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The largest numbers of the Brazilian traditional upland rice varieties are found in the Maranhdo state,
Northeast region of Brazil. However, no information is available on the diazotrophic bacterial population
associated as well as the plant growth promoting potential when these traditional genotypes are inocu-
lated with native strains. Here, we evaluated the response of ten traditional rice varieties to inoculation
with ten diazotrophic strains, previously isolated from rice soil of this region and screened for their abil-

K?y words: . ity to produce indole-3-acetic acid (IAA) in vitro. The procedure for selection of the best diazotrophic
Nitrogen fixation e . . . . . .. L. . 6 .
Oryza sativa strain/rice variety interaction involved three steps: gnotobiotic conditions, soil pot and field experi-

ments. The gnotobiotic experiment showed that the Azospirillum amazonense strain AR3122 increased
the biomass of the traditional varieties Cana Roxa and Cana Forte (28 and 48%, respectively) while this
effect was less evident for the other combination of strains/rice varieties. The soil pot experiment showed
that the combination of Burkholderia vietnamiensis strain AR 1122 and traditional variety Arroz 70 was
superior to the other strains/varieties and the treatment fertilized with 100 kgNha~'. The best per-
formance of the Burkholderia vietnamiensis strain AR1122/variety Arroz 70 was confirmed in the field
experiment. There was an increase of up 10 and 29% in the grain yield in comparison to both the N fer-
tilization and Herbaspirillum seropedicae ZAE 94 strain treatments, respectively. In contrast, the response
of the commercial variety Bonanga to inoculation with strain AR1122 was much lower, suggesting that
a biofertilizer inoculation program for traditional rice varieties should consider the genetic interaction
between strain and rice variety. The diazotrophic B. vietmaniensis strain AR1122 was a good biofertilizer
candidate for inoculation of traditional rice varieties and therefore should be used for further studies
to confirm the strain-genotype effect envisaging a sustainable rice crop system mainly in the Northeast
region of Brazil.

Plant growth promoting bacteria
Biofertilizer
Burkholderia vietnamiensis
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1. Introduction expected an increase in the amount of chemical fertilizers to be

applied (Gregory et al., 2010); including nitrogen (N) that is the

Rice (Oryza sativa L.) is an excellent source of carbohydrates and
proteins and has been considered by FAO a strategic crop for food
security of the world population due to its ample adaptation to cli-
mates and soils (FAO, 2006). It is well known the need for increasing
global rice production to attend the food demand mainly of highly
populated countries like China and India. It has been estimated that
the global rice production must reach the equivalent to 430 Mil-
lion tons by the year 2030 (Timmer et al., 2010) and about 455
million of tons by the year 2050 (Mohanty et al., 2010). It is also
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most limiting nutrient for the rice crop (Ladha and Reddy, 2003).
The literature has shown that only one- third of the applied N is
utilized by rice plants while the other one-third remains in the soil
at the crop harvest and the rest is lost as gas to the atmosphere,
mostly through ammonia volatilization (Buresh et al., 2008). Thus,
it becomes important to find alternatives to reduce the use of N
fertilizers applied to rice crop without decreasing the productivity
and causing risks of environmental pollution.

The association of nitrogen-fixing bacteria or diazotrophs with
rice varieties is one alternative that has been strategically thought
to replace part of the N fertilizer required by the plant and in
addition, indirectly helping the plant to assess other nutrients
added or naturally present in the soil. Many rhizospheric and
endophytic diazotrophic species, including Azospirillum brasilense,
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Table 1

Origin and indole-3-acetic acid production (IAA) by the bacterial isolates belonging to the genera Azospirillum, Burkholderia and Sphingomonas utilized in association with
traditional rice cultivar from Maranhdo (Ma) state to select strains with potential biofertilizer use.

Strain identification Bacterial Species Locality of soil sampled Part of the IAA production
plant? (MmL-1)
AR3122 Azospirillum amazonense Arari, Ma RD 186
VR218 Azospirillum amazonense Vitéria do Mearim, Ma RD 303
VF2213 Azospirillum amazonense Vitéria do Mearim, Ma PA 164
AR2112 Sphingomonas sp. Arari, Ma RD 219
BF1358 Burkholderia vietnamiensis Bacabal, Ma PA 75
AR1135 Burkholderia sp. Arari, Ma RL 36
BR2113 Burkholderia vietnamiensis Bacabal, Ma RD 16
AR1124 Burkholderia vietnamiensis Arari, Ma RD 52
VR2117 Burkholderia vietnamiensis Vitéria do Mearim, Ma RL 32
AR1122 Burkholderia vietnamiensis Arari, Ma RL 62
ZAE94-reference biofertilizer strain Herbaspirillum seropedicae Seropédica, R] RD 88

RL - washed roots; RD - disinfested roots; PA - aerial part.

Azospirillum amazonense, Herbaspirillum seropedicae, Burkholderia
tropica, Burkholderia vietnamiensis and Sphigomonas sp., have been
found colonizing in high numbers many rice varieties growing in
tropical regions (Baldani and Baldani, 2005). It has been demon-
strated that certain rice varieties respond positively to inoculation
when selected diazotrophic strains from these species were used
as biofertilizer (Tran Van et al., 2000; Govindarajan et al., 2008;
Rodrigues et al., 2008; Ferreira et al., 2010). In addition, 1°N analysis
of inoculated rice varieties indicated that part of the N accumu-
lated in plant tissues and grains is derived from the biological
nitrogen fixation (BNF) process (Baldani et al., 2000; Boddey et al.,
1995; Malarvizhi and Ladha, 1999). The literature has also shown
that in addition to BNF, some of these inoculated diazotrophic
bacteria may also enhance the plant nutrition by using other mech-
anisms such as production of phytohormones (Peng et al., 2002),
siderophore production (Govindarajan et al., 2008) and solubili-
zation of P and Zn (Saravanan et al., 2008). Therefore, selection of
efficient strains to enhance yield productivity of rice should con-
sider the characteristics above as well as its ability to establish in
the roots and compete with the native microbial community.

The plant genotype, besides environmental factors, is a very
important agronomical aspect that should be considered during
selection of diazotrophic strains since it may act as selective filter
for the rhizospheric and endophytic bacteria that associate with
the plants. Recent study carried out with 10 rice cultivars strongly
suggested that plant genotype determined the composition of the
different bacterial communities across cultivars (Hardoim et al.,
2011). The authors observed that traditional and modern rice culti-
vars are constituted by different bacterial association and suggested
that part of this effect may due to the plant breeding strategies for
higher-yield crops. In fact, previous studies have already shown
that traditional rice varieties harbor bacterial populations differ-
ent from those found in modern varieties (Engelhard et al., 2000;
Knauth et al., 2005). In addition, few reports have also demon-
strated the crucial role played by genotypes in the population
of diazotrophic endophytic bacteria colonizing rice plant tissues
(Elbeltagy et al., 2001; Baldani et al., 2000; Sasaki et al., 2010).

In the Maranhdo state, northeast region of Brazil, the largest
numbers of traditional Brazilian upland varieties of rice are found
(Fonseca et al., 1982). These genotypes are less dependent on N
fertilizer and are more adapted to the region since no or low N fer-
tilizer level has been applied along the years due to the traditional
practice implemented by local farmers (Ferraz Junior et al., 1997).
Therefore, these traditional varieties may have acted as a “selective
filter” on the diazotrophic bacterial population associated so that
only more efficient genotype/bacteria interactions could have been
established along the years. So far, no study was carried out on the
diazotrophic bacterial population associated with these traditional
rice varieties.

The objective of this study was to evaluate the response of tradi-
tional rice varieties, grown in a rice crop region of Maranhdo state,
to inoculation with native diazotrophic bacteria isolated from soil
of the same region envisaging the selection of strains with higher
growth promoting potential than strain H. seropedicae ZAE94, com-
monly used as biofertilizer in commercial rice varieties cultivated
in Brazil.

2. Materials and methods

2.1. Strain isolation and physiological and molecular
characterization

The strains were isolated from different plant tissues (roots,
culms and leaves) of the traditional rice varieties Zebu Branco and
Manteiga grown in soil collected from three traditional rice crop
regions (Arari, Bacabal and Vitéria do Mearim) of Maranhdo state,
Northeast of Brazil. These two and the other traditional rice vari-
eties have been cultivated for many years by the local farmers that
traditionally apply very low amount of fertilizers including N. A
collection of 228 isolates were obtained from these rice varieties
and evaluated for their ability to reduce acetylene in semi-solid
media (NFb, JNFb, JMV and LGI) and production of IAA. Ten (10) dia-
zotrophic isolates (checked by acetylene reduction activity) were
selected based on their high, medium and low abilities to pro-
duce IAA (Table 1). These isolates were further identified based on
the almost complete (approximately 1400 bp) 16S rRNA sequences
according to the protocol described by Videira et al. (2009) and
taxonomically clustered in the genera Azospirillum, Sphingomonas
and Burkholderia (Table 1). The strain H. seropedicae ZAE94 was used
as a reference biofertilizer inoculant considering its positive effect
on commercial rice varieties (Baldani et al., 2000; Guimardes et al.,
2003).

2.2. Gnotobiotic experiment

The experiment was carried in a complete randomized design
with a factorial 11 x 12 (11 genotypes and 12 inoculation treat-
ments) and four replicates. Ten strains were used: six (06) of the
genus Burkholderia (VR2117, AR1122, AR1124, BR2113, AR1135
and BF1358), three (03) of A. amazonense (VR218, VF2213 and
AR3122) and one (01) Sphingomonas sp (AR2112). The strain ZAE
94 was used as positive inoculant control while autoclaved cells
were applied in the absolute control. Ten traditional varieties of
rice developed and cultivated for many decades in a rice crop
region of Maranhdo state were tested: five (05) with high (>8%)
crude protein content (Zebu Branco, Arroz 70, Cana Roxa, Bacabinha
and Braquiaria) and five (05) with medium/low (6-8%) crude pro-
tein content (Cana forte, Come Cru, Pingo D‘agua, Lajeado Liso and
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Bacaba Comprido), according to the criteria established by Araijo
et al. (2003). In addition, the commercial variety IR42 (7.82% crude
protein) was used as positive control based on its performance
during the selection of strains to inoculate rice (Guimaraes et al.,
2003).

The assay was carried out in 120mL tubes containing 60 mL
Hoagland solution without N and 6g agarL~! (Baldani et al.,
2000). The inoculation was done before the agar solidification
(approximately 40-45 °C) with 1 mL culture of each strain, grown
in Dygs medium for 16h and the Optical Density (620nm)
adjusted to one (equivalent to 10° cells mL~!). Before planting, the
seeds were disinfested (Baldani et al., 2000) and pre-germinated
in agar plates (1%). Only seedlings free of contaminants were
transferred to tubes that were maintained in growth chamber
at 25°C for 30 days. Then the plants were removed from the
agar medium washed and dried with towel paper to remove
water excess before determining the dry matter (65°C for
72h).

2.3. Pot experiment

The experiment was maintained outside the greenhouse in a
randomized block design with a factorial 6 x 9 (6 genotypes and
9 inoculation treatments) with four replicates. Rice plants were
planted in pots containing 4kg of a sieved air-dried Planossolo
type soil (series Ecologia) showing the following chemical proper-
ties: pH/H,0 - 5.8; Al - 0.1cmolcdm~3; Ca+Mg - 0.7 mgdm3;
Ca - 0.5mgdm~3; Mg - 02mgdm~3; P - 173 mgdm3; K -
45.6mgdm=3. A fertilization equivalent to 52.4kgha~!P (single
superphosphate) and 60kgha~! micronutrients FTE BR-12 (Frit-
ted Trace Elements) was carried out one week before planting.
Four rice varieties selected from the gnotobiotic experiment were
used: two from the high (Arroz 70, Braquiaria) and two from
the low protein content group (Cana forte, Come Cru). In addi-
tion, the modern rice variety Bonan¢a, commonly recommended
for cultivation in the Maranhdo state, and the commercial variety
IR42 were used. The strains were selected from the gnotobi-
otic experiment based on the higher (AR3122, AR2112, VR218)
and lower (AR1122, AR1124, BR2113, BF1358) contribution to
the dry weight accumulated in the plants. The strain ZAE 94
was used as reference biofertilizer inoculant control. The N treat-
ment received the equivalent to 100kgha='N as ammonium
nitrate.

The seeds were inoculated with strains in the proportion of
10g of peat (108 cells/g peat)kg~! seed as it has been recom-
mended by Ferreira et al. (2010). The Gum Arabic (10%) was
applied to the seeds before the inoculation with the peat con-
taining bacteria. These inoculated seeds were left to dry in
the shade before planting. Eight seeds were planted per pot
but only three homogenous seedlings were left after emer-
gence.

The inoculated treatments and control received the equivalent
of 20 and 30 kgha~! of NH4;NO3 and K,S0y4, respectively, with the
N applied half dose at 25 days (tillering) and half dose at 50 days
after emergence. The N treatment (100kgha~!) was applied in
three split doses: 20kgha~! at 25 days and two of 40kgha~! at
50 and 75 days after emergence, respectively. The soil moisture
in the pots was maintained at the field capacity. The varieties were
harvested according to their physiological grain maturation and the
following parameters were evaluated: grain yield (13% moisture),
weight of 1000 grains and crude protein content of grain. The N
content of grains was analyzed according to Tedesco et al. (1995).
The % crude protein of grain was calculated based on the N content
multiplied by the factor 5.95. This factor is based on the content
of N (16.8%) of the glutelin, the principal protein of rice (Juliano,
1985).

2.4. Field experiment

The experiment was installed in the Field Experimental Station
at Embrapa Meio Norte, Piaui State (5°05’S and 42°49'W), in a
randomized block design, disposed in a factorial 3 x 6 (three rice
varieties and six inoculation treatments) with 4 replicates. The soil
analysis showed the following chemical properties: pH/H,0 - 6.1;
Al -0.1cmolcdm—3; Ca+Mg - 7.4mgdm—3; Ca - 5.9mgdm~3; Mg
- 15mgdm=3; P - 7.8 mgdm3; K - 310 mgdm~3. The fertiliza-
tion was based on soil analysis and that recommended for the crop:
52.4kgha~1 P (single superphosphate)and 50 kg ha~! K (potassium
chloride) applied at the planting time. The traditional variety Arroz
70, selected from the pot experiment, as well as the modern variety
Bonang¢a was used in combination with four diazotrophic strains
(AR1122, AR2112, AR3122 and BR2113) also selected from the pot
experiment based on the inoculation effect on these varieties. In
addition, it was used the reference biofertilizer strain ZAE 94 and
the treatment fertilized with 100 kgha~! N. A dose of 20kgha—! N
(Urea) was applied 20 days after emergence in all treatments while
the N treatment (100 kg ha—') was applied in two split doses: first
(40kg) applied 20 days and second (60 kg) 50 days after emergence,
respectively. The soil moisture was maintained at the field capac-
ity with water irrigation. The seeds were inoculated in a similar
way to the pot experiment and 100 seeds were planted per linear
meter. Each plot (three m?) contained five lines of two m length
with 30 cm distance between rows and the three central lines, dis-
carding 0.5 m each side, were considered as the harvesting area. The
grain yield was determined based on one m?2 of each plot and the
results expressed in Mgha~! (corrected to 13% moisture). In addi-
tion, it was analyzed the weight of 1000 seeds and crude protein
content of the grains.

Data were analyzed by analysis of variance and the treatment
means were compared relative to controls (uninoculated and strain
ZAE 94) following the least significant difference (LSD) test. Unless
indicated otherwise, differences were only considered when sig-
nificant at P<0.05.

3. Results

Biomass increments of 48, 28 and 21% were observed for the
traditional varieties Cana Forte, Cana Roxa and commercial variety
IR42, respectively grown in the gnotobiotic conditions and inoc-
ulated with the A. amazonense strain AR3122 as compared to the
absolute control (Table 2). This effect was much more pronounced
when this strain (AR3122) or the strains AR2112 and VR218 were
compared with the reference biofertilizer strain ZAE94. In contrast,
inoculation of B. vietnamiensis strain AR1122 affected negatively
the biomass accumulation and significantly differed from the other
strains. Independent from the inoculated strains, the variety Arroz
70 accumulated significantly higher amount of biomass and it was
followed by varieties Come Cru, Bacaba Comprido, Cana Roxa and
Braquiaria. In contrast, the varieties Lajeado Liso and Bacabinha
accumulated significantly less biomass and differed statistically
from the other varieties (Table 2).

Analysis of the experiment carried out in pots, containing
unsterilized soil, showed that the response to inoculation with
selected strains from the gnotobiotic experiment was dependent
on the rice varieties. The traditional varieties Arroz 70 and Cana
Forte and the modern variety Bonang¢a responded to inoculation of
few selected strains and produced higher grain yield than when
inoculated with the reference strain ZAE 94 or fertilized with
100kgNha~! (Table 3). The grain yield of variety Arroz 70 was 42%
and 16%, respectively higher when inoculated with strain AR 1122
compared to strain ZAE 94 or fertilized with N. Increments of 10
to 20% were also observed for variety Cana Forte inoculated with
strain VR 218 and, the modern variety Bonang¢a with strains BR2113



Means
55.2a
48.0b
44.0c
50.4b
39.5d
33.7e
30.7e
30.9e
29.5e
28.0f

IR42
51.2
45.5
41.0
45.5
48.7
30.0
31.0
31.2
23.0
25.5

Come Cru

58.5
50.0
53.7
55.2
41.7
40.2
27.5
41.2
36.5
34.2

Cana Forte

63.0
48.2
41.5
48.2
27.7
30.2
35.2
25.7
27.7
31.7

Lajeado Liso

52.7
38.0
27.5
43.0
24.7
23.0
23.0
15.5
24.2
15.0

Pingo D'agua

51.2
47.7
40.0
47.2
34.7
36.0
27.2
32.7
27.7
23.2

Bacaba Comprido

52.0
47.0
46.2
58.5
46.5
40.0
37.7
32.0
37.2
38.2

Arroz 70

58.2
58.0
54.0
60.7
51.7
35.2
372
42.7
35.0
31.7

Braquiaria

61.0
50.7
46.7
51.2
52.2
37.7
36.0
32.0
315
26.5

Bacabinha

44.7
45.3
40.7
42.0
32.7
25.0
13.0
24.7
19.7
27.2

Zebu Branco

52.0
46.5
51.0
47.0
37.7
40.5
29.7
28.5
25.0
29.7

Rice varieties
Cana Roxa

62.3
57.5
44.3
55.5
36.0
335
40.7
34.0
37.0
355

Bacterial strains

AR3122
VR218

VF2213
AR2112
BF1358
AR1135
BR2113
AR1124
VR2117
AR1122

Dry biomass accumulation (mg plant—1) of 11 traditional rice varieties inoculated with 10 different diazotrophic bacterial strains after growing in gnotobiotic conditions for 30 days.

Table 2
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and AR1124 (Table 3). In contrast, a significant reduction of grain

Eﬁ- § yield was observed for the traditional variety Cana Forte and mod-
M0 ern variety Bonanc¢a inoculated with strain AR2112 and the variety

Come Cru inoculated with strain BF1358 when compared with the
0o ﬁ reference strain ZAE 94. On an average, the commercial variety
oM <

IR42 produced the highest grain yield as compared to the other
traditional rice varieties mainly when fertilized with 100 kg N ha~!
(Table 3).

Analysis of the yield component (1000 grain weight) indicated
that the traditional variety Brachiaria accumulated the highest
mass weight while it was lower in the commercial variety IR42
and traditional variety Come Cru (Table 4). An interaction between
rice genotypes and inoculated strains was observed. The Arroz 70
and IR 42 produced grain with weight significantly higher when
inoculated with strain VR218 as compared to other varieties inoc-
ulated with reference strain ZAE94 or fertilized with 100 kg N ha~!.
In a similar way, the variety Cana Forte produced significantly
higher 1000-grain weight when inoculated with strains AR 2112
and AR1124 as compared with the N fertilization (Table 4). Analy-
sis of the % grain protein of these varieties showed that it was higher
for varieties fertilized with 100 kg N ha~! as compared to the inoc-
ulated strains. Nevertheless, it could be seen that strains VR218,
AR 2112 and BR2113 produced grains with higher % protein and
differed from the reference biofertilizer strain ZAE94 (Table 5). The
traditional variety Come Cru produced grains with higher % crude
protein while this parameter was lowest for the commercial variety
IR42.

Analysis of the field experiment showed that strain AR1122 pro-
moted an increase of 10 and 29%, respectively, in the grain yield
of traditional variety Arroz 70 superior to the treatments fertil-
ized with 100kgNha~! and the inoculated with reference strain
ZAE 94 (Table 6). In the case of modern variety Bonanga, inocula-
tion of strains AR1122 and AR2112 also increased the grain yield
but was only 3% superior to N fertilization and 1% in relation to
the reference strain ZAE94 (Table 6). In contrast, the strain BR2113
reduced the grain yield mainly of the variety Arroz 70 and differed
statistically from the strain AR1122. Overall, the modern variety
Bonanga produced higher grain yield and differed statistically from
the traditional variety Arroz 70. In contrast to the pot experiment,
no statistical difference in the yield component (weight of 1000
grains) was observed amongst the inoculated treatments. Never-
theless, 1000-grain weight was higher mainly for the treatments
inoculated with the strains AR1122 and ZAE94 in the traditional
variety Arroz 70 that presented heavier grains than the modern

34.2
61.5
44.5B

432
42.5
38.7C

31.2
43.0
30.0E

35.0
50.0
37.7C

47.3
50.7
47.3A 44.4B
28.00

432
60.2

35.0
56.7
43.1B

~ B variety Bonanga (Table 6). Similarly, the % protein in the grain was

b9 o slightly higher in the variety Arroz 70 although it did not differ
from the variety Bonanga (Table 6). However, a significant differ-
ence in the % protein content of the grains was observed for the
variety inoculated with the strains AR1122 and BR 2113 and ref-

oo erence strain ZAE 94 but it did not differ from the treatment with

35O 100kgNha~!.
4. Discussion

00 &

S 0 ™M

<t T <

Although some traditional rice varieties (i.e. Arroz 70)
responded positively to inoculation with few isolates, no signifi-
cant interaction among isolates and rice genotypes were observed
when evaluated under gnotobiotic growth conditions. Ferreira et al.
(2003) also did not observe significant interactions among strains
H. seropedicae ZAE94 and B. kururiensis M130 inoculated in the
commercial varieties IR42 and IAC4440 grown in gnotobiotic con-
ditions. In contrast, Didonet et al. (2003) observed a positive effect
of Azospirillum strains on commercial rice varieties, recommended
for dry-land soil regions, although the plants were only 7 days-old
plants. It is already known that the plant response to IAA excreted

Absolute control (dead cells)

ZAE94 (positive control)
Means

CV. (%)

Means followed by the same letters (capital for varieties and lowercase for inoculation procedure) are not significantly different at a 5% probability by the t test (LSD).
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Table 3
Grain yield (g pot~!) response of six traditional rice varieties grown in pots and inoculated with strains selected from the gnotobiotic experiment.
Bacterial strains Rice varieties
Arroz 70 Braquiaria Cana Forte Come Cru Bonanga IR42 Means
AR3122 7.15Bab 7.6Bab 6.91Bab 6.21Bb 6.52Bab 9.23Ab 7.27
VR218 6.59ABbc 7.57Aab 7.99Aa 5.51Bbc 6.76ABab 7.56Acd 7.00
AR2112 7.24Bab 7.03BCb 5.15Dc 5.64CDbc 5.55Db 8.69Abc 6.55
BF1358 6.25ABbc 7.04ABb 6.03BCbc 4.77Cc 6.41ABab 7.66Acd 6.36
BR2113 7.38Aab 6.55Ab 6.33ABbc 5.06Bbc 7.24Aa 7.65Acd 6.71
AR1124 7.3Aab 7.11Ab 6.11ABbc 5.23Bbc 7.15Aa 7.24Ad 6.69
AR1122 8.06Aa 6.59Bb 6.38Bbc 5.83Bbc 6.43Bab 9.17Ab 7.08
ZAE94 (ref. control) 5.66Cc 7.24Bb 6.85BCab 5.49Cbc 5.96BCab 8.72Abc 6.56
N (100kgNha1) 6.96CDabc 8.99Ba 7.26CDab 8.08BCa 6.32Dab 10.72Aa 8.06
Means 6.96 7.31 6.56 5.76 6.48 8.52
CV. (%) 14.73
Means followed by the same letters (capital for varieties and lowercase for inoculation procedure) are not significantly different at a 5% probability by the t test (LSD).
Table 4
Weight of 1000 grains (g pot~!) of six traditional rice varieties grown in pots and inoculated with strains selected from the gnotobiotic experiment.
Bacterial strains Rice varieties
Arroz 70 Braquiaria Cana Forte Come Cru Bonanc¢a IR42 Means
AR3122 26.63Bab 30.56Aab 27.52Bab 22.27Ca 28.25ABa 23.13Cbcd 26.39
VR218 27.95Ba 31.20Aab 26.24Bab 22.93Ca 26.98Ba 26.56Ba 26.98
AR2112 25.01Cb 30.81Aabc 27.65Ba 22.90Ca 27.49Ba 23.87Cbcd 26.29
BF1358 26.99BCab 31.28Aab 27.32Bab 23.35Da 27.24Ba 24.63CDab 26.80
BR2113 26.54Bab 29.79Abc 27.59ABab 23.38Ca 29.05Aa 23.08Cbcd 26.57
AR1124 26.39BCab 30.93Aab 28.14Ba 23.51Da 27.46Ba 24.33CDabc 26.79
AR1122 26.44Bab 30.77Aabc 27.06Bab 22.78Ca 26.85Ba 21.76Cd 25.95
ZAE94 (ref. control) 26.76Bab 32.51Aa 26.70Bab 23.62Ca 28.99Ba 21.87¢Cd 26.74
N(100kgNha™1) 24.62Bb 28.45Ac 25.26Bb 24.6Ba 21.63Cb 21.96Ccd 2443
Means 26.37 30.70 27.06 23.27 27.12 23.46
CV. (%) 6.46
Means followed by the same letters (capital for varieties and lowercase for inoculation procedure) are not significantly different at a 5% probability by the t test (LSD).
Table 5
Grain Protein content (%) accumulated in the grain of six traditional rice varieties grown in pots and inoculated with strains selected from the gnotobiotic experiment.
Bacterial strains Rice varieties
Arroz 70 Braquiaria Cana Forte Come Cru Bonanga IR42 Means
AR3122 5.62 7.72 5.69 7.24 7.12 5.53 6.32bc
VR218 6.93 6.24 6.09 7.30 6.31 6.19 6.51b
AR2112 6.18 7.28 6.15 7.55 6.88 4.84 6.48b
BF1358 5.06 6.81 5.79 7.35 5.95 5.58 6.05bc
BR2113 535 6.57 7.07 7.82 6.35 5.16 6.43b
AR1124 4.68 6.38 6.13 8.18 6.29 5.42 6.18bc
AR1122 5.51 6.80 5.17 6.04 6.33 5.64 5.92bc
ZAE94 (ref. cont.) 5.28 5.79 6.17 7.27 5.86 4.23 5.77c
N (100kgNha-1) 7.32 8.26 7.42 9.17 835 7.34 7.98a
Means 5.77DE 6.76B 6.19CD 7.55A 6.61BC 5.55E
CV. (%) 18.07

Means followed by the same letters are not significantly different at a 5% probability by the t test (LSD).

Table 6

Grain yield, weight of 1000 grains and grain protein content (%) of two rice varieties grown under field conditions and inoculated with the strains selected from the pot

experiment.

Bacterial strains

Yield (kgha=!)

Weight 1000 grains (g)

Grain protein content (%)

Arroz 70 Bonanc¢a Means Arroz 70 Bonanca Means Arroz 70 Bonanca Means
AR1122 4336.2 5061.6 4698.9a 28.7 25.0 26.8a 8.75 8.25 8.50a
AR3122 3562.5 4884.7 4223.4ab 25.9 25.1 25.5a 8.50 6.75 7.62ab
AR2112 3006.4 5081.4 4043.9ab 275 24.2 25.8a 6.75 7.75 7.25ab
BR2113 2550.5 4523.1 3536.8b 25.5 26.0 25.6a 6.50 6.50 6.50b
ZAE94 (ref. strain) 3362.4 5011.9 4187.7ab 29.6 253 27.8a 7.00 6.50 6.75b
N (100kgNha1) 39315 4929.9 4430.7ab 28.7 25.0 26.8a 9.50 7.75 8.62a
means 3458.3B 4915.4A 27.5A 25.2B 7.83A 7.23A
CV. (%) 14.61 22.22 14.31

Means followed by the same letters are not significantly different at a 5% probability by the t test (LSD).
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by bacteria may vary from beneficial to inhibitory (Barazani and
Friedman, 1999). Although no significant correlation was observed
in the biomass accumulated (Table 2) and production IAA by the
isolates (Table 1), there was a trend in the biomass produced and
IAA detected in in vitro. The A. amazonense strains (AR3122 and
VR218) and Sphingomonas strain AR2112 produced the highest
amount of indols that may have influenced positively the biomass
accumulated in the plants. Similarly, strains that produced lower
amounts of indols, also promoted lower biomass accumulation
in the traditional rice varieties. These results contrast with that
reported by Rodrigues et al. (2008) that did not observe correla-
tion between the production of indols by A. amazonense strains
and plant growth development of commercial rice varieties IR42
and IAC4440. There is no clear explanation for these differences,
although this effect was more pronounced for the traditional rice
varieties than for modern varieties (Bonanga and IR42). The new
rice varieties have been developed for very efficient N fertilizer use
and consequently high yield productivity (Taylaran et al., 2009),
therefore an efficient interaction of beneficial diazotrophic strains
and varieties may have been reduced during the breeding pro-
gram.

In contrast to the results observed in the gnotobiotic conditions,
the grain yield of rice varieties grown in pots varied in response to
inoculation with the selected strains. The strain AR1122 vs. variety
Arroz70, strain VR218 vs. variety Cana Forte and, strains BR213 and
AR1124 vs. variety Bonanc¢a produced higher amount of grains than
the treatment fertilized with 100kgNha~'. In addition, many of
these isolates also produced higher yield than the reference biofer-
tilizer strain ZAE94. The strain ZAE 94 has been isolated from a
commercial rice variety IR25 (Baldani et al., 2000) and inoculated
in modern rice varieties such as IR42 and IAC 4440 with high yield
response (Ferreira et al., 2010) but has not yet been evaluated in
association with traditional rice varieties. The better response of
traditional rice varieties to inoculation with strains isolated from
soil collected in area cultivated with these varieties seemed to be
a good strategy for selection of adapted strains able to establish
a specific interaction and benefit these rice varieties. Interactions
between diazotrophic strains and rice varieties have already been
reported by Biswas et al. (2000) evaluating different strains in asso-
ciation with a traditional rice cutivar Pankaj and the modern variety
IR72.

Many authors have already observed that the increment in grain
yield of some inoculated rice genotypes correlates with an increase
in the weight of 1000 grains (Tran Van et al., 2000; Govindarajan
et al., 2008). In our study, it was observed that strain VR218 vs.
variety Arroz70 and variety IR42, AR2112 and AR1124 vs. culti-
var Cana Forte significantly increased the weight of 1000 grains
with values even superior to the fertilization with 100kgNha~1.
As expected, the quality of the grains (% crude protein) was higher
when the varieties were fertilized with 100 kg Nha~! mainly for
the varieties Come Cru and Brachiaria. Rodrigues et al. (2008)
also observed lower N accumulation in the grain of the vari-
ety IR42 inoculated with different strains of A. amazonense when
compared with 80 kgNha~!. Similarly, Ferreira et al. (2003) did
not detect higher % N in the grains of variety IR42 inoculated
with strain ZAE 94. In our study, the commercial variety IR42
showed the lowest % protein in the grain when inoculated with
strain ZAE94 compared to the other strains. A large variability
in the % protein content (1.65-9.33%) has already been observed
among 48 rice varieties cultivated in India (Jugran et al., 2010)
and this variability was much larger (4.4-20.2%) in rice core col-
lection grown in Brazil (Silveira et al., 2010). According the last
authors there is no relationship between the % grain protein, yield
and origin of the varieties. Therefore, it seems that the effect
observed here might be an indirect influence of the bacterial inoc-
ulation.

Evaluation of the field experiment involving the rice varieties
and strains selected from their grain yield performance in the pot
experiment, showed that the strain AR1122 (B. vietnamiensis) was
the diazotrophic bacterium with the best performance to promote
the grain yield increase of the traditional rice variety Arroz 70
cultivated in Maranhdo State. More interesting, this isolate was
capable to ensure a productivity superior to that obtained with
100 kg N ha—! and the reference strain ZAE94. The higher grainyield
detected in the variety Bonanca would be expected considering
that it is a modern commercial variety and has been improved for
higher productivity (Rotili et al., 2010). An interesting aspect was
the higher % of crude protein in the grain of both varieties inocu-
lated with the strain AR1122 although no relationship was observed
with the initial % of crude grain protein for the varieties as estab-
lished by Aradgjo et al. (2003). Other authors have also observed
an increase in % N in the grain of rice varieties inoculated with a
commercial product BioGro grown in paddy rice region in Viet-
nam (Cong et al., 2009). The increments in the yield of the variety
Arroz70 superior to the N fertilization may not be only attributed
to the BNF process. Other factors such as phytohormones (GA3 and
IAA) produced by diazotrophic strain (Chi et al., 2005) as well as the
absorption of N by the roots (Saubidet et al., 2002) associated with
other mechanisms such as P solubilization (Govindarajan et al.,
2008) should also be considered.

These results suggest that a biofertilizer inoculation program for
traditional rice varieties should consider the association between
a specific strain and a variety cropped in the area. The reference
biofertilizer strain ZAE94, isolated a long time ago from a commer-
cial rice variety IAC25 (Baldani et al., 2000), has shown positive
effect when inoculated in commercial rice varieties such as IR42
and IAC4440 (Guimaraes et al., 2007; Ferreira et al., 2010) but
not for the traditional cultivar Arroz 70 as well as for the other
traditional varieties tested in pot conditions. Additional studies
involving the inoculation of other traditional rice varieties with
the B. vietnamiensis AR 1122 strain in Northeast rice region of
Brazil, mainly Maranhdo state, may help to confirm the strain-
genotype effect observed here. A question has been raised about
the use of Burkholderia strains as biofertilizers in the agriculture
mainly because this genus includes pathogenic species to human
(Suarez-Moreno et al., 2012). However, it seems that this restric-
tion does not apply to Burkholderia nitrogen-fixing species (Hirsch
et al,, 2012). These authors demonstrated, using various bioassays
(for ex. Caenorhabditis elegans and HeLa cells), that this specific
group is not pathogenic. In addition, it was also showed that these
nitrogen-fixing specieslack the T3SS secretion system and phyloge-
netical analyses, involving several housekeeping genes, suggested
that these plant-beneficial species are clearly separated from the
pathogenic ones. Therefore, the nitrogen-fixing B. vietnamiensis AR
1122 strain might be potentially beneficial and should be tested
under different rice crop systems to confirm its biotechnological
application as a commercial biofertilizer.
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