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of research, producing improved cultivars, inputs and 

appropriate farming techniques, coupled with expansion 
of the planted area (Paes, 2008). Plant growth promoting 
substances have propelled the recent increases in pro-
ductivity. These substances have been widely used in 
modern agriculture, and have biological or chemical origin 
(Busato et al., 2010). One of the most frequently growth 
promoting substances used today is the molecule 
thiamethoxam, a synthetic insecticide with effect of plant 
bioactivation by triggering several physiological reactions. 
It promotes the activation of membrane transport pro-
teins, and enzymatic activation, which increases plant meta-
bolism through the synthesis of amino acids, precur-sors 
of proteins, and endogenous synthesis of plant hormones 
(Carvalho et al., 2011), but without exhibit activity of plant 
regulation (Castro et al., 2007). 

Biochemically, this insecticide stimulates the activity of 
peroxidases, whose activity focuses on combating reactive 
forms of oxygen, before they damage biomolecules, pre-
venting plant cell death, being indirect effects of their 
mechanisms of action observed by increased biomass, 
increased photosynthetic rate and formation of deeper 
roots (Almeida et al., 2012). Likewise, plant growth pro-
moting substances may also be of biological origin, such 
as the plant growth promoting bacteria. Microorganisms 
of the genus Azospirillum are capable to survive, both in 
the rhizosphere and inside plants belonging to the family 
Poaceae (Huergo et al., 2008). These microorganisms 
stimulate plant development especially due to biological 
nitrogen fixation (Hungria, 2011), phosphate solubilization 
(Rodriguez et al., 2004), hormone production (Perrig et 
al., 2007) and reduction of ethylene activity through the 

action of the enzyme ACC deaminase (Blaha et al., 2006). 
However, many researchers combine the effects of 

Azospirillum mostly to production or stimulation of hor-
mones, promoting an increase in the plant size and root 
development verified by Rampim et al. (2012) and 
Dartora et al. (2013), being results mainly associated with 
indole-3-acetic acid (IAA) and gibberellins (Bashan et al., 
2004; Perrig et al., 2007; Radwan et al., 2004). According 
to Hungria et al. (2010), the greater root development can 
also provide better absorption of macro and micro-
nutrients by the plant. 

In this context, considering the use of chemical and 
biological products to promote an increase in plant 
development, it is necessary to check if the effects are 
synergistic when applied together. Thus, this study aimed 
to evaluate the physiological quality of maize seedlings in 
the association of thiamethoxam seed treatment and 
inoculation with Azospirillum brasilense strain AbV5, as 
well as the effect of the insecticide on the bacterial 
population. 
 
 
MATERIALS AND METHODS 
 
The work was developed in the Laboratory of Plant Physiology and 
Laboratory of Phytopathology, State  University  of  West  Paraná –  

 
 
 
 
Unioeste, Campus Marechal Cândido Rondon, Paraná State, in 
October 2013. Strain of A. brasilense AbV5 used in the study was 
obtained from the collection of growth promoting bacteria of Federal 
University of Paraná - Campus Curitiba, Paraná, Brazil. Bacterial 
cells were grown in enlermeyers flask with 250 mL containing 100 
mL of NFb medium (Dobereiner et al., 1976) at 30°C under 
constant agitation at 80 rpm, until exponential growth phase at 
optical density (OD450 nm) of 0.5, corresponding to population of 6.67 
x 107colony-forming units (CFU) ml-1 in NFb-agar. Initially, we tested 
the toxicity of the insecticide thiamethoxam on the bacterial 
population. To this end, solid medium DYGS (Baldani, 1996) were 
added with doses of Cruiser® (350 mg thiamethoxam ml-1) at 0; 
40; 80; 120; 160 and 200 ml of commercial product (c.p.), corres-
ponding to 0; 14; 28; 42; 56 and 70 mg of thiamthoxam per 60,000 
seeds, while the medium was at 45 to 55°C, so that the active 
ingredient was not inactivated. Thiamethoxam was sterilized by 
filtration through Millipore filter (0.25 µm) and homogenized with the 
medium in a continuous air flow chamber, and distributed in 20 ml 
Petri dishes. 

The inoculant containing A. brasilense strain AbV5 was serially 
diluted by adding 100 ml of inoculant to 900 µl of saline solution 
(0.85% NaCl), and so forth, comprising dilutions from 10-1 to 10-8. 
Then, dilutions were distributed in Petri dishes using the microdrop 
technique with a volume of 10 µl per drop, with three replicates per 
dilution on each plate. Through mathematical relationships, each 
microdrop of the dilutions occupied an area upon the culture media 
corresponding to the area of a seed where bacteria were grown in 
the same Azospirillum/thiamethoxam ratio. We used four replica-
tions in a completely randomized design, in a total of 24 plates. 
Subsequently, they were incubated at 30°C for 48 h, when we 
counted the colonies, and were expressed as CFU ml-1 inoculum. 
To evaluate the influence of the association of thiamethoxam with 
the inoculation with A. brasiliense on seed germination, we adopted 
a completely randomized design in a 2x3 factorial arrangement. In 
the first factor, we assigned the seed inoculation with A. brasiliense 
(with and without inoculation) at 100 ml per 25 kg seed. In the 
second factor, we assigned the doses of thiamethoxam (Cruiser®) 
with 0; 80 and 120 ml c.p. per 60,000 seeds, as recommended by 
the manufacturer. Treatments were added to seeds by hand 
shaking in polyethylene bags until visual homogeneity. The 
inoculants had an initial bacterial population of 6.67 × 107 CFU ml-1 

A. brasilense AbV5. We used commercial seeds of the cultivar 
Dekalb DKB 240 VT PRO as the standard for the test.  

On germitest paper moistened with distilled water at a volume 
equivalent to 2.5 times its mass, four experimental replicates were 
performed with 50 seeds each, placed in a BOD germination 
chamber at 25 ± 1°C, with photoperiod of 12:12. Four days later, we 
determined the number of seeds that had produced radicle longer 
than two millimeters and straight and well developed coleoptile, 
composing the variable vigor. At day seven, we held the same 
procedure, regarding the variable viability, according to the Rules 
for Seed Analysis (Brasil, 2009), both expressed in percentage. 
Alongside, 25 seeds were sown in polyethylene trays, with four 
replicates per treatment; the substrate was sand sterilized by 
autoclaving for 20 min at 121±1°C. The trays were placed in a BOD 
germination chamber at 25 ±1°C, 12:12 (light: dark) photoperiod. 
Trays were weighed daily and watered until reaching field capacity. 
We counted the seedlings emerged for seven days, according to 
the Rules for Seed Analysis (Brazil, 2009), determining the 
Emergence Speed Index (ESI) as described by Maguire (1962). At 
the end of seven days, we determined the chlorophyll content 
through digital chlorophyll meter SPAD-502-Plus based on 
sampling ten seedlings per plot, obtained using the arithmetic mean 
of three measurements per plant. The same seedlings were 
selected for determination of morphometric characteristics. We 
counted the number of roots. The root length and shoot length were 
measured with a graduated scale. The steam diameter was 
measured with a digital caliper. We calculated the shoot
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Table 1. Analysis of variance and F-test for analyzed variables. 
  

Parameter  
Mean square (QM) 

Tiamethoxam Inoculation Interaction Error CV (%) 

Vigor 1.166667 16.666667 7.166667 6.111111 2.57 
Viability 2.666667 20.166667 2.666667 6.277778 2.60 
ESI 0.162554 0.005400 1.127187** 0.820720 5.79 
Indíce SPAD 11.616867** 9.151350** 21.497550** 1.042208 3.10 
Shootlength 1.497088* 0.018150 7.960363** 0.316364 5.02 
Stemdiameter 0.041679** 0.025350* 0.028213** 0.003492 2.28 
Numberof root 0.016250 0.060000 0.008750 0.048611 5.62 
Root length 5.012904* 0.297038 2.416512 0.911635 5.03 
Root volume 0.011629 0.006667 0.016529* 0.004442 13.51 
Shoot/stemratio 0.469029** 0.108004 0.687079** 0.054938 5.41 
Shootdrymass 0.000015 0.000012 0.000076** 0.000006 6.22 
Root drymass 0.000994** 0.000536** 0.000118 0.000057 12.56 
Total drymass 0.001049** 0.000710** 0.000115 0.000073 8.66 
Root/shootratio 0.642141** 0.251843* 0.316697** 0.034789 11.73 
 

**significant at 1% by F-test; *significant at 5% by F-test; ns non-significant by F-test; CV, coefficient of variation. 
 
 
 

Table 2. Emergence speed index and SPAD index of maize seedlings derived from seeds treated with thiamethoxam (0; 80 
and 120 mL per 60,000 seeds) and inoculated with A. brasilense (0 and 100 mL per 25 kg seeds). 
 

Thiametoxam 
dosage (ml) 

Emergence speed index SPAD Index 

NI I Mean NI I Mean 

0 4.77Ab 5.41Aa 5.09 31.41Ab 35.34Aa 33.38 
80 4.82Aa 5.07Aa 4.94 32.68Ab 34.87Aa 33.78 

120 5.21Aa 4.40Bb 4.81 32.73Aa 30.31Bb 31.52 
Mean 4.93 4.96 4.95 32.27 33.51 32.89 

 

Means followed by different letters, uppercase in the column and lowercase in the row, are significantly different by Tukey’s test at 
5%; NI, Non-Inoculated; I, Inoculated. 

 
 
 
positive increase in ESI when seeds were inoculated with 
bacteria at 0 and 80 ml of the insecticide. Araújo et al. 
(2010) stated that the inoculation of five out of six strains 
of diazotrophic bacteria promotes higher speed of germi-
nation in seeds of two rice cultivars. Similarly, Cassán et 
al. (2009) argued that the inoculant based on A. brasilense 
strain Az39 is capable of promoting faster seed germi-
nation and the early development of maize plants. In 
addition, this plant growth promoting bacterium is able to 
excrete indole-3-acetic acid, gibberellic acid and zeatin, 
hormones that can contribute to increased emergency 
speed index. Thus, nitrogen-fixing bacteria may contri-
bute to plant growth through auxin production (Radwan et 
al., 2004), leading to higher values of emergence speed 
index. For the chlorophyll content in seedlings (SPAD 
index) (Table 2), there was a positive increase following 
the increase in the thiamethoxam dose, without 
inoculation, indicating a beneficial effect of the insecticide 
for this variable. Thiamethoxam works physiologically by 
activating membrane transport proteins and elevating the 

enzyme activation, increasing metabo-lism, synthesis of 
amino acids precursors of new proteins and the endo-
genous synthesis of plant hormones (Carvalho et al., 
2011). Therefore, with the increase of its dose, the produc-
tion of secondary metabolites increased, diverting 
photosynthates that would be used in growth, particularly 
nitrogen and consequently reducing the size and color of 
the plant. When inoculation was performed, the 
chlorophyll content was higher combined with doses of 0 
and 80 ml of thiamethoxam. 

Studies have presented conflicting results regarding the 
relationship between chlorophyll and nitrogen (Wolff and 
Floss, 2008). The majority found positive correlations 
between the SPAD index and the nitrogen content 
(Guimarães et al., 1999; Lima et al., 2001), but is not very 
accurate for the determination of this element in the initial 
stages of the maize crop, being reliable only for 
chlorophyll concentration (Argenta et al., 2001). However, 
nitrogen is an element directly related to chlorophyll, and 
is an essential component of the chemical structure of 
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Table 3. Shoot length, stem diameter, shoot/stem ratio, root length and root volume of maize seedlings derived from seeds treated with 
thiamethoxam (0; 80 and 120 mL per 60,000 seeds) and inoculated with A. brasilense (0 and 100 mL per 25 kg seeds). 
 

 
 

Means followed by different letters; uppercase in the column and lowercase in the row are significantly different by Tukey’s test at 5%. NI, Non-
Inoculated; I, Inoculated. 
 
 
 
chlorophyll a and b (Streit et al., 2005). Dietrich et al. 
(2005) suggest that when the plant is subjected to any 
induction involving high metabolic costs, it is necessary to 
complement the fertilization with higher nitrogen levels in 
order to compensate for the extra consumption of the 
element, thus explaining the lower values of the SPAD 
index for the application of thiamethoxam at 120 ml per 
60,000 seeds associated with inoculation. In relation to 
shoot length (Table 3), we detected an interaction 
between doses of thiamethoxam and inoculation with A. 
brasiliense. In the case of non-inoculation, plants showed 
higher values for the highest dose of thiamethoxam, and 
an opposite effect was verified when plants were 
inoculated, where plants were greater in length at a dose 
of 80 ml and in the absence of the insecticide (0 ml). 
According to Almeida et al. (2011), increased shoot 
length with the use of thiamethoxam, depending on the 
dose applied, can increase the uptake of water and 
stomata resistance to water loss, favoring the metabolism 
and enhancing the resistance to environmental stress; in 
addition, it can also increase efficiency in the uptake, 
transport and assimilation of nutrients. 

Stem diameter increased when inoculated with A. 
brasiliense, only in the absence of thiamethoxam (0 ml). 
For the other doses, no difference was found for 
inoculation. Several studies have highlighted the positive 
effect of thiamethoxam on physiological quality in seed 
germination of several crops (Almeida et al., 2009; 
Almeida et al., 2012; Lauxen et al., 2010), demonstrating 
increased rooting and development of shoots. Thus, 
higher values of stem diameter are also possible due to 
the stimulation of seedling growth. Shoot/stem ratio was 
reduced at the highest dose of thiamethoxam (120 ml) 
associated with inoculation. This is as a result of the 
relationship between smaller height in the same 

treatment, without changing stem diameter. The root 
length was affected only by thiamethoxam doses. In 
absolute numbers, the roots were longer at the dose of 
80 ml of thiamethoxam, but this dose was not different 
from the control. The dose of 120 ml reduced the 
development of roots. Similar results were obtained by 
Corrêa Junior et al. (2013) when worked with different 
chemicals on germination of maize seeds. According to 
these authors, these results show that the application of 
the insecticide thiamethoxam at high doses produced a 
phytotoxic effect for root growth in maize seedlings. 

There was interaction between the doses of thiame-
thoxam and inoculation with Azospirillum for the root 
volume. When seeds were not inoculated, there was no 
effect of thiamethoxam doses. As well as for root length, 
the phytotoxic effect of the insecticide was observed 
when applied at high doses. Tavares et al. (2007) 
examined the effect of thiamethoxam on soybean seed 
germination, and observed higher root and leaf volume 
when the product was applied. In accordance with 
Almeida et al. (2011), this difference between the dose 
zero and the dose providing the highest response, 
containing thiamethoxam, can be because this insecticide 
enables a greater expression of the germination potential, 
leaf area, root length and seedling length. With regard to 
the inoculation with Azospirillum combined with the dose 
of 80 ml of thiamethoxam, the inoculation promoted an 
increase of 30% in root volume. In the other treatments (0 
and 120 ml), there was no effect of inoculation. Quadros 
(2009) registered a root volume of 60 to 80% higher in 
seedlings whose seeds were inoculated with Azospirillum 
compared with non-inoculated seedlings. For the shoot 
dry weight (Table 4), the treatments with the lowest 
doses of thiamethoxam inoculated with A. brasiliense 
were better than the non-inoculated. Likewise, Dartora et  

Thiametoxam 
dosage (ml) 

Shoot length (cm)  Stem diameter (mm)  Shoot/stem ratio 

NI I Mean  NI I Mean  NI I Mean

0 10.77 Bb 12.06 Aa 11.41  2.42 Bb 2.60 Aa 2.51  4.46 Aa 4.64 Aa 4.55 
80 11.07 ABb 11.96 Aa 11.51  2.60 Aa 2.66 Aa 2.63  4.26 Aa 4.49 Aa 4.37 
120 11.89 Aa 9.55 Bb 10.72  2.66 Aa 2.61 Aa 2.63  4.47 Aa 3.66 Bb 4.07 

Mean 11.24 11.19 11.22  2.56 2.62 2.59  4.40 4.26 4.33 

 

       

Root length (cm) Root volume (cm3) 

NI I Mean  NI I Mean 

0  18.29 19.53 18.91AB  0.50Aa 0.49ABa 0.49 
80  19.64 20.01 19.82A  0.46Ab 0.60Aa 0.53 

120 18.72 17.78 18.25B  0.47Aa 0.44Ba 0.46 
Mean 18.88 19.10 18.99  0.48 0.51 0.49 
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Table 4. Shoot dry weight, root dry weight, total dry weight and root/shoot ratio of maize seedlings derived from seeds treated 
with thiamethoxam (0; 80 and 120 mL per 60,000 seeds) and inoculated with A. brasilense (0 and 100 mL per 25 kg seeds). 
 

 

Means followed by different letters; uppercase in the column and lowercase in the row are significantly different by Tukey’s test at 
5%. NI, Non-Inoculated; I, Inoculated. 

 
 
 
al. (2013) observed increased yield of root dry weight for 
treatments inoculated with Azospirillum spp. The high 
dose of thiamethoxam associated with the inoculation 
was the treatment with the lowest increase in weight. 

Considering the root dry weight, between the three 
doses of thiamethoxam, the lowest values were found at 
the dose of 0 ml. The inoculated treatments exhibited the 
highest mean value of root dry weight than non-inocu-
lated treatments, corroborating the results of Santos et al. 
(2008) inoculating the growth promoting bacteria in melon 
plants, and Dawwam et al. (2013) working with seven 
isolates in potato. For the root/shoot ratio, all treatments 
showed mean values above 1, indicating that seedlings 
invested more in root than shoot. At the highest dose of 
thiamethoxam (120 ml), the non-inoculated treat-ment 
showed the lowest ratio compared with the inocu-lated 
treatment. This is because, when inoculated, Azospirillum 
affects the plant cell membrane activity, leading to 
changes in the morphology of roots, resulting in an 
increase in the root system (Bashan et al., 2004). 
 
 
Conclusions 
 
The chemical compound thiamethoxam is toxic to A. 
brasilense, reducing its population. Seed inoculation with 
A. brasilense results in significant gains on the physio-
logical quality of maize seedlings, represented by 
increases in various morphometric variables along with 
increased emergence speed. The dose of 80 ml thiame-
thoxam per 60,000 seeds performs best when combined 
with inoculation acting synergistically, due to the reduc-
tion in bacterial mortality and to the moderate effect of 
bioactivation, showing better results of growth in roots 
and shoots. 
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