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Abstract: The objective was to evaluate single and co-inoculation with Azospirillum brasilense, Pseudomonas fluorescens, 
and Bacillus subtilis, combined with different N rates, on morphophysiological and yield parameters of a Pennisetum 
glaucum × P. purpureum hybrid. The experiment was conducted in randomized blocks over two years. Treatments 
comprised inoculation and nitrogen fertilization: control (no inoculation, no N); 100% of the N rate; 80% of the N rate; A. 
brasilense + 80% N; P. fluorescens + 80% N; B. subtilis + 80% N; A. brasilense + P. fluorescens + 80% N; and A. brasilense + B. 
subtilis + 80% N. Pearl millet plant height, tiller density, leaf-to-stem ratio, dry matter yield, and relative leaf chlorophyll 
index were measured. Tiller density varied by harvest, with B. subtilis + 80% N exhibiting the highest values. The application 
of P. fluorescens combined with 80% N resulted in the highest dry matter yield, exceeding the 100% N treatment without 
inoculation and representing a 29% increase with a 20% reduction in N application. Co-inoculation did not provide 
additional dry matter yield increases in the pearl millet × napier grass hybrid. Thus, under the tested conditions, the most 
effective strategy was inoculation with P. fluorescens combined with 80% of the recommended N rate. 
 
Keywords: Cerrado biome; Growth-promoting bacteria; Forage yield; Pennisetum glaucum; P. purpureum. 
 
Introduction 
 
Pastures are the main source of feed for ruminant animals in Brazil and around the world; however, a substantial proportion 
of these areas is affected by varying degrees of degradation, necessitating the implementation of more effective 
management practices for their restoration (Santos et al., 2022). Restoration of these areas can enhance ecosystem services 
and biodiversity, with modeling studies suggesting strategic trade-offs between agricultural expansion and environmental 
conservation (Schüler, 2022).  
The application of microbial inoculants based on plant growth-promoting bacteria is among the sustainable approaches for 
restoring these areas. This approach serves as a partial substitute for synthetic fertilizers, promoting more sustainable 
livestock practices for forage dry matter production (Raghavan et al., 2024; Aarti et al., 2024). 
The adoption of this technology has demonstrated potential to reduce the reliance on fertilizers, particularly nitrogen-based 
ones, as evidenced by studies showing that areas treated with plant growth-promoting bacteria achieved biomass yields 
comparable to those receiving nitrogen fertilization but with reduced synthetic fertilizer application (Sullins et al., 2023). 
This reduction in the use of synthetic fertilizer lowers production costs and enhances environmental sustainability by 
mitigating adverse impacts on soil and water resources (Suarna et al., 2023). 
Inoculation of forage grasses with plant growth-promoting bacteria, including genera such as Azospirillum and 
Pseudomonas, has demonstrated significant positive effects, including a 16.8% increase in shoot biomass and enhanced 
nutrient uptake, leading to improved forage quality for livestock (Hungria et al., 2021). Additionally, evidence suggests that 
these bacteria improve germination rates and initial establishment of forage plants, facilitating faster and more efficient 
growth and development of species such as pearl millet (Pennisetum purpureum) (Espíndola et al., 2024). 
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Bacillus subtilis is a rhizobacterium that colonizes roots, enhancing nutrient uptake and serving as a natural barrier against 
pathogens. It also contributes to reducing ammonia emissions and enhances plant resistance to biotic and abiotic stresses 
(Mahapatra et al., 2022). In pastures, its application can increase biomass and forage quality, primarily by promoting root 
growth and improving nutrient uptake efficiency through microbial inoculants (Guimarães et al., 2022). 
The simultaneous use of multiple rhizobacteria (co-inoculation) seeks to leverage their synergistic effects to enhance plant 
growth and nutrition. This practice enhances nutrient availability, stress resistance, and the vigor of pastures and other 
forage crops. Although several studies report biomass increases in grain and forage crops with single bacterial inoculations, 
gaps remain regarding the synergistic effect of co-inoculation with reduced N rates in field experiments under Cerrado 
biome conditions (Gupta, 2017). 
The objective of this study was to assess the effect of single and co-inoculation with plant growth-promoting bacteria 
(Azospirillum brasilense, Pseudomonas fluorescens, and Bacillus subtilis) combined with different nitrogen (N) rates on 
morphophysiological and yield parameters of a Pearl Millet × Napier Grass hybrid (Pennisetum glaucum × P. purpureum).  
 
Results and Discussion 
 
In the first cycle, only one evaluation was conducted due to the late sowing date (November 29, 2020) and the slow 
establishment of the pearl millet × napier grass hybrid (Pennisetum glaucum × P. purpureum). Chemical weed control, 
conducted 60 days after sowing, may have reduced millet development due to the growth-regulating effects of the herbicide. 
Table 1 presents plant height measurements for the first and second production cycles. In the first cycle, the treatment with 
100% of the recommended nitrogen rate resulted in the greatest plant heights, whereas the B. subtilis + 80% N treatment 
led to the lowest plant heights. No significant differences were observed among treatments in the second cycle during any 
of the four evaluation periods (Table 1). 
 
Table 1. Plant height (cm) of the pearl millet × napier grass hybrid (Pennisetum glaucum × P. purpureum) subjected to single 
and co-inoculation with Azospirillum brasilense, Pseudomonas fluorescens, and Bacillus subtilis combined with nitrogen (N) 
fertilization, in the first and second production cycles. São Luís de Montes Belos, Goiás, Brazil. 

Treatment 
First cycle Second cycle 
Evaluation time 
1st 1st 2nd 3rd 4th 

A. brasilense + 80 % N 74.6 ab 62.8 a 92.1 a 64.5 a 86.3 a 
P. fluorescens +80% N 76.7 ab 61.5 a 108.6 a 64.0 a 94.6 a 
B. subtilis + 80% N 64.3 b 51.9 a 96.3 a 61.7 a 84.9 a 
A. brasilense + P. fluorescens + 80% N 71.8 ab 56.5 a 92.9 a 64.9 a 86.5 a 
A. brasilense + B. subtilis + 80% N 75.8 ab 56.7 a 103.1 a 64.4 a 87.8 a 
100% N 79.3 a 63.8 a 94.2 a 70.4 a 89.2 a 
80% N 72.3 ab 53.8 a 90.1 a 66.3 a 84.9 a 
Control 78.3 ab 65.5 a 89.1 a 71.0 a 95.5 a 
CV% 6.26 12.23 13.11 9.48 9.97 

Means followed by different letters within a column are significantly different by the Tukey's test (p < 0.05). 
 
The lack of an inoculation effect on plant height has been reported in multiple studies across various forage crops. Patel et  
al. (2014) reported no effect in Pennisetum glaucum inoculated with Azotobacter under varying N rates. Kaur et al. (2017) 
observed plant heights ranging from 0.45 to 1.02 m in a P. glaucum and P. purpureum hybrid under different N rates. Haran 
et al. (2022) found no effect when inoculating millet seeds with A. brasilense. 
Rodrigues et al. (2022) observed similar results in P. purpureum cv. BRS Kurumi inoculated with A. brasilense and B. subtilis. 
Thus, the lack of effect of inoculation combined with N fertilization was corroborated by multiple studies across different 
periods and locations. 
Tiller density differed significantly among treatments in the second cycle during the first and third evaluations (Table 2). In 
the first evaluation period of the second cycle, the B. subtilis + 80% N treatment resulted in the highest tiller density, 
although it did not differ significantly from the P. fluorescens + 80% N and 100% N treatments. 
A similar pattern was observed in the third evaluation period, in which B. subtilis + 80% N and A. brasilense + B. subtilis + 
80% N exhibited the highest mean tiller densities, although they did not differ from the other treatments, except for the 
control. Cruz et al. (2010) evaluated N rates ranging from 30 to 150 kg ha-1 on established P. purpureum (Cameroon grass) 
grown on Typic Quartzipsamment (‘Neossolo Quartzarênico Órtico’) and Typic Hapludult (‘Argissolo Vermelho 
Eutroférrico’), observing a positive effect of N rate in the Typic Hapludult, with up to 27 tillers at 60 kg ha-1, but no effect in 
the Typic Quartzipsamment. 
 
Moreover, Ebrahim et al. (2020) investigated the effect of inoculation and N rates (69 to 161 kg ha-1) on newly established 
P. purpureum, reporting a higher tiller density at the highest N rate. Leite et al. (2019) evaluated inoculation with a 
biofertilizer containing A. brasilense on Megathyrsus maximus cv. Mombaça and found that inoculation influenced tiller 
density depending on the N fertilizer rate applied, enhancing N utilization, which increased tiller density and improved 
establishment. Similarly, Rodrigues et al. (2022) reported increased tiller density in P. purpureum cv. BRS Kurumi due to 
inoculation with A. brasilense and B. subtilis. 
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Table 2. Tiller density (tillers m−2) of a pearl millet × napier grass hybrid (Pennisetum glaucum × P. purpureum) subjected 
to single and co-inoculation with Azospirillum brasilense, Pseudomonas fluorescens, and Bacillus subtilis combined with 
nitrogen (N) fertilization, in the first and second production cycles. São Luís de Montes Belos, Goiás, Brazil. 

Treatment 
First cycle Second cycle 
Evaluation time 
1st 1st 2nd 3rd 4th 

A. brasilense + 80 % N 80 a 233 b 388 a 355 ab 336 a 
P. fluorescens +80% N 83 a 263 ab 365 a 344 ab 364 a 
B. subtilis + 80% N 75 a 305 a 325 a 385 a 369 a 
A. brasilense + P. fluorescens + 80% N 79 a 245 b 341 a 332 ab 356 a 
A. brasilense + B. subtilis + 80% N 73 a 239 b 352 a 379 a 347 a 
100% N 78 a 259 ab 389 a 368 ab 367 a 
80% N 71 a 228 b 356 a 348 ab 348 a 
Control 77 a 228 b 337 a 317 b 324 a 
CV% 6.71 8.70 7.90 6.83 16.52 

Means followed by different letters within a column are significantly different by the Tukey's test (p < 0.05). 
 
 
The leaf-to-stem ratio showed significant variation only in the first cycle, with all N-fertilized treatments exhibiting higher 
ratios compared to the control, regardless of inoculation. Although all N-fertilized treatments outperformed the control, the 
B. subtilis + 80% N, A. brasilense + 80% N, and 100% N treatments had the highest mean leaf-to-stem ratios, indicating the 
effect of inoculation in achieving comparable outcomes with a reduced N rate (Table 3). Leite et al. (2019) reported an 
increased leaf-to-stem ratio in Megathyrsus maximus cv. Mombaça due to inoculation with A. brasilense and varying N 
fertilizer rates, indicating that inoculation enhances forage production traits when N fertilizer is applied as recommended, 
regardless of the targeted nutrient. Sá et al. (2019) conducted a greenhouse experiment with Mavuno grass, a hybrid of 
(Urochloa ruziziensis × U. brizantha cv. Marandu) × apomictic U. brizantha, and observed that inoculation with A. brasilense, 
P. fluorescens, and Rhizobium tropici combined with N fertilization increased dry matter yield, tiller density, and relative leaf 
chlorophyll index. 
Kumar et al. (2020), in a greenhouse trial with Cymbopogon citratus Stapf., reported positive effects on grass production 
and development but emphasized the need for field trials under natural conditions. Thus, the lack of effect of inoculation 
combined with nitrogen fertilization (regardless of rate) on morphophysiological parameters (leaf-to-stem ratio, relative 
chlorophyll index, plant height, and tiller density) in this study may be attributed to the natural field conditions under which 
the experiment was conducted. 
 
Table 3. Leaf-to-stem ratio and relative leaf chlorophyll index of a pearl millet × napier grass hybrid (Pennisetum glaucum 
× P. purpureum) subjected to single and co-inoculation with Azospirillum brasilense, Pseudomonas fluorescens, and Bacillus 
subtilis combined with nitrogen (N) fertilization, in the first and second production cycles. São Luís de Montes Belos, Goiás, 
Brazil. 

Treatment 
Leaf-to-stem ratio 

Relative leaf chlorophyll 
index 

First cycle Second cycle First cycle 
Second 
cycle 

A. brasilense + 80 % N 1.00 a 2.52 a 47.3 a 40.9 a 
P. fluorescens +80% N 0.92 ab 2.48 a 43.3 a 39.2 a 
B. subtilis + 80% N 1.05 a 2.94 a 42.6 a 39.3 a 
A. brasilense + P. fluorescens + 80% N 0.94 ab 2.61 a 42.8 a 37.9 a 
A. brasilense + B. subtilis + 80% N 0.91 ab 2.52 a 46.8 a 41.5 a 
100% N 1.10 a 2.77 a 43.8 a 39.2 a 
80% N 0.73 ab 2.47 a 46.7 a 40.6 a 
Control 0.66 b 2.32 a 45.2 a 39.4 a 
CV% 16.57 10.02 4.49 4.58 

Means followed by different letters within a column are significantly different by the Tukey's test (p < 0.05). 
 
Mean forage dry matter yields (FDMY) of the pearl millet × napier grass are presented in Table 4. In the first cycle, FDMY 
was higher for the treatments with A. brasilense + 80% N, P. fluorescens + 80% N, and 100% N without inoculation. The 
other treatments in the first cycle, including the control, were equivalent, indicating that inoculation with B. subtilis alone 
or in combination with other inoculants provided yields comparable to those of the treatment without N fertilization. 
In the second cycle, no significant differences in FDMY were observed among inoculation, co-inoculation, and N rate 
treatments during the third evaluation period; however, yield was affected in all other periods, including the cumulative 
total (Table 4). 
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Table 4. Mean and cumulative forage dry matter yield (FDMY; kg ha-¹) of a pearl millet × napier grass hybrid (Pennisetum 
glaucum × P. purpureum) subjected to single and co-inoculation with Azospirillum brasilense, Pseudomonas fluorescens, and 
Bacillus subtilis combined with nitrogen (N) fertilization, in the first and second production cycles. São Luís de Montes Belos, 
Goiás, Brazil. 

Treatment 
First cycle Second cycle 

Cumulative 
FDMY 

Evaluation time 
1st 1st 2nd 3rd 4th 

A. brasilense + 80 % N 1485 a 1378 ab 1816 cd 1146 a 2233 bc 8057 ba 
P. fluorescens +80% N 1435 a 1239 b 2942 b 1275 a 3196 a 10086 a 
B. subtilis + 80% N 1187 b 961 cd 3711 a 1302 a 1923 bcd 9085 ab 
A. brasilense + P. 
fluorescens + 80% N 

1095 b 1161 bc 2677 b 1099 a 2418 b 8450 bc 

A. brasilense + B. subtilis + 
80% N 

1091 b 835 d 2517 b 1231 a 3084 a 8759 bc 

100% N 1480 a 1548 a 1553 cd 1226 a 2008 bcd 7816 cd 
80% N 1067 b 988 cd 1993 c 1248 a 1655 d 6951 de 
Control 1022 b 1179 bc 1472 d 1248 a 1760 cd 6673 e 
CV% 7.25 8.91 8.48 12.71 9.96 5.32 

Means followed by different letters within a column are significantly different by the Tukey's test (p < 0.05). 
 
In the first evaluation period of the second cycle, the co-inoculation with A. brasilense + P. fluorescens resulted in the lowest 
FDMY, lower than that of the control treatment. The FDMY of the control treatment was statistically similar to that of other 
treatments, except for the 100% N treatment. 
In the second evaluation period of the second cycle, the 100% N rate and inoculation with A. brasilense resulted in FDMY 
comparable to the control treatment. However, during this period, the highest mean FDMY was observed in millet plants 
inoculated with B. subtilis, whereas the other treatments showed no significant differences. In the fourth evaluation period, 
treatments differed, with the highest FDMY observed in the P. fluorescens + 80% N and A. brasilense + B. subtilis + 80% N 
treatments, yielding 3,196 kg ha-1 and 3,084 kg ha-1, respectively. The lowest FDMY was observed in the 80% N treatment 
without inoculation (1,655 kg ha-1). 
Although the control and 80% N rate treatments frequently provided FDMY comparable to the other treatments in both 
cycles, their cumulative FDMY across periods was the lowest. The highest cumulative FDMY was achieved with the P. 
fluorescens + 80% N treatment, although the B. subtilis + 80% N treatment did not differ significantly. 
Inoculation resulted in higher FDMY compared to N fertilization alone. From a biomass production perspective, inoculation 
provided greater cumulative FDMY, as treatments with N fertilization alone resulted in FDMY of 1 to 2 Mg ha -1 harvest-1, 
whereas P. fluorescens inoculation ranged from 1.4 to 3.2 Mg ha-1 harvest-1. The P. fluorescens + 80% N treatment achieved 
a cumulative FDMY 2.2 Mg ha-1 higher than the 100% N treatment. 
Leite et al. (2019) reported that inoculation alone, without nitrogen fertilization, can increase Megathyrsus maximus cv. 
Mombaça yield by up to 36%, as it enhances nutrient uptake and the availability of other nutrients (Torres-Cuesta et al., 
2023). Although conducted with a different grass species, these findings align with the present study, in which FDMY was 
higher with inoculation and the 80% N rate, surpassing both the 100% N rate and the 80% N rate without inoculation. 
Compared to the 100% N treatment (7,816 kg ha-1), the P. fluorescens + 80% N treatment achieved a cumulative FDMY of 
10,086 kg ha-1, representing a 29.1% increase, whereas B. subtilis + 80% N yielded 9,085 kg ha-1, a 16.2% increase. These 
results indicate the potential to reduce the recommended N rate by up to 20% without compromising FDMY, combining 
fertilizer savings with enhanced productivity. 
Figure 1, which is derived from table 4, presents the estimated cumulative FDMY difference relative to the control treatment, 
expressed in kg ha-1. The P. fluorescens + 80% N treatment was the most effective, increasing FDMY by approximately 3,450 
kg ha-1 above the control, surpassing the B. subtilis + 80% N treatment (≈2,420 kg ha-1) and the co-inoculations A. brasilense 
+ P. fluorescens + 80% N (≈1,800 kg ha-1) and A. brasilense + B. subtilis + 80% N (≈2,100 kg ha-1). Co-inoculation did not 
provide additional forage dry matter yield increases, possibly due to competition between bacterial strains or niche 
saturation. Although co-inoculations (A. brasilense + P. fluorescens, and A. brasilense + B. subtilis) increased FDMY by 
approximately 1,800 and 2,100 kg ha-1, respectively, these values were lower than those observed for P. fluorescens alone 
(≈3,450 kg ha-1). 
 
This pattern suggests competition for niches and resources (root exudates) in the rhizosphere rather than synergistic 
effects, consistent with Sampaio et al. (2021), who investigated single and co-inoculation with A. brasilense (Ab-V5, Ab-V6) 
and B. subtilis (CCTB04) in U. brizantha cv. Marandu pastures with N rates ranging from 0 to 200 kg ha-1. 
 
Material and Methods 
The experiment was conducted at the experimental field of the State University of Goiás, São Luís de Montes Belos Campus, 
Goiás, Brazil (16°32'30"S, 50°25'21"W, and altitude of 569 m). According to the Köppen classification, the regional climate 
is Aw, with a mean temperature of 23.5 °C, ranging from 20.7 °C (June) to 25.0 °C (December). The mean annual rainfall is 
1,785 mm, with 87% concentrated between October and March, and the region experiences a four-month rainfall deficit 
annually (Alvares et al., 2014). The experiment spanned two years, encompassing only the rainy season, with the first cycle  
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Figure 1. Estimated difference in cumulative forage dry matter yield (kg ha-1) relative to the control treatment for the pearl 
millet × napier grass hybrid (Pennisetum glaucum × P. purpureum) subjected to single and co-inoculation with Azospirillum 
brasilense (Ab), Pseudomonas fluorescens (Pf), and Bacillus subtilis (Bs) combined with nitrogen (N) fertilization, in the first 
and second production cycles. São Luís de Montes Belos, Goiás, Brazil. NS= not significant. 
 
 
from November 2020 to May 2021 and the second cycle from November 2021 to May 2022. Figure 1 presents the mean 
temperature and rainfall data during the experimental period. 
 

 
Figure 2. Mean, minimum, and maximum temperatures and precipitation during the experimental period (November 2020 
to May 2022). São Luís de Montes Belos, Goiás, Brazil. 
 
Soil samples were collected for chemical and particle characterization before the implementation of the experiment. Fifteen 
samples were collected from the 0-0.20 m layer, combined into a composite sample, and analyzed in the laboratory following 
the methodology described by EMBRAPA (2017). The soil was classified as a eutric Typic Hapludox (Latossolo Vermelho 
Eutrófico; Santos et al., 2018), with a clayey texture (510, 100, and 390 g kg-1 of sand, silt, and clay, respectively). Soil 
chemical analysis revealed the following results: pH 5.0 (CaCl2); 23 g kg-1 organic matter; 1.0 mg dm-3 phosphorus (Mehlich-
1); 3.1 cmolc dm-3 potential acidity (H+Al); 0.14 cmolc dm-3 potassium (K); 2.70 cmolc dm-3 calcium (Ca); 0.70 cmolc dm-3 
magnesium (Mg); 6.60 cmolc dm-3 cation exchange capacity; and 54% base saturation. 
A randomized block design was used, comprising eight treatments with four replications, resulting in 32 experimental plots. 
Treatments consisted of inoculation strategies with microorganisms and nitrogen fertilization as follows: control (no 
inoculation, no N); 100% of the recommended N rate for the crop; 80% of the recommended N rate; Azospirillum brasilense 
+ 80% N; Pseudomonas fluorescens + 80% N; Bacillus subtilis + 80% N; A. brasilense + P. fluorescens + 80% N; and A. brasilense 
+ B. subtilis + 80% N. Each experimental plot measured 2.5 m in length and 2.5 m in width, with a total area of 6.25 m2. 
The crop used was the pearl millet × napier grass hybrid, derived from the cross between Pennisetum glaucum and P. 
purpureum (Schumach.). The experimental area was prepared conventionally with one plowing and two harrowing 
operations, followed by liming with 1.3 Mg ha-1 of dolomitic limestone applied on October 11, 2020, to achieve a base 
saturation of 70%. 
On November 29, 2020, seeds were inoculated according to the respective treatments, using 200 mL of each inoculant per 
kilogram of seed, followed by manual sowing at a rate of 40 seeds per linear meter in furrows 0.01 to 0.03 m deep, with 0.40 
m spacing between furrows.  
At sowing, basal fertilization was applied based on soil analysis and crop requirements, consisting of 140 kg ha -1 of P₂O₅ 
and 60 kg ha-1 of K₂O (Sousa and Lobato, 2004). Weeds were controlled by applying the selective herbicide 2,4-D at the 
manufacturer’s recommended rate of 2 L ha-1, 60 days after millet sowing, using a 20 L backpack sprayer. 
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A uniform cut was performed at 0.30 m above the soil surface after the establishment of the forage crop, followed by 
nitrogen topdressing application. The nitrogen rates applied were 0, 80, and 100 kg ha-1, corresponding to 0%, 80%, and 
100% of the recommended rate, with urea as the nitrogen source. In the second production cycle, at the onset of the rainy 
season in October 2021, when plants exhibited 40% to 50% ground cover, microorganisms were reapplied using a 20 L 
backpack sprayer at a rate of 300 mL ha-1. 
Evaluations of the pearl millet × napier grass hybrid were conducted on April 13, 2021, for the first cycle, and on November 
15, 2021, January 9, 2022, February 13, 2022, and March 16, 2022, for the second cycle. The following parameters were 
measured in all cycles and evaluations: plant height (cm), tiller density (tiller m-2), leaf-to-stem ratio, forage dry matter yield 
(kg ha-1), and relative leaf chlorophyll index. 
Plant height was measured in each plot using a ruler at five distinct points, from the soil surface to the curvature of the 
uppermost fully expanded leaf blade. Tiller density was determined by counting tillers at three random points within each 
experimental unit using a square frame (0.25 × 0.25 m). 
Leaf-to-stem ratio was determined as follows: 10 tillers were randomly collected, and leaves and stems were separated, 
placed in paper bags, and dried in a forced-air circulation oven at 65 °C until constant weight. After drying, weights were 
measured, and the leaf-to-stem ratio was calculated by dividing leaf weight by stem weight. 
Forage dry matter yield was measured using a 1 × 1 m metal frame, randomly placed in the center of each plot. All forage 
within the frame was cut at a height of 0.30 m above the soil surface and weighed. Subsequently, a 300 g subsample was 
dried in a forced-air circulation oven at 65 °C until constant weight to determine dry matter content. 
Relative leaf chlorophyll index was measured using a chlorophyll meter before each forage harvest, on the middle third of 
two fully expanded leaves from the apex of each plant, in 20 plants per plot. 
Data were analyzed using Tukey's test at a 5% significance level, with statistical analyses performed using Sisvar software 
(Ferreira, 2014). 
 
Conclusions 
 
Inoculation of the pearl millet × napier grass hybrid (Pennisetum glaucum × P. purpureum) with Azospirillum brasilense, 
Pseudomonas fluorescens, and Bacillus subtilis improved productivity under reduced nitrogen fertilization. 
Although plant height and chlorophyll index showed no consistent variation, P. fluorescens combined with 80% of the 
recommended nitrogen (N) rate achieved the highest cumulative forage dry matter yield (10,086 kg ha-1), surpassing even 
the 100% N rate without inoculation (7,816 kg ha-1), representing a 29% increase with a 20% reduction in N fertilization.  
Tiller density varied by harvest, with the B. subtilis + 80% N treatment exhibiting the highest means, suggesting that tillering 
responses are harvest-specific. 
Co-inoculation did not provide additional forage dry matter yield increases in the pearl millet × napier grass hybrid. 
Thus, the most effective strategy under the tested conditions was inoculation with P. fluorescens combined with 80% of the 
recommended nitrogen rate. 
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