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Abstract: This work was conducted at Giza Agricultural Research Station and the laboratory of Seed
Technology Research Department, Field Crops Research Institute, ARC, Giza, Egypt during the two successive
seasons of 2012 and 2013 to study the effect of some commercial bio-fertilizers (Microbin and Cerealin) and/
or different levels of N-fertilizers on forage and grain productivity and quality of rayana (Local variety) as well
as economic evaluation of studied treatments. The treatments were N  (control), N , N , N , Microbin, Cerealin,0 1 2 3

Microbin + N , Cerealin + N , Microbin + N  and Cerealin + N , where 0, 1, 2 and 3 are zero, 60, 90 and 120 kg N1 1 2 2

fad ,  respectively.  The  experimental  design  was  a randomized complete block with three replications.1

Results indicated that the studied productivity and grain quality were significantly affected by the fertilization
treatments. The application of Microbin + 90 kg N fad gave the highest values of fresh and dry forage yields,1

also  protein  yield,  grain yield as well as grain quality of teosinte (100-grain weight, protein content,
germination  percentage,  shoot  and  radical length, seedling fresh and dry weight and seedling vigor index).
The results revealed that we could save about 25% of inorganic nitrogen fertilizer (30 kg N fad ) needed for1

teosinte  production  by  the inculcation with Microbin combined with 75% of its recommended nitrogen rate
(120 kg fad ). Regarding the economic revenue, the highest net farm return was achieved from the treatment1

Microbin combined with 90 kg N fad  (8126.98 L.E. fad ); it is also the highest net return per one invested L.E.1 1

(3.11 L.E.). According to results of present study, it can be concluded that farmers can obtain the same rayana
yield if they apply 90 kg fad  of nitrogen with bio-fertilizers. In this way, decreasing nitrogen fertilizer help to1

reduce environment pollution and develop sustainable agriculture.
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INTRODUCTION Mishra et al. [1] and El-Kholy and Gomaa [2] have

The increased deficiency of green forage during the fertilizers  needed  for  corn  and  millet  by  50 % using
summer season in Egypt requires more attention to bio-fertilizers without loss in the yield.
increase the forage yield of common forage crops. Rayana Nitrogen is the most important essential nutrient in
or teosinte (Zea mexicana L.) is one of the most promising plant nutrition. It is a constituent of a large number of
and multicut fodder crops of warm regions. The cultivated necessary organic compounds such as amino acids,
area of forage teosinte is increasing yearly, to meet the proteins, coenzymes, nucleic acids, ribosomes,
increasing needs for animal feed. In order to produce high chlorophyll, cytochrome and some vitamins. Thus, N
yield of forage teosinte, it requires the application of large supply to the plant will influence the amount of protein,
amounts of nitrogen fertilizers. Recently, attention is cell size, leaf area and photosynthetic activity [3]. N
given to reduce pollution by decreasing the amount of fertilizer causes positive effect on plant growth and crop
nitrogen fertilizers and increasing the use of bio-fertilizers. productivity.  Response  of  field crops  to   N  application

succeeded to reduce the recommended doses of chemical
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usually varied according to level of soil fertility and level The aim of this work was to study the effect of some
of crop husbandry. Several reports indicated that N commercial bio-fertilizers (Microbin and Cerealin) and/ or
fertilization improved teosinte growth and its productivity N-fertilization on productivity and grain quality of
in  Egypt  [4-8].  Walli  and  Relwani  [9], Patel et al. [10], teosinte (Rayana) and profitability of studied treatments.
Lal et al. [11], Harika et al. [12], Singh et al. [13], Verma
and Joshi [14] and Pathan et al. [15] stated that MATERIALS AND METHODS
application of nitrogen not only increases the growth and
yield but also improves the herbage and seed quality. The present work includes both field and laboratory

Extending the role of bio-fertilizers can reduce the experiments to study the effect of seed inoculation with
need for chemical fertilizers, decrease adverse some commercial bacterial inoculants on productivity and
environmental effects and fix atmospheric N . Therefore, seed quality of the forage teosinte grown under different2

biofertilization is of great importance in alleviating levels of nitrogen fertilization.
environmental pollution [16 - 17]. Inocula of Azotobacter
sp. and Azospirillum sp. are used as bio-fertilizers for Field Experiment: Two field experiments were carried out
many  crops.   The   estimated   contribution   of  these at the Agric. Res. Station of Giza, Agric. Res. Center, Giza
free-living N fixing prokaryotes to the N input of soil Governorate, Egypt during 2012 and 2013 growing summer
ranges from 0 to 60 kg/ha per year [18]. Existence of seasons. The physical and chemical characteristics of the
microbial communities like Azotobacter sp. and experimental soil before planting was carried out
Azospirillum sp. in the rhizosphere promotes the growth according  to  the  analytical   methods   described by
of the plant through the cycling and availability of Page et al. [25] and the data are shown in Table 1. The
nutrients, increasing the health of roots during the growth experimental design was a randomized complete block
stage by competing with root pathogens and increasing design with three replications. Local variety of teosinte
the absorption of nutrients and water [19]. Helmy [20] and (Rayana) was used. The treatments were N  (control), N ,
Abdel-Galil et al. [21] studied the effects of inoculation N , N , Microbin, Cerealin, Microbin + N , Cerealin + N ,
with Azotobacter sp. and Azospirillum sp. on forage millet Microbin + N  and Cerealin + N , where 0, 1, 2 and 3 are
and observed that inoculated millet plants gave high zero, 60, 90 and 120 kg N fad , respectively.
growth and productivity. Meawed and Gebraiel [6] Prior to sowing, seed inoculation was carried out
suggested that integrated nutrient management strategies using  bio-fertilizers  of  nitrogen  fixing  bacteria (NFB)
involving inoculation of seeds with Azotobacter sp. and and phosphorus dissolving bacteria (PDB). The first
Azospirillum sp. in combination with chemical fertilizers group of NFB: NFB1 are Azospirillum lipoferum and
result in improving both growth and yield of crops. Bacillus polymxa in the form of the commercial
Azospirillum, Pseudomonas and Azotobacter strains biofertilizer “Cerealin”. The second group NFB2 are
could affect seed germination and seedling growth [22]. Azospirillium braselence + Azotobacter chroccocum
Inocula of organisms which act as bio-fertilizers are combined with PDB (i.e., phosphorus dissolving bacteria
prepared in different forms (in suspensions or on solid of Bacillus megatherium) are in a form of the commercial
organic matter) and are marketed commercially under bio-fertilizer Microbin. Both produced by the Egyptian
different trade manes. In Egypt one of such products is Ministry of Agriculture as inocula carried on organic peat
Cerealin (produced by Ministry of Agriculture, Egypt) like substances to treat seeds. Seed inoculation was
which consists of inocula of N  fixing strains of performed by mixing teosinte grains with the appropriate2

Azospirillium lipoferum and Bacillus polmxa. Another Cerealin and Microbin using Arabic gum as adhesive
product is Microbin which consists of N -fixing material. The coated grains were then air dried in shade for2

microorganisms along in the P dissolving microorganisms 30 minutes and sown immediately. 
[23].   Mahmoud   et  al.   [16]   found   that   using  the The preceding crop in the two seasons was Faba
bio-fertilizer (Microbon) increased green, dry protein bean (Vicia faba) and sowing date was 24  and 16  May
yields over the control by 17, 10%, 18.50% and 21.30% in the first and second seasons, respectively. The plot
respectively. Protein content and protein yield increased size  was  12m  (3x4  m).  The  seeds were planted in hills
in barley by treatments especially with increasing N rate 25 cm  apart  and  ridges  of  50 cm  distance  at  the
up to N298 + Microbin+ 20Gy and gave highest protein seeding  rate  of  20 kg  fad . Nitrogen fertilizer in the
content [24]. form of urea (46.5% N) was divided into three equal doses.
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Table 1: Soil physical and chemical properties of experimental area (average of 2012 and 2013 growing seasons)
pH EC (dS m ) Organic Carbon (%) Total N (%) Available K (mg Kg soil) Available P (mg Kg  soil) Soil texture1 1 1

7.64 2.18 0.70 0.19 295.6 9.3 Clay loam

The first dose was added after 21 days from sowing, the weighed,  placed    into   flask  with 250 ml of distilled
second and the third doses were added after the first and water and held at 25°C  for  24h. The electrical
the second cuts, respectively. Recommended rate of conductivity of the leachates was determined using
phosphors, 15.5 % P O  (150 kg fad  as mono-super conductivity meter. 2 5

1

phosphate) and potassium, 48% K O (50 kg fad  as2
1

potassium  sulphate)  were    applied   before  plowing. Chemical Composition: Samples of about 50g of air dried
Two  cuts  were taken during each growing season, after seeds of each treatment were randomly chosen from three
60 and 90 days after sowing, after which the crop was left replications and fine ground for estimating chemical
for flowering and seed production. Forage yield was composition. Protein percent: Nitrogen percentage was
recorded in each cut. Representative samples from each determined in seeds using microkjeldhal method and
treatment were taken at each cutting to determine the dry crude protein percentage was estimated by multiplying
matter percentage. Data for fresh and dry forage yields as N% by 6.25 and total carbohydrates were evaluated
(ton fad ) (fad = faddan=4200 m ) , protein forage yield as according to AOAC [30]. Crude oil percentage was1 2

(kg  fad ),  100-grain  weight  as  (g)  and grain yield as determined using Soxhlet apparatus and hexane as1

(kg fad ) of each season as well as combined data of the solvent according to AOAC [30].1

two seasons were recorded.

Laboratory Test: Laboratory tests were conducted at revenue included four parameters that were estimated as
Seed Technology Res. Dept., Field Crops Res. Inst., ARC, follows:
Giza, Egypt. Seed samples were collected from each
experimental plot. These include: Average input variables as well as total costs of

Germination Test: Fifty pure seeds of each sample were Cerealin under different nitrogen levels, control
placed on Petri dishes containing filter paper. The Petri treatments and the applied different culture practices
dishes were placed in an incubator at 25°C for 10 days. during the different stages of growth in each season.
Germination percentage was estimated according to ISTA Net farm income of teosinte production as affected by
[26]. the different studied treatments. Net farm income is

actual marketing price.

Ten normal seedlings from each Petri dish were between forage yield value according to the actual
randomly selected and measured for shoot and root price and the total costs including land rent. All of
length of individual seedling according to Krishnasamy the above estimations are based on the official and
and Seshu [27]. actual market prices determined by the Ministry of

Dry Seedling Weight: The shoot and root were also dried Development Bank at Giza, Egypt. 
at 70°C for 72 h and weighed. Return of invested of teosinte production as affected

Seedling Vigor Index: Was determined according to the
formula given by Reddy and Khan [28]. Seedling vigor Statistical Analysis: Data were statistically analyzed as a
index = germination percentage X dry seedling weight combined to split plot analysis according to procedures

Electrical  Conductivity  Test  (µScm  g ): The computer program V.4 [32]. Bartlett's test was done to test1 1

electrical  conductivity  of the leachate was determined the homogeneity of error variances. The test was non
according  to  procedures  described  by  AOSA  [29]. significant for all traits, thus combined analysis was
Four sub-samples of 50 seeds of each treatment  were carried out for all studied traits.

Economic Revenue: In the present study, the economic

teosinte production as affected by Microbin or

the values of forage and seed yield according to the

Net farm return of teosinte production as affected by
the different studied treatments. It is the difference

Agriculture and the Agricultural Credit and

by the different studied treatments. 

outlined by Snedecor and Cochran [31] using MSTAT
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RESULTS AND DISCUSSION of the two growing seasons, the protein yield increased

Forage Yield received 60, 90 and 120kg N fad , respectively over the
Fresh and Dry Forage Yield: Data of fresh and dry forage control treatment. The beneficial effect of nitrogen
yield of teosinte under different levels of nitrogen and fertilization on protein may be due to, its favorable effect
bio-fertilization for the individual cuttings as well as their on dry yield and / or to enhancing the absorbing
total in each season and combined across seasons are efficiency of the roots. Besides the stimulating effect of
presented in Tables (2 and 3). The main effect were nitrogen may be due to its function in plant metabolism as
discussed only because the interaction among all studied it is considered a major constituent of amino acids protein,
factors (years x cuts x treatments) was highly significant. nucleic acids and phosphotipids. Regarding to the
N-fertilization and /or inoculation had significant effect on biofertilization, data combined across seasons revealed
fresh and dry forage yield. Inoculation of teosinte with that protein yield of the inoculated plants with Microbin
Microbin significantly increased combined data of fresh and Cerealin was significantly higher than the control by
and dry yields by 13.6% and 9.5%, while with Cerealin 38.3 and 33.6%, respectively. Applying, N  to the
these values were 8.8% and 3.5%, respectively compared inculcated plants significantly increased protein forage
to the control. Inoculation with Microbin together with N yield by 58.9 and 55.8 % in case of Microbin and Cerealin,1

and N  resulted in a positive effect showing an increase of respectively, compared to the control. Increasing the rate2

31.0 %, 20.5% and 39.2%, 28.7% on fresh and dry forage of nitrogen of N  to the inoculated plants significantly
yield combined across seasons, respectively. Also, for increased protein yield by 54.3 and 54.1 % in case of
Cerealin + N  and Cerealin  + N ,  their  increases were Microbin and Cerealin, respectively, compared to the1 2

27.8 %, 18.3 % and 37.3 %, 26.5 %, respectively. Urea at control. These increases of protein yield may be due to
rate of N , N  and N  showed an increase of 17.6, 25.3 and the increased uptake and better utilization of added1 2 3

36.2 % in fresh forage yield and 12.3, 17.0 and 25.6 in dry fertilizer by plants due to those bacteria. Similar results
forage yield, respectively. These results could be were obtained by Omar et al. [38] and Mahmoud et al.
attributed to the high activity of N-fixing bacteria and /or [16]. Meawed and Gebraiel [6] reported that the highest
N-fertilization. Furthermore, the production of growth protein yield values were obtained by the combination
promoting substances by N-fixing bacteria may be with the full nitrogen dose (120 kg N fad ) or 75%
responsible for the improvement of Poaceae crops [33]. nitrogen dose (90 Kg N fad ).

The results indicated that inculation with Microbin at
N  resulted significantly in higher yield as compared with Grain Yield and 100-Grain Weight: Results of variance2

the  plants  received  the  recommended   nitrogen  rate analysis indicated that there were significant differences
(120 kg N fad ). In economical terms, this treatment between treatments (Table 5 and Fig. 1). Grain yield and1

saved  about  30  kg  N  fad   season .  In  addition, 100-grain weight were increased with applying nitrogen1 1

Saleh  et al. [34], reported that, application of nitrogen fertilizer. Bio-fertilizers had significant effect on grain yield
fixer bacteria (Azotobacter, Azospirillum, Bacillus, and100-grain weight. In due attention to Table 5 results,
Klebsiella and Pseudomonas) as biofertilizers with pearl biofertilizers application caused increasing grain yield and
millet, wheat, maize and sorghum, showed significant 100-grain weight as compared with control treatment.
increases in dry matter associated with increased harvest Microbin and Cerealin improved grain yield and 100-grain
of nitrogen per unit area. These findings are in harmony weight by (7.60, 21.47%) and (6.52, 17.79%), respectively,
with those obtained by Ibrahim et al. [17] on teosinte, as compared with non- inoculation treatment. These
Tilak et al. [35] on maize, Abdel-Galil et al. [21] on pearl results  are  in  agreement  with   those   obtained by
millet,  Mahmoud et al. [16] on sorghum, Helmy [36] and Singh et al. [39] who believed to maximize production of
Piccinin et al. [37] on wheat. different wheat cultivars which inoculated with

Protein Forage Yield: Data on the protein forage yield as from this study showed that with using bio-fertilizer
affected by some commercial biofertilizers (Microbin and inoculation methods, not only grain yield can be improved
Cerealin) and/ or N-fertilization are shown in Table (4). but also consumption of nitrogen chemical fertilizer
Regardless the biofertilization, it is clearly shown from the reduces remarkably. Applying, N  to the inoculated plants
data reported in Table (4) that the protein yield of each of significantly  increased  grain yield and100-grain weight
the two cuts and their total were significantly increased by 14.73, 40.70% and 14.28, 33.33 % in case of Microbin
by increasing N fertilization levels. In the combined data and   Cerealin,    respectively,   compared   to   the  control.

by 23.3, 35.7 and 51.4% when Zea mexicana plants
1

1

2

1

1

Azotobacter under normal conditions. Results obtained

1
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Fig. 1: Grain yield and 100-grain weight of teosinte under different levels of nitrogen and bacterial fertilization

Table 2: Fresh forage yield (ton fad ) of teosinte inoculated with some commercial bio-fertilizers under different nitrogen levels in 2012 and 2013 growing1

seasons and their combined across seasons
Fresh forage yield (ton fad )1

--------------------------------------------------------------------------------------------------------------------------------------------------------------
2012 2013 Combined
------------------------------------------- --------------------------------------------- -----------------------------------------

Treatments Cut1 Cut2 Total Cut1 Cut2 Total Cut1 Cut2 Total
Control 6.49 10.68 17.17 6.61 10.87 17.48 6.55 10.78 17.33
N 7.44 12.62 20.06 7.89 12.79 20.68 7.67 12.71 20.381

N 8.12 13.37 21.49 8.23 13.68 21.91 8.18 13.53 21.712

N3 9.08 14.25 23.33 9.34 14.55 23.89 9.21 14.40 23.61
B 7.24 12.21 19.45 7.53 12.39 19.92 7.39 12.30 19.691

B 6.82 11.64 18.46 7.01 12.22 19.23 6.92 11.93 18.852

B  +N 8.76 13.88 22.64 8.81 13.96 22.77 8.79 13.92 22.711 1

B  + N 8.31 13.62 21.93 8.67 13.69 22.36 8.49 13.66 22.152 1

B  +N 9.25 14.37 23.62 9.87 14.76 24.63 9.56 14.57 24.131 2

B  + N 9.14 14.29 23.43 9.56 14.59 24.15 9.35 14.44 23.792 2

Mean 8.07 13.09 21.16 8.35 13.35 21.70 8.21 13.22 21.44
LSD 0.05 1.73 1.39 1.91 1.63 1.57 1.89 1.15 1.01 1.30
N  = Control, N = 60 kg N fad , N = 90 kg N fad , N =120 kg N fad , B =Microbin and B = Cerealin0 1 2 3 1 2

1 1 1

Table 3: Dry forage yield (ton fad ) of teosinte cultivar inoculated with some commercial biofertilizers under different nitrogen levels in 2012 and 20131

growing seasons and their combined across seasons
Dry yield (ton fad )1

--------------------------------------------------------------------------------------------------------------------------------------------------------------
2012 2013 Combined
------------------------------------------- --------------------------------------------- -----------------------------------------

Treatments Cut1 Cut2 Total Cut1 Cut2 Total Cut1 Cut2 Total
Control 1.13 2.01 3.14 1.17 2.03 3.20 1.15 2.02 3.17
N 1.27 2.27 3.54 1.29 2.28 3.57 1.28 2.27 3.561

N 1.28 2.38 3.66 1.34 2.42 3.76 1.31 2.40 3.712

N3 1.43 2.50 3.94 1.47 2.55 4.03 1.45 2.53 3.98
B 1.21 2.22 3.43 1.25 2.27 3.52 1.23 2.25 3.471

B 1.16 2.15 3.31 1.17 2.08 3.25 1.17 2.11 3.282

B  +N 1.38 2.41 3.80 1.41 2.44 3.85 1.40 2.43 3.821 1

B  + N 1.35 2.38 3.72 1.35 2.44 3.78 1.35 2.41 3.752 1

B  +N 1.49 2.58 4.07 1.51 2.58 4.09 1.50 2.58 4.081 2

B  + N 1.46 2.52 3.98 1.49 2.56 4.05 1.47 2.54 4.012 2

Mean 1.32 2.34 3.66 1.34 2.37 3.71 1.33 2.35 3.68
LSD 0.05 0.12 0.16 0.17 0.10 0.11 0.18 0.08 0.09 0.12
N  = Control, N = 60 kg N fad , N = 90 kg N fad , N =120 kg N fad , B =Microbin and B2= Cerealin0 1 2 3 1

1 1 1
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Table 4: Protein forage yield (kg fad ) of teosinte inoculated with some commercial bio-fertilizers under different nitrogen levels in 2012 and 2013 growing1

seasons and their combined

Protein forage yield (kg fad )1

---------------------------------------------------------------------------------------------------------------------------------------------------------------
2012 2013 Combined
------------------------------------------- --------------------------------------------- -----------------------------------------

Treatments Cut1 Cut2 Total Cut1 Cut2 Total Cut1 Cut2 Total

Control 128.81 200.87 329.68 131.89 201.15 333.04 131.40 199.88 331.28
N 155.94 254.08 410.02 156.43 250.70 407.12 156.16 252.36 408.521

N 169.66 278.05 447.71 177.49 276.17 453.65 173.59 276.03 449.622

N3 198.01 307.30 505.31 201.62 294.34 495.96 199.82 301.78 501.60
B 170.99 294.75 465.74 163.40 287.34 450.73 167.11 291.00 458.111

B 167.54 287.41 454.95 156.55 274.03 430.57 161.98 280.66 442.642

B  +N 201.57 322.39 523.96 198.10 330.76 528.86 199.83 326.59 526.421 1

B  + N 195.09 321.30 516.39 186.86 329.13 515.99 190.93 325.22 516.142 1

B  +N 201.03 313.58 514.61 190.13 315.37 505.50 195.49 315.52 511.021 2

B  + N 201.32 314.48 515.80 191.14 316.14 507.28 196.16 314.23 510.392 2

Mean 179.00 289.42 468.42 175.36 287.51 462.87 177.25 288.33 465.57

LSD 0.05 17.04 20.21 21.22 18.96 13.11 24.85 12.31 11.63 15.77

N  = Control, N = 60 kg N fad , N = 90 kg N fad , N =120 kg N fad , B =Microbin and B2= Cerealin0 1 2 3 1
1 1 1

Table 5: Effect of nitrogen levels and seed inoculation with some commercial biofertilizers on grain yield, 100-grain weight, protein, carbohydrate and grain
oil content (combined analysis of the two seasons 2012 and 2013)

Treatments Grain yield (kg fad ) 100-grain weight (g) Protein content (%) Carbohydrate content (%) Oil content (%)1

Control 688.25 4.89 11.50 72.52 1.56
N 760.22 5.42 11.69 73.41 1.451

N 779.22 5.83 11.87 73.33 1.792

N3 850.16 6.89 12.42 72.11 1.86
B 740.53 5.94 12.25 72.86 2.621

B 733.11 5.76 12.16 73.02 2.692

B  +N 789.63 6.88 12.92 71.22 2.421 1

B  + N 786.51 6.52 12.76 71.89 2.592 1

B  +N 852.69 7.42 13.74 70.12 2.111 2

B  + N 841.80 7.11 13.33 70.68 2.242 2

Mean 782.21 6.27 12.46 72.12 2.13

LSD 0.05 67.60 0.11 0.12 1.51 0.16

N  = Control, N = 60 kg N fad , N = 90 kg N fad , N =120 kg N fad , B =Microbin and B2= Cerealin0 1 2 3 1
1 1 1

Increasing the rate of nitrogen to N  to the inoculated beet were explained by N  fixation ability, P solubilizing2

plants significantly increased grain yield and100-grain capacity and phytohormons production [42-43]. Idris [44]
weight by 23.89,  51.74%  and  22.31,  45.40  % in case of also confirmed a positive effect of Azotobacter on grain
Microbin and Cerealin, respectively, compared to the weight of wheat.
control. Nanda et al. [40] reported that maize grain
inoculation with Azospirillum and Azotobacter Chemical Composition: Results obtained from analysis of
significantly increased forage yield of the plant. Similar variance indicated that there are significant differences
results were obtained by Lucangeli and Bottini [41] who between nitrogen fertilizer, bio-fertilizer and their
reported that secreting growth regulating and prompting interaction effects on protein, carbohydrate and oil
in attars such as auxin, gibberllin by Azospirillum and content of grain (Table 5). The lowest protein and oil
secreting auxin, gibberllin and cytokinin by Azotobacter content  of  grain  was  observed   in  non-utilizing
and assisting these bacteria with maize rhizome are most nitrogen fertilizer treatment. Protein and oil content
important interacting to improving growth and grain yield increased with using nitrogen fertilizer. The highest
of maize. The positive effects of PGPRs on the yield and protein and oil content except carbohydrate content
growth of crops such as wheat, maize, soybean and sugar belongs  to  bio-fertilizers  followed  by  nitrogen  fertilizer.

2
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Fig. 2: Grain crude protein and carbohydrate content of teosinte under different levels of nitrogen and bacterial
fertilization

Table 6: Means of germination and seedling characters of teosinte inoculated with some commercial biofertilizers under different nitrogen levels (combined
analysis of the two seasons 2012 and 2013)

Shoot Radial Seedling Seedling EC Seedling
Treatments length (cm) length (cm) fresh weight (g) dry weight (g) (µScm  g ) Germination (%) vigor index1 1

Control 10.36 6.86 0.29 0.02 14.53 58.00 0.96
N 12.14 8.12 0.34 0.05 13.65 62.00 2.841

N 13.29 8.22 0.35 0.06 13.27 65.00 3.652

N3 14.60 9.04 0.38 0.07 12.43 67.00 4.87
B 11.70 7.81 0.32 0.04 11.34 69.00 2.971

B 11.48 7.72 0.31 0.03 11.52 68.00 2.282

B  +N 13.46 8.61 0.37 0.08 10.12 76.00 5.701 1

B  + N 13.33 8.56 0.36 0.07 10.24 73.00 5.322 1

B  +N 14.78 9.04 0.40 0.09 9.42 78.00 7.271 2

B  + N 14.59 8.99 0.38 0.08 9.61 77.00 6.062 2

Mean 12.97 8.30 0.35 0.06 11.61 69.00 4.19

LSD 0.05 0.36 0.39 0.14 0.04 0.22 4.98 2.52

N  = Control, N = 60 kg N fad , N = 90 kg N fad , N =120 kg N fad , B =Microbin and B2= Cerealin0 1 2 3 1
1 1 1

Shehata and El-Khawas [45] reported a significant The highest germination percentage (67 %), shoot
increase in  oil  content  of   sunflower   with  applying length (14.60 cm), radial length (9.04 cm ), seedling fresh
bio-fertilizer. Nitrogen fertilizer × bio-fertilizer interaction weight (0.38 g), seedling dry weight (0.07 g) and seedling
indicated that increasing nitrogen and bio-fertilizers vigor index (4.87) were achieved in the recommended dose
increased protein and oil content of grain, as shown in treatment of nitrogen fertilizer (120 kg N fad ). The lowest
Fig. 2. The highest value was recorded in carbohydrate % germination percentage (58 %) , shoot length (10.36 cm),
(73.41) when using 60 kg N fad . On the other hand the radial length (6.86 cm ), seedling fresh weight (0.29 g),1

lowest value was observed (70.12) when treated with seedling dry   weight   (0.02  g)   and   seedling  vigor
Microbin + 90 kg N fad application. index (0.96) were related to the treatment of control-1

Laboratory Experiment: Data recorded in Table (6) Choudhary et al. [46] and Dwivedi et al. [47] findings.
emphasized that biofertilizers (Microbin and Cerealin) and/ Also in treatment of seed inoculation with bacteria, the
or N-fertilization exhibited significant effect on highest germination percentage (69 %), shoot length
germination percentage, shoot and radical length, (11.70 cm), radial length (7.81 cm), seedling fresh weight
seedling fresh and dry weight, electrical conductivity (EC) (0.32 g), seedling dry weight (0.04 g) and seedling vigor
and seedling vigor index for the two growing seasons. index  (2.97) were related to the seed inoculation treatment

1

(without nitrogen fertilizer). The results agreed with
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Table 7: Estimated net return (L.E.fad ) of forage and seed for teosinte crop treated with Microbin or Cerealin under different nitrogen levels across the two1

seasons of 2012 and 2013
Treatments
-------------------------------------------------------------------------------------------------------------------------------------------

Cost of production inputs N N N N B B B +N B +N B  +N B  + N0 1 2 3 1 2 1 1 2 1 1 2 2 2

Land preparation
Tillage 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00
Planting 300.00 300.00 300.00 300.00 300.00 300.00 300.00 300.00 300.00 300.00
Seeds 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00
Irrigation 900.00 900.00 900.00 900.00 900.00 900.00 900.00 900.00 900.00 900.00
Mineral fertilization
Urea (46.5% N) - 252.00 367.50 490.00 - - 252.00 252.00 367.50 367.50
Superphosphate (15.5% P O ) 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.002 5

Potassium sulphate (48% K O) 250.00 250.00 250.00 250.00 250.00 250.00 250.00 250.00 250.00 250.002

Biofertilization - - - - 14.00 14.00 14.00 14.00 14.00 14.00
Hoeing 675.00 675.00 675.00 675.00 675.00 675.00 675.00 675.00 675.00 675.00
Harvesting 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00
Total variable cost 3515.00 3767.00 3882.50 4005.00 3529.00 3529.00 3781.00 3781.00 3896.50 3896.50
Total fixed cost 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00
Total cost 7515.00 7767.00 7882.50 8005.00 7529.00 7529.00 7781.00 7781.00 7896.50 7896.50
Forage yield ton fad 17.33 20.38 21.71 23.61 19.69 18.85 22.71 22.15 24.13 23.791

Seed yield kg fad 688.25 760.22 779.22 850.16 740.53 733.11 789.63 786.51 852.69 841.81

Forage Price ton 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.00 240.001

Seed price kg 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.001

Forage total revenue 4159.20 4891.20 5210.40 5666.40 4725.60 4524.00 5450.40 5316.00 5791.20 5709.60
Seed total revenue 8259.00 9122.64 9350.64 10201.92 8886.36 8797.32 9475.56 9438.12 10232.28 10101.60
Total revenue 12418.20 14013.84 14561.04 15868.32 13611.96 13321.32 14925.96 14754.12 16023.48 15811.20
Gross margin (L.E.fad. ) (without rent) 8903.20 10246.84 10678.54 11863.32 10082.96 9792.32 11144.96 10973.12 12126.98 11914.701

Net return (L.E.fad. ) (with rent ) 4903.20 6246.84 6678.54 7863.32 6082.96 5792.32 7144.96 6973.12 8126.98 7914.701

Return of invested L.E. (without rent) 3.53 3.72 3.75 3.96 3.86 3.77 3.95 3.90 4.11 4.06
Net return of invested L.E. (without rent) 2.53 2.72 2.75 2.96 2.86 2.77 2.95 2.90 3.11 3.06
Return of invested L.E. (with 1.65 1.80 1.85 1.98 1.81 1.77 1.92 1.90 2.03 2.00
Net return of invested L.E. (with 0.65 0.80 0.85 0.98 0.81 0.77 0.92 0.90 1.03 1.00
N  = Control, N = 60 kg N fad , N = 90 kg N fad , N =120 kg N fad , B =Microbin and B = Cerealin L.E. (One Egyptian Pound) = $ 0.1310 0 1 2 3 1 2

1 1 1

Total cost = Total variable cost + Total fixed cost, Gross margin = Total revenue - Total variable cost, Net return (L.E.fad ) = Total revenue - Total cost,1

Return of invested L.E. = , Net return of invested L.E. = Return of invested L.E - 1

with Microbin. Applying, N  to the inoculcated plants like vitamins, nicotinic acid, indole acetic acid, gibberellin1

significantly increased germination percentage, shoot etc and helps in better germination, root and shoot growth
length, radial length, seedling fresh weight, seedling dry [48].
weight and seedling vigor index by 29.92, 25.51, 27.59, The results are in close conformity with those of
300.00, 31.03, 493.75% and 28.67, 24.78, 24.14, 250.00, 25.86, earlier worker [49]. The use of bio-fertilizers not only helps
454.17 % in case of Microbin and Cerealin, respectively, improving soil health but also increases the availability of
compared to the control. Increasing the rate of nitrogen to N, P and K which are in unavailable form in soil, thereby
N  to the inoculated plants significantly increased increasing growth and yield of crop. This green2

germination percentage, shoot length, radial length, technology will certainly be useful in improving soil and
seedling fresh weight, seedling dry weight and seedling environment health as well as will protect us from
vigor index by (42.66, 31.78, 37.93, 350.00, 34.48 and hazardous effects of chemical fertilizers and pesticides.
657.29% ) and (40.83, 31.05, 31.03, 300.00, 32.76 and 531.25
%) in case of Microbin and Cerealin, respectively, Economic Revenue
compared to the control. The lowest EC was recorded Costs: Total costs including values of total variable costs
(9.42 µScm g ) when treated with Microbin + 90 kg N. (production tools and requirements such as seeds,1 1

fad ,   while    the    highest    value    was   observed fertilizers, irrigation, man power, machinery and other1

(14.53 µScm g ) in control (without nitrogen fertilizer). general or miscellaneous costs) as well as total fixed costs1 1

The promoting effect of these biofertilizers may be (land rent) averaged on summer 2012 and 2013 seasons
attributed to production of biologically active substances are shown in Table 7.
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The price of 50 kilogram urea (46.5%N) was 100 L.E., fad  (1.00  L.E.)  and  the  recommended  nitrogen  rate
the  price  of  50  kilogram  calcium  superphosphate 120 kg N fad  (0.98 L.E.), while for the un-inoculated
(15.5% P O ) was 50 L.E. and the price of 50 kilogram without nitrogen fertilizer was (0.65 L.E.). Therefore,2 5

potassium sulphate (48% K O) was 250 L.E., the price 2 application of this particular rate in teosinte may be an2

bags inoculants fad  was 14 L.E., the price of one option for the marginal farmers in the region with similar1

kilogram seeds ( local teosinte ) was 12 L.E. the total cost socioeconomic and agroecological conditions.
of soil tillage included the cost for first and second
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(6 months) (Table 7). 1. Mishra,  O.R.,   V.S.   Tomar,   R.A.   Sharma  and

Data in Table 7 show that the total costs of forage A.M. Rajput, 1995. Response of maize to chemical
and seed production per faddan of teosinte is affected by and biofertilizers. Crop Res. (Hisar), 9 (2): 233-237.
the applied different treatments (average of 2012 and 2013 2. El-Kholy,  M.A.  and  A.M.  Gomaa,  2000.
seasons). From such data, it is clear that the minimum total Biofertilizers  and  their   impact   on   forage  yield
costs was that of application of control (un- inoculated and N-content of millet under low level of mineral
without addition of nitrogen fertilizer), being 7515.00 L.E. fertilizers.  Annals   of    Agric.  Sci.  Moshtohor,
and the maximum total costs were those of the plants 38(2): 813-822. 
received the recommended nitrogen rate (120kg N fad ), 3. Diacono, M., P. Rubino and F. Montemurro, 2013.1

which was 8005.00 L.E. Average over all treatments of Precision nitrogen management of wheat; a review.
total costs were 7758.25 L.E. Agronomy    for       Sustainable    Development,

Gross Margin: Results in Table 7 reveal that the total 4. Gheit, G.S., K.M. Sayed and S.A. Ramadan, 1995.
revenue of forage and seed production of teosinte Effect of different rates of N, P and K fertilizers on
without land rent was achieved from treatment Microbin growth, yield crude protein in Sorghum x Sudangrass
combined with 90 kg N fad  (12126.98 L.E. fad ) (local hybrid 402). J. Agric. Sci. Mansoura Univ.1 1

followed by the treatment Cerealin combined with 90 kg N Egypt, 20(5): 2593-2600.
fad  (11914.70 L.E. fad ) and the recommended nitrogen 5. Gheit, G.S., 2000. Effect of hill spacing and nitrogen1 1

rate 120kg N fad  (11863.32 L.E. fad. ) . On the other level on forage yield of teosinte (Zea mexicana L.). J.1 1

hand, the lowest gross margin were (8903.20 L.E.fad ) Agric. Sci. Mansoura Univ., 25(2): 657-663. 1

recorded  by  un-  inoculated  without  nitrogen fertilizer. 6. Meawed, N.S. and M.Y. Gebraiel, 2002. Response of
It is clearly evident from Table 7 that the highest values of zea mexicana to mineral nitrogen levels and
net return per one invested L.E. was achieved from biofertlization. J. Agric. Res. Minufiya Univ. Egypt,
application  Microbin  combined  with   90 kg   N  fad 27(5): 1217-1228. 1

(3.11 L.E.) Followed by Cerealin combined with 90 kg N 7. Soliman, A.M., 2005. Evaluation of some teosinte
fad  (3.06  L.E.)  and  the  recommended  nitrogen  rate (Euchlaena maxicana schrad) genotypes for forage1

120 kg N fad  (2.96 L.E.), while for the un- inoculated yield as affected by cutting management and1

without nitrogen fertilizer was (2.53 L.E.). nitrogen   fertilization.   Zagazig   J.   Agric.  Res.,

Net Return: Results presented in Table 7 show that the 8. Shahin, M.G., R.Th. Abdrabou, W.R. Abdelmoemn
values of net farm return of teosinte with land rent was and Maha M. Hamada, 2013. Response of growth and
achieved from treatment Microbin combined with 90 kg N forage yield of pearl millet (Pennisetum galucum) to
fad  (8126.98 L.E.fad ) followed by the treatment nitrogen fertilization rates and cutting height. Ann.1 1

Cerealin combined with 90 kg N fad (7914.70 L.E.fad ) Agric. Sci., Ain Shams Univ. Cairo, 58(2): 153-162.1 1

and the recommended nitrogen rate 120kg N fad 9. Walli, T.K. and L.L. Relwani, 1962. A note on effect1

(7863.32 L.E. fad ) . On the other hand, the lowest net of seed rates and N levels on fodder yields of1

farm return were (4903.20 L.E. fad ) recorded by un- teosinte. Indian J. Agric. Sci., 32: 79-86.1

inoculated without nitrogen fertilizer. But, the highest 10. Patel, A.S., C.A. Patel and A.T. Patel, 1976. Effect of
values of net return per one invested L.E. were achieved nitrogen and phosphate levels on forage yield and
from application Microbin combined with 90 kg N fad quality of maize varieties and teosinte. Gau. Res. J.,1

(1.03 L.E.) Followed by Cerealin combined with 90 kg N 1(2): 93-98.

1

1

33(1): 219-241.

32(3): 717-737. 



World J. Agric. Sci., 11 (5): 268-278, 2015

277

11. Lal, M., L.L. Relwani and J. Singh, 1980. Influence of 22. Shaukat, K., S. Affrasayab and S. Hasnain, 2006.
cutting management and nitrogen fertilization on
forage yield and regeneration of teosinte. Forage
Res., 6(1): 99-102.

12. Harika,  A.S.,   P.S.   Tomer,   T.K.    Ganguly   and
R.K. Sairam, 1984. Effect of methods and levels of
nitrogen application on the growth, yield and quality
of teosinte (Euchlaena maxicana). Agric. Sci.
Digest., 4(4): 187-188. 

13. Singh, V., S.P. Sharma, S.S. Verma and Y.P. Joshi,
1998. Effect of nitrogen fertilization and cutting
management on yield and quality of herbage of
teosinte (Euchlaena maxicana schrad) Trop. Agric.,
65: 194-196.

14. Verma, S.K. and Y.P. Joshi, 1998. Effect of nitrogen
and seed rate on leaf area index, nitrogen content,
nitrogen uptake and dry matter yield of teosinte
(Euchlaena maxicana schrad) at different growth
stage. Forage Res., 24(1): 45-47.

15. Pathan, S.H., R.L. Bhilare and S.V. Damame, 2010.
Seed yield of forage pearl millet varieties as
influenced by nitrogen levels under rainfed
condition.    J.      Maharashtra       Agric.    Univ.,
35(2): 306-308. 

16. Mahmoud, T.A., G.M. El-Shebiny and H.S. Oushy,
1999.  Biofertilization  of  forage sorghum in
calcareous soil. Annals of Agric. Sc. Moshtohor,
37(4): 2243-2257.

17. Ibrahim, Hoda I.M., B.A.A. Kandil and N.M. Hamed,
2009. Influence of mineral and biofertilizer on forage
yield and quality traits of teosinte. J. Agric. Sci.
Mansoura Univ., 34(6): 6515-6530.

18. Vessey, J.K., 2003. Plant growth promoting
rhizobacteria as biofertilizers. Plant Soil, 255: 571-586.

19. Daneshmand, N.G.,      A.     Bakhshandeh   and
M.R. Rostami, 2012. Biofertilizer affects yield and
yield   components    of   wheat.   Inter.   J.  Agric.,
2(6): 699-704.

20. Helmy, Amal A., 2003. Effect of N -fixing and2

phosphate  dissolving  bacteria  on  yield and
chemical compositions of forage pearl millet
(Pennisetum americanum). J. Agric. Sci. Mansoura
Univ., 28(8): 5873-5885. 

21. Abdel-Galil, M.M., Amal, A. Helmy, M.S. Abdel-
Gawad and Waffa M. Sharawy, 2006. Effect of bio
and mineral fertilization on yield and quality of three
pearl  millet cultivars.  First  field   crop  conference
22-24, August 2006, 458-472.

Growth responses of Helianthus annus to plant
growth promoting rhizobacteria used as a
biofertilizer., J.Agri, Res., 1(6): 573-581. 

23. El-Kramany, M.F., M.K.A. Ahmed, A.A. Bahr and
M.O. Kabesh, 2000. Utilization of biofertilizers in field
crop production. 13- Effect of organic manuring,
chemical and bio-fertilizers on yield and nutrient
content of sesame grown in newly reclaimed soil.
Egypt. J. Appl. Sci., 15(11): 137-155.

24. Helmy, A.M., 2014. Response of seed irradiation with
gamma ray, N-fertilization and bio-fertilization of
barley (Hordeum vulgare L.) grown on a sand soil. J.
Soil Sci. and Agric. Eng., Mansoura Univ., 5(1): 1-18.

25. Page, A.L., R.H. Miller and D.R. Keeney, 1982.
Methods of Soil Analysis. Part 2: Chemical and
Microbiological Properties, 2nd ed. Agronomy
Society of America. Madison, WI.

26. ISTA, 1996. International seed Testing Association.
Zurich, Switzerland.

27. Krishnasamy, V. and D.V. Seshu, 1990. Germination
after accelerated ageing and associated characters in
rice varieties. Seed Sci. Technol., 18: 147-156.

28. Reddy,  Y.T.N.  and  M.M. Khan, 2001. Effect of
osmo-priming on germination seedling. Growth and
Seed Res., 29: 24-27.

29. AOSA, 1983. Seed vigor testing handbook.
Contribution No. 32 to Handbook on seed testing.
Association of Official Seed Analysis, pp: 88-93.

30. AOAC, 2000. Official Methods of Analysis of the
Association of Official Analytical Agricultural
Chemists, 17  Ed. Published by A.O.A.C.,th

Washington USA. 
31. Snedecor, G.W. and W.G. Cochran, 1980. Statistical

Methods. Seventh Ed., Iowa State Univ. Press,
Ames, Iowa USA, pp: 255-269.

32. MSTAT, V., 1986. A micro computer program for the
Design and Analysis of Agronomic Research
Experiments. Michigan State Univ., USA. 

33. Hassouna, M.G., 1990. Application of rhizobacteria
on barley cultivation on the western coast of Egypt.
The 2  International Workshop on Plant Growthnd

Promoting Rhizobacteria. October 14-19, Interlaken,
Switzerland.

34. Saleh, S.A., D. Swelim and A.A. Ragab, 2002.
Response of maize (Zea mays L.) to inoculation with
N2- fixing and phosphate dissolving bacteria in
newly reclaimed soils. In: Proceeding the Tenth
Microbiology Conference, Egypt. 11-14, Nov., 2000,
pp: 119-128.



World J. Agric. Sci., 11 (5): 268-278, 2015

278

35. Tilak, K.V., C.S. Singh, N.K. Ray and N.S. Subbarao, 43. Salantur,  A.,  A.  Ozturk,  S.  Akten,   F.   Sahin  and
1982. Azospirillium brasilense and Azotobacter F. Donmez, 2005. Effect of inoculation with non-
chroococcum inoculation effect on yield of maize indigenous and indigenous rhizobacteria of Erzurum
(Zea mays L.) and sorghum (Sorghum bicolor). Soil (Turkey) origin on growth and yield of spring barley.
Biol. Biochem., 14: 417-418. Plant and Soil, 275: 147-156. 

36. Helmy, Amal A., 1991. Applying new concepts in soil 44. Idris, M., 2003. Effect of integrated use of Mineral,
biotechnology for improving yield and quality of organic N and Azotobacter on the yield, yield
forage  crops. M. Sc. Thesis, Fac. Agric. Cairo Univ., components and N-nutrition of wheat (Triticum
Egypt. aestivum). Pakistan J. Biol. Sci., 6(6): 539-543.

37. Piccinin,   G.G.,     A.L.     Braccini,     L.G.M.   Dan, 45. Shehata, M.M. and S.A. EL-Khawas, 2003. Effect of
C.A. Scapim, T.T. Ricci and G.L. Bazo, 2013. two bio-fertilizers on growth parameters, yield
Efficiency of seed inoculation with Azospirillum characters, nitrogenous components, nucleic acids
brasilense on agronomic characteristics and yield of content, minerals, oil content, protein profiles and
wheat. Industrial Crops and Products, 43: 393-397. DNA banding pattern of sunflower yield. Pakistan

38. Omar, M.N.A., N.M. Mahrous and A.M. Hamouda, Journal of Biological Sciences, 6(14): 1257-1268. 
1996. Evaluating the efficiency of inoculating some 46. Choudhary, R.S., K.S. Rana and K.R. Kantwa, 2002.
diazbtrophs on yield and protein content of three Effect of cropping system and nitrogen on growth
wheat cultivars under graded levels of nitrogen and yield of maize (Zea mays L.). Ann. Agril. Res.,
fertilization. Annals Agric. Sci. Ain Shams Univ. 23(3): 461-464.
Cairo, 41: 579-590. 47. Dwivedi,  S.K.,   G.K.   Shrivastava,  A.P.  Singh  and

39. Singh,  R.,   R.K.   Behl,   K.P.   Singh,   P.   Jain   and A. Shrivastava, 2009. Effect of integrated nitrogen
N. Narula, 2004. Performance and gene effects for management  on   root   and   shoot   growth  and
wheat yield under inoculation of arbuscular yield of maize (Zea mays L.). Current Adv. Agril. Sci.,
mycorrhiza fungi and Azotobacter chroococcum. 1(1): 4-7.
Haryana Agricultural University. Hisar, India. Plant 48. El-Kholy, M.A., S. El-Ashry and A.M. Gomaa, 2005.
Soil Environ., 50(9): 409-415. Biofertilization of Maize crop and its impact on yield

40. Nanda, S.S., K.C. Swain, S.C. Panda, A.K. Mohanty and grains nutrient content under low rates of
and M.A. Alim,1995. Effect of nitrogen and bio- mineral fertilizers. Journal of Applied Sciences
fertilizers in fodder rainfed upland conditions of Research, 2005, 1(2): 117-121.
Orisa. Current Agric. Res., 8: 45-47. 49. Dadarwal, R.S., N.K. Jain and D. Singh, 2009.

41. Lucangeli, C. and R. Bottini, 1997. Effects of Integrated  nutrient  management   in   baby  corn
Azospirillum  spp. on endogenous gibberellin (Zea mays L.). Indian Journal of Agricultural
content and growth of maize (Zea mays L.) treated Sciences, 79(12): 1023-1025.
with uniconazol Symbiosis, 23: 63-71. 

42. Ozturk, A., O. Caglar and F. Sahin, 2003. Yield
response  of  wheat  and  barley to inoculation of
plant growth promoting rhizobacteria at various
levels of nitrogen fertilization. J. Plant. Nutr. Soil Sci.,
166: 262-266.


