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Introduction
Lepidopteran pests are among the most important limiting factors for corn production (grain and fodder corn),
which is one of the most important strategic products in the world and in Iran. In recent years, due to climate
changes around the world, some secondary pests have become widespread. One of these pests is the false armyworm
Mythimna loreyi. In Iran, until the past years, false armyworm did not cause significant damage. However, in recent
years, its population has increased, and as a result, its damage is evident in the corn fields.

Materials and Methods

In the present research, the population of M. loreyi and the larval natural parasitism were assessed during three
growing seasons (2021-2023). A one-hectare grain corn field was selected on the research farm of the Research
Institute of Plant Breeding and Seed Preparation in Karaj, where no spraying was done during the season. In each
weekly sampling, the number of M. loreyi larvae and the number of the parasitized larvae were recorded. Parasitized
larvae were also transferred to the laboratory and the parasitoids were identified. At the end of season, 30 plants
were infested with the target pest and 30 intact plants were sampled and the cobs weight was recorded for both
groups. The percentage of cobs, which were infected with fungi after feeding the pest was recorded. To compare the
temperature changes in the three evaluated years, the meteorological data for the sampling months were obtained.
The SAS software was used for statistical analysis and mean comparisons.

Results and Discussion
The analysis of pest frequency data showed that frequency of the pest population increased, especially in the
third year of the survey (2023). Population of the pest larvae showed a significant increase compared to the previous
two years. Comparison of the average number of larvae in the first and second years based on the t test did not show
a statistically significant difference (t value = 2.05; P = 0.06). However, it had a significant increase in the third year
compared to the first year (t value = 4.34; P<0.01) and the second year (t value=2.63; P=0.019). The proportion of
larvae population increased by 2.44 and 5.97 times, respectively, in the years 2022 and 2023 compared to 2021.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
o 4.0 International License (CC BY 4.0).
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Increase in the ratio of larvae population in 2023 compared to 2022 was also calculated to be 2.44 times. Comparing
the average weight of the infected cobs that were fed by M. loreyi larvae with the control cobs showed a significant
decrease in the weight of corn cobs due to the pest feeding (t value=3.94; p<0.01). On average, fungal
contamination was observed in 75% of the cobs that were fed by the pest. Comparing the cumulative pest density
data with the data related to temperature changes showed a possible relationship between larval density and the
temperature. Comparison of the minimum temperature for four months (the months of pest activity on corn) in three
years has shown that it was higher on June, August and September in 2023 than the corresponding months in 2021
and 2022. Therefore, considering density of the pest larvae and comparing three years, it seems that the minimum
temperature had a role in increasing the pest density rather than the maximum and average temperature. Considering
that based on the results reported by Qin et al. (2017) on the population of M. loreyi in China, this pest can grow at
temperatures between 18 and 30 C, the very high maximum temperature (such as the temperature experienced in
August 2021 in Karaj and the mean maximum temperature reached above 37 C) was not favorable for the pest and
did not lead to its optimal growth. In the study of Mediouni Ben Jemaa et al., (2023) also a negative correlation has
been reported between the number of captured adult M. loreyi and increasing temperature. Recently, M. loreyi has
become one of the most important pests of cereals in Asia and Africa (Qin et al., 2017; Mediouni Ben Jemaa et al.,
2023). It is possible that the increase in temperature in recent years in Iran has also provided optimal conditions for
the appearance of M. loreyi, and results of the present study support this hypothesis. In this study, the average
percentage of larval parasitism for three years was calculated between 11.74 and 14.86 percent. According to a study
on M. loreyi parasitoids in Turkey, C. ruficrus was the most common parasitoid of this pest, and it was present in
91% of the fields where M. loreyi was active (Sertkaya and Bayram 2005). In the study of Sertkaya and Bayram
(2005), the parasitism rate of C. ruficrus on M. loreyi was 38.5%, which was about 2 times more than compared to
the highest average percentage of parasitism in the present study (14.86% at 2023). However, this average is related
to the entire sampling period, and in all three years in the first half of September, the percentage of parasitism was
recorded above 60% (Table 1). Therefore, this parasitoid has a high potential to control the population level of M.
loreyi and the results of Sertkaya and Bayram (2005) confirm this claim based on the natural efficiency of C.
ruficrus against M. loreyi by 42.4%.

Conclusion
The damage of M. loreyi is higher in late-season corn or corn that is cultivated later. In Iran, fodder corn is often
sown as a second crop after harvesting wheat and barley. Considering the water crisis in the country on the one
hand, and the importance of fodder corn in feeding livestock and providing fodder in the country on the other hand,
which is very closely related to the country's food security, investigation on different aspects of M. loreyi biology,
damage and management is necessary, before this pest emerges as an important and main pest in the country.

Keywords: False armyworm, Fodder corn, Lepidopteran pest, Parasitism, Temperature
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Table 1- The number of live larvae and percentage parasitized larvae of Mythimna loreyi on each sampling date during
three cropping seasons from 2021 to 2023

sampling date Year 2021 _ Year 2022 _ Year 2023 _
(day-month) Larvae 100 Parasitized Larvae 100 Parasitized larvae Larvae 100 Parasitized larvae
plant? larvae% plant? % plant? %
1-June 0.00 0.00 0.00 0.00 0.00 0.00
08-June 2.78 0.00 5.71 0.00 8.33 0.00
15-June 3.24 0.00 5.71 16.67 6.67 0.00
22-June 417 11.11 5.71 0.00 8.33 20.00
29-June 3.24 0.00 3.81 50.00 20.00 0.00
6-July 5.09 27.27 0.95 0.00 36.67 13.64
13-July 6.94 0.00 2.86 0.00 50.00 6.67
20-July 26.85 1.72 15.24 6.25 63.33 13.16
27-July 7.41 12.50 19.05 5.00 103.33 11.29
03-August 19.44 4.76 19.05 0.00 96.67 6.90
10-August 12.04 15.38 18.10 0.00 115.00 4.35
17-August 12.50 18.52 40.00 0.00 61.67 1351
24-August 3.24 14.29 44.76 8.51 50.00 23.33
31-August 231 60.00 68.57 19.44 23.33 28.57
07-September 0.00 0.00 13.33 50.00 10.00 66.67
14-September 0.00 0.00 4.76 20.00 0.00 0.00
Mean 6.83° 12.742 17.84° 11.73¢ 40.83* 14.86°
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Figure 1- The graph of the cumulative number of Mythimna loreyi larvae in cropping seasons 2021 to 2023; Sampling times:
weekly sampling from the first week of June to the second week of September (16 weeks): 1-5: June, 6-9: July, 10-14: August,
15 and 16: September
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Figure 2- Comparison of the minimum, maximum and average temperature of the activity months of Mythimna loreyi (June,
July, August and September) and larval density (mean and SD bar) in the years from 2021 to 2023
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*Due to the mismatch between solar and Gregorian months the graphs including the average temperature from 21 May
to 21 June for June, 22 June to 22 July for July, 23 July to 22 August for August and 23 August to 22 September for
September. In each year, means with the same letter are not significantly different according to t-student test (p < 0.05)
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Figure 3- The graph of the relationship between minimum temperature and larval density of Mythimna loreyi from 2021 to
2023
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Figure 4- parasitoid wasp Cotesia ruficrus on the last instar larva of Mythimna loreyi; A: adult parasitoid, B: larvae of the
parasitoid leaving the body of M. loreyi larvae, C: larvae of the parasitoid spinning pupal cocoons, D: pupal cocoons of the
parasitoid on corn leaf
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Introduction
Vinca minor or lesser periwinkle is a perennial, herbaceous and creeping plant belonging to the genus Vinca
and the family Apocynaceae. In addition to being an ornamental and cover plant, V. minor is a valuable herbal
plant in traditional medicine, and it also acts as a natural source for the industrial manufacture of brain blood
flow stimulants. Periwinkle contains more than 150 alkaloids, which have been isolated from the aerial parts
and roots of the plant, so far (Proksa et al.,1988), consisting of vincaminorine, vincaminoreine, minovine,
minovincine, vincamine, which has antihypoxic and neuroprotective properties as well as modulatory effects on
brain circulation and neuronal homeostasis (Farahanikia et al., 2011). Vinca mosaic virus (VMV), belonging to
the genus Potyvirus and the family Potyviridae, causes severe to mild mosaic symptoms, yellowing, blistering
and leaf curl in the leaves of the periwinkle plant. In this study, the molecular and phylogenetic characteristics of
two isolates of VMYV were investigated via analysis of p1 and cp genes.
Materials and Methods
Virus-like symptoms, such as mosaic and mottling, yellowing, blistering and leaf curling were found on the
leaves of V. minor plants in the pardis campus of Ferdowsi University of Mashhad, Razavi Khorasan, Iran,
during a survey in September 2019. Total RNA was extracted from the leaves with the SV Total RNA Isolation
Kit to determine the causal agent(s) (Promega, USA). Deep sequencing was carried out on the samples by
Macrogen Company in South Korea. Analysis of the results with CLC Genomics Workbench v.12.0.3 software
showed that these plants were infected with two isolates of VMV. The cp and pl gene sequences of VMV
isolates were determined. Clustal Omega software was used to compare multiple sequence alignments among
sequences and determine the percentage of identities at the nucleotide and amino acid levels. To determine
phylogenetic relationships and evolutionary origin of Iranian VMYV isolates, phylogenetic tree was drawn based
on nucleotide and amino acid sequences of cp and pl genes using MEGA 7 software and Maximum-Likelihood
(ML) method with 1000 replications (Bootstrap). The SDT software (v.1.2) and Muscle sequencing were used to
plot the similarity matrix among the isolates at the nucleotide and amino acid levels.
Results and Discussion
The identities between the cp gene of two Iranian VMV isolates (VMV-IR-1 and VMV-IR-2) at the
nucleotide (nt) and amino acid (aa) levels were 93.11% and 97.00% respectively. For the p1 gene, the obtained
results showed 68.35% identity at the nt level and 97.00% at the aa level. The highest percent of nt identity of
the VMV cp with other potyviruses in the GenBank was with ASV1 (asparagus virus 1) (75.00% with VMV-IR-
1 and 73.82% with VMV-IR-2) VMV-IR-1 and VMV-IR-2 showed the highest aa identity with VDMV (vanilla
distortion mosaic virus) (70.39%). The highest nt and aa identity of p1 gene of VMV isolates was with CatMV
(catharanthus mosaic virus) (52.29% VMV-IR-1 and 51.31% with VMV-IR-2) and ZTMV (zucchini tigre

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
o 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jpp.2024.82191.1144



https://orcid.org/0000-0003-1042-8660
https://orcid.org/0000-0001-5032-8344
mailto:mehrvar@um.ac.ir
https://doi.org/10.22067/jpp.2024.82191.1144
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jpp.2024.82191.1144
https://jpp.um.ac.ir/

1FY 50l ¥ oyl YA 0l (559l @bus g pale) ol pl (LS chlis b gdg 4 pid \AK

mosaic virus) (28.70%), respectively. Protected motifs were also identified in the cp and pl gene sequences.
Dendrograms obtained from phylogenetic analysis based on nt and aa acid sequences of these genes placed two
Iranian VMV isolates, along with other species of potyviruses in the GenBank, viruses in two and three separate
groups respectively. Based on cp gene sequences, at the aa level Iranian VMV isolates is most closely related to
yam mosaic virus (YMV) virus, and at the nt level with the closest viruses are include sweet potato virus 2
(SPV2), sugarcane mosaic virus (SCMV), onion yellow dwarf virus (OYDV) and johnsongrass mosaic virus
(JGMV) in the same group. Based on the pl gene sequences, VMYV isolates at the nt level were most closely
related to the JGMV virus and at the aa level were most closely related to the YMV and celery mosaic virus
(CeMV) viruses.
Conclusion

In this study, for the first time, the molecular properties of VMV isolates were determined based on the cp
and pl genes, and the phylogenetic position of two Iranian VMYV isolates was drown. The results showed that the
cp gene can be used for taxonomic purposes. Considering the medicinal and ornamental properties of periwinkle
and effect of the viruses on its properties, special attention should be paid to viral diseases of this plant.

Keywords: NGS, Phylogenetic analysis, Potyvirus, vinca mosaic virus
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Figure 1- Diversity of the symptoms observed on the leaves of the vinca plants A: Severe yellowing and mottling B: Severe
mosaic and leaf curling C: Mild mosaic D: yellowing and wrinkling E: blistering and leaf curling
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Table 1- The highest and the lowest percentages similarity of cp and p1 genes of Iranian VMYV isolates at nucleotide and
amino acid levels with other potyviruses in the GenBank

CP P1
NT AA NT AA
Highest Lowest Highest Lowest Highest Lowest Highest Lowest
percentages  percentages percentages percentages percentages  percentages  percentages percentages
similarity similarity similarity similarity similarity similarity similarity similarity
52.29
75.00 26.51 70.39 54.78 30.92 nn 15,61
ASV1 MDMV VDMV (Vanilla ~ MVCV (Malva camv LMV (zucchini JGMV
VMV-  (ASparagus  ;.izo Gyarf  distortion mosaic  vein clearing ~ (Catharanthu (Lettuce tigre mosaic  (Lohnsongrass
IR-1 Kégg(s)glw) mosaic virus virus, virus, $ mosaic mosaic virus, virus n;f;é%\;'lrg;
' YP_009091808 YP_009667117 VITUS, AJ515297 '
AJ416633) _ ) _ ) MN356039) ) QIMA40664)
35.71 15.18
VMV- 7382 26.17 70.39 55.51 51.31 (Orgm'(\)"g\;um 2870 ASVI (Asparagus
IR-2 ASV1 MDMV VDMV MVCV CAtMV mosaic virus, ZTMV virus 1.
0DC21208) YP_009110712)

SCMV  (Sugarcane  mosaic  virus, MZ962674) PL 5P sloyj dn boyo o cblis (slacidge 393

OYDV (Onion vyellow dwarf virus, [KC179704)
JGMV  (Johnsongrass mosaic virus, 5 MH890553)
o=l calds dop aS 8,5 o )8 09,5 S o (MH341406

PL 55 4ol b awyp bl cpl sbagy 10 b wgpg s
ol g0 2 D FLSG 4 GDSG FIVR ouis cblas slacasse
CP 5 3 A iy VMV alis ;5 Lo IVFG Giige

by OUFAS S+ SUFAY AN 5 aVMV-IR-1 b s g g
Iloss g 4550 i £V, Ve 03,FA SASF SV VMV-IR-2
PL 0 csdemlyioel 5 aiglSs Bolys ol 1 )L
P9—od el 095 23V 9 ¥ CiFA 1y (wyp 090 slowgng
IGMV (gyss b1y bl (215005 535518 5 s 3 PL 05
YW 9 FVSY e pan wgyug ol U ol alis as o a8 o)l
loagg b 1y bl 0005 (samlsins] o ) sl 2o
CeMV/(Celery mosaic virus, YP_006423973)  YMV
e woysg Wl LVMV Y 5V sladlis alis asys a5 k)b
CeMV L Y5, Vg YOV g YMV L ao s Y g YV iy
»lw s VMV _lpl cladlis fle alis sy (S5 ple .l
SDT jl5-8lp s 5l sl b (5 SSL 53 39290 sl pug oS

s QMKAAAL AFDF MVWCIENGTSP sL_aca ggo
; Aterya et al., Dujovny et al., 2000) sas liy, DAG
.(1990; Chen et al., 2020
ol kS Lt 3905 pasetio s ()l bily) el Car
»590 sladisS oy an 4 VMV Ul lis o0 o155l cé 0
Baly5 Baldas olwl 1o 0] Sk 3 35290 ana S >
L, Maximum  likelihood _ysg, Ly (saswlgisel § (casioilS'ss
13555 sy 1,5 1000 Lolul 5 g MEGA 7 3810 5 5l oolil
Bly 5 bl , (Ssield WU (A g0 & o cla JS3)
3350 Sld gy S9= CP aob (sawlsial 5 Sy
OS5 (Shlgial a3 NAD 09,5 1) Y & (g
Yam mosaic Virus, ) jugyss VMV lad lis 4 jugys

Pl 5ep slap) sl mlsinel 5 535405 oo 5 v.1.2
0 oA S F loJS) 505 pu)

VMV-IR- L g pms opl calus olie o8 YMV (YP_022751
C.‘a_w 2 el ;’Y,\Y9 IR W V4 E.A_»J)Jd\_’ VMV-IR-2 9 1
SPV2 (Sweet potato virus 2, (sla wg,se L (sa545il5s



1FY 50l ¥ oyl YA 0l (559l @bus g pale) ol pl (LS chlis b gdg 4 pid Y\

EEd

96

PWY/P1/X82848 1

SRBV/isolate Chaco/p1/MC 0342081
SCMV/isolate Quequen/P1MIK159197 1
THSW/P1/ NG 017824 1

CORMW/p1/MC 0194091

TOMV/isolate RS-01/p1/NC 0301181
PFV/isolate Rec Cdn10/P1/HG964686.1/F1
BRMW/p1/MC 0201051

MRV/isolate ParP17/P1/ NC 0435361
OYDW/isolate: GSh/P1/AB219834 1
OYDW/isolate: GAh/P1/AB219834.1(2)
CEMW/P1/ MNC 0153931

JOMV/p1/MC 0036061

WIVWV-IR1/P

WIVMW-IR-2/P1

MNAWA isolate: NY-HR38/P1/ LC314399.1
PARV/isolate Bijapur K-20/P1/MF 356495 1
ShV/isolate PV/P1/MHTB5076.1
MVCW/strain MVCWY-SX/P1/MMN116683 1
LW/strain Tn2/P1/AJ515297 1
CAMV/isolate CatMV-Cr/P1/MMN356039.1
SPVZ/P1/MNC 0179701
YIWP1/U53426.1

ZTMV/isolate Re01-25/p1/MNC 0231751
MDMV/isolate P1/P1/EL240460.1
BCMV/isolate Ab3/P1/KY 111287 1

31 Jols MEGA7 138105 ,3 Maximume-likelinood (g 51 a3l b suui paw s (215,L5 €& 50 -F IS0

31 edlaai pl o5 Jgi 8lpod 4 VMV g g (Sl dlas 93 Pl G5 el ganigdS e By Allnis g5l on
Bootstrap) wuil so 51555 1000 (wlw! y Bootstrap e yd ybles dlasl o5 Sloa SOL 4 0wl Cud (B w99 9

ol 20ais 0315wy lod ©B 3 13w yd Vo 5l oS
Figure 3- Maximum-likelihood (ML) phylogenetic tree in MEGA7 software constructed based on multiple p1

nucleotide sequence alignments of two VMV Iranian isolates with some of the potyviruses available in the Gene
Bank. Numbers at each node indicate bootstrap percentages based on 1000 replications.



YV L BI50 a Slig0 g9 3l @l 39 (Jeig0 Gluogas (w9 (2ol ()l ySon 9 S5 )98

MDMY isoke. P1. P1. FUMGD1
PARY solte Biapur K2 P1 MF356%.1_
OYOV isakde_ G5 PA ABHSG41,_
ORMY 1 NC 010409 1

CAMY isolte CaMVC P1 MNGSGI0 1
MVCV.stran HVCVSX P MNTHG663.1
ZINV isole Relt25 pt NC 0231751
NSV P1_NC 0178241

VMVR1 Pt

VMVR2 Pt

YWV P1 USG1_

CEMV_P1_NC 0153931

LWV st Tnd P A1SNT1_

NAVA isode_NYER P1_LC3M301
BRMV.p1 NC 0201054

SV isode PV P1 MTESATG 1

BOMV isolde Ab3 P1 KYHT1_

SPV2 P1 NG 0179704

PPV isolde Rec Cantd P1_HGY4586.1 P1_
SOV il Crequen P1 MK 159107 1
JOMN p1 NG, DI3606.1

SREV. isote Chaco p1 NC (342081
MRV isode PaPt7 P1_NC 35361
PVY. P XE2048.1

TOMY isae RS p1 NC 0301161

3ol b (g g g i Uas! I (g31ani g VMV glaculia PL (35 (505 silS g5 gedanw )3 Cdlind (oo yilo £ JSUd
i s )F MUSCLE gy a9 B Jlgi (g5lwcdyd o2 SDT V.1.2 413810,
Figure 4- The similarity matrix of pl nucleotide sequence of VMYV isolates with some members of genus
potyvirus constructed based on SDT MUSCLE alignment
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Figure 5- Maximum-likelihood (ML) phylogenetic tree in MEGAY7 software constructed based on multiple

CP nucleotide sequence alignments of two VMV lranian isolates with some of the potyviruses available in the
Gene Bank. Numbers at each node indicate bootstrap percentages based on 1000 replications.



YV L B g Sli0 (wa g i arla 99 (JeSdge Oluogas (ow)y 9 (2 lwlied (ol Ko 5 S y95

iR CP
VIV CP
ASVA_strain AV Bast4 Raly cp KCS70975 1

PPV isokae Rec Cdnf) CP HGY54686.1_

Sumy isolae KKI_cp EF990665 1

MOMY isolte, M1

SPV2 isolte H1 CP MZ%X741_

JOMY isolte ZG172_CP MHAMIG1_

CAMY isolate CaMVCr cp MNBSGI29.1_

LMV isolate Ayas CP MGSTTAS41_

VDMV isolaed fom host Stevia sp, CP AMDG1669.1
NAVY isolte NYHR3S cp LC3U0.1_

MVCV strain MVCVSK CP_ MNHG603.1_

Pymy isolte PHY_cp MNG30565.1
BRMV_isokle_SW cp ABBS14RD.1

TOMY isokte RS CP NC 030118.1_

PVY_CP LNG0IG58.1_

SRBV isolate Chaco_cp NC 342081
TNSV.cp NC 178244

ORMY isolated ffom Omihogakum dutium CP AB0SIS36.1_
PARV isolale Chiagas _CHTH1_CP AN2%50.1

ZIMV isolte Rel125 cp NC 031751

Hom isokte Pem cp JFA4275%6.1

SMV isolale CN3 CP AJISN61

BCMV ffom skl CP DOGSTE.1_

OYDV isalte 17.2 CP MHIO0S531_

MRV isolate PAR1G5 Rmo PRI 2015 CP MFISI374.1_

33886.1

R =

L 2 - 8 & oA

3 ool b (g g g i sbas! I (g30ani s VMV slaaslaa CP (45 (545 gl 9i gehamw 55 Cadlowd (S0 Lo =1 S

2 gt 5 MUSCLE gy 43 B J1gi (5 5Uocid o SDT V.12 133105

Figure 6- The similarity matrix of CP nucleotide sequence of VMYV isolates with some members of genus

potyvirus constructed based on SDT MUSCLE alignment
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Figure 7- Maximum-likelihood (ML) phylogenetic tree in MEGAT7 software constructed based on multiple P1
amino acid sequence alignments of two VMV Iranian isolates with some of the potyviruses available in the
Gene Bank. Numbers at each node indicate bootstrap percentages based on 1000 replications



YvYy @‘)il-' T SS90 w99 3 Mlos g0 ‘gjs-‘}o Oluoguas eIX 9 g’lML‘-W ol y 5o g I

JOMV P1 ASPR3718 4
MDY P NP 569138 1
VIVRZ Pt

VAVR1 P1_

OYDV_P1.NP 6710021
MVCV._P1 QAN 1_
ZTMV P1_ONMGH4.1
PARV P AAOTAGN.{
CAMY_P1_ QEMISGS 1
SCMV P1 YP 0582545 1
SREV P1 YP (93516841
PVY P1 ACVAIX3
BRMV_PA YP 073548861
TSV 1 YP 0062007311
CEMV P YP 004230731
YWV P1 YP 0227511
LWV P1_NP G19667.1
TOMV P1.YP 0092524101
ASVA_P1.YP 0091107121
VDMV P1 YP 009091616 1
SPV2 P AMYITAN 1
PRV P1 AAK21975.2

SHV P1 AABZ8192
BOMV.P1_ASUMEX).1
NAV1_P1 BBEI40 1
ORMY_P1_0DC21206.1
MRV P1 YP (0096666321

=

BN ON s B R 2 2 =

3103wl U (g pg g pui sbas! 51 (g3laxi s VMV slaaslua PL suawlginel baw yd Colud (S yile —A JSU5
i w55 MUSCLE (g, 4 W Jlgi (g3Lwcdyd o0 SDT v.1.2 415810 4
Figure 8- The similarity matrix of P1 amino acid sequence of VMV isolates with some members of genus
potyvirus constructed based on SDT MUSCLE alignment



1FY 50l ¥ oyl YA 0l (559l @bus g pale) ol pl (LS chlis b gdg 4 pid

Yyy

MNAVY/CP/BBEDN1240 1

SPV2ICPIAMY 17414 1

PPVICPIAAKZ21975.2

CEMV/CP/YP 00642359821

MYCV/CP/YP 0096671171

ZTNV/CPMIMA0DEES 1

100 — PARV/CP/AADTA620.1
VDMV/CPAYP 0090918081

LMW/CP/MP 6136671
THSWV/CPMYP 0062807401

TOMV/CP/YP 0092524191

BEMV/CP/YP 0073548371

SCMV/CP/YP 003582554 1

a4 ——— SEBWV/CPYP 0093518851
75— PWVY/CP/ACVA1263.1:2827-3059

ASVA/CPAYP 0091107121

4

97

a9

COEMV/CP/QDC21208.1

CYDVICP/MNP 8710021

MREV/CPYP 0096668321

100 v cpliran/

w2 cpliran/

YMVICPNYP 0227511

CAMV/CP/QEMZ20988 1
MDMWVICP/MP 5691381

JOMVICPIASZE3T18.1

SMV/CP/AAB22819.2

00— BCMV/ICP/ASU91629 1

31 Jols MEGA7 138105 ,3 Maximume-likelinood (yig 51 a3l b suui paw s (215,L5 €& 50 -4 IS0
51 68125 CP suawlgime] Jgi ol pod & VMV g pig (! alua 93 CP suawlgimel 81,5 Al i g3lwiiyd,pn
Bootstrap) wuil se 51555 1000 wlw! y Bootstrap e yd ybles dlasl o5 Sloa SOL 4 0wl Cud (B w99 9
(] o 0315 i lod CB 3 45 oy Vo 3l S
Figure 9- Maximum-likelihood (ML) phylogenetic tree in MEGA7 software constructed based on multiple CP

amino acid sequence alignments of two VMV Iranian isolates with some of the potyviruses available in the
Gene Bank. Numbers at each node indicate bootstrap percentages based on 1000 replications.
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Figure 10- The similarity matrix of CP amino acid sequence of VMYV isolates with some members of genus
potyvirus constructed based on SDT MUSCLE alignment
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Introduction

Esca of grapevine (Vitis vinifera) is an important complex disease in almost all areas, where grapevines are
grown. The symptoms of this disease may affect the trunk, branches, shoots (brown wood-streaking and white rot of
trunk), leaves (light green or chlorotic, irregular areas between the veins or along the leaf margin, which gradually
spread from the basal to the distal parts of the shoot) and fruit (tiny brown spots and sometimes wilt of berries).
Toxins are secondary metabolites, which are important virulence factors of phytopathogenic fungi.
Phaeoacremonium aleophilum (Pal), Phaeomoniella chlamydospora (Pch), and Fomitiporia mediterranea (Fme)
produced two pentaketides (scytalone and isosclerone), and the a-glucan named pullulan. Several evidences
indicated that at least some of these metabolites may induce the characteristic symptoms of diseases. The main
objective of this research was to establish a clear efficient and cheap method using callus and extracted toxic
metabolites in order to select susceptible, tolerant, or resistant commercial grapevine cultivars to the esca disease.

Materials and Methods

Esca-associated fungi were obtained from the Agricultural Research, Education and Extension Organization
(AREEO), Khorasan Razavi province, Iran. Five mL of a suspension of three mentioned fungi (10-day-old) in 50 ml
sterile water were added to 1 L flask containing 150 mL Czapek Dox medium amended with 0.1% yeast and 0.1%
malt extract. They were incubated at 25°C for 28 days in the dark. The mycelia were removed by filtration using
Filter membranes, nitrocellulose 0.22 um. The toxic secondary metabolites were extracted from this suspension.
Briefly, the culture filtrates from each fungus (2 L per strain) were treated with equal volumes of cold ethanol-
acetone and incubated in an ice batch for 4 to 6 hours. The resulting precipitates were extracted by centrifugation at
3000 rpm for 10 seconds. Recrystallization was done by dissolving the polymer in hot water and adding the same
volume of ethanol to it, and the formed precipitate was filtered through a Whatman filter, dried at 40°C and
weighed. The toxic metabolite obtained from liquid cultures of each fungal species was assayed on detached leaves
of 5 grapevine commercial cultivars of Khorasan Razavi province, including Torkaman8(TU8), Kolahdari(KOL),
Torkaman6(TU6), Fakhri Shahrood(FSH), and Keshmeshi-Quchan(KQU). The leaves with their petioles were
immersed in a 3 mL solution until complete absorption, which usually took a few hours, and then were transferred to
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distilled water. Callus of the five grapevine cultivars, micro propagated shoot cultures were cultivated on modified
MS media containing 15, 30, and 45% toxic metabolites. The grown callus was inoculated with different
concentrations of toxic metabolites, then dry weight of callus and vital cells were measured visually, as well as
spectrophotometrically, by using Triphenyl Tetrazolium Chloride (TTC).

Results and Discussion

The Pal, Pch, and Fme fungi were all able to produce toxic secondary metabolites, but an isolate of the Pal
fungus obtained from Memlejeh (a village in the Central District of Bojnord County, North Khorasan Province,
Iran.) produced a large amount of pullulan. The symptoms produced on the detached leaves that absorbed a toxic
solution were quite similar to those observed on the leaves of the same cultivars naturally infected by the same
fungal species. Differences between cultivars in symptom severity were also observed under experimental
conditions. The results showed that reduction of the callus dry weight in TU8 grapevine cultivar was the lowest
(26%) compared to the other cultivars tested, followed by KOL (31%) and TU6 (40%) cultivars. The KQU and FSH
cultivars showed the highest reduction in callus dry weight (48% and 44%, respectively). The effect of pullulan
produced by three important esca-associated fungi indicated that the toxin produced by the Fme fungus had the least
effect and the Pal fungus showed the greatest effect in reducing dry weight of the callus. Dry weight of the callus in
15% concentration of the toxic metabolite showed the least decrease and maximum decrease of the callus weight
was obtained in 45% concentration. Among the cultivars tested, the callus cells of Torkaman 8 had the highest
optical density, which means the number of living cells was more than other cultivars. The KQU cultivar with
minimal live callus cells showed more sensitivity to the metabolite. Toxin of the Fme fungus had the least and that
of the Pal fungus had the most effect on the callus cells. The percentage of survival rate in the inoculated callus cells
of Torkaman 8 compared to the KQU cultivar at 45% concentration of the extract was about 50.36% and the
survival rate in the KQU cultivar was about 15.51%. Also, the obtained results showed that the grapevine cultivar
TU8 was comparatively more tolerant than other cultivars tested. On the other hand, the FSH and KQU cultivars
were susceptible to secondary metabolite of the mentioned fungi.

Conclusions
Occurrence of the esca diseases is increasing in grapevine all over the world, whereas efficient therapeutic
strategies are lacking. The use of toxic metabolites of esca-associated fungi and tissue culture of the host plants
under in vitro conditions could be cheap,easy, and helpful assays for controlling the disease via selection,
improvement, and reproduction of the tolerant genotypes. According to the reaction of grapevine cultivars to the
secondary metaboilte of esca-associated fungi, it can be concluded that the TU8 grapevine cultivar is less sensitive
than the KQU grapevine cultivar against the esca disease.

Keywords: Callus, Grapevine decline, Secondary metabolite
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Figure 1- The colony of esca-associated fungi and extracted their metabolites. A) Phaeoacremonium aleophilum (Pal), B)

Phaeomoniella chlamydospora (Pch), C) Fomitiporia mediterranea (Fme). D and E) White and brown extracted
Exopolysaccharide (Pullulan)
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Figure 2- Symptoms of the absorption of toxic metabolites (pullulan) on detached leaves (A) control, (B) pullulan
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Table 1- Analysis of variance (mean of squares) of callus dry weight ratio of different grape cultivars against Pullulan

SOV DF Mean of Square
Fungi Treatment 2 0.02"
Concentration Treatment 3 4.894"
Cultivar Treatment 4 0.312"
Fungi Treatment * Concentration 6 0.004"
Fungi Treatment * Cultivar 8 0.001"
Cultivar Treatment * Concentration 12 0.041"
Cultivar Treatment * Concentration*Fungi 24 0.001"
Error 120 0.001

cv - 4.67
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ns: non-significant ;**and*are significant at a probability level of 1 and 5%, respectively.
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The ratio of callus dry weight to control
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Figure 3— Mean comparison of callus dry weight to control at different treatments. A) Grapevine cultivar:KOL, TUS8, TUS,
FSH, KQU, B) Esca-associated fungi;:Phaeoacremonium aleophilum (Pal), Phaeomoniella chlamydospora (Pch), Fomitiporia
mediterranea (Fme) and, C) Toxin concentration(pullulan): 15%, 30%, 45%
Similar letters in each column indicate no significant difference at the 5% probability level (Duncan’s multiple range test).
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Figure 4— Mean comparison of callus dry weight to control at different treatments. A) Grapevine cultivar (KOL, TU8, TU6,
FSH, KQU) and Toxin concentration (pullulan) (15%, 30%, 45%), B) Esca-associated fungi
:Phaeoacremonium aleophilum (Pal), Phaeomoniella chlamydospora (Pch), Fomitiporia mediterranea (Fme) and Grapevine

cultivar (KOL, TU8, TU6, FSH, KQU), and C) Esca-associated fungi: Phaeoacremonium aleophilum (Pal),
Phaeomoniella chlamydospora (Pch), Fomitiporia mediterranea (Fme) and Toxin concentration (pullulan) (15%, 30%,

45%)
Similar letters in each column indicate no significant difference at the 5% probability level (Duncan’s multiple range test).
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Table 2-Analysis of optical density variance (mean of squares) of callus dry weight ratio of different grape cultivars against

Pullulan

Source of Variation DF  Mean of Square
Fungi 2 0.285"
Concentration 3 7.773*
Cultivar 4 2.636*
Fungi * Concentration 6 0.022*
Fungi * Cultivar 8 0.008*
Cultivar * Concentration 12 0.049*
Cultivar * Concentration*Fungi 24 0.001*
Error 120 0.078

CV% - 7.87
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ns: non-significant, **and*are significant at a probability level of 1 and 5%, respectively.
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Figure 5- Mean comparison of optical density of callus cells at different treatments A) Grapevine cultivar: KOL, TU8, TU6,
FSH, KQU, B) Esca-associated fungi:Phaeoacremonium aleophilum (Pal), Phaeomoniella chlamydospora (Pch), Fomitiporia

mediterranea (Fme) and, C) Toxin concentration(pullulan): 15%, 30%, 45%
Similar letters in each column indicate no significant difference at the 5% probability level (Duncan’s multiple range test).
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Figure 6- Mean comparison of callus dry weight to control at different treatments. A) Grapevine cultivar

(KOL,TU8,TU6,FSH,KQU)and Toxin concentration(pullulan) (15%,30%,45%), B) Esca-associated fungi
:Phaeoacremonium aleophilum (Pal), Phaeomoniella chlamydospora (Pch), Fomitiporia mediterranea (Fme) and Grapevine
cultivar (KOL, TU8, TU6, FSH, KQU), and C) Esca-associated fungi: Phaeoacremonium aleophilum (Pal), Phaeomoniella

chlamydospora (Pch), Fomitiporia mediterranea (Fme) and Toxin concentration (pullulan)(15%, 30%, 45%0)
Similar letters in each column indicate no significant difference at the 5% probability level (Duncan’s multiple range test).
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Figure 7- Percentage of callus cell survival of five grapevine cultivars( Turkman 8-TU8, Kolahdari-KOL, Turkman 6- TUS,
Fakhri ShahroodT, Keshmeshi Qouchan-KQU)
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Introduction

Weeds and diseases significantly hinder agricultural production. Chemical pesticides are frequently used to
control weeds and plant diseases in many fields. However, they have numerous adverse effects. Therefore, it is
advisable to consider using natural pesticides, which have fewer environmental impacts and decompose more
rapidly, to try to protect plants. Currently, there is a growing recognition of the potential of plant extracts as a
useful resource for the development of natural herbicides and fungicides. Saffron (Crocus sativus L.) is
cultivated as one of the important medicinal plants in Iran. Saffron leaves and corm can be used as natural
pesticides as available and cheap sources. Saffron extracts have been found to possess antiherbal and antifungal
properties by multiple sources.

Materials and Methods

In order to evaluate the antiherbal and antifungal properties of saffron leaf and corm extracts on the
germination and growth characteristics of whitetop weed and Aspergillus niger fungus, independent factorial
experiments were conducted based on the completely randomized design with four replications at the Faculty of
Agriculture of Birjand University in 2022. The allelopathic treatments consisted of two saffron organs (leaf and
stem) and seven extract concentrations (0, 0.25, 0.5, 1, 1.5, 2, and 4% v/w). The antifungal treatments consisted
of two saffron organs (leaf and corm) and seven extract concentrations (0, 0.0312, 0.625, 0.125, 0.25, 0.5, and 1
by v/w). Whitetop seeds were collected from the research field of the Faculty of Agriculture of Birjand
University in 2022, Saffron leaves and seeds were harvested from four-year-old plantations in Sarayan city, then
subjected to drying and grinding. To create the aqueous extract, a mixture of 40 g of dehydrated saffron leaves
and corms was combined with 1000 ml of distilled water. The mixture was then placed on a shaker at a speed of
200 revolutions per minute for a duration of two hours, resulting in the preparation of the stock extract.
Subsequently, the extract was diluted with double distilled water to prepare the necessary concentrations for the
experiment. To examine the fungicidal properties of saffron extracts, the Potato Dextrose Agar (PDA) culture
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media were used containing different concentrations of the extract. After solidification of the culture media, 5
mm diameter mycelial plug of the fungus was inserted upside down in the middle of each Petri plate using a cork
borer. Subsequently, the petri dishes were sealed with parafilm and relocated to the incubator set at 25°C
temperature. They were maintained under these specific circumstances until the completion of each test period.

Results and Discussion

Results Results of the experiments showed that the type of extract was significant only on the mean
germination time of whitetop and the highest mean germination time (MGT) was obtained from the corm extract.
The corm extract showed the maximum germination time. Regarding the impact of concentration on seedling, it
was discovered that concentrations up to 0.5% had a stimulatory effect, while higher concentrations had an
inhibitory effect on the attributes of whitetop plants. Increasing the concentration of the extract to 4% resulted in
reduction of 21.9%, 17%, and 22% in the root length, root fresh weight, and shoot fresh weight, respectively.
The findings of this experiment indicated that 4% concentration of the corm extract resulted in the lowest shoot
dry weight and seedling dry weight. The lowest dry weight of root was obtained using 2% concentration of the
corm extract. The antifungal test findings indicated that Aspergillus niger fungus exhibited the smallest colony
diameter on the third day when treated with 0.0312%, 0.625%, and 1%. concentrations of the leaf extract. Any
antifungal effect was not observed in the media treated with the extract compared to the controls. The
experimental findings revealed that saffron extracts, when present in high quantities, effectively suppressed the
growth of whitetop weed. However, the concentrations of saffron extracts used in this study were insufficient to
avoid the growth of A. niger. The study demonstrated the allelopathic effects of saffron leaf and corm extracts on
various plant species including Amaranthus retroflexus (Rashed Mohassel et al., 2009), Rapistrum rugosum
(Alimoradi et al., 2008), Plantago psyllium (Rashed Mohassel et al., 2009), Gypsophylla pilosa (Azizi et al.,
2013), Hordeum spontaneum (Ghesmati et al., 2018), Agropayron repense (Ghesmati et al., 2018), and Cardaria
draba (Soltanipoor et al., 2006). Furthermore, the saffron extracts were found to have antifungal properties
against Fusarium oxysporum (Rubio-Moraga et al., 2013), Aspergillus parasiticus (Tzanidi et al., 2012),
Candida albicans (Vahidi et al., 2002), Penicillium raistriicki (Rubio-Moraga et al., 2013), and Bipolaris
spicifera (Rubio-Moraga et al., 2013) in previous studies. Hence, extracts derived from saffron leaves and corms
possess antiherbal and antifungal properties.

Conclusion
Overall, the findings of this study indicated that saffron extract type did not have any impact on the seedling
traits of whitetop weed. Nevertheless, saffron extract with concentration of less than 0.5% exhibited a
stimulating impact, whereas at higher concentrations had an inhibitory influence on the characteristics of
whitetop. The used amounts of saffron extracts failed to inhibit the growth of A. niger. Hence, based on the
findings of this experiment, it is advisable to examine effect of higher doses of saffron extracts on A. niger.

Keywords: Antifungal, Fungus colony, Germination percent, Water extract, Weed
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3- Amaranthus retroflexus L.

4- Plantago psyllium L.

5- Rapistrum rugosum L.

6- Gypsophila pilosa Huds.

7- Cuminum cyminim L.

8- Trachyspermum ammi L.

9- Foeniculum vulgare L.

10- Sorghum bicolor (L.) Moench
11- Triticum aestivum L.

1- Datura stramonium L.
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1- Crocus sativus L.
2- Iridaceae
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2- Azadirachta indica
3- Allium sativum L.

4- Alternaria solani

5- Candida albicans

6- Aspergillus niger

7- Fusarium oxysporum
8- Penicillium raistriicki
9- Bipolaris spicifera
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1- Potato Dextrose Agar
2- Cork borer
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Table 1- Analysis of variance (Mean of squares) germination characteristics of whitetop under the effect saffron

extracts
S.O.V. DF Germination Germination Mean germination time
percent rate

Extract type 1 23.143 ™ 2.926 0.090 ™
Extract concentration 6 40~ 5.741™ 0.011 s
ExC 6 9.143 ™ 1.812 " 0.005 ns

Error 42 16.476 1.541 0.009

C.V (%) - 4.16 5.23 9.30

Germination percent (%)

Germmation rate (seed/day)
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* ok

NS

NS *and ™: non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 1- The effect of extract concentration of saffron on germination percent and rate of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).



Vol sl o o lod FA Al (55 y9lisS galoo 9 pale) ol pl LS clblis clbibgs 4 pis  YFA

1.12 1~ a
1.1
1.08 -
1.06 -
1.04
1.02

0.98

Mean germination Lime (seed/day)

Comm Leaf
Extract type

by (Al Fialer loj (il 1 ol 0,kas g8 1T UK
()15 55 ime B3] JBlas yg03l 4 angi L7 0 Jleis! prdaw p3 (6l xe gl auliiio gy (> (ol Silio)
Figure 2- The effect of type concentration of saffron mean germination time of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Table 2- Analysis of variance (Mean of squares) seedling characteristics of whitetop under the effect saffron extracts

Radicle  Plumule F_resh Dried weight ~ Fresh weight  Dried weight of
S.O.V. DF weight of .
length length radicle of radicle of plumule plumule
Extract type (E) 1 0.041™  0.063 "™ 0.145 " 0.004 " 0.233 "™ 0.012 "
Extract concentration (C) 6 1.278™  0.351™ 0.734™ 0.023 ™ 7.363 ™ 0.644 ™
ExC 6 0.105™  0.111" 0.224 " 0.013 " 0.608 " 0.088 "
Error 42 0.071 0.074 0.207 0.005 0.408 0.036
C.V (%) - 6.32 9.94 9.78 8.44 6.33 7.57
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NS *and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 3- The effect of extract concentration of saffron on radicle length, plumule length, radicle weight, and plumule weight
of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Figure 4- The interaction effects of concentration and type of saffron extract on dried weight of radicle of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Table 3- Analysis of variance (Mean of squares) seedling characteristics of whitetop under the effect saffron extracts

Allometric coefficient

S.0.V. DE Dried weight of seedling Seedling vigour
Extract type (E) 1 0.031 " 0.021 " 0.066 "
Extract concentration (C) 6 0.872™ 0.900 ™ 0.044 1
ExC 6 0.131" 0.103 0.027 ™
Error 42 0.062 0.028
C.V (%) - 7.38 10.83

% x NS
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NS, *and **

: non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 5- The interaction effects of concentration and type of saffron extract on dried weight of plumule and dried weight of
seedling of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Figure 6- The interaction effects of concentration and type of saffron extract on of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Figure 7- The effect of extract concentration of saffron on seedling vigour of whitetop
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Table 4- Analysis of variance Aspergilus niger fungus colony diameter under the effect saffron extracts (Mean of squares)

Colony Colony . . . .
SOV. DE diameter in diameter in six Colony_ diameter in Colony diameter in
nine day twelve day
three day day

Extract type (E) 1 0.036 ™ 0.001 ™ 0.166 ™ 0.011m
Extract concentration (C) 6 0.017 1 0.039 " 0.030 " 0.025 "
ExC 6 0.040 ** 0.012 "™ 0.013™ 0.016 ™

Error 42 0.011 0.014 0.010 0.009

C.V (%) - 6.74 8.15 6.74 6.06

ool o3 S5 5 iy Jlein] e (3 (g0 gime g (g1 me pie oS gy - 9 " NS
NS *and ™*: non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 8- The interaction effects of concentration and type of saffron extract on colony diameter Aspergilus niger in third day
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Figure 9- The effects of concentration saffron extracts on colony diameter Aspergilus niger in sixth, ninth, and twelveth day
(The means with the same letter are not significantly different at the 0.05 level of probability according to the LSD test).
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Introduction

Powdery mildews belong to the order Erysiphales, class Leotiomycetes, and phylum Ascomycota. These

fungi belong to the family Erysiphaceae and cause a fungal disease called powdery mildew in various host
plants. The symptoms of powdery mildew are mostly seen as spots or a layer of white, yellow, brown, or gray
mycelium (conidiophores) or spherical sexual structures with yellow, brown to black color (chasmothecium). As

obligate biotrophs, powdery mildew fungi obtain their nutrients from living cells of their host plants through
specialized feeding organs known as the haustoria. The host range of this group of fungi is limited to
Angiosperms, and no powdery mildew is known to occur on gymnosperms. The life cycle of most members of
the Erysiphaceae family consists of both sexual and asexual stages, and only in a few genera, the asexual stage is
not known. The infection usually starts rapidly with conidia on the leaf surface. The conidia of powdery mildew
fungi are transferred by wind from infected hosts to other plants and to initiate infection, they germinate on the
budding leaves of plants and form appressorium, leading to the formation of haustorium. With more than 7500
plant species and a diverse climate, Iran harbors many plant pathogenic fungal species, including powdery
mildew causing fungi. According to the available literature, about 33 species belonging to nine genera, which
cause powdery mildew, have been identified and described from Ardabil province. As we know, the major use of
land in Ardabil province is for agriculture and pasture. For this reason, fungi belonging to the Erysiphaceae
family are important and diverse in this province. Due to limited studies in this area, the fungi causing powdery
mildew disease on various plants in some cities of Ardabil province including Ardabil, Parsabad, Khalkhal,
Sarein, Meshginshahr, Namin and Nir were investigated and identified in the present study.

Materials and Methods

To study powdery mildew fungi, samples of various crops, landscapes, fruit trees, and forests were collected
from some cities of Ardabil province during the years 2021 and 2022. Each sample was given a unique code
corresponding to the host. The plant samples were identified with helping of a botanist and using literature
related to the flora of Iran. Microscopic slides were prepared from different structures of fungi such as sexual
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and asexual forms. Morphological characteristics of the samples were measured and recorded to identify the
fungus causing the disease via microscopic analyses using an optical microscope. In the case of fresh fungal
samples, conidia germination was investigated according to the method described by Cook and Braun (2009).
Finally, powdery mildew species were identified using Braun and Cook's (2012) monograph and related
literature at the level of genus and species. In addition, microscopic color photos were prepared with helping of a
digital camera connected to a Zeiss optical microscope.

Results and Discussion

In recent years in Iran and compared to other important groups of fungi, articles related to fungi have been
significant and are increasing more or less. Some recent publications include lists of powdery mildew causing
fungi from Iran, but they are often incomplete and limited to regional studies (Khodaparast et al., 2002; Tavanaei
et al., 2005; Pirnia et al., 2007). In the past, according to the research conducted in Ardabil province, until today,
about 32 species belonging to 9 genera powdery mildew causing fungi have been identified and described
(Davari et al., 2015). In this research, seven genera and 33 species including Erysiphe (13 species),
Golovinomyces (4 species), Leveillula (3 species), Neoerysiphe (1 species), Phyllactinia (2 species),
Podosphaera (9 species) and Sawadaea (one species) were identified from the Erysiphaceae. Erysiphe
trifoliorum on clover (Trifolium tumens), Golovinomyces orontii species complex on ash (Fraxinus excelsior)
and lettuce (Lactuca scarioloides), G. sonchicola on prickly sow-thistle (Sonchus asper) and L. taurica on
common vetch (Vicia sativa) are reported for the first time from these new hosts from Iran. Also, 11 species on
14 hosts, including E. capreae, E. prunastri, E. trifoliorum, E. ulmi var. ulmi, G. cichoracearum, G. orontii, L.
chrozophorae, L. taurica, P. euphorbiae, P. fusca and P. plantaginis are reported for the first time, on these
hosts from Ardabil province.

Conclusion

Among the fungal species causing powdery mildew in Ardabil province, four species are reported for the first
time from Iran on related host plants, including Golovinomyces (two species), Erysiphe (one species), and
Leveillula (One species). Moreover, 11 species are reported for the first time from Ardabil province including
Erysiphe (four species), Podosphaera (three species), Golovinomyces (two species), and Leveillula (two
species). Generally, Erysiphe and Podosphaera genera with 13 and nine species were the most prevalent genera,
respectively. Powdery mildew causes a decrease in yield and product quality as a result of direct and indirect
damage; hence, accurate identification of these fungi, their host range, and geographical distribution can be
useful in biodiversity studies as well as management of these pathogens.

Keywords: Biodiversity, Erysiphaceae, Helotiales, Landscape
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Figure 5- Golovinomyces orontii species complex, a: Lactuca scarioloides plant infected with powdery mildew, b and e:
Conidiophores, ¢ and f: Conidia, d and g: Germination (scale b and e: 20 pm and ¢ and f: 10 pm)
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Figure 6- Golovinomyces sonchicola, a and b: Sonchus asper and Sonchus sp. plant infected with powdery mildew, c:
Chasmothecium, d: Peridium cells, e: Appendages of Chasmothecium, f: Asci and ascospores, g and h: Germination (scale c:
50 um and f: 20 um)
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Introduction

Oilseeds are very important as the raw material for the production of vegetable oil (one of the basic needs of
the society in the food field). Therefore, achieving any success in increasing the amount of production and
supplying as many of these products as possible to meet the domestic needs of the country is considered a
valuable and great success. Safflower, with the scientific name Carthamus tinctorius L., is an annual long-day
plant from the chicory family. Wild mustard (Sinapis arvensis L.), which is also called Brassica kaber in some
literatures, is one of the most important weeds belonging to the Brassicaceae family. Competition can perhaps be
considered the most important biological interference factor effective in determining crops productivity.Effective
management of weeds in agricultural systems is very decisive. Extensive and repeated use of herbicides has led
to the emergence of resistant weed biotypes, which has often increased the cost of control. It has also caused
some concerns about the negative environmental effects of herbicides. When the competition is for light, the
competitive ability of the species is first determined by the morphological traits. The response of crop height to
weed competition is related to the density and intensity of competition and the type of weeds and can be positive
or negative.

Materials and Methods

An split plots experiment based on randomized complete block design with three replication was carried out
in the Research Farm of University of Birjand during the 2018-2019 cropping year. The treatments include four
level of phosphorus fertilizer (0, 25, 50 and 75 kg P,Os ha?) as the main plot and the four wild mustard densities
(0, 7, 14 and 28 pl m?) as subplots. Plant growth characteristics were measured from 150 to 210 days after
planting (DAP) in five stages at 15-day intervals. Also, at the harvest maturity, the yield and yield components of
the crop were determined.

Results and Discussion

According to the results, the highest (35.48 g m?) and lowest (28.23 g m) safflower leaf dry weights were
obtained from control (no-mustard) and 28 pl m? mustard densities at 165 DAP, respectively. The highest (1.67)
and lowest (1.19) leaf area index of safflower were achieved at 210 DAP using 25 and 50 kg P,Os ha®,
respectively. Based on these results, it can be concluded that the most effective level of phosphorus on the
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improvement of safflower growth traits (e.g. leaf area and dry weight and stem dry weight) and its competitive
ability was 25 kg P205 ha*, although the its effects were not significant for many traits, and as phosphorus
levels increased, the competition shifted more in favor of wild mustard. In accordance with these results, and
probably due to luxury consumption by weeds, it has been observed that when weed density is high, adding
fertilizer leads to superiority of weed growth over crop (Blackshaw et al., 2008). Also, the highest leaf area
index of mustard (0.63) was obtained at a density of 56 mustard pl m? at 165 DAP and the lowest one of (0.26)
was observed at a density of 14 pl m2 at the same time. It was also observed that the height and leaf area index
of wild mustard were the highest in all measuring stages at higher weed densities, indicating the competitiveness
of the weed. The increase in weed density had a negative impact on the safflower, although insignificant in many
cases, which could be the result of the competitive effect of mustard for resources such as radiation and nutrients
(Wright et al., 1999).

Conclusion

In general, the increase in weed density had a positive effect on the yield and its components in wild mustard
and a negative effect on the safflower, and under these condition, the application of more than 25 kg P.Os ha*
does not have a positive effect on the crop. Thus, it seems that the revision in weed management and the use of
fertilizer as an agronomic strategy can be effective in reducing the crop losses caused by the presence of high
densities of weeds (Clements et al., 2014).

Keywords: distribution, growth analysis, height, weed density, weed competition
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Table 1- The amount of elements in the soil before and after the cultivation of sour barley pre-planting

Sampling time Element
ping N P K Fe Zn

mg kg™
Before planting 195 5.3 207 10.91 231
After Harvest 190 2.7 40.5 2.798 0.49
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Table 2— ANOVA results for different levels of phosphorus and wild mustard density on dry weight of safflower leaves

Days after emergence

SOV df 50 165 180 195 210
Replication (R) 2 108™  137™ 14.15® 87.45%™ 30477
Phosphorus 3 17.91™ 10.34™ 186™ 43117  117%*
Mainploterror 6 3326™ 122 7670 2535™ 530™

Density 3 90.62 133%  110™ 7175% 40.80"

PxD 9 1366™ 7896™ 172%™ 52077 3731
Subploterror 24 17.69™ 3225™ 8502 29.04™ 28.367

cv (%) 2065™ 1858™ 2353° 18147 24.847

*and ** and ns are respectively significant at the probability level of five and one percent and non-significant.
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Figure 1- The effect of phosphorus (a) and wild mustard densities (b) on the leaf dry weight of safflower
Similar letters above columns indicate a non-significant difference at the 5% probability level based on the LSD test.
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Figure 2- The effect of wild mustard density on the dry weight of safflower leaves in 150(A) and 165(B) days after greening
Similar letters above columns indicate a non-significant difference at the 5% probability level based on the LSD test.
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Table 3- ANOVA results for different levels of phosphorus and mustard density on the leaf area index of safflower plant

Days after emergence

SOV df 150 165 180 195 210
Replication(R) 2 11.40™ 147" 336™ 0.43™ 1502"™
Phosphorus 3 010™ 0.64m™ 272" 039"  0.47*
Main ploterror 6  0.90™ 3.60™ 077" 0.32™ 0.09"
Density 3 033"  297%  140™ 0.60"™ 024"
PxD 9 0.16™ 055" 238™ 051™ 055m™
The second error 24  0.13™  0.24™  139™ 0.33™ 0.40™
c.v (%) 20.50™ 15.66"™ 19.03"™ 23.38™ 14.05™

*and ** and ns are respectively significant at the probability level of five and one percent and non-significant.
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Figure 3- A: The effect of phosphorus on safflower leaf surface index in the physiological stage 210 days after greening due to

the effect of wild mustard concentration on safflower leaf surface at 165 days after greening
Similar letters above columns indicate a non-significant difference at the 5% probability level based on the LSD test.

b pRalS S o e dangi )5 o0 )l E Cgllas >
ey byl b ool > 8L 5l (Blackshaw et al., 2004)
dlgs Judie g ol Lol Jlgs iy 31 208 S 1 s (55005
Jade (g ialS Sy o Cod 4y 0lS Sliamg S 03
2 olplo b e Liul38l oS ady aslsl gly 5L )50 il jaumngs S
(sl o 2and o)y e 4 ogllas s> 5l ey o815 Ll
okS Jol8' 5y aalsl (gl Sl 3590 Slydunge S 9 dalg5s 36 olS

dile 1515 jlas sl cov a8 3 olis by, Sibe (s dulie

2 S5 Sy s (sl live i oty SO 5o
aS sl Crwddan aald Hled 5IVIAY b s w5l w59, V5O
O reS e 92 )l (dae D9l (gLl oo ple 4 Cod
ool iy Jo,5 Gy 05 o515 I VIVE b Lasli ol olsee
(v USs) sl (815 polaw plo b (g)ld bxe glas oS 435 )8
O o515 QR 2y 3 olS a5 Sloj ol (i s gl



1FeY Gl o ojlods YA ale (55,9l aulo g pole) ol pl (LS cblas by pdgh 4 yid YAY

ol £lyj olS o9lS gy0 4 yo5 D585 wilo ST LBy Cuws k> g
Sy pa3ls Sials 5 Gy b slbS p (o ol g
09 D985 Sl pas  0gMe . (Van Acker, 1992) 5)bs Jlis 4 1,
piS Sy s 1ol g Jolgs 3l puiSy Jo 3 Sbsll 5l

(Rezvani, 2014) 1l o Jo5 L <ol o

a9 Jud j o Gle Sl gaald
ghw 2 iy P03 Sy e (a3l (o) GM Few I o s
A b pme o yd S

o olS g oad ibgie S haw (S ol )3 S el 8,
2 pasuie ISTL o3 <o) adlllas 3 258 o0 Ciund (o 5950
Ot 0 e 9 ool GLajlae Sl (S Sy s a3l oS
Ol o 350 dlidio 9 30,5 0 g e olS (£ 5iwgid )b
AU e Cowl (pSon o5 1 o (2L i K59y L 3 Slee
Al Joy3 YL laST 3 155 Sles p Sy s 228
(Abtali et al., 2006)
Oll38l b as ol lis gols wb ploul puiS (g9 a5 g} 4
Rl ele Ll phalS Sy paw jabls iy S35 0515
e daly iy SV b ) 2 puS Sy aw a3 ls
BV g S g 0550 (imen 9 )b Lile gl (S Aty

iy Jd 3 Sy e L 5 05155 g phd lidee Tk (il g o i € Jga
Table 4- The results of analysis of variance of different levels of phosphorus and density on the leaf area index of the mustard

plant
days after emergence
SOV df 150 165 180 195 210

Replication(R) 2 0.058™ 0.079™ 0.156™ 0.0009™  0.0003"
Phosphorus 3 0.016™ 0.080"™ 0.037" 0.0003"™  0.0001"
Main ploterror 6 0.110™ 0.135™ 0.105™ 0.0006™  0.0001"
Density 3 0.459*%* 0.412*%* 0.299** 0.0009™  0.0004"s
PxD 9 0.030™ 0.010™ 0.030™ 0.0007" 0.00007"s
Sub Plot 24 0.022" 0.024" 0.026" 0.0007" 0.00008"

c.v (%) 18.14™ 14.05™ 15.20™ 17.14™ 20.54 s

*and ** and ns are respectively significant at the probability level of five and one percent and non-significant.
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Figure 4- The effect of Wild mustard density on the changes in leaf area index in different stages of measurement (A: 150

days after greening (B: 165 days after greening) (C: 180 days after greening)
Similar letters above columns indicate a non-significant difference at the 5% probability level based on the LSD test.
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Table 5- The results of variance analysis of different levels of phosphorus and density in mustard altitude

Days after emergence

S.0.Vv df

150 165 180 195 210
Replication (R) 2 2395™ 429™  509™  508™ 462"
Phosphorus 3 7329™ 208™  199™ 185"  *197
Mainploterror 6  179™  643™  588™  604™ 612
Density 2 197 322" 269"  293*  300%
PxD 6 77.40™ 145™  171™  149™ 153
Theseconderror 16 42.53™ 66.82™ 74.73"™ 68.73™ 73.50™
cv (%) 1146™ 9.18™ 941" 889  9.13m

*and ** and ns are respectively significant at the probability level of five and one percent and non-significant.
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Figure 5- Scatter diagram of the effect of density on the trend of changes in the height of the mustard plant in different stages
of measurement
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Table 6- The results of analysis of variance of different levels of phosphorus and density of mustard on some agronomic traits

of safflower
df Single head Seed weight per Grain yield
weight head
Replication (R) 2 0.04"s 0.02" 505019 ™
Phosphorus 3 0.18"m 0.05" 19938
Main plot error 6 0.34" 0.13™ 119378 ™
Density 3 0.21*% 0.05* 81098
PxD 9 0.8m 0.03m 999991
Sub Plot 24 0.07" 0.01m 704421
c.v (%) 12.80 12.28 14.43

*and ** and ns are respectively significant at the probability level of five and one percent and non-significant.
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Figure 6- The effect of mustard density on weight of Single head weight of safflower
Similar letters above columns indicate a non-significant difference at the 5% probability level based on the LSD test.
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Figure 7- The effect of mustard density on seed weight according to safflower (gr)
Similar letters above columns indicate a non-significant difference at the 5% probability level based on the LSD test.
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Table 7- Results of variance analysis of different levels of phosphorus and density on some functional traits and yield
components of mustard

Dry Single Seed Pod Pod Single Weight Se_ed

matter . . Pod per weight
S.0v df - plant weight  weight , humber pod

per unit weight /m? /m? number/m er plant weight plant per
- area(g) J Perp J (@ plant(g)
Rep'('g)"“on 2 680 142™ 3502 183" 48849™ 120 0.00027 047" 0.07"s
Phosphorus 3 1028™ 094"  27.08™ 137" 65807™  92.93"  0.0011**  0.13™ 0.05"
Firsterror 6  2295m 370" 62117 205" 29161™  43.11™  0.0001™  0.37™ 0.12"s
Density 2  6802**  56.98** 33587  672**  183611%** 311*  0.0004™  2.30** 0.44%*
PxD 6 1469M 1.05™  1238™  118*  20511™  33.08™  0.0002"  0.13" 0.04
Thgrfifond 16 539™ 1.03™  11.19™ 43.16™  9516™ 21.44™  0.0003™  0.13™ 0.04"s
cv (%) 19.08™  21.49™ 3312™ 2338 25470 13.49™  21.08™  1534™ 503"

*and ** and ns are respectively significant at the probability level of five and one percent and non-significant.
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Table 8- Comparison of the average effect of density on functional traits of mustard plant

Characteristics

Dry matter per unit area (g)
Single plant weight (g)
Pod number/m?
Pod number per plant
Pod weight per plant (g)
Seed weight per plant (g)

Density
14 28 56
97.12°¢ 120° 1442
6.942 4.21b 2.58¢
270¢ 3900 5152
19.282 131>  9.20°
1.512 1.12b 0.64¢
0592  0.35P 0.21°

In each row and for each trait, different letters indicate a significant difference at the %5 probability level with the LSD test.

s (g S35 o515 Gl el Conty @l 4 295 L
Amd o LIS gdge cpl 23,5 (o STN5 ol Sl 5y lalS
SO L ey 3 pdag 25 Gpadile 5VL sbaeSly ) o5
by S5 5 oLS s (g il )3 (60b5 b g o2 (3390
Maly S laicds b 3657 5l aolatul 5 Copio 13 s Lol cunl
L 50 ile pguis ) ot 05 slowy] el inlS )3 Sl el
by Gl Sy dgme Gyl 5l ped 098 a8l S50 YU oS15
By oo 2Uly Gialidl cage a8 Juad Job 53 Mg e
gLyl 9= pacile Cilisee slagSTy 55 (odsg S35 b SOHS
e > 5L @81y bl )3 I3, 3 Sy e (a3 ls 5 olS
jradile G pheul) enmlis g 03g ylade (yide A3) Jolye
0a3LS g olS el aid) SYL pdsg J3 5 o515 4x o adlie
o=l s el sl oad yiliy 50 5yeaale ol Sy o
sgmin pacs blp b )3 j0ud JUSe )5 p)SolS VO G pae (3udos
bl ge S Ay sl balyd oy (g S0

References

=D oS b ey p sy o3 jpile Cudbge LY )
5 5k gla)l 4 oliws 5 d9aomels L) 518 4 plgs o SO
555 0yl 1) lsl sk (St o3lo gazs g 5y grbaw a5l
2 YL ke By Jeasly (s (piog Jo)3 35800 el oS
S Bl ) (gl Sl 290 e Gl gl SOHS
wlw )bl dugy 2dy dloye ) (Ldog 55 o)t
9 jy Ul & e ) sl Coldy Lt 9 SO (g9 (sl
dyg0 3000, 5 0 S5,I5 > a5 Sles ialS Lol g by sl
Al Cuwd o gulis & Gullioen I (S 58 Bygm 9 @p <ol
P31 ey e bls —ilejl > (Aminpanah et al., 2008)
CB)5 ) oy 2y90 (g BV jpacile ply o pulS il
L bgloe slacs, S 1 pu S pli)) 5 Slas a5 135 asuine o
el Sglio Cilies iyl 45 LinlS ol g il ials 5 mcile
(VanAcker et al., 2004)

35 4o

1. Abbas Dokht, H. (2012). Ecophysiological study of the competition between Amaranthus retroflexus L.
and soybean (Glycine max L.). Ph.D. thesis on Crop Ecology. University of Tehran. 205 p. (In Persian)

2. Abtali, Y., Baghestani, M.A., Mirhadi M.J.,, & Ramee, A. (2016). Evaluation and determination of
competitive strength between rapeseed and wild mustard. Master's Thesis in Weed Science, Islamic Azad
University, Science and Research Branch, Tehran, Iran. P. 98. (In Persian)

3. Ahmadpour Abnavi, S., Ramroudi, M., & Galavi, M. (2019). Effect of biological and chemical phosphorus
fertilizer on yield and yield components of safflower (Carthmous tinctorius L.) under low irrigation
condition. Agricultural Science and Sustainable Production, 29(1), 269-284. (In Persian)

4. Aminpanah, H., Sorooshzadeh, A., Zand, E., & Momeni, A. (2009). Investigation of light extinction
coefficient and canopy structure of more and less competitiveness of rice cultivars (Oryza sativa) against

barnyard grass  (Echinochloa

crus-galli).

Crop  Production, 2(3), 69-84.(In Persian).

https://dorl.net/dor/20.1001.1.2008739.1388.2.3.5.7
5. Beckie, H.J., Blackshaw, E.N.R.E., & Gan, Y. (2008). Weed suppression by canola and mustard cultivars.


https://dorl.net/dor/20.1001.1.2008739.1388.2.3.5.7

1FeY Gl o ojlods YA ale (55,9l aulo g pole) ol pl (LS cblas by pdgh 4 yid Yq.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

Weed Technology, 22(1),182-185. https://doi.org/10.1614/WT-07-126.1

BlackShaw, R.E. (2001). Downy brome (Bromus tectorum) density and relative time of emergence effects
interference  in  winter  wheat  (Triticum  aestivum). Weed Science, 41, 551-556.
https://doi.org/10.1017/S004317450007630X

Blackshaw, R.E., & Brandt, R.N. (2008). Nitrogen fertilizer rate effects on weed competitiveness is species

dependent. Weed Science, 56, 743-747. https://doi.org/10.1614/WS-08-065.1
Blakshaw, R.E., Molnar, L.J., & Janzen, H.H. (2004). Nitrogen fertilizer timing and application method
affect weed growth and competition with spring wheat. Weed Science, 52, 614-622.

https://doi.org/10.1614/WS-03-104R

Bonyadi, M., Yadvi, A., Mohadi Dehnavi M., & Fallah Heki, M.H. (2018). Determining the critical period
of autumn safflower weed control (Carthamus tinctorius L.) in Yasouj. Journal of Agroecology, 3(4), 419-
429. (In Persian). https://doi.org/10.22067/jag.v3i4.13570

Clements, D., DiTommaso, A., & Hyvdnen, T. (2014). Ecology and management of weeds in a changing
climate. p.13-47. In: Chauhan, B., Mahajan, G. (eds) Recent Advances in Weed Management. Springer,
New York, NY. https://doi.org/10.1007/978-1-4939-1019-9 2

Fayaznia, F., Siahpoosh, A.R., Moraditelavat, M.R., Siadat A.S., & Bakhshandeh, A.M. (2014). Interaction
of plant density with nutrients on competition between wheat (Triticum aestivum L.) and weeds. In the 61
Iranian Weed Science Conference. (Vol. 6, p. 910) (In Persian)

Foroughi, A., Gerekhloo, J., & Ghadrifar, F. (2014). Evaluation of competitive ability in two sesame
(Sesamum indicum L.) cultivars with cocklebur (Xanthium strumarium L.) in different crop row spacing.
Crop Production, 8(3), 19-40. (In Persian). https://dorl.net/dor/20.1001.1.2008739.1394.8.3.2.6

Hamidi, R., Mazaheri, D., Rahimian, & Alizadeh, H.M. (2009). Growth response of winter wheat (Triticum
aestivum L.) and wild barley (Hordeum spontanerum Koch) to nitrogen using additive method. In the 111
Iranian Crop Science Congress. (Vol. 11, p. 5004). (In Persian).

Heydarian Ardakani, H., Haj SeyedHadi, S.M.R., Nabavi Kalat, S.M., & Shamsi Mahmoodabadi, H.
(2009). Investigating the structure of the sunflower canopy in the conditions of competition with amarnth
(Amaranthus retroflexus) weed. In the 11" Iranian Crop Science Congress. (Vol. 11, p. 5004). (In Persian)
Heydarian Ardakani, H., Haj SeyedHadi, S.M.R., Nabavi Kalat, S.M., & Shamsi Mahmoodabadi, H.
(2010). Investigating the trend of yield and yield components changes of different sunflower cultivars under
the conditions of competition with amarnth weed (Amaranthus retroflexus). In National Conference of
Water, Soil, Plant and Agricultural Mechanization Sciences. Dezful, Iran. (Vol. 1, p. 425). (In Persian)

J. da Silva, C., da Silva, A.C., Zoz, T., Victor. B., Toppa, E., Silva, P.B., & Zanotto, M.D. (2015). Genetic
divergence among accessions of Carthamus tinctorius L. by morphoagronomic traits. African Journal of
Agricultural Research, 10(25), 4825-4830.

Khodamoradi, M., Sarajuoghi, M., & Mohammadi, A.A. (2014). Investigating the effects of different levels
of phosphorus on vegetative traits and yield of safflower cultivars under irrigated conditions. In National
Conference on Climate Change and Engineering Sustainable Development of Agriculture and Natural
Resources. Hamedan, Iran. (Vol. 1, p. 2389). (In Persian)

Kristensen, L., Olsen, J., & Winer, J. (2008). Crop density, sowing pattern, and nitrogen fertilization effects
on weed suppression and yield in spring wheat. Weed Science, 56, 97-102. https://doi.org/10.1614/ws-07-
065.1

MacMullan, P.M., Daun, J.K., & DeClerq, D.R. (1994). Effect of wild mustard (Brassica kaber)
competition on yield and quality of triazine-tolerance and triazine susceptible canola (Brassica napus and
Brassica rapa). Canadian Journal of Plant Science, 74, 369-374. https://doi.org/10.4141/cjps94-071
Minbashi Moeini, M., Baghestani, M., Rahimian Mashhadi, H., & Aleefard, M. (2008). Weed mapping for
irrigated wheat fields of Tehran province using Geographic Information System (GIS). Iranian Weed
Research Journal, 4(1), 97-118. (In Persian)

Motaghi, S., Mostafavi, K., Lotfifar, O., & Mirtahari, S.M. (2016). Study the vigour and early growth of
resistant and susceptible biotypes of wild mustard (Sinapis arvensis L.) to acetolactate synthase inhibitors
under different environmental conditions. Journal of Weed Research, 8(2), 15-33. (In Persian)

Nazir, M., Arif, S., Ahmed, I., & Khalid, N. (2021). Safflower (Carthamus tinctorius) seed. p. 427-453. In:
Tanwar, B., Goyal, A. (eds) Oilseeds: Health Attributes and Food Applications. Springer, Singapore.
https://doi.org/10.1007/978-981-15-4194-0 17

Nogales-Delgado, S., Encinar, J.M., & Gonzalez, J.F. (2019). Safflower biodiesel: Improvement of its
oxidative stability by using BHA and TBHQ. Energies, 12(10), 1-13. https://doi.org/10.3390/en12101940
Pawar, R.K. (2009). Weed management. Oxford book company. Jaipur. India. 300p.

Rastgoo, M., Ghanbari, A., Banayan, M., & Rahimian, H. (2000). Investigating the growth indices of wild


https://doi.org/10.1614/WT-07-126.1
https://doi.org/10.1017/S004317450007630X
https://doi.org/10.1614/WS-08-065.1
https://doi.org/10.1614/WS-03-104R
https://doi.org/10.22067/jag.v3i4.13570
https://doi.org/10.1007/978-1-4939-1019-9_2
https://dorl.net/dor/20.1001.1.2008739.1394.8.3.2.6
https://doi.org/10.1614/ws-07-%20065.1
https://doi.org/10.1614/ws-07-%20065.1
https://doi.org/10.4141/cjps94-071
https://doi.org/10.1007/978-981-15-4194-0_17
https://doi.org/10.3390/en12101940

Y4\

wolis y (Sinapis arvensis L.) iog Jo 5 o515 g piand 355 Zokw §1 o)yt o]y od 9 (59 pans

26.

217.

28.

29.

30.
31

32.

33.

34.

35.

mustard (Sinapis arvensis) and autumn wheat in response to the amount and time of nitrogen application.
Scientific Journal of Agriculture, 27(1), 51-63. (In Persian)

Rezvani, H., Asghari, J., Ehteshami, S.M.R., & Kamkar, B. (2014). Investigation of light use efficiency and
light extinction coefficient of wheat (Triticum aestivum L.) cultivars in competition with wild mustard
(Sinapis arvensis L.) at Gorgan. Journal of Plant Process and Function, 3(8), 97-109. (In Persian).
http://dorl.net/dor/20.1001.1.23222727.1393.3.8.3.8

Rodriguez, D., Zubillaga, M.M., Ploschuck, E., Keltjens, W., Goudriaan, J., & Lavado, R. (1998). Leaf
area expansion and assimilate prediction in sunflower growing under low phosphorus conditions. Plant and
Soil, 202, 133-147. https://doi.org/10.1023/A:1004348702697

Safahani Langeroudi, A.R., & Kamkar, B. (2009). Field screening of canola (Brassica napus) cultivars
against wild mustard (Sinapis arvensis) using competition indices and some empirical yield loss models in
Golestan province, Iran. Crop Protection, 28, 577-582. https://doi.org/10.1016/j.cropro.2009.03.007
Sarhadi Nasab, S., & Sarhadhi Nasab, M. (2017). Safflower, a multi-purpose plant for the development of
agriculture in low water areas. In The 4™ International Conference on New Findings in Agricultural
Science,Natural Resources and the Environment. Tehran, Iran (Vol. 4, p. 3643). (In Persian).

Sarmadnia, G.H., & Kochaki, A. (1994). Crop Physiology. Mashhad Jihad Daneshgahi press. (In Persian)
Sofy, S.0., Hama, S.J., & Hamma-Umin, B.O. (2020). Influence of phosphorus fertilizer on yield and oil of
safflower (Carthamus tinctorius) varieties under rain fed condition. Applied of Ecology and Environmental
Research, 18(2), 3409-3418. https://doi.org/10.15666/aeer/1802_34093418

Van Acker, S.F. (1992). The critical period of weed control in soybean (Glycine max L.) and influence of
weed interference on soybean growth. M.Sc. Thesis. University of Guelph. pp. 104.

Warwick, S.I., Beckie, H.J., Thomas, A.G., & McDonald, T. (2005). The biology of Canadian weeds. 8.
Sinapis arvensis. L. (updated). Canadian Journal of Plant Science, 80(4), 939-961.
https://doi.org/10.4141/P99-139

Wright, K.J., Seavers, G.P., Peters, N.C.B., & Marshall, M.A. (1999). Influence of soil moisture on the
competitive ability and seed dormancy of Sinapis arvensis in spring wheat. Weed Research, 39, 309-
317. https://doi.org/10.1046/j.1365-3180.1999.00147.x

Zand, A., Koocheki, A., & Nassiri Mohallati, M. (2003). Canopy structure changes in some Iranian bread
wheat. Journal of Agricultural Knowledge, 13, 13-26. (In Persian)


http://dorl.net/dor/20.1001.1.23222727.1393.3.8.3.8
https://doi.org/10.1023/A:1004348702697
https://doi.org/10.1016/j.cropro.2009.03.007
https://doi.org/10.15666/aeer/1802_34093418
https://doi.org/10.4141/P99-139
https://doi.org/10.1046/j.1365-3180.1999.00147.x




Journal of Iranian Plant Protection Research
https://jpp.um.ac.ir

i

Research Article
Vol. 38, No. 3, 2024, p. 293-307

Efficacy Evaluation of Different Herbicides to Control Echinochloa crus-galli
and Paspalum distichum in Transplanted Rice

S. Tokasi'“'**, M. Nouralizadeh Otaghsara?, E. Kazerooni Monfared =
1- Plant Protection Research Department, Guilan Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEQ), Rasht, Iran
2- Plant Protection Research Department, Mazandaran Agricultural and Natural Resources Research and Education
Center, Agricultural Research, Education and Extension Organization (AREEOQ), Sari, Iran
3- University of Applied Science and Technology, Guilan, Rasht, Iran
(*- Corresponding Author Email: s.tokasi@areeo.ac.ir)

How to cite this article:

Tokasi, S., Nouralizadeh Otaghsara, M., & Kazerooni Monfared, E. (2024). Efficacy
evaluation of different herbicides to control of Echinochloa crus-galli and Paspalum
distichum in transplanted rice. Journal of Iranian Plant Protection Research,, 38(3), 293-
307. (In Persian with English abstract). https://doi.org/10.22067/jpp.2024.86748.1178

Received: 08-02-2024
Revised: 10-06-2024
Accepted: 19-06-2024
Available Online: 28-12-2024

Introduction

Continuous rice cultivation in the paddy fields of northern regions in Iran has led to the spread of weeds such
as Echinochloa crus-galli and Paspalum distichum gradually. The presence of these grass weeds in paddy fields
leads to waste of water and nutrients and adversely affects on rice productivity. Herbicide application helps for
keeping the fields free of weeds during the critical period and minimize the costs of weeding and allows for
selective weed control. No repeated application of herbicides or mixed application of herbicides are necessary,
because these strategies need to prevent herbicide resistance in weeds. This experiment aimed to assess and
compare the effectiveness of some herbicides, including metsulfuron-methyl, tiobencarb, bispyribac sodium,
triafamon + ethoxysulfuron, cyhalofop-butyl, and the tank mixed application of cyhalofop-butyl and bispyribac
sodium, in controlling grassy weeds in the rice fields.

Material and Methods

A field experiment was conducted in Gilan Agricultural and Natural Resources Research and Education
Center (Rasht) in 2021, utilizing a Randomized Complete Block Design (RCBD) with three replications and 15
treatments, including tiobencarb 50%EC at 2750 and 3000 g a.i. ha?, bispyribac sodium 40%SC at 26 g a.i. ha™,
triafamon+ethoxysulfuron 30%WG at 37.5 and 45 g a.i. ha?, cyhalofop-butyl 20%0OD at 100 g a.i. ha®,
bispyribac sodium 40%SC at 26 g a.i. ha + cyhalofop-butyl 20%0D at 100 g a.i. ha*, metsulfuron-methyl
60%DF at 6 and 8 g a.i. ha'l, pertilachlor 50%EC at 875 g a.i. ha*, twice hand weeding, and weedy check.
Thiobencarb, pertilachlor, and triafamon + ethoxysulfuron were applied in water, five days after transplanting,
and cyhalofop-butyl, metsulfuron-methyl, and bispyribac sodium were applied to the weeds at the two- to four-
leaves stage, using a knapsack sprayer equipped with a flat fan nozzle. Weed control via application of
herbicides was evaluated visually based on the European Weed Research Society rating scale and weed density
and biomass were assessed. The yield of rice from each plot was measured. The data collected for different
parameters were subjected to analysis of variance (ANOVA) using R-studio and the treatment means were
compared using Duncan's Multiple Range Test at a significance level of 1%.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
EY 4.0 International License (CC BY 4.0).
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All weed control treatments significantly increased the weed control efficiency (WCE) over the weedy check.
Triafamon + ethoxysulfuron and tiobencarb in both examined doses had the highest WCE in reducing E. crus-
galli pressure with 100% control. After that the effectiveness of pertilachlor at 875 g a.i. ha™and cyhalofop-butyl
at 100 g a.i. halin reducing E. crus-galli density was >90% and biomass reduction was >78%. There were no
significant differences between these treatments in controlling E. crus-galli. The highest WCE in
P. distichum control was observed in applying triafamon + ethoxysulfuron at doses of 37.5 and 45 g a.i. ha™* with
>91.1% and >94.4% density reduction and >95.6% and >99.8% biomass reduction, respectively; followed by
application of cyhalofop-butyl with >83.6% and >79.7%, density and biomass reduction, respectively. After that,
tiobencarb in both doses resulted in >72% density reduction and >84.5% biomass reduction. There was no
significant difference between these treatments in P. distichum control. Pertilachlor was not very effective in
controlling of P. distichum; its efficacy was 48.8, 56.5, and 78.4% biomass reduction, in three samplings,
respectively. The highest efficacy of metsulfuron-methyl in controlling E. crus-galli and P. distichum was 75.9
and 73.1%, respectively for biomass reduction in the first sampling in the application of 8 g a.i. ha. Herbicide
application resulted in improved rice grain yield compared to the weedy check. The highest grain yield of rice
was achieved with tiobencarb at doses of 3000 and 2750 g a.i. ha™l, yielding 5051 and 4965 Kg ha™, respectively.
There was no significant difference between observed manually weeded treatment and thiobencarb treatments,
and also with bispyribac sodium, pertilachlor, triafamon + ethoxysulfuron in both doses (45 and 37.5 g a.i. ha?),
and cyhalofop-butyl; these treatments increased grain yield by 68.4, 65.5, 54.56, 52.8, 39.2, 35.4, 34.6%,
respectively, compared to the weedy check.

Conclusions

The results of this research showed that application of triafamon + ethoxysulfuron at 37.5 g a.i. ha or
thiobencarb at 2750 g a.i. ha™* applied at 3-5 days after rice seedlings transplanting into the water, or application
of cyhalofop-butyl at 100 g a.i. ha't in the form of a foliar spray in the stage of two- to four-leaf of grass weeds
were the efficient control practice for both grass weeds (E. crus-galli and P. distichum) in paddy field.

Keywords: weed biomass reduction, weed control efficiency, weed density reduction, yield



Olpl LS cblis oy pngh 4 s
https:/jpp.um.ac.ir Aind

Yay-y.v P NFY J:'.’,Ll AN o)u JA .,\.l>

s (Echinochloa crus-galli L.) G sw J =8 55 Cilisn gla fScile 41,18 L5,

&r b «is s (Paspalum distichum L) 5154

¥

3 e (59558 el gl =1l 3o, 5 g o = LSS e
VPV 5L s b

\f"‘/"‘/“' 'u;ﬂu.\d_ .ca_')‘:

2SS

2 lgdiy g Bgjg iy slacile JyuS )3 oo b oS 5 b 2jdie ©jg0d e palie )3 A Gle dix LI b)) polateas (EagR ul
Jols Lojloss as plogl S (onbo i 5 (555l ool 9 Dliios 3850 )3 V¥ - Jlo )5 (Oryza sativa L.) gy olis cuis
olSa )3 0550 03le p,5 VE lieds (SC 40%0) oo Sy sy )liS 13 0,350 o3le p,5 Yoo o 9 VYA y3lie ,5 (EC 50%) o )Sug
o3l )5V« (ljeed (OD 20%) g odgllacslu LS 53 0350 03lo )5 ¥0 5 YV/D 3lio 3 (WG 30%) (19,9890 (o8 551 +01501L 3
DF ) o= gasdlpwce (1S 13 0550 03l p)5 Vo o) S odgllacsl +(1Se 13 0350 03lo )5 V) s Sl g e S )3 05350
099 1l 5 wd g 4l 93 S )3 0350 adle p,5 AVD lieds (EC 509%0) LISy ¢ )i )3 6,550 odle p,5 A 55 palie 45 (60%
Ol 5y sladile jload plosl (gl paiges duw s A5 plodl 1S5 ds L ool JolS slacS'sly ok B )3 ilol ing, jpacile S
Ver) aidls Bgjom JpS 53 1y 2lLST 5L (o 390 5o 93 2 )3 )05 9 9y9dlge (S 1 +9ell 5 Ga S ile oS D
JrS iyl o oy (tmls 2YAL 5 2 4071y g 035iCums; e iy Jigrmpgdgllacsl 5 IS0 slagiSiale o] 5l my (2o
)lSgs 5 (ZABTL) hlgis 0395Cumss (RIS (line oyt & i (o 3y90 e 93 53 gyl (Sl + (90l LS e Bl
@yt 2 p8es iyl 53 b ey 0355 S Z VAT Cage Jiigrosigle sl (ol Sl 5 Z AV dgu (s 3590 e 53 5 55
4o (KL 53 S5k 0:0Y) 3,8 agi |y Sl 3 Slae (0 VL 1S 53 0350 03lo )5 ¥e e+ 0985 Jlowd ((Gd (rzg )b 93 e Sl
£S5 YVID ¥ (gy9ilgm (oS 55l +0y90BL 3 My s Sy o LS )3 0350 03l p)S YYD 5T v v )il (sbolod oIS 5k
o b g 239y jymiile S8 g Al & Cod g 3, 8bae o tae Sl )3 (530l (sloloss U ogdglle (gl g LS 15 0550 00s
SIS Iy gxe (g )lol MBI > g ,b 93

i slaaale (ST Jials il odgicun (ials gyl Juus ol o Sles 1 galS” slasjlg

ol iy  (AREEO) (659l gugy 9 (ojgel clinios lojles (S nbs wolio g (6559l 390l g Cliiog 35 o o S jualS Clisios oo —)
-l sl « (AREEOQ) (6,0l58 s 5 5 (higel «lisiog lojlus cclytijle ounbo i g (55,9l8 bsel 5 Cliios 8 50 o Sibjemls Slisios s =Y
Ol sy (S (g3,) 8 sale oKl Y

(Email: 5.tokasi@aree0.aC.ir  : Jstus oxiwys —)

.https://doi.org/10.22067/jpp.2024.86748.1178


https://orcid.org/0000-0002-3637-8887
https://orcid.org/0000-0001-9299-5233
mailto:s.tokasi@areeo.ac.ir
https://doi.org/10.22067/jpp.2024.86748.1178
https://jpp.um.ac.ir/

VPeF 5l oF o lod FA Al (5559l gluo g pole) olpl (LS cblis> sl jiagy a s Y45

Matzenbacher et ) sl &g, g6 = ) jya slacale s
ol wd S ool (bogls (gl LS ile 3,8 (al.,, 2015
38 Jlo sl 5 o a3 1y 50 (sl (gl S il
sbe sl L Jogroddlals (45 S ps)l pisaile
S Las aS (e wald ) (el cnl (S 08 9 S o
59905 S 5% s |y o slacile ggerne caeio (blow
Buehring et ) sly zals’ oo o 56 1) J5u8 ladiin peud 5
(al., 2006

092989 (S $l+0gal8L 5 YiSile 0ud 4oy polie
) Siss LS 3 (L5 odle 5,5 10+ I Ve (WG 30%)
¥ U5 \/0 (EC 50%) , 53055 iS5 52 5 1 & (EC 50%)
» e 00+ (OD 20%) Jsgogdglle (sl liSa )y
= JESe )3 il Jee £0 (SC 40%) ot Sy e 1S
5,8 (Sondhia, 2009) Lase—w (Nourbakhsh, 2023) s_sl
S 3 1) Jeiom 0gysilgocae LS 53 0350 03lo )5 V=A olia
ooVl peS euileddl b gy (S le plyisd @ ol
iy Jpazme culyyy gloj 53 sy SB )3 )5 2 055,500
3,)LS 5= (Antralina et al., 2015) l,Len ¢ Ll sl 5,5
2l dete Oopsilywcee + (638895 9w Sl jmun sboyless
OIS @ i sladile SIS ) (led (r2g be) e &
22,8

mdle 53 5 Cganl o 21 ol s ol 5
Conj Slas Mo (pizmen g gy (LS CulS ) Blgais g Bgjgu
ORRoR ol ) ol 3 L b sl piSale 5 )8 (gl e
2l g 0dd S8 gy 9 lagyote (ISUils W
oar 2 LS 5 L 2k Ojgod 0Ad duog pdlie )3 g5y
5 i 5 oy it dy Sl S e 45l s 1
3y90 35 oo 5y ke 93 cnl S8 )5 55 Jetem(y9y98l 9w
85158 abj))

W g, g g

higel 9 Sliios 3 Spe 3 VFr e Jluw ) Ghegiy ol
49°30° il oy 53 lly S otk e 3 530S
o B o glas e Cysway 37° 117 E olélas Jsb o N
Orlajl (slalos 45 plosl S5 dw b (slasje ol (slacS'shy
ge o3ke pyS Free o YVO yolio 5 (EC 50%) o lStzgss ol
53 55 Y5 liso 4 (SC 40%) poes Sl oy IS 53
53 (WG 30%) (19,983 (S 951 +190 8L 5 LS > 35
Jeosddla slw LiSa 3 550 odlo p,5 ¥0 5 YV/B polie

.

LVRUPY

Clld (pyiage 5 Olnl > (=l OBLS e piete S (S

L gy celacile asly o oS ol o Jlizsl o (oolasdl o s
S @t 0Skes RIS 53 (4550 i ol Slge g T Gl
Coygw S, Syl jaca le 95 .(Singh et al, 2011)
Paspalum ) _slsa 4 (Echinochloa crus-galli L.)
Sl JSiie ¢yl ym! Sl g6 4 sy yo el (distichum L.
9 45k gl yae (392 L Jdran B9 At
dlge il )3 (oYb L @y 4 Camd (p)S Jols VL bl
Ulgas (Gibson et al., 2003) 3,15 g6, 4 cans ol § lie
@l gle piSdle | ol oS Cusl jbpos dlusia ol 55
3 ol 3l slalo 53 5 8,5 G S8 0 1) B
Tokasi & ) asloa s JS e Lo ol JyS o o, KL
2 ip glecale ]S wly slo g, (Nouralizadeh, 2021
D9y =S 5 5l S o Jold ansdS )y olpl Jled (slal3Ls
Sd g B9y g piSile 38 g (d (g (Bye sl
e j 1ol g 09 jyb slacile JolS Blo sl 4Gl
A3 9 (65 S9ym d9meS o il go cunlio jlans
JLssas oljpslas el ojgpel ¢ljpsliS” sl 65588 VL sl»
ASlbo o slad berd U8 b9y Jo (05 il
by losiz o sladile 4 g)lie (So9ll ©yp0 50 rizren
slapsdle 3 )8 )l S @y 1) oY L (s g
Jbren o)y olyamds, 48 e colre pf ) o (ol
Py sbdle JuS Vb aoy g 3 abje oS d2l (o,
Opmed ol 04 (Sl (a2 B9y (3Rl o] bl
9 @93 b L L le (S cile 3959 9 (Byme Jdda 090l
bl (S5 5 S ity S S Sl opslatosis
D (n2g (o) 9 NS (o0 ok B IS Cile 38 4 )5l
(Tokasi &  cowloa b Bl > S5 65 o 305 ygdy
«sly— 13J Nouralizadeh, 2020; Smaeeltabar et al., 2023)
ladile Cuglio S 5l 6Ky 9 LpiSile (YL ) L
3,8 Lol il ccwl Y wa ) glaJls o by iScale & jya
Cygods b JES Gl 5,8 b glite Las 0s50 b (glo i ile
>lsly3 (Matzenbacher et al., 2015) 355 48,5 o oo byl
AL S oy g5 5 ALS a3 lojly slo iSile 3,05
pls Cyso 4 g (ROSO et al., 2010) cusl acie jyo slacale
4 Bg)ygw Cuagliie jop Sl o (A Cile ol 58 ol cule,
-oiSaade 08 cuS S bl cpl g3 oy b iSale )
Sl sl Jos muile b glagiScile b ALS ox)lbjl sl



Yav

...(Echinochloa crus-galli L.) Bg g Jyiss jo cilies sbaiscale 01,0 b3y ool Kod g cawlsS

AV o3so & (EC 50%) LM 5 (S 15 50 o3lo o5 A o
S g el g (s g Jlgd LS ) 5e odle )5
() Jgi) 6392 5,mcile

Sy g 02 )3 e odle p)5 Vee 50 4, (OD 20%)
Vo) dgrosdsle gl + (LS ) e odle p)5 V5w
23l 53 (60% DF) Jito=(y9)98lgm Con (5182 )3 350 03le p )5

oialejl g low 5 CleMbI =Y Jou
Table 1- General information of experimental treatments

Treatment General name Formulation Recommended dose (g a.i. ha)

; Metsulfuron-methyl 60% DF 8

i Triafamon+Ethoxysulfuron 30% WG 3155
5 Cyhalofop-butyl 20%0D 100
6 Bispyribac sodium 40% SC 26

7 Cyhalofop-butyl +Bispyribac sodium  20%0D + 40% SC 100+26
8 Pertilachlor 50% EC 875
9 . o 2750
10 Thiobencarb 50% EC 3000
11 Twice weeding - -

12 Weedy check - -
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Table 2- Soil properties of studied location

Soil texture (%) o Organic C
Clay  sSilt  Sand K (ppm) P (ppm) N (%) (%) pH
23 30 47 256 6.65 0.19 1.42 7.24
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Table 3- Analysis of variance of the effect of herbicide treatments on the density and dry
weight reduction of E. crus-galli, at 2, 4 and 9 weeks after post-emergence herbicide

application
E. crus-galli
Source of df 2 4 9
variation . Dry . Dry . Dry
Density matter Density matter Density matter
Block 2 234.11m 46.7™ 322.6" 140.0™ 68.1" 60.3"
Treatment 9 2201.9™ 971.2™ 1827.8™ 1669.7™ 1068.8™ 1445.1™
Error 18 149.6 47.1 86.8 178.7 88.3 39.0
CV (%) 15.32 7.82 11.73 16.41 11.00 7.60

" and " Not-significant and significant at 1 % probability level, respectively.
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Table 4- The effects of herbicide treatments on the control of Echinochloa crus-galli (relative to untreated control), 2, 4 and
9 weeks after post herbicide application

Treatment

Density reduction (%)

Dry matter reduction (%0)

2 9 2 4 9
Metsulfuron-methyl, 6 g a.i. ha 47.62+21.8 b 41.67+16.6 c 57.13+189b 68.92+109 b 48.43+14.1b 43.93+8.7d
Metsulfuron-methyl, 8 g a.i. ha* 52.38+8.2 b 63.90+63.9b  71.43+124b 75.97+6.6 b 57.03+9.6 b 53.13+7.1 cd
Triafamon+Ethoxysulfuron 37.5 g a.i. ha 10040.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a
Triafamon+Ethoxysulfuron, 45 g a.i. ha 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a
Cyhalofop-butyl , 100 g a.i. ha! 86.67+23.1a 77.8+3.3 ab 98.0+3.5a 96.4316.2 a 96.8t5.5a 88.3015.7 a
Bispyribac sodium, 26 g a.i. ha 26.7+115b 38.9+22.2 ¢ 58.57+14.8 b 471494 ¢ 49.33436.7b  71.33+139b
ST
Cyha"’fc’p'g’gs}i’déogﬁgg‘f‘é'.'i.h;a_fB'Spy”baC 94.29+9.9a  72.20¢127b  69.03+10.9b  94.75:91a  63.17+88b  65.277.7bc
Pertilachlor, 875 g a.i. ha' 90.48+16.5 a 100+0.0 a 100+0.0 a 94.24+99 a 100+0.0 a 100+0.0 a
Thiobencarb, 2750 g a.i. ha* 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a
Thiobencarb, 3000 g a.i. ha™* 10040.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a 100+0.0 a

Different letters in the same column show significant differences (Duncan P<0.01)
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Table 5- Analysis of variance of the effect of herbicide treatments on the density and dry
weight reduction of P. distichum, at 2, 4 and 9 weeks after post-emergence herbicide

application
E. crus-galli
et z : :
Density dry matter density dry matter density dry matter
Block 2 25.3™ 25.3™ 35.8™ 67.8™ 1.7 46.2™
Treatment 9 812.6™ 1466.8™ 1471.6™ 2266.3™ 1813.7" 2207.2™
Error 18 104.8 154.8 57.4 105.1 72.7 90.2
CV (%) 12.73 15.54 10.14 14.32 11.54 12.85

"sand ™: Not-significant and significant at 1 % probability level, respectively.
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Table 6- The effect of herbicide treatments in the control of P. distichum (relative to untreated control), 2, 4 and 9 weeks after post
herbicide application

Density reduction (%) Dry matter reduction (%)

Treatment

2 4 9 2 4 9
Metsulfuron-methyl, 6 g a.i. ha* 64.44+10.2 cd 40.67+4.9d 54.97+8.3 ¢ 72.29+7.3 ab 33.13+15.2 ¢ 50.33+119 ¢
Metsulfuron-methyl, 8 g a.i. ha* 55.55+13.9d 35.53+5.5d 54.97+5.7 ¢ 73.11+5.3 ab 34.97+14.4 ¢ 53.80+3.1 ¢
Triafamon+Ethoxysulfuron 37.5 g a.i. ha* 91.11+15.4 ab 100+0.0 a 100+0.0 a 95.57+7.7 a 100+0.0 a 100+0.0 a
Triafamon+Ethoxysulfuron , 45 g a.i. ha* 100+0.0 a 94.43+9.6 ab 100+0.0 a 100+0.0 a 94.4+9.6 a 100+0.0 a
Cyhalofop-butyl, 100 g a.i. ha 100+0.0 a 97.23+4.8 ab 83.60+14.4 ab 100+0.0 a 99.10+15a 79.67+18.4 ab
Bispyribac sodium, 26 g a.i. ha 64.44+5.1 cd 78.33+16.4 be 33.33+10.4d 38.05+26.7 ¢ 42.1+10¢c 16.6+11.7 d
ST
Cyha'Of(’p'?géﬂ;Ogeggaé'_'i_hﬁa_fB'Spy”bac 71.11+102bcd  7063+34c¢  4953+122cd  8L75:95a  77.03+103ab  69.2046.4 be
Pertilachlor, 875 g a.i. ha' 73.33+11.5 bed 67.07+6.9 ¢ 69.40+3.1 bc 48.78+20.2 bc 56.50+7.4 bc 78.37+6.5 ab
Thiobencarb, 2750 g a.i. ha™ 88.89+10.2 abc 82.8+5.5 abc 96.40+6.2 a 91.08t7.9a 97.67+2.0 a 97.5+4.3a
Thiobencarb, 3000 g a.i. ha 95.24+8.2 ab 80.33+4.5 bc 96.30+6.4 a 99.77+0.4 a 80.9+17.1 ab 93.5+11.2a

Different letters in the same column show significant differences (Duncan P<0.01)
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Table 7- Analysis of variance for EWRC rating scale used to herbicides
treatment effects on E. crus-galli, and P. distichum, at 2 weeks after post-

emergence herbicide application

Source of variation df E. crus-galli P. distichum
Block 2 10.8™ 40.0m
Treatment 9 778.6™ 830.5™
Error 18 119.2 89.1
CV (%) 12.57 12.02

" and **: Not-significant and significant at 1 % probability level, respectively.
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Figure 1- EWRC rating scale used to score the weed control following application of herbicide treatments two weeks after
herbicide application
(1, 2: Metsulfuron-methyl 60% DF 6, 8 g a.i. ha'!; 3, 4: Triafamon+Ethoxysulfuron 30% WG 37.5, 45 g a.i. ha'; 5: Cyhalofop-butyl
20%0D 100 g a.i. ha%; 6: Bispyribac sodium 40% SC 26 g a.i. ha*; 7: Cyhalofop-butyl+Bispyribac sodium 100+26 g a.i. hal; 8:

Pertilachlor 50% EC 875 g a.i. ha'l; 9, 10: Tiobencarb 50% EC 2750, 3000 g a.i. ha)
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Table 8- Analysis of variance of the effect of treatments on biological yield and
grain yield of rice

Source of variation df Biologic yield Grain yield
Block 2 82192 43049
Treatment 11 4347870 1278226
Error 22 1102091 213423
CV (%) 11.06 10.87

ms and **: Not-significant and significant at 1 % probability level, respectively.
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Figure 2- Effects of treatments on Biologic Yield (BY), and Grain Yield (GY) of rice (Kg ha)
(1, 2: Metsulfuron-methyl 60% DF 6, 8 g a.i. ha*; 3, 4: Triafamon+Ethoxysulfuron 30% WG 37.5, 45 g a.i. ha'l; 5: Cyhalofop-butyl
20%0D 100 g a.i. ha%; 6: Bispyribac sodium 40% SC 26 g a.i. ha'!; 7: Cyhalofop-butyl+Bispyribac sodium 100426 g a.i. ha'; 8:
Pertilachlor 50% EC 875 g a.i. ha'; 9, 10: Tiobencarb 50% EC 2750, 3000 g a.i. ha*; 11:twice hand weeding; 12:weedy check)
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