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Introduction

Rice is one of the most important grains in the world and large part of its consumption is related to Middle
East. Iran ranks 23rd in production, 26th in cultivation, and 13th in rice consumption with nearly 560,000-
hectare rice lands and an annual production of nearly 2.5 million tons. In natural and agricultural ecosystems,
plants are associated with large populations of microorganisms in the rhizosphere, endosphere (inside the root),
leaves (phyllosphere), as well as pollen and seeds. These microorganisms spend all or part of their life cycle
inside the healthy tissues of host plant without any obvious sign of disease. The stable coexistence between
endophytes and plants is due to production of biological secondary metabolites with a unique structure, which
positively affects the survival of plant growth in adverse conditions. Studies have shown that endophytic fungi
increase resistance to drought, insects, diseases and host tolerance level, especially in stress conditions.
Considering the increase in the risk of dehydration and the lack of sufficient water resources and the
development and adoption of aerobic rice cultivation, it is important to identify endophytic fungi that increase
tolerance to drought stress and improve the growth factors of the host plant. There are relatively few studies on
endophytic fungi that colonize healthy tissues of rice plants under aerobic conditions. Therefore, the aim of this
study is to evaluate endophytic fungal collections in different parts of aerobically cultivated rice plants.

Materials and Methods

In this study, in order to identify endophytic fungi in aerobic cultivation of rice in Golestan province,
sampling were carried out from several aerobic rice fields in Golestan province, including Gorgan, Kordkuy,
Bandar Gaz, Aliabad and Kalaleh cities during the months of May to September in 2019-2020. Plant tissues were
transferred to the laboratory (Department of Plant Protection) in separate paper bags along with specifications.
Purification was performed on a 2% water-agar medium using Hyphal tip method. Based on investigations and
morphological data, a number of isolates were selected as representatives for molecular identification. Genomic
DNA was extracted from mycelia grown in PDB (Potato Dextrose Broth) culture medium according to the
CTAB method with a slight modification, and the polymerase chain reaction (PCR) was performed according to
Nemati and Abdulhazadeh method. The ITS region (ITS4-5.8S-ITS5) of the selected isolates was amplified
during the PCR reaction using ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3) and ITS4 (5-
TCCTCCGCTTATTGATATGC-3") primers and The p-tubulin region was amplified by T1 (5'-
AACATGCGTGAGATTGTAAGT-3") and B Sandy-R (5'-GCRCGNGGVACRTACTTGTT-3") primers.
Purification and sequencing of PCR products was done by Pishgam Biotechnology Company. The sequences of
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ITS and B-tubulin regions were modified and extracted using Chromas 2.6.6 software. Nucleotide sequences of
the selected isolates were compared with the available sequences in the Gene bank by Blast algorithm and the
sequences data were submitted in the NCBI database website. Phylogenetic trees were drawn using the
Maximum likelihood method and MEGA 6.06 software.

Results and Discussion

Based on preliminary morphological studies, 20 isolates were selected as representatives of purified isolates
and were identified by molecular analysis. In this study, a total of 39 fungal isolates were obtained, that the
highest number of the isolates belonged to the pods of rice plants with the frequency of 17 isolates and the
lowest number of isolates belonged to the roots of rice plants with 10 isolates. Among the 6 genera identified in
this research, the largest number of isolates was belonged to Alternaria and Fusarium genera, with 18 and 6
isolates, respectively, and the highest number of species was belonged to Fusarium genus with 6 species. Fungal
species include: F. chlamydosporum, F. proliferatum, F. incarnatum, F. solani, F. fujikuroi, F. verticillioides, S.
bactrocephalum, N. sphaerica, N. oryzae, A. alternata, E. nigrum, C. cladosporioides. Among these species,
Nigrospora sphaerica, E. nigrum and S. bactrocephalum are reported for the first time in this study as rice plant
endophytes in Iran.

Conclusion

Investigation of endophytic fungi in the present study indicates that some of these isolates, including F.
chlamydosporum, F. proliferatum, F. fujikuroi are pathogenic fungi. It means that range of the endophytic life
and pathogenic life cannot be separated and determined and environmental conditions and nutritional status
determine the type of interaction. F. chlamydosporum causes Fusarium root and crown rot, is reported in some
sources as an endophytic fungus in various plants.

Keywords: Fusarium, Morphology, Molecular, Rice endophytic, Sarocladium bactrocephalum
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dile wlidcsy ) Glas (olwlid (glp 0,5 eolaiwl b i,
() G g () T K0) S JS5 S Sleoguad
Clogad ¢ Jroi g o)l (alsp podume Candy Sy
5 oz B peine £lalS 3l ooliial b 5 05 sy 0y 5 yspe]
lolid Jyolo 5 (J 9 55le 5 <)l cpudl (28 loial, alen
Barnett and Hunter, 1998 Ellis, 1971) . slodl Lag,l8

(Leslie and Summerell, 2006

HSge (lulish 5 b M gs 9 255 DNA £l Akl
(%-LEINEN
Ladaslis 5l ool awlidcoy, sloodly o b )y ool
clowl Jilge alolid 5 (JoSdge Cllllae (4l 0ailes Glyicas
3 4Bl Ay Sapssluss 5| (093] DNA gzl (1 Jouo) 545
Ud9y b 5 (Potato Dextrose Broth) PDB xle cuis lasxe
Hymedly (loyoj (ST bole g plodl s (Sl CTAB
Nemati ) c8,5 plodl soljallae 5 gen g, b 3illee (PCR)
(ITS4-5.85-ITS5) ITS «_»U .(and Abdollahzadeh, 2009
5-)ITS5 55L¢T g 5l osliel Ly s PCR i Sy b
5-) ITS4 5 (GGAAGTAAAAGTCGTAACAAGG-3'
(White et al., 1990) (TCCTCCGCTTATTGATATGC-3'
5-)T1 55\ el oo Lo ¢ B-tubulin U
5-) p-Sandy-R 5 (AACATGCGTGAGATTGTAAGT-3'
Si5 , iS5 (GCRCGNGGVACRTACTTGTT-3
42,85 0 Jols PCR kylyi (O’Donnell and Cigelnik, 1997)
P aS as s Y0 ol 5 le a0 slod > adgl (gilocud yulg

5w puly (gl 1,8 e an ;0 AF slod 0 4l Ve Sy
aidy ) oSilel Juasl ol o5 lo a3 )3 00 (slod ,> 4l Yo
a D VY lod ;2 addy B g by (gl 315 olo a2 VY (sled o
2 @l b 2 G ol 3 g 2l b Gl 1S 8le
5 ilw Il ASplul 4By Vo e 4y wgewlw 4> )0 VY gled
Sy (5358C i €5 i Laogs PCR & ano JI5 (0
pyo 3l ealawl U B-tubulin 4 ITS sy sla Jlg .cé )5 plbol
el jolaieds Wui zly5cul 5 2ol Chromas 2.6.6 153
2 BLAST (s 0l 5l edlawl U ol daalis JoSse
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Table 1- List of isolates identified in this study, host tissue and collection site

Soglaee Joo Ol 8L (B aglia dlasy ali o
Locality Plant tissues Fungus Number of isolate Code
al.flu.Lc—aL;ch s Ay .
Fusarium chlamydosporum 6 Z18
Nosratabad- Aliabad Root yeosp
e Sp B F. incarnatum 4 Z3-GK
Kalaleh Leaf sheath
) blsle-abs 5 F. proliferatum 2 Z2-RPA
Pichak Mahalleh- Aliabad Root
o5 i F. solani 2 Z34-RZG
Zangian-Gorgan Root
SR L N F. fujikuroi 2 Z5-RAG
Aliabad-e Kenar Shahr-Gorgan Root
5525 S SN F. verticillioides 2 Z45-GSK
Kordkuy Leaf sheath
‘Jlf_’f Ok Sp B Sarocladium bactrocephalum 2 220-GZG
Zangian-Gorgan Leaf sheath
P S Nigrospora sphaerica 2 Z39-BB
Bandar Gaz Leaf
oSS S N. oryzae 4 742-BZG
Zangian-Gorgan Leaf
5525 Leaf Alternaria alternata 6 Z86-BSK
Kordkuy
O eI Sp S Epicoccum nigrum 5 Z87-GSG
SorkhankalatehGorgan Leaf sheath
tldemstler Sp S Cladosporium cladosporioides 4 Z51-BNA
Nosratabad- Aliabad Leaf sheath

(D ¢ygumrgmeds ‘@, (C tolo S 51 e PDA CuiiS b (59, 58 iy (A &B ¢Fusarium chlamydosporum &

o

CRN'E

92559 5o (E fp520085 9 S0

Figure 1- Fusarium chlamydosporum: A and B) Colony on PDA after a month; C) Hypha, chlamydospores: D) Microconidia;
E) Macroconidia
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Fusarium incarnatum (Desm.) Sacc., 1886

9y 455 b s g Sy BMe jlaglis ¥ 4o ol

9 e 4 hle b ) 4 wS1yie (29 porduse (1> PDA
Dy glogad day Jule (Jyso Sy Ky (65 Cudy Caomd
o o ppnadS (55) Joho M2 U Jsho S5 bapgrniSs e
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Table 2- Accession number and similarity percentage of the identified isolates
05 S (i pland S5

) z,8 alas 55
Gen Bank Accession number Funaus Code
TUB ITS g
ONB872943 ONO032307 Fusarium chlamydosporum Z18
ON859911 ON113888 F. proliferatum Z2-RPA
ONB872942 ON113890 F. incarnatum Z3-GK
- ON113886 Sarocladium bactrocephalum Z20-GZG
ON872944 ON113891 F. solani Z34-RZG
ON872941 ON113889 F. fujikuroi Z5-RAG
ON872945 ON246171 F. verticillioides Z45-GSK
- ON246204 Nigrospora sphaerica Z39-BB
- ON246205 N. oryzae Z42-BZG
- - Alternaria alternata Z86-BSK
- ON113887 Epicoccum nigrum Z87-GSG
- - Cladosporium cladosporioides Z51-BNA
MN 103540.1 Fusarium proliferatum
KU258644.1 Fusarium proliferatum
MK 514043. 1 Fusarium proliferatum
8 MHS844692. 1 Fusarium proliferatum
KU376434.1 Fusarium proliferatum
@ ON 113888 Fusarium proliferatum
MH760734.1 Fusarium proliferatum
@ ON246171 Fusarium verticillioides
MH054923. 1 Fusarium verticillioides
LT575140.1 Fusarium verticillioides
99  LT575139.1 Fusarium verticillioides
= LT575138.1 Fusarium verticillioides
LT575137.1 Fusarium verticillioides
@ ON113891 Fusarium solani
KF918565.1 Fusarium solani
10 MK06960)2. 1 Fusarium solani
100 | MH888091.1 Fusarium solani
MHS88090.1 Fusarium solani
MUHS888089.1 Fusarium solani
89 | MT895843. 1 Fusarium incarnatum
MH341258.1 Fusarium incarnatum
MK439849.1 Fusarium incamatum
MZ497522.1 Fusarium incarnatum
I @ ON 113890 Fusarium incarnatum
98‘4 L.C5654181.1 Fusarium incarnatum
99 | @ ON 113889 Fusarium fujikuroi
4{ MK072724. 1 Fusarium fujikuroi
P FM878935.1 Fusarium chlamydosporum
FM878937.1 Fusarium chlamydosporum
7\ @ ON032307 Fusarium chlamydosporum
981 MT03393.1 Fusarium chlamydosporum
NR 160754.1 Colletotrichum gloeosporioides
lT{
o5 31 03l b yl,] ¥y ;3 Maximum likelihood (yig, & TUB b (suwigdSsi Jlgi (il p 00nd o 3 Siijolad ©b 55 =Y UKW
MEGA 6.06 ;3!

ol oad OBl > )5 09,5 leicay Colletotrichum gloeosporioides «545

Figure 2- Phylogenetic tree inferred from maximum likelihood analysis of the nucleotide sequence of TUB in 31 taxa
generated using MEGA 6.06 software
Colletotrichum gloeosporioides was used as an out group.
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0929058 9,5 Lo (D ¢y gmur 9o MS cunny  (C i 93 51 gt PDA CuiiS Lamo (595 )8 iy (A&B ¢ Fusarium incarnatum g8 -Y' JSd
Figure 3- F. incarnatum: A and B) Colony on PDA after two weeks; C) Hypha, chlamydospores; D) Macroconidia

s A edalie pily e oy laoled b IS S¢ 0y Epicoccum nigrum Link, 1816

S Lame 55y 55 ol &5 33 53 391 yagySan VoY + lipoyiuiS b asS, s s @y SpadMe jlalis 0 465 ol

o e 8 ) 3 ljpgeel i o> glize oS, PDA P il o8 Syt ol 48l L pgelus 05152 05,
B o o) skl glisl gus Ol 6 28 G 35 PDA S mo (55, 31 035 303

o oy S 4568 oyl )3 0b Cd jay 40 o ee /AVY &S
Slog28 b 50 )3 Syt JS5 (panr U (595 bapgaS g pasedl

0925 (C taian 93 51 g PDA CuiiS oo (59, )8 iy (A &B ¢ Epicoccum nigrum 48 -£ JSU
Figure 4- Epicoccum nigrum: A and B) Colony on PDA after two weeks; C) Conidia

Figure 5- Sarocladium bactrocephalum : A) Colony on PDA after one weeks; B) Hypha, Conidia and Conidiophores
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100 | MH860749.1 Nigrosporaoryzae
61 @ ON246205 Nigrosporaoryzae

MH859499.1 Nigrospora sphaerica

00 | @ ON246204 Nigrospora sphaerica

MH854878.1 Nigrospora sphaerica

100

0.1

MHB859705. 1 Sarocladium strictum

g - MH871182.1Sarocladium bactrocephalum

9
@ ON 113886 Sarocladium bactrocephalum

@ ON 113887 Epicoccum nigrum

5 MHS878313.1 Epicoccum nigrum
‘ MHS872357.1 Epicoccum nigrum

MHS872318.1 Epicoccum nigrum

MHS876177.1 Xylariaxylarioides

MEGA 6.06 ,1331 0,5 31 a3liias! U al,1 V¥ ;5 Maximum likelihood (yig, 4 ITS apl (wlw! 5 o0l a5 Suijolad €50 =1 UKD
ol o Sl 5 095 leica, Xylaria xylarioides 4,5
Figure 6- Phylogenetic tree inferred from maximum likelihood analysis of the nucleotide sequence of ITS in 13 taxa generated

using MEGA 6.06 software
Xylaria xylarioides was used as out group.

Ok 5 ol &)l Claswieo b g8 pl (awlidcoy ) Olusgas
by e 3 g )8 ol a5, (Domsch, 1980) cusls cdllas gl
4 jgy 03 jl o )8 A5 jhaB &S (g sbe 39 0 )l jw PDA
L Lol et S5 &4 Ay (gl 50 a5 ) oy yio luo Ve
SrS B Sy gl & (205l £y 5 Ain S 3 ]
Lo pp oS ddal )3 dudas bl b olyam 05 (6558 b (b,
S b plas a5 4 50gySie Yo=Y x V0=V slal asy osgS
¢ oo (JSb Syl yopaniS Aol Jsho i0g: 3yile pyiiS
SS90t g e L 595 9 fegySue PV Jlad 4y g (4,
Yo slal 3 S e B 595 coliws popaiS o odnlie Jolas

{7 9V JS8) 392 yie9,Sse VO

Sarocladium bactrocephalum (W. Gams) Summerbell
2011

53 A0S s s 11 iy 5y GO 5 i ¥ 4565 ol
LV & 59, Y (b o5 ol 5,0 YO (sled j0 PDA cusSlaze
el )5 d late ddw & )giody 45 o) o s 1A
posbne b odaliiie S8 (28)5 S5 4 9 23 U ogb e
29 yagSen VY b ye & w53 0)lgd g Bl pd) vy
ingy scian § Lasiins oS 4515 3115 L L o0k sy 0
X YA 0,5 sl b (cledlyinl o Joloo S5 papS Nigdh oo 30
(F 50 JS5) s oanlive jomogdnoMS gy yiog,Sue V-V/0

Nigrospora sphaerica (Sacc.) E.W. Mason 1927
b e g S gy D e 4l VA ol ]

L 11091008 9 0930w cdunt 5 (C it S I s PDA Cuis Mg,} @, iy (B&A ¢ Nigrospora sphaerica aigs -V JSui
Figure 7- Nigrospora sphaerica : A and B) Colony on PDA after one weeks; C) Hypha, Conidia and Conidiophores
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@B bwg oS gigole 1dg g olS 55 (gilew @)oo crge
Cadgisl )8 ¢ JLs ! L (Bacon et al., 2008) 545
Pl 5o gljsylens 258 S iy Fusarium verticilliodes
=y 2065 jes 5l 9 S o g8y |y Ustilago maydis
Cudgisl ¢, 6 (Estrada et al., 2012) uS' o cladlxs (g)log
3, Skee jials Coge &S cunl |5 lew S Verticillium dahliae
o ¢ 39,8085 dile ely; Y game 5l rowg cads (0 (o0
s ;I (Jimenez-Gasco et al., 2014) 555 oo (505 9 (w0
(= 9l> GlalS (gzmen wll (LS Sl g5k )3 )8 ) 50
Koberl et ) cosl oads )55 cudsil laicds 1650l 5 (o jamw
J8" sl Verticillium dahliae wae (slaas s (al., 2013
S)low g0 45 >,LE Ophiostoma novo-ulmi S 590se
(Solla and Gil, 2012) s eslawl 3gd 0 (sl y9)l S po
o)l Ll 0y g0 poalisd sodisS | (S cunload 515
503l il adlles > (ISlam et al., 2014) G4 oo (s iid glitw!
Alternaria . _slo s ils cudsas! slag,ld ;I 50 o) Kea
s lals ol ase JB us, sl i)yl consortiale
(Hatamzadeh et al., 2022) .sly L (puin plp dw) Jals
el g sin g o slog)ls Yoane bybl (i (slotisS
O-Ses il cpl g oo (ljee ol (Shewr b (5305 sl
5 Ol o Sl daily &5 WS coles (58 ol 5l g b el
o dbaly 5 4 sl (Sae bl (13065 lon (slapansilS )l
2 bl slag B o,y (Hardoim et al., 2015) 555 s
alon jl Laalis ol 5l ool &S conl ol 51 (S yols ings
-z,6 (F. fujikuroi F. proliferatum F. chlamydosporum)
355 e 45 Caline (il nl g 2bl e isslow sl
bulyd g 3Bl o pasuie § SSE BB lisslen 5 dgl
Fo@)l8 S (oo (e 1) (liSen p 99 0385 Cumdg 9 (e
a8l g sy 05 )lis8 Sduws Jelge ;I chlamydosporum
olels jlcudesl )8 plaie an el (pam 3 & aBle
i Log) o Dendrobium cerumenatum o3 ales I calise
F. sass (Jonbozorgi et al., 2019) cul onds 5,155 b
g ddg Saowg Jele olgieqs 55 F. fujikuroi ¢ proliferatum
4o plgin ol 3 Ll el ()15 AL o)low 5 @ ada)
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il cudall 2,8 5l glaseS leicay |) F. proliferatum ., Son
9 &ilwlis (Valino et al., 2009) sS40 i)l55 g0y oLS
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o Ao Blate alis dlas o iy (Buid ol o ol o lwlid
sl F Jlgd L § e s 5oy Fusarium 4 Alternaria cls
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Cudgal glaaslis b sl 48 Lid glly3 L Fusarium
9 lbesn) G Shy polel p Ghagh cpl o ead olulis
F. « Fusarium chlamydosporum slada S 4y JoSJge
F. . fujikuroi F. solani F. incarnatum proliferatum
Sarocladium bactrocephalum werticillioides
Alternaria alternata N. oryzae Nigrospora sphaerica
sl Cladosporium cladosporioides Epicoccum nigrum
3390 §5 5 S3StS syl e 5 syl S plos il
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Introduction

One of the most effective ways to preserve biodiversity is to convert conventional systems into organic ones.
The organic farming system reduces the negative effects of intensive management. The biomass of the soil
ecosystem has different responses in management methods including tillage, fertilizer and defense inputs, and
organic modifiers. Understanding the role and responses of biomass in different cropping systems is essential to
support sustainable horticultural practices in managing plant-parasitic nematode.
Materials and Methods

Sampling has been done from two organic farming systems, conventional and pasture, in order to identify the
morphology of soil plant parasitic nematodes, soil physicochemical characteristics, and microbial respiration.
Plant parasitic nematodes were extracted, killed, fixed, and transferred to glycerin and permanent slides were
prepared. The effect of the type of cultivation system on the abundance and diversity of plant parasitic
nematodes in common and organic apple and peach orchards compared to pasture were investigated by
multivariate analysis of variance (MANOVA) in Xlastat 2020 software.

Results and Discussion

20 Genera belonging to 11 families of plant-parasitic nematodes were identified, which had different
frequencies based on the type of cropping systems and crops. The comparison of the type of organic cultivation
system with the common showed that it had a significant effect on the frequency and diversity of plant parasitic
nematodes; the highest frequency of the nematode genus in organic peach cultivation system is Gracilacus and
the lowest frequency is Scutylenchus genus in common apple cultivation. The abundance of nematode family in
organic system is more than common and the abundance of nematode family in peach organic system is more
than apple organic system. It should be mentioned that the common apple system is close to pasture in terms of
abundance. The abundance of nematode family in the common system of peach is more than the common system
of apple. The type of cultivation system had a significant effect on the frequency and diversity of Pratylenchus,
Helicotylenchus, Tylenchus, and Rotylenchus genera, while it did not have a significant effect on the Gracilacus
genus. Type of host plant had a significant effect on the frequency and diversity of plant parasitic nematodes
definitely in all soil condition variables. The type of host plant was significant on the frequency of all plant
nematodes except Tylenchus and a significant effect on the diversity of all except Tylenchus and Rotylenchus.
Among all soil factors, microbial respiration, EC, OC, K, P, and texture (percentage of soil particles including
sand, silt, and clay) showed a significant effect on all lineages of nematodes.
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Conclusions

Significant differences in community structure in plant parasitic nematode communities in three systems
were recorded. The results of the present study have shown that the frequency and diversity nematodes are
different from the results of other researchers in apple and peach orchards, that plant types and cultivars, basic
genotype, or soil management practices affect the composition of plant parasitic nematode community groups. In
this study, the abundance and diversity of nematode in the organic system was more than in pasture, and
conventional agriculture with more than 10 years of history, including tillage and chemical inputs, and organic
matter loss, erosion, and low in the soil agroecosystem. The reduction of the plant parasitic nematode in the
conventional system compared to the organic system is caused by the reduction of organic matter, tillage, or
chemical inputs. The results showed that the type of product and management practices affect nematode
communities. The composition of soil nematode communities is significantly different in organic, conventional,
and pasture farming systems. The organic peach and apple system is facing an increase in nematodes more than
conventional. It seems that plant parasitic nematodes are sensitive to soil management practices. Soil nematodes
are useful indicators to evaluate the intensity of management and sustainable management of horticultural
ecosystems on soil ecosystem performance; because they have several feeding habits in soil, and micronutrient
networks and play an important role in the food cycle, pest suppression, and regulation of microbial
communities. There were high pest pressure of nematodes in the organic peach farming system in comparison to
the apple farming system. In this research, apple is better than the peach for organic production in Damavand
orchards. In addition, growers consider peaches better than apples due to market and price considerations. With
the increase in the demand and price of organic products, the organic system is facing high pest pressure due to
fewer management options compared to the conventional system, which requires the development of integrated
plant nematode management strategies.

Keywords: Diversity, Fruit, Genus, Nematode, Production system
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Table 1- Physical and chemical parameters of soil based on standard soil test methods

&l yg03] oL s o sl
Name of test/source Equipment Parameters
( Haluschak, 2006) gLl J5 o PH &l
Paste Saturated pH meter Acidity
(Ashworth et al., 2007) ¢ 05,4 NTITIRNY SB el
Hydrometry Hydrometry Soil Texture
(Black and Walkey, 1934) <M, Sl Jizes &y Jens
Walkley and Black Digital Burette Organic carbon
(Kjeldahl,1883) Jlioxs Jllos JS o305
Kjeldahl Kjeldahl Total nitrogen
(Tucker and Kurtz, 1961) (¢ yegusloes Jlsus @yg s b8 s’
Complexometric Digital Burette Auvailable Calcium
(Tucker and Kurtz, 1961) (¢ yegusles Jlsus @yg o b o juie
Complexometric Digital Burette Available Magnesium
(Chapman and Pratt,1982) pg.gel <l Sogigh wald Slo b6 ks
Ammonium acetate Flame photometer Available Potassium
(Olsen et al.,1954) .y &9 il Gl BB jaud
Olsen Spectorophotometry Available Phosphorus
(Black, 1965) laiges oyl sy ol plb ogass
Paraffin-coated specimens Oven Bulk Density
(Bower et al., 1959) 4 Joagigd muld 9l oo cud b
Bower Flame photometer Cation Exchange Capacity
(Rhoades,1996) sl.sl |5 e EC oSl colan e bl
Paste Saturated EC meter Electrical conductivity
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2- Shannon Wiener index
3- Multivariate Analysis of Variance
4- Normalization
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Figure 2- Abundance of 20 genera of plant parasitic nematodes in research stations
(Organic system of apple, Organic system of peach, Conventional system of apple, Conventional system of peach, Pasture)
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Figure 3- Frequency of 11 families of plant parasitic nematodes in research stations
(Organic system of apple, Organic system of peach, Conventional system of apple, Conventional system of peach, Pasture)
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Figure 4- Genus diversity of plant nematodes based on Shannon Weir index in research stations
(Organic system of apple, Organic system of peach, Conventional system of apple, Conventional system of peach, Pasture)
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Table 3- The effect of the type of cultivation system on the abundance and diversity of plant nematodes

Wilos slolw 903! 33 Sl g
Plant nematode Cultivation system Test Estimate Prob.
)y 9 S Pillai's 0.312 4.00 <0.0001
‘ Syo 9 S5 Pillai's 0.247 4.09 0.001
Sl Pillai's
Frequency Bl Roy's 0.002 4.09 0.766
Hotelling-Lawley's
@)y 9 KI5 Pillai's 0.295 4.00 <0.0001
Syo 9 S5 Pillai's 0.177 4.09 0.007
&5 Pillai's
Diversity Sy Roy's 0.001 4.09 0.869

Hotelling-Lawley's

@ b uin ol g5 g Cawl 039 Yl iz Tylenchus gLzl
Joio) cawl atily Hl sxe 51 Rotylenchus 4 Tylenchus jl .
(F

AL S saSles £55 9 Slglyd 2 S bl b
5 Slld S5 Sy cush) sliztul 4 5pSolul 3)lge ooles
p-value < ) cowl arih jb —xe 3 LS ISl slasle go
.(0.05

S5l s ailed i £95 9 (Slglyd 2 cadS dilolw £

€95 5 Sl 2 (B0 5 @l «SHE) cutS bl 951 AL

Helicotylenchus [Pratylenchus L3 JSI slassles i

=4S Jygoyd i b gxe 51 Rotylenchus (Tylenchus
(F Jsis) Cusl atislis Js sxe y3l Gracilacus s

AL IR ool (i £99 5 Syl 0 S 5
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Table 4- The effect of the type of cultivation system on the abundance and diversity of plant nematode genera

Wiled o 03! %33 = S Thaw
Nematode Genus Test Estimate Prob.
Gracilacus Pillai's 0.033 3.13 0.330
Pratylenchus Pillai's 0.108 3.13 0.022
ol Helicotylenchus Pillai's 0.210 3.13 0.000
Frequency Tylenchus Pillai's 0.125 3.13 0.011
Rotylenchus Pillai's 0.198 3.13 0.001
Gracilacus Pillai's 0.032 3.13 0.332
Pratylenchus Pillai's 0.113 3.13 0.018

&5 Helicotylenchus Pillai's 0.373 3.13 <0.0001

Diversity Tylenchus Pillai's 0.158 3.13 0.003
Rotylenchus Pillai's 0.201 3.13 0.001

GBS IS Sl £98 5 gl 0 CuiS g5 51-0 Jguo
| Table 5- Effect of type of crop on abundance and diversity of plant nematodes

Sled CuiS gy o9ejl 93 Gl g
Nematode Crop Type Test Estimate Prob.
o s Pilla's 0372 4.19 0.000
Slolys Peach
Frequency e Pillais 0431  4.19 <0.0001
Apple
s Pillai's 0342 419 0.001
£ Peach
Diversity o Pillai's 0351  4.19 0.001
Apple

P UK ailed (i £95 9 (SglyS 2 P g o CulS g9 1T Jgaa
Table 6- The effect of the type of apple and peach on the abundance and diversity of nematodes

ke o 095! o)) E Sl g
Nematode Genus Test Estimate Prob.
Gracilacus Pillai's 0.158 4.00 0.002
Pratylenchus Pillai's 0.117 4.00 0.008
Helicotylenchus Pillai's 0.143 4.00 0.003
oy Tylenchus Pillai's 0.062 4.00 0.054
Frequency Pillai's
Rotylenchus Roy's 0.000 4.00 0.000
Hotelling-Lawley's
Gracilacus Pillai's test 0.166 4.00 0.001
Pratylenchus Pillai's test 0.125 4.00 0.006
Helicotylenchus Pillai's test 0.122 4.00 0.006
E95 Tylenchus Pillai's test 0.049 4.00 0.091
Diversity Pillai's test
Rotylenchus Roy's test 0.000 4.00 0.982

Hotelling-Lawley's test
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Introduction

The seeds of common bean plants (Phaseolus vulgaris) are among the most important food sources worldwide.
The plant pathogenic fungus Rhizoctonia solani causes seed rot and seedling damping-off of bean plants and is
one of the most important soil-borne pathogens in most cultivation areas of this plant. R. solani plays an important
role in reducing the yield and quality of this crop. Biological control is a promising, effective, and sustainable
solution for managing soil-borne fungal diseases. The simultaneous use of biological control agents, especially
agents with different mechanisms of action, might increase the chance of success in disease management. Indeed,
two living agents can show different types of interactions based on their inherent characteristics and ecological
conditions. In the current research, the potential of co-application of mycorrhizal fungi and bacterial strains from
different taxonomic groups was evaluated on increasing the growth of beans and suppression of bean damping-
off.

Materials and Methods

In this research, the effect of 14 different bacterial strains on the mycelial growth of R. solani was investigated
by dual culture and by the volatile compound production tests in the laboratory. The list of bacterial strains
included: Bacillus megaterium B15, Bacillus thuringiensis B48Pet, Bacillus subtilis BS (B.s), B. subtilis AS,
Lysinibacillus boronitolerans RUPB71 (Lysin), Pseudomonas putida RUP1, Arthrobacter citreus B27Pet,
Alcaligenes faecalis 1624, Bacillus pumilus INR7, Bacillus thuringiensis 32B (B.thur), Azotobacter vinelandii
RUAL (Azoto), Delftia tsuruhatensis PIIR (Delft), Stenotrophomonas maltophilia S37 and Bacillus velezensis
JPS19 (B.vel). In the dual culture test, B.s, B.vel, Alca, Azoto, Lysin, and Delft strains significantly reduced the
mycelial growth of the pathogen. In volatile compounds production test, three strains, Alca, Azoto, and B.thur,
significantly reduced the mycelial growth of the pathogen. Four bacterial strains, including B.s, B.vel, Alca, and
Azoto, were selected for greenhouse experiment. The selected bacterial strains as separate and combined
application with two species of arbuscular mycorrhizal fungi (AMF), including Funneliformis mosseae (F.moss)
and Glomus claroideum (G.cla) were investigated for inhibiting the disease caused by R. solani, and for their effect
on the growth parameters of bean plants in the presence of the pathogen. The greenhouse experiment was
conducted as a completely randomized design with 16 treatments and five replications.

Results and Discussion

Many of the greenhouse treatments that were applied in this study, significantly reduced the severity of the
disease compared to the diseased control. They significantly increased the fresh and the dry weight of the shoots,
root fresh weight and root dry weight. Four treatments (F.moss, B.s, Alca and Azoto) significantly enhanced the
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root length and four treatments (Alca, B.s, B.vel+G.cla and Alca+G.cla) increased the shoot length. In terms of
the effect on the disease, the B.s strain was the best treatment, which reduced the disease severity by 36.5% and
showed the greatest effect in promoting the vegetative characteristics of the plant. Although the bacterial and
mycorrhizal strains showed compatibility in many combined treatments, G.cla+B.vel was the only double
treatment that showed an increasing effect on the fresh weight and shoot length compared to the separate
applications. The other double treatments did not have an additive or synergistic effect in reducing the disease and
improving plantgrowth. Even in some double treatments, in terms of reducing disease and improving plantgrowth,
a weaker effect was seen than their single treatments. Among different treatments, Alca+G.cla and Alca+F.moss
showed the highest and B.s+G.cla showed the lowest mycorrhizal colonization.

Conclusion

The effect of bacteria on mycorrhizal colonization was increasing, decreasing, or null depending on the
combination of bacterial and mycorrhizal strains used. In many cases, there was no direct relationship between the
amount of mycorrhizal colonization and disease control. Overall, before the commercial use of the combination
of biological agents, it is necessary to check their interactions in greenhouse and field experiments and ensure their
compatibility and lack of antagonistic effect on each other. If the biological agents present in a consortium are
compatible, its biocontrol effect will be more stable, efficient and reliable, and it will be possible to use it in a
wider range of variable soil ecological conditions. Moreover, the interaction of individuals within a given
consortium is strain-specific, and the results of an experiment on specific strains cannot be generalized to other
strains of the same species.

Keywords: Biological control, Disease severity, Growth stimulation, Rhizoctonia solani
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Disease severity index (DSI) (%) = [Z(degree of the scale
x frequency) / (total number of units evaluated x
maximum degree of the scale)] x 100
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Figure 1- Inhibition of the pathogenic fungus (Rhizoctonia solani) by some bacterial strains in volatile compounds production
(B-D) and dual-culture (E-H) tests

A) Control (Rhizoctonia solani), B) B. thuringiensis B48Pet, C,H) Alcaligenes faecalis 1624, D) Azotobacter vinelandii, E) Bacillus
subtilis BS, F) Bacillus velezensis JPS19, G) Lysinibacillus boronitolerans RUPB71
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Table 1- The influence of bacterial probiotic strains on the growth of Rhizoctonia solani colony in dual culture and volatile

compounds production tests on PDA

Data are means of the data from three replicates. The means were compared using Duncan’s test (o = 5). The means with common
letters are not of statistically significant difference.

slowd SRR OS5 g Sabib o,y Jilike CulS jy S,k sy
Treatment Inhibition by volatiles (%) Inhibition in dual culture (%)
Arthrobacter citreus B27Pet 444c Oe
Alcaligenes faecalis 1624 3111a 35.11b
Azotobacter vinelandii RUAL 30.22a 27.56 ¢
Bacillus megaterium B15 Oc Oe
Bacillus pumilus INR7 O0c Oe
Bacillus subtilis AS Oc Oe
Bacillus subtilis BS Oc 56.44 a
Bacillus thuringiensis 32B Oc Oe
Bacillus thuringiensis B48Pet 19.56 b Oe
Bacillus velezensis JPS19 Oc 5822 a
Delftia tsuruhatensis PIIR Oc 15.11d
Lysinibacillus boronitolerans RUPB71 Oc 23.56 ¢
Pseudomonas putida RUP1 Oc Oe
Stenotrophomonas maltophilia S37 Oc Oe
Control Oc Oe
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Figure 2- The effect of treatment by probiotic bacteria and arbuscular mycorrhizal fungi on the severity index of the disease
caused by the pathogenic fungus R. solani in greenhouse
Data are means of the data from five replicates. The means were compared using Duncan’s test (o = 5). The means with common

letters are not of statistically significant difference. The abbreviations used in treatment names are as follows: DC: Diseased control,

HC: Healthy control, Alca: Alcaligenes faecalis 1624, Azoto: Azotobacter vinelandii, B.s: Bacillus subtilis BS, F.moss:
Funneliformis mosseae, B.vel: Bacillus velezensis JPS19, G.cla: Glomus claroideum.
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Table 2- The effect of treatment by probiotic bacteria and arbuscular mycorrhizal fungi on bean growth parameters at the

presence of the pathogenic fungus R. solani in greenhouse
Data are means of the data from five replicates. The means were compared using Duncan's test (o = 5). The means with common

letters are not of statistically significant difference. The abbreviations used in treatment names are as follows: DC: Diseased control,

HC: Healthy control, Alca: Alcaligenes faecalis 1624, Azoto: Azotobacter vinelandii, B.s: Bacillus subtilis BS, F.moss:
Funneliformis mosseae, B.vel: Bacillus velezensis JPS19, G.cla: Glomus claroideum.

o il o1l Jsb wiydsb el Fogy  adydogy aby WS eSO
T i Shoot length Root length Shoot wet wight Root wet wight Root dry wight 2lg
reatment
(cm) (cm) @ @ (C)] Shoot dry wight (g)
Alca+F.moss 20f 14.04 def 8.63d 231b 0.12 bc 0.79 cde
Alca+G.cla 22.16 de 13.69 defg 7.37 ef 2.19 bc 0.11cd 0.84 bc
Alca 24.39 bc 173 a 8.03 de 2.09 bed 0.13b 0.83 bed
Azoto+F.moss 20.85 ef 14.28 cde 755e 16f 0.08 fg 0.66 fg
Azoto+G.cla 20.59 ef 14.29 cde 6.59¢g 1.74 ef 0.079 0.62 fg
Azoto 21.13 ef 16.63 ab 7.85e 1.91 cde 0.13b 0.69 def
B.s 25.19 ab 17.83a 10.98 b 2.66a 0.15a 0.94b
B.vel 20.23 f 12.59¢ 6.62¢ 1169 0.07 fg 0.71 cdef
B.s+F.moss 19.49 fg 13.8 defg 5.24h 0.77h 0.06 9 0.53¢g
B.s+G.cla 20.3f 13.83 defg 7.86¢€ 2.09 bed 0.1 cde 0.68 defg
B.vel+F.moss 18.06 g 12.89fg 6.28¢g 155f 0.08 fg 0.61fg
B.vel+G.cla 23.46 cd 13.66 defg 9.48¢ 1.89 de 0.11 bed 0.81 bcde
DC 19.38fg 12.93 efg 3.89i 1.01 gh 0.06 g 0.4h
F.moss 20.19f 14.75cd 6.71 fg 1.62 ef 0.09 ef 0.7 cdef
G.cla 20.85 ef 13.65 defg 8.03 de 1.82 def 0.1de 0.70 cdef
HC 26.61a 15.51 bc 12.23a 2.71a 0.16 a 1.02a
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Figure 3- Growth status and occurrence of the disease caused by the pathogenic fungus Rhizoctonia solani in bean plants
treated with some selected bacterial strains and arbuscular mycorrhizal fungi in the greenhouse
A) Azotobacter vinelandii, B) Bacillus subtilis BS, C) Funneliformis mosseae, D) Bacillus velezensis JPS19 + Glomus claroideum,
E) Alcaligenes faecalis 1624 + G. claroideum, F) Healthy control, G) Diseased control.
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Figure 4- Colonization rate by arbuscular mycorrhizal fungi in the roots of bean plants variety Early Khameneh 535
The means were compared using Duncan's test (a = 5). The means with common letters are not of statistically significant difference.

The abbreviations used in treatment names are as follows: Alca: Alcaligenes faecalis 1624, Azoto: Azotobacter vinelandii, B.s:
Bacillus subtilis BS, F.moss: Funneliformis mosseae, B.vel: Bacillus velezensis JPS19, G.cla: Glomus claroideum.

Fatima ) sy s b g 58 bwgs cuiS b )3 oad ol Jobo Eo
J(etal., 2009; Swadling and Jeffries, 1996 ‘
92 WIS > oy (sl (b Sl coie g Sl ple
low 2ol b dunlis 4o 50 aldS 10 B.S 3 AZOtO b xS dygm
Sl gl )3 sl ials b pxe jsbay |y (gylen i
R. oy o B.subtilis ;I olaagw ol byl )5 a8 505 3459
Loy 5 Gumjims ((SbarsS plai e lals > solani
Abbas et al., 2019; Donmez et al., 2015; Ouhaibi-Ben )
E559 saF L oy gw oL 55 4 (Abdeljalil et al., 2016
aJe (Azotobacter chroococcum y.ls) Azotobacter s |
Fatima et al., 2009; Maheshwari et al., ) p4:5 ;5 R. solani
a5 b .ol sl b3l 4 (Vermaet al., 2001) Js 5 4 (2012
29,5088 Slaclolio 3 b oBiylojl )5 ayg 9l Sl 4
SIS calpls izdly (5 )lows poase 43 oo 2 (295 Sl
Mg a4 (0500 U lgs o 1y, SB s R.osolani y asgw 93 0y

090> Ll 53 008 () (b ST g VY gl cnl

B. subtilis BS Joli agu i ¢ blite cusS oy90jl ) ¢ gladuis
L. A. vinelandii A. faecalis 1624 B. velezensis JPS19
» ¢ D. tsuruhatensis PIIR 4 boronitolerans RUPB71
A. faecalis 1624 Jolis &g aw )l,3 SluS 5 adgs oUlgs 905
L azwslg B. thuringiensis B48Pet 4 A. vinelandii RUAL
2 sles (6555l 5 lews podune w) jl cals I ) xe A
ool 9 el il 4 g Ko aBal] (b jtng
ol 2 43y 5 4 e (ke b b | pbagw (2)Bas
oSkl pbage (Jlaplgisa Cwl oad o)Ll ingh
Alsudani and Raheem Lateef ) Azotobacter chroococcum
B. subtilis (Al-Awsi, 2020; Matloob and Juber, 2013
Huang et al., 2017; Hussain and Khan, 2020; Ouhaibi-)
Honda et al., ) A. faecalis 4 (Ben Abdeljalil et al., 2021
Slodgs 1el,8 R. solani yly ,> (1999; Zhang et al., 2016
1) PGPR Lausgs 03,3}l sblio S5 5 g8 pgebuse 43, ialS
Sl Wl bas GlSs Mg 4 g Yol

3l (B 53 A s ) gy 05,55 @l 5 g eyl
oSl gy 03 g5 claSigm 5] 45 043 ol o,
2 25290 Alizee ()5 jlos 058y 3 1T B (29,0 S
ooskewl > glael (Braun et al., 2010) uuS’ o ) S

- | WS o5 sl 3l b g byl b Ledglio



VWA g gy s S39 9 2lisiTo ) 6 ot 5ol 32 S1aLw IS 325850 S, g Los S (S 1 5T i)l )50 g 03158 po

ool idlS o dilisee clay g5l L AMF &S o slpidi
oS Bgdie silow oo 931315 (LS sla S lons I (5L sl
ool jw 3 6l )Silen b ey 4 g0 adlox o
Obie sitiwgs OVgaxo o (Wu et al., 2021) 3>l
aduy 4 od)ly cauwl lps b ialS (Aljawasim et al., 2020)
Jentschel et al., 2007; Zhou et al., ) oad (g} 550 Ljae
Sl Cooglio il g > sl )5l (o5l b 4 (2019
Abdel-Fattah et al., 2011; Aboelmagd, ) 5 ks wlyp ;o

2021; Aljawasim et al., 2020; Amer and Abou El, 2008;
Matrood and Al-Taie, 2017; Miozzi et al., 2019;

cute 55U > 2ges o)lsl (Shasmita et al., 2019
d9ut ) gl (A 4 olgts ul5 35315 LS 0y 2 AMF (sl S
Matloob and Juber, ) sy cuws syl ke 5 R. solani u,
(2013
G.cla s F.M0ss (g3 )550 slodiss 5,5 cpdls (imgh 5o
o )losd dod ;0 Gyl 4ol b duolie 1 g yiSh b (S 5 &jg0s
cuw (B.stG.cla 4 B.vel+F.moss B.s+F.moss  slizwla)
3,5 0 (g (plag) SRy (Il g olen b ialS
B3l 48y ) 4 29y Jolos S5 )lge yiiar 5> cnlply
Atwa, 2018; Matloob and ) 5, céslles S5 piise | 5 p
ke a1 L PGPR s AMF 445 (sl Lo Lol (Juber, 2013
Jsb 9 55 0jg » G.ClatBuvel (ialjdl 31) )50 G 53 Se cidg:
& S oleia G.Cla g B.vel 5,5 L awslio 3 olea plul
» llen by el 31 delge ol S s sl 3
b ipgh ol b as” asly olS wdy (il g (glew (ials
Imperiali et al., 2017, Moarrefzadeh ) 51> sl (yuiiin
b iiSen y opb &) b jingh (S« blis y (et al., 2021C
ale g cllis Gl PGPR g AMF (o (2581 138lon
L3 oo Gl 1) olS (olag) S Shg dgme 9 1B sbaislen
Matloob and Juber, 2013; Matrood and Al-Taie, 2017; )
aS ol lo ggdge oyl sy > (Mohamed et al., 2019
0S0s PGPR g AMF L3 slaaiy ) oo (o pj sl yiiSan 5
Jo 0 3len 5 JoSe @lysl g,k 5l 1) olS iy g caodls ol
g Wdx £ (Sl yine (3)5 JUb 55 9 (2138 dlge Ll g 5
oMe .(Bagyaraj, 2018; Pérez-de-Luque et al., 2017) sz
Al slajlos (S pdls Gimgh ;0 YU peds S VYl p
@ Comd Gpicins JlolS wd) GLIE1 g )lon e a3

Sl 55 5 )989)de g5 o )Sileny b culd)y Ul 5 03905 25
Choudhary and Johri, 2009; ) &,I5 1) -bjee (B> clazuly
Mekonnen and Fenta, 2020; Ouhaibi-Ben Abdeljalil et
Mg 3o,k 5l w08 0 Azotobacter spp. sbeas s -(al., 2021
8 25 dse g izman 5 ol S sl By 5 y58g,00
Matloob and Juber, 2013; Neilands, ) 15l ablio )3 lews b
Agw 90 ol LEagh ) izmen (1993; Sumbul et al., 2020
My itwilyy o2 )Bas lil o egMe Bis g AzOto oL S
s oaiSanl 48wy (ulil Slas semg b 1) Ly olals
Donmez et al., 2015; ) (woluoly (& 3y50 ,d ,503 (yudine
»SLgssl g (Huang et al., 2017; Hussain and Khan, 2020
Fatima et al., 2009; Maheshwari et al., 2012; Verma et )
ORigss (B ecn! pogMe Cunl olS Ly 3940 53 (al., 2001
5 olow slog )l wdy calisce sl I8 g 5lo b ncnnsiqS Ll 457 Lites
sty Sl @B 48 5l (SW)hiL gea g saleie slee |y
(Kaietal., 2007) sl culas olS A I paiian yus
P & B.vel 9 Alca u.:l;/yfl; Qg g gy u:‘ I
500 slaimeh 5l ol 5o sl (gylew a0 (gl xe
ol Al g olKislejl 3 pablie gols acwwStsl Sy 0
Donmez et al., 2015; Jamali et al., 2005; Knudsen) ilesls
b klys jo (et al., 1997; Moarrefzadeh et al., 2021b
LRVC Y] wwfbj 9 )f)l‘w ‘Ql;.)‘#p ol uLp L;Lmui.l.ia.m)g S
2995Sse 9 olS b ein Silan pogMe S gn Jelgs g 035
Gl (Kan Jolss ol g L)ly (iiSen 0 Ad) s g SB Sl

Kohl et al., 2019; ) sl 8,55 xS en Jolge oisu il »
Lemanceau and Alabouvette, 1993; Sharifi and Ryu,

5 o S Lags 4 gl S ol )3 et izt (2020
d9ae gyl g Culled i g JiiSan o g S3e slacplie
Cawd | o Cunl (San (S bl gilolay 51w bae S
.(Keel and Défago, 1997) 33,5 la ] wee Slooguas 5 33,
e Sl Bvel g Alca oL iSl agw 93 di2 e pimoy (nl 2
29y SBS Ry (Fp Ml Lol sl (g lon (BB 5 ()l
WS gak 1) (o) 390
» Gocla g F.moss 3,650 4565 ¢ lydtwl (jimgs copl 5o
S Shg d9me cuw Solon Cab (IR 0gMe dog) slaady,
2R3 (i gladidl L a5 05 5 lows youd> )3 0 (g (u9)
Y g g Lugl )3 (655500 alisee (gladisS 558 guls 3)50 )
Amer and Abou EI, 2008; Kareem and) cusly césllas )55
Hassan, 2014; Matloob and Juber, 2013; Mohammadi et
.(al., 2020; Nasir Hussein et al., 2018; Wu et al., 2021



1P Ll o o)lels (Y'Y wl> (55)9LiS ol g pole) ol ! ol.bsz chblis b ingh 4 s \Oe

g Alcat+G.cla) o s,iSL 30 LG.Cla 53,5800 S 5 ool <>
I cme yial38] Caw <] (sl 31,8 L auwlie 4> (AZOtO+G.Cla
5 glaiegh (S 0 08 sy GpsSee (gl il
Sl S5 cage 2bySL Sladge (S &S 0ad )l
o33l s (Meyer and Linderman, 1986) pguluwe L) 5 jgpml
Arthurson et al.; ) Lgs 0 AMF  lawg ddy) (yamoljuilS
B slp & oS s 4 (Priyadharsini et al., 2016
RagSer b Sk plyed i dde $h)eSee b
Akhtar and ) web o aslis (Mycorrhiza helper bacteria)
el )0 (imeh opl 0 ped b > (Siddiqui, 2008
20 L asolie ) g Sl o F.MOSS 550500 453 (slajlows
Py Sl )3 9 A5 013 (igmal S 55 (6 )9S ] 25k
Cuus (B.s+G.cla y AZOto+F.moss) o s xSb b 5356500 oS 5
cow (2 G.cla s F.moss cla o) byl aBlas 5,8 4
Canl S0 Jd 0 i gl opl 0,5 dddyy (yamljls Lials
@byl dgw & bl —ady) Ghy9See ol S PGPR il
oS b a5 w3k onialS b 3l o o] 531 —o3litul 590 (632,550 9
a15)35L b Symme il 4 byl )3 a8 ol (L3 (sla )y gl
Barea et al., 1998; ) cul sads o)Ll 3,550 Ady ,» PGPR
dpg b aS by opl argdle a5 (Stderberg et al., 2002
2 )5S de slaslas (B > Ad) hsSee Gl il lalS
e 0 51 LidlS 535800 wllas lawd 4 Cuws AZOtO+ F.MOSS
thw 4SOl L &S odds S 0 dylee (S p0 S eld (gylow
o ] 0351 (ol B o j5Sngail Loy aey (gl sl
ol de gl g wloays 5 R, solani ply y> Jess b ceglie sl
ol oayd R, solani cogae ply jo cladlrs ¢ 3 Slas ) o o
Gianinazzi et al., 2010; Larkin, 2008; Yao et al., ) ¢!
4 G & oS 5 50 pole Simgky 3 503 (s 31 (2002
S99 5095w sl il GLClA 3 y5ee lSlin 3,0,
3ya0 3,8 B 4y cuws (Azoto+G.cla 4 Alca+G.cla) cusls
4 F.moss « s Alcat F.Moss cuS 5 o b 4 G.cla 3,550
Jows S5y ks i ld (ghlew il gyl me I (ol
oS Gola s 58 4 cuws o« BstGicla a5y
P G.Cla d cuns S 5 opl Sl 5939 (6355500 gl juilS
rol Giagk 53 cnlply 29 58 ()l dme psbar )lo il
e g Aoy SiasSee QoS (i Om le 5l b
35 lagiagh (Bl 352y eddine dal) (5)low
Slow (BB 9 S35 ol S i m (Nhawen (95
Mark and Cassells, 1996; St-) wlos,S" 5,135 1, )bjee olS 5o
e b S gh S ks 3 (Arnaud et al., 1994
e 5 Ohiee oS sy 4 i olS cudls  AMF

GoeS s Sl Jegleisa il byl she bl
ssba syl B.s+G.cla 4 B.vel+ F.moss B.s+F.moss
2 slews 1al5 b o8 5 0359 njy 59Sue 35000 3,8 51 12aS" (615 sizo
ool )3 214 Bs 3,0 cipizmen il 8 (gl 095 S
b o S 5 4 s @l S gy slo Sy 48 350 5 (Sslow
Sy plal,l5 (B.s+ G.cla) G.cla L (B .s+F.moss) F.moss
Al Jolse (S p oS 5 &5 wladl s 5 o, Singhy (S0
Castilloetal., 2019; ) 5l b Bl Lo & Cans (5 pichund
[(Larkin and Fravel, 1998; Moarrefzadeh et al., 2021c
Barea ) oS o @l ogMle dos by g AMF caul jSas
9 LS Wiy 59y b IS (9 slossylajl il il et al., 1998
o9 5 (Soderberg et al., 2002) s Lis 555 5 )5 jlos
s 4 gl 3l cunl o o)lil alisee LYD @ ccdles oyl
9 ol lg Seam LS (e & il 9 o piiSan (S
Cunl (San g 0 gl a5 b alisee (glaeunslS)lg o 5
9ol Jelgs & Sloj b anoliio )3 (oloiiay i) Jalgs )3,
WL Gglite e Wyl 3929 (295Sse Jolos plo plas S0
Ol 53 Canl S ;503 (0w 3l (Moarrefzadeh et al., 2021c)
Sl tiSon y (S o lon S 0158 ) lee Mo (slapunlS g Sue
bwgs oad Mg adalie dlge b g 0dly 7y by wile  udsS!
oz Byl 3 ol Sl cllad 4 o g S8 Jalse
55 55 oo (SloeuslS)lg oo plo 2 AS o S8 1y oy
Castillo et al., 2019; ) uiS sbsol 315 bl )5 5 5 039
Chiarini et al., 1998; Linderman, 2000; Wahyuno et al.,
oS 5 ) ool &y wlie 1 gyl ) &5 Wz yp (il ol (2016
5 oozl ¢ i ol gl b Lol sl 043 dpuogs s CanngisS L
658l 5 5055 9 Consd el dan 09,800 Jalse oS 5
R. 1 (b (ghlow i wilgi o cunlio oSy Sy j0 ladd
) Jolse oS 55,8 51 LB 1 Ly ialS' 1) Lsg) 4o solani
h Shgrge le sbagiiSanyy Il Bl Glai )50 g 53
29039 55k o b Jelos cpl &5 3505 Jols Glebl g (o)
Martinez-Medina et al., 2009; ) £,l55 oSkl 5l S0
.(Pascual, 2016
s ol Algd g 30k Sblog den iag cnl )
Ooel il Olise O g Maled 0l 1) Loy sladdy; diilys
o AMF cuils 543 9 41 e OS] o jlowd (B3 0 30 odddmwle
Mg o sy Sy (558 oS it ) b atly
€9 4 dlus ygmwl3lS l5se Lol (Shi et al., 2012) 1S sl
.(Chen etal., 2017) cuwl glate jlus AMF g5 g bjso olS
OoelilS  PGPR 31 ks 5l ol ingy 53 (e
20 o3 edals (5 eanlEl cilise GV ady) (h)554e



VOV Logd () s S 39 9 e 93 G rodigr 6 slom 32 S1Lw,l0 (S 35950 SEHL 9 L Sl (5 3 5 eyl y Ko g 031308 y20

05555 ol 5 & dapeaslS e L ((slapm )
Sl B gilen oo > Wit sl Koile wlil o (sud)
gy o )3 1y (6 5y (el B 5 5l eyl (S g
Stockwell et al., ) asb awsly SB psie Jooco bylyl 5l o5
b ingh ) 39d 0 4oy (plply (2011; Szczech, 2008
ok ol 3 & G55 5 2L el oS5 Sl e
Al Loy ady K00 g Reosolani gy J,u8 0 09 2K
Sredig e RO (295 S b laage Lol
Ot @l (9 Cute Gygo 53 g 0dd (gw)p bugd 2LisSoR)
oS 5, Syt 5 35 Sl 5 3l o el S 59 5
5 bl bl sl 5] e g bl sl I38len (2 log 28l

S )3 )b g 0318 oMl 3)90 4c) 50

Sl Rwlpw
DWUYU ;u)j Dli«»)‘.)) )4915 )9““55)’ )‘ o ulfwy

2 s (e o5 ply oK) i Ligw 55 5 (50
Aoled o S5 oL SL slaalis (S ol Hlis]

.(Dugassa et al., 1996) AMF gl 55lS" o500 40 b3yl Siaa

8 5 4o

5 b Opon 00 Jlosl (s slosless 251 Glmgly ol >

DI 5 (S om osllasl S1) et S5 28l s oS 5
S8 L duslie > ailfgy slajlos o Lo Loy (aingy law
9 il 1 (390 S slizlay) (s Jolge 5 S o 4Bl
@l cnl 4 5,0 b Al oad (g s ad LS p aldles b
30 & S ) J S Jelge oS 5 il ooliitul €3S g 0
29 bl 5 0395 paol)lS adan Lelge pl 51 G o B>
Ngdioe S 5 i b &S (51y55e )b 455 5 L g 4
oS Sy ks AMF § PGPR )yl cal ogliio
JU ey il58l R solani & cus 1) Lo cuaglie 1506 Cuslio
p3Y a5 390 i )3 (Gt Jolse S 5 (13905 (38 51 U3
Glaeyio g Gl la il o 1y o) sla yuiSan y conl
2 bl Sl b e g oISl ) 5 03905 o o
slalor 25 opizmen gei Jolbs Glebl K0S

&bo

1- Abbas, A., Khan, S.U., Khan, W.U., Saleh, T.A., Khan, M.H.U., Ullah, S., Ali, A., & lkram, M. (2019).
Antagonist effects of strains of Bacillus spp. against Rhizoctonia solani for their protection against several plant

diseases: Alternatives to chemical pesticides.

https://doi.org/10.1016/j.crvi.2019.05.002

Comptes Rendus Biologies, 342(5-6), 124-135.

2- Abdel-Fattah, G.M., El-Haddad, S.A., Hafez, E.E., & Rashad, Y.M. (2011). Induction of defense responses in
common bean plants by arbuscular mycorrhizal fungi. Microbiological Research, 166(4), 268-281.

https://doi.org/10.1016/j.micres.2010.04.004

3- Aboelmagd, H.E. (2021). Efficacy of some bio-agents, chemical inducers and fungicides in controlling tomato

root rot disease caused
https://doi.org/10.21608/assjm.2021.194261

by Rhizoctonia solani. Plant

Biotechnology, 59(2), 197-210.

4- Adesemoye, A., Torbert, H., & Kloepper, J. (2009). Plant growth-promoting rhizobacteria allow reduced
application rates of chemical fertilizers. Microbial Ecology, 58(4), 921-929. https://doi.org/10.1007/s00248-

009-9531-y

5- Akhtar, M.S., & Siddiqui, Z.A. (2008). Biocontrol of a root-rot disease complex of chickpea by Glomus
intraradices, Rhizobium sp. and Pseudomonas straita. Crop Protection, 27(3-5), 410-417.

6- Aljawasim, B.D., Khaeim, H.M., & Manshood, M.A. (2020). Assessment of arbuscular mycorrhizal fungi
(Glomus spp.) as potential biocontrol agents against damping-off disease Rhizoctonia solani on cucumber.

Journal of Crop Protection, 9(1), 141-147.

7- Alsudani, A.A., & Raheem Lateef Al-Awsi, G. (2020). Biocontrol of Rhizoctonia solani (Kiihn) and Fusarium
solani (Marti) causing damping-off disease in tomato with Azotobacter chroococcum and Pseudomonas

fluorescens. Pakistan Journal of
https://doi.org/10.3923/pjbs.2020.1456.1461

Biological

Sciences, 23(11), 1456-1461.

8- Amer, M.A., & Abou EI, S., II. (2008). Mycorrhizal fungi and Trichoderma harzianum as biocontrol agents for
suppression of Rhizoctonia solani damping-off disease of tomato. Communications in agricultural and applied

biological sciences, 73(2), 217-232.

9- Arthurson, V., Hjort, K., Muleta, D., Jaderlund, L., & Granhall, U. (2011). Effects on Glomus mosseae root
colonization by Paenibacillus polymyxa and Paenibacillus brasilensis strains as related to soil P-availability in


https://doi.org/10.1016/j.crvi.2019.05.002
https://doi.org/10.1016/j.micres.2010.04.004
https://doi.org/10.21608/assjm.2021.194261
https://doi.org/10.1007/s00248-009-9531-y
https://doi.org/10.1007/s00248-009-9531-y
https://doi.org/10.3923/pjbs.2020.1456.1461

1P Ll o o)lels (Y'Y wl> (55)9LiS ol g pole) ol ! ol.bLsf chblis b ingh 4 s \OY

winter wheat. Applied and Environmental Soil Science, 2011, 298097. https://doi.org/10.1155/2011/298097

10- Atwa, M. (2018). Combination of biocontrol agents for controlling soybean damping-off caused by Rhizoctonia
solani. Egyptian Journal of Phytopathology, 46(2), 15-38.

11- Bagyaraj, D. (2018). Arbuscular mycorrhizal fungi and biological control of soil-borne plant pathogens. Kavaka,
51(1), 1-6.

12- Barea, J., Andrade, G., Bianciotto, V., Dowling, D., Lohrke, S., Bonfante, P., O’gara, F., & Azcon-Aguilar, C.
(1998). Impact on arbuscular mycorrhiza formation of Pseudomonas strains used as inoculants for biocontrol of
soil-borne fungal plant pathogens. Applied and Environmental Microbiology, 64(6), 2304-2307.

13- Borzouei, S., Sharifi, R., & Moarrefzadeh, N. (2019). Induction of systemic resistance in tomato against
broomrape (Phelipanche  aegyptiaca). Journal  of  Phytopathology, 167(10), 567-575.
https://doi.org/10.1111/jph.12846

14- Braun, S.D., Hofmann, J., Wensing, A., Weingart, H., Ullrich, M.S., Spiteller, D., & Vélksch, B. (2010). In
vitro Antibiosis by Pseudomonas syringae Pss22d, Acting Against the Bacterial Blight Pathogen of Soybean
Plants, Does Not Influence In planta Biocontrol. Journal of  Phytopathology, 158(4), 288-295.
https://doi.org/10.1111/].1439-0434.2009.01612.x

15- Buysens, C., Dupré de Boulois, H., & Declerck, S. (2015). Do fungicides used to control Rhizoctonia solani
impact the non-target arbuscular mycorrhizal fungus Rhizophagus irregularis? Mycorrhiza, 25(4), 277-288.
https://doi.org/10.1007/s00572-014-0610-7

16- Castillo, A.G., Puig, C.G., & Cumagun, C.J.R. (2019). Non-synergistic effect of Trichoderma harzianum and
Glomus spp. in reducing infection of Fusarium wilt in banana. Pathogens, 8(2), 43.
https://doi.org/10.3390/pathogens8020043

17- Chavez-Ramirez, B., Kerber-Diaz, J.C., Acoltzi-Conde, M.C., Ibarra, J.A., Vasquez-Murrieta, M.S., & Estrada-
de Los Santos, P. (2020). Inhibition of Rhizoctonia solani RhCh-14 and Pythium ultimum PyFr-14 by
Paenibacillus polymyxa NMA1017 and Burkholderia cenocepacia CACua-24: A proposal for biocontrol of
phytopathogenic fungi. Microbiological Research, 230, 126347. https://doi.org/10.1016/j.micres.2019.126347

18- Chen, S., Zhao, H., Zou, C., Li, Y., Chen, Y., Wang, Z., Jiang, Y., Liu, A., Zhao, P., Wang, M., & Ahammed,
G.J. (2017). Combined inoculation with multiple arbuscular mycorrhizal fungi improves growth, nutrient uptake
and  photosynthesis in  cucumber  seedlings. Frontiers in  Microbiology, 8, 2516.
https:/doi.org/10.3389/fmich.2017.02516

19- Chiarini, L., Bevivino, A., Tabacchioni, S., & Dalmastri, C. (1998). Inoculation of Burkholderia cepacia,
Pseudomonas fluorescens and Enterobacter sp. on Sorghum bicolor: root colonization and plant growth
promotion of dual strain inocula. Soil Biology and Biochemistry, 30(1), 81-87.

20- Choudhary, D.K., & Johri, B.N. (2009). Interactions of Bacillus spp. and plants--with special reference to
induced systemic resistance (ISR). Microbiological Research, 164(5), 493-513.
https://doi.org/10.1016/j.micres.2008.08.007

21- Daroodi, Z., Taheri, P., & Tarighi, S. (2021). Direct antagonistic activity and tomato resistance induction of the
endophytic fungus Acrophialophora jodhpurensis against Rhizoctonia solani. Biological Control, 160, 104696.
https://doi.org/10.1016/j.biocontrol.2021.104696

22- Dennis, C., & Webster, J. (1971). Antagonistic properties of species-groups of Trichoderma: I. Production of
volatile antibiotics. Transactions of the British Mycological Society, 57(1), 41-48.

23- Domsch, K.H., Gams, W., & Anderson, T.H. (2007). Compendium of Soil Fungi. London, UK. Academic Press.

24- Donmez, M.F., Uysal, B., Demurci, E., Ercisly, S., & Cakmakeci, R. (2015). Biological control of root rot disease
caused by Rhizoctonia solani Kilhn on potato and bean using antagonist bacteria. Acta Scientiarum Polonorum
Hortorum Cultus, 14(5), 29-40.

25- Dugassa, G.D., von Alten, H., & Schonbeck, F. (1996). Effects of arbuscular mycorrhiza (AM) on health of
Linum usitatissimum L. infected by fungal pathogens. Plant and Soil, 185(2), 173-182.
https://doi.org/10.1007/BF02257522

26- Fatima, Z., Saleemi, M., Zia, M., Sultan, T., Aslam, M., Rehman, R., & Chaudhary, M.F. (2009). Antifungal
activity of plant growth-promoting rhizobacteria isolates against Rhizoctonia solani in wheat. African Journal
of Biotechnology, 8(2), 219-225.

27- Garbeva, P., Van Elsas, J., & Van Veen, J. (2008). Rhizosphere microbial community and its response to plant
species and soil history. Plant and Soil, 302(1-2), 19-32.

28- Gianinazzi, S., Gollotte, A., Binet, M.N., van Tuinen, D., Redecker, D., & Wipf, D. (2010). Agroecology: the
key role of arbuscular mycorrhizas in ecosystem services. Mycorrhiza, 20(8), 519-530.


https://doi.org/10.1155/2011/298097
https://doi.org/10.1111/jph.12846
https://doi.org/10.1111/j.1439-0434.2009.01612.x
https://doi.org/10.1007/s00572-014-0610-7
https://doi.org/10.3390/pathogens8020043
https://doi.org/10.1016/j.micres.2019.126347
https://doi.org/10.3389/fmicb.2017.02516
https://doi.org/10.1016/j.micres.2008.08.007
https://doi.org/10.1016/j.biocontrol.2021.104696
https://doi.org/10.1007/BF02257522

VOF Loyl (o) s S 39 9 28593 S rodigr 6 5lom 32 S14Lw,l0 (S 35950 SE L 9 L Sl (5 3 5 eyl y Ko g 031308 y20

https://doi.org/10.1007/s00572-010-0333-3

29- Gouda, S., Kerry, R.G., Das, G., Paramithiotis, S., Shin, H.-S., & Patra, J.K. (2018). Revitalization of plant
growth promoting rhizobacteria for sustainable development in agriculture. Microbiological Research, 206, 131-
140. https://doi.org/10.1016/j.micres.2017.08.016

30- Grimmer, M.K., van den Bosch, F., Powers, S.J., & Paveley, N.D. (2015). Fungicide resistance risk assessment
based on traits associated with the rate of pathogen evolution. Pest Management Science, 71(2), 207-215.
https://doi.org/10.1002/ps.3781

31- Hafez, E.E., Abdel-Fattah, G.M., El-Haddad, S.A., & Rashad, Y.M. (2013). Molecular defense response of
mycorrhizal bean plants infected with Rhizoctonia solani. Annals of Microbiology, 63(3), 1195-1203.
https://doi.org/10.1007/s13213-012-0578-5

32- Heflish, A.A., Abdelkhalek, A., Al-Askar, A.A., & Behiry, S.I. (2021). Protective and curative effects of
Trichoderma asperelloides Ta41 on tomato root rot caused by Rhizoctonia solani Rs33. Agronomy, 11(6), 1162.
https://doi.org/10.3390/agronomy11061162

33- Honda, N., Hirai, M., Ano, T., & Shoda, M. (1999). Control of tomato damping-off caused by Rhizoctonia
solani by the heterotrophic nitrifier Alcaligenes faecalis and its product, hydroxylamine. Japanese Journal of
Phytopathology, 65(2), 153-162.

34- Huang, X., Zhang, N., Yong, X., Yang, X., & Shen, Q. (2012). Biocontrol of Rhizoctonia solani damping-off
disease in cucumber with Bacillus pumilus SQR-N43. Microbiological Research, 167(3), 135-143.
https://doi.org/10.1016/j.micres.2011.06.002

35- Huang, Y., He, Y., Ye, B.-C., & Li, C. (2017). Rhizospheric Bacillus subtilis exhibits biocontrol effect against
Rhizoctonia solani in pepper (Capsicum annuum). BioMed Research International, 2017, 1-9.
https://doi.org/10.1155/2017/9397619

36- Hussain, T., & Khan, A.A. (2020). Bacillus subtilis HussainT-AMU and its antifungal activity against potato
black scurf caused by Rhizoctonia solani on seed tubers. Biocatalysis and Agricultural Biotechnology, 23,
101443. https://doi.org/10.1016/j.bcab.2019.101443

37- Imperiali, N., Chiriboga, X., Schlaeppi, K., Fesselet, M., Villacrés, D., Jaffuel, G., Bender, S.F., Dennert, F.,
Blanco-Pérez, R., & Van Der Heijden, M.G. (2017). Combined field inoculations of Pseudomonas bacteria,
arbuscular mycorrhizal fungi, and entomopathogenic nematodes and their effects on wheat performance.
Frontiers in Plant Science, 8, 1809. https://doi.org/10.3389/fpls.2017.01809

38- Jacott, C., Murray, J., & Ridout, C. (2017). Trade-offs in arbuscular mycorrhizal symbiosis: Disease resistance,
growth responses and perspectives for crop breeding. Agronomy, 7(4), 75.
https://doi.org/10.3390/agronomy7040075

39- Jamali, F., Sharifi Tehrani, A., Okhovvat, M., & Zakeri, Z. (2005). Effect of antagonistic bacteria on the control
of Fusarium wilt of chickpea caused by Fusarium oxysporum under greenhouse conditions. Iranian Journal of
Agriculture Science, 36(3), 711-717. (In Persian with English abstract)

40- Jelodarnezhadian, N., & Shahbazi, H. (2017). The potential of Pseudomonas fluorescens strains in biological
control of Rhizoctonia solani and colonization of common bean rhizosphere. Journal of Novel Researches on
Plant Protection, 8(1), 85-106. (In Persian with English abstract)

41- Jentschel, K., Thiel, D., Rehn, F., & Ludwig-Mdiller, J. (2007). Arbuscular mycorrhiza enhances auxin levels
and alters auxin biosynthesis in Tropaeolum majus during early stages of colonization. Physiologia Plantarum,
129(2), 320-333. https://doi.org/10.1111/j.1399-3054.2006.00812.x

42- Kai, M., Effmert, U., Berg, G., & Piechulla, B. (2007). Volatiles of bacterial antagonists inhibit mycelial growth
of the plant pathogen Rhizoctonia solani. Archives of Microbiology, 187(5), 351-360.
https://doi.org/10.1007/s00203-006-0199-0

43- Kankam, F., Larbi-Koranteng, S., & Adomako, J. (2021). Rhizoctonia Disease of Potato: Epidemiology, Toxin
Types and Management. Egyptian Journal of Phytopathology, 49(1), 197-2009.
https://doi.org/10.21608/ejp.2021.72057.1028

44- Kareem, T., & Hassan, M. (2014). Evaluation of Glomus mosseae as biocontrol agents against Rhizoctonia
solani on tomato. Journal of Biology, Agriculture and Healthcare, 4(2), 15-19.

45- Keel, C., & Défago, G. (1997). Interactions between beneficial soil bacteria and root pathogens: mechanisms
and ecological impact. p. 27-47. In: Gange A.C., Brown V.K. (eds) Multitrophic Interactions in Terrestrial
Systems: 36th Symposium of the British Ecological Society. Cambridge University Press.

46- Knudsen, 1., Hockenhull, J., Jensen, D.F., Gerhardson, B., Hokeberg, M., Tahvonen, R., Teperi, E., Sundheim,
L., & Henriksen, B. (1997). Selection of biological control agents for controlling soil and seed-borne diseases


https://doi.org/10.1007/s00572-010-0333-3
https://doi.org/10.1016/j.micres.2017.08.016
https://doi.org/10.1002/ps.3781
https://doi.org/10.1007/s13213-012-0578-5
https://doi.org/10.3390/agronomy11061162
https://doi.org/10.1016/j.micres.2011.06.002
https://doi.org/10.1155/2017/9397619
https://doi.org/10.1016/j.bcab.2019.101443
https://doi.org/10.3389/fpls.2017.01809
https://doi.org/10.3390/agronomy7040075
https://doi.org/10.1111/j.1399-3054.2006.00812.x
https://doi.org/10.1007/s00203-006-0199-0
https://doi.org/10.21608/ejp.2021.72057.1028

1P Ll o o)lels (Y'Y wl> (55)9LiS ol g pole) ol ! ol.bLsf chblis b ingh 4 s \OY

in the field. European Journal of Plant Pathology, 103(9), 775-784.

47- Koéhl, J., Kolnaar, R., & Ravensberg, W.J. (2019). Mode of action of microbial biological control agents against
plant  diseases: Relevance beyond  efficacy.  Frontiers in  Plant  Science, 10, 845.
https://doi.org/10.3389/fpls.2019.00845

48- Larkin, R., Roberts, D., & Gracia-Garza, J. (1998). Biological control of fungal diseases. p. 141-191. In:
Fungicidal Activity-Chemical and Biological Approaches to Plant Protection. Wiley. New York, NY.

49- Larkin, R.P. (2008). Relative effects of biological amendments and crop rotations on soil microbial communities
and soilborne diseases of potato. Soil Biology and Biochemistry, 40(6), 1341-1351.

50- Larkin, R.P., & Fravel, D.R. (1998). Efficacy of various fungal and bacterial biocontrol organisms for control
of Fusarium wilt of tomato. Plant Disease, 82(9), 1022-1028. https://doi.org/10.1094/PD1S.1998.82.9.1022
51- Lemanceau, P., & Alabouvette, C. (1993). Suppression of Fusarium wilts by fluorescent pseudomonads:

Mechanisms and applications. Biocontrol Science and Technology, 3(3), 219-234.

52- Linderman, R.G. (1997). Vesicular-Arbuscular Mycorrhizal (VAM) Fungi. p. 117-128. In: Carroll G.C,,
Tudzynski P. (eds) Plant Relationships, Part B. Springer Berlin Heidelberg. Berlin, Heidelberg.

53- Linderman, R.G. (2000). Effects of Mycorrhizas on Plant Tolerance to Diseases. p. 345-365. In: Kapulnik Y.,
Douds D.D. (eds) Arbuscular Mycorrhizas: Physiology and Function. Springer Netherlands. Dordrecht.

54- Liu, K., Mclnroy, J.A., Hu, C.-H., & Kloepper, J.W. (2018). Mixtures of plant-growth-promoting rhizobacteria
enhance biological control of multiple plant diseases and plant-growth promotion in the presence of pathogens.
Plant Disease, 102(1), 67-72. https://doi.org/10.1094/PDIS-04-17-0478-RE

55- Madhavi, G.B., Devi, G.U., Kumar, K.V.K., Babu, T.R., & Naidu, T. (2018). Evaluation of Pseudomonas
fluorescens and Trichoderma harzianum isolates in inducing systemic resistance (ISR) in maize against
Rhizoctonia solani f. sp. Sasakii. International Journal of Chemical Studies, 6(2), 628-632.

56- Maheshwari, D.K., Dubey, R.C., Aeron, A., Kumar, B., Kumar, S., Tewari, S., & Arora, N.K. (2012). Integrated
approach for disease management and growth enhancement of Sesamum indicum L. utilizing
Azotobacterchroococcum TRAZ2 and chemical fertilizer. World Journal of Microbiology and Biotechnology,
28(10), 3015-3024. https://doi.org/10.1007/s11274-012-1112-4

57- Mark, G.L., & Cassells, A.C. (1996). Genotype-dependence in the interaction betweenGlomus fistulosum,
Phytophthora fragariae and the wild strawberry (Fragaria vesca). Plant and Soil, 185(2), 233-239.
https://doi.org/10.1007/BF02257528

58- Martinez-Medina, A., Pascual, J.A., Lloret, E., & Roldan, A. (2009). Interactions between arbuscular
mycorrhizal fungi and Trichoderma harzianum and their effects on Fusarium wilt in melon plants grown in
seedling nurseries. Journal of the Science of Food and Agriculture, 89(11), 1843-1850.
https://doi.org/10.1002/jsfa.3660

59- Matloob, A., & Juber, K. (2013). Biological control of bean root rot disease caused by Rhizoctonia solani under
green house and field conditions. Agriculture and Biology Journal of North America, 4(5), 512-519.

60- Matrood, A.A., & Al-Taie, A.H. (2017). Inhibition Activity of mycorrhizal Fungi Glomus mosseae and G.
intradicas with Trichderma harizanum Against Rhizoctonia solani in Okra Plant Abelmoschus esculentus (L.).
Basrah Journal of Agricultural Sciences, 30(2), 72-82.

61- Mekonnen, H., & Fenta, L. (2020). Plant growth promoting Rhizobacteria for plant growth promotion and
biocontrol agent against tomato and pepper disease: a review. World News of Natural Sciences, 28, 13-23.

62- Meyer, J.R., & Linderman, R.G. (1986). Response of subterranean clover to dual inoculation with vesicular-
arbuscular mycorrhizal fungi and a plant growth-promoting bacterium, Pseudomonas putida. Soil Biology and
Biochemistry, 18(2), 185-190. https://doi.org/10.1016/0038-0717(86)90025-8

63- 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.
https://doi.org/10.3389/fmich.2019.01238

64- Moarrefzadeh, N., Khateri, H., & Abbasi, S. (2023). Alleviation of Rhizoctonia root rot damages in common
bean by some arbuscular mycorrhizal fungi. Journal of Applied Research in Plant Protection, 12, 13-25. (In en)
https://doi.org/10.22034/arpp.2023.16034

65- Moarrefzadeh, N., Khateri, H., & Sharifi, R. (2022). The effect of some probiotic bacteria and different methods
of their application in biological control of chickpea ascochyta blight disease. Journal of Applied Research in
Plant Protection, 11(1), 97-108. (In Persian with English abstract). https://doi.org/10.22034/arpp.2021.13600

66- Moarrefzadeh, N., Sharifi, R., Khateri, H., & Abbasi, S. (2021a). Biological control of Fusarium oxysporum f.
sp. ciceris, the causal agent of the fusarial yellowing and wilting of chickpea by mixtures of some microbial


https://doi.org/10.3389/fpls.2019.00845
https://doi.org/10.1094/PDIS.1998.82.9.1022
https://doi.org/10.1094/PDIS-04-17-0478-RE
https://doi.org/10.1007/s11274-012-1112-4
https://doi.org/10.1007/BF02257528
https://doi.org/10.1002/jsfa.3660
https://doi.org/10.1016/0038-0717(86)90025-8
https://doi.org/10.3389/fmicb.2019.01238
https://doi.org/10.22034/arpp.2023.16034
https://doi.org/10.22034/arpp.2021.13600

VOO Loyl () s S 39 9 2S935 G rodigr 6 slom 32 SILw,l0 (S 35950 SEHL 9 L Sl (B 3 5l eyl y Ko g 03138 y20

agents. Biological Control of Pests and Plant Diseases, 9(1), 61-73. (In Persian with English abstract).
https://doi.org/10.22059/jbioc.2021.313616.295

67- Moarrefzadeh, N., Sharifi, R., Khateri, H., & Abbasi, S. (2021b). The effect of some plant probiotics in the
biocontrol of the causal agents of chickpea Fusarium yellowing and wilting. Biological Control of Pests and
Plant Diseases, 9(2), 143-159. (In Persian with English abstract).
https://doi.org/10.22059/jbioc.2021.324966.305

68- Moarrefzadeh, N., Sharifi, R., Khateri, H., & Abbasi, S. (2021c). Effect of some probiotics consortia on
inhibition of Fusarium yellowing and wilting disease (Fusarium redolens Wollenweber) and growth promoting
in chickpeas. Journal of Agricultural Science and Sustainable Production, 31(4), 255-270. (In Persian with
English abstract). https://doi.org/10.22034/saps.2021.44158.2618

69- Mohamed, |., Eid, K.E., Abbas, M.H.H., Salem, A.A., Ahmed, N., Ali, M., Shah, G.M., & Fang, C. (2019). Use
of plant growth promoting Rhizobacteria (PGPR) and mycorrhizae to improve the growth and nutrient utilization
of common bean in a soil infected with white rot fungi. Ecotoxicology and Environmental Safety, 171, 539-548.
https://doi.org/10.1016/j.ecoenv.2018.12.100

70- Mohammadi, S., Shahabi, E., & Kasraian, A. (2020). Effect of endomycorrhiza fungi Glomus spp. on induction
of resistance in potato plants against Rhizoctonia solani. Indian Phytopathology, 73(2), 213-217.
https://doi.org/10.1007/s42360-020-00207-0

71- Mohammed, A.S., El Hassan, S.M., Elballa, M., & Elsheikh, E.A. (2020). The role of Trichoderma, VA
mycorrhiza and dry yeast in the control of Rhizoctonia disease of potato (Solanum tuberosum L.). University of
Khartoum Journal of Agricultural Sciences, 16(2), 285-301.

72- Nasir Hussein, A., Abbasi, S., Sharifi, R., & Jamali, S. (2018). The effect of biocontrol agents consortia against
Rhizoctonia root rot of common bean Phaseolus vulgaris. Journal of Crop Protection, 7(1), 73-85.

73- Nawrocka, J., Matolepsza, U., Szymczak, K., & Szczech, M. (2018). Involvement of metabolic components,
volatile compounds, PR proteins, and mechanical strengthening in multilayer protection of cucumber plants
against Rhizoctonia solani activated by Trichoderma atroviride TRS25. Protoplasma, 255(1), 359-373.
https://doi.org/10.1007/s00709-017-1157-1

74- Neilands, J.B. (1993). Siderophores. Archives of Biochemistry and Biophysics, 302(1), 1-3.
https://doi.org/10.1006/abbi.1993.1172

75- Ouhaibi-Ben Abdeljalil, N., Renault, D., Gerbore, J., Vallance, J., Rey, P., & Daami-Remadi, M. (2016).
Comparative efficacy of three tomato-associated rhizobacteria used singly or in combination in suppressing
Rhizoctonia Root Rot and enhancing tomato growth. Journal of Microbial & Biochemical Technology, 8(2),
110-119.

76- Ouhaibi-Ben Abdeljalil, N., Vallance, J., Gerbore, J., Yacoub, A., Daami-Remadi, M., & Rey, P. (2021).
Combining potential oomycete and bacterial biocontrol agents as a tool to fight tomato Rhizoctonia root rot.
Biological Control, 155, 104521. https://doi.org/10.1016/j.biocontrol.2020.104521

77- Pascual, J.A. (2016). The use of arbuscular mycorrhizal fungi in combination with Trichoderma spp. in
sustainable agriculture. p. 137-146. In: Arora N.K. (ed), Bioformulations: for Sustainable Agriculture.

78- Pérez-de-Luque, A., Tille, S., Johnson, ., Pascual-Pardo, D., Ton, J., & Cameron, D.D. (2017). The interactive
effects of arbuscular mycorrhiza and plant growth-promoting rhizobacteria synergistically enhance host plant
defences against pathogens. Scientific Reports, 7(1), 16409. https://doi.org/10.1038/s41598-017-16697-4

79- Phillips, J.M., & Hayman, D.S. (1970). Improved procedures for clearing roots and staining parasitic and
vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of the British Mycological
Society, 55(1), 158-161. https://doi.org/10.1016/S0007-1536(70)80110-3

80- Priyadharsini, P., Rojamala, K., Ravi, R.K., Muthuraja, R., Nagaraj, K., & Muthukumar, T. (2016).
Mycorrhizosphere: the extended rhizosphere and its significance. p. 97-124. In: Choudhary D.K., Varma A.,
Tuteja N. (eds) Plant-Microbe Interaction: An Approach to Sustainable Agriculture. Springer Singapore.
Singapore.

81- Rouphael, Y., Franken, P., Schneider, C., Schwarz, D., Giovannetti, M., Agnolucci, M., Pascale, S.D., Bonini,
P., & Colla, G. (2015). Arbuscular mycorrhizal fungi act as biostimulants in horticultural crops. Scientia
Horticulturae, 196, 91-108. https://doi.org/10.1016/j.scienta.2015.09.002

82- Saberi-Rise, R., & Moradi-Pour, M. (2020). The effect of Bacillus subtilis Vrul encapsulated in alginate -
bentonite coating enriched with titanium nanoparticles against Rhizoctonia solani on bean. International Journal
of Biological Macromolecules, 152, 1089-1097. https://doi.org/10.1016/j.ijbiomac.2019.10.197

83- Seifi, S. (2019). Screening of nitrate removal bacteria and effect of these bacteria on biological control of


https://doi.org/10.22059/jbioc.2021.313616.295
https://doi.org/10.22059/jbioc.2021.324966.305
https://doi.org/10.22034/saps.2021.44158.2618
https://doi.org/10.1016/j.ecoenv.2018.12.100
https://doi.org/10.1007/s42360-020-00207-0
https://doi.org/10.1007/s00709-017-1157-1
https://doi.org/10.1006/abbi.1993.1172
https://doi.org/10.1016/j.biocontrol.2020.104521
https://doi.org/10.1038/s41598-017-16697-4
https://doi.org/10.1016/S0007-1536(70)80110-3
https://doi.org/10.1016/j.scienta.2015.09.002
https://doi.org/10.1016/j.ijbiomac.2019.10.197

1P Ll o o)lels (Y'Y wl> (55)9LiS ol g pole) ol ! ol.bLsf chblis b ingh 4 s \oF

Fusarium wilt disease in tomato. (PhD), University of Tehran, Karaj, Iran.

84- Seifi, S., Behboudi, K., Sharifi, R., & Shapleigh, J.P. (2020). Introduction, mechanisms of action and genomic
description in plant probiotic bacterium Bacillus velezensis. Iranian Journal of Plant Protection Science, 50(2),
159-175. (In Persian with English abstract)

85- Sharifi, R., & Ryu, C.-M. (2020). Contribution of Bacterial Volatiles to Chemical Ecology. p. 167-186. In: Ryu
C.-M., Weisskopf L., Piechulla B. (eds) Bacterial Volatile Compounds as Mediators of Airborne Interactions.
Springer Singapore. Singapore.

86- Shasmita, Swain, H., Naik, S.K., & Mukherjee, A.K. (2019). Comparative analysis of different biotic and abiotic
agents for growth promotion in rice (Oryza sativa L.) and their effect on induction of resistance against
Rhizoctonia  solani: A soil borne  pathogen. Biological Control, 133, 123-133.
https://doi.org/10.1016/j.biocontrol.2019.02.013

87- Shi, Z., Wang, F., & Liu, Y. (2012). Response of soil respiration under different mycorrhizal strategies to
precipitation and temperature. Journal of Soil Science and Plant Nutrition, 12, 411-420.

88- Silva, G.T.M.d.A., Oliveira, F.I.C.d., Carvalho, A.V.F., André, T.P.P., Silva, C.d.F.B.d., & Aragao, F.A.S.d.
(2020). Method for evaluating Rhizoctonia resistance in melon germplasm. Revista Ciéncia Agronémica, 51(4),
€20197090. https://doi.org/10.5935/1806-6690.20200076

89- Smith, S.E., Smith, F.A., & Jakobsen, 1. (2003). Mycorrhizal fungi can dominate phosphate supply to plants
irrespective of growth responses. Plant Physiology, 133(1), 16-20. https://doi.org/10.1104/pp.103.024380

90- Soderberg, K.H., Olsson, P.A., & Baath, E. (2002). Structure and activity of the bacterial community in the
rhizosphere of different plant species and the effect of arbuscular mycorrhizal colonisation. FEMS Microbiology
Ecology, 40(3), 223-231. https://doi.org/10.1016/S0168-6496(02)00233-7

91- St-Arnaud, M., Hamel, C., & Fortin, J.A. (1994). Inhibition of Pythium ultimum in roots and growth substrate
of mycorrhizal Tagetes patula colonized with Glomus intraradices. Canadian Journal of Plant Pathology, 16(3),
187-194. https://doi.org/10.1080/07060669409500751

92- Stockwell, V.O., Johnson, K.B., Sugar, D., & Loper, J.E. (2011). Mechanistically compatible mixtures of
bacterial antagonists improve biological control of fire blight of pear. Phytopathology, 101(1), 113-123.
https://doi.org/10.1094/phyto-03-10-0098

93- Sumbul, A., Ansari, R.A., Rizvi, R., & Mahmood, I. (2020). Azotobacter: A potential bio-fertilizer for soil and
plant  health  management.  Saudi Journal of Biological Sciences, 27(12), 3634-3640.
https://doi.org/10.1016/j.sjbs.2020.08.004

94- Swadling, I.R., & Jeffries, P. (1996). Isolation of microbial antagonists for biocontrol of grey mould disease of
strawberries. Biocontrol Science and Technology, 6(1), 125-136. https://doi.org/10.1080/09583159650039584

95- Szczech, M. (2008). Mixtures of microorganisms in biocontrol. p. 69-110. In: Kim M.B. (ed), Progress in
Environmental Microbiology. Nova Science Publishers. New York, USA.

96- Thakur, M., Sahu, N.R., Tiwari, P.K., & Kotasthane, A. (2018). Combination of Azoxystrobin + Difenocanazole
provides effective management of sheath blight of rice caused by Rhizoctonia solani. International Journal of
Chemical Studies, 6(4), 1682-1685.

97- Tu, C.-C., Hsieh, T.-F., & Chang, Y.-C. (1996). Vegetable Diseases Incited by Rhizoctonia spp. p. 369-377. In:
Sneh B., Jabaji-Hare S., Neate S., Dijst G. (eds) Rhizoctonia Species: Taxonomy, Molecular Biology, Ecology,
Pathology and Disease Control. Springer Netherlands. Dordrecht.

98- Verma, S., Kumar, V., Narula, N., & Merbach, W. (2001). Studies on in vitro production of antimicrobial
substances by Azotobacter chroococcum isolates/mutants. Journal of Plant Diseases and Protection, 108(2),
152-165.

99- Vinale, F., Marra, R., Scala, F., Ghisalberti, E.L., Lorito, M., & Sivasithamparam, K. (2006). Major secondary
metabolites produced by two commercial Trichoderma strains active against different phytopathogens. Letters
in Applied Microbiology, 43(2), 143-148. https://doi.org/10.1111/j.1472-765X.2006.01939.x

100- Wahyuno, D., Manohara, D., & Octivia Trisilawati, O. (2016). Pretreatment effect of black pepper seedlings
with Pseudomonas, Trichoderma and mycorrhiza on foot rot disease incidence. Buletin Penelitian Tanaman
Rempah dan Obat, 27(1), 55-66.

101- Wu, M., Yan, Y., Wang, Y., Mao, Q., Fu, Y., Peng, X., Yang, Z., Ren, J., Liu, A., Chen, S., & Ahammed, G.J.
(2021). Arbuscular mycorrhizal fungi for vegetable (VT) enhance resistance to Rhizoctonia solani in watermelon
by alleviating oxidative stress. Biological Control, 152, 104433.
https://doi.org/10.1016/j.biocontrol.2020.104433

102- Xu, X.M., Jeffries, P., Pautasso, M., & Jeger, M.J. (2011). Combined use of biocontrol agents to manage plant


https://doi.org/10.1016/j.biocontrol.2019.02.013
https://doi.org/10.5935/1806-6690.20200076
https://doi.org/10.1104/pp.103.024380
https://doi.org/10.1016/S0168-6496(02)00233-7
https://doi.org/10.1080/07060669409500751
https://doi.org/10.1094/phyto-03-10-0098
https://doi.org/10.1016/j.sjbs.2020.08.004
https://doi.org/10.1080/09583159650039584
https://doi.org/10.1111/j.1472-765X.2006.01939.x
https://doi.org/10.1016/j.biocontrol.2020.104433

VOV Lugd () s S 39 9 28593y S rodigr 6 5lom 32 S14Lw,l0 (S 35950 S E L 9 L Sl (5 3 5 eyl y Ko g 031308 y20

diseases in theory and practice. Phytopathology, 101, 1024-1031. https://doi.org/10.1094/PHY TO-08-10-0216

103- Yao, M., Tweddell, R., & Désilets, H. (2002). Effect of two vesicular-arbuscular mycorrhizal fungi on the
growth of micropropagated potato plantlets and on the extent of disease caused by Rhizoctonia solani.
Mycorrhiza, 12(5), 235-242. https://doi.org/10.1007/s00572-002-0176-7

104- Yao, X., Zhang, Z., Huang, J., Wei, S., Sun, X., Chen, Y., Liu, H., & Li, S. (2021). Candicidin Isomer
Production Is Essential for Biocontrol of Cucumber Rhizoctonia Rot by Streptomyces albidoflavus W68. Applied
and Environmental Microbiology, 87(9), e03078-03020. https://doi.org/10.1128/AEM.03078-20

105- Yildirim, E., & Erper, I. (2017). Characterization and pathogenicity of Rhizoctonia spp. isolated from vegetable
crops grown in greenhouses in Samsun province, Turkey. Bioscience Journal, 33(2), 257-267.
https://doi.org/10.14393/BJ-v33n2-34580

106- Yu, Y.-Y.,Jiang, C.-H., Wang, C., Chen, L.-J., Li, H.-Y., Xu, Q., & Guo, J.-H. (2017). An improved strategy
for stable biocontrol agents selecting to control rice sheath blight caused by Rhizoctonia solani. Microbiological
Research, 203, 1-9. https://doi.org/10.1016/j.micres.2017.05.006

107- Zhang, F., Zou, Y.-N., Wu, Q.-S., & Kuca, K. (2020). Arbuscular mycorrhizas modulate root polyamine
metabolism to enhance drought tolerance of trifoliate orange. Environmental and Experimental Botany, 171,
103926. https://doi.org/10.1016/j.envexpbot.2019.103926

108- Zhang, Y., Wang, C., Zhang, Y., Liu, S., Su, P., & Liao, X. (2016). Screening and identification of the novel
bacterial strain Alcaligenes faecalis B137W and its inhibitory effects against the plant pathogenic fungus,
Rhizoctonia solani. Egyptian Journal of Biological Pest Control, 26(4).

109- Zhou, Y., Ge, S., Jin, L., Yao, K., Wang, Y., Wu, X., Zhou, J., Xia, X., Shi, K., Foyer, C.H., & Yu, J. (2019).
A novel CO,-responsive systemic signaling pathway controlling plant mycorrhizal symbiosis. New Phytologist,
224(1), 106-116. https://doi.org/10.1111/nph.15917


https://doi.org/10.1094/PHYTO-08-10-0216
https://doi.org/10.1007/s00572-002-0176-7
https://doi.org/10.1128/AEM.03078-20
https://doi.org/10.14393/BJ-v33n2-34580
https://doi.org/10.1016/j.micres.2017.05.006
https://doi.org/10.1016/j.envexpbot.2019.103926
https://doi.org/10.1111/nph.15917

Journal of Iranian Plant Protection Research

https://jpp.um.ac.ir R

Short Research Article
Vol. 37, No. 2, Summer 2023, p. 159-164
EY

Some Nutritional Indices of the Khapra Beetle, Trogoderma granarium (Everts)
(Coleoptera: Dermestidae) on Grain of VVarious Wheat Genotypes

B. Naseri®@'* S. Noruzinia®?, S.A.A Fathi®*- H. Rafiee-Dastjerdi®*

Received: 13-02-2023 How to cite this article:
Revised: 30-07-2023 Naseri, B., Noruzinia, S., Fathi, S.A.A., & Rafiee-Dastjerdi, H. (2023). Some
Accepted: 31-07-2023 nutritional indices of the Khapra beetle, Trogoderma granarium (Everts)

Available Online: 01-08-2023 (Coleoptera: Dermestidae) on grain of various wheat genotypes. Journal of
Iranian Plant Protection Research, 37(2), 159-164. (In Persian with English
abstract). https://doi.org/10.22067/jpp.2023.81101.1130

Introduction

Trogoderma granarium (Everts) is an economic insect pest of stored grains in Iran and many tropical and
subtropical regions. If stored products contaminated with this insect are consumed by humans, it would cause
serious digestive diseases. To control T. granarium in storage, chemical insecticides and fumigants are often
used, but due to their extreme toxicity to humans and other dangerous side-effects, their application has been
limited. Therefore, in order to develop alternative control methods with minimal harmful effects to humans and
other non-target organisms, there is a need to understand feeding performances of the pest on different cultivars.
The use of insect-resistant plants is one of the effective methods in integrated pest management programs. Study
of nutritional indices of stored product insects is one of the important methods of measuring the resistance in
plant cultivars.

Materials and Methods

Nutritional indices of T. granarium larvae were investigated using the gravimetric method provided by
Wadbauer (1968). The grains of wheat genotypes including N-91-9, Heidari, Aftab, Tirgan, N-92-19, Gaskojen
and Kouhdasht were crushed using a grinder. Then, first instar larvae were reared on the grains of these
genotypes under 33 + 1°C, 65 + 5% R.H., and 14:10 (L:D) h. After emergence of fifth instar, the weight of
larvae, before and after feeding, and the amount of grain eaten by the larvae were measured. The data were
analyzed using one-way ANOVA using SPSS ver.16. Then, Tukey's HSD test, with a probability level of 5%,
was used to investigate the statistical differences among the means.

Results and Discussion

There were significant differences in the nutritional indices of T. granarium fifth instar larvae on grain of
different wheat genotypes. The larvae raised on line N-91-9 had the lowest weight of food consumption (24.33 £
3.38 mg/10 larvae) compared to other genotypes tested. Larvae fed with line N-91-9 (5.33 + 0.33 mg/10 larvae)
and cultivars Aftab (3.00 + 0.57 mg/10 larvae) and Heidari (3.00 £ 0.57 mg/10 larvae) showed lower weight gain
than those fed with other genotypes. The highest efficiency of conversion of ingested food (ECI) was on
cultivars Gascojen (36.56 + 1.46 %) and Tirgan (33.42 £ 0.60 %), and the lowest was observed on cultivars
Aftab (7.32 £ 1.51 %) and Heidari (7.86 + 1.38 %). The highest relative consumption rate (RCR) was found on
cultivar Gascojen (1.08 £ 0.05 mg/mg/day) and line N-92-19 (0.95 + 0.02 mg/mg/day), and the lowest was seen
on line N-91-9 (0.16 + 0.03 mg/mg/day), and cultivars Heidari (0.19 + 0.02 mg/mg/day) and Aftab (0.24 + 0.02
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mg/mg/day). As compared with the other examined genotypes, the relative growth rate (RGR) was the highest on
cultivar Gascojen (0.394 + 0.022 mg/mg/day). Larvae feeding from cultivar Gascojen (5.61 + 0.17 mg/day) had
the highest growth rate (GR), and larvae feeding from line N-91-9 (0.76 = 0.04 mg/day) and cultivars Heidari
(0.42 £ 0.08 mg/day) and Aftab (0.42 = 0.08 mg/day) had the lowest GR value. The change in the nutritional
indices of T. granarium larvae can be due to the differences in physical and chemical characteristics of the grains
of tested wheat genotypes. The ECI index represents the ability of an insect to use eaten food to increase its body
size and weight. In other words, the increase in ECI value on cultivars Gaskojen and Tirgan indicates the high
ability of fifth instar larvae to convert the eaten grain into body biomass. This finding may be due to the high
protein content and low grain hardness of these cultivars. The decrease in the amount of food eaten and body
weight in larvae fed with cultivar Heidari and line N-91-9 may be due to the high grain hardness of these
genotypes.

Conclusion

Our results showed that line N-91-9 and cultivars Heidari and Aftab had lower nutritional value than the
other tested genotypes for T. granarium larvae, because the amount of food eaten, larval weight gain and
nutritional indices of larvae fed with these genotypes were lower than other genotypes tested. So, these
genotypes can be used in genetic engineering programs to minimize the damage of T. granarium. The presence
of defensive chemical compounds, grain hardness or the lack of essential nutrients for the development of the
pest may be the reason why some of the tested genotypes are unsuitable for T. granarium feeding.

Keywords: Khapra beetle, Larval weight, Nutritional performance, Wheat cultivar
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Figure 1- Mean (+SE) nutritional indices of Trogoderma granarium fifth instar larvae on different wheat genotypes

Mean values followed by different letters for each index are significantly different (Tukey’s HSD test, P < 0.05). ECIL: Efficiency of
conversion of ingested food; RCR: Relative consumption rate; RGR: Relative growth rate; GR: Growth rate.
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Introduction

Tehran, in terms of extent, is the 26th megacity of the world. Tehran’s urban green landscape per capita is
15.5 square meters per person. Weeds annually financially damage green landscapes in Tehran, the cost of weed
management in a lawn is 1500 rials per square meter. One of the tools and methods that can improve weed
management is to map their distribution. These map help researchers. 1- Areas affected by the population of
different species. 2- ldentify areas of the invasive weed infested areas. So far, the study of community structure
and species diversity in weeds in the green space of Mashhad, Khorshid park Mashhad, and grass fields of Shiraz
University have been done, but a similar research has not been done in Tehran. A research was conducted in
parks of 22 districts of Tehran in order to assess, specify diversity, density, dominance and distribution map of
weeds in Tehran.

Materials and Methods

This study was conducted in years 2014-2015 in 48 parks of 22 districts of Tehran. Sampling was conducted
in summer using W systematic method. The parks in each area were chosen according to the extent of green
area, the location of the park in the twon (whether the park was in the suburbs of Tehran or other parts of the
area) and according to the three following scales. In the 5 hectare parks, 10 samples, 6 to 15 hectare parks, 15
samples and in 16 and more than 16 hectare parks 25 samples were taken. In the 5 hectare parks, 25 meters, 6 to
15 hectare parks, 40 meters and in 60 and more than 60 hectare parks 70 meters of margin was considered for
each park. Latitude, longitude and altitude were recorded. Weeds of each quadrat were identified and counted
according to their species and finally, using Thomas equations (1985), their frequency, uniformity, average
aggregation and dominance index were calculated. In order to create distribution map of weeds Arcgis and
Arcmap soft-wares were used for determine the distribution of dominant species of weeds and other species in
the city of Tehran. Shannon-Wiener and uniformity indexes were calculated for all parks. For comparing and

grouping 22 districts, cluster analysis was performed using SPSS software.

Results and Discussion

A total of 52 weed species from 21 families were observed. Maximum weed densities respectively were
found in the Region 17 and Region 16 with 34.38 and 36.25 plant/m2. The 28 species of 52 species belonging to
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four families, Asteraceae,Poaceae, Fabaceae, and Chenopodiaceae, with 10, 7, 6 and 4 species, respectively.
Based on a abundance index (Al). Lion’s tooth (Taraxacum officinale), knotweed (Polygonum patulum), greaet
plantain (Plantago major), bermuda grass (Cynodon dactylon) and Sow thistle (Sonchus oleraceus) were
dominant species. Parks in district 2 with 3.30 had maximum diversity in weed community and parks in districts
15,21, 11, 18, 12, 14, 3 with 2.25, 2.25, 2.25, 2.19, 2.31, 2.33, 2.12, respectively had minimum diversity. Also
presence of Beggarticks (Bidens parviflora Willd), garden anchusa (Anchusa italic Retz), garden orache (Atriple
hortensisL.), common reed ((Phragmmites austrialis (Cav.) Trinexsteud), ribwort plantain (Plantago lanceoleta
L.), nappola minor (Xanthium brasilicum), yellow sweet clover (Mellilotus officnalis L. Desr), common mallow
(Malva sylvestrisL.) weeds in some specific areas makes it necessary to control these weeds to stop their
reproduction in these specific area and expansion of infected seeds from these areas to other areas of Tehran.
Lion’s tooth distribution maps, as the most dominant broad leaf weed showed that the highest plant density
above regions 21, 18, 16, 17, 19 and the lowest density in regions 4, 1, 5, 22, 3 there. Bermuda grass distribution
maps, as the most dominant weed of slim leaf showed that the highest plant density above regions 2, 4, 5, 8, 9,
10, 16, 21 and the lowest density in regions 12, 13 there.

Conclusion

Determination of density, type, species and life cycle of weeds in Tehran parks, allows to manage and reduce
weeds damages and also by using integrated weed management system it is possible for better management and
reduce weeds population and stop spreading of them from one area to another. Also close monitoring and precise
management of other parameters such as soil and manure is effective in reducing the population of weeds in all
areas.

Keywords: Density, Lion’s tooth (Taraxacum officinale), Shannon—-Wiener index, Uniformity index
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Figure 1- Plant families and percentage of each family in turfgrass of Tehran city parks
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Table 1- Scientific and Persian name, family, frequency (F), uniformity (U), mean density (MD) and abundance index (Al) of
weeds in turfgrass of Tehran's parks

o ol (ole U 8,65 pU Sleb ISy o515 obe Sl (s ls
Persian name Scientific name Familly name Frequency Uniformity Mean density Abundance Index
(plants.m™?)
[FALY] Acalypha austeralis L. Euphorbiaceae 36.36 272 0.07 39.16
Syl Alhagi pseudalhagi M. Bieb. Fabaceae 13.63 0.45 0.01 14.10
oatS aby, p> Alopecurus sp. Poaceae 13.63 0.90 0.02 14.57
S g2 Amaranthus albus L. Amaranthaceae 9.09 0.30 0.009 9.40
odulgd gyl Amaranthus belitoides S. Wats Amaranthaceae 63.63 378 0.07 67.49
3oy Ay ooyl Amaranthus retroflexus L. Amaranthaceae 86.36 9.69 0.13 96.19
obiels Anchusa italica Retz. Boraginaceae 454 0.15 0.01 4.70
gene diny Artemisia vulgaris L. Asteraceae 40.90 5.30 0.07 46.29
oSl 5 Atriplex hortensis L. Chenopodiaceae 454 0.15 0.01 4.70
Uiwigd Bidens parviflora Willd Asteraceae 454 0.15 0.01 4.70
S Cardaria draba L. Brassicaceae 18.18 1.36 0.01 19.56
Sy sy Carduus pycnocephalus L. Asteraceae 454 0.30 0.01 4.85
0y doku Chenopodium album L. Chenopodiaceae 71.27 10.30 013 87.70
S5 S Sabo Chenopodium murale L. Chenopodiaceae 22.72 121 0.02 23.96
9y Chondrilla juncea L. Asteraceae 454 0.15 0.01 4.70
a5 Cirsium arvense (L.) Scop. Asteraceae 13.63 0.60 0.01 14.25
Somy Convolvulus arvensis L. Convolvulaceae 95.45 24.54 0.68 120.67
ol Sl Conyza bonariensis (L.) Corngq Asteraceae 31.81 1.81 0.04 33.67
Ly oy Cynodon dactylon (L.) pers Zygophyllaceae 100.00 36.96 1.30 138.27
5,5 p s Cyperus esculentus L. Cypraceae 68.18 4.90 0.08 72.35
S Digitaria sanguinalis (L.) Scop Poaceae 77.27 13.93 0.34 91.55
[ Echinochloa crus galli (L.) Beauv Poaceae 59.09 272 0.04 61.86
VRN Erodium cicutarium (L.) LHer. ex Aiton Geraniaceae 9.09 0.30 0.01 9.40
by Euphorbia maculata L. Euphorbiaceae 71.27 5.15 0.16 82.58
by Euphorbia serpens Kunth Euphorbiaceae 13.63 0.45 0.02 1411
bl s ksl Heliotropium europaeum L. Boraginaceae 18.18 0.75 0.02 18.96
9B ssl> Kochia scoparia (L.) Schard. Chenopodiaceae 95.45 26.21 0.46 122.12
Syl gqals Lactuca serriola L. Asteraceae 45.45 3.18 0.04 48.68
3y 459 Lotus corniculatus L. Fabaceae 454 0.15 0.01 470
Jgene S pais Malva neglecta Wallr Malvaceae 100.00 7.87 0.14 108.02
o Syt Malva sylvestris L. Malvaceae 454 0.15 0.01 4.70
ol 4559 Medicago lupulina L. Fabaceae 27.27 1.96 0.02 29.26
Wiy Medicago sativa L. Fabaceae 454 227 0.05 6.86
EEFIRW Oxalis corniculata L. Oxalidaceae 100.00 22.57 1.34 12381
~ Phragmites austeralis (Cav.) Trin. Ex Steud. Poaceae 454 0.15 0.01 4.70
s Plantago lanceoleta L. Plantaginaceae 454 0.15 0.01 470
Sinyl Plantago major L. Plantaginaceae 100.00 40.15 2.92 143,07
T A Can Polygonum convolvulus L. Polygonaceae 54.54 712 0.05 61.72
obgS b Ay i Polygonum patulum M. Bieb. Polygonaceae 100.00 43.48 1.09 144.57
FEES Portulaca oleracea L. Portulacaceae 68.18 6.81 0.06 75.06
Sy sl Rumex pulcher L. Polygonaceae 68.18 6.21 0.07 74.46
ol 53, U Solanum nigrum L. Solanaceae 27.27 242 0.04 29.74
Yy Capghoy Sy Sonchus oleraceus L. Asteraceae 100.00 24.54 0.22 12476
oS Senecio vulgaris L. Asteraceae 22.72 0.75 0.01 23.50
i) Setaria glauca L. Poaceae 13.63 0.45 0.01 14.10
a0 oabg, po Setaria viridis (L.) P. Beauv. Poaceae 95.45 16.36 0.33 112.15
2o S Taraxacum officinale(L.) Weber ex F. H. Wigg Asteraceae 100.00 61.96 227 164.24
S )5 Terribulus terrestris L. Zygophyllaceae 18.18 0.75 0.01 18.95
3oy yhud Trifolium pretense L. Fabaceae 45.45 1.96 0.27 47.69
EVRERW Trifolium repense L. Fabaceae 86.36 12.57 071 99.65
N ol Verbena officinalis L. Verbenaceae 9.09 0.15 0.01 9.24
sy 4 Xanthium brasilicum Vell. Asteraceae 4.54 0.15 0.01 470
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Figure 2- Distribution map of Dandelions(Taraxacum officinale) in the Turfgrass of Tehran's parks

Weed density per m2
P A e WS
-4 060086
B A - 4% 0.860.99
B s2 -0 099110

|:]‘.A\. —VYY 1.10-1.22 0 425 85 17 Km
LYo Ae W s
L LYY - rd 1.22-1.39
——t—t—t—t—t—t—]

OlRd e g liwgr (65 cpo 40 0ligS b o Cd e (ST auis - S
Figure 3- Distribution map of Hogeweed (Polygonum patulum) in the Turfgrass of Tehran's parks
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Figure 4- Distribution map of Broadleaf plantain (Plantago major) in the Turfgrass of Tehran's parks
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Figure 5- Distribution map of Bermudagrass (Cynodon dactylon) in the Turfgrass of Tehran's parks
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Introduction

Drought stress is one of the main environmental factors affecting the growth and productivity of plants
around the world. Periods of severe drought are predicted to increase significantly in the near future, particularly
as a result of extreme heat waves. Salinity is also one of the most important challenges facing the food supply for
the world's population in the future, and the degree and time of exposure to stress can make this challenge
stronger or weaker.

Environmental limitations affecting plant growth, development and performance of physiological processes
during plant response to stress provide important information about the plant mechanism, which is useful for
eliminating or reducing the harmful effects of stress in plant tissues. The negative effects of climate change (such
as drought, sea level rise, and global warming), as well as the salinization of agricultural land, and have been
cited as one of the most important problems of the World Agriculture Organization (FAO).

Understanding the relationship between changes in environmental conditions and climate change and Arundo
donax with regard to the growth of coastal native species and also understanding the water wastage by this plant
compared to coastal native plants is vital to remove this plant in the current situation where there is drought in
most areas.

In this situation, it is necessary to know how different environmental factors such as salinity levels, dryness,
temperature, nutrients, light and fire affect the growth and invasion of Arundo donax for long-term and large-
scale control. The purpose of this research is to obtain valuable information about the growth and development
of existing ecotypes of the Arundo donax plant in Iran and the effect of various environmental factors on the
germination, growth and fertility of this plant in order to plan for the long-term restoration of river ecosystems
and how to control and The fight or its optimal use should be determined.

Materials and Methods

In order to investigate the effect of drought and salinity treatment on the growth and establishment of the
rhizome of Arundo donax, an experiment was conducted in 2021 using rhizomes collected from the ecotype of
Gorgan city and factorially in the form of a randomized complete block design in 3 replications in the research
farm of Ferdowsi University of Mashhad. The experimental treatments included different levels of drought stress
{100%, 75% and 50% of crop capacity} and different levels of salinity stress {0 (distilled water), 4, 8 and 12
dS/m}.
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Results and Discussion

The general results of the experiment showed that the presence of salinity and drought stresses both decrease
the growth and development indicators of this plant, and the presence of these two environmental stresses can
increase the indicators of biomass of aerial organs, biomass of underground organs, plant height, and stem
diameter. The effect of salinity stress on the reduction of the measured indices was less than that of drought
stress, so that the difference between the levels of salinity stress at different levels of drought stress in all the
measured indices, except the shoot biomass, had insignificant differences with each other, but in the comparison
of the effect of drought stress at different levels of the surface together we come to the conclusion that drought
stress alone leads to a significant decrease in growth indicators compared to the control treatment. The maximum
amount of shoot biomass in non-stress conditions (control) was 2840 (gr), and with the increase of salinity and
drought stress levels, this value decreases, so that the lowest amount of biomass in drought stress and maximum
salinity conditions was 988 (gr). The biomass of the shoots of Arundo donax increased over time in different
levels of salinity and drought stress, and its value was from less than 300 grams at the beginning of the growing
season in all stress levels to more than 1000 to 2500 (gr) at the end of the growing season in different stress
levels.

Conclusion

The parameters obtained from the effect of salinity and drought stress on the stem diameter, plant height and
leaf surface of Arundo donax showed that this plant showed some resistance under minor drought stress and
these indicators decrease less in it, but in severe drought stress this amount decreased sharply. The results of
analysis of variance of this experiment also showed that salinity and drought treatment and their interaction led
to a significant difference with the control treatment. The simple effect of salinity treatment showed a significant
difference in other indices compared to the control treatment, except for the index of leaf area and stem diameter,
however, the simple effect of drought treatment showed significance in all the measured indices.

Keywords: Arundo donax, Drought, Environmental stress, Growth, Invasive plant
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1- Bulk density

2- Electrical conductivity of the saturation extract
3- Field capacity moisture

4- Permanent wilting point
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Table 1- Variance analysis table for the study of the effect of environmental stresses on the growth and development of the
Arundo donax in the climatic conditions of Mashhad city
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(Source) 2lop Pl SS9 | oy ol S 39 | WS, | aBlw sk Sy
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(Treatment) Lo
(Salinity) ., 194.4* 76.6* 13.8* 9.16 0.21
(Drought) s 202.46** 89.4* 23.6**  19.23** 0.43*
(S*D) [Ssssyps 312.38** 161.42* 31.73**  27.51* 0.56*

* And **: Significant at 5% and 1% of probability levels.
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Table 2- The effect of different levels of salinity and dryness on the dry weight shoot, dry weight root, plant height, stem
diameter and leaf area index in A.donax rhizome cultivation in the climatic conditions of Mashhad city
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Dry Weight Shoot Root Height Diameter LAl
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I, S 1102.5 (15)¢ 200.65 (2.13)¢ (%1§%§c 1431 (007  0.196 (0.001)
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The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis
are standard error of the means.
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Figure 1- The effect of different levels of salinity and dryness on the shoot biomass of A.donax during the growing season
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Table 3- The parameters of the influence of different levels of salinity and dryness on the dry weight shoot of A.donax on the

Mo s (2198 9 Ol aglad

three-parameter logistic model in the climatic conditions of Mashhad city
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XO *k

I -Y I

Drought level (MPa)  Salinity level (dS.m) (gr) (Dey) B Rl RMSE
I B 2840 (1F 62(0.8° 134 097 148
I S2 2784 (2)* 61 (0.6)" 1.36 0.97 1.37
Iy En 2636 (4 62(05)° 137 096  1.36
Iy S 2418 (4)° 61(0.3)"° 1.32 0.96 1.35
l2 S1 2416 (3)° 64 (0.3° 1.30 0.94 1.29
I So 2363 (1)@ 62(0.4)P 132 095 1.8
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Is B 1317 (4% 67 (05)® 065 096  1.17
I3 S2 1259 (4"  70(0.3)* 0.69 0.96 1.15
Is B 1178 (3)" 72(03)F 067 096 1.08
Is S4 988 (1)i  73(0.47 0.68 095 1.07
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s:maximum amount of biomass

**: time to reach 50% of biomass

***: slope of the curve

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis are standard error
of the means.
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Figure 2- The effect of different levels of salinity and dryness on the root biomass of A.donax during the growing season
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Table 4- The parameters of the influence of different levels of salinity and dryness on the dry weight root of A.donax on the
three-parameter logistic model in the climatic conditions of Mashhad city

sSuis T o Tl A X B™ Rhy RMSE
Drought level (MPa) Salinity level (dS.m) (gr) (Dey)
I 51 516 (1) 60 (0.8 146 098 158
I So 506 (2 61(0.6)° 1.38 098 1.07
I Ss 479 (4% 60 (0.5 127 097 136
I1 Sy 440 (4 61(0.3) 1.22 0.97 1.45
I2 51 439 (3 63(0.3° 135 096 0.99
I2 S 430 () 64 (0.4 132 097 084
I2 Ss 407 (1)° 65(0.8)® 1.30 095 0.67
I2 Ss 3702 65(0.6)» 127 096 0.93
Is 51 239 (4° 68(0.5® 061 097 0.71
Is So 229 (4)% 68 (0.3 059 096 0.58
Is 53 215(3)" 73(0.3° 057 098 0.8
I3 S 180 (1) 74(0.4 058 097 0.76
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#:maximum amount of biomass

**: time to reach 50% of biomass

***: slope of the curve

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis
are standard error of the means.
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Figure 3: The effect of different levels of salinity and dryness on the height of A.donax during the growing season
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Table 5- The parameters of the influence of different levels of salinity and dryness on the height of A.donax on the three-
parameter logistic model in the climatic conditions of Mashhad city

S gl e A Xo B™ RZg RMSE
Drought level (MPa)  Salinity level (dS.m)  (cm) (Dey)
Iy 51 237 (1 61(0.8) 164 094 138
I S2 232(2)* 61(0.6) 158 0.94 1.07
I S3 220 (4)*® 61(0.5) 1.67 0.93 1.16
Iy S4 202 (4 60(0.3) 1.62 094 1.5
I2 S 200(3° 63(0.3)° 153 092  0.89
I So 197 (1) 63(0.4)7 143 093 074
I S 188 ()" 64(0.8)° 143 092 067
I Sy 169 (2° 65(06)° 137 091 073
Is S 110 (4 68(0.5 0.83 092 061
Is So 105(4) 67(03)® 079 092 058
Is B 98(3)° 72(0.3° 075 094 0.68
Is S4 82 (1) 75(0.42 078 094  0.66
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Al g0

s:maximum amount of height

**: time to reach 50% of height

***: slope of the curve

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis
are standard error of the means.

les it glom g O baylpd b B3l b g (25 4 oot

Blo jlab (S35 g )98 sl i Ll Jobs gl el
S st el ol & ob Gl (P gie) (heed S
o M Gials ol aBle b g 0ol LS Cuglis (sual  Sis
&S ey )5 Iy Eals ke p) (Sis wad (i )0 bl wiS
e zolaw 3 St (6)98 gaw S35 llpd 53 4l jlad Sl
g1 yia oo YE o YY X5l sy (I3 g l2 g ) (Sis s
bylys Cov Liwed S olS &S sad o i o Olidss pls
Coly S e g A8 00 by ol ] Bl b (Sis 15
Pilu et al., ) 5,5 0 olS glas)l 5 sla plul odgcuny) ials
oS oS 1538 Slgie (Valli et al, 2017) ySan 5 s (2014
SRz 3 09290 lacsS ke > (Sid iS5 Co ined (5
Cage ol Gran & Cb (658 g Nyl b Sy e
355l gl & Cunglio osilly yobo 4 9 (Slgyden colin ialS
9 2585 £ Gl 5l (8L &S dg (Suid (55 0)9 Jobo 3 (5>
Adbioe 3%

5 Baslsdgy O yolre 13 el ined 5 amd e olis Clisdss

5 08 o 05y Ol g Yl o yiod CblB b LSK a5 LlaplSe
Syt 2y > LS &5l & 2950 cage (pen
2 e & lsr g Ol b 3 g ai ol iy (S8
2o 205 5y By Lyl gl idgaome Ol (36 s
Watts and Moore, Danin, 2004;) 53,5 Ul ai, ialS 4
SlSis dxme oS glasls slaope; 0 Lined S (2011
£5 b ly b baisS ol bl S o A5y Codbge | ditun
Shlind & o |y (58 (GS) (sle5i5y colan 5 (PN) jitogi
J(Lauteri et al., 2014) 5515 wlod,S" )y g bl s p> 45" 395
A S Slie plgis 4 dBlo (Sjslsdee sl el rimen
5,Slos bl ply A, donax slads s dewgs cusl Seo dONaAX
Haworth et al., ) uS' pi K6l Sis 4 Joos sl Shg g
g Al drwgl g Ay p Jaore g i SIS wyle 4 (2017
s 59y 32 Bl o0 81> 135 CllB O o3 (5 (e Pl
obS oad S5 sladBle g bapgh I Jolbs a5 ol ol am
b i s g autliS 1 cul 039y (il cos 5k



AL L ] < oS drwgd g iy ;‘a.m ‘SLQ‘_;A.U ).J‘la 3y @I,!&u 9 .>|}i GQ‘“

stlgp 9 2 byl )3 (6 50l s Stand Jiso les! 32 (shod oS Bl yhab gy (Sl g (55908 o Zgbns T (g ooyl T Jgu

Table 6- The parameters of the influence of different levels of salinity and dryness on the stem diameter of A.donax on the
three-parameter logistic model in the climatic conditions of Mashhad city

b gl | oy A Xo B RZs; RMSE
Drought level (MPa)  Salinity level (dS.m)  (mm) (Dey)
I B 36(1)° 6L(0.8° 156 096 162
Iy So 34(2F 61(0.6 148 096 157
Iy s 32(4)® 60(05° 137 095 156
I S 29 (4)® 60(0.3)* 1.32 0.94 1.55
I B 33(3)F 59(0.3)® 145 093 149
I So 3L()® 61(0.4)° 142 096 148
Iz En 20()® 60(0.8° 141 096 146
I2 S 23(2)* 60(0.6)2 1.37 0.96 1.39
I3 S1 24 (4 48 (0.5*® 1.41 0.93 1.27
I3 S2 22 (4)° 45(0.3) 1.29 0.94 1.22
Is B 19(3)° 46(03)° 1.08 096 1.8
I3 Sy 14 (1) 46(0.4)° 0.68 0.93 1.16
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s:maximum amount of stem diameter

Al g0
**: time to reach 50% of stem diameter

***: slope of the curve

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis
are standard error of the means.
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Figure 4- The effect of different levels of salinity and dryness on the stem diameter of A.donax during the growing season
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Table 7- The parameters of the influence of different levels of salinity and dryness on the leaf area index of A.donax on the
three-parameter logistic model in the climatic conditions of Mashhad city

sSuis T o T o X B™ Rhy RMSE
Drought level (MPa) Salinity level (dS.m) (m?) (Dey)
I B 052(1)° 60(08P 144 096 158
I So 05(2)7 60(0.6° 136 093 1.47
I Ss 0.48(4)® 64(0.5® 135 094 1.36
I Ss 0.4(4)P 61(0.3° 130 093 145
I2 51 0.44(3)* 62(0.3° 133 093 1.0
I2 S 043(1)* 62(0.4)P 129 094 1.08
I2 Ss 0.4(1)° 64(0.8)* 128 091 1.06
I2 Ss 0.37(2 65(0.60* 125 093 1.03
I3 51 0.24(4)¢ 62(0.5° 119 094 087
Is S 0.22(4)¢ 63(0.3* 117 092 085
Is 53 0.21(3)%* 69(0.3° 118 091 0.88
I3 S4 0.18(1)° 71(04)7° 115 090 0.76
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s:maximum amount of LAl **: time to reach 50% of LAl  ***: slope of the curve

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis
are standard error of the means.
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Figure 5- The effect of different levels of salinity and dryness on the leaf area index of A.donax during the growing season
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Introduction

Vicia hyrcanica grows in crop fields and field margins, pastures, meadows, orchards, vineyards, uncultivated
areas, and other open areas in western parts of Iran. This is an annual, cool-season weed, which can reduce crop
yield substantially. The population of this weedy species during last yeard has been increased and it is now
considered as an invasive weed in the cuktivated areas of west of Iran. Hence, the aim of this study was to
determine the diversity, density and dominance of Vicia hyrcanica compared with other weed species infesting
wheat and chickpea fields in Kuzaran city in Kermanshah province, Iran. Furthermore, another aim of this
experiment was to prepare the map of contaminated areas with V. hyrcanica as well as the endanger fields for
being invaded by this weedy species.

Materials and Methods

For conducting this study, a list of important areas for growing wheat, chickpea, rainfed and irrigated in
Kuzran city was prepared, then the distribution of this weed was evaluated during growing season of 2020. 300
farms of both irrigated and rainfed wheat and chickpea farms of Kuzaran city, Kermanshah province, Iran were
selected for sampling. The selected fields were monitored in such a way as to cover all important areas of wheat
and chickpea production areas in Kuzran city. The selection of farms at a distance of approximately 3-5 km
before the emergence of wheat spike gradually began in late April from different parts of the city and continued
until late May. Sampling time in different parts of the province was from the beginning of stem emergence to the
end of wheat clustering. In order to identify seedlings, they were labeled in the field and seedling identification
keys were used to identify them. Parameters related to relative abundance, species richness, density and relative
uniformity as well as diversity and dominance indices were measured to determine the importance of the
mentioned weed species at the farm level. Through using GIS technique, the distribution map of yellow flower
vetch in these areas was drawn.

Results

In addition to yellow vetch, another 21 species of geraminae weeds were observed. The highest average
species density with 35.2 plants per square meter and the highest relative abundance of 36.3% is related to Vicia
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hyrcanica and two species Tragopogon major and Melilotus officinalis both with 0.27 and 0.26, respectively,
had the lowest mean species density and relative abundance. In adition, the most common broadleaf species
included Catchweed bedstraw (Galium tricornutum Dandy), yellow vetch (V. hyricanica), wild mustard (Sinapis
arvensis L.) and Makhobeli (Cephalaria syriaca (L.) Roemer & Schultes). Uniformity index in irrigated and
rainfed wheat fields of Kuzran city of Kermanshah province shows that the differences between species were
very close in terms of uniformity and ranged from 0.53 (Sinapis arvensis) to 95% (related to Silybum marianum).

Conclusion

The highest prevalence index was related to species (V. hyrcanica) and all other weed species had a
dominance index of less than 100. Based on the results obtained, among the species identified in wheat and
chickpea fields of Kuzran city, five species with the highest prevalence of Simpson species were introduced as
the species with the highest relative importance. Differences in species diversity and dominance indices were
related to the amount and type of management operations on farms. Caspian vetch and Catchweed bedstraw were
identified as the main invasive species. The predominance of these weeds, especially the Caspian vetch, as a
weed, creates problems for farmers in the production of important crops, such as peas, because these crops are
similar to vetch, and they separate it from the seeds of the crop. It is difficult and somewhat impossible by Bojari
devices. Therefore, presence of this weed in these fields is critical and their spread should be prevented. In
addition to seed contamination, endrils of vetchs allow V. hyrcanica to attach to crop plants, which results in
hindering crop harvest and reducing its yield. Finally, totally, these attributes help to increase the infestation area
by this weedy species and my explain its invasion status in the region.

Keywords: Diversity, Dominance, Invasive weed, Weed density, Vetch
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Figure 1- Evaluated area of weed distribution map of chickpea and wheat fields in Kuzaran city
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Figure 2- Percentage of weed species in chickpea and wheat fields (irrigated and rainfed) in Kuzran city
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Figure 3- Percentage of uniformity of weed species in chickpea and wheat fields (irrigated and rainfed) in Kozran city
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Table 1- Calculation of biodiversity indices of weed species in chickpea and wheat fields in Kozran city
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Figure 4- Cluster cluster analysis of chickpea and wheat weed species in Kozran city
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Figure 5- Distribution map and density of Caspian vetch (Vicia hyrcanica) in wheat and chickpea fields of Kozran city
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Figure 6- Some samples of captured images of Caspian vetch
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Introduction

Prediction of weed emergence time is one of the valuable decision-making tools in integrated weed
management, which can be used to optimize weed control programs. Among human agricultural practices, tillage
is one of the main drivers of weed communities. The emergence pattern has sensitive receptors that may change
with a manipulation such as tillage or any other management activity. Johnson grass (Sorghum halepense (Pers.)
L.) from the Poaceae family is a C4 perennial weed and one of the most invasive weeds in the world. This weed
has spread in one third of the world's regions, which has led to a major reduction of biological and agricultural
diversity in Asia, Africa, America and Europe. It ranks sixth in the list of 30 worst weeds in the world in 53
countries and has become endemic in millions of hectares of the world. Cutworms have been reported in crops
including wheat (Triticum aestivum L.), soybean (Glycine max L.), corn (Zea mays L.), cotton (Gossypium
hirsutum L.), vegetables and fruit trees.

Materials and Methods

In order to predict the time of emergence of seedlings from seeds and rhizomes, a field experiment was
conducted during the spring and summer of 2022 in the research farm located in the Agricultural Campus of
Tehran University located in Karaj. The experiment was conducted as a randomized complete block with four
replications. The investigated treatments were four tillage dates including 15 May, 30 May, 15 June and 30 June.
20 plots with dimensions of 2 x1 m? were prepared in a part of the research farm which has a high level of
Johnson grass contamination based on previous monitoring. Tillage is done up to a depth of 20 cm in the plots.
In each plot, three quadrates with dimensions of 0.5 x 0.5 m? were installed, and seed seedlings and rhizomes
were counted at weekly intervals until the end of the season. Four models (Logistic, Sigmoidal, Gumpertz and
Weibull) were used to investigate the emergence pattern of seedlings obtained from seeds and rhizomes.
Analysis of variance was done with the help of SAS 9.1 software. Sigma plot software was used to brush the
models.

Results and Discussion

The minimum square standard error model with an explanation coefficient of 0.85 and also the root mean
square error of 5.35 has been able to predict the cumulative emergence of the seedlings of Johnson grass seeds.
These values were 0.94 and 3.8 respectively in predicting the cumulative emergence of seedlings from the
rhizome, which indicates the higher accuracy of the model in predicting the emergence from the rhizome. The
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results showed that, in general, the used models had close values of the corrected coefficient of explanation and
root mean square error, so these indicators were not able to distinguish the more accurate model. But in general,
since models with a lower Akaike index are more accurate anyway, the logistic model was chosen as the best
model. The effect of plowing was significant on the germination pattern of seed and rhizomes. May plowing
dates were associated with a high population of seed and rhizome seedlings, but in the same proportion in the
population. Seed seedlings emergent in a smaller number and during a shorter period of the season, while
rhizome shoots are observed in a longer period and with a much higher number in the field. In general, the
emergence of seed seedlings started earlier, slightly before rhizome seedlings. With the gradual increase in
temperature from May 15 to June 30, the response of rhizome seedlings to temperature has been variable among
the studied squares. A similar trend regarding the increase of germination variance can be seen in the case of
seeds, with the difference that the variance was much higher in the case of seed seedlings. This indicates that the
seeds are more sensitive to the increase in temperature and their variable response to environmental changes.

Conclusion

The plowing dates during June were associated with a decrease in the population of seed seedlings and an
increase in rhizome seedlings of the Johnson grass population. Considering that the rhizome population in the
farm is high at all times, it is suggested to write and implement control programs based on the rhizome
population. This point is more important in late tillage and late planting dates.

Keywords: Akaike index, Logistic model, Rhizome, Tillage
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Figure 1- Comparison of the observed and predicted values of the cumulative growth of seed (right) and rhizome (left)
seedlings of Johnson grass using the method of least square standard error model
The coefficient of determination (RSq) and root mean square error (RMSE) values are shown.
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Table 1- The test of the effect of experimental treatments on the seed seedlings emergence of Johnson grass
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Table 2- The test of the effect of experimental treatments on the shoot emergence of Johnson grass
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Table 4- Estimated parameters of Sigoid, Logistic, Weibull and Gumpertz models, which were fitted to describe the growth

pattern of seedling and rhizome-propagated plant in each plowing date
The values in parentheses are the standard error of the parameter estimate.
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Figure 2- Comparison of the growth pattern of seed and rhizome seedlings on plowing date, May 15

The points indicate the cumulative growths of Johnson grass during weekly counts in six replicates. The model fitted to the
observations is the three-parameter logistic model.

Sass g gy 0395 sk 5l L lizmen Culigead)l Yo o3l 2,6 2 3L ey 9 ok sleealS Lugy oI Y USS
OblS g BB ss Jo ol 0dd i (6yd aowlS O35 bl wCaol onds ooy L gyl Yo ool s
2 eeiy W8L gy sleazalS ol g5 g g o) Jsbo O Lole 4Bl gy sk glaazals slas (Jao syl
Bl o Cadigdy) VO Fo,b b duslie jo i)l Yo o5l Fo,b o35 cpl aSls 53 3445 o s i O 0 )lkwl (glad b axalS
2 G glaaalS 550 )0 Glg) 0)90 ok & Cundls > 1yl VA 3kl glas L g axalS A eghn) ol (ol
ol 0D St Jude ey A JlEe 4 3l )l g duslde 39 Y5 3 )k slaazalS gy dop B0l ol e
CutS g 5 3 4l gy 6ok slaazelS JS 2w cpioren AV il ol (o950 sloazalS (ly g 5o ¥ ol ikl (sllas |
Jin) Gl 0 035 (3050 Cuitigaad ) VO 3l iy cCdiqdyl Y- ol 044 gy i VA 3 )Lkl (sllas L 5o,
(¥ g odnlie oyl VO wSub Fu,l 3590 50 sl 4 4 13

2 295 SazalS ol 15 g Hiag) 0)9d Job b S e



1P Ll o o)lels (Y'Y wl> (55)9LiS ol g pole) ol ! QLbsz chblis b pghy @ i

Yyy

Sod pemals §

Seedlings Emergence

60

N
o
1

S. halepense seedling (m?)
8
|

0] 20 40 60 80
b Sl 25,005
Time (days aftertillage)

S. halepense shoots (m™)

_
oSy eals 8

S hoot Emergence

60

IS
o
I

N
o
1

o
1

0] 20 40 60 80
s Sl 5, 0L
Time (days aftertillage)

Coigers 3,1 Yo peud )l 45 (09525 9 Sod SAZBLS (yiagy (59N dunns o -V S
ol 0 yalyly dw Stnzd Jdo «lialie 4 a8l (i3l Jdeo Canl JISS Gid (S sl hyleds b 3L3 meod sl igy S0l bl
Figure 3-Comparison of the growth pattern of seed and rhizome seedlings on plowing date, May 30
The points indicate the cumulative growths of Johnson grass during weekly counts in six replicates. The model fitted to the
observations is the three-parameter logistic model.
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Figure 4- Comparison of the growth pattern of seed and rhizome seedlings on plowing date, June 15

The points indicate the cumulative growths of Johnson grass during weekly counts in six replicates. The model fitted to the
observations is the three-parameter logistic model.
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Figure 5-Comparison of the growth pattern of seed and rhizome seedlings on plowing date, June 30

The points indicate the cumulative growths of Johnson grass during weekly counts in six replicates. The model fitted to the
observations is the three-parameter logistic model.
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plowing dates
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