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3 - Immunocapture reverse transcription-polymerase
chain reaction (IC-RT-PCR)
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1 - Double antibody sandwich-Enzyme-linked
immunosorbent assay, DAS-ELISA
2- Agdia (USA)
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Introduction: Potato (Solanum tuberosum L.) is widely grown in different environments, forming the fourth
largest crop in the world, with a production of almost 321 million metric tons. Seed potato degeneration, the
reduction in yield or quality caused by an accumulation of pathogens and pests in planting material due to
successive cycles of vegetative propagation, has been a long-standing production challenge for potato growers
around the world. In developed countries this problem has been overcome by general access to and frequent use
of the seed, produced by specialized growers, that has been certified to have pathogen and pest incidence below
established thresholds, often referred to as certified seed. Potato leaf roll virus (PLRV) and potato virus Y (PVY)
are the most important viruses infecting potato crops and also reduce the size as well as a number of potato tubers
with annual global yield losses of up to 20 million tonnes. In Iran, PLRV and PVY are widely distributed in most
potato-growing areas in Iran and have caused severe yield losses of up to 40 percent.

This study was carried out to evaluate the amount of potato seed field’s infection to potato leaf roll virus and
potato virus Y in different regions of Hamedan province and to survey the sensitivity of cultivars to studied viruses.

Materials and Methods: Leaf samples were prepared from potato seed field (S seed class) which has a 3-
years rotation and 400 meters isolated distance from other potato growing fields. Studied potato seed fields were
located in three regions of Hamedan province included: KaboodarAhang, Goltappe and Razan. These regions are
the main potato production areas in Hamedan province of Iran. Leaf samples infection to potato leafroll virus and
potato virus Y was determined by DAS-ELISA test using specific antiserum (Patho Screen Kit, supplied by Agdia
Incorporated, USA) following the fundamental protocol outlined by Clark and Adams (1977) ELISA assay. The
yield of all studied fields was determined after harvesting. Meteorological information of three seed production
areas included average temperature, rainfall and wind speed was collected during the studied period.

Results and Discussion: Results showed that infected potato plants by both studied viruses (potato leaf roll
virus and potato virus Y) were seen in KaboodarAhang region, while potato plants infected by studied viruses
were not seen in the other regions (Goltappe and Razan). The probable cause of higher virus infection in
KaboodarAhang region could be due to the wider migration of carriers and their greater activity in the region
which had higher average temperature and rainfall than the other two studied areas. In Goltappe region which was
diseases free, the temperature means and the amount of rainfall was lower than the other regions during the growth
period. Maximum wind speed (25 m.s-1) in the infected region (KaboodarAhang) was higher than regions which
were free of diseases (Goltappe and Razan). The wind blowing provides the possibility of transmission of viral
infection by aphids (especially Myzus persicae) from neighbor infected fields. However, portable flight capacity
such as the aphid Myzus persicae may rarely exceed 100 meters, but Wind-assisted flight can carry aphids for
several hundred kilometers. Therefore, what matters more than the isolated distance between potato seed
production fields is the health of the seed production area and the speed and direction of the wind.

Among studied cultivars, Agria and Arinda cvs. were infected by both studied viruses, while the other studied
cultivars (Sante, Banba and jelly) were not infected.

In Agria cv. and in the range of infection between 1 and 3%, the relationship between yield and potato plants
infection to PLRV and PVY was not found, but in Arinda cv., the yield of virus (PLRV and PVY) free fields were
much higher than those of infected by PLRV and PVY.

Conclusion: Since the Agria and Arinda cvs. were infected by potato leaf roll virus and potato virus Y, this
can be concluded that these cultivars are sensitive to potato leafroll virus and potato virus Y. It seems Goltappe
and Razan regions are suitable for potato seed production in Hamedan province. In the low range of viral infection,
no logical relation was seen between potato plant’s yield and viral infection of plants. Among studied

1, 2 and 4- Assistant Professors, Seed and Plant Certification and Registration Institute, Agricultural Research, Education
and Extension Organization, Karaj, Iran

(*- Corresponding Author Email: bdarvishi_84@yahoo.com)

3, 5 and 6- Researchers, Seed and Plant Certification and Registration Institute, Agricultural Research, Education and
Extension Organization, Karaj, Iran

DOI: 10.22067/JPP.2021.32223.0


mailto:bdarvishi_84@yahoo.com

VOY  (lowd (bowl (oo jmw 53 adgi €150 39 (oo jmw 513 (w9329 9 S Sy (wo g STy 3]y K0 9 (Sg)d

meteorological parameters, temperature mean and the amount of rainfall in the free of diseases region are lower
than infected region.

Keywords: Hamedan, Potato, Seed, Virus
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Figure 1- Genome organization of soybean mosaic virus (SMV). The diagram was drawn based on the nucleotide sequences of
the SMV N strain (15). The arrows show the location of the cut of the polyprotein and turn it into active proteins by the
protease enzymes of the virus. The green and red vertical arrows represent, respectively, the codons for the start and stop of
the viral polypeptide. The upper numbers of vertical lines represent the starting positions of the cistrons of the virus. The size
of the viral proteins (the number of amino acids) is indicated by the name of the protein with blue numbers. The PIPO
(Pretty Interesting Potyvirus ORF) protein located inside the P3 is shown in a dark blue framework. This protein plays a role
in the virus movement inside the host. The P1 or protein 1, in determining of the host range and pathogenicity of the virus
and the HC-Pro or helper component protease, in pathogenicity, the transmission of the virus by aphid and seed, suppression
of RNA silencing by host genes and transferring the virus inside the plant play a role. P3 or protein 3 and CI or cytoplasmic
inclusion are important in the pathogenesis of the virus. Nla or nuclear inclusions a and NIb or nuclear inclusion b, have the
role of protease and polymerase chain reaction, respectively. VPg (Viral Protein genome-linked), a protein linked to the 5°
end of genome.
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Table 1- Reactions of soybean genotypes containing Rsv1 alleles to seven strain groups of SMV (21)
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P196983 Rsvl R R R R R R N 18
Ogden Rsv1-t R R N R R R N 4
York Rsv1l-y R R R N S S S 4
Marshal Rsvl-m R N N R R N R 4
Kwanggyo Rsv1-k R R R R N N N 4
Tousan 50 Rsv1-n N N S S N N S 20
Raiden Rsv1-r R R R R N N R 5
Suweon 97 Rsv1-sk R R R R R R R 6
Williams 82 rsvl S S S S S S S 30

N= 5> ,ecél (Necrosis); R= g4l (resistance); S= L. (susceptible)
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Table 2- Sequences of oligonucleotide primers used for RT-PCR, Nested PCR and Sequencing

Pl 0-Y") Sy Cuxdgo
Primer name Sequence (5-3") Position”
SMV-3910a AAACCTGTTGATTTCCCTGAGCC 3910-3888
SMV-3840a CCAAATTTGCAATTTTGGCTGCTG 3840-3817
SMV-1614a GGTTGAGTAGTGCTTT 1614-1599

G7-239s TTCAGGCAGTTCAGATGGCGAAACAA 239-264

SMV-482s GAAGCGGCAATTGCAAGGCGAAAGCAAG 482-509
SMV-1468s TCACATGCTTCAAATACAGGATATTAATAAG 1468-1498
SMV-2919s CGCGCATTAAGCTGGTTG 2916-2933
SMV-2289s ATTTTGGTTGACCATGCGT 2289-2307

05 Sl g3 L yzand 0,l6) SMV-N oo (gllg3 o0 (Sigie diluad sla Jlg5  wluol, SOybean mosaic virus (SMV) psi5 (o9, oiisflS o conbge™
.(D00507

*The position of oligonucleotides on the Soybean mosaic virus (SMV) genome are based on sequences of the infectious cDNA clone
of SMV-N (Gen Bank Accession No. D00507).
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Figure 2- Observed symptoms on soybean genotypes inoculated mechanically, 21 days post inoculation, with the sap
containing progeny viruses derived from ‘Essex’ (rsvl) [SMV-N and G7] and ‘Williams82’ (rsv1l) [G7d] biolistically

inoculated with infectious cDNA clones. Inoculated plants were maintained at 22°C until leaflets from trifoliate leaves were
photographed 21 dpi. Scale bar = 1cm.
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Symptoms observed in York and Kwanggyo plants 21 days after mechanical inoculation (dpi) with progenies —Figure 3

of the viral N strain [Kwanggyo(1x) and York(1x)]; Symptoms observed from second passage of the virus in York and
Kwanggyo inoculated with sap from York and Kwanggyo infected in first passage [Kwanggyo (2x) and York (2x)].
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Table 3- Number of systemically infected plants / number of primary leaves inoculated plants with sap containing progeny
viruses derived from infectious molecular clones

U929 SBdgw
Virus strains

Lo sy’ SMV-N SMV-G7 SMV-G7d
Soybean genotypes
Williams 82 (rsvl) 11/12 12/12 14/14
Kwanggyo (Rsv1-k) 13/10(3/3)° 2/22 5/22
Raiden (Rsv1-r) 0/10 07 07
York (Rsv1-y) 13/10(3/3)° 10/10 10/10
Touson 50 (Rsv-n) 10/10 10/10 10/10
Marshal (Rsv1-m) 3/10 8/10 3/8
Suweon (Rsv1-sk) 0/10 0/10 0/10
Ogden (Rsv1-t) 2¢/30 9/10 11/11
P1 96983 (Rsv1) 0/10 10/10 10/10

ol 31w 1€ ¢pgd SLob 3 odd Fjale lalS dlusi 4 ond 039l el Slaw D o Sl ygums 00 Siaske olS Vo 35l ygeil 53 e g maMe gyl olS Sl @
D e I3l yg0il )3 a5 0 Siule ol slaw 4y o Me lyls
a= number of plants containing symptoms and ELISA positive out of 10 plant inoculated mechanically. b= number of plants infected
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of plant inoculated mechanically.
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Figure 4- Electrophoretic profiles of RT-PCR and Nested PCR product. M: 1 kb Plus DNA ladder (Invitrogen, Carlsbad,
CA); 1: RT-PCR product; 2: Nested PCR product
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aminoacid
Kwanggyo (1x) 1210 361 lysine Glutamic acid AAG GAG
Kwanggyo (2x) 1210 361 lysine Glutamic acid AAG GAG
[Kwanggyo 1210 361 lysine Glutamic acid AAG GAG
(1x)]williams
(1x)?
York (1x) 1138 337 cystein arginine TGC CGC
York (2x) 1138 337 cystein arginine TGC CGC
[York 1138 337 cystein arginine TGC CGC
(2x)]williams
(1x)°
Ogden (1x) 3079 984 Asparagine Asparatic acid AAT GAT
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(1x)= A plant that was inoculated for the first time, (2x) = A plant that has been infected with a serial passage for the second time
using sap from the first infected plant as the inoculum, a: The Williams genotype that inoculated with sap from Kwanggyo genotype
infected with the virus, b: The Williams genotype that inoculated with sap from York genotype infected with the virus.
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Reaction of Soybean Genotypes Containing Alleles of Rsv1-Resistance Gene
Inoculated with Three Strain of Soybean Mosaic Virus
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Introduction: Among legumes, soybean [Glycine max (L.) Merr.] is an important plant that grown throughout
the world. There are many pathogens that reduce soybean yield. Plant viral diseases cause serious economic losses
in many major crops by reducing yield and quality. Soybean mosaic virus (SMV) is amongst important pathogens
that infect soybean. Plants use resistance genes against the invasive pathogens. The identification mechanism is
based on gene-for-gene hypothesis. Plant resistance (R) genes direct recognition of pathogens harboring matching
avirulent genes (signals) leading to activation of host defense responses. It has long been hypothesized that under
selection pressure the infidelity of RNA virus replication together with large population size and short generation
times results in emergence of variants (mutants) capable of evading R-mediated recognition. Four R gene including
Rsvl, Rsv3, Rsv4 and newly Rsv5 have found in soybean operating against SMV.

Materials and Methods: In this study, Rsv1/Soybean mosaic virus (SMV) pathosystem was used to investigate
this hypothesis. Infectious cDNA clones of SMV-N (pSMV-N) and SMV-G7 (pSMV-G7) inoculated biolistically
on Essex (rsvl) and SMV-G7d (pSMV-G7d) on Williams82 (rsvl) served as the sources of parental viruses. Sap
containing viral progenies in 50 mM phosphate buffer, pH 7.0, derived from the infected tissues of biolistically
inoculated Essex (rsv1) and Williams82 (rsv1) served as inoculum to mechanically inoculate carborundum-dusted
primary leaves of other soybean genotypes. Soybean genotypes containing alleles of Rsvl were inoculated with
SMV strains N, G7 and G7d. Soybean genotype Williams82 (rsvl), susceptible to all strains of SMV and Rsv1-
genotype soybean P196983, Kwanggyo (Rsv1-k), Marshal (Rsv1-m), Ogden (Rsv1-t), Raiden (Rsv1-r), Suweon97
(Rsv1-sk) and Touson50 (Rsv1-n) were used in this study. All soybean seed were obtained from field-grown plants
shown to be free of SMV by indexing. The inoculated plants were maintained in a growth chamber operating at
22°C with a photoperiod of 16h light and 8h dark. After twenty one days of post-inoculation, plants were examined
by indirect ELISA and RT-PCR. Nested PCR was done and after Sanger sequencing of PCR products, results were
analyzed by using Finch TV and MEGAY software. Total RNA was isolated from top fully-developed systemically
infected trifoliate leaves using an RNeasy Plant mini kit (Qiagen) as instructed by the manufacturer. RT-PCR was
done in the presence of Superscript reverse-transcriptase 111 (Invitrogen) as instructed by the manufacturer. Nested
PCR amplification of the entire HC-pro and P3 cistrons was done using two pairs of primers, SMV-239s / SMV-
3910a and SMV-482s / SMV-3840a, in the presence of EX Taq polymerase (Takara Bio). The resultant amplicons
were purified with a QIAquick-PCR Purification Kit (Qiagen) or MinElute® PCR Purification Kit (Qiagen) and
sequenced using primers SMV-1468s, SMV-1614a, SMV-2289s and SMV-2916s. Sequencing was done at The
University of Tennessee DNA Sequencing Facility.

Results and Discussion: One out of ten York and Kwanggyo plants and two out of thirty Ogden plants
inoculated with viral progeny derived from the reproduction of soybean mosaic virus strain N complementary
DNA (c-DNA) molecule on susceptible soybean plants, which was cloned in the laboratory (molecularly cloned
SMV-N or pSMV-N) showed viral symptoms and were positive in indirect ELISA. In mechanical inoculation
using the sap from these plants, the virus was again transferred to York, Kwanggyo and Ogden plants and
subsequently was adapted to these plants. After performing RT-PCR test and determining the full-length sequence
of the HC-Pro (Helper Component-Protease) and P3 cistrons of the virus, the position of the point mutation and
the amino acid encoded by the nucleotide exchange at the mutation point, using MEGA7 software, was identified.
In York and Kwanggyo plants, a point mutation was observed in the HC-Pro whereas in the Ogden plant in the P3
cistron.

Conclusion: The evolution of viruses is unavoidably linked to the evolution of their hosts. Due to the mutations
in virus genome and the breakdown of resistance of various soybean genotypes, as well as the fact that the genome
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of the soybean mosaic virus is RNA type and the possibility of mutation is high, it can be a warning sign for plant
breeders producing soybean plants with resistance genes to different strains of the virus. RNA viruses apply all
known mechanisms of genetic variation to ensure their survival. Also, the intersection of resistant and susceptible
genotypes and the study of the allele of resistance genes can be effective in producing resistant genotypes. The
identities of different Rsv genes need to be revealed and the key components in SMV resistant signaling pathway
need to be identified. So, a good breeding-for-resistance strategy would aim to develop cultivars with resistance
against a wide range of strains of SMV. Transgenic soybean lines expressing part of the P3 and HC-Pro genes
have been showed a stable and enhanced resistance to several strains of SMV and have the potential to significantly
increase soybean yield.

Keywords: Point mutation, Rsv1-resistance gene, Soybean, Soybean mosaic virus
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Table 1- Details of the pathotypes used to study the reaction of the dry-land wheat germplasm to yellow rust at seedling satge

gl S9laes Joxo &3l ] 85151 56 Joes
Pathotype Site of collection Airulence / Virulence formula
6E158A" Mashhad, Khorasan- Yrl, Yr3, Yr4, Yr5, Yr10, Yr15,Yr16, YrCV, YrSD, YrSuU,
Razavi YrSP/Yr2,Yr6, Yr7, Yr8, Yr9, Yr22, Yr23, YrA, YrND
6E150A", Zarghan, Fars Yrl, Yr3, Yr4, Yr5, Yrl0, Yrl5,Yr16, YrCV, YrSD, YrSU,
Yr27 YrSP/Yr2,Yr6, Yr7, Yr8, Yr9, Yr22, Yr23, YrA, Yr27

(slaalS Al yo )3 polie (Sacwins] jl (S dg polie JU olS
Coigis YF coles jo oS woby olas SYL ‘_539]] &b olS dls o 4
Y Jgde p edd bsasl gl Y cowpd as Cbsl (X)A)
gy O+ dlias WP D)9p Cuigly ARY) O )I ol 04 03)51
25 ool Gl S Sl il g lasalS b je o (2VF)

W00l LS Cuglie STy calisie (slacas @b olS alsye
pLsl ogn 4 (L)) 090 puS lacdsis (095 205 S5 sl
e yso ol > 2l Jue & ooy 385 (il 5 <5
392 polie (ZOVIS) i WV e g olue igif AV LIS jobo &
e g g (e palie ey pglio slacaipif oy
o)l ilinnj b paS Jodl uSe (TAUDPC) (¢)loy <yt

=W

s S bl s )> azadlS (WS Tg oy 3 g L
ol Slazals as o ) 6E158A" wﬁyb 5loslawl b ngli})l
4 barye aighi ¥V coglio iSly (sl gy £V 5l as ol
b paS 5l Sgis YA g poygd puiS 5l i) ¥ cdilins ()b paS
6E150A+, wjyl) )‘ ool L UJL))l C)Lu A 0dg D)Lea
N edgi Ve g 99 paS Sl Guighh A cailiaws (b 45 Sl i
W39 o)l b pAiS

&S Colo pasede glazalS dlsye 0 o))l S prioen
3l Guigs VY a8 aldl oo pylie Culgily 93 o blds > uigif O)
OB PS5l gy YV g poygd piS 5l cadgi) ¥ cdiline ()L paS
5 Slaorals als yo 93 2 53 g Y ola () JSU5) w592 0)lee



YWY oyl 59 0,5 55 6 3low &1 Cunglio Cugar 2.0 poiS Dy 055 S S 329 (o) 2 <0 ) 0d 9 G0

iy sl o (Slow rusting resistance) o 5 cuglio
A )10y55 0 5 )luk Cueglie Sl 58 (omy cnglie slas sl
(¥ Js22) 38,5 15 058 ol 5 o (10F) Y sl

92 2 plp ) SlaolS dlsye )3 o5 Slacuig] ipg—w 0g)
ol Cglio (gla 5 (sl 05,5 () Akad pslis (Sl
All-stage resistance ) glal> o plos coglio slay; L o3
2 Caoglie sla s Gl (oo cadgss ol s (gENES
Jse Canglio (glb 5 Ay Lol aaly & sl 5 313 — oliazs]
(27%) 0) 3lass (VF o \¥ ) aiilo oo odey 35 — oLz
VL (Sogll iy 4y do g b Lol b S )15 095l 3 eyl
J3i2 5 Gaigs T Cojnd bid (il olS dlojo 3 ol 51 (55
Al 005 03] ¥

9 4 Cu—i slagalsS alsjo 3 48 (29 ip)lex 095
ShI> @l olS dlsyo 5 5 cpwlws JuiSly ()2 3)50 Gty
b olws dos (539 s 9 (FAUDPC >30) Y  Sogll cus
Cooglio (glo i 936 05,5 ol i (S) Lol L (MSS) ol
Sl Mo 315~ olais] Cunglia o 5 033 b oS
L5380 418 09,8 cpl o Y ol by )l o solatuwl
ol 0025 039 ¥ Jgdo )3 09,5 ] o pid

> po 3 g polie glealS alsye )5 a8 (29)S exy 05
405 b (MS) (ol o (So9ll o 5 Yo (Sogll s L ols
olis el ol sy Lis (MSS _S59)l ) ol b ol
b i Wl olS s yo glapys 936 Waeaisis ol 45 and o
b gl dowgy (slazals ds o )5 Cuoglie STy (il 3924
4 digd e 03gl] A d9250 a5 3 &S (39 Sl sacisil
Lol o )\}"J —u_.ol_.a.’:.'>| Cowoglio slacy; shib S Ole
i oo (slas)jo S il A s

M Spring
100
(%]
e 80
=
S 60
& § 40
O
o 20
S 3 [
.
o Resiatant at seedling
e stage
[

Susceptible at
seedling stage stages

Ob S lacais) om 5l & ygk o9 Cglite g9 pAiS
GAdiwd polis 09,5 lgic 4 9 Ldg (TAUDPC=0-10) (s,low
gl (s p3lie s oo ross 5l (29,5 (Y JSK5) a3
5l as” cngy (FAUDPC =11-3) (g5lows Cdpiy oo yj proww
Vs a4 poy9d g o)l ilivne) (U pS slacs o
38 09,5 ol 4 cuSess (AYYIY) VY o (AFY) YV (AYYIY)
o 25 g Vb (s p3lie o (29)S Cole ) 485
slcwss ol a8 wzily |y (FAUDPC >30) (gjlow cé iy
AR c(Z;Q/Y) ¥V oluaws [SWIRY £9)9° 9 °)L€ﬁ ‘ddl.'{_w)' L)L’ f.\f
09,5 oyl g 38,5 )\8 09,5 cpl > usgj (ZOF/D) VA o (ZAYIA)
L gdnddb ol 05,5 lgie 4

5 Louis) lasyje (iSTy @mls (58,5 Hlai o b (IS sk 4
Pr Y ") A:JUQA wyl) 9.) )Jl).: ).) Lgld.Ml_;f 4_1>)A uwsls CJL.\J
1y oo )8 alises 09,5 iy )3 i

4 S Pl glaoals djo )3 & Sacass] gl 0g)5
o 3o Jb oS als o 43 g Cuwlwe 1Sl Cuwigl S
czdls (FAUDPC =0-10) (¢ )low ¢ iy soxio pj gdowws (ol
Bl ol cunglie slag3 b 0f Jolo 1) editads who iy ool
sy b s sl . (Adult plant resistance)
(VJga2) 8,5 )13 09,5 () > cgis

& s Jilas SlialS do o )3 o Slacs ipgd 03,5
R a—— )J.)LQA CJL °“15 é\l>)n P9 Lau—u)l—a») 0‘519 wyl) k_gl
(rAUDPC =11-30) (¢ low ¢d )iy (soxio yj o o wgio
sl b s Jobs 1y cdii s pro b aews g5 opl sl

B Durum = Winter

Resistant at two

INFECTION TYPES OF GENOTYPES

b cgj (Sl sl s

3)) K5 Pl 93 4 Cumd 2> 95 by 0,5 53 SlazdLS STy (b5 b -Y JSe
Figure 1- The evaluation results of seedling reaction in dry-land wheat germplasm against two pathotypes of yellow rust
(6E158A* and 6E150A*, Yr27)
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Figure 2- The adult plant reaction of dry-land wheat germplasm against stripe rust by measuring of relative area under
disease progress curve (rAUDPC)
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Characterization of Dry-Land Wheat Germplasm for Stripe Rust
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Introduction: Yellow (stripe) rust, caused by P. striformis f. sp. tritici, is one of the most important foliar
diseases of wheat. The disease has been reported in temperate, cool, and higher altitudes regions, where wheat is
grown. The widespread of the disease has always threatened wheat production and resulted in 30 to 100% losses
in yield. Although chemical method is common throughout the world, it is not practical by farmers in developing
countries. The most alternative practical way is to use genetic resistance which is economical and safely to
environment. Two types of genetic resistance, including race-specific and non-race-specific resistance, are well
known. Race-specific resistance operates based on the gene for gene hypothesis. Following the evolving of new
races of pathogens, race-specific resistance becomes almost ineffective within 3-5 years. Non-race-specific
resistance is controlled by small-effect (additive) genes and is long lasting. The wisely use of genetic resistance
through the combination of race-specific and non-race-specific genes is suggested for the effective management
of rusts. In view of the above, it is important to determine the properties of wheat germplasm for the detection of
such diverse resistance. Therefore, the present study was performed to identify genetic sources with different
resistance types to enhance the improvement of breeding operations for the release of cultivar in Iran.

Materials and Methods: In order to study of seedling reactions, a total of 191 dry land wheat lines were used.
Seeds of each genotype (5-7 seeds) were planted in 7x 7 cm pots under controlled conditions in the greenhouses
of Karaj. Seedlings were inoculated with two pathotypes of pathogen (6E158A* ag 6E150A*, Yr27). The
inoculated Plants were transferred to a growth chamber at 10°C with 16 h of light and 8 h of darkness for 24 h.
Plants were then transferred to greenhouses at 6-10°C temperature. 14-17 days later, seedling infection types were
recorded based on a 0-4 scale (Stakman et al., 1962). The same number of studied lines at the seedling stage, were
also used to evaluate the adult plant responses. The germplasm was cultivated at Ardebil Agricultural Research
Station during the 2015-2016 cropping year. About eight grams seeds of each entry were planted in two-row plots
of 1 m length with 30 cm distance. Plots were spaced at 65 cm. Infection types were recorded in the adult plant
stage according to the method of Rolfs et al. Disease severity data were used to calculate the area under the disease
progress curve (AUDPC). The relative area under the disease progress curve was also compared by comparing
each line with the susceptible cultivar (assuming 100% susceptible cultivar value). In order to determine different
resistance groups according to the method of Bux et al. (2012), lines with rAUDPC between 0-10 was considered
as resistant group, rAUDPC = 11-30 as intermediate and lines with rAUDPC values above 30 were classified as
susceptible.

Results and Discussion: Seedling evaluation using pathotype 6E158A* showed that of 63 resistant genotypes,
31 genotypes were from winter wheat, 4 from durum wheat and 28 genotypes of spring bread wheat. The seedling
reactions using pathotype 6E150A*, Yr27 indicated that of 64 resistant genotypes, 26 genotypes were of winter
bread wheat, 8 genotypes of durum wheat and 30 genotypes of spring bread wheat. The results at seedling stage
also revealed that 51 genotypes were resistant to both pathotypes, of which 24 were genotypes of winter bread, 4
genotypes of durum wheat and 23 genotypes of spring bread wheat. Of the 191 genotypes studied, 24 (12.5%)
genotypes also showed resistance at both seedling (against to two pathotypes) and adult plant stages. In field
conditions, 81 genotypes were susceptible and 110 (57.6%) were resistant. Among the resistant genotypes, the
differences were observed based on the values of the relative area under the disease progress curve (rAUDPC).
The response of winter wheat, spring wheat and durum wheat varied. Among the winter bread wheat, spring and
durum wheat genotypes, 9 (12.5%), 38 (44.2%) and 4 (12.1%) genotypes had low levels of the area under the
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disease progress curve (rAUDPC = 0-10), respectively, and were classified as resistant group. A group of
genotypes also had moderate values of the area under the disease progress curve (rAUDPC = 3-11), of which 16
(22.2%), 37 (43%) and 11 (33.3%) genotypes were of winter, spring, and durum wheat genotypes, respectively.

Conclusion: A number of genotypes having seedling resistance were identified with probability of resistance
gene/genes; Yr3v, Yr3a, Yrda, Yr4, Yr5, Yrl0, Yrl5, Yrl6, YrCV, YrSD, or unknown genes. Most winter wheat
genotypes lacked seedling resistance. Some of the genotypes had adult plant and slow rusting resistance (Non-
race- specific or durable resistance) and this percentage was higher among spring bread wheat than winter wheat
and durum wheat genotypes. This germplasm with various sources of resistance will be useful in integrating both
types of resistance through the pyramiding of genes for durable resistance and eventually high-yielding resistant
varieties will be introduced to farmers.

Keywords: Dryland wheat, Durable resistance, rAUDPC, Seedling resistance, Stripe rust
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Figure 1- Bacterial blight signs in inoculated walnut leaves: leaf spots surrounded with yellow hallo (right), leaf malformation
(middle) and leaf collapse (left), during 21 days after inoculation
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Figure 2- Bacterial blight signs in unripe fruits in comparison with negative control fruit (second row, left) two weeks after

inoculation
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Table 1- Analysis of variance of leaf blight severity in the first and second years of evaluation

) JUVE-Y 35 91 9
& Df.

RN

©la e nbe
Mean squares

. WAY) ol Lo
Source of variance (WW3x) Js! J

(VY20) pg> Jls
Year 2 (2016)

(OF2F) Jgl Jo  (AY20) pgd Jlo
Year 1 (2015) Year 2 (2016)

Year 1 (2015)
wwgjl 8, Cul/genotype 10
s Error 37
Js Total 47
%CV

8 95570.18** 400.54*
17 196.00 121.91
25

28.14 2231

(P<0.01) s sxe cglés sgm gt {P<0.05) Yo xo cglis dg gt
*Significant difference (P<0.05), **Significant difference (P<0.01)
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Table 2- Mean leaf blight severity in leaflets of different walnut cultivars and genotypes in the first and second years and the
combined analysis

S Gty S il
Mean leaf blight severity (mm?)

%553/@) (Wa¥) Jgf Jw (W) pgo o dlwgd 1:Ske
Cul/genotype Year 1 (2015) Year 2 (2016) Average
88-2 (Persian) 203.87a 136.00a 133.05a

Serr 137.47b 45.00cd 91.23bc

G3 (Alvand) 124.67b 136.00a 130.33a

KZ3 (Chaldoran) 124.20b 112.5bc 105.06b
H1-7 122.80b - -

88-1 (Caspian) 95.13bc 89.50c 103.77b
H2-1 66.78cd - -

C25 56.17cd 124a 90.08bc
Chandler 49.87d - -

Hartley 34.63de 21.67e 27.40d
H1-1 30.89¢ - -
SHK2 - 126ab -
Shinova - 36.33de -

(P<0.05) 55,ls )5 gxe BM3! ciglie g > b (oolae]
Means with different letters are significantly different (P<0.01).



VPeo oy loml oY oylods ¥ b (((65y9LinS @sbuo g pale) ol cbilis 4y i V4o

9355 SanS 11 4D S Cudly Ol 8 po 4525 Y Jgoa
Table 3- Combined analysis of leaf blight severity in awlnut leaflets

Source of variance

Ol pSle (3131 42y

Year Jl
Year*rep Jls slks
Cul/genotype gl o3,
Cul*year Jlo ) o8,
Erroris
Total Js
%CV

Mean squares D.f.
102.36" 1
73543.76"™ 7
5558.30* 6
10340.79™ 6
1902.68 30

50

27.78

I gixe glis dgng pac™ (P<0.05) o sxe cglis dgn g
*Significant difference (P<0.05), ™: no significant difference
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Table 4- Analysis of variance of blight severity in unripe fruit in the first and second years of evaluation
313 4 Ol po ik
D.f. Mean squares
(WYa¥) Jsl Jws (YY) po> Jlo (W¥a¥) Jsgl Jw (VY20) pod Jlo
Year 1 (2015) Year 2 (2016) Year 1(2015) Year 2 (2016)

Ol gt 2alie

Source of variance

955 w8, Cul/genotype 15 18 12.08** 53.96**
s Error 66 416 1.29 2.81
Js Total 81 434
%CV 29.85 22.76

**Significant difference (P<0.01) (P<0.01) s sxo cglis 9> g

S 0 4325 9 093 Jgl S 3 93,5 Lcisis 9 pL,1 ()l e 55 Codly Gl (ke -0 Jgu
Table 5- Mean blight severity in unripe fruits of walnut cultivars and genotypes in the first and second years of evaluation
and combined analysis

Blight severity (mm)
o) (W) Jol Jlo (070) pgd Jlo a9 (Lo
Genotype Year 1(2015) Year 2 (2016) Average
H2-12 10.03a - -
H1-1 8.49ab 7.29 7.99
G3 (Alvand) 6.14b 7.14a 6.67ab
B10 6.12b 5.98ab 6.18ab
KZ3 (Chaldoran) 5.78bc 4.07cdef 4.34c
K15 5.49bc 2.04f 2.83d
C25 5.23cd 4.25cd 4.97c
88-2 (Persian) 3.68de 2.85¢f 2.87d
Lara 3.36e 2.58ef 3.31cd
RDM 3.28e 2.44¢f 2.69c
Hartley 3.16e 4.12cde 3.65¢
88-1 (Caspian) 3.14e 2.55¢f 2.68d
H1-7 3.07e - -
Chandler 3.06e 3.57def 3.46¢
SHK2 2.63e 2.56ef 2.36d
Vina 2.52e - -
Serr - 4.76bc -
H1-8 - 4.17cde -
H2-1 - 3.15def -

(P<0.01) 5,ls Jlo gme W] cigliste Bys by (g0lael
Data with different letters are significantly different (P<0.01)
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Table 6- Combined analysis of blight severity in unripe fruit

Ol gl @il az s Olape (ke
Source of variance D.f. Mean squares
Year Jl 1 1.47m
Year*rep Jl las 42 3.15™
Cul/genotype gl o5, 12 79.82*
Cul*year Jlo ) o, 11 14.31*
Erroriss 361 2.34
Total Js 427
%CV 30.86

I ze glis dgng pae™ (P<0.05) o ixe cglis dgn g
*Significant difference (P<0.05), ™no significant difference
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Introduction: The major disease of Persian walnut is walnut blight caused by the bacterium Xanthomonas
arboricola pv. juglandis. This disease limits walnut production in many regions of the world in particular those
with warm and humid springs. All succulent tissues including recent shoots, fruits and catkins may be attacked but
their sensitivity decreases over time. Symptoms on leaves begin as small, water-soaked spot that can expand to
form angular necrotic lesions surrounded by a yellow hallo. Infection on the hull of the unripe fruits is initiates as
a dark spot, which rapidly creates dark sunken lesions. If fruit infection occurs before shell hardening, the kernels
are usually destroyed, infection after shell hardening results in dark kernels and poor-quality nuts, while the kernel
is until consumable. The main current strategy for walnut blight control is to protect succulent tissues by copper-
based sprays from bud-burst. However, multiple copper sprays do not always control the disease and there is the
risk of development of copper resistant bacterial strains. Cultivation of resistant cultivars is the most practical,
environmental friendly and economical approach for controlling of this disease. So far, there have not been any
cultivar completely resistant or immune to this disease. However, variation in susceptibility level has been shown
to occur, worldwide. The objective of this study was to determine leaf and unripe fruit resistance of Iranian
promising walnut genotypes in response to controlled inoculation with X. arboricola pv. juglandis in orchard and
laboratory conditions.

Material and Methods: In this research, the relative resistance of leaf and unripe fruits to bacterial blight were
studied in a number of promising walnut genotypes replicated during two years of 2015 and 2016. The local
genotypes have been selected through massive surveys of native orchards in different provinces of the country.
The main selective criterion for walnut selection was late leafing trait. In addition, correlation between leaf blight
and unripe fruit blight severities were studied. The material included H1-7, H2-1, SHK2, Vina, Round de
montignac (RDM), Lara, G4, G5, B10 and K15 genotypes and cultivars. From this material, KZ3, 88-2, 88-1 and
G3 were registered and released in year 2019. Also, Serr, Chandler and Hartley cvs. were used as controls. A
mixture of four local bacterial isolates originated from Qazvin, Karaj, Zanjan and Urmie was used as inoculum.
The bacterial strains have already been characterized using different phenotypical and molecular tests. They were
cultured on Nutrient Agar (NA) plates at 28 °C. After 72 hours of cultivation, the colonies were suspended in
distilled water; the concentration of the suspensions was read by spectrophotometer and after equalization, mixed
and used as inoculum. Assessing leaf resistance was performed by spraying one year old grafted seedlings in
glasshouse condition and lesion area was recorded 21 days after inoculation. Three leaves (contacting leaflets) of
three seedlings were used per genotype. Assessing unripe fruit resistance was achieved by inoculating 45 days old
fruits in laboratory condition and lesion diameter data was read 15 days after inoculation. 15 fruits per genotype
were used and three lesions were created in each fruit. Statistical analysis of data was performed by Duncan
Multiple test range using SAS software.

Result and Discussion: Based on the results, leaf and unripe fruit blight severities were different among
different cultivars and genotypes in both years of evaluation. Combined analysis of blight severity data indicated
that G3 (Alvand) and 88-2 (Persian) genotypes had the most leaf blight severity and thus, rated as the most
susceptible, while Hartley cultivar had the least leaf blight severity and thus, as the most resistant. Based on
combined analysis of data, H1-1 and SHK2 genotypes had the most blight diameters of unripe fruits and thus rated
as the most susceptible and resistant genotypes, respectively. Leaves of newly released cultivars of Persian,
Caspian, Alvand and Chaldoran were rated as susceptible, relatively resistant, susceptible and relatively
susceptible, respectively. On the other hand, unripe fruits of Persian, Caspian, Alvand and Chaldoran were
classified as resistant, resistant, relatively resistant and susceptible, respectively. Mean leaf blight severities were
not different between the two years of study and also there was no difference between unripe fruit severities
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between two years of the experiment. No significant correlation was found between leaf blight and unripe fruit
blight severities.

Keywords: Cultivar, Susceptibility, Walnut, Xanthomonas arboricola pv. juglandis
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Figure 1- Some of the disease symptoms, morphological indicators and sequencing evaluation of the plant pathogenic fungus

genome. Al and B1: Cotton growth and purple color of fungal mycelium; C1: wrinkle bulb samples from infected plants; D1:
Signs of damage in farms; A2: Evaluation of genome band on electrophoresis gel analysis by different primers (L-Wells:

multiplied genome of the control (DNA-Ladder); 3 and 4-Wells: multiplied genome in the region TEF; 1 and 2-Wells:

multiplied genome in the region ITS); B2: Chain of chlamydospores; C2: Transparent macroconidia cells with four or six
cells; D2: Small, single-celled microconidia.
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Figure 2- Pathogenicity test. A: Diseased garlic bulb in a volume of 60 g/kg of inoculum at left side and healthy plant as
control treatment on right side; B: Control treatment (right pot) in comparison with the treatment of the diseased garlic bulb
(left pot) in a volume of 60 g/kg of inoculum; C: control treatment (right plant) compared to the treatment of diseased garlic
plant (left plant) in a volume of 30 g/kg of inoculum; D: control treatment (right pot) compared to the treatment of diseased

garlic plant (left pot) in a volume of 30 g/kg of inoculum.
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Background and Obijectives: Garlic (Allium sativum) is one of the most common and high consumption
vegetables in the world specializing in the northern provinces of Iran. Various civilizations and cultures throughout
history have realized the importance of this valuable plant in the prevention and treatment of human diseases. One
of the most important environmental stresses on garlic plant specialty at the fields of Sari countryside, are different
species of soil-borne plant pathogen fungi, which are causing damage to crops and even in the storage of the post-
harvest. The most important parts that are damaged by these pathogens are bulbs and roots. Identifying these fungi
that cause plant stress and weaken the plant in production or cause drought and eventually plant death, has been a
very important issue in plant protection science. In this research, for the first time, an attempt has been made to
isolate and identify the cause of garlic wilt and root rot at the farms in Sari countryside, Mazandaran province,
Iran.

Materials and Methods: At the time of harvesting garlic (spring of 2018) several samples were taken from
purple garlic farms of Tarom cultivar at Sari countryside. The fungi were isolated and purified on Water-Agar and
PDA medium respectively, then transferred to CLA medium to stimulate the production of macro-conidia. The
morphological characters of the fungi as the shape, type and size of the spores (length and width), the color of the
mycelia and shape of chlamydospores determined by keys of Barnett and Hunter and Nelson et al., DNA of fungus
was extracted by CTAB method, amplified and sequenced by the 1TS4, ITS5, EFGR and EF1-983F primers. The
similarity of the genome compared with other sequences in the NCBI gene bank. In order to test prove the
pathogenicity of the fungus, the interaction of the fungus and purple garlic plant (Tarom cultivar) was evaluated
by the effect of 30 and 60 g/kg of pathogenic fungus inoculum during seed germination and growth of this plant
into the soil.

Results and Discussion: The morphological characters of the fungus were; purple colony color, cottony
growth of mycelia, four to six cell macro-conidia and chain shape chlamydospores, which were confirmed in
accordance by the identification keys close to the Fusarium oxysporum fungus. ITS genome aligned with 100 and
TEF genome aligned approximately with 98-99 percent similarity to F. oxysporum, which were recorded at the
GenBank with NCBI accession number; MK790682.1 and isolate code;7391. Symptoms at pathogenicity test
included; wilting, yellowing, necrosing leaf and finally drying of garlic plant appeared at 30g/kg inoculum
compared to healthy control treatment. Bulbs were rotted by 60g/kg inoculum and the plant did not grow. It was
observed that reducing the amount of inoculation caused damage over a long period.. Garlic plants with few
symptoms are usually harvested and transferred to the storehouse which probably causes the spreading of pathogen
spores and makes storage rot even on healthy crops. Fewer symptoms are very important at farms and the fungus
should be controlled before causing more damage. Also, the transmission of diseased plants with fewer symptoms
should be avoided to the storehouse. Therefore, based on morphological and molecular characteristics and
pathogenicity test probably F. oxysporum 7391 is one of the important factors of wilt and root rot of garlic plants
in Mazandaran province.

Conclusion: Farmers take serious damages from soil-borne plant pathogens every year at the time of harvesting
crops especially at the garlic farms from Mazandaran province. The importance of soil-born plant pathogen fungi
on garlic has been reported from all around the world. High production of garlic in Sari, storage for planting at the
next agricultural year and most important export of these garlic bulbs to other cities of Mazandaran and even
neighboringprovinces, will probably cause the spreading of pathogenic fungi inoculum. For the first time, this
study reports the fungus F. oxysporum 7391 as one of the important factors in causing the disease of the Garlic-
Tarom plant in Sari. More comprehensive studies are needed to identify, diversify and distribute specific forms
and subspecies of the fungus F. oxysporum in farms at Mazandaran province. Epidemy criteria need to be defined
for these Fusarium spp., and bulbs must be carefully inspected before export or storage. Quarantine should be used
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Department, Gorgan University of Agricultural Sciences and Natural Resources, respectively.

(*- Corresponding Author Email: rahnama@gau.ac.ir)

DOI: 10.22067/jpp.2021.32779.0



1Fee bl oF o)lods (¥ ul (59l @obus g pole) lalS cbilis & yid Yo¥

to prevent the spread of inoculum to other provinces until the pathogen is completely controlled.
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Table 1- Chemical composition of the formulated myrtle essential oil

P RT* - w5 " e
Compound Composition Compound RT Composition
(%) (%)
Tricyclene 3.155 0.361 Bornyl acetate 10.073 0.277
Isoterpinolene 3.269 14.704 Linalyl formate 10.250 0.743
Camphene 3.498 1.055 a-Terpineol acetate 11.476 1.318
a-Phellandrene 3.744 0.344 Nerol acetate 11.669 0.273
a-Fenchene 3.858 13.135 a-Copaene 12.157 0.652
3-Carene 4.261 3.450 B-Bourbonene 12.395 0.145
Terpinolene 4.374 0.556 Methyl eugenol 12.902 0.318
tert-Butylbenzene 4.526 2.927 B-Caryophyllene 13.294 1.699
Isosylvestrene 4.584 4.420 Cedrene 13.450 0.310
1,8-Cineole (Eucalyptol) 4.674 18.029 Carane 13.596 0.369
y-Terpinene 5.058 0.864 Alloaromadendrene 13.743 0.284
Terpinolene 5.573 0.603 Cedrene 14.323 0.280
Linalool 5.862 4.712 y-Muurolene 14.581 0.237
d-Camphor 7.007 1.687 B-Cubebene 14.772 0.423
Menthone 7.325 0.607 Eremophilene 14.988 0.321
Borneol 7.425 1.419 a-Muurolene 15.141 0.286
4-Terpineol 7.716 1.038 y-Cadinene 15.523 0.420
a-Terpineol 8.087 2.426 B-Cadinene 15.602 0.874
Fenchyl acetate 8.389 0.403 Geranyl butyrate 16.357 0.372
2-Octen-1-ol, 3,7-dimethyl-  8.676 5.372 Caryophyllene oxide 17.244 0.952
2-1sopropyl-1-methoxy-4- 2-(3,8-Dimethyl-1,2,3,4,5,6,7,8-
methylbenzene 8.898 0.774 octahydro-5-azulenyl)-2-propanol 17.574 0.998
Linalyl anthranilate 9.018 0.974 y-Eudesmol 18.197 1.542
Geraniol 9.262 3.324 a-Eudesmol 18.995 0.555
2'6'%‘?tad'e”e' 2.6- 9.625 1.523 Bulnesol 19.149 0.845
imethyl-
Bornyl acetate 9.988 0.161 y-Eudesmol 19.567 0.640

*RT: Retention time (min.)
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Table 2- Percentage mortality (mean £SE) of the Sitophilus granarius adults exposed to different combinations of dose rates
of diatomaceous earth and Myrtus communis essential oil concentrations after 24 h exposure on wheat kernels

mileo! il w0yl S
Concentration (ul/l air) Dose rate (g/kg)
0.125 0.25 0.5 1.0 15
LCo (0) 0.00+0.00 i 0.51+0.50i 0.00+0.00i 0.51+0.50i 1.50+£0.96 i
LCio (1267) 11.00+1.08h 1050+0.64h 10.50+0.96h 140+091gh 17.0+1.29fg
LC20 (1790) 21.00+0.41ef 21.25+048ef 2350+064e 2450+0.64de 28.25+0.85d
LCso (3451) 5250+1.32¢c 54.00+187c 5425+175c 66.75+287b 73.25+22la

(32> 5 Jlois] gaws TUKEY-HSD (g051) 35,05 I gize O3] ot b aolita pué g y> (il (sl uSilio
Means with different letters are significantly different (Tukey-HSD; P<0.01).
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Table 3- Percentage mortality (mean £SE) of the Sitophilus granarius adults exposed to different combinations of dose rates
of diatomaceous earth and Myrtus communis essential oil concentrations after 48 h exposure on wheat kernels

il il gy S 5
Concentration (ul/l air) Dose rate (g/kg)
0.125 0.25 0.5 1.0 1.5
LCo (0) 0.00 £ 0.00 k 0.51 +£0.50 k 0.00 £ 0.00 k 0.51+0.50 k 0.51+0.50 k
LC1o (1267) 12.25+1.03j 1950+1.26if 23.0+£238hi 2450+2.22ghi 29.00+3.11gh
LC20 (1790) 2525+287¢ghi 31.75+293g 40.25+1.70f 66.25+2.06e 76.75 + 3.06 cd
LCso (3451) 72.00+3.03de 76.00+2.12cd 81.75+170bc 87.50+225ab 92.25+2.66a

(32> S5 Jlois] gans TUKEY-HSD (9051) 35,05 I gize dMi3| ot b dolita pué g y> il (ol uSilio
Means with different letters are significantly different (Tukey-HSD; P<0.01).
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Table 4- Percentage mortality (mean £SE) of the Sitophilus granarius adults exposed to different combinations of dose rates
of diatomaceous earth (g/kg grain) and Myrtus communis essential oil concentrations (ul/l air) after 72 h exposure on wheat

kernels
ol cdale dogild S 3
Concentration Dose rate (g/kg)

(ul/l air) 0.125 0.25 0.5 1.0 1.5

LCo (0) 0.00£0.00 h 0.00 £0.00 h 0.00+£0.00 h 1.04 £0.60 h 1.03+£0.59 h
LC1o (1267) 2350+350¢9 25.00 +3.79 fg 34.00 + 4.32 efg 35.00 +5.26 ef 42.00+£5.23¢
LC20 (1790) 55.00 +3.58 d 65.00 +3.65d 80.00+2.12c 86.75 +4.23 bc 92.00+3.39ab
LCso (3451) 77.25+3.22¢C 84.25 + 2.84 bc 98.25+1.18a 100 + 0.00 a 100 + 0.00 a

(323 K Jhoin! pdaw TUKEY-HSD y9051) 15,1 yls sxe M| o b aslito pui gy gyl (gl uSilee
Means with different letters are significantly different (Tukey-HSD; P<0.01).
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dogilyd SB ‘_5.‘.5)3 odlasiwl )J‘ 5 el VY o Jol8 CJ]).A:\b e )JI 5 (F3,602959.98; P<0.001) J"'L“A clale ‘(P<0.001
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Table 5- Interactions of diatomaceous earth and Myrtus communis essential oil combinations, against the Sitophilus granarius
adults after 24 h exposure on wheat kernels

09 yo Coow Ho5'
ol e + dogily S 53 Mortality (%) S Sino S
Dose (g9/kg) + Concentration (ul/l air) SUG1 5 90 EXWXEY W) S Co-toxicity ~ Interaction
Expected Observed Interaction factor

0.125 + LC1o (1267) 9.75+1.70 11.0+1.08 Additive 12.82 Additive
0.125 + LCa0 (1790) 19.75+1.70 21.0+0.41 Additive 6.33 Additive
0.125 + LCso (3451) 50.25+1.71 525+1.32 Additive 4.48 Additive
0.25 + LC10 (1267) 10.26 £2.20 10.5 £ 0.64 Additive 234 Additive

0.25 + LC2 (1790) 20.26 £2.20 21.25+0.48 Additive 4.89 Additive

0.25 + LCso (3451) 50.76 £ 2.21 54.0+1.87 Additive 6.38 Additive

0.5 + LC1o0 (1267) 9.75+£1.70 10.5+0.96 Additive 7.69 Additive

0.5+ LCa0 (1790) 19.75+1.70 23.5+0.64 Synergist 18.98 Additive

0.5 + LCso (3451) 50.25+1.71 5425+ 1.75 Synergist 7.96 Additive

1.0 + LCuo (1267) 10.26 £2.20 14.0+£0.91 Synergist 36.45 Synergist

1.0 + LC20 (1790) 20.26 +2.20 245 +0.64 Synergist 20.92 Synergist

1.0 + LCso (3451) 50.76 +2.21 66.75 + 2.87 Synergist 315 Synergist

1.5 + LCao (1267) 11.25 +2.66 170+1.29 Synergist 51.11 Synergist

1.5 + LC2 (1790) 21.25+2.66 28.25 +0.85 Synergist 32.94 Synergist

1.5 + LCso (3451) 51.75 + 2.67 73.25+2.21 Synergist 41.45 Synergist
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Table 6- Interactions of diatomaceous earth and Myrtus communis essential oil combinations, against the Sitophilus granarius
adults after 48 h exposure on wheat kernels

209 30 Conow Hg5'8
owlwl Cale + aogilhd S1& 3 Mortality (%) S e OwSoR 1
Dose (g/kg) + Concentration (ul/l air) SURG1 5 90 sawissalive S Co-toxicity ~ Interaction
Expected Observed Interaction factor

0.125 + LCao (1267) 12.75+1.89 12.25+1.03 Additive -3.92 Additive
0.125 + LCz0 (1790) 225+2.38 25.25 £ 2.87 Additive 12.22 Additive
0.125 + LCso (3451) 61.25+2.99 72.0+3.03 Synergist 17.55 Additive
0.25 + LC10 (1267) 13.26 £2.39 195+1.26 Synergist 47.06 Synergist

0.25 + LCa0 (1790) 23.01+2.88 31.75+2.93 Synergist 37.98 Synergist

0.25 + LCso (3451) 61.76 + 3.49 76.0 £2.12 Synergist 23.06 Synergist

0.5 + LC1o0 (1267) 12.75+1.89 23.0+2.38 Synergist 80.39 Synergist

0.5 + LC20 (1790) 225+2.38 40.25+1.70 Synergist 78.89 Synergist

0.5 + LCso (3451) 61.25+2.99 81.75+1.70 Synergist 33.47 Synergist

1.0 + LCyo (1267) 13.26 £2.39 245+2.22 Synergist 84.77 Synergist

1.0 + LC2 (1790) 23.01+2.88 66.25 + 2.06 Synergist 187.92 Synergist

1.0 + LCsp (3451) 61.76 + 3.49 87.5+2.25 Synergist 41.68 Synergist

1.5 + LCao (1267) 13.26 +£2.39 29.0+3.11 Synergist 118.7 Synergist

1.5 + LCz (1790) 23.01+£2.88 76.75 + 3.06 Synergist 233.55 Synergist

1.5 + LCsp (3451) 61.76 + 3.49 92.25 + 2.66 Synergist 49.37 Synergist

el YY 51 e Sitophilus granarius Jols Of wis ade Myrtus communis (wilw!l b degildy S1a oS )5 (WiiSod 9 -V Joda
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Table 7- Interactions of diatomaceous earth and Myrtus communis essential oil combinations, against the Sitophilus granarius
adults after 72 h exposure on wheat kernels

)3995,9 Caow )9xfls
ol Clale + dogiby S8 5 Mortality (%) S sio S
Dose (g/kg) + Concentration (pl/1 air) SURG1 3 90 sawissalivn SoR 5 Co-toxicity ~ Interaction
Expected Observed Interaction factor

0.125 + LC1o (1267) 16.25 +£2.99 23.50 + 3.50 Synergist 44.61 Synergist
0.125 + LCa0 (1790) 36.50 + 6.87 55.00 + 3.58 Synergist 50.68 Synergist
0.125 + LCso (3451) 65.75 + 5.50 77.25+£3.22 Synergist 17.49 Additive
0.25 + LC10 (1267) 16.25 +£2.99 25.00 +3.79 Synergist 53.87 Synergist

0.25 + LCa0 (1790) 36.50 + 6.87 65.00 + 3.65 Synergist 78.08 Synergist

0.25 + LCso (3451) 65.75 £5.50 84.25+2.84 Synergist 28.14 Synergist

0.5 + LC10 (1267) 16.25 +£2.99 34.00 £4.32 Synergist 109.23 Synergist

0.5+ LCz0 (1790) 36.50 + 6.87 80.00 +2.12 Synergist 118.35 Synergist

0.5 + LCso (3451) 65.75 + 5.50 98.25+1.18 Synergist 49.43 Synergist

1.0 + LCao (1267) 17.29 £3.59 35.00 +5.26 Synergist 102.43 Synergist

1.0 + LC20 (1790) 37.54 +7.47 86.75 +4.23 Synergist 131.09 Synergist

1.0 + LCso (3451) 66.79 £6.10 100 + 0.00 Synergist 49.72 Synergist

1.5 + LCuo (1267) 17.28 + 3.58 42.00+5.23 Synergist 143.05 Synergist

1.5 + LC2 (1790) 37.53 +7.46 92.00 +3.39 Synergist 145.14 Synergist

1.5 + LCso (3451) 66.78 + 6.09 100 + 0.00 Synergist 49.74 Synergist
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Table 8- Progeny production (mean = SE) and their percentage mortality (+ SE) in the Sitophilus granarius by using different
dose rates of diatomaceous earth in combination with different concentrations of Myrtus communis essential oil

ol cdale W g 0350 Jol5 &l b
dogilid S 5 Essential oil Progeny production® Dead adults (%)
Dose (g/kg) concentration Jol s 093 Jaud Jol Jws 29 Jawd
(ul/ Tair) 1st generation  2nd generation 1st generation  2nd generation
Control - 84.37 +£10.95 243.3 £15.83 1.28 £0.55 2.74 £0.67
LCo (0.0) 59.65+5.87a° 210.81+21.69a 9.94 £0.37 12.54 + 3.47
0.125¢ LC1o (1267) 554+1.63b 25.07+3.64b 100+ 0.0 100+ 0.0
' LC20 (1790) 6.13+1.44b 2465+294b 100+ 0.0 100+ 0.0
LCso (3451) 556+ 1.73b 15.17 +£2.13b 100+ 0.0 100+ 0.0
LCo (0.0) 48.68+481a 181.85+17.88a 11.92 +0.41 23.76 £ 4.57
0.5 LCuo (1267) 5.67+1.01b 25.31+351b 100+ 0.0 100+ 0.0
LC20 (1790) 6.94+1.35b 30.14 £4.16b 100+ 0.0 100+ 0.0
LCso (3451) 6.15+1.49b 16.19+2.48b 100+ 0.0 100+ 0.0
LCo (0.0) 31.25+3.76a 155.7+14.52 a 22.94 £0.34 35.41+4.81
05 LCuo (1267) 3.32+0.82b 17.22+3.11b 100+ 0.0 100+ 0.0
LC20 (1790) 3.19+0.94b 13.29+254b 100+ 0.0 100+ 0.0
LCso (3451) 2.36 +0.66 b 9.92+2.16b 100+ 0.0 100+ 0.0
LCo (0.0) 2781+368a 123.64+11.88a 22.19+£0.65 3429 £5.15
10 LC1o (1267) 0.0+00b 0.0+£00b - -
LC20 (1790) 0.0£00b 0.0+00b - -
LCso (3451) 0.0+00b 0.0+£00b - -
LCo (0.0) 12.31+26a 60.39+£5.49a 32.43 £1.27 45.83 £6.37
L5 LC1o (1267) 0.0+00b 0.0+£00b - -
LC20 (1790) 0.0+00b 0.0+£00b - -
LCso (3451) 0.£0.0b 0.0+00b - -
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& Number of emerged adults (alive + dead) in each container, 45 and 90 days after removing the parental adults from treatment

containers
b Percentage dead adults calculated based on progeny production

€ For each dose rate, means with the same letters are not significantly different

9 For each dose rate, ANOVA was carried out with four essential oil concentrations as treatments
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Introduction: The granary weevil, Sitophilus granarius (L.), is one of the most destructive insect pests of
stored grains worldwide. The larvae feed inside the grain kernels. Larvae and adults feed from grain kernels such
as wheat, barley, buckwheat, rice, maize, millet, oat, and rye. This pest causes heavy damages especially to wheat
and barley kernels. Due to the negative side effects of chemical pesticides on human health and environment,
efficacy of substitution compounds with acceptable insecticidal effects have been evaluated extensively during
past two decades. Diatomaceous earths and plant essential oils are amongst the most important substitution
compounds that having delayed effects and instability, respectively, and cause problems during their application.
Using the two insecticidal agents in combination is a method for solving this problem. Plant essential oils are
odorous and volatile compounds that present only in 10% of plant species. Myrtle (Myrtus communis L.) essential
oil has shown significant effects on different human and plant pests and pathogens, including insecticidal effects.
Diatomaceous earths, in the other hand, are inert dusts that absorb insect cuticle lipids and as a result, disrupt the
waterproofing nature of the integument. Treated insects with diatomaceous earths finally go to death due to losing
their body water content. These materials are not toxic to mammals that is an important privilege in comparison
to conventional insecticides. Due to the economic importance of the granary weevil in Iran and the limitations of
the application of diatomaceous earths and plant essential oils, in the present research insecticidal efficacy of the
diatomaceous earth Sayan® in combination with myrtle essential oil was evaluated against adults of this pest.

Materials and Methods: GC-MS analysis carried out using a Varian CP-3800 gas chromatograph equipped
with a Varian Saturn 2200 ion trap mass spectrometer (Helium as carrier gas; current rate 1:100 ml/min.; pressure
10 psi, and injection volume of 0.1 pl; with VF-5ms capillary column, 30 m x 0.32 mm, and 0.25 pm inner
diameter; injector and detector temperatures 220 and 300°C, respectively). The granary weevil adults were initially
obtained from a colony in Entomology laboratory, Plant Protection Department, Gorgan University of Agricultural
Sciences and Natural Resources and reared on wheat kernels (Gonbad cultivar) for three generations (26 + 2 °C,
65 + 5% R.H., and L:D 16:8). Seven-day old adults of forth generation were used in bioassays. All experiments
carried out on kernels of Gonbad cultivar under above mentioned conditions. In myrtle essential oil dose-setting
bioassays, concentration causing 20 and 80% mortality (ul/l air) were determined. In each Petri dish (7 cm in
diameter; 50 mL), a filter paper (Whatman no. 1; 2 cm in diameter) was attached to the inner part of the lid as
evaporation surface. The two halves of petri dishes were sealed with parafilm to prevent essential oil loss.
Experiments were repeated four times and adults mortalities were counted after 24 h. Adults that did not move
their legs and antennae after a gentle poking with a fine pin were considered as dead individuals. After doing and
collecting data via final bioassays, LC1o, LC2, and LCsg values were estimated by using probit analysis (1267,
1790, and 3451 uL/L air, respectively). In combination effects experiments, five dose rates of 0.125, 0.25, 0.5, 1.0
and 1.5 g Sayan®kg grain in combination with myrtle essential oil at four concentrations of LCo, LC1o, LCz, and
LCso (equal to 0.0, 1267.0, 1790.0 and 3451.0 pL/L air, respectively) were assessed. Adults’ mortalities were
recorded after 24, 48, and 72 h of exposure. To determine progeny production at F1 and F2 generations, dead and
alive adults were counted and removed from treatment containers after the 72 hand containers were left at the same
conditions for 45 and 90 days more. After these periods, emerged adults were counted and recorded as dead or
alive. Probit analyses were done using PoloPlus ver. 2.0 software. Mortality data were analyzed using one-way
ANOVA as factorial (dose rate x essential oil concentration). Means were separated using Tukey-HSD test at o=
0.01. Synergistic and/or antagonistic interactions were determined using Tallarida (2000) method and co-toxicity
factor was proposed by Mansour et al. (1966).

Results and Discussion: In myrtle essential oil, 46 compounds were identified that 1, 8- cineole (eucalyptol)
(18.029%)), Isoterpinolene (14.704%), and a-Fenchene (13.135%) showed the highest amounts. Application of
Sayan® alone did not result in notable mortality even after 72 h, so that at the highest dose of 1.5 g/kg it was 1.03%.
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Application of Sayan® in combination with myrtle essential oil increased the mortality of adults significantly, so
that after 48 and especially 72 h, it was highly notable and increased from 12.25% using LC10-0.125 g/kg after 48
h up to 92.50% using the LCso-1.5 g/kg. After 72 h, mortalities of adults using the combination of LCso with 0.5,
1.0, and 1.5 g/kg were 98.25, 100, and 100%, respectively. Interaction between Sayan® in combination with myrtle
essential oil, especially after 48 and 72 h, was mainly synergistic. After 45 days, progeny production using the
combination of 0.125, 0.25, and 0.5 g/kg of Sayan® with LCo, LC2, and LCsp of essential oil was very low (max.
7 adults), but their mortality was 100%. Combination of 1.0 and 1.5 g/kg of Sayan® with different concentrations
of essential oil resulted to no progeny production. Compared to the combination treatments, percentage mortality
of progenies using the Sayan® alone was much lower. The same trend was observed for progeny production after
90 days.

Conclusion: Results of this study indicated that application of the diatomaceous earth Sayan® in combination
with the myrtle essential oil significantly increased the insecticidal efficacy of Sayan® and remedied its delayed
effect (it decreased the exposure interval form about more than 14 days down to about 72 h) (p < 0.0001). This
indicates that due to the synergistic interactions, application of the two insecticide agents in combination can
remedy the delayed effects of Sayan® and instability of myrtle essential oil that could be considered in control of
the granary weevil.

Keywords: Chemical components, Diatomaceous earth, Myrtle essential oil, Sitophilus granarius, Synergistic
effect
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Figure 1- Effect of different planting ratios of soybean-weed on seed yield of soybean (g per pant) (A) and humber of soybean
sub-branches per plant (B)
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Table 3- Comparison of average yield components of soybean in competition with S. viridis, S. verticillatae and S. glauca
S. viridis— gw CodlS Comnd olS ;> YL sluxs BYE 45 wild slaes (55) &> 8o (459
Planting ratio soybean - S. viridis Pod numbers per plant  Seed numbers per pod  100- seed weight ()

100-0 60.16 @ 3.06¢ 8.20¢
75-25 32.11° 2.46 % 6.76 °
50-50 29.99 b 2.20°b 6.20°
25-75 23.00°¢ 2.13°b 5.70°
0-100 - - -

S. verticillata—U gw Coils’ Connd
Planting ratio soybean - S. verticillata

oS 43 S dlasi
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YL 45 aild lani
Seed numbers per pod

(#,5) 415 %o 339
100- seed weight (g)

100-0 60.16 @ 3.064 8.204
75-25 54114 3.008 7.20 %
50-50 43.16° 2732 6.66 °
25-75 21.33°¢ 2532 6.33°
0-100 - - -

Planting ratio soybean - S. glauca
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ol 45 YIS dlas
Pod numbers per plant

) B RHARIREY)
Seed numbers per pod

(p55) 4its w339
100- seed weight (g)

100-0 60.16 @ 3.06 % 8.204
75-25 60.06 2 3.972 8.00 %
50-50 4550° 3.002 6.76 ¢
25-75 39.66 ¢ 2.60° 6.33°¢
0-100 - - -
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According to the LSD test, columns with the same letter are not significantly different at 5 % level.
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Figure 2- Effect of different planting ratios of soybean-weed on weed biomass (g per plant)
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Figure 3- Effect of different planting ratios of soybean-weed on AWC (A) and CI (B)
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Table 4- Comparison of mean morphological and biomass traits of S. viridis and S. verticillata in competition with each other

S. verticillata
S. viridis-S. cuws el gy yd Aoy dlass Ly > Sy olass gy y> dli Dl 03§ Cannr
verticillata Height Number of tillers per ~ Number of leaves per Number of spikes Biomass
(cm) plant plant per plant (g in plant)
25-75 99.66 © 2.33° 34.00¢ 4.00°¢ 6.06 ¢
50-50 113.66 ° 2.77° 34.16°¢ 5.33" 8.50 ¢
75-25 114.02° 3.00° 52.66° 5.66° 15.85°P
100-0 152.772 5338 59.662 7.37% 25.382
S. viridis
S. verticillata-S. ¢ el By oy s Hg > Sy olass Gy > dliiws dlaas 0395 Comy
viridis Height Number of tillers per ~ Number of leaves per Number of spikes Biomass
(cm) plant plant per plant (g in plant)
25-75 105.66 ¢ 2.00° 34.33° 5.33¢ 8.17¢
50-50 115.66 ° 2.66° 38.66° 6.44° 11.32°¢
75-25 118.37° 3.834 55.002 6.66 P 18.19°
100-0 151.66 2 4,222 58.772 9.83¢ 27.732
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Table 5- Comparison of mean morphological and biomass traits of S. viridis and S. glauca in competition with each other

S. glauca
Loy pd dowy ol Wiy j0 S ol o i sl
S. viridis- S. glauca <. W) Number of Number of illfmbér ;f 0395 Cuum
Height (cm) tillers per leaves per ik | Biomass (g in plant)
plant plant spikes per plant
25-75 92.00¢ 2.00° 11.00¢ 2.334¢ 6.57 ¢
50-50 105.33 P 3.00@ 19.83¢ 433°¢ 10.24¢
75-25 115552 3252 32.25b 591°b 12.31°
100-0 118.00° 3.33¢° 47552 7.33¢° 18.99 @
S. viridis
Goy  dowy ol Wiy 0 S ol R . .
S. glauca- S. viridis co.s (yesile) e&)) Number of Number of ddf\{ljmé\;: ;If'w (5 2 p)5) 035 s
Height (cm) tillers per leaves per . Biomass (g in plant)
plant plant spikes per plant
25-75 100.00 ¢ 3.00¢ 33.66°¢ 4,331 8.83¢
50-50 120.33 ¢ 4.00° 44.33b 6.11°¢ 13.66°¢
75-25 146.00 ® 3.99° 46.33° 7.00° 19.86 P
100-0 151.66 @ 4222 58.772 9.83° 27.732
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Table 6 - Comparison of mean morphological and biomass traits of S.verticillata and S. glauca in competition with each other

S. glauca
o ‘ Loy pd doxy Ml Wiy j0 S ol G s alins S
S. verticillata- S. glauca c.... el Number of Number of E;mber of 039 s
Height (cm) tillers per leaves per ik | Biomass (g in plant)
plant plant spikes per plant
25-75 83.33¢ 3.00° 30.33° 4.66° 5.72¢
50-50 91.75° 3.08%® 30.50° 5.00° 7.83°¢
75-25 89.77° 3.25® 32.25° 591°b 13.85°
100-0 118.00° 3.33¢° 47552 7.33° 18.99 @
S. verticillata
Loy pd dowy ol Wiy j0 S ol R . .
S. glauca - S. verticillata co.s ¢lis)| Number of Numberof %7 A 3l 0355 Camn
Height (cm) tillers per leaves per _ll\l(umber Olf Biomass (g in plant)
plant plant spikes per plant
25-75 61.33°¢ 3.00° 48.33°¢ 5.33¢ 7.06¢
50-50 108.00° 3.00° 54.44 b 7.00° 13.50°¢
75-25 118.44° 3.66° 55.00 P 7.33% 18.52°P
100-0 152.772 5.332 59.66° 7372 25.38%
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Introduction: Competition for resources among plants has long been considered to generate stress for plants
and to be important for determining the distribution of species, as well as their evolution. Competition can occur
among the organs of a plant (intra plant competition), or negative interactions between the plants of a species (intra
specific competition) or interference among different plant species (inter specific competition). Weeds have long
been considered as the main competitor of crop plants. These plants can be problematic due to competition with
crop plants over light, water and nutrients, decreases the quantity and quality of the product and the creation of a
suitable refuge for insects and pathogens. The presence of weeds in soybean reduces seed yield and the rate of this
decrease depends on weed density and stage growth stage. In agriculture areas, crop density is kept constant
whereas weed density varies in accordance to local infestation degree. Therefore, variation in plant proportion of
crops and weeds is established. Thus, in competition studies, it is important to measure the influence of plant
density on the competitive process as well as the variation in plant proportion. There are several methodologies
used to study plant competition. However, most researchers measured just the interference of weeds on crop
growth and production without concerning about the competition process. Thus, it is important to use appropriate
experimental designs and methods of analysis to understand the competition process not just by quantifying crop
losses but in a mechanistic way. Replacement series experiments allow the control of plant density and proportion,
where plant density is kept constant while plant proportion is changed for both studied species. This study aimed
to investigate the response of soybeans to the interaction of three species of foxtail (Setaria glauca, S. verticillata
and S. viridis) and competitions between the species of these three weeds.

Materials and Methods: These pot experiments were carried out at Sari Agricultural Sciences and Natural
Resources University based on a completely randomized design in three replications. The first experimental
treatments included planting ratios: 25:75, 50:50, 75:25 (soybean-weed) and pure stand of soybean and weed and
in the other three experiments, each of the weeds compared in pairs with the ratios listed above. Density of soybean
and weed in the sole stand was four plants per pot and in the planting ratio of 50:05 soybean-weed, two plants
were considered from each plant. Also, in the planting ratio of 75:25 soybean and weed, 4 seeds were cultivated
in each pot, wherein planting ratio of 75% three seeds of soybean or weed and planting ratio of 25% one seed of
soybean or weed was planted. The traits studied in this experiment included seed yield, number of sub-branches,
number of pods per plant, number of seeds per pod and 100- seed weight of soybeans. Weed biomass, height,
number of leaves, number of spikes and number of tillers of weeds were also calculated in competition with each
other. In addition, the ability of weed competition and the competition index were determined.

Results and Discussion: The results showed that the competitive ability of three species with soybean showed
that the maximum soybean seed yield (15.56 g plant?) were obtained in weed-free conditions (soybean
monoculture) and increasing soybean density in interference with three species of foxtail reduce weeds biomass
compare to the monoculture of weed. Although, survey competitive withstand ability of soybean to different
densities of three species of foxtail showed that soybean is more tolerant to low densities (25%) of S. glauca, S.
verticillata and S. viridis, but the competitive ability of soybeans compared to these three species was S. glauca >
S. verticillata > S. viridis; because the increasing density of S. glauca, caused decreasing soybean yield with a
gentle slope while, increasing density of S. viridis, made a decrement of soybean yield with a steep slope. The
competitive ability of three species of foxtail together showed that increasing density of any species will
diminished the growth index of other species when maximum height, tiller number, leaf humber, spike number
and biomass of all three species was observed in their monoculture.

Conclusion: The results of the competition of all three species of terns with each other show that inter-species
competition has been more effective in reducing weed population life than the intra-species competition; Thus, S.
viridis species could have a greater decreasing effect on S. verticillata and S. glauca species by creating more

1 and 2- M.Sc. Student and Associate Professor of Aronomy, Sari Agricultural Sciences and Natural Resources
University, respectively.
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height, more tillers and leaves and as a result higher biomass production. So, the competitiveness between the
three species was S. glauca <S. verticillata <S. viridis. According to the findings of the present study, by increasing
the density of soybeans, weeds can be managed, especially in their low densities.

Keywords: Competition, Planting Ratios, Weed, Yield
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Table 1- Maximum (T max), minimum (T min), average temperature (T mean) and rainfall during wheat
growing season in2018-19 and 2019-20

IFAV-AA =ly5 Jlw
Year 2018-2019

IFAA-AQ oty J
Year 2019-2020

olo
Month slod sl sl w’;l‘ sl sl s> u-*')"'
Sl Sl buogie (o) Sl Pl b glo (R0 skue)
Tmin Tmax Tmean Rainfall T min Tmax T mean Rainfall
(°C) 515 il 4z > (mm) (°C) 31,5 (Hlw ax > (mm)
o 7.8 18.1 12.9 221 6.5 20 13.2 40.9
October- November
) 4.3 13.7 9 170.4 2.8 13.7 8.3 173.7
November- December
< 0.1 10.5 5.2 91.7 0 11.8 5.9 67.3
December- January
ok 0.6 11.9 6.2 189.3 0.6 10.2 4.8 77.9
January - February
— 11 11.9 6.5 104.6 49 16.2 105 266.1
February-March
92 6.3 17 117 2022 6.3 185 124 18
March- April
Cadge)| 9.8 25.1 17.4 10.9 11.9 26 19 7.2
April- May
Ao 18 345 26.3 0 17.3 33.8 25.5 0

May- June
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Table 2- Physical and chemical characteristics of experimental field soil (0-30 cm depth)
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Year EC (dS m')) pH OM (%) P (mg kgt) K (mg kg ) Total N (%)
2018-2019 0.56 7.86 2.34 10.80 386.66 0.12
2019-2020 0.30 8.09 3.09 3.52 339.68 0.19
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2- Brillouin diversity index
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2- Margalef’s diversity index
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Table 4- Combined analysis of variance of the effect of tillage andintercropping on weeds diversity indices in 2018-19 and 2019-
20
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Source of (et ”hvjeed The number  Shannon- SIS, b Bﬁiﬁgn E‘f:ﬂ:ig Simpson’s

variation df of Weed Weiner Margalef 1oul dominance

density : . d index index -
species index index index

Q‘)-géj @L‘w d?)b

Jls
Year

BTZ?:( 2 27590™ 1.083™ 0.0543™ 0.0007™ 0.0539"™ 0.0159™ 0.0159™

Jlo 51,53 2 39440 45.083 0.3722 1.2541 0.3478 0.0136 0.0113
Rep (Year)
&S
Tillage
XJL»

1 11367™ 14.083" 0.00024™ 0.8838"™ 0.0029™ 0.0775™ 0.0242"

2 77000 44.111™ 2.7050™ 2.3566"" 2.2639" 0.2492" 0.2751"

39S 2 26218" 22.333" 1.2448" 1.1070™ 1.0076™ 0.1863" 0.1468"
Yearx
Tillage
Q)f dUa&
L 8 3678 4.180 0.0335 0.1185 0.0308 0.0019 0.0019
Error a

cusls s
p|amfn9§ 5 250017" 55.661" 0.3235" 0.6349"™ 0.4255™ 0.0614™ 0.0152"
pattern
X559

culs s
Tillagex
Planting
pattern
sl x b

cusls

10 15497 5.788™ 0.1591™ 0.1930™ 0.1435™ 0.0232™ 0.0202™

Yearx 5 21910™ 21.439™ 04738  0.6363" 0.4302" 0.0029™ 0.0465"

Planting
pattern
xJlo
X(85,95 5

culs Sl
Yearx
Tillagex
Planting
pattern

F ool 60 3728 4,548 0.1089 0.1525 0.0979 0.0137 0.0106
Error total

10 7044 6.589™ 0.1425™ 0.1721™ 0.1417™ 0.0158™ 0.0178™

Oy o b
(302) - 25.99 22.51 18.93 24.53 18.95 17.60 40.29

CV (%)
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“and ™" significant at 5% and 1% probability levels, respectively; ": Not-significant
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Figure 1- Effect of planting pattern on weeds density under different tillage
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Table 5- Effect of planting patterns on weeds diversity indices

Jlw
Year

s gl
Planting
pattern

&igS Dl
Jpsdle
Weed species
(Species m?)

&5 il

P9 —oPW

Shannon-
Weiner index

Omok p E el
Brillouin index

Q5L
Margalef

index

Qo
Simpson
dominance index

Jl
Yav-2A

Year
2018-19

Jl
AVEESH

Year
2019-20

olS cuis pac
«=hs
No crop
planting
oAl s
Qg8
Bitter vetch
Ao palls cuis
Grass Pea
pAS Lalls cuss
Wheat
piS bl cutS
wlygls +
Wheat +
Bitter vetch
bglsce cuss
S +puS
Wheat+ Grass
Pea

13.112

8.89

10.89°

9.67°

5.33¢

6.78%

2.09°

1.81%

1.90°

1.82%

1.27¢

1.55%

2.04°

1.723bc

1.82%

1.72abc

1.18¢

1.46%

1.95%

1.48"

1.75%

1.67%

0.98¢

1.18%

0.16°

0.20%

0.21%¢

0.22%¢

0.38%

0.26"

olS cuis pac

=
No crop
planting

oalls cuss
4logl8
Bitter vetch
Al euis
Grass Pea
puiS Lalls s
Wheat
blseo ot
Qg8 +puis
Wheat+ Bitter
vetch
IESON
S +pas
Wheat+ Grass
Pea

11.22%

10.44°

9.56°

9.56°

8.89"

9.33°

1.78%

1.79%

1.62°

1.67°

1.78%

1.82%

l.7labc

1.69%

1.55%

1.57%

1.64%

l.7labc

1.75%

1.78%

1.553bc

1.66%°

1.67%

1.67%

0.28%

0.28%

0.31%

0.30°

0.23%

0.23%
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Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (p<0.05).
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Table 6- Effect of different tillage on weeds diversity indices

&g o —oPls Las L SUE pas s Gl patls
Jlw $3956 3 sladile KR omiy g 03l s L O
Year Tillage Weed species Shannon- Brillouin index Margalef dsrlrwr?;zge
(Species m?) Weiner index index .
index
e 8.44° 1.63° 1.55¢ 1.37¢ 0.27°
No- tillage
Ju s (55551
\PAY_aA M inimum- 8.89™ 1.74% 1.65% 1.47°%¢ 0.24°
Year tillage
2018-19  Jghue (55,55
Conventional- 10%° 1.86%° 1.77% 1.66* 0.21%
tillage
555 g 7.94° 1.23¢ 1.18¢ 1.23¢ 0.442
No- tillage
Ju Bl 5,956
WaA-2a Minimum- 11.39° 2.08% 1.95% 2.03? 0.17°
Year tillage
2019-20  Jghue (5,555
Conventional- 10.17%° 1.93% 1.81% 1.79% 0.20%
tillage
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Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (p<0.05).
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ray Jue YA Jle
ole oU Weed species Year 2018 Year 2019
Jol &U Jol &b P9d &b
Function 1 Function 1 Function 2
i J5 alg Ammi majus L. 0.001
Sgtwlo Turgenia latifolia (L.) Hoffm. -0.165 -0.116
iy K5,l8 Carthamus oxyacanthus M. Bieb. -0.294 0.093 -0.161
iy sonls Lactuca scariola L. 0.056 -0.008
g 4lKn Lithospermum officinale L. 0.054 -0.068
el Cardaria draba (L.) Desv. -0.212 0.154 0.045
Sidous als Euclidium syriacum L. -0.092 -0.047 -0.058
asyie el Neslia paniculata L. 0.076 0.242 0.210
iy S Sinapis arvensis L. 0.046
SiLLs Silene conoidea L. 0.046 0.006 0.079
Sz Vaccaria pyramidata M edik. -0.029 -0.121 -0.086
ol o Somy Convolvulus arvensis L. -0.082 -0.004 -0.041
Spj Cephalaria syriaca L. -0.077 -0.243 -0.030
IS Lathyrus aphaca L. 0.061 -0.141 0.063
4o Medicago sativa L. 0.046
RSy Sasle Vicia narbonensis L. 0.098 -0.030 0.125
Jgexe Sislo Vicia sativa L. 0.310 -0.159 0.069
ol Oigw Geranium robertianum L. -0.017 0.058
Sy Lamium amplexicaule L. 0.036 0.081 -0.046
Sy Malva neglecta Waller. -0.048 0.107 -0.162
Bolas Papaver dubium L. -0.080 -0.147 0.057
S skl Aegilops tauschii Coss. 0.102 -0.202 -0.002
g Y g Avena ludoviciana L. 0.177 0.319 0.948
SislS Bromus commutatus Schrad. 0.108 0.086 0.060
S le Bromus tectorum L. -0.038 -0.152 0.038
oS 55 Heteranthelium piliferum L. -0.029 -0.336 0.458
PRTITES Hordeum murinum L. 0.096 -0.077 0.009
0y Hordeum spontaneum L. 1.000 0.819 -0.574
= e Hordeum vulgare L. -0.097 -0.150 -0.002
o Lolium perenne L. 0.343 0.284 0.307
JP Ceratocephalus falcatus L. -0.058 0.151 -0.006
o b Galium tricornutum D. -0.083 -0.052 -0.069
iy YT Ranunculus arvensis L. -0.128 -0.048 0.013
o9 ylade Eigenvalue 7.61 100.12 3.92
b,lg doyd % of Variance 100.0 96.2 3.8
25 oilsls Cumulative % - - 100.0
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Introduction: Weeds represent the major biotic problem in wheat cropping systems, especially when are
managed under conservation tillage practices. Indeed, the excessive use of herbicides in agricultural fields caused
hazardous consequences, such as loss of biodiversity and resistant plants, therefore, nowadays there is atendency
to adopt ecological based weed control measures to improve the sustainability of the agro-ecosystems. Previous
studies showed that cover crops could be successfully intercropped with main cash crops as living mulch to
improve weed management. This experiment was performed to evaluate the effects of bitter vetch (Vicia ervilia
(L.) Willd.) and grass pea (Lathyrus sativus L.) intercropped in additive series with winter wheat under different
soil tillage systems.

Materials and Methods: Two field experiments were conducted at the Agricultural Research Station of Ilam
University, Iran, in 2018-19 and 2019-20. The experimental treatments included three soil tillage systems (no
tillage, reduced tillage, and conventional tillage), and two intercropping patterns (wheat+grass pea and
wheat+bitter vetch). Moreover, a pure stands of bitter vetch, grass pea, and wheat was adopted. A split plot layout
based on randomized complete block design with three replicates was applied where soil tillage systems and
intercropping patterns were arranged as the main and sub plots, respectively. Weed species density was used to
calculate the species diversity indices including Margalef, Shannon-Wiener, Brillouin, Evenness and Simpson
dominance indices. The multivariate analysis was performed to discriminate the difference among species in
response to tillage systems and intercropping patterns.

Results and Discussion: The results showed that based on relative abundance, in both studied years underthe
no-till system, wild barley and oat weeds accounted for the highest weed population with the frequency of 11.84
and 10.53%, in the first year, and 11.97 and 12.68% in the second year, respectively. Under the minimum tillage
system, wild barley weeds in the first and second year with 10.62 and 8.29% relative abundance, respectively, had
the highest weed population. Under conventional tillage conditions, in the first year, weeds of wild barley,
Euclidium syriacum, wild oat, and Ceratocephalus falcatus were observed as the predominant weeds with the
frequency of 10, 10, 9.4, and 9.4% respectively. In the second year, the highest relative abundance was related to
weeds of wild oat and barley. The intercropping of wheat+bitter vetch reduces the weed density more than rest of
the treatments under different soil tillage systems. The reductions in weed density due to intercropping of
wheat+bitter vetch and wheat+grass pea were 77 and 69.9 % under no tillage, 80.1 and 76.1 % under reduced
tillage, and 70.2 and 54.5 % under conventional tillage systems, respectively. This could be due to the density and
competitive pressure by intercropping to reduce the ecological niche for weed species to occupy. The weed
diversity indices (Shannon and Wiener, Brillouin, and Margalefindices) were highest in pure weedy and grass pea
monocultures. Weed density and diversity were also highest under conventional tillage system. The highest
Simpson dominance index (0.38) was found in wheat+bitter vetch intercropping in both years compared to the
other treatments. No significant difference was found among the soil tillage systems in Simpson dominance index
in the first year, while it showed a significant increase in no tillage (from0.27 to 0.44), decreased in reduced tillage
(from0.24to 0.17) and had no significant change in conventional tillage (0.21 to 0.20) systems in the second year.
The pattern of Additive wheat+bitter vetch than wheat+grass pea intercropping reduced the density of weeds in
different tillage systems. Probably due to the greater diversity of plants in intercropping patterns compared to
monoculture, as a result, crops obtain more ecological niches and, by absorbing more available resources for
growth, reduce growth and thus reduce population and weed density.

According to the multivariate analysis, 100% of the variances was explained by the first function in 2018-19,
which showed Hordeum spontaneum L. as the dominant species. In 2019-20, 96.2 and 3.8% the variances were
explained by first and second functions, respectively, which showed Hordeum spontaneum L. and Avena
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ludoviciana L. as dominate species. Therefore, these two weed species might be well adapted to the cropping
systems.

Conclusion: The results of this study showed that intercropping patterns could reduce the weed density even
if the reduction was higher in wheat+bitter vetch than wheat+grass pea intercropping. Therefore, bitter vetch can
be considered as an efficient living mulch for intercropping with wheat to control weeds in different soil tillage
systems. Similarly, weed diversity is also affected by soil disturbances and intercropping. Hordeum spontaneum
L. and Avena ludoviciana L. tend to be the dominant weed species. It is concluded that weeds can be controlled to
an appropriate level using wheat+ bitter vetch intercropping under conservation and conventional tillage systems.
This approach can be used to design an efficient weed management strategies toward sustainable agriculture.

Keywords: Conservation tillage, Cultivation pattern, Legume, Weed population
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Table 1- Soil physical and chemical properties of experimental location
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Table 2- Analysis of variance of the effect of weed control and weed interference duration on dry weight and weed density
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Figure 1- Effect of weed control and weed interference duration on weed density (a) and weed dry weight (b)

Colums followed by the same letter are not significantly differentns base on LSD test (P<0.05).
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Table 3- Analysis of variance of yield, yield components, oil, protein and nutrient content of linseed affected by weed
interference and weed control duration
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Figure 2- Effect of weed control (WF) and weed interference (WI) durations on grain yield (a) and oil yield (b) of linseed
Colums followed by the same letter are not significantly differentns base on LSD test (P<0.05).
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Figure 3- Response of linseed yield to weed control and interference periods
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Introduction: Due to the high sensitivity of linseed to weed competition, high costs are imposed for weed
management of linseed production. Determining the critical period of weed control is a practical strategy that is

considered as one of the main pillars of the integrated weed management system due to the limited chemical
control of weeds. The critical period is the period of the plant growth season during which weeds must be controlled

so that yield damage does not exceed a threshold. This threshold is determined based on the cost of weed control.

Critical period estimation can play an important role in achieving sustainable and integrated weed management in
crop production and reducing the costs. Therefore, the aim of this study was to determine the critical period of
weed control in order to stabilize the system as much as possible, minimize the use of chemical herbicides and
reduce farmer costs on linseed in Yasuj.

Materials and Methods: This experiment was conducted in a randomized complete block design with 14
treatments and three replications in 2017 at the research farm of the Faculty of Agriculture, Yasouj
University.Treatments included periods of weed control (WF) and weed interference (W1) up to 10, 20, 30, 40, 50

and 60 days after linseed emergence and also two treatments of weed control and weed interference for the whole
season (110 days) .Three ridges (4 m long and 50 cm apart) were planted in each plot and two rows of linseed (row

spacing and plant spacing of 25 and 4 cm) were planted on each ridge. Sampling was done to calculate the density

and dry weight of weeds in the control treatment group (WF) at the end of the growing season and for interference
treatments (WI) at the end of each stage before weeding. At the time of linseed maturing, yield components,

biological yield, grain yield, oil yield, element content and protein of flaxseed were measured.The critical period

of weed control was determined using Gampertz nonlinear regression equations (to determine yield response to
weed-free periods) and Logistic nonlinear regression equation (to determine yield response to weed interference
periods).

Results and Discussion: Weed control and weed interference periods had a significant effect on weed dry
weight. With increasing control and interference periods weed dry weight increased and decreased, respectively.
Throughout the whole season weed interference treatment produced the highest amount of weed dry biomass (149
g m-2), and among the control treatments, the highest dry weight of weeds was observed in the 20-day control
treatment .

With increasing control periods, weed plants have the opportunity to grow in a situation where the relative
competitiveness of linseed plants has improved due to the expansion of lateral branches, increase in height and
more intense shading. For this reason, weed growth is limited. However, increasing the length of interference
periods, weeds can grow easily due to the weakness of the initial linseed seedling at the beginning of the season
and the lack of sufficient growth resources. The effect of weed interference and weed control treatments on grain

content (P, K, Zn and Fe), grain protein, yield components, biological yield and grain yield, oil percentage and oil
yield were significant. With increasing control periods and decreasing interference periods of all elements in
linseed seed, the number of capsules per plant, the number of seeds per capsule and 1000-seed weight increased.
Biological yield of linseed in 10 and 20 day interference treatments was not significantly different from 10 and 20
day control treatments, because weed competition in the first season has a very negative effect on growth and
biomass production of linseed and seedlings linseed have poor competitiveness against weeds. Therefore with
weed control measures at the beginning of the growing season can improve seed and biological yield of this
plant.The critical period of weed control for linseed in Yasuj, based on a 10% reduction in grain yield, was
determined from 5 days to 44 days after the emergence linseed, equivalent to 142.8 to 589.85 GDD from the time
of linseed planting.
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Breeding, Faculty of Agriculture, Yasouj University, Yasouj, Iran, respectively.
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Conclusion: In order to prevent weeds growth, improve the quality (elements, oil and protein) and quantity

(vield) of linseed grain and reduce the costs, it is recommended that weed control start from five days after linseed
emergence to 39 days after aforementioned time.

Keywords: Critical weed free period, Crop-weed interaction, Duration of Weed Interference, Yield loss
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Table 1- The nozzles used in the study and their atomization quality at 3 bar
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According to the American Society of Agricultural Engineers (6). the atomization quality of the nozzles used is classified as very
fine (VF: droplet diameter from 61 to 105 pum). fine (F: droplet diameter from 106 and 235 pm) and medium (M: droplet
diameter from 236 and 340 pum).
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Figure 1- Location of moisture-sensitive papers relative to the nozzle trajectory
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Table 2- The effect of nozzle type and nozzle size on the deposition of spray droplets on moisture sensitive paper (WSP)
placed in the positions shown in Fig. 1.

i 2o dljl 4, ©lagpo (Sl
Variable source DF Mean square
Veugh) 4 ol 5 Y Cugby el L Y Cugby ) el 426
WSP1 WSP, WSP3
Jib °’l°“_3 5 8015.98 ** 6300.78 ** 6466.55 **
Nozzle size
Jb &g 2 412.01 ** 5085.79 ** 24510.68 **
Nozzle type
JJL“ A 10 167.41 ** 342.59 ** 1761.28 **
Interaction effect
ks 36 16.05 24.11 8.18
Error
Coeff Var 5.21 7.49 6.76

O ygej] Lolul o ps K Jleis] aws )3 (gl ixe **
** Significant at the 0.05 probability level based on Duncan test.
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Figure 2- Effect of nozzle type and size on spray deposition (percentage) on moisture-sensitive paper located in the positions
shown in Fig. 1.
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Figure 3- Almost vertical leaves of wild barley at the stage of 3 to 4 leaves
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Figure 3- Response of dry weight of wild barley to different doses of haloxyfop-r-methyl when applied with different sizes of
nozzle types
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Figure 4- The dose of haloxyfop-r-methyl required to reduce the dry weight of wild barley by 50 and 90% compared to the

control when used with different sizes of nozzle types
Treatments with a common letter are not statistically different.
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Introduction: Herbicides should be sprayed on weeds after diluting in water. Since the spray volume can affect
the efficacy of herbicides; therefore, selecting an appropriate spray volume has always been considered a simple,
inexpensive and available method to optimize the efficacy of herbicides. Changing the sprayer speed and the nozzle
size are two possible methods to adjust the spray volume. If a very low or high spray volume is required to achieve
optimal herbicide efficacy, the applicability of the first method will be problematic. For this reason, the method of
changing the nozzle size always seems to be more feasible.. When a graminicide is sprayed with a single flat fan
nozzle, which is currently the most common type of nozzle available to most Iranian farmers, the spray droplets
which move perpendicular to the ground are mostly oblique to the leaf surface of the grass, having erect leaves.
Hence, it is likely that a large number of the spray droplets bounced from the leaf surface to the soil. A twin flat
fan nozzle can create two non-vertical sprays, reducing the possibility of impacting obliquely the spray droplets to
the leaf surface. Therefore, the bouncing of spray droplets from the leaf surface is significantly reduced. To date,
the efficacy of twin symmetrical and asymmetrical flat fan nozzles has not been compared. On the other hand, the
effect of spray volume on haloxyfop-r-methyl efficacy against wild barley has not been evaluated. Therefore, this
experiment was intended to fill the gaps mentioned in science.

Materials and Methods: To compare the efficiency of single, twin symmetrical and twin asymmetrical flat
fan nozzles under different spray volumes, a dose-response experiment was performed in the Research Greenhouse
of Bu-Ali Sina University. In this experiment, seven doses of haloxyfop-r-methyl (0, 10.8, 21.6, 43.2, 64.8, 84.4
and 108 g a.i. ha™*) were used using three types of nozzles (single flat fan, twin flat fan 2020 and twin flat fan
3070) in six sizes of them (110015, 11002, 110025, 11003, 11004 and 11005, which create the spray volumes of
150, 200, 250, 300, 400 and 500 L ha*, respectively) were sprayed on wild barley at a three-leaf stage.
Simultaneously with spraying 108 g a.i. ha, another experiment was performed as a factorial in a completely
randomized design. In this experiment, the amount of spray settling from three types of nozzles in six sizes of on
moisture-sensitive papers was evaluated in three situations. Paper No. 1 was mounted horizontally on the ground
and papers No. 2 and 3 were mounted vertically facing the back and back of the nozzle, respectively.

Results and Discussion: In paper No. 1, in all types of nozzles, more surface of the paper was wetted by
increasing the nozzle size (spray volume). In all types of nozzles at 11003, 11004 and 11005, the highest wetting
rate was provided (100%). The lowest wetting rate was obtained with twin flat fan 3070 at 110015 (7.3%). In
paper No. 2, in all types of nozzles, more surface of the paper was wetted by increasing the nozzle size. The highest
wetting rate (100%) was observed with single flat fan and twin flat fan 2020 nozzles at 11003, 11004 and 11005.
The lowest wetting rate (24-19%) was observed with single flat fan nozzle at 110015 and 11002. In paper No. 3,
in two twin flat fan nozzles, more surface of the paper was wetted by increasing the nozzle size. A single flat-fan
nozzle could not wet the paper at all. In general, the performance of the nozzles used in this experiment is twin flat
fan 2020 > single flat fan = twin flat fan 3070. In all types of nozzles, with increasing the size of nozzles (spray
volume), the rate of haloxyfop-r-methyl is required to reduce 50 and 90% of the dry weight of wild barley (EDso
and EDqo) increased significantly, indicating a decrease in the efficacy of haloxyfop-r-methyl against wild barley.
As the best treatment, the lowest values of EDso and EDgo, which were equal to 9.34 and 38.21 g a.i. ha’,
respectively, were obtained with twin flat fan 2020 at 110015. Increased efficacy of haloxyfop-r-methyl when
spray volume was reduced can be explained as follows small size nozzles create a greater small droplet. Smaller
droplets may give better spray retention over the leaf surface, resulting in increased efficacy of haloxyfop-r-methyl.
In low spray volume, the higher concentration of herbicide in the spray solution may create a greater concentration
gradient between the spray solution and leaf, increasing the diffusion of herbicide into the leaf.

Conclusion: Although the spray coverage increased with increasing spray volume for haloxyfop-r-methyl, it
has an adverse effect on its efficacy. Therefore, smaller and more concentration droplets resulted in greater control
of wild barley with haloxyfop-r-methyl than did larger and more dilution droplets.
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