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Effects of a tripartite interaction among Tomato Mosaic
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Abstract

Arbuscular Mycorrhizal Fungi (AMF) as root symbionts in most terrestrial plants,
not only improve nutrition, but also increase plant resistance to biotic and abiotic
stresses by changing the physiology of the host plant. Viruses are one of the most
important pathogens and limiting factors in plant production. The effects of AMF on
viral infections are contradictory. Some AMFs lead to resistance to viral infection,
while others result in increased susceptibility of the host plant. In this research, the
effect of the symbiosis between tomato plants and the arbuscular mycorrhiza,
Glomus fasciculatum (GF), was investigated in response to tomato mosaic virus
infection. The plant responses were investigated in various characteristics such as
plant height, fresh and dry weights of aerial parts, disease severity, content of total
phenols and photosynthetic pigments, content of nitrogen, phosphorus and
potassium elements, and the activity of antioxidant enzymes. The results showed
that the AMF delayed the emergence of the symptoms and reduced disease severity.
Additionally, AMF caused significant increases in growth traits in both virus- and
mock-inoculated plants. AMF enhanced the content of the photosynthetic pigments
in mock-inoculated plants, but in the virus-inoculated plants, it could not
significantly increase chlorophyll b. Virus and mycorrhizal infections, alone and
simultaneously, resulted in a significant increase in catalase and peroxidase
activities and total phenolic content in the plants. AMF significantly increased the
content of nitrogen, phosphorus and potassium in mock-inoculated plants. However,
no significant increase was seen in the case of phosphorus in virus-infected plants.
In general, it can be concluded that the symbiosis of tomato-GF has led to resistance
to tomato mosaic virus infection.

Keywords: Defence-related compounds, disease severity, chlorophyll, mineral
elements, symbiosis
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Table 1. Treatments and pertaining code to each treatment
Treatment code Description

-GF -V No mycorrhiza and no virus treatment
-GF +V Without mycorrhiza and with virus
+GF -V With mycorrhiza and without virus
+GF +V With mycorrhiza and with virus
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Table 2. Primers used for TOMV detection in inoculated plants (Chen et al., 2011).

Virus Primer name

Product size Ta Position on virus genome

(5’-3") Sequence

ToMV __ ToMV (F)

5746-5762 CATCTGTATGGGCTGAC

ToMV __ ToMV (R) 421 °C52

6148-6166 GAGGTCCARACCAAMCCAG
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Chlorophyll a (mg/g FW) =12.7 (A663) — 2.69 (A645) x /1000 w
Chlorophyll b (mg/g FW) =22.9 (A645) — 4.68 (A663) x /1000 w

Total chlorophyll (mg/g FW) =20.2 (A645) — 8.02 (A663) x
V/1000 w

Carotenoid (mg/g FW) =7.6 (A470) — 1.49 (A645+ A663) x
/1000 w
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Fig.1. Disease symptoms caused by inoculation of ToMV
on tomato plants. There are distinct mosaic and
discoloration symptoms on the leaves.
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Table 3. Mean value of growth characteristics of the plants in different treatments. GF- (treatment without mycorrhiza), GF+
(treatment with mycorrhiza), V- (treatment without virus), V+ (treatment with virus), SEM (Standard error of the mean), M
(mycorrhiza), V (virus) and M*V (interaction effect of mycorrhiza and virus). Letters inside the table represent Duncan
grouping and different letters within a row indicate differences among the treatments at the 5% level of significance.

Parameter  GF- GF+ SEM P value

V- V+ V- V+ M \Y, M*V
Height 56.56°¢ 39.86°¢ 94.56% 50.20¢ 1518 <0.01 <0.01 <0.01
Wet weight 110°¢  64° 220.20% 89.60¢ 3.602 <0.01 <0.01 <0.01
Dry weight 12.42°¢ 596°¢ 2436% 864% 0527 <001 <0.01 <0.01
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Table 4. Mean value of photosynthetic pigments, including total chlorophyll (Chl.T), chlorophyll a (Chl.a), chlorophyll b
(Chl.b) and carotenoids in different treatments. GF- (treatment without mycorrhiza), GF+ (treatment with mycorrhiza), V-
(treatment without virus), V+ (treatment with virus), SEM (Standard error of the mean), M (mycorrhiza), V (virus) and M*V
(interaction effect of mycorrhiza and virus). Letters inside the table represent Duncan grouping and different letters within a
row indicate differences among the treatments at the 5% level of significance.

Parameter GF- GF+ SEM P value

V- V+ V- V+ M \Y% M*V
ChL.T 454°¢ 181°F 7992 3659 0.287 <0.01 <0.01 <0.05
Chl.a 3.07¢ 1.29¢ 5322 2449 0191 <0.01 <0.01 <0.05
Chl.b 147 052 267 121 0104 <0.01 <0.01 0.069
Carotenoids 0.76¢ 0.47¢ 1.872 0.72¢ 0.053 <0.01 <0.01 <0.01
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Table 5. The mean of activity levels of antioxidant enzymes including catalase (CAT) and ascorbate peroxidase (APX) as well
as the total phenol, nitrogen, phosphorus and potassium contents of the plants in different treatments. GF- (treatment without
mycorrhiza), GF+ (treatment with mycorrhiza), V- (treatment without virus), V+ (treatment with virus), SEM (Standard error
of the mean), M (mycorrhiza), V (virus) and M*V (interaction effect of mycorrhiza and virus). Letters inside the table
represent Duncan grouping and different letters within a row indicate differences among the treatments at the 5% level of
significance.

Parameter v- ('i; v- G\'j: SEM v v P \SLLS
CAT 0.38¢ 055°¢ 0.66° 073" 0.020 <0.01 <0.01 <0.05
APX 2789 512°¢ 6.60° 7.34° 0289 <001 <0.05 <0.05
Total phenolic content 2.25¢ 3.76¢ 6.58° 8.13% 0.308 <0.01 <0.01 <0.05
N 4299 099f 8362 3.07°¢ 0.151 <0.01 <0.01 <0.01
K 2.74°¢ 1.00°¢ 5402 1759 0.194 <0.01 <0.01 <0.01
P 0.28¢ 0.04¢ 0.742 0.129 0.026 <0.01 <0.01 <0.01

25 baie glyme Gs) nlosSole — s s iz ol 1 I
cosns woeadl OS5 GF 51Kl a5 sl ol olalS
(o5 YV +) O a0 lgmes Jls pme Nl53l 4 e (FGFHV)
BB s s 4 o3yl QLS b oalin 53 (Ao VO) okt
Slems 53 b pae sl Ll el sds (GFHV) 31, Gl

(0 Jj.b-) LS odsd L}Ual.zf O;"\ O J,Lw;e

GF 51,550 L Goabe et 55 golen gaailis 55, 53 0

SRl s Ol w5 olS e (So T sl s e als SIL

j.'.".'.' LS)LAf EN W Lﬁ"li))\ BE) C.m»\ ToMV J.vlj.v DL AL::§ C*A‘ju.a

bl DbLS 55 ad 5 ely 05550 Gl e (Sl g
Sinle S ol Ol bl s Ol oS i osle Ao s oy 5o
(P<O.0L) Sls ome islsdl & e (FGF-V) GF L 0lalS
Bybe (GF-V) Jl OblS L aslis 53 s jzie ol (gl ss
D 510 NV R s s e GF L giale (s 0L«
el s o 53 OLS 3 1) el 5 i (OS5 AS s
SRS e 8 COFHV) s 4 (ST (R 5
-) V'n“’ LS U awslie 3 andllas 5,50 5o jaie  olad Sls ome
SalS G 5w s b Sa gl (p<0.01) el ol (GF-V

w\ I C,&b b Mt{.)w‘dj}ﬁ Lg.\..,é)) 0\/}\/‘” 0\

\F.¥ C’MUB)LQ-! A O)Lb.& /w.b.b}_’.w °)3'>/ - ?‘} w' 9 s') - o



OLKan 5 Olslas

ol Mg SRl el Sl KsS 4 e we
Lossn (rl A5 SRl L bl sSGle Ll ki g oo al go 5 58
Lz EalS OLLS 3 1 sy sl Sl Sl s
L oo s b So1 Ks (g5w 3l .(Alazem and Lin, 2015)
3 OiaAS phed Al LS Llie la e s 2alS
S s s e ol el s DL 3 ly
Clgl 3 Shas 1alS 5 o3l OLLS s slagsslmaal sl
Soge 2 s $3L) Jalsd Al (Tripathi et al., 2022)
Loy by 5 050 Gaad Ll Gl Glaas Cde
Smith and Smith, ) 5,05 355 b 1Sl b aes jon o olals
o= iass 5 (2011 French, 2017; Balestrini et al., 2020
gl ode il Eel GF S0l 45 A asie 5
SRl pde b eSSl s DLl s e sla e
o ol 3 BF 21,580k b Las e ObalS i (glgmome 1> e
5 et SBoMsn s Sl TOMV s s (S3]1
Gzl b g OLLS jind (glgme SRl L oS dilesls OLE
ol a3l 2l OLLS 53 s s Solan & Sl AM
o 815 s & et ie OBLS Sl 55 4sad Ol
e Ode il LS s euus (Potato virus Y, PVY) o)
Rhizophagus irregularis  5/,,Cb L ki OLLS Ly
Sipahioglu et ) col 05 S 1oy (2sl580 55 cws s (Solew ol
OLLS 55 and Jlgae JlHl pae ol ol (@l 2009
Sl gl s Wlg s TOMV s s a0 o301 (g5, 5500

3L OLS ul 53 s s ol oS

Mg SRl o oMo sl a2l Sl ol S @S s s
s S 5 OllS s i giluesle 5 s g glagllS,
o sline (55 53 5 s opl 03 ey s s LRSS
French, 2017; Chandrasekaran et al., 2019; ) xtuea &S
Slyms Gl b eyl Sl Els e .(Balestrini et al., 2020
Dol s 55 5,8 Wile (gt g SLAIUSS,) e 5 by AS
LS 53 sty ¢ ol 4 e ATP 5 (g5 55 slage 5l
Al e s olis o b i (Balestrini et al., 2020) .55

e T RN R VT P BT LY RLE P NPV N

GF RSl b [SarsS oS [iSens & A3 ssls Ol
S Sl ol odus 4 S| ol (olew ol JialS e
ok 3 ol S Al 4 e AM lagl Sl
sl iSee 53 Ll (Jung et al,, 2012) kleas A Sl
Miozzi ) col ol axllas 2aS La gyl 3Sle ol 31 olS= s 5
0 At oS-l Sl s s oS e s (et al, 2020
Lo coglis sl OISl @lBan Ss cpl 5o s e S
LW Cwslie SbMasl 5 syl sy 0LS s cesls
Snbsb

Conln—

resistance, MIR)
Miozzi et ) ol ol slgiey 55050 o) 5 (susceptibility, MIS
L SperS JiSes 8 ol sdi 215 (al, 2020

el cely Funneliformis mosseae Y syl 5l 5SGL

s (mycorrhiza-induced

mycorrhiza-induced )

Cucumber mosaic virus, ) ;L oy ge o s 40 olS a5l
(SSPer g Sny Ses opl 5 el sai (CMV
sl 0213 2500 ) (K par 5 OLLS pleandism 5 (K355 50
et s da s ool Asles ool Ll (Miozzi et al., 2020)
ol Cuaslie 35 4 e GF 510k L S 55 5l
Sl S Kl 35 55 ol iass 4 S| .Cud sid TOMV
2SSl b S Sl s sps a0 oS canles S058
Shaul et al., 1999; Sipahioglu et al., 2009; Miozzi et ) Lza

.(al., 2011; Miozzi et al., 2019

Gy Dlio g 4 e plSlmolS Gl S i
> (French, 2017; Bennett and Groten, 2022) . 54 . OlS
olals SRS Al s gl Slhs s 5 S s
Ol des sla fiss A odos GF 5,50L L (K e S
Jﬁu LSLAQJAJ}A Jg).'s' J'J_‘J.?\ 4o e L“j")jgil" aS Wlesls
o gl cpl o 5 s LS by bayst b us,
oS S 3 e (eeS) ile plalses e S 4 0
PONS ) sl o 355 ALS o0 i Al 4 e oS Aius
ol LS 5 S Sl s (et al., 2020; Dhiman et al., 2022
Glams s 593 Oly 4 Sl L) S e Slal ey 50 A5
Olge a5 LS o sleel Il OALS J) 5050 (Ja.- 2 AS

ol 35Sk s TOMV LS55

\F.¥ C’MUB)LQ-! A O)Lb.& /w.b.b}_’.w °)3'>/ - ?‘} w' 9 s') - o



OLKan 5 Olslas

03 5 s Sledamy b iSer oS- 5l Sl s
21 s Sl oS iy Conles L ES s nl 55
Sipahioglu et al., 2009; Miozzi et al., 2011; ) Llails
St Sl ) 2 Ul 5L pl sy (Miozzi et al., 2019
a g el oy Jalg) a5l 01K s5 Sos SRl
LUl ol oo s ool 5 2l a0s €50l Olge
5 (Synergistic) |53les sla 2Sea 5o Sslize Ol S L8
LaSoly awn ool 53 Ll5 e liyls (Antagonistic) g Sl

s

References

Alazem, M., & Lin, N. S. (2015). Roles of plant hormones
in the regulation of host—virus interactions. Molecular
Plant Pathology, 16, 529-540. doi: 10.1111/mpp.12204.

Ara, |, Bukhari, N.A., Aref, N. M., Shinwari, M\M.A., &
Bakir, M.A. (2012). Antiviral activities of
streptomycetes against tobacco mosaic virus (TMV) in
Datura plant: evaluation of different organic
compounds in their metabolites. African Journal of
Biotechnology, 11, 2130-2138.
doi.org/10.5897/AJB11.3388

Auge, R., Toler, H.,, & Saxton, A. (2015). Arbuscular
mycorrhizal symbiosis alters stomatal conductance of
host plants more under drought than under amply
watered conditions: a meta-analysis. Mycorrhiza, 25,
13-24. doi: 10.1007/s00572-014-0585-4

Balestrini, R., Brunetti, C., Chitarra, W., & Nerva, L.
(2020). Photosynthetic traits and nitrogen uptake in
crops: which is the role of arbuscular mycorrhizal
fungi? Plants, 9(9), 1105.
doi.org/10.3390/plants9091105

Balogun, O. S. (2008). Seedlings age at inoculation and
infection sequence affect disease and growth responses
in tomato mixed infected with Potato virus X and
Tomato mosaic virus. International Journal of
Agriculture and Biology, 10, 145-150.

Bennett, A. E., & Groten, K. (2022). The costs and benefits
of plant-arbuscular mycorrhizal fungal interactions.
Annual Review of Plant Biology, 73, 649-672. doi:
10.1146/annurev-arplant-102820-124504.

Bonfante, P., & Desird, A. (2017). Who lives in a fungus?
The diversity, origins and functions of fungal

3 LSk heyg OLLS el e S

Mg pRlR bl Sl Kl e sbasSls S
Jad U508t Gt S 5 Jsd OlS 5 il ol gl sl
(_;LAVJJ;T ol JLs 4 5 (Reactive oxygen species, ROS)
Jungetal., 2012; ) 5,15 ;3 1, ROS el s ColdunS| 5l
Sl 3 6 iass m (Mauch-Mani et al, 2017
CildeeST ST sl 5T cdled 5 Jgd SLS 5 s pme Sl
2Ll 5 TOMV U So 0T 31 s GlaeST, 5 56K sl

el GF

MWOSQ)WDWMWGFJ{“J)K{LGLG&A}JE)J
Sl S L3 oLl 2in oS 5 boles Ll s TOMV S5 01

@L:.a

endobacteria living in Mucoromycota. ISME J., 11,
1727-1735. doi: 10.1038/ismej.2017.21

Bremner, J.M., & Mulvancy, C.S. (1982). Nitrogen Total
pp. 595-624. In: A., Klute (Ed), Methods of soil
Analysis-part 2, Agron. Monogr. No. 9. American
Society of Agronomy, Madison, WI.
doi.org/10.2134/agronmonogr9.2.2ed.c31

Cameron, D.D., Neal, A.L., van Wees, S.C., & Ton, J.
(2013). Mycorrhizainduced resistance: more than the
sum of its parts? Trends in Plant Science, 18, 539-545.
doi: 10.1016/j.tplants.2013.06.004

Chandrasekaran, M., Chanratana, M., Kim, K., Seshadri, S.,
& Sa, T. (2019). Impact of arbuscular mycorrhizal fungi
on photosynthesis, water status, and gas exchange of
plants under salt stress—a meta-analysis. Frontiers in
Plant Science, 10, 457.
doi.org/10.3389/fpls.2019.00457

Chen, j., Zhang, H., Zhang, X., & Tang, M. (2020).
Arbuscular mycorrhizal symbiosis mitigates oxidative
injury in black locust under salt stress through
modulating antioxidant defence of the plant.
Environmental and Experimental Botany, 175, 104034.
doi.org/10.1016/j.envexpbot.2020.104034

Chen, S., Gu, H., Wang, X., Chen, J., & Zhu, W. (2011).
Multiplex RT-PCR detection of Cucumber mosaic virus
subgroups and Tobamoviruses infecting Tomato using
18S rRNA as an internal control, Acta Biochimica et
Biophysica Sinica, 43(6), 465-471.
doi.org/10.1093/abbs/gmr031.

Culver, J., & Padmanabhan, M. (2007). Virus-induced
disease: Altering host physiology one interaction at a

‘f"“ C’MB'B)LQ_! /‘ °)Lb-& /w@a}tﬁdﬂ o)sol @ “} ‘5.*-“?" 3 s“,,.s (s .



OLKan 5 Olslas

time. Annual Review of Phytopathology, 45, 221-243.
doi.org/10.1146/annurev.phyto.45.062806.094422

Dhiman, M., Sharma, L., Kaushik, P., Singh, A., & Sharma,
M.M. (2022). Mycorrhiza: An ecofriendly bio-tool for
better survival of plants in nature. Sustainability, 14,
10220. doi.org/10.3390/su141610220

Dhindsa, R.S., & Motowe, W. (1981). Drought tolerance in
two mosses: correlation with enzymatic defense against
lipid peroxidation. Journal of Experimental Botany, 32,
79-91. doi.org/10.1093/jxb/32.1.79

Duc, N.H., Vo, A.T., Haddidi, I., Daood, H., & Posta, K.
(2020).  Arbuscular mycorrhizal fungi improve
tolerance of the medicinal plant Eclipta prostrata and
induce major changes in polyphenol profiles under salt
stresses. Frontiers in Plant Science, 11, 612299.
doi.org/10.3389/fpls.2020.612299

Elsharkawy, M.M., EI-Okkiah, S., Elsadany, A.Y., Bedier,
M.Y., Omara, R.l, Behiry, S.I., Hassan, S., &
Abdelkhalek, A. (2022). Systemic resistance induction
of tomato plants against tomato mosaic virus by
microalgae. Egyptian Journal of Biological Pest
Control, 32, 37. doi.org/10.1186/s41938-022-00538-2.

Fattahi, B., Almasi, R., & Ghasemi Hajiabadi, F. (2022).
Changes of morphological characteristics and nutrients
of Bromus tomentellus under the influence of
coexistence with mycorrhiza fungi for use in range
seeding operation. Journal of Rangeland, 15, 665-676.
dorl.net/dor/20.1001.1.20080891.1400.15.4.7.8 (In
Farsi with English abstract).

Fiorilli, V., Vannini, C., Ortolani, F., Garcia-Seco, D.,
Chiapello, M., & Novero, M. (2018). Omics approaches
revealed how arbuscular mycorrhizal symbiosis
enhances yield and resistance to leaf pathogen in wheat.
Scientific Reports, 8, 9625. doi: 10.1038/s41598-018-
27622-8

French, K.E. (2017). Engineering mycorrhizal symbioses to
alter plant metabolism and improve crop health.
Frontiers in Microbiology, 8, 1403.
10.3389/fmich.2017.01403.
https://doi.org/10.3389/fmich.2017.01403

Hao, Z., Xie, W., & Chen, B. (2019). Arbuscular
mycorrhizal symbiosis affects plant immunity to viral
infection and accumulation. Viruses, 11, 534.
doi:10.3390/v11060534

He, J. D, Zou, Y. N.,, Wu, Q. S., & Kuca, K. (2020).
Mycorrhizas enhance drought tolerance of trifoliate
orange by enhancing activities and gene expression of
antioxidant enzymes. Scientia Horticulturae, 262,
108745. doi.org/10.1016/j.scienta.2019.108745

Jung, S. C., Martinez-Medina, A., Lopez-Raez, J. A, &
Pozo, M.J. (2012). Mycorrhiza-induced resistance and
priming of plant defenses. Journal of Chemical
Ecology, 3(8), 651-664. doi.org/10.1007/s10886-012-
0134-6

Knudsen, D., Peterson, G. A., & Pratt, P. E. (1982).
Lithium, sodium and potassium. pp. 225-246. In: A. L.
page (Ed.), Methods of Soil Analysis-Part 2, Agron.
Monogr. No 9, American Society of Agronomy,
Madison, WI. doi.org/10.2134/agronmonogr9.2.2ed.c13

Kumar, S., Udaya Shankar, A. C., Nayaka, S. C., Lund, O.
S., & Prakash, H. S. (2011). Detection of tobacco
mosaic virus and tomato mosaic virus in pepper and
tomato by multiplex RT-PCR. Letters in Applied
Microbiology, 53, 359-363. doi: 10.1111/j.1472-
765X.2011.03117.x.

Luck, H. (1974). Catalase. In: Bergmeyer, H.U., Ed.,
Method of Enzymatic Analysis, Academic Press, New
York and London, 885-894. dx.doi.org/10.1016/B978-
0-12-395630-9.50158-4

Mauch-Mani, B., Baccelli, 1., Luna, E., & Flors, V. (2017).
Defense priming: An adaptive part of induced
resistance. Annual Review of Plant Biology, 68, 485-
512. doi: 10.1146/annurev-arplant-042916-041132.

McDonald, S., Prenzler, P. D., Autolovich, M., & Robards,
K. (2001). Phenolic content and antioxidant activity of
olive extracts. Food Chemistry, 73, 73-84.
doi.org/10.1016/S0308-8146(00)00288-0

Miozzi, L., Catoni, M., Fiorilli, V., Mullineaux, P. M.,
Accotto, G.P., & Lanfranco, L. (2011). Arbuscular
mycorrhizal symbiosis limits foliar transcriptional
responses to viral infection and favors long-term virus
accumulation. Molecular Plant-Microbe Interaction, 24,
1562-1572. doi: 10.1094/MPMI-05-11-0116

Miozzi, L., Vaira, A. M., Brilli, F., Casarin, V., Berti, M.,
Ferrandino, A., Nerva, L., Accotto, G. P., & Lanfranco,
L. (2020). Arbuscular mycorrhizal symbiosis primes
tolerance to Cucumber mosaic virus in tomato. Viruses,
12, 675. doi:10.3390/v12060675

Miozzi, L., Vaira, A. M., Catoni, M., Fiorilli, V., Accotto,
G. P., & Lanfranco, L. (2019). Arbuscular mycorrhizal
symbiosis plant friend or foe in the fight against
viruses. Frontiers in Microbiology, 10, 1238. doi:
10.3389/fmich.2019.01238

Moarrefzadeh, N., & Khateri, H. (2022). Biological control
of Ascochyta blight and improvement of chickpea
growth parameters by the application of arbuscular
mycorrhiza and plant growth promoting rhizobacteria.
gebsj, 11(2), 1.
dorl.net/dor/20.1001.1.25885073.1401.11.2.14.3 (In
Farsi with English abstract).

Moran, R. (1982). Formulae for determination of
chlorophyllous pigments extracted with N, N-
dimethylformamide. Journal of Plant Physiology, 69(6),
1376-1381. https://doi.org/10.1104/pp.69.6.1376

Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is
scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22, 867-880.
doi.org/10.1093/oxfordjournals.pcp.a076232

‘f"“ C’MB'B)LQ_! /‘ °)Lb-& /w@a}tﬁdﬂ o)sol @ “} ‘5.*-“?" 3 S“,,.s (s .



OLKan 5 Olslas

Olsen, S. R., & Sommers, L. E. (1982). Phosphorus. pp.
403-430. In: A. L. page (Ed.), Methods of Soil
Analysis-Part 2, Agron. Monogr. No 9, American
Society of Agronomy, Madison, WI.
doi.org/10.2134/agronmonogr9.2.2ed.c24

Pons, S., Fournier, S., Chervin, C., Bécard, G., Rochange,
S., Frey, N. F. D, & Pages, V. P. (2020).

Phytohormone  production by the arbuscular
mycorrhizal fungus Rhizophagus irregularis. PLOS
ONE, 15(10), €0240886.

doi.org/10.1371/journal.pone.0240886

Pozo, M. J., & Azcén-Aguilar, C. (2007). Unraveling
mycorrhiza-induced resistance. Current Opinion in
Plant Biology, 10, 393-398. doi:
10.1016/j.pbi.2007.05.004

Raupach, G. S., Liu, L., Murphy, J. F., Tuzun, S., &
Kloepper, J. W. (1996). Induced systemic resistance in
cucumber and tomato against cucumber mosaic
cucumovirus using plant growth-promoting
rhizobacteria (PGPR). Plant Disease, 80, 91-894.
doi.org/10.1094/PD-80-0891

Shaul, O., Galili, S., Volpin, H., Ginzberg, I., Elad, Y.,
Chet, I., & Kapulmik, Y. (1999). Mycorrhiza-induced
changes in disease severity and PR protein expression
in tobacco leaves. Molecular Plant Microbe Interaction,
12, 1000-1007. doi: 10.1094/mpmi.1999.12.11.1000

Shirali, F., Almasi, R., & Fattahi, B. (2020). Effects of
symbiosis with two species of arbuscular mycorrhiza on
some morphological and physiological characteristics
of rangeland grass, Agropyron elongatum (Host).
Beauv. Journal of Rangeland, 14, 731-741.
dorl.net/dor/20.1001.1.20080891.1399.14.4.13.7 (In
Farsi with English abstract).

Sipahioglu, M. H., Demir, S., Usta, M., & Akkopru, A.
(2009). Biological relationship of potato virus Y and
arbuscular mycorrhizal fangus Glomus intraradices in
potato. Pest Technology, 3, 63-66.

Smith, S. E., & Smith, F. A. (2011). Roles of arbuscular
mycorrhizas in plant nutrition and growth: New
paradigms from cellular to ecosystem scales. Annual
Review of Plant Biology, 62, 227-250.
doi.org/10.1146/annurev-arplant-042110-103846

Spatafora, J. W., Chang, Y., Benny, G. L., Lazarus, K,
Smith, M. E., & Berbee, M. L. (2016). A phylum-level
phylogenetic classification of zygomycete fungi based
on genomescale data. Mycologia, 108, 1028-1046. doi:
10.3852/16-042

Tripathi, R., Tewari, R., Singh, K. P., Keswani, C., Mikina,
T., Srivastana, A. K., De Corato, U., & Sansinenea, E.
(2022). Plant mineral nutrition and disease resistance: A
significant linkage for sustainable crop protection.
Frontiers in Plant Science, 13, 883970. doi:
10.3389/fpls.2022.883970

Turina, M., Ghignone, S., Astolfi, N., Silvestri, A,
Bonfante, P., & Lanfranco, L. (2018). The virome of
the arbuscular mycorrhizal fungus Gigaspora margarita
reveals the first report of DNA fragments corresponding
to replicating non-retroviral RNA viruses in fungi.
Environmental Microbiology, 20, 2012-2025. doi:
10.1111/1462-2920.14060

Wang, L., Jia, X., Zhao, Y., Zhang, C. Y., & Zhao, J.
(2022). Effect of arbuscular mycorrhizal fungi in roots
on antioxidant enzyme activity in leaves of Robinia
pseudoacacia L. seedlings under elevated CO, and Cd
exposure. Environmental Pollution, 294, 118652.
doi.org/10.1016/j.envpol.2021.118652

Whipps, J. M. (2004). Prospects and limitations for
mycorrhizas in biocontrol of root pathogens. Canadian
Journal of Botany, 82, 1198-1227. doi: 10.1139/b04-
082

‘f"“ C’MB'B)LQ_! /‘ °)Lb-& /w@a}tﬁdﬂ o)sol @ “} ‘5.*-“?" 3 s“,,.s (s .



