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Introduction

Narcissus (Narcissus tazetta) is one of the perennial herbaceous and ornamental bulbous crops that is used as
a cut flower garden plant and potted plant. Fungal diseases are one of the harmful factors of this ornamental
plant in different parts of the world. In 2018, symptoms of Narcissus leaf spot (NLS) were observed in some
planting areas of this plant in South Khorasan province. This study was carried out to identify the casual and
associated fungi with NLS in Southern Khorasan province.

Materials and Methods

Samples with leaf spot symptoms were collected from two regions, Khoosf and Tabas, from 2018 to 2019.
Plant tissues were transferred to the laboratory of the Department of Plant Protection in separate paper bags. The
tissues were cultured on a Potato Dextrose Agar (PDA) medium and purification was performed on a 2% water-
agar medium using the Hyphal tip method. Fungal agents were isolated and identified based on morphological
and molecular characteristics. The DNA of representative fungal isolates was extracted according to the CTAB
method. To molecularly confirm the species, part of the rDNA gene was amplified using ITS5 (5'-
GGAAGTAAAAGTCGTAACAAGG-3) and ITS4 (5- TCCTCCGCTTATTGATATGC-3") primers.
Sequencing of PCR products was done by Pishgam Biotechnology Company and deposited in the GenBank with
Accession number: MN829259. Sequences were edited with Chromas software and the edited sequences were
saved in FASTA format. The ITS-based phylogenetic tree was constructed using the Maximum Likelihood
Method with MEGA ver6.0 software. For the pathogenicity test, the Narcissus plant was inoculated with mycelia
plugs. In order to maintain moisture and establish the fungus, the inoculation area was covered with parafilm.
The plants were covered with polythene bags for 24 hours. The bags were removed after 24 hours. In the control
plants, the potato-dextrose-agar culture medium without fungal mycelium was used. All plants were examined
after 3 to 14 days and the pathogen was re-isolated from the inoculated plant that showed leaf spot.

Results and Discussion

Symptoms of narcissus leaf spot (NLS) disease in the sampled areas included elongated, elliptical, and red to
brown circles on the leaf. A total of 50 samples of different leaf spot symptoms were collected. In this study, 20
fungal strains were isolated and identified based on morphological and molecular characteristics. The growth
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rate of this isolate on the PDA medium was relatively fast and the average growth rate after 7 days was 6.6 cm.
Pycnidia were formed abundantly on the PDA medium after 7 days. The pycnidiospores were transparent,
mostly single-celled (3-4x5-7), sometimes two-celled (11.5-15 x5.8), round to oval and curved. Chlamydospores
(8-15) were dark brown, unicellular and multicellular, intercellular and rarely terminal. Based on morphological
characteristics, the strains were finally identified as Phoma narecissi.

The NCBI blast search revealed that the ITS region Phoma narcissi in our study had similarities to Didymella
curtisii, Phoma narcissi, and Phoma sp. 100%, 100%, and 99% respectively. Phylogenetic analysis confirms that
the examined strain belongs in a clade with strains of Ph. narcissi. In Pathogenicity tests, symptoms of the
disease were observed on all plants 7 days after inoculation. No symptoms developed on non- inoculated plants.
The original pathogen was re-isolated from the leaf spots of inoculated plants. Phoma s.l. is one of the most
ubiquitous fungal genera, characterized by its great ecological diversity and difficult identification. According to
our knowledge, the main cause of NLS disease in the east of the country is the Ph. Narcissi, Fusarium sp.
and Cladosporium sp. were associated agents with this disease. Since the identification of the disease agent is
effective in choosing effective and efficient strategies for disease control, the results can help to adopt effective
methods in disease management.

Keywords: Narcissus, Pathogenic fungus, Phoma narcissi
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Figure 1- Symptoms of Narcissus leaf spot disease in farms of Southern Khorasan province

ST (51035905 yorwgina IS ((3) o3 dijgy 9 Sy (@) Cudiy 9 (W) 9, 31 PDA bxo (59, 45 31 Uy 9 52 Phoma narcissi - JSwi
(@) 95920650 (z) ol 9 (Jobw

Figure 2- Phoma narcissi: Appearance and color of the colony on the PDA medium from (a) and back (b), pycnidium ostiol
(d), chlamydospore single-celled and multicellular chains (j) pycnidiospore (t)
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Figure 3- Phylogenetic identification of Phoma narcissi based on ITS sequence and calculated by the maximum likelihood
method
The values on the phylogenetic tree are bootstrap values, which is the percentage calculated from 1000 replicates in a bootstrap
analysis.

w9 QWld 3 (S 5 U5 (5 1 4 (g low ol pe g Jols (2,8 glo T =Y Jgo
Table 2- Fungal isolate of casual and associated with narcissus leaf spot disease in South Khorasan

2,8 4l oy 8 lows P Cedl Slol2 i slen
Fungus isolate Accession number Sequence Blast result Frequency(%) Pathogenicity
Phoma narcissi MN829259 Phoma narcissi (100%) 65 +

FJ427041
Cladosporium herbarum MN611101 Cladosporium herbarum 17 -
(100%)
MK433619
Fusarium sp. MN595065 Fusarium sp. (100%) 18 -
KR909397

Mo 05 05 5 00y3 5 d S oo l LSy loj cuidS L & g)lew Jole madli jlam 50, ¥V ol5is)len ol d,aj 5

Mols 4z 50 )3 (gilo e L c2licslon oige5l 3 o oaalia
(P JS) cusly cdsllas

2L (glogad 3,5 sloasl ©jpo 4 wle wllo (155 plals
licslen slagges] )3 ae)ze Mo b aliio 93,5 Ly (5508



YO agie plolys sl 30 (w8 55 J5 oL (5 pasd (5 lows ol o g Jole bz )8 (o) 2 o009 (o (Joio

N

-l

s .""-\‘
.s;ﬁ‘,:l_

o“.: =

9 &8 porlauns U S g zeadili —pdlw b8 oy > Cuoww I Phoma narcissi gaglua o156 lom @31 g0 51 aloxil Jol e -€ JSWS

450 (odalojl OV 53 gl 1 s 5o, ¥ wadle 589
Figure 4- Steps of the pathogenicity of Phoma narcissi isolates from the left, respectively, of a healthy plant - leaf inoculation
with fungal mycelium and the occurrence of symptoms 7 days after inoculation

2 Oleds ol 1503 sl 59y @B (il Sl slaalix
B ol oy ol 3 25 0 )8 sy bt S

ol e Jolge laica, Fusarium sp. o Cladosporium sp.
L)u\_)‘.) u,ul_wl » - Ngd 0 L)“’)‘)‘? oy YA 9 A4 Ls"?l)s L LS)L‘”""
OB 1535 325 55 el 20 S S Slow Lol ol o
Fusarium 4 Cladosporium sp. _slaa),l  cul Ph. narcissi
I exigdie IS Solow b olyer (2)B Jolos plgice 55 SP.
1al)5" 5 Sge slasbyy DBl 3 (glen Jole plulis & o]
Sy 3 Blg oo oy p ool @S al Sgo gilowr Cupe
..))15 )|)5 DJL&:«MI .))9A 4.&]4«@ )J d)l&»)

Sl Fwlpw

1)) gl oty g5 05y ool S asbibly 51 g yScime dlie )
olRutils pyize C e Sl Aliwrg s g ol Wiy oK1 & 003
higel § Dladod 5 po p e sy Sl g o Culen ol sy
Sodlatl Cge an (a9 ol (il (b @lie g (5jyeliS
D)8 o 19)M8 dcgazme o] L aKUule;l LIS

& 5l Lomwg iel> ,> Phoma spp. s Kb )g0ll (sladssS
Ol & ()8 il SlaaisS Kgd e 8l (SjeST s
ol > whad SIS (alS e clagbie o 5l Jole
Ismene sp. (Nerine sp.) oy, J5 olS ;| Ph. narcissi «o5
0y 5| —Sen 4 (Hippeastrum sp.) jud,lsl J—5
et al, 2009) cwloai 5,35 4l Amaryllidaceae
&lis yo &5 Stagonospora curtisii 4¢3 1,5 (Aveskamp
Ologad bl 4 el Phoma narcissi 455 L plion
S Sn e bl g Jlete 055 8)lie 5 Sajglsiye
2 ey 350 dlis (Mohammadi et al., 2004) cosl o
&3, (Mohammadi et al., 2004) | ,LSen 5 (gdoowe asllao
sloaalie 1o bl cul 00,505 055 pasduSey 465 b culsS Lo
e Glgl clapginiSy PDA cuis lase (595 (y 2 3
Peyronellaea <55 caliseo (sladslin wyp A jalls 5oy can
ol cowl Ph. narcissi s, g0l plion glie , a5 curtisii
by > (69) pypdiSy LS pas b g LSS o aalis a5 wsly
Ologas (Hrynkiewic et al., 2015) 5y coles o b cuis
asdlas ol as Gl WS (Sp e fele als JoSUse
2lo b glpl ) (W85 Sy asd Jole &65 ol ol )5 plol

&l

1. Agricultural jihad of southern Khorasan. (2019). Agricultural information of crops in southern Khorasan province.

Information website: https://www. https://kj-agrijahad.ir



1FeY 3l ¥ oylods YV ol (((55y9LS @buo g pale) ol pl (LS chlis by gdgy 4 pid Yys

o~

Alhussaini, M., Moslem, M., Alghonaim, M., Al-Ghanayem, A., & Hefny, H. (2015). Biodiversity and distribution
of airborne Cladosporium species in Riyadh city. Journal of American Science, 11(7), 145-154.

3. Aveskamp, M.M., Gerard, J.M., Verkley, J., Mdnica, A., & Murace, A. (2009). DNA phylogeny reveals
polyphyly of Phoma section Peyronellaca and multiple taxonomic novelties, Mycologia, 101(3), 363-382.
https://doi.org/10.3852/08-199

Borema, G.H. (1993). Contribution towards a monograph of phoma coelomycetes. Persoonia, 15, 197-221.

Hanks, G.R., & Chastagner, G.A. (2018). Diseases of Daffodil (Narcissus). In: McGovern R, Elmer W. (eds)
Handbook of Florists' Crops Diseases. Handbook of Plant Disease Management. Springer, Cham.

Hrynkiewicz, K., Deka, P., Ruszkiewicz-Michalska, M., Thiem, D., & Szmidt-Jaworska, A. (2016). Interactive
physiological potential of Peyronellaea curtisii (=Phoma narcissi) strains for enzymatic attack and defense
capabilities  against  phytoalexins.  Eurpean  Journal of Plant Pathology, 145, 89-102
https://doi.org/10.1007/s10658-015-0817-2

Mohammadi, H., Minasian, V., & Moosavi-jorf, S.A. (2004). Occurrence of Narcissus leaf spot in Iran. Proceeding
of the 16" Iranian Plant Protection Congress, Iran, pp: 460.

Taylor, A., Armitage, A.D., Handy, C., Jackson, A.C., Hulin, M.T., Harrison, R.J., & Clarkson, J.P. (2019). Basal
rot of Narcissus: understanding pathogenicity in Fusarium oxysporum f.  sp. narcissi. Frontiers in
Microbiology, 10, 2905. https://doi.org/10.3389/fmicb.2019.02905


https://doi.org/10.3852/08-199
https://doi.org/10.1007/s10658-015-0817-2
https://doi.org/10.3389/fmicb.2019.02905

Journal of Iranian Plant Protection Research

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

Research Article
Vol. 37, No. 3, Fall 2023, p. 237-258
3

Comparison of Symptoms, Whole Genome Sequencing, and Phylogenetic
Analysis of Isolates of Citrus tristeza virus from Mazandaran and Fars Provinces
in lran

N. Rouhanil, M. Zakiaghl"*'?*, M. Mehrvar'"3

Received: 24-06-2023 How to cite this article:

Revised: 09-09-2023 Rouhani, N., Zakiaghl, M., & Mehrvar, M. (2023). Comparison of

Accepted: 13-09-2023 symptoms, whole genome sequencing, and phylogenetic analysis of isolates

Available Online: 13-09-2023 of Citrus tristeza virus from Mazandaran and Fars provinces in Iran. Journal
of Iranian Plant Protection Research, 37(3), 237-258. (In Persian with
English abstract). https://doi.org/10.22067/jpp.2023.83109.1152

Introduction

Citrus tristeza virus (CTV) is one of the most devastating citrus diseases in Iran. The CTV genome is a
positive single-stranded RNA molecule with a size of 19.3 kb containing 12 open reading frames (ORFs). CTV
encodes two different coat proteins, of which the small coat protein (CPm) covers only the 3' end of the genome.
CTV infected trees show symptoms such as stunting, yellows, reduced vigor and death. In addition, CTV
generates three typical disease syndromes, including quick decline, stem pitting and seedling yellows. In total,
more than 259 thousand hectares of citrus are grown in the north and south of Iran. Considering the lack of the
complete genome sequence of Iranian CTV isolates and the different climatic conditions in citrus cultivation in
the north and south of Iran, the genome of CTV isolates from Iran was determined for the first time and their
phylogenetic relationships with other CTV isolates were studied.

Materials and Methods

In spring and fall 2015, 30 samples from Mazandaran province in northern Iran and 25 samples from Fars
province in southern Iran were collected from trees suspected of being infected with CTVs. Total RNA was
extracted using the RNX-Plus kit according to the manufacturer's instructions. CTV was identified using the
specific primer pair CPF (5’AAAGAAGGCGACGATGTTGTYI) and CPR
(5’AGCTCCGGTCCAAGAAATCTG3') designed based on the coat protein gene of CTV. Reverse transcription
was performed using MMuULV reverse transcriptase (Pars Tuos, Iran) and PCR reaction was performed using
Amplicon 2x PCR Master Mix (Amplicon, Denmark). Infected samples were grafted onto sour orange seedlings.
SRNAs were extracted using a protocol developed by Carra et al. (2006), and SRNA libraries were prepared
according to the CATS protocol (Turchinovich et al., 2014). One microgram of each library was sequenced on
the Illumina HiSeq2500 platform from Macrogen, South Korea. The CTV strains were determined by virtual
replication and digestion or alignment of the region between the small coat protein (Cpm) and coat protein (Cp)
genes. The phylogenetic tree was constructed by the maximum likelihood method using the T92+1 nucleotide
substitution model with 500 bootstrap repeats by MEGAY. The nucleotide and amino acid similarity matrix was
calculated using SDTv.1.2 software. Potential recombination events in the genome were determined using RDP
v.5.5.
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Results and Discussion

CTV infection was detected in 17 samples from Mazandaran province (56% of samples) and in 8 samples
from Fars province (33% of samples) using a CPF/R-specific primer pair. CTV symptoms were mild to severe
stunting, chlorosis, yellowing, vein yellowing, and severe decline in the citrus samples from the north of Iran,
while CTV symptoms in the samples from the south of Iran were stunting, chlorosis, dieback and quick decline.
Three months post inoculation, symptoms of severe stunting and chlorosis appeared in seedlings inoculated with
isolates from the north, while mild stunting and yellowing appeared in seedlings of sour orange inoculated with
CTV isolates from the south. By assembling the contigs obtained from the RNA-seq data, the complete genomes
of IR-Northl, IR-North2, IR-Southl, and IR-South2 isolates were reconstructed with lengths of 19296, 19302,
19252, and 19251 nucleotides, respectively. The Iranian CTV isolates had nucleotide similarity in the range of
95.2-77.5% with other CTV isolates deposited in GenBank. The polymerase, P65, and coat protein genes of the
Iranian CTV isolates showed identity at the amino acid level of 80.6-94.1%, 88-93.9%, and 92.4-96.4%,
respectively, with other CTV isolates. Analysis of the CTV strains revealed that IR-Northl resembles the severe
decline strain belonging to genotypic group T36, while IR-South2, IR-North2, and IR-Southl belong to the stem
pitting and seedling yellows strains of genotypic group VT/T3 and are similar to strains T3, SY, and T318A,
respectively. In the phylogenetic tree based on the full length of the CTV genome, three subclades were
designated: VT, T68, and T36. IR-North2, IR-Southl, and IR-South2 isolates were grouped into VT, and IR-
North1 isolate was grouped into T36. Like the reference CTV isolate, the four Iranian CTV isolates had 12 open
reading frames. Examination of the Replicase, RdRp, P65, P61, CPm, and CP proteins revealed 280 amino acid
substitutions in 33 conserved motifs in Iranian CTV isolates. The isolate IR-Northl had only five substitutions;
however, 97, 85, and 93 substitutions occurred in the isolates IR-North2, IR-Southl, and IR-South2,
respectively. Most substitutions were found in the replicase and p61 proteins, which are involved in virus
replication and assembly, respectively. RdRp and p23 proteins had the least amino acid substitutions. No known
conserved motif was observed in P33, P6, P18, P13, and P20 proteins. In addition, IR-Northl, IR-North2, and
IR-Southl were recombinant. In IR-Northl, 1426 nucleotides in the P65 gene and 773 and 2444 nucleotides in
the replicase gene were recombinant in IR-North2 and IR-South1 isolates, respectively.

Conclusion

An analysis of symptoms, nucleotide diversity, dominant strains, and the phylogenetic relationship of the
four Iranian CTV isolates sequenced in this study revealed that two isolates from northern Iran were quick
decline and seedling yellows strains, falling within the genotypic groups T36 and VT. These groups were
distinguished by distinct symptoms and a separate phylogenetic position. Conversely, the two southern CTV
isolates were closely associated with CTV stem pitting strains, classified into genotypic groups VT and T3,
sharing a close phylogenetic position.

Keywords: Citrus, Quick decline, NGS, Race, Seedling yellows, Stem pitting
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AB046398 sY 19302 Japan Suastika, 2000
AF260651 T30 19259 USA Albiach-Marti and Dawson, 2000
AY340974 T36 19296 Egypt Abdelmaksoud and Gamal El-din, 2003
DQ151548 T318A 19252 Spain Ruiz-Ruiz et al., 2005
EU937519 VT 19251 USA Weng et al., 2007
EU857538 SP 19251 New Zealand Harper et al., 2009
GQ454869 HA18-9 19245 USA, Hawaii Melzer et al., 2009
JQ798289 Al18 19302 Thailand Sindhvajiva et al., unpublished data
KY110737 CSLO01 19251 Brazil Matsumura et al., 2017
KY110738 CSLO02 19243 Brazil Matsumura et al., 2017
KU589212 S1 19248 USA Yokomi et al., 2017
KU883265 RB 19270 South Africa Cook et al., 2016
KU883267 HA16-5 19280 South Africa Cook et al., 2016
MKO033511 T68 19246 South Africa Cook et al., 2020
uU16304 T36, Quick decline 19296 USA Pappu et al., 1994
Y18420 mild 19259 Spain Vives et al., 1999
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Figure 1- Symptoms associated with citrus tristeza disease. A: Healthy Thomson orange tree (Neka), B: Severe stunting,
yellowing, and die back on blood orange tree (Sari), C: Stunting, mild yellowing, and small leaves on Thomson orange tree
(Neka), D: Mild yellowing and small leaves on blood orange tree (Sari), E: Stunting, small fruit size, and mild yellowing on
Valencia orange tree (Sari), F: Stunting, mild yellowing, and small leaves on Thomson orange tree (Neka), G: Decline and
dieback on orange tree (Neka), H: Dieback, small leaves, and defoliation on blood orange tree (Sari), I: Severe decline and
dieback on blood orange tree (Sari), J: Green decline, stunting, and defoliation on lemon tree (Khafr), K: Green decline,
small leaves, and defoliation on lemon tree (Khafr), L: Green decline, small leaves, and defoliation on Omani lemon tree
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Figure 2- Symptoms of CTV isolates on healthy sour orange seedlings three months after inoculation. A: Leaf chlorosis and
severe stunting caused by inoculation with IR-Northlisolae, B: Growth reduction caused by inoculation with IR-North2
isolate, C: Yellowing and stunting caused by inoculation with IR-South2 isolate, D: Symptoms of yellowing and growth
reduction caused by inoculation with IR-Southl isolate.
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Figure 3- Alignment of a 78-nucleotide fragment containing the 25 nucleotides at the end of the p27 gene and the beginning of

the intergenic region between p27 and p25 genes in the sequenced strains and reference strains of CTV for determining the
genotypic group of lranian CTV strains
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Table 2- Differentiation of Citrus tristeza virus strains using in silico amplification of the intergenic region between Cp and
Cpm genes with different primers and virtual enzymatic digestion of the amplified fragment with the restriction enzyme
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T30 AF260651 78 235 825 NF 197-628 Tyrosine
VT EU937519 78 234 NF 80-154 NF Phenylalanine
T3 EU857538 78 234 NF 80-154 NF Phenylalanine
SY AB046398 78 234 NF 80-154 NF Phenylalanine
T36 U16304 NF 235 816 NF NF Phenylalanine
IR-Northl NF NF 235 816 NF NF Phenylalanine
IR-North2 NF 78 234 NF 80-154 NF Phenylalanine
IR-Southl NF 78 234 NF 80-154 NF Phenylalanine
IR-South2 NF 78 234 816 80-154 NF Phenylalanine
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Table 3- Similarity of the encoded protein amino acids of Iranian CTV strains with each other and reference strains of Citrus
tristeza virus
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Glas/agw S "’_" % ‘é 5_ g i) - T T T T o o ) ) g

. Accession (R 3 by W > 3} I} N N} = = ~ ~ S

Strain/lsolate number % 3 % 35 @ o = ~ a o w S @ =
T36 U16304 97 100 959 97 964 994 982 983 982 997 99.2 99.7 969 96.7 985

VT EU937519 785 68 70.2 783 825 878 87.6 868 87.7 926 927 911 878 87.8 96
sY AB046398 787 635 706 78 822 872 872 861 885 926 925 90.3 887 88.6 96.3

T318A DQ151548 78.7 619 704 784 829 872 875 863 876 926 919 90.8 885 889 96

IR-Northl T3 EU857538 784 712 701 77.8 817 878 874 868 867 926 923 906 882 87.8 96
T30 AF260651 796 548 702 771 817 885 92 933 921 929 946 911 874 878 95.6
IR-North2 - 78 625 70 777 813 872 866 855 884 926 921 89.2 889 87.1 956

IR-Southl - 779 619 699 776 815 872 859 858 876 914 911 908 87.8 887 96
IR-South2 - 775 712 694 768 803 872 854 86 859 917 921 90 88 879 949
T36 u16304 794 635 716 794 832 878 878 86 885 927 925 889 896 90 97.1
VT EU937519 941 97.1 927 965 974 981 975 936 959 966 954 922 947 929 974
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Figure 4- A phylogenetic tree drawn using the nucleotide sequences of complete genomes of Iranian strains and complete
genomes of CTV strains available in the gene bank
The tree was constructed using the Maximum Likelihood method and the Tamura-3-parameters nucleotide substitution model with
500 bootstrap replicates in the MEGAT7 software package. The accession numbers and characteristics of the CTV strains available in
the gene bank are listed in Table 1. The sequenced strains in this study are indicated by A

Replicase RdRs T 7 B & '
w w - L

 —

£ed

T
N
w

g1d
€1d
ozd

b
~
w

%

> O = = o= *x = =
2 G > — = =x=3 =
- < - > <dow _3:_ 3
® ® — - - e e -® o @S
E = = a -1 SEE & g
s =z T * - 5F0 B s
B ] 222 2022 c®

¥ - =
N e <
<9

<

=N

CTV dwgr 0308 (5155 50, S ig 53 29290 03 Clidlone (2193 9 (0995 Glojlw 5l Suilond prguai -0 JSUS
ol oads S3F Joto pCTV Jlyl sladlin )3 o clablne (slg )0y g Slasuine
Figure 5- Schematic representation of the CTV genome organization and the conserved motifs found in CTV-encoded

proteins
The characteristics of the motifs and variation of amino acids in conserved regions in Iranian CTV isolates are shown in Table 4.
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Figure 6- A schematic representation of the recombination event location in the genome of Iranian CTV strains
The breakpoints of the recombination fragment are listed in Table 5.

CTV Glpl gbaslas 0g35 10 bud (o lwlid oS Jgi dnlad Olasein -0 Joua
Table 5- Characteristics of the identified recombination fragment in the genome of Iranian CTV strains

. ) ol . 6 y13bine
ale Sl Jsb Candse Parents b3y (99, Wi
Isolate Frequency length Position ol S Detection methods -~
. . pValue
Major Minor
12712- U16304.1
IR-Northl 2 1426 14138 AY340974 NC001661 R.G.B.M.C.S.Se 2.23E-05
IR-North2 5 773 106-879 AB046398 KC517494 R.G.B.M.C.S.Se 1.37E-10
EU937519
KJ790175 AF001623 9.39E-06
IR-southl 4 2444 3974-6418 MK491895 EU937519 R.G.B.M.C.S.Se
MW689620

Abbreviations used for recombination detection programs; R: RDP, G: GENECONV, B: Bootscan, M: Maxchi, C: Chimaera, S:
SiSscan, P: PhylPro, Se: 3Seq. Recombination-detecting programs representing significant signal showed in bold; (c): The greatest P-
value calculated by the program for the recombination event. The highest reported P-value for the program showed in underlined in

RDPA4.
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Introduction

The striped bug, Graphosoma lineatum L. is one of the pests of Apiaceae family such as parsley, carrot,
celery and some medicinally important plants. The adults and nymphs of this insect feed on seeds of host plants.
The eggs of the striped bug have an important role in mass rearing program of some parasitoids. Nutritional
supplements undertake an essential function in mass rearing of insects and increase the efficiency of production.
Vitamins such as B group have different functions in physiology of insects. The growth and development of
insects hinge on acquiring essential nutrients through food materials. Apart from their primary food source,
insects rely on essential amino acids and certain minerals for proper nutrition. These crucial components must be
obtained from their food sources. Symptoms of nutritional deficiency, as reported in various research studies,
include delayed growth, weight loss, prolonged immature stages, increased mortality, wing deformities,
alterations in mating behaviors, and various physiological issues. In this study the effects of some vitamins and
amino acids on anatomy of salivary glands, total protein of body, developmental time and fecundity of G.
lineatum were evaluated in controlled conditions.

Material and Methods

Insects reared on parsley seeds adhered on the inner side of big plastic containers in controlled condition.
Supplements including vitamins Bi2, Bg, B1 and Serine and Phenylalanine amino acids selected for evaluation.
These supplements used for the treatmnet of G. lineatum in four different concentrations dissolved in water. For
evaluating the effects of nutritional supplements on anatomy of salivary glands, both glands separate after
dissection of adult’s thorax, and dimension of glands including width and length of posterior and anterior lobs,
measured by micrometer apparatus located on stereomicroscope. Total body protein measured by Kjeldahl
apparatus after well drying the total body of insects in oven followed by fine powder of dry materials. Total
protein was determined using a standard method, calculated by multiplying the nitrogen amounts by 6.38, a
constant value. In distinct experiments, the impact of nutritional supplements on the duration of each nymphal
stage was investigated. One-day-old eggs were employed for this purpose. Following treatment justification, the
time required for the development of each instar was recorded on a daily basis. All tests were replicated three
times, with distilled water used for the control treatment. The data were analyzed by One-way ANOVA
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experimental randomized design and Duncan’s multiple range test using SAS software used for comparing the
means.

Results and Discussion

The results disclosed a significant impact of all vitamins and amino acids on all studied parameters. Notably,
in the case of salivary glands, the posterior lobe exhibited a more pronounced effect in insects fed with B1, B6,
and Phenylalanine. Different concentrations of vitamin Bg, B1 and Phenylalanine affected total protein content of
male and female insect’s body. Vitamin Bi, had non-significant effect on male and female total body protein.
Nutritional supplements changed the rate of laid and hatched eggs in addition with nymph’s developmental time.
Vitamin Bi in the concentration of 0.005 g/l, Be in the concentration of 0.25 g/l, B: in the concentration of 0.5
g/l, Serine and Phenylalanine both in the concentration of 0.5 g/l showed the highest rate of laid and hatched
eggs. Vitamin Bg and By in the concentration of 1 and 1.5 g/l resulted in prolonging the nymph’s life span in
comparing with controls. The negative effects of high concentrations of nutritional supplements on fecundity and
normal developmental period of nymphs well documented in this study. Metabolism, cell division, hormone
synthesis, enzymes activity and many physiological parameters affects by supplements especially vitamins. Any
disorder in utilization, absorption and inhibition of their function leads to biological and behavioral problems in
insects. In some cases, the function of symbionts for compensation essential supplements documented.

Conclusion

The results of this study indicate important function of vitamins Bi2, Bs and B1 on G. lineatum nymphal
developmental period. In high concentrations, rate of growth decreased in comparison with controls. Salivary
glands anatomy showed some changes in dimensions especially in posterior lobs in dose-depending manner.
Number of eggs laid and hatched decreased especially in high concentrations of nutritional supplements. The
results of this study will help to justify better meridic diet for rearing striped bug. In semi-artificial diets for
rearing this insect, corporation of little concentrations (optimum) will improve the fitness of insects.

Keywords: Biological parameters, Phenylalanine, Salivary glands, Vitamin B
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Table 1- Effects of different nutritional supplements consumption by nymphs on width and length of emerged Female G.
lineatum salivary glands different parts

c 5 2
B A D it posiorngn oo s 29 Jo
_}’ § 3 3 g = 0s erlo(:nﬁq)e wi 0s erlo(:n?n)e eng Anterior lobe width (mm) Anterior lobe length (mm)
85 Ww—-g2
= g el e el e el e ) e
~ S Right Left Right Left Right Left Right Left
0.02 1.17e 1.16¢d 1.58gh 1.58b-f 0.69¢-f 0.68b-d 1.35a-d 1.22b-f
o 0.015 1.31e 1.27cd 2.22b-d 2.22a 0.8a-d 0.7b-d 1.29a-d 1.31b-e
@ 0.01 1.38de 1.33cd 2.29a-d 2.43a 0.88ab 0.85a 1.32a-d 1.24a-f
0.005 1.86bc 1.86b 2.50ab 2.43a 0.90a 0.78a 1.35 a-d 1.38a-e
1 2.01ab 2.01lab 1.5gh 1.45¢-f 0.499 0.44g 1.11d-f 1.14e-f
o 0.75 2.02ab 2.02ab 1.47gh 1.47b-f 0.52g 0.499 1.20c-f 1.17¢-f
@ 0.5 2.07ab 2.07ab 2.01c-e 1.83b 0.54g 0.499 1.22b-e 1.22b-f
0.25 2.31a 2.29 2.38ab 2.41a 0.88g 0.50g 154a 1.59a
15 1.22¢ 1.06d 1.33h 1.92f 0.55e-g 0.58d-g 1.02¢f 1.10ef
- 1 1.37de 1.11cd 1.43gh 1.28f 0.60e-g 0.59d-g 1.20cf 1.25b-f
@ 0.75 1.42de 1.48c 1.48gh 1.30ef 0.62e-g 0.64c-¢ 1.31ad 1.44a-c
0.5 1.94bc 1.95ab 2.23b-d 1.78bc 0.8la-c 0.79a-C 1.47 ab 1.35a-e
N 2 1.26e 1.05d 1.74e-g 1.56b-f 0.47g 0.469 0.97¢f 1.01f
£ 15 1.17e 1.14cd 1.63f-h 1.56b-f 0.47g 0.469 0.96f 0.99f
g 1 1.17e 1.16¢cd 16.8e-h 1.67b-e 0.72b-e 0.69b-d 1.13d-f 1.14ef
0.5 1.35de 1.29cd 2.33a-c 2.26a 0.79-d 0.81ab 1.45 a-c 1.31b-e
= 2 1.10e 1.07d 1.4gh 1.39b-f 0.68¢-f 0.63d-f 1.27b-d 1.16d-f
So 15 1.16e 1.16¢d 1.53gh 1.45¢-f 0.68c-f 0.7b-d 1.42a-c 1.42a-d
g < 1 1.17e 1.13cd 1.61f-h 1.50b-f 0.72b-e 0.81ab 1.47ab 1.45b
= 0.5 1.66¢d 1.37cd 1.96d-f 1.72b-d 0.78a-d 0.91a 1.48 ab 1.46ab
Control - 2.30a 2.26a 2.61a 2.46a 0.93a 0.91a 1.47ab 1.46ab

(0= 2[o N (5SS (lasabin (yg03T) ol o me MBI pae  sxods dliie By o ¢ ygiw y 3
The same letters in each column considers statistically non-significant (Duncan’s multiple range test, a=0.01).
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Table 1- Effects of different nutritional supplements consumption by nymphs on width and length of emerged male G.

lineatum salivary glands different parts

g % é ‘;‘”"’910’)" s of Job u-191"‘-’9"u’)'° sl g Jsb
3, g 3 & ~ Rear lobe width  Rear lobe length  Front lobe width Front lobe length (mm)
55 "E3 (mm) (mm) (mm)
L A2 L > Sl [ors Cowly TN Sl >
= Right Left Right Left Right Left Right Left
0.02 1.3d-f  1.22c-e 1.92ef 1.46g-j 0.73ab  0.69ab 1.03de 0.94d
o 0.015  1.45b-d 1.45a-d 159%f 1.51g-i 0.73ab 0.69a-c  1.12b-e 1.14a-d
@ 0.01  146b-d 147a-c 1.6ef 1.82cf 069ab 067a-d  1.26b-e 1.34ab
0.005 1520  15ab  2.08b 1.91b-d 0.73ab  0.73a 1.53a 1.37a
1 117fg 1.8  1.49fg 1.44h-j  0.41f 0.4i 1.18b-e 1.18a-d
o 075  123e-g 127b-e 151fg 159  0.44f  0.42hi  1.19b-e 1.2a-d
@ 05 1.34cf 1.39%-e 156fg 155g-j 055f-h 051f-h  1.34a-c 1.31a-c
025 148bc 143b-e 1.69c-f 17d-g 08a  0.7la 1.36ab 1.32a-c
15 1.2e-g 1.42b-e 1.43fg  16f-h 056d-g 0.56d-g  1.09b-e 1.06b-d
- 1 1.2e-g 145a-d 1.67d-f 1.56g-i 0.61b-g 0.59b-g  1.09b-e 1.09a-d
@ 0.75 1.3d-f 148 1.72cf 1.66e-h 0.67af O06laf  1.1lb-e 1.15a-d
0.5 144b-d 15ab  1.96bc 1.72d-g 0.69a-e 0.65a-e  1.18b-e 1.18a-d
o 2 12le-g 1.17e  1.28g  1.26j  045g-i 0.48g-i  1.04d-e 1.02cd
= 15 1.22e-g 12de 1.87b-e 187b-e 052f-h 0.52fh 1.02¢ 1.05b-d
3 1 1.2le-g 1.22c-e 191b-d 19b-e 0.57e-g 0.55eg 1.07cd 1.06b-d
0.5 1.25e-g 1.25b-e 2.1lab  2.1b  057c-g 057c-g  1.20b-e 1.15a-d
g 2 0.96h  091f 1.31g 1.33ij 067a-e 0.64ae  1.16b-e 1.18a-d
So 15 1.10gh  0.92f  15fy 1.46g-j 0.7lab 0.69ab  1.17b-e 1.16a-d
£ < 1 1.26e-g 1.18e 191b-d 1.94b-d 07ab  0.69ab  1.26b-e 1.25a-c
= 0.5 1.38b-e 1.38b-e 196bc 2.03bc 0.72ab 0.69ab  1.35ab 1.33ab
Control - 1.71a 1.69a 2.35a 2.34a 0.71ab  0.71ab 1.3a-d 1.3a-d
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The same letters in each column considers statistically non-significant (Duncan’s multiple range test, a=0.01).
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Table 3- Comparing effects of different nutritional supplements consumption by nymphs on total protein percentage male
and female G. lineatum emerged adults

P oM Ogy oy

Ol s )3 s JS (g oy

lh)loﬁ.: . 5 ol i b s
Treatments P u’_“’ o3le Jo .
Male total protein percent Female total protein percent

46.5+4.2 ij 48.92+3.2h

45.1443.5j 46.69+2.4i

B 45.47+3 5] 45.96+2.5i
45.7444.2j 46.19+2.5i

59.63+5.4a 60.42+3.1a
59.99+5.4a 59.87+2.6ab
Bs 59.25+2.4b 59.58+2.4ab
58.77+3.2ab 59.65+3.6ab
57.62+3.4bc 58.32+3.6bc

53.73+3.1ef 55.23+2.4d
B: 51.18+3.29 52.95+2.5eg
49.02+2.6h 51.4+2.4g
52.71+3.2fg 54.67+3.1ed
. 52.49+3.2fg 54.91+4.2ed
Serine 51.59+4.2g 53.7+4.6ed
51.08+2.4g 52.65+4.2¢ed

59.51+2.4a 60.33+2.3a
. 57.75%3.4bc 59.11+3.2ab
Phenylalanine 56.58+2.5¢d 58.94+3.4ab
55.13+3.2de 56.94+2.6¢C

Control 48.74+3.4hi 48.86+4.2h

(0= 2[o N (5SSl (lasabin (yg03T) Cul o me WS pae  sxods liie By o ¢ygiw p
The same letters in each column considers statistically non-significant (Duncan’s multiple range test, a=0.01).
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Table 4- Effects of nutritional supplements consumption by nymphs on some biological parameters of G. lineatum adults and

nymphs
055 3lass 055 3lass 2,93 Jgb* 0,93 Jgb 259% Jgb 2,93 Jgb
B il o agem R . Y w0 Y o € w2 0y d
i DS ANS o gy 85 o 0% o 0% o 0% o R
Treatments  Concentration (g/1) 2" jnstar life 3instar 4" instar life 5™ instar life

Produced eggs Hatched eggs span life span span span
0.02 37hi#* 20g 5¢c 6¢c 7.25b 8c
B 0.015 56f 36e 5¢ 6c 7b 8¢
12 0.01 78c 56.2bc 5¢ 6c 7b 8c
0.005 84a 62.8a 5¢ 6c 7b 8¢
1 28.25j 11.8h 6a 7a 8a 9a
5 0.75 39.5h 199 5.5b 6c 7.8a %a
6 0.5 74.2d 54c 5¢ 6c 7.2b 8¢
0.25 82.7ab 61.5a 5¢ 6¢c 7b 8¢
15 2531 15.2gh 6a 7a 8a 8a

B 1 255¢ 29.8f 5.2bc 6¢C 7b 8.25b
! 0.75 75.7 de 49d 5¢ 6c 7b 8c
0.5 84.2a 62.5a 5¢ 6¢c 7b 8¢
2 509 28.2f 5¢c 6¢c 7b 8¢
Serine 15 58.2f 37e 5¢ 6¢c 7b 8c
1 71.5de 49.2d 5¢c 6¢c 7b 8c
0.5 79.7 be 58.5abc 5¢ 6c 7b 8c
2 50.59 20f 5¢c 6¢c 7b 8¢
henvialanine 15 59.2f 37.7e 5¢ 6¢c 7b 8c
pheny 1 70e 47.5d 5¢ 6c 7b 8¢
0.5 80.5abc 59.2ab 5¢ 6c 7b 8c
control - 71le 65a 5¢c 6¢c 7b 8c

Cawl 045 Ml?m )5) L L;A.w) 0y9d J9.\o .,\>|9*

(0= /o) (Sl (slaaldain yg0j]) canl I xo IS pas imeds dilie CBgy> (ygim yb j> ¥
*|ife span unit calculated as days
** The same letters in each column considers statistically non-significant (Duncan’s multiple range test, a=0.01).
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Introduction

The jujube, Ziziphus jujuba Mill. is a well-known medicinal plant with various nutritional values and
pharmacological properties which grows in South Khorasan province, Iran, as the major producer of jujube in
Iran. The jujube lace bug, Monosteira alticarinata Ghauri (Hemiptera: Tingidae) is the second most important
pest of jujube trees after the jujube fruit fly, Carpomyia vesuviana Costa (Diptera: Tephritidae) in South
Khorasan province. Its occurrence in Iran was reported for the first time in 2012 by Moodi from Birjand in South
Khorasan province. Adults of M. alticarinata overwinter on the bark of trees, under fallen leaves and in spring
they move to young jujube leaves where they feed and lay eggs on the underside, thus starting infestations. Both
M. alticarinata adults and nymphs feed on underside of leaves and produce small chlorotic stippling on the
upper leaf surface. Leaf undersides appear specifically black varnish spotted due to lace bug excrement. Their
injury reduces photosynthesis and respiration and also causes aesthetically displeasing injured leaves. As a
result, foliage becomes bronzed and leaves may drop early. The accumulation of excrements on the leaves, also
results in reduction of the gas exchange like other lace bugs. Distribution pattern of an insect population is an
important aspect as it represents the interaction between individuals of the species and their habitat. The
importance of spatial distribution comes from its central role in ecological theories and its practical role in
population sampling theory as well as in the development of rational pest management strategies. For these
reasons, a great deal of effort has been invested in characterizing the spatial distribution of insect populations.
Spatial dispersion of a population usually follows one of three models: aggregated (or contagious), random (or
by chance) or uniform (or regular). To determine the spatial distribution pattern of a given species it is necessary
to obtain data on the count of individuals in the ecosystem to be considered. Despite the importance of M.
alticarinata in the region, no study has been conducted on the distribution of this pest in jujube plant in Iran.
Knowledge of spatial distribution of M. alticarinata is useful for designing, pest management and development
of population models and assessment of levels of its damage.

Materials and Methods

To investigate the spatial distribution pattern of different life stages of M. alticarinata, samplings were done
weekly of jujube treesin 2020. Jujube leaf was selected as sampling unit and the reliable sample size with
maximum relative variation of 20% was obtained 50. The number of egg, nymph and adult was recorded in three
heights of jujube trees (1.5, 2, and 3 meters). The spatial distribution pattern of different life stages of lace bug
was determined using mean-variance ratio, Lloyd's mean crowding index, Taylor’s power low and lwao’s
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patchiness regression model.

Results and Discussion

Spatial distribution of an insect is affected by various environmental factors such as food, temperature, light,
habitat condition, and other biotic and abiotic factors. The results of the study indicated an aggregated pattern for
the spatial distribution of M. alticarinata in almost all heights of jujube. In other words, different heights of
jujube did not have any marked effect on the distribution pattern of this pest. Information on spatial distribution
of M. alticarinata can be used in estimating the number of samples required from an area to reliably estimate
pest infestation levels to develop effective management programs. Similar to our results, the change in plant
height did not affect the spatial distribution pattern of Agonoscena pistaciae and Diaphorina citri nymphs and in
both cases the pattern of distribution was reported to be aggregated. Aggregated distribution is the most common
pattern of spatial distribution in the world of harmful insects which is consistent with the results of this research.

Conclusion

M. alticarinata presented an aggregated spatial distribution in different life stages. The causes of aggregation
in these lace bugs might be due to their inherent active aggregative behavioral response such as in a situation
where the presence of one individual attracts the others, perhaps for the purpose of feeding and reproduction.
Knowledge of the spatial distribution of this pest can be useful in designation of suitable sampling programs and
it makes us estimate the density of this pest faster with low cost.

Keywords: Jujube lace bug, Jujube pests, Population distribution indices, Spatial distribution
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Table 1- Relative variation and required sample size for

spatial distribution of Monosteira alticarinata in three
heights (1.5, 2 and 3 m) of jujube tree
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Table 2- Parameters estimated by variance-mean method for spatial distribution of different life stages of Monosteira
alticarinata in three heights (1.5, 2 and 3 m) of jujube tree

SHj gl 13 peiges gl85)| m 2 SYm I z b &5
Life stage Sampling height Spatial distribution
1.5m 758 3868 5838 147.06 10.15 Aggregated
~7e 2m 714 3938 552 13792 961 Aggregated
Egg 3m 559 2888 516 129.06 9.07 Aggregated
15m 208 728 349 8389 6.1 Aggregated
°)% 2m 187 419 224 5596 3.58 Aggregated
Nymph 3m 169 499 294 7362 513 Aggregated
JelS o 15m 092 215 234 5854 3.82 Aggregated
e 2m 065 109 167 4173 214 Aggregated
Adult 3m 044 053 119 2964 07 Random
1.5m 299 1322 441 11023 7.85 Aggregated
Job opiotory 2m 252 65 257 6434 434 Aggregated
Nymph+Adult 3m 206 586 284 711 492 Aggregated
) 15m 957 60.73 6.34 15859 10.81 Aggregated
Jol5 oyiotoygtess 2m 966 5088 527 13166 9.23 Aggregated
Egg+Nymph+Adult 3m 766 39.89 521 130.26 9.4 Aggregated

Monosteira ) ol Siuw (S0i; dliseo Jolpo 2bad (ST 5o cotd gl g (ad i 51 ool Cowd 4 (b siol,ly Y Jous
Sle ca > Wliseo gls ) aw 43 (alticarinata
Table 3- Parameters estimated by Lloyd’s mean crowding index for spatial distribution of different life stages of Monosteira
alticarinata in three different heights (1.5, 2 and 3 m) of jujube tree

SH e Gbpagei gli) b &y

Life stage Sampling height Spatial distribution

15m 6.58 9.37 1.43 Aggregated

v 2m 714 1056 1.48 Aggregated

Egg 3m 559 866 155 Aggregated

15m 208 359 172 Aggregated

023 2m 187 275 147 Aggregated

Nymph 3m 1.7 275 162 Aggregated

15m 092 159 1.75 Aggregated

Jol5 oyl 2m 065 112 171 Aggregated

Adult 3m 044 057 1.3 Aggregated

) 15m 299 512 1.71 Aggregated

N 2m 252 369 146 Aggregated

Nymph+Adult 3m 206 309 15 Aggregated

. 15m 957 1294 135 Aggregated

N e 2m 966 1315 1.36 Aggregated

Egg+Nymph+Adult 3m 765 1085 1.42 Aggregated
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Table 4- Parameters estimated by Taylor’s power law for spatial distribution of different life stages of Monosteira alticarinata
in three different heights (1.5, 2 and 3 m) of jujube tree.

SHjdege 5yl pdiged £ atCSIE thSIE Pt Puae @lad &ie

Life stage Sampling height Spatial distribution

15m (_%01%3;_%1207‘;) éggiﬁ’;gg) 0852 11742 0.000° Aggregated

E;; 2m 8:?8?8:23% é:i%ﬁg:;ig) 0862 12267 0.000° Aggregated

o SEIE LSRR g om om s

15m (g'_ﬁgfgfg?g) (11'%%(;*_?'_(;%3) 0912 15802 0.000°* Aggregated

N;/)nfph 2m (g'.ﬁifgfgg% (iiiggfgfg?g) 0961 24402 0.000° Aggregated

3am (gzgggfg:g%) ééggﬁ%ggg) 0753 8544  0.000° Aggregated

15m (8%28@%) ég‘;’gﬁ?:ggg) 0941 19526 0.000°* Aggregated

J‘;:)I:b 2m (g:iigfg:gi% é'_(l)égf(l)_'(l)gg) 0970 27.833 0.000° Aggregated

3m (ggigigggg) &g?gig%g) 0.988 44.843 0.000 ** Aggregated

15m (g Olgg_ig;;se) é%ﬁ’g?g) 0931 17.965 0.000° Aggregated

“’\Jl; Km;ﬁ d“:f:’ 2m (Sﬁgffgjgfg) é‘_iggfcl)_'gii) 0947 20789  0.000° Aggregated

3m (giégfggig) (132):53%(1)258) <[00 22,498  0.000 " Aggregated

15m (‘g ;:;_ié)olgﬁ éﬁ?ﬁgéﬂ) 0890 13966 0.000° Aggregated

é;;:\i;;;;’f;‘;:’lt 2m (7%10955617%142427) (91141583;_01173213) 0.837 11.085 0.000** Aggregated

3m 0.60+0.139 1.561+0.166 0.787  9.406  0.000°* Aggregated

(-0.226_0.347)

(1.218_1.903)

Ttable= Y/+£F 0lds s T tcalculated < yluobol (salols : Cle g )5y s s D die 5l (o0 @ o/o ) o j3 o dre BMSI ™
**significant difference at the level of 0.01, t wnie= 2.064, Cl: Confidence Interval, a: Intercept, b: slope of regression line.
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Table 5- Parameters estimated by Iwao’s patchiness regression for spatial distribution of different life stages of Monosteira
alticarinata in three different heights (1.5, 2 and 3 m) of jujube tree

SFHj Aol ) aSE S T - rd

Life stage Sampling height Spatial distribution

15m (_721.5111; %62227) (iigﬁ)gg?) 0938 19047 0.000° Aggregated

E;; 2m (é:ggéfg:ggg) é'_iggig:ggé) 0945 20.252  0.000° Aggregated

3m (_11%‘;?_13%89%) égggfgég% 0758 8670  0.000° Aggregated

15m (:2:2(1]21;8:232) égigig%i’% 0806 9977  0.000° Aggregated

N;)r:bh 2m (%i%iig%ég) (iiégigggg) 0.949 21134 0.000* Aggregated

3m (:gigggfg_'ij% é‘_%éﬁg:ggﬁ) 0914 15935 0.000° Aggregated

15m (:g;ggfgig% (igggfgégg) 0864 12.349  0.000 Aggregated

Jo Alij:f 2m (_% %ﬁi_%illsl) é‘_‘l‘gigﬁg) 0828 10.730 0.000°* Aggregated

3am (_%%576%_01%25) (ézéigf(l)égg) 0836 11.074 0.000° Aggregated

15m (iii;gfggii) (1?231%213‘11) 0887 13726 0000~ Aggregated

"\Jl; Km;ﬁ‘: dtf: 2m (8222%%28) &gégig:gg’% 0948 20918 0.000° Aggregated

3m (7%?1?_%.2402%) égggi?:gg‘l‘) 0945 20.390 0.000 Aggregated

S L T o~

EJ; ;K;;;;’f;ﬁ 2m (gzgggfg_‘gg) é'_(l)ggf(l)_'ggi) 0951 21.562 0.000° Aggregated

3m 11811228 1.263+0.131 0.795 9.652  0.000 ** Aggregated

(-1.354 3.715)

(0.993 1.534)

Ltable= ¥/+5¥ 0 duslre T tcalculated ¢ylnelol (salold : Cleyous 3y s ol P o mgil 4o )d cpund (2l 0l /o) o ;5 I dme SMBI**
**significant difference at the level of 0.01, t wnie= 2.064, Cl: Confidence Interval, a: Iwao Intercept, b: slope of regression line.
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Introduction

In conventional formulations such as emulsifiable concentrates (EC), wettable powders, soluble liquids, etc.,
complete availability of the active agent is usually considered immediate or rapid following usage. Application
rates of these formulations of pesticides are greater than the minimum threshold concentration to counter losses
from sorption, volatilization, photodecomposition, microbial and chemical degradation, and leaching.
Controlled-release technology for pesticides could reduce environmental damage and increase efficiency by
enhancement of delivery to the site of action. This survey was conducted to determine the possibility of EPTC
and trifluralin efficiency improvement by using microencapsulated formulation (MC) that were first synthesized
in Iran.

Materials and Methods

Two separated greenhouse experiments were conducted in Tirtash Research and Education Center
(Mazandaran—Iran) in 2014. The experiments were carried out in a factorial arrangement based on a randomized
complete block design with three replications. The Microencapsulated formulation of EPTC and trifluralin
herbicides were compared with emulsifiable concentrate formulation (Eradicane 82% and Treflan 48%) in O
(control), 25, 50, 75 and 100 percent of active ingredient (a.i.) (4.92 and 1.2 kg a.i./ha, recommended doses for
EPTC and trifluralin, respectively). For this purpose, the soil of pots were infested with the seed of Green foxtail
(Setaria viridis) and Redroot pigweed (Amaranthus retroflaxus). The responses of weeds to treatments,
specifically seedling number, were analyzed using ANOVA tests, non-linear regression, and fitting to three
parameters of Weibull and log-logistic equations. This analysis was based on Akaike's Information Criterion,
Residual Standard Error, and Lack-of-Fit Test indices in the R3.4.1 program. The effective dose were
determined for 10, 50 and 90 percent of weed control (ED1o, EDso and EDgo, respectively). Relative potency
index (R) of formulation types were determined by divided EDsq of EC into MC formulations.

Results and Discussion

According to the results of the experiments, the formulation type had a significant effect on the weed
numbers. The MC formulations of EPTC increased Green foxtail and Redroot pigweed control efficiencies. The
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ED10, EDsp and EDg decreased from 0.72, 2.94 and 7.18 kg a.i.ha in the EC to 0.41, 1.87 and 4.89 kg a.i.ha in
the MC formulation for Green foxtail and 1.08, 3.29 and 10.02 kg a.i.ha? in the EC to 0.57, 2.36 and 9.67 kg
a.i.hal in the MC formulation for Redroot pigweed. The R index of EPTC in Green foxtail and Redroot pigweed
control were 1.57 and 1.39, respectively. Weed control increased as trifluralin dosage increased in both of the
formulation types, although in higher doses of the MC, weed control efficiency increased more than the EC
formulation. So the efficiency of the MC formulations depended on application dosages. The ED1o, EDso and
EDgo of Green foxtail were 0.14, 0.55 and 1.27 kg a.i.ha* in the EC and 0.19, 0.52 and 0.98 kg a.i.ha™* in the MC
formulation. The ED1o, EDso and EDgy of Redroot pigweed were 0.20, 0.64 and 2.02 kg a.i.ha! in the EC and
0.26, 0.56 and 1.19 kg a.i.ha? in the MC formulation. So that the R index of trifluralin in Green foxtail and
Redroot pigweed control were 1.05 and 1.14, respectively. The dependency of trifluralin behavior to applied
microcapsule dose may be connected to capture of herbicide in microcapsule particles which it causes reduction
of bioavailability of herbicide in soil lower than the threshold doses of injury level. Whiles under this
experimental conditions, the herbicides are less affected by degrading agents and therefore have less opportunity
to express the advantages of MC formulation. Whereas the field studies results showed that the 50% of the
recommended dosage of MC formulation had same efficiency as 75% of the recommended dosage of EC
formulations (results were not published).

Conclusion

Microencapsulation is a versatile tool for product design and is successfully used in various sectors and for a
variety of different product features. However, although lot of research has been performed, only relatively few
developments have made it into products in the agrochemical area. For example 37 actives out of 908 listed in
total in the pesticide manual, mainly insecticides, are described as being formulated as control solutions. While
the development of this technology in agriculture can play an important role in preserving the environment and
reducing the pollution caused by pesticides. The purpose of the application of controlled release formulations is
the gradual release of herbicides in a suitable amount with maintaining efficiency in agronomic conditions. This
type of formulation is a combination of the herbicide and associated material that releases effective material over
a given period due to weed control. The results of this study showed that the R index of EPTC and trifluralin
were 1.57 and 1.05 in Green foxtail, and 1.39 and 1.14 in Redroot pigweed control, respectively. So that the
microcapsule formulation of EPTC and trifluralin herbicides increased the efficacy and reduced the application
dose.

Keywords: Controlled release, Dose-response, Relative potential
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2- Eradicane (EPTC EC 82%) and Treflan (Trifluralin
EC 48%)

3- Setaria viridis L.

4- Amaranthus retroflexus L.
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Table 1- The physical and chemical characteristics of the experimental field soil
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Depth (cm) ~ EC (dS.m™)) pH (percent) (PPM) (mg.kg?) (percent) (percent) (percent)
0-30 0.36 7.66 0.09 12.1 242 14 18 68
dl)—’u—*’)"\’u%‘w“ﬁ“’lP)s)‘)u‘jdlcu‘l")’;}‘é)‘ﬁf)f \/Y’R m9@w

o B ) 9 5 EL g e Blged jalaile i doyy (yals
{7 Jou) 28b o
g JoS 950 (igeY90)8 Sy oo slaias Bl cpy
5 GRal3 el 03,5 IS Gl 5 S ils (o (sl
o s )3 Lo S le JpusS 3500 igmilgos S St
Lee and) ;gulSs 5 J gmen (Sliiee ol odp; Sl & 5
sle i S le g o JeuuS 9,500 Ly (Nicholson, 1991
pyows ol 0330 Blo 3 6yl e yobds gy 5 (S
LS S L LS fpony |y S ale wislys o wioly alS |,
sV g0 35l e ioman I 3 4] ST L g 00,
paladile JyuS Slojoyed (Il carge IS gl JoueS'g)See
Schreiber et ) l,LSon ¢ y 5 .(Scher et al., 1998) u5,8
G S Gle JgunS 5 ySm (ysms Vo8 & aizily ol (al., 1978

Sl (gdgol sV ged b anlie > Mg 5 (o S0
Aol it ) ey Vs S ile cleb g o o) Layes 5
JsesS 9,50 oo 90y 45 05 pasedie Stalel Jlo 4 (b
o oS e jymiile S )3 5 VL S Y
5155 )5 (Doub et al., 1988) il ysmdsol cypnmsY g0
5 YT U5 9,50 GgmsVg0sd (—ing) Gl 20l 5 S
0us Sy el 5 5 sladile culie 38 cage (o Syl
(Ritter et al., 1989) ¢l
9 jroierlogypd jalacide dLd by el @l
obScide Cilise laygeY 08 38 4 o Bady ) o952l
Ol L as el o Silo o JSS (sla oo 53 ol sl 5
Ol sl doopd gn5e)8 93y > iSade 5p)lS jlude
OseY50)8 &5 iz jo b oo B3 gme pbody jpaslacile
iragladde p (Solite GIla R Jlade 4 dtay JguaS S
awls ol gl sSdale pl 0,8 j1eS olis jo aS g ysbdy by
oS sy A5 3938 LiSile ol LIS & 5L polie 4 g ok
4 jrwabyed jyacile S o3 e 9 0 N ials
1Ly 0)550 83Lo £y LS VYV o < /00 o /VF ay i

1- Setaria faberi Herrm.
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Table 2- Analysis of variance the effects of formulation and dose of EPTC and trifluralin herbicides on green foxtail and

redroot pigweed survival

©la e a0le
Mean square

55 e @33l 4y S ! oS e Ol sk 5 S e
Sources of variation df EPTC herbicide Trifluralin herbicide
FoBlg)ed e Bada, e SEl sawabyyed  eydady g bl
Green foxtail  Redroot pigweed  Green foxtail Redroot pigweed
Sk 2 23.98* 34.97ns 0.33ns 26.33*
Block
‘Jw\j"’_’s ) 1 252.95** 302.55** 173.27** 7.56"s
Formulation (A)
”“S“dg f’”lg i (B) 4 592.23** 928.48** 900.30** 830.47**
Herbicide dose (B)
AxB 4 5.10"s 8.45"Ms 2.61n0s 19.22*
b= 18 4.41 1591 9.11 5.16
Error
(2023) el 2 13 15 19 12

Coefficient of variation (%)

o3 S g iy el o 50 45 iz g 40 gine b Py e g % NS

n.s, * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 3- Estimated parameters from nonlinear regression of green foxtail and redroot pigweed survivals with formulation
and dose of EPTC herbicide by weibull and logistic equations, respectively
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d= the maximum of survival at zero herbicide, e= infection point and b= curved slope at infection point, EC = Emulsifiable Concentrate,

MC= Microcapsule formulations. Standard errors are in parenthesis.
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Table 4- Estimated parameters from nonlinear regression of green foxtail and redroot pigweed survivals with formulation
and dose of trifluralin herbicide by weibull and logistic equations, respectively
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EC 1.92 98.89 . 0.20 0.64 2.02
308y wg Szl (0.31) (4.73) (0.05) (0.06) (0.32) 114
Redroot pigweed MC 2.89 100.43 _ 0.26 0.56 1.19 '
(0.41) (4.43) (0.04) (0.04) (0.11)
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d= the maximum of survival at zero herbicide, e= infection point and b= curved slope at infection point, EC = Emulsifiable Concentrate,
MC= Microcapsule formulations. Standard errors are in parenthesis.
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Figure 1- Dose response curves of green foxtail (a) and redroot pigweed (b) to emulsifiable concentrate (EC) and
microcapsule (MC) formulations of EPTC herbicide
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Figure 2- Dose response curves of green foxtail (a) and redroot pigweed (b) to emulsifiable concentrate (EC) and
microcapsule (MC) formulations of trifluralin herbicide
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Introduction

Peppermint (Mentha piperita) is considered as one of the oldest medicinal plants. It is herbaceous and
perennial belonging to the Lamiaceae family. The production of secondary metabolites in plants is influenced by
the environment. Weed competition is of the most effective factors affecting crop yield in medicinal plant
production systems, and can influence the quantity and quality of the essence constituents. The extent of crop
yield loss depends on presence and competition duration of weeds. A period during the crop growing season in
which weeds control is essential to prevent yield loss is called the critical period of weeds control. Respect to the
importance of weed presence duration in yield loss, and the variability for critical period of weeds control
depending on crop species and cultivar, and characteristics of weeds communities in different areas, and also
because of increased interest in medicinal plants production and extraction, and limitation for herbicide
application in medicinal plants, it is essential to understand different aspects of weed- peppermint competition.
Therefore, the objective of this research was to acquire information about the effects of weed competition
duration on peppermint growth and yield, which possibly can lead to integrate various approaches into weed
management programs, and improve weed control strategies.

Materials and Methods

This study was conducted as a randomized complete block design with 12 treatments and three replications at
research farm of the University of Guilan. Treatments were arranged in two series including weed-free and
weed-infested treatments which respectively hand-weeded and un-weeded from the beginning of the growing
season up to 16, 32, 48, 64, 80, and 96 days after crop planting. Peppermint cuttings with 6-8 cm height were
hand-planted on 50-cm apart rows with 20 cm spacing between plants (density of 10 plants.m2) on early May.
Peppermint plants were hand-harvested 96 days after planting when 50% flowering occurred at the full-season
weed-free plot.

Results and Discussion

Dominant weed species included barnyard-grass (Echinochloa crus-galli (L.) Beauv.), yellow foxtail (Setaria
glauca (L.) Beauv.), annual nutsedge (Cyperus difformis L.), crab-grass (Digitaria sanguinalis (L.) Scop),
knotgrass (Paspalum distichum L.), common cocklebur (Xanthium strumarium L.), spurge (Euphorbia indica
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Lam.) and redroot pigweed (Amaranthus retroflexus L.). Maximum height of peppermint (71.2 cm) was
observed in treatments with at least 32 weed-free and at most 32 weed-infested days from the beginning of the
growing season. In the other treatments, final height of peppermint plants reduced by 9.1%. Nod number per
stem (22 nodes) was not influenced by weed control or interference. The maximum branch number per plant
(37.1) was observed in treatments with at least 32 weed-free and at most 48 weed-infested days. The minimum
branch number per plant was observed in the full-season weed-infested treatment (14.6) and also in the treatment
that hand weeded just 16 days from the beginning of the growing season (17.6). The maximum dry weight of
peppermint at harvest (193.62 g.m2) was observed in treatments with at least 48 weed-free and at most 32 weed-
infested days. The minimum dry weight of peppermint was 30.06 g.m2 and belonged to the treatments including
at least 64 weed-infested days, and also to the treatment was weed-infested from 16 days after planting up to the
end of the growth seaso. Biological yield of peppermint in full-season weed-free treatment was 2044 kg.ha*. For
control treatments, weedy condition during 16, 32, 48, 64, and 80 days led to a biological yield loss of 0.3, 3.2,
7.8, 27.9, and 87.2%, respectively, whereas for infested treatments, weedy condition during 16, 32, 48, 64, and
80 days caused 4.8, 15.6, 41.5, 75.1, and 87.7% biological yield loss, respectively. Also 91.3% reduction was
recorded for biological yield of full-season un-weeded treatment. The highest percentage and vyield of
peppermint essence were observed in treatments of 64, 80, and 96-day weed-free (3.38% and 68.30 kg.ha™?). The
least essence percentage was 0.48% and was recorded for 96-day (full-season) weed-infested treatment. The
least essence yield was belonged to 96, 80 and 64-day weed-infested, and 16-day weed-free treatments (4.4
kg.ha?).

Conclusion

In general, the growth and yield of peppermint diminished with decreasing weed-free duration and increasing
weed-infested duration. Full-season weed competition compared to the full-season weed-free control, reduced
height, branch number, biological yield, essence percentage, and essence yield of peppermint by 13.5, 61.1, 91.3,
86.3, and 98.8%, respectively. These results support the importance of weed management in peppermint, as
weeding was necessary from 22 to 49 days after peppermint planting by accepting up to 5% vyield loss, and from
29 to 42 days by accepting up to 10% yield loss.

Keywords: Critical period for weed competition, Gompertz equation, Logistic Model, Medicinal plants,
Weed management
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Table 2- Scientific name and functional groups of dominant weed species observed in peppermint field (Mentha piperita L.)
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Common Scientific Family Life Vegetative  Photosynthetic Degree of
name name name cycle form pathway noxiousness
1 g ygu Echinochloa crus-galli olerS Alocs, S Sk 4y ke T
Barnyardgrass (L.) Beauv. Poaceae Annual  Narrow-leaf C4 Noxious
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5 Ay Paspalum distichum L. oleexS dosiz Sk @ e gee
Knotgrass Poaceae Perennial Narrow-leaf c4 Noxious
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8 job adyy ozl Amaranthus retroflexus g5zl N[y S o a)s ke T
Redroot pigweed L. Amaranthaceae  Annual Broad-leaf C4 Noxious
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Table 3- The effect of weed presence duration on peppermint (Mentha piperita L.) traits

Sampling times (days after peppermint planting) ( Jald glias cudls 51 uas j9,) 5,10 paiged Jolpe

16 32 48 64 80 96
Stem lenght (cm) aélw Job
5mile 3] (ke 00 16 1232 222 35.2¢ 40.3 55,5 cd 64.4 ¢
s, b sl 5 32 10.1 % 18.7 35,7 d 43.7 54.3d 70.0
Weed-free period 48 10.2 bb 21.8 35.8 j 44.0 56.2 bdd 72.0
from the beginning of 64 9.7 18.3 35.7 453 56.0 72.0
the growing season 80 10.5 ab 19.2 35.7 de 48.5 62.82 70.0 ab
growing
96 12,08 20.33 36.2 ¢ 51.3 62.3 8 7212
o ) 16 9.7¢cd 16.7 36.7 ¢ 49.2 53.0¢ 7222
somdle 2 035l 0,92 32 8.5 d 20.2 40,5 o 50.5 57.0 bod 703
15 Joab sl ) 48 9.7 25.7 43,5 abc 49.7 54.34d 64.5¢
Weed-infested period 64 10.3bc 24.0 46.32 47.0 55,7 o 66.6 b
f“;]m the beginning of 80 9.9 bed 22.0 457 46.0 57.7 bed 65.7
the growing season 96 8.3¢ 24.2 44,3 e 46.0 54.2 d 62.3¢
Branch number in plant aig > oo ,8 ad Wi dlaxs
5mile 31 (ke 00 16 5.50 14.2 abc 155 13.67°¢ 16.6¢ 17.6¢
o L il 32 3.83 1558 28.22 26.33 33.7%® 36.3
Wegdﬁf veriod 48 5.50 12,2 o 2752 31.83 % 353 36.1%
from the beginning of 64 3.83 14.3 3¢ 232 26.33 % 327 3794
the growing season 80 3.17 16.72 2754 3250¢% 36.2% 3862
96 5.67 14.2 abc 29.72 31.67 42332 375
et 16 3.17 12.2 abed 26.2 % 35.832 350 39.22
ppmdle 435l 05 32 3.67 9.3cd 19.8 b 26.67 % 377 36.7
15 Juab sl ) 48 6.17 10.0 bed 13.3 ¢ 20.50 b 30.2 b 342
Weed—infeste_d period 64 5.50 7.34d 73¢ 9.50¢ 21.3cd 31.6 bc
from the beginning of 80 6.00 754 11.8 e 12.83¢ 12.0¢ 255¢
th
€ growing season 96 4.17 6.7 ¢ 8.3 % 10.67 ¢ 6.6° 14.6 ¢
Dra matter (gr.m?) Suis 9
5pmile | g le 0y 16 5.93 1752 37.7 cde 196¢ 23.4 26.3°¢
A5, b el 32 3.78 15.2 abe 81.2® 85.1 bed 140.8 b 14750
Weed-free period 48 3.02 1852 94,12 1235 159.8© 188.42
o 64 2.73 13.0 ¢ 62.6 abe 129.5 2 142.3 ¢ 197.92
from the beginning of
the growing season 80 3.53 15.8 64.2 abe 118.4 2 199.12 203.92
96 5.20 14.6 ¢ 97.0¢° 131.2 2 174.4 % 204.42
e ad] 16 1.70 13.7 abc 62.4 abc 91.7 a¢ 189.0 194.72
sale 4035l 0,90 32 1.95 10.0 « 30.6 cde 48.7 d 90.0 172.62
A8y Juad (sl ) 48 4.78 10.3 bed 23.7 % 23.4¢ 49.4 d 119.7°
Weed—infeste_d period 64 4.73 10.4 bed 228¢ 15.3¢ 184 ¢ 50.9°¢
from the b_egmnmg of 80 4.63 10.7 bed 30.0 cde 19.2°¢ 2.8 de 252¢
the growing season 96 4.67 8.8« 24.6 % 18.1°¢ 9.4¢ 17.8°¢

chl 5l 5m ladile 4 039l g 5l oyle ol lows 5,15 ,SuS b doyd B w43 (I3 gize MBI LSD 9051 poll oS yiio o 5 Jolas (gl (sl uSilio ¢ygia 5oy
39 b cglacile 4y 039l g 3l g)le e CuiS I g 3oy A5 g Ar ST FA XY AP L ) L
Means within a column followed by the same letters are not significantly different at the a=0.05 (LSD test); Weed-free and weed-
infested treatments respectively were hand-weeded and un-weeded from the beginning of the growing season up to 16, 32, 48, 64, 80,
and 96 days after crop planting.
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Table 4- The effect of weed presence duration on peppermint (Mentha piperita L.) traits at harvest

S5lon 2 ,Sas ol a0 2 il 3 s
Biological yield (kg/ha) Essence percentage (%) Essence yield (kg/ha)
o 16 262.6C 1.51e 3.73e
padle J sile 09> 32 1474.7ab 2.14c 39.45¢
A3y Jab glaz ] 48 1883.8a 2.38hc 44.85bc
Weed-free_per_iod 64 1978.7a 3.17ab 63.14ab
from the b_egmnlng of 80 2038.6a 3.49a 71.87a
the growing season % 2043.9a 3.49a 69.90a
o g 16 1946.7a 2.05¢ 40.20c
))zm_nl; £y 0.59” 093 32 1725.9a 2.22¢ 41.05¢
Ay e gl 5l 48 1196.6b 2.38bc 27.84cd
Weed-infested period 64 509.3c 1.75de 8.54de
from the beginning of 80 252.3¢ 1.75de 4.48e
the growing season 26 178.2¢ 0.48f 0.85e

a03gll 5 5l )le slalows 05,05 50085 b dioyd O prdaws 43 ()b ine BT LSD 905l Llil oS jiie s o JBlis (il (glo puSilio pgin o )
L5390 5ym clacale 4 039l g 5l oole ol ga cutS Sl s 9y A g A ST FA XY AF U ad, b el 5l jum clacale
Means within a column followed by the same letters are not significantly different at the a=0.05 (LSD test); Weed-free
and weed-infested treatments respectively were hand-weeded and un-weeded from the beginning of the growing season
up to 16, 32, 48, 64, 80, and 96 days after crop planting.
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Table 5- Coefficient estimates to determine relative peppermint (Mentha piperita L.) biological yield using the Gompertz
and logistic models

55,:;1? dalro o 2ol Sovmd ddlre &L el )b
Gompertz parameters Logistic parameters
D B A C R2 D B A C R2
90.25 5.72 22.18 8.62 0.99 94.96 453 50.82 2.30 0.99

Sy d SS59lom 3 Sas slodly 4 s gy Y=C+D/(1+exp(-A+Bt)). Siwad xb g Y= C+Dexp(-exp(-(t-A)/B)) <5 ,0l5 &b
sl 9 (oYU il MBI D (¢ goxin sl ibre C ¢ s S5elan 0,Slae Y dbleo 90 y2 j> b o3y (ol 50 slacale o 03l sille

ol (Jild gl i8S g gy oy Olaj U ein JSb 018 (s (slapial)l B g A (05 ol X goxie
Gompertz, Y= C+Dexp(-exp(-(t-A)/B)), and logistic, Y=C+D/(1+exp(-A+Bt)), equation was fitted to relative
biological yield of weed-free and weed infested series respectiely, where in both models, Y is the relative biological
yield, C is the lower asymptote, D is the difference between the upper and lower asymptotes, exp is the mathematical
constant e, A and B are parameters that determine the shape of the curve, and t is the number of days after peppermint
planting.
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Figure 1- The effect of weed free (Gompertz equation, e) and weed infested (Logistic equation, o) duration on peppermint
(Mentha piperita L.) biological yield compared to full-season weed-frre control
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Table 6- Number of weed-infested and weed-free days for 5, 7.5 and 10 percent biological yield reduction of peppermint
(Mentha piperita L.)

jpadile 4 034)1 jpadle 5l gl
Weed infested Weed free
o3 salS
| S 2Ses G 5% 7.5% 10% 5% 7.5% 10%
Biological yield reduction
“ 22.40 26.56 29.33 49.07 44.78 41.97

Day




Yy

e A gL 50 5,0 gladile 508 Sy 0590 i 9 S14igS o JS 15 (slojosw ).uia ol )Son g o5 (SrosY

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

&l

Aflatuni, A., Uusitalo, J., Ek, S., & Hohtola, A. (2005). Variation in the amount of yield and in the extract
composition between conventionally produced and micropropagated peppermint and spearmint. Journal of
Essential Oil Research, 17, 66-70. https://doi.org/10.1080/10412905.2005.9698833

Aghaalikhani, M., Yadavi, A.R., & Modarres-Sanavy, S.A.M. (2005). Critical period of weed control of bean
(Phaseolus vulgaris L.) in Lordegan, Journal of Agricultural Science, 28(1), 111-126. (In Persian with English
abstract). (Available from: https://sid.ir/paper/24795/fa)

Akbarzadeh, A., Jaimand, K., Hemmati, A., & Khanjani-shiraz, B. (2010). Medicinal plants of Gilan province and
their applications. Iranian Journal of Medicinal and Aromatic Plants, 26(3), 326-347. (In Persian with English
abstract). https://doi.org/10.22092/ijmapr.2010.6793

Amador-Ramirez, M.D. (2002). Critical period of weed control in transplanted chili. Weed Research, 42, 203-209.
https://doi.org/10.1046/j.1365-3180.2002.00278.x

Castro, L.W.P., Deschamps, C., Biasi, L.A., Scheer, A.P., & Bona, C. (2010). Development and essential oil yield
and composition of mint chemo types under nitrogen fertilization and radiation levels. 19" World Congress of Soil
Science, Soil Solutions for a Changing World. Brisbane, Australia, p. 13-15.

Charles, D.J., & Simon, J.E. (1990). Comparison of extraction methods for the rapid determination of essential oil
content and composition of basil. Journal American Society for Horticultural Science, 115, 458-462.
https://doi.org/10.21273/JASHS.115.3.458

Didehbaz-Moghanlo, G., Tobeh, A., Fakhari, R., Alebrahim, M.T., & Saadat, S.A. (2019). Weed management of
peppermint (Mentha piperita) using narrow leaf cover crops and their effect on yield. Journal of Agroecology,
9(1), 1-16. (Available from: https://sid.ir/paper/391152/fa)

Gibson, L., & Liebman, M. (2003). A laboratory exercise for teaching critical period for weed control concepts.
Weed Technology, 17, 403-411. https://doi.org/10.1614/0890-037X(2003)017[0403:ALEFTC]2.0.CO;2

Halford, C., Hamill, A.S., Zhang, J., & Doucet, C. (2001). Critical period of weed control in no-till soybean
(Glycine max) and corn (Zea mays). Weed Technology, 15(4), 737-744. https://doi.org/10.1614/0890-
037X(2001)015[0737:CPOWCI]2.0.CO;2

Hedge, A. (1982). Labiateae (Salvia). In: Rechinger, K.H. Eds. Flora Iranica. Akademische drucku
Verlangsanstalt, Graz Austria, 598 p.

Hosseini, A., koocheki, A., & Nassiri-Mahalati, M. (2006). Critical period of weed control in cumin (Cuminum
cyminum). Iranian Journal of Field Crops Research, 4(1), 23-34. (In Persian with English abstract).
https://doi.org/10.22067/GSC.V411.1316

Hussain, A., Nadeem, A., Ashraf, I., & Awan, M. (2009). Effect of weed competition periods on the growth and
yield of black seed (Nigella sativa L.). Pakistan Journal of Weed Science Research, 15, 71-81.

Kalemba, D., & Synowiec, A. (2020). Agrobiological interactions of essential oils of two menthol mints: Mentha
piperita and Mentha arvensis. Molecules, 25(1), 59. https://doi.org/10.3390/molecules25010059

Kavurmaci, Z., Karadavut, U., Kokten, K., & Bakoglu, A. (2010). Determining critical period of weed- crop
competition in fava bean (Vicia faba). International Journal of Agriculture and Biology, 12(2), 318-320.

Khazaie, M., Habibi, H., Zand, E., Kordenaeej, A., Amini, Dehghi M., & Hadizadeh, M.H. (2012). Determining
the critical period of weed control in thyme (Thymus vulgaris). Iranian Journal of Weed Science, 8(1), 25-37. (In
Persian with English abstract). (Available from: https://sid.ir/paper/185228/fa)

Khuram, M., Tanveer, A., Nadeem, M.A., Sarwar, N., & Shahzad, M. (2009).Critical period for weed-crop
competition in fennel (Foeniculum vulgare Mill). Pakistan Journa of Weed Science and Research, 15(2-3), 171-
181.

Knezevic, S.Z., Evans, S.P., & Mainz, M. (2003). Row spacing influences the critical timing for weed removal in
soybean (Glycine max). Weed Technology, 17, 666-673. https://doi.org/10.1614/WT02-49

Knezevic, S.Z., Evans, S.P., Blankenship, E., Evan Aker, R.C., & lindgist, J.L. (2002). Critical period for weed
control: The concept and data analysis. Weed Science, 50, 773-786. https://doi.org/10.1614/0043-
1745(2002)050[0773:CPFWCT]2.0.CO;2

Kumar, S. (2001). Critical period of weed competition in cumin (Cuminum cyminum L.). Indian Journal of Weed
Science, 33, 30-33.

Kumar, A., Samarth, R.M., & Yasmeen, S. (2004). Anticancer and radio protective potentials of Mentha piperita
L. Bio Factors, 22(1-4), 87-91. https://doi.org/10.1002/biof.5520220117

Maffei, M., Chialva, F., & Sacco, T. (1988). Glandular trichomes and essential oils in developing peppermint
leaves. New Phytologist, 111(1), 707-716. https://doi.org/10.1111/j.1469-8137.1989.tb02366.x

Maffei, M., Chialva, F., & Sacco, T. (2004). Are leaf area index (LAI) productivity in peppermint?. Flavor and
Fragrance Journal, 9(3), 119-124. https://doi.org/10.1002/ffj.2730090306

Mahboubi, M., & Kazempour, N. (2014). Chemical composition and antimicrobial activity of peppermint (Mentha
piperita L.) Essential oil. Songklanakarin Journal of Science and Technology, 36(1), 83-87.


https://doi.org/10.1080/10412905.2005.9698833

1FeY 3l ¥ oylods YV ol (((55)9LS @buo g pale) ol pl (LS chlis by gdgy 4 pid vVY¥

24.

25.

26.

217.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mahmoudzadeh, M., Rasouli-Sadaghiani, M.H., Hassani, A., & Barin, M. (2015). The role of mycorrhizal
inoculation on growth and essential oil of peppermint (Mentha piperita). Journal of Horticulture Science, 29(3),
342-348. (In Persian with English abstract). https://doi.org/10.22067/JHORTS4.V010.23756

Martin, S.G., Van-Acker, R.C., & Friesen, L.F. (2001). Critical period of weed control in spring canola. Weed
Science, 49, 326-333. https://doi.org/10.1614/0043-1745(2001)049[0326:CPOWCI]2.0.CO;2

Mehta, B.K., Pandit, V., & Gupta, M. (2009). New principle from seeds of Nigella sativa. Natural Product
Research, 23, 138-148. https://doi.org/10.1080/14786410801892078

Mohler, C.L. (2001). Enhancing the competitive ability of crops. In M. Liebman, C. Mohler, and C. staver, (eds).
Ecological Management of Agricultural weeds. Cambridge: Cambridge University Press. p.269 — 321.

Mubeen, K., Tanveer, A., Nadeem, M.A., Sarwar, N., & Shahzad, M. (2009). Critical period of weed-crop
competition in fennel (Foeniculum vulgare Mill.). Pakistan Journal of Weed Science Research, 15(2-3), 171-181.
Niakan, M., Khavarinejad, R.A., & Rezaei, M.B. (2004). The effect of three fertilizer systems K.P.N on fresh and
dry weight, leaf area and essential oil content of Mentha piperita. Journal of Medicinal Plants, 2, 131-148. (In
Persian with English abstract)

Omafra, S. (2006). Principles of integrated weed management: Critical period for weed control. Publication 75,
guide to weed control. Minister of Agriculture, Food and Rural Affairs.

Ratkowsky, D.A. (1990). Handbook of Nonlinear Regression Models. New York: Marcel Dekker. p. 123-147.
Russo, A., Formisano, C., Rigano, D., Senatore, F., Delfine, S., Cardile, V., Rosselli, S., & Bruno, M. (2013).
Chemical composition and anticancer activity of essential oils of Mediterranean sage (Salvia officinalis L.) grown
in  different  environmental conditions. Food and Chemical Toxicology, 55, 42-47.
https://doi.org/10.1016/j.fct.2012.12.036

Sabra, F.S., & Mahmoud, M.S. (2015). Utilization of herbicidal treatments to overcome weed problems in
peppermint (Mentha piperita L.) cultivation under Egyptian conditions. Asian Journal of Agriculture and Food
Sciences, 3(1), 103-108.

Setvati-nayyeri, S., Gholipoori, A., Tobeh, A., & Jamaati, Sh. (2014). Determination of critical period of weed
control in medicinal plant of salvia (Salvia officinalis L.). Proceeding of 2nd Nation Sampusiom Basic Research of
Agriculturic Since, Tehran, p. 2923.

Seyedi, S.M., Ghorbani, R., Rezvani-Moghaddam, P., & Nasiri-Mahalati, M. (2011). The critical period of weed
control in black seed (Nigella sativa L.) at Mashhad. Iranian Journal of Field Crop Science, 42(4), 809-819. DOR:
20.1001.1.20084811.1390.42.4.16.8

Shah, P.P., & D’Mello, P.M. (2004). A review of medicinal uses and pharmacological effects of Mentha piperita.
Natural Product Radiance, 3(4), 214-221.

Sharifi Noori, M.S., & Ebadi, A.M. (2009). Determination of critical period of weed control in Plantago ovata.
Journal of Applied Crop Research, 22, 56-67. (In Persian with English abstract)

Smitchger, J.A., Burk,e I.C., & Yenish, J.P. (2012). The critical period of weed control in lentil (Lens culinaris) in
the pacific northwest, Weed Science, 60(1), 81-85. https://doi.org/10.1614/WS-D-11-00069.1

Verdeguer, M., Castafieda, L.G., Torres-Pagan, N., Llorens-Molina, J.A., & Carrubba, A. (2020). Control of
Erigeron bonariensis with Thymbra capitata, Mentha piperita, Eucalyptus camaldulensis, and Santolina
chamaecyparissus essential oils. Molecules, 25(1), 562. https://doi.org/10.3390/molecules25030562

Verma, R.S., Rahman, L., Verma, R.K., Chauhan, A., Yadav, A.K., & Singh, A. (2010). Essential oil composition
of menthol mint (Mentha arvensis) and peppermint (Mentha piperita) cultivars at different stages of plant growth
from Kumauni region of Western Himalaya. Journal of Medicinal and Aromatic Plants, 1, 1-13.

Walia, U.S., Singh, S., & Singh, B. (2007). Performance of oxyfluorfen for weed control in Mentha arvensis.
Indian Journal of Weed Science, 39(3-4), 211-213.

Yadav, Y., Kumar, R., Kumari, A., Nand, V., & Verma, S. (2019). Effect of herbicides on dry matter
accumulation, fresh herbage yield, oil yield and profitability of Japanese mint (Mentha arvensis L.). Journal of
Pharmacognosy and Phytochemistry, 8(2), 49-53.



Journal of Iranian Plant Protection Research

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

Research Article
Vol. 37, No. 3, Fall 2023, p. 315-325
3

The Interaction of Organosilicon Surfactant Type and Spray Volume on
Diclofop-methyl Efficacy in Control of Winter Wild Oat

A. Aliverdi'='**, S. Karami?

Received: 03-10-2022 How to cite this article:

Revised: 31-03-2023 Aliverdi, A., & Karami, S. (2023). The interaction of organosilicon

Accepted: 09-04-2023 surfactant type and spray volume on diclofop-methyl efficacy in control of

Available Online: 26-04-2023 winter wild oat. Journal of Iranian Plant Protection Research, 37(3), 315-
325. (In Persian with English abstract).

https://doi.org/10.22067/jpp.2023.79032.1108

Introduction

Diclofop-methyl is labeled for use in wheat and barley to control many grassy species, e.g., the genus Avena.
Efforts should be made to use diclofop-methyl correctly, allowing the reduced doses to be applied. The response
of herbicides to spray volume is different. After determining a suitable spray volume for a foliage-applied
herbicide, the next step is to adjust it. The spray volume can be adjusted by two methods: the change in
application speed or nozzle size. If less spray volume is necessary to apply an herbicide, it is needed to increase
application speed. It causes the spray droplets to be more bounced or shattered from the leaf surface, causing the
herbicide not to achieve optimal efficacy. Therefore, selecting a smaller orifice nozzle is much more applicable,
of course, if the spray drift is controlled. The surface tension of water, which is used to spray herbicides, can be
slightly reduced after adding the formulation of herbicides. Therefore, the relatively high surface tension of the
spray solution poses three main problems. First, the spray droplets can easily be bounced off the leaf surface.
Second, those remaining on the leaf surface after impact have a relatively spherical shape. Third, the crystalline
wax in the cuticles, is considered an essential barrier to penetrating herbicides into the leaf tissues. It is well-
established that the three main issues mentioned above can be addressed by selecting a suitable surfactant to add
to the spray solution. This addition enables optimal efficacy of the herbicide. Consequently, numerous previous
studies have highlighted the superiority of trisiloxane surfactants over non-silicone surfactants in enhancing
herbicidal activity. This study aims to assess whether the effect of spray volume, adjusted by changing nozzle
size, on the herbicidal activity of diclofop-methyl could be influenced by two types of trisiloxane surfactants —
one with super wetting properties and the other with non-super wetting properties.

Materials and Methods

A greenhouse trial was performed as a dose-response relationship at the Bu-Ali Sina University, Hamedan,
Iran. The experiment was designed as a four-factor completely randomized design. The first factor was the dose
of diclofop-methyl (llloxan® EC 36%) including 0, 112.5, 225, 450, 900 (labeled dose), and 1350 g ha. The
second factor was spray volume, including 60, 120, 240, and 480 L ha, which were adjusted using 1100075,
110015, 11003, and 11006 flat fan nozzle, respectively. The third factor was two types of trisiloxane surfactants,
Break-Thru® S 233 having a non-super wetting property and Break-Thru® S 240 having a super wetting
property. Both are non-ionic surfactants and manufactured by Evonik company in Germany. They formed their
critical micelle concentration (CMC) at 0.1% v v! at which the surface tension of distilled water (72.1 mN m)
containing Break-Thru® S 233 and Break-Thru® S 240 was measured to be 24.1 and 22.6 mN m, respectively.
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The fourth factor was surfactant concentration, including 0, 0.0125, 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8% v v (a
range from % to 8 CMC, respectively). A compressor sprayer was used to apply the treatments at 300 kPa spray
pressure. A nonlinear regression analysis was conducted to analyze the ‘drc” using the software R.

Results and Discussion

A 40% increase in the EDso value occurred with increasing the spray volumes from 60 to 480 L ha (536.4
and 865.1 g ha?, respectively), indicating a negative relationship between diclofop-methyl activity and spray
volume. Adding Break-Thru® S 233 at 0.025% v v'! to 60, 120, 240, and 480 L ha spray volumes caused a 1.16,
3.31, 2.04, and 2.13-fold decrease in the EDsp value compared with no surfactant at their corresponding spray
volumes, respectively. While, adding Break-Thru® S 240 at 0.025% v v to 60, 120, 240, and 480 L ha* spray
volumes caused a 1.39, 1.32, 1.34, and 1.19-fold decrease in the EDso value compared with no surfactant at their
corresponding spray volumes, respectively. A decrease in the ED50, attributed to the addition of surfactants,
signifies an enhanced activity of diclofop-methyl against sterile oat. This improvement may stem from a
reduction in the surface tension of the spray solution, resulting in an expanded retention and/or spreading area of
the spray droplets on the leaf surface. This, in turn, facilitates increased penetration of the herbicide into the leaf
tissue. These findings indicate that Break-Thru® S 233 works better when added at low concentration to a low-
volume spray solution, while Break-Thru® S 240 works better when added at high concentration to a low-volume
spray solution. It can be attributed to the difference in the wetting property of surfactants. The natural
relationship between diclofop-methyl activity and spray volume at higher concentrations of Break-Thru® S 233
may be related to its phytotoxic effect, resulting in an antagonism effect on diclofop-methyl activity against
sterile oat. In the case of Break-Thru® S 240, the relationship mode between diclofop-methyl activity and spray
volume was not affected by surfactant concentration indicating the lack of phytotoxic effect by this surfactant.

Conclusion

The current study revealed a negative relationship between diclofop-methyl efficacy and spray volume,
which was adjusted by nozzle size. Although this finding differs from a previous study in which spray volume
has been adjusted by application speed, they showed that the effect of spray volume on the herbicide’s efficacy
depends not only on herbicide but also on how it is adjusted. The smaller, more concentrated spray droplets are
necessary to get a better action of diclofop-methyl against sterile oat. However, the negative relationship
observed between diclofop-methyl efficacy and spray volume could also be observed with two types of
trisiloxane when they surfactants, were used at 0.0125 to 0.1 v v'1. While, when they were used at 0.2 to 0.8% v
v'1, the relationship mode changed from negative to neutral for Break-Thru® S 233, but it did not change for
Break-Thru® S 240. Moreover, Break-Thru® S 240 works better when added at high concentration to a low-
volume spray solution due to the danger of spray run-off, while Break-Thru® S 233 works better when added at
low concentration to a low-volume spray solution due to its phytotoxic effect.

Keywords: Effective dose, Nozzle size, Organosilicon surfactant, Sterile oat, Spray volume
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Figure 1- The fitted nonlinear-regression lines for the dry matter of sterile oat (g) over the doses of diclofop-methyl (g a.i. ha-
1) spraying with 60, 120, 240, and 480 L ha' spray volumes without surfactant.
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Table 1- The effective dose (ED50 (g/ha?) + standard error) values of diclofop-methyl against sterile oat when it was applied
with different spray volumes, surfactant types, and surfactant concentrations

Concentration Spray volume
(% v v?) (L hat)
ol 3l ge il "
oHy (S e

Surfactant

60 120 240 480

(5 0tw! glad + LS 45 0,5 Cuwss 9 EDso)

No surfactant

olon s 0 536.4 +52.8 619.2 £31.2 801.6 +49.2 865.1 +44.4
Break-Thru® S 233 0.0125 546.6 £ 19.2 624.0 £38.4 734.4 +46.8 828.0 £49.2
0.025 459.6 + 27.6 187.2+9.6 3925+229 405.6 + 15.6
0.05 378.0£25.2 157.2+£10.8 308.3+44.5 408.0 + 34.9
0.1 (CMC) 264.1+9.6 145.1+£4.8 169.2 +14.4 208.7 £12.0
0.2 280.8 £ 45.6 150.0 £19.2 180.0 +18.1 2255 +26.4
0.4 466.8 +44.4 448.8 £ 33.6 456.1 +50.4 387.6 £28.4
0.8 565.2 +30.1 586.9 + 46.7 591.3+61.2 662.4 +46.9
Break-Thru® S 240 0.0125 567.6 +32.4 580.8 +26.4 670.9 +40.7 885.6 +22.8
0.025 383.9+43.2 466.9 +58.7 597.6 £ 30.0 722.4 £69.5
0.05 184.8 +10.8 412.7 +36.0 495.3 +45.6 703.2+74.4
0.1 (CMC) 149.9£6.0 278.4£25.2 464.4 +16.8 711.5+44.0
0.2 148.8+7.1 236.4 +£16.8 457.2 +39.5 968.7 £ 60.1
0.4 157.2+8.4 292.6 £18.1 660.0 £57.6 976.8 £85.2
0.8 142.8 £8.8 307.2 £27.6 706.8 £82.7 1120.4 £71.3
(5,l5kl slas # 1S 55 4,5 cawes py EDoo)
No surfactant

Dao oty 0 815.3 £69.2 873.7+49.9 1378.7 £ 68.8 1366.8 +59.4

0L (9
Break-Thru® S 233 0.0125 792.5+23.6 829.2+21.0 1211.7 £55.3 1217.1+36.9
0.025 611.2 £35.1 303.4+£25.8 608.3 £24.7 697.6 £26.0
0.05 642.6 £43.5 264.1 £23.3 566.7 £ 61.0 738.4 £49.1
0.1 (CMC) 390.8+12.5 195.6 £15.1 321.4+£32.9 3785+34.1
0.2 476.0 £35.5 207.0 £23.7 349.2 £45.0 416.2 £ 34.3
0.4 605.0 £52.1 631.6 £25.3 570.0 £43.9 526.3+43.1
0.8 910.1 £50.2 843.5 +£65.0 868. 7+43.1 840.7 £60.3
Break-Thru® S 240 0.0125 839.1 £39.7 788.8 £41.2 1078.7 £60.1 13275+315
0.025 486.4 +50.4 731.6 £51.9 865.5 +43.7 1162.4 +83.1
0.05 303.6 £12.3 663.3 £38.5 866.5 + 37.2 1230.3+£83.1
0.1 (CMC) 216.0 £14.6 397.5+31.9 812.1+£41.0 12374 +71.2
0.2 259.0 £18.3 306.5+21.0 827.1+£62.6 1655.2 £+81.5
0.4 204.1+125 411.7 £34.5 818.4 +49.0 1278.6 +76.4
0.8 218.6 £15.0 426.7 +30.1 995.0 £70.5 1332.2+78.0
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The EDs and EDyy is a dose of diclofop-methyl (g h) causing 50 and 90% sterile oat control, respectively. The critical
micelle concentration is abbreviated to CMC. The spray volumes were adjusted using 1100075, 110015, 11003, and
11006 flat-fan nozzles, respectively.
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Introduction

The dust storm has become a regional phenomenon due to occurrence of severe droughts. Dust storms,
recognized as significant atmospheric phenomena and associated with climate change, exert detrimental effects
on plant growth and crop yield. This study aimed to assess the impact of soil dust on the competition between
mung bean and red-root pigweed.

Materials and Methods

An experiment was carried out at the research greenhouse of Faculty of Agriculture at llam University during
spring and summer 2022. The experiment was conducted as a factorial based on a completely randomized design
with four replications. The experimental treatments were included five replacement ratios of mung bean and
redroot pigweed (planting patterns 75% mung bean + 25% pigweed; 50% mung bean + 50% pigweed; 25%
mung be3an + 75% pigweed; monoculture of mung bean and redroot pigweed) and dust were at two levels (0 and
60 gr m).

Results and Discussion

The results showed that the dust causes symptoms of necrosis and leaf burn in mung bean and pigweed. The
highest amount of carotenoids (3.59 mg g fresh weight of leaf) was observed in the planting pattern of 75%
mung bean + 25% pigweed under no dust conditions. The monoculture of pigweed under dust conditions had the
lowest amount of carotenoids. Dust reduced the amount of total chlorophyll, leaf relative water content, plant
height and length of inflorescence in Pigweed plant by 23.4, 12, 14.7 and 12%, respectively. Dust caused a
decrease in the leaf area in pigweed in different patterns of intercropping. Photosynthesis rate, transpiration rate,
leaf area, plant height, number of pods per plant and number of seed per plant in mung bean were respectively
decreased by 31.2, 24.9, 28.8, 17.7, 29.7 and 36.7% due to dust application. The highest photosynthesis rate in
mungbean (5.28 umol of CO, m? s1), leaf area (129.1 cm?) and the number of seeds per plant (13 seed plant™)
were obtained from monoculture of mungbean. However, they were decreased under competition with pigweed.
The biological yield in mungbean and pigweed under dust condition were, respectively, 42.6 and 16.8 % lower
than that of no dust condition. Under dust conditions, the grain yield of mung bean and pigweed were,
respectively, 32.8% and 42.6% lower than that of no dust condition. The actual yield of mung bean under
competition with pigweed was lower than the predicted yield indicating the higher competitive effects of
pigweed. In all planting patterns with and without dust, the total actual yields were higher than the predicted
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yield indicating a negative interference effects for mung bean. The relative total yield in most of the planting
patterns was greater than one, suggesting increase in the partial relative yield and reduction of intra-species
competition in pigweed. The negative effects of pigweed on mungbean were more visible in high densities of
pigweed, which also showed a higher positive dominance index. The competition index showed a value greater
than one for the pigweed indicating the greater competitive ability of this weed compared to mung bean. Under
both conditions, with and without dust, pigweed exhibited the highest relative density coefficient in all planting
patterns, establishing itself as the dominant plant compared to mung bean, which had a relative density
coefficient less than one. The competition index for mung bean, across all intercropping patterns, was also less
than one, indicating its lower competitive ability compared to pigweed. Interspecific competition with pigweed
resulted in an actual yield loss for mung bean, highlighting that interspecific competition in mung bean surpasses
intraspecific competition. Conversely, pigweed showed a greater susceptibility to intraspecific competition.

Conclusion

The results showed that pigweed has a higher competitive ability and by increased exploitation of
environmental resources, cause a decrease in mung bean yield. Despite the high competition ability of pigweed,
soil dust cause reduction in its growth and biomass.

Keyword: Competition; Dust, Mungbean, Physiological traits, Yield
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Figure 1- Pictures of the chamber prepared for applying dust (A); application of dust using fan (B), observing the dust
applied on the mungbean and redroot pigweed (C)
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Table 1- Analysis of variance (mean squares) of the effect of different planting patterns and dust on photosynthetic traits in
the leaves of mungbean and redroot pigweed
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S.0Vv Df Chlorophvll Carotenoids Photosynthetic  Transpiration Chlorophvll Carotenoid Photosynthetic  Transpiration
phy rate rate phy rate rate
Jl; 95:)5 1 0.0498" 0.0042" 8.2012" 5.7800" 0.2663" 0.1201" 0.26145" 0.23420"
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CV (%)
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", " and ": non-significant, significant at p<0.01 and p<0.05, respectively.

RY: Relative Yield

RCC: Relative Crowding Coefficient
A: Aggresivity

Cl: Competition Index

C

1-
2-
3-
4-
5- CR: Competitive Ratio
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Table 2- Effect of different planting patterns and dust on physiological traits in mungbean and redroot pigweed

ol 55 ady) e AEY
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3 5 o |l e Gy S . . .
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Photosynthetic rate Intercellular CO, Chlorophyll (mg g 5
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Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
* Relative water content
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Table 3- Analysis of variance (mean squares) of the effect of different planting patterns and dust on physiological traits in
mungbean and redroot pigweed
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N Mungbean Redroot pigweed
s Al ~J R - ale . B . e . B
Ol e g oS Sl elle Cushy e 5 oS Sl clle Cugh, jlade
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o Df 1313 Leaf P ATl S99, Leaf PN
Intercellular CO, temperature ~ Relative water Intercellular CO, temperature  Relative water
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SB g ox - *
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(82p) - 8.81 2.15 15.71 3.52 3.14 16.57
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"s, " and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 4- The effect of dust on the amount of leaf carotenoids, the intercellular CO2 concentration and the leaf area in redroot
pigweed in different planting patterns

_ ) 14559, 325 3ty ST 63 Clalé _
N e e Sy iy 5 clile Sl¥09) ) Olp el S s
SKoga,5 Cuils’ 5451 % "sc B f””'d Intercellular CO, concentration L ﬁf
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s g 2oy Ve ke 222 ¢ 3.361% 507.0° 115.3°
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7501 Mungbean+ 257 Pigweed
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Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
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Table 5- Analysis of variance (mean squares) of the effect of different planting patterns and dust on morphological traits in mungbean and redroot pigweed

ool 5008 Ay (w9 S
Ol pti 2alio NEEYSY Mungbean Redroot pigweed
SOV Df Wg glis,l Sl Spmhw e ki g gli,)l Sy adlw yhad ‘_,q_auf Jgb
Plant height Number of branches Leaf area Stem diameter Plant height Leaf area Stem diameter Inflorescence length
i 1 26.357" 0.0156™ 3.0258" 0.01386™ 0.22339"  0.67396"  0.03649"™ 1.7095"
Dust
o | x " * *
,]S o) 3 5.418™ 0.5915 2.4843 0.10314"™ 0.104661"  0.35225 0.00126™ 0..3731"™
Planting pattern
3l 580 _XJB 925 3 5.369™ 0.0074" 0.1975™ 0.06850™ 0.04391" 0.35137°  0.03933" 0.5353™
Dustx Planting pattern
‘fi":jl ol 24 5.654 0.0129 0.6443 0.19382 0.03303  0.09812 0.04036 0.3029
rror
s
(123) St e - 25.50 13.18 20.08 24.63 6.56 6.29 16.40 33.43
CV (%)

Aoy 0 ) Jlain] maw 3 (6)b e ()l gz pae sy g M S

"s, ™ and *: non-significant, significant at p<0.01 and p<0.05, respectively

708 aday 9 AEL 9 Al Sjgledyee Slho p SB35 9 Cudls lisie agST 1,51 -1 g
Table 6- Effect of different planting patterns and dust on morphological traits in mungbean and redroot pigweed

ol 8 &y o9 S El
Mungbean Redroot pigweed

S 93,5 b -
Dust dg W5, Sy Wg > allwdlani  digr P AN Dad gy 4D Aild dlawd Gg g5l oSS Job
Plant height | gaf Number of branch  Number of pods  Number of seed  Plant height Inflorescence length
(cm) area per plant per plant per plant (cm) (cm)

(cm?)

SE oS g
No dust
SB g5
With dust

10.23? 89.16% - 3.23% 11.81° 17.61% 6.11%

8.42° 63.50° - 2.28° 7.47° 15.02° 3.90°

cuils gl
Planting pattern

Loyt pile Jopd Ve

ool - 129.07% 1.13° - 13.842 - -
10001 Mungbean+ 0[]
Pigweed

20> YO + ke doyd VO

sl - 64.66° 0.00° ; 9.17° 15.63% -
7501 Mungbean+ 25(
Pigweed

Loy B+ ble doyd O+
ol - 74.32 013 - 6.69° 17.75° -

50(] Mungbean+ 50(]
Pigweed

200 YO +y5ke doyd YO
o9l - 37.28° 0.00° - 8.88" 17.75° -
25(1 Mungbean+ 75(]
Pigweed
Lopd Voo +gile Aoy -
o9l - - - - - 14.14° -

00J Mungbean+ 10011
Pigweed

S5l ()l gime BMS] doyd i et o 55 5SSl (glaiald sin 90T il s gt o 45 S yide By (sl (sl 3, Silio
Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
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Table 7- Analysis of variance (mean squares) of the effect of different planting patterns and dust on yield and yield

components in mungbean and redroot pigweed

ol 58 Al e AEl
s Mungbean Redroot pigweed
. > -
O S ol ] 5,5dos L 3,5as 1
?3\7 G5l Agr P ANE dani Aigy 4> Aild Dy ‘ 413 3 Slos uaé‘ ‘ ool S 3 Sdos
e Df Number of pod Number of seed ‘-‘S{”‘” Grain o “’S'l”j"" Inflorescence
per plant per plant Biological yield Harvest Biological yield
yield index yield
SBogo)5 ox . n « n " *
Dust 1 0.5990 150.581 0.8395 0.1522 0.01054"™ 0.2742 0.5582
us
sl oSl . o o o -
) 0.0659™ 72.528 2.0606 0.4423 0.00183™ 1.1129 0.5995
Planting pattern
SsSIxSK 53,5
el 3 0.0832" 26.850™ 0.0693™ 0.0092"  0.02270™ 0.0990™ 0.0663™
Dustx Planting
pattern
talefl slbs
Error 24 0.0606 19.728 0.1514 0.0330 0.15944 0.0476 0.1009
Ol yods g >
(o) - 13.82 46.06 33.34 42.19 12.94 12.01 51.51
C.V (%)
oy 05 ) Jlein] maw )3 () b (g )b dxe pis i gy g S

"s ™ and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 2- Actual and predicted biological yield of mung bean and redroot pigweed in different replacement planting
patterns under conditions of without dust (a) and with dust (b)
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planting patterns under conditions of without dust (a) and with dust (b)
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Figure 4- The Relative yield of mungbean and redroot pigweed in different replacement planting patterns under
dust conditions
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Table 8- The competitive indices of mung bean and redroot pigweed in different replacement planting patterns under effect
of dust conditions
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