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SEED INOCULATION WITH Azospirillum brasilense, ASSOCIATED WITH THE USE OF BIOREGU-
LATORS IN MAIZE!

ALESSANDRO DE LUCCA E BRACCINI %, LILIAN GOMES DE MORAES DAN ?, GLEBERSON GUILLEN PICCI-
NIN*, LEANDRO PAIOLA ALBRECHT *, MAURO CEZAR BARBOSA®, ALEX HENRIQUE TIENE ORTIZ’

ABSTRACT - The inoculation of seeds with the bacterium Azospirillum has been carried out in maize culture
and other grasses. The application of growth bio-regulators is another technology whose results in maize cul-
ture have yet to become more widespread. Current study evaluates the agronomic effectiveness of seed inocula-
tion with Azospirillum brasilense in maize, associated with the use of the growth regulator Stimulate ®. Triple
hybrid maize CD 304 underwent the following treatments: 1 - control without nitrogen and without Azospiril-
lum brasilense; 2 - Treatment without nitrogen but with Azospirillum brasilense; 3 - Treatment without nitro-
gen but with Azospirillum brasilense + Stimulate ®; 4 - Treatment with 50% of nitrogen dose recommended
for maize culture; 5 - Treatment with 50% of nitrogen dose and inoculation with Azospirillum brasilense; 6 -
Same as 5 but with Stimulate ®; 7 — Total N recommended; 8 — Total N recommended + Azospirillum brasi-
lense; 9 — Total N recommended + Azospirillum brasilense + Stimulate ®. The inoculation of maize seeds with
Azospirillum brasilense increases plant height and grain yield when compared with rates in control. The use of
50% of N dose in sowing, associated with the inoculation of maize seeds with Azospirillum brasilense at 200
mL ha” (mixed to the seeds) and associated with Stimulate ® (in foliar application), is viable.

Keywords: Maize. Microaerobic diazotrophic bacterium. Bio-regulator.

INOCULACAO DAS SEMENTES COM Azospirillum brasilense, ASSOCIADO AO USO DE BIORRE-
GULADOR, NA CULTURA DO MILHO

RESUMO - A inoculagdo das sementes com bactérias do género Azospirillum tem sido realizada na cultura do
milho e em outras gramineas, assim como a aplicagdo de biorreguladores tem sido outra tecnologia disponivel,
mas com resultados ainda pouco difundidos na cultura do milho. O objetivo deste trabalho foi avaliar a eficién-
cia agrondmica da inoculagdo das sementes com Azospirillum brasilense na cultura do milho, associada com o
uso do biorregulador Stimulate®. Para tanto, o hibrido triplo de milho CD 304 foi submetido aos seguintes tra-
tamentos: 1 - Testemunha sem nitrogénio e sem Azospirillum brasilense; 2 - Tratamento sem nitrogénio, mas
com Azospirillum brasilense; 3 - Tratamento sem nitrogénio, mas com Azospirillum brasilense + Stimulate™; 4
- Tratamento com metade da dose de nitrogénio recomendada para a cultura; 5 - Tratamento com metade da
dose de nitrogénio recomendada e inoculada com Azospirillum brasilense; 6 - Idem ao anterior, porém com
acréscimo do Stimulate®; 7 - N total recomendado; 8 - N total recomendado + Azospirillum brasilense; 9 - N
total recomendado + Azospirillum brasilense + Stimulate”. A inoculagio das sementes de milho com Azospiril-
lum brasilense promovem aumentos na altura de plantas e no rendimento de graos do milho, em comparagéo
com a testemunha. A utilizagdo de metade dose de nitrogénio em semeadura, associada a inoculagdo das se-
mentes de milho com Azospirillum brasilense, na dose de 200 mL ha™' (misturado s sementes) e, associado ao
Stimulate® (em aplicagdo foliar), mostra-se vidvel agronomicamente.

Palavras-chave: Milho. Bactérias diazotroficas microaerobias. Biorregulador.
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INTRODUCTION

There is currently a growing concern with
regard to pollution of the atmosphere and water re-
sources by nitrogenated fertilizers. Since the nutrient
may be lost through erosion, leaching, volatilization
and de-nitrification (TAIZ; ZEIGER, 2009) and
since the product is expensive, other alternatives are
sought that would economically maximize the best
dose, associated to the nutrient’s best application
period in maize culture (LOPES et al, 2004;
SOUSA; LOBATO, 2004).

Certain microaerobic and diazotrophic bacte-
ria of the genus Azospirillum, with their high poten-
tial in fixing free atmospheric nitrogen, may be used
to achieve the results mentioned above (MIYAUCHI
et al., 2008). When these bacteria are associated to
the plants’ rhizosphere, they contribute towards their
nitrogenated nutrition. Biology and soil fertility re-
searchers have shown great interest in the process.
The optimization of a possible association of
Azospirillum spp and maize may increase productiv-
ity and decrease production costs, especially in pur-
chasing nitrogenated fertilizers. According to Silva
et al. (2005), nitrogen is a mineral nutrient extracted
in great amounts by maize, with great influence in
grain productivity but with high production costs.

Inoculation by the bacterium Azospirillum
spp has already been conducted in maize and in
other grasses, while several researches have shown
an increase of productivity of these cultures due to
this technology. Salomone and Débereiner (1996)
analyzed the response of several maize genotypes to
the inoculation of four strains of Azospirillum spp
isolated in Argentina and of three strains of sorghum
and maize isolated in Brazil. An increase in grain
yield occurred, ranging between 1,700 and 7,300 kg
ha™', with variations according to the different geno-
types. Results however are highly affected by soil,
environment and genotype conditions.

The use of bio-regulators is another techno-
logically adaptable and compatible practice with
high productivity systems for maize culture. Taking
into account a determined commercial product, such
as Stimulate®, with concentrations of 0.005% indole-
butyric acid (IBA) (auxin), 0.009% kinetin
(cytokinin) and  0.005%  gibberellic  acid

(gibberellin), synthetic analogues to vegetal hor-
mones which act as mediators for morphological and
physiological processes, it is surmised that this bio-
regulator may increase growth and vegetal develop-
ment, stimulate cell division and increase absorption
of water and nutrients by plants, due to its composi-
tion, concentration and percentage of compounds
(VIEIRA; CASTRO, 2001).

Dourado Neto et al. (2006) and Ferreira et al.
(2007) achieved positive agronomic results in maize
culture and confirmed the efficiency of Stimulate™
and other bio-regulators in the treatment of seeds.
Several results on seed treatments are extant, espe-
cially for soybean (KLAHOLD et al., 2006; AVILA
et al., 2008; MOTERLE et al., 2008), cotton
(SANTOS; VIEIRA, 2005; ALBRECHT et al,
2009) and forest essence (PRADO NETO et al.,
2007) cultures.

Research that contributes towards the forma-
tion of a solid positioning with regard to the use of
bio-regulators, such as Stimulate®, and the associa-
tion of bio-regulators with the nutritional manage-
ment of nitrogen comprising alternatives such as the
use of Azospirillum spp in seed inoculation is highly
valid. Current research evaluates the agronomic effi-
ciency of seed inoculation by Azospirillum brasi-
lense associated with the bio-regulator Stimulate® in
maize culture.

MATERIALS AND METHODS

Experiment was carried out during the agri-

cultural year 2008-2009 on the Iguatemi Experimen-
tal Farm of the Universidade Estadual de Maringa
(UEM), Maringa, northwestern region of the state of
Parana, Brazil, at 23°25” S and 51°57° W, and aver-
age 540 m above sea level.
Soil of the experimental area has been classified as
Red Dystrophic Argisol (EMBRAPA, 2006) of me-
dium texture. Table 1 shows the chemical analysis of
soil previous to the experiment.

According to Koppen’s classification, preva-
lent region climate type is Cfa, humid mesothermal
climate, with abundant rainfall during the hot sum-
mers and with dry winters (IAPAR, 1994). Table 2
provides local data for rainfall, daily maximum and

Table 1. Results of soil fertility at the 0 - 20 cm layer for Red Dystrophic Argisol before culture.

Depth P! pH? H+APY AP K' Cca? Mg SB  CIC V ct
cm mgdm® CaCl, H,O0 cmol, dm™ —-eememeeee e % gdm?
0-20 4.7 52 60 342 0.0 027 274 123 424 766 5535 852

!'_ Extractor Mehlich 1; 2 - CaCl, 0.0l mol L;* - KCl 1 mol L''; # - Walkley-Black method.
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Table 2. Mean monthly data of maximum and minimum
temperature, rainfall and relative air humidity in the morn-
ing and evening, during the experimental period. (Maringa,
PR —2008/2009)".

Table 4. Characteristics of product based on Azospirillum-
brasilense.

Tested inocu- Strains

lants

Support

Relative humid- Rain-
Temperature .

Month ity fall

.. Maxi- Morn- Eve-

Minimum . .

mum ing ning
O O %) (e (M
137.4

November 294 184 80.3 54.8

Liquid formula-
tion”
(Azospirillum
brasilense)

AbV5 and AbV6 Water

December 31.9 193 754 50.8 534

January 28.3 195 841 684 2489
February 29.9 206 89.0 636 2273
March 28.5 205 806 571 569

! Source: Meteorological Station of the Iguatemi Experi-
mental Farm (UEM)/Seed Laboratory.

Table 3. Inoculation treatments of maize seeds with
Azospirillum brasiliense with Stimulate®™ associations.

Ne Treatments

1 Control without N and Azospirillum

2 Without N but with Azospirillum

3 Without N but with Azospirillum + Stimulate™

With 50% N dose recommended for culture

4

5 With 50% N dose and inoculate with Azospirillum
6 50% N dose + Azospirillum + Stimulate®™

7

With total N recommended for culture

8 Total N recommended + Azospirillum

9  Total N recommended + Azospirillum + Stimulate®

minimum temperature and relative air humidity, dur-
ing the period of the experiment.

Treatments, arranged according to scheme
given in Table 3, consisted of nitrogen fertilization in
sowing, topdressing and seed inoculation by
Azospirillum brasilense bacteria in liquid formula-
tion (Table 4), combined or not with the bio-
regulator Stimulate®.

Stimulate” is a liquid bio-regulator manufac-
tured by Stoller do Brasil Ltda and is composed by
three vegetal regulators at concentrations: 0.005%
indole-butyric acid (auxin), 0.009% kinetin
(cytokinin) and  0.005%  gibberellic  acid
(gibberellin), (STOLLER DO BRASIL, 1998).

Experimental design consisted of complete

Manufacturer: Stoller do Brasil Ltda.

Guarantee of products: concentration of 10% viable bacteria
per mL;

Dose: 200 mL of the commercial product, per hectare,
mixed to seeds.

randomized blocks and six repetitions. Each plot
comprised eight 6 m rows, with 0.9 m spacing, total-
ing 43.2 m” per plot. Seeding density was approxi-
mately five plants per linear meter, with a population
of 55,555 plants / ha™.

Fertilization was carried out mechanically
according to mean extraction of nutrients by the
maize culture for the production of approximately
10.000 kg ha™' of maize associated with information
related to soil analysis. Further, 180 kg of nitrogen
per ha, 90 kg of phosphorus and 120 kg of potassium
per ha were applied (FANCELLI; DOURADO
NETO, 2004). Half of the potassium was applied at
sowing and the other half as topdressing at the V,
stage. Total nitrogen recommended for fertilization
was parceled as follows: 1/3 at sowing and 2/3 at
topdressing. Half the dose was applied in treatments
4, 5 and 6 at sowing and at topdressing. Treatments
7, 8 and 9 received the full recommended nitrogen
dose.

No-tillage sowing system was carried out on
October 13, 2008 with triple cross hybrid and short
season maize seeds CD 304; soil had the required
humidity for sowing.

Seed inoculation with Azospirillum brasilense
formulations was undertaken after their treatment
with fungicide Derosal Plus at 2.5 mL kg™ of seeds
and with insecticide Cropstar at 300 mL ha”. The
inoculant Azospirillum was applied to maize seeds as
follows: sugared spray with 10% concentration was
used for a better adherence of the inoculant to the
seeds. After the seeds and the spray were mixed, the
inoculant in liquid formulation was applied until all
the seeds were uniformly covered with the mixture.
In the case of treatments with Azospirillum brasi-
lense, 100 mL of the sugared solution were used for
the amount (kg) of seeds per hectare + 200 mL of
liquid inoculant.

Weed control was carried out by post-
emergence application of Atrazine — Atrazina
Atanor® (5 L ha) and complemented by hoe weed-
ing. Insecticides were applied when required for pest
control (FANCELLI; DOURADO NETO, 2004).

Bio-regulator Stimulate® (treatments 3, 6 and
9) were applied at development stage V4, with 250
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mL ha™ dose. A CO,-propelled backpack sprayer at
a constant pressure of 2 BAR (or 29 PSI), with a
discharge of 0.65 L min.”" and equipped with a fan
nozzle tube (Teejet XR 110 02), was used for leaf
applications. At a 50 cm height from the target and at
a velocity of 1 m second™, the sprayer reached a 50
cm-wide band and provided a spray volume of 200 L
ha™'. Climatic conditions were adequate (UR = 84%;
temperature = 25 °C; time schedule = 8:50; partially
clouded, with a slight breeze).

During harvest time, on the 19th February
2009, the four external rows (1, 3, 6 and 8) were
harvested and the area for the experimental units was
reduced to 7.2 m* (rows 4 and 5). The analyzed vari-
ables were height of plant, weight of one thousand
grains and productivity. The other rows (2 and 7)
were reserved for dry matter sampling.

Plant height was determined at harvest time
by randomly measuring 10 plants within the area of
each plot, in meters, from the base to the tassel inser-
tion height. Mean plant height for each plot was then
calculated.

The dry matter of plants was limited to the
aerial part exclusively during tasseling when sam-
plings of 10 plants per plot were harvested randomly
within the experimental area. Samples were labeled
in the field and then transported to the laboratory
where they were weighed (fresh weight), placed in
multilayer Kraft paper bags and dried in a forced air
circulation buffer at a 65 °C till constant weight.
They were then weighed by a precision scale and the
dry matter of 10 plants was obtained from the dry
weight.

Grain ears at the physiological maturation
point were collected manually, or rather, when 95%
of seeds already exhibited the black layer. After the
ear harvest, the ears were threshed in a stationary
threshing machine. The grains were then cleaned
with sieves, dried naturally and stored in multilayer
Kraft paper bags. Grain yield for each plot was
weighed by an analytic scale and the humidity rate of
seeds was calculated by the buffer method at 105°C
for 24 hours (BRASIL, 2009). Productivity in kg ha™
was provided and yield data were corrected for 14%
humidity. The weight of one thousand seeds was
determined by weighing 8 sub-samples of 100 seeds
for each repetition with a milligram precision ana-
lytic scale and multiplying the results by 10
(BRASIL, 2009). Results were given in grams of
seeds (g).

Data were submitted to variance analysis at
1% probability (P < 0.01). Significant means were
compared by Scott-Knott grouping method (P <
0.01).

RESULTS AND DISCUSSION

Results of variance analysis (Table 5) showed that

there was a significant difference at 1% probability
(p < 0.01) for the variables plant height, dry matter
in tasseling and grain productivity (kg ha™).

Table 6 shows results of the variables under
analysis. With regard to plant height, all treatments
differed significantly from control (Treatment 1).
Without N, seed inoculation and Stimulate®, control
had the lowest height and differed significantly from
that of the other treatments (P < 0.01). Results char-
acterize the role of the other treatments in nitrogen
input for the vegetative performance of maize plants.

Results of the weight of one thousand grains,
with a mean rate of 296.26 g, did not show any sig-
nificant differences (P < 0.01) among the treatments.
Although there was no difference among treatments
for this parameter, in many cases no direct relation-
ship with productivity (kg ha™') was extant. The in-
teraction of other co-relational parameters should be
taken into account since they are also related in a
direct form with the final productivity, such as dry
mass of the plants. Although weight of grains does
not explain productivity rise, increases in the accu-
mulation of dry matter since the start of culture de-
velopment have also favored an increase of ear size
and of the number of grains per ear. This fact estab-
lishes favorable factors for productivity increases.

The plants’ dry matter distinguished treat-
ments with the best results, namely 3, 5, 6, 7, 8 and
9. The importance of inoculation with Azospirillum
was highly relevant, since treatments 5 (1/2 dose N +
Azospirillum) and 3 (Azospirillum + Stimulate®,
without N) were similar to treatments with total ni-
trogen dose (7, 8 and 9). It should be emphasized
that, even without nitrogenated fertilization, treat-
ment 3 with Azospirillum and Stimulate® was higher
than treatments 4 (with 2 N dose) and 1 and 2
(without N). Perhaps due to the activity of its ana-
logues of promoting hormones, the addition of
Stimulate® provides the differential, supposingly due
to the mitigating effect of the environmental stress
impacts, especially water restriction at stage Vs up to
the start of the reproduction phase.

Zhang and Schmidt (2000) state that bio-

Table 5. Variance analysis, with mean squares, for the
variables: plant height, dry matter of plants at tasseling,
weight of 1000 grains, productivity of hybrid maize CD
304, as a response to different treatments with Azospiril-
Ium brasilense associated with bio-regulator Stimulate®.

Plant Weight of
V.F. DF . Dry matter ~ one thou-  Productivity
height .
sand grains
Bloc 5 834.2407 206432.5629 566.4296 4236666.8741
ks
Treat 8  197.5879%* 93363.8935%*  162.7962™ 10291842962+
ment
s
Wast 40  43.1157 43.1157 1029184.2962  93477.8241

(S

** significant at 1% probability, by test F.
" not significant by test F.

Revista Caatinga, Mossoro, v. 25, n. 2, p. 58-64, mar.-jun., 2012 61



SEED INOCULATION WITH Azospirillum brasilense, ASSOCIATED WITH THE USE OF BIOREGULATORS IN MAIZE

A. L BRACCINI et al.

Table 6. Means of plant height, dry matter at tasseling, weight of 1000 grains, productivity of hybrid maize culture CD
304, as a response to different treatments with Azospirillum brasilense associated with the bio-regulator Stimulate®.

Evaluated characteristics'

Treatments Plant height Dry matter Weight oérc;?lfsthousand Productivity
------- (001 R e e @ e - kgha! -
1 157.33 B 730.83 B 284.83 A 312033 C
2 171.66 A 877.67B 294.00 A 3917.00 B
3 173.50 A 941.83 A 298.34 A 4076.33 B
4 167.50 A 850.17 B 294.83 A 3761.83 B
5 172.00 A 975.83 A 302.67 A 3988.17 B
6 174.50 A 959.50 A 296.83 A 4271.67 A
7 175.67 A 1112.83 A 300.33 A 4394.83 A
8 172.00 A 1045.67 A 294.50 A 4428.67 A
9 175.67 A 1108.33 A 300.00 A 4355.50 A
Means 171.09 955.85 296.26 4034.93
C.V. (%) 3.84 17.19 3.90 7.58

! Means followed by the same capital letter in the column do not significantly differ by Scott-Knott grouping method, at 1%

probability.

regulators are efficient when applied at small con-
centrations since they favor the good performance of
the plants’ vital processes and cause greater produc-
tivity and high quality products. Russo and Berlyn
(1990) suggest that these compounds may increase
productivity and resistance of plants during environ-
mental stress. Bio-regulators with bio-stimulating or
with bio-promoting features are components that
respond to plant growth by an improvement of toler-
ance to abiotic stress (LONG, 2006), such as
droughts.

In the case of high yields maize plants have
to establish not only photosynthesis capacity but
they have to continue photosynthesis during the for-
mation of seeds and grain formation. This is a very
important role since the accumulation of dry matter
in maize grains depends on photosynthesis. Most N
in the maize leaves is associated to chloroplast
(approximately 60% of the leaf’s total N) and the
proteins are subject to development and remobiliza-
tion of the resulting amino-acids. Photosynthesis
capacity, supply of assimilated things and grain yield
decrease as the leaves age. Decline occurs fast for N-
lacking leaves, causing smaller ears with a smaller
number of grains (TAIZ; ZEIGER, 2004).

In the case of productivity (Table 6), it should
be emphasized that low productivity occurred be-
cause of water deficit coupled to high temperatures
at stage Vg till the start of the production phase.
Since stress caused severe consequences in yield per
area, mean productivity of merely 4,355.93 kg ha™' is
the response of culture to adverse conditions.

Significant differences among treatments for
the variable productivity were relevant. Since rates
of control were lowest for all treatments, the impor-
tance of N in vegetal nutrition is highly important,
especially in  maize culture (FANCELLI;
DOURADO NETO, 2004). Two other groups were
formed in which treatments 6, 7, 8 and 9 were sta-
tistically higher than treatments 2, 3, 4 and 5.

Above-mentioned productivity results con-
firmed the importance of inoculation with
Azospirillum, since treatments, such as treatment 2
with Azospirillum only, had the same performance
as treatments 4 and 5, with %2 N dose. This fact sug-
gests that inoculation may replace up to 90 kg ha™
of N to achieve the same productivity of maize
grains.

Rates of treatment 2 were higher than those
of control (treatment 1) by 20.3%. Results corrobo-
rate those by Riggs et al. (2001) with increases be-
tween 13 and 25% in grain yield, depending on
genotype and with the inoculation of maize seeds.
According to Dobbelaere et al. (2003), this occurs
because of the biological fixation of nitrogen by the
association of Azospirillum bacteria with maize.

When inoculated Azospirillum is associated
with the bio-regulator Stimulate® in leaf applica-
tions during the vegetal stage, it may have a very
important role in productivity increase or conserva-
tion. In fact, treatment 6, Azospirillum + Stimulate®
with only %2 dose of N, was similar to treatments 7,
8 and 9 with total N dose. A compensatory role of
the bio-regulator is presumed and favors the growth
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and the development of maize culture and, conse-
quently, productivity.

When increase in grain productivity, attrib-
uted to treatments 2 and 3, is compared to control, it
may be inferred that the fixation of atmospheric ni-
trogen triggered by Azopirillum bacteria, even with-
out the application of nitrogenated fertilizers to the
soil, caused the increase of dry matter (observed
especially in treatment 3, with the addition of bio-
regulator) and of productivity of maize culture.

According to Coelho (2006), nitrogen occurs
in protein molecules, enzymes, co-enzymes, nucleic
acids and phytochromes and also integrates the chlo-
rophyll molecule. On the other hand, its deficiency
decreases the plants’ vegetal development and the
culture’s productivity (AMARAL FILHO et al,
2005). With regard to the relationship between pho-
tosynthesis capacity and nitrogen contents, N has an
important role since photosynthesis requires a sub-
stantial number of pigments and proteins for photo-
chemical and carboxilative processes (TAIZ;
ZEIGER, 2004). The above confirms the legitimacy
of results with regard to increase in plants’ dry mat-
ter and grains’ productivity (Table 6).

Current research, conducted during the har-
vest year 2008-2009, must also take into account the
climatic factors, such as, in current case, the water
restrictions related to N dynamic complex in the soil
(leaching, volatilization, immobilization, nitrifica-
tion, de-nitrification and mineralization) and with
regard to the plant. This fact may cause great modifi-
cations in the availability and the need of the nutrient
during the ontogeny of the culture. The above con-
siderations agree with the suppositions by Taiz and
Zeiger (2004) and may have affected the associative
process of the bacteria with the plant.

During the experiment, the control plants in
the plots (treatment 1) manifested symptoms in N
deficiency in leaves (yellowing of the older leaves)
and ears (grain abortion at the ear tip). It has also
been verified that plants of treatment 1 aged early
when compared to those of other treatments. It seems
that the soil where the experiment was carried out
was insufficient to supply the demands of the cul-
ture, or rather, the required N amounts. On the other
hand, symptoms of nutrition deficiency or phytotox-
icity in the plants caused by treatments with
Azospirillum brasilense were not diagnosed.

Based on productivity results, it may be stated
that Azospirillum may partially replace nitrogenated
fertilization. Further, Azospirillum + Stimulate”
cause an increase in productivity even when nitro-
genated fertilization is reduced. The use of these
management alternatives may economically make
viable the activity with higher profits as a conse-
quence of a decrease in nitrogenated fertilization and
its costs.

CONCLUSIONS

Inoculation treatments of maize seeds with
liquid Azospirillum brasilense cause an increase in
the height of plants and in the yield of maize grains,
when compared to control;

The employment of %2 dose of N in sowing,
associated with the inoculation of maize seeds with
Azospirillum brasilense at 200 mL ha” (on the
seeds) and the use of Stimulate® (in leaf application)
was agronomically viable;

The inoculation of maize seeds with
Azospirillum brasilense also causes a significant
increase in the plants’ dry matter.
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