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Mombaza greenhouse were combined (CC), semisolid medium Nitrogen free with

malate as nitrogen source (NFB), Azotobacter (azot) and Azospirillum
(Azos). For mycorrhizal fungi, 6 treatments were used: T1-control, T2-
fertilized, T3-brown spore, T4-honey spore, T4-black spore and T5-
commercial spore. The microorganism used in field were those that
showed effectivity in greenhouse. The treatments in field were T1:
control, T2: inorganic fertilizer, T3: Azospirillum + Azotobacter, T4:
mycorrhizal and T5: commercial biofertilizer. The variables evaluated
were dry weight (DW), radicular weight (RW), radicular volume (RV),
stem diameter (SD) and total height (TH). Results for B. brizantha
indicate differences (P<0.05). Application of Azospirillum +
Azotobacter (T3) favored the development of the height of the plant
and the diameter of the stem. The commercial biofertilizer (T5)
increased the production of dry matter with 0.99 kg/m?. In respect with
P. maximum (cv. Mombaza) grass, they were not detected significative
differences (P>0.05) between treatments, however, the biological
results showed that inorganic fertilizer (T2) increased the dry matter
production with 1.34 kg / m® in comparison with Azospirillum +
Azotobacter (T3) that showed 0.72 kg / m2.
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Introduction:-

In Mexico exits many tropical forage plants that are used by farmers in livestock (Jose and Dollinger, 2019), those
forages species contain high nutritive value that can be compared with European species (Mucifio-Alvarez et al.,
2021). Those species can permit the creation of annual or semi-perennials crops, as well as artificial long-lasting
forage lands (Williams et al., 2017; Legge et al., 2019). The species that are usually used by many farmers are the
grasses, this is because of the energy source that provides to domestic animals and wild fauna (Keesinget al., 2018).
Grasses as well as other forage species need to be fertilized to generate production of high nutritive quality (Kiligalp
et al., 2018). However, to obtain high quality forage production is indispensable the use of inorganic fertilizers. In
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recent years, has been demonstrated that this practice is harmful to environment and soil, furthermore that inorganic
fertilizers are expensive (Koli et al., 2019; Baweja et al., 2020; Thakur et al., 2021). One of the alternatives to
reduce the use of inorganic fertilizers are the application of promoter microorganisms of plant growing. These
microorganisms are usually called biostimulants, biofertilizers or inoculants (Macik et al., 2020). Biofertilizers are
microorganisms who live associated with root plants and provide nutritional elements indispensable for growing and
plant production (Aguirre-Medina, 2006). The biofertilizer most used are the Rhizobium and Azospirillum generous
bacteria, as well as Glomus generous mycorrhizal fungi, this last usually come from other regions and is difficult
their acquisition by farmers (Garcia et al., 2006). The principal function of some bacteria is to assimilate the
nitrogen for plants (Etminani and Harighi, 2018;Paj¢in et al., 2021). On the other hand, mycorrhizal fungi associated
with plants can transport phosphorous (P) through mycelium (Etminani and Harighi, 2018; Raklami et al., 2021).
Furthermore, it can protect to plants against harmful microorganisms and can increase the life of root hair and
provide tolerance to heavy metals and toxic substances (Hashem et al., 2018; Zhanget al., 2018; Garcia-Sanchez et
al., 2021). It exists other type of microorganisms as Azospirillum which provide plant growth regulators (PGRs) to
soil around the root (Chavez-Herrera et al., 2018; Coniglio et al., 2019). These PGRs induce root ramification that
implies an efficient obtention and absorption of nutrients (Kashyap et al., 2017). Those microorganisms play an
important role in forage and grass production due to the biological balance that provide and for being a friendly
option with the environment (Modesto et al., 2018; Kour et al., 2020). Other advantages of biofertilizers is that can
be produce with natural products, is not polluting and it does not require hydrocarbons for elaboration. This could be
considered an economic method that can contribute in farming production. Because of the above mentioned, the aim
of this study was to evaluate the effect of biofertilizers in the production of the tropical grasses in Quintana Roo,
Mexico.

Materials and Methods:-

Study area

The present study was carried out in Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias
(INIFAP), campo experimental Chetumal, located in Othon P. Blanco, Quintana Roo at 3.5 km of Xul-Ha
community with 21°30' N and 89°29" W coordinates at 10 masl. Climate conditions are 27.6° C and 62.3% of
relative humidity on average, annual medium precipitation is 1300 mm and the period with the most precipitation
was from June to November with 70% of precipitation.

Isolation of Azospirilum and Azotobacter rhizobacteria

Isolations of Azospirillum and Azotobacter were carried out from rhizosphere of B. brizantha and P. maximum (cv.
Mombaza) grasses. These grasses were cultured in luvisol and cambisol soils. For the first step, 5 plants free of
plagues and diseases were randomly selected. Afterwards, five samples of 500 g of soil per plant were collected in
rhizosphere zone. Samples were collected with Hoffer barrier and deposited in nylon bags for analyzing in
laboratory. The 25 samples per type of soil were homogenized before analysis. The technique used for isolation was
serial dilution (CIAT, 1988). 5 Azotobacter and 4 Azospirillum strains were isolated and stored in refrigerator at 8°C
for using subsequently in biofertilizer production. Finally, the strains were purified by streak plate method. the
strains were cultured in five petri dishes per chilled strain.

Isolation of mycorrhizal fungi

Spores were obtained from soil rhizosphere of P. atratum, B. brizantha and B. humidicola species. For isolation, 200
g of soil per each grass was weighted. Then, soil was mixed and shaken per five minutes in 2000 mL of distillated
water. Afterwards, the mixture was settled for three minutes. Posteriorly, mixture was sieved in mesh sieves of
03800 mm, 00340 mm and .044 mm to obtain the spores.

Biofertilizers preparation

For biofertilizer preparation, it was prepared suspensions to inoculate directly the plant. Azotobacter was multiplied
in charcoal medium combined and Azospirullum in Nitrogen Free Malatum (NFB) medium. The strains obtained
were 5 for Azotobacter and 4 for Azopirillum. On the other hand, mycorrhizal was cultured in tramp plant and then
collect the air parts with inoculant. Air parts were dried in temperature room to obtain the microbial inoculum. The
microbial inoculum was crushed in a hammer mill and put inside of plastic bags for conservation. Plastic bags with
inoculum were conserved in 4°C. For subsequently application, the suspension was prepared dissolving 1g per liter
(w/v) and sprinkled on stablished plants in Leonard jars.
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Biofertilizers test in controlled conditions

Essays in greenhouse were carried out to identify the behavior and development of selected strains of Azospirillum,
Azotobacter and mycorrhizal fungi. These microorganisms were applied in grass to evaluate the effectivity. 36 pots
with three replicates per treatment were evaluated in a random completely design. Inoculation was applied in two
forage grass species. The biofertilizers used were combined (CC), semisolid medium Nitrogen free with malate as
nitrogen source (NFB), Azotobacter (azot) and Azospirillum (Azos). The treatments evaluated were the T1: control,
T2: fertilized species, T3: CC-azotl, T4: CC-azot2, T5-CC-azot3, T6-CC-azot4, T7-CC-azots. T8-NFB-azos6, T9-
NFB-azos7, T10-NFB-azos8 and T11-NFB-azos9. The variables evaluated were total height, dry weight and leaf
length.

Biofertilizers test in field

The experiment used in field was random completely block design. The experimental unities were homogenous. In
this experiment were used the B. brizantha and P. maximum (cv. mombaza) grass species. It was evaluated 5
treatments with three replicates. The microorganism used in this experiment were those that showed effectivity in
greenhouse. Treatments were T1: control, T2: inorganic fertilizer, T3: Azospirillum + Azotobacter, T4: mycorrhizal
and T5: commercial biofertilizer. The useful plot evaluated was 2m? and sample plot was 1m®. The evaluation was
carried out each month to measure the dry weight, radicular weight, radicular volume, stem diameter and total
height.

Results:-

Microorganisms obtained in two soil types

Results indicated the presence of Azospirillum and Azotobacter both luvisol and cambisol soils. This presence was
observed in natural way around rhizosphere grasses. Furthermore, the most abundant microorganism was
Azotobacter contrary to Azospirillum (Table 1).

Table 1:- Colony-forming units observed in Azospirillum and Azotobacter per grams in luvisol and cambisol soils.

Dilutions Azospirillum (CFU/qg) Azotobacter (CFU/g)
Vertisols Cambisols Vertisols Cambisols
10* 11.2 x 10* 14.1 x 10* 1.37 x 10* 9.70 x 10*
10° 2.53x10° 2.40 x 10° 23.2x 10° 15.8 x 10°
10° 1.90 x10° 3.80 x10° 25.0 x10° 12.3 x10°

Essays evaluation in greenhouse

T7 and T4 treatments in greenhouse with bacteria inoculation of B. brizantha showed significative differences (P<
0.05) in total height of the plant with 55 and 36 cm respectively. The plant evaluated with synthetic fertilizer (T2)
showed 11 cm in total height of the plant (Figure 1). The mycorrhizal fungi inoculation increased the total height
and production of dry matter for B. brizantha. The combined with Azotobacter3 (T5) was one of the best treatments
(P<0.05) producing 9.9 g of dry matter (Figure 1b).

» X b v ;
| = \ \ y
- - | | N —_ \
-l Bewuk . e
o o B I‘w-"_“ "“ - » wn [ \ o
- o on B ] =7 \ | | |
ST | el e — |
00 fual A . .
\ | \
" v 3
-
4 & - . ] J 3 T
» { OB L
- " - 1 A - 8
e N | W . ! ey AN NY | o
- 4 b | 8 8 | —— | ! Loy et L —
+ B N £ Y &5 7 W | 50
W A - ) o B M Ld
o ' ) B o
[ X} K

Figure 1:- Differences obtained between biofertilizers treatments evaluated. a-b) total heights and dry weight of B.
brizantha andc-d) total heights and leaf length of P.
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maximum (cv. Mombaza). T1: control, T2: fertilized species, T3: CC-azotl, T4: CC-azot2, T5-CC-azot3, T6-CC-
azot4, T7-CC-azot5. T8-NFB-azos6, T9-NFB-azos7, T10-NFB-azos8 and T11-NFB-az0s9.

In respect with P. maximum (cv. Mombaza), it was not detected significative differences (P<0.05), however the
highest total height obtained was in treatment combined with Azotobacterl (T3) with 68 cm followed by combined
with Azotobacter4 (T6) with 66 cm (Figure 1c). On the other hand, the treatment T3 obtained a leaf length of 57 cm
followed by T2 with 56 cm (Figure 1d).

Experiment evaluation in field

The experiments application of biofertilizers in P. maximum grass (cv. Mombaza) don not showed significative
statistical differences (P>0.05), nevertheless, biological differences were observed due to the inoculation with
growing promote bacteria. Moreover, the inoculation of inorganic fertilizer (T2) increased the development of P.
maximum grass (cv. Mombaza) generating 1.34 kg/m? of dry matter production in comparison with application of
Azospirillum + Azotobacter (T3) which generated 0.86 kg/m”. On the other hand, the commercial biofertilizers (T5)
increased the development of radicular system in P. maximum grass (cv. Mombaza). The weight of radicular system
in T5 was 0.19 kg/m?, furthermore in T2 was 0.15 kg/m?. For radical volume, it was observed that control showed
the best development with 0.15 m%/L (Table 2).

Table 2:- Results of five treatments with inorganic and biofertilizers applied in P. maximum and B. brizantha

grasses.
Treatments P. maximum B. brizantha
DW RW RV SD TH DW RW RV SD TH
(kg/m®) | (kg/m?) | (m*L) | (cm) | (m) (kg/m®) | (kg/m?) | (m*L) | (cm) | (m)
1 0.74 0.16 0.12 0.44 | 2.05 0.70 0.13 0.11 0.45 | 1.10
2 1.34 0.15 0.13 0.45 | 2.40 0.74 0.13 0.13 0.46 | 1.15
3 0.86 0.15 0.15 0.44 | 2.10 0.89 0.13 0.12 0.50 | 1.47
4 1.10 0.10 0.14 0.46 | 2.03 0.90 0.13 0.11 0.47 | 1.26
5 0.80 0.19 0.17 0.45 | 2.52 0.99 0.14 0.12 049 | 143

1: control, 2: inorganic fertilizer, 3: Azospirillum+Azotobacter biofertilizer, 4: Mycorrhizal biofertilizer and 5:
commercial biofertilizer. DW: dry weight, RW: radicular weight, RV: radicular volume, SD: stem diameter and TH:
total height.

The results obtained in B. brizantha showed that inoculation with promoter bacteria showed significative differences
(P<0.05). The treatment fertilized with Azotobacter + Azospirillum (T3) showed 1.47 m of plant heigh. In respect
with steam development, the treatment T3 showed the high development with 0.5 cm contrary the control (T1) that
showed 0.45 cm of stem development. On the other hand, the commercial biofertilizer (T5) showed statistical
differences (P<0.05) in dry weight with 0.99 kg/m? in respect with inorganic fertilizer (T2) that showed 0.74 kg/m?.
Another variable that showed significative differences between treatments (P<0.05) was root weight. The best root
weight was observed in the treatment with commercial biofertilizer (T5) with 0.14 kg/m®.

Discussion:-

The Azotobacter had a positive effect in all variables, however, Azospirillum do not showed the same effect in our
studies. Many authors mentioned that Azospirillum provides benefits to the plants if exits high quantity of this
bacteria (Zeffa et al., 2019; Malinich and Bauer, 2018; Brusamarello-Santos et al., 2017). On the other hand,
bacteria population increment around the rhizosphere, improve the uptake of minerals by plants (Emami et al., 2020;
Roriz et al., 2020; Fiorentino et al., 2018), furthermore increase dry matter and yielding (Hussain et al., 2020;
Naserzadeh et al., 2018; Ghorchiani et al., 2018).

The interaction whit those microorganisms around the rhizosphere has been demonstrated by many authors (Santos
et al., 2018; Mishra et al., 2017), for instance, different species have been evaluated with biofertilizers and the
responses have been positive (Vasileva et al., 2019). In this work was observed that treatment with local strains
biofertilizers were low compared with commercial biofertilizer, this could be that these treatments had not
mycorrhizal, Aguirre-Medina et al. (2009) mentioned that mycorrhizal fungi needs 30 days to grow in radicular
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system of plants and therefore increase the process of nutrient and water transportation (Lanfranco et al., 2018;
Guerrero-Galan et al., 2018).

The plants that were inoculated with mycorrhizal fungi had not modification in radicular morphology, however
some authors mentioned that plants inoculated with mycorrhizal tends to modify their radicular morphology (Nunes,
2018; da Silva Jr et al., 2017).

Conclusions:-

The treatments combined with Azotobacterl (T3) and combined with Azotobacter5 (T4) improve the development
of B. brizantha, the variables that showed better development were leaf length, total heigh and dry weight. On the
other hand, the inoculation in Mombaza (P. maximum) improve the development in leaf length and total heigh but
only in for treatment combined with Azotobacterl (T3).

In respect with mycorrhizal fungi, the treatment with the best response was T5 with better radical volume and dry
matter production. The inoculation carried out in field with commercial biofertilizer (T5) improves the production of
dry matter and root weight in B. brizantha. Accord of our results, treatments with biofertilizers evaluated in P.
maximum (cv. Mombaza) were equal, however it can be observed better develop in plants, furthermore dry matter
production increased up to 22% compared with inorganic fertilizer (T2).
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