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Table 1- Specific primers pairs used for detection of Beet necrotic yellow vein virus, Beet soil-borne virus, Beet virus Q and Beet
black scorch virus in sugar beet root

P Yiao! Jg azkad Job &o
Primer Sequence (5" to 3") Amplification lenght Reference
BNYVV2-F ACATTTCTATCCTCCTCCAC 545bp

BNYVV2-R ACCCCAACAAACTCTCTAAC

BSBV2-F CTTACGCTGTTCACTTTTATGCC 399bp 36
BSBV2-R GTCCGCACTCTTTTCAACTGTTC

BVQ1-F GCTGGAGTATATCACCGATGAC 292bp

BVQ1-R AAAATCTCGGATAGCATCCAAC

BBSV-f ATTAGATCCCACATCCTGGTGTGGTTAATC 305bp 35

BBSV-r

GGGCACCTGGAAGACCAGGTATATAAG
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Table 2- Specific primers pairs which used for detection of BNYVV types A, B and P
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Primer Sequence (5' to 3") Amplification lenght Refrence
RhizoA-f TAATAGTATCACTGTTACAACGATTAAGA 324 b

RhizoA-r GTCACCTCTTTTACCATTATATCAG P 40
RhizoB-f TTGGGCAGCAACTTA 178 b

RhizoB-r ACGGTGAGTACAACATACTGA P

BNYVV5-f GTTTTTCCGGTCGCAGCACAAG 886 bp 44
BNYVV5-r CGAGCCCGTAAACACCGCATA
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Figure 1- A:Proliferation symptoms on root caused by BNYVV and BBSV, B: Necrosis on sugar beet leaves in a Mashhad
field, C: Necrosis symptoms on leaves (without rootlet beardedness in root) by BBSV in a Fariman sugar beet field
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Figure 2- Agarose gel electrophoresis of mRT-PCR for detection of BNYVV, BSBV and BVQ viruses, 545bp fragment
belonging to BNYVV. M: 1kb DNA ladder (SMOBIO, Taiwan)
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Figure 3- Agarose gel electrophoresis of 324bp fragment of BNYVV RNA2 TGB region which represents type A of the virus
in Mashhad, Jovein and Jolge-Rokh isolates, M: 100bp DNA ladder (SMOBIO, Taiwan)
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Figure 4- Agarose gel electrophoresis showing a 906bp fragment of p25(a) and 886 bp fragment of P26 (b) in BNYVYV genume
in from Mashhad, Jovein and Jolge-Rokh isolates, M: 100bp DNA ladder (SMOBIO, Taiwan)
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Figure 5- Multiple sequences alignment of (amino acid) of BNYVV RNA3 p25 protein in Mashhad, Jolge-rokh and Jovein
isolates with MEGA X software
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Table 4-Comparison of the Iranian, American, Chinese and European BBSYV isolates in terms of symptoms induction on
roots and leaves of sugar beet
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1 IR-Mashhad + + + +

2 IR-Fariman + + - -

3 IR-Chenaran + - - -

4 IR-Jovein + + + +

5 IR-Jolgeh-rokh + + + +

6 China + + - -

7 USA-CO - - + -

8 Europa(Spain) - + + -
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Figure 6- Agarose gel electrophoresis showing a 305bp fragment of the Beet black scorch virus in Mashhad, Fariman,
Chenaran, Jovein and Jolge-rokh isolates; M: 100bp DNA ladder (SMOBIO, Taiwan)

Lacassss (bl 51 g8 gl 51 opn (JoSUge Cluogad )y
2 l5 e el sy o a5 & (5908 (oalojl 450 )0
Coglio oloj)l o Las 5l 5,5 5l> 5 (lon Jole g5 (s

il Gl Byl deyie jd 80 pl6)

S5l 55wl
alin ) San Ly Ko 355 pue 3:8295 (ol (512
By Mdyaise g (SbpolS clides claise LK g L)
duwge g $90) plulp b mle g (g5lis Clidis
Slosj 5l dlawgepds 45 B )alie i aed g Mol Slidss

235 (o0 1,8 ol o s

e 392y ok ple 5 LSyl g Wil )3 (e 55 U3

Las g a5l oo Lo gyl s BNYVV Libegs, (oylow
ol 03y L p3] Slalllas (DY § VY) Bdge5 (sjlolis BBSV
Ge2ge g2y Ol by Bian ) Bawlgisel i oS
5 byl AByase )b Mol 5 ang dige p» el Sl (S

3 ol ads o 5l saslccwma glacuis; cuglie o Xl ye
99 90 Olojen yyds 4 dagi bl (ilon 4 039l 4550
]) '._bu.:l_g‘))l ‘_}il A.J]?JLSA cb.)}ﬂ &)l)ﬁ 2 M)w dwug‘) Jel Ou\»).)li
O dwSd Jolge 5SS 48T Mt Sdixe e WS s o

2L BBSV g s 5l b wls o BNYVV & (Rz1+Rz2)
s BNYVV Lolian o ug g (ololid 5 (b 4> (01)

&bo
Asher MJC. 1993. Rhizomania. In: Cooke DA, Scott RK (eds) The sugar beet crop: science into

Borodynko N., Hasiow-Jaroszewska B., and Pospieszny H. 2009. Evidence for the presence of Beet
necrotic yellow vein virus types A and B in Poland. Journal of Plant Diseases and Protection 116(3):

Bornemann K., and Varrelmann M. 2009. The variability of Beet necrotic yellow vein virus p25
pathogenicity factor previously allocated to geographically distinct isolates can be retrieved in single

Institute of Sugar Beet Research (IFZ) In DPG AK

Canova A. 1959. Appunti di patologia della barbabietola. Informatore Fitopatologico 9(20): 390—396.

1-
practice. Chapman & Hall, London, pp 311-346.
2-
106-108.
3-
representative A- and B-type soils.
Pflanzenvirologie.
4-
5-

Cao Y., Cai Z, Ding Q., Li D., Han C., Yu J., and Liu Y. 2002. The complete nucleotide sequence of
Beet black scorch virus (BBSV), a new member of the genus Necrovirus.Archives of Virology 147(12):
2431-2435.



VAN 3wl oF oslod XY wl (6559l o g pole) LS cbilis> 4 pis  YYFP

6- Chiba S., Kondo H., Miyanishi M., Andika I.B., Han C., and Tamada T. 2011. The evolutionary history
of Beet necrotic yellow vein virus deduced from genetic variation, geographical origin and spread, and
the breaking of host resistance. Molecular Plant-Microbe Interactions 24(2): 207-218.

7- Crutzen F., and Bragard C. 2010. Pomoviruses associated with the rhizomania syndrome: a reverse
genetic approach of the genome and multiplication requirements in planta. These de doctorat a
I’Université catholique de Louvain. Belgique.

8- Cui X. 1988. An icosahedral virus found in sugar beet. J Xinjiang Shihezi Agric College 10: 73-78.

9- Farzadfar S., Pourrahim R., Golnaraghi A.R., and Shahraeen N. 2002. First report of Beet soil-borne
virus in Iran. Plant Disease 86: 187.

10- Farzadfar S., Pourrahim R., Golnaraghi A.R., and Ahoonmanesh A. 2005. First report of Beet virus Q in
sugar beet in Iran. Plant Disease. 88: 1359.

11- Fujisawa ., and Sugimoto T. 1977. Transmission of Beet necrotic yellow vein virus by Polymyxa betae.
Japanese Journal of Phytopathology 43(5): 583-586.

12- Galein Y. 2013. The epidemiology of rhizomania in the Pithiviers region of France (Doctoral
dissertation, UCL-Université Catholique de Louvain).

13- Gonzélez-Vazquez M., Ayala J., Garcia-Arenal F., and Fraile A. 2009. Occurrence of Beet black scorch
virus infecting sugar beet in Europe. Plant Disease 93(1): 21-24.

14- Guo L.H., Cao Y.H., Li D.W.,, Niu S.N., Cai Z.N., Han C.G., Zhai Y.F., and Yu J.L. 2005. Analysis of
nucleotide sequences and multimeric forms of a novel satellite RNA associated with Beet black scorch
virus. Journal of Virology 79(6): 3664-3674.

15- Henry C. 1996. British Sugar beet review. British Sugar Beet Review (Vol. 64). I.J. Schapringer.

16- Heijbroek W., Musters P.M.S., and Schoone A.H.L. 1999. Variation in pathogenicity and multiplication
of Beet necrotic yellow vein virus (BNYVV) in relation to the resistance of sugar-beet cultivars.
European Journal of Plant Pathology 105(4): 397-405.

17- l1zadpanah, K., Hashemi, P., Kamran, R., Pakniat, M., Sahandpour, A. and Masumi, M., 1996.
Widespread occurrence of rhizomania-like disease of sugarbeet in Fars.lranian Journal of Plant
Pathology 32(3/4): 200-206. (In Persian)

18- Ivanovic M., Macfarlane I., and Woods R.D. 1983. Viruses of sugar beet associated with Polymyxa
betae. Annual Report of Rothamsted Experimental Station for, 1982: 189-190.

19- Junxi J., Jingfeng Z., Shaochen C., Dajin Y., Jialin Y., Zhunan C., and Yi L. 1999. Transmission of Beet
black scorch virus by Olpidium brassicae. Acta Agriculturae Universitatis Jiangxiensis. 21(4): 525-528.

20- Kobs G. 1997. Cloning blunt-end DNA fragments into the pGEM®-T Vector Systems. Promega
Notes, 62, pp.15-18.

21- Koenig R., and Loss S. 1997. Beet soil-borne virus RNAL: genetic analysis enabled by a starting
sequence generated with primers to highly conserved helicase-encoding domains. J. gen.Virol. 78:
3161-3165.

22- Koenig R., Pleij C.W., Beier C., and Commandeur U. 1998. Genome properties of Beet virus Q, a new
furo-like virus from sugarbeet, determined from unpurified virus. Journal of General Virology 79(8):
2027-2036.

23- Koenig R., and Valizadeh J. 2008a. Molecular and serological characterization of an Iranian isolate of
Beet black scorch virus. Archives of Virology 153(7): 1397-1400.

24- Koenig R., Kastirr U., Hotschulte B., Deml G., and Varrelmann M. 2008b. Distribution of various types
and p25 subtypes of Beet necrotic yellow vein virus in Germany and other European countries. Archives
of Virology 153: 2139-2144.

25- Kumar S., Stecher G., Li M., Knyaz C., and Tamura K. 2018. MEGA X: molecular evolutionary
genetics analysis across computing platforms. Molecular Biology and Evolution 35(6): 1547-1549.

26- Kutluk-Yilmaz N.D. 2016. Identification of strain types of some Beet necrotic yellow vein virus isolates
determined in Northern and Central Parts of Turkey. Eurasian Journal Soil Science 5(3): 241-248.

27- Kutluk-Yilmaz N.D.K., Arli-Sokmen M., and Kaya R. 2018. p25 pathogenicity factor deletion mutants
of Beet necrotic yellow vein virus occurring in sugar beet fields in Turkey. Journal of Plant Diseases and
Protection 125(1): 89-98.

28- Kruse M., Koenig R., Hoffmann A., Kaufmann A., Commandeur U., Solovyev A.G., Savenkov I., and
Burgermeister W. 1994. Restriction fragment length polymorphism analysis of reverse transcription-
PCR products reveals the existence of two major strain groups of Beet necrotic yellow vein. Journal of



YYY s S olew (SiSgw g 20

General Virology 75(8): 1835-1842.

29- Lennefors B.L. 2006. Molecular breeding for resistance to rhizomania in sugar beets. Doctoral thesis.
Swedish University of Agricultural Sciences.Uppsala 2006. Acta Universitatis Agriculturae Sueciae.
ISSN 1652-6880.

30- Li M., Liu T., Wang B., Han C., Li D., and Yu J. 2008. Phylogenetic analysis of Beet necrotic yellow
vein virus isolates from China. Virus Genes 36(2): 429-432.

31- Liu H.Y., and Duffus J.E. 1988. The occurrence of a complex of viruses associated with rhizomania of
sugarbeet.Phytopathology, 78, p.1583.

32- Liu J., and Xian H. 1995. Preliminary report on Beet black scorch virus.China Sugar Beet 3: 30-31.

33- Liu, H.Y., Sears, J.L. and Lewellen, R.T., 2005. Occurrence of resistance-breaking Beet necrotic yellow
vein virus of sugar beet. Plant Disease 89(5): 464-468.

34- Mehrvar M., and Bragard C. 2011. Iranian diversity of Beet black scorch virus and satellite. In
Proceedings of the Eighth Symposium of the International Working Group on Plant Viruses with Fungal
Vectors, Louvain-La-Neuve, Belgium, 6-8 July, 2011(pp. 41-46). International Working Group on Plant
Viruses with Fungal Vectors.

35- Mehrvar M., Valizadeh J., Koenig R., and Bragard C.G. 2009. Iranian Beet necrotic yellow vein virus
(BNYVV): pronounced diversity of the p25 coding region in A-type BNYVV and identification of P-
type BNYVV lacking a fifth RNA species. Archives of Virology 154(3): 501-506.

36- Meunier A., Schmit J.F., Stas A., Kutluk N., and Bragard C. 2003. Multiplex reverse transcription-PCR
for simultaneous detection of Beet necrotic yellow vein virus, Beet soilborne virus, and Beet virus Q and
their vector Polymyxa betae Keskin on sugar beet.Appl. Environ. Microbiology 69(4): 2356-2360.

37- Pavli O, Prins M., Goldbach R., and Skaracis G.N. 2011. Efficiency of Rz1-based rhizomania resistance
and molecular studies on BNYVV isolates from sugar beet cultivation in Greece. European Journal of
Plant Pathology 130(2): 133-142.

38- Pferdmenges F. 2007. Occurrence, spread and pathogenicity of different Beet necrotic yellow vein virus
(BNYVV) isolates (Vol. 23). Cuvillier Verlag.

39- Russo M., Martelli G.P., and Di Franco A. 1981.The fine structure of local lesions of Beet necrotic
yellow vein virus in Chenopodium amaranticolor. Physiological Plan Pathology 19(2): 237-IN11.

40- Ratti C., Clover G.R., Autonell C.R., Harju V.A., and Henry C.M. 2005. A multiplex RT-PCR assay
capable of distinguishing Beet necrotic yellow vein virus types A and B. Journal of Virological Methods
124(1-2): 41-47.

41- Rush C.M. 2003.Ecology and epidemiology of Benyviruses and plasmodiophorid vectors. Annual
review of Phytopathology 41(1): 567-592.

42- Rush C.M., Liu H.Y., Lewellen R.T., and Acosta-Leal R. 2006. The continuing saga of rhizomania of
sugar beets in the United States. Plant Disease 90(1): 4-15.

43- Samiei A., Mehrvar M., and Zakiaghl M. 2017. Genetic diversity and distribution of Beet black scorch

virus in some provinces of Iran, 20(4): 540-547.(In Persian with English abstract)

44- Schirmer A., Link D., Cognat V., Moury B., Beuve M., Meunier A., Bragard C., Gilmer D., and
Lemaire O. 2005. Phylogenetic analysis of isolates of Beet necrotic yellow vein virus collected
worldwide. Journal of General Virology 86(10): 2897-2911.

45- Shen R., and Miller W.A. 2007. Structures required for poly (A) tail-independent translation overlap
with, but are distinct from, cap-independent translation and RNA replication signals at the 3’ end of
Tobacco necrosis virus RNA. Virology 358(2): 448-458.

46- Sohi H., and Maleki M. 2004. Evidence for presence of types A and B of Beet necrotic yellow vein virus
(BNYVV) in Iran. Virus Genes 29(3): 353-358.

47- Tamada T. 1975. Beet necrotic yellow vein virus. CMI/AAB Descriptions of plant viruses, 144(4).

48- Tamada T., Shirako Y., Abe H., Saito M., Kiguchi T., and Harada T. 1989. Production and
pathogenicity of isolates of Beet necrotic yellow vein virus with different numbers of RNA components.
Journal of General Virology 70(12): 3399-3409.

49- Wang X., Zhang Y., Xu J., Shi L., Fan H., Han C., Li D., and Yu J. 2012. The R-rich motif of Beet
black scorch virus P7a movement protein is important for the nuclear localization, nucleolar targeting,
and viral infectivity. Virus Research 167(2): 207-218.

50- Webb K.M., Wintermantel W.M., Kaur N., Prenni J.E., Broccardo C.J., Wolfe L.M., and Hladky L.L.
2015. Differential abundance of proteins in response to Beet necrotic yellow vein virus during



VAN 3wl oF oylod XY Wl (6559l buo g pole) LS cbilis> 4 s YFA

compatible and incompatible interactions in sugar beet containing Rz1 or Rz2. Physiological and
Molecular Plant Pathology 91: 96-105.

51- Weiland J.J., Van Winkle D., Edwards M.C., Larson R.L., Shelver W.L., Freeman T.P., and Liu H.Y.
2007. Characterization of a US isolate of Beet black scorch virus. Phytopathology 97(10): 1245-1254.

52- Zhang Y., Zhang X., Niu S., Han C., Yu J., and Li D. 2011. Nuclear localization of Beet black scorch
virus capsid protein and its interaction with importin a. Virus Research 155(1): 307-315.

53- Zhuo N., Jiang N., Zhang C., Zhang Z.Y., Zhang G.Z., Han C.G., and Wang Y. 2015. Genetic diversity
and population structure of Beet necrotic yellow vein virus in China. Virus Research 205: 54-62.



Journal of Plant Protection — ($353LaS @l g pale) LS cdilis 4 s
Vol. 33, No. 3, Fall 2019, P. 245-258 KA iAo YFO-YOA .o MTAA b ¥ o,lods FY ul

Detection of Beet black scorch virus and other Associated Soil-borne Viruses and
Determining some of their Molecular Aspects

J. Soltani Idliki'- M. Mehrvar?*- M. Zakiaghl®*- S.B. Mahmoudi*- M. Salati®
Received: 04-11-2018
Accepted: 28-04-2019

Introduction: Soil-borne sugar beet viruses are responsible for the destructive diseases of sugar beet. They

can cause significant yield losses worldwide. Four of the soil-borne sugar beet viruses consisted of Beet necrotic
yellow vein virus (BNYVV), Beet soil-borne mosaic virus (BSBMV), Beet soil-borne virus (BSBV) and Beet
virus Q (BVQ) are transmitted by the protis Polymyxa betae, a common root infecting parasite which ensures the
long-term persistence of the viruses in the soils and one consisted of Beet black scorch virus (BBSV), is
transmitting by Olpidium brassicae. So far, four out of five aforementioned viruses have been reported (except
for BSBMV) in Iran. BNYVYV is the causal agent of the rhizomania disease which has been reported in mixed-
infections with BSBV, BVQ and/or BBSV. In previous studies, BSBV, BVQ and BBSV have been found
alongside the BNYVV in some root samples. Nevertheless, up to now, no field has been spotted with black
scorch symptoms of sugar beet leaves. Recently, we observed symptoms of burns on leaves and similar signs of
rhizomania disease in the roots of some sugar beet cultivars in the fields of Khorasan Razavi province. The
purpose of this study was to detect soil-borne viruses of sugar beet and determine some of their molecular
aspects.

Materials and Methods: In this study, sugar beet with bearded roots and black scorching of leaves
symptoms were collected from Mashhad, Fariman, Chenaran, Jolge-Rokh, and Jovein sugar beet fields. Total
RNA was extracted from 100 mg of rootlets using RNeasy Mini Kit (Qiagen-Germany) based on the
manufacturer's protocol. The presence of three viruses of BSBV, BVQ and BNYVV were analyzed by multiplex
reverse transcription-polymerase chain reaction (mRT-PCR). However, For BBSV detection, simplex RT-PCR
was used to detect of the 3-UTR of the genomic RNA. For the molecular characterization of the BNYVV
isolates, the BNYVV type (A or B) was determined with duplex RT-PCR (dRT-PCR), using A/B-type-specific
primers pairs for the triple gene block (TGB) gene in RNA-2 and the partial p25 gene of the RNA-3 segment of
the virus. RT-PCR was done using the PrimeScript™ Reverse Transcriptase kits and the PrimeSTAR GXL DNA
Polymerase (Takara, Japan). The PCR products were cloned in pGEM®-T Easy Vector (Promega-USA). The
recombinant plasmids were extracted using PrimPrep Plasmid DNA isolation kit (GenetBio-Korea) and then
sequenced (Macrogene, South Korea). Nucleotide sequences data were analyzed using Chromas (version
1.45) and MEGAT7 softwares.

Results and Discussion: The results showed that in the three samples with bearded root symptoms

(Mashhad, Jovein, and Jolge-rokh), only BNYVV (A-type) was present and there were no BSBV and BVQ in
the tested samples. In addition, in the two samples (Fariman and Chenaran), none of the three viruses was
detected. The results showed that the two BNYVYV isolates had ‘ACHG’ (Mashhad and Jolge-Rokh isolates) or
‘AHHG’ (Jovein isolate) residues in the tetrad position. So that the amino acid cysteine (C) in aeg position was
converted to histidine (H). Although this A-type tetrad has been previously reported by Mehrvar et al. (2009) in
Khorasan Razavi and Northern Khorasan, Semnan, Qazvin, Zanjan, Ilam, Hamedan, and West Azarbaijan
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provinces. In this study, BBSV was detected in all samples. In Mashhad, Jolge-rokh, and Jovein samples,
BNYVV was present accompanied by BBSV. However, BBSV was detected alone from Fariman (holding black
scorching of the leaves and vascular necrosis of root symptoms) and Chenaran (black scorching of the leaves)
samples. These results are consistent with the results of other researchers from Spain and the United States who
reported the presence of rhizomnia symptoms in the BBSV infected roots.

Conclusion: While most of the farmers in Khorasan province cultivate resistant cultivars of sugar beet

carrying the Rz1 gene for successive years in a field, the breakdown of the resistance and emerging of new
resistance breaking (RB) variant of the virus have occurred via amino acid changes. However, more research on
BNYVV pathogenicity by the use of additional sources of resistance and alternative disease control majors is
needed to have a suitable conclusion. In addition, the results of this study showed that the presence of both
viruses (BBSV and BNYVV) together could exacerbate the Rhizomania syndrome symptoms while single
infection by BBSV could just cause vascular necrosis in the root and black scorching symptoms of the leaves.
This could be very important in symptoms based diagnosing of the disease and preventing errors in evaluating
the resistance of sugar beet cultivars in the field.

Keywords: Beet necrotic yellow vein virus, Beet black scorch virus, Sugar beet
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Introduction: Aphids are small insects which are famous as pests in agriculture, horticulture and forestry.
They cause economic damages directly by feeding plants’ sap and indirectly by transmitting plant viruses.
Sitobion avenae (F.) is one the important pests in the United States, Europe and Asia. In Iran, it has been
reported on wheat, barley, and the other cereals from the different provinces including Kermanshah.
Investigating on the population dynamics of pests is a major factor in evaluation of the pest management. The
aim of the present study was to determine the most appropriate life stage of S. avenae for sampling to investigate
its population dynamics and identify natural enemies of S. avenae in Sar-Pole Zahab region in Kermanshah
province.

Materials and Methods: This study was conducted in a wheat field in Sar-Pole Zahab region in Kermanshah
province during years 2015 and 2016. None of pesticides were used to control the insect pests during
experiments. Population survey and sampling were began each year in the middle of February and continued
weekly until the end of wheat growth season in the middle of June. Sampling pattern was X-shaped and totally
30 samples were collected from the field. The selected plants were separately put in plastic bags and transferred
to the laboratory for counting the number of nymphs, winged and wingless adults. To examine probable
emergence of parasitoids, the aphids were kept in Petri-dishes in laboratory for two weeks and the results were
recorded. A standard insect collecting net was used for sampling of the predators. The collected predators were
transferred to the laboratory in glass jars for identification. The aphids and collected natural enemies were sent to
Plant Protection Research institution in Tehran for confirmation.

Results and Discussion: At the first sampling date in 2015, there were a few adult aphids in the field.
However, the population of adults and nymphs were gradually increased and the highest population of aphids
was observed between March 121" 2015 and April 30" 2015.The peak density of adult aphids was on April 9%
2015 (9.5 aphids per spike) and for nymphs, it occurred a week earlier, on April 2" 2015. In the second year,
however, the population fluctuation pattern was very different. Although some aphid colonies were seen in the
field from 25" of February, 2016, the number of aphids was decreased due to severe cold happened in March,
thus no aphids was found in the samples in the next two weeks. The peak population of adult aphids was
observed on 14" of April 2016 (36.9 aphids in spike) and then gradually decreased during the next weeks.
Coccinella septempunctata L. (Coleoptera: Coccinellidae), Eupeodes corolla (Fabricius) (Diptera: Syrphidae)
and Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae) were reported as aphid’s predators in the field.
All predators were present at the field from the first sampling date. In the first year, E. corolla showed two
distinct peak in its population during sampling including 19" of March 2015 and 16" of April 2015. In the
second year, there were 17 adult flies per net in the first day of sampling, but the number of flies was increased
gradually and reached to a maximum of 35.5 flies per net on 14" April 2016. C. septempunctata and C. carnea
populations’ dynamics also followed the same patterns and showed two peaks in the first year and one peak in
the second year of studies. No parasitoid was emerged from the aphids in Petri dishes

Conclusion: Due to presence of active predators in the wheat fields of Sar-Pole Zahab region and their high
population, using of chemical pesticide should be restricted. Thus, if spray of pesticides is essential, the most
appropriate time is when it has the least detrimental effects on natural enemies.

Keywords: Aphididae, Parasitoid, Poaceae, Predator, Seasonal dynamics
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Table 1- Logistic regression of the proportion of Planococcus citri eaten by fourth instar larvae of Cryptolaemus montrouzieri
as a function of initial prey density at different temperatures

(°C) L» s,k paud 3ygly ylalle  jlane gllas 2 P-value
Temperature Coefficient Estimate SE
18 boe Sl 0t -0.0644 0.3673 0.03  0.8608
Constant
ks o -0.0971 0.0526  0.0526 0.0648
Linear
Y 0.00158 00014  0.0014 0.2630
Quadratic
23 boe Sl ot 1.8063 0.8140 492 0.0265
Constant
b Cand -0.5686 0.2258 6.34  0.0118
Linear
Y 0.0390 00171 521  0.0225
Quadratic
Ve -0.00076 000035 476  0.0291
Cubic
27 boe Sl 02 1.8063 0.8140 492  0.0265
Constant
b Cand -0.5686 0.2258 6.34  0.0118
Linear
Y 0.0390 00171 521  0.0225
Quadratic
Ve -0.00076 0.0003 476  0.0201
Cubic
32 Moo 5l 455e 0.7446 0.3521 447  0.0345
Constant
ko -0.1073 0.0488 4.83  0.0279
Linear
Y 0.0020 0.0012 241  0.1204
Quadratic
37 bee sl o2 35335 10281  11.81  0.0006
Constant
s o -0.6457 0.2672 5.84  0.0157
Linear
Y 0.0409 00195 439  0.0362
Quadratic
¥ e 0.0426 0.0003 411 0.0426

Cubic
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Table 2- Functional response parameters of fourth instar larvae of Cryptolaemus montrouzieri to Planococcus citri at different
temperatures
(°C)led (h) dles g5 OUebl (60395 (1Y) laws plo;  Olwebl godgaome (5 )0 &5 oyl s o
Temperature (a£SE) (CI) 740 (TnzSE) (CI) %40 (T/Th) s,k (8]
18 0.0229+0.0027 0.0175-0.0283 2.9273+0.3290 2.2686-3.5959 8.20 0.80
23 0.0228+0.0024 0.0179-0.0276 0.8331+0.2430 0.3520-1.3141 28.81 0.86
27 0.0206+0.0022 0.0161-0.0251 0.5480+0.2616 0.0244-1.0716 43.80 0.86
32 0.0343+0.0037 0.0268-0.0418 1.2106+0.1843 0.8417-1.5794 19.82 0.85
37 0.0779+0.0108 0.0563-0.0996 1.6625+0.1351 1.3921-1.9330 14.44 0.82

S j90uidS Jol5 g03lo Ol puis Jrwg 245 23 )98 P1ANOCOCCUS Citri «colS o 3915 ,T Siiuondd Cauand S
Glisee slod 1> dorb Wigliie s ST,5 43 Cryptolaemus montrouzieri

Table 3- Logistic regression of the proportion of Planococcus citri eaten by adult female of Cryptolaemus montrouzieri as a
function of initial prey density at different temperatures

2 GgaryS 5 =V Jgua

°C)l> ,.24? ,u o > ,_,i b olbe e sld £ Pvalue
Temperature Coefficient Estimate SE
18 bee sl o20e 0.1163 03526 011 07416
Constant
e -0.0642 00459 168 0.1953
Linear
sy 0.00060 00013 021  0.6467
Quadratic
23 bee sl o2 3.3083 09731  11.56  0.0007
Constant
b Cand -0.6210 02553 591  0.0150
Linear
s 0.0340 00188  3.28  0.0700
Quadratic
Vs -0.00061 00003 254  0.1109
Cubic
27 boe Sl 02 3.1018 09292  11.14 0.0008
Constant
b Cand -0.2633 02475 655  0.0105
Linear
sy 0.0346 00184 355  0.05%
Quadratic
Vs -0.00061 0.0003 263  0.1050
Cubic
32 boe Sl 02 0.2078 04204 2758  0.0001
Constant
b Cand -0.1833 00551  11.06 0.0009
Linear
sy 0.0034 0.0014 585 0.0156
Quadratic
37 boe Sl 02 3.3737 0518 4223 0.0001
Constant
Gk e -0.2778 00646 1848 0.0001
Linear
Vs 0.00529 0.0016 1056 0.0012

Quadratic
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Table 4- Functional response parameters of adult female of Cryptolaemus montrouzieri to Planococcus citri at different

temperatures

YR . EF ooty g i
°C)les (h) abos £ 5 i (1Y) biows gloj  OUseb! (G039 G s st
720 olsebo! . S S5 e

Temperature (axSE) (ThxSE) (Cl) 780
(CI) (T/Tn) rd)
18 0.0332+£0.0050  0.0232-0.0433 2.4747+0.3100 1.8542-3.0952 9.70 0.80
23 0.0701+0.0114 0.0473-0.0929 2.6196+0.2048 2.2096-3.0296 9.17 0.78
27 0.0518+0.0099 0.0319-0.0717 2.6371+0.2974 2.0419-3.2324 9.10 0.76
32 0.0716+0.0102 0.0511-0.0921 1.2996+0.1380 1.0233-1.5758 18.47 0.92
37 0.0948+0.0082 0.0782-0.1114 1.3394+0.0677 1.2040-1.4749 17.92 0.94
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Table 5- The estimated parameters using combined equation for comparison of attack rate and handling time of fourth instar
larvae of Cryptolaemus montrouzieri to Planococcus citri at different temperatures

2oy 40 laobl g83900%

(°C)k> ol 59 ybre slad  Approximate 95% CI*
Temperature Parameter Estimate (SE) ol s PYPIRES
Lower Upper

18-23 Da -0.00183  0.00439 -0.0105 0.00687
Drh -2.4719 0.4962 -3.4547 -1.4892

18-27 Da -0.00225  0.00469 -0.0115 0.00705
Drn -2.3331 0.5347 -3.3920 -1.2741

18-32 Da 0.0104 0.00497 0.000534 0.0202
Drn -1.9544 0.4684 -2.8823 -1.0266

18-37 Da 0.0540 0.00976 0.0346 0.0733
Drh -1.5025 0.5044 -2.5016 -0.5034

9397 Da -0.00042  0.00376 -0.00786 0.00702
Drh 0.1389 0.3974 -0.6483 0.9261

93-32 Da 0.0122 0.00452 0.00324 0.0212
Drh 0.5175 0.3181 -0.1127 1.1476

93-37 Da 0.0558 0.0105 0.0350 0.0766
Drh 0.9694 0.3073 0.3607 1.5781

97.32 Da 0.0126 0.00476 0.00319 0.0220
Drn 0.3786 0.3476 -0.3098 1.0670

97.37 Da 0.0562 0.0109 0.0346 0.0778
Drn 0.8306 0.3372 0.1627 1.4984

39.37 Da 0.0436 0.0109 0.0221 0.0651
Dth 0.4520 0.2362 -0.0158 0.9197

*Confidence Interval
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Table 6- The estimated parameters using combined equation for comparison of attack rate and handling time of adult female
of Cryptolaemus montrouzieri to Planococcus citri at different temperatures

2oy 40 laobl g83900%

(°C) > ol 59l yre sad  Approximate 95% CI*
Temperature (°C) Parameter Estimate (SE) ol s YU s
Lower Upper

18-23 Da 0.0233 0.0144 -0.00532 0.0518
Drh 0.0399 0.1480 -0.2531 0.3330

18-27 Da 0.0186 0.0107 -0.00251 0.0397
Drn 0.1624 0.4417 -0.7124 1.0372

18-32 Da 0.0383 0.0108 0.0169 0.0597
Drh -1.1752 0.3912 -1.9500 -0.4004

18-37 Da 0.0616 0.0105 0.0408 0.0824
Drh -1.1352 0.2896 -1.7088 -0.5617

93.97 Da -0.0183 0.0156 -0.0491 0.0126
Drh 0.0175 0.3551 -0.6858 0.7209

93-32 Da 0.00146 0.0162 -0.0306 0.0335
Drn -1.3201 0.2705 -1.8558 -0.7843

93.37 Da 0.0247 0.0140 -0.00299 0.0524
Drh -1.2802 0.1987 -1.6737 -0.8866

97.32 Da 0.0197 0.0143 -0.00865 0.0481
Drn -1.3376 0.3398 -2.0105 -0.6646

97.37 Da 0.0430 0.0137 0.0158 0.0702
Drn -1.2977 0.2645 -1.8216 -0.7737

39.37 Da 0.0233 0.0144 -0.00532 0.0518
Drn 0.0399 0.1480 -0.2531 0.3330

*Confidence Interval
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Table 7- The estimated parameters using combined equation for comparison of attack rate and handling time between fourth
instar larvae and adult females of Cryptolaemus montrouzieri to Planococcus citri at different temperatures

oy 40 laobl (503900

(°C L) jlowi ol 5919 e skd  Approximate 95% CI”
Treatment (°C) Parameter Estimate (SE) ol s PUTIKES

Lower Upper

(VA) JolS cgonlo (g0t —p o oy 5Y Da 0.00927  0.00571  -0.00205 0.0206
Fourth instar larvae-adult female (18) Drn -0.6903 0.5118 -1.7040 0.3233
(V) JolS soole cgopion —p sl com 5 Da 0.0480  0.0116 0.0249 0.0710
Fourth instar larvae-adult female (23) Drn 1.9265 0.3313 1.2702 2.5827
(YY) JolS” cgoole gy —pla o g0 Da 00301  0.00989 0.0105 0.0497
Fourth instar larvae-adult female (27) D 1.8051 0.4269 0.9597 2.6506
(V) JolS” ool g0y —pla o 90 Da 00372 0.0100 0.0173 0.0571
Fourth instar larvae-adult female (32) Drn 0.0890 0.2510 -0.4082 0.5861
(1Y) JolS (gonlo (g0t —p o oy 5Y Da 00169  0.0140 -0.0108 0.0445
Fourth instar larvae-adult female (37) Drh -0.3231 0.1436 -0.6074 -0.0387

*Confidence Interval

b ledd (g5 gt B, (glas )ie byl yd > (odaste Jolge slapiolefl gls 4 ol (900 a5 ol 55 (pizmen
ul—’)*" QL“LS & O]}fgc alos> O] )’| LY L o )|)§ )»L Cod \) asle U«ali_w/ "'"ln)'i APREE slalso FRRw flqd\ u”.U u:a.:{lB
Coldy 5,500 ladasbs jais (ruwg (goime (039450 walise Ol oS by Lis (gl Sl o ol & gy Byl

(7 5 V) 2,8 oLl mudo lieady pl b aS a ¥R 5 YY) 0,5 4,8 sliwwl 350 (slaeyie bl o b



Yvo

oS 39OS5 Lod 4y sy (WU STy

18 18°C 18

15 15

12 12
9 2 9
6 o o ° 2 6 o . 2
0 i : S : 0 L : — :

o
a1
[
o
[EEN
a1
N
o
N
()]
w
o

18 18
15 15
12 12

O wo ©o

o wo ©

O —rT—T—T—TT
00
Lobo
o
L oq a0
L o 0doo

18 27°C 18
5 .1 °
5 9 2 9 o -
> (-] g 3 o o
o 6 W 6 S
Q o o o o °
qs 3 o 2o -] o 3 o o o °
5 0 — 0 e S
E 0 5 10 15 20 25 30 0 5 10 15 20 25 30
=
18 32°C ° 18
15 4 15
12 s 12
9 ° 9
6 6
3 3
olb— 0
0 5 10 15 20 25 30

18 37°C 18

15 3 15

12 B 12

9 ; 3 9

6 o 30 6

3F ¢ 3

0 : : : : : ; 0 : : : : : ;
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Initial prey density

Cryptolaemus montrouzieri ,8 85 S j9uwidS () Jol8 (503l Ol puis g (Cuwly) o,k oo sg,Y (2l STy (b bomio Y UK
Gt slaled 45 Planococcus Citri «sls wo 3931 T Siindd 4 Connsd
bl oo Jdo b ol 03] (paedd g 0l odaliie ydlie 0L Cui 4 bolas o blis
Figure 1. Functional response curves of fourth instar larvae (right) and adult females (left) of Cryptolaemus montrouzieri to

the citrus mealybug, Planococcus citri at different temperatures
The points and solid lines represent the observed response and the model prediction, respectively.
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Introduction: The citrus mealy bug, Planococcus citri (Risso) is one of the major pests of citrus and many
other orchards crops, as well as ornamental plants in subtropical and tropical regions of the world, including
Iran. Due to the harmful effects of chemical pesticides on biological control agents and non-target organisms,
along with developing resistance to various pesticides by the pests, there has been an increasing interest in
integrating biological control methods in the pest management programs. The predatory ladybird, Cryptolaemus
montrouzieri Mulsant is one of the most widely used biological control agents. It is an important natural enemy
of many species of mealybugs such as P. citri. Functional response of a predator that refers to the number of
prey consumed per predator as a function of a prey density is the important characteristic of predator—prey
interactions. Temperature can affects the consumption behaviour of the predators. The aim of the present study is
to evaluate the effects of temperature on the functional response of C. montrouzieri to different densities of P.
citri. Improving our understanding about predator-prey interactions between C. montrouzieri and P. citri may be
helpful to optimize biological control of the mealy bug.

Materials and Methods: The colony of P. citri was collected from bitter orange in Mehmansara region,
Ghaemshahr, Mazandaran province, and was reared on pumpkin, Cucurbita maxima. The laboratory colony of
C. montrouzieri was obtained from Baharan Dasht Sahel insectarium in Sari, Mazandaran province, and was
reared on P. citri. The functional response experiments were performed with fourth instar larvae and adult
females of C. montrouzieri to the adult female of P. citri. The experiments were conducted at the temperatures of
18, 23, 27, 32 and 37+1 °C, 60£10% RH and L16:D8 h. Prey in densities of 3, 5, 7, 10, 15 and 30 was offered to
the predators. The predators used for the experiments were < 48 h old and were starved for 24 h before starting
the tests. A single bitter orange leaf disc (3 cm?) was centred upside down in each ventilated Petri dish (10 cm
diameter). Ten replicates were conducted for each prey density. After 24 h, the predators were removed from the
experimental arena and the number of consumed prey was recorded and they were not replaced during the
functional response tests. The type of the functional response was determined by logistic regression analysis
(SAS/STAT, CATMOD-procedure) of the proportion of prey killed in relation to prey offered. To determine the
type of functional response, the sign of the linear coefficient was estimated by the logistic regression. The
negative sign is evident to a functional response type Il, whereas a positive sign reveals a type Il functional
response. Parameters of attack rate and handling time were estimated using the PROC NLIN procedure of SAS
and compared through the indicator variable method.

Results and Discussion: The logistic regression for fourth instar larvae and adult females of C. montrouzieri
to P. citri at all temperatures showed a negative linear parameter and the proportion of prey eaten by the
predators declined with increasing prey density. This suggested that fourth instar larvae and females of C.
montrouzieri exhibited a type 1l functional response to change in P. citri density at all tested temperatures. The
highest attack rate and lowest handling time of fourth instar larvae were estimated at 37 and 27 °C, respectively.
Whereas the highest attack rate and lowest handling time of adult females were estimated at 37 and 32 °C,
respectively. At the same temperature, the attack rate estimated for the adult female was higher than that of the
larval instar of the predator, showing higher predation potential of adult female in compared to the fourth larval
instar of the predator. Theoretical maximum attack rates (T/Tn) for fourth larval instar of the predator at above-
mentioned temperatures were respectively estimated 8.20, 28.81, 43.80, 19.82 and 14.44 and for adult female
predator were 9.70, 9.17, 9.10, 18.47 and 17.92, respectively.

Conclusion: Temperature affected significantly functional response parameters of fourth instar larvae and
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adult females of C. montrouzieri to P. citri densities. Although the last instar larvae and adult females of C.
montrouzieri showed high predation potential at all temperatures, adult females of the predator was more
voracious compared to the last instar larvae of the predator especially at higher temperatures.

Keywords: Cryptolaemus montrouzieri, Functional response, Planococcus citri, Temperature
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Figure 1- Circulative pathway of begomoviruses in B. tabaci
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Introduction: Whitefly, Bemesia tabaci Bemisia (Gennadius) (Hemiptera: Aleyrodidae) is the key pest of
many crops worldwide, directly damages the plant by feeding and indirectly by transmitting the virus. The
Begomoviruses in the family Geminiviridae are transmitted by B. tabaci through a circulative and persistent
manner. For some insect vectors of plant viruses like aphids, information has been collected regarding their
digestive tract anatomy and cell structure in relation to the formation of virus receptor for successful
transmission. In B. tabaci, such structural details are poorly understood. This study was performed to determine
the details of the digestive organs of B. tabaci.

Materials and Methods: Ultrathin sections from important regions of the digestive tract of the insect were
prepared and studied by electron microscopy according to a conventional procedure (Cristofoletti et al., 2003).

After dissection of the alimentary tract, the tissue was fixed in Karnovsky solution and Osmium tetraoxide, 8 and
1.5 hours, respectively. After rinsing in sodium cacodylate buffer, the tissue was dehydrated in successive
alcohols grades. Then the tissue was embedded in resin and ultrathin sections (50 nm) were prepared using a U3
ultra-microtome. These sections were stained in Uranyl acetate and Lead Citrate then were examined by a
Philips CM10 electron microscope.

Alimentary canal of B. tabaci was dissected in a few drops of 260 mM NaCl buffer located on a microscope
slide on top of an ice block. Dissected tissues were homogenized in a motorized potter-elvehjem homogenizer
(Teflon pestle, 0.1 mm clearance) for 3 minutes at 500 rpm. Enzyme assay methods were according to (Allahyari
et al., 2010). Briefly, o and B-glucosidase activity were measured using 5 mM a and B-D, 4-nitrophenyl
glucopyranoside in 50 mM citrate— phosphate buffer pH 5.0, respectively, based on the appearance of p-
nitrophenol in the solution. Protein concentration was measured according to the method of Bradford (1976),
using bovine serum albumin (Bio-Rad, Munchen, Germany) as a standard.

Results and Discussion: Observations showed that ascending and descending midgut are composed of thick
epithelial cells with microvilli (MV) extending into the large lumen. These microvilli appeared to join each other
and tighten by trabeculae. Furthermore, the Modified Premicrovillar Membranes (MDPMV) are sent into the
lumen through the inter-lamellar space in the form of small vesicles between microvilli (fig. 2, A). These
membranes are synthesized in Golgi cisternae and then fused whit with the microvillar membrane at the base of
microvilli. Based on our knowledge this is the first report describing MPMV in B. tabaci. The receptor position
for begomoviruses is probably on microvillar membrane as reported by other vectors however, MDPMV may
have some roles in virus transmission processes. In order to study the possibility of isolating these membranes,
we measured the activity of membrane-bound enzymes, o and B- glycosidase reported in other Hemipetran
insects (Silva et al., 1996). Assessing specific activities of these enzymes showed that they were not present or
active in B. tabaci gut. The specific activity of o and B- glycosidase in the gut homogenate of B. tabaci were 0.34
and 0.053 mU/mg protein whereas in Eurygaster integriceps first part of midgut homogenate mean specific
activity of these enzymes were 316.97 and 27.93, respectively (Allahyari et al., 2010). Previous research also
found that other enzymes may be involved in trehalose formation and decreasing osmotic pressure due to high
sucrose concentration in phloem sap (Salvucci, 2000).

Conclusion: Binding sites of the virus particles on an inner surface of the alimentary canal, which most
probably has a role in the absorbing region of this organ, the midgut and the inner surface of the midgut are
covered by microvilli. Thus the virus particles firstly must be bind to the microvillar membrane. Glycoproteins
and other transmembrane proteins are possible binding sites. Modified perimicrovillar membranes also may have

1- Assistant Professor, Plant Protection Research Department, Isfahan Agricultural and Natural Resources Research and
Education Center, (AREEO), Isfahan, Iran,

(*- Corresponding Author Email: m.rastegar@areeo.ac.ir)

2- Assistant Professor, Plant Protection Research Department, Fars Agricultural and Natural Resources Research and
Education Center, (AREEQ), Shiraz, Iran

3- Assistant Professor, Plant Protection Research Department, Khorasan Razavi Agricultural and Natural Resources
Research and Education Center, (AREEO), Mashhad, Iran


mailto:m.rastegar@areeo.ac.ir

WAA 3l (¥ 0 ke FF ol (5559liaS @sliw g pale) LS cbilis 4 pi

YAA

an important role in virus transmission and digestion. In the process of digestion free amino acids that are
abundant in phloem sap are trapped in the MDPMV and in this way making amino acid absorption easier by
increasing the concentration of amino acids (Cristofoletti et al., 2003). In order to study the physiology of virus
interaction with midgut, it is necessary to isolating microvillar and perimicrovillar membrane. Investigations
using other candidate enzymes like aminopeptidase and also lectin binding properties are powerful markers to
isolate these membranes for future studies.

Keywords: Bemisia tabaci, Histology, Midgut structure, TYLCV
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Table 1- Some physical and chemical properties of soil testing
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Table 2- Characteristics and retention time of trifluralin standard curve

i oU rie v o (Pl clle bbb
Curve name area un de):f[he curve Concentration  Retention
(ppm) time
Oslie 5 3 2474 150 15.50
Trifluralin standard
4500
4000 y =783.68x + 210.26 "
2 3500 R?=0.982 -
] S 3000 _—
) & -
2 B 2500 f,_ff
-] "
.{ E 2000 . _,H-""
y 2 1500 e
ar
= 1000
500
0
0 1 2 3 4 5
(ol o ) Codlyalis 5 2dale

Trifluralin concentration (ppm)

ol yalds o (WS Qe 5 il (Sxuly 4 bt po ygawl pd 5 S0 — ) IS
Figure 1- Calibration curve of trifluralin herbicide standard
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Figure 2- The effect of trifluralin application rate on its soil residue over time, in control treatment without fertilizers
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Table 3- Estimated parameters by first order kinetic equation and trifluralin half life affected by trifluralin application rate
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Herbicide rate (g a.i. ha- 2929 (%) (day) 297 level
D) (mg kgt soil) eve
480 0.0088(0.0023)* 103.87 78.77 261.65 0.0083 0.87
960 0.0065(0.0019) 96.14 106.64 354.24 0.00143 0.84
shuibial slasse
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DTso and DToo time indicator is respectively 50 and 90% of herbicides decomposed.
K, coefficient of degradation (mg kg™ soil day) and Co initial concentration of trifluralin in soil (%to control)
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Figure 3- Trend of trifluralin degradation in soil affected by organic and bio-fertilizers when trifluraline rate was 480 g a.i.
hat (NF: control treatment without fertilizer, NP: bio-fertilizer, HF: organic fertilizers, NP-HF: organic and biological
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Figure 4- Degradation of organic fertilizers and bio trifluralin in field conditions on the use of trifluralin of 960 g ai ha (NF:
control without fertilizers, NP: bio-fertilizer, HF: organic fertilizers, NP-HF: organic and biological fertilizers)



VAN 3wl oF oylod XY Wl (6559l buo g pole) LS cbilis> 4 pis Y47

wialojl (s loni ;3 (ol ol 55 yos Jgb g Jgl a2 ) (S Walno bawwgs 0h 3915 (510 ol ~€ Jgu
Table 4- Estimated parameters by first order kinetic equation and trifluralin longevity affect by treatments of experiment

£) LESGle 3,18 I Slge K g
PRGBSI L Sk agds pesde)  pgc, DT OTw
(55 )2 2550 2300 : (395 53 cowsy @) ) oo R
Herbicide rate (g a.i. ha’) ~ ©rganic o (day) Probabilit
materials (mg kg™ soil) y level
NF 0.0088(0.0023)* 103.87 77.78 261.65 0.0019 0.84
480 NP 0.0168(0.0034) 95.23 41.26 137.05 0.0025 0.94
HF 0.0261(0.0059) 101.58 26.55 88.22 0.0046 0.95
NP-HF 0.0252(0.0048) 95.23 51.27 37.91 0.0018 0.97
NF 0.0065(0.0019) 96.14 106.64 354.24 0.0143 0.88
960 NP 0.0106(0.0019) 96.12 65.39 217.23 0.0016 0.94
HF 0.0141(0.0030) 100.77 49.16 163.30 0.0036 0.93
NP-HF 0.0125(0.0032) 94,57 55.45 184.21 0.007 0.89
3 kel (glass

Dad o 435 GiSale o3 Ae 50 &S sl Sloj e LS5l )5 4 DTao 4 DTso
(0L & Cod 20)3) S 53 llysliy 5 adgl cdale Co g (jg) o S 5ok 13 p)5 (i) o e K
xstandard error
NF: control without fertilizers, NP: bio-fertilizer, HF: organic fertilizers, NP-HF: organic and bio-fertilizers
DTso and DToo time indicator is respectively 50 and 90% of herbicides decomposed.
K Factor Analysis (mg kg soil day) and Co initial concentration of trifluralin in soil (%to control)
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Table 5- The amount of t and comparison of fitted lines in organic and bio- fertilizers treatment and different application of
trifluralin in soil

(Treatment ) ,l; NFH2 NPH2 HFH2 NP-HFH2
NFHL 0.79™ 060™ 1.34™ 094%™
NPH1 *2.64 158™ 060™  0.91™
HFH1 *3.16 25  1.8™  2.02m™

NP-HFH1 #+3.56 *2.8 1.08"m *2.22
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g (198 NP-HF J1 568 HF( zj 565 NP 095 590 sl jlos :NF
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** *and ns: Significant at the 1% and 5% levels of probability and non-significant, respectively.

NF: control treatment without fertilizers, NP: bio-fertilizer, HF: organic fertilizers, NP-HF: organic and bio- fertilizers
H1: of 480 and H2: 960 g ai. ha* of trifluralin
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The Effect of Organic and Biological Fertilizers on Persistence of Trifluralin
Herbicide in Soil Using Gas Chromatography Method
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Introduction: Herbicides that persist in soil are of benefit to farmers seeking to control late emerging weeds
in cultivated crops, and to managers looking for long-term vegetation control on rights-of-ways and industrial
sites. Herbicides that persist in soil can also create problems for farmers who want to diversify their rotation into
subsequent crops which may be sensitive to certain herbicide residues. Several factors mainly soil factors,
climatic conditions, and herbicide properties determine the herbicides persistence in soil. 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 crops. It is a generally regarded as a moderately persistence herbicide with
a half-life time of 1.5 to 6.5 months. Some studies, however, have reported higher half-life times varying from
7.5 to longer than 12 months. These results have been generally obtained at sites with very dry or very cold
climates in which soil is frozen over winter. Normally Residual herbicides extend the period of weed control,
increasing the efficiency of weed management practices. However, they may persist longer than desired and
injure or kill subsequent rotational crops. Thus, most herbicide labels include crop rotation guidelines, but
rotational restrictions are often not listed for many crops. This experiment was carried out to determine trifluralin
soil persistence affected by its dose and application some organic and biofertilizers.

Materials and Methods: In order to study the effect of some organic and biofertilizers on trifluralin
herbicide persistence in soil, an experiment was conducted as a factorial arrangement in completely randomized
block design with three replications in a cotton field at Ferdowsi University of Mashhad. Experimental factors
included trifluralin (EC 48 %) dose at two levels (480 and 960 g a.i. ha'), application of organic fertilizers at two
levels (Humic acid (85 %) and folic acid (12 %) and biofertilizers application at two levels (Nitroxin and fertile
phosphate2). To determine the trifluralin soil residue, soil samples were taken from 0 to 10 cm soil depth during
3, 7, 15, 30, 60, 90 and 120 days after herbicide application and were kept in a freezer (-18 °C). For trifluralin
soil residue, gas chromatography technique was used. The trifluralin value recovered from soil at different time
intervals forkeach treatment was fitted in the first order kinetic equation according to:

C=Cpe™ 1)

Where C denotes the amount of trifluralin recovered from soil at time t, Co is the amount of trifluralin
recovered at t = O interval; A represents the degradation constant, and t is time in days. The DT50 (half-life) and
DT90 (the time required to disappear 90 % of herbicide) were calculated as follows:

In2 0.693
DT = Kk )
In10 2.3
DT, = —— == "

Results and Discussion: Results showed that application of organic and biofertilizers significantly reduced
trifluraline persistence in soil. The lowest trifluralin half-life time was observed for organic and bio-fertilizer
application equal to 55.26 and 41.26 days, respectively, at the dose of 480 g a.i ha'* of trifluralin. The highest
half-life times equal to 106.64 and 78.77 days were observed in control treatment without application of
fertilizers for the trifluralin dose of 960 and 480 g. a.i ha%, respectively. Application of organic and biofertilizers
plays important role in reducing of trifluralin soil residue and persistence. Therefore, the mentioned fertilizers
have positive effects in fields where there is a risk of damage of trifluralin residue for rotational crops.

Keywords: Bioassays, Bio-fertilizer, Organic fertilizer, Sorghum
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3- Polypogon monspeliensis L.
4- Bromus tectorum L.
5- Lolium perenne L.
6- Mediterranean-hair
(Vill.) Reichb)
7- Phalaris brachystachys L.

grass (Lophochloa phleoides
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1- Alopecurus sp

2- Avana fatua L.

3- Bromus spp.

4- Dactyloctenium aegypticum (L.) P.Beauv
5- Echinochloa colonum (L.) Link
6- Cynodon dactylon L. Pers.

7- Cyperus esculentus L.

8- Hordeum spp.

9- Loloium spp.

10- Setaria viridis L.

11- Eragrostis poaeoides L.

12- Cynodon dactylon L.

13- Eleusine indica L.

14- Physalis minima

15- Chenopodium album L.

16- Poa annua L.
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1- Weed Control Efficacy
2- LSD (Least Significant Difference)
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Table 1- List and relative frequency of onion weeds in the experiment location

sode o 05 o,y ol o (Sl
Scientific name Family Persian name Relative frequency
Polypogon monspeliensis L. Poaceae £l 25.24
Bromus tectorum L. Poaceae Sl s 14.96
Phalaris brachystachys L. Poaceae wld e 10.29
lolium perenne L. Poaceae o 13.09
Lophochloa phleoides (Vill.) Reichb Poaceae ‘Gllnse sge cile 11.22
Echinochloa colonum (L.) Link Poaceae by ygw 5.61
Hordeum murinum L. Poaceae (950 5> 7.48
Avena fatua L. Poaceae oyley (sibi>g BY g 6.55
Other Weeds - - jmsladile b 4.68

S jlosd il Codd w0 9,90 5l 48 )30 13 w2 9 E3JUAD ¢ Soully e 0395 Cumns g o515 (las o (Sile) il g 15265 -Y g
Table 2- ANOVA (Mean Squares) results of weed density and biomass of B. tectorum,. P.monspeliensis and L. perenne in
onion field affected by herbicides treatments

s o (o1 420 e oI oy S
SOV L. perenne P. monspeliensis B. tectorum
e df Density Biomass Density Biomass Density Biomass
Rep. 3 4.42* 0.97ns 0.48™ 98.89™ 1.64ns  8.45**
Treatment 6 7.59**  14.83**  6.06** 2376.53** 5.04**  1513**
Error 18 1.25 3.35 0.62 113.28 1.04 1.61

B re pf o> V5 0 e ) > dme )y NS HF
ns, * and **: not significant, significant at 0.05 and 0.01, respectively

513550 3l 48550 50 Slacile JS g (g1l e (sg0 Bl (55U il 2397 Cunny 5 9 o515 (Slayyo (10Silo) (il g 42325 Y Jga
oS le bl Wil cow
Table 3- ANOVA (Mean Squares) results of weed density and biomass of P. brachystachys,. L. phleoides and Weed total in
onion field affected by herbicides treatments

S b )’ &8 e & &l g90 Sl gl JS
”“JZ g Vv N P. brachystachys L. phleoides Total weed
o df Density Biomass Density Biomass Density Biomass
Rep. 3 0.8™ 495" 0.23m 1.31™ 5.47" 328.5™
Treatment 6 0.87 25.04™ 0.23" 0.4™ 4558™ 6487.86™
Error 18 0.19 4.7 0.23 1.39 3.05 148.87

B oxe juE o> V9 0 o ) > gme i)y NS H*
ns, * and **: not significant, significant at 0.05 and 0.01, respectively

1- Mediterranean-hair grass
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Table 4- Effect of herbicide treatments on weed density and biomass of P. monspeliensis and B. tectorum in onion field

o Jd Sy il
Sl P. monspeliensis B. tectorum
Treatment Density Biomass Density Biomass
(plant/ m?) (g/m?) (plant/m?) (9/m?)
Elective Sl a(78) 3 ab (72) 56.01 33(61) a(68)5.18
Super power 9k g 2(81) 2 b(80) 41.99 0.75(84) (76) ¢ 3.29
Select eSho b(94) 0.75 €(92) 14.75 0" (100) (95) « 1.66
Gallant super yg CHYE b(94) 0.75 €(93)13.23 0" (100) (95)«1.45
Nabu-S el a(75) 3 3(67) 62.22 1.25°(82) b (73) 4.73
Focus oS 9 b(96) 0.5 €(94)12.53 0°(100) 4(96) 1.14
Hand weeded Oy wali b(100) 0 €(100)0 0°(100) 4(100)0
LSD (0.05) 1.17 (11) 15.82 1.52 (21) 1.89 (12)

ol 20> O o ;3 LSD 9051 bl I sime BMST 38 S jiiie By S i b jloss o ) bgyyo (slopuSilio ygi yb
(3l dows & Comus J S duopd odiad L juily S5 b slael)
In each column, means followed by the same letter in each treatment are not significantly different by LSD test at 5% level
(The number in parentheses indicates the percentage of control than half of without herbicide)

oiblS blite aald 4y Coaws Aoy d YA gAY Cui g ) jSie 5 (o ol 5l gyl Gale 8 50 jle opy Collas

(oS5 slapiSile 5L bjleg b jgh pgw o e
Jolie p il )8 glal 09,5 Ky cSho g g cVE
58U piSale 58 51 ()l8 jym cile JuS > o) o ieS
039 5Cumj § 051y Cundlys oSl iSile wgng ol b el Juols
bl dals 4o Cuws o Ve g V8 iy & jyb e oyl

0 Jgiz) m> ials

Ol 39 ESdes g pgu SOV gS98 ASile slajlow 3 )8
eIV polae L ey an |y jya dile ) oS5 aiiuslys b jlos
AV AA AA b Le dald 4 Cos @yo yio ) &g +/VD /YD
DS M0 /AF /A olie b e 4 )] 0395 g oy
oaalsS 1oy AV AY A8 Cuip 4 jblie sald 4 Cuws @iy yio
Gile 0355y g o515 Cunslys 5l g (S le o 51 g i
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Table 5- Effect of herbicide treatments on weed density and biomass of L. perenne and P. brachystachys in onion field

. § L8 Gl =
Sl P. brachystachys L. perenne
Treatment Density Biomass Density Biomass
(plant/ m?) (g/m?) (plant/m?) (g/m?

Elective P a(76)1.25 5.86 2 (70) 3.2523(79) 4.77 2 (75)
Super power 9L yrge 2 (83) 0.75 4.25 % (79) 22(85) 4.32(83)
Select Sl be (98) 0.25 1.05 ¢ (93) 0.25 P (95) 1.47 % (94)
Gallant super g Y b¢ (97) 0.25 0.94 ¢ (94) 0.25" (96) 1.42 °(94)
Nabu-S ool a(79)1 5.68 2 (77) 2.7523(82) 4.542(80)
Focus esS 9 b¢ (98) 0.25 0.90 ¢ (95) 0.25  (96) 1.381(94)
Hand weeded Oy wald €(100)0 0 ¢ (100) 0°(100) 0 (100)
LSD (0.05) 0.65 (11) 3.23(11) 1.67 (12) 2.72 (10)

ool 103 B w13 LSD 9031 olhol I gime MBI 386 S o By S i b jloss s b bgyyo (clouSilio ygit yo p
(Wl daws 4y Cous J S duoyd odidd (L jilyy S50 dlael)
In each column, means followed by the same letter in each treatment are not significantly different by LSD test at 5% level
(The number in parentheses indicates the percentage of control than half of without herbicide)
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8- Digitaria horizontalis

9- Spigelia anthelmia L.

10- Echinochha colonum (L.) Link,

11- Brachiaria eruciformis (J. E. Smith) Grises
12- Dinebra retroflexa (Vahl.) Panz

wdol cwds ol wlwl o (8 Jods) 48,5 ), 8 o)Ll
s 12l 5l an acsladile IS 58 (sl e o osllas
Sk D ESbe g pgwciYE ¢ pugS e sla i ile 58
Ly an j dile J5 o515 8o sl S ile 5,5 o5
Ad blite wald 4 Cawd @yo o ) dg Y/VO F/YO & polio
o jacide S 0393 j comiznen Ll ials Lo)y> AF AY
Al dn Caus 45 39y @ye yio )d p)S VYO FVVD ¥ sy
ol 5 e el malS as AT AY AF Cos i an bl
o jyacide S 0395 g o515 Cudly )5k pgw (A4S e
T yie 3 pyS AID 5 gy e 3 455 BIVD ol b i 5
e yeS amd el o d A g AV Gy jblie sald 4 s
S cide 3,8 3y mslacile 5 )8 3 iSile S
5 655 S ile 5l 3 LS gy ol b i ol 530
Jald 4y Cuwd o VY g VA Cwi & jadale IS o095 Cann
05 U558 3 58U S le IS e 28l ialS liliss
MR8 olel0g)5 Sy p3 9392 plpl S il b bt pa slacile
(7 Jgie) wd s
Ol calio (IS Cile )81 (S slo addlae bl
byl o2l g 8 polas )5 b ], Sy S pilacile
L oodlinglagy 3,8 63,5 ()15 (W) ohlSen 5 ()88
S ao 3 Al Gl Sl 5 pmslacile cunl 3B (43958 uS]
L o s llinss (a5 le 3,8 L o bl GoliS )5 48
o jln S Syl jpuleile odgicun o o515 lle sy
aS oad gl ()35 50 (V) Wdges JyiiS Mo d YY 5 ¥F sy
L olliecsiy slaiSudle b osillinsS o iSuile 3,8
(E o 4y jpsiile 039 ) g 0515 Casl B (495l o]

5 (V0) ohlsien 5 1S ped (VYY) a2 (falS (61> (dne yolas
wsillinsS (ol (o oisls sl iSile )8 a5 W58 pledl
o egyg jymslacile culy jly ) GoillgSlgy Js!
5 Olig—e S S5 203 BY Sl i (850 2oy 5 " urtog S1))
ypluSgs jaSdale 5,8 a8 65,8 ssalie pa F) Ko
L 09ldlisT ol ideimnS ol gl piside b Jsl (o
A5l sl 3 jreuladle S 3 (alle (2L (gjlussle
slagisaide ohlS a8 wad Siie 35 (V1) )lSen g 500lS

1- Cyperus rotundus L.

2- Parthenium hysterophorus L.
3- Amaranthus spinosus L.

4- Convolvulus arvensis L.

5- Euphorbia sp.

6- Poa annua L.

7- Eragrostis major L.
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Table 6- Effect of herbicide treatments on weed density and biomass of L. perenne and Total weed in onion field

Sl e cile e s
o L. phleoides Total weed
Treatment Density Biomass Density Biomass
(plant/ m?) (g/m?) (plant/m?) (9/m?)
Elective 5l 0.52(93) 0.88 2 (91) 9.52(79) 1043 (71)
Super power 25k g 0.252(96) 0.772(92) 5.75°(83) 85.55(81)
Select eSbo 02(100) 0.55 2 (95) 2.25¢(94) 33.5¢(93)
Gallant super g SYE 02 (100) 0.9 2(95) 2.25°¢(94) 31.75¢(93)
Nabu-S olsb 0.52(94) 0.822(92) 7 (81) 96.25 % (79)
Focus oS 9 02(100) 0.68 2 (96) 2°(95) 29.03¢(94)
Hand weeded Oy ald 02(100) 02(100) 0 ¢ (100) 09 (100)
LSD (0.05) 0.71 (9) 1.75 (13) 0.71 (0.71) 0.71 (0.72)

el 310)d O o ;3 LSD 9051 (bl o I ixe M5 336 S yiio By S Bl b jlosd po 4 bgpyo (cla n,Sibo ygia o 5
(wold dows & Caum J S duopd odimd s july 8 slasl)
In each column, means followed by the same letter in each treatment are not significantly different by LSD test at 5% level
(The number in parentheses indicates the percentage of control than half of without herbicide)

) 8y9ds (ST (F+) plliogiy (gla i Cile 3,18 L a8 ol LS L as as S Ledl 15 (W) olySon 5 ) LSUsS
3ySlas (F) JiceS ) (¥) asbdliST oYY 9 Yo 00 AS TN ol sy 3,Shes oyt 0alé (oS olyon & osili Sl
L a0dges 5Lebsl (1) o Ken 5 oyloya ¢ blas ;o .l iulss 5l osS e 5,8 L oS cunl ooy )l (goaxie gla )18 b
S 53 0 550 03ke 5 LS VY e ay (silin SRl 3l alige IS Sl 5Skes gl (ST ol0m 4 il osilisS
cdb als 5l o Slee O3l S 3 6)%0d Sladss gl (piomed (T A AT OY)

OIS Ale (51 jlow wU Codi 3 ;e Ol pundd duoyd 9 3,5os (ley yo (3uSilio) il ylg 43205 Y Jou
Table 7- ANOVA (Mean Squares) results of yield and variation of onion yield affected by herbicides treatments

i gl g3ljlary laSles 3Sles Gl ao)d

SOV df Onion yield Percentage of yield changes
Rep. 3 9.54™ 318 ™
Treatment 6 287 738
Error 18 65.6 3018

T
¢

B e g oy ) 9 O e 3 )b dxe S NS
ns, * and **: not significant, significant at 0.05 and 0.01, respectively

Ol ©lpds 0045 g jly 3,5Mos w WiSGle sl Hlowd W1-A Joua
Table 8- Effect of herbicide treatments on onion yield and percentage of yield change

s 0 ,Sdos 3,5dos Ol pudi o >
Treatment les Onion yield Percentage of yield changes
(ton/ha) (%)
Elective  ¢u5Jl 49.73°¢ 162.61°
Super power sk ygw 55.49 be 201.14 &°¢
Select sl 67.29 ® 254,91 @
Gallant super g <5V 67.09 @® 252.87 @
Nabu-S  _lssb 52.26 ¢ 191.87 b
FOCUS  _osSsd 67.69 @ 257.12 @
Hand weeded  (p2g s2ls 702 278.532
LSD (0.05) 12.04 209.23

ol 310)d O o ;3 LSD 9051 (bl o I ixe M3 336 S yitio By S JBlis b jlosd po 4 bgyye (glaypuSbo ygian yo 5
In each column, means followed by the same letter in each treatment are not significantly different by LSD test at 5% level.
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Introduction: Onion (Allium cepa L.) is a monocot and bulbous perennial plant belongs to the
Amaryllidaceae family. It is one of the most important crops in Iran and Southern Kerman. The total area
cultivation of this crop is about 63 thousand hectares in Iran and 7.5 thousand hectares in Southern Kerman.
Weeds are one of the greatest limiting factors in crop production. Onion is more susceptibility to weed
competition in compared to many crops due to its inherent characteristics such as slow germination, extremely
slow growth in the early stage, non-branching habit, sparse foliage and shallow root system. Weed competition
can reduce average onion yield by 46- 86% compared to weed-free control. The most important weeds of onion
fields in Iran are Alopecurus spp, Avena fatua L., Bromus spp., Dactyloctenium aegypticum (L.) P.Beauv,
Echinochloa colonum. (L.) Link, Cyperus esculentus L., Cynodon dactylon L. Pers., Hordeum spp., Lolium spp.,
Setaria viridis L. Application of herbicides is the most prevalent method of weed control in onion fields.
Oxyfluorfen, oxadiazon, ioxynil, clethodium, haloxyfop-r-methyl ester, sethoxydim, and cycloxydim are the
commonly used herbicides for weed control in onion fields in Iran.

Materials and Methods: In order to study the efficacy of herbicides to control narrow leaf weeds of onion
fields, an experiment was conducted at South Kerman Agricultural and Natural Resources Research and
Education Center, Jiroft, during 2016- 2017 growing season. Plots were located on a sandy loam soil with pH
7.4. Experiment was carried out in randomized complete block design with 4 replications. Treatments included
clethodium (Elective 24% EC) at 1.2 lit ha! equivalent 288 g a.i. ha’', clethodium (Superpower 12% EC), at 1.2
lit ha* equivalent 144 g a.i. ha'*, clethodium (Select 24% EC), at 1.2 lit ha* equivalent 288 g a.i. ha™*, haloxyfop-
r-methyl ester (Gallant-Super 10.8% EC) at 750 ml ha* equivalent 81 g a.i. ha'!, sethoxydim (Nabu-S 12.5% EC)
at 2 lit ha'* equivalent 375 g a.i. ha’’, cycloxydim (Focus 10% EC) at 2 lit ha™* equivalent 200 g a.i. ha ,and hand
weeded as control treatment. Broadleaf weeds were hand removed during the season. The herbicides were
applied 30 days after planting of onion transplants when onion plants were at the 3—4 leaf stage and weeds were
at 5-10 cm in height. The herbicides were applied using a Matabi sprayer equipped with an 8002 flat fan nozzle
tip delivering 350 L ha at 2 bar spray pressure. Weed density and dry weight were determined in a 0.70'-m?
quadrate per each plot randomly. Fresh weight of onion bulbs was recorded for a 2.5-m? quadrate per each plot.
Statistical analysis of data were done by SAS ver.9 and comparison of means were tested using the LSD test at
95% level of significant.

Results and Discussion: Dominated narrow-leaf weeds were Polypogon monspeliensis L., B. tectorum L.,
Phalaris brachystachys L., L. perenne L., Lophochloa phleoides (Vill.) Reichb, E. colonum (L.) Link, H.
murinum L., A. fatua L. Visual observation confirmed that the most of the weeds were effectively controlled by
herbicide treatments. The statistical analysis of the data on the weed density and biomass indicated that
herbicides in onion significantly decreased the weed density and biomass. Results also showed that application
of Focus, Select and Gallant-super provided excellent control of the dominant weeds. These treatments reduced
biomass of P. monspeliensis, B. tectorum, P. brachystachy, L. perenne and total weeds more than 94%.
Application of Superpower and Elective reduced weed biomass in B. tectorum about 75% and 68%, respectively.
The results also showed that the weed biomass of P. monspeliensis were decreased about 80% and 79% using
Superpower and Elective, respectively. The decreasing effect for Superpower and Elective on weed biomass of
L. perenne and P. brachystachy were about 79 and 75%, respectively. The effect of Superpower and Elective on
total weed biomass were approximately 80 and 71%, respectively. Onion yield in the plots treated by Focus,
Select and Gallant-super increased about 250%. Onion yield for Superpower and Elective treatments was 55 and
46 ton ha't, respectively, that showed an increasing in yield approximately 201% and 162%, respectively.

Conclusion: Results showed that the best herbicide treatments were Focus, Select and Gallant-super. These
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treatments decreased density and biomass of weeds and increased onion yield. In general, Superpower was
superior to Elective in control of the dominant weeds and increased onion yield.

Keywords: Biomass, Cycloxydim, Density, Herbicide, Narrow leaf weed
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Table 1- Planting date and density, spraying and weed sampling dates and harvesting date of crops in rotation

o2 gladdle (gl aiged F,6
- = .t e e ) A Weed sampling dates
ol o sl els Cll f b ColS 11,5 b &2,U o d ‘,f’ d ity A
Cropinrotation  Planting date  pjanting density ~ SPraying date R ST o 995 Juad ja1 r T
(no.ha) 30 days after End of season Harvesting date
' spraying
= 1392/08/29 1393/01/11 1393/02/10 1393/04/02 1393/04/02
Barley 450000
- 1394/02/15 1394/03/05 1394/04/04 1394/08/05 1394/08/05
Cotton 100000
P 1394/10/10 1395/01/17 1395/02/16 1395/03/17 1395/03/17
Wheat 450000

S Sl o o) Vo 00 5pp ladile SUis (g 9 o515 SialS
03> s Laodly) 09 jly size 5y0 slacale I plS” zun 3550 40
Dime JialS cel ja slacale b olowd o) )le (sl il
A Cod Sgid > 9 Sl 50 slacile SUid (g 9 Sojl o515
i ladide 151553500 )3 (Y Jgaa) 48 oj)le (g Sl
e sladile saome ) cle 4y 558 o)Ll S5 ol 4 s
2 (95 7) 0515 s Sojlisl g (b alols )3 0354l o5
abes Mo B STis g sl 1 Jg Bgde Bd o515 oy
0ialS alys > nlplis a0l Gl 58T o) 5 g Aty
el G o ine Lo (S Gile Gbyumo 51 55 50 clocils oS5
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Cardaria ) S ojl Joad Jolgl )3 as)jo e i slacile
9 {4 5dg (Malcolmia africana L.) Sg i) o (draba L.
Acroptylon ) asdb 5, e cale Jad 31 5 i jun clacile
b4 (Alhagi pseudalhagi (Bieb.)) w5, 4 (repense L.
b 3529 (nl b 835 2l de 50 10 Sk e Slacile
L ojylse 09y 4 plosl j3 SpmnS)l e slacile ol
Sid 09 9 w1 = B Sl e 9y Yo 53 e slacile
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el jyn clacile (Jad ,31) g culy oloj ,o by olis
i sladle boj)le () 9 Ll 51009 )l 5 455 ac) 5
Looals) 250yl gme Juad 51 jia clacale Sis 59 9 ST
Lo i Scale Gpao o ;0 aSlay dn g b (Cowl o odly ol
Laodly) 395 45 cxe (olowd 0j)lo g 0j)ke ot dali (sla oy

03> L odls) &ild Voo v 59 3 Llay 1 (ol oo ool oyl

92 3 (oWl 5l o o) T (ooit ) o) 2 (sladile SWid (59 9 05155 (mileyly 525 -Y oo
Table 2- Analysis of variance (log-transformed) of weed density and dry weight 30 days after spraying in barley

(MS) rlay o (pa5ke
dile &g 5 ol s
BPeS & o & i - iAo
Weed species S.O.V. w3l w17 _ 03
df Weed density Weed dry weight
o 2 0.01795781 " 0.07829717 **
Replication
L"'F" 2 0.00358607 ™ 0.00715689 "
Residue
(RSN
. L 4 0.00561001 ™ 0.00645812
ResiduexReplication
ojke UB9) 2 0.08808243 === 0.10547219 ==
S Weed control method

Cardaria draba oj)le gy % Ll

Weed control method xResidue

73

2 0.00169452 ™ 0.00217680 "

ks 12 0.00554321 0.00968488
Error
(4) yesis e 6.84 8.88

Coefficient of variation (%)

S5
Replication
bls,

Residue
[HESIY
ResiduexReplication
o5)ke b9,

Weed control method
o)yl g X Ll

S gy
Malcolmia africana

Weed control method xResidue

2 0.00089599 ™ 0.00571049 m

2 0.00063773 ™ 0.00082385 ™
4 0.00018716 ™ 0.00411030 ™

2 0.00012002 === 0.02589771 ===

2 0.01163433 ™ 0.00026852 ™

k> 12 0.00019300 0.01939424
Error
(A) et ey 2.87 3.82

Coefficient of variation (%)

A Y gime b g AoV AN Jlein] paw (0I5 gxe MBI 55 4, NS 5
., and™are standing for significant differences at 1%, 0.1% probability level and no significant differences, respectively.
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Table 3- Effect of weed control method on weed density (no.m) and dry weight (g.m) 30 days after spraying in barley

N ol (&0 5o 3 31aa3) (515 (Qap0 ho y2 0)5) Sid (339
» I3 300 P9y ; i
Weed species Weed control method We(e d der12§|ty Weed( ary ;/;/elght
no.m-" g.m-
o5ke (y9s al 6.333 2 7.7672
Weedy check
Sl (2 g 2l 0° 0
Cardaria drab Hand weeding
ardaria draba .
@w 05k 1.778" 3.078°
Chemical control
oj ke Gy Sal 1.444 2 2.956 2
Weedy check
awd pg b b
y 0 0
Malcoli?;w;;ricana Hand weeding
stlbrossd o))l 1.667 @ 1.171°

Chemical control

0=70 b)Y 0l o Jb gre AU pae Sily (gt )3 gy )0 pds g (gt s 4D alie LBgy>
Same letters or no letter in each column showing no significant differences at 5% level.

g 413 3,Shos 5 (Lo I 35) S 5algm 3, Shee il ly 305 —E S
Table 4- Analysis of variance of biological yield (log-transformed) and seed yield of barley

QU It RSN S590gn 5 yos a1y 3,50os
S.0.V. df Biological yield Seed yield
s 2 0.71277649 * 725922.81 **
Replication
Lls
T 2 0.06679884 s 60395.26 ™
Residue
Ll %),
. . 4 0.10113691 ™ 6707593.04
ResiduexReplication
oike Ghe) 2 0.9172658 * *963250.48
Weed control method
ojsle by % L
. 4 0.13236105 ™ 290106.37 ™
Weed control method xResidue
ks 12 0.10818235 140194. 52
Error
) Sl 08 9.8 20.45

Coefficient of variation (%)

s > e il g e/ S Jlein] pdaw (3 5 dme BMES| 35 40 5 RS
., and™are standing for significant differences at 5%, 0.1% probability level and no significant differences, respectively.
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Table 5- Effect of weed control method on biological yield (kg ha?) and seed yield (kg hat) of barley

5 b0 o S e 3,Sdos 41> 3 Shos
50 P9y . , i j
Weed control method ) (’Lfs'h 2 dad (’L&af 2 p55S)
Biological yield (kg.ha?) Seed yield (kg.ha't)
e g 0l 2166.7° 162240
Weedy check
i g 28l 3800 2 2592.2 2
Hand weeding
el o3yl 3977.82 2628.4 7

Chemical control

{0720 (S3) aily oo o sine WS pas Sk (y5is 53 B> )3 pas 5 gy 5 allde B>
Same letters or no letter in each column showing no significant differences at 5% level.

gm0 3 ine s Jad 3T 5 5 a sladile Sas iy g 0515
by St g sy sladile bojyle (b, 1LV Jgi2)
Wald jlo ) diy by S 05 (V0 Jgi2) 351 5B e iy
Wl e | e )b e ysbar (olend 0j)ke 5 (wd 29
Ay by Sid (g = Ll 3L (W Jgdn) 35 0j5le (9

(ol o 0oly lis laedls) 59 I ixe

Jad y 3150 5, lacile SL28 (g 5 o515 2 L

L ojylae gy sl (sl oais oaly luis Laodls) sau )y jme
b 531 3 5ym sladile S8 j9 9 o515 2 50 slacile
e slacide (390 sz 4 a2g L.V Joio) 392 5l gne
WAL jeuds dcgie ) byl g asds iy cale slodly 5 Ll
55 b 0j)lue g 05,00 g ol (sl o SIS

s )3 (@l 5l o 595 Ve (de ) a8l 0 dile WS (359 9 05159 omilly @325 =1 Jgoa
Table 6- Analysis of variance of Acroptylon repense density and dry weight (square root-transformed) 30 days after spraying

in cotton
(MS) Slrs po (1aSlko
st gabie @3ljl aa p . ”
SO.V. df o515 Suld (939
Weed density Weed dry weight
ol 2 0.84799641 * 9.2618407 *
Replication
L&,
s 2 0.17501328 " 0.0963256 "
Residue
Ll x,1,85
. . 4 0.14163440 " 0.9500881 "
ResiduexReplication
o)k g Y 18.41526284 == 159.0393366 ***
Weed control method
ojke b9y x Ll s N
Weed control method xResidue 2 0.05637155 0.6304301
ks 12 0.14609899 1.3495745
Error
(F) Sesis 8 2347 2437

Coefficient of variation (%)

A Y3 gime pué g o/ N LD Jlass] paw )0 )l gime W] Lo 4 1S o ¥HEE
. and™are standing for significant differences at 5%, 0.1% probability level and no significant differences, respectively.
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Table 7- Effect of weed control method on Acrotylon repense density (no. m) and dry weight (g m?) 30 days after spraying in
cotton
oS5 Sl (939
250k %9, (@20 s y3 2lass) (&0 50 2 2 5)
Weed control method Weed density (no.m?)  Weed dry weight (g.m?)
2ilee g Sl 7.556 2 65.378 @
Weedy check
d g ald 0c 0¢
Hand weeding
et 0jle 50 42.844"

Chemical control

{0720 (S3) Al o Jlosine WS pas ik (y5is 53 B> )3 pas 5 gy 53 allde B>
Same letters or no letter in each column showing no significant differences at 5% level.

Ay 43 Juad 31 03 5 sladile (oo, Jous) s (59 9 0515 il gl 4300 —A Joas

Table 8- Analysis of variance of weed density and dry weight (log-transformed) at the end of season in cotton

a0 (MS) iz po pilao
e 5 gilie d;;»i o515 - wz» 539
Weed species S.0.V. / )
P df Weed density Weed dry weight
)l'&’ . 2 0.00605822 ** 0.02947237 ™
Replication
w)‘ 2 0.00056949 " 0.05972766 ™
Residue
Llss % |,SS
o ))s\_, . 4 0.00032642 ™ 0.03762730 ™
ResiduexReplication
oske oB9) 2 0.05201490 == 1.23144197 #==
Wl Weed control method
o5yleo  yigy X Lla
Acroptylon repense et ns ns
Weed control method xResidue 2 0.00038222 0.01962501
e 12 0.00065514 0.02087418
Error
() e et 2.37 10.45
Coefficient of variation (%)
’l’& . 2 0.00088266 " 0.06586764 "
Replication
w" 2 0.00060156 ™ 0.07425380 "
Residue
Ll x 1,
Ll 4 0.00044447 s 0.12956186 °
ResiduexReplication
2jke UB9) 2 0.02206807 =*** 2.22037844 ==
s Weed control method
- 5bo sy X Llay
Alhagi psedualhagi Oe 09 T AR 2 20 4691026 1
Weed control method xResidue 0.00085920 0.04691026
k> 12 0.00042697 0.03584300
Error
() Sl e 1.96 12.35

Coefficient of variation (%)

A Y5 gime pé g oo/ N LD Jlass] pan )3 o gime W] Lo 4 S o FHEE
= ***and "™ are standing for significant differences at 5%, 0.1% probability level and no significant differences, respectively.
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Table 9- Effect of weed control method on weed density (no. m?) and dry weight (g m™) at the end of season in cotton

2,40 (W9,
Weed control method

s e s
Weed species

Weed density (no.m*?)

15 Sid Bs
(&0 o 4 3asd) (&0 5o 2 0 5)
Weed dry weight (g.m™)

0jyle y3dy dald

42222 49.156 2
Weedy check
s S 9 "“L“ 0c¢ 0¢
A ol Hand weeding
croptylon repense .
‘:l«w 05)ke 2333b 18.456 °
Chemical control
o5k (9 Sl 2,556 115.992
Weedy check
(Sawd (g ol
L 0 0
Alhagi ;:é:ualhagi Hand weeding
stbosd 0j)be 1.556 b 36.88°

Chemical control

(0=70 Sh) il o Jb gre AU pas Sily gt )3 g )0 pds g (gt s 4D alie LBgy>
Same letters or no letter in each column showing no significant differences at 5% level.

(o Jaad) anty (g SWid (359 owilyyly 42525~V Jgoa
Table 10- Analysis of variance of cotton boll dry weight

s gbo o3l 4y Ay (g Sl (43
S.0.V. df Cotton boll dry weight
IS 2 800.815222 ***
Replication
b 2 115.954386 ™
Residue
L, x)l,S5
4 108.334828 ™
ResiduexReplication 08.334828
2ike o) 2 276.617168 *
Weed control method
ojkee gy % Ll ns
Weed control method xResidue 4 73.606143
ks 12 49.604516
Error

Coefficient of variation (%)

20.42

A Y3 gme pué g o/ N LD Jlassl paw )3 o gime W] Lo 4 S o FHEE
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and " are standing for significant differences at 5%, 0.1% probability level and no significant differences, respectively.
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Table 11- Effect of weed control method on cotton boll dry weight (kg.ha't)

05,le ¥,
Weed control method

Ay (g Suld (439

(652 13 ,554)
Cotton boll dry weight (kg.ha®)

o))k (ygy a0l
Weedy check
Sd g wald
Hand weeding
cotbrosd 0j)lo
Chemical control

1215.2°

1644.7 2

1768.7 2

{0720 (S3) Al oo o sine SHS! pas ik (y5is 3 B> )3 pas 5 gy 5 allde B>
Same letters or no letter in each column showing no significant differences at 5% level.
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Table 12- Analysis of variance of Acroptylon repense density and dry weight (log-transformed) 30 days after spraying in

wheat
(MS) &ilas o (1o
P RILY 633l 4, - -
S.0.V. df ielid S 09
A. repense density A. repense dry weight
’I’S’ . 2 0.25453053 ™ 0.10185851 ™
Replication
L,
2 0.03326567 " 0.1564078 "
Residue
L, xl,S5
. L 4 0.03366541 ™ 0.03192138 "
ResiduexReplication
2jske B9) 2 4.20639596 *** 1756741527 ==
Weed control method
o) ke gy X L ns ns
Weed control method xResidue 2 0.01380321 0.03807324
s
12 0.03379502 0.05216281
Error
(7) Sesis 8 23.77 14.30

Coefficient of variation (%)

s 3 e il g Ao/ Jlein] prdans Hl3 e BMES) 35 4 0 4
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)1 (5 a8 o) 035 Bl yialS @b g 3 e slacile
2 dlge a6 dgae (o piwd 9 6 50lsS jya sacile

S5

*and "™ are standing for significant differences at 0.1% probability level and no significant differences, respectively.
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Table 13- Effect of weed control method on Acrotylon repense density (no.m2) and dry weight (g.m) 30 days after spraying
in wheat
05,le (w9, oo 3 sl . -
Weed control method (&0 S0 2 2la5) (@250 7 55 0,5)

A. repense density (no.m?) A. repense dry weight (g.m?)

2j ke 9y Jald

18.2222 285.36 2
Weedy check
D e Jals 0c 0¢
Hand weeding
st 03l 2.667° 27.420

Chemical control

{0720 (S3) aily oo o sine WS pas Sk (y5is 53 B> )3 pas 5 gy 5 allde B>
Same letters or no letter in each column showing no significant differences at 5% level

S g3 Juad AT g3 a5di g Gle (oot ) Jaad) SWES (359 9 (soi )W J2wd) o515 (il @525 V€ Jgoe
Table 14- Analysis of variance of Acroptylon repense density (log-transformed) and dry weight (log-transformed) at the end of
season in wheat

S ol e (MS) &l po (1lio
R & LI ST .
S.O.V. df i S 03
A. repense density A. repense dry weight
I .
’_’g’ . 2 0.01058760 " 0.06811501 "
Replication
L&,
C 2 0.00466893 " 0.07561162 "
Residue
L, xl,S5
. . 4 0.02515066 " 0.02107457 "
ResiduexReplication
2k 9 2 0.39066754 == 0.60256269 =**
Weed control method
oj)ke b9y X Lla s s
Weed control method xResidue 2 0.00732811 0.03360027
ks 12 0.02247200 0.02899562
Error
(2) s e 12.88 7.77

Coefficient of variation (%)
s I3 e il g Aol Jlein] pdan (3 Iy e M| 55 &
*and "™ are standing for significant differences at 0.1% probability level and no significant differences, respectively.

g ***
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s 55aS Sl Jyltia 3ui > Sy 5 ly il oo
(YY) (Syg cyas (YY) 4 odmliie olis 93y ) e slacale
dlwrx gladssS colé corge poud jLi8 Llals &5 cdl o
o Cpdle 4 S unly LS 35 (YY) (ammels g 0,8 L3048 oo

S (oo S o3 sl o b o6 jym cile (slaigS

oslls ooty 5yp (sloile Jgltio o5 g, 5 S ke

2 dlwds ja glacle Slolyd 5 1)l (oS ) Wg LUl
adlae Jiow coan b (VW) ol Len ¢ lgbre canl a8 )]
aonts Gblis @50 pllas G 53 jyp slacile mex Ol
ol ool 5l ialS o5ud p Jolie poud Cuje LS 8,5
Lol oy slaplas o dlsiis bdsS Cures LS Eals
—oble g paS— el Cslis ) o5 (igds ey 0 s K 5



VAN 3wl oF oylod XY Wl (6559l o g pole) LS cbilis 4 pis  FYY

O 33 Jad AT 45 a5 50 e (arp0 gy yd 055) SWid (439 9 (@a 0 o 43 31uxd) o515 1 055Le (Wgy 2T (Sile dunlie —Y0 Jouo
Table 15- Effect of weed control method on Acrotylon repense density (no.m™) and dry weight (g.m) at the end of season in

wheat
a5 @515 S SUS 439
2500 %9 (@20 50 3 3land) (@230 550 3 0,5)
Weed control method A. repense density (no.m?) A. repense dry weight (g.m?)

ek Gp aald 217782 4762
Weedy check
Sd g Jald ¢ e
Hand weeding

lhosd oj)le 12b 174.4 b

Chemical control

070 Sh) il go Y gre AU pas Kby (gt )3 g )3 pds g (gt s 4D alie gy
Same letters or no letter in each column showing no significant differences at 5% level.
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Table 16- Analysis of variance of biological yield (non-transformed) and seed yield (log transformed) of wheat

i alio o3l an o S50 3 Shas 4ild 3 Slhos
S.0.V. df Biological yield Seed yield
)I’S . 2 67469698.4 == 0.34166088 "
Replication
L,
c 2 3935525.9 ™ 0.11469090 ™
Residue
Ll 1SS
4 6301847.7 * 21817415 ™
ResiduexReplication 0218 S
o)k i) 2 19142608.6 == #0.50249237
Weed control method
oj)le gy X L& N N
Weed control method xResidue 4 2986971.3 0.12678652
ks 12 1436749 0.10932160
Error
(2) e a2 18.59 10.72

Coefficient of variation (%)
s I3 e il g e lV LD Jlein] pran (3 )5 dme MBS 55 4 S 5 RS
""" and " are standing for significant differences at 5%, 0.1% probability level and no significant differences, respectively.

P (U )3 0,5 gkS) il 3,SMos g (LS 13 2,554S) Sujolam 3,5Mos 51 05)ke (g P pKile dmnliie —VY Jos>
Table 17- Effect of weed control method on biological yield (kg.ha!) and seed yield (kg.ha) of wheat

S 9 e 3,5dos &3 > Shos
05510 99, (LS > 2,55L5) (,LS 43 0,55LS)
Weed control method Biological yield (kg.ha)  Seed yield (kg.ha)

e g 2ald 4800 ° 992 b
Weedy check
(2 g el 757512 194222
Hand weeding

il ilss 6965.3 ¢ 1621.3¢

Chemical control
(O=70 (S3ls) bl g0l stme BB pas S0y (ysias )3 By > 30 pis 5 (g y2 )3 alie g >
Same letters or no letter in each column showing no significant differences at 5% level.
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Introduction: Tillage is one of the most important causes of soil erosion in croplands that affects
productivity and inflates the cost of production. Recently, in order to enhance sustainability without
compromising land productivity, there has been a growing trend toward conservation agriculture. No-tillage
(NT) as one of the components of conservation agriculture is a planting system in which soil dose not disturb
and mulch cover remain from previous crop at least in 30%. It has revolutionized agricultural systems because it
allows farmers to manage greater amounts of land with reduced energy, labor, and machinery inputs. Minimum
tillage systems, such as shallow or surface tillage and direct drilling or no-tillage (NT), increase the degree of
soil cover and increase organic matter at the soil surface over time. In specific soil types and climates, this can
lead to an improvement of the soil physical condition. Improvement of the biological and physical quality of the
surface soil can also help to protect the soil resource against redistribution and erosion. NT cropping systems
frequently suffer from weed infestations, especially those of weedy annual grasses. The timing of competition in
NT systems may differ from that in conventional systems. Rottenly, a combination of relative crop yield and
specific input costs (i.e., fertilizer and pesticide) are considered as key determinants to the profitability of
adopting minimum tillage systems. Our understanding of weed community dynamics and suppression in NT
systems is limited, particularly in long-term rotations. Winter annuals, biennials, and perennials are typically
associated with NT systems because of their affinity for non-disturbed soil environments. The vertical
distribution of viable weed seeds in the soil profile is shallower in NT systems than in intensive-tillage systems.
Weed seeds remaining at or near the surface are more susceptible to predation and disease, which may deplete
the seed bank over time. NT is dependent on herbicides because of the elimination of tillage for control of
weeds.

Materials and Methods: A three-year field study was conducted to assess the efficacy of weed control in
barley-cotton-wheat rotation under no-tillage system in the agricultural research station of Gonabad, Khorasan-
Razavi province, Iran over 2014-2016 seasons. The experiment was arranged in a split plot design based on
completely randomized block design with three replications. The main plot was crop residue (left on the ground
from previous crop in rotation) in three levels;no residue, 30% residue (1200 kg ha™*) and 60% residue (2400 kg
ha. The subplot was weed control methods in three levels; (weed infest control, weed free control and chemical
control. In chemical control treatment, we applied 2,4-D+ MCPA at dose of 1.0125 lit a.i. ha* for controlling
broad-leaved weeds and pinoxaden (Axial® 10% EC) at dose of 67.5 g a.i. ha* for controlling narrow-leaved
weeds in barley and wheat, and trifluxysulfuron-sodium (Envoke® 75% WG) at dose of 11.25 g a.i. ha in
cotton. For barley, the wheat residues were left from wheat planted a year before in rotation. Plots size were
3mx10m. Barley (var. Nosrat), cotton (var. Khordad) and wheat (var. Parsi) planted by direct seeding equipment
with no tillage.

Results and Discussion: Cardaria draba and Malcolmia africana in barley, Acroptylon repense and Alhagi
pseudalhagi in cotton and A. repense in wheat were dominant weed species from the beginning to the end of the
study. Results showed a remarkable change in weed flora from mostly annual weeds (like M. africana) to
perennials (like A. repense), because of the fact that no tillage system was deployed. For barley, application of 2,
4-D + MCPA significantly decreased weed dry weight and density compare to the weedy check. Residues
showed no significant effect on biological and seed yield of barley. For cotton, the effect of trifluxysulfuron-
sodium was significant on decreasing the density and dry weight of A. repense 30 days after spraying and in the
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end of the season as well. Effect of residue levels (30% or 60%) was not significant on the density and dry
matter of A. repense in the early and at the end of the season as well. Trifluxysulfuron-sodium significantly
increased cotton dry weight compare to the weedy control. Dry weight of cotton in hand weeding control and
application of trifluxysulfuron-sodium treatments were significantly higher than that of weedy control. Residues
showed no significant effect on cotton boll dry weight. For wheat, application of 2, 4-D + MCPA significantly
decreased weed dry weight and density compared to the weedy control. Residues showed no significant effect on
biological and seed yield of wheat.

Conclusion: No-tillage system by at least 30% (1200 kg ha*) up to 60% (2400 kg ha'') of residues spread on
the soil surface can be recommended to be deployed besides a suitable chemical weed control management in
barley-cotton-wheat rotation in semi-arid climate conditions to enjoy the benefits of no tillage system of
agriculture.

Keywords: Cotton yield, Grain yield, Residue management
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Table 2— Abundance mean comparison some weed functional groups of soybean fields in two mountain and plain regions in
Neka and Galugah counties

s Slunlia
paired comparisons
Cdd Ol S
Plain Mountain
Ao 2z 0.27b 0.43a
Perennial
Ao S 0.73a 0.57b
Annual
Sk 0.70b 0.78a
Broad leaf
Sr Sk 0.30a 0.22a
Narrow leaf
) e 073b 0.84a
Cs
a0 e 0.27b 0.16a
Cs

A8l oo (0<0.05) o sz BMB] gl Jlaws yo 13 St pf gy b ol
Numbers followed by non-similar letters in each row are significantly different (p<0.05).
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Table 3- Some agronomic and climatic characteristics in different experimental regions
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1- Sorghum halepense
2- Taraxacum officinale
3- Senecio vulgaris

4- Lactuca serriola

B ja sladle (IS g9 p poud (ke g Cuto O

95 45 g9=o9e ol b sl iz (V9 V) ol 0 ()15
oo & 29550 4295 38 o J1B 0 55 liee b oS (LIS
Al g e 03l gl 4 e gladile dlaisS o (IS
ol clllae (V) sl e 42535 b b 4l gess Slles
L celopllss ) o ks 50 celbcile Conas sl 45 ool o0l
Foe bde | (3b g5 pl F) Conl it jieS (59 S
2l b Laasl, ol caln ] choysd claplil 3 glis 13
Blacile Conen Slaogas o (1) olfSon 5 IS5 G315
2 clllas 155,85 e calisee glapllss o 1y jya
i ldisS slaai (liwngS 4l (0 45 Ad sdalie polbs ddlles
oMo () Joiz) 2o (4595 F) s jlyaitn (6365 VF) dllu x>
W GliwngS aob jyn glacile o35 loj buwgio ol 5
Aol aSolas dasg U og oy YA cubs dilaie 5 Cudgo gy
ool 5395 5 S 0mls lod bawgie I addllas 390 (SliwasS



WAA 50l F o)lods XY als (((65)9lis @beo g pale) (LS cblis o id YYA

2 g gladale Copte glaylpl 5l ely;olS (ST yil3al
oSS Gl L geome )3 098 0 Cguone M5 b slapllas
S sbadile (515 L b je Clio plo g 0355 Cunj ¢ 2l)j olS
4595 Ve 1815 bawgie dunlio Lialojl cpl 53 (FY) Mboo talS
ey abey VO) b 4l b cale (ST jlade a8 ol L
o=l () o) cosl (e e 53 €592 YY) GliwasS ) 28 (2250
Ol 53 by S it oS5 4 (93900 U plgoe |y 90
2 byl cuowd
aile Slio &S (gysb 4l slohg Cucdl B i slacale
S g &S b edlatwl (JK 5 «¥Y 0ik) LByl 5l cuid anb
35 (V) sodsl g Qb (1 Jgio) wiitls gy el
o9 &b w15 Ol 31 )s sie il Ve B, Ligw glis)) ials
ledls 5155 Candy gie 3 dig Ve LYY )

kit | 5y glaile JoIS5 5] Coliza e 53 (1) o
ol 6 4,85k & cunl (55n slacale JolSO ¢ ol o 3 )8
Sl pis o dlols ol @lpss 4 as g b Lol il cob e
wlepebasl g55 ol 3 by Jials 131 08 (b s
Soxp slacale s IS ¢ JolSS pgd pomno (V) Canol oal 399
Iy Ladsgs SuSly g oas ,85ke cglite slalase 4y a5 Al o
aakeio 92 ) L;\»L.wlym L;bzm:b u»lml)) J\Af& 409: d)_s;o )9]a4
Sl 9 (S5 ooy (0L I SlingS 4l ialejl 390
Sl por ) sled ()b 1Y giz) 092 510,95 0 a8 (oo
Gblio an 555l caa cnl 5l 5 0352 Joml Cs plalS a3l
Al )0 Cp ylaasss (Slgls e o (FF) aiil o 3y
OhLSan 5 95 65V Jgaz) 1S (o 2l |y 9890 nl (liwnsS
S oWl sl 31, Cq 4 Ca plals 58Ty 55 (0F)
Al Cawd (oliie 4o 4y g 03)S ()

sledsgs L sl dg g cuid g)lie j0 ladd oS faigS V- ]
\\C«_.w)g: uLa.@] 9 s\'uk cﬂbb),; w») ng:s).c sAJg.J&f cvgéa)y»
3L ladssS gl (YA) 15,55k Goboyo 5 )5 Loyl i 4y MalS”
Wlod,S 4l ) dbogyye 50 slacile

7- Echinochloa crus-galli

8- Eleusine indica

9- Physalis alkekengi

10- Portulaca oleraceae
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1- Galium aparine

2- Eigen values

3- Eigen vectors

4- Canonical variate
5- Cirsium vulgare
6- Setaria verticillata
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Introduction: Weed distribution studies are useful not only for increasing in herbicide application efficiency
but also for evaluating and designing the agronomical approaches and weed management strategies. Community
assembly theory provides a useful framework to assess the response of weed communities to agricultural
management systems and to improve the predictive power of weed scientists. Under this framework, weed
community assembly is constrained by abiotic and biotic ‘‘filters’’ that act on species traits to determine
community composition. Weed management practices vary between conventionally and organically managed
systems. The main filter in conventional systems likely would be herbicides, which are strong filters that select
tolerant species against susceptible species. , Other filters like fertilizers also represent potential filters on weed
community assembly. Therefore, this experiment performed in order to determine species and functional
diversity and weed community structure in the soybean fields in two plain and mountain regions, which located
in Neka and Galugah counties in the east of Mazandaran province.

Material and Methods: In order to arrange the experiment, two Neka and Galugah counties were selected in
the east of Mazandaran province. In Neka, all the experimental fields were in the plain but in Galugah some
fields located in the plain and some in the mountain regions. According to the potential of selected field,
sampling were done in five to nine points in each field. The total area sampled was 2820 ha and systematic
sampling method was done at the stage of fourth growing nude (V4) in 2018. The size of quadrates was 0.5x0.5
m. For each species recorded in the quadrates, density, frequency and their evenness were measured. Shannon
index was used to estimate of diversity. Sampled plants categorized on the four functional groups; life cycle,
morph type, photosynthesis pathway and insistence degree. In some collections belongs to multivariate data,
variables naturally divided in two groups. In this situation canonical correlation analysis (CCA) be used for
determination relationships between them.

Results and Discussion: Overall, 47 weed species from 23 families were recognized. Asteraceae and
Poaceae families each with eight species had the most species richness. The frequency of annual and perennial
weed species were 33 and 13 plants, respectively. In mountain fields, broadleaf weed species was more because
herbicide was not used. Because benefiting of low temperature in mountain fields, Cs plants had more share
relative to C4 ones. Shannon index in the mountain region (Hn=1.13) was estimated more than the plain region
(Hp=1.04), this subject related to further sustainability. Less weed density in the plain fields it seems arise from
role of cultivation. The plain region had low species richness because agronomical managements possess
intensive effects on the weed frequency and diversity. In this place, herbicides were the most important agents.
The studies often have shown that perennial weeds are more in the fields in which they are applied minimum
tillage or exist in cold places. This subject is caused from preservation food resources in the reserves organs.
Johnson grass had more density in the plain relative to mountain regions, which its reason related to segment
their rhizomes. Many species correlated with Min tillage have seeds which spread with wind. For example,
Dandelion, Grinning swallow and Prickly lettuce observed only in the mountain. Using crop cultivars with high
compatibility has a special role in reduction yield loss. So that characteristics such leaf area and plant height
have straight link with competition ability. In this study cultivars such as 033 and JK were used (full leaf and
tall). From 12 species that only observed in the plain, barnyard grass, goose grass, ground cherries, garden
purslane and common heliotrope completely adapted to the warm and humidity conditions that existed in this
region. Using CCA to analysis the relationship of site and functional groups confirmed that the majority species
in the mountain regions were dicotyledonous, Cs and annual species.

Conclusion: Our conceptual framework proposes showed that weed community assembly in the soybean
fields affected by a series of filters, such as herbicide, tillage, cultivars, fertilizer and temperature. Generally,
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University, Qaemshahr Branch
(*- Corresponding Author Email: hamisalehain@gmail.com)
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different management in two regions for a long time as agronomy filters affected weed density and their
composition. Our results suggest that the effects of crop management factors are more important than the
environmental factors on soybean weed composition in a county-wide context even for intensified agriculture.

Keywords: Agronomical filters, Flora, Weed diversity
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Table 1- Parameters derived from fitting data by three parameters sigmoid models on height of S. halepense and relative
potency of sethoxydim herbicide in height reduction.

Ly yLous o YU o %0+ e 3 % Qe yge 3o o (2 Ulgs
Treatment b (slope) Upper limit Effect Dose so Effect Dose 90 Relative potency
5L8 sl
a¥ ewy

Height of S. halepense

B 0E9) (9w e

o) . 2.062(0.18)  121.15(L.76)  77.159 (3.47)  223.97 (27.79) 1
Sethoxydim without vegetable oil
9 OE9) T S gt 2.902(0.22)  11598(1.79)  59.56 (1.73) 126.99 (8.19) 1.30
Sethoxydim + Corn oil
0925 ) ¥ oS g 3556 (0.35)  120.30 (1.14)  49.049 (1.05) 90.98 (5.97) 157
Sethoxydim + Olive oil
295 o (52 ¥ ot s 6.356 (0.47) 11598 (L.79)  65.28 (1.78) 92.237 (3.36) 1.18
Sethoxydim + Grape seed oil
225 OF9) T S g 6.282(0.46)  119.92 (179)  62.65 (1.60) 88.89 (3.61) 1.23
Sethoxydim + Cumin oil
“holwt mieSio 5o50(035) 11688 (179)  60.90(L39) 9255 (3.78) 127
Sethoxydim + Fennel flower oil
E F Sy 5.365(0.34) 12067 (1.79)  62.41 (1.41) 94.00 (3.52) 1.24
Sethoxydim + Mint oil
Pt 5.722(0.45) 12024 (L79)  71.93 (1.76) 105.59 (2.75) 1.58

Sethoxydim + Sunflower oil

ad o s 1 olibil gllas sly 815 olael *
Data in parenthesis show the standard error.
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Table 2- Parameters derived from fitting data by three parameters sigmoid models on shoot fresh weight of S. halepense and
relative potency of sethoxydim herbicide in shoot fresh weight reduction

W Lowd o
Treatment b (slope)

Yy s Zov Sy
Upper limit

o (2l
Relative potency

%Ar Fge 3
Effect Dose 5o Effect Dose 90

B3 g plal 036 5
Shoot fresh weight of S. halepense

GBS (5£9) 9 mrdpeS s

o _ 6.94 (1.35)° 16.29(0.48)  217.41(7.20)  298.43 (21.13) 1
Sethoxydim without vegetable oil
9P S T e 1.89(0.27) 1834(0.82)  58.04(5.40) 18550 (27.86) 3.75
Sethoxydim + Corn oil
O] OF9) ¥ S g 7.63(2.88) 15.95(0.85) 14593 (13.72)  194.60 (13.08) 1.49
Sethoxydim + Olive oil
295 e Gy ¥ S g 6.13 (1.40)  15.95(0.59)  137.04 (9.47)  196.16 (16.39) 1.59
Sethoxydim + Grape seed oil
025 OE3) ¥ St 1.92(0.26) 18.22(0.82) 61.82(5.66)  193.60 (27.89) 3.52
Sethoxydim + Cumin oil
b ol et 188(0.23) 1831(0.85)  74.22(7.39)  239.57 (30.26) 2.93
Sethoxydim + Fennel flower oil
E F Sy 478 (1.19) 16.02(0.65)  120.02(6.90)  190.12 (23.65) 181
Sethoxydim + Mint oil
BB S g 213(0.31) 18.02(091)  84.37(8.76)  236.67 (26.78) 2.58

Sethoxydim + Sunflower oil

amd o ol |y o)hstiwl gllas 3l 51y slael
Data in parenthesis show the standard error.
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Table 3- Parameters derived from fitting data by three parameters sigmoid models on shoot dry weight of S. halepense and
relative potency of sethoxydim herbicide in shoot dry weight reduction

b lo o Vi 700 ygo 3 %A% Fge 3 s (Ul
Treatment b (slope) Upper limit Effect Dose so Effect Dose 90 Relative potency
BB s 1l K s
shoot dry weight of S. halepense
2lS 09) 09 mr e g .
Sethoydin without vegetable oil 25.56 (8.27) 11.91(0.38)  113.83(6.82)  298.52 (25.66) 1
> gy F S gl
Sethoryaim = Gorn ol 1.82 (0.34) 11.30 (0.50)  43.30 (4.07) 144.59 (21.50) 2.63
0% 059y F makeeS gl
Sotnoradim + Ofive ol 1.97 (0.27) 11.24 (0.54) 87.88 (7.29) 268.67 (27.05) 1.30
2555l s () + oy s 1.91 (0.2 11.14 (0.54 458 (7.2 2 27.42 1
Sethoxydim + Grape seed oil 91 (0.26) 14(0.54) 84.58 (7.25) 66.50 (27.42) 35
222) OF9) ¥ oS i 1.84(0.34 11.47 44.2 146.21 (21.44 257
Sethoxydim + Cumin oil 84 (0.34) 47(0.50) 26 (3.98) 621 (21.44) S
&1 olows + oy deanS giaw
Sethoxydim + Fermel flower il 1.62 (0.21) 11.28 (0.51) 57.32 (5.23) 221.87 (27.71) 1.99
el + e gt
Sethonydlim  Mint oil 1.92 (0.21) 11.10(0.53)  76.82(6.44)  240.82 (24.85) 1.48
OB + S g 164(020)  1145(051) 6134 (548) 23452 (27.59) 1.86

Sethoxydim + Sunflower oil

A3 e L5 1y 0kl (sllas 35l Jo1s slael
Data in parenthesis show standard error at 5% significance level.
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Table 4- Parameters derived from fitting data by three parameters sigmoid models on underground organs dry weight of S.
halepense and relative potency of sethoxydim herbicide in underground organs dry weight reduction

Lo o Voo Jos e KA+ fgej oo Ul
Treatment b (slope) Upper limit Effect Dose so Effect Dose g0 Relative potency
B e ) sleplal St
Underground dry weight of S. halepense
B 59) (94 e gl .
Sethoxydim without vegetable oil 2.10 (0.19) 12.09 (0.38) 96.26 (5.78) 273.65 (26.22) 1
53 9y S g
Sethoxydim + Corn oil 2.07 (0.34) 11.52 (0.41) 4359 (3.53) 126.17 (17.98) 2.21
055 09 + maeS g
Sethoxydim + Olive oil 1.60 (0.16) 11.31 (0.42) 75.53 (6.81) 298.21 (34.20) 1.27
255l A (39 + oS s
Sethoxydim + Grape seed oil 1.60 (0.16) 11.30 (0.41) 65.60 (5.83) 258.73 (30.75) 1.47
0525 (9 F ordmS s
Sethoxydim + Camin oil 2.24 (0.41) 11.50 (0.40) 46.07 (3.32) 123.12 (18.91) 2.09
A5 oluw + 3000 i
Sethoxydim + Fennel flower oil 1.56 (0.16) 11.23 (0.41) 57.77 (5.39) 235.75 (29.33) 1.67
s + o dnS g
Sethoxydim + Mint oil 1.44 (0.16) 11.29 (0.41) 53.03 (5.43) 244,37 (32.78) 1.82
PSBI prdpe g 149(0.16)  11.40(041)  56.43(547) 24581 (31.10) 171

Sethoxydim + Sunflower oil

and e ot 1y 3yl gl sl 3l sl ®

Data in parenthesis show standard error at 5% significance level.
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Table 5. Parameters derived from fitting data by three parameters sigmoid models on root volume of S. halepense and relative
potency of sethoxydim herbicide in underground organs volume reduction

Loy s S AT S VAT s 2 Ul
Treatment b (slope) Upper limit  Effect Dose so Effect Dose 90 Relative potency
B8 (seejnj slophil o>
Underground organs volume of S. halepense
B 5F9) O e gl *
Sethoxydim without vegetable oil 1.68 (0.17) 4938 (1.78)  110.00 (8.49)  352.24 (54.06) 1
O35 9y F S gl
Sethoxydim + Corn oil 1.25(0.14)  53.67 (1.89) 63.29 (6.24) 368.29 (63.97) 1.74
5] 09 + maeS gl
1. 22 46 (1. 70.65 (4. 233. . 1.
Sethoxydim + Olive oil 83(0.22)  55.46 (1.85) 0.65 (4.65) 33.99 (33.98) 56
2553l A (5 + oS g
Sethoxydim + Grape seed oil 1.99 (0.24)  55.27 (1.85) 70.92 (4.46) 213.40 (28.58) 1.55
o) OE9) + e g
Sethoxydim + Cumin oil 1.68 (0.27)  51.54 (1.89) 51.70 (4.55) 191.54 (34.36) 2.13
&l ol + o3 denS gt
Sethoxydim + Fennel flower oil 158 (0.17)  53.26 (1.89) 69.84 (5.65) 279.73 (39.28) 1.58
s + oS g
Sethoxydim + Mint oil 1.86(0.19)  54.38 (1.87) 79.80 (5.50) 259.66 (30.95) 1.38
P S 150(0.16) 5400 (L87)  77.79(621) 33459 (47.79) 141

Sethoxydim + Sunflower oil

e o Ll 1y ol (gl sl 51 dlasl *
Data in parenthesis show standard error at 5% significance level.
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Introduction: Weed management is one of the most important aspects of successful crop production for
supplying food needed for the rising population. Johnsongrass (Sorghum halepense L.) is among the most
noxious weeds in the world due to its superior biology and tremendous ecological adaptations. It causes
substantial yield loss in different field crops including corn, soybean, wheat, and sorghum. Therefore,
management of Johnsongrass is crucial for optimum crop production. Prevention by clean cultivation, cultural
management by using weed-competitive, mechanical management by hand hoeing, biological management by
applying pathogens, and eventually applying herbicide as chemical management can be used for controlling
Johnsongrass. Chemical management is an effective method to control Johnsongrass. For decreasing adverse
effects of herbicide and costs of production, optimizing herbicides performance is very essential. It appears that
the use of adjuvants seems to be a best solution to achieve optimized herbicides performance. In spite of these
advantages, some synthetic adjuvants have shown side effects on living organs. Therefore, using
environmentally safe adjuvants is a key point for applying this technology. This study was conducted for
evaluating vegetable oil effects on Johnsongrass control by sethoxydim herbicide.

Materials and Methods: To study the effects of vegetable oils on the performance of sethoxydim on
Johnsongrass (Sorghum halepense L.) control, a factorial experiment based on completely randomized design
including sethoxydim concentration at six levels (0, 46.875, 93.75, 187.5, 281.25 and 375 ¢ ai ha') and
vegetable oils at 8 levels (with and without corn, olive, grape seed, cumin, fennel flower, mint and sunflower
oils) with four replications was conducted in the research greenhouse of college of agriculture Birjand university
in 2017. For increasing seed germination and breaking seed dormancy of Johnsongrass, the seeds were treated by
sulfuric acid for 3 min and then washed by tap water for 30 minutes. The seeds were then 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 plastic pots with 2 liter volume and filled with a mixture of sand, clay loam soil, and peat
(1:1:1; v/viv). The pots were sub-irrigated every two days. The seedlings were thinned to four per pot at the two-
leaf stage. Spraying was done at the four-leaf stage 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, height of plant was measured
and then the shoots and roots of plant were harvested and weighed immediately after the root volume was
measured. The plant parts were oven-dried and reweighed.

Results and Discussion: When emulsified vegetable oils alone were sprayed against Johnsongrass, none of
vegetable oils had phytotoxic effects on plant height, fresh and dry weight of shoot and root, root volume and
root length of Johnsongrass (Table 2). This finding was similar to the results of Tworkoski (2002) (42) and lzadi
darbandi et al (2013) (17). The EDsy parameter was estimated by dose response model based on Johnsongrass
plant height, shoot and root dry and fresh weight, and root volume. All emulsifiable vegetable oils improved
significantly the effectiveness of sethoxydim on Johnsongrass. Relative potency in the presence of corn, olive,
grape seed, cumin, fennel flower, mint and sunflower oils was 1.30, 1.57, 1.18, 1.23, 1.27, 1.24, and 1.07 times
for plant height, 3.75, 1.49, 1.59, 3.52, 2.93, 1.81, and 2.58 times for shoot fresh weight, 2.63, 1.30, 1.35, 2.57,
1.99, 1.48, and 1.86 times for shoot dry weight, 2.21, 1.27, 1.47, 2.09, 1.67, 1.82, and 1.71 times for root dry
weight, and 1.74, 1.56, 1.55, 2.13, 1.58, 1.38, and 1.41 times for root volume, respectively, as compared to the
condition without vegetable oils. Among emulsifiable vegetable oils, the highest effect on shoot and root dry
weight was observed in corn and cumin oils while olive oil showed the lowest effect.

Conclusion: Our result showed that vegetable oil including corn, olive, grape seed, cumin, fennel flower,

1 and 2- Assistant Professor and Undergraduate Student, Department of Agronomy and Plant Breeding, College of
Agriculture, University of Birjand, Birjand, Iran, respectively.
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mint and sunflower oils had not only the phytotoxic effects on produced biomass by Johnsongrass, but also
improved the performance of Sethoxydim for Johnsongrass control. Therefore, using vegetable oils mixed with
sethoxydim can decrease the adverse impacts of this herbicide on the environment.

Keywords: Adjuvant, Herbicide, Plant height, Relative potential, Root volume
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Table 1- Anova, mean of squares, for the effect of time neighboring, number of neighboring and type of plant neighbor on
shade avoidance mechanism in red bean
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Source of variations  Degree of freedom  Height Lateral shoot Dry mater Shoot dry mater
Rep 3 0.4061 0.2713 0.9782 0.6184
A 2 <.0001 0.3414 0.0034 0.0001
B 2 0.4149 0.7884 0.6824 0.3560
C 3 0.4629 0.5022 0.4338 0.1259
A*B 4 0.7691 0.3567 0.4629 0.3359
A*C 6 0.2742 0.4328 0.3031 0.1231
B*C 6 0.7239 0.4316 0.1041 0.5453
A*B*C 12 0.9837 0.4034 0.1963 0.3347
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Table 2- Effect of different levels of time of neighboring on different grow indices
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Trait 15 days neighboring 30 days neighboring 45 days neighboring
€l 321 (c) 3525 (b) 412 (a)
Height
e 15.64 (a) 16.18 (a) 15.72 (a)
Lateral shoot
LS plen £l & S 29 L8 3 0.49 (a) 0.46 (b) 0.38 (0)
Lateral shoot on height
S S o 22,0 (b) 22.9 (b) 24.60 (a)
Dry matter
Bl S 0 6.1 (b) 6.5 (b) 8.1 (a)
Shoot dry matter
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Introduction: The light received by plants is composed of different types of wavelength, ranged from
ultraviolet to infrared. The range between 400 nm and 700 nm is used by plants to drive photosynthesis and is
typically referred as to Photosynthetically Active Radiation (PAR). Plants are very good filters of light. They
absorb and use most of the R light available to them for photosynthesis, but reflect or transmit most of the FR
light, since FR light is not useful in photosynthesis. As a result, the ratio of R: FR will be decreased. Red to far
red ratio (R: FR) is considered as an indicator of the quality of light. Recent physiological studies indicate that
plants can perceive the quality of light reflected from neighbors as an accurate predictor of future competition,
and respond morphologically even before they are directly shaded. Understanding the loss of quality of light, and
taking away red wavelengths, creates a series of reactions in the plant such as stem elongation, reduction in stem
diameter, and a reduction in shoot and root biomass and so forth that are known as shade avoidance syndrome
(SAS). In this study, we established a pot experiment to evaluate the effects of time, number and type of
neighboring plants on shade avoidance mechanisms in red bean.

Materials and Methods: In order to investigate the effects of the neighboring plants consist of Phaseolus
vulgaris, Zea maize, Amaranthus retroflexus and Chenopodium album with Phaseolus vulgaris (as target plant),
a pot experiment was conducted in Ferdowsi University of Mashhad during spring and summer in 2016. The
experiment was designed as a factorial with three factors and four replicates based on a randomized complete
block design. The first, second, and third factors were, respectively, the duration of the neighboring period of the
plants with red bean (15, 30 and 45 days), the number of plants neighbors with red bean (1, 2 and 3 plants), and
the type of neighboring species with red bean, including Phaseolus vulgaris, Zea maize, Amaranthus retroflexus
and Chenopodium album. The plants were planted, watered, fertilized and treated carefully. After completing the
neighboring time for each treatment, all plants neighbored with target plant (central) were removed and the target
plant remained to grow. This work was performed 15, 30 and 45 days after planting. At third stage (45 days of
neighboring), after removing the third groups of neighboring plants, all target plants were harvested and some
morphological traits such as plant height, number of branches, leaf dry mater, shoot dry mater were measured.
Finally, all statistical analyses were performed using SAS 9.1 ((SAS Institute, Cary, NC)) with a type 1 error rate
setat P <0.05.

Results and Discussion: The results of this experiment showed that among all the investigated factors, the
duration of neighboring plants had a significant effect on most traits. Only leaf dry matter reacted to the number
of neighboring species and also none of the traits was affected by the type of species. The comparison of means
test related to the neighboring duration factor showed that among time of neighboring with central plant (15, 30
and 45 days), third treatment i.e. 45 days neighboring had the significant impact on most of the traits. The
amount of plant height for time of 15, 30 and 45 of neighboring was 32.1, 35.2 and 41.2, respectively,
demonstrating that time of neighboring is a vital factor in shade avoidance mechanism, regardless of type and
number. In this experiment, neighboring did not affect lateral shoot. However, further assessment showed that
the lateral shoot is a gene-based trait and the number of lateral shoot is constant. But neighboring time influenced
the rate of lateral shoot number per height. The amount of that for the trait of 15, 30 and 45 days neighboring
was 0.49, 0.46 and 0.38, respectively. In fact, the continuity of presence of neighboring plants besides the central
plants is considered as an effective factor in the appearance of shade avoidance mechanisms. In this experiment,
the presence of neighboring species type was one of the evaluated factors assumed to have different influences
on shade avoidance mechanisms in beans. Considering that in shade avoidance mechanisms, the biomass volume
produced by a plant is considered as reflection of farther red light with higher impact on neighboring plant, but
the species treated has no effect on shade avoidance mechanism on red bean. Finally, the quality of light is more
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strongly affected, with increasing the number of neighboring species. This should be sensitive to the occurrence
of shade avoidance mechanisms from the central plant, but number of species did not significantly impact trait.

Keywords: Competition, Light quality, Neighboring, Shade avoidance Syndrome
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