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Abstract

Farmers keep trying to avoid using chemical fertilizer without losing high yield. A field
experiment was conducted in the fields of Agriculture College, University of Baghdad
during winter seasons of 2015 and 2016 to investigate the response of three bread
wheat (Triticum aestivum L.) cultivars (Ibaa99, Abu-Ghraib3 and Buhooth2?2) to the
frequency of spraying with biofertilizer (EM-1) (one time at tillering stage, twice at
tillering and stem elongation stages and three times at tillering, stem elongation and
booting stages) in addition to the control (without spraying), to the increase of grain
yield. Randomized complete block design (RCBD), in split plots arrangement and
four replications, was used. Spraying treatments were placed as main plots and
cultivars as subplots. The results showed that Ibaa99 cultivar, three times of EM-1
spraying and their interaction gave the highest averages of grain yield (3.89 and
4.31), (3.85 and 4.36) and (4.11 and 4.58 ton*ha™), respectively, for both seasons. It
can be concluded that yield responded significantly to the frequency of EM-1
spraying during vegetative stages.

Keywords: booting, effective microorganisms, spraying, stem elongation, tillering,
Triticum aestivum L.

Introduction

The results of modern scientific studies have mentioned the threat of agriculture
industrialized that uses some of the chemical fertilizer because it has a harmful effect
on the environment and human health. Therefore, there is a new trend toward
minimizing using these chemical fertilizers and herbicides and focusing on the
technology of bio-organic farming which is also known by sustainable agriculture.
Bioorganic farming uses organic matter and beneficial microorganism to provide
healthy food associated with high quantity and quality while maintaining the
environment (Mallik and Williams, 2008). Biofertilizer defines, as all the additives with
bio sources such as microbial inoculants that provide the plant with its need of
nutrients. Sources of these fertilizers are spontaneous and inexpensive in
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comparison with the chemical fertilizers. Production concept of biofertilizer rely on
that, the soil is full of beneficial microbes that help in decomposing of complex
material and providing the plant with reliable and absorbable elements. Soil microbes
have a significant role in keeping the biological balance of the soil, so they produce
the essential CO, for compensating the resulting shortage of photosynthesis in the
plant and keeping the gases equilibrium in the atmosphere. EM-1 is an effective
microorganism, which is a natural compound, consists of a combination of useful
microorganism, in addition to its effective role in enhancing the soil fertility. It doesn’t
contain any herbicide or harmful chemical substance (Youssef, 2011; Al-Janaby,
2014). EM-1 consists of more than 60 kinds of useful organism that have many
groups of microorganisms such as bacteria and fungi (Higa, 1996).

Many studies have been performed on different crops using biofertilizer to increase
grain yield. Al-Juboory et al. (2011) studying the effect of fertilizing with biofertilizer
EM-1 and comparing it with chemical fertilizer in growth and yield of three wheat
cultivars. The best yield was obtained using EM-1 in the concentration of 1:500.
Esmailpour et al. (2013) noticed that using biofertilizer Azotobacter had led to an
increase in grain yield of wheat (3,360 kg*ha™) in comparison to the control (2,839
kg*ha™). Ghaderi-Daneshmand et al. (2012) found that using biofertilizer (biophospor
and nitroxin) had led to significant differences in grain numbers per spike, and grain
weight compared to the control, which eventually increased the final yield, in addition
to the decreasing of the environmental pollution. El-Habbasha et al. (2013) noticed a
significant effect on vegetative growth, yield, and its components when using a
combination of biocide, nutrient solution and Azospillium in wheat. Al-niemi and
Ibrahim (2005) noticed a significant difference among wheat cultivars when a high
vegetative growth related to the Intisar compared to Tummooz2 and Abu-Ghraib3.
Hamza (2011) studied five cultivars of bread wheat (Alfeteh, Ibaa99, Sham6, Clare,
and Caxton) and found that Ibaa99 and Alfeteh were significantly surpassed in
comparison to the other cultivars, in the performance of seed germination. Jaddoa
and Bagir (2012) found that the 1baa99 cultivar was significantly supremacy in grain
number per spike, grain weight, and grain yield compared to Flamour, Abu-Ghraib3,
Alfeteh, Ibaa95, and Sham6. The results of Al-amery (2014) showed that Aliraq
(wheat cultivar) gave the highest of plant height, number of tillers per square meter,
flag leaf area, number of grain per spike, grain weight and grain yield compared to
Alfeteh, Altahadi, Sally and Adnanah cultivars.

Wheat is considered the main source of food for human being and animals. It's
productivity in Iraq still lower in comparison to the world production. One of the
reasons is; the agriculture in lrag does not rely on modern techniques for nutrients
supplementation. Thus, using the application of biofertilization technique is needed to
raise the efficiency of plant-feeding which is reflected in production increase per unit
area. The aim of this study was to investigate the response of three bread wheat
cultivars to the frequency of spraying with biofertilizer (EM-1) to enhance final grain
yield.

Materials and methods

A field experiment was conducted in the fields of Agriculture College, University of
Baghdad during 2015 and 2016 winter growth seasons to investigate the response of
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three bread wheat cultivars (Ibaa99, Abu-Ghraib3 and Buhooth2?2) to the frequency
of spraying with biofertilizer (EM-1) (one time at tillering stage, twice at tillering and
stem elongation stages and three times at tillering, stem elongation and booting
stages) in addition to control (without spraying). The randomized complete block
design (RCBD) in split plots arrangement was used with four replications. Spraying
treatments were placed as main plots and cultivars as subplots. Area of subplot was
12 m? (3*4 m) including twenty rows. Soil and crop were subjected to the routine
management such as 100 kg*ha™ of monophosphate fertilizer (P 20%) added at once
after tillage, and mixed with soil, 150 kg*ha™ of urea fertilizer (N 46%) divided into
four equal amounts and added at three fully emerged leaves, the second node on
steam and booting stages, seed rate was 120 kg*ha™, distance between each row
was 20 cm, planting depth was 5 cm, and planting date was in 25" and 22" of
November of 2015 and 2016, respectively, (Al-Hassan, 2011). The physical and
chemical characteristics of field experiment soil were shown in Table 1.

Table 1. Some of the physical and chemical characteristics of experiment's soill
during 2015 and 2016 growing seasons

Soil components Season of 2015 Season of 2016
Silt (g*kg soil™) 530.6 551.6
Clay (g*kg soil™) 341.5 329.6
Sand (g*kg soil™) 127.9 118.8
Soil texture Silty clay loam Silty clay loam
Soil pH 8.1 8.3
Nitrogen (mg* kg soil™®) 29 35
Available phosphorus (mg* kg soil™) 45 41
Available potassium (mg* kg soil™) 36 32
Organic matter (%) 8.6 8.3

Ec (dS*m™) 4.3 4.8

Soil analysis was done by central laboratories of College of Agriculture, University of Baghdad.

The biofertilizer was sprayed on shoot system with a rate of 4 cm>*I™* for each time.

Water chlorine free was used. The extraction of EM-1 contained more than 60 types
of beneficial microorganisms as photosynthesis bacteria, lactic acid bacteria, yeast,
and funguses.

The plants were sprayed in the early morning using a portable sprayer with a
capacity of 18 litters and pressure of 405 bars. A soluble substance was added to the
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spraying solution (0.5 mlI*I™*) to increase the efficiency of the spraying solution by
reducing the adhesion on the leaf surface and reaching full wetting.

Plants were harvested in full maturity stage in May of 2015 and 2016. One square
meter was chosen from each plot at harvesting to calculate the following traits:

Plant height (cm) was calculated from the ground to the top of the main spike,
excluding the awn, as an average for the main stem. It was randomly taking from ten
plants for one square meter.

Tillers number per square meter (tiller*'m?) was randomly calculated from one square
meter of each plot without counting the main steam and was differentiated by colored
plastic rings.

Percentage of tillers carrying spikes (%) was calculated after the harvesting by the
following equation:

Percentage of tillers carrying spikes (%) = (No. of spikes per square meter) / (Whole
No. of tillers per square meter) x 100

Flag leaf area (cm?) was measured from the average of ten flag leaves of the same
main stems used in calculating the plant height according to the following equation
(Thomas, 1975).

Flag leaf area = Length of flag leaf x Width of flag leaf in its middle x 0.95

Spikes number per square meter (spike*m™) was calculated through an average of
spikes number for one square meter harvested from each plot.

Grain number per spike (grain*spike™) was calculated through an average of grain
number of randomly taking ten spikes from each plot.

Weight of 1,000 grain (g) was manually calculated from each plot and weighted with
four-digit balance.

Grain yield (ton*ha™) was calculated after manual threshing of harvested plants of
one square meter of each plot, isolating the straw from the grain, and purifying them
well, the grain were calculated and combined with the grain used in calculating 1,000
grain for the same treatment and weighted. Then, the weight was converted from
g*m™ to ton*ha™ and grain weights were corrected according to the safe moisture
content (12%).

Statistical analysis of collected data was done according to the analysis of variance
at P<0.05 by using the Genstat software. The test of least significant differences
(LSD) was used to compare calculated averages of traits (Steel and Torrie, 1981).

Results and discussions
Plant height (cm)

The effect of cultivars, frequency of EM-1 spraying and their interaction was
significant on plant height for both seasons. The highest plant height related to the
cultivar of Abu-ghraib3 (109.4 and 114 cm), three times of EM-1 spraying (114 and
117.5 cm) and their interaction (115.4 and 120.5 cm) and Abu-ghraib3 x three times
didn't significantly different with 1Ibaa99 x three times for both seasons (Table 2). This
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variation maybe due to the genetic difference of cultivars in the internodes length,
especially the upper internodes and that in agreement with Amaya et al. (1972) who
indicated that plant height is one of the characteristics dominated by an additional
gene. It also agreed with the results of El-Kalla et al. (2002); Amanullah et al. (2012).
All indicated that wheat cultivars varied in plant height trait. This increase in plant
height is because of the role of biofertilizer in enhancing growth through increasing
photosynthesis, producing materials that having a biological effect as hormones or
enzymes. The results were similar to Amal et al. (2011); Kandil et al. (2011);

Muhammed et al. (2013).

Table 2. Effect of frequency of biofertilizer (EM-1) spraying on plant height (cm) of
three bread wheat cultivars during 2015 and 2016 growth seasons

Cultivars of bread wheat

Frequency of Winter season of 2015

Winter season of 2016

EM-1
spraying e N o e N o
during growth f__E 4 S > f__& =X < =
stages 0 = 3 o) 0] o 3 )
= = 5 z 5 2 < z
O
< m < @
Control 102.1% 100.59" 98.3" 100.3% 104.2° 103.3° 100.6" 102.7¢
One time 109.3% 108.7° 104" 107.3° 111.8° 107.8% 103.4° 107.7°
Twice 110.6°° 111.1°¢ 109.3% 110.3° 119.6® 114.4° 106.3% 113.4°
Three times 115.4% 113.8%° 112.7°° 114® 1205* 118.9% 113 117.52
Average 109.4® 108.5° 106.1° 114 111.1° 105.8°

Averages followed by the same letters didn't differ significantly at P<0.05

Tillers number per square meter (tiller*m)

The effect of cultivars, frequency of EM-1 spraying and their interaction were
significant on tillers number for both seasons. The Abu-Ghraib3 cultivar, three times
of EM-1 spraying and their interaction gave the highest tillers number (516 and
518.9, (524.2 and 527.1, and 545.9 and 547.2 tiller*rm™), respectively, for both
seasons (Table 3). These results were in agreement with EI-Sayed and Hammad
(2007); Badr et al. (2009). They had a significant difference in a tillers number of
wheat cultivars, which was due to the genetic differences, in addition to the possible
role of biofertilizer in stimulating plant growth regulators and increase cells division,
stimulating of buds growth and eventually an increment in tillers number. These
results agreed with Al-Juboory et al. (2011); Abd El-Lattief (2012); Youssef et al.
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(2013) when they found the increase in tillers number of wheat as a response to the
biofertilizer application.

Table 3. Effect of frequency of biofertilizer (EM-1) spraying on tillers number per
square meter (tiller*m™) of three bread wheat cultivars during 2015 and 2016 growth
seasons

Cultivars of bread wheat

Frequency of Winter season of 2015 Winter season of 2016
EM-1
spraying Q N o 3 N o
during growth o 3 < =2 o 2 < =
< © o N = © o) b
stages @ & 2 ¢ ° g g g
> —_ S et
2 8 X 3 8 =
Control 476.39 451.8" 440.6" 456.3% 483.6" 468.49 462.79 471.6°
One time 510% 498.2% 47239 4935° 51259 4985° 483"  498°
Twice 531.9° 517.4° 487.7%" 512.3° 532.3* 515.3% 498.5° 5154°

Three times  545.9% 532.2° 4945° 52422 547.2% 527.1° 506.9% 527.12

Average 516% 499.9° 473.8° 518.9° 502.3° 487.8°

Averages followed by the same letters didn't differ significantly at P<0.05

Percentage of tillers carrying spikes (%)

Results in Table 4 showed no significant difference among cultivars. However, there
was a significant effect among frequencies of EM-1 spraying and among interactions
on this trait for both seasons. The highest percentage of tillers carrying spikes was
for three times of EM-1 spraying (83.3 and 85.8%) and Ibaa99 cultivar x three times
(84.3 and 86.3%) for both seasons (Table 4). That is maybe due to an increase in the
availability of assimilating supply of photosynthesis for the benefit of tillers
emergence, which contributes to increase their productivity, and subsequently an
increase in the number of tillers carrying spikes. These results were in agreement
with El-Sayed and Hammad (2007); Youssef et al. (2013).

Flag leaf area (cm?)

The effect of cultivars, frequency of EM-1 spraying and their interaction were
significant in the area of flag leaf for both seasons. The highest average belonged to
the 1baa99 cultivar (40.4 and 41.8 cm?), three times of EM-1 spraying (39.8 and 39.2
cm?) and their interaction (42.4 and 44.4 cm?) for both seasons (Table 5).
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Table 4. Effect of frequency of biofertilizer (EM-1) spraying on tillers carrying spikes

(%) of three bread wheat cultivars during 2015 and 2016 growth seasons

Cultivars of bread wheat

Winter season of 2015

Frequency of
EM-1 spraying

Winter season of 2016

during growth % o % L % o) § >
stages < 2 S © = 2 S @
< - < -
Control 73.2%  74.4% 734% 736% 76.2° 76.9° 76.5° 76.5°
One time 80.2° 815 79.7° 80.5° 82.1% 828 83 826"
Twice 80.9 83.1%" 82%° 823" 84.2%4 g47%° 835" 84.1°
Three times 82.1%* 84.3% 83.6® 83.3% 85.2*° 86.3% 859 858°
Average 79.4*  80.8% 79.7° 81.9° 82.7*% 82.2°

Averages followed by the same letters didn't differ significantly at P<0.05

Table 5. Effect of frequency of biofertilizer (EM-1) spraying on flag leaf area (cm?) of
three bread wheat cultivars during 2015 and 2016 growth seasons

Cultivars of bread wheat

Winter season of 2015

Frequency of EM-1

Winter season of 2016

spraying during growth Q N o Q N o
stages o 8 < = g 3 ’= <
— © o o = I3 o) o
O o] o ) o @© o 0]
s =2 § z I =2 5 :
o]
< 0 < &
Control 31.39 37.1% 28" 3219 32.9% 394" 31.1° 345°
One time 35.65 39.7° 31.89 357° 33.6° 40.1° 33.4% 357°
Twice 38.3%¢ 41.3% 342" 37.9° 36.9° 43.32 35.7° 38.62
Three times 39.9"° 4242 36.2° 39.82 37° 44.4% 36.2° 39.22
Average 36.3° 40.4% 32.5° 35.1° 41.8% 34.1°
Averages followed by the same letters didn't differ significantly at P<0.05
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The difference in this trait referred to the differences in cultivars genetic variation.
Amal et al. (2011); Muhammad et al. (2014) agree with these results. They pointed to
the differences in wheat cultivars regarding flag leaf area. The increase in flag leaf
area was accompanied by the increase in the frequency of EM-1 spraying. That
could explain by the effect of EM-1 in stimulating the growth regulators of plants, and
an increase nitrogen fixation, which led to an increase in the vegetative growth
through elongating and division of cells that reflected an increase in the flag leaf
area. These results in agreement with Kabesh et al. (2009); Youssef et al. (2013);
Muhammad et al. (2014). They indicated a significant role for biofertilizer in
increasing vegetative growth of wheat.

Spikes number per square meter (spike*m™)

The effect of cultivars, frequency of EM-1 spraying and their interaction were
significant on the number of spikes per square meter for both seasons. The highest
average belonged to the Ibaa99 cultivar (418.1 and 429.9 spike*m™), three times of
EM-1 spraying (437 and 450.4 spike*m) and their interaction (460 and 472.1
spike*m™), for both seasons (Table 6). This is referred to the transcendence of
Ibaa99 cultivar in the percentage of tillers carrying spikes per square meter (Table 4).
These results in agreement with Al-Juboory et al. (2011); EI-Habbasha et al. (2013).
The increase in a number of spikes per square meter was in correspondence with an
increase in the frequency of EM-1 spraying. This is explained by the increase in a
number of tillers and percentage of tillers carrying spikes (Tables 3 and 4) as a
response to the frequencies of EM-1 spraying. These results in agreement with
El-Sayed and Hammad (2007), Kandil et al. (2011); Amanullah et al. (2012);
Muhammad et al. (2014).

Grain number per spike (grain*spike™)

The effect of cultivars, frequency of EM-1 spraying and their interaction were
significant on grain number per spike for both seasons. The highest average related
to 1baa99 cultivar (43.9 and 46.4 grain*spike™), three times of EM-1 spraying (45.1
and 48.3 grain*spike™) and their interaction (45.7 and 48.7 grain*spike™) for both
seasons (Table 7). This could explain by genetic variation in the number of
spikelet*spike™ which is determined by the number of fertile flowers on a spike
(Amanullah et al., 2012; Pandey et al., 2013). The reason behind the increase of
grain number per spike accompanied with the increase of frequencies of spraying
with EM-1 is, because of the capacity of sink in wheat depends on well vegetative
growth, that response more to increase spraying frequency (Tables 3 and 5). These
results go along with El-Kalla et al. (2002), El-Habbasha et al. (2013); Muhammed et
al. (2013); Muhammad et al. (2014).

Weight of 1,000 grain (g)

Results in Table 8 indicated no significant effect for the cultivars, frequency of EM-1
spraying and their interaction on the weight of 1,000 grain for both seasons.
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Table 6. Effect of frequency of biofertilizer (EM-1) spraying on spikes number per
square meter (spike*m™) of three bread wheat cultivars during 2015 and 2016 growth
seasons

Cultivars of bread wheat

EfreEun?lncy Winter season of 2015 Winter season of 2016
spraying ™ ™
during -}% o N ) % o N )
growth £ = 3 3 = = 3 @
sta O @© o ) O © o )
ges T o < > X o < >
o - 5 < o - 5’ <
< <
Control 331.6" 354.49 3223" 336.1° 3535 372.1" 3523 359.3°
One time 396.9° 415.9% 378.9f 397.2° 404.49 424.4% 400.8Y 409.9°
Twice 424.2° 442.1° 399.4° 421.9° 4286% 451° 416.6°" 432.1°
Three times  444.8% 460* 406.1% 4372 443.7°° 472.1% 4355% 45042
Average 399.4° 418.1% 376.7° 407.6° 429.9% 401.3°

Averages followed by the same letters didn't differ significantly at P<0.05

Table 7. Effect of frequency of biofertilizer (EM-1) spraying on grain number per spike
(grain*spike™) of three bread wheat cultivars during 2015 and 2016 growth seasons

Cultivars of bread wheat

Frequency of Winter season of 2015

Winter season of 2016

EM-1
spraying ™ ™
during F o E ] 3 o § >
growth E= 2 3 S = T 3 S
sta V) © o i) O I o )
ges 1 O < > ! o < >
3 = 3 < 2 = 3 <
< <
Control 41.89" 4259 416" 429  43.3°  43.1°  42.7° 43¢
One time 43.4%98" 43 000810 4o gefah 43 1¢ 46,730 47,139 4579  46.2°
Twice 441000 44 330cd  g3deih 43 80 45 58¢d  47.8%C  46.2°9 46.8°
Three times  45.1%°  45.7% 44.6%° 4512 48.3%  48.7% 47.9%° 48.32
Average 43.6°  43.9° 43° 46.2°  46.4* 456"

Averages followed by the same letters didn't differ significantly at P<0.05
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The insignificant effect of studied factors may be due to the compensation among
yield components of wheat when there was an increase in the number of spikes per
square meter and the number of grain per spike (Tables 6 and 7) as a response to
studied factors and their interaction.

Table 8. Effect of frequency of biofertilizer (EM-1) spraying on weight of 1,000 grain
(g) of three bread wheat cultivars during 2015 and 2016 growth seasons

Cultivars of bread wheat

Winter season of 2015 Winter season of 2016
Frequency of EM-1
spraying during growth 2 N o g N o
stages o X £ =) © X = =)
< © ° © < S ° ©
O © o ) O ] o 7]
5 2 S 51 S Q 5 ;
o]
< 0 = 0
Control 35.19 3588 36 3569 34.68 3454 344 3454
One time 36.2 35.46 35.58 35.74 34.17 34.37 34.33 34.29
Twice 35.87 35.38 3565 3563 349 34.46 34.88 34.74
Three times 35.11 35 35.19 351 34.49 34.31 34.9 34.56
Average 35,59 3543 35.1 3456 34.42 34.62

Effect of cultivars, frequency of spraying and their interaction were not significant at P<0.05 for both
seasons

Grain yield (ton*ha™)

The effect of cultivars, frequency of EM-1 spraying and their interaction were
significant on grain yield for both seasons. Ibaa99 cultivar gave the highest grain
yield (3.89 and 4.31 ton*ha™). It's not significantly different than the Abu-Ghraib3
cultivar for both seasons (Table 9). The reason behind transcendent 1baa99 cultivar
is because it gave the highest averages of the number of spikes per square meter
and the number of grain per spike (Tables 6 and 7). These results go along with the
results of EI-Sayed and Hammad (2007); Amanullah et al. (2012); Pandey et al.
(2013). Three times of EM-1 spraying gave the highest grain yield (3.85 and 4.36
ton*ha’!) for both seasons (Table 9). This is maybe due to the increase in the number
of spikes per square meter and the number of grain per spike (Tables 6 and 7).
These results were similar to the Al-Juboory et al. (2011), Ghaderi-Daneshmand et
al. (2012); El-Habbasha et al. (2013); Esmailpour et al. (2013) who confirmed the
response of wheat to spraying with biofertilizer. Ibaa99 cultivar which had three times
of EM-1 spraying gave the highest grain yield (4.11 and 4.58 ton*ha™). This is maybe
due to the significant transcendent of an interaction treatment of Ibaa99 cultivar with
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three times of EM-1 spraying on the number of spikes per square meter and the
number of grain per spike (Tables 6 and 7).

Table 9. Effect of frequency of biofertilizer (EM-1) spraying on grain yield (ton*ha™) of
three bread wheat cultivars during 2015 and 2016 growth seasons

Cultivars of bread wheat

Frequency of Winter season of 2015 Winter season of 2016
EM-1 spraying ™ ™
during growth = o § oy 3 o § >
stages £ 2 = S = o) = =
© (@] g © (@] g
o @© o ) O 4] o [}
= = 5 z 5 = = z
o) O
< @ < @
Control 3.43%% 365%d 2870 332¢ 38% 391" 356° 3.76°
One time 3.6°9% 3.89%¢ 315 355" 4233 436 3.98°¢ 4197
Twice 3.75%¢ 3.04% 3.27% 366 4.20%° 441 4.02° 4242
Three times 430 411* 3.43° 3852 436 458 4.14° 4.36%
Average 3.692 3892 3.18° 4.17% 4.31% 3.92°

Averages followed by the same letters didn't differ significantly at P<0.05

Conclusions

It can be concluded that spraying of EM-1 enhanced plant efficiency, increased an
incidence of elongation and division of cells in all vegetative organs. Thus,
stimulating branches led to producing a higher number of spikes, as well as an
increment in grain number per spike which led to higher yield. According to the
response of wheat cultivars toward spraying of biofertilizer, it can be recommended
frequent spraying of biofertilizer at tillering, stem elongation and booting stages. Also,
conduct further studies under a wide range of environmental conditions using
different concentrations and frequencies for biofertilizer.
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