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ABSTRACT
The  present  study  was  performed  to  evaluate  the  effect  of  mycorrhizal  symbiosis  and
azotobacter with the application of biochar on tobacco growth parameters, yield and nicotine
content under rainfed conditions for two growing seasons (2016-2017 and 2017-2018). The
factorial experiment was performed based on a randomized complete block design with four
replications and three factors including biochar at three levels (0, 4 and 8 ton/ha), mycorrhizal
fungi and  Azotobacter chroococcum each one at two levels (without and with application).
Results showed that biochar application had a significant and positive effect on all evaluated
parameters.  However, there was no statistically significant difference between 4 and 8 tons
per ha of biochar in yield.  Mycorrhizal symbiosis had a significant effect on relative water
content.  Application  of  azotobacter  had  a  positive  and  significant  effect  on  growth
parameters,  yield  and  nicotine  content.  The  greatest  effect  of  azotobacter  with  a  17%
increase was on leaf  nicotine content.  Whereas tobacco dry  yield  in  rainfed conditions is
lower,  the combined use of biochar and these biofertilizers can be considered a desirable
solution. Then, in terms of economic aspects, the use of 4 tons biochar per ha along with the
use of mycorrhiza and azotobacter to achieve acceptable yield while maintaining chemical
quality in tobacco farms is recommended.

Introduction
Tobacco  (Nicotiana  tabacum L.)  is  an  important
industrial crop that, in addition to consumption in the
tobacco industry,  has various applications,  including
as  a  model  plant  in  the  field  of  biotechnology  and
nicotine  extraction  for  the  pharmaceutical  industry
(1). Although this plant is relatively tolerant to drought
stress,  studies  have  shown  that  to  produce
economically, it needs a water supply, especially in the
rapid growth stage (2). To reduce the harmful effects
of  agrochemicals  in  tobacco  leaf  quality,  using
biofertilizers  and  natural-based  compounds  such  as
biochar  are  becoming  among  the  important
agroecological practices for plant production.  Biochar
is the carbon-rich material obtained by pyrolysis using
various biomasses (3, 4). The application of biochar to
improve the physical and chemical properties of soil
has  been  considered  (5).  Biochar  improves  soil
properties  (soil  physicochemical  characteristics  like
pH,  CEC,  soil  structure),  water  holding  capacity  and
immobilizes soil environmental pollutants (6, 7). It has

been shown in several studies that the use of biochar
increases  plant  growth  and  biomass  and  absorbs
nutrients  in  water  stress  conditions  (8-11).  A  study,
applying  different  amounts  of  biochar  on  tobacco
quality showed that consumption of 15 tons of biochar
per  ha by  providing  nutrients  and  soil  moisture
improved  the  tobacco  leaf’s  quantitative  and
qualitative  yield  (12).  Arbuscular  mycorrhizal  fungi
(AMF)  is  a  major  component  of  the  rhizosphere
microflora  in  natural  ecosystems  (13).  Mycorrhiza
promotes plant water status and plays an important
role  in  enhancing  plant  nutrition  and  yield  (14).
Mycorrhizal  symbiosis  develops  root  growth  and
improves access to water resources and nutrients in
subterranean  clover,  which is  an  important  support
during  water  deficit  stress  (15).  Under  water  stress
conditions,  mycorrhizal  symbiosis  with  plant  roots
increases shoot growth and root development in the
soil.  Azotobacter  is  a  group  of  free-living,  nitrogen
fixing  aerobic  bacteria  living  in  the  soil.  These
bacteria are known to fixate atmospheric nitrogen for
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their cellular protein synthesis, which is mineralized
in the soil  and transfers a significant  portion of  the
nitrogen present  from the soil  source to plants  (16).
Azotobacter chroococcum is  of particular importance
due to its wide distribution in the soils and producing
of  different  types of  metabolites  in the  rhizosphere.
Inoculation of the roots with this bacterium makes it
resistant  to  drought  stress  (17).  In  general,
biofertilizers  such  as  azotobacter  and  mycorrhizal
fungi  improve  vegetative  growth  and  leaf
development by providing phosphorus and nitrogen,
and  consequently  increasing  the  yield  and  relative
water  content  of  leaves  (18).  Despite  synthetic
fertilizers  efficiency  in  promoting  crop  yields,  they
have proved to be hazardous for soil health and the
wellbeing  of  human  and  animal  populations  (19).
Recent  advances  in  agriculture  are  focused  on
reducing  the  use  of  inorganic  fertilizers,  to  find
alternative  ways  and  improve  crop  yield  in
sustainable  agriculture  (20).  The  utility  of
microorganisms  that  improve  soil  fertility  and
enhance  plant  nutrition  has  continued  due  to  the
increase in the  cost of  chemical  fertilizers and their
negative  impact  on  the  environment.  Plant  growth
promoting  rhizobacteria  (PGPR)  play  an  important
role  in  the  mineralization  and  immobilization  of
nutrients  needed for  the  growth of  tobacco  (21).  In
addition,  mycorrhiza  inoculum  is  available  at  a
meager price with the possibility of replacement with
chemical  fertilizers  can  be  considered  an
environmentally  friendly  solution.  Biochar  is
currently  an  unknown  compound  in  Iran,  so  its
application  on  the  yield  and  other  properties  of
tobacco  has  not  been  studied.  Due  to  the  easy
accessibility and low cost of supplying these two types
of biofertilizers along with an application of biochar,
this study was conducted.

Materials and Methods
Research location specifications

This  study  was  carried  out  during  the  spring  and
summer  seasons  of  2017  and  2018  at  experimental
farm  of  Tirtash  Tobacco  Research  and  Education
Center,  located  at  (44°53′22′′−E;  36°42′12  N)  in  the
north of Iran under rainfed conditions. According to
30-year meteorological statistics,  the average rainfall
in the region is 622 mm per year. The average annual
maximum  temperature  is  in  July  (30  ºC)  and  the
minimum  temperature  is  in  January  (5  ºC).  The
amberotermic graph of the studied season is given in
Fig. 1 and the results of soil analysis were performed
in Table 1. 

Characteristics  of  biochar,  azotobacter  and
mycorrhiza 

The  scanning  electron  microscope  (SEM)  of  biochar
was performed in Razi Metallurgical Research Center
(Fig. 2). Biochar chemical analysis is shown in Table 2.
The  mycorrhizal  inoculum  included  three  spices,
Glomus  mosseae, G.  intraradices and  G.  etunicatum
with a total population of 70 active fungal organs per g
of biological  fertilizer  (22).  Azotobacter chroococcum
inoculums contained the minimal bacterial density of
107 CFU/g  (23).  Both  the  types  of  biofertilizers  were
prepared  in  the  laboratories  of  the  Soil  and  Water
Research Institute of Iran.

Plant materials and experimental design

The flue-cured tobacco pellet seeds (Var. K326) were
sown in the 220-cell trays with dimensions of 57 × 37
cm.  The  seeds  of  this  variety  are  produced  in  the
Tirtash  tobacco  research  and  education  center.  In
mycorrhizal treatments, each tray was filled with 2000
g of soil media mixed with 200 g of inoculum before
sowing.  In  treatments  containing  Azotobacter
chroococcum inoculum, ten days before transplanting,
seedling’s  roots  inoculated  with  an equal  volume of
inoculums  and  water  solution  for  an  hour.  The
biochar  was  scattered  to  the  soil  surface  and  then
mixed to achieve a sufficiently mix with 20 cm depth
soil.  The  tobacco  transplanting  and  harvest  were
conducted  in  May  and  September  (2017  and  2018)
respectively.  The  experiment  was  performed  as  a
factorial based on randomized complete block design
(RCBD)  with  three  factors  including  biochar  (B)  at
three  levels  (B0:  no  biochar  application,  B4:
application  4  ton/ha  and  B8  application  8  ton/ha),
mycorrhizal fungi (M) at 2 levels, (M0: no mycorrhiza
application  and  M1:  mycorrhiza  application)  and
azotobacter  (A)  at  2 levels,  (A0:  no  azotobacter
application  and  A1:  azotobacter  application)  in  4
replications (nicotine % in 3 replications).

Growth parameter measurements 

After  the  end  of  vegetative  growth,  5 plants  were
selected  randomly  in  each  experimental  plot
considering the border effect.  The average number of
leaves in the tobacco plant is about 25 leaves. The 13th

leaf  of  the  plant  was  selected  to  measure  growth
parameters  and  chemical  characteristics  as  an
average of the whole plant.  The length and width of
the 13th as the middle leaf have been measured in each
experimental plot. To calculate the plant height before
the  flowering  stage,  the  height  of  five  plants  was
measured  separately  from  the  soil  surface  to  the
highest  part  of  the  plant  aerial  parts  in  cm.  Their
average was recorded as the growth parameter of the
plot.

Relative water content (RWC) 

At the mid-growing season, RWC was measured using
five 1 cm×1 cm surfaces of new fully expanded leaves
of  13th tobacco  leave.  At  first,  the  fresh  weight  of
samples  was  determined  and  then,  samples  were
immersed in  distilled  water  for  12 hrs  in  darkness.
The  turgid  weight  was  measured.  The  leaf  samples
were  oven-dried  at  75  °C  for  24  hrs  for  calculating
their  dry  weight.  RWC  was  measured  using  the
following equation (24): 

RWC= [(fresh weight - dry weight) / (turgid weight -DW
dry weight)] ×100.

Dry yield

Generally, in tobacco 3-4 leaves be harvested at a time,
and  then  cured  in  bulk-curing  based  on  virginia
tobacco curing method. At the end of each harvesting
and  curing  period,  the  tobacco  leaves  of  each  plot
were  weighed  separately  and  the  dry  weight  of
tobacco of each plot was recorded as a dry leaf yield
on the same plot.

Mycorrhizal symbiosis

After  the  last  harvest,  one root  sample  from each
replication  was  isolated  and  colored  by  standard
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method  (25).  The  mycorrhizal  symbiosis  percent
was determined by standard method (26). 

Nicotine percent

Nicotine was measured using CORESTA recommended
method (27) no. 35 (ISO/DIS 15152). 

Statistical analyses

The  effects  of  treatments  were  tested  via  one-way
analysis  (ANOVA).  Duncan’s  multi-domain  test  at
P<0.05 level was also used to separate the averages
of  the  dependent  variables  which  significantly
affected by the treatment. The significant Pearson’s
correlations  between  the  measured  soil  and  plant
parameters were tested. All statistical analyses were
carried  out  using  SPSS  software  (version  24)  and
Minitab  (version  18),  graph  drawing  of  Excel
software.

Results and Discussion
Growth parameters 

The main effect of biochar and azotobacter on plant
height was positive and significant (Table 3). So that
with increasing the level of  biochar  applied,  growth
parameter  increased and each of  the  biochar  levels
was  in  different  statistical  groups  (Table  4).
Application  of  azotobacter  also  increased  the  leaf
length by about 2.5 cm, leaf width by 1 cm and plant
height  by 8 cm (Table  4).  Application of  mycorrhiza
was significant only on leaf width at 5% level (Table
3). The interaction effect of mycorrhiza × azotobacter
on leaf length was significant at a 5% level (Table 3).
According to Fig. 3, the lowest leaf length was related
to treatments with non-application of mycorrhiza and
azotobacter.  The  interaction  effect  of  biochar  ×

mycorrhiza was also significant on leaf width at the
level of 5 % (Table 3). In treatments containing 0 and 4
tons  biochar  per  ha,  simultaneous  application  of
biochar and mycorrhiza increased leaf width (Fig. 4).
The  triple  interaction  effect  was  also  significant  on
leaf width at the level of 1 % (Table 3).

Accordingly, the highest leaf width was related to
the level of 8 tons biochar per ha and consumption of
mycorrhiza and azotobacter with 19.14 cm. The lowest
was related to zero levels of biochar, mycorrhiza and
azotobacter with 15.30 cm (Table 5). 

The  synergistic  effects  obtained  from  the
combined use of these factors increase plant growth,

including  leaf  length  (28).  Biofertilizers  influence
aerial  growth,  which  can be observed in  increasing
plant height,  leaf area and the number of leaves per
plant  (29).  A  similar  finding  was observed by other
researchers (30). The multi-microbial biofertilizer was
able to increase the height, leaf area and the number
of  leaves  of  oil  palm plants.  The  beneficial  effect  of
mycorrhizal  and  PGPR  could  be  explained  by  the
greater uptake of nutrients. Other studies showed that
the  application  of  biofertilizers  (AMF  and  PGPR)
improve  the  P  and  N  nutrition  and  consequently
enhances plant growth (31).  As per one report it was
showed that  AMF and PGPR could  regulate  mineral
nutrition  by  solubilizing  nutrients  in  the  soil  and
producing  plant  growth  regulators  (32).  Several
studies  have  indicated  that  AMF and PGPR improve
plant growth by assimilating immobile soil nutrients
such as  N and P  (33).  This  resulted  from the  better
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Fig. 1. Temperature and precipitation distribution (2017-2018).

Table 1. Some characteristics of farm soil

soil
characteristics

Soil
texture

Clay
(%)

Silt
(%)

Sand
(%)

Neutralizing
Matter (%)

Total
Nitrogen

(%)

Phosphorus

(ppm)

Absorbable
Potassium

(ppm)

Chloride
(ds/m)

Electrical
Conductivity

(ds/m)

Organic
Carbone

(%)

2017 Sandy
 loam

14 19 67 18 0.089 9.6 220 0.97 0.37 1.03

2018 Sandy
 loam

16 18 66 21 0.093 10.1 238 0.65 0.49 0.95

Fig. 2. Scanning Electron Micrograph of biochar.

Table 2. Chemical analysis of biochar

Elements weight %

Silicon Aluminum Nitrogen Iron Calcium Potassium Phosphorous Magnesium Oxygen Carbon

1.43 0.19 0.31 0.43 4.27 0.38 0.18 0.0 43.71 48.83

*Source: Razi Metallurgical Research Center, Karaj, Iran.



absorption of the surface area provided by extensive
fungal  hyphae to plant  root (34)  or the mobilization
and absorption of  various nutrients  from the soil  to
plants by PGPR (35).

Dry yield

The results showed that in the second year,  dry leaf
yield was 14% higher than in the first year (Table 4).

Tobacco  yield  was  significantly  (p<0.01)  affected  by
biochar,  mycorrhiza  and  azotobacter  application
(Table 3). With increasing the level of biochar added,
leaf  yield also increased (Table 4).  Although biochar
had  a  gradual  promoting  effect  on  tobacco  yield
however  no  significant  difference  was  observed
among  4  and  8  ton/ha  levels  (Table  4).  In  the
meantime,  tobacco  yield  enhanced  continually  by
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Table 3. F statistics of combined ANOVA on the different measurements

S.O.V d.f. Leaf
length

Leaf
width

Plant
height

Dry yield Relative 
water content

Mycorrhizal
Symbiosis d.f. Nicotine %

Year 1 1030.95** 50.7165** 2529.26** 3371251** 374.46** 70.6 ns 1 0.56122**

r(year) 6 13.11 1.2310 77.02 48729 1.897 28.7 4 0.00625

B: Biochar 2 208.19** 26.0416** 3211.65** 4903875** 320.50** 72.8 ** 2 0.05070 **

B×Y 2 3.77 ns 1.5572 ns 284.70 ns 38244 ns 0.544 ns 9.8 ns 2 0.00854 ns

M: Mycorrhiza 1 3.66 ns 8.1531* 6.57 ns 6189473 ** 78.203** 17888.1* 1 0.02809 ns

M×Y 1 11.53 ns 0.5435 1.90 ns 86881 ns 83.759** 46.5 ns 1 0.00046 ns

A: Azotobacter 1 169.17** 11.7297** 1549.98** 303750 * 1.919 ns 13.8 ns 1 2.14102**

A×Y 1 0.0001 ns 4.3166 ns 17.05 ns 59203 ns 1.517 ns 11.8 ns 1 0.00597 ns

B×M 2 16.13 ns 4.5081* 86.85 ns 279621 * 12.429** 78.2 ** 2 0.01992 ns

B×M×Y 2 43.06** 3.9958* 16.94 ns 230508 ns 0.612 ns 10.5 ns 2 0.00005 ns

B×A 2 3.67 ns 0.1275 ns 3.24 ns 29260 ns 16.734** 1.8 ns 2 0.01414 ns

B×A×Y 2 11.87 ns 1.7524 ns 231.74 ns 13742 ns 16.002** 20.7 ns 2 0.00052 ns

M×A 1 26.15* 3.6206 ns 3.76 ns 9401 ns 36.655** 9.7 ns 1 0.03067 ns

M×A×Y 1 0.36 ns 0.1235 ns 14.73 ns 222915 ns 42.114** 19.2 ns 1 0.00002 ns

B×M×A 2 4.96 ns 8.6901** 74.64 ns 52152 ns 7.898* 19.9 ns 2 0.02618*

B×M×A×Y 2 4.13 ns 0.7252 ns 162.63 ns 62279 ns 6.284* 16.3 ns 2 0.00007 ns

Error 66 6.04 1.1953 98.92 76744 1.833 11.6 44 0.00709

C.V. (%) - 9.4 6.1 13.1  10.5 1.8 4.71 - 4.3

Significant at the 0.05 and 0.01 probability levels, respectively and ns: Non- significant * and **

Table 4. Main effect of year, biochar, mycorrhiza and azotobacter on the different measurements.

Leaf length
(cm)

Leaf width
(cm)

Plant height
(cm)

Dry yield
(kg/ha)

Relative water
content (%)

Mycorrhizal
Symbiosis (%)

Nicotine %

Year
2017 32.13 b 17.05 b 81.15 a  2455 b 75.1 b 17.8 b  1.86 b
2018 38.68 a 18.51 a 70.89 b  2798 a 79.1 a 19.5 a  2.04 a

Biochar

B0 32.69 c 16.87 c 65.09 c 2228 b 73.5 c 16.9 b 1.91 b
B4 35.77 b 17.79 b 78.21 b 2723 a 78.2 b 19.8 a 1.97 a
B8 37.75 a 18.68 a 84.76 a 2928 a 79.5 a 19.3 a 2.00 a

Mycorrhiza
M0 35.21 a 17.49 b 76.28 a 2365 b 76.2 b 5.0 b 1.93 a
M1 35.60 a 18.07 a 75.76 a 2887 a 78.0 a 32.3 a 1.97 a

Azotobacter
A0 34.07 b 17.43 b 72.00 b 2581 b 76.9 a 18.3 a 1.77 b
A1 36.73 a 18.13 a 80.04 a 2671 a 77.2 a 19.0 a 2.12 a

Means with a common letter in the same column do not differ significantly at P < 0.05

Fig. 3. Effect of mycorrhiza and azotobacter on leaf length. M0: no
mycorrhiza application, M1: mycorrhiza application, A0: no

azotobacter application and A1: azotobacter application.

Fig. 4. Effect of biochar and mycorrhiza on leaf width. B0: no
biochar application, B4: application 4 ton/ha of biochar, B8:

application 8 ton/ha of biochar, M0: no mycorrhiza application and
M1: mycorrhiza application.



increasing  biochar  and  application  dosage  4  and  8
ton/ha  in  the  soil  caused  22  and  31  %  increase
compared  to  no  biochar  application  respectively
(Table  4).  Application  of  mycorrhiza  compared with
absence improved dry yield significantly by about 22
%.  The  same  trend  was  observed  with  azotobacter
(Table  4).  Simultaneous  applied  of  biochar  and
mycorrhizal  had a  significant  effect  (p<0.05)  on dry
yield  (Table  3).  The  maximum  yield  of  the  dry  leaf
(3273  kg/ha)  was  obtained  with  the  highest  level  of
biochar  and  mycorrhiza  application.  However,  the
increase  in  biochar  applied  from  4  to  8  ton/ha  in
treatments containing mycorrhiza improved only dry
yield 7% (Fig. 5). 

In this study, rainfall rate and distribution during
the tobacco cultivation season were more appropriate,
with  only  one case  of  40 mm of  rainfall  before  the
beginning  of  the  flowering  stage,  causing  proper
growth  and  development  of  tobacco  plants  (Fig.  1).

Biochar  application  promoted  the  growth  and
development of aboveground organs of tobacco.  The
presence of nutrients in the biochar structure and its
large surface area, porous nature and the ability to act
as a shelter for microorganisms have been identified
as the main reasons for increased plant yield (36). It
has been reported that the biochar can reduce the risk
of  soil  compaction  (37)  and  mixing  with  the  plant

growth-promoting microorganisms was referred to as
the best combination for growth and yield of French
beans (38). The addition of biochar in the soil can be
beneficial  to  improve  the  soil  quality,  as  well  as  to
stimulate plant growth and can play an important role
in  developing  a  sustainable  system  of  agriculture.
Biochar has the potential  to improve soil  properties,
microbial abundance, biological nitrogen fixation and
plant  growth.  Several  uses  and  positive  effects  of
biochar  amendment have currently been considered
as  an  effective  method  to  achieve  high  crop  yields
without  harming  the  natural  environment  (39).  The
use of  biochar  increases  plant  growth,  biomass  and
absorption of nutrients in water deficit conditions (40,
41).  These  effects  can  be  attributed  to  the  K  and  P
sources  in  biochar,  which  can  be  released  through
further  mineralization  in  the  soil.  Our  findings
emphasized that biochar application increase macro-
elements content in plants and soil.  It has also been
announced  that  the  improved  yield  in  crops  with
biochar  application is  due mainly  to  conserving the
water  in  its  porosity  (42).  Several  previous  studies
have  shown  that  mycorrhiza  and  plant  growth-
promoting  bacteria  can  reduce  the  effects  of  water
deficit  stress  in  many  plants  (43).  Symbiotic
microorganisms,  especially  AM  fungi,  reduce  the
effects of water deficit stress by raising the water and
nutrient content in plant tissues (44). In this study, the
azotobacter  application  increased  tobacco  yield  but
not  sufficiently.  The  stimulant  effect  of  Azotobacter
chroococcum,  including various mechanisms such as
the  production  of  siderophore  and  nitrogen,
stimulates plant growth and increases yield (45).

Relative water content

The results showed that a significant effect (p<0.01) of
the year on relative water content (Table 3). Relative
water  content  was  significantly  (p<0.01)  affected  by
biochar application (Table 3). In treatments containing
biochar,  the average relative  leaf water content was
80%,  while  the  RWC  level  in  treatments  without
biochar was 73.5% (Table 4). It has been reported that
biochar  mixing  with  soil  can  affect  soil  physical
properties  such  as  structure,  pore  distribution  and
density,  aeration,  water  holding  capacity  and  plant
growth (46).  The effect  of  biochar  on increasing the
soil water holding capacity may be due to the increase
in the specific surface of the soils (47). The effect of
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Table 5. Triple interaction of biochar, mycorrhiza and azotobacter on some measurements

Nicotine 
%

Relative water
content (%)

Leaf width (cm)
Experimental treatments

AzotobacterMycorrhizaBiochar

1.78 bc72.5 g15.30 dNo azotobacter
No mycorrhiza

No application
2.06 a72.6 g17.46 abcWith azotobacter

1.66 c75.7 de17.74 abcNo azotobacter
With mycorrhiza

2.16 a73.3 fg17.00 bcdWith azotobacter

1.72 bc75.5 ef16.68 cdNo azotobacter
No mycorrhiza

4 ton per ha
2.04 a78.0 cd17.85 abcWith azotobacter

1.80 bc80.7 a18.08 abcNo azotobacter
With mycorrhiza

2.17 a78.7 abc18.55 abWith azotobacter

1.83 b78.3 bc18.85 aNo azotobacter
No mycorrhiza

8 ton per ha
2.14 a80.3 abc18.79 abWith azotobacter

1.87 b79.0 abc17.94 abcNo azotobacter
With mycorrhiza

2.15 a80.5 ab19.14 aWith azotobacter
Means with a common letter in the same column do not differ significantly at P < 0.05

Fig. 5. Effect of biochar and mycorrhiza on dry yield. B0: no biochar
application, B4: application 4 ton/ha of biochar, B8: application 8

ton/ha of biochar, M0: no mycorrhiza application and M1:
mycorrhiza application.



mycorrhiza  application  was  also  statistically
significant on the relative water content (Table 3). The
interaction  between  biochar  ×  mycorrhiza  was
significant  at  the  level  of  5%  (Table  3).  With  the
increasing application of biochar and mycorrhiza, the
relative water content also increased (Fig. 6). 

It  has  been  reported  that  under  water  stress
conditions, mycorrhizal symbiosis had positive effects
on the plant water status (48). Preserving higher RWC
in mycorrhizal plants suggests a tolerance strategy by

reducing the water loss and making the water stress
pressure  on  the  plant  evade.  The  ability  of  the
mycorrhizal root to improve water absorption under
lower soil water potential contributed in maintaining
RWC under drought stress (49).

In  this  experiment,  although  azotobacter  had  a
gradual promoting effect on the relative water content
but  this  effect  was  not  significant.  Azotobacter
chroococcum have  been  highlighted  as  the  most
important live nitrogen fixing bacteria and potential
bacterial biological fertilizer with proven effects such
as  improving  plant  nutrition  and  soil  biological
fertility,  protection  against  pathogens  and
phytohormone  biosynthesis  (50).  The  interaction
effect of biochar × azotobacter also had a significant
effect on the relative water content at the level of 1%
(Table  3).  The combination of  4 or 8 ton/ha  biochar
with azotobacter increased the relative water content
(Fig. 7). 

The  interaction  effect  of  mycorrhiza  ×
azotobacter was also significant at 1% (Table 3). The
lowest relative water content was obtained at the zero
levels of mycorrhiza and azotobacter (Fig. 8).

The interaction of the three experimental factors
was also significant at 1% (Table 3). The water holding
capacity of most soils under stress conditions is due to
the high adsorption capacity and porous structure of
the biochar (51).

Mycorrhizal symbiosis

The  mycorrhizal  inoculum  significantly  (p<0.01)
increased the extent of the root symbiosis compared to
the  non-inoculated  treatments  (Table  3).  In  this
regard,  the  application  of  mycorrhiza  significantly
enhanced the average symbiosis rate from 5% to 32%
(Table 4).  Symbiosis rate was positively affected and
increased significantly (p<0.01) by biochar application

(Table  3) but not strong enough,  varying from 17 to
20%  (Table  4).  Still,  there  were  not  any  significant
effects  by  azotobacter  application  (Table  3).  It  has
already resulted that the biochar amendment can act
as  contributory,  which  improves  the  possibility  of
mycorrhiza  to  colonize  roots.  Mycorrhizal  fungi
symbiosis  by  plant  roots  was  reported  from  very
distant years (52). This type of communication, known
as  the  sequence  of  biological  functions,  has  positive
and beneficial effects on natural and agroecosystems
(53,  54).  Simultaneous  application  of  biochar  with
mycorrhiza  caused  approximately  increases  in  root
symbiosis  from  5%  to  34%  compared  to  untreated
control (without biochar and mycorrhiza application)
(Fig. 9). 

Biochar changes the ability of the soil nutrients to
access,  plays  a  role  in  altering  the  activity  of  other
microorganisms,  detoxifies harmful chemicals  in the
soil  or  changes  the  signaling  processes  between the
plant  and  the  fungus  (55).  The  increasing  effect  of
biochar  in  root  symbiosis  is  related  to  the  growth
improvement  of  fungal  hyphae  under  water  deficit
conditions  (15).  The  indirect  effect  of  biochar  on
increasing fungal propagation in roots and soil may be
due  to  the  cumulative  effect  on  root  growth  (56).
Biochar  can  attract  mycorrhizal  fungus  through
mineral  nutrients  on  its  surface  or  by  playing  as  a
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Fig. 6. Effect of biochar and mycorrhiza on relative water
content. B0: no biochar application, B4: application 4 ton/ha of
biochar, B8: application 8 ton/ha of biochar, M0: no mycorrhiza

application and M1: mycorrhiza application.

Fig. 7. Effect of biochar and azotobacter on relative water content.
B0: no biochar application, B4: application 4 ton/ha of biochar, B8:
application 8 ton/ha of biochar, A0: no azotobacter application and

A1: azotobacter application.

Fig. 8. Effect of mycorrhiza and azotobacter on relative water
content. M0: no mycorrhiza application, M1: mycorrhiza

application, A0: no azotobacter application and A1: azotobacter
application.



shelter  (57).  Further  researches  are  needed  to
elucidate  issues  included  the  biochar  particle  size
effect,  the  reaction of  biochar  with  other  species  of
mycorrhiza and the soil characteristics.

Nicotine %

In this experiment, the average percentage of nicotine
in  the  first  year  was  1.86,  which  was  enhanced  by
approximately 10% in the second year to 2.04% (Table
4). The biochar application had a significant effect on
nicotine content  (P<0.01),  varying from 1.91 to 2.0%
(Table  4).  No  significant  difference  was  observed
between 4  and 8  kg/ha  of  biochar,  which  showed a
positive effect on nicotine. No more increment would
be observed in higher amounts in rainfed conditions.
Azotobacter  had  a  significant  influence  on  nicotine
content (Table 3) which had the most significant effect
with 20% on nicotine content (Table 4). Only the triple
effect  of  experimental  factors  was  significant  on
nicotine  content  at  5%  (Table  3),  which  varied
between  1.65  and  2.16%  (Table  5).  The  chemical
composition  of  tobacco  leaves  determines  their
quality.  The  most  valuable  quality  assessment
criterion in tobacco is  nicotine content  (58),  used in
the  pharmaceutical  industry  and  agricultural
pesticides (59). In the tobacco plant, the root is the site
of nicotine synthesis and transfer to the aerial organs,
especially to the leaves (58). The tobacco leaf nicotine
content is strongly dependent on soil conditions. This
alkaloid  is  affected  by  the  soil  nitrogen  content
provided  by  biofertilizers.  The  results  showed  that
azotobacter  had  a  decisive  role  in  leaf  nicotine
content.  In  this  study,  an  increase  in  nicotine  was
recorded using azotobacter as a fixer of atmospheric
nitrogen, which is present in the molecular structure
of nicotine (60). This could be why the positive effects
of  azotobacter  on  tobacco  leaves  N  content  were
related  to  the  highest  increases  in  nicotine.
Azotobacter  alone  induced  more  positive  and  more
decisive effects on tobacco leaf nicotine content. The
results  of  a  study  showed  that  nicotine  levels
increased  in  treatments  containing  A.  chroococcum
(21). Results showed a positive and significant effect of
biochar  on  nicotine  content.  Although  mycorrhizal
symbiosis enhances mineral uptake by plant roots (61)
and further by-products of the plants,  there was not
any significant effect of mycorrhizal fungi on nicotine.

Conclusion
Currently,  the  use  of  harmless  sources  such  as
biofertilizers and compounds such as biochar is one of
the  known  solutions  to  reduce  the  consumption  of
agrochemical  inputs.  This  study  showed  that  using
biochar  with  a  positive  and  significant  effect  on
morpho-physiological traits improves yield in tobacco.
Also,  it  was  proved  that  the  biofertilizers  included
mycorrhiza  and  azotobacter  improved  the  growth
performance  in  tobacco  under  rainfed  conditions,
such as dry leaf yield.  No significant  difference was
observed  between  the  levels  of  4  and  8  tons/ha  of
biochar on some evaluated traits as dry leaf yield and
nicotine  content.  Therefore,  in  terms  of  economic
factors,  4  tons  per  ha of  biochar  is  recommended.
Furthermore,  the  role  of  mycorrhizal  fungi  and
Azotobacter  chroococcum in  improving  the
quantitative and qualitative indicators of tobacco was
positive  and  significant  for  most  of  the  evaluated
traits. The use of azotobacter to increase the nicotine
content of tobacco leaves can be considered a practical
solution in rainfed tobacco areas. 
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