sub-
mitted to an analysis of variance according to the gener-
alized linear model (GLM). The averages were compared
by Scheffé test (p < 0.05). We used also the Pearson cor-
relation test to check possible links between the vari-
ous attributes evaluated.
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Results and Discussion dust (198.1 pg g') and for the control (212.9 ug g '), when

compared to black plastic (115.1 pg g™). The latter pro-

Microbial carbon (Cmic) was affected by the vided the lowest values of Cmic in the soil at this time
mulching treatments in the two sampling seasons of the year, with an average 43% lower than the other
(Table 1). In summer, this attribute was higher for the mulching treatments. In a study with non-flooded plas-
plots under pine needle mulching (190.8 ug g '), saw- tic mulching cultivation in rice, Zhejiang province of

Table 1 — Microbial biomass, ratios, nitrate (NO,"), ammonium (NH,"), soil temperature (Ts) and gravimetric moisture
(Ug) in winter and summer in integrated apple orchard under mulchings in Vacaria, RS.

Cmic Nmic
Mulching Season Season
Mean Mean
Summer Winter Summer Winter
ngg'
Pine needle 190.8 aB 323.8 bA 255.3 68.3 aA 79.2 aA 73.8
Sawdust 198.1 aB 395.2 aA 316.3 28.9 bB 93.3 aA 67.7
Black plastic 115.1 bB 273.9 bA 195.5 45.6 bA 49.8 bA 47.7
Control 212.9 aB 322.2 bA 232.2 27.1 bB 56.0 bA 44.8
Mean 179.0 334.8 256.9 42.5 70.6 56.6
Pmic Cmic:Corg
ugg! %
Pine needle 3.6 6.4 5.0 0.7 0.9 0.9 a
Sawdust 3.4 8.3 6.8 0.7 1.0 0.9 a
Black plastic 4.1 7.0 5.6 0.5 0.7 0.6 b
Control 5.3 6.4 5.9 0.8 1.0 0.9 a
Mean 43 B 7.1 A 5.8 0.7 B 0.95 A 0.83
Cmic:Nmic Nmic:Norg
%
Pine needle 2.7 aA 4.1 bA 3.4 0.7 aB 0.8 aA 0.8
Sawdust 7.8 aA 4.2 bA 5.7 0.3 bB 0.7 aA 0.5
Black plastic 2.6 aA 5.5 aA 4.0 0.4 bB 0.6 aA 0.5
Control 8.0 aA 5.8 aA 6.7 0.2 bB 0.5 aA 0.3
Mean 5.30 4.92 5.1 0.4 0.76 0.5
qCO, NO NH *
—————————— ugC-CO, pugCmic g soil h™' ———————— mg kg™
Pine needle 3.0 bA 1.8 aA 2.4 3.7 aA 2.0 aB 2.8 b
Sawdust 2.6 bA 1.5 aA 1.9 6.0 aA 2.7 aB 3.8 ab
Black plastic 5.6 aA 2.6 aB 4.1 2.6 aA 3.8 aA 3.9 ab
Control 0.8 bA 2.3 aA 1.7 5.1 aA 4.6 aB 4.6 a
Mean 3.0 2.1 2.5 4.4 3.3 3.8
Ts Ug
°C %
Pine needle 21.5 10.7 15.0 b 40.0 43.4 41.7 a
Sawdust 22.0 11.4 15.1b 36.3 41.0 38.5 ab
Black plastic ~ 22.8 12.6 16.6 a 35.6 40.5 38.1 b
Control 21.1 9.9 15.5b 38.3 40.8 39.6 ab
Mean 21.7 A 10.9 B 16.32 37.6 B 413 A 39.5

Upper case = comparison among columns, lower case letters = comparison between lines. Probability associated to the Scheffé

test: p < 0.05. Cmic = Microbial carbon biomass; Nmic = Nitrogen microbial biomass; Pmic = Phosphorus microbial biomass;
qCO,= Metabolic quotient.
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China, Li et al. (2006) also reported a reduction in the
soil microbial carbon.

The Cmic was negatively correlated to temperature
(r = -0.45, p < 0.01) and positively with soil moisture(r
= 0.68; Figure 1) under the covers. The effect of black
plastic, by providing a higher temperature and lower soil
moisture, was crucial to lower soil Cmic content (Table
1). In addition, minor input of fresh organic matter from
roots activity and dead plants by weeds control contrib-
uted to Cmic reduction.

By forming a protective barrier, the plastic prevented
the soil surface receiving rain water directly. As water
in the majority of orchards in southern Brazil is supplied
through regular rainfall, this type of coverage affects the
soil moisture, which is done only through a few infil-
tration points. These occur mainly around the edges and
through any rips or holes that exist in the plastic. The
reverse is the case with organic residues, which encour-
age and retain soil moisture (Costa et al., 2007), and fa-
cilitate the infiltration of rainwater through pores while
protecting the soil against the wind and the direct sun-
light (Tu et al.,, 2006). In the arid and semi-arid areas,
with irrigation taking place below the plastic, the oppo-
site is the case: the plastic mulching serves as a protective
barrier against water evaporation from the soil, keeping the
moisture in it (Li et al., 2004; 2007).

Because of its lower albedo, the black color of the
plastic increased the absorption of solar radiation in-
creasing the soil warming (Li et al., 2007). The opposite
occurred with the organic residues, protecting from the
sun, because their higher albedo colors, consequently,
inducing a lower absorption of the solar radiation. Ad-
ditionally, the air accumulates around 0.1 m deep in the
mulched layer insulating the soil surface.

In the winter, the greatest concentration of the soil
Cmic was provided by sawdust as mulching, with 395.2
mg g (Table 1). The other kinds of mulch did not dif-
fer in the same period. Despite the lower soil tempera-
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Figure 1 — Microbial carbon (Cmic; r = 0.68), nitrogen (Nmic,

values x 10; r = 0.65) and phosphorus (Pmic, values x

10% ¢ = 0.50) correlation with gravimetric soil

moisture. Probability associated to the Pearson test:

p < 0.05.

ture in winter (11°C), soil moisture and Cmic was
greater than in summer for all treatments by 87% on av-
erage. This is also suggested by the existence of a posi-
tive correlation between soil moisture and Cmic (Fig-
ure 1). In this case,soil moisture was more important to
the microbial community than the temperature. A simi-
lar fact was noted by Maluche-Baretta et al. (2007) in a
Cambisol soil under the same weather conditions, also
in an apple orchard, but using a conventional system;
however, here the soil Cmic increase was only 22%. In
a study involving soil classes in the Rio de Janeiro,
Gongalves et al. (2007) found levels of Cmic 60% higher
in winter. Also corroborating the present work, Piao et
al. (2000) found levels of Cmic 58% higher in winter than
in summer in an Ultisol. This author also justifies that
Cmic is highly influenced by soil moisture, because
many microorganisms are intolerant of low soil mois-
ture and are therefore, controlled by the cycling cycle
of wetting and drying soil. However, other factor char-
acteristics of this season that additionally may be influ-
encing high levels of Cmic, and need a more detailed
study on this subject.

The Cmic:Corg ratio differed among mulch types
and seasons (Table 1). The soil covers with pine needles,
sawdust and the weed control provided greater values
when compared to plastic. On average these values were
between 0.87, 0.92 and 0.94% for pine needle, sawdust
and weeds, respectively, and 0.62% for the soil under
plastic. In winter the Cmic:Corg ratio on average was
higher than summer. The soil fresh organic matter ac-
cumulation, through the death of weeds as well as the
pine needles and sawdust decomposition, provided
greater input of carbon to the system, thus stimulating
soil microorganism growth. In a study with various or-
ganic covers on a sandy soil in the United States, Tu et
al. (2006) also showed the effect of such covers on the
amount of soil microbial carbon.

There was no difference in soil organic carbon
(Corg) between the mulching types, regardless of the sea-
son sampled. These values were around 30 g kg'. How-
ever, the metabolic quotient (gCO,) differed between the
kinds of mulch and the seasons (Table 1). In the sum-
mer, the plastic-covered soil had a higher gCO, than the
other two kinds of mulch, 5.6 pugC-CO, pgCmic g soil
h'. As qCO, is a measure of microbial stress, this
showed that the higher temperatures and lower mois-
ture generated by the black plastic cover stressed the
microorganisms. This is further supported by the corre-
lation between gCO, and moisture and soil temperature,
being negative with moisture (r = - 0.35, p < 0.01) and
positive with temperature (r = 0.28, p < 0.01). In the win-
ter, there was no difference between the types of soil
mulching, but the plastic decreased soil gCO, from 5.6
in summer to 2.6 (ugC-CO, pgCmic g soil h™) in win-
ter, a decrease of 46.7%. This again, reflects the micro-
bial instability resulting from seasonality. In a study
with organic orchard on same soil and city, Almeida et
al. (2009) also showed the same effect of plastic mulch-
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ing on the metabolic quotient in summer; however, in
winter the values maintained high in contrast to present
study.

The nitrogen in the microbial biomass (Nmic) was
higher in the soil covered with pine needles in both sea-
sons (Table 1). With the pine needle mulching, the con-
centration of this attribute was 68 ug g ' in the summer
and 79 pg g in winter. This occurred because the pine
needles used as mulch had two timed more nitrogen
than sawdust (1.4 to 0.6 g kg''), and hence more of this
element is released by decomposition, which favors its
detention in microbial tissue. Tu et al. (2006) also found
higher microbial organic nitrogen in the mulched soil,
detecting differences between levels of Nmic according
to the composition of the cover.

The total organic nitrogen (Norg) was not different
between covers and times of sampling. These values were
around 12 g kg . However, there was a higher concentration
of NH4+ in the soil under weeds (4.6 mg kg™') as com-
pared with the pine needle’s coverage (2.8 mg kg') (Table
1). This difference probably occurred because of the dif-
ferences between the pine needles and the weeds. The
roots of weeds continuously cycle nutrients, while there
is no such cycling in the soil covered with pine needles,
since it provides a total weed control. Mineral NO,™ dif-
fered between seasons for all treatments except for the
plastic cover (Table 1). This can be supported by the
physical protection of the plastic against infiltration and
consequently, against the percolation of rainwater that
causes leaching of NO,", thus maintaining its levels in
the soil, regardless of the time sampled.

There was a greater capacity for the immobilization
of nitrogen in the microbial tissue in the organic mulchs
in the winter, resulting in the lowest Cmic:Nmic ratio.
These figures were 4.1 and 4.2% for pine needle and saw-
ing, respectively (Table 1). The pine needle mulching
was the one that immobilized the largest quantity of ni-
trogen in relation to the total content of this soil element
in summer, demonstrated by the ratio Nmic:Norg, with
an average of 0.7%. Through immobilization, the micro-
bial community under the mulched soil has a better man-
agement of organic nitrogen. As in southern Brazil rains
are abundant especially during the winter, this kind of
mechanism helps to counter the lack of nitrogen at the
same time that it prevents this element contaminating
water by the soil holding the nitrogen and preventing
leaching therefore reducing the amount of fertilizer re-
quired (Erenstein, 2002).

During the winter there was a higher accumulation
of nitrogen in the microbial tissue, about 55% higher
than summer, as demonstrated by a greater Nmic:Norg
ratio. This is supported by a positive correlation between
this ratio and Cmic soil (r = 0.46, p < 0.01) and between
soil moisture and Nmic (r = 0.65, p < 0.05; Figure 1).
Similarly to Cmic, the soil moisture increased immobi-
lization of nitrogen in the microbial compartment.

There were no differences in the soil microbial phos-
phorus concentrations from the mulched treatments..

However, averaged for all treatments, the Pmic was
higher in the winter than in the summer (Table 1), on
average 42%. This suggests that the greater microbial
biomass observed at that time had a greater ability to
assimilate the P in microbial biomass. Moreover, the
decrease in the metabolism by plant dormancy that
promoted the largest P concentration in soil solution,
because roots do not absorb in this stage. This provided
more immobilization of inorganic P by the microor-
ganisms. The P immobilization is interesting because
this labile form is protected of to be bind strongly with
iron oxides surfaces, which are present in high concen-
trations in Brazilian Oxisols. Similar to the microbial
carbon observations, there was a positive correlation
between the Pmic and soil moisture (Figure 1). There
were no differences between treatments and seasonal-
ity for extractable phosphorus. These values were
around 7 mg kg .

The geometric mean (Gma), which is a dimension-
less integrator index between soil microbial compart-
ments (Cmic, Nmic and Pmic) demonstrated an inter-
action between treatment and studied season (Figure 2).
In summer, the index did not differ between the mulch
types used; however, in winter, the soil sawdust mulched
promoted a better index.

Regarding the seasonal effect, the mulchings pro-
vided greater Gma in the winter than in summer in con-
trast to weeds control whose Gma index have not
changed. This suggests that the protection promoted in
the soil by the mulchings was important in winter, es-
pecially in apple cultures that go dormant during this
period since they have a reduction on their metabolism.
The microbial compartments in this situation are par-
ticularly important in protecting against the loss of soil
nutrients.

bA ® Winter
Weeds —
aA
J Summer
Black | -
plastic aB
sawdust N -
awdus aB
Pinus |, -
needle aB
0 20 40 60 80

Geometric mean (Gma)

Figure 2 — Geometric mean of microbial compartments in winter
(February/2006) and summer (August/2006) in
integrated apple orchard under different soil covers in

Vacaria, Brazil. Upper case = comparison among
seasons, lower case letters = comparison between
treatments. Probability associated to the Scheffé test:

p < 0.05.
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Conclusions

The Cmic, Nmic and gCO, constituted the main in-
dicators of changes in soil biological quality promoted
by covers. These attributes were influenced both by tem-
perature and moisture. Higher soil moisture and lower
temperature afforded by the organic mulchings were as-
sociated with increases in the concentrations of soil
Cmic and Nmic. Contrary results were obtained when
black plastic covers were used. All the mulch types pro-
vided greater soil microbial compartment in the winter
than in the summer. In this same season, the sawdust,
provided better conditions for the microbial compart-
ments. Organic mulchings promoted better conditions
for microbial quality of the soil.
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