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Abstract.Seed inoculation with bacterial species has the poten-
tial to increase yield and agro-qualitative attributes of forage crops.
This study determined the response of forage maize to three plant
growth promoting rhizobacteria [PGPR1 (4zotobacter chroococcum),
PGPR2 (Pseudomonas flourescens) and PGPR3 (Bacillus megaterium)]
inoculated individually and in different combinations (PGPR1+2,
PGPR1+3, PGPR2+3 and PGPR1+2+3). A non-inoculated treat-
ment was kept as a control. We used a completely randomized block
design with four replicates. The PGPR1+2+3 treatment showed an
outstanding performance by improving yield attributes, green for-
age yield, dry matter biomass, crude protein and total ash. The same
treatment gave the lowest crude fiber concentration. It was followed
by PGPR2+3 which in turn was followed by PGPR1+2. Hence, our
study suggests that employment of multi-species bacterial inocula-
tion is an effective technique to improve economical production and
agro-qualitative attributes of forage maize.

Keywords: Agro-biotechnology; Fodders; Ruminant nutrition;
Rhizobacteria; Seed inoculation.

Resumen. La inoculacién de semillas con especies bacterianas
tiene el potencial para aumentar el rendimiento y agro-atributos cua-
litativos de los cultivos forrajeros. Este estudio determiné la respuesta
de maiz forrajero a la inoculacién con tres especies de bacterias de la
rizosfera promotoras del crecimiento (PGPR) [PGPR1 (Azotobacter
chroococcum), PGPR2 (Pseudomonas flourescens) y PGPR3 (Bacillus
megaterium)] inoculadas individualmente y en diferentes combina-
ciones (PGPR1+2, PGPR1+3, PGPR2+3 y PGPR1+2+3). Un trata-
miento no inoculado fue usado como control. Se utilizé un disefio en
bloques completamente al azar (RCBD), con cuatro repeticiones. El
tratamiento PGPR1+2+3 mostré un desempefio sobresaliente, me-

jorando los atributos de rendimiento, rendimiento de forraje verde,

materia seca de la biomasa, proteina cruda y cenizas totales. EI mis-
mo tratamiento determiné la menor concentracién de fibra cruda.
Fue seguido por PGPR2+3, que a su vez fue seguido por PGPR1+2.
Por lo tanto, este estudio sugiere que el empleo de la inoculacién
con varias especies bacterianas es una técnica eficaz para mejorar la
produccién econémica y los atributos agro-cualitativos del maiz fo-
rrajero.

Palabras clave: Agrobiotecnologia; Forrajes; Nutricién de ru-
miantes; Rizobacterias; Inoculacién de semillas.
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INTRODUCTION

Production of good quality forage in large quantities is indis-
pensable for a competent and prolific livestock industry (Igbal
& Igbal, 2015). One of the reasons for low yield of fodder crops
is the sub-optimal use of chemical fertilizers (Sarajuoghi et al.,
2012). Now, we are also facing numerous hazards including
soil, water and environmental contamination owing to fertil-
izer, pesticide and herbicide uses. This scenario demands for a
biotechnological, economical, socially acceptable, easy to adopt
and environment friendly solution for boosting crop productiv-
ity, including maize. Inoculation of plant beneficial bacteria has
been coined by many researchers as a good strategy to improve
plant growth and productivity (Igbal et al., 2015).

Inoculation of bacterial species has proved its beneficial ef-
fects by increasing photosynthetic rate, root and shoot biomass,
flag leaf area, water use efficiency and production of indole-acetic
acid and gibberellins (Cleyet-Marcel et al., 2001). Single species
inoculation is relatively un-reliable because root colonization by a
single species of plant growth promoting rhizobacteria (PGPR)
is lower (Raupach & Kloepper, 1998) than multi-species inocu-
lation. Multi-species inoculation can perform better under het-
erogeneous soil conditions because they usually require diverse
temperature, pH and soil moisture conditions for their activities
(Zahir et al., 1996; Patten & Glick, 2003). Most of the earlier
work has been done on single species inoculation of PGPR, and
there are very few and contrasting reports for the combined inoc-
ulation of PGPR having different types of mechanisms and as-
sociations to improve plant growth and yield in field conditions.

'The present study was conducted with three bacterial inoc-
ulants including Azotobacter chroococcum, Pseudomonas floures-
cens and Bacillus megaterium that were inoculated individually
and in different combinations to evaluate their potential for
improving growth, yield and quality of forage maize under
irrigated field conditions.

MATERIALS AND METHODS

Experimental site. The experiment was conducted at Ag-
ronomic Research Area, University of Agriculture Faisalabad
(Pakistan) during the spring seasons of 2014 and 2015. The
experimental area is located at 30.35-31.47° N and 72.08-
73.0° E. The general elevation of the land is about 184 m
above sea level. Prior to sowing, experimental soil was ana-
lyzed for physico-chemical characteristics (Table 1). The soil
was sandy clay loam with pH of 7.6 and 7.8 during 2014 and
2015, respectively, and was deficient in macro-nutrients as
well as organic matter. The climate of Faisalabad is classified
as semi-arid (BWh) in Koppen-Geiger classification with
very hot and humid summers and dry, cool winters. Precipita-
tion, and mean monthly temperatures and relative humidity
were also taken from a meteorological center located in the
close vicinity of the experimental site (Fig. 1).

Table 1. Pre-sowing physico-chemical analysis of experimental soil.
Tabla 1. Andlisis fisico-quimico del suelo experimental antes de la
siembra.

Soil characteristics Recorded values
Mechanical analysis 2014 2015
Sand (%) 55 56
Silt (%) 19 19.5
Clay (%) 26 24.5
Textural class Sandy clay loam  Sandy clay loam
Chemical analysis 2014 2015
pH 7.6 7.8
EC (dS/m) 1.51 1.54
Organic matter (%) 0.69 0.65
Total nitrogen (mg/kg) 288.7 306.1
Available phosphorous 6.9 6.2
(mg/kg)
Available potassium 171 146
(mg/kg)
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Fig. 1. Precipitation, temperature and relative humidity during the
maize growing season.

Fig. 1. Precipitaciones, temperatura y humedad relativa durante la es-
tacion de crecimiento del maiz.
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A completely randomized block design (RCBD) was used
to make the experiment during both years with four replicates
each. The size of the net plot was 1.8 m x 5.0 m. The seeds of
forage maize (cv. Sargodha-2002) were inoculated with three
pre-isolated (separated from mixed colonies) PGPR species
including PGPR1 (Azotobacter chroococcum), PGPR2 (Pseudo-
monas flourescens) and PGPR3 (Bacillus megaterium) individu-
ally and in different combinations (PGPR1+2, PGPR1+3,
PGPR2+3, PGPR1+2+3), while a non-inoculated treatment
was used as a control.

Experimental protocol. Carrier (peat) based inoculants (5
mL for 1000 seeds with 107 alive bacteria) were mixed with a li-
ter of water for preparing a slurry to which 100 mL of 2% sugar
solution was added so that the inoculants may get energy for
their prolonged survival. The slurry was poured over the seeds
which were kept in a container. The seeds were mixed well with
the slurry of inoculants by pouring the seeds and slurry into
another container, which was properly shaken. Then, the treated
seeds were dried in a cool and dry shady place, and sown im-
mediately in the field. Sowing in 30 cm spaced rows was done
manually method using a seeding rate of 100 kg/ha. Half dose
of N in the form of urea along with full dose of P as di-am-
monium phosphate (DAP) were applied by the broadcasting
method at the time of sowing, while the remaining half dose of
nitrogen was applied with a firstirrigation 15 days after sowing.
The remaining four irrigations were applied according to the
crop requirements. Irrigation was applied directly to every plot
from main and sub-water channels to avoid inoculant dispersal.
No water flow was allowed among plots. Furadan (3-G) was
applied to protect the crop from maize borer and shoot fly at 20
kg/ha. Seedling density was recorded at complete emergence
15 days after sowing, while the remaining experimental vari-
ables were recorded at the time of harvest. Plant height was
recorded from the base to the tip of each of three plants with
help of a measuring tape, after harvesting three plants from the
middle row of each plot and then taking an average of n=3. A
Vernier caliper was used to record the stem diameter from each
of three plant parts (base, mid and top), and once again making
an average of n=3. Fresh weight was recorded per plant with
help of an electric balance, while dry weight was also recorded
per plant by chopping and drying plant samples in an oven at
70 °C until a constant dry weight was obtained. Finally, green
forage yield was recorded by harvesting all plants in a plot,
weighing them with a spring balance, and expressing weight as
tons per hectare. A chemical analysis of the preserved and dried
samples (3 samples per plot) was carried out to determine the
agro-qualitative attributes of forage maize following the proce-

dures outlined in AOAC (2003).

Statistical analysis. ANOVA was employed for statistical
analysis of experimental variables using Statistics 8.1 version.

Whenever F tests were significant, treatment means were com-
pared using the Fisher’s LSD at a=0.05 (Steel et al., 1997).
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RESULTS

Yield and yield components of forage maize. The high-
est values in all growth parameters were recorded in the
PGPR1+2+3 treatment. The only exceptions were seedling
density at complete emergence and plant population at har-
vest, whose values did not differ among treatments (Table 2).
The PGPR2+3 treatment did not differ to PGPR1+2+3 in
plant height, leaf number, leaf area per plant and green forage
yield in 2014, while PGPR1+2 did not differ to PGPR1+2+3
in leaf number and dry weight during the same year. In ad-
dition, PGPR1+2 was found to be statistically similar to
PGPR2+3 in terms of dry matter biomass production in the
cropping season of 2014 (Table 3). On the other hand, the
control values were lowest in all growth parameters, but they
did not differ to treatments with only one PGPR species; this
was the case in plant height and leaf number in the 2014 crop
period. Moreover, PGPR3 treatment did not differ to control
for leaf number and fresh weight in 2015.

Agro-qualitative attributes of forage maize. PGPR1+2+3
treatment showed the highest crude protein and total ash
concentrations; it also recorded the lowest crude fiber con-
centration (Table 3). It did not differ to PGPR2+3 for crude
fiber and total ash in the crop period of 2014. PGPR1+2 did
not differ to PGPR1+3 neither in crude protein (crop period
of 2014) nor in total ash (crop period of 2015). On the other
hand, the control treatment recorded the lowest crude protein
and total ash along with the highest crude fiber concentra-
tions. Also, it did not differ to single species inoculation for
crude protein and total ash concentrations during both years.

DISCUSSION

Multi-species bacterial inoculation (PGPR1+2+3) was
effective in improving yield components and forage yield of
maize. The increased vegetative growth might be attributed to
the synthesis of the auxin hormone, which plays a significant
role in cell division, cell expansion and differentiation of plant
tissues which increased plant height, stem diameter, and fresh
and dry weights per plant. These results are in line with previ-
ous studies of Tsavkelova et al. (2006), who reported that ap-
plication of different species of PGPR initiated the synthesis
of plant hormones which improved the plant’s morphological
characters of forage maize. Similar findings were also report-
ed by Hernandez et al. (1995), who concluded that bacterial
inoculation markedly increased the synthesis of numerous
growth hormones, and suggested that their combined appli-
cation might yield even better results. These results also agree
with previous studies of Hamidi & Asgharzadeh (2006) and
Bottini et al. (2004), who reported that seed inoculation with
Azotobacter chrococcum and Pseudomonas fluorescens consider-

ably increased the availability of nitrogen (fixed through BNF)
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Table 2. Effect of multi-species bacterial inoculants on yield attributes of forage maize.
Tabla 2. Efecto de inoculantes bacterianos conteniendo una o méas especies de bacterias sobre atributos de rendimiento de maiz forrajero.

Seedling den- Plant
Treatments sity at complete  population at Plant height Stem diameter Number of leaves/  Fresh weight/plant Dry weight/plant
emergence harvest (cm) (cm) plant () (g
# m) (g/m?)
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Control 234 259 206 226 2003e 203.1e 10.50e 11.11e 12.03d  12.34f 316.93g 322.06f 67.40d  68.81e
PGPR1 247 260 221 228 2129cd 216.7cd 10.86d  11.29d 12.76cd  13.12d 336.20de 340.57d  69.30bc  70.36¢
PGPR2 241 259 21.3 232 207.2de 211.4d 1091d 11.34d 12.50cd 13.0e 332.30ef 337.30e  69.12¢ 70.15¢
PGPR3 232 250 211 231 206.0de 209.9d 11.11cd 11.40d 12.20d  12.30f 326.57f  331.92¢f 68.88c  69.48d
PGPR1+2 240 248 222 234 2226bc 227.1bc 11.21c  11.58c  14.20ab 14.34c 347.60bc 354.04c  70.16ab  72.30b
PGPR1+3 257 251 221 235 213.0cd 219.0c  11.34b  11.67c  13.40bc 14.51b 342.20cd 348.10cd 69.34bc  71.11c
PGPR2+3 242 24.7 222 23.0 224.6ab 2323b 11.40b 11.84b 14.30ab 14.47b 350.17b  364.91b  70.55b  72.94b
PGPR1+2+3 249 253 227 236 2357a 2494a 11.57a 11.91a 1490a 14.93a 360.57a 371.46a 73.08a  75.78a
LSD (0.05) NS NS NS NS 11.47 8.19 0.04 0.07 0.94 0.61 6.90 5.61 0.96 0.51

Means sharing the same letter do not differ significantly at 5% probability level.

PGPR1 (Azotobacter), PGPR2 (Pseudomonas), PGPR3 (Bacillus).

Table 3. Effect of multi-species bacterial inoculation on yield and quality attributes of forage maize.
Tabla 3. Efecto de la inoculacion bacteriana de multiples especies en atributos de calidad y rendimiento de maiz forrajero.

Treatments Leaf area/plant Green forage Dry matter Crude protein Crude fiber Total ash
(cm?) yield (t/ha) biomass (t/ha) (%) (%) (%)
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Control 2546.0e  2555.6e  58.11f  59.07f 9.56e 9.46f 8.14d  8.18f 24.85a 24.74a 6.91f  6.93¢
PGPR1 2701.2cd 2788.3c  61.61lcd 62.08d 11.51cd 11.25d 9.17bc  9.22d 24.35ab 2429 7.10d 7.12d
PGPR2 2676.3d  2665.4d  60.51de 60.91e 11.46cd 11.12d 8.84cd 8.91e 24.41ab 24.38c 7.05de 7.10d
PGPR3 2629.8de 2641.8d  59.0lef 60.12¢ 10.56de 10.69¢  8.66cd 8.84e 24.66a  22.60d 6.98ef  6.98e
PGPR1+2 3133.8b  3188.9bc  62.92bc  63.33¢ 12.17bc 12.27¢  9.61bc 9.50c  23.47cd 23.58¢ 7.43b  7.49¢
PGPR1+3 2787.1c  2800.4c  62.04cd 63.07¢ 12.11bc 12.44c  9.20bc 9.27d 23.73bc 23.64e 7.30c  7.46c
PGPR2+3 3197.6ab 3244.2b  64.50ab 65.41b 13.08b 13.61b  9.76b  10.0b 22.66de 22.57f 7.54a  7.55b
PGPR1+2+3 3244.5a 3365.7a  66.03a  68.69a 13.74a  14.25a  10.70a 10.84a 22.59¢ 22.44g 7.6la  7.68a
LSD (0.05) 96.98 88.91 211 2.06 1.53 1.14 0.97 0.23 0.86 0.67 0.09 0.08

Means sharing the same letter do not differ significantly at 5% probability level. PGPR1 (Azotobacter), PGPR2 (Pseudomonas), PGPR3 (Bacillus).

and the uptake of phosphorous, by solubilization of persistent
inorganic phosphates. As a result, significantly higher green
forage yields and dry matter biomasses were recorded. In this
study, inoculation with different bacterial species resulted in
combining the individual benefits rendered by each bacterial
species and ultimately a higher forage yield was recorded.
Crude protein and total ash concentrations are the most
important agro-qualitative attributes of forage crops owing to
their direct relationship with milk and meat production. The
decrease in total crude fiber concentrations improves the fod-
der quality of maize by reducing bulkiness and increasing the
feed intake. The remarkable increase in crude protein and to-
tal ash along with decrease in crude fiber of forage maize by

PGPR1+2+3 might be due to fixing of nitrogen in the rhi-
zosphere; this increased nitrogen availability might have im-
proved the crude protein percentage (Hoflich et al., 1994).
These results are also in line with previous findings of Singh et
al. (2010), who concluded that different species of PGPR like
Azotobacter and Pseudomonas were effective in increasing crude
protein and reducing fiber concentrations. These results are also
in agreement with previous findings of Kumar et al. (1999),
who reported that seed inoculation with bacterial species either
alone or in combination significantly decreased the crude fiber
concentrations; it was concluded that application of PGPR fa-
vored the availability of nitrogen which enhanced the carbohy-
drate metabolism and subsequently increased the ash content.
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On the basis of the results obtained in this study, it might
be concluded that multi-species inoculation of plant growth
promoting rhizobacteria (PGPR) effectively promoted
growth, yield and agro-qualitative attributes of forage maize
in comparison to the control treatment under the agro-eco-
logical conditions of Faisalabad. Hence, multi-species inocu-
lants may be suggested after site-specific field investigations
under diverse agro-climatic conditions. However, there is a
need to test more PGPR species applied solely and in dif-
ferent combinations to find out their appropriateness for in-
creasing crop productivity.
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