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Abstract

In this study, the effect of Rhizophagus irregulariss mycorrhiza and nitroxin bio-fertilizers alone and in
combination form was evaluated on control of chickpea wilt disease caused by Fusarium oxysporum f. sp.
ciceris. Evaluation of effectiveness of these treatments was done through measurement of chlorophyll and
carotenoid pigments, and disease severity. A factorial experiment based on randomized complete block
design by eight treatments with three replications was conducted under greenhouse condition. Our results
showed that the amount of chlorophyll and carotenoid pigments were significantly decreased in infected
plants without biofertilizer treatment while disease severity was increased. The highest increase in
chlorophyll a and carotenoid pigments was observed in nitroxin treatment while the highest increase in
chlorophyll b and ab was recorded in mycorrhizae treatment. Approximately, the maximum change in
measured parameters was related to mycorrhiza treatment while all treatments were able to increase vyield
components compared to control plant. The results of disease severity assessment in infected plant
inoculated with bio-fertilizers showed that application of these bio-fertilizers in combination form caused a
significant reduction in disease severity. Based on these results, use of both bio-fertilizers combined with
soil could increase plant resistance to disease stress by the increase of yield components
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Tablel. Analysis of variance of related data to disease severity, chlorophyll and carotenoid pigments affected by bio-
fertilizers in infected chickpea plants with fusarium wilting disease.

Mean of squares

Freedom
Carotenoid Chl. a Chl.b Chl. a Disease
R content content content content severity
Source of variances
Treatment 7
13.6%* 218" 66.5%* 58.9%* 1337%*
Error 16 0.17 424 255 1.02 1.74
cv 3.30 10.36 8.98 3.56 8.34

*** and ™ are respectively significant level at 1%, 5% and no significant difference.
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Figure 1. The effect of Rhizophagus irregularis and Nitroxin bio-fertilizer containing Azosprillium and Azotobacter
bacteria alone and in combination forms on disease severity in infected and non-infected with fusarium wilt disease
(control) chickpea plants. A. Mycorrhizal fertilizer treatment with disease, B. Mycorrhizae, C. Mycorrhizae + Nitroxin
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Figure 2. The effect of Rhizophagus irregularis and Nitroxin bio-fertilizer containing Azosprillium and
Azotobacter bacteria alone and in combination forms on root growth in infected and non-infected with
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fusarium wilt disease (control) chickpea plants. A. Disease treatment without bio-fertilizer application, B.
Nitroxin, C. Mycorrhizae, D. Mycorrhizae + Nitroxin, E. Control without disease and bio-fertilizer.
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Table 2. Mean comparison of related data of disease severity, chlorophyll and carotenoid pigments affected by bio-
fertilizers in infected chickpea plants with fusarium wilt disease.

Carotenoid content Chl ab content Chl b Content Chl a content Disease severity
Treatments (mg/g fw) (mg/g fw) (mg/g fw) (mg/g fw) (%)
Control 12.95b 48.3b 18.3b 30.26* Oe
Foc* 7.77d 28.90d 10.63¢ 18.26¢ 59.66¢
Rhizophagus 13.88a 54.2a 23.87% 30.45a Oe
irregularis

Ri- Foc 11.40c 41.19c 16.98b 24.21° 76.67c
N 14.29a 53.30a 22.39° 30.912 Oe
N-Foc 12.74b 40.97c 13.48¢ 27.28° 72.34°
Ri-N 14.24a 5250 a 22.22° 30.37¢ Oe
Ri-N-Foc 12.5b 44.51c 14.67c 29.83% 842

In each column, means followed by same letters are not significantly different at the level of 5%.
*FOC: Fusarium oxysporum f.sp. ciceris; Ri: Rhizophagus irregularis; N: Nitroxin.
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Table 3. Analysis of variance of the effect of Rhizophagus irregularis fungus and Nitroxin bio-fertilizer
containing Azosprillium and Azotobacter bacteria on vyield components in infected and non-infected
chickpea plants with fusarium wilt disease.

Mean squares

Stem

. Number of Root Plant Dry stem Freshsten oo \weight Fresh root
SV freedoom  diameter ool vanches  height height Weight weigh I weight
Treatment 7 1.28** 3.50* 51.8**  19.31** 0.026** 0.699** 0.015** 1.92*%*
Error 16 0.937 0.583 3.96 1.68 0.0007 0.062 0.00007 0.075
CcVv 9.366 17.29 8.887 6.9 6.54 10.36 4 6.99

*, **and ™ are respectively significant level at 5%, 1% and no significant difference.
*FOC: Fusarium oxysporum f. sp. Ciceris; Ri: Rhizophagus irregularis; N: Nitroxin.

b Jlesl slojlars )0 a5 ol (las (S0l anlie s

S (Fre BB (60 Shas Dlio Dl s oS Wiz y2 (55 lo
Y Bl SAS s 40 et e o yieS Lol aiiil w b
Ll s BUST lls a5 05 g)lo & bgrye o5
et 1y Al Sz 59 s ol lis K00 gl e
S93 4 p,5 IOA Gl 4 oS5 g ade g, byl

J Aopl Res Plant Prot

Sedise odlie (:Sle alic Jyuz jo a5 jshiles
sals 4 bgye (ol V/0) alle 5 (59 ol (p S
2 Al 5 Ghg cn i aSIl 50wl oays (6 ke 4 03]
ssalive (p)5 VI0) (emSoiis 5 aday @l (oS5 slewd

=

VRIS




ZA

993 pogy[i69 (T pesy Sl (s e / Ol e 5 LS

Stevia rebaudiana (Bertoni) oL ;o aiy -z )8 5 )5 ol yon
slizl g ol sud, slayial )l pled a5 ool Lis Bertoni
ol el anals gl e B ol 4 o Shes
5 a5 Sl 039y (15 3929 g 0 Shee WIHN e
055 L o Jlas ol AL & bogy o 5 52 gl |
Vafadar et al. ) s oo 1,3 a8l 5,50 |, aiil oo s
Byl s Jbo yd jge 4 psmgin; S Sl eslinul (2014
QLS Al ) (Sorwn Solem (5 Co8 (o)) 3958 i
Olee stz s BB Olime 0 (G 095 (nl 915 a5 esl
5 sy olaws ol el asle s Shee syl (2al38 L 1 (s lows
(Khalequzzaman 2015) <ol ools als iy, (3
s i a5 ol ol Sk alie S Grioren
oS 5 adaym)B e 4 bayye sae OIFF o8 aSls
s 009l dals Jles 4 bgrpe sae VIYY L aslsy olesdl

(F Jgo=)

T8 Jle b o cpl 5l OS] (T Jguz) ol olais]
aday 78 Sge (i easms plis (p,5 +/0F) ol 4 ady
FIYY LBl jhad i o)l can ool olie ialiél jo
g Lo olS Lo 4 by pe e Jie

el e eS as ol (lis plse el b gyl (o)
ol as ol elas! ley olS 4y o il VE L olga sl
a9 ool sl (L3 el; Slio gl & g b ans
el iy as ol las ol Cwd 4y s ol Ul
+ oz Jles o e le YYIYY L olse sl
009l sl b (g ks xo S as Sl Cwd A paanS g i
sls

Slowd 4y bgy e i il YAFE L aty, elas)l o iy
el (2S5 ol Jlosl (g S g5 + Al g,
A A 0aisS Custi slas xSU T eslaiul (F Jgo) ail o0

i,y 7B L oad e 009l 5 wllus 9956 oLS j0 aBles Jhad 5 o )8 asli olows (glas )l caBles g diy ) iS5 (9 CeSobee dwolie F Joua

Azosprillium 4 Azotobacter sla :SL ssl> S5 s g RNizOphagus irregularis

Table 4. Mean comparison of fresh and dry weight of root, stem, plant weight, lateral branches and stem diameter in
infected and non-infected chickpea plants treated with Rhizophagus irregularis and Nitroxin bio-fertilizer containing

Azosprillium and Azotobacter bacteria.

Stem diameter Number of RQOt Plant height Dry s_tem Fresh stem D|_'y root Fresh root
Treatments (cm) lateral branches h(i'rg]r;t (cm) W?ég)]ht weigh (g) weight () weight (g)
Control 2.33¢ 4.66° 21.50°¢ 20.16¢ 0.40b¢ 2.54bc 0.19¢ 0.25
Foc* 2.16¢f 2.32¢ 16.33¢ 14¢ 0.30¢ 1.55¢ 0.14¢ 1.28¢
Ri 4.332 5.652 22.33" 19¢ 0.542 2.92b 0.35? 3.982
Ri- oc 2.83¢% 4b 23.3" 17.33¢ 0.37% 2.23c 0.17¢ 1.87d
N 3.50¢ 5.352 27.140 21b 0.43° 2.5 0.20¢ 2.35¢
N-Foc 3d 4b 21.21c 189 0.35d 2.44 0.164 1.81d
Ri-N 3.83° 5.35P 29.662 23.332 0.582 3.52 0.29° 2.61°
Ri-N-oc 3.16¢ 4¢ 21°¢ 18.50% 0.41%¢ 2.23¢ 0.19¢ 1.95¢

In each column, means followed by same letters are not significantly different at the level of 5%.

*FOC: Fusarium oxysporum f. sp. ciceris; Gi: Glomus; N: Nitroxin.

SlaaisS 4w ws Glal (65,0laS as gbial, o

SE 5o (B Vb el b 63,5500 lag,l 5l o
255 )8 P azgi 050 WL (S sla )T le ol jen 4 g
Soamn gl (333 YU s ogdle  ns )y sloogS™ 5l oolizul
Gkl el sl Gpmlol> el Wiy o aLS

J Appl Res Plant Prot

Iy Sl 03y (g g9 5l A aslllae Gl o 4z S

slo s aile |y olS s s Slas sl atuilys LogS 0,18
S35 s eyl 5l ol cnl g ams Gl s e
Soratans Sangliie a3l Sbisl) 5o () Jslse 5l lalS
ules o0 il sla i aude Wl o Canglie (ol 45wk

$




Ofe) 2Ny (H) Y &'}oéf).)doﬁjg‘_;[@ﬂjl‘%

£

Sl 3wl
el uly oliils (6 )5ld Canj 00Siigly 5o Buiiond ()]
JLS oaSimghy C8y ydgiae (6 5en jl el o a5 0o S
odpa> udige @i e 51l e Jon (Jl0)08 5 S
Jolre )0 S b 4y eaSiangsy pyise Wll)S axlss

D9d g0 S5 el bl (2l

References

Aghbashlo M, Tabatabaei M, Soltanian S,
Ghanavati H,  2019. Biopower  and
biofertilizer production from organic
municipal solid waste: an
exergoenvironmental  analysis. Renewable
Energy 143: 64-76.

Akhtar M, Siddiqui Z, 2010. Effects of AM
fungi on the plantgrowth and root-rot
disease of chickpea. = American-Eurasian
Journal of Agricultural and Environmental
Science 8: 544-549.

Akkopri A, Demir S, 2005. Biological control
of Fusarium wilt in tomato caused by
Fusarium oxysporum fsp. lycopersici by
AMF  Glomus intraradices and  some
rhizobacteria.  Journal of  Phytopathology
153: 544-550.

Arora N, Kang S, Maheshwari D, 2001
Isolation of siderophore-producing strains
of Rhizobium meliloti and their biocontrol
potential against Macrophomina phaseolina
that causes charcoal rot of groundnut.
Current Science 81(6): 673-677.

Arnon A, 1967. Method of extraction of
chlorophyll in the plants. Agronomy Journal
23:112-21.

Bardin SD, Huang H-C, Pinto J, Amundsen EJ,
Erickson RS, 2004. Biological control of
Pythium damping-off of pea and sugar beet
by Rhizobium leguminosarum bv. viceae.
Canadian Journal of Botany 82: 291-296.

Barea JM, Pozo MJ, Azcon R, Azcon-Aguilar
C, 2013. Microbial interactions in the
rhizosphere. Molecular Microbial Ecology
of the Rhizosphere 1: 29-44.

Delany 1, Sheehan MM, Fenton A, Bardin S,
Aarons S, et al, 2000. Regulation of
production of the antifungal metabolite 2: 4-
diacetylphloroglucinol in Pseudomonas
fluorescens F113: genetic analysis of phlF
as a transcriptional repressor. The GenBank
accession number for the sequence reported
in this paper is AF129856. Microbiology
146: 537-546.

J Aopl Res Plant Prot

oz 398 @l pelul 005 (T lapuanlsly S 38l
olS Cuoglie el aly =z )8 0,1 45 29l g0 (g5 AT
8 5 s et e 5 5l ol B e 9
o0l 1y (5 Lot sigil S ol (gl a5 4o s ay

425 (lerd 955 coslin Ol (S 5 (S slaosS |
Gl g 6),las S olien 4 oS lojer 0,15 .0ulei oo

Dgds (oo dpogi (bl A U0

Dugassa G, Von Alten H, Schonbeck F, 1996.
Effects of arbuscular mycorrhiza (AM) on
health ofLinum usitatissimum L. infected by
fungal pathogens. Plant and Soil 185: 173-
182.

Filion M, St-Arnaud M, Jabaji-Hare S, 2003.
Quantification of Fusarium solani f.sp.
phaseoli inmycorrhizal bean plants and
surrounding  mycorrhizosphere  soil  using
real-time polymerase chain reaction and
direct  isolations on  selective  media.
Phytopathology 93: 229-235.

Ganjeali A, Porsa H, Bagheri A, 2011.
Assessment of lranian  chickpea (Cicer
arietinum  L.) germplasms for  drought
tolerance. Agricultural Water Management
08: 1477-1484.

Gong M-F, Han S, Li C, Xu L, Wei G-H, 2011.
Isolation of endophytic bacteria from nodule
of Sophora alopecuroides and effect of
biological control against Fusarium wilt .
Microbiology/Weishengwuxue  Tongbao  38:
865-870.

Goshashi F, Heidari M, Sabbagh S, Makarian
H, 2020. Effect of irrigation interval, bio
and non-biofertilizers on yield components
and some of biochemical compounds in
Thyme (Thymus wvulgaris L.) Journal of
Horticultural Plants Nutrition 3: 51-68. (In
Persian with English abstract).

Hallmann J, Quadt-Hallmann A, Miller W,
Sikora R, Lindow S, 2001. Endophytic
colonization of plants by the biocontrol
agent Rhizobium etli G12 in relation to
Meloidogyne incognita infection.
Phytopathology 91: 415-422.

Haryuni H, Dewi TSK, 2016. The effects of
dose Rhizoctonia binucleat (BNR) and
phosphorus to nitrate reductase activity
(NRA) and chlorophyll of vanilla seedling
(Vanilla planifolia  andrews). Journal of
Biology and Biology Education 8: 141-147.

Jalota S, Sood A, Harman W, 2006. Assessing
the response of chickpea (Cicer aeritinum




e 095 o598 (SO ey (Sylow (s ylge / L Cen 5 LS

L.) yield to irrigation water on two soils in
Punjab (India): A simulation analysis using
the CROPMAN model. Agricultural Water
Management 79: 312-320.

Kadyampakeni M. 2020. Interaction of soil boron
application with leaf B concentration, root length
density, and canopy size of citrus affected by
Huanglongbing. Journal of Plant Nutrition 43(2):
186-193.

Khalequzzaman K, 2015. Seed treatment with
Rhizobium biofertilizer for controlling foot
and root rot of chickpea. International
Journal of Scientific Research in
Agricultural Sciences 2: 144-150.

Kohler J, Caravaca F, Carrasco L, Roldan A,
2006. Contribution of Pseudomonas
mendocina and Glomus intraradices to
aggregate  stabilization and promotion of
biological fertility in rhizosphere soil of
lettuce plants under field conditions. Soil
Use and Management 22: 298-304.

Landa BB, Navas-Cortés JA, del Mar Jimenez-
Gasco M, Katan J, Retig B, et al., 2006.
Temperature response of chickpea cultivars
to races of Fusarium oxysporum f.sp.
ciceris: causal agent of Fusarium wilt. Plant
Disease 90: 365-374.

Nafady NA, Hashem M, Hassan EA, Ahmed
HA, Alamri SA, 2019. The combined effect
of arbuscular mycorrhizae and  plant-
growth-promoting yeast improves sunflower
defense against Macrophomina phaseolina
diseases. Biological Control 138: 10: 40-
49,

Navas-Cortés JA, Hau B, Jiménez-Diaz RM,
1998. Effect of sowing date host cultivar,
and race of Fusarium oxysporum f. sp.
ciceris on development of Fusarium wilt of
chickpea. Phytopathology 88: 1338-
1346.Navas-Cortés JA, Hau B, Jiménez-
Diaz RM, 2000. Yield loss in chickpeas in
relation to development of Fusarium wilt
epidemics. Phytopathology 90: 1269-1278.

Neeraj SK, 2011. Organic amendments to soil
inoculated arbuscular mycorrhizal fungi and

N0

licenses/by-nc/2.0/)

Pseudomonas fluorescens treatments reduce
the development of root-rot disease and
enhance the vyield of Phaseolus vulgaris.
European Journal Soil Biology 47 (5): 287-
295.

Nemec S, Datnoff L, 1993. Pepper and tomato
cultivar  responses to inoculation  with
Glomus intraradices. Advances in
Horticultural Science 161-164.

Onasanya O, Hauser S, Necpalova M, Salako F.
K, Kreye C, Tariku M, Six J, andPypers P.
2021. On-farm assessment of cassava root
yield response to tillage, plant density, weed
control  and  fertilizer  application in
southwestern Nigeria. Field Crops
Research, 262: 108038

Rouphael Y, Franken P, Schneider C, 2015.
Arbuscular ~ mycorrhizal ~ fungi act as
biostimulants in horticultural crops. Scientia
Horticulturae 196: 91-108.

Sabbagh S, Kermanizadeh B, Gholamalizadeh
A, Sirousmehr A, 2016. Effects of fertilizer
treatments on  components,  performance
components and induce resistance to wheat
scab disease. lranian Journal of Filed Crop
Science 47: 77-85. (In Persian with English
abstract).

Vafadar F, Amooaghaie R, Otroshy M, 2014.
Effects of plant-growth-promoting
rhizobacteria and  arbuscular  mycorrhizal
fungus on plant growth, stevioside, NPK,
and chlorophyll content of Stevia
rebaudiana. Journal of Plant Interactions 9:
128-136.

Vessey JK, 2003. Plant growth promoting
rhizobacteria as biofertilizers. Plant and
Soil 255: 571-586.

Zhang BM, Zzhi-Bin W ,Ping X, Qiu-Hong W,
He B, et al, 2018. Phytochemistry and
pharmacology of genus Ephedra.
ChineseJournal of Natural Medicines 16:
811-828.

This is an open access article under the CC BY NC license (https://creativecommons.org/


https://creativecommons.org/

