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The halophyte Distichlis palmeri (Vasey) is a plant resource with high potential to be harvested
in the coastal areas of northwestern Mexico; enlarge the knowledge and domestication for its
incursion into the agricultural sector, plays an important role for arid areas with saline intrusion
problems. However, its productivity depends on the supplementary supply of nitrogen, as well
as other essential macro and micronutrients. The microorganisms considered beneficial are an
alternative to chemical fertilization, highlighting those Plant Growth Promoting Bacteria (PGPB).
In the present study, the inoculation of the Bacillus amyloliquefaciens (B.a.) as a halobacterium
PGPB was evaluated to know the response in seeds of Distichlis spicata obtained from natural
population from colorado river in Delta north of the Gulf of California. Wild seed was collected and
germinated previously inoculated with B. a., and sowed in germinated beds. Later, seedlings were
planted under field and salinity conditions in the coast of Hermosillo, Sonora. Three treatments
were examined (T1: B.a., T2: Chemical fertilization, T3: Negative control), with four repetitions
each treatment. Each repetition consisted of experimental plots of 5 x 5 m, with a separation
of 1 m between them. The harvest was carried out 600 days after sowing. The results indicate
that treatments inoculated with halobacteria B.a., showed significant results in crude protein,
non-protein nitrogen, neutral detergent fiber and acid detergent fiber, as well as spike length and
number of seeds. The results obtained suggests the feasibility of biofertilizers where biomass and
seed production are significant compared to non-inoculated controls.

Introduction

The arid and semi-arid ecosystems in Mexico, represent approximately 60% of the
surface of the national territory; they are places of high productivity indices for the
economic and social development of the country [1,2]. Due to low rainfall and high
evaporation in arid and semi-arid zones, a steady increase in the salinity of Sonoran
soils has been observed. The implementation of recovery measures for these soils
implies high costs, since it is necessary to build adequate infrastructure, as well as
large volumes of water for their washes and the application of soil improvers. This
situation has caused a large number of farms once they have salinity problems to be
abandoned, leaving them totally exposed to degradation [3].

&% HTTPS://WWW.HEIGHPUBS!O|

How to cite this article: Cristina RA, Flores JB, Salazar VC, Roberto SO, Cervantes LD, et al. Bacillus amyloliquefaciens as
a plant growth promoting bacteria with the interaction with of grass salt Distichlis palmeri (Vasey) under field conditions, in
desert of Sonora, Mexico. J Plant Sci Phytopathol. 2018; 2: 059-067. https://doi.org/10.29328/journal.jpsp.1001021



5

conditions, in desert of Sonora, Mexico

Bacillus amyloliquefaciens as a plant growth promoting bacteria with the interaction with of grass salt Distichlis palmeri (Vasey) under field h
3

Itis estimated thatin Sonora, Mexico, 100 thousand hectareshave beenunproductive
because they can not establish conventional crops efficiently, and one million hectares
between desert and coastal areas affected by saline intrusion [4].

An alternative to conserve this important resource, as well as to take advantage of
salinity, is the introduction of crops that can produce under these conditions. Such is
the case of halophytic plants (salt tolerant), in particular of Distichlis palmeri or gentile
wheat, a species that has been considered with great potential to produce grains under
these conditions [5]. Salted grass Distichlis spicata is a non-native species domesticated
from the family of grasses, native to the coasts of Sonora and Baja California Sur
[6,7], it is generally found green during the period of drought, while the rest of the
forage grasses on the site are not available; for this reason, livestock consume it, even
when at other times they do not want it [8]. Although it is considered invasive under
certain conditions and uses, it is often desirable at sites where livestock activity is
concentrated, because it is highly resistant to heavy trampling and grazing. Because
Distichlis forage has been considered low quality, efforts have been made to replace it
with more palatable and saline tolerant grasses, but the methods used have not been
effective, because the profuse system of rhizomes it constitutes a strong limitation for
the establishment of replacement pastures [9]. Its chemical content outlines a fibrous
forage with low protein content and high mineral content, but when it is evaluated
in a tender state, such as sprouts after a burn, its chemical values improve, increase
the crude protein and maintain its fiber content [8-10]. The response of D. spicata to
salinity has indicated that the yield and chemical content varies by the concentration
of salt in the irrigation water or in the nutrient solution and by the type of soil. Lugg
[11] concluded that salted grass has great potential to be irrigated with highly saline
water when other forages are not available.

On the other hand, according to previous studies concerning the production
of halophytes, the productivity of this type of plants is limited by the availability
of nitrogen, which has an evident effect on its growth, reproduction and levels of
nitrogen in biomass, among other aspects. A solution to eliminate this limitation would
be the application of synthetic fertilizers. However, it often falls into an inadequate
management and indiscriminate use, which affects in an important way the soil
microflora, including beneficial microorganisms [12]. Among the microorganisms
considered beneficial, those that are considered growth promoters stand out. These are
characterized by being present in the rhizosphere and by their ability to fix atmospheric
nitrogen and produce phytohormines [13,14]. These characteristics have a high
impact on agricultural productivity since they can potentially reduce production costs
by reducing or eliminating the use of chemical fertilizers [15]. Among the most studied
microorganisms that fix nitrogen and/or produce of phytohormones are bacteria of
the genera Azotobacter spp, Klebsiella spp and Azospirillum spp [16,17]. On the other
hand, the genus Azotobacter spp and Klebsiella spp and Bacillus amyloliquefaciens are
nonspecific for agricultural crops and the genus Azospirillum spp has specificity for
pastures, but a high capacity to associate with vegetables such as tomato and chile
and with cacti has also been reported [18,19]. One of the study models of plant-
microorganism interaction the one of plant-Azospirillum, since of the most outstanding
effects, they are to promote in the different species of plants (grasses mainly), under
soil conditions and different climates, an increase in the total weight, in the amount
of nitrogen in grains and buds, number of stems, height of plant, germination rate,
flowering and early appearance of the spike [15]. Azospirillum is conformed by the
species A. brasilense, A. lipoferum [20], A. amazonense [214, A. irakense [22] and
A. halopraeferens [23]. Notwithstanding the above, it is necessary to expand the
knowledge of bacterial species associated with the rhizosphere of halophytic plants.

Based on the above information, the present study aimed at evaluating the
inoculation of the Bacillus amyloliquefaciens (B.a.) halobacterium in Distichlis spicata
to determine the response in field conditions with salinity problems in Sonora, Mexico

Published: October 02, 2018



=

conditions, in desert of Sonora, Mexico

Bacillus amyloliquefaciens as a plant growth promoting bacteria with the interaction with of grass salt Distichlis palmeri (Vasey) under field h
.

Materials and Methods
Seed collection and processing of treatments

Mature and dry plants of the halophyte Distichlis palmeri (Vasey) were selected to
obtain seed in the Colorado River Delta north of the Gulf of California (31 © 54'53.38”N
and 114 °57°18.00”W) (Figure 1 a,b). In order to separate the mature seeds, the plants
were macerated in dry and sifted (200). The seeds of greater size were selected, as well
as of uniform color and without apparent damages. Three treatments were considered
(T1: B.a, T2: Chemical fertilization, T3: Negative control), with four repetitions each
treatment. Each repetition consisted of experimental plots of 5 x 5 m, with a separation
of 1 m between them in experimental area of the study indicated in figure b. The
treatments fertilized in the field, was using as a source of nitrogen, urea (46% N); and
as a phosphorus source, triple superphosphate (46% P). The fertilization dose was
(N-P: 120-60).

Inoculation with bacteria and seedling production

Bacteria were grown in N-free OAB medium containing 0.5 M NaCl [23]. Bacterial
concentration was adjusted by dilution to 1 x 10° colony-forming units per milliliter
(CFU mL1) using a spectrophotometer (Master Spectrum, Fisher Scientific 415) when
the culture was in the logarithmic phase (15 h). Each bacterium was deposited in a 250
mL Kitazato flask, and subjected to vacuum infiltration at 600 mm Hg for 50 sec [24].
Salted grass seeds prior to inoculation, were subjected to a disinfection, performing a
dip in sodium hypochlorite for 30 s at a concentration of 3% (v / v). The seeds were
washed three times with sterile distilled water and then dried on sterilized absorbent
paper. The inoculation was then proceeded as previously described according to the
corresponding treatments. In the area of seedling production and field, the plants were
inoculated every 30 days, depositing 1L of bacterial solution to the corresponding plots
at a concentration of 1x10° cells per mL.

Location of the experimental area

This study was carried out in the Bella Vista agricultural field, located on Calle
36 on the Hermosillo coast, 90 km from the city of Hermosillo, Sonora, 15 km from
the Gulf of California and at a height of 20 m above sea level, located at coordinates
28° 49°22.24” Latitude N and 111° 56’27.13” Longitude West (Figure 1b). The area
was selected for its characteristics of soil type saline clay soils and that was no longer
used for conventional crops. Within the field, an experimental area of 4,000 m? was
used, which was fenced with cyclonic mesh to prevent the entry of domestic animals.
Soil sampling [25] was carried out to analyze the nitrogen content according to the
fenolicisulfonic acid method of Allison et al. [26], the phosphorus content, according to
Dickman and Bray’s molybdenum blue method [27] and salinity [28].

Figure 1: Location of the sampling area and collection of plants of Distichlis spicata in the Delta of the Colorado
River north of the Gulf of California, Mexico (a) and experimental area of the study (b).
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Seed preparation and transplant

An area of seedling production was established (indicated in the experimental area
location section), which was prepared using organic material-vermiculite-pedestrian
moss (Sunshine, Sun Gro Horticulture Canada, Ltd. Seedling production area was
broadcast and covered (0.5 mm) with “peat moss” [29]. Irrigations were carried out
daily at full saturation, which was supplied by a well and according to the classification
of Richards [30], cited by Jackson [28], belongs to the fifth class since it contained
16,000 ppm of salts and presented a pH of 8; 0.322-0.328 of Nitrites (NO,) um/L and
6.22-6.65 of Nitrates (NO,) um/L. Fifty-four days after germination, the transplant
was performed, during the month of November oscillating an average temperature
during the day of 27 # 3 ° C and a diurnal temperature of 18 + 3 ° C, with an RH of
73% The transplant was carried out six days after the application of fertilizers and
the first irrigation. 900 seedlings manually with a height of 10 + 3 cm and a separation
between 50 cm seedlings, which were randomly distributed in each plot; the plots had
a complete saturation of humidity.

Preparation of the soil

For the preparation of the land a fallow was carried out at 30 cm, a cross tracking,
in order to standardize the particle size, followed by a leveling with a “land plane”
equipment according to De La Loma [31]. Later, experimental plots (melgas) of 5x5m
were drawn with an edger.

Fertilization in the corresponding treatments

The application of fertilizers was developed six days before the transplant, using as
a nitrogen source, urea (46% N); and as a phosphorus source, triple superphosphate
(46% P). The fertilization dose was (N-P: 120-60).

Irrigation in the field

The irrigation water was supplied by the same water well that was used for
seedling production. The three risks after transplant were applied every six days and
the following every 15 days.

Variables evaluated

The measurements made were in percentage of emergence and seedling height in
nursery. At the field level, at 50, 73 and 144 days after the transplant, seedling height
number of basal stems was also evaluated. The following variables were determined
at 300 days after the transplant: crude protein, non-protein nitrogen, ammoniacal
nitrogen, true protein, neutral detergent fiber, cellular content, hemicellulose, lignin,
acid detergent fiber and cellulose. The harvest was done manually at 550 days after
the transplant. The maturity of the grain was considered when the spike presented
a yellow color and the following data were taken: length of plant, spike and grain,
number of spikes per plant and number of seeds per spike. The measurements were
made in ten plants per repetition of each treatment, taken at random [32].

Experimental design

The experimental design used was completely random blocks, with three repetitions
per treatment, giving a total of 12 experimental plots. The statistical analysis was
performed with the GLM procedure of the SAS computer package [33] and Box [34].

Results and Discussion
Physical characteristics of the soil in the experimental area

The results indicate that the percentage of sand that is established is of 62.04%, that
of siltis of 22.72%, that of clay was of 15.24%, the established permeability was of high
to excessive, the percentage of saturation registered a 31.5% , the apparent density is
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1.66 g/cm?, the infiltration capacity is 7.5 cm/ha, the average electrical conductivity is
3.14 Milimmbho, 0.22% organic matter, potassium (K) is 21 ppm, sodium (Na) 247 ppm,
calcium (Ca) 240 ppm, pH 9.12, field capacity 7.5%, N-NO, 11.8 kg/ha and phosphorus
(P,0,) at 8.3 kg / ha.

Emergency rate

The statistical analysis indicates that among the treatments studied a significant
difference was found with P <0.05, where B. amilolyquefaciens and the fertilizer
treatments stimulated the emergence of D. spicata, by 40 and 30% respectively
compared to the control without inoculant and without fertilizer. The maximum
emergency values were reached at 28 days with 57% with B. amilolyquefaciens, while
that of fertilizer was at 32 days with 47%. For its part, the free control of inoculant and
fertilizer was obtained at 43 days with 27%. The above results indicate that bacteria
promote germination in D. spicata, possibly due to the ability of bacteria to produce
and stimulate the synthesis of hormonal compounds such as gibberellins GA3, which
are mentioned by other authors [23,33,34]

Transplant

The seedlings developed in seedling production area and that were used for the
transplant, had a height range of 5 to 16 cm height, highlighting that the plants treated
with B.a. reached an average height of 13 + 3 cm at 50 days, while those treated
with fertilizer, presented an average height of 12 + 3 cm, there being no significant
difference between the two, but the contrary with the control treatment. Also, in all
the treatments it was observed that the first leaves of the emerged plants, after 3 or
4 days, a variability in shape and position; these leaves were presented alternately
as the stem developed, becoming transparent and chlorotic, ending up drying out in
this first stage of seedling production. On the other hand, it was observed, when the
seedling reaches approximately 2 cm in height, an average of 0.8 leaves per centimeter
of height is presented, in such a way that a plant of 14 cm in height contained 9 to
16 leaves, under the conditions of the present study. This is attributed to the genetic
variability of the seeds, since according to Renganathan et al. [35]. In halophytes, this
type of behavior is usual.

Development of plants in the field

Considering the different treatments under study, the results of plant height at 50
days after the transplant, the results indicate a significant difference with P> 0.05 of
those treatments inoculated with B.a. and fertilized vs. control. Values indicate that
plants treated with B.a. they had a height of 17 cm # 8, while the fertilizer-treated
showed an average height of 16 cm * 6. For its part, the control treatment had a lower
height of up to 30% less compared to the rest treatments.

Regarding the formation of lateral stems, the results indicate that 50 days after
the transplant, the plants treated with fertilization and the B.a. bacteria showed no
significant differences between treatments; the number of stems ranged from 6 # 3.

At 73 and 144 days after the transplant, the height of the treatments based on B.a.
and with fertilizer, they showed an average height of 35 and 44 cm * 11, respectively,
while those plants without the bacteria and the fertilizer, indicated a height of 27 and
37 cm # 13 at 73 and 144 days after transplantation, respectively.

According to the formation of the basal stems, it was observed that in all the
treatments in addition to forming the stems were also generating long internodes. The
results indicate that at 73 days there was no significant difference between treatments
with P> 0.05, between inoculated and fertilizer-based treatments, while with control
treatment if significant differences were shown. The number of stems oscillated
between the 20 basal stems # 8 in the treated plants.
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A similar behavior in the number of stems at 144 days (with significant difference
with P> 0.05), was observed between inoculated and fertilized treatments vs the
control; the number of stems oscillated between 90 + 7 basal stems for plants inoculated
and fertilzers, while for the control, up to 65 + 9 basal stems were generated.

In table 1, the results obtained in plants of D. spicata can be observed by effect of
B. amilolyquefaciens compared with that treatment based on fertility and the control
control; the results correspond individually for each plant: crude protein (%), non-
protein nitrogen (%), ammoniacal nitrogen (%), true protein (%), NDF (%), cellular
content (%), hemicellulose (%), lignin (%), acid detergent fiber (%) and cellulose
(%). It can be seen that those such as: crude protein, non-protein nitrogen, neutral
detergent fiber and acid detergent fiber stand out significantly (P> 0.05), compared to

the control control, inoculated treatments based on B.a. and the fertilized.

Regarding length of ear, length of seed, number of seeds per ear, yield per plant and
test weight of the seed, the results are presented in table 2.

During the development of the study, it was possible to observe that the first spikes
appeared at 480 days after the transplant, obtaining an average growth length of 10

cm * 3 cm (Table 2).

According to the production yield per seed per spike, the results obtained were
an average of 42.20 seeds per spike and an average of 42.20 g seed / plant; the values
mean child for the inoculated and fertilized treatments, compared to the control of the

work.

The present study indicates that D. spicata is benefited by B.a. and fertilization
based on N-P. Results related to plant growth promoting bacteria have been obtained
for other plants [36,37] and that, although the tests were carried out with other plants
and others beneficial microorganisms, some inhibit the effects on germination [38].

However, other studies show positive effects with this type of microorganism
[36,38-40] that also coincide with the results of the present study. The positive effects

Table 1: Nitrogen and fiber fractions of Distichlis spicata inoculated with Bacillus amyloliquefaciens and fertilization
(N-P) under field conditions.
T1: Bacillus T2: Chemical fertilization (N-P: T3: Control
amyloliquefaciens 120-60).

Crude protein (%) 7.46+ 0.43a 7.44+ 0.46a 6.30% 0.55b
Non-protein nitrogen (%) 0.56+ 0.04a 0.54+ 0.05a 0.44+ 0.06b
Ammoniacal nitrogen (%) 0.02+ 0.03a 0.02+ 0.03a 0.02+ 0.03a

True protein (%) 3.80+ 0.28a 3.65+0.19a 3.21£0.26b
FDN (%) 77.69% 6.92a 78.98% 6.56a 65.981 5.23b
Cellular content (%) 22.31+6.88a 23.32+6.78a 19.23+ 6.33a
Hemicellulose (%) 39.25+ 6.43a 39.20% 6.46a 42..32+ 0.34a
Lignine (%) 6.58+ 4.22a 6.45% 4.78a 7.34+ 4.33a
Acid detergent fiber (%) 38.44+ 1.34a 37.34+ 1.76a 33.45+ 1.90b
Cellulose (%) 28.98+ 1.55a 29.10% 1.44a 32.23+2.12a
T2: nitrogen source, urea (46% N); and as a phosphorus source, triple superphosphate (46% P). The fertilization dose was
(N-P: 120-60); Mean + D.E of analysis in duplicate of five samples. Different literals = significant difference with P> 0.05.

Table 2: Values of the measurements in plants, ears and seeds of Distichlis palmeri.
T2: Fertilizacion quimica (N-P:

T1: Bacillus

amyloliquefaciens 120-60). 13: Control
Length of the spike (cm) 15a 10ab 7c
Seeds per spike 70a 45b 12c
Yield per plant (g) 71.75a 72.20a 23.26b
Seed length (cm) 0.80a 0.68ab 0.50c
Hectolytic weight of the seed 59.52a 53.48a 46.67ab
T2: nitrogen source, urea (46% N); and as a phosphorus source, triple superphosphate (46% P). The fertilization dose was
(N-P: 120-60); Mean + D.E of analysis in duplicate of five samples. Different literals = significant difference with P> 0.05.
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of these bacteria observed in the present study apparently are due to the production of
growth promoting substances as reported in other studies [39-41]. On the other hand,
a fertilization, results that show studies of corn (Zea mays) [42], where fertilizer levels
were applied f N,, the low concentrations of NO, detected, the sap was being directed
towards the formation of biomass.

The previous results show that the growth of D. spicata during the vegetative
development was promoted by beneficial bacteria and fertilization. Considering the
use of the plant growth promoting bacteria in the present study, the results indicate
that it’s use can help in the expression of their potential for growth and development,
e.g. a greater production of biomass.

It is important to indicate that among the mechanisms of interaction that some
authors cite about beneficial microorganisms and plants, is the promotion of growth
and development induced by growth regulating substances [43,44], N, fixation and
assimilation as organic nitrogen, enhanced mineral uptake and improved root growth
[34,45,46].

Conclusion

In accordance with the goals, the results obtained and related to the emergence,
increases in yield under the given field conditions and due to the beneficial effect of B.
amilolyquefaciens with D. spicata plants, suggest the feasibility of replacing nitrogen
fertilizers where biomass and seed production are significant compared with the
control treatments. The possible and viable introduction of beneficial bacteria such
as B. amilolyquefaciens to halotolerant plants with productive potential as D. spicata
in semi-arid and coastal areas is reaffirmed. Finally, it is important to mention that
this type of experimental work contributes to broaden the knowledge in the possible
alternatives of agricultural production and effects in the application of biofertilizers
in new vegetative materials with productive potential of socio-economic interest for
States with problems of water availability of good quality, such as Sonora, in Northwest
Mexico.
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