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Figure 1- Temperature and precipitation distribution (2016-2017)
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Table 1- Soil physical and chemical properties
Soil characteristics st cluoguas vear Ju
2016 2017
S csl Soil texture Sandy loam Sandy loam
o) S0y Clay (%) 14 16
i duoy3 Silt (%) 19 18
o oy Sand (%) 67 66
oXighs (s dlge Neutralizing matter) %) 18 21
55 059y Total nitrogen (%) 0.089 0.093
JrIwe] Phosphorus (ppm) 6.9 10.1
. . . Absorbable potassium
o [EjpatH 220 238
-z HB ounliy (ppm)
A Chloride (ds/m) 0.97 0.65
S pSIl g las Electerical conductivity 0.37 0.49
ST o Organic carbone (%) 1.03 0.95
iy o] pH 7.6 72

__L3=9.43um

3
k
o e

u

LS 8‘_65._|.Jm'_’ i

SEM MAG: 1.00 ko WD 17.45 mm T WEGAN TESCAN
SEM HV: 19.00 kv Det: SE 20 pm 2
Date(midhy: 04109117 Wac: Hivac RAZI n
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Figure 2- Electeronic picture of biochar
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Table 2 -F statistics of combined ANOVA on the traits

s e S gele  Sissfle TP goy DOV
v P Fresh Cured M‘-f'" > Hival Root fresh R >
dof yield yield ycorrhiz weight oot dry
Colonization weight
JloYear 1 204312526** 3371251** 70.6™ 1030.25** 34.80**
(JWw) 1,5 1 (year) 6 1919424 48729 28.7 6.58 0.3373
k> gB:Biochar 2 188510572 4903875** 72.8™ 1362.42* 52.8027**
BxY 2 6806420 38244 "™ 9.8™ 71.23** 0.4968"™
139 595+M:Mycorrhiza 1 234118820 6189473" 17888.1* 1265.78™ 52.9551™
MxY 1 9515523 "™ 86881 ™ 46.5™ 158.49™ 3.3900**
»SLei 3IAAzotobacter 1 14946817 " 303750™ 13.8™ 2.00™ 0.0007"™
AxY 1 5332665 "™ 59203 ™ 11.8™ 30.63™ 3.5651**
BxM 2 11757176"™ 279621 78.2™ 29.23™ 6.2913™
BxMxY 2 10326068 "™ 230508™ 105™ 5.26™ 2.6265**
BxA 2 3180506* 29260™ 1.8™ 0.90™ 1.0409™
BxAXY 2 131370™ 13742"™ 20.7™ 9.15™ 1.3441**
MxA 1 6821334 " 9401 "™ 9.7™ 145.85" 11.3438™
MxAXxY 1 10168620 222915 19.2™ 131.34** 6.0501**
BxMxA 2 4194819 52152 19.9™ 32.21™ 2.2375™
BxMXxAXY 2 2648692 "™ 62279™ 16.3™ 19.50** 1.3530**
WsError 66 3441394 76744 11.6 3.54 0.2480
CV.(%) &lpuis oy 10.6 10.48 18.18 6.07 8.30

Aoy Sy g gty Jleiol mhaw (o s pae g le fe e ol Sy ik g NS
Significant at the 0.05 and 0.01 probability levels, respectively and ns: Non- significant.

=Y Jgus anlol
Table 2-Continued

4 Lo 5

. T axye N o g5 oy [FEIRVE I WY .
u‘g’g \?‘L“ oI5t R:;)I éjn’;ht g’-‘lilsi-::-cu)tine) Reduced suz;ar Red O 5
eV df percent percent Juced sugar to
nicotine ratio
JwYear 1 526.9 ™ 0.56122"" 12.334" 1.2535**
(Jlw) 1,55 T (year) 6 318.3 0.00625 1.074 0.0132
,\> 9B :Biochar 2 25838.5* 0.05070"™ 87.950* 15.8304**
BxY 2 456.0" 0.00854" 1.168" 0.1460"™
32 ,95+sM:Mycorrhiza 1 18349.1* 0.02809" 0.201" 0.4201"™
MxY 1 73.1™ 0.00046"™ .0376"™ 0.0168"™
SUgs 1A Azotobacter 1 3966.0%* 2.14102* 6.009" 15.9613"™
AxY 1 01m™ 0.00597 "™ 0.161"™ 0.1901"™
BxM 2 1411.3™ 0.01992** 4.441* 25426
BxMxY 2 271.4"™ 0.00005"™ 0.068" 0.1643"™
BxA 2 538.4"™ 0.01414* 4.414™ 1.1429"™
BxAxY 2 1422.3" 0.00052" 0.414" 0.0668"™
MxA 1 59" 0.03067* 2.205"™ 0.0113™
MxAXY 1 257.9"™ 0.00002" 0.056" 0.0501"™
BxMxA 2 1454 0.02618** 3.289* 1.8779*
BXMxAXY 2 279.8™ 0.00007 "™ 0.043"™ 0.0235"™
WsError 66 141.2 0.00709 1471 0.4862
CV.(%) oy g g 11.31 432 8.69 9.66

* NS

Ao )3 S g gty Jlaiol mha (o s pe g lo Se mf o Sy
Significant at the 0.05 and 0.01 probability levels, respectively and ns: Non- significant.
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Table 3-Main effect of year, biochar, mycorrhiza and azotobacter on the traits

S Cis 5.8l 50,5500 Aoy Foie adey SS 0
7 . i Root fresh Root dry
Fresh y'_‘fld Cured Y_lleld Mycorrhizal weight weight
(kgha ) (kgha ) Colonization (92355 Cm-3) (92355 Cm>3)
(%)
Jue 2017 16001 b 2455 b 17.8a 27.7b 52b
Y ear 2018 18919 a 2830 a 195a 34.2a 6.4 a
- BO 14693 b 2200 b 169a 239b 43b
). > 9N B4 18549 a 2782 a 19.8a 32.7a 6.2a
Biochar B8 19228 a 2944 a 19.3a 365a 6.8a
325950 MO 15899 a 2388 a 50b 274 a 50a
Micorrhiza M1 19021 a 2896 a 323a 34.7a 6.5a
ASLgi ! AO 16433 a 2468 a 183 a 31.0a 58a
Azotobacter Al 17854 a 2698 a 190a 312a 58a

(0 Szt mhans 10 S5l g03T Gulusl ) 03l @l (6l e (6 )lo] iglis 5 e By S Bla (slls (slo e Silee g 2 50
* Means with same letter in each column (between each horizontal line) are not significantly different according
Duncan's Multiple Range Test (0.05).

=Y Jaus aolsl
Table 3 - Continued

oy Job O 95 o 50 Lol i s o O o5 4 Lol i o
Root length Nicotine Reduced sugar Reduced sugar to
(9.2355 cm®) percent percent nicotineratio
Ju 2017 102.7 a 18b 136b 74a
Y ear 2018 1074 a 20a 145a 7.1b
" BO 75.8¢c 19a 11.9b 6.3b
= B4 106.9 b 19a 14.8a 76a
Biochar BS 1325a 20a 155a 7.8a
132 5550 MO 91.2b 19a 140a 73a
Micorrhiza M1 1189a 19a 1l41a 72a
iSlgi 3l AO 98.6b 18b 136a 7.7a
Azotobacter Al 1115a 21a 143a 6.8a

(0 Jloiz] glans 50 5Sils fyge3l bl ) 5505 0ol (5,15 cime (g 5lel igles S idin B G oz glyls (sl Sibs oysim j2 40
* Means with same letter in each column (between each horizontal line) are not significantly different according
Duncan's Multiple Range Test (0.05).



Ve Olsls dOMY o)l el sl o)) (ol (5999 58551 (sole 4 223

25000

L 20000
D
é‘ =3
©

% B 15000
_—

@ 10000
e

S000

0

B0AD BOAl B4AO0 B4Al BSAl BsAOD

FoSles p 2Ll g e bline S1-F S
Figure 3- Effect of biochar and azotobacter interaction on fresh yield
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Figure 4- Effect of biochar and micorrhizainteraction on nicotine and reduced sugar
percent
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Figure 5- Effect of biochar and azotobacter interaction on nicotine percent

J5,5500 9,5 ML g 15,680 0,5 pae MO (LS 1o jlog (5 A Bpae B8 S o jlgm o F B rae Bl (lagn B a0 pac :BO
ALl 5 AL g 2Slgsl )8 pac A
BO: no biochar application, B4; application 4 ton/haof biochar, B8: application 8 ton/ha of biochar, M0O: no

mycorrhiza application, M1: mycorrhiza application, AO: no azotobacter application and Al: azotobacter
application
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Figur e 6- Effect mycorrhiza and azotobacter interaction on leaf nicotine content

# Nicotine percent #Reduced sugar to nicotine ratio
10

JEETLNER WY
Nicotine percent

CraSd do Ll wid s
Reduced sugar to nicotine ratio

Y"

TP s
ﬁ@@é\ @ @ ﬁﬁ“@@é@é\@@%@@“ ‘SN
OnsSe a Lol B S 9 G gSis o S Lgsl g 1y sSie e Jlie 1=V S
Figure 7- Effect of biochar, mycorrhiza and azotobacter interaction on nicotine percent and
reduced sugar to nicotine ratio
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Figure 8- Effect of biochar, mycorrhiza and azotobacter interaction on reduced sugar percent
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BO: no biochar application, B4; application 4 ton/haof biochar, B8: application 8 ton/ha of biochar, MO: no mycorrhiza
application, M1: mycorrhiza application, AO: no azotobacter application and A1: azotobacter application
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Abstract

Tobacco is cultivated as a valuable crop in more than one hundred countries in
different climatic conditions and plays an important role in the economies of some
countries.This study was performed to evaluate the effect of mycorrhiza and azotobacter
with application of biocahr on tobacco leaf yield, root characteristics and phytochemical
components under rainfed conditions for two growing seasons at 2016 and 2017 at the
Research Farm of Tirtash Tobacco Research and Education Center of Mazandaran
province, Iran. A factorial experiment based on randomized complete block design with
four replications and three treatments was performed. Treatments consisted of biochar
(B) at three levels (0, 4 and 8 ton/ha), mycorrhiza (M), and azotobacter (A) both at two
levels (without and with application). Application of 4 ton/ha biocahr increased fresh
yield by 26%, cured yield 26%, root dry weight 44%, root fresh weigth 37%, root length
41%, nicotine 3%, while reduced sugar content 24% and sugar to nicotine ratio by 21%
as compared to zero level of biochar application. The effect of mycorrhiza and
azotobacter application on tobacco leaf yield but it was not significant, however,
azotobacter had the most significant effect on nicotine content (17%). There was a
positive and significant correlation between root characteristics and tobacco leaf yield.
Due to the lack of significant differences between levels of 4 and 8 tons per hectare of
biochar in most of the evaluated traits in terms of economic approach, the use of 4 tons
per hectare of biochar along with mycorrhiza and Azotobacter to reduce the adverse of
low water effects in rainfed farms and ameliorate the tobacco growth is recommended.
Also azotobacter application is considered as desirable factor to increase of nicotine in
tobacco.
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