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coding sequences (CDS), special primers attachment sites (PSh30-F/R) and predicted amplicone size based on FoTom
sequence with accession number (AJ012668)
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Figure 2- Alignment of translation of amplified sequence (FOMTOMPro) from FOM with the protein sequence of proteinase

(FOLTOMPro) from FOL using MEGAS5 software
Identical residues are doted and non-synonym mutations are shaded with red background.
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Figure 3- Schematic view of the mutation positions in predicted tomatinase homologues in FOM race 1 in comparison with
sequence of the FOL tomatinase FolTom1 (CAA10112)
SP: signal peptide, GH Dom: Glycoside hydrolase
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Introduction: Phytopathogenic fungi exposes various proteins to overcome plant defense systems.
Production of saponins likes a-Tomatine is one of the tomato preformed defenses barriers which should be
detoxicated by the pathogens. It has been revealed before which most of Fusarium species and forma specials
could produce tomatinase, a glycosyl hydrolases protein, to de-glycosylate a-Tomatine. Fusarium oxysporium f.
sp. melonis (FOM) wildly attached melon cultivars and at the time of this investigation, there was only one
report underlining the existence of the gene sequence of tomatinase in the genome of FOM using southern
blotting experiment. This study was carried out to track the whole tomatinase gene sequence in the FOM
genomic sequence and investigate the probability genetic variation of the gene in the nucleotide and protein
sequences.

Materials and Methods: Fusarium oxysporium f. sp. melonis (Fom) racel have been previously reported in
Khorasan, Iran. It was cultured in liquid medium and the mycelia were used for the genomic DNA isolation.
Primers were designed based on conserved sequence in upstream and downstream of FoToml sequence
(AJ012668). PCR was carried out and amplified segments were bi-directional sequenced. The results were then
analyzed by Vector NTi software. The sequencing result was aligned with FoTom1 sequence as Refseq and the
single nucleotide variations were detected by CLC work bench software. The effects of the mutations on the
protein structure were predicted by CLC work bench software.

Results and Discussion: Electrophoresis pattern of PCR products showed a single band of the expected size
in the strain FomR1 that was at the same size of the band amplified from FoL genome. The designed primers
based on the FoTom1 sequence amplified a specific segment in the Fom genome. Alignment the sequencing
results with the Fo-Tom1 from Fusarium oxysporium f. sp. lycopercisi (Fol) in nucleotide level revealed 14
mutations which seven of them were appeared in the protein sequence. Three mutations occurred in the
functional domain of the protein. At the position 145, an acidic amino acid with a negative charge was
substituted by a polar amino acid. Replacements at positions 218 and 236 were the same in terms of polarity and
at position 218; both amino acids have a positive charge.

There were no introns in the coding sequence of FomTom R1 region as same as FoTom1. Pairwise alignment
results showed some an-synonyms mutations between two sequences that made some changes in the secondary
structure of the translated protein from FomTomR1. The first an-synonym mutation, SNP15 (E—G), inside the
signal peptide, converts the alpha helix to a new beta sheet. SNP34 (K—N) and SNP35 (S—N) mutations
shortened the alpha helix. The other mutations happened out of the alpha helixes and beta sheets. To predict the
effects of the mutations on the FomTomR1function, in-silico analyses were carried out. The results revealed that
three mutations occurred in the functional domains of tomatinase in Fom. The mutations in the hydrolysis
domain may affect the structure of FomTomR1and can be effective in the protein. The presence of different
active saponins components in Melon may be an evolutionary reason for some variation in sequence and
structure of the FomTomR1 protein in Fom. To prove the differences in the tomatinase function, the interaction
of proteins with various types of melon saponins components should be investigated at the future studies.

Conclusion: The results showed the tracked sequence could be homolog of the Tomatinse gene in the Fom
genome. We named it Fom-TomR1 and the sequenced was submitted in the Genbank with accession number
MF178403. For the future study, the gene influences should be investigated in the pathogenesis of FOM on
melon cultivars and it could be considered as a general screening index using heterologous expression of the
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Table 1- Primers used for detection of CTV in A. gossypii
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Primer Direction Sequence (5°-3") Target gene Application Reference

T36CP Forward ATGGACGACGAAACAAATTG CP RT-PCR Hilf and Garnsey, 2000

T36CP Forward ATGGACGACGAAACAAATTG CP RT-nested-PCR  Hilf and Garnsey, 2000

T36CP Reverse TCAACGTGTGTTGAATTTCCCA CcpP RT-PCR Hilf and Garnsey, 2000
P25 Reverse TCAGTCCAAGTTTGTCAGA CP RT-nested-PCR Saponari et al., 2008*
PEX Forward CATCTGATTGAAGTGGAC 3UTR RT-PCR Olmos et al., 1999
PEX Reverse TAAACAACACACACTCTAAGG 3UTR RT-PCR Olmos et al., 1999
PIN Forward TATCACTAGACAATAACCGGATGGGTA 3'UTR RT-nested-PCR Olmos et al., 1999
PIN Reverse GGTTCACGCATACGTTAAGCCTCACTT 3UTR RT-nested-PCR Olmos et al., 1999
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Figure 1- Indirect detection of CTV in A. gossypii based on monitoring of vein clearing (A) and vein corking (B) symptoms in
Mexican lime infected with the aphid. Infection confirmation by direct tissue blot immunoassay (C) and RT-PCR (D)

Lanes: 1. Infected source plant, 2 and 3. Indicator plant infected with aphids, 4. PCR control, 5. Negative healthy control, 6. 100 bp
DNA marker.
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Figure 2- Direct detection of CTV in A. gossypii; RT-PCR with PexF/PexR primers (A), nested-RT-PCR with false positive by
PinF/PinR based on PCR product of fig A (B), RT-PCR with T36CPF/T36CPR primers (C), nested-RT-PCR by

T36CPF/P25R based on PCR product of fig C (D)
Lanes: 1- Infected source plant, 2. Positive aphid, 3. Negative aphid, 4. PCR control, 5. 100bp DNA marker
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Introduction: Citrus tristeza virus (CTV), the causal agent of the most important viral disease of citrus, is
transmitted by infected reproductive materials and several aphid species. Tristeza has been reported from the
north and south of Iran and Aphis gossypii has been known as the vector of Tristeza. Detection of the virus in the
vectors has been before carried out based on biology, serology and electron microscopy. Access to rapid and
sensitive molecular techniques for epidemiological studies is the aim of the study. Reverse transcription
polymerase chain (RT-PCR) and RT-nested PCR techniques were applied in the present study.

Materials and Methods: The SD4-infected Mexican lime (Citrus aurantifolia) seedlings acquired from the
virus collection with origin of declining trees of Sari region were used as donor host for virus transmission
assays. Pure colony of A. gossypii after rearing on cucumber (Cucumis sativus) was placed on the infected
seedlings. 20 seedlings were considered for biological indexing. 20 aphids were placed carefully on healthy
Mexican lime seedlings by brush. The acquisition and transmission feeding time of virus were 48 hours and 20
aphids were considered for each test plant. The seedlings were transferred to the conditioned greenhouse
(23/16°C, day/night). Indirect virus detection was carried out by monitoring of symptoms, direct tissue blot
immuonoassay with Biorba antiserum and two step RT-PCR with RNA extracted from indicator plants using
SDS-Potassium acetate method and T36CPF/T36CPR primers. In direct detection virus of aphid, RNA extracted
by Trizol method and one step RT-PCR reaction using AMV Reverse Transcriptase enzyme by
T36CPF/T36CPR primers were used. The final product of this reaction was introduced in the nested-PCR using
T36CPF/P25R primers. RT-nested-PCR assay was applied also with PexF/PexR primers in the first stage and
PinF/PinR in the second stage.

Results and Discussion: Indirect virus detection in melon aphid was carried out by survey of vein clearing
and vein corking symptoms in the receptor indicator plants. A total of 4 of 20 Mexican lime seedlings showed
the symptoms during 3 months after aphid transmission assay. The presence of virus in these seedlings was
confirmed by direct tissue blot immunoassay and RT-PCR techniques. Also a product of about 672 bp was
amplified using specific primers of coat protein gene. Direct virus detection with one-step RT-PCR and RNA
extracted from aphids by Trizol method using T36CPF/T36CPR primers resulted 672 bp weak bands. By
performing the second stage of PCR using T36CPF/P25R primers, 362 bp specific bands were obtained. On the
other hand, RT-nested PCR with PinF/PinR and PexF/PexR primers was not able to detect the virus in the
infected aphids due to false positive reactions. The purpose of this study was to evaluate the effectiveness of
different methods in selecting an appropriate method for detection of virus in melon aphid, the most effective
vector of CTV in Iran. The detection of virus-associated targets in vectors that are capable of transmitting viruses
is crucial for both the studies of viral replication and the optimization of control strategies. Biological indexing is
the earliest test of detection of virus in aphids, which has the advantages and disadvantages, including the
objective measurement of biological activities such as ability to transmit and reproduce based on production of
symptoms, the long time required, and the specific greenhouse conditions. Although RT-PCR method has been
used to detect a number of plant viruses in vectors, the detection of virus by this method is possible if extraction
efficiency of RNA is increased by use of materials such as Gene Releaser and Trizol. Nevertheless, more
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sensitive methods are required for detection of semi-persistently and non-persistenly transmitted viruses.
Detection of CTV by nested RT-PCR was directly related to appropriate primers and efficient extraction
procedure.

Conclusion: According to this study, RNA extraction using Trizol method is the most appropriate method
for extracting nucleic acid from aphids, so it has been shown that detection of CTV by nested RT-PCR technique
was directly related to the used extraction procedure. In this research, detection of Citrus tristeza virus in melon
aphid for the first time in Iran was performed using RT-PCR and RT-nested-PCR molecular methods. The
results showed that RT-nested-PCR based on the efficient extraction method and the selection of appropriate
primers is a reliable technical for detection Tristeza virus in its aphid vector, A. gossypii.

Keywords: Aphid vector, Biological indexing, Direct detection, Tristeza virus
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Introduction: HLB (Huanglongbing ex greening) caused by three species of bacterium Candidatus
Liberibacter asiaticus, Ca. L. africanus and Ca. L. americanus, is the most important citrus disease over the
globe. The causal agent is transmitted by two psyllids Diaphorina citri and Trioza erytreae and infected bud
woods. The causal agent of HLB disease was identified as a phloem-restricted, Gram-negative bacterium
belonging to a new genus in the a-Proteobacteria subdivision. In Asia, the pathogen of HLB was categorized as
the Candidatus Liberibacter asiaticus transmitted by the Asian citrus psyllid (Diaphorina citri). This was also
reported in the south of Iran over 2000. Diagnosis of HLB disease can be difficult under field conditions when
relying on visual surveys. This is due to its low concentration in its citrus hosts and the nonspecific nature of
HLB symptoms, similarity of its symptoms to micronutrient deficiency such as zinc, magnesium, and iron and
virus-like disease symptoms such as stubborn caused by Spiroplasma citri. Therefore, distinguishing causal
agents of similar symptoms such as nutritional or stress related symptoms from HLB disease needs a robust
procedure. Many detection methods have been used to detect Candidatus Liberibacter spp. including biological
indexing (grafting and vector), electronic microscopy (EM), DNA probe specific to the bacterium, enzyme-
linked Immunosorbent assay (ELISA). However, TEM methods are less practical, because ultra-thin sectioning
is tedious and requires expensive equipment. Transmission tests are of limited value due to the latency and the
long incubation period in insect and plant. Development of conventional polymerase chain reaction (PCR) test
has great advantages of analyzing the bacterium at genetic level. The objective of this study was the detection of
HLB in symptomatic citrus plants based on conventional polymerase chain reaction assay (PCR) in the south of
Iran and the comparison of Iranian strains with other strains on the globe.

Materials and Methods: In order to detect, identify and characterize the diseases, leaf and fruit samples
were collected from some suspected sites situated in the southern Kerman. Samples were stored in plastic bags
and transferred into the laboratory and conserved at low temperature (6°C) before DNA extraction. Total DNA
was extracted from symptomatic samples on the basis of the method/protocol of Murray and Thompson (1980)
with minor modifications. Briefly, 5 to 10 symptomatic leaves were washed with sterile water and dried on
paper. The leaf midrib tissue derived from field plants was cut out by sterile scalpel and CTAB buffer added
with addition of B-mercaptoethanol. The extract was transferred to a new tube and incubated at 65 Oc for 15min.
The other steps were conducted according to the original protocol. Existence of pathogen in samples was
confirmed using PCR with primers A2 / J5 and OI1/ Ol2c.

Results and Discussion: The PCR products were analyzed by gel electrophoresis using a 1% agarose in TBE
buffer (Tris base, boric acid and 0.5M EDTA [pH 8.0]) and stained with ethidium bromide. Gel was visualized
and analyzed by the GEL documentation.12 of 48 samples amplified with primers above and the disease was
confirmed. By sequencing of PCR products with length of 1077 bp and comparison with the strains positive
control, also production two fragments of 640 bp and 520 bp resulting from the digestion with Xbal PCR
products, the agent of disease was found to be Candidatus Liberibacter asiaticus. The agent showed 100%
homology with standard HLB Asiatic type. BLAST analysis showed that the nucleotide sequences obtained for
the ribosomal protein (GenBank Accessions No. GN 049632) had 100% identity with sequences of ‘Ca. L.
asiaticus’ from China (DQ431997), Taiwan (AB555707), Indonesia (AB480102), Florida (CP001677), and
Brazil (AY91933). The Asian vector of HLB, Diaphorina citri was reported in 2000, therefore, the diseases
might be distributed in other areas in the southern Iran. Thus, detection of HLB disease in young citrus plants is
important to prevent a widespread outbreak of this disease. The results also showed that Iranian strain belongs to
Asian type of Liberibacter and nominated Candidatus Liberibacter asiaticus. In the southern Iran, Diaphorina

1- Associate Professor, Horticultural Science Research Institute, Citrus and Subtropical Fruits Research Center,
Agricultural Research Education and Extension Organization (AREEO), Ramsar, Iran
(*- Corresponding Author Email: mgolm2009@gmail.com)
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citri with high ability to spread the Candidatus Liberibacter asiaticus is found in most of citrus cultivating areas
which implies a high risk of rapid dissemination. Therefore, the survey of the disease by an accurate and
sensitive method is recommended for the disease detection in new areas and eradication of infected trees.

Keywords: Asiatic type, Detection, Candidatus Liberibacter asiaticus, PCR
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Introduction: Wisteria vein mosaic virus (WVMV) is a member of the Potyvirus genus (Potyviridae) with
flexuous filamentous particles. The disease was first reported by Brierley & Lorentz (1957) in the USA from W.
floribunda. They cited reports of similar cases dating back to the 1940s and suspected that a virus was
responsible for the disease. Afterward the virus has been reported in Wisteria spp. in Australia, New Zealand,
China, Germany, Czech Republic, Italy and in the Netherland. In comparison to the majority of potyviruses,
WVMV has a very narrow host range, naturally infecting only Wisteria spp. (W. sinensis, W. floribunda, and W.
venusta). This virus can be introduced into the landscapes on new plants that were infected during their
production. Other wisteria can become infected by mechanical inoculation if infected sap is moved on cutting
tools or by aphids during feeding from sap of these plants. In terms of symptoms induction, the virus can cause
systemic, local chlorotic (sometimes necrotic) lesions or mottling and mosaic on the leaves of wisteria spp.
plants and other experimental hosts of Chenopodium spp., Nicotiana megalosiphon and several legumes. The
virus is serologically related to Bean common mosaic virus (BCMV), Bean yellow mosaic virus (BYMV),
Clover yellow vein virus (CIYVV) and Watermelon mosaic virus (WMV). WVMYV s transmitted by aphids,
grafting or mechanical means with no significant impact on ornamental host plant except inducing an
unfavorable leaf appearance in the landscape.

Materials and Methods: In August 2017, a plant of Wisteria sinensis in the campus of Ferdowsi University
of Mashhad in Iran was observed to have chlorotic, mottling and mosaics on some leaves, which resembled the
symptoms caused by wisteria mosaic disease. RNA was extracted from the symptomatic plant with an RNeasy
Plant Mini Kit (Qiagen, Germany) and tested by RT-PCR using potyvirus degenerate primers CIF/R. Amplicons
of the expected size, 680 bp were obtained. The PCR product was cloned and then sequenced. The partial
sequence of Nib gene was also amplified (350 bp) by degenerate primer for potyvirus Nib gene and the obtained
fragment were cloned and then sequenced.

Results and Discussion: A BLASTn search in the GenBank showed 90.64% nucleotide sequence identity
with WVMV Chinese isolate (AY656816) followed by Watermelon mosaic virus (80.67%) and Soybean mosaic
virus (80.46%). The least identity was with an isolate of Lettuce mosaic virus (56.34%). It seems that the
Chinese and Iranian isolates of this virus are closer to each other but due to lack of nucleotide sequence from
other part of the world in Cl and Nib genes it is hard to conclude that Iranian isolate is just close to Chinese
isolate and it should be considered that may other isolates exist which are closer to Iranian WVMYV isolate than
Chinese isolate.

Conclusion: From this research, it can be concluded that this virus is present in wisteria spp. plant in
Khorasan Razavi province of Iran. In terms of sequence similarity based on partial nt sequence of CI gene (680
nt), it is most similar to a Chinese isolate of WVMV (90.64 %) followed by WMV (80.67 %) and SMV (80.46
%) in nt level and within BCMV subgroup of potyviruses. It seems likely that the disease is spread primarily
through vegetative propagation rather than by aphid or mechanical transmission. Although the disease does not
markedly reduce the vigour of infected plants, the foliage of such plants is chlorotic and mottled, rendering them
unsaleable or can cause the ornamental plants as unfavorable host.

Keywords: Cl gene, Khorasan Razavi, Phylogenetic analysis, RT-PCR, Wisteria vein mosaic virus
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Table 1- Insecticides tested adult T. brassicae and T. evanescens

u o 5 o . . . .. . .
Name ﬁsg:cides ol o 392 Olieo il 5 8
Trade name Dose rate (ppm) Manufacturer
Spinosad SC 22.8% Spintor 500 Dow Agroscience
Imidacloprid SC35% Confidor 1000 Bayer
Indoxacarb SC 15% Avant 600 Aria shimi
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Table 2- Mortality (%) of T. brassicae wasps after 24 hours exposure to residues of insecticides 3, 5, 16 and 31 days post
treatment (DPT) at laboratory conditions

209 Sy o)

358 i KVON.1)
Iﬁ;:cticide % Mortality Clz:sssifica':ion
ad 5d 16d 31
Spinosad 90.59+1.01a 72.22+0.73a 45.43+0.70a 13.31+1.21a C, Moderately persistent
Indoxacarb ~ 86.76+1.20a 50.22+0.84b 14.13+0.50b  9.32+0.68b B, Slightly persistent

Imidaclopride  50.23+0.55b  25.34+0.70c

13.31+0.70b  8.10+0.74b

A, Short lived

Different letters indicate significant differences of means in columns based on analysis of variance and LSD tests of data at
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Table 3- Mortality (%) of T. evanescence wasps after 24 hours exposure to residues of insecticides 3, 5, 16 and 31 days post
treatment (DPT) at laboratory conditions

oA pube 709 S50 20y s,
Insecticide % Mortality Classification
3d 5d 16d 3
Spinosad 93.60+0.73a 73.75+1.03a 46.98+0.55a 12.65+0.72a C, Moderately persistent
Indoxacarb ~ 82.50+0.72b  59.44+1.04b 12.35+0.53b  9.56+0.51b B, Slightly persistent
Imidaclopride  50.64+0.74c 26.31+0.55c 15.74+1.11b  8.89+0.51b A, Short lived

Different letters indicate significant differences of means in columns based on analysis of variance and LSD tests of data at P<0.05.
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Introduction: Trichogramma wasp is one of the most successful parasitic species in the world and the
widespread use of these wasps has taken control of many pests in more than 30 countries. Approximately 32
million hectares of agricultural land and forests have been covered by the Trichogramma every year. This
parasitoid is reared on Sitotroga cerealella (Lep.: Gelechiidae) and Ephestia kuehniella (Lep.: Pyralidae). The
superiority of these bees is their ability to destroy the egg pest before its damage to the host plant. Nonselective
insecticides can reduce the potential of biological control agents. In order to determine the most suitable
insecticide for effective pest control of Trichogramma wasps, the present study evaluated the persistence toxicity
of spinosad, indoxacarb and imidacloprid after exposing of T. brassicae and T. evanescens, the egg parasitoids of
tomato leaf miner, according to IOBC procedure.

Materials and Methods: The experiments were carried out in the Laboratory of Plant Protection at
Agricultural and Natural Resources Research and Education Center of Markazi Province, Arak, Iran. The egg
parasitoids T. brassicae and T. evanescens (Hymenoptera: Trichogrammatidae) were provided from Biological
Control Department of Plant Protection Research Institute (Tehran, Iran). The parasitoids were reared on the
Angoumois grain moth, Sitotroga cerealella (Lepidoptera: Gelechiidae) at the laboratory under the controlled
conditions of 25+£1°C, 65£10% RH and photoperiod of 16:8 h (L: D).

Insecticides: The recommended doses (RD) of the insecticides of Spinosad (SC 22.8% Spintor,
DowAgroscience Co.), Imidacloprid (SC35% Confidor, Bayer) and Indoxacarb (SC15% Avant, Aria Shimi)
were tested.

Persistent tests: The insecticides were applied at RD on tomato plants by a hand sprayer to the point of run
off. Plants were maintained under a transparent polyethylene rain cover in the field. Leaves of the treated tomato
plant were sampled and transferred to the laboratory at different time intervals of 3, 5, 16 and 31 days after
insecticide application. These intervals were proposed by the IOBC/WPRS Working Group. The samples were
placed in ventilated plastic Petri dishes for exposure to the adult parasitoids. The experiment was repeated six
times on 30 adult individuals of each species. Assessment of mortality was made on the basis of 24 h post
exposure time. Persistence rate of wasps against each insecticide was evaluated according to I0BC/WPRS
Working Group. The categories under laboratory conditions include: A, short lived (<5days); B, slightly
persistent (5-15days); C, moderately persistent (16-30days); D, Persistent (>30 days).

Results and Discussion: Persistence tests for 30% mortality at each period of time revealed that
imidacloprid with less than five days persistence classified as short lived insecticides (class A) for T. brassicae
and T. evanescens wasps, indoxacarb with more than five days and less than 16 days effect was slightly
persistent (class B) and spinosad which persisted more than 16 days but less than 30 days was moderately
persistent for the parasitoid T. brassicae and T. evanescens (class C) (Table 1, 2). This research clearly showed
that imidacloprid which persisted less than five days at field conditions were compatible with both egg
parasitoids, T. brassicae and T. evanescence as a part of integrated management program of pests. This study
also revealed that both parasitoids responded at the same level of susceptibility after exposure to the insecticide.
There is no evidence for effect of imidacloprid on Trichogramma parasitoids, however our finding was the same
as the results of Fernandez et al. (2017) who reported imidacloprid was safe for predatory mite Amblyseius
swirskii adults. Some researchers also emphasized on computability of this insecticide with a large number of
natural enemies, including the predatory mites Amblyseius cucumeris and Phytoseiulus persimilis. The
insecticide was compatible with all stages of phytoseiid mites, reported by Lefebvre et al. (2011) and Beers
and Schmidt (2014) in Galendromus occidentalis. Garzon et al., (2015) also reported this insecticide was
nontoxic to last instar larvae and adults of Chrysoperla carnea and Adalia bipunctata so they emphasized that it
is a good candidate to be incorporated into IPM programs. On the contrary, Doker et al., (2015) reported a
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significant reduction in oviposition of Iphiseius degenerans after exposure to imidacloprid.

Conclusion: This research focused on the impact of insecticide exposure on Trichogramma species in
Markazi Province. Pesticides that control pests without severe side effects on substantial natural enemies are
always a necessity for integrated control programs. The application of the short-lived insecticides can allow a
rapid recolonization of the parasitoids. We found imidacloprid is non-harmful for both T. brassicae and T.
evanescence wasps. By contrast, spinosad and indoxacarb should be used with care as a part of IPM procedure.

Keywords: Parasitoides, Persistency of insecticide, Semi field conditions
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Figure 1- Selective test of wood samples

1

] Jge dusyd

The percentage of extractive materials

Cypres

Eucalyptus Beech

ool 9 ()5 el SBASS (A Sl Dlge w2 )3 (Sle —Y JSUd
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Figure 3- The percentage of lignin in the species of beech, cypres and eucalyptus
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Figure 4- The percentage of cellulose in the species of beech, cypres and eucalyptus
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Table 1- Correlation of wood properties with weight loss percentage of wood
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Introduction: One of the most important species of termites in the southern provinces of Iran is
Microcerotermes diversus Silvestri, which is considered as subterranean termite and has the ability to attack the
trees and the construction of timber. Due to the fact that Lignocellulosic material can be eaten easily by termite,
this can cause great damage to buildings, so identifying resistant wooden species can help us to select suitable
materials in areas where termite infestation is high. The aim of this study was to evaluate the tendency of M.
diversus termite for different woods by using selective and non-selective nutritional tests in laboratory
conditions.

Materials and Methods: For the collection of termites, beech wood with dimensions of 2.5 x 4 x 20 cm was
buried for two months inside the soil in an abandoned palm farm, 20 km from the city of Behbahan. After that,
the woods were removed from the soil and transferred to the laboratory. Then, parameters such as percentage of
extract material, specific gravity, lignin and cellulose content were calculated for each wooden sample.
Determination of cellulose and lignin content of woods was carried out according to the T-264cm-88 and T-
222cm-88, TAPPI standard, respectively. The measurement of extractive materials was carried out in accordance
with the TAPPI Regulation No: T 204om-881S0O-3131 standard to measure dry specific gravity.

The data was analyzed by Tukey's test using SPSS software version 17, and the significance test was
performed at 95% level using Pearson correlation test.

Results: According to the results, the percentage of eucalyptus extractives is higher than other species and all
three species have a significant difference at 95% level. All three species have a significant difference at 95%
level in amount of lignin and the highest and the lowest one was related to cypress and the beech species,
respectively.

Also, the results showed that there is no significant difference between the three species in terms of cellulose
content.

The highest level of dry specific gravity is also found in beech and the least of that belongs to the cypress. All
three species have a significant difference at 95% level. The results of non-selective test of wooden samples
showed that the cypress samples had the least weight loss and the highest weight loss was observed in the beech
samples. Eucalyptus specimens were interstitial and had a significant difference with samples cypress and beech.
Comparison of weight loss percentage in wooden samples illustrated that the lowest and the highest percentage
of weight loss belonged to cypress species and beech, respectively. However, there is no significant difference
between eucalyptus species and two other species.

Conclusion: Selective and non-selective feeding of termites revealed that in both tests, there was a
significant difference between the weight loss of cypress and beech, and the eucalyptus samples did not have a
significant difference with the other two samples. Increasing the lignin decreased wood utilization for the
termite. There is a significant difference between lignin content in these two species, the highest amount of
lignin was obtained in cypress and the least one belongs to beech. Lignin which is composed of phenyl propane
units, is known as malicious factors for pests due to the presence of aromatic groups in its structure. . The
presence of extractives in eucalyptus should not be ignored in resistance to termites too. There are a wide variety
of extractive materials in wooden species that affect wood properties such as the natural durability. The amount
of extractives along with lignin can prevent the pest infestation. In the present study, the specific gravity among
the three species was significant, and the highest and the lowest one belongs to beech and cypress, respectively.
According to the results of other researchers, it was expected that the higher specific gravity would reduce the
desirability for termites to consume wood, while our study demonstrated the effect of lignin and extractives are
more meaningful in terms of termite deterrence.

Keywords: Extractive materials, Lignin, Lignocellulose materials, Specific gravity, Termite feeding
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Table 1- ANOVA table for main effects of herbicide application alone and with surfactants on water surface tension

[CAJOVES g ¥ 193 &3l 4y b S
Source of variance Degree of freedom Surface tension
e 13 734.76**
Treatment
(k> 42 8.29
Error
() s i 6.4

Coefficient of variance

(**: Significant different at 1% probability level)
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Figure 1- Effect of mesosulfuron-methyl+sulfosulfuron (Total®) application with different surfactants concentrations on
distilled water surface tension
Means with the same letter are not significantly different (P<0.01) according to Least Significant Different (LSD) test.
DW: Distilled Water, T: Total®, T+Al: Total®+Adigor (1%), T+A2: Total®+Adigor (2%), T+P1: Total®+ Propel (1%), T+P2:
Total®+ Propel (2%), T+V1: Total®+Volk (1%), T+V2:Total®+Volk (2%), T+F1: Total®+Frigate (1%), T+F2: Total®+Frigate
(2%), T+D1: Total®+D-actil (1%), T+D2: Total®+D-actil (2%), T+C1:Total®+Citogate (1%), T+C2: Total®+Citogate (2%).
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Table 2- ANOVA table for greenhouse experiments traits of surfactants effects on different concentration herbicide
(mesosulfuron-methyl+sulfosulfuron (Total)R) application efficacy on Avena ludoviciana control

S e sl3l 4y Suid 539 85U &9
Source of variance Degree of freedom Dry matter Fresh weight
Sdle e 5 4.25% 134.06%*
Herbicide dose
9 o3le 12 0.04%* 2.40%*
Surfactant
el 60 0.01* 0.80%*
Herbicide dose*Surfactant
ks 234 - 0.09
Error
(F) e ey ; 23.16 20.31

Coefficient of variance

Wbl o 2oy 0 5 ) Jlais ! o jd 6y gime S )5 4 g
* **: Significant different at 5% and 1% probability level, respectively.
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Figure 2- Logistic dose-Response curves describing Avena ludoviciana fresh weight response against the dose of
mesosulfuron-methyl+sulfosulfuron (Total)R alone, and in mixture with surfactants at 1% and 2% concentration
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Figure 3- Logistic dose-Response curves describing Avena ludoviciana dry matter response against the dose of mesosulfuron-
methyl+sulfosulfuron (Total)R alone, and in mixture with surfactants at 1% and 2% concentration
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Table 3- None linear regression coefficients of surfactants effects on mesosulfuron+ sulfosulfuron (Total)® herbicide
efficacy on fresh weight of Avena ludoviciana

09381 3o + piS e

i ED10 ED50 ED90 b C D
Herbicicide+surfactant
((ZVIV) oo oy o 055 il (LU 3 5,550 23b 0,5)
(Percent concentration v/v %) (gr a.i./ha)
() sl osle g Ogsgilympdym + Jin Cgsgilpmso 1309 1705 2610  10.82 036 413
Mesosulfuron+ Sulfosulfuron (without surfactant)
() aesp + opplymsilym + Jiio Gasoflysss 647 1065 2490 592 005 401
Mesosulfuron+ Sulfosulfuron+Ferigate (1%)
(A7) ooy + Cppplpmsilyn + Usio Gasoflysse 348 991 2432 480 00l 423
Mesosulfuron+Sulfosulfuron+Ferigate (2%)
() aSgiem + Opppilymsilym + o Cpppilymso 5.39 5.95 693 5355 054 417
Mesosulfuron+Sulfosulfuron+Citogate (1%)
(A7) S5t + oyl + i Cp9ilgsie 6.45 8.52 1106 20.60 024  3.99
Mesosulfuron+Sulfosulfuron+Citogate (2%)
U) ST 53+ oyl + o 0aasilysss 435 8.81 17.24 7.18 015  4.06
Mesosulfuron+Sulfosulfuron+D-actil (1%)
V%) 51 53+ Cppilysilym + e gyl so 415 8.35 16.68 7.24 017 4.03
Mesosulfuron+Sulfosulfuron+D-actil (2%)
V) Sy + iyl + o Gasoilysse 2.78 641 1620 503 020 412
Mesosulfuron+Sulfosulfuron+Volk (1%)
V%) Sy + ipppmsilyn + o Gasoilysse 2.50 5.03 10.30 7.07 020  4.18
Mesosulfuron+Sulfosulfuron+Volk (2%)
() dis + ool + Jiin 0ppilyse 4.49 6.67 1013 1285 025  4.08
Mesosulfuron+Sulfosulfuron+Propel (1%)
(%) disn + opmsilym + Jin 0pilymsie 257 5.02 10.37 7.45 024 418
Mesosulfuron+Sulfosulfuron+Propel (2%)
() 5552l oppplmsilym + Jito Gasoflysse 2.60 6.23 14.98 5.51 020  4.03
Mesosulfuron+Sulfosulfuron+Adigor (1%)
V%) 25522] oyl Jin ippflsse 170 390 1003 524 021 414

Mesosulfuron+Sulfosulfuron+Adigor (2%)
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Table 4- None linear regression coefficients of surfactants effects on mesosulfuron+ sulfosulfuron (Total)® herbicide
efficacy dry matter of Avena ludoviciana

0938 0ol + S e

7~ ED10 ED50 ED90 b C D
Herbicicide+surfactant
((ZvIv) oo @y om0 50 dilé) (LU )3 5,550 23b 0,5)
(Percent concentration v/v %) (gra.i./ha)
(') u")ﬁ)s‘ odlo Q9 u5)9'°'19"“'?'°'19"" +. J“':"" 05)9‘89“"9}‘ 6.75 15.87 31.39 5.61 0.07 0.79
Mesosulfuron+ Sulfosulfuron (without surfactant)
(21) 508 + Ogs5ilpgym + Jiie Os5ilpgse 597 1054 3556  7.30 013 0.74
Mesosulfuron+ Sulfosulfuron+Ferigate (1%)
(A7) S8+ Ogssilggilym + Jiie 0gy5ilgogse 5.89 953 1457 1511 013 076
Mesosulfuron+Sulfosulfuron+Ferigate (2%)
Mesosulfuron+Sulfosulfuron+Citogate (1%)
(2Y) 5w + Gppilggily + Jiie 0ppilgsse 3.28 8.58 23.15 5.00 0.12 0.80
Mesosulfuron+Sulfosulfuron+Citogate (2%)
(1) J51 52+ D5y + Jiie 0gs5il5ge 4.26 9.28 20.48 6.37 0.09 0.78
Mesosulfuron+Sulfosulfuron+D-actil (1%)
(A7) JesST 6+ Gsalympilys + o 0o 4.14 743 1607 880 013  0.79
Mesosulfuron+Sulfosulfuron+D-actil (2%)
(2) S+ ppplgmsily + Jito 0gppilgmsie 5.07 7.41 17.44 5.98 0.11 0.83
Mesosulfuron+Sulfosulfuron+Volk (1%)
(27) Sy + 0gs585mpilye + Jiio 0y5ilgse 3.23 7.15 1156 1454 0.12 0.76
Mesosulfuron+Sulfosulfuron+Volk (2%)
Mesosulfuron+Sulfosulfuron+Propel (1%)
(27) o * Osa53oglym + Jeio Cpsgilzose 5.42 8.0 1624  13.06 0.13 0.76
Mesosulfuron+Sulfosulfuron+Propel (2%)
(72) 295+ Cpssilyln + Jiie 09155090 453 712 1142 1101 011 078
Mesosulfuron+Sulfosulfuron+Adigor (1%)
(77) 2951+ Cgssilyilym + Jiie 015ilgoge 3.87 7.08 11.38 8.50 0.12 0.75

Mesosulfuron+Sulfosulfuron+Adigor (2%)
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D, is the area of the upper limit and showed the measurement of crop tolerance and C is the area of the lower limit and showed

measurement of weed control. b is the gradient on ED50. ED10, ED50 and ED90 are the doses required to affect the response of
10%, 50% and 90% respectively, commonly used to compare general effects of herbicides on plants.
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Figure 4- Application relative potential of 1% and 2% surfactant concentrations (Vsurf./VVherb.) with mesosulfuron+

sulfosulfuron (Total)® herbicide on control of Avena ludoviciana dry matter (B) and fresh weight (A)

T+A2: Total®+Adigor (2%), T+Al: Total®+Adigor (1%), T+P2: Total®+ Propel (2%), T+P1: Total®+ Propel (1%), T+V2:

Total®+Volk (2%), T+V1:Total®+Volk (1%), T+D2: Total®+D-actil (2%), T+D1: Total®+D-actil (1%), T+C2: Total®+Citogate
(2%), T+C1: Total®+Citogate (1%), T+F2: Total®+Frigate (2%), T+F1: Total®+Frigate (1%), T: Total®.
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Introduction: Nowadays, concerns about side-effects of herbicides on human health and environment
leading to increase the cost of new herbicide registration or reduce the old herbicide efficacy. Surfactants could
increase the efficacy of post-emergence herbicides, due to reduction of herbicide solution surface tension.
Surfactants may improve the herbicide effects and hence, reduce the amount of used herbicide to achieve the
same results and this decreases the cost of herbicide application and the environmental effects. Surfactants are
used in order to optimize the herbicide leaf uptake. They prevent the herbicide crystallization on leaf surface,
herbicide drift and light composition. They improve the water quality for herbicide application, reduce the
contact angle of herbicide droplet and also they spread and stick the herbicide droplet on leaf surface and
facilitate the herbicide penetration into leaf cuticle. Some of surfactants are herbicide modifier, extender, and
sometimes are safener or synergist.

This study was conducted in order to determine whether the efficacy of mesosulfuron-methyl+sulfosulfuron
(Total®) herbicide on Avena ludoviciana control, could be improved by adding mineral oil surfactants.

Materials and Methods: In order to study the efficacy of different mineral oil surfactants in mixture with
Total® herbicide on Avena ludoviciana control, an experiment was conducted at research greenhouse, Faculty of
Agriculture, Ferdowsi University of Mashhad, in 2012. The study was a factorial experiment based on
Completely Randomized Block (CRB) design, with four replications. The treatments were different TotalR
herbicide concentrations (0, 5.625, 11.25, 22.50, 33.75, 45 gr a.i. /hectare) as factor A and factor B was different
surfactants (Adigor, Propel, Volk, Citogate, Frigate and D-actil at 1% and 2% (v/v)) and distilled water as
control. The seeds from Avena ludoviciana populations were collected from cropping fields of Mashhad
Agricultural and Natural Resources Research Center, and were stored at dark incubator 4+1°C, during 72 hours.
Then, the seeds were dehulled and placed in petri dishes and incubated for 48 hours at 4-5°C in darkness for
dormancy breaking. The seeds were sown in potting tray (3+3+5 cm) filled with moistened peat. The trays were
transported to germinator with 16/8 hour day/night and 20/10°C temperature. One week after sowing, when the
seedlings were at one leaf stage, ten seedlings were transplanted in each plastic pots, that filled by mixture of
soil, humus and silt (1:1:1 v/v/v). The pots were placed in greenhouse, 27+5/18+5°C, day/night. The pots were
irrigated 2 days intervals. After 1 week the plants were thinned to 5 seedlings in each pot. The treatments were
applied at 5 leaves stage by using an overhead trolled sprayer (Matabi 121030 SuperAgro 20 L sprayer, equipped
with an 8002 flat fan nozzle tip delivering 200 L/ha, 2 bar spray pressure). Four weeks after spraying, plant
biomass in each pot was harvested and recorded as fresh weight. Then, the samples were oven-dried at 75°C for
48 hours to measure the dry matter. The surface tension was measured by capillarity method. Logistic dose-
response curves was used to describe the plant response (Fresh weight and dry matter of Avena ludoviciana)
against the dose of herbicide alone or in mixture with surfactants at 1 and 2% concentration. Data were analyzed
by SAS software, and mean comparison was done by LSD test (P<5%).

Results and Discussion: Results showed that, all surfactants reduced Total® solution surface tension,
significantly. Surface tension was reduced by Citogate, D-actil, Frigate, Volk, Propel, Adigor, respectively.
ANOVA results also showed that different herbicide doses and surfactant type had significant effect on Avena
Ludoviciana dry and fresh weight. When the logistic dose-response curve was fitted for the effect of Total®
herbicide on Avena loduviciana dry matter and fresh weight, both of them showed the same trend. It was
observed that addition of mineral oils to herbicide solution improved Avena ludoviciana control. ED10, ED50
and ED9O0 as the regression coefficients are 13.09, 17.05, 26.01 gr i.a./ha for fresh weight and 6.75, 15.87, 31.39
gr i.a./ha for dry matter, respectively. In presence of surfactants, ED10, ED50 and ED90 was reduced for Avena
ludoviciana fresh weight and dry matter and this represent the surfactant effect on herbicide efficacy. Herbicide
relative potential index was more than one, when surfactants were used in mix with herbicide. Addition of all
surfactant increased the efficacy of herbicide in reducing avena biomass. The results also showed that, Adigor
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(*- Corresponding Author Email: l.alimoradi@gmail.com)
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(2% concentration) improved the herbicide efficacy 4.37 and 2.24 based on fresh weight and dry matter.
Generally, it is possible to rank the surfactants in order for their ability to enhance the efficacy of Total® solution
as Adigor, Propel, Volk, D-actil, Citogate and Frigate, respectively.

Conclusion: It is concluded that surface tension reduction ability may not be a correct index for surfactant
selection. The efficacy improvement of tested herbicide by using mineral oils, may be due to solubilizing,
softening, and disrupting the leaf cuticular wax by petroleum-based oils, despite the surface tension reduction of
herbicide solution. This process can improve retention and diffusion of active ingredient of herbicide into
cuticular wax. Consequently, more active ingredient arrives to site of action and a subsequent increases the
effectiveness of herbicide.

Proper surfactant selection is a key factor for efficacious weed management via reducing herbicide rate,
which is a main research priority. This research demonstrated that when surfactants were tank mixed with tested
herbicide, the herbicidal efficacy on Avena ludoviana species significantly improved.

Keywords: Adigor, Surface tension, Surfactant
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Table 1- Mean Square (MS) related to the effect of the simulated trifluralin herbicide residues in soil on plant characteristics
(percent of control)
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Figure 1- The percentage of emergence of plants in response to simulated trifluralin herbicide residue in soil
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Figure 2- Mean comparison the effect of trifluralin herbicide residues in soil on plants shoot and root biomass
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Table 2- Mean comparison related to plants root and shoot dry weight (percent of control) in different concentrations of
trifluralin herbicide in soil
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Table 3- Parameters estimated fitting 3 and 4 parameter logistic model to root and shoot dry weight of plants to trifluralin

residue in soil
obls c b d EDso EDso P value
Plants
) ) 038 St 60.60(3.92)  8.71(4.41)  96.76(1.96)  0.15(0.015) 0.569(0.194)  0.05
pAS Root biomass
Wheat  olpe sloplilosgionss 2050716 420(321)  948(1.9)  0.201(0.051) 094(0.064)  0.051
Shoot biomass
k) 0358 St 16.64(1)  1.99(0.85)  92.43(246)  0.082(0.007) 0.324(0.092)  0.021
Pee Root biomass
Barley il sboplblogicus; 070500 88)  221(19)  9258(25) 0.104(0022) 087(0.99)  0.022
Shoot biomass
) 0398 S 0.053(0.01)  88.08(5.15) 0.066(0.011) 0.493(0.33)  0.0005
59 Root biomass -
Millet — (also sl plad o3gicans 0.755(0.16)  96.32(3.15) 0.079(0.004) 2.416(1.89)  0.004
Shoot biomass —
. k) 0358 Gt 0.043(0.09)  94.11(6.08) 0.043(0.014)  0.658(0.5)  0.00015
£ oS Y9 Root biomass -
Sorghum oy slo plil o35 145(0.20)  87.55(1.98) 0.048(0.011) 0.743(0.453)  0.004
Shoot biomass —
, ) 0398 S 50.05(3.8) 10.15(10.85) 90.61(1.72) 0.136(0.012) 0.358(0.084) 0.0138
g Y Root biomass
Wildoat oy o pll o35 1.08(0.21  9365(2.2) 0.132(0.014) 0.361(0.13)  0.0015
Shoot biomass
) 0358 St 66.66(3.92  591(2.24) 101.112(1.9) 0.162(0.022) 0.603(0.213)  0.009
doxgy Root biomass
Alfalfa 2los o il ogcws) 61 506y 255(095)  121.5(2.03)  0.164(0.025) 0.625(0.264)  0.025
Shoot biomass
) 098 St 52.61(456)  5.84(21)  98.56(1.86) 0.126(0.01) 0.346(0.072)  0.0063
s Root biomass
Cucumber il o plil e3icams 26 3105 17)  124(0.83)  107.15(24)  0.141017) 0.453(0.152)  0.017
Shoot biomass
.)J.\Jl’.’wldl]a}%{e

*Standard error

oL Glyie 4 o5 obS ade) 51 (Vo) +) ohen 5 (SediSasl
035bosl e sy c0y9) Ugdlp slaisile bli 4 olus
O gy cptiee Cpl 53,5 oslatwl S b iSile oyl
bl (gl oolus g w87 39 i 4] Jo8 4y Jobo
obels 4 o)lus jlgpSole glm S p i dile Ll
P ) ohlSer 5 STlE Cldllae (S5 53 1Ldg05 (Byre (wolus
gy Vo 3, Slee dlinl g Sialey a5 Woly Lis 5g3 vl
85 B gl 5 2 )8 palie U5 o5 ely; BV
3l J o Jlw S LS 15 )5 VAV la ) 45 (g sk
o Sl k3 S 5Slae S 2imys ¥ gl

Pl a Cuws ddyy e Cawles ol L dllue )

ol & by Slallas )3 we cpl 4 225 b sl 2lgn
e slajaslis 5l Some lS ady ) ub) da iScale susloudl
SLE: e g oS e (Ll 4 baiss Cowlas (2b5)] 5
Lilysasasg Ll ol gliise 539y 00 jlod 0 b)) Jles!
oA gl sy (lse 4 Sils g5 g (AL
L (V) olySan g U1 bl ol 5 5 oo odlitl LiSile (sbli,
SLl Gy ¥l ey J3,5 ol adyy Jsbo s Sojll I eslan
250,85, LS 51 s JLa ) g5l S iScale

1- Flucarbazone



IWAA Sl ojlads FY ler (((65,9L58 glio 3 poke) LS cbilis 4,8 PF

S g ey 5 pScale bl 4 ules (lalS lyie 4 L ot GLli 4 B9 g 92 d Copnd puS il Joods
OLaLS (rtwcanm ) Gialojl b9y £ 4 baape o Wlod S (Byma 2oy 3 (VW) QS Galtiee 1 05 (B2 o)) wlodges pasuis
A8l oo L (V) pasS cdosign e 2l BV ciunj o 315 () (31 (V)
<l
140 A
©-  Alfalfa
A Avena
120 —+- Larely
o > oCucumber
% ° -0~ BPanicum
.= NN oo e o¥"Sorghum
L — e N
3'\ S \ X
—_ o\o IS | <
NS £ 80
17 3
% IS +
)
3 E 60 —
I8
38
- 40
20
T T T T T
0 0.1 1 10 100
(S Sk > o5 e) oyl 3 clale
Trifluralin concentrations (mg a.i. kg ** soil)
120 — - Alfalfa
A JAvena
- \ =+ barely
§= ———> X @eucumber
: o0 NS -3 anicum
= i St St N L Db Sy
25 o= At
285 : \'-.;\\
52 e 8] ) Ay
Y o S v X\
NS
;j a 60
y8
. o)
I3 0 -
T H
3 v
i 20 T T T T T
0 0.1 1 10 100

(S5 2S5k 53 25 ko) onllghin 5 clale
Trifluralin concentrations (mg a.i. kg * soil I)

S dile it GBS 41.(0) 05 (%) 095 9m (+) 0331 (A) 92 (0) Y52 () (orlg (eIl o (W) iy 0395 Comn ey — € JSWS
S ol oty 55

Figure 4- The response of root biomass (a) shoots biomass (b) of oat (o) barley (A) millet (+) sorghum (*) wheat (o). To
different concentrations of trifluralin herbicide in soil
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Introduction: Trifluralin is one of the important soil applied selective, pre-sowing or pre-emergence
herbicide used to control many annual grasses and broadleaf weeds in a large variety of arable and horticultural
crops. It is a generally regarded as a moderately persistence herbicide with a half-life of 1.5 to 6.5 months.
Several factors determine the length of time herbicides persist and their carryover. These factors fall into three
categories: soil factors, climatic conditions, and herbicide properties. Soil related factors including soil
temperature, soil texture, and soil moisture and soil organic matter are the most important factors in herbicide
persistence. However physicochemical of herbicide such as absorption properties are also important factor. So
different herbicides may have different persistence in soil and have different effects on agroecosytems and also
on subsequent rotational crops. Normally residual herbicides extend the period of weed control, and increase the
efficiency of weed management efforts. However, they may persist longer than desired and injure or Kill
subsequent rotational crops. Most herbicide labels include crop rotation guidelines, but rotational restrictions are
often not listed for many crops. Several experiments have demonstrated that trifluralin herbicide can persist in
the soil and carryover to affect succeeding crops. Some crops tolerate a particular herbicide residue and can be
replanted soon after that herbicide is applied, while other crops remain sensitive to the herbicide for a longer
time after application. This experiment was conducted to investigation of some plants sensitivity to soil residue
of trifluralin in greenhouse conditions.

Materials and Methods: To evaluate the sensitivity of some plants to simulated trifluralin soil residues, an
experiment was conducted based on completely randomized design as factorial layout and four replications in
Research Greenhouse of Faculty of Agriculture, Ferdowsi University of Mashhad. Treatments included seven
plants (sorghum, millet, barley, wheat, oat, alfalfa and cucumber) and eight levels of concentrations of simulated
trifluralin residue in soil (0, 0.002, 0.004, 0.021, 0.043, 0.046, 0.086 and 0.129 mg a.i. kg™ soil). Trifluralin
aquatic solution incorporated to soil and transported to the plastic pots with a 15-cm diameter. Plants emergence
percentage was recorded and their shoot and root biomass were measured 35 days after emergence. The data
were statistically analyzed using analysis of variance, and differences among mean values of treatments were
compared by Duncan's test using SAS software. For determination the required dose of herbicides to reduce
50% of plants response (ED50), the dose response curves were fitted simultaneously using the following three-
parameter logistic dose-response model with the lower limit equal to zero.

g
f(x (b.de)) = 1+exp[bloglx) —logre 17}

Where f is the response (above ground dry weight and root dry weight), d is the upper limit, b is the curve
slope, e denotes the dose required to give a response halfway between the upper and lower limits (EDso); and X is
the herbicide concentration in soil. The validity of the above model and the comparisons between the parameters
were made using F-test for lack-of-fit with a 5% level of significance.

Results and Discussion: Results showed that trifluralin residue decreased plants mergence and shoot and
root biomass. By increasing the trifluralin soil residue, reduced all above mentioned parameters significantly
(p<0.01) in all plants. Plants showed different response (p<0.01) to trifluralin soil residue. The highest and the
lowest percent shoot and root dry weight to control treatment were observed in alfafa and sorghum, respectively.
Based on ED50 parameter, alfafa (0.164 mg a.i. trifluralin kg* soil) and sorghum (0.048 mg a.i. trifluralin kg
soil) appeared the most tolerant and the most sensitive plants to trifluraline soil residue, respectively. The other
crops sensitivity to trifluralin in soil residue followed the following order: sorghum> millet >barley> wild oat >
wheat > cucumber >alfafa.

Conclusion: According to the results, trifluralin residue in soil can affect the growth of rotational crops
specially sorghum and millet. Therefore, regarding to the distance planting of sensitive crops after trifluralin
application is necessary. Based on the results, plant response to trifluralin residues in soil were different
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significantly. However some sensitive plants such as sorghum and millet may be used for soil residue of
trifluraline in bioassay experiments.

Keywords: Alfalfa, Barley, Bioassays, Cucumber, Millet, Sorghum, Wheat, Wild oat
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Table 1- Longitude and Latitude Range of Cities in Guilan Province

bl Jsb bl yia (55
Longitude Latitude
Min J5lss Max pS1as Min J3las Max yS 1>
(mm) agds  (hdd) 4>,  (mm) aids  (hdd) 4>,  (mm) aids  (hdd) 4>, (mm) aids  (hdd) as,»
"M 32 48 36 50 33 36 27 38
Guilan
I kool
34 48 53 48 15 38 27 38
Astara
4yl ]
46 49 11 50 11 37 28 37
Astane ashrafyeh
oA 0 50 17 50 48 36 8 37
Amlash
e . 11 49 41 49 23 37 34 37
Anzali
o 32 48 3 49 33 37 16 38
Talesh
<y 27 49 55 49 1 37 27 37
Rasht
Peilyd) 40 48 13 49 25 37 40 37
Rezvanshahr
423 11 49 5 50 33 36 7 37
Roudbar
729 6 50 37 50 38 36 12 37
Roudsar
“Fh e 43 49 9 50 41 36 11 37
Siahkal
s 10 49 32 49 57 36 18 37
Shaft
podasso 3 49 31 49 15 37 30 37
Somesara
o9 52 48 27 49 1 37 17 37
Fouman
Ob“;’fb\! 45 49 13 50 5 37 23 37
Lahijan
295 55 49 16 50 56 36 19 37
Langaroud
Juote 43 48 11 49 15 37 29 37
Masal

S (65y5liS ol Glojls spie
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Table 2- Frequency, field uniformity and coverage of some weed species of floating and submerged rice fields of
Guilan province

3, &g &y odlgils el S &0 50 )3 gy Jo 5
Row Specie type Family Frequency Uniformity Coverage (m?)

1 Azolla filiculoides Salviniaceae 34.51 18.69 24.316

2 Lemna minor Lemnaceae 28.27 12.50 6.030

3 Algue blue-green Cyanophyceae 17.26 7.51 6.936

4 Najas marina Hydrocharitaceae 12.06 5.59 4.798

5 Ranunculus aquatilis Rananculaceae 3.12 0.89 0.373

6 Najas minor Hydrocharitaceae 2.70 1.18 0.645

7 Riccia glauca Ricciaceae 2.49 0.93 0.147

8 Azolla pinnatae Salviniaceae 1.66 1.10 1.876

9 Salvinia natans Salviniaceae 0.83 0.36 0.016

10 Chara vulgaris Characeae 0.42 0.21 0.023

OWS Ol (U 0 VT 55 E5 52 150 5,08l o0 435 ¢ Cadle (B LS g 05155 ¢ FBIPS0 ¢ Flgl 2 - Jga
Table 3- Frequency, uniformity, density and dominance index of 10 important species of weed in rice fields in 16 regions of
Guilan province

3, Ui e joadile aigs Slol2 By (e ST Gl adld
Row Cities Weed specie Frequency Uniformity Density (m?) dominance index
Echinochloa crussgalli 3.326 1.318 0.138 4.782
Paspalum distichum 3.326 1.104 0.285 4.715
Eclipta prostrata 2.287 0.748 0.157 3.191
Echinochloa oryziodes 2.079 0.499 0.020 2.598
Cyperus esculentus 2.079 0.356 0.093 2.528
I ko] Cyperus serotinus 1.871 0.427 0.046 2.344
1 Astara Cyperus difformis 1.247 0.427 0.218 1.893
Alisma plantago-aquatica 2.079 0.499 0.020 2.598
Nasturtium officinale 2.079 0.356 0.093 2.528
Bolbosoenus maritimus 1.871 0.427 0.046 2.344
Echinochloa crussgalli 7.277 3.383 1.003 11.663
Paspalum distichum 6.861 2.671 0.745 10.277
Cyperus esculentus 5.198 2.244 0.613 8.054
Echinochloa oryziodes 3.950 0.855 0.048 4.853
Eclipta prostrata 2.703 0.534 0.051 3.288
Ammannia multiflora 2.079 0.712 0.123 2.914
ab s aile] Cyperus serotinus 2.079 0.605 0.084 2.768
Astane ashrafyeh Sagittaria trifolia 2.079 0.641 0.036 2.756
Butomus umbellatus 1.871 0.677 0.094 2.642
Xanthium strumarium 1.871 0.677 0.090 2.637
Echinochloa crussgalli 6.445 2.315 0.306 9.066
Paspalum distichum 5.198 1.887 0.507 7.592
Eclipta prostrata 4574 1.318 0.167 6.058
Echinochloa oryziodes 4.366 0.997 0.054 5.417
Cyperus esculentus 3.950 1.745 0.936 6.631
Monochoria vaginalis 3.534 2.244 0.712 6.490
el Polygonum persicaria 2911 1.068 0.070 4.049
3 Amlash Cyperus difformis 1.871 0.926 0.360 3.157
Ludwigia epilobioides 1.871 0.534 0.048 2.454
Cyperus serotinus 1.455 0.570 0.067 2.092
Echinochloa crussgalli 2.287 1.104 0.332 3.723
Paspalum distichum 1.871 0.926 0.470 3.267
Cyperus esculentus 1.871 0.712 0.125 2.709
Eclipta prostrata 1.247 0.641 0.182 2.071
Echinochloa oryziodes 1.455 0.249 0.011 1.716
Ji Cyperus difformis 1.040 0.178 0.021 1.239
- Sagittaria trifolia 0.832 0.321 0.021 1.173
4 Anzali Cyperus fuscus 0.624 0.142 0.051 0.817

Cyperus serotinus 0.624 0.142 0.010 0.776
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Bidens tripartita 0.624 0.107 0.007 0.738

Paspalum distichum 4.990 1.852 0.480 7.322

Echinochloa crussgalli 3.742 0.926 0.134 3.742

Alisma plantago-aquatica 3.326 1.246 0.154 3.326

Cyperus esculentus 2.703 0.819 0.141 2.703

Cyperus serotinus 2.703 0.712 0.071 2.703

Sagittaria trifolia 2.703 0.534 0.023 2.703

Pl Echinochloa oryziodes 2.287 0.641 0.081 2.287
5 Talesh Eclipta prostrata 2.495 0.463 0.026 2.495
Bidens tripartita 1.871 0.463 0.020 1.871

Polygonum persicaria 1.663 0.356 0.017 1.663

Echinochloa crussgalli 10.395 4.594 1.090 16.079

Paspalum distichum 10.395 4.167 1.399 15.961

Cyperus esculentus 7.484 3.063 1.423 11.970

Echinochloa oryziodes 7.900 1.887 0.132 9.920

Cyperus serotinus 4.990 1.246 0.140 6.376

Cyperus difformis 3.950 1.140 0.379 5.469

Cudy Sagittaria trifolia 3.950 1.140 0.056 5.145

6 Rasht Potamogeton nodosus 3.534 1.389 0.212 5.135
Eclipta prostrata 3.534 1.211 0.228 4973

Alisma plantago-aquatica 2.703 0.783 0.043 3.529

Alisma plantago-aquatica 2.495 0.926 0.085 3.506

Paspalum distichum 2.287 0.890 0.207 3.384

Echinochloa crussgalli 2.287 0.926 0.085 3.298

Cyperus esculentus 1.663 0.534 0.107 2.304

Cyperus serotinus 1.663 0.392 0.047 2.102

Bidens tripartita 1.455 0.285 0.017 1.757

Reislgs, Echinochloa oryziodes 1.455 0.285 0.014 1.754
7 Rezvanshahr Xanthium strumarium 1.247 0.285 0.020 1.552
Eclipta prostrata 1.040 0.356 0.071 1.467

Schoenoplectus juncoides 1.040 0.249 0.021 1.310

Bolbosoenus maritimus 5.198 3.348 1.332 9.877

Echinochloa crussgalli 4.990 1.425 0.281 6.695

Paspalum distichum 3.742 1.460 0.265 5.467

Echinochloa oryziodes 1.663 0.285 0.016 1.964

Eclipta prostrata 1.455 0.321 0.031 1.807

Cyperus difformis 1.455 0.321 0.028 1.804

Hbdg, Ammannia multiflora 0.832 0.321 0.030 1.182
8 Roudbar Cyperus fuscus 0.832 0.214 0.013 1.058
Alisma plantago-aquatica 0.832 0.178 0.009 1.018

Schoenoplectus juncoides 0.624 0.249 0.115 0.988

Echinochloa crussgalli 12.308 4.672 0.6177 17.598

Paspalum distichum 9.813 3.704 1.1009 14.617

Echinochloa oryziodes 9.647 2.336 0.1481 12.131

Cyperus esculentus 6.653 2.764 1.2353 10.652

Cyperus difformis 6.320 2.536 1.2274 10.083

Monochoria vaginalis 5.655 2.621 0.7430 9.019

Eclipta prostrate 6.819 1.795 0.2256 8.840

7929 Sagittaria trifolia 4.491 1.311 0.0729 5.874
9 Roudsar Alisma plantago-aquatica 3.326 0.798 0.0456 4.170
Potamogeton nodosus 3.160 0.741 0.1607 4.062

Echinochloa crussgalli 5.613 2.564 0.641 8.818

Paspalum distichum 4.366 1.923 0.496 6.785

Cyperus esculentus 3.742 1.781 0.645 6.168

Eclipta prostrata 3.326 0.997 0.145 4.469

Echinochloa oryziodes 3.534 0.783 0.036 4.353

Cyperus difformis 2.495 1.175 0.595 4.265

JSalow Sagittaria trifolia 2911 0.855 0.050 2911
10 Siahkal Cyperus serotinus 2.703 0.855 0.134 2.703
Alisma plantago-aquatica 2.079 0.463 0.019 2.079

Marsilea quadrifolia 1.247 0.392 0.085 1.725

Paspalum distichum 1.87 0.78 0.218 2.873
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Cyperus esculentus 1.25 0.43 0.179 1.854
Echinochloa crussgalli 1.25 0.36 0.067 1.670
Cyperus difformis 1.25 0.36 0.046 1.649
Eclipta prostrata 1.25 0.28 0.017 1.549
Echinochloa oryziodes 0.83 0.14 0.009 0.983
Cyperus serotinus 0.62 0.21 0.034 0.872
Polygonum persicaria 0.62 0.18 0.007 0.809
Nasturtium officinale 0.62 0.11 0.009 0.739
Sagittaria trifolia 0.62 0.11 0.007 0.738
Cyperus esculentus 3.12 1.32 0.745 5.181
Echinochloa crussgalli 3.12 1.28 0.164 4.564
Paspalum distichum 2.70 1.14 0.379 4.221
Eclipta prostrata 2.70 0.82 0.137 3.659
Echinochloa oryziodes 2.29 0.50 0.020 2.805
Cyperus serotinus 1.66 0.46 0.093 2.219
Ammannia multiflora 1.04 0.71 0.137 1.889
Ammannia baccifera 1.04 0.46 0.060 1.562
Sagittaria trifolia 1.04 0.32 0.017 1.377
Alisma plantago-aquatica 0.83 0.25 0.013 1.094
Echinochloa crussgalli 4.37 1.42 0.100 5.890
Paspalum distichum 3.95 1.21 0.276 5.437
Cyperus esculentus 2.70 1.03 0.322 4.057
Eclipta prostrata 2.70 0.82 0.111 3.633
Cyperus difformis 2.29 1.07 0.258 3.613
Echinochloa oryziodes 2.29 0.53 0.034 2.855
Cyperus serotinus 2.08 0.61 0.097 2.781
Ludwigia epilobioides 1.25 0.78 0.195 2.226
Sagittaria trifolia 1.66 0.39 0.024 2.079
Cyperus fuscus 1.25 0.32 0.030 1.598
Echinochloa crussgalli 9.771 4.095 1.654 15.521
Paspalum distichum 7.484 2.635 0.711 10.831
Cyperus esculentus 6.029 2.635 1.360 10.025
Echinochloa oryziodes 7.692 1.709 0.094 9.496
Sagittaria trifolia 6.237 2.101 0.138 8.476
Eclipta prostrata 5.613 1.781 0.293 7.687
Cyperus serotinus 4.158 0.997 0.114 5.269
Alisma plantago-aquatica 3.742 0.890 0.054 4.687
Potamogeton nodosus 2911 0.962 0.175 4.047
Ammannia multiflora 3.119 0.641 0.054 3.814
Echinochloa crussgalli 7.90 2.81 0.660 11.373
Paspalum distichum 6.03 2.35 0.577 8.956
Cyperus esculentus 4.37 2.10 1.244 7.711
Eclipta prostrata 5.20 1.42 0.278 6.900
Echinochloa oryziodes 5.20 1.21 0.066 6.474
Monochoria vaginalis 3.53 1.78 0.917 6.232
Cyperus serotinus 3.12 0.85 0.073 4.046
Cyperus difformis 2.08 1.00 0.930 4.006
Ludwigia epilobioides 2.49 0.78 0.080 3.358
Alisma plantago-aquatica 2.29 0.61 0.041 2.934
Paspalum distichum 2.08 0.61 0.1652 2.850
Cyperus esculentus 1.46 0.57 0.1610 2.186
Cyperus serotinus 1.66 0.43 0.0527 2.143
Echinochloa crussgalli 1.66 0.43 0.0256 2.116
Alisma plantago-aquatica 1.04 0.39 0.0214 1.453
Eclipta prostrata 1.04 0.36 0.0427 1.438
Cyperus difformis 1.04 0.28 0.0513 1.376
Echinochloa oryziodes 1.04 0.25 0.0142 1.303
Sagittaria trifolia 0.62 0.14 0.0057 0.772
Polygonum persicaria 0.62 0.11 0.0057 0.736
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Table 4- Frequency, uniformity and coverage % of three important species of floating and submerged weeds in rice fields in
16 regions of Guilan province

3, &S g o3lgls Sols2 SISy &0 Fo yd Lyiigy Juo yd
Row Specie type Family Frequency Uniformity Coverage (m?)
Azolla filiculoides 2.495 1.531 2.27
|kl Lemna minor 1.040 0.285 0.02
1 Astara Riccia glauca 0.208 0.107 0.05
Algue blue green 2.287 0.855 0.627
T Azolla filiculoides 1.663 0.748 0.863
2 4 ) ailwl .
Astane ashrafyeh Lemna minor 1.663 0.641 0.114
Azolla filiculoides 2.911 2.066 3.07
il Lemna minor 1.247 0.570 0.34
3 Amlash Algue blue green 0.624 0.321 0.29
Azolla filiculoides 2911 2.066 0.01
I3 Lemna minor 0.832 0.356 0.11
4 Anzali Azolla pinnates 0.208 0.107 0.01
Azolla filiculoides 2911 1.531 1.516
St Lemna minor 1.455 0.534 0.095
S Talesh Najas marina 0.832 0.214 0.135
Azolla filiculoides 3.119 1.460 2.001
) Algue blue green 3.119 1.318 1.375
6 Rasht Lemna minor 2.703 0.926 0.563
Azolla filiculoides 1.455 0.712 1.03
silo Algue blue green 1.040 0.321 0.22
7 e Najas mari 0.832 0.249 0.21
Rezvanshahr ajas marina : : :
Najas marina 2.079 1.460 1.191
3o Lemna minor 1.247 0.748 0.752
8 Roudbar Algue blue green 1.040 0.534 0.425
Azolla filiculoides 6.861 3.846 4,534
39 Lemna minor 6.653 3.490 1.658
9 Roudsar Algue blue green 2.703 1.211 0.836
Azolla filicu_loides 2.495 1.389 0.94
10 ISl Lemna minor 1.663 0.855 0.16
Siahkal Algue blue green 1.040 0.534 0.31
Azolla filiculoides 1.247 0.463 0.588
s Lemna minor 0.208 0.036 0.007
11 Shaft Najas marina 0.208 0.036 0.003
s oo Lemna minor 1.040 0.534 0.523
s Azolla filiculoides 0.832 0.392 0.343
12 Somesara Algue blue green 0.416 0.178 0.195
Azolla filiculoides 1.871 1.068 1.81
cpos} Lemna minor 1.247 0.605 0.07
13 Fouman Algue blue green 0.832 0.356 0.20
Lemna minor 3.119 1.246 0.474
RN Azolla filiculoides 2.287 1.318 2.208
14 o
Lahijan Algue blue green 1.871 0.677 0.652
Azolla filiculoides 3.119 1.567 2.596
- Lemna minor 2.703 1.033 0.719
15 '>9)'i‘J
Langeroud Algue blue green 0.832 0.356 0.306
Algue blue green 1.040 0.677 1.246
Azolla filiculoides 0.832 0.427 0.541
Juke :
16 Lemna minor 0.832 0.321 0.242

Masal
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Table 5- Quantitative indices of weed distribution in various regions of Guilan Province

a3y lwesd Ry o9l padlS gmmenw et (BIgSs sl

Row Cities Shanon index Sympson index Uniformity index
1 Talesh 2.850 0.916 0.795
2 Rezvanshahr 2.740 0.909 0.806
3 Fouman 2.590 0.896 0.734
4 Roudsar 2.640 0.892 0.686
5 Siahkal 2.530 0.885 0.717
6 Langeroud 2.450 0.877 0.640
7 Astaneahrafyeh 2.580 0.874 0.690
8 Amlash 2.360 0.865 0.654
9 Astara 2.230 0.863 0.677
10 Rasht 2.420 0.858 0.632
11 Lahijan 2.420 0.843 0.632
12 Somesara 2.340 0.834 0.688
13 Masal 2.180 0.904 0.654
14 Shaft 2.050 0.815 0.637
15 Anzali 1.990 0.787 0.618
16 Roudbar 1.970 0.749 0.568
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Introduction: The culture of man and rice have historical and profound relationships. Rice (Oryza sativa L.)
has an inescapable role in providing food, economy, religion and civilization in many countries of the world.
Weeds are among the most important factors affecting crops such as rice. Successful weed control is essential for
rice production. Grasses, broad-leaved, sedges, ferns and algae are the weeds of Guilan rice fields. Infestation of
weeds in a field can be described by three characteristics of the number of available weed species, the density of
each species and the distribution of species in the field. The species in a field are almost constant from year to
year, but the other two factors vary greatly in response to the environment, agronomic plans and weed
management practices. However, detailed information on the presence, composition, abundance, importance and
ranking of weed species depends on weed management strategies with average yield of rice. The objective of
this study was to investigate rice weed community richness and composition in the Guilan province, Iran during
2014 and 2016 and their relationships with management.

Materials and Methods: The study was conducted in Guilan province (between 36° 34' to 38° 27' latitudes
and 48° 53' to 50° 34' longitudes), northern Iran, with 14044 kilometer square of area. 481 fields were selected
from 10 days after transplantation to the end of panicle formation. Taking the area of each field into
consideration, 0.25 m? quadrats were done for sampling using a W-shaped sampling pattern. The weeds at each
quadrat were counted and their genera and species were identified. The Frequency, field uniformity over all
fields, density of the weeds in each field, the mean weed density of the visited fields, and dominance of the
various species in each region were determined. The Simpson index (D) gives more importance to the common
species, but the Shannon-Wiener index (H) puts greater importance on rare species. After collecting the data and
making the calculations required for determining the population indices, this information created the main layer
in the project, and was then designed in the format of a databank.

Results and Discussion: 66 weed species were identified in rice fields of Guilan province, which belonged
to 29 families. According to the dominance index of weed, Echinochloa crussgalli was the highest among 66
identified species in Astaneasharafyeh, Amlash, Anzali, Rasht, Roudsar, Siahkal, Fouman, Lahijan and
Langroud. Alisma plantago-aquatica had the highest prevalence index in Rezvanshahr. Paspalum distichum was
one of the dominant species in shaft, Talesh and Masal regions, having the highest dominance index. Cyperus
difformis had the highest dominance index in Somesara. Bolbosoenus maritimus was one of the most important
weeds in rice fields located in Roudbar with dominance index equal to 9.9. Azolla filiculoides in 11 regions of
Guilan had the highest frequency among floating and submerged weeds in 16 regions. The green algae were the
dominant weeds at Astaneasharafyeh and Masal. In the both of regions of Somesara and Lahijan, Lemna minor
was the most abundant aquatic weeds. Najas marina is the herbaceous plant having the highest abundance
among floating and submerged species in Roudbar. The Shannon-Weiner and Simpson indices were the highest
in Talesh (2.85 and 11.93, respectively) and the lowest in Roudbar (1.97 and 3.99, respectively). Uniformity
index in Rezvanshahr had the largest quantity equal to 0.806.

Conclusion: Identification of weeds is the most important action for weed management. Weed flora
composition in rice fields of 16 areas at Guilan Province consisted of 66 species belonging to 29 families.
Roudsar and Langaroud regions were the most dominant sites with a total of 47 weed species followed by Rasht
and Lahijan (46 sp.), Astaneasharafyeh (42 sp.), Amlash (37 sp.), Talesh (36 sp.), Fouman and Siahkal (34 sp.),
Roudbar (32 sp.), Rezvanshahr and Somesara (30 sp.), Masal (28 sp.), Astara (27 sp.) and Shaft and Anzali (25
sp.). Ten species, three grass (narrowleaf) species (E. crussgalli, P. distichum, and E. oryzoides), three sedge
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species (C. esculentus, C. serotinus, and C. difformis), four broad-leaved species (E. prostrata, S. trifolia and A.
plantago-aquatica), and one fern species (A. filiculoides) were the most widespread and of the highest
abundance. Frequency, density and dominance of weeds according to the rice ecosystem in different regions can
be changed. Due to lack of knowledge on identification and effective weed control factors, the weeds population

is growing. Therefore, assessing the management role in changing the weed communities structure of species
diversity can be useful to improve weed control.

Keywords: Dominance, Shannon-Weiner, Species diversity, Weed
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Table 1- Characteristics of herbicide treatments in the experiment
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Table 3- Analysis of variance results for herbicide residue effects in cotton growth (2014)
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S.0.V. Df +0/+) +0/ye 0¥ Shootdry  Root dry
23Jul 06Aug 21Aug weight weight
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Treatment
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Error
et 18.05 12.28 14.15 15.23 2441
C.V.(%)
s Hld ixo puf g +/+0 g )3 B gime oo/ + ) phaw jd 45 xe ud 4 NS o F X

** *and ™ are significant at 1%, 5% and non-significant, respectively.
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Figure 1- Average of cotton height (30 days after emergence, 23-07-2014) in experimental plots
Means within a column followed by the same letter are not significantly different according to the LSD tests at the 0.05 probability
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Figure 2- Average of cotton shoot and root dry weight (30 days after emergence, 23-07-2014) in experimental plots
Means within a column followed by the same letter are not significantly different according to the LSD tests at the 0.05 probability
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Table 4- Analysis of variance results for herbicide residue effects in cotton yield
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C.V.(%)
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" is non-significant. + Boll number in five plants at plot, £ Boll yield in ton per hectare
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Table 5- Residue effects of sulfonylurea herbicides of wheat on plant traits in pot experiment (g/pot)
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Test plant Treatments weight (nzlg) Shoot dry weight
(mg)
Gl gudlye 9.745bc 7.470°
Sulfosulfuron
2hoyaet (9558 guogdot (9,58l guses 10.668% 8.093P
Mesosulfuron+lodosulfuron+Mefenpyre
eSOl 10.688% 10.070°
A Triasulfuron+Dicamba
Cotton .L'}i);%)HO?ﬁ“’J?“’U): 10.855? 9.275?
Triasulfuron+Terbotryn
O?)?‘d?“’?ﬂ?“""O?)?ﬂ?“’a“ 9.422¢ 7.425bP
Metsulfuron+Sulfosulfuron
(isdle 194) u‘“"’JJQB ol 11.030? 9.683?
Control (Herbicide Free)
Sulfosulfuron 1.447° 5.247°
Mesosulfuron+lodosulfuron+Mefenpyre 3.250? 7.0872
e Triasulfuron+Dicamba 3.1257 7.2972
Barley Triasulfuron+Terbotryn 3.185?2 7.2672
Metsulfuron+Sulfosulfuron 0.745°¢ 4.692°
Control (Herbicide Free) 3.277° 7.3028
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1518 Triasulfuron+Dicamba 10.3472 8.275b
Canola Triasulfuron+Terbotryn 8.4320 7.600°
Metsulfuron+Sulfosulfuron 7.160° 6.090°¢
Control (Herbicide Free) 10.6922 14.4972
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Introduction: Cotton as a second crop is planted at some relatively warm and dry conditions in rotation after
wheat, in Iran. In this situation, herbicide residue persistence is a determining factor for cotton production. Seven
sulfonylurea herbicides were registered for weed control of wheat in Iran and some of them may have adverse
residue effects on growth and yield of cotton. Sulfonylurea herbicides at very low doses, inhibit synthesis of
essential amino acid such as leucine, iso-leucine, and valin in the sensitive plants. Many studies demonstrated
that there is dangerous residue of sulfonylurea herbicide in a soil with high pH, low moisture and organic matter
level, and with the short time between herbicide application and the emergence of the following crop. For
example, 135 days after application of metsulfuron, triasulfuron, and chlorosulfuron, cotton biomass was
reduced by 23% to 67% in a soil with pH ranged 7.8 to 8.6 (6). In the other studies, sulfosulfuron residue caused
damage to barley, lens, sorghum, and sunflower as sensitive crop after one year (16, 20). Residue of triasulfuron
(at 22 gr.ha') one year after application made injuries to alfalfa, canola, corn, potato and sugar beet (21).

Materials and Methods: This study was conducted during 2013-2014 to evaluate residue effects of some
sulfonylurea herbicides of wheat on cotton at Sarakhs region of Iran. The soil textural class was silty clay with
EC=5.62 dS.m* and pH= 8.2. The field trial was a randomized complete block design with seven treatments in
four replications. The treatments consisted of five sulfonylurea herbicide treatments as follows: 1- sulfosulfuron
(26.6 g.ha' of Apyros® 75%WG), 2- mesosulfuron + iodosulfuron + mefenpyre (1.5 L.ha of Atlantis® 1.2%
OD), 3- triasulfuron + dicamba (165 g.ha* of Lenture® 70% WG), 4- triasulfuron + terbutryn (250 g.ha* of
Logran Extra® 64% WG) and 5- metsulfuron + sulfosulfuron (40 g.ha™* of Total® 75% WG). All herbicides
applied in 3-5 leaf stage of wheat on 23th November, 2013. Furthermore, one herbicide free treatment (all season
hand weeding) was considered as the control. Immediately after wheat harvest, cotton (Gossypium hirsutum L.
var. Varamin) was planted (June 2, 2014) as the second crop in wheat spaces by a direct seeding machine.
Residue effects on cotton plants were measured by plant height, stem length and dry matter (DM). Rankings of
visual injury based on EWRC (European Weed Research Council) were recorded at four times starting seven
days after cotton emergence. Cotton was harvested on September 26, 2014 and bull number, boll yield, and fiber
yield were then determined. At the same time, residual bioassay tests were done in completely randomized
design with four replications in the greenhouse using cotton, corn, barley, and canola. Their shoot and root dry
matters were measured three weeks after emergence. Analysis of variance and mean comparisons (LSD 5%) was
accomplished by SAS® (ver. 9.2) software.

Results and Discussion: The results showed herbicide residue from and sulfosulfuron and metsulfuron+
sulfosulfuron significantly reduced cotton plant height and dry matter in the field at the first time of sampling (30
days after emergence). However, the differences in plant heights were not significant at the second and third
sampling time owing to growth compensation after crop fertilization. It seems that metsulfuron is more
important than sulfosulfuron in cotton injury as responsible ingredient. According to the previous studies, half-
life of metsulfuron was 52 days and for sulfosulfuron was 42 days in average (28). Both of them are more
persistent in the soils with high pH and low organic matter like the soils in our experiment. Mesosulfuron +
iodosulfuron + mefenpyre residue had somewhat adverse effects on early growth of cotton and reduced shoot dry
weight, but after 50 days plants were recovered. According to Tomlin (28), half-life of mesosulfuron and
iodosulfuron was reported 38 days and 8.5 days, respectively. No adverse effect was recognized in cotton plants
from triasulfuron+ terbutryn and triasulfuron+ dicamba. Half-life is 19 days for triasulfuron and negligible for
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two other ingredients. The herbicides injures were not as much stable as cotton yields were significantly
affected. In greenhouse bioassay experiment, cotton shoot DM was significantly reduced by residues of
metsulfuron+ sulfosulfuron, sulfosulfuron and mesosulfuron+ iodosulfuron+ mefenpyre. In addition, residual
effects of metsulfuron+ sulfosulfuron and sulfosulfuron were observed on cotton root DM. Adverse effects from
metsulfuron+ sulfosulfuron and sulfosulfuron caused a significant reduction in barley. Both of these herbicides
were registered for controlling of wild barley (Hordeum spontaneum K. Koch.) in wheat fields. The most
residual injuries were observed in canola in which all traits were reduced by residues of herbicides used for
wheat.

Conclusion: According to the field experiment, we found that the residues of two herbicides Total® 75% and
Apyros® 75% lessened cotton height, dry matter of shoot and root at early growth stages. Nevertheless, the plant
was recovered with season progress especially after overtop fertilization and consequently cotton yield (boll
number, boll yield and fiber yield) was not significantly decreased. The results of pot experiment confirmed the
field results and showed that these two herbicides significantly decreased cotton growth. Besides, growth of
barley, canola and corn was affected by Total® 75%, Apyros® 75% and Atlantis® 1.2%. Therefore, metsulfuron
and sulfosulfuron have the most effective residue among all components investigated. Moreover, canola and
corn were, respectively, the most and least sensitive crops in the bioassay experiment.

Keywords: Barley, Bioassay, Canola, Corn, Second crop, Visual injury
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Figure 1- Above ground and Root dry weight response of C. album to applied
Bentazon+Acifluorfen herbicide with and without adjuvants
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Table 2- Parameters derived from fitting data by three parameter sigmoid models on above ground and root dry weight C. album and relative potency of herbicide Imazetapyr
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Figure 2- Above ground and Root dry weight response of C. album to apply Imazethapyr herbicide
with and without adjuvants
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Introduction: Weed management is one of the most important aspects of successful crop production for
supplying food for the rising population. Chenopodium album L. (common lambsquarter) is among the most
noxious weeds in the world due to its superior biology and tremendous ecological adaptations. It causes
substantial yield losses in different field crops including potato, tomato, soybean, alfalfa, watermelon, sugar beet,
and so on. Therefore, management of C. album L. is crucial for optimum crop production. Chemical
management is a very relevant method for controlling C. album. For decreasing costs of production, adverse and
edge effects of the herbicide, optimizing herbicides performance is very essential. It seems that the use of
adjuvants is the best solution method to achieve optimizing herbicides performance. Using a proper adjuvant
may be affected the performance and fate of herbicide in the environment and finally may be restrict introduced
to the food chain. Therefore, using proper adjuvants known as a key point in adjuvants applying technology.
This study was conducted for evaluating adjuvants effects on C. album control by Bentazon+Acifluorfen and
Imazethapyr herbicides.

Materials and Methods: In order to study the effects of adjuvants on the performance of
Bentazon+Acifluorfen and Imazethapyr on C. album control two separated experiments as factorial based on
completely randomized design were conducted in the research greenhouse of Faculty of Agriculture, University
of Birjand in 2016. Treatments included herbicide concentration at seven levels (0, 6.25, 12.5, 25, 50, 75 and 100
% of recommended dose) and adjuvant at three levels (turnip oil, citogate and without adjuvants) with four
replications. For increasing seed germination and breaking seed dormancy of C. album, the seeds treated by
sulfuric acid for 1 min, and then seeds washed with tap water for 10 min. Then the seeds were sown in potting
trays (3 cm x 3 cm x 5 cm) filled with moistened peat. One week after sowing, at the one-leaf seedlings stages,
they were transplanted to 2-L plastic pots filled with a mixture of sand, clay loam soil, and peat (1:1:1; v/v/v).
The pots were sub-irrigated every two days. The seedlings were thinned to four per pot at the two-leaf stage. The
spray was done at the four-leaf stage (Four weeks after sowing) by using a chargeable sprayer equipped with an
8002 flat fan nozzle tip delivering 250 L ha™ at 2 bar spray pressure. Four weeks after spraying, the above
ground tissue and roots of plant were harvested, oven dried and weighted.

Results and Discussion: The results of these experiments showed that the use of additives, especially turnip
oil, increased the efficacy of Bentazon+Acifluorfen and Imazethapyr herbicides in control of C. album. Turnip
oil and citogate increased the efficiency of Bentazon+Acifluorfen and Imazethapyr in reducing the production of
by C. album above ground tissuel.29, 1.28, 2.13, and 1.30 times, respectively. However, these values were equal
to 2.79, 1.98, 2.35, and 1.66 times for reducing the root biomass of C. album. The results of this study also
showed that the root was more susceptible to herbicides in the presence of adjuvants. Increasing
Bentazon+Acifluorfen and Imazethapyr herbicides concentrations led to decreased dry biomass produced by C.
album. Turnip oil compared to citogate showed high efficiency for improving Bentazon+Acifluorfen and
Imazethapyr performance. The results of this study showed a similar trend with other scientific reports including
Rashed mohassel et al (26) that reported the high efficiency of herbicides for controlling canary grass (Phalaris
minor Retz.) in the presence of vegetable oils compared with mineral oils.

Conclusion: The result of this study showed different response of Bentazon+Acifluorfen and Imazethapyr to
turnip oil and Citogate adjuvants. Therefore, applied proper herbicide adjuvant is a key factor in chemical weed
management because this factor reduces herbicide rates for similar weed response. Using proper adjuvants may
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be increased herbicide performance more than other adjuvants. Moreover, results of these experiments revealed
that root response was more than above ground tissue response to Bentazon+Acifluorfen and Imazethapyr
herbicides in the presence of adjuvants.

Keywords: Adjuvants, Broadleaf, Effective dose, Greenhouse, Relative potency
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Table 1- Geographical and weather parameters of seed sampling locations
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Table 2- Thermal parameters of germination, maximum germination rate and awakens index of burial seeds of Eryngium
caeruleum in soil based on light and dark conditions
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Light Burial Base temperature Ceiling Maximum Awakeness
condition  gyration temperatu (To) temperature ~ 9ermination rate index
(day) re (To) (To) (Gmax) (ai)
D 30 4.39 22.86 30 0.83 21.25 0.07
D 60 481 23.65 29.59 133 32.95 0.09
D 90 3.76 20.56 36.66 127 41.78 0.13
D 120 1.84 21.53 37.79 1.67 60.03 0.25
D 150 151 18.74 38.01 181 66.06 0.21
D 180 0 20.99 38.79 2 77.58 0.19
L 30 4.29 23.41 28.31 121 29.06 0.06
L 60 2.95 23.11 29.08 1.56 40.76 0.12
L 90 2.29 20.61 36.93 1.64 56.80 0.21
L 120 0.57 20.86 38.26 1.98 74.62 0.25
L 150 0 16.99 41.14 2.34 96.26 0.23
L 180 0 21.22 42.87 2.43 104.17 0.28
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Figure 1- Segmented model of seeds germination rate of Eryngium caeruleum to temperature with increasing burial duration
in dark conditions
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Figure 3- Germination base temperature (Tb) of Eryngium caeruleum variation with increasing burial duration in dark and
light conditions
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Table 3- The parameters values of Germination base temperature (Tb) of Eryngium caeruleum in different light conditions

wb glos b yl,b &S s9 bul
Tp Parameters Light condition
u
u‘i")b . @29) ot
Dark Light (20 pmolm-s)
a 4.82 (0.59) 4.53 (0.75)
b -23.46 (8.79) -22.67 (7.64)
X0 117.25 (10.96) 82.83 (11.66)
R?adj 0.92 0.96

a yalyb Hlde 70+ lise 4 4l slod Lials (gl p3¥ 58 ploj Cite X0 dadcws D (8> (loj Gde (e D 0l i Al slod cp YL A
a: The highest Ty in the lowest burial time, b: line slope, xo: time needed for decrease the Ty to 50% of ‘a’ parameter
Al oo b yialyl o lkiel (glas saimd glis ssly J5b slacks
*The numbers in the parentheses show the standard error of the parameters.
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Figure 4- Variation of germination optimum temperature (To) of Eryngium caeruleum with increasing burial duration in
dark and light conditions
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Figure 5- Variation of germination ceiling temperature (Tc) of Eryngium caeruleum seeds with increasing burial duration in
dark and light conditions
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Table 4- The parameters values of germination ceiling temperature (Tc) of Eryngium caeruleum seeds in different light

conditions
i glod (o ol S8 Bl
Tc Parameters Light condition
b by
Dark Light (20 umolm2s1)
a 8.45 (0.67) 13.69 (2.39)
b -20.69 (-20) -5.27 (2.61)
X0 87.31 (59.15) 83.87 (8.55)
Yo 29.74 (0.52) 27.84 (1.53)
RZadj 0.98 0.94

Jlis Y0 @ jrel)l Jlade dop3 B lise 4 b (slod LEalS gl piY (483 loj it X0 chascd D (85 loj e o yieS )3 0l il (sled (YL A
ot glod Hlade
a: The highest Tc in the lowest burial time, b: line slope, xo: time needed for decrease the Tc to 50% of ‘a’ parameter, yo: minimum Tc
WSl e eyl o lslinl (gllas saims lis sty Jab slasks
*The numbers in the parentheses show the standard error of the parameters.
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Figure 6- The response of maximum germination rate (Gmax) of Eryngium caeruleum seeds to dark and light conditions with
increasing burial time
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Table 5- The parameters value of maximum germination rate (Gmax) of Eryngium caeruleum seeds in different light

conditions
il s ST S el S 395 bl
Gmax Parameters Light condition
ug‘i)b uiub
Dark Light (20 pumolm-2s1)
b1 0.008 (0.0007) 0.007 (0.001)
bo 0.982 (0.0797) 0.716 (0.113)
R?adj 0.97 0.92

WSl o eyl o lslinl (gl saims lis sty Jab slasks
*The numbers in the parentheses show the standard error of the parameters.
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Table 6- The parameters value of awakeness index (ai) of Eryngium caeruleum seeds in different light conditions

Syl AL (sl sl )y S 9 bl
‘ai’ Parameters Light condition
b 2lid)
Dark Light (20 umolm2s1)
ba 0.38 (0.02) 0.54 (0.02)
bo 9.98 (2.42) 9.77 (2.02)
R?ad] 0.98 0.99

WSl o b yelyl o lslinl (gl s lis sty Jab slasks
*The numbers in the parentheses show the standard error of the parameters.
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Figure 7- The response of awakens index (ai) of Eryngium caeruleum seeds to different conditions of light during burial time

(V) azsly oYL Sialey aop lals

S 35 o
sl gl ol Siailen oled (glayielyly a8 oy olis s
b 5 3l o5 5 (Te) i sbos 5 (To) e cslo> (To)
slod g &b glod ¢35 090 Jobo iul38I b ain S o 80 e
ol dlue cplcdl il Giw lod Jolie ) g il ange
tew SialS g Clg s censls 13l oS sl cdids opl odimd
il lp lea bdaily )3 )4 (S o (o83 (loj )3 St
Olse Golds 0,05 i3l .ol 4Bl alS wgmore iyl as
Ulgi oyl a5 Cunl Slod edgame [ SSlo &S Chius ¢ JSlas (glod
ol ol dag BB &S5 ol gaoge ol Sl i alles o]
bulpd & ditanly (Jlod (glo ol b alasly )3 (Slyess iz jop &S
29 2 Sl g9eil & Gloj g Gikle ool Gles 3
2 Lol il aabl oyg (sleunl U ot (slod iol38l s sl

Ay s Gl Bl asuitie loj B jiall (pl 9 3929 pis &5
Sl ylej ) ye5 d93g 5 Has Bpo wile 8L ol ol 5 o g
555 Gmax sl yiah)l o (583 lej e GlEIL <55
0L 3)90 )3 Gl 8l ul o STl 38l (ad ©)jg0n
4ol 4565 (il Ola e Egeme 3 g e Jul )M
o=l Jaine (o5 3 Blagy jradile jpan Jlunl &5 e85
CunS g 039 Sl 39 y90 gt hd 465 (nl g Cenl i
&y 2 a8 (Siale gl wollas glod e3g00e Ll g o>

oled 3 3b ol 55 () pljiss g gy Ghalel s

2oL ol eio (Siale (Bl olS oAb ooy p lacunes
Ao B Y0 (gy95 alidee o)y b dulio > (SO0 Lyl s
Oa3gd g ad)lb Graclacale (o 50 olie pls .cdl ials
Ulgs olod oyl )l &S glassSay (V9 VF) cunl oas ji)l55
Sy (So)b b 4 Cuns ()5 lalyd 0 jielacile oyl (S
Polygonum aviculare L. (cg, p» 4,5 sl Liolej] zuls .5g
-l g9y g (Sialer Jd)l slaled yusS 95 2l (Ui 5
e Joslse (npSnte )9 9 bed (1) 290 S50 jacile al (5
a Galisee gl 4565 Fuwl &5 (F) aiisl o Jialen o0t pulais
J=elss (mnp b (1) e g hloxa ol glite baygs
4568 ol yody &8 Wil Hyparrhenia hirta sjailes (35
94005 dales o, 5 lw dx p FO L O oled odgizee jo jyacile
oo b edalie bwgie slaled ) Siailer Cas iy (il
Zygophyllum 4 Haloxylon recurvum a_les ;| 4L alS
Panicum 4 Lasiurusscindicus g (A) o j5a> ,> simplex
glate (glals a5 0 dlex yips (B) llae (SG,b > turgidum
PL byl ool & Cunl ggdge cpl 0aiiS (sl wilizis j5ds )98
chw paS Jlej b dius edde SB o aS Jloj 2e diales
ole 0055 uilis 3o,k ol 5l g 00 diles (S 0 )8 S
4565 YV g9y po U_.wlo)] 2 (0F) s Lilal ]y les axals
o385 olo 53 yloy e y3 (433 Calisre (glalasd ) Gyp e
2lo 5l (Goge 23 9 (odizg BV g ¢S] (ol wole aw (85 (o



QA Jls o) o loid Y alo (g5 ysbisS abus 9 pole) LS cbili> 4y i VYo

A8 sl Gloj (s 53 9 03,8 a8 420 p3 jpaile () s slod 5> Rl sk ) pie el gyl s I a3l

17-

18-

19-

20-

sl e o Hy Sl Ao il 5 Clas 1 She Jelge 1 2T 0,8 0 0
o9y SNl it 5 Gidler idem e cALD o (Blrgr

&l

Baskin C.C., and Baskin J.M. 1998. Ecology of seed dormancy and germination in grasses. In: G. P. Cheplick
(Eds.), Population Biology of Grasses, (Pages 30-83). Cambridge, U.K.: Cambridge University Press.

Benvenuti S., Macchia M., and Miele S. 2001. Quantitative analysis of emergence of seedlings from buried weed
seeds with increasing soil depth. Weed Science 49: 528-535.

Chejara V.K., Kristiansen P., Whalley R.D.B., Sindel B.M., and Nadolny C. 2008. Factors affecting germination
of Coolatia grass (Hyparrhenia hirta). Weed Science 56: 543-548.

Crisraudo A., Gresta F., Luciani F., and Resticcia A. 2007. Effects of after harvest period and environmental
factors on seed dormancy of Amaranthus species. Weed Research 47: 327-334.

Daneshfar E., Noghondar M.A., Zarifian M., and Azizi M. 2014. Study on dormancy breaking Eryngium
caeruleum M. B. (Apiaceae) seeds by different levels of KNO3 and salicylic acid. Mashahd, 3rd National
Congress on Medicinal Plants.

El-Keblawy A., Al-Ansari F., and Al-Shams N. 2011. Effects of temperature and light on salinity tolerance during
germination in two desert glycophytic grasses, Lasiurus scindicus and Panicum turgidum. Grass and Forage
Science 66: 173-182.

Forcella F., Benech-Arnold R.L., Sanchez R., and Ghersa C.M. 2000. Modeling seedling emergence. Field Crops
Research 67: 123-139.

Kamaha C., and Maguire J.D. 1992. Effect of temperature on germination of six winter wheat cultivars. Seed
Science Technology 20: 181-185.

Khan M.A., and Ungar I.A. 1997. Effect of light, salinity and thermoperiod on the seed germination of halophytes.
Canadian Journal of Botany 75: 835-841.

Leon R.G., and Owen M.D.K. 2003. Regulation of weed seed dormancy through light and temperature
interactions. Weed Science 51: 752-758.

Maguire J.D. 1962 Speed of germination-aid selection and evaluation for seedling emergence and vigor. Crop
Science 2: 176-177.

Mazhari M., Tadayon M.R., and Tadayon A. 2015. Effect of cold, temperature and light on germination of some
weed species. Journal of Weed Ecology 3: 23-29. (In Persian)

Milberg P., Andersson L., and Noronha A. 1996. Seed germination after short-duration light exposure:
implications for the photo-control of weeds. Journal of Applied Ecology 33: 1469-1478.

Mozumder S.N., and Hossain M.M. 2013. Effect of seed treatment and soaking duration on germination of
Eryngium foetidum L. seeds. International Journal of Horticulture 3: 1046-1051.

Rasheed A., Hameed A., Khan M.A., and Gul B. 2015. Effects of salinity, temperature, light and dormancy
regulating chemicals on seed germination of Salsola drummondii Ulbr. Pakistan Journal of Botany 47: 11-19.
Reddy K.N., and Singh M. 1992. Germination and emergence of hairy beggarticks (Bidens pilosa). Weed Science
40: 195-199.

Rezvani M., and Zaefarian F. 2016. Effect of some environmental factors on seed germination of Eryngium
caeruleum M. Bieb. Populations. Acta Botanica Brasilica 31: 220-228.

Soltani A., Robertson M.J., Torabi B., Yousef-Daz M., and Sarparas R. 2006. Modeling seedling emergence in
chickpea as affected by temperature and sowing depth. Agricultural and Forest Meteorology 138: 156-167.

Wilson R.G. 1979. Germination and seedling development of Canada thistle (Cirsium arvense). Weed Science 27:
146-151.

Zimdahl R.C. 1999. Fundamental of Weed Science. 655 Pp.



i
Journal of Plant Protection ez (5325185 @lwo g psle) plolS cbli> 4 545
Vol. 33, No. 1, Spring 2019, P. 111-122 %}A&b ST Lo IFAA Sl o) olecs FY ul

Study of Dormancy and Germination Dynamics of Eryngium caeruleum L. in
Response to Burial Durations in Soil

M. Lotfi Asle Giglo'- M. Oveisi**- H. Rahimian Mashhadi3- B. Pourmorad Kaleibar*- M.H. Naeimi®
Received: 29-04-2018
Accepted: 06-03-2019

Introduction: Eryngium caeruleum L. is a perennial weed from Apiaceae family that grows in the farm and
roadside. There is limited information on the reaction of this plant germination to temperature and light
conditions. Germination is one of the most important processes for weed success, because it is the first step in
competition beginning in an ecological niche. Recognition of E. caeruleum germination and emergence ecology
has an important role in weed management and control. Different environmental factors, such as temperature and
light, affect dormancy and germination of the seeds. Light requirement is an indicator showing the level of seed
dormancy. Given the significance of seed dormancy in weed dispersal and management, this study aimed at
determining the relation between light and temperature as the most effective environmental factors in
germination stimulation of E. caeruleum.

Materials and Methods: An experiment was conducted to estimate the effect of temperature and light on
germination of Eryngium caeruleum seeds at agriculture and Natural Resources College, university of Tehran in
2016. A factorial experiment was undertaken based on completely randomized block design with three
replications. Factors were germination temperatures (5, 10, 15, 20, 25, 30 and 35 °C), burial periods in 5 cm
depth (30, 60, 90, 120, 150, and 180 days), and light conditions during germination test (Presence and absence of
light). The seeds were buried in the soil under environmental conditions at depth of 5 cm and then removed from
the soil at one month intervals and were placed at dark and light (Osram, L 18 W/77, 20 pmolm-?s™) conditions
under seven temperature treatments for 14 days. 25 seeds were placed in each petri dish and the germinated
seeds were counted for 14 days in each month. Segmented model was used for studying the germination rate to
temperature in light and temperature treatments. Thermal parameters of germination were calculated for light
and temperature treatments. These parameters were Gmax for the maximum germination rate, T, or base
temperature for germination, T, or optimum temperature for germination, and T. or ceiling temperature for
germination. The base and ceiling temperature parameters were also calculated. The findings of this study shed
light on seed germination requirements of E. caeruleum and enhance our understanding of this species
distribution. These results will be useful in selecting the best time and method for E. caeruleum control.

Results and Discussion: Results showed that temperature and light conditions during germination test
influenced germination rate. According to the analysis of variation, all simple effects and interactions were
significant on germination rate. Germination rate increased with increasing temperature up to 20 °C.
Germination rate, however, decreased when temperature increased up to 35 °C. Temperature parameters of base
temperature, optimum temperature and ceiling temperature were affected by burial periods and light conditions
during germination test. In general, base and optimum temperatures decreased and ceiling temperature increased
with increasing of burial time. The burial time needed for 50 percent decrease of maximum base temperature in
the lowest burial time was 117 days in light condition and 82 days in dark condition. The optimum temperature
decreased from 23.5°C to 21.2°C in light condition and from 23°C to 21°C in dark condition. The ceiling
temperature increased from 28°C to 42°C in light condition, but it had different process in dark condition. The T
parameter was 30°C in 60 days of burial and was 28°C up to 120 days of burial and had no changes up to 180
days of burial. Parameters of Gmax and a;, which indicate the maximum germination rate and seed non-dormant
index, respectively, rose linearly by increasing time of seed burial, irrespective of light condition during
germination test. The same results were found in Circium arvense and Bidens pilosa, that their germination
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thermal parameters were higher in light condition than in dark. This can be attributed to the heat made by the
light. The results of the experiment on Plygonum aviculare also showed the effects of light on cardinal
temperatures of germination and the start of germination of this plant.

Conclusion: The results showed that the thermal parameters of Eryngium caeruleum germination including
base temperature (Ty), optimum temperature (T,), and ceiling temperature (T.) changed during the burial periods.
The Gmax and awakeness index parameters increased linearly regardless of the presence or absence of light. It can
be also concluded that Eryngium caeruleum L. has morphophysiological dormancy and dormancy breaking.
Moreover, the optimum temperature range for germination mostly rises by increasing ceiling temperature.

Keywords: Awakens index, Germination rate, Light conditions, Thermal parameters of germination
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