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Figure 1- Control plant without symptoms (A), mild mosaic symptoms in tolerant hybrid 8 (19 days after viral infection) (B)
and severe mosaic symptoms in susceptible SC705variety (16 days after viral infection) (C)
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Figure 3- Changes of gene expression of Peroxiredoxinin maize seedlings infected by maize dwarf mosaic virusin
a time courses assay
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Figure 4- Changes of gene expression of GLPin maize seedlings infected by maize dwarf mosaic virusin a time courses assay
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Figure 5- Changes of gene expression of SAM in maize seedlings infected by maize dwarf mosaic virus in a time courses assay.
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Figure 6- Changes of gene expression of GF14-6 in maize seedlings infected by maize dwarf mosaic virus in a time courses assay
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Table 2- Analysis of variance for gene expression data under maize dwarf mosaic virus stress at different time courses
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Introduction: Maize (Zea mays L.) is one of the most widely cultivated crops worldwide. More than 40 viruses
can infect sweet corn. Maize dwarf mosaic virus (MDMV) is a positive-sense single strand RNA potyviruses that cause
significant crop yield loss in susceptible sweet corn varieties. Infected young leaves by MDMYV show chlorotic spotting
which may eventually turn into a mosaic or mottled pattern. Approximately two-thirds of maize varieties are susceptible
to MDMYV infection, and even young resistant plants may be infected to the virus at 2-3 leaf stage. These symptoms
vary greatly depending on the host genotype, time of infection, and on the strain causing the injection. However, the
precise molecular details of maize responses to MDMYV infection are largely unknown. In sensitive and tolerant plants
during viral infection, the expression level of defense -related genes are altered based on plants ability to recognize
pathogen attack. The elevated expression of defense-related genes such as SAMS and G-box factor 14-6 (GF146) leads
to production of resistance proteins which are considered as molecular response of maize to variety of biotic stresses.
The production of resistance proteins and the enhanced expressions of Peroredoxin, SAMS, G-box factor 14-6 (GF14-
6), and other genes are considered as typical responses in maize varieties. Proteomic analysis in susceptible and tolerant
maize seedlings infected by sugarcane mosaic virus showed a high expression of 96 different proteins. In this study, the
expression level of some defense genes including Germin like protein (GLP), Peroxiredoxin (Prx), GF14-6 and S-
adenosylmethionine synthase (SAMS) was investigated in both susceptible and tolerant maize genotypes against MDMV
at different times after inoculation by gqRT-PCR.

Material and Methods: The seed of SC705 cultivar and the number of hybrid number 8 (KLM75010/4-4-1-2-1-
1-1xMO17) were used as susceptible and tolerant cultivar to MDMYV, respectively. All the seeds were sterilized with
chloramine T (3%), washed three times with distilled water and then grown in a greenhouse under controlled conditions
at 25°C. Leaves of infected plants by MDMYV showing macroscopic symptoms were homogenized in phosphate buffer
(pH 7.2, 0.06 M) and were used for inoculation using carborundum. The leaves of mock-plants were mechanically
injured and infected with phosphate buffer. Sampling was done at 5-time intervals including 0, 1, 9, 24 and 72 hours
after plant viral infection. Total RNA was extracted from the leaf tissue and further treated with RNase free DNasel to
eliminate any DNA contamination. Reverse transcription reaction was performed using M-MuLV reverse transcriptase.
Gene expression analysis was done using qRT-PCR method by an iCycler instrument (iQ5, BioRad, USA) using SYBR
Green PCR MasterMix and the relative gene expression was calculated according to AACr method according to the
Pfaffl method. The reaction of PCR was carried out at 50 °C for 2 min, 95 °C for 10 min, followed by 40 cycles of 95
°C for 15 s, 59 °C for 20 s, and 72 °C for 20 s. Reactions were finished with a dissociation step, starting at 55°C to 95
°C by increasing 0.5°C per cycle for 80 cycles.

Results and Discussion: Symptoms of infected susceptible and tolerant plants were monitored for 20 days post
inoculation (dpi). The success of infection was verified using the ELISA technique. All the susceptible SC705 cultivars
showed visible mosaic symptoms at 16 dpi to MDMV while 8-hybrid plants showed mild mosaic symptoms at 19 dpi.
Gene expression analysis showed that the expression level of all tested genes was significantly increased in tolerant
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maize in comparing with susceptible maize plants. One hour after maize inoculation an increase of expression level was
seen for all tested genes. Peroxiredoxin and GLP were up-regulated at 1 hpi and then decreased over time. SAM and
GF14-6 were up-regulated in the all-time intervals but the highest expression level was noted at 24 hpi. The lowest
expression level for all tested genes was observed at 72 hpi. In the other word, the expression levels of SAM and GF14-
6 genes were elevated in a moderate rate with a continuous increase in the infected maize from first time point after
inoculation until last time point of sampling. The rapid induction of defense-related genes is required to activate defense
mechanisms and respond to against pathogens attacks. In this research, we tested the expression profile of four genes
which have been defined as important proteins related to disease and stress signals.

Conclusion: Based on these results, we can conclude that tested genes in this research could be suitable as
biomarkers for the selection of tolerant or relatively tolerant maize cultivars against MDMV. Among them, GLP gene
was more efficient as a screen able marker.

Keywords: Genetically resistance, Maize dwarf mosaic virus, qRT-PCR
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Table 2- Analysis of variance (mean square) of the chitinase specific activity by DNS method in 24 h and 96 h
after fungal growth among 16 isolates of Fusarium spp
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Figure 1- Fungal species, F. equiseti, A: Conidia and chlamydospores, B: Mycelium. F. solani, C: Conidia, D: Mycelium. F.
oxysporum, E: Conidia, F: Mycelium, G: Chlamydospore, H: False heads
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Figure 2- Cladogram obtaiend from ITS sequences of 16 isolates of Fusariumby Mega 5 software
using Neighbour-Joining method
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Table 3- Variance analysis (mean squares) of the chitinase activity of three isozymes in isolates F12 and F15 in 5 days

Ol yiS oo @33l 4y Y 952! ARSUIEL ¥ w952
s Degree of Isozyme 1 Isozyme 2 Isozyme 3
Sources of variance freedom
4lsj) S sk sk *
(oke3) .’L' 4 6.708 14.089 2377
Block (time)
I Aeoskok *
“ 1 0.588"™ 1.822 2330
Isolate
s
4 0.366 0.015 0.229
Error
Ol puds g
(o) s e - 40.18 420 27.03
CV%
2oy oV gV Jleis] paw 3yl dme cud i g
¥, ¥F REE: Significant at 5 %, 1 % and 0.1 % probability levels, respectively
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Figure 3- Chitinase specific activity by DNS method in 24 h after fungal growth among 16 isolates of Fusarium spp
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Table 4- Mean comparison of the chitinase activity of three isozymes in 5 days

(39,) ke (4 ko 2 9519) Y ol 30! (3 (o 52 9519) ¥ 50! (3 (o 2 9519) ¥ 50!
Time (day) Isozyme 1 (U/ml) Isozyme 2 (U/ml) Isozyme 3 (U/ml)

1 0.22° 0.7° 0.049°

2 0.15° 2.1° 3.559°

3 0.18-° 3.4° 10.585°

4 58.64° 344.5° 13.614°

5 25.45° 384° 17.207°

Means followed by the same letters in each column are not significantly different according to Duncan's multiple range test (p<0.01)
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Figure 4- Chitinase specific activity by DNS method in 96 h after fungal growth among 16 isolates of Fusarium spp
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Table 5- Mean comparison of the chitinase activity of three isozymes in isolates F12 and F15

gl (53 ko 52 9219) ¥ 5! (A (oo 2 9519) ¥ o2l ARSI
Isolate Isozyme 1 (U/ml) Isozyme 2 (U/ml) Isozyme 3 (U/ml)
F12 26.32*% 213.44*% 14.359*

F15 7.54° 80.45° 3.646°

Means followed by the same letters in each column are not significantly different according
to Duncan's multiple range test (p<0.01)
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Figure 5- The activity of the isozyme 1 (Chitobiosidase) in isolates F12 and F15 in five successive days based on substrate
(4-Methylumbelliferyl N, N'-diacetyl-p-D-chitobioside)
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Figure 6- The activity of the isozyme 2 (B-N-acetylglucosaminidase) in isolates F12 and F15 in five successive days based on
substrate (4-Methylumbelliferyl N-acetyl-p-D-glucosaminide)
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Figure 7- The activity of the isozyme (Endochitinase) in isolates F12 and F15 in five successive days based on substrate
(4-Methylumbelliferyl p-D-N,N’,N"’-triacetylchitotriose)
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Table 6- Variance analysis (mean squares) of effect of temperature on chitinase specific activity in
2 fungal isolates, F12 and F15
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** *k%: Significant at 1 % and 0.1 % probability levels, respectively
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Figure 8- Effect of temperature on chitinase specific activity in two isolates, F12 and F15
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Table 7- Variance analysis (mean squares) of effect of pH on chitinase specific activity in 2 isolates F12 and F15

Ol pantd galio NEHEYSH (el A7) 0329 Cllad
Sources of variations Degree of freedom Specific activity(96 h)
dhe 1 171017
Isolate
s 6 0.1162"
Ph
Al X sl o
6 0.0202
IsolatexpH
> 28 0.0059
Error
(1209) s 2 . 14.42

CV%
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: Significant at 1 % and 0.1 % probability levels, respectively
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Figure 9- Effect of pH on chitinase specific activity in 2 isolates F12 and F15
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Table 8- Variance analysis (mean squares) of effect of reaction time between enzyme and substrate on
chitinase specific activity in 2 isolates, F12 and F15

Ol s 2olie P HETSY Specific activity(96 h)
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*% %% Significant at 1 % and 0.1 % probability levels, respectively
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Figure 10- Effect of reaction time between enzyme and substrate on chitinase specific activity in 2 isolates, F12 and F15
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Introduction: The plant parasitic nematodes are among the most important agents causing losses in agricultural
crops (Nicol et al. 2013). The golden cyst nematode, Globodera rostochiensis (Wollenweber, 1923; Behrens, 1975) is
the most destructive nematode of potato in the world (Brodie, 1984). Chitin is the most abundant polymer in structure of
nematode eggshell. Chitinases are widely distributed in fungi and play important roles in degradation of chitin. The aim
of this study was to assay chitinase activity in 16 isolates of various species of Fusarium obtained from golden potato
cyst nematode, Globodera rostochiensis.

Materials and Methods: In the current study, 16 Fusarium isolates were recovered from infected eggs of the
golden potato cyst nematode, G. rostochiensis. These isolates were identified based on morphological (Seifert, 1996)
and molecular features including internal transcribed spacer (ITS) regions (ITS1, ITS2 and 5.8S gene) of ribosomal
DNA. Total genomic DNA was extracted from lyophilized mycelia with a QIAGEN DNeasy Plant Mini Kit
(Germany). ITS regions of ribosomal DNA were amplified with the ITS1 (forward primer) and ITS4 (reverse primer)
primers. PCR amplifications were performed with total reaction volume of 25 pl using a Takara Emerald Amp GT PCR
Master Mix. PCR products were separated by electrophoresis technique using 1% agarose gel in 1X Tris-Borate-EDTA
(TBE) buffer by adding 12 ul SYBR-safe 10,000X concentrate DNA stain to melted agarose before running the gel and
finally visualized under ultraviolet illuminator. The ITS1, ITS2 and 5.8S sequences were obtained by sequencing both
strands in opposite directions using the PCR amplification primers, ITS1 and ITS4 in genomics resource laboratory at
Massachusetts University, USA. Colloidal chitin was prepared using the procedure of Tikhonov et al. (2002). For
enzyme assay in liquid media, the 16 isolates were grown in minimal synthetic medium (MSM) containing colloidal
chitin (1 g I'") based on the method described by Zeilinger et al. (1999). The culture medium was filtered through
Whatman paper No. 3 filter followed by filtration through 0.2-mm Millipore polydifluoropropilene membranes. The
filtrate obtained was analyzed for chitinolytic activity. Chitinase activity was determined by measuring the release of
reducing saccharides from colloidal chitin by the N-acetyl-glucosamine-dinitrosalicylate method according to the
method described by Monreal and Reese (1969). Protein concentration was determined according to Bradford (1976)
with bovine serum albumin (Sigma) as the standard. Chitinase specific activity was obtained by dividing the enzyme
activity rate by total protein mass. Enzyme assay was done to determine the most promising isolates for biological
control of G. rostochiensis in 24 and 96 h after fungal growth. The chitinase specific activity data was subjected to
analysis of variance (ANOVA) using software SAS, version 9.0 (Statistical Analysis System Institute Inc., USA) in a
CRD (completely randomized design) with three replicates.

Two selected isolates were assayed using a chitinase assay, fluorimetric kit-CS1030 (Sigma). The assay included
three substrates, 4-Methylumbelliferyl N,N'-diacetyl-pB-D-chitobioside, 4-Methylumbelliferyl N-acetyl-B-D-
glucosaminide and 4-Methylumbelliferyl B-D-N,N’,N"-triacetylchitotriose for the detection of the chitinolytic isozymes
Chitobiosidase, B-N-acetylglucosaminidase and Endochitinase. The experiment was a randomized complete block
design (RCB) with three replicates. Chitinase activity was subjected to analysis of variance using software SAS, version
9.0. Enzyme activity was expressed over time using the Logistic-Peak, software Slide Write, version 2.0. Two isolates
(the strongest and weakest ones) were selected to determine the optimum conditions for chitinase production. The
measured conditions were pH, temperature and reaction time between enzyme and substrate in a N-acetyl-glucosamine-
dinitrosalicylate method. According to measurements taken by an enzyme activity assay kit, the fourth day (96 h)
showed the highest activity for the two selected isolates. We then tested our two isolates at pHs of 3,4, 5, 6, 7, 8 and 9,
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temperatures of 22°C, 25°C, 28°C, 31°C for differing periods of time (1 h, 6 h, and 24 h). The experiment was based on
factorial experiment in a completely randomized design with three replicates. Analysis of variance chitinase activity
was performed using SAS 9.0 software.

Results and Discussion: Among 16 isolates, F12 (1/02 U/mg) and F15 (0/04 U/mg) had the maximum and
minimum amount of specific activity, respectively. According to morphological features and sequencing of ITS
regions (ITS1, ITS2 and 5.8S gene) of ribosomal DNA, these 16 isolates were classified in three species i.e. F. solani,
F. oxysporum and F. equiseti. The optimum conditions to produce chitinase in isolates of F12 and F15 were pH=6, 96
hours after fungal growth in 25°C and the reaction between the enzyme and substrate during one hour achieved by the
N-acetyl-glucosamine-dinitrosalicylate method. As a producer of various chitinase enzymes, the filamentous fungus,
Fusarium spp. seems to be recommendable to biologically control Globodera rostochiensis.

Keywords: Biological control, Enzymatic reaction, Isozyme, Substrate
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Table 1- Details of spraying treatments, timing and frequency of fungicides application according
to wheat growth stage for controlling of tan spot disease
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Fungicide application timing at growth stages according to Zadoks scale
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formation 1
(GS30-31)
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Treatments Number of Tilte Folicur oSl 93 S
spraying Falcon Rexduo
Trl 1
Trz 1
Tr3 1
Tr4 1
Trs (T +Ty) 2
Tre (To+Ts) 2
Tr7 (T0+T1) 2
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Try (To+T+Ty+T;3) 4
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Table 2- Results of ANOVA of disease incidence and severity, area under the disease progress curve, yield and yield
components in Koohdasht and Karim cultivars
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© S’;:rcé; s ’95 ERW: AUDPC_I AUDPC_S ails 3 s Chw ssly 3 LUSH
Df 8% (9) gytew TKW NKS NSPA Yield
Sk
3 12374 101.6 13270.07 45642.92 6.45 1.02 11.61 5012.57
Block
%) 1 433651 239117 87233223.617  239914.517 195307 112.84" 2365317  22991.74"
Cultivar
L’\‘_”' s> 3 78.86 65.82 12986.25 323.59 10.19 5.01 17.23 66.23
Main error
Plow slajloss
Spraying 9 331584 197.927 3127509.89" 1306586.73" 100.157 88237  64.56° 2663649
treatments
Sl jles X8,

Lf\;}l'w’ *k kK k% k. k. * k%K
Cultivarx 9 181.90  151.27 472325.54 12308.38 8.46 5.41 3.64 53.89
Spraying
treatments
=2l
Sub-main 54 5877 48.2 48740.80 649.59 3.11 2.2 1.89 29.97

Crror
et 7.71 6.55 10.1 8.8 432 4.12 1.42 10.23
CcvV
203 ) 50 Jlainl o )3 (6l ine cuiy 4 T g "
* and ** Significant difference at 5% and 1 %, respectively
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Table 3- The results of mean comparison of incidence (I), severity (S), AUDPC-S and AUDPC-I of tan spot disease in
Koohdasht and Karim cultivars

) (1) slow £939 20y (S) slowt a8 103 AUDPC-| AUDPC-S
Trei::ints CubangS o) w5 e8)  Cwbae el mS ey Cwlaeed;,  mS e CudangS o8 w25 o)
Koohdasht Karim Koohdasht  Karim Koohdasht Karim Koohdasht Karim
Tr, 75.7 a 62.2a 57 a 53.7a 2793.6 a 1772.8 a 40113 a 31772 a
Tr, 74.5 ab 59.7 ab 54.1b 503b  2744.7 ab 1612.6b 3786.1 b 2889 b
Tr; 30.2d 23d 25.5d 20d 1677d 1255d 2815.1d 2161.5d
Try 60.2 ¢ 478 ¢ 455¢ 40.5¢ 23248 ¢ 1436.1 ¢ 33457 ¢ 2733 ¢
Trs 32.1d 24d 27d 21d 1716 d 1296.5d 2889.8 d 2210.8d
Tre 23.6¢ 19.5 de 18 ¢ 152¢ 1478.8 1052.2 ¢ 2600.8 e 1878.2 ¢
Tr, 72.7b 58.7b 52.8b 48.8b 2732.5b 1672.6 b 3893.7b 29352 Db
Trg 14 f 13f 11.5f 82f 5793 f 481 f 2182.2¢ 1367.1 £
Tt 12.7 f 12 f 10.2 £ 82f 564 439.7 f 2152 e 1354.1 f
Tryo (checkuals) 785a 63.5a 58a 552a 2896.8 a 1882.5a 4061.6 a 3226.8 a
LSD s 3.1 3.6 1.5 1.5 151.9 112.4 64.3 50.3
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Numbers followed by the different letters are significantly difference (P<0.05)
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Figure 2- Comparison of the effect of spraying treatments on the decrease percentage of AUDPC-I (a) and AUDPC-S (b) in

Koohdasht and Karim cultivars
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Table 4- Comparison of the effect of spraying treatments on yield and yield components increase in Koohdasht and Karim cultivars

() ata g2 39 () die y> ails dlaxs T 951y 13 59, dlwiws dlaxs () aits 5,Shos
o TKW (%) NKS (%) NSPA (%) Yield (%)
Treatments Codangs o8, )5 08y  CuddgS o8, w5 B, CedangS o, S T S PR
Koohdasht Karim Koohdasht  Karim Koohdasht Karim Koohdasht Karim
Tr; 1.3f 1.2¢ 0.5 fg 0.6f 0.1d 0.3cd 2.1f 1.5ef
Tr, 43¢ 4d 1f 25e 08¢ 0.8¢c 54¢ 36¢
Trs 22.8¢ 244D 36¢ 58¢ 1.7b 2.1b 36.8¢ 34 ¢
Try 9.9d 11.7¢ 1.5¢ 52¢cd 08¢ 09c¢ 14.8d 14.1d
Trs 22.5¢ 23.5b 2.6d 52cd 1.6b 2b 355¢ 323 ¢
Try 24.1b 26.3a 4.7 ab 6.6 ab 1.7b 26a 40.9 ab 40 ab
Tr, 26¢ 5.2d 13e 3¢ 0.7c¢ 09c 7.1le S5e
Trg 26.1a 269a 52a 69a 2a 2.7a 43.1a 412 a
Try 264 a 272a 57a 74a 2a 31a 446 a 423 a
Tryo (checkuals) 0 0 0 0 0 0 0 0
LSD s 1.8 1.9 04 0.5 0.3 0.4 2.1 2
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Numbers followed by the different letters are significantly difference (P<0.05)
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Table 5- Damage and percentage of damage reduction, increasing in yield and economic profit of spraying treatments
application at different growth stages of Koohdasht and Karim cultivars

ol5e OBl i .,.\.., o w Sl ol }'r“ai w& :9.” oLl 2g
Lo o3 Slad  (eges R ) s Shes 3 Slas iyl33! (obs)
. N ) ’ (b) (logs) . (@) (olos) (a-b)
Treaiments cultivar ) 2.l Decreased Spraying costs Increased yield Profit of‘}’n;eased Economic
Loss (%) foss (%) (b) (Ka/h) yield (a)(Toman)  profit (a-b)
Tr, cusangS Koohdasht 294 a 14f 66000 613f 79690 13690
Try o ,SKarim 28.6a 1.1d 66000 49 f 63700 -2300
Tr, cusangs Koohdasht 27.1b 37e 135000 158.5¢ 206050 71050
Tr, o ,SKarim 27.1b 2.5d 135000 113.5¢ 147550 12550
Tr; cusingS Koohdasht 5.4d 254¢ 167000 1071.2 ¢ 1392560 1225560
Tr; ~,SKarim 5.8d 23.8b 167000 1054.5 ¢ 1370850 1203850
Try cusangS Koohdasht 20.6 ¢ 10.2d 237000 431d 560300 322200
Try o2,SKarim 19.8 ¢ 99c¢ 237000 437.2d 568360 331360
Trs cusangs Koohdasht 6.3d 24.5¢ 302000 1033 ¢ 1342900 1040900
Trs o ,SKarim 7.2d 22.4b 302000 992.5¢ 1290250 988250
Trg cusingS Koohdasht 25e 28.3 ab 404000 1191.1 ab 1548430 1144430
Trg ~,SKarim l.6e 28.1a 404000 1240.7 ab 1612910 1208910
Tr, cusangS Koohdasht 2590 49¢e 201000 208 ¢ 270400 69400
Try o2,SKarim 26.2b 3.5d 201000 1569 ¢ 203970 2970
Trg csangs Koohdasht le 29.7 a 539000 1253.1a 1629030 1090030
Trg w2, Karim 0.7¢ 289 a 539000 1279.5a 1663350 1124350
Try cusingS Koohdasht - 30.8a 605000 12989 a 1688570 1083570
Try o ,SKarim - 29.7 a 605000 1313.8a 1707940 1102940
Tryo (checkuasls) cusames Koohdasht 30.8a 0 0 0 0 0
Tryo (checkuals) w,SKarim 29.7a 0 0 0 0 0
LSD e cusames Koohdasht 1.5 1.9 68.5
LSD i o ,SKarim 1.2 1.4 65.2

1- Sparying costs includes cost of sparying equipments plus fungicide price

bl o S ) Cunsd ol e a4y (abliaws Slgdl i ja ol cbliaws e =)
b Aol log We v Cuogd b pai8 5 Slas (038l 5l Lol 350 =Y
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2- Profit of increased of yield calculated with 1300 tomans.
Numbers followed by the different letters are significantly difference (P<0.05)
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Figure 3- Disease progress curve of tan spot in Koohdasht (a) and Karim (b) cultivars in response to spraying treatments at
four-timing, T, (early stem elongation to node formation 1), T, (node formation 2-3), T, (the full emergence of Flag leaf) and
Ts (flowering). This curve was drwan based on the severity of leaf area infection from node formation to flowering. In the

vertical axis, the numbers on the left represent the number of the infected leaves and the right number represent the disease
severity. The numbers 0 to 49 (fourth leaf), numbers 50 to 79 (two leaves below flag leaf), numbers 80 to 89 (flag leaf).
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Introduction: Tan spot (Pyrenophora tritici-repentis) is one of the most destructive leaf diseases that causes
significant damages to wheat during epidemic periods. The application of fungicides is a rapid control practice of the
disease during epidemic periods. Under the Integrated Management of Diseases (IDM), fungicides application for
controlling leaf diseases is recommended based on disease level (disease pressure), plant growth stages, and only for
susceptible cultivars. Several fungicides have been proposed for controlling tan spot, but the efficiency of recommended
fungicides is effective when they are used to reduce the disease pressure on important plant leaves especially flag leaf.
According to growth stages, four timing have been recommended to fungicides application including, TO (early stem
elongation to node forming 1), T1 (node formation 2-3), T2 (the full flag leaf emergence) and T3 (flowering). The
results of fungicides application at different growth stages of wheat are inconsistent and also there is no comprehensive
study about the timing of fungicides application for controlling this disease in Iran. Therefore, the present study was
carried out to determine the appropriate timing of fungicides application at four wheat growth stages.

Materials and Methods: A field experiment was conducted in a split plot design with four replications. The main
and sub-main factors of the experiment were cultivars (Karim and Koohdasht) and the spraying treatments, respectively,
and common fungicides (such as Tilte, Folicur, Falcon, and Rexduo) were sprayed at four timings including, TO (early
stem elongation to node forming 1), T1 (node formation 2-3), T2 (the full flag leaf emergence) and T3 (flowering). The
spraying treatments were as follows: one, two, three and four spraying times. The efficiency of spraying treatments was
evaluated one week after the last spraying by determining the disease index (incidence, severity and area under the
disease progress curve; AUDPC) and also comparing the yield and yield components.

Results and Discussion: The results showed that spraying treatments from the full flag leaf emergence to flowering
stages (Tr3, Tr5, Tr6, Tr8 and Tr9) decreased the values of AUDPC-I by 42.1 to 80.5% and 33 to 76.6% for Koohdasht
and Karim cultivars, respectively, whereas the values of AUDPC-S decreased by 30.7 to 47% and 33 to 58% in
Koohdasht and Karim cultivars, respectively. The effect of spraying treatments on damage reduction showed that the
damage reduction ranged between 1.4-30.8% and 1.1-29.7% in Koohdasht and Karim cultivars, respectively. The
highest damage reduction was observed at the full flag leaf emergence to flowering stages. The highest yield increase
was observed at the full flag leaf emergence to flowering stages, which was more than 36% (1071.2 to 1298.9 kg/ ha)
and 34% (1054.5 to 1313.8 Kg/ ha) in Koohdasht and Karim cultivars, respectively. The spraying treatments at the node
formation stages had the least effect on the yield improvement, which were, respectively, 2.1-7.1% and 1.5-5% in
Koohdasht and Karim cultivars. In both cultivars, the comparison of economic profit showed that treatment of Tr3 (flag
leaf emergence stage), in addition to decreasing the disease severity and yield increase, and reduction of spraying costs
had the highest economic profit compared to other spraying treatments (Tr6, Tr8 and Tr9). Spraying prior to the
appearance of flag leaf stage (node formation) was not effective for reducing tan spot severity.

Conclusions: The treatment of Tr3 (spraying once at the full flag leaf emergence stage), was the best timing of
fungicide application for the disease pressure reduction, and the yield and economic profit increase. In addition to the
timing and spraying frequency, the disease pressure reduction rate and yield enhancement, economic profit should be
also considered to decide on spraying application.

Keywords: Growth stage, Pyrenophora tritici-repentis, Spraying treatments, Tan spot, Wheat
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Table 1- Comparison of means (£SE) related to effects of solvent type of Calotropis procera on
biological parameters of Bemisia tabaci
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Figure 1- Effects of several solvent type for extraction of Calotropis procera on age- specific
survival rate (sy;) of Bemisia tabaci
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Figure 2- Effects of several solvent type for extraction of Calotropis procera on age- specific survival rate (),

female age- specific fecundity (f,,) (eggs/female), and age- specific maternity (I,m,) of Bemisia tabaci
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Table 2- Comparison of means (£SE) related to life table parameters of adult Bemisia tabaci treated with extraction of
Calotropis procera with several solvent type
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Introduction: Cotton whitefly, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) is one of the most critical pests
of numerous agricultural crops including tomato especially under protected cultivation. The whitefly because of
ingestion of phloem sap, secretion of massive honey dew that reduces both the quality of the tomato and the available
leaf area for photosynthetic activities, and transmission of plant viruses is considered as destructive agent. Development
of alternative methods for chemical compounds seems essential in pest management due to human health and
environmental safety. Since plants are rich sources of active chemicals they may be a substitute for pesticides. Recent
studies have shown that chemicals with insecticidal properties derived from plants are active against target specific
species and are converted to non-toxic materials in environment. In the present study the effect of Calotropis procera
(Willd.) R. Br. (Asclepiadaceae) extraction on demographic parameters of B. tabaci was evaluated. For this purpose
four different extracts were prepared, using four different solvents (methanol, ethanol, acetone and hexan).The swallow
wort plant, C. procera (Asclepiadaceae), is a shrub widely distributed in south of Iran (Haji Abad, Bandar Abbas, and
Ourzoeiyh) and other parts of the tropics regions. The plant is erect, tall, large, branched and perennial with milky latex
throughout. A large quantity of latex can be easily collected from its green parts. The essential oils and the extracts of
this plant have insecticidal properties.

Materials and Methods: Tomato seeds, Var. CH were planted directly in plastic pots filled with sterile plant
growth media* (BAGA; Dashte Sabz Atie Co. Iran). Cotton whitefly adults were collected from the Rafsanjan field and
transferred onto 2-4 tomato leaves in a greenhouse. Adults of the same age were collected from red-eye pupae and
moved to separate plant cages. These adults were used in all the experiments. The toxicity of C. procera for adults of
cotton whitefly were assayed by the leaf-dip method. For bioassay, we applied five different concentrations in three
replicates. Two clear plastic glasses (10 cm diameter, 15 cm height) were put together as a plant cage. The upper one
was covered with a fine mesh and the lower one filled with distilled water. Two tomato leaves were dipped in the
dilutions for Ss and put in each cage. After drying the treated leaflets, fifteen same age adults were released into the
upper part of cage. Mortality was evaluated after 24 h and all of the experiments were carried out at 27+2 °C,
photoperiod of 16: 8 (L: D) and with the 50£5 % relative humidity. In this research, the effect of C. procera extraction
with different solvents; acetone, ethanol, hexan, and methanol was studied on demographic parameters of B. fabaci on
tomato. Data analyzed by Age-stage, two-sex life table analysis-MSChart software. The experiments were carried out in
a completely randomized design (CRD) with at least four replications in controlled conditions. The collected data were
analyzed by SPSS16 software and the means compared using Duncan’s test. The LC,s was estimated by probit analysis
2011 software. Graphs were drawn using SigmaPlot 11.0.

Results: Different biological parameters including pupa duration (Fg3,= 4.49, P< 0.01) and female (F4¢74= 23.649,
P< 0.000) and male adult longevity (F4s75= 19.21, P< 0.000), sex ratio (male) (F4 ;0= 148.33, P< 0.000), sex ratio
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(female) (F410= 33.884, P< 0.000), oviposition period (Fs ;0= 13943.40, P< 0.000) and total fecundity/ female (F4¢74=
31.450, P< 0.000),showed significant difference among extractions derived from various solvents of C. procera. The
results showed that there are significant differences among treatments on net reproductive rate (R, or NRR), intrinsic
rates of increase (r,,), finite rate of increase (1), gross reproductive rate (GRR) and mean generation times (7) at the 5%
probability level. The intrinsic rate of increase of the whitefly, in treatments control, and C. procera extraction by
acetone, ethanol, hexan, and methanol solvents were 0.081, 0.030, 0.045, 0.054 and 0.043 respectively. All of the
treatments compared with control reduced the oviposition period and the total number of eggs that laid each female.
These two parameters were the least on acetone extraction of C. procera (0.59 and 3.093) and the highest on control
(2.45 and 15.131) respectively.

Conclusion: The results clearly indicate that the acetone and methanol extract of C. procera possesses many useful
properties to control insect pests.
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Figure 1. Comparison of means ( standard error) a) percentage of plant infestation intensity b) percentage of infection
intensity of corms, ¢) percentage of plant infestation prevalence, d) stem diameter (cm), after applying different treatments
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Figure 2- Comparison of means (+ standard error) a) inflorescence length (cm), b) flower life span (day), c) height of
flowering branch (cm), d) number of buds, under the influence of different treatments

Sbaylas oezmen )l gy (Siailsx )3 1y ST n e (clS
Sas 3l iy (O 5 VF) 5,155 &5 aalizal o (VY 5 V¥) il
{a¥ JS=3) asals (s 45518 ol ) |y 31 s VY
walizo glojlos Jlael l w odd Wdgi slap oS dlass oy 5yt

Jlosh il g lopyeS (Sl o> (5650ke (sh09)S @l

a3 ¥0 p)5 ) (VF) il jlow a8 ol olis calises (sl o
b Ve Glm a8 Ve (illay e (4885 VD) Logedes
3o 390 V0 gyeyie ) SHIS 4 S Ve e (gilulay e



(AR Y]

Slalals Lyl i o Rhizoglyphus echinopus Jgd8 5Ly a8 J yos calico (b gy duns Lo

42 Y0 £, SN VY g (CdlS Sl am jg) V0 pesie 3 5,105
o (Gl Ver Gl 4 aS Ve (lols) o (4835 VD) oguudes
Ll Jgu M oS 55 pyeS adgi 0 1) 13l e VY les )

.(b\" JS...;)

=<
o

(a)

l—o

o

o
How

Mean percentage of corms germination
30y | josilg> Sty paSil—y
< h
o o
\
ATy

n >
o o
L L
HE-
He
“Ho
He
He
“Ha
He
“Ha
Ha
Ha
“He
Ha
He
“He

T
Guea<ge>»<>-—31

le 7

LG
& 3 o2 a3
A= A e = -
Lo jlous
Treatments

Mean number of corms

©9—S sla—=i Sl
e
1o
a
a

S5Lsly s (43 V) pogindis 4253 ¥0 £, S) VY Jlogs >
Eyere 2 58S a8 Ve e gilelay + 5l Ve il a8
Glajlos &5 ol S5 p3Y 00,5 salie (CublS jl Ly jgy VO
aS Voo gilolay Cpuw (4883 YO) g 43 )3 ¥ p,SUI) YT

(b)
Fo - N

Ha

2l
Treatments

lisee 6 ylowi Jlas! 51 (e 0,595 3lund (D (o ,yo8 Jjailgs o,y (a (3 luiliw! glad ) il dunlio —Y S
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after applying different treatments
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Comparison of Different Methods for Control of Gladiolus Bulb Mite
Rhizoglyphus echinopus (Fumouze & Robin) (Astigmata: Acaridae)
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Introduction: Bulb mites of genus Rhizoglyphus (Acari: Acaridae) have been identified as pest of many crops in
storage, greenhouse, and field. The most important hosts are species of family Liliaceae (e.g. Allium spp.) Rhizoglyphus
echinopus (Fumouze & Robin) (Astigmata: Acaridae) is one of the most important pest of gladiolus corms in Mahallat.
The mites infest bulbs and corms by penetrating through the basal plate or outer skin layers. Bulb mites may establish in
the inner layers, which makes control extremely difficult. Feeding wounds created by bulb mites provide entry sites for
soil-borne fungal pathogens such as pythium, rhizoctonia and fusarium. Despite their economic importance and broad
distribution, the control of R. echinopus remains in a state of confusion and needs a thorough evaluation. In addition, the
field biology and ecology of this mite is not well studied, and methods for sampling, monitoring and assessment are
limited. Management of bulb mites is complicated because of their short generation time, high reproductive potential,
broad food niche, interactions with other pests and pathogens, and unique adaptations for dispersal. Historically, these
pests have been controlled by synthetic acaricides and insecticides, which are now limited due to their resistance.
Alternative control strategies, including cultural and biological control, have shown limited success, but need to be
further developed and implemented.

Materials and Methods: We evaluated the capacity of the soil-dwelling predatory mite, Hypoaspis (Geolaelaps)
aculeifer (Canestrini) (Mesostigmata: Laelapidae), as well as disinfestations of corms to control attacking bulbs mite.
The experiment was performed in 24 treatments and 3 replicates in randomized complete block design. Each plot was
separated with plastic and its soil was sterilized by solarization. In addition, 30 gladiolus corms were cultivated in each
plot. Disinfestations treatments (corms were soaked in poison solution for 25 minute) include: 1, 2 & 3- abamectin (0.4,
0.8, 1.2 ml/lit); 4, 5 & 6- ethion (1, 1.5, 2 ml/lit); 7, 8 & 9- fenazaquin (0.5, 1, 1.5 ml/lit); 10, 11 & 12- hot water (45°C
for 25, 50 and 75 min); 13, 14 & 15- release of predator mite H. (Gaeolaelaps) aculeifer 10, 20 and 30 predator for
every 100 Gladiolus bulb (previously infested with bulb mites); 16, 17 & 18- release of 100, 250 and 500 predator mites
in square meter 15 days after planting; 19, 20 & 21- tap water as control treatments (30°C for 25, 50 and 75 min); 22-
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hot water (45°C for 25 min) and release 10 predator for every 100 gladiolus bulb; 23- hot water (45°C for 25 min) and
release of 100 predator mites per square meter; 24- hot water (45°C for 25 min) and release 10 predator for every 100
gladiolus bulb and release of 100 predator mites per square meter 15 day after planting.

Result and Discussion: Significant differences were found among treatments and with control (a= 0.5). In all cases,
the population of predatory mites increased as long as bulb mite densities were not too low. Experiments in the
greenhouse showed that in the absence of predatory mite, populations of the bulb mite, R. echinopus, on gladiolus
corms increased, whereas population growth of bulb mite was slowed down as the predatory mite were released. The
highest infestation severity was observed in treatments 19, 20 and 21 (control), while the lowest percentage of corms
infestation were recorded in treatments 24, 23 and 22. The highest frequency of corms was produced in treatment 24,
also the highest inflorescence length was found in treatments 13 and 24. The height length mean of gladiolus stem was
observed in treatments 24, 23 and 13, respectively. The flowers in treatments 7, 14, 17 and 23 lived the greatest. The
fastest germination rate was recorded in corms in treatments 24, 23, 22, 14, 15, 13 and 10, respectively. But the number
of buds was statistically located in the same group and their differences were not significant. Based on the results and
with respect to the gladiolus features, biological and integrated pest control methods could be recommended for
reducing R. echinopus infestation.

Keywords: Bulb mite, Disinfestation, Integrated pest management, Gladiolus, H. aculeifer, R. echinopus
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Figure 1- List and species frequency of Carabidae in a rice field (AhangarKola: Qaemshahr, Mazandaran) (The species were
marked by * are new for Mazandaran fauna)

Species/ subfamilies Freq‘u;e;cy Species/ subfamilies Freq'u;a;cy
o3l 5/ i <’ o3l 4 5/ diss <’
§ B 5 j/ s (%) P 5 5/ digs (%)
Brachinus psophia (Audinet-Serville 1821) 1.18 Acinopus (Acinopus) picipes (Olivier 1795) 1.18
(Brachininae) (Trechinae)
Pterostichus (Argutor) cursor (Dejean 1828) 11.76 Elaphropus (Tachyura) lucasi (Jacquelin da 1.76
(Pterostichinae)” Val 1852) (Trechinae)”
Pterostichus (Platysma) niger (Schaller 1783) 1.76 Bembidion (Trepanes) octomaculatum (Goeze 0.59
(Pterostichinae) 1777) (Trechinae)”
Poecilus cupreus (Linnaeus 1758) 25.88 Anisodactylus (Pseudodichirius) intermedius 0.59
(Pterostichinae) (Dejean 1829) (Harpalinae)”
Scarites (Parallelomorphus) subcylindricus 0.59 Acupalpus maculatus (Schaum 1860) 4.71
(Chaudoir 1843) (Scaritinae)” (Harpalinae)
Clivina (Leucocara) laevifrons (Chaudoir 1842) 1.18 Stenolophus abdominalis persicus 4.12
(Scaritinae) (Mannerheim In Chaudoir 1844) (Harpalinae)
Harpalus distinguendus (Duftschmid 1812) 0.59 Chlaenius (Epomis) amarae (Andrewes 1920) 11.76
(Harpalinae) (Licininae)*
Harpalus (Pseudoophonus) rufipes (De Geer 27.65 Chlaenius (Amblygenius) dimidiatus (Chaudoir 5.29
1774) (Harpalinae) 1842) (Licininae)




OYY . iy ac)ie Sy o Carabidae solgils oyLigalbicdw basgs s ) £955 (owyp

Oiali8l )3 098 gang an wlg e Jole () &S 355 00 4550

S5l Fwlps

Hazelaarlaan 51, ) .l jIRon Felix .5 1 By
256 5 dleseo (5)Ken LI 4 (5056 XP Berkel Enschot
5 1y S5 JWS” Gaiss cpl slbaisS oLl

lebasMo LB (o515 5 g9 & 230 (LS 3205 () ol

aang Loy assg wy deyie S 50 aanlh)5 slaSuwsw |
2 il ST Cled 555 5 oS cloaisS Ll o555 i
SIS GlaaisS (il ) 4 Glgie il Jed @ &)l
9 E95 Onyidin LS gy e abl oS ohiga Sl ol ()
T 22D g (lalj M) Ay 3 0205 SlaSg 1515
) Slndanbs Cgman 398 YU j1 236 it ] &S 45 sanlio
cale 0 Gy g0 Cudldy 1 o olo 93 dgas p3 il o o),5, 85

2 LS by Gl cow 3005 3)00 4250 53 50 o

ouwd (6 y9lzen Carabidae B Swgw Sy w9 — o9l (ad Wi g Jlglyd waoyd B digs dlasi ol puies i —¥ Joua
(o y3ke L] ¢ poeud a8 WS ,SaT) d 50 45 iy 8LS gy Blieo Jolge 4
Table 2- Number of specimens, number of species, percent of abundance and Shannon-Weiner index of collected ground
beetles at different growth stages of rice plant in the field (AhangarKola: Qaemshahr, Mazandaran)

Carabidae Planting and vegetative Reproductive Harvest A month after Two months after
118 stage stage stage harvest harvest
ol gy Wiy g CoilS dnye iy, Ay Cudlipdlage Cullip gl pwtle o Codld e olo g3
Number of
specimens 9 38 17 0 106
Ol olaws
Number of species
bt shie 6 10 7 0 6
Percent of
abundance 5.29 22.35 10 0 62.35
gljl)s Lo yd
Shannon-Wiener
index 1.74a 1.69a 1.65a 0 1.28b
s —Ogb oSl
&bo
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Introduction: Rice (Oryza sativa L.) is one of the most cultivated crop in northern Iran. The rice fields, is
harbor a rich composition of insect fauna inhabiting vegetation, water and soil of the rice fields. The insects in this agro-
ecosystems play different roles, some are herbivore and some other are natural enemies of herbivores. Ground beetles,
Carabidae, are mainly predators and could effect on pest population as biological agent in different agro-ecosystems
including rice fields. Since rice has been attacked by various pests, especially stem borer, Chilo suppressalis Walker
(Lep.: Pyralidae), therefore identification and protection of the natural enemies in the field are important in reduction of
pesticide applications. The Carabidae beetles as polypagous predators of many pests could also take attention in
integrated pest management programs (IPM). Although this family is one of the largest family of beetles, it is studied
very poorly in different agricultural ecosystems in Iran. Depending on crop and sequencing of growth stages of the crop
in agricultural fields, ground beetles may vary among different species. Until 2015, 955 Carabidae species were
recorded from different parts of Iran such as northern. For identification of active species of Carabidae in the rice field,
present study was conducted.

Materials and Methods: Several samplings were taken with pitfall traps at different growth stages of rice in a

one-hectare rice field (Ahangarkola: a.s.l. 11 m, 36°, 30' N, 52°, 48' E) located in the Qaemshahr city (Mazandaran), in
the 2015 -crop year. Every 10 days, the contents of pitfall traps were examined and transported to the laboratory and
then, the number of the collected beetles were counted and recorded. The samplings were continued till two months
after rice harvesting. Percentage of abundance and species diversity (Shannon-Weiner index) were calculated. The
statistical tests were performed in Excel 2013. The Shannon-Weiner index was calculated by formula (H"):

T

H = —Z P.LnP,

i=1

Where pi is number of individuals of species i/total number of samples and Ln is natural basic logarithm.

Results and Discussion: In sum, 16 species from 13 genera, nine tribes, and six subfamilies of Carabids beetles
were collected and identified during crop seasons and two month after rice harvesting. The identified species were
Acinopus (Acinopus) picipes (Olivier 1795) (1.18%), Bembidion (Trepanes) octomaculatum (Goeze 1777) (0.59%) and
Elaphropus (Tachyura) lucasi (Jacquelin da Val 1852) (1.76%), from subfamily Trechinae, Brachinus psophia
(Audinet-Serville 1821) (1.18%) from Brachininae, Pterostichus (Argutor) cursor (Dejean 1828) (11.76%),
Pterostichus (Platysma) niger (Schaller 1783) (1.76%) and Poecilus cupreus (Linnaeus 1758) (25.88%) from
Pterostichinae, Scarites (Parallelomorphus) subcylindricus (Chaudoir 1843) (0.59%), Clivina (Leucocara) laevifrons
(Chaudoir 1842) (1.18%) from Scaritinae, Harpalus distinguendus (Duftschmid 1812) (0.59%), Harpalus
(Pseudoophonus) rufipes (De Geer 1774) (27.65%) Anisodactylus (Pseudodichirius) intermedius (Dejean 1829)
(0.59%), Acupalpus maculatus (Schaum 1860) (4.71%), Stenolophus abdominalis persicus (Mannerheim In Chaudoir
1844) (4.12%) from Harpalinae, Chlaenius (Epomis) amarae (Andrewes 1920) (11.76%) and Chlaenius (Amblygenius)
dimidiatus (Chaudoir 1842) (5.29%) from Licininae. Among them H. rufipes with 27.65% and P. cupreus with 25.88%
of all collected specimens were the most frequent species. They were present in all stages of plant growths in the rice
field. The species of S. subcylindricus, B. octomaculatum, H. distinguendus, A. picipes and A. intermedius had the
lowest frequency and seems to be occasional species in the rice field. Among 16 species, six species B. octomaculatum,

1 and 2- M.Sc. Student of Agricultural Entomology and Associate Professor, Department of Plant Protection, Sari
Agricultural Science and Nature Resources University, Sari, Mazandaran, Iran
(*- Corresponding Author Email: m.shayanmehr@sanru.ac.ir)



OYD .. iy ac)i0 Sy o Carabidae solgils oyl galbicdiw basgs s ) E455 (owyp

C. amarae, P. cursor, E. lucasi, S. subcylindricus and A. intermedius were new for Mazandaran fauna. During the
growing season until harvesting time, the highest number of insects and species were observed during reproductive
growth and clustering stage in the field, although the comparison of Shannon-Weiner species diversity index did not
show a significant difference for species diversity. The population of Carabidae was severely reduced one month after
rice harvest, however their maximum abundance was observed two months after harvesting rice. The results of the
present study indicates that due to the presence and appropriate diversity of the carabid species in the rice field as well
as their predation activity, it is necessary to know more about the role of the carabid species in biological control of rice
pests, specially rice stem borer, at future researches.

Keywords: Carabidae, Mazandaran, Predator, Rice
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Table 1- Results of analysis of variance (mean squares) of sprayer type and herbicide dose application
on broadleaf weeds density in wheat

Ol i 2alie :, IR IS FYeS ‘ﬁw 4,30 Jual Ja? S KVERUATY asd 0,5 dalw S i
S.0.vV &> Wallflower Turnip- Mustard 9 Binweed Knotweed Knapweed Lambsquarters Rhubarb
weed Mustard
=
Re;e)ition 3 0.49™ 0.38™ 0.27™ 0.39™ 0.14™ 0.35™ 0.23™ 0.43™ 0.13™
S A v“"t““” &?A) 4.99° 18.16% 17.91*  13.96%  2.63* 22.19% 12.11% 8.59* 4.72%
prayer type
s
(Erron) 12 1.07 1.47 1.37 0.94 1.01 1.70 0.96 0.79 0.59
(B) psuile ;5
Herbicide dose 3 60.85*" 72.69* 70.10*" 59.99** 62.42*" 90.34** 50.81*" 34.96*" 16.55*
®
e
‘(’; B))J 12 2.40%* 4.50* 4.43* 3 411 5.66"* 3.20* 2.74% 187
s
(Erron) 45 0.41 0.74 0.74 0.50 0.60 0.96 0.56 0.49 0.28
2oy ) 50 Jlein] paw jd I gxe )b Gzepé 4 **9*‘ns
"s* ™ Non Significant, Significant at 5% and 1% levels of probability, respectively
PS5 S o jadle SWS (59 2 (S LE B pas 55 g leww Elgil 2,85 il lg 455 Y Jgse
Table 2- Results of analysis of variance (mean squares) of sprayer type and herbicide dose application
on broadleaf weeds dry weight in wheat
& j 2
Ol S 2bho " o T U2 d""‘" J" ‘Ji” S RVPRCHTY asds 5,5 dobuws Sy pS 5 Sles
S.0V B \wallflower  TUMMIP- 45 <> Binweed Knotweed Knapweed Lambsquarters Rhubarb Wheat yield
d weed  Mustard Mustard
5
R );_S;_ 0.28™ 0.15™ 0.92™ 54543™ 56.98™ 0.02™ 0.005 ™ 0.008™ 0.005™ *"1081077.54
epetition
(A) sl £
Sprayer type 4 3.60*" 4.02* 2.23*" 1811.34* 1439.96** 0.36™ 0.18™ 0.24" 0.02" 112233.11*
(")
Ls
(Error) 12 146.63 113.21 57.71 332.44 103.89 0.23 0.11 0.25 0.18 68.96
(B) pisuils 5
Herbicide 3 0.92* 0.84* 1.24* 5385.65* 1108.98* 0.02™ 0.03” 0.02" "0.06 221652.32*
dose (B)
AB) 12 0.95° 1.02° 0.68"  773.18 77.23 0.08 0.05 0.06 0.02 17361.24°
Ls
Erron) 45 87.64 72.62 33.84 131.37 36.49 0.11 0.06 0.13 0.10 35.77

EE TS

Moy ) 50 Jlein] phaw (3 I gxe )3 Srops i 4 g«
"s* ™ Non Significant, Significant at 5% and 1% levels of probability, respectively
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Table 3- The results of mean comparison of doses tribenuron-methyl herbicide (gr a.i. ha™*) application and using
type of sprayers and their interactions on broadleaf weeds density in water wheat

- @ . ko] g

L3888 A YIS A it ig £

~PEES 2 g E §5  4s s 1g g S8 &

s TTF “ = s
0 117 137 13 122 123 152 115 8.9 6°
15 8.5° 10° 10° 8.5° Qb 11° 8.5° 6.5° 48°
20 6.5¢ 10.5° 11° 9P 9.5° 12° 8.8° 6.6° 4.3°
25 8° o g 7.5° 7.8° 9.5° 7° 5.5° 3.8¢
(Electrostatic) Sst.l; sl 8.5% 11.82 118 9.5% 27 122 0.8 6.9° 45°
(Lance) s v 8.7 122 11.8° 10? 382 13 10? 7% 5.5
(Microner) s %, 8.3 11.82 115 10.3 20% 122 9.9% 6.8 4.8°
(Atomizer) )l iy 8.8° 128 1177 10.7° 30a 12.5% 10.22 7.5% 5.6
(BOOM sprayer) Jlsps, (5515 7.5° Qb 8.5° g8° 15b 10° 8° 5.9 3.9°
0 x (Electrostatic) tsls )l 122 15.5% 15° 13.3% 13.72 17.12 12.8% 9.8% 6.5%
0 x (Lance) b ¥ 116 13.8° 135* 1218 1217 14.7% 11.9% 6.7h° 5.5%
0 x (Microner) s S 1188 1428 145  131* 133 16.2% 13.22 10.1% 7.3
0 x (Atomizer) kel ity 9.8 11.9° 11.9° 102° 108° 12.9° 101° 9.5% 6.3
0 X (BOOM SPrayer) bes; (5515 115% 122 1220 109"  13.1° 13.9° 10.3° 7.8° 5.9%
15 x (Electrostatic) sty 9fghi 11.3bcdef 11.5bcde 9.6cdef 9.7bcde 11.9bcde 9.5fg 7.5efg 4.8efgh
15 X (Lance) s ¥ g.5%f  q1.7bcde 1p3hcd g b gpqbed  gppcdef g7 gbe 7.8° 5.2
15 x (Microner) yi5,Ses 7.0 gglli  goefo g gfohii  gpefy gg pefoh g goefo 6.2%f 4.3%fon
15 x (Atomizer) bl 9.5 1040kl g 5Pede gl g gbede  qq gbede g gbcd 7.8° 5.1°
15 x (Boom sprayer) Jsps )55l 8,9%" 9.1" 9 79" 9a1% 1019 7.9 5.6 4.9
20 x (Electrostatic) stl; x5 7 950 gofe  gomi g of 9.8"" 8.2 6.3 4.1%f0
20 x (Lance) JomY 7200 1180 103 g5 gp3bd 18 17.9% 6.3 5.9%f
20 x (Microner) SsSee 7.5h 10defgh 10.4def 9.89fgh 9.6Cdef 11.4defg 9l7cdef 6.5ef 4.5efghi
20 x (Atomizer) Jplel iy 8def 11.6bcd 10.3bcd 9,9de 10.4bc 12.8bc 9.8bc 7.6bcd 5.7de
20 x (Boom sprayer) Jsps 5,55 5 9.8 g2 g1 g7 1050 g2 5.8% 4.2"
25 x (Electrostatic) Sstuls <) 7.8 93" 92" 91" 829  gg%  g2™ 5.8% 49"
25 x (Lance) JoiY 8.3def lo.lefghi glgdef 8.3efghi 8.4def g_ecdef 8.5cde 6.lede 4.8efghi
25 x (Microner) ,ig,Ses goef 8.8 9.1¢ 7.9 7.99 9.9" 7.99 5.3¢ 3.9'
25 x (Atomizer) ol Lt 9cd 10.30defg 9_4cdef 8.4defg 9.6cdef 9.6cdef 8.50de 6.60d8f 5_1defgh
26 (Boom sprayer) 6.8%" 5.9 5.9" 4.9¢ 5.8" 6.1 43" 37" 2.3
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Treatments have at least one common letter are not significantly different based on LSD test
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Table 4- The results of mean comparison of doses tribenuron-methyl herbicide (gr a.i. ha™) application and using type of
sprayers and their interactions on broadleaf weeds dry matter in water wheat

o B g 43 g 3. O 4o o 3 3 E o 2
31850 32 4% 3% A% 43 4% Lf 0 35 af d3t
15888 LSRR TS S NS ;8 35 3 E 2 h2f
S 23] 25 E 43 43 @ < g € & 1%%
& @ = 5
0 3.14° 2580  327° 130° 38" 0.66° 0.42? 0.67° 0.30°  4550d
15 2.92° 2.38° 3.25° 40° 20° 0.59 0.44% 0.63* 0.28* 4700c
20 2.62° 2.39° 3.14° 40° 22° 0.62* 0.40® 0.61° 0.22° 47500
25 2.81° 209° 273 35 25 0.59 0.35° 0.59° 0.18° 4800a
(Electrostatic) sty <! 2.86° 2.53° 3.07° 58° 28° 0.65° 0.36° 0.70® 0.22° 4650¢c
(Lance) s ¥ 3.03° 2.57° 3.21° 62° 38° 0.74° 0.55° 0.64° 0.22° 4600d
(Microner) ,ig,Ss 2.93" 2.25° 3.12° 40 15° 0.66" 0.46" 0.65" 0.28* 47500
(Atomizer) ,plopl iy 3.42° 2.88° 357° 60° 29° 0.68° 0.37° 0.73° 0.29° 4630c
(Boom sprayer) Jsps: 555515 2.11° 1.56 2.53° 45 13° 0.35° 0.27° 0.42° 0.22° 4800a
0 x (Electrostatic) tuls S 3.24% 2,840 3 15%f 95° 44" 0.68™ 0.37¢defan 0.71%° 0.29°¢ 45209
0 x (Lance) s Y 337 2.81%¢ 355 1637 46° 0.78* 0.52® 0.65% 0.25%"  4580h
0 x (Microner) s S.o 3.07%% 253 3pghcde 1757 27%f0 0.71%¢ 0.55® 0.71%¢ 0.34®  4650f
0 x (Atomizer) ,5log 1t 3.02%" 298"  363% 125° 55° 0.70®° 0.40%%f 0.79% 0.37° 4650f
0 x (Boom sprayer) bes: 5,955 2.24" 1750 2,720 114° 7%oM 0.44° 0.27" 0.49° 0.25%% 45009
15 x (Electrostatic) Sstuls 5l 2.94%f 2710 3 pgbece 24° 26°1 0.63° 0.38°1 0.71%¢ 0.22°®  4690df
15 x (Lance) s ¥ 3.07°% 2587 333 20¢ 25°fn 0.70%° 0.57% 0.65% 0.25%" 4615k
15 x (Microner) 3,5, 2.89% 2150 329 27° 17" 0.64° 0.47%¢ 0.71%° 0.32%  4720d
15 x (Atomizer) ) logl iy 3.64® 289"  377° 25¢ 33bete 0.66™ 0.43°¢ 0.77% 0.37° 4670f
15 x (Boom sprayer) bps: 5,581y 2.10° 1.58! 2.63" 24¢ 16" 0.34°f 0.33°f" 0.41 0.25%"  4850bc
20 x (Electrostatic) Sl xSl 272 2.50%%  3.11°0 22¢ 20" 0.66™ 0.38°4 0.72%¢ 0.20°9  4735d
20 x (Lance) ,ls Y 2.94%" g3 3 ppcdef 23¢ 27 0.74® 0.55® 0.64% 0.20°%  4680df
20 x (Microner) is,S.o 3.07%% 219" 315%™ 24¢ 17 0.65™ 0.46 0.61¢ 0.26%®  4750bc
20 x (Atomizer) ) logl iy 3.24% 311 3.68%® 23¢ 31 0.68™ 0.3 0.70%* 0.24%%  4690bf
20 x (Boom sprayer) beg: ;9515 2.06' 1.49 2.58" 20¢ 11’ 0.37%® 0.25" 0.44% 0.20°®  4800b
25 x (Electrostatic) stuls y<l 254" 208" 276" 21¢ 27% 0.63° 0.30™" 0.67" 0.19"  4798c
25 x (Lance) )l Y 2.76%0  2.27%" 2 76™" 21¢ 26e 0.75® 0.58° 0.63“ 0.18¢ 4750d
25 x (Microner) is,S.e 2720 2.14% 276" 21¢ 16g" 0.63° 0.34%f" 0.57% 0.20°®  4770hbc
25 x (Atomizer) Lol iy 377%  2.54%%F 30 22¢ 35p™ 0.67™ 0.30" 0.67°¢ 0.19°9  4798c
25 x (Boom sprayer) bps: 5,551y 2.06' 1.35% 2.19' 22¢ 15" 0.27" 0.25" 0.35¢ 0.18¢ 5050a

Treatments have at least one common letter are not significantly different based on LSD test
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Table 5- Results of analysis of variance (mean squares) of sprayer type and herbicide dose application on consumable
solution per hectare, effective capacity, percentage of crop loss and field efficiency

Al IS

5 &b il ) vy PEran Joo (e T slas,30 0354
Lo 1}
’?Oc;!/ 2 )df‘b » unisf?):?r)]/i t Percentage Consumable E:(a)::i\j;’;:::éi Field
o VMD/NMBIS of crop loss solution pacity efficiency
1<
Re;;::ition 3 0.31 0.03 72.70 0.02 0.32
HerEJAic)iﬁjgsg(A) 3 105.60* 0.04™ 284" 0.01™ 014"
s
(Error) 9 0.57 0.03 4.99 0.03 2.40
Spg:; t;;)gis) 236.93 " 394.43%* 1273779.32%* 9.92%* 2103.25%*
Jlaze
(A<B) 12 11.88 ns 0.06 4.67 0.03 1.59
s
(Error) 48 0.64 0.06 14.69 0.03 1.38

™™™ Non Significant, Significant at 5% and 1% levels of probability, respectively
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Table 6- The results of mean comparison of sprayer types on spraying uniformity (VMD/NMD), percentage of crop loss,
consumable solution, field effective capacity and efficiency
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Herbicide dosage and unich))rrr):ity Percentage of crop Consumable Effective Field
sprayer type VMD/NMD loss solution capacity efficiency
Sty S 78 4 153.4° 1.4° 63°
Electrostatic
b
i 7.2° & 732.8° 2.2 52.3¢
Lance tractor
Horsee 3 2.8 34.9° 1.1° 76.9°
Microner
s 7.1 5 211.3° 1.7° 61°
Atomizer
Joeg g5l 1.8° 14.5° 395.6" 3.2 81.3%

Boom sprayer tractor

At LSD 9051 wliolpp ()l gime M| eyl st S jitio by S JBlas (gl &S polalos
Treatments have at least one common letter are not significantly different based on LSD test

slaptlow 3 (Sar) 20)d (39 Vb Jds i8S )13 09 )5 S
O s dn oS Cal G2 s yjo 3 o 5815 <8 o lapy
3 0o {18) 335 mn o4td Jyans €nle ] (520
sy e gilow 48 cowl il o L LE wlabss
O)gmar deyie 3 p)S S g ¥ (Sbule Cledy ()9515

(V) M Gl Jgamme (Sand wlaiol

QS8 3 (S pas Jglas ol 5ee (9

Joxe olie 4872l (L (8 Jgaz) (ibly o0 @l
S sine NS i lizeo sla bl G )3 U8 )3 (Spae
4 byye o Jsloe Gpae Glie cn e (P<O.01) 515 392
o byye o] (e 5 (LS ) 52 VYY/A) b Y (blass
2 Lagtlos pluw g 35 (LS 33 1 YF/A) 5980 (blows
s @l (F Joi) 185 )8 (bl 93 ol (mle 393
—0919 )5 LS ile calise sl a8 Blite 1 i)y
4S5l Joob JB 5 095 o siae (Do Jsle oliee 2 it
&9 3 LI )58 sl nsY leaws 53 0 ool gla J3L
So5 (S35 Sl > 4 g st (JB55 9 055) (bgye
2 I3 i pae (Jib S b SUS (pag pas g 5L
a yome S 28T pae 55 (dlews Slles jlan g U8
(YR 5 YA) 332 05 ot By i 3 slilanMlo bl5 2ol

Asy 30 i ge cud 4l
O Syl me BB 3929 5 SLo il jlg 4550 ol

(VMD/NMD) hiudily (A4 3 caaa (g

VMDINMD (55, » (ileaw £95 3,8 ib)ly 455 @b
Sy oo quls (bl (B Jgaz) (P<O.01) 552 5l sine
e s S FTULBL TSRSy
cayd L 59,5 Gilew ol 5l axy o (VMD/NMD =1V/A)
b b plow o goslhe Glyiees (VMDINMD = Y) (il
9 ibegl Gy «659515 Y sl Al > K
il pas (SR S G pd (g VL oy Slily S
syio S sl CS o g o ol cSpSy
(F Jgia) 828 Cguome g ilaws (p yolial

U35 55 VMDINMD s 45 3,5 5,55 (W) Lpogile
DL 3 MY ol aads 3,0 Vere coyw b by S
VIALis L (cbgyse J36 ) 9 VIFY ply L VIA Las b (Sils
CsdsS e o535l izmen (VW) (ogsile 290 VAZ 2l L
2Bl V5l jieS 9 ¥ 59 ySee sl blows sl (olows

(Sl o ja (9
byl (B Jgaz) (ula)ly auios Jaa @l ol
o U (o) ime BOMS] Joamme ( Sa) dopd Jla 5 islel
D9 e odaliiis (F) Jgdio )0 4S5 jshailen .(P<0.01) wiz il
o byye b palS Jpazme (Saad dopd (58 g (e
u»LA_w 9 d—o)d VF/0 L )‘ny 6)9»5‘): Sy L)"L‘""" )‘ D)g)l.{
5 ynlegl i slayblew ol Ao VAL 459,800

2 oS Heue Loy Jore el (b oam) Jdday Sl xSl



OYY  Lsmilacile J 568 5 (GLawdlS) Juio — (33580 65 GSGle 55 5 Gilsow 95 51 b))

Caly 58 eagazme oyl

S 5 4ol

S oy oYL & oy (i 3ais ) ol @l
$)95515 Cdly Ghlos 4 bgrje ¢padls jaslacile Corer
ol ol il b ilews plo b (g bxe BMB] aS 009y jlop e
crlie (SLigren 4 9 SoaSo L il (oo Sl
o Jobre C19iSy sl Lld 4 Jopg ()51 ety sla it
Sl bl L2l jyaile  ow Sl e Cands o Jlis g
8 = SWE eSSl 9815 Y g s nlegil iy
SR 53 2y S Y0 (93,0)L8 35 izeed Az h jyaslachle
L oyl g 35 o pSimlio Joste = 9090 (55 piSule
s 5l g 0pSaakn g J3 5 (ol e lealdlass g S35
Al ppFcamlie ygSue £ SR 13 (Spae Joloe (e
@S Olie 4k 39 (mly (Brae Jslxe iee 3)6)
W JhoesY £ 4 Camd ol )3 ,lSe > (S Gle (byao S5l
oS LSl o YU clale 5l odlitnl Cyguo )3 5 340 dled Juoyd
bysye (o pa5 3)Shos (it b Sl 3929 45 (55
P35 Y0 5 Brae olyanay Jops: 5)55515 cudy Siliaws 2, &
o 3l o (a8 5 JlSe )3 £ SlS 0400 (ko L 1S
P SBpman Ly (S )3 p)55kS ¥910) (5)5515 Y Silows
St 4y po (65815 Cdy lew 092 1S 53 )5 V0
sopcile blaib cuslio i)l s e A po) YU )5 350 sl
Capmo jl 5y duop> S8 4y L8 S b g
2 g 0ad Jpaze 3 Slee Jypax Gl 4y 5 jpslbaile
3)95 1 5 o ChkaS cunlio Sligeen pae Jda b ilow plo
OBl 4 e wdeyie ) p)lS Sialeal SISy g jyacile L Ll
L0y 0 elyj 0, les

i de30 Csbls B Jiz) PO.01) 33 o liaws 338
ey Jl mlS g amd oo (Lt |y gloj anly 53 0ad (obliow
S YIY L lopgr 6y55815 Ghlans il (1) 28 5 Ghlans
WA L j59,8e bloss g dsyje Cud )b (i syl csls
2o Lalio 1y aeyjo )b op )8 caeliw 3 LS
oo dejie cud)ls e YU oh olaid] dgsay b yolew
Fder da oy ) Lagilew plo b duslie )3 (69815 cuty
Ol oeilly 35 31 G B leow £98 cul SIS 28 (92
3955 P me dspho Cbhlo 1 e —p9y9 65 SIS Als B
oS aoly gl (oS (b (V) ghlSen 5 b (7 J2)
) 3pSlee 2t o plams s & Copn (535515 o
d95 dy el LS FAAY (Sl b asie cud )b L

A Lolais

slas 30 005 (T
Giod ol 50 00 oolit wl gla yilews yo (slac e 035l
5 S0 s (0 i) (P<O.01) isgy o b sino M (o
e b e dn 559,50 9 )bpgr 6)98 15 cudy slablows
ol oieS g slas 30 035 cp YL chyls Ao s YE/A g AV/Y
J9i2) 39 803 OVIY ety 6593815 )13 sY ileows @ (3l
L oo 35 i > (e o o3is o sl Vo
Sl g cuslie (Sligeen pie g )8 SIS e8> 4 Glyie
s .)/S oLl csolsow Sldos Pbul O 0 (u.w\f) Sl f?l‘\"
2 Srmas pu e 5 C8g BT el 353 Jaloe cpl 5l S 2
950 9 899815 iy Lo ilow )3 X950 gaw S3ly
bl 4o (g e D9 o0 § xSl (5550 s5bo
3 mine slace 30 035 s me D lie sl a8 aly Lis Laesls
AO-A+ oy 8390 0 j3 Lo ol pluw (glds ;o 00jL 1V i
oels s Silew 4 Sy (YY) 4 justio duo)d

&l

1. Abasspoor M., Chitband A.A, Rajabzadeh M., and Tavakoli H. 2013. Non chemical weed control methods on
pistachio (Pistachio vera) in Fezabad. Journal of Plant Protection. 27(2):222-230. (In Persian with English

abstract)

2. Afshari M., and Bayatasadi H. 1989. Water sensitive paper and their application in sprayers calibration in Iran.
Journal of Plant Pests and Diseases. 57(1): 71-75. (In Persian with English abstract)

3. Amirshaghaghi F. 1998. Study on the distribution of spraying in tractor boom sprayers. M.Sc. Thesis. Faculty of
Agriculture. Tarbiat Modares University. Tehran. Iran. (In Persian with English abstract)

4. Baghestani M.A., Zand E., Soufizadeh S., Eskandari A., PourAzar R., Veysi M., and Nassirzadeh N. 2007.
Efficacy evaluation of some dual purpose herbicides to control weeds in maize (Zea mays L.). Crop Protection. 26:

936-942.



IAY oyl oF o Lo FY ul> (05559l @boo g pole) lolS cblis 4,55 AYA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Barjasteh A., and Baghestani M.A. 2008. The evaluation of some new herbicides efficiency on weeds control of
wheat fields in Semnan province. P. 257-261. In Proceedings of the 8" Eighteenth Plant Protection Congress, 24-
27 Agu. 2008. Bualisina University of Hamedan, Iran.

Bazoo M., Montazeri M., Fathi G.A., and Golabi M. 2005. Evaluation the effect of broadleaf herbicides and nozzle
type on wild mustard (Sinapis arvensis) control in wheat. P. 393-397. In proceeding of the 2™ National Congress of
Weed Science Congress, 29-30 Jan. 2005. Ferdowsi University of Mashhad. (In Persian with English abstract)
Cayley G.R., Etheridge P., Griffiths D.C., Philips F.T., and Scott G.C. 1988. A review of the performance of
electrostatic charged rotary atomizers on different crops. Journal of Crop Protection. 7:125-130.

Daneshjoo M. 2007. The design of software for density and particle size diameter solution with image processing.
M.Sc. Thesis. Ferdowsi University Mashhad, Iran. (In Persian with English abstract)

Esehaghbeygi A., Tadayyon A., and Besharati Sh. 2010. Comparison of electrostatic and spinning-discs spray
nozzles on wheat weeds control. Journal of American Science. 6(12):529-533.

Falahjedi R. 2005. Calibration of conventional sprayers in Iran. First Publish. Publications Office of Instructional
Technology Services Branch. Pp. 139.

Farshad A. 1998. The use of water-sensitive cards to determine the dispersion spraying. Issue No. 42/78 Plant
Protection Organization.

Gerami K., Zand E., Borgheie A., and Minaee S. 2005. Investigation of weed control using three kinds of sprayers
in wheat (Triticum aestivum L.) fields. P. 531-533. In Proceeding of the 1" National Congress of Weed Science,
29-30 Jan. 2005. Tehran University of Mashhad. (In Persian with English abstract)

Ghaemmaghami A., Khademolhosaini N., and Lovaimi N. 2008. Evaluation of four mechanisms in wheat
spraying. P. 423-427. In Proceedings of the 5™ National Conference on Agriculture Machinary Engineering and
Mehanization, 27-28 Agu. 2008. Ferdowsi University of Mashhad, Iran.

Gupta C.P., Alamban R.B., and Dante E.T. 1996. Development of knapsack electrostatic spinning-disc sprayer for
herbicide application in rice. Agricultural Mechanization in Asia, Africa and Latin America 25(4): 31-34.

Hesami E., and Lorzade Sh. 2008. The Compare of electrostatic and microner sprayers in the application of apyrus
herbicide in wheat. P. 368-372. In Proceedings of the 3" area congress of research findings in Agriculture and
Natural Resources, 4-5 Mar. 2008. Iran.

Jalaee Sadeghyan A. 2004. Simulation of fuzzy control system for sprayers. M.Sc. Thesis. Publications Faculty of
Agriculture, Euromeye, Iran. (In Persian with English abstract)

Matthews G.A. 1990. Changes in application technique used by the small scale cotton farmer in Africa. Tropical
Pest Management. 36(2):166-172.

Montazeri M., Zand E., Poorazar R., Bargasteh A.R., Nourouzzadeh S., Vaici M., and Zand E. 2005. An
evaluation of efficacy of four wheat selective herbicide in the control of annual dicotyledons weed.
Iranian Journal of Weed Science. 1(2):155-162. (in Persian with English abstract)

Mosalaneghad H., Norian M., and Mohammadbigi A. 2002. Important of pests, diseases and weeds. Publication of
Plant Protection Organization. Pp. 112.

Mousavi S.K., Zand E., and Saremi H. 2005. Physiological function and application of herbicides. Zanjan
University Press P: 286. (In Persian).

Nabizade M., Abbaspoor M., and Chitband A.A. 2013. Evaluation of sweet corn cultivars to new sulfonylurea and
mixtures herbicide. Cereal Research. 3(3):227-242. (In Persian with English abstract)

Najafi H., Bazoobandi M., and Bagherani N. 2008. The evaluation of the possibility of optimizing the use of
sprayer equipment in wheat fields. The final report of research project number is 011-33-16-7901-79002. The
Research Center of Agriculture and Natural Resources, Plant Pests and Diseases Research Institute of Khorasan
Razavi P: 462. (In Persian)

Naseri M. 2008. The survey and evaluation of the factors affecting the performance of sprayer behind tractor farm
turbines (Torbuliner). M.Sc. Thesis. Ferdowsi University Mashhad, Iran. (In Persian with English abstract)
Nezamabadi N., Zand E., Pourazar R., Bagherani N., and Baghestani M.A. 2007. Dose responses of some
broadleaf weeds of wheat fields to different tribenuron methyl formulations. Pajouhsh & Sazandegi. 74:99-107. (In
Persian with English abstract)

Parvin A., and Afshari M. 1995. The evaluation of the efficacy of pesticides based on plant density in the fight
against cotton leaf honeydew. Research Institute of pests and plant diseases.

Rahimi A., Hossieni A., and Karampoor F. 2007. The evaluation of wheat herbicides. The final report of research
project number is 017-48-163601-16002. The Research Center of Agriculture and Natural Resources, Plant Pests
and Diseases Research Institute of Boshehr P: 48. (In Farsi). http://www.Agri dashtestan.blogfa.com.

Rashed Mohassel M.H., Najafi H., and Akbarzadeh M. 2009. Weed biology and control. Mashhad University of
Jehad Press P: 404. (In Persian)

Safari M. 2008. Technical evaluation conventional and new sprayers in wheat farms in order to determination of
methods and proper machine to use in different regions of country. P. 16-20. In Proceedings of the 5" National



OYY L jslaale JuS 50 (GLadls) Juio — (33380 &7 S hle 55 5 Gilooms £33 51 )

Congress of Agricultural Engineering and Mechanization, 27-28 Agu. 2008. Ferdowsi University of Mashhad,
Iran.

29. Safari M., Amirshaghaghi F., Lovaimi N., and Chaji H. 2010. Evaluation of Conventional Sprayers in Wheat Far.
Journal of Agricultural Engineering Research. 10(4):1-12.

30. Safari M., Hedayatipoor A., and Gerami K. 2011. Construction and evaluation of a boom atomizer sprayer to
control of sunn pests in a wheat crop. Agronomy Engineering. 34(1):75-86.

31. Salyani M., and serdynski J. 1990. Development of a Spray sensor for deposition assessment. Transactions of the
ASAE 33(5):1464-1468.

32. Sanei shariat-panahi M. 2005. The most important broad-leaved weeds and grasses in Iran. Agricultural Training
Press P: 318. (In Persian)

33. Sohrabi M.H. 1991. Technical principle sprayer and spraying. Department of Agriculture Bakhtaran.

34. Zand E., Baghestani M.A., Nezamabadi N., Minbashi M., and Hadizade M.H. 2009. A review on the last list of
herbicides and the most important weeds of Iran. Iranian Journal of Weed Research. 1(2):83-100.

35. Zand E., Mousavi S.K., and Heidari A. 2008. Herbicides and their application. Mashhad University of Jehad Press
P: 567. (In Persian)



Journal of Plant Protection (552345 @luo g pole) LS cblis 4 pis
Vol. 32, No. 4, Winter 2019, p. 527-541 A BYV-0FY .o VAV yliamn) oF o kods FY uler

Evaluation of Sprayer Type Effect and Tribenuron-Methyl (Gyahstar)
Herbicide Dosage on Broadleaf Weeds of Water Wheat Fields

F. Badie'- L. Alimoradi* A.A. Chitband®- S. Jahedipour*
Received: 19-12-2016
Accepted: 03-02-2018

Introduction: Weed management is a key topic in many farming systems. Nowadays, application of herbicides is
the most common method to control wheat weeds and maximize yield. Modification of sprayer such as adjusting
sprayer for producing droplet with suitable size and uniform can be considered to reduce herbicides usage. For this
purpose, the volume median diameter (VMD), numerical median diameter (NMD) and uniform spraying ratio
(VMD/NMD) = QC are the common factors. Other method to decrease herbicide usage in field is applying appropriate
sprayer. Electrostatic, lance tractor, microner, atomizer and boom sprayer tractor are the common sprayer applying for
controlling weeds in wheat fields. Among them, lance tractor sprayer is used at more than 70% of farms in the country.
Tribenuron-methyl is a selective post-emergence herbicide for controlling broad leaved weeds in wheat fields. The
product is absorbed and transferred by weeds stems and leaves to prevent cell division and kill weeds. Application
should be carried out in early spring when weeds are actively growing. Tribenuron-methyl mode of action is inhibiting
biosynthesis of the essential amino acids valine and isoleucine, hence stopping cell division and plant growth.
Selectivity derives from rapid crop metabolism. Mode of action is rapidly absorbed by foliage and roots and
translocated throughout plant. Susceptible plants cease to grow almost immediately after post-emergence treatment and
are killed in 7-21 days.

Materials and Methods: To evaluate common sprayer and different doses of tribenuron-methyl herbicide on
broadleaf weeds of irrigated wheat, an experiment was carried out in field (with an area of 1200 m?) located in
Hakimabad, Mashhad, Iran (latitude 58° 53" N, longitude 36° 46' E) during spring of 2014. The experimental design
was split plots based on randomized completed blocks with four replications undertaken in plots with 50 m? (5 x 10)
area. The experimental treatments included the main factor with five types of sprayer (Electrostatic, Lance tractor,
Microner, Atomizer and Boom sprayer tractor) and sub factor with applying tribenuron-Methyl herbicide (Giahstar,
75% DF, Ariashimi, Iran) at dosage of 15, 20 and 25 gr. ha™. Broadleaf weeds were sampled in middle of the plots
using 1 x 1 quadrate 10 and 20 days after spraying. The weeds biomass and density and wheat yield loss were then
assessed. Samples were oven-dried at 75 °C for 72 h and then weighed. Final data were analyzed by SAS 9.1 and
EXCEL.

Results and Discussion: The results of experiment showed that both weeds density and weight were sigificantly
reduced by boom sprayer, whreras the lowest efficiency was found for atomizer and lance sprayers. Further, wheat
broadleaf weeds were better controlled by boom sprayer with 25 gr/ha tribenuron-methyl application resulting in an
increase to 5050 kg/ha for wheat yield. As for solution consumption rate in one hectare, the difference between spraying
methods was significant at level of 1%. The highest and lowest herbicide solution rates were found for tractor lance
sprayer and microner with 732.8 and 34.9 l.ha™, respectively. Quality coefficient (VMD/NMD) also was significant at
1% probability level. The best quality coefficients were obtained for tractor boom sprayer (VMD/NMD = 1.8) followed
by microner (VMD/NMD = 3). In other words, the tractor boom sprayer had more uniform spray quality than the
microner sprayer. Moreover, both sprayers displayed better performance as compared with other sprayers tested. The
largest (14.5 %) and lowest (2.8 %) crop losses were determined for tractor boom and microner sprayer, respectively.
The highest (3.2 ha™.h ) and lowest (1.1 ha™.h ) field capacities were also obtained for tractor boom and microner
sprayer, respectively.
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Conclusion: The microner sprayer was the best sprayer in terms of solution consumption rate with an efficacy rate
of 96 %. The greatest wheat yield (4830 kg.ha™) was observed for tractor boom sprayer with applying 25 kg.ha™
herbicide. Using tractor lance sprayer applying 15 kg.ha™ herbicide, however, resulted in the lowest wheat yield (4615
kg.ha™). The greatest and lowest weeds controls were also found for tractor boom and tractor lance sprayer, atomizer
sprayer tractor, respectively. Tribenuron-methyl application with dosage of 25 kg.ha™ was the suitable dose for
controlling prennial weeds such as bindweed, knotweed, knapweed and rhubarb.

Keywords: Boom sprayer tractor, Crop loss, Field capacities, Quality coefficient, Microner
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1- Fisher's least significant difference (LSD)
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Table 1- Analysis of variance components for the germination data of Bromus japonicus glumelle and non-glumelle seeds
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Figure 1- Changes in Bromus japonicus germination over times after seed removal for different concentrations of gibberellic

acid. Symbols are observed data and lines are fitted values obtained from Equation (1)
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Table 2- Mean responses of Bromus japonicus germination indices to experimental factors

o jale> Sl G il ploj 5eibe
] ) (22,3) (595 > w2 2) (535)
ilojl gl Germination Germination rate Mean germination time

Experimental factors (%) (% day™) (day)

lumelle Non- lumelle Non- lumelle Non-
g glumelle g glumelle g glumelle
Sl Sy
Gibberellic acid (mg/lit)
0 29.2¢ 77.1° 2.5% 18.2% 14.1% 8.5%
100 36.7° 82.1° 1.8° 15.7° 11.7° 7.2°
200 43.8° 85.5° 1.4° 14.7% 9.8° 6.9
300 51.6° 89.8° 1.2¢ 13.5¢ 7.6 6.3¢
(et 5l sloole) le
Time (months after removal)

0 7.1¢ 43.4° 0.5° 3.2° 2.3¢ 8.8%
2 20.7¢ 85.2° 0.7% 11.1¢ 5.9° 8.5
4 21.5¢ 84.8° 0.8¢ 11.5¢ 6.7° 9.2°
6 54.3¢ 95.0° 2.1° 21.8° 14.8° 5.9°
9 62.5° 96.8° 2.8° 18.5° 15.6° 6.2°
12 75.6° 96.3% 3.3% 27.1% 19.3% 4.5°

(P value < +/+8) 5)ls5 5015 b oo sine B! S jiie By K b Sl 6l uSils 0556 o (gl 5 sty 50
In each column for any factor, means with a same letter have not significant difference (P value < 0.05).
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Table 3- Parameters, root mean squared error (RMSE) and coefficients estimated for the sigmoidal model fitted
to Bromus japonicus germination data

L gl
P gy _ -‘¢~°_' 5")’" _ Parameters

Seed type Gibberellic acid (mg/lit) G, T, b R? RMSE

0 62.9 (4.4) 5.7 (0.4) 1.6 (0.3) 0.90 7.72

Jodiags s 100 72.8 (5.9) 5.2 (0.5) 1.9 (0.4) 0.86 9.79

Glumelle seed 200 80.0 (6.3) 45(0.5) 22(0.4) 0.87 9.82
300 89.6 (8.8) 4.1(0.7) 2.5 (0.6) 0.80 12.72

0 90.4 (2.5) 0.6 (0.2) 1.0 (0.1) 0.84 9.40

st g 100 93.2 (2.0) 0.2 (0.1) 1.0 (0.1) 0.88 7.01

No- sg;zgne“e 200 95.5 (1.6) 0.07 (0.1) 0.8 (0.1) 0.89 6.24

300 97.6 (1.1) 0.03 (0.1) 0.8 (0.1) 0.92 432

bl o D luilinl gllad oind L sly 30 yole
Values in parentheses are standard errors.
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1- Ferula gummosa Boiss.
2- Capparis spp.

3- Capparis spinosa L.

4- Salsola rigida Pall.

5- Teucrium polium L.
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Table 4- Slicing gibberellic acidxtime interaction by gibberellic acid levels for germination rate and mean germination time
of Bromus japonicus

Sl S > (595 1 W 33) Fjailgn s s (39,) 39152 Gloj crilo
Gibberellic acid (mg/lit) Germination rate (% day™) Mean germination time (day)
Glumelle Non-glumelle Glumelle Non-glumelle
0
0 1.4 (0.8)° 3.9 (0.1 3.9 (0.1) 12.4 (1.2)
2 1.3 (0.3)° 12.8 (0.3) 10.3 (1.5)° 9.4 (0.5)™
4 1.5 (0.2)° 15.2 (1.3)" 10.5 2)° 10.2 (0.3)®
6 2.9 (0.1 23.9 (0.8)° 20 (0.8)™ 6.7 (0.8)™
9 3.5(0.2)° 19.8 (0.3)° 17.7 2.1)° 7.2(0.7)°
12 4.6 (0.3)" 33.9 (6)* 22 (1) 5.1(0.2)
100
0 0.3 (0.1)¢ 3.3(0.2)" 2.7 (0.7)° 8.4 (2.1)"
2 0.8 (0.1)%¢ 11.4 (0.5)° 6.5 (0.8)° 8.8(0.2)°
4 1.2 (0.1)° 12 (0.6)° 8.3 (1.1)° 9.1 (0.5)
6 2.2(0.3)" 22.8 (0.6)™ 16.3 (1.6)° 6.3 (0.5)™
9 3 (0.3)? 19.3 (0.4)° 162 (2)° 6.2 (0.4)™
12 3.4(0.3)° 25.7(0.5)* 20.5 (1.4) 4.7(0.1)°
200
0 0.2 (0)° 3.1(0.4)° 1.8 (0.3)° 7.5@Q.1)"
2 0.6 (0.2)° 10.6 (1.4)° 47 (1.1 8.5(0.3)°
4 0.6 (0.1 10.4 (0.6)° 52(1.2)° 9.1 (0.4)"
6 1.9 (0.3)° 21.1 (1.4)* 13.2 (0.9)° 5.6 (0.1)™
9 2.5(0.3)® 18.2 (0.3)° 15.1 (1.9)° 6.1 (0.5)™
12 2.8 (0.2)* 25.1 (0.5)° 19.1 (1) 4.5 (0.1
300
0 0.1 (0 2.8 (0.4)° 1(0.3) 72 (1.2)%
2 0.4 (0.1 9.4 (0.8)° 2.5(0.7) 7.4 (0.4)"®
4 0.3 (0.1 8.5 (0.8)° 2.9 (0.8)° 8.4 (0.3)*
6 1.4 (0.1)° 19.5 (1.2)° 10.1 (1.2)° 5.2(0.2)™
9 2.2 (0.1)? 16.9 (0.9)° 13.5 (1.4)® 5.4 (0.4)™
12 2.7 (0.2)* 23.9 (0.7)" 15.6 (0.8)° 4.1 (0.1

bl o D lusliwl gllad oind L jly 31 yole

(P value < +/+0) 15,15 5015 b (gl gxe W] S jtio b o b s sl pSilio ol Sy o o (lys g gt 52 )
Values in parentheses are standard errors.
In each column for any level of gibberellic acid, means with a same letter have not significant difference (P value < 0.05).
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The Effect of Gibberellic Acid, After-Ripening and Eliminating Glumelle on
Germination of Japanese Brome (Bromus japonicus Thunb.) Seeds
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Introduction: Japanese brome (Bromus japonicus Thunb.) is one of the most important annual narrow leaf weeds
in wheat fields of Sistan and Baluchistan province. About 2 to 22 percent of yield loss depends on density and wheat
cultivar. Fresh seeds of B. japonicus are classified on non-dormant or non-deep physiological dormant seeds. Treating
by gibberellic acid is highly effective in both the embryo growth and seed germination processes in this type of
dormancy. One of the important goals of germination and emergence studies in weed science is prediction of the
dormancy longevity and germination time in field conditions. Therefore, the aim of this study was to evaluate
germination properties of seeds at different times after physiological examination under the effect of gibberellic acid.

Materials and Methods: An experiment was carried out as factorial based on randomized complete block design
in 2013. Experimental factors were included six levels of 1- period of after ripening (immediately after harvest, 2, 4, 6,
9 and 12 months after harvest) and 2- pre-treatment by gibberellic acid for 48 hours in four concentrates (0, 100, 200,
300 mg lit"). The effect of these factors was evaluated for two types of Japanese brome seeds; glumelle and non-
glumelle. Samples placed into the incubator and temperature was kept on 20°C in dark condition. Germination
percentage, germination rate and mean germination time were recorded in every 48 hours. Analysis of data was
performed using PROC GLM procedure of SAS (Version 9.2; SAS Institute, Cary, NC, USA). A three parameter
sigmoidal model was fitted to the data using PROC NLIN of SAS to find the relationship between germination
percentage and gibberellic acid concentration.

Results and Discussion: The results showed that the effect of all experimental factors on germination properties
was significant (P <0.01). Removal of glumelle, increasing the concentration of gibberellic acid and keeping more time
after harvesting significantly increased germination percentage. The fitted model showed that the time to reach 50% of
maximum germination in non-glumelle seeds was less than one month (T0> 1). In glumelle seeds, it takes about 6
months to reach 50% of its maximum (63%) in the 12th month after harvest. Germination rate increased from 1.7% per
day in glumelle seeds to 15.5% per day in non- glumelle seeds. The duration of seed storage had a significant effect on
its germination rate, so that at 12 months after harvest, it was approximately 15 times higher than harvest time. For the
first three times after harvest; 0, 2 and 4 months after harvest, non-glumelle seeds showed a higher mean germination
time than intact seeds, and vice versa, for the second three times; 6, 9 and 12 months after harvest.

Conclusion: In this study, although the effect of gibberellic acid on enhancing germination was positive and there
was significant differences among the four levels of this hormone, but its effect on glumelle seeds was higher than non-
glumelle seeds. In other words, by removing glumelle, the effect of seed germination is reduced by the use of
gibberellic acid. This experiment showed that removing glumelle and keeping seeds of the Japanese for 2 months and
more have the greatest contribution to reduce non-deep physiological dormancy of this weed.

Keywords: Germination indices, Japanese brome, Non-glumelle seeds, Wheat

1- Assistant Professor, Plant Protection Research Department, Sistan Agricultural and Natural Resource Research
Center, Agricultural Research, Education and Extension Organization, Zabol, Iran

2 and 4- Associate Professors, Department of Agronomy, Ferdowsi University of Mashhad, Mashhad, Iran

(*- Corresponding Author Email: ghambari@um.ac.ir)

3- Associate Professor, Department of Agronomy, University of Zabol, Zabol, Iran

5- Professor of Weed Research Institute, Iranian Research Institute of Plant Protection, Tehran, Iran



Journal of Plant Protection
Vol. 32, No. 4, Winter 2019, p. 553-568

s e b
LA GiAy

(539U @luo g psle) HLS cblis & uis
BOY-BFA o ATAY yliano F olas FY k>

(Triticum aestivum) e8¢ 5150 5 aslacile mel g 14558 ¢ 55 5 59U Sl i
w25 G 5 e OldS Ol

[ 13 N N Y. Y N \ e N
S e =I5 gl Lo e — Ol W = 8L e (50— (53L] i gt 40 pne
\YAZ/ A/ (;3\.:): @JU

WWAV/ /XY 15y

LRV

b QS Gl puS £l )9l i oy imen 9 pslacile gl jldle 5 (63,558 (SIS 95 (i 9 y9l (alulid jolaied,

o oLl sy b gl 5 €85 518 adllas 390 WAT-RF (o5 s (b il ilisee (clobio o )3 5y slacile Cunen o>
4565 0V ddlllas pl 3 0 sl W 663l b 9 Silatiunms gy 4 daldl j3 g ¢ B3bal & ygods a6 )l paiged 1130)5 duwlie 4535 ans b
5 (4555 V) Fabaceae (4555 V) Poaceae slaomlgls j3 iy 4y 465 slaws o s 03,5 slolis Lals goalgls Ve 4 slate jacile
A dliwgd 35 oy VAP g dlwdis do)d VA/F e oS jpslacile oy YAFY &S ol lis ol .0 sanlis (4555 #) Asteraceae
WS S 3l s 43S L gl alie 90 LS ot 3 5ymils cyiage (i3 35S 5 S Sl 3yadle (o yrate ooy SV
oS5 Al 5 a3l (il 8l oloj €S b Gl Olise 5 ol citacin Gl o (gl s S35 (otogi i 5yn (slanile
(4595 A) (655255 )3 (n oS 5 (855 VF) Lol )3 665 0lasd (i Sl aiBly (alS (loj ygp0 0 (pdgeonigy g Sy §ya (slacile
£3-5 S5 oyt a8 ssabie (VA) 53,5 )3 ol 00728 5 (VIFF) Gl 5 (V1FA) A5 )3 05l 55 a3l (st 00,5 onlise
Moy 5 (s iSy doys 315 319 (410 gl (+11)) 45 4 3o o st g (5] Singico  (+/FY) S & Slete (ygmsones

A5 5 iy et ¥ 53 lisie lagliond g ppslacile Syl

BIGS lS B s Slgli o PlS g guans a3 LE (o515 1S (sLrojly

N guao Jgus LB 3,Slas 1oy 1oV b slacile &yl
Syl ool 55 (10) Al o ol i 5 solasil el);
slaglwl 1l 5y lag Bl paS g )l50 3 jpslacile
sile Jiine slamaldl 3 oy YV olitile,S 5 Loyt ylulyydl
A ibe py5 elaps B8l 0 o> W Ll g ol slalil
Al (6)35 Glaee il 3 o> VY ()6 5 (liwjos (slag il
&l 3 jymladale @ lud 1Ske g doyd YA Sl L]
OlialisS iy (YY) Coml 0l (55135 oy VY dgds oS S
jrasbdle O)lud aley Bl 4 gy Gupse byl
L i HUT lgs o (e Jlas! opin S o o3l

(YY) 28l awdls ol sapllss po: )3 () E95 2 poalios
(ame Jelse s )3 5 pislacile (slaisS g9 5 gale> s Le
O jyalacide e (Gl (19,0 <y g (e
Sy jl (adld jpalacile el JLalo ;3 g5 (VF)23 )5 o
4 jplacile Cunex sl Adb o jalacile Copte wlles

.

LV KT

=hi sbelipy JoSo slial 5l (o plgis 4 jalacile

4 Ngd e e (65)9iS Sl 3 phlol> S
o) eselyy Y game 3y Slas ) 5l (8L o5 BT
sbaplls po jlogllasls (S plyie 4 5L 0 5l a0 als
o ialS Jelgs o e (S g 0 A LS (gj)5liS
b Slar 3,Shos Sl () Sg)000 Jladey Jazmo Giee

ey 9 3 dide )Ll |8 imgiy Joliwl cai 4 -0 5 F
e 9 39l (higel 5 Slidos 55 je ( SbjpelS liios (o «(odegh
Ol 085 830518 s 5 sl el ol (ldS il (orbo
(Email: myounesabadi@yahoo.com 1 s 0N 5 — )
ohisel ligios lajls 908 (SB 50l Cliios e (Ghmg Hlutils Y
$509U8 @9 9

DOI: 10.22067/jpp.v32i4.67754



IWAY ol oF oylod XY al (5559l @bus g pale) LS cblis 425 OOF

9290 (k8 SLB)IS L b Hold dunlie Bua b izmen 5 L
2 &bl Jlo Ve (b paiS g )lie jralacile 5l aiej 5
W ralqd\ Ow Ql.':.wl

W y9; 9 dlge

SIS SIS £95 9 S bl 9 09 oy sslaien;
PSS Eil5e 3 jypslacile Curex Gplacils gelgx il
W8S B oy 2)90 WATAY (o5 Jlo (b pliadS i
S CulS ) gaw 4 429 b Gl peed 53 g)lie dlas sl
5 Silois B9y 4 Lol paiges 3 plosl (Bolas joba
13 5 smpoyio <10 x-10 cloyl8 31 oolizl b (W) W (568)| 3bo
9290 jyplacile ol ) .C8)S ©jg0 puS (23BLs Al je
Wad o lerd g (Ll 465 5 (uin S8 4 @lpleS o )
#5115 il 16515 sla bl Excel 5o i oSy
LS B o (BIESy o w515 e ¢ puilS 8 (3 I5Sy
54 b 53 5250 jaslacile (g (SedlE) SlghS 5 (oo
AgVEDSFFT N OYolao jl oolainl b ol )50 &)l50 JS
s y9baie 4 sdal Couwdy OleMb] s 9 (VA) A dpolxo
5 Ly 538 Jlo o3 o pi5 a5 pncslocile gl Sl
aglis (MPTVATAY cln Jls b 50 cslocile yslé s
5 4 adolee 1 oolaiwl Ly Loyl pod (pa il a3l 000,85
oMl b o s 35 (gumens 9 (9Pl IS £95 slapadls
= bl (gl b yoid as 93,5 dpwlee VY g Ve Yolee
ladgs a5l odlatl b S5 slagadls I Sy o ol
SAS ,l;3le 5 jl edlazwl L Average linkage method yos, 45 4
0D (gdi0g)S

DK==x4 () doles

2w asly 5 ag ol Sy (D) o515 dolee oyl 5o
olalS slas Zj k 4565 (mye yio pd gy 3luws) 1815 DK eae 50
il e 0ad Oy IS Sl m g (roye yio +/VO) IS
YDkl

MFDki= (¥ alslo

oSilee oy s (MFDKI) o815 16S5ke dlalee oyl 5
o=l 90 il e addllas 590 dilais > plaw doly j0 LS Sl
Slaw) 81,5 Dki k 4565 151,35 1Sk S5k MFDKI dslee
el i g1 o)leid dsyfo 3K g5 (sl (@rpe yio 5> g
il o dalllas 350
n m
Uk=X X xj
mxn

(v doleo

Ol Sl Gl )Y lalpd (a8 eal8 S0l QI g4 S
&lo )9t S 5 (V) adl o gy (ol Clles 4 ks
P9l eshad Sl il Cod oly) Sl ) 5 placils
s 5 S alngd Jin ane ot s ]
1N) 355 5o )5 ol

5 OE glis 3 jraslacide golyr (o) Ly (alione
olels ) jradile €55 Fojois (Jlo ¥ (b 89, slaails
i) 209 gLt (S 5 ol baylyd ot Jlai 30 1)
bgiye bias |y jaslacale Gl (sladssS culyuss o ol Hl,8
i LUK gladles b (Flaciwl oo l8l g SB eg5 a4
Ly 0,5 awg iliseo (o)) ¥ game ) jpaslacile 181y
9 1455 95 (o 0515 e o (BIPSY (o Slgl S
sy iz laair il ISy o gy alis jasls
Cd)S pB gy g0 it o]y Y g 3 jraslacils
W s o jymcide abef YV pliasly )5 glialllas 5o (YY)
)5l adllas ;5 (YA) 10,8 ololis puiS g)l50 4o LS sodlgls
V¥ o 3o jyacide 4595 e j5 4S5 )0 puS jaslacile
ragladle jols (aw)p )3 (V) 235 Qlulid (alS oyl
YA Blie jacile 4550V ) i wibjos )3 2 9 p S &)l5e
oy (¥) Csl 0k Ui liS alS o3l YY1 Gilisks s
5 s sl 3 A5 £ 15 5 slacile Sl 395 Elills b
J0g0 pMel oL (soolgls Vo ay slate d3g5 Ve ) ylius oy
WSS VY 53 )5-iS paiS g )l5e 53 S0 jppslacile sl () +)
(F) Col oais 5,155 alS godlgls YV & sleo

O 3 ol oLl Sl Jpaze S plgisa paiS
298 3 1) CutS o s Cpyides g )0 598 (55)5laS s
pAsS culS ;e LS il o el odly olaid] ded 4
5035 LSl VAA o 55 YAY Ly ol WWAY-RY el5 b 5
1y 9o plio 45 0ad 25l (5 )50 0 g (ygebee S o] g5 i
5 jaslacale oylud (V) cul ooy Jolaid] 58 4 jauiS 5
N P S S e
298 )3 pAS. Jgae CulsS g CueS i )3 )NS50 Jalge
9 58 5 s g5 adlllas g )9l 35> calid ib e
L ojylae Copioe 3 lojug Wi jraisladile goly> jlisl
5 0yl paS g)li e o byl Cumes > ol dbml 4 e slacale
Jyaze olaidl 650 5 3 )Slas (I8l 3 (wlel A8 Sl 0
e 5 dilaie G jpslacils dgrg 5l eI L (V) Al il
2 5 osllas Sy pse 2050 )3 lgicen gl SsS uS 5 9 51y
905 (S pS el (IS Ule pgans Brae liee g 295 Pyl g0
95 iyl Graslacile yolb () pslaie & adlas (] (1Y)
SLeasss e raglacile galgx Jdlu 5 (03,55 slaisS



DO .. LS Ll pusS £5l30 jymlacile golga Slaig5 £955 g yold O puuii

5 (4565 Y5) adod jyaslacale o pd V4 /OA o jals cladisS
FY aiored A00gs (4565 1) 4JSS 5y slacale sy YA/FY
e 4595 ¥ diy)S A (Ggl pro jyaglacile Sl agS
10 CAM lals 53 5 465 ) g st a0 )3 )la (o tiwed
Sl o> YAIEY @68 Fr b dlwcS jraslacale (S5 as > Lo
5 dlwiixs jmclacile ol (olaidl s & ) e S sl
S 5o > VA g VIS i aisS ) g Ve L g dllugs
aS ol i oy ol @l cpiored ad Jolis 1) ladseS
YAEY 5 L5 porte g3 o o)l55 58 slacale s yd Vo/OA
() Jgiz) =85 sla B pSe )l 09,5 53 olendly o
Bleie 455V Gluld Gl S g)l30 5aslacile jold (o)
Shss Loyl s 50 4 00,8 0,551y alS eolgls Y5 o
9 (4555 Y0) 4S5 ) i (4055 30) ey slmess
93339 95 (yidin Sh> a5sS AV Ly dlucsy jaslacile
M55 55 (nyieS 5l 455V L b dlsgd 5yaslacile
a5 VY (g)lw aslpls adhie o5 5 puiS g)l50 o (YY) 004
b (V) ol ond (3155 (aLS odlgls A 4y i jpacile
SF VY 58 055 plw e I (isu jrabile gadlas
(Y0) 23,5 J8I5S 9> @olie 5l 455 YA 5 pu5 g)l30 5l 5 pmcile

s Fabaceae Poaceae L_aodlgl 5 a4 slllao ol o
slaodlgls oy Sesiie 4355 5 oV A L uijay Asteraceae
S &S w0 s Cledllas Lol Wdgy bl puiS &5l50 10 39250
s (2LS odlgl cuanl (s gl lio Jlne 465
s Polygonaceae Poaceae (sl aodlgls c oui lglyd , a3
b &S Loy 2LS clrodlgils oy yiens iy Brassicaceae
WYY OYIYE XY o pay IS o Sloly3 5l plaS™ jo ond
5 Asteraceae slaodlgls _adss b (Y Jodn) 550 doyd
spuladdde oy Segite 438 VY 9 ¥ L i 4 Brassicaceae
spslacde odlgls oy Segiie 465 YO L Poaceae oolgils g ddgo
el 5 (V) 42355 GBI gl 3 il puS g)l3e ) 4JSS
FE s leie (aLS (eSS Fee Sl jglonte j5 )5S o puiS
oysi Cdm > disS pl Mo )d YF &S ud 555 alS cedlgls
Poaceae ol 5 L _aedlgl 5. 85 ), § ol S
Brassicaceae .Asteraceae [JFabaceae LConvolvulaceae
Sl oy yiddias < yay Chenopodiaceae 3 Polygonaceae
13l sl 355 0 |y glal o paS g0 5 psladile (slasisS
()

Xij k 4565 glys acyio 3o Kby UK dbles oyl o

Joolend dsyze 3 iojled Ik aisS joas pas b (V) jea

ol Uy slac,lS sliam 5 a5l 3)50 &)l50 dlawin
Sl oo

Pl = 22

o

pae Uy (V) jpan yi k aisS Ll Sl Fk dloles oyl 5

il i asyie k&5 (1) Hoa>
8lse 233k 3590 £)lje Sl

(¥ aoleo

K apFlx

Dk=—"""—x100 (& ablse
ltie® ot o515 praer
A g
RUk = » 100 5 ddlee
Leie® lat bty o (
K oaf s
RFk= —————— _*'r”_"* w% 100 (V doleo
il dlar ol praps
(RAK) =RFK+RUK (A dslas

il e K a8 gl oo Sslys 5k RAK ahiles oyl 5

_ 2El
§= Ki-+i]

(Aeslso

239350 sladisS slawky wlis Lasls Kby S dblee oyl jo
Adlion g 1 e S yida

2
ki ki
H=_Z_L"E (Ve aolas

ol k ool laioS g (sl [ Slo H dales ol )
LaassS S ol S g pli 465 Couxes o3l olass ki o] 1 Cro
D= 2 kl (kl=-1)
kt (kt—1)

M Ki ¢ ygmmonns (sl g5 asld (Slo D dblee ol y
il o o8l IS sl Kt g pli 4363 e ol y3

(V) bsleo

sodlgls Ve a5 lsie jyacale 4368 AY olaw dalllas ol po
Ol 3 48 435 oLl el gl puS g)l3e )3 (LS



WAY s F 0 5lod FY alr (5359108 @iliuo 5 pole) (LS cbilis 4y pis  DOF

021gils g digS SUSW &y (Ll L] oS £ 150 50 sdcdle 63,515 ooy ,S —) Jgan
Table 1- Functional groups of weeds in wheat fields of Gloestan province based on species and family

jpdle ole ol jopdle o)l ol s2lgils gy @2 SFIwg s gy S Spey
Weed scientific name Weed persian name Family Vegetative form Photosynthetic pathway Vegetative cycle Leaf
Bifora radians S 3eiS Apiaceae adgd * Al S poke
Artemisia annua oy90 Asteracae 4y C3 Aoy Spone
Centaurea sp. pus S Asteracae 4y C3 Aoy Spone
Circium arvense o S5 Asteracae adg C3 Aoty Spone
Lactuca seriola ey s9nlS Asteracae ae C3 WSy Spore
Silybum marianum bl K Asteraeae adg> C3 Alugs Spoke
Sonchus asper Sy Asteraeae aJgd C3 Al Spow
Capsella bursa-pastoris DS dunnS Brassicaceae ag C3 Aoy Spone
Rapistrum rugosum Sl Brassicaceae aJgd C3 Al Spoke
Sinapis arvensis iy S Brassicaceae adg C3 oSy Spone
Stellaria media SoniS Caryophillaceae ae C3 WSy Spore
Spergularia sp. Sl Caryophillaceae ags # Aoy Spoe
Chenopodium album o ek Chenopodiaceae adg C3 WSy Spore
Salsola sp. Sgile Chenopodiaceae adg> C4 Aoy, Spoe
Convolvulus arvensis S Convolvulaceae adg> C3 Ao Spoke
Alhagi camelorum P Fabaceae ae C3 Aotz Spore
Brassica napus 1518 Fabaceae ae C3 WSy Spore
Lathyrus aphaca NS Fabaceae aes C3 oSy Spore
Melilotus officinalis g 4559 Fabaceae 4y C3 Aoy Spone
Vicia narborensis e Sy Sailo Fabaceae adg> C3 Aoy, Spoe
Vicia villosa Slasgs 5 Saolo Fabaceae adg> C3 Ao, Spoke
Vicia peregrina Sisle Fabaceae ae C3 WSy Spore
Fumaria officinalis ool Fumariaceae adg> # Ao, Spoke
Geranium mulle g SMxeds Geraniaceae ags CAM Al Spore
Juncus bufonius 9ilw Juncaceae 4JSs C3 Aoy, S ol
Lamium amplexicaule SN sy Labiateae adgd C3 Ao, Spoe
Mentha sp. L Labiateae adgd C3 Al Spoe
Malva neglecta S peiy Malvaceae ae C3 Aoty Spore
Oxalis corniculata Sl s Oxalidaceae ade C3 Ao Spoe
Agrostis sp. Mo (4lg)| Poaceae 4JSs C4 Al S ol
Alopecurus myosuroides odutS alg) p> Poaceae IS5 C3 Aoy S Sl
Avena ludoviciana Wlioj g BYgy Poaceae S5 C3 Sy S Kol
Cynodon dactyon e oy Poaceae s C4 Aoty S Syl
Hordeum morinum ige g Poaceae s C3 WSy S Syl
Hordeum vulgar e Poaceae IS5 C3 Sy S Sk
Lolium rigidum PO Poaceae 4JSs C3 Aoy, S ok
Polypogon monspeliensis e Jls Poaceae 4JSs C3 Al S ol
Parapholis incurva 4,51 Poaceae IS5 Al S o)l
Phalaris minor Sy Poaceae Y C3 WSy S Syl
Phalaris paradoxa &)l &l Poaceae s C3 Aoy S Sk
Phalaris barachystachys Sy s> Poaceae Y C3 oSy S o)l
Poa annua oSy o Poaceae 4JSs C3 Aoy, S ol
Secale cereale Sl Poaceae IS C3 Ao, S ol
Polygonum convolvulus LS Polygonaceae adg> C3 Ao, Spoke
Polygonum aviculare Ao dile Polygonaceae 4y C3 sy Srov
Rumex obtusifolia Sy Polygonaceae ades C3 Aoty Spore
Anagalis arvensis el Primulaceae 4y C3 Aoy S v
Ranunculus arvensis Y Ranunculaceae 4y C3 Aoy Spone
Rubus caesius Sl Rosaceae adg> C3 Al Spoe
Galium sp. thew Rubiaceae ag C3 WSy Spore
Veronica persica Sl Ol Scrophulariaceae 4 # Aoy Spoe

Unknown photosynthetic pathway —cuus jasuie byl (65w pe #
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Table 2- Relative abundance and relative ratio of 20 weed families recorded in Golestn province in 2014

8dlgils &igS dlani o (ol IS omni (Slglyd 3 03lgils w2 phew
Family Species number  Relative abundance Relative ratio qf each family from
total relative abundance

Poaceae 14 121.83 40.32
Polygonaceae 3 40.08 13.36
Brassicaceae 4 35.31 11.77
Scrophulariaceae 1 27.96 9.32
Caryophyllaceae 2 23.67 7.89
Fabaceae 7 21.24 7.08
Asteraceae 6 7.53 2.51
Fumariaceae 1 5.60 1.86
Chenopodiaceae 2 3.07 1.02
Rubiaceae 1 2.80 0.93
Geraniaceae 1 2.33 0.77
Ranunculaceae 1 2.26 0.75
Convolvulaceae 1 2.17 0.72
Lamiaceae 2 1.14 0.38
Malvaceae 1 1.05 0.35
Juncaceae 1 0.86 0.29
Apiaceae 1 0.79 0.26
Primulaceae 1 0.38 0.12
Rosaceae 1 0.35 0.11
Oxalidaceae 1 0.35 0.11

Sy (S arvensis) isg Jo, 5 jmglacale liwjes
(A .ludoviciana) _i>s 3Y4, 5 (Malva neglecta Wallr)
SBre oSl 9 GBS (Slghd sl I i S eglacile plyiea,
(YY) s
Olee aslllae 3590 slag b o S o 53 31 (LS s
B9 (lee @ipeie 3 B9 VO Gaslaile S 0815
saslacale gy Loy OIM Slgls (Sle g oy YIAY
Veronica persica poir. A.
Iy 651y 3k oy s 5y Stellaria media (L.) Vill. 4
e Bie i 5 (BIgSy i Bl lil e
P. minor .S. arvensis ¢A. ludoviciana j, » ¢l aca le
A. ludoviciana .S. arvensis j,» slacale .54 V. persica 4

ludoviciana . P. minor

2 oelS 3 oy i )b s 54 56 V. persica ¢ P. minor
P. minor A. ludoviciana j,aslacale .iidg bl mdow
Iy o (Slolyd iy i 54y 35 V. persica 4 S. arvensis
el jpasacile )5l ()3 (Vgan) Ly (il edaw )
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Table 3- Mean density, uniformity, frequency and relative abundance of weeds that recorded in wheat fields
of Golestan province in 2004 and 2014
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Scientific name Mean density Uniformity Frequency Relative abundance
AAF AYAY \FAY ray VYAV ray \FAY ray
2004 2015 2004 2015 2004 2015 2004 2015
Agrostis sp. - 0.32 - 0.32 - 1.06 - 0.66
Alhagi camelorum - 0.01 - 0.16 - 1.06 - 0.35
Anagalis arvensis 0.01 0.03 0.3 0.16 2.04 1.06 0.67 0.39
Alopecurus myosuroides 0.48 0.36 4.23 0.97 - 2.13 - 1.62
Avena ludoviciana 32 9 16.41 29.15 42.18 41.49 30.62 40.21
Artemisia annua 0.48 0.32 4.23 2.74 10.37 8.51 0.86 4.02
Bifora sp. - 0.06 - 0.32 - 2.13 - 0.79
Brassica napus - 0.04 - 0.48 - 2.13 - 0.83
Brassica sp. 1.36 - 17.6 - 39.97 - 19.56 -
Capsella bursa-pastoris 0.01 0.05 0.42 1.13 2.38 4.25 0.13 1.70
Centaurea sp. - 0.03 - 0.32 - 1.06 - 0.47
Chenopodium album 0.6 0.10 8.55 1.93 20.75 6.38 7.98 2.71
Circium arvense 0.19 0.21 14 0.97 7.65 3.19 0.17 1.63
Convolvulus arvensis 1.01 0.13 9.50 1.29 19.90 5.32 11.14 2.18
Cynodon dactylon 0.43 0.64 0.51 0.16 3.57 1.06 0.43 0.45
Daucus carrota 0.03 - 0.79 - 3.57 - 1.52 -
Fumaria officinalis 0.08 0.77 2.26 435 4.76 8.51 5.31 5.60
Galium sp. 0.47 0.61 4.59 1.45 7.14 4.26 4.64 2.81
Geranium mulle - 0.43 - 1.61 - 3.19 - 2.33
Glaucium sp. 0.02 - 0.42 - 2.38 - 0.13 -
Hordeum morinum 0.57 0.08 4.87 0.16 17.86 1.06 9.56 0.47
Hordeum vulgar - 0.05 - 0.48 - 2.13 - 0.84
Juncus bufonius - 0.16 - 0.65 - 1.06 - 0.86
Lamium amplexicaule 0.16 0.04 2.55 0.32 10.37 2.13 4 0.75
Lactuca seriola - 0.01 - 0.16 - 1.06 - 0.47
Lathyrus aphaca 041 0.99 1.61 4.51 10.37 8.51 345 6.05
Lolium rigidum 1.48 4.01 6.05 9.34 15.65 19.15 9.38 16.24
Lolium temulentum 0.26 - 2.26 - 7.14 - 3.25 -
Lophochloa sp. 0.69 - 4.2 - 7.14 - 1.50 -
Malva neglecta - 0.07 - 0.81 - 2.13 - 1.05
Melilotus officinalis 7.17 0.73 12.16 6.12 23.81 14.89 20.43 7.99
Mentha sp. - 0.03 - 0.16 - 1.06 - 0.40
Oxalis corniculata - 0.01 - 0.16 - 1.06 - 0.35
Papaver sp. 0.08 - 1.22 - 4.76 - 0.59 -
Parapholis incurva - 1.14 - 0.81 - 1.06 - 2.60
Plantago sp. 0.01 - 0.30 - 2.04 - 0.67 -
Poa annua 7.96 0.98 8.40 6.92 9.52 22.34 6.52 10.56
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Scientific name Mean density Uniformity Frequency Relative abundance

\yay \YFAY \YFAY ey \YFAY ey \YAY \vay

2004 2015 2004 2015 2004 2015 2004 2015
Polygonum convolvulus 8.75 5.17 23.39 13.69 32.14 24.47 40.59 21.72
Polygonum aviculare 0.64 1.88 2.86 9.98 6.80 23.40 5.08 14
Polygonum persicaria 0.06 - 0.38 - 2.38 - 0.87 -
Polypogon monspeliensis 0.06 0.29 0.84 0.32 2.38 1.06 0.26 0.92
Phalaris minor 1.33 9.33 5.94 21.90 19.90 41.49 6.89 37.11
Phalaris paradoxa 0.25 2.02 3.05 3.54 7.14 6.38 2.78 6.78
Phalaris barachystachys - 0.1 - 3.54 - 2.13 - 1.02
Phleum sp. 0.04 - 0.42 - 2.38 - 0.14 -
Ranunculus arvensis 0.01 0.44 0.42 1.45 2.38 3.19 0.13 2.26
Rumex obtusifolia 0.04 0.37 0.84 0.16 4.76 1.06 0.25 437
Rapistrum rugosum - 0.01 - 0.16 - 1.06 - 0.36
Rubus sp. - 0.01 - 0.16 - 1.06 - 0.35
Salsola sp. - 0.01 - 0.16 - 1.06 - 0.36
Secale cereale - 0.16 - 1.13 - 2.13 - 1.37
Silybum marianum - 0.06 - 0.64 - 1.06 - 0.7
Sinapis arvensis 1.09 5.01 14.96 26.57 37.93 42.55 24.72 32.42
Solanum nigrum 2.04 - 0.61 - 0.07 - 1.17 -
Sonchus asper - 0.01 - 0.16 - 1.06 - 0.35
Sonchus sp. 0.14 - 1.99 - 3.57 - 2.37 -
Sorghum halepense 1.17 - 2.04 - 3.57 - - 4.46
Stellaria media 12.99 6.05 11.85 13.20 18.71 23.53 12.42 23.22
Spergularia sp. - 0.06 - 0.16 - 1.06 - 0.45
Thlaspi sp. 0.08 - 1.26 - 2.38 - 0.38 -
Veronica persica 3.17 6.63 13.22 18.03 24.83 30.85 14.97 27.96
Vicia narborensis - 0.05 - 0.64 - 3.19 - 1.20
Vicia villosa - 0.6 - 3.38 - 9.57 - 5.08
Vicia peregrine - 0.04 - 0.48 - 1.06 - 0.57
Vicia sp. 0.44 - 2.77 - 10.71 - 4.39 -
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Table 4- Status of density, uniformity, frequency and relative abundance of important weeds in
Golestan province cities in 2015

Qb o spdle ool ol o515 (ke SIS il 4 o (gl
Cities Scientific name Mean density Uniformity Frequency Relative abundance
Melilotus officinalis 491 41.66 87.5 56.78
6 <] Avena ludoviciana 12.16 33.33 37.5 54.72
¢ Phalaris minor 11.75 16.66 37.5 45.10
Aq Qala Polygonum aviculare 6.25 28.08 50 41.78
Lolium rigidum 4.66 2291 37.5 31.65
Phalaris minor 101.28 52 60 83.84
Veronica persica 70.08 52 80 73.96
3% Poa annua 3.04 28 60 27.57
Bandargaz Stellaria media 3.84 24 60 26.25
Polygonum convolvulus 24.46 20 20 24.79
Avena ludoviciana 8.48 24 40 23.67
Sinapis arvensis 9.28 40.35 60 50.98
Stellaria media 11.2 16.78 30 35.36
SIS Phalaris minor 5.92 25.35 50 35.18
Khanbebein Avena ludoviciana 4.95 28.21 40 32.46
Veronica persica 4.81 19.64 36 26.74
Lolium rigidum 6.75 11.07 20 22.26
Avena ludoviciana 11.8 45 62.5 65.11
Phalaris minor 6.5 27.5 37.5 37.99
e Ph_alar!s paradqxa 3.5 22.5 37.5 28.77
X Sinapis arvensis 2.2 20 37.5 24.62
Aliabad Lolium rigidum 3.1 15 25 20.92
Secale cereale 2.5 17.5 25 20.76
Alopecurus myosuroides 5 12.5 12.5 20.69
Phalaris paradoxa 60.8 46.66 66.66 77.08
R Phalaris minor 21.86 60 100 67.52
Avena ludoviciana 69.33 33.33 33.33 67.49
Kordkoy Stellaria media 3.73 26.66 33.33 23.20
Melilotus officinalis 1.06 20 33.33 18.58
Polygonum convolvulus 23.52 58.82 66.66 108.72
A8 Polygonum aviculare 9.41 41.17 50 58.61
Avena ludoviciana 1.05 20.58 50 25.85
Kalaleh Fumaria officinalis 0.94 20.58 50 25.55
Sinapis arvensis 1.29 11.76 50 21.70
Avena ludoviciana 9.84 39.32 60 60.08
e Sinapis arvensis 2.51 23.59 50 31.32
) Fumaria officinalis 4.40 19.10 30 28.50
Gonbad Phalaris minor 337 14.60 40 25.67
Parapholis incurva 7.95 5.61 10 24.18
155 Veronica persica 15.51 63.79 80 89.26
© Polygonum convolvulus 8.68 34.48 60 53.01
Gorgan Stellaria media 6.27 34.48 60 46.81
cige Avena ludoviciana 31.48 48.38 75 104.25
. i Polygonum convolvulus 13.03 45.16 75 68.30
Minoodasht Phalaris minor 335 19.35 25 23.36
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Table 5- Species richness in various cities of Golestan province

Ol e &35 35 Ys! oS oo sUl e 24 Culdgine s
Cities Kordkoy Bandargaz AqgQala Gorgan Khanbebein Aliabad Kalaleh Minoodasht Gonbad
Slaigs sle
Species 8 11 13 22 26 18 12 12 23
richness
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Table 6- Weed similarity index in wheat fields of Golsetan province cities

Olbiw g Sy 3y Y] OF & ol LT ke )i Sl o KWy
Cities Kordkoy Bandargaz AqQala Gorgan Khanbebein  Aliabad Kalaleh  Minoodasht  Gonbad
T L 1
F o 0.63 1
WsT 0.45 0.40 1
&5 0.40 0.61 0.46 1
Ratle 0.41 0.59 0.45 0.71 1
LT e 0.31 0.48 0.32 0.30 0.41 1
Sy 0.20 0.43 0.38 0.47 0.53 0.40 1
s g 0.20 0.43 0.38 0.53 0.53 0.47 1 1
15 0.39 0.35 0.43 0.40 0.45 0.54 0.40 0.40 1
QLS (yliaw! i (51 (w3 33 (yguanonns 9 (99l (S pad LG -V Jga
Table 7- Shanon and Sympson indices in various cities of Golestan province
Ol y4esd E9535 P Y5l o85S ool 2Ll e 4N Cuddgine S
Cities Kordkoy Bandargaz AgQala Gorgan Khanbebein Aliabad Kalaleh Minoodasht Gonbad
Shanon 1.18 1.28 1.91 1.83 2.44 2.31 1.22 1.28 2.48
index
Sympson 0.35 0.34 0.18 0.23 0.11 0.13 0.43 0.40 0.11
index
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Figure 1- Clustering of cities based on mean density of wheat weeds
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Figure 2- Clustering of cities based on mean uniformity of wheat weeds
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Figure 3- Clustering of cities based on frequency of wheat weeds
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Figure 4- Clustering of cities based on abundance of wheat weeds
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Introduction: Wheat, as a strategic crop, has a special place in agricultural production of Iran and it has the highest
cultivation area in the country. One of the most important limiting factors of wheat production in the world and in the
country is weeds. Having comprehensive knowledge of the flora and species diversity of weeds is one of great
importance for wheat management and it perceived as a primary need for production management and effective method
of weed control in wheat farming program. In order to study of weed flora and evaluation of species, functional and
structural diversity of weeds in wheat field of Golestan province, weeds population were surveyed at different cities
during 2015 and the results were compared with the findings of last decade surveys.

Material and Methods: Randomized sampling method as W shape was conducted systematically using 0.5x0.5 m
quadrate. All weeds in each quadrate were identified, counted and recorded for subsequent data entry and analysis.
Mean density, frequency and uniformity percentage and relative abundance were calculated based on Thomas, 1985.
Species Similarity index between different cities and Shannon and Simpson species diversity indices in each city were
calculated based on available formula. Then cluster analysis based on average linkage method is carried out by SAS 9.2
for clustering different cities on basis of calculated traits that mentioned above.

Result and Discussion: In this study, 51 plant species from 20 families were recorded. The most number of weeds
were recorded in Poaceae, Fabaceae and Asteraceae families with 14, 7 and 6 weed species, respectively, but Poaceae,
Polygonaceae and Brassicaceae were the most important weed families in wheat fields of Golestan provice, based on
their relative abundance, respectively. The results showed that 78.43 % of recorded weeds were annual and the rest
were perennial, 29.41 % of weeds were monocotyledons and 70.48% were dicotyledones. Avena ludoviciana and
Phlaris minor with 40.21 and 37.11% relative abundance were the most important weed from narrow-leaved weeds and
Sinapis arvensis with 32.42% relative abundance was the most important weed from broad-leaved weeds. P. minor, A.
ludoviciana <Veronica persica poir. and Stellaria media (L.) Vill. had the highest mean density in wheat fields of
provice, respectively. The result of this study showed that the density of Avena ludoviciana, Sinapis arvensis, Phalaris
minor, Lolium rigidum, Polygonum aviculare, Fumaria officinalis and Veronica persica has increased while the density
of Polygonum convolvulus and Melilotus officinalis decreased over time gradually. Increase of narrow-leaved weeds
than last decade may be related to continuous application of aryloxy phenoxy propionate herbicides for the years and
resistance of weeds to this group of herbicides. Decrease of P. convolvulus density than last decade can be contributed
to successful control of this weed by available herbicides such as tribenuron methyl, bromicid M.A.
(bromoxinil+MCPA) and 2, 4, D. The most uniformity index was observed in A. ludoviciana (29.15), S. arvensis
(26.57), P. minor (21.90) and V. persica (18.03), respectively. S. arvensis, A. ludoviciana, P. minor and V. persica with
42.55,41.49, 41.49 and 30.85 % had the most frequency, respectively.

The highest richness (the number of species) was observed in Khan Bebin (26 species) and the lowest (8 species)
was in Kord Koy. Low richness in Kord Koy may be contributed to poor drainage of soil in this city that many of weed
species cannnot adapt with this condition. The highest and Shannon diversity index was observed in Gonbad (2.48) and
Khan Bebin (2.44) and the lowest value was observed in Kord Koy (1.18). The highest Simpson diversity index was
observed in Kalaleh (0.43) and Minoo Dasht (0.4) and the lowest value was observed in Gonbad (0.11) and Khan Bebin

1, 3, 4 and 5- Assistant Professor, Weed Expert and Weed Researchers, Plant Protection Research Department,
Agricultural and Natural Resources Research and Education Center of Golestan, AREEO, Gorgan, Iran, Respectively
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2- Associate Professor, Iranian Research Institute of Plant Protection, Agricultural Research, Education and Extension
Organization (AREEO), Tehran, Iran
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(0.11). Different cities of Golestan Provience were grouped in 7 clusters for weed uniformity and weed abundance but
for weed density they were grouped in 8 clusters.

Conclusion: The most important weed in Aq qala, Bandargaz, Khan Bebin, Kord Koy, Kalaleh and Gorgan cities
were Melilotus officinalis, P. minor, S. arvensis, Phalaris paradoxa, P.convolvulus, V. persica. A. ludoviciana was the
most important weed in Ali Abad, Gonbad and Minoo Dasht cities. In general A. ludoviciana (40.21), P. minor (37.11),
S. arvensis (32.42), and V. persica (27.96) had the most relative abundance in wheat fields and study of their control
methods must be considered as research priorities in Golestan provice.

Keywords: Density, Frequency, Relative abundance, Simpson and Shannon index, Uniformity
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Table 1- Germination rate and percentage of Carthamus oxycantha in different temperatures
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Temperature (°C)

(w0 ) J5' 5419
Total germination (%)

(59 y4) 38152 cas puo
Germination rate (Seed/day)

5 25° 0.62
10 509 2.74¢
15 83° 6.44°
20 100° 9.92°
25 68° 5.19°
30 23t 1.47¢
35 0 0

Bl e I dime BMS] S8 1o y> B a3 (SIS g0l el p gt D Syudie B K Jils b sla ke
Means followed by at least same letter are not significantly differentns by Duncan Test (P<0.05)
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Table 2- Cardinal temperatures and parameters from, fitting ISL,QPN and FPB models on germination rate
of C. oxycantha seeds at different temperatures
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Figure 1- Fitting, Intersected-lines (ISL), Quadratic Polynomial (QPN) and Five-parameter Beta (FPB) models on
germination rate of C. oxychacta at different temperature
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Introduction: The genus Carthamus includes 25 species and subspecies in Iran, the two species C. oxycantha and
C. lanatus have the most diversity, distribution and adaptation to the climatic conditions of Iran. C. oxycantha is a
broadleaf weed and belongs to sunflower (Asteraceae) family. As seed germination is the beginning of the life cycle of
plants, seedling emergence is critical for the establishment of plant populations. Germination and early seedling growth
of many plants are the most sensitive stages to environmental stresses. Environmental factors, such as temperature, soil
solution osmotic potential, solution pH, light quality, management practices and seed location in the soil seed bank,
affect weed seed germination and emergence. Temperature is the most important environmental factors that control
plant development, growth and yield. All biological processes respond to temperature, and all responses can be
summarized in terms of three cardinal temperatures, namely the base or minimum (Ty,,), the optimum (T,), and the
maximum (T,,) temperatures. Modeling of seed germination is considered an effective approach to determining cardinal
temperatures for most plant species. Determination of cardinal temperatures could be a useful guidance to introduce
new species in a new area or in selection of the sowing time. A clear understanding of cardinal temperatures could also
be the first step for domestication of new species. There are various mathematical models describing seed germination
responses to temperature, among which three have been used more often: intersected lines (ISL), quadratic polynomial
(QPN) and five parameters beta (FPB).

Material and Methods: In order to investigate percentage and germination rate of C. oxycantha seeds, a
laboratory experiment was conducted in complete randomized design (CRD) with four replications and under 7 constant
temperatures 5, 10, 15, 20, 25, 30 and 35 °C. Seeds were sterilized with 0.5% sodium hypochlorite solution for 1 min.
Followed by washing with distilled water. Then, they were transferred to 9 cm diameter sterilized petri dish containing
single layer of filter paper (Wathman #1). The germinated seeds were counted daily and continued until a cumulative
germination reached a fixed amount (up to 14 days) or when 100% germination was achieved. Seeds were considered as
germinated if the radicle was visible. To estimate the effects of temperature on germination rate of C. oxycantha seeds,
three regression models included: Five-parameters Beta (FPB), Intersected-lines (ISL) and Quadratic Polynomial
(QPN), were used. The germination data were tested for normality before analysis of variance. Data were analyzed
using SAS 9.1 and Microsoft Excel 2007, and figures were designed by Sigmaplot 12.5.

Results and Discussion: The results of the experiment showed that the temperature had a significant effect on the
percentage and rate of germination. The lowest germination percentage was at 30°C (23%), while the lowest
germination rate (0.62) occurred at 5°C. The highest germination percentage and germination rate occurred in 15-20 °C.
Generally, by increasing temperature from 5 °C to 20 °C, the percentage and germination rate increased and decreased
after 20 °C, so that at 35 °C, no seeds of wild safflower germinated. Based on the regression models the cardinal
temperatures (Thase, Topt and Trnax) were (4.4-5), (19.6-19.91) and (28.4-33.66) °C, respectively. ISL was the best model
to estimate cardinal temperature of C. oxycantha based on the root-mean-square error, determination coefficient and
residual values. According this model, the base, optimum and maximum temperatures were estimated as 4.41°C, 19.6°C
and 33.3 °C. Khalaj ef a/ (2015) modeled the germination rate of three medicinal plants, including wild oat (4dvena fatua
L.), wild mustard (Sinapis arvensis L.) and Descurania Sophia (L.). They showed that the segmented model was the
best. But parmoon et al (2015) showed that the beta model was found to be the best model for predicting the
germination rate and cardinal temperature of milk thistle (Silybum marianum L.). Soltani et al (2006) showed that the
response of chickpea (Cicer arietinum L.) emergence to temperature is best described by a dent-like function.

1, 2 and 3- Ph.D. Student and Associate Professors, Department of Agrotechnology, Ferdowsi University of Mashhad,
Iran, Respectively
(*- Corresponding Author Email: Ghambari @um.ac.ir)
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Conclusion: The result of this experiment showed the best model to estimate cardinal temperature of C.
oxycantha was ISL. According this model Ty, T, and T,, were estimated as1.4.41°C, 19.6°C and 33.3°C, respectively.
It should be noted that although according to the results of this experiment, the optimum germination temperature in the
wild safflower was about 20 °C and high temperatures were effective in reducing germination percentage and
consequently inducing dormancy in the safflower seedlings, with climate change, plants such as wild safflower adapted

to the new conditions, and the cardinal temperatures of this plant may also be changed in accordance with the new
conditions.

Keywords: Germination rate, Intersected line model, Optimum temperature
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Figure 1- Height of soybean and Asian spider flower in different densities of Asian spider flower during growing season
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Table 1- The coefficients of the fitted model to height of soybeans and Asian spider flower in interference conditions

WS‘J_S Soybean Asian spider flower
Density |, +sE b+SE XASE  R?  P-value | HmatSE b+SE XASE  R?  P-value

0 106.6£3.51  14.14:096  5327+142 099 0.0001 ; ; ) ] ]

3 101614423 12.87x1.12  s455e1.71 090 00001 1 4is 12 1236073 66.88£1.49 099  0.0001
5 96.67:2.74  1237:086  50.42+1.16 090 00001 00431009 1157:243 5682386 097  0.0001
10 99.79¢4.92 13594151  50.7722.00 090 00001 N yg6aig07  116:154 6233200 o098 00001
15 1148144.16  13.042099  5426+1.46 000 00001 | 403051486  1036:1.06 s58.77¢170 090 00001
20 115465409  12.59£0.50 54312143 090 00001 1 os36,408 11432101 62.58:152 090 00001
30 108.6:3.91  12.64£099 53.74£0.006 0% 00001 153831391 1057209  64ase134 090 00001
45 102.6943.62 15245101 53.92¢156 000 00001 N 00070900 11724133 e006:227 00 00001

)] Sl o3 Be a4 ey B loj X calolne o s Dl 093 131 13 0l e glis)] o iy THmax

Hpa: maximum of height in end of season, b: coefficient of equation,
m: time required for 50% maximum of height (day after planting)
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Table 2- The coefficients of the fitted model to dry matter of soybeans and Asian spider flower in interference conditions

L g Sl
o515 Soybean Asian spider flower
Density WmaxiZSE TmaxtSE KASE R?2 P- WmaxiZSE TmaxtSE KASE R?  Pale
(o/m9) (day) value (g/m9) (day)

0 780.10+43.75 58.65+2.61 0.06+£0.008 0.98  0.0001 - - - - -
3 794.214+ 73.82 58.28+3.86  0.07+£0.012 0.98  0.0001 99.62+55.20 93.01+16.64 0.06+0.01 0.98  0.0001
5 763.32+38.91 59.05£2.06  0.07+£0.008 0.99  0.0001 95.65+50.05 83.60+17.78 0.06+0.01 0.96  0.0001
10 759.37+58.80 58.85£3.27  0.06+£0.009 0.99  0.0001 1272242183 73.31£5.60 0.07+0.01 0.98  0.0001
15 657.71+43.33 58.15£3.16  0.06+£0.007 0.99  0.0001 260.79+67.51 83.55+7.88 0.07+0.01 0.99  0.0001
20 640.46+60.30 59.72+4.21 0.06+0.008 098  0.0001  374.67+156.96  92.28+13.55 0.05£0.009 0.99  0.0001
30 509.30+26.37 52.97£2.19  0.07+£0.008 0.99  0.0001 322.53499.22 78.41£10.99 0.06+0.01 0.97  0.0001
45 526.58+24.90 55.71£2.03  0.06+£0.006 0.99  0.0001 346.85+63.44 74.62/+£6.87 0.06+0.01 0.98  0.0001

Jae el )l Ko Sis oole yiSTas do 3 00 4y sy slp p3Y oo Tinax csnos (gope 5o 3 p,5) Sitid o3lo g5 yiSTas Wi
Wina: maximum of total dry matter (g.m'z),TmaX: time required to reach 50% maximum of total dry matter, K: coefficient of equation
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Figure 2- Dry matter of soybean and Asian spider flower in different densities of Asian spider flower during growing season
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Figure 3- Leaf area index of soybean in different densities of Asian spider flower during growing season
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Figure 4- Leaf area index of Asian spider flower in different densities during growing season
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Table 3- The coefficients of the fitted model to LAI of soybeans and Asian spider flower in interference conditions

oS5 Lgw Flamiseds
Density Soybean Asian spider flower

A+SE b+SE c+SE LAlmax R? A+SE b+SE c+SE LAlmax R?
0 0.082+0.005 63.18+0.95 294.56+13.72 6.01 0.98 - - - -
3 0.079+£0.005 67.93+1.49 234.07+12.47 4.51 0.98 0.099+0.008 61.88+1.16 3.13+0.02 0.06 0.96
5 0.073£0.004 65.32+£1.05 254.44+11.77 4.63 0.99 0.13+0.004 64.02+0.04 2.954+0.85 0.09 0.99
10 0.07+0.007 66.83+2.01 237.86+£19.96 4.12 0.97 0.1£+,\Y 57.35+1.84 4.2240.5 0.1 0.98
15 0.075+0.008  63.31+£1.72  192.39+15.31 3.60 0.96 0.344+0.05 55.24+0.77 6.25+0.65 0.39 0.97
20 0.089+0.003  62.42+0.48 185.97+4 .21 4.11 0.99 0.25+0.017 52.95+0.66 6.93+0.52 0.42 0.97
30 0.108+0.008  59.09+0.93 134.96+7.85 3.39 0.96 0.31+0.03 53.75+1.11 6.33+0.86 0.45 0.95
45 0.081£0.011 57.93+195 160.91+£16.37 3.07 091 0.31+0.02 52.72+0.66  12.56+1.02 0.96 0.99

Sy aw a3l Sl t LAl o5y gaw (a3ls @l i in dolee colps:C gD A
A; b and c: The coefficients of the prediction equation for changes in leaf area index, Maximum leaf area index
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Introduction: Competition with weeds is the most important factor that reduces agricultural crop yield
worldwide. The magnitude of yield loss is affected by numerous agronomic and environmental factors, such as weed
density, time of emergence, morphological characteristics of weed and crops and etc. Several studies have shown that
the crop and weed growth parameters including height, total dry matter, leaf area index and its distribution in the
canopy are major determinants of the capability of species competition under interference conditions. Asian spider
flower (Cleome viscosa L.) is a summer annual weed of the Capparidaceae family. Currently, very high densities of this
weed grow in the fields of eastern Golestan province. There is no report on the extent of damaging of this weed in this
province. So, current study was conducted to achieve these goals: 1) Investigate the effect of different densities of Asian
spider flower on growth characteristics of soybean. 2) Determine the soybean yield loss due to competition with
dI;fferent densities of this weed species.

Materials and Methods: In order to investigate the soybean competitive ability (cultivar D P X) under
interference condition with different densities of Asian spider flower (0, 3, 5, 10, 15, 20, 30, 45 plant m-2); an
experiment was established based on randomized complete blocks design with three replications in Gorgan University
of Agricultural Sciences and Natural Resources in 2015-2016 growing season. Sampling was done 25 days after
planting in eight stages. In each sampling, leaf area, dry weight of soybean and Asian spider flower plants were
measured. Vertical distribution of leaf area in canopy profiles of soybean and Asian spider flower was studied, too. For
this purpose, plants were divided into segments in 20- cm interval and leaf area of each layer was measured separately.
A two parameter rectangular hyperbolic function (Equation 1) used for estimating grain and biological crop yield loss.
Finally the accuracy of the mod%l was confirmed based on RMSE, r and the dispersion of the observed and predicted
grain and biological yield loss of soybean around the one to one line.

. ID
[ a——
1+ID/ 4 Equation (1)

Where YL is percent yield loss, D is weed density (plants m™), and | and A, are model parameters. Parameter | is

the percent yield loss per unit weed as D — 0, and A is the asymptotic yield loss as D — co.

Results and Discussion: The results showed that soybean height was not affected by interference with different
densities of Asian spider flower. But maximum accumulation of dry matter of soybean and leaf area index were reduced
under competition conditions. According to the fitted model, the maximum accumulation of the dry matter of Asian
spider flower was obtained at 83 days after planting, while the maximum soybean dry matter accumulation, depending
on the interference treatment, varied between 53 and 60 days after planting. The maximum leaf area index of soybean
(in weed free treatment) and Asian spider flower were 6.41 and 0.96, and were obtained at 63 and 53 days after
planting, respectively. Although Leaf area index of Asian spider flower was lower than soybean, but maximum
percentage of leaf area of Asian spider flower was located at higher canopy layers than soybean (20-40 compare to 0-20
cm). The results showed that the maximum soybean grain and biological yield loss due to high densities of Asian spider
flower were 60.42% and 54.52%, respectively. Also, soybean grain and biological yield reduction were 8.39 and 7.94,
respectively, in case the first weed. Based on the results of this study (RMSE, r and correlation between observed and
predicted grain and biological yield loss), it can be concluded that the present model has a good accuracy and its outputs
can be cited. In general it can be said the competition effect of Asian spider flower on soybean biological yield was
lower than grain yield.

Discussion: Overall our results showed that Asian S£ider flower weed could be considered as a strong competitor
to soybean. According to the results, it seems that some characteristics of Asian spider flower including 1) representin,
greater height at the end of the growing season, 2) requiring a shorter time to reach maximum leaf area index and 3
arranging a greater part of plant Ieaf area at higher canopy layers compared to soybean, were the most important factors
to increasing the competitive ability of this weed.

Keywords: Competition, Cousens model, Grain yield loss, Leaf area distribution, Morphological
characteristics
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Figure 1- Weed free and weed infested treatments
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Table 1- Mean square of hemp plant yield at the end of growing season
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* and ** significant at 1% and 5% level of probability respectively
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Figure 2- Grain yield of hemp in competitive and weed free treatments
WI and WF: Weed infested and weed free periods per week respectively. C: Control
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Figure 3- Grain yield of Hemp in the densities of 8 and 16 plants.m™
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Figure 4- Biological yield of hemp in competitive and weed free treatments
WI and WF: Weeds infested and weed free periods per week respectively. C: Control
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Figure 5- Biological yield of hemp in the densities of 8 and 16 plant.m'2
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Figure 6- Critical Period of weed control based on the days after the emergence of cannabis at a density of 8 plants.m
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Figure 7- Critical Period of weed control based on the days after the emergence of cannabis at a density of 16 plant.m™

&io Fo P AR VN g A 51,5 93 1> Sitwrd 0,8 9 35 ol 0,3 Olrapo (ke Y Jguo
Table 2- Mean of squares Logistic and Gompertz form at 8 and 16 plants.m?

©lae 5aS0be
Mean of squares

A o515 45 Siusd 0,8

oS5 )3 S )3

A o515 3 5 pel5 53

Y1 5159 53 5 el o8

i gl &3l anys e )3 & o )3 digr ) o )D& o )D&
Sources of )=y &P e P Yy &iyo P P L9 &y P09 &y P09
variation Degree of freedom Logistic form at 8 Logistic format 16 ~ Gompertz format  Gompertz form at
plants.m? plants.m? 8 plants.m? 16 plants.m?
Jae 3 950.7** 11286.8** 12213.5%* 13817.8**
Model
s
4 26.9628** 5.6367%* 39.2619%* 154.2%*

Residual
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Table 3- Critical period of weed control in hemp according to the day after emergence and GDD

o515 3Slas i8S 203 w3 e 30 GDD(s! 5 s5Lw)
Density Percentage of yield loss  Day after emergence GDD (°C)
5 18-56 616-988
; 10 21-50 547-1093
5 20-51 667.5-889
o 10 23-42 616-935.5
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Table 4- Parametric values for Gompertz form ( weed free critical period) based on days after
emergence in different densities

w15 Aol ol jlada 3 flins! gl e el e pd
- X ) Coefficient of
Density Parameter Parameter value Standard error d A
etermination
A 101.8 4.80
8 B 7.91 3.56 0.99
K 0.08 0.02
A 106 11.61
16 B 1.4 0.39 0.99
K 0.04 0.01

s Jo oyl : A, B LK
A. B, K: Model parameters
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Table 5- Parametric values for logistic form (weed interference critical period)
based on days after emergence in different densities

o1y Aol alyly 1o SRS e el ey
. : : Coefficient of
Density Parameter Parameter value Standard error d S
etermination
F 0.12 0.03
8 K 36.30 2.09 0.99
D 1.13 0.05
F 0.14 0.02
16 K 31.72 1.16 0.99
D 1.58 0.04

A Jae byl )y i F, K, D
F. K, D: Model parameters
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Introduction: Industrial hemp (Cannabis sativa L.) is an annual herbaceous crop of Asian origin considered to be
one of the oldest crops known to man and it is traditionally grown in many regions of Europe for its fiber production. In
agricultural ecosystems, weeds known as a main factor that reduces quantity and quality of products. The competition of
weeds with crop is always one of the most important problems in achieving maximum yield. Therefore, weed
management is essential to increase production. Increasing plant density is one of the strategies to reduce weed damage.
The critical period of weed control refers to a part of crop growing season in which weeds should be removed in order to
prevent crop loss due to weed competition. Crop density may be shorten weed critical period. Therefore, this study was
conducted for evaluating the impact of crop density on hemp weed critical period.

Materials and Methods: A field experiment was conducted in 2016 at the Agricultural Research field of University
of Birjand, Birjand. The experiment was conducted as a factorial design with the treatments arranged in a randomized
complete block design with three replications. The experimental factors consisted of a quantitative series of both
increasing duration of weed interference (WI) and length of weed-free (WF) periods, and hemp plant density at two
levels, 8 and 16 plant m™. Hemp seeds were planted on May 5, 2017. Each plot consisted of six rows spaced at 60 cm
between rows and 10 cm (16 plant m™) and 20 cm (8 plant m™) inter row. Each plot consisted of 3 m wide and 6 m long
(18 m?). Each plot divided two parts, one part used for measuring morphological traits, and the other part used for
measuring final yield. 180 days after sowing the hemp plants was harvested. Equations describing crop yield response
to weed interference were fitted to the hemp yield data using a nonlinear regression. The Gompertz equation was used
to describe the effect of increasing duration of weed-free period and the logistic equation was used to describe the effect
of increasing lengths of weed-infested period on the seeds yield of hemp.

Results and Discussion: Analysis of variance results showed that grain yield per hectare was significantly affected
by plant density and competition at 1% level, but the interaction effect of density in competition was not significant
(Table 1). The highest grain yield was obtained from treatments that most of the growth was free of weeds. The highest
grain yield was WI,, WFC, WF, and WF; treatments were respectively the highest yield. WF,, WIC, W1, and WIg
treatments had the lowest yield due to more weed competition. WFC treatment increased the grain yield by 258.28%
and WIC compared to WIC (Fig. 2). Martin et al. (21) reported a decrease or increase in grain yield due to the reduction
or prolongation of the agronomic competition with weed. Density also had a significant effect on grain yield. The grain
yield was 16 plants m™, 56.57% higher than 8 plants density (Fig. 3). Martin et al. (21) reported that decrease or
increase of grain yield by prolongation or reduction of the crop competition with weed. The grain yield of 16 plants m™
was 56.57% higher than grain yield at 8 plants m™ (Fig. 3). This increase in grain yield at 16 plants m™ can be attributed
to more plant number and more flower per square meter, which increases grain yield. Likewise results of this study,
Mirzai and Madhajj (23) reported that decreasing the intervals between and within rows increases the grain yield per
unit area and decreases in each plant. According to the results of analysis of variance, biological yield per plant (Table
2) had a significant effect on density and competition at 1% level (P <0.01), but the interaction between density and
competition was not significant. Biological yield per plant at 8 plants m™ density of was 14.86% higher than 16 plants
m (Fig. 5). The results of the present study indicated that to prevent yield losses higher than 5%, an “efficient” weed
control for the hemp could be achieved by keeping the crop weed free between 616 and 988 GDD for 8 plant m™ and
667.5-889 GDD for 16 plant m™ , respectively. To prevent yield losses higher than 10%, an “efficient” weed control for

1, 2, 3 and 4- Former M.Sc. Student, Associate Professor, Instructor and Assistant Professor, Department of Agronomy
and Plant Breeding, College of Agriculture, University of Birjand, Birjand, Iran, Respectively
(*- Corresponding Author Email: Hhammami@birjand.ac.ir)
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the Hemp could be achieved by keeping the crop weed free between 547 and 1093 GDD for 8 plant m™ and 616-935.5
GDD for 16 plant m™ , respectively.

Conclusions: According to the results of this study, grain yield per hectare was significantly affected by plant
density and competition at 1% level, but the interaction effect of density in competition was not significant. The results
of this study revealed that weed critical period was decreased in 5% yield losses from 38 days (8 plant m™)to 31 (16
plant m™?) and in 10% yield losses from 29 days (8 plant m?) to 19 (16 plant m™). These finding support the early
suppression of the weeds in order to avoid dramatic crop yield losses.

Keywords: Competition, Interference, Medicinal plant, Weed damage
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Figure 1- Variations of density, LAl and total dry matter of weeds of cotton field influencing by tillage systems

and nitrogen levels over time (similar letters at each sampling time do not have significant difference
at 5% probability level based on FLSD)
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Table 2- Mean comparisons of main effect of residue amount on density, LAl and total dry matter of weeds at different times
(means with similar letter in each column do not have siginificant difference at 5% probability level based on FLSD)
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Table 3- Mean comparisons for interaction effects of tillage by barley residue and tillage by nitrogen on

weed density at different sampling stages
(means with similar letter in each column do not have siginificant difference at 5% probability level based on FLSD)
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Table 4- Mean comparisons for interaction effects of barley residue and nitrogen on weed density (means with similar letter
in each column do not have siginificant difference at 5% probability level based on FLSD)
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Figure 2- Means comparison of interaction effects of tillage by barley residue by nitrogen levels on weed density at 60 days after
planting (means with similar letter in each column do not have significant difference at 5% probability level based on FLSD)
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Figure 3- LAI variations of weeds at (a) 30, (b) 60 and (c) 90 days after planting influencing by interaction effects of different
barley residues (0, 77, 154, 231 and 308 g m™) and nitrogen (50 and 150 kg ha™®) under two tillage systems including disking

(white bars) and mouldboard plowing (black bars). Means with similar letter in each column do not have significant
difference at 5% probability level based on FLSD.
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Figure 4- Dry matter variations of weeds at (a) 30, (b) 60 and (c) 90 days after planting influencing by interaction effects of
different barley residues (0, 77, 154, 231 and 308 g m™) and nitrogen (50 and 150 kg ha™®) under two tillage systems including

disking (white bars) and mouldboard plowing (black bars). Means with similar letter in each column do not have significant
difference at 5% probability level based on FLSD.
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Introduction: Conservation agriculture is an appropriate strategy for maintaining and improving agricultural
resources which increases crop production and stability and also provides environmental protection. This attitude
contributes to the conservation of natural resources (soil, water, and air) and it is one of the most effective ways
to overcome the drought crisis, water management and compensation of soil organic matter in arid and semi-arid
regions. Practicing the conservation agricultural systems, which requires an effective usage of previous crop
residues and reduced tillage methods, is an irrefutable necessity for arid regions like South Khorasan with low
soil organic matter. The addition of crop residues to the soil in conservation agricultural systems, however,
might immobilize nitrogen as an important nutritional element affecting plant growth. The transition from
traditional to conservation agricultural systems, nevertheless, would affect different constituents of
agroecosystems including weeds dynamics and growth, which would eventually affect the crop production in
these systems.

Given that South Khorasan farmers still use traditional methods of cultivation and they do not return the
previous crop residues to the soil in their farming systems, the aim of this study was to investigate the effect of
crop residue management and nitrogen on dynamics and growth of weeds of cotton farm.

Materials and Methods: In order to investigate the effect of crop residue management and nitrogen on the
growth and dynamics of weeds of cotton farm, an experiment was carried out as split factorial design based on
RCBD with three replications at the research field of Faculty of Agriculture, University of Birjand in 2013. In
this experiment, the main plot was two tillage methods, including conventional tillage (moldboard plowing) and
reduced tillage (disking) and the subplot consisted of a factorial combination of two nitrogen levels (50 and 150
kg ha™) and five barley residue levels (0, 77, 154, 231 and 308 g m™) which have been randomly distributed as a
factorial in subplots. Weed samplings were performed at four stages including 30, 60, 90 days after planting and
also at harvest time and after each sampling, weed density, dry matter and leaf area were measured.

Results and Discussion: Results showed that plow type, residual amount levels and nitrogen fertilizer rate
had significant effects on measured traits of weed species including density and dry matter of weeds as well as
their leaf area. Increasing the residue amount significantly reduced weeds growth traits. The greatest density, dry
matter and leaf area of weeds were observed with disk plow, while mouldboard plowing significantly reduced
these traits. A lower disturbance of soil in conservation agricultural systems, which is the case with our study
where disking was applied, often results in most weed seeds to accumulate on the upper soil layers and
eventually might ends up with a higher weed density. The greater rate of nitrogen resulted in higher density, dry
matter and leaf area of weeds. The stimulatory influence of nitrogen on weed emergence has been previously
substantiated. Moreover, the interaction effects of studied factors were significant on weeds growth traits. The
interaction effects of plow type by residue amount showed that the lowest weed densities were observed with
mouldboard plow under all residue amount and the using greatest residue amount (308 g m™) resulted in the
lowest weed density under both tillage regimes. The control treatment (no residue) interestingly showed a lower
amount of weed density compared with residue amounts of 77 and 154 g m™. Weed control by crop residues is
probably due to different factors like prevention of light penetration to the soil surface, exuding allelopathic
substances, influencing soil nitrate content and moderating soil temperatures and improving crop growth. Our
study, however, showed that lower amounts of residues on the soil surface cannot provide enough inhibitory
effects to suppress weeds and might even stimulate weed emergence through maintaining more moisture under
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the residue layer at hot air of early summer.

Conclusions: The results of this study revealed that although employment of conservation tillage systems is
a suitable method to achieve sustainable agriculture, more extensive research studies are needed on the effects of
these systems on weed density and their competition with crop plants. Thus, cover crops and conservation tillage
systems can be used as a promising solution for the development of sustainable agriculture and protecting the
health of ecosystems. Due to widespread cultivations of wheat and barley in our country, it seems that
incorporating the cereal crop residues into the soil might inhibit weeds growth in cropping systems. Our study
also showed that nitrogen management is very important strategy in regard to weeds growth in these systems.

Keywords: Conservation agriculture, Mouldboard plow, Reduced tillage, Sustainable agriculture
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