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Abstract:

Nitrogen topdressing is essential for forage production, but the high cost of fertilizers stimulates the
search for new technologies, such as the use of diazotrophic bacteria, which can fix the atmospheric
nitrogen. To evaluate the potential of this technology in providing the amount of nitrogen requested by
xaraés grass as topdressing, plants were fertilized at planting with an N rate of 100 kg ha™!, inoculated
with strains of diazotrophic bacteria and Azospirillum brasilense, and compared with plants that
received 100 kg ha' of N at planting and as topdressing during two periods of shoot growth (58
days in the first period and 26 days in the second period) in 20-dm’ pots. The data were subjected
to analysis of variance and means compared by the Scott-Knott test at 5% significance. The leaf
area of xaraés grass inoculated with strain UN42 was similar to that of plants that received nitrogen
topdressing. However, grass biomass production was higher when nitrogen topdressing was applied.
Plant inoculation with Azospirillum brasilense and strains UN16, UN17, UN21, UN33, UN49, and
UN78 increased crude protein contents of xaraés grass when compared to nitrogen fertilization at
planting without inoculation. However, grass inoculation with diazotrophic bacteria does not replace
nitrogen topdressing completely.

Keywords: Azospirillum brasilense, biological nitrogen fixation, root system, sustainable production,
Urochloa brizantha

Resumo

A adubacgdo nitrogenada em cobertura ¢ imprescindivel para a produ¢do de forragem, mas o elevado
custo dos fertilizantes estimula a busca por novas tecnologias, como o uso de bactérias diazotroficas,
que podem fixar o nitrogénio atmosférico. Para avaliar o potencial dessa tecnologia em suprir a
quantidade de nitrogénio requerida pelo capim-xaraés em cobertura, as plantas foram adubadas em
plantio com dose equivalente a 100 kg ha' de N e inoculadas com estirpes de bactérias diazotroficas
e Azospirillum brasilense, e comparadas com plantas que receberam 100 kg ha! de N em plantio e

Cienc. anim. bras., Goiénia, v.20, 1-12, e-38586, 2019



2 DIAS. M..S. et al.

em cobertura, durante dois periodos de crescimento da parte aérea (58 dias no primeiro periodo e 26
dias no segundo periodo), em vasos de 20 dm?®. Os dados foram submetidos a andlise de variancia
e as médias comparadas pelo teste Scott-Knott a 5% de significancia. A area foliar do capim-xaraés
inoculado com a estirpe UN42 foi semelhante a das plantas que receberam adubacgdo nitrogenada em
cobertura. Todavia, a produ¢@o de massa do capim foi maior quando houve adubacao nitrogenada em
cobertura. A inoculagdo das plantas com Azospirillum brasilense e as estirpes UN16, UN17, UN21,
UN33, UN49 e UN78 aumentou os teores de proteina bruta do capim-xaraés em relacdo a adubacao
nitrogenada em plantio sem inoculacdo. Porém, a inoculagdo do capim com as bactérias diazotroéficas
ndo substitui totalmente a adubagdo nitrogenada em cobertura.

Palavras-chave: Azospirillum brasilense, fixagdo bioldgica de nitrogénio, produgdo sustentavel,
sistema radicular, Urochloa brizantha
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Introduction

Brazil has more than 170 million hectares of arable lands occupied by pastures, in which the genus
Urochloa (Syn. Brachiaria) stands out for occupying over half of this area”. However, extensive
areas established with Urochloa display some degree of degradation®. The low natural fertility of
soils, associated with a low fertilizer application, is among the main factors that result in the pasture
degradation process®. Thus, fertilization is essential to maintain the productive capacity of pastures,
especially nitrogen fertilization®. Nitrogen is the most limiting element for forage production due to
the high quantity required by plants and physiological functions performed by this element!-. At first,
nitrogen changes some morphological characteristics of pastures, such as leaf size and development
and appearance of tillers®. This nutrient can also improve nutritional traits of forage plants by
increasing the crude protein content and decreasing the concentration of structural carbohydrates®”.

It is clear that nitrogen fertilization is extremely important in pasture production systems, but the
cost of nitrogen fertilizers is high, and their use may result in environmental problems when the
management of fertilization is inadequate®. Thus, the adoption of technologies that can contribute
to maintaining the productive capacity of forage plants in a more economical manner and with
fewer environmental risks should be prioritized®. In this scenario, the inoculation of pastures with
diazotrophic bacteria may be a promising alternative because of the biological nitrogen fixation
(BNF)!9, In addition to increasing the uptake of nitrogen, diazotrophic bacteria produce hormones
that can alter the morphology of the root system and increase the biomass production of this tissue,
thereby increasing soil exploitation capacity"). However, the association of diazotrophic bacteria
may be conditioned to vegetation, and different cultivars of Urochloa may have a selective effect on
the bacterial population, resulting in different responses regarding the contribution of BNF in forage
grasses!?,

Most researches on nitrogen-fixing bacteria in forage grasses were conducted between the 60s and
80s, especially with species of the genus Azospirillum®. Yet, few studies evaluated the effects of
BNF on the morphological and chemical characteristics of forage grasses, which are known to be
significantly modified by nitrogen fertilization®”. Therefore, it is necessary to resume the research
with BNF in forage grasses, given that new strains of bacteria can be found and their BNF potential
can be exploited®!'*!?. Moreover, it is interesting to evaluate the ability of new strains of diazotrophic
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bacteria to provide the amount of nitrogen required by forage grasses throughout their growth (nitrogen
topdressing) since positive results could represent significant advances in forage crops. Thus, we
aimed to evaluate some morphological, productive, and chemical traits of Urochloa brizantha cv.
Xaraés (xaraés grass) inoculated with strains of diazotrophic bacteria and Azospirillum brasilense
and determine the potential of this technology to provide the nitrogen required as topdressing by
xaraés grass. Our hypothesis is that xaraés grass inoculated with strains of diazotrophic bacteria and
Azospirillum brasilense decreases its nutritional requirement by nitrogen due to BNF, decreasing the
need for nitrogen at topdressing.

Material and Methods

The study was carried out from August to December 2014, in Alfenas-MG (21°25°44” S and 45°56°49”
W), which is located in the southeast region of Brazil, at an altitude of 888 m. The regional climate
is a tropical mesothermal, according to Kdppen classification. Climate conditions recorded during
the study are shown in Figure 1. The soil used in this study was classified as an Oxisol, with a clayey
texture and the following chemical properties analyzed in the top 0-20 cm layer!: pH (H20) = 5.2;
P-Mehlich = 0.5 mg dm?3; K+ = 21 mg dm?; Cax+ = 0.3 cmolc dm; Mg>+ = 0.2 cmolc dm?; Als+ =
0.2 cmolc dm™; H+Al = 2.6 cmolc dm?; sum of bases = 0.55 cmolc dm?; potential CEC = 3.15 cmolc
dm; base saturation (V%) = 17.5; aluminum saturation (m%) = 26.5; and organic matter (O.M.) =
60 g kg! of soil.
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Figure 1: Average temperatures and accumulated precipitation during the studied period (from soil
incubation to the second harvest of the xaraés grass shoots) from the weather station of the Universidade
José do Rosario Vellano - UNIFENAS.

The study was conducted in plastic pots with a capacity of 20 dm? of soil, aiming to minimize
possible experimental errors. The soil used in the experiment (properties mentioned above) was
transferred to pots after its acidity was corrected (dolomitic limestone with 90% relative TNP to
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increase base saturation to 70%) and fertilization was applied at planting, being 90 kg ha™! P-Os as
single superphosphate (18% P20s, 16% Ca, and 8% S) and 120 kg ha' K-O as potassium chloride
(60% K-0). Subsequently, the soil remained incubated for 40 days, with moisture maintained at
70% of the field capacity by using distilled water. During the soil incubation period, plantlets of
xaraés grass were cultivated for 21 days in Styrofoam trays containing a substrate composed of
pine, peat, and vermiculite. After the soil incubation period, six plantlets were transferred to each
plastic pot, which marked the beginning of treatments, which consisted of nitrogen fertilization at
planting (control treatment); nitrogen fertilization at planting and nitrogen topdressing; nitrogen
fertilization at planting and inoculation with Azospirillum brasilense; and nitrogen fertilization at
planting and inoculation with new strains of diazotrophic bacteria.

Nitrogen fertilization at planting was applied to all treatments at five days after plantlet transplanting
at a rate of 100 kg ha' as urea (45% N). In the treatment that received nitrogen fertilization at
planting and topdressing, a rate equivalent to 100 kg ha™! was applied as topdressing in the form
of urea, split into two applications (20 and 58 days after transferring the plantlets to the pots). In
treatments in which plantlets were incubated with Azospirillum brasiliense (Masterfix Gramineas®
with strains AbVS5 and AbV6 - 2 x 108 viable cells per mL) and strains of diazotrophic bacteria,
the inoculation was performed two days after nitrogen fertilization at planting to prevent possible
problems with the establishment of bacteria. Strains used in the inoculation of xaraés grass belong
to Universidade José do Rosario Vellano UNIFENAS (UNIFENAS 100-02, UNIFENAS 100-06,
UNIFENAS 100-16, UNIFENAS 100-17, UNIFENAS 100-21, UNIFENAS 100-28, UNIFENAS
100-30, UNIFENAS 100-31, UNIFENAS 100-33, UNIFENAS 100-34, UNIFENAS 100-35,
UNIFENAS 100-40, UNIFENAS 100-42, UNIFENAS 100-43, UNIFENAS 100-49, UNIFENAS
100-51, UNIFENAS 100-67, UNIFENAS 100-69, UNIFENAS 100-71, UNIFENAS 100-78,
UNIFENAS 100-82, and UNIFENAS 100-280). Strains were named, respectively, as UN02,
UNO06, UN16, UN17, UN21, UN28, UN30, UN31, UN33, UN34, UN35, UN40, UN42, UN43,
UN49, UN51, UN67, UN69, UN71, UN78, UN82, and UN280. These strains were selected when
they were able to produce the phytohormone indole-3-acetic acid (IAA) in vitro and solubilize
phosphate (unpublished data). It should be mentioned that strains of diazotrophic bacteria used to
inoculate xaraés grass were isolated from the root system (endophytic) and the soil cultivated with
plants of Urochloa brizantha cv. Marandu. Subsequently, the strains of bacteria were cultivated in
PDA (potato dextrose agar) medium and incubated for three days under stirring at 28 °C. Plantlet
inoculation process was performed with an aliquot of 5 mL of a suspension of cells containing
around 10° cells. Plastic pots containing non-inoculated and inoculated xaraés grass plantlets were
distributed in random blocks with four replications (four pots per treatment), totaling 25 treatments
and 100 experimental units.

During the study, the soil was irrigated periodically with distilled water to keep soil moisture at
70% of the field capacity. The first harvest of the xaraés grass shoots was made fifty-eight days
after the plantlets were transplanted, at 10 cm above the soil surface, adopting the plant height (40
cm) as the criterion for harvesting. After the first harvest, plants were inoculated again with their
respective treatments, according to the procedure described for the first inoculation. The second
harvest of the xaraés grass shoots occurred twenty-six days after the first harvest (10 cm above soil
surface), adopting the same criterion as the first harvest. However, before the harvest was made,
width and length of xaraés grass leaves (first fully expanded leaf in the direction from the apex to
the plant base) was measured with a graduated ruler, which allowed for the calculation of leaf area
(leaf length x width) at each growth period. Subsequently, the calculated leaf area was corrected
using the multiplication factor 0.905"%. Tillers were counted during harvests for the calculation
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of the tiller appearance rate, which was determined as the quotient between the number of tillers
and growth interval at each period (days). After the second harvest was made, the soil adhering to
the root system of xaraés grass was separated, and the length of the main root was measured with
a graduated ruler. Subsequently, the collected material (shoots from two growth periods and root
system) was dried in a forced air ventilation oven at 60 °C for 72 h. The dry plant material was
placed on a precision scale to determine dry matter production, ground in a Wiley mill with 1-mm
sieves, and subjected to chemical analyses.

Chemical analyses were performed only in the plant material originating from the second growth
of the xaraés grass shoots due to the limitation imposed by the amount of plant material generated
in the first growth period. Dry matter (DM) and total nitrogen (TN) contents were determined
by methods described by the Association of Official Analytical Chemists"'®. Crude protein (CP)
content was obtained by multiplying TN content by the factor 6.25. Neutral detergent fiber (NDF)
and acid detergent fiber (ADF) contents were determined according to Goering & Van Soest'”, and
hemicellulose content was obtained as the difference between NDF and ADF. The total digestible
nutrients (TDN, Eq. 1), digestible energy (DE, Eq. 2), metabolizable energy (ME, Eq. 3), and dry
matter digestibility (DMD, Eq. 4) were calculated by equations described by Rodrigues®:

TDN = 87.48 - (0.7 x ADF) (Eq. 1)
where:

TDN - total digestible nutrients (%)

ADF - acid detergent fiber (%)

DE = TDN x 0.04409 (Eq. 2)
where:

DE - digestible energy (Mcal kg'' DM)

TDN - total digestible nutrients (%)

ME = DE x 0.82 (Eq. 3)
where:

ME - metabolizable energy (Mcal kg DM)

DE - digestible energy (Mcal kg' DM)

DMD = 88.9 - (0.779 x ADF) (Eq. 4)
where:

DMD - dry matter digestibility (%)

ADF - acid detergent fiber (%)

The data obtained were subjected to the analysis of variance, with means compared by the Scott-
Knott test at 5% significance using the Sisvar® statistical program?. The mathematical model
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used in the analysis of the data is described below:

Yijk = p + ti + k(j) + &ijk

where: p = constant of the experiment; ti = effect of the treatment i (i = 1, ..., 25); Bk(j) = effect of
the block k within the period j (k =1, ..., 4); €ijk = effect of the experimental error.

Results and Discussion

Inoculation of xaraés grass with the diazotrophic bacteria strains UN02, UN21, UN28, UN31,
UN33, UN35, UN40, UN42, UN51, and UN71 in the first growth period resulted in higher
leaf width values than in plants inoculated with Azospirillum brasilense, but lower values when
compared to those of plants that received nitrogen topdressing (Table 1). However, the leaf width
of plants inoculated with the strains mentioned above was the same as the results obtained in
the treatment with nitrogen topdressing in the second growth period. The highest values of leaf
length and leaf area were found when plants received nitrogen topdressing, but plant inoculation
with strain UN42 resulted in values close to those observed in this treatment, in both growth
periods of the xaraés grass shoots. This fact can be attributed to the higher nitrogen uptake by
xaraés grass in these treatments, as this nutrient stimulates the synthesis of enzyme ribulose-1,5-
bisphosphate carboxylase oxygenase, which is involved in the carbon assimilation and, in turn,
results in a higher length and larger leaf area*-2".

The greatest tillering in xaraés grass was found in the treatment with nitrogen topdressing in both
growth periods, which resulted in higher tiller appearance rates when compared to the others
(Table 1). It occurs because nitrogen addition increases the capacity of formation of axillary
buds, which originate new tillers in forage grasses®. Biomass production by the xaraés grass
shoots was also higher when nitrogen topdressing was applied in both growth periods. Although
plant inoculation with bacteria strain UN42 resulted in a larger leaf area than other strains, this
fact did not result in higher biomass production. Larger leaf areas are not necessarily associated
with higher dry matter yields since the leaf blade thickness may be lower®?.

The greatest lengths and dry matter yields in the roots of xaraés grass occurred when nitrogen
topdressing was applied (Table 1). However, it is noteworthy that plant inoculation with
nitrogen-fixing bacteria resulted in greater root lengths when compared to those of the control
system, especially strains UN06, UN17, UN21, UN40, UN42, and UN78, which provided a
higher biomass production when compared to the others. Nitrogen is the nutrient that most
influences root development, and when supplied adequately, it allows for the higher accumulation
of carbohydrates by the root system, which usually results in greater length and biomass
production®?. In addition to increasing nitrogen uptake, diazotrophic bacteria stimulate hormone
production, modifying the morphology of the root system and increasing biomass production of
this tissue, which results in a higher soil exploitation capacity".

It is clear that nitrogen supply is essential for the development of xaraés grass and that plant
inoculation with strains of diazotrophic bacteria associated with nitrogen fertilization at planting
may result in better morphological and productive traits when compared to inoculation with
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Azospirillum brasilense and nitrogen fertilization at planting without inoculation (Table 1).
Nevertheless, it is important that plant inoculation improve chemical traits of xaraés grass
to justify the recommendation of this technology. Therefore, it can be observed that DM and
NDF contents of xaraés grass (Table 2) inoculated with some strains of diazotrophic bacteria
belonging to UNIFENAS were the same as those of plants that received nitrogen topdressing.
There was no significant difference (P<0.05) between ADF, hemicellulose, TDN, DE, and ME
contents between plants that received nitrogen topdressing and those inoculated with strains
of diazotrophic bacteria and Azospirillum brasilense. The NDF and ADF contents had a direct
effect on digestibility and intake of forage by ruminants, being used as forage quality parameters.
Concentrations of NDF above 55% and ADF contents above 40% result in lower digestibility and
intake of forage by ruminants®®. The NDF and ADF contents of xaraés grass found in this study
are higher than the range considered limiting to forage intake, in all treatments, which indicates
that these contents are more closely related to physiological and structural traits of the forage
grass than to the supply of nitrogen®.

Dry matter digestibility of xaraés grass was not significantly altered (P<0.05) the treatments
(Table 2), which may be attributed to the small variation in NDF and ADF contents®®. Regarding
CP content, the highest value was found with nitrogen topdressing (Table 2). It is extremely
desirable for the feeding of ruminants that CP contents of forage remain above 7% since values
below this threshold lead to lower forage digestion due to inadequate levels of nitrogen, which
is limiting to the development of ruminal microorganisms, especially fibrolytic bacteria®). In
this regard, it is important to emphasize that plant inoculation with strains UN16, UN17, UN21,
UN33, UN49, and UN78 resulted in CP contents higher than 7%, and the same result was obtained
with inoculation with Azospirillum brasilense.
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Table 1. Leaf width (LW, cm), leaf length (LL, cm), calculated leaf area (LA, cm?), number of tillers (NT, units per pot), tiller appearance rate (TAR.
tillers per day), and dry matter yield (DMY, g per pot) in the first and second periods of growth of the shoots, and root length (RL, cm) and dry matter
yield (DMY, g per pot) of the xaraés grass root system after nitrogen fertilization and inoculation with diazotrophic bacteria

DIAS. M..S. et al.

Treatment! 1** growth period 2% growth period Root system

Lw LL LA NT TAR DMY Lw LL LA NT TAR DMY RL DMY

N at planting (control) 120c 19051 2079e¢ 153b 027b 5220 141b 3582g 4598e 255b 098b 834b 3457c 942d
N at planting + topdressing  1.77a 3230a 5184a 37.0a 066a 8.15a 1.76a 5427a 8654a 575a 22l1a 2562a 6182a 2087a
N at planting + 4. brasilense 1.18c 1578k 16.73f 185b 033b 091c¢ 130b 2650k 31.03f 310b 1.19b 5.15¢ 45156 1127¢
N at planting + UN. 100-02 146b 2393e 3153c¢ 188b 033b 6.05b 160a 4020e 5822c¢ 312b 120b 8650 4095b 10.12¢
N at planting + UN. 100-06 133c¢ 21.75g 26.15d 165b 029b 532b 145b 3655g 4822d 275b 105b 682¢ 4862b 13800
N at planting + UN. 100-16 1.14¢  11.051 1145g 165b 029b 190¢ 124b 18551 2094g 275b 105b 495¢ 4135b 8.25d
N at planting + UN. 100-17 123c¢  2638c 2941c¢ 148b 026b 286¢ 135b 4432c¢ 35437d 245b 09%4b 6.19c¢ 4892b 14570
N at planting + UN. 100-21  145b 25004 3283¢ 173b 031b 410b 159a 4202d 6069c 290b 111b 10.74b 4970b 13350
N at planting + UN. 100-28 139b 1515k 19.12e¢ 143b 025b 383b 153a 2545k 3528f 235b 0950b 4.10¢ 5032b  9.87¢
N at planting + UN. 100-30 125¢ 2155g 2435e 178b 031b 541b 133b 3625g 4516e 292b 1.12b 826b 5050b 10.80c¢
N at planting + UN. 100-31 141b 2195f 28.00d 180b 032b 530b 154a 3685f 5143d 300b 115b 640c 4290b 11.10¢
N at planting + UN. 100-33 143b 1688; 2191e 165b 029b 360b 157a 2837; 404l1e 275b 1.05b 6.00c 4270b 8.97d
N at planting + UN. 100-34 128c¢c 19231 2237e 183b 032b 480b 141b 32321 4144e 305b 117b 7.00c¢ 3125¢ 8.72d
N at planting + UN. 100-35 140b 2098g 26.62d 193b 034b 478b 153a 3527g 49.01d 320b 123b 8200 51106 11.12¢
N at planting + UN. 100-40 150b 2033h 2752d 185b 033b 489%b 165a 3412h 5094d 307b 118b 8470 4440b 13300
N at planting + UN. 100-42 143b 30.00b 38.86b 178b 031b 467b 155a 35042b 71.06b 295b 113b 64lc 47.10b 14420
N at planting + UN. 100-43  1.30c 19231 22.69e¢ 17.0b 030b 453b 144b 32271 42.03e 282b 1.08b 6.04c 42706 992c
N at planting + UN. 100-49 129¢ 2293f 2691d 163b 029b 507b 141b 3855f 4933d 272b 105b 70lc 5192b 8.75d
N at planting + UN. 100-51 140b 18931 2406e 173b 030b 490b 152a 31801 440le 287b 1.10b 690¢c 4482b 9.05d
N at planting + UN. 100-67 134c¢ 18581 2264e 180b 032b 591b 146b 31201 4138e 297b 1.14b 734c 4335b 1225¢
N at planting + UN. 100-69 1.23c¢ 2130g 2357e 168b 030b 511b 134b 3580g 4342e 277b 106b 7560 3445¢ 6.80d
N at planting + UN. 100-71 1.38b  19.031 2362e 193b 034b 452b 152a 31971 4384e 320b 123b 7.09¢ 3397¢ 11.02¢
N at planting + UN. 100-78 134c¢ 2195f 26.67d 203b 036b 444b 147b 3685f 4928d 337b 129b 663c¢ 4565b 14200
N at planting + UN. 100-82 132¢ 2240f 2691d 178b 031b 454b 146b 3765f 4983d 295b 113b 6.13¢ 5265b 1185¢
N at planting + UN. 100-280 1.22¢ 22.10f 2442e 213b 038b 455b 134b 37.12f 4524e 355b 136b 3566¢ 41.62b 8.55d
P-value <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

!Means followed by different letters in the columns differ according to the Scott-Knott test
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Table 2. Dry matter (DM, %), neutral detergent fiber (NDF, %), acid detergent fiber (ADF, %), hemicellulose (HEM., %), crude protein (CP, %), total
digestible nutrients (TDN, %), digestible energy (DE, Mcal kg-! DM), metabolizable energy (ME, Mcal kg-! DM), and digestibility of dry matter
(DMD, %) in the second growth period of the xaraés grass shoots after nitrogen fertilization and inoculation with diazotrophic bacteria

2™ growth period

Treatment! DM NDF ADF HEM CP TDN DE ME DMD

N at planting (control) 15.69b 65.37b 45.10a 20.26a 4.50e 56.26 a 2.48a 2.03a 53.76 a
N at planting + topdressing 15.06 b 61.87b 48.85a 13.02a 13.76 a 53.64a 2.36a 1.93a 50.84 a
N at planting + A. brasilense 17.61 a 64.05b 4253 a 2152a 723¢ 58.06 a 2.56a 2.10a 55.76 a
N at planting + UN. 100-02 16.52b 66.02 b 44.64 a 21.38a 5.59d 56.59 a 249 a 2.04a 5412 a
N at planting + UN. 100-06 16.13 b 68.28 a 4481 a 23.47a 4.88¢ 56.47 a 2.48a 2.04a 53.99 a
N at planting + UN. 100-16 15.89b 63.82b 44.99 a 18.83 a 9.15b 56.34 a 248a 2.03a 5385a
N at planting + UN. 100-17 16.55b 65.64b 52.04 a 13.60 a 7.09 ¢ 5140 a 226a 1.86 a 48.35a
N at planting + UN. 100-21 16.72b 65.29b 50.23 a 15.06 a 7.32¢ 52.67 a 2.32a 1.90 a 49.76 a
N at planting + UN. 100-28 17.77 a 70.13 a 42,51 a 2761 a 457 58.08 a 2.56a 2.10a 55.77 a
N at planting + UN. 100-30 18.05 a 69.85a 49.23 a 20.61 a 5.62d 53.37a 235a 1.93 a 50.54 a
N at planting + UN. 100-31 17.06 b 65.65b 43.55a 22.10a 6.26d 57.35a 253a 2.07a 54.97 a
N at planting + UN. 100-33 15.97b 66.73 b 4595 a 20.77 a 7.14 ¢ 55.67 a 245a 2.0l a 53.10 a
N at planting + UN. 100-34 17.47 a 66.73 b 48.03 a 18.70 a 591d 5421 a 2.39a 1.96 a 5148 a
N at planting + UN. 100-35 16.61b 67.95a 44.57 a 23.37a 5.93d 56.64 a 249a 2.04a 54.18 a
N at planting + UN. 100-40 16.82 b 63.68 b 51.78 a 11.90 a 6.33d 51.59a 227a 1.86 a 48.55a
N at planting + UN. 100-42 17.42 a 65.14b 4323 a 2190 a 499 ¢ 57.57 a 2.53a 2.07a 55.22a
N at planting + UN. 100-43 17.99 a 71.75a 47.60 a 2414 a 5.85d 54.51a 240a 1.97 a 5181a
N at planting + UN. 100-49 16.66 b 66.21b 48.81 a 1740 a 7.02¢ 53.66 a 236a 1.94 a 50.88 a
N at planting + UN. 100-51 16.70 b 67.99 a 54.49 a 13.50 a 5.70d 49.69 a 2.19a 1.79 a 46.45 a
N at planting + UN. 100-67 18.77 a 72.06 a 45.69 a 26.37 a 5.07 e 55.85a 246a 2.02a 53.30a
N at planting + UN. 100-69 19.29 a 69.21a 4781 a 2140a 5.65d 54.37 a 2.39a 1.96 a 51.65a
N at planting + UN. 100-71 16.58 b 69.11a 43.38 a 2573 a 5.19¢ 5747 a 2.53a 2,07 a 55.11a
N at planting + UN. 100-78 17.52 a 63.92b 44.87 a 19.04 a 7.39¢ 56.42 a 249a 2.04a 53.94a
N at planting + UN. 100-82 17.12b 69.16 a 46.93 a 2223 a 511e 54.99 a 242a 1.98 a 5234 a
N at planting + UN. 100-280 17.77 a 65.90 b 44.87 a 21.02a 548d 56.42a 2.49a 2.04a 53.94 a
P-value <0.001 0.014 0.064 0.410 <0.001 0.064 0.430 0.432 0.431

IMeans followed by different letters in the columns differ according to the Scott-Knott test
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Conclusions

This study showed that inoculation of xaraés grass with Azospirillum brasilense and some strains of
diazotrophic bacteria from UNIFENAS collection increases nitrogen uptake by the forage, but does
not replace nitrogen topdressing completely since the dry matter yield of plants inoculated was lower
compared to plants that received nitrogen at topdressing.

When no nitrogen topdressing is applied, plant inoculation with diazotrophic bacteria associated
with nitrogen fertilization at planting can be a promising alternative when compared to nitrogen
fertilization at planting only.

Plant inoculation with bacterial strain UN42 increases leaf area of xaraés grass, but only strains
UNO02, UN21, UN35, UN40, and UN69 result in a higher biomass production when compared to the
control treatment and inoculation with Azospirillum brasilense.

Although inoculation of xaraés grass with strains UN35 and UN69 resulted in a higher biomass
production when compared to the control treatment and inoculation with Azospirillum brasilense,
chemical properties of the forage inoculated with these strains may limit grazing activity performed
by ruminants.

The only strain that resulted in a higher biomass production associated with improvements in the
chemical properties was UN21, suggesting that this strain has the potential to be used in the cultivation
of xaraés grass.
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