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ABSTRACT

Maximizing wheat productivity especially under new reclaimed sandy soil conditions became a vital
object to decrease the gap of wheat between production and consumption in Egypt. To achieve the
aforementioned objectives, two field experiments were carried out at the Agricultural Production and
Research Station, National Research Centre, Nubaria Province, Behaira Governorate, Egypt, during the two
successive winter seasons of 2012/2013 and 2013/2014 to study the effect of some agriculture treatments
(Mycorrhizza 1kg/fed., charcoal 4 tons/fed., foliar application with KNO5 5g/L) in addition to control treatment
on yield and its components for three wheat cultivars i.e. ( Sakha-93, Gemiza-7 and Shandweel-1 ). Wheat
cultivars significantly differed in all growth characters under study at 90 days from sowing as well as for yield
and its components with superiority to Skha-93 cultivar. All agriculture treatments significantly enhanced all
growth and vyield characters with superiority to the treatment with charcoal (4 tons/fed.) over the other
treatments. As for the interaction effect between wheat cultivars and the agriculture treatments, the results
showed that the effective treatments for growth, yield and yield attributes characters were obtained from
Sakha-93 cultivar treated with charcoal (4 tons/fed.). The results also showed that the highest values of N, P
and CP % in wheat grains were obtained in Sakha-93 cultivar treated with Mycorhizza, while the highest values
of K% were recorded in Sakha-93 cultivar treated with KNOs.
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INTRODUCTION

Wheat (Triticum aestivum, L.) is an important cereal crop which belongs to the grass family of Poaceae,
formerly Gramineae and makes up the genus (Triticum spp). It is one of the most important cereal crops in
Egypt and all over the world. Wheat provides 37 % of the total calories for the people and 40 % of the protein
in the Egyptian diet (Mujeeb et al., 2008). Recently, a great attention of several investigators has been directed
to increase the productivity of wheat especially in the new reclaimed sandy soil, to minimize the gap between
the Egyptian production and consumption by increasing wheat production through increasing unit land area
productivity and increasing cultivated area (Ahmed et al., 2011). Increasing wheat yield per unit area can be
achieved by breeding high yielding varieties and applying the optimum cultural practices and applying some
agronomic practice to sustain soil fertility through their effect on the physical, chemical and biological
properties of soil (Hassanein et al., 2013, Hattem, et al., 2015 and ). Grain, straw and biological yields and its
components were significantly differed owing to varietal differences (Abdel-Ati and Zaki, 2006).

Charcoal is the dark residue consisting of carbon, and the remaining ash, obtained by removing water
and other volatile constituents from vegetation substances (Laird, 2008). Charcoal is usually produced by
pyrolysis at temperatures from 300 to 600 °C (Rajkovich, 2012). There are some researches showing that
biochar can be used to improve soil fertility and sequester carbon for reduction of carbon mitigation to
mitigate climate change (Lehmann et al., 2006, Lehmann et al., 2009 and Sohi et al., 2010). Charcoal has also
been shown to change soil biological conditions in terms of the quality and quantity of soil microorganisms
(Kim et al., 2004). According to (Steiner et al., 2008), these changes may well have effects on nutrient cycles
and soil structure which in turn can lead to differences in plants growth and productivity. The possible
connections between biochar properties and the soil biota, and their implications for soil processes have not
yet been systematically described (Lehmann et al., 2009 and Ibrahim, et al., 2015).

Potassium is the most abundant cation in higher plants. It is the target of many researches because it
is essential for enzymes activation, protein synthesis and photosynthesis (Silva, 2004 and Chavis, et al., 2005).
Furthermore, potassium is necessary for phloem solute transport and for the maintenance of cation/anion
balance in the cytosol as well as in the vacuole. Potassium stimulates root growth and hence, efficient
exploration of soil water (Saxena, 1985). Further, it decreases the loss of soil moisture by reducing the
transpiration and increasing the retention of water in plants. (Umar and Moinuddin, 2002 Bakry, et al, 2012).
They added that potassium plays an important role in the growth and development of plants. It activates
enzymes, maintains cell turgor, enhances photosynthesis, reduces respiration, helps transport sugars and
starches, aids in nitrogen uptake and is essential for protein synthesis. In addition to plant metabolism,
potassium improves crop quality because it helps with grain filling and kernel weight, strengthens straw,
increases disease resistance, and helps the plant better withstand stress (Ashley et al., 2011). Its role is well
documented in photosynthesis, increasing enzyme activity, improving synthesis of protein, carbohydrates and
fats, translocation of photosynthetic, enabling their ability to resist pests and diseases. Sources of potassium
and its effect on growth and yield of crops were studied by (Abd El-Aal et al., 1995 and Bakry, et al., 2015) who
observed yield improvement in plants fertilized with both soil and foliar K. Another possible approach to crop
productivity is the foliar application of magnesium which plays several physiological and biochemical roles i.e.,
chlorophyll formation, activation of enzymes, synthesis of proteins, carbohydrate metabolism and energy
transfer.

The vesicular arbuscular mycorrhiza (VAM) is a mutually beneficial symbiosis of fungi which are found
associated with the majority of agricultural plants. The fungi belong to the Glomeromycota with the genera
Endogone, Glomus, Entrophosphora, Gigaspora, Acaulospora, Scutellospora. They are obligate symbionts
which have not been cultured on nutrient media yet because of their obligately biotrophic life style which
makes it essential for VAM fungi to infect and spread inside a living root. (Smith, 1983). Versicular arbuscular
mycorrhiza has been shown to improve productivity in soils of low fertility (Jeffries, 1987). They are particularly
important for increasing the uptake of slowly diffusing ions such as PO, (Jacobsen et al., 1992), immobile
nutrients such as P, Zn and Cu (Liu et al., 2002). Mycorrhiza fungi can also improve absorption of N from NH4"
mineral fertilizers, transporting it to the host plant (Johansen et al., 1993). Its transport and absorption can
also increase biomass production in soils with low Potassium, Calcium and Magnesium (Liu et al., 2002).
Khavazi et al., (2005) stated that, VAM induce additional root hair and lateral root formation and enhance
plant’s ability to take up additional nutrients and water from soil and increase photosynthesis, the rates of
photosynthetic storage and consequently plant yield. Moreover, Narula et al., (2002) reported a net saving of
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25-30 kg nitrogen by using VAM inoculants on wheat. They added that, the productiveness of rhizosphere for
VAM may be attributed to favorable influence exerted by root exudates that contain amino acids,
carbohydrates, organic acids, growth promoting substances and also phytohormones. Furthermore, Biswas et
al., (2000) and Maha, et al., (2015) suggest that certain strains of VAM can promote wheat growth and yield
through mechanisms that improve single leaf net photosynthetic rate rather than biological N, fixation.

The objective of this work was to test growth, yield and yield components of three wheat cultivars
(Gemiza-7, Sakha-93 and Shandweel-1) under some agronomic treatments (Charcoal, Mycorrhiza and KNO3).

MATERIALS AND METHODS

Two field experiments were carried out at the Agricultural Production and Research Station, National
Research Centre, Nubaria Province, Behaira Governorate, Egypt, during the two successive winter seasons of
2012/2013 and 2013/2014 to test growth and yield of three wheat cultivars ( Gemiza-7, Sakha-93 and
Shandweel-1 ) under four agriculture treatments ( Charcoal - Mycorrhiza - KNO; and control treatment). The
surface soil sample (0-30 depth) of the experimental area was subjected to laboratory analysis to determine
some of its physical and chemical properties according to the method described by Chapman and Pratt (1979)
in Table (1).

Table 1: Mechanical and chemical analyses of the experimental soil (2012/2013 and 2013/2014 seasons).

Mechanical analysis: 2012/2013 2013/2014
Sand % 92.3 90.1
Silt % 3.1 4.3
Clay % 4.6 5.6
Chemical analysis: 2012/2013 2013/2014
CaCoz % 1.3 1.5
Organic matter % 0.3 0.3
EC. mmhos/cm’ 0.3 0.3
pH 7.4 7.2
Soluble N% 8.0 8.2
Available P (ppm) 3.0 3.4
Available K (ppm) 19.8 20.2

The experimental design was split plots design with four replicates. Wheat cultivars was assigned to
the main plots, while the agronomic treatments were randomly distributed in the sub plots (Control
treatment, Mycorrhiza 1kg/fed., charcoal 4 tons/fed., foliar application with KNO3 5g/L). Wheat grains were
planted on 14™ and 16™ November in 2012 and 2013 in both seasons, respectively. Irrigation was carried out
using sprinkler irrigation system where water was added every 5 days. The normal agriculture practices of
growing wheat were practiced till harvest as recommended by wheat Research Dept .A.R.C., Giza.

Samples of one square mater were taken at random from the middle area of each plot from the three
replicates to measure plant height cm, number of spikes/plant, number of tillers/plant, flag leaf area cm” and
dry weight of whole plant at 90 days from sowing. At harvest time one square meter was taken at random
from the middle area of each plot from the three replicates to determine plant height cm, number of
spikes/mz, dry weight of spikes g/mz, spike length, number of grains/ spike, weight 1000 grains weight (g). In
addition, grain, straw and biological yields ton/fed. NPK in grains were determined according to the method
described by A.0.A.C (2005) and the grain protein content was calculated by multiplying total nitrogen
concentration by 5.75. Statistical analysis was performed according to Snedecor and Cochran (1990).
Treatments mean were compared by L.S.D. test. Combined analysis was made from the two growing seasons
hence the results of two seasons followed similar trend.
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RESULTS AND DISCUSSION
Growth characters
Effect of cultivars

Data in Table (2) shows that cultivars Sakha-93, Gemiza-7 and Shandweel-1 significantly differed in
vegetative growth characters, i.e. number of tillers / plant, number of leaves / plant, number of spikes / plant,
flag leaf area and also dry weight of whole plant, while plant height was insignificantly affected. It is clear from
the data that Sakha-93 exceeded other cultivars in all characters under study at 90 days from sowing. It could
be concluded that varietal differences between wheat cultivars may be due to the genetical differences
between cultivars and differences genotypes concerning partition of dry matter, where wheat cultivars
differed in carbon equivalent (Abd-El-Gawad et al., 1987). The superiority of Sakha-93 cultivar may be due to
the increase in the efficiency to photosynthate of more water and minerals from soil. This reflected on
increasing the production of more sizeable organs. The results of varietal differences in growth parameters in
this study are in agreement with those obtained by Zaki et al.,(2004).

Table 2: Effect of wheat cultivars on growth characters

. Plant height Number of Number of Number of Flag leaf area | Dry weight of
Wheat cultivar . . 2 2
cm spikes/plant leaves /plant tillers /m cm plants g/plant
Gemiza-7 85.59 4.85 16.54 4.22 41.81 11.94
Sakha 93 90.29 5.05 15.05 3.94 44.37 12.49
Shandweel 1 79.88 4.54 19.02 3.38 39.89 11.19
LSD 5% 6.36 0.31 135 0.19 NS 0.55

Effect of some agronomic treatments:

Table 3: Effect of some agriculture treatments on growth characters

Agricultrure Plant height Number of Number of Number of Flag leaf area | Dry weight of

treatment cm spikes/plant leaves /plant tillers /m? cm? plants g/plant
Control 81.21 4.33 14.98 3.45 38.99 10.36
Mycorhizza 86.57 4.90 17.59 4.02 42.88 12.52
Charcoal 88.75 5.17 18.28 4.19 43.92 12.79
KNO; 84.48 4.86 16.63 3.73 42.31 11.83
LSD 5% NS 0.33 1.25 0.23 NS 0.65

Data in Table (3) shows the effect of different agriculture treatments on growth of wheat plant. It is
clear that all agronomic treatments ( Mycorrhiza 1kg/fed., charcoal 4 tons/fed., foliar application with KNO;
5g/L), significantly affected growth characters as compared with control treatment. It is also clear from the
table that addition of 4 ton/fed. charcoal recorded the highest values for all growth characters. Similar results
were obtained by Vaccari et al., (2011). This increasing in growth could be because of ability of charcoal for
improving soil condition from increasing water holding capacity (Jeffery, 2011). And thus improved nutrient
retention through cation adsorption (Liang et al., 2006). However, charcoal has also been shown to change soil
biologi in terms of the quality and quantity of soil microorganisms (Kim et al., 2007). As for the positive impact
of VAM, Smith and Read (2002) reported that VAM grow in the cortical root tissues and also grow out from
the roots into the surrounding soil, forming an external hyphae network which increases uptake of mineral
nutrients and consequently promotes plant growth. Furthermore, Ghahfarokhy et al., (2011) reported that
comparison of the root in control and root colonized with VAM showed that colonization of root with VAM
fungi and Trichoderma promote massive root growth which intern help in absorption of nutrients. Hence, this
is consistent with the observations and results of the present study. On the other hand, Potassium has the
major role in osmoregulation, photosynthesis, transpiration, stomatal opening and closing and synthesis of
protein etc. (Cakmak, 2005, Milford and Johnston, 2007).
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Effect of the Interaction

The effect of interaction between wheat cultivars and agriculture treatments on plant growth
characters i.e. plant height, number of tillers / plant, number of leaves / plant, number of spikes / plant, flag
leaf area and also dry weight of whole plant were significant. The results in Table (4) showed that, the highest
values for plant height, number of tillers / plant, number of spikes / plant, flag leaf area and dry weight of
whole plant were recorded in Sakha-93 treated with charcoal (4 ton/fed.), while Shandweel-1 recorded the
highest number of leaves / plant. These results are confirmed with that obtained by Vaccari et al., (2011). This
increasing in growth could be because of ability of charcoal for improving soil condition from increasing water
holding capacity (Jeffery, 2011). However, charcoal has also been shown to change soil biologi in terms of the
quality and quantity of soil microorganisms (Kim et al., 2007). Moreover, Hosam-El Din (2006) and Hetrick et
al., (2015) reported that the interaction between wheat cultivars and VAM affected significantly in growth
characters. Several factors such as host plant, AM fungal isolate, and soil environment can influence
effectiveness of root- AM fungi symbioses. It is important to understand and manipulate these factors to
optimize plant growth responses to AM fungi. It may also be necessary to select AM fungal isolates best
adapted to the environment in which a plant species is to be grown. Isolates of AM fungi differ in ability to
enhance plant growth.

Table 4: Effect of interaction between wheat cultivars and agriculture treatments on growth characters

. Agriculture Plant height Number of Number of Number of Flag leaf area | Dry weight of
Wheat cultivar . R 2 2

treatment cm spikes/plant leaves /plant tillers /m cm plants g/plant

Control 81.40 4.33 14.23 3.91 39.21 10.50

Gemiza-7 Mycorhizza 87.48 4.96 17.36 4.38 42.65 12.60

Charcoal 89.02 5.25 18.20 4.44 44.36 12.87

KNO; 84.45 4.87 16.36 4.16 41.03 11.81

Control 86.32 4.63 13.36 3.42 41.23 10.80

sakha 93 Mycorhizza 90.35 5.12 15.69 4.19 45.98 13.14

Charcoal 94.25 5.30 16.58 4.36 46.02 13.65

KNO; 90.25 5.14 14.58 3.77 44.25 12.37

Control 75.91 4.03 17.36 3.02 36.54 9.79

Mycorhizza 81.88 4.62 19.72 3.47 40.02 11.82

Shandweel 1

Charcoal 82.98 4.96 20.06 3.78 41.37 11.84

KNO; 78.75 4.56 18.94 3.25 41.65 11.30

LSD 5% 8.25 0.39 2.32 0.32 NS 0.95

Yield and its Components:
Effect of Cultivars:

Data in Table (5) and fig (1) indicated that there were significant differences between cultivars in all
characters under this study i.e. plant height, number of spikes / m?, dry weight of spikes/mz, spike length,
number of grains / spikes, 1000 grains weight as well as grain, straw and biological yield / fed. Sakha-93
cultivar surpassed other two cultivars in all the studied yield characters followed by Gemiza-7. It could be
concluded that varietal differences between wheat cultivars may be due to the genetical differences between
cultivars and differences genotypes concerning partition of dry matter, where wheat cultivars differed in
carbon equivalent (Abd-El-Gawad et al., 1987). In this concern, this increase in number of grains per spike was
due to increase in number of spikelets, similar response was observed in wheat where photosynthesis and root
respiration increased grain yield (Liu et al., 2005).
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Table 5: Effect of wheat cultivars on yield attributes characters

. Plant height Number of Dry weight of | Spike length Number of 1000 grains
Wheat cultivar . 2 . 2 . . .
cm spikes/m spikes g/m (cm) grains/spike weight (g)
Gemiza-7 93.36 479.53 506.30 12.12 63.14 50.50
Sakha-93 97.95 504.82 537.87 13.12 66.55 52.81
Shandweel-1 90.83 454.06 469.03 11.13 59.52 47.31
LSD 5% NS 24.36 23.65 0.68 3.35 2.36
M Grain yield (ton/fed.) B Straw yield (ton/fed.) Biclogical yvield (ton/fed.)
6 —
5 -
a -
3 -
2 -
1 -
o] : : T
Gemiza-7 Sakha-93 Shandweel-1

Figure 1: Effect of wheat cultivars on yield characters (LSD 5% Grain yield= NS & Straw yield = NS and Biological yield =
NS)

Effect of agriculture treatments

Table 6: Effect of some agriculture treatments on yield attributes characters

Agriculture Plant height Number of Dry weight of Spike length Number of 1000 grains
treatment cm spikes/m’ spikes g/m’ (cm) grains/spike weight (g)
Control 89.55 432.68 435.37 10.89 59.06 43.81
Mycorhizza 97.53 490.06 520.74 12.69 64.32 52.94
Charcoal 95.85 509.22 550.46 13.15 65.87 54.07
KNO; 93.26 485.91 511.03 11.76 63.03 50.01
LSD 5% NS 26.35 28.65 0.61 4.02 3.02

Treating wheat with VAM, charcoal or KNOj; resulted in a significant increase in the all the studied
yield and yield attributes as compared with control treatment (Table 6 and fig 2). It is also clear from the table
that addition of 4 ton/fed. charcoal recorded the highest values for all growth characters. Similar results were
obtained by Vaccari et al., (2011). This increasing in yield and yield attributes characters, could be due to the
ability of charcoal for improving soil condition from increasing water holding capacity (Jeffery, 2012). And thus
improved nutrient retention through cation adsorption (Liang et al., 2006). However, charcoal has also been
shown to change soil biology in terms of the quality and quantity of soil microorganisms (Kim et al., 2007).
Moreover, this could be attributed to the enhanced P uptake by VAM. The improved grain yield with fungal-
inoculants was due to the absorption of more nutrients by wheat plants (Behl et al., 2003). Manske et
al.(1998) have also provided access to more soil volume as extra metrical hyphae of VAM fungi enlarge the
effective surface outside of the roots. Fungal inoculation increased sink size by increasing either panicle
number or spikelet number per panicle. Yanni et al., (1997) also reported higher grain yield following
inoculation with VAM in a field experiment in Egypt. The importance of additive effects of fungal-inoculants
was reported by earlier workers for component traits like plant height, spike length, grain weight, flag leaf area
and grains per spike (Katiyar and Ahmad, 1996). On the other hand, Potassium has the major role in
osmoregulation, photosynthesis, transpiration, stomatal opening and closing and synthesis of protein etc.
(Cakmak, 2005, Milford and Johnston, 2007). It was indicated by many investigators that potassium played a
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key role in the osmotic adjustment (stomatal opening) of plants and yield may be improved due to foliar
potassium application to plants (Foyer et al., 2002).

m Grain yield (ton/fed.)

m Straw yield (ton/fed.)

Biological yield (ton/fed.)

Control

Mycorhizza

Charcoal

KNO3

Figure 2: Effect of some agriculture treatments on yield characters (LSD 5% Grain yield= NS & Straw yield = 0.17 and

Effect of interaction between wheat cultivars and some agriculture treatments:

Biological yield = 0.30)

The effect of interaction between wheat cultivars and the agriculture treatments on yield and yield
attributes were significant (Table 7 and Fig 3). The results showed that the effective treatments for yield and
yield attributes characters were obtained from Sakha-93 cultivar treated with charcoal (4 tons/fed.). These
results are in harmony with those obtained by Sohi et al., (2010). There are some research who shows that,
charcoal can be used as a possible means to improve soil fertility as well as other ecosystem services and
sequester carbon for reduction of carbon mitigation (C) to mitigate climate change (Laird, 2008). In this
concern, Eykelbosh et al., (2015) found that Biochar increased soil porosity and cation exchange capacity,
suggesting that it may help to prevent nutrient leaching losses. In conclusion, the use of charcoal became
ineludible to minimize the environmental pollution and to improve the yield quality of wheat plant. Moreover,
Mohammadi et al., (2013) confirmed the role of potassium in increasing yield of wheat plant.

Table 7: Effect of interaction between wheat cultivars and some agriculture treatments on yield attributes characters

Wheat Agriculture Plant height | Number of Dry W?'ght Spike Number of 1000 grains
cultivars treatment cm spikes/mz of splkzes length grains/spike weight (g)
g/m (cm)
Control 88.65 432.70 430.25 11.18 58.82 44.38
Gemiza-7 Mycorhizza 95.36 496.12 532.81 12.52 63.97 53.27
Charcoal 96.54 502.00 548.35 12.89 66.54 54.43
KNO; 92.91 487.29 513.79 11.88 63.25 49.93
Control 93.65 462.58 477.54 11.41 61.84 45.66
sakha-93 Mycorhizza 98.57 512.37 552.06 13.98 68.97 55.57
Charcoal 100.36 529.96 581.70 14.52 69.03 57.72
KNO; 99.21 514.37 540.20 12.57 66.38 52.31
Control 86.36 402.77 398.32 10.08 56.54 41.39
Mycorhizza 98.65 461.71 477.36 11.58 60.03 49.99
Shandweel- 1 Charcoal 90.65 495.70 521.32 12.03 62.05 50.06
KNO; 87.65 456.08 479.11 10.85 59.45 47.78
LSD 5% 8.25 41.2 37.25 1.23 6.02 5.27
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Figure 3: Effect of interaction between wheat cultivars and some agriculture treatments on yield (LSD 5% Grain yield= NS
& Straw yield = 0.35 and Biological yield =0.63)

N, P, K and crude protein %:
Effect of Cultivars

Data in Table (8) showed that the differences between cultivars were insignificant with regard the
percentage of N, P, K and crude protein% in wheat grains. However, Sakha-93 cultivar surpassed other two
cultivars in all the studied chemical constituemts followed by Gemiza-7. It could be concluded that varietal
differences between wheat cultivars may be due to the genetical differences between cultivars and differences
genotypes concerning partition of dry matter, where wheat cultivars differed in carbon equivalent (Abd-El-
Gawad et al., 1987).

Table 8: Effect of wheat cultivars on N, P, K and crude protein %

Wheat cultivar N % P% K% | CP%
Gemiza-7 1.91 | 0.24 | 0.48 | 11.00
Sakha-93 1.93 | 0.24 | 0.50 | 11.08

Shandweel-1 1.87 | 0.22 | 0.47 | 10.75
LSD 5% NS NS NS NS

Effect of agriculture treatments:

Obtained results recorded in Table (9) revealed that percentage of nitrogen, phosphorus, potassium
and crud protein in grains significantly affected with agriculture treatments. However, treatments plants with
Mycorhizza recorded the highest percentage for grain nitrogen, phosphorus and crude protein as compared
with control plants. On the other hand, the highest values of potassium were obtained under the treatment
with KNO;. These results are in agreements with those reported by Dreyer et al., (2010) who stated that, the
symbiosis between Mycorhizza and plants is based on the beneficial exchange of reduced carbon from the
plant and mineral nutrients, especially phosphate and nitrogen as well as water from the fungus. Moreover,
Treseder (2013), conducting a field-based trials on several plant species, confirmed the association between
colonized root length and P content. Furthermore, Mohammadi et al., (2013) confirmed the role of potassium
in increasing the percentage of K and CP content in wheat plants.

Table 9: Effect of some agriculture treatments on N, P, K and crude protein %

Agricultrure treatment N % P % K% | CP%
Control 1.75 | 0.20 | 0.43 | 10.08
Mycorhizza 2.05 | 0.27 | 0.47 | 11.79
Charcoal 1.89 | 0.23 | 0.49 | 10.87

KNO; 1.92 | 0.24 | 0.54 | 11.04

LSD 5% 0.10 | 0.01 | 0.03 | 0.75
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Effect of interaction between wheat cultivars and some agriculture treatments:

The effect of interaction between wheat cultivars and the agriculture treatments on N, P, K and crude
protein% in wheat grains were significant (Table 10). The results showed that the highest values of N, P and CP
% were obtained in Sakha-93 cultivar treated with Mycorhizza, while the highest values of K% were recorded in
Sakha-93 cultivar treated with KNO;. These results are in harmony with those obtained by Treseder (2013)
who confirmed the association between Mycorhizza and P content. Moreover, Mohammadi et al., (2013)
confirmed the role of potassium in increasing the percentage of K and CP content in wheat plants.

Table 10: Effect of interaction between wheat cultivars and some agriculture treatments on N, P, K and crude protein %

Wheat cultivars Agriculture treatment N % P% K % CP %
Control 1.75 0.21 0.43 10.06
Gemiza-7 Mycorhizza 2.05 0.27 0.48 11.79
Charcoal 1.92 0.22 0.48 11.04
KNO; 1.93 0.26 0.53 11.10
Control 1.78 0.20 0.44 10.24
Mycorhizza 2.09 0.28 0.48 12.02

Sakha-93
akha Charcoal 189 | 025 | 052 | 10.87
KNO; 1.95 0.24 0.57 11.21
Control 1.73 0.19 0.42 9.95
Mycorhizza 2.01 0.25 0.46 11.56

Shand -1
andwee Charcoal 1.86 | 022 | 047 | 10.70
KNO; 1.88 0.21 0.52 10.81
LSD 5% 0.14 0.02 0.04 1.21
CONCLUSION

Our results showed that the addition charcoal 4 tons/fed., Mycorrhiza 1kg/fed., or foliar application
with KNO; 5g/L enhanced all studied growth and yield characters as well as the percentage of N,P,K and crude
protein with superiority to charcoal and Mycorrhizza treatments. Use of charcoal in agricultural systems may
reduce the need for using commercial fertilizers and have positive carbon sequestration effects, which in turn
will help our environment and increase crop yields simultaneously. Moreover, both Mycorrhiza and KNO3 has a
vital role in wheat production especially in new reclaimed sandy soil.
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