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ABSTRACT

Two filed experiments were carried out at the Exp. Farm, Fac. of Agric., Al-
Azhar Univ., Nasr City, Cairo, Egypt, to study the effect of bio-fertilizers i.e. without
added (Control), Microbein, Nitrobein and Cerialein and nitrogen fertilizer rates (0, 25,
50, 75 and 100 kg/fad.) and their interaction on yield and yield components of wheat
Misr 1 cultivar during the two successive growing winter seasons of 2012/2013 and
2013/2014 seasons. The experimental design was split plot design with four
replications. The main plot was devoted to biofertilizer treatments and the sup- plot
contained nitrogen rates.

Microbein bio-fertilizer recorded the highest yield and its component, except,
spike length, no of grains/spike and 1000-grain weight which found with cerialein in
both seasons.

On the other hand, the highest grain yield/fad recorded with the highest
nitrogen level in both seasons.

The interaction between bio-fertilizer and N rates proved to be significant for all
studied traits. The highest grain yield/ha was found with the interaction between bio-
fertilizers and 75 or 100 N/fad in the second season, which were no significant effect
between them.

According to these results, rate of 75 kg N/fad and all bio-fertilizer using variety
Misr-1 could be recommended for favorable wheat production under the local
environmental conditions of this study.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the most important cereal crop in the
world, as well as in Egypt since it is stable food for humans. The total
consumption of wheat is about 13 million ton, while the total wheat
production is about 8.3 million ton (produced from 1.35 million hectare.) with
average grain yield 6 ton/ hectare) in 2013/2014 season (ASBWC, 2014),
therefore, there is a gap between the national need and the local wheat
production, which means that Egypt still imports about 4.73 million tons
annually. Recently, a great attention of seweral investigations has been
directed to increase the productivity of wheat to minimize the gap between
the Egyptian production and consumption by increasing the cultivated area
and wheat yield per unit area, (Zaki et al., (2007). The increase unit area
productivity may be by using optimum nutrient elements to plants, such as
nitrogen fertilizer.
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It is well known that nitrogen is considered as one of the
limiting factors to achieve the high yield of wheat crop. With the steadily
increasing prices of nitrogen fertilizers and the pollution problems, the
use of atmospheric nitrogen fixing microorganisms might reduce financial
costs.

Microbial inoculation or biofertilizer is an important component of
organic farming as the microbes help to fix atmospheric nitrogen, solublize
and mobilize phosphorous, translocate minor elements like zinc and copper
to the plants, produce plant growth promoting hormones, vitamins and amino
acids and control plant pathogenic fungi. It improves soil health and increases
crop production.

Biofertilizer is defined as a substance which contains living organisms
that when applied to seed, plant surface, or soil, colonize the rhizosphere or
the interior of plant and promote growth by increasing supply or availability of
primary nutrients to the host plant (Vessey, 2003). Biofertilizers are well
recognized as an important component of integrated plant nutrient
management for sustainable agriculture and hold a great promise to improve
crop yield (Narula et al. 2005).

Fixation as an alternative or supplementary source of nitrogen for
wheat has been the major approach in soil fertility management of nitrogen
for wheat. Mahmoud and Mohamed (2008), Badran (2009), El-Gzawy (2009
and 2010), Abd El-Razek and EI-Sheshtawy (2013) and Attia and Barsoum
(2013) reported that wheat grains inoculated with bio-fertilizers under the
commercial name cerialein®, microbein® or nitrobein®, cerialein ® and
phospharine®, nitrobein®, microbein® and microbein®, respectively,
increased yield and yield components of wheat. Kandil et al. (2011) found
that biofertilizer treatments (cerialein or microbein; significantly affected plant
height (cm), tillers number/m?, spikes number/m” , number of grains/spike,
grains weight/spike (g), 1000-grain weight (g), biological yield (ton/ha), grain
yield (ton/ha) and straw yield (ton/ha). Using whether cerialein or microbein
as bio-fertilizer exerted similar effects on yield and its attributes of wheat.

Yield and yield components increased by increasing nitrogen rates,
they hawe also been reported by (Sharshar et al., 2000; Sushila and
Gajendra, 2000 and Saleh, 2002). Atta and Swelam (2006), EI-Gzawy (2010)
Kandil et al. (2011), Abd El-Razek and El-Sheshtawy (2013) and Namvar
and Khandan (2013) found that increased nitrogen rates up to N lewel of
178.5 kg N/ha recorded the highest grain yield of wheat.

The interaction between bio fertilizer and nitrogen lewels had
significant effect on yield and yield components of wheat (Ali, Nadia et al.,
2002., Katiyar et al., 2011., Abd El-Razek and EI-Sheshtawy, 2013 and
Soleimanzadeh and Gooshchi, 2013). Kandil et al. (2011) found that the
interaction between bio-fertilizer application and nitrogen levels had favorable
effect on spikes number/mz, grains weight/spike and 1000-grain weight of
wheat. The combination of cerialein inoculation and nitrogen level of 178.5 kg
N/ha had the superiority over other combinations as spikes number/m?,
grains weight/spike and 1000-grain weight were concerned. Moreover, the
interaction between bio-fertilizer treatments and nitrogen lewels had
significant effect on biological yield, grain yield and straw yield.
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Thus, this study aimed to study the effect of bio-fertilizers and mineral
nitrogen rates on yield and yield components of wheat.

MATERIALS AND METHODS

The study area:

The present investigation was carried out at the Exp. Farm, Fac. of
Agric., Al-Azhar Univ., Nasr City, Cairo, Egypt, during the two successive
growing winter seasons of 2012/2013 and 2013/2014, to study the effect of
bio-fertilizers and nitrogen rates on yield and yield components of wheat Misr
1 cultivar.

The experimental design and necessary management:

A split plot design with four replicates was used; four bio-fertilizer
treatments (without bio-fertilizer and with bio-fertilizer microbein, nitrobein and
cerialein were randomly allocated in main plots. The sub-plots were
designated to nitrogen rates (0, 25, 50, 75 and 100 kg N/fad). The
commercial bio-fertilizers: Cerialein® inoculated a mixture of a non-symbiotic
N fixing Azospirillum lipoferum and Bacillus polymxa, Microbein® inoculated a
mixture of Pseudomonnas sp., Azotobacter sp., Azospirillum sp. and B.
megaterium and Nitrobein ® inoculated a mixture of Azospirillum brasiliense,
Azotobacter chrococcum and Azospirillum liboferum. All bio-fertilizers were
produced by Bio-fertilizers Production Unit, General Organization for
Agriculture Equalization Fund, Agricultural Research Centre, Ministry of
Agriculture and Land Reclamation, Giza, Egypt. The grains inoculation was
done before sowing directly. Nitrogen in the form of ammonium nitrate (33.5%
N) was added as follows: 1/5 at sowing, 2/5 at 35 days after sowing and 2/5
at 50 days after sowing. In the two seasons, wheat seeds cv. Misr 1 was
hand sown at 18" November at the rate of 60 kg/fad. The unit area of
experimental plot was 10.5 m? (3x3.5 m), having 15 rows in each plot spaced
20 cm apart and 3.5 m in length. The preceeding crop was cowpea of two the
seasons. All other cultural practices were followed as recommended in wheat
fields. Soil samples were collected pre sowing through the experimental site
to determine the mechanical and chemical analysis according to standard
methods of Page (1982) and Arnold (1986) are presented in Table 1.

Table 1: Mechanical and chemical analysis of soil at the experimental
site in 2012/2013 and 2013/2014 seasons.

SOIL ANALYSIS

. . Season
Mechanical Analysis 20122013 2013/2014
Clay%o 27.66 27.86
Silt % 15.89 16.29
Sand % 56.45 55.85
Soil Texture Sandy Clay Loam Sandy Clay Loam
Chemical Analysis
PH 7.95 7.93
EC (mmohs/cm™) 0.91 0.87
lAvailable N (ppm) 19.00 17.85
lAvailable P (ppm) 7.98 7.06
Available K (ppm) 45.12 48.17
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Field sampling and data collection:

At harvest one square meter was taken randomly from each sub-plot
to determine yield and its components as follows.

¢ Plant height (cm).

e Spike length (cm).

e Number of grains/spike.
Number of spikes /m?,
1000-grain weight (g).
Biological yield (t fad™)
Straw yield (t fad™)

e Grain yield (t fad™)

e Harvest index
Statistical analysis:

Data were subjected to the proper statistical analysis as the technique
of analysis of variance (ANOVA) of split plot design as mentioned by Gomez
and Gomez (1984). Treatments means were compared using the Least
Significant Difference (LSD) Test as outlined by Waller and Duncan (1969).
Computation was done using computer software.

RESULTS AND DISCUSSION

Average plant height, sg)ike length, number of grains/spike, 1000- grain
weight, number of spikes/m®, biological yield, straw yield, grain yield and
harvest index of wheat as affected by bio-fertilizers, nitrogen fertilizer rates
and their interactions in 2012/2013 and 2013/2014 seasons are shown in
Tables 2 and 3.
1-Bio-fertilizer effect:

Results recorded in Tables 2 and 3 show clearly that the effect of bio
fertilizer treatments was significant on all studied characters in both seasons.
Wheat plants fertilized by cerialein gave the highest values of plant height
98.44 and 100.81 cm, spike length 11.50 and 11.28 cm, number of
grains/spike 55.87 and 55.96, 1000- grain weight 42.90 and 43.40 g. While,
treated wheat plants with microbein give the highest values of number of
spikes/m2 287.27 and 296.13, biological yield 7.61 and 7.81 tons, straw yield
per faddan 4.84 and 4.93 ton, grain yield per faddan 2.77 and 2.88 tons and
highest hanvest index 36.27 and 36.66 as compared with all other treatments
in 2012/2013 and 2013/2014 season, respectively.

The increase in plant height due to cerialein may be attributed to the
increase of cell division and enlargement which led to raising plant height,
also it gawe the tallest spike according to enhancement of dry matter
accumulation and stored in spike, therefore gave increase in length of spike.
The increase of number of grains/spike may be attributed the increase of
spike length which caused by applied cerialein as a bio-fertilizer.

The increase in number of spikes/m2 owing to applied microbein may
be attributed to the increase of bread tillers thus increased number of
spikes/mz. The enhancement of straw yield per faddan according to applied
microbein might be due to increasing number of tillers. The increase of grain
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yield per faddan caused by microbein might be attributed to the increase of
number of SplkeS/m which led to raising grain yield/fad. These results are in
harmony with those of Mahgoub, Hayam and Mostafa (2001) they found that
wheat plants treated with Microbein biofertilizer significant increased the
number of spikes /m? and straw yield in the first season. Meanwhile, it had
significantly increasing of grain yield in second season. Also, Basha (2004)
found that biofertilization (Microbein) was S|gn|ﬁcantly affected on wheat
plants and positively of number of spikes Im?, grain and straw yields /fad, and
number of spikes /m?. On the other hand, Kalboush (2003), in Egypt stated
that biofertilizer treatments i.e. cerialein and microbein was significantly
increased plant height, harvest index, biological, straw and grain yields of
wheat.

2-Nitrogen fertilizer rate effect:

The results presented in Tables 2 and 3 indicated that nitrogen rates
had a significant effect on all studied traits in both seasons. Generally the
increase of nitrogen rate up to 100 kg N/faddan increased all studied traits in
both seasons. These results are in harmony with those of Sharshar et al.
(2000), Sushila and Gajendra (2000), Saleh (2002), Atta and Swelam (2006),
El-Gizawy (2010) Kandil et al. (2011), Gul et al. (2012), Abd El-Razek and El-
Sheshtawy (2013) and Namvar and Khandan (2013).

Wheat plants fertilized by nitrogen at the rate of 100 kg N/faddan
increased plant height by 24.08 and 25.33%, spike length by 134.46 and
142.54%, number of grains/spike by 53.26 and 51.30%, 1000-grain weight by
22.07 and 16.75%, number of spikes/m2 by 48.52 and 55.66%, biological
yield by 102.66 and 96.31%, straw yield by 96.64 and 89.01%, grain yield by
113.79 and 109.87% and harvest index by 5.53 and 6.92% as compared with
those of the control in 2012/2013 and 2013/2014 seasons, respectively.

The increase of plant height and spike length according to increasing
nitrogen fertilizer rate may be due to stimulative effect of nitrogen on plant
growth such as increased cell division and cell enlargement which tented to
the obtained the tallest plants and spikes. Zhilin et al. (1997) stated that plant
height significantly increased due to nitrogen application. Pramanik and Bera
(2013) found that the increase in plant height was due to various
physiological processes including cell division and cell elongation of the plant.

The increase of number of grains per spike and 1000-grain weight
might be attributed to the increase of photosynthetic rate and net assimilation
rate which led to raising dry matter accumulation, translocated and stored in
spike, therefore increased number of fertile flowers, thus increased number of
grains per spike as well as decreased the competition among these flowers of
nutritive substances WhICh led to gave the heaviest grains. The enhancement
of number of splkes/m by increasing nitrogen rate may be due to increasing
number of tillers which having spike which led to increasing number of spikes/
m?. The increase in straw yield per faddan might be attributed to the increase
of nitrogen rate increased plant height and number of tillers therefore
increased straw yield. The rising of grain yield per faddan owing to increased
nitrogen rate may be due to the enhancement of nitrogen on Yyield
components i.e. number of grains/ spike, 1000-grain weight and number of
spikes/m2 therefore increased grain yield per faddan. The increase of hanest
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index caused by increasing nitrogen rate may be due to increasing grain yield
per faddan as a ratio from biological yield per faddan, thus increased harvest
index (Sinclair, 1997).
3-Interaction effects:

The obtained results illustrated that the interaction effect between bio-
fertilizers and nitrogen rates was significant on all studied characters in both
seasons. Similar results found with those obtained by Ali, Nadia et al. (2002),
Kandil et al. (2011), Katiyar et al. (2011), Abd El-Razek and El-Sheshtawy
(2013) and Soleimanzadeh and Gooshchi (2013).

Wheat plants received cerialein and 100 kg N/faddan nitrogen gave
the highest values of plant height 105.83 and 109.70 cm, spike length 15.27
and 15.33 cm, number of grains/spike 67.67 and 67.82 and 21000-grain
weight 45.30 and 45.60g as compared with all other this interaction
treatments in 2012/2013 and 2013/2014 seasons, respectively. However,
wheat plants treated by microbein and 100kg N/faddan gawe the highest
values of number of spikes/m2 347.17 and 366.33, biological yield per faddan
9.29 and 9.33 ton, straw yield per faddan 5.84 and 5.82 ton and grain per
feddan 3.45 and 3.51 ton as compared with all other this interaction
treatments in 2012/2013 and 2013/2014 seasons, respectively. The highest
grain yield/fad recorded with the interactions between all bio-fertilizers and
100 kg N/fad in both seasons. But in the second season the interaction
between all bio-fertilizer and 75 or 100 kg N/fad recorded the highest grain
yield in both seasons, which were no significant difference between them. On
the other hand, the interaction between all bio-fertilizers and 75 or 100 kg
N/fad gawve the highest values of hanest index in both seasons.
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CONCLUSION

From the present results | could be recommended that treated wheat
plants c.v Misr 1 by bio-fertilizer i.e. microbein or cerialein and or nitrobein
and 75 or 100 kg N/fad enhancing wheat production under the local
environmental conditions of this study.
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Table 2: Effect of bio-fertilizers, nitrogen rates and their interaction on plant height, spike length, no. of

grains/spike,1000-grain weight and no. of spikes/mzof wheat in 2012/2013 and 2013/2014 seasons.

Treatments Plan(tcrrlglght Sp|k(irlne)ngth No. of grains/Spike 1000-gr?€|;; weight No. of spikes/m2
2012/2013 | 2013/2014 [ 2012/2013 | 2013/2014 | 2012/2013 | 2013/2014 2012/2013 | 2013/2014 2012/2013 |  2013/2014
Bio-f ertilizer (B)
Without (B1) 92.08 92.79 9.49 9.71 50.78 50.27 38.97 40.13 240.15 262.97
Microbein (B2) 96.57 99.16 10.76 11.02 54.70 54.76 41.02 42.44 287.27 296.13
Nitrobein (B3) 97.07 99.48 11.10 10.94 54.27 54.93 42.19 42.82 273.97 292.74
Cerealein (B.) 98.44 100.81 11.50 11.28 55.87 55.96 42.90 43.40 277.26 287.74
LSD at o.05 0.75 0.80 0.25 0.23 1.20 1.22 0.20 0.24 3.37 4.56
Nitrogen rates (N)
0 kg N/fad (N 1) 83.85 85.11 5.92 5.90 42.34 43.00 35.93 37.78 219.50 223.00
25 kgN/tad (N2) 93.63 95.29 9.16 9.37 48.18 47.75 41.45 42.06 232.46 262.09
50 kg N/fad (N 3) 97.24 100.02 11.80 11.86 53.55 53.25 42.25 43.03 271.04 285.42
75 kg N/fad (N 4) 101.44 103.22 12.82 12.25 60.56 60.83 42.88 44.03 299.29 306.50
100 kg N/tad (N's) 104.04 106.67 13.88 14.31 64.89 65.06 43.86 4411 326.00 347.12
LSD at o.05 0.87 0.93 0.29 0.36 1.39 1.41 0.23 0.28 3.92 5.30
Interactions B X N

B; x N 79.73 80.44 5.17 5.57 40.71 41.50 35.10 36.70 201.65 209.00
B1 x N3 90.60 91.27 8.56 8.83 46.07 45.67 38.50 39.73 212.33 238.33
B1 x N3 92.87 93.30 10.50 10.06 51.53 49.00 39.30 40.30 232.33 265.00
B1 x Ny 96.80 97.21 11.29 11.23 54.40 55.33 40.23 41.60 261.33 285.67
B1 xNs 100.40 101.73 11.94 12.84 61.20 59.83 41.71 42.33 293.00 316.83
B, x N 84.00 86.30 5.95 5.83 42.00 42.83 36.50 38.20 227.67 231.67
B2 x N2 94.53 95.21 9.03 9.56 49.33 48.33 41.30 42.41 243.50 267.67
B2 x N3 97.93 103.83 12.27 12.35 54.33 54.67 41.70 43.50 292.50 289.00
Bs x N4 101.48 104.26 13.13 13.05 63.17 62.67 42.30 44.10 325.50 326.00
B2 x N5 104.90 106.20 13.43 14.30 64.67 65.30 43.31 44.00 347.17 366.33
Bs x N 85.67 86.51 6.02 6.00 42.33 43.33 35.20 38.52 225.33 222.67
B3 x N, 94.37 96.97 9.50 9.37 48.33 47.67 42.78 42.60 233.17 276.67
Bz x N3 98.20 99.28 12.03 12.81 53.67 54.33 43.70 43.60 277.50 294.00
Bz x N4 102.10 105.61 13.07 11.75 61.00 62.00 44.17 44.90 298.50 312.67
Bz x N5 105.03 109.03 14.86 1478 66.00 67.30 45.10 4450 335.33 356.33
By x Ny 86.00 87.18 6.52 6.20 44.33 44.33 36.90 37.70 223.33 228.67
Bs x N, 95.03 97.69 9.53 9.70 49.00 49.33 43.20 43.50 240.83 265.67
B4 X N3 99.97 103.68 12.40 12.2T 54.67 55.00 44.30 4470 281.83 293.67
Bs x Ny 105.37 105.78 13.77 12.96 63.67 63.30 44.80 45.50 311.83 301.67
B4 xNs 105.83 109.70 15.27 15.33 67.67 67.82 45.30 45.60 328.50 349.00
LSD at ¢.05 1.74 1.86 0.58 0.52 2.79 2.84 0.45 0.56 7.84 10.60
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Table 3: Effect of bio-fertilizers, nitrogen rates and their interaction on biological yield, straw yield, grain yield
and harvest index of wheat in 2012/2013 and 2013/2014 seasons.

Biological yield Straw yield Grain yield .
Treatments (?/fad)y (tlfa)c/i) (t/fa>cl!) Harvestindex %
2012/2013 | 2013/2014 2012/2013 | 2013/2014 2012/2013 | 2013/2014 2012/2013 | 2013/2014
Bio-f ertilizer (B)
Without (B1) 4.97 .19 3.19 3.33 1.78 1.86 35.59 35.64
Microbein (B2) 7.61 7.81 4.84 4.93 2.77 2.88 36.27 36.66
Nitrobein (B3) 7.47 7.56 476 479 271 2.77 36.18 36.52
Cerealein (Ba) 7.54 7.69 4.80 4.86 2.74 2.83 36.22 36.64
LSD at o.0s 0.20 0.23 0.18 0.22 0.06 0.08 0.33 0.35
Nitrogen rates (N)
0 kg N/fad (N1) 4.13 4.34 2.68 2.82 1.45 1.52 35.11 34.96
25 kgN/tad (N2) 6.20 6.37 3.99 4.07 2.21 2.30 35.62 36.01
50 kg N/fad (N 3) 7.77 7.84 4.97 4.97 2.80 2.87 35.95 36.55
75 kg N/fad (N 4) 8.04 8.24 5.09 5.19 2.94 3.05 36.60 36.93
100 kg N/7tfad (N's) 8.37 8.52 5.27 5.33 3.10 3.19 37.05 37.38
LSD at o.0s 0.23 0.27 0.20 0.26 0.07 0.09 0.38 0.40
Interactions B x N

B xN; 3.61 3.75 2.36 2.48 1.25 1.27 34.54 33.89
B1 x N> 4.70 4.89 3.07 3.16 1.63 1.73 34.75 35.38
B1 X N3 5.16 5.27 3.33 3.39 1.83 1.88 35.51 35.72
B1 X N4 5.52 5.76 3.52 3.67 2.00 2.09 36.24 36.27
BI X Ns 5.86 6.27 3.70 3.96 2.16 2.31 36.91 36.92
B2 x N1 4.37 4.66 2.83 3.01 1.54 1.65 35.34 35.46
B> x N> 6.73 6.99 4.31 4.46 2.42 2.53 35.95 36.25
B> X N3 8.72 8.87 5.57 5.60 3.15 3.27 36.14 36.85
B2 x N4 8.96 9.19 5.66 5.77 3.30 3.42 36.79 37.19
BZ X Ns 9.29 9.33 5.84 5.82 3.45 3.51 37.14 37.57
Bz x N1 4.22 4.41 2.73 2.86 1.49 1.55 35.26 35.23
B3z x N2 6.66 6.78 4.27 4.33 2.39 2.45 35.85 36.18
B3z X N3 8.57 8.44 5.48 5.34 3.09 3.10 36.06 36.69
Bz x N4 8.78 8.91 5.56 5.61 3.22 3.30 36.65 37.04
B3 X Ns 913 9.76 5.64 5.77 3.39 3.47 37.08 37.45
Bs x N1 4.30 4.52 2.78 2.93 1.52 1.59 35.29 35.24
B4 x N2 6.72 6.82 4.30 4.35 2.42 2.47 35.94 36.21
Bs x N3 8.61 8.77 5.50 5.53 311 3.24 36.10 36.94
B4 XNy 8.88 9.09 5.62 5.71 3.26 3.38 36.70 37.21
B4 X Ns 919 9.23 5.78 5.76 3.41 3.47 37.07 37.59
LSD at ¢.05 0.46 0.54 0.40 0.52 0.14 0.18 0.76 0.80
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