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Abstract

Mycorrhizal symbiosis increases mineral nutrient uptake, especially when
nitrogen applies to the fields together with biochar. To evaluate the influ-
ence of the biochar application and different levels of nitrogen on nitrogen
use efficiency (NUE), yield and yield components of wheat associated with
arbuscular mycorrhizal fungi (AMF) A factorial experiment with in random-
ized complete block design with four replications was implemented for two
years (2016-2018). The experimental factors included nitrogen at four levels
(urea source with 46% nitrogen) 0, 50, 100 and 150 kg N/ha, Rhizophagus
Irregularis inoculum at two levels (without and with application), and bio-
char at three levels 0, 4 and 8 ton/ha. The results demonstrated that plant
inoculated with mycorrhiza inoculum combined with 4 ton/ha of biochar
showed a significant increase in, root colonization (8%). The application of
will be This study proves that application of 100 kg N/ha with an amount of
4 ton/ha of biochar and AMF inoculationhas a useful and effective role in the
enhancement of growth and yieldof wheat.

Keywords

Bio-coal; Biological yield; Field-grown wheat; Nitrogen uptake; Rhizophagus Irregu-
laris; Root colonization

Introduction

Nutrients, including chemical fertilizers are mainly available to crops
through the soil. One of critical nutrients is nitrogen, which is widely used as
a fertilizer by most plants and its deficiency limits the quantitative and
qualitative yield of crops more than other nutrients (1). It has been reported
that nitrogen fertilizers had a significant effect on grain yield and the 1000-
grain weight, and this significant increase was observed when up to 150 kg
N/ha were used in traits (2). Nitrogen fertilizers have a significant effect on
quantitative traits of wheat such as grains/spike, spikelets/spike, 1000-grain
weight, grain yield, biological yield and harvest index (3). Plants provide
carbon sources needed by the fungus and the fungus supports water and
nutrients from the soil to plants. Mycorrhizal hyphae improve a plant's nu-
tritional status, which makes the plant resistant to biotic and abiotic stress-
es (4, 5). In arid and semi-arid climates such as Iran, soil organic matter
content is low due to insufficient vegetation. A common solution to increase
soil fertility is integrated crop management which includes the use of
various types of manure or organic based amendments in the soil. Biochar
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is a stable carbon-rich material produced by burning
organic matter in oxygen-free or low-oxygen conditions at
temperatures below 700°C, a process called pyrolysis (6).
The use of biochar as a soil modifier improves soil
physical, chemical and biological conditions. The tiny
pores of biochar provide a safe environment for plant
beneficial microbes, reduce turnaround time and
increases the bioavailability of nutrients (7). Biochar leads

Table 1. Average biennial meteorological parameters of test site

Materials and Methods
Experiment procedure

Experiments were conducted during the 2016-2017 and
2017-2018 seasons in Southwestern Iran, (Longitude, 49°
18, East; Latitude, 31° 20, North; 34 m alt). The average
meteorological parameters of the test site are shown in
(Table 1). A factorial experiment in the form of a

Rainfall Average minimum

Average maximum

Average minimum relative  Average maximum relative

Month (mm) tempeorature tempsrature humidity humidity
(°C) (°C) (%) (%)
August 0.0 32.9 48.1 14.3 49.1
September 0.0 26.4 42.5 13.8 43.8
October 0.0 21.9 38.4 11.42 35.12
November 12.5 17.6 32.1 10.3 28.8
December 25.0 8.5 24.3 8.1 26.1
January 29.0 8.1 21.2 7.9 25.4
February 28.5 121 22.5 8.3 26.0
March 14.5 14.4 30.7 13.3 31.0
April 10.0 19.3 37.6 14.5 28.0

to an increase in soil fertility crop yield, cation exchange
capacity, water holding capacity, decreases soil acidity
and soil absorption of toxic substances and improves soil
structure (6). In one study, the effect of biochar on wheat
yield was investigated and indicated that the application
of biochar led to an increase of 56% in grain yield, an
improvement in soil properties and an increase in biomass
(8). Nitrogen use efficiency and wheat grain yield was
affected by different levels of biochar (0, 5, 10, 20, 30, 40
and 50 ton/ha), especially it was observed that at the rate
of 5-20 ton/haNUE and grain yield increased significantly
(9). The majority of knowledge about mycorrhizal
symbiosis combined with biochar is derived from
laboratory experiments that use sterilized soil, so these
results are not directly relevant to the field (4). The study
aimed to test the effect of BC application on wheat
biomass and grain yield production, indigenous arbuscular
mycorrhizal (AM) fungi propagules and soil microbial
community and related to soil quality properties of an
Andisol in Southern Chile. Biochars (BCs) were produced
from oat hulls (OBC) and pine bark (PBC). Doses of 0, 5, 10
and 20 Mg ha-1 of BCs were applied on soil using wheat as
the test crop. The OBC had a significantly higher
macronutrients content (N, P, K) than PBC. The highest
dose of both BCs significantly improved shoot and root
biomass and wheat grain yield. Application of 20 Mg ha-1
of OBC and PBC increased AM spore density and root
colonization relative to control treatment. In the same
way, the BC application significantly affects the AM
mycelium density (10). Since the global approach and the
use of management methods such as the use of biological
fertilizers tend to reduce the use of chemical fertilizers,
this study aims to identify the effects of mycorrhiza and
biochar on wheat to increase nitrogen uptake efficiency
due to the importance of its production as one It became
one of the most important sources of human food.

randomized complete block design with four replications
implemented. The experimental factors included nitrogen
at four levels (urea source with 46% nitrogen);

N1: No fertilizer application
N2: 50 kg per ha

N3: 100 kg per ha

N4: 150 kg per ha

Mycorrhizal symbiosis (Arbuscular Mycorrhizal
Fungi- AMF) at two levels; without application (control)
and application of (Rhizophagus irregularis) with a spore
density of 10° per gram of carrier at the rate of one kg per
ha, which was used at the time of planting and inoculated
with seeds.

Biochar at three levels;
B1: Not application
B2: 4 tons per ha
B3: 8 tons per ha

Biochar was prepared using a combination of forest
tree wastes in northern Iran (Table 2). Mycorrhizal inocu-

Table 2. Physical and chemical properties of biochar

Property

lodine Value 950-1100 mg/g
950-1100 m%/g

150-250 mg/g

Surface area according to ASTM standard

Methylene blue number

Amount of moisture 8-10%

pH 5.8%

Ash 4-6%

Carbon 84-88%
Gradation 0.lmmand <1

lum provided by the Soil and Water Research Institute
(SWRI)- Ministry of Agriculture contained a total of 70
active fungal organs per gram of inoculum and has been
applied as seed inoculation before sowing the seeds.

https://plantsciencetoday.online
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To inoculate wheat seeds with organs, hyphae and mycor-
rhizal roots as a fungicide, the seeds were first sterilized
with 0.5% sodium hypochlorite solution for 5 min. These
seeds were soaked in single sterile distilled water for two
hrs and then divided into equal proportions and poured
into separate buckets. To keep the active organs of the fun-
gus on the seeds of a concentrated solution of 20% sugar
and Arabic gum was used. One hour before sowing, the
seeds were completely soaked with inoculum and used
with the control treatment (without spore inoculation), so
that first the control treatment and then the other treat-
ments were cultured according to the test design. Soil
samples from depths of 0-30 cm were taken with an auger.
The physical and chemical properties of soil and were
determined in the laboratories of SWRI (Table 3).

Table 3. Some characteristics of farm soil

511

which the roots were immersed in 0.1 M hydrochloric acid
solution. The roots were then stained for 12 hrs in Terpan
Blue solution (0.01%) following standard methodology (13).
Stained hair roots of about one centimeter long were ran-
domly spread in a petri dish (lattice plate method) using
vertical and horizontal lines of one centimeter squares.
Infection of roots was observed microscopically.

Statistical analysis

Analysis of variance was performed in the form of a
factorial experiment with SAS software. The mean
comparison was done by LSD test at 5% probability level.
Tracing the presence or absence of a linear relationship
between the studied variables was calculated as simple
correlation coefficients of the traits.

Crop year Depth of soil Texture of soil P K N oc EC pH
(em) (ppm) (ppm) (%) (%) (ds.m?)

2016-2017 0-30 Sandy loam 9.0 120.0 0.03 0.84 4.1 6.9

2017-2018 0-30 Sandy loam 9.1 124.2 0.04 0.90 3.9 6.8

EC: Electrical Conductivity; OC: Organic carbon; N: Nitrogen

Analytical methods

Each plot consisted of plot consisted of 7 rows having 6 m
length and 2.5 m width. Potassium sulfate was used at a
rate of 150 kg/ha according to the soil tests in all treatments
before planting. Biochar was incorporated into soil to a
depth of 20 cm. The AMF inoculum consisted of a mixture of
G. intraradices spores (10° spore/g) and hyphae corn roots
were used as a carrier at a rate of 1 kg/ha. The seeds were
planted on October 23, 2016 and on November 27, 2017.
According to the soil test (Table 1) urea fertilizer was
applied to the plant in three splits. One third was provided
before planting, one third at tillering time and one third at
stem elongation. The first irrigation was conducted after
planting and nitrogen application. The irrigation took place
regularly every 7 to 10 days. Weed control was done
manually without any herbicide to prevent the negative
effect of herbicides on mycorrhizal symbiosis. Traits were
measured from 2 sqm of each plot were considered for
harvesting plants (and were selected from the 4 middle
rows after removal of 0.5 m from the beginning and end of
each row). Harvest Index (HI) was calculated as a
percentage of grain and biological vyield. At the
physiological maturity stage, 20 plants were randomly
selected from the harvested area of each plot to evaluate
the yield components. The nitrogen use efficiency was
calculated according to Eq. (1):

NUE (g-g*) = GY/NS

where GY is the grain yield (g) and NS, the N supplied by the
fertilizer (g) (11). Measurements of root colonization per-
centage were taken after cross-staining of the roots using
the cross-linking by standard methodology (12). For bleach-
ing, roots were soaked in 10% potassium hydroxide solu-
tion for 3 hrs at 60° C. After neutralizing the environment,
the roots were placed at room temperature for 4 hrs, after

Results and Discussion
Biological yield

The results obtained from the combined analysis of
variance indicated that the interaction of the year x nitro-
gen, year x mycorrhizal symbiosis, year x biochar and also
year x mycorrhizal symbiosis x nitrogen x biochar had
significant effects on biological yield at the 1% probability
level (Table 5). There is a positive and significant
correlation between biological yield with harvest index,
grain yield, grains/m? and spike/m? (Table 11).

The reason for the increased biological vyield
resulting from using biochar and nitrogen can be due to the
improvement of soil quality by increasing the availability of
nutrients by soil microorganisms and the allocation of
elements to shoots and seeds (14). The application of AMF
and biochar improve soil physical and chemical properties
and thus increase the availability of water and nutrients
required by plants. These factors increased the biological
yield of the plant (15, 16).

Grain yield

Analysis of variance showed that grain yield significantly
increased at the 1% probability level under year and inter-
action of the year x mycorrhizal symbiosis x nitrogen x
biochar (Table 5). The results showed that the correlation
between grain yield and grains/m? was positive and
significant. Among the yield components, grains/m? and
1000-grain weight contributed to the increase in grain yield
(Table 11).

The mycorrhizal symbiosis increases root uptake
and transport of nutrients to the roots by spreading hyphae
and altered plant root morphology and increases thus also
uptake of nitrogen provided by the fertilizer. Mycorrhizal
symbiosis with roots through the uptake of water and
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Table 5. Results of combined analysis of variance concerning the effects of experimental treatments on studied traits

S.0.V BioYli(;iijcal Grain Yield I:(ia:;(’?;tl) Spikes/m? Spil:iell(eets/ s?)::ieI::i Grains/m? 1000-grain Weight Niet;f?fi:::;e
Year(Y) 1 2336165 2383169* 19936.12" 75373"  131.937** 0.871** 451049393 " 10440.05" 689.3™
Replication (Year) 6 12135 3250 59.61 292 0.005 0.167 2897546 7.695 2.90
Mycorrhiza (M) 1 179557 63201 56.68" 9259 0.11m 0.206 " 31381006" 112.55" 15.30m™
YM 1 93689** 66466 " 208.04™ 3334" 0.273™ 0.002 " 2894038 303.51™ 13.98"
Biochar (B) 2 95470 82746 695.63" 666" 48.768™ 0.287 " 92014800 30.6™ 19.94m
YB 2 22938** 31125 363.95™ 1416™ 3.492m 0.609" 29246278 13.27m 8.71™
Nitrogen (N) 3 79321 131292 ™ 1371.78* 57835* 28.166™ 0.528" 163020119* 37.66™ 3732.75*
YN 3 44309** 23010 ™ 78.74" 5465 0.645" 0.146 " 13546404 103.06" 297.30**
MB 2 14256" 6779 96.72" 19054" 1.696" 0.175" 20226598 66.151" 54.25
YMB 2 1642 7338 172.00m™ 2143 1.023" 0.062 " 2975917 150.39** 10.19™
MN 3 8343 3749 ™ 40.97" 19161™ 4.4088 " 0.097" 23736583* 61.66" 10.59
YMN 3 2228" 2735 53.35™ 3627 7.7862 ™ 0.086" 2156290 21.22m 2.54™
BN 6 23191™ 16494 255.65™ 6185" 7.282m™ 0.666" 21213971 14.05" 54.65*
YBN 6 20552 20366 " 321.22* 7089" 4,389 0.804" 26230927* 35.92™ 10.68™
MBN 6 44103 26459 268.29* 43564” 4477 0.207 " 26307466 47.86* 283.25**
YMBN 6 23827 8573** 51.03™ 7985** 2.174** 0.127 " 4654281* 8.89 ™ 18.83**
Error 138 4816 1962 42.78 470 0.007 0.124 1980828 4.78 3.24
C.V. (%) 9.6 17.3 19.2 5.6 0.9 13 14 8.7 10
ns, * and **: no significant, significant at the 5% and 1% probability levels respectively
Table 11. Correlation between measured traits
Traits Biological yield Grain yield Spike/m?  Harvestindex sP;';?II(eets/ S|G:ir:2:esés 1000-grain weight  Grains/m?
Grain yield 0.79**
Spike/m? 0.55* 0.60*
Harvest index 0.55* 0.93** 0.53"
Spikelets/spike 0.54" 0.65* 0.03™ 0.62*
Grains/spikelets 0.44" 0.62* 0.26" 0.64* 0.46"
1000-grain weight 0.28™ 0.47* 0.06" 0.47m 0.08" 0.09m
Grains/m? 0.78** 0.92** 0.67** 0.85** 0.70** 0.68** 0.12m
Nitrogen use efficiency 0.036" -0.072™ -0.332™ -0.201™ -0.244" -0.153™ -0.072" -0.359 ™

ns, * and **: no significant, significant at the 5% and 1% probability levels respectively

nutrients increases photosynthesis, leading to more
productivity and improved grain growth and yield (17).
Biochar and mycorrhizal fungi could have a positive effect
on grain yield by increasing nutrient uptake, improved
plant moisture conditions and increased photosynthesis
and concentration of plant hormones (17). The application
of biochar with nitrogen fertilizer also facilitates nitrogen
mineralization by decreasing the C/N ratio, which also
resulting in improved total nitrogen of the soil (18, 19). The
results obtained from the step-by-step analysis of
multivariate linear regression (Table 4), show that grain

Table 4. Step-by-step regression steps for grain yield as a function variable
and other traits as an independent variable

Step-by-step regression step
Variable added to the model

1 2
Constant number -65.64 -250.13
Harvest index 9.42** 7.24**
Biological yield 0.362**
Explanatory coefficient 87.32 98.47

The step-by-step regression coefficients in the last step are significant at the
probability levels of 1% (step 1) and 5% (step 2)

yield (Y) is a function of Harvest index (X:) and Biological
Yield (X2). Based on the step-by-step method, this model
justified about 98.47% of the changes due to variable
factors. Harvest Index and the Biological Yield were very
influential on grain yield.

Y=-250.13 + 7.24(X1) + 0.362(X2)
R2=98.47

Y= Grain yield, X.= Harvest index weight,
yield

Harvest index (HI)

X2= Biological

The results obtained from the combined analysis of
variance indicated that the simple effect of nitrogen
fertilizer, interaction of year x nitrogen x biochar and triple
interaction of the mycorrhizal symbiosis x nitrogen x
biochar on harvest index had significant at the 5%
probability level (Table 5). The highest harvest index was
obtained from the treatments of application of 150 kg N/ha,
application of AMF and 8 ton/ha of biochar, while the lowest
harvest index was obtained from the treatment of
application of 50 kg N/ha, non-application of AMF and

https://plantsciencetoday.online
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application of 8 ton/habiochar (Fig.1). With increasing

nitrogen fertilizer levels, the harvest index was increased.

The reason for the increase in harvest index can be attribut-
LSD;3.72

x

-'§ 30

£
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0
0

N1 N2 N3 N4 N1 N2 N3 N4 N1 N2 N3 N4 N1 N2 N3 N4 N1 N2 N3 N4 N1 N2 N3 N4

M1 M2

Fig. 1. Comparison of the mean trilateral effects on the Harvest index. N
(Nitrogen) N1: no application, N2: 50, N3:100, N4: 150 kg/ha, B (biochar) B1:
no application, B2: 4, B3: 8 tons/ha, M (mycorrhiza) M1: no application, M2:
application

ed to better absorption of nutrients. Plants absorb nutri-
ents and increased leaf area index which provide better
absorption of solar radiation and produced more assimi-
lates directed to the grain formation (3). Increasing harvest
index of maize due to the application of biochar in soil is
the result of its effects on improving soil physical,
chemical, and biological properties that have led to
increasing grain yield (20). Due to the porous structure of
biochar and its high surface area, nutrient leaching is
prevented and, thus, the efficiency of nitrogen fertilizer has
been increased. The results of this study are similar with
the investigations conducted earlier (21).

Spikes/m2

The main effect of nitrogen fertilizer on the spikes/m? was
significant at the 5% probability level (Table 5). Also inter-
action between year x mycorrhizal symbiosis, nitrogen x
biochar x mycorrhizal symbiosis and year x mycorrhizal
symbiosis x nitrogen x biochar on the spikes/m? were
significant (Table 5).

There is a positive and significant correlation
between spikes/m? and grains/spike, which increases with
the number of spikes. A significant correlation was
observed between the number of spikes per unit area and
the grains/m? and the grain yield in wheat (Table 11). The
highest spikes/m? was related to plants treated with 100 kg
N/ha, and without AMF and biochar, while the lowest
spikes/m? was obtained from the treatment of application
of 50 kg N/ha, application of AMF and application of 4 ton/
habiochar (Fig. 2). With increased nitrogen fertilizers, the
growth of vegetative buds is stimulated, and as a result, the
number of spikes per unit area increased. The presence of
sufficient nutrients in the soil improves the nutritional
status of the plant, increases the efficiency of
photosynthetic conversion to dry matter and thus increases
the number of spikes (16). The application of nitrogen
fertilizer caused an increase in the number of tillers and
spikes per unit area in wheat plants (22).

Spikelets/spike

Combined analysis of data variance showed that the simple
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Fig. 2. Comparison of the mean trilateral effects on the Number of spike/m?2.
N (Nitrogen) N1: no application, N2: 50, N3:100, N4: 150 kg/ha, B (biochar) B1:
no application, B2: 4, B3: 8 tons/ha, M (mycorrhiza) M1: no application, M2:
application

effect of the year and nitrogen fertilizer and also interaction
between year x mycorrhizal symbiosis x nitrogen x biochar
on the spikelets/spike were significant at the 1% probability
level (Table 5).

Proper nitrogen availability leads to high
photosynthetic activity. Accordingly, assimilates are
produced to strengthen spikelet developments. Thus, a
more incredible spikelets/spike was formed (23). The
nitrogen fertilizer application was increasing in the share of
reproductive organs, including the number of spikelets per
spike (24). The addition of biochar combined with nitrogen
and biofertilizer enhanced the crop growth of wheat. In this
study, improved spike growth and yield response to co-
application of nitrogen fertilizer, biochar and biofertilizer
agree with the results of (25) who reported yield
improvements had been observed in response to biochar
application that was combined with biochemical fertilizer.
Mycorrhizal fungi can significantly improve small grain crop
growth, nitrogen uptake and yield (26). Biochar and plant-
growth-promoting biofertilizers may be used as a strategy
to solubilize and increase nutrient availability and improve
plantyield (27).

Grains/spikelet

The combined analysis of data variance showed that simple
effect of the year and interaction between year x nitrogen x
biochar had a significant effect on the grains/spikelet at 1
and 5% probability level respectively (Table 5). Nitrogen
increases wheat yield through increasing number of spikes,
grains/spike and 1000-grains weight. It seems that
increasing the nitrogen leads to proper nutrition of the
plant and the photosynthetic level of the plant is increased,
and the plant with more synthesis of assimilates
strengthens the productive buds of spikelets, and thus, a
greater number of grains is formed in the plant (28).

Grains/m2

Combined analysis of data variance showed that the simple
effect of nitrogen fertilizer, triple interaction of experi-
mental factors, interaction of year x nitrogen x biochar,
mycorrhizal symbiosis x nitrogen, and also year x
mycorrhizal symbiosis x nitrogen x biochar had significant

Plant Science Today, ISSN 2348-1900 (online)
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on grains/m? at the 5% probability level (Table 5). The
highest grains/m? was allocated to the treatment of the
application of 150 kg N/haand non-application of biochar
and AMF, while the lowest grains/m? was obtained from the
treatment of application of 50 kg N/ha, non-application of
AMF and application of 8 ton/habiochar (Fig. 3). Nitrogen
increases wheat yield through increasing number of spikes,
grains/spike and 1000-grains weight. In general, yield

LSD;803.4
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Fig. 3. Comparison of the mean trilateral effects on Grain /m2. N(Nitrogen)
N1: no application N2: 50, N3:100, N4: 150 kg/ha, B (biochar) B1 no
application, B2: 4, B3: 8 tons/ha, M (mycorrhiza) M1: no application, M2:
application

components in wheat are under the direct influence of
nitrogen (29). It seems that increasing the nitrogen leads to
proper nutrition of the plant, and the photosynthetic level
of the plant is increased, and the plant with more synthesis
of assimilates strengthens the productive buds of spikelets,
and thus, a greater number of grains is formed in the plant
(28).

1000-grains weight

Results showed that the triple interaction of year x
mycorrhizal symbiosis x biochar and also mycorrhizal
symbiosis x nitrogen x biochar on 1000-grains weight were
significant at 1 and 5% probability level respectively (Table
5). The correlation coefficients showed a positive and
significant correlation between 1000-grain weight with
grain yield, which indicates that 1000-grain weight
increases with increasing grain yield (Table 11). The lowest
and highest 1000-grains weight were related to the
treatment of non-application of nitrogen, application of
AMF with 8 ton/ha of biochar, and the treatment of non-
application of nitrogen and AMF with 8 ton/ha of biochar,
respectively (Fig. 4).

In this study, it seems that at low nitrogen levels due
to the allocation of more materials to a smaller number of
grains, their weight has also increased, which was
consistent with the results of (30). Accordingly, less N
fertilizer is required if provided together with biochar (31).
The use of mycorrhiza fungi, due to the positive role of
these microorganisms in the absorption of water and
nutrients, especially phosphorus and its transfer to host
plant cells, improved plant growth, increased
photosynthesis and production of assimilating. As a result,
in the grain filling stage, sufficiently produced assimilates
were transferred to the kernels and large grains were

LSD;1.248

3 z
s g2 |

N1 N2 N3 N4 N1 N2 N3 N4 N1 N2 N3 N4 N1 N2 N3 N4 | N1 N2 N3 N4 N1 N2 N3 N4

1000- grain weight(z)
w u w N w
» 5 ] 8 ] &
I 1131 N1
MLBLNZ

81 B2 B2 B1 82 B3
™M1 M2

Fig. 4. Comparison of the mean trilateral effects on 1000-grain weight. N
(Nitrogen) N1: no application N2: 50, N3:100, N4: 150 kg/ha, B (biochar) B1 no
application, B2: 4, B3: 8 tons/ha, M (mycorrhiza) M1: no application, M2:

produced. As a result, in the grain filling stage, sufficiently
grown sap was transferred to the seeds and large grains
with acceptable weight were produced.

Nitrogen use efficiency (NUE)

The main effect of nitrogen fertilizer and interaction
between biochar x nitrogen fertilizer on NUE was positive
and significant at 5% probability level (Table 5). Also inter-
action of the year x nitrogen, year x mycorrhizal symbiosis,
triple interaction of experimental factors and intertaction
of year x nitrogen x biochar x mycorrhizal symbiosis were
significant on NUE at 1% probability level (Table 5).

The highest of NUE were allocated to the treatment
100 kg N/ha, 8 ton/ha of biochar and non-application of
AMF (Fig. 5) and this treatment had a high efficiency of
nitrogen consumption, which shows the effect of biochar
application in increasing cation exchange capacity and

LSD:39.61
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Fig. 5. Comparison of the mean trilateral effects on the nitrogen use efficien-
cy. N (Nitrogen) N1: no application, N2: 50, N3:100, N4: 150 kg/ha, B (biochar)
B1: no application, B2: 4, B3: 8 tons/ha, M (mycorrhiza) M1: no application,

better nitrogen retention, preventing its leaching and thus
better plant access to nitrogen and increasing yield and
reducing nitrogen fertilizer consumption (1, 9, 28).

Biochar can change the dynamics of nutrients by
affecting the nitrogen cycle and providing options to
minimize the loss of nitrogen through ion exchange,
absorption and non-dynamization and increasing food
supply (32). The use of biochar alone has its limitations and
has little effect. The simultaneous use of biochar with
nitrogen fertilizers can achieve valuable benefits by
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improving nitrogen mineralization conditions. In other
words, there is better coordination between nitrogen
mineralization and plant demand (uptake). Therefore, it
can be concluded that biochar, especially at low levels of
nitrogen fertilizer application, has a significant effect on the
efficiency of nitrogen application, which is consistent with
the findings of the earlier study (33). It has been shown in
several studies that increasing nitrogen consumption
significantly reduced nitrogen consumption efficiency in
wheat plants (34). Various experiments have shown that
increasing nitrogen application reduces nitrogen use
efficiency (35).

Root colonization

Analysis of variance showed that the simple effects of
nitrogen fertilizer, biochar and all interactions on this trait
were significant at the 1% probability level. (Table 6). The
rate of colonization enhanced with increasing consumption
of mycorrhiza, nitrogen fertilizer and biochar (Table 7). Ac-
cording to the results in Table 8, the highest rate of coloni-
zation was related to the consumption of 8 tons of biochar
and 150 kg of nitrogen fertilizer per ha. The highest rate of
colonization was obtained in the simultaneous application
of mycorrhizal inoculum and nitrogen fertilizer at a rate of
150 kg/ha (Table 9). The lowest rate of colonization was
obtained in the non-application of mycorrhiza and biochar
(Table 10).

The highest and lowest percentages of root colonization

Table 6. Results of combined analysis of variance on root colonization

S.0.v df colonization
Replication 3 0.205
Mycorrhiza (M) 1 2.344*
Biochar (B) 2 7.88**
Nitrogen (N) 3 39.62**
MB 2 68.46™*
MN 3 47.510*
BN 6 10.99%*
MBN 6 6.88**
Error 69 0.42
C.V. (%) 1.8

**and *: Mean squares of treatments were significant at 1% and 5% probabil-
ity levels respectively

Table 7. Comparison of the mean of simple effects on colonization

Colonization

Mycorrhiza (M)

Non- application 33.36
Application 36.02
LSD 5% 26.0
Biochar (B)
Non- application 35.9
4ton/ha 35.87
8ton/ha 37.75
LSD 5% 0.32
Nitrogen (N)
Non- application 33.35
50 kg/ha 35.5
100 kg/ha 35.79
150 kg/ha 38.08
LSD 5% 0.37

Mean of treatments that differ from LSD is significantly different at the 5%
level
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Table 8. Comparison of the mean of biochar x nitrogen effects on root
colonization

Biochar Nitrogen colonization
Non- application 34.37
50 kg ha 35.00
Non- application
100 kg ha 35.62
150 kg ha 38.62
Non- application 34.00
50 kg ha 35.75
4ton/ha
100 kg ha 36.50
150 kg ha 37.25
Non- application 37.62
50 kg ha 35.75
8ton/ha
100 kg ha 35.25
150 kg ha 38.67
LSD 5% 0.64

Mean of treatments that differ from LSD is significantly different at the 5%
level

Table 9. Comparison of the mean of mycorrhiza x nitrogen effects on root
colonization

Mycorrhiza Nitrogen colonization
Non- application 33.50
50 kg ha 36.75
Non- application
100 kg ha 36.83
150 kg ha 37.91
Non- application 37.16
50 kg ha 34.25
Mycorrhiza
100 kg ha 34.75
150 kg ha 38.25
LSD 5% 0.52

Mean of treatments that differ from LSD is significantly different at the 5%
level

Table 10. Comparison of the mean of mycorrhiza x biochar effects on root
colonization

Mycorrhiza Biochar colonization
Non- application 34.37

Non- application 4ton/ha 36.39
8ton/ha 37.68
Non- application 37.43

Mycorrhiza 4ton/ha 34.81
8ton/ha 35.81

LSD 5% 0.45

The mean of treatments that differ from LSD is significantly different at the
5% level

were related to the treatments with 100 kg N/ha, 4 ton/ha
of biochar and non-application of AMF and control
treatment, respectively (Fig. 6).

The results showed that the synergistic effects of
biological fertilizer (mycorrhizal fungus) increased the
percentage of root colonization because it seems that
fungal spores can grow in biochar pores and increase root
colonization by the fungus (37). Application of nitrogen
fertilizer, biochar and mycorrhizal fungi provides root cells.
It increases the longitudinal growth of fungal mycelium and
their penetration into the subsoil, which increases the
plant's access to nutrients. Also, the use of balanced
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Fig. 6. Comparison of the mean trilateral effects on root colonization. N
(Nitrogen) N1: no application N2: 50, N3:100, N4: 150 kg/ha, B (biochar) B1 no
application, B2: 4, B3: 8 tons/ha, M (mycorrhiza) M1: no application, M2:

chemical fertilizers stimulates mycorrhizal colonization in
the plant. In contrast the use of chemical fertilizers
containing unusually high or low levels of nitrogen reduces
the colonization of mycorrhizal fungi (36). Biochar increases
the colonization of plant roots with mycorrhizal fungi
through various mechanisms such as improved physical
and chemical properties of soil, changed the signaling
compounds between fungi and plants and reduced the
toxicity of toxic compounds and thus increasing the
availability of water and nutrients (38-40).

Conclusion

In this study, the combined use of Rhizophagus Irregularis,
biochar and nitrogen fertilizer did not lead to any homoge-
nizing (antagonistic) effect on wheat growth. Interaction of
the use of 4 tons per ha of biochar had a more significant
effect on most of the measured traits than 8 tons per ha of
biochar. Therefore, it seems that the use of a moderate
amount of biochar is better than its high amounts due to
the creation of optimal conditions for plant growth. In this
study soil nutrients in a balanced way and as a result of
better plant growth in the treatments of a medium amount
of biochar is one of the reasons why this treatment is better
than the high application of biochar. In this research, bio-
char production has caused the optimal use of agricultural
and industrial waste and can be used to protect the envi-
ronment and reduce pollutants and convert waste into use-
ful compounds. Production of this substance and its con-
sumption in Iranian soils where organic matter deficiency is
common and its high stability to maintain the level of soil
organic matter and improve their physical and chemical
properties can be considered as one of the best and easiest
methods. According to the obtained results, the use of 100
kg of nitrogen per ha along with the consumption of 4 tons
per ha of biochar can be recommended due to their posi-
tive role on growth of wheat.
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