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Figure 1- Symptoms of melon leaves infected with SQMV
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Figure 2- Results of RT-PCR using SqMV specific primer pairs (S1-F & S1-R). 1: Extraction dsRNA method; 2: Extraction
using Triazol method; 3: Extraction using Qiagen kit method 4: Extraction using Dena Zist kit and 5: Extraction using
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Introduction: Squash mosaic virus (SqMV) is a member of the genus Comovirus in the family Comoviridae.
It is a seedborne and beetle-transmitted virus infecting most plants in the genera Cucurbita and Cucumis. Like
other comoviruses, SQMV has a bipartite positive-strand RNA genome consisting of RNAL and RNA2, which are
separately encapsidated in isometric particles of 28 nm in diameter. The genomes contain a poly (A) tail at the 3-
terminus and the genome-linked viral protein (VPg) attached to the 5end. ELISA has been used widely in plant
virus diagnosis but it has relatively low sensitivity which is not suitable for detection of trace amounts of the
virus in single viruliferous aphid vectors and mix infection. By contrast, PCR is an effective and efficient tool for
in vitro amplification of DNA templates and has been extensively used for the diagnosis of viral and subviral
pathogens with DNA and/or RNA genomes. The polymerase chain reaction (PCR) and reverse transcription-
PCR (RT-PCR) are powerful tools for highly sensitive detection of plant viruses with DNA and RNA. The first
step in a successful PCR test is to have an extraction method and the major problem in RNA extraction is
contamination by polyphenols and polysaccharides. So, in this study, we investigated the effectiveness of various
extraction methods in identifying the Squash mosaic virus.

Materials and Methods:

Plant material and virus isolates RT-PCR and sequencing

Twenty-five samples of Melon from Khorasan Razavi and Jonubi provinces under the cultivation of Melon
have been collected in spring and summer of 2017. The samples had typical virus types, severe mosaic spasms,
complexity and deformity, and entered the process of extraction of the genome of the dandruff as a positive
example. The leaves samples were used for different RNA extraction methods using Chang et al. method, Dena
Zist and Qiagen Kit, Triasol and dsRNA cellulose method and were used directly or stored at minus 70 0C.

Two specific RT-PCR was set up for amplifying an amplicon of 1900 and 1300 bp in order to detect infected
samples, as this region is conserved among all SqMV isolates, and determine the best method for extraction virus
RNA. The SgMV partial coat protein gene and partial genome of RNAL has been sequenced to confirm the
results. Here, we employed the Chang et al. procedure which is based on CTAB buffer. We also followed the
manufacturer's protocol to extract the genome by Dena Zist and Qiagen Kit. Triasol is a mono-phasic solution of
phenol and guanidine isothiocyanate. It is a ready-to-use reagent for the isolation of total RNA from cells and
tissues. After addition of Triasol and chloroform, phase separation is created by centrifugation. RNA is present
in the aqueous phase and can be recovered by precipitation with isopropanol or ethanol. The extraction protocol
used for DSRNA is a modification of the non-phenol batch protocol reported by Morris et al. (1983) and was
compared with two other dsSRNA extraction protocols.

Results and Discussion: The destruction of the nucleic acid during the process of extracting from the plant
tissue and the presence of inhibitory substances are the major problems in purifying the genome of the viral
viruses. In order to effectively detect Squash mosaic virus from melon tissue at the contaminated fields, four
RNA extraction methods were compared and then the nucleic acid extraction method was optimized. The quality
of the nucleic acid was extracted by polymerase chain assay with reverse transcription and using two pairs of
different primers. Among the methods of extraction, there were significant differences in the way that some of
the methods were not able to detect the virus from the plant tissue. Among the investigated methods, the method
of extracting dsRNA with cellulose resulted in the highest and most excellent nucleic acid due to the exclusive
purification of the viral genomic from the plant tissue, making it possible to detect the virus in most of the
samples. We concluded that the modified dsRNA extraction protocol is efficient, fast, economic, versatile, and
requires small amounts of tissue. The protocol was successfully used to extract dsSRNAs from the plants infected
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with acute and persistent viruses such as SQMV in Melon samples.
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Figure 2- (A-E) Inoculation steps of one year old seedlings of Siavaraze variety
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Figure 3- (A-F) Steps of fungicide treatment
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Figure 4- Maintenance of seedlings treated with fungicide in greenhouses
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Figure 5- (A) symptoms of gummosis as gum secretion in the crown area, (b) how to mark the wound area, (c) disinfection
of the infected site on the tree trunk

o P parasitica L4355 (V) S0j5—Tsd po Sl ioguas
(5 JSs) wi SuSas g olwlis P.citrophthora

-

Phytophthora parasitica

Phytophthora citrophthora

sAule T slagy ga ]
2l g poain il g gl sl g (sads ol olal

Lyl 51 9mw g P. citrophthora 4 P. parasitica s -1 JS
Figure 6- Colonies of Phytophthora parasitica and P. citrophthora and their sporangium
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Figure 7- The effect of different doses of fungicides added to the culture medium X2 and X1 (Petri dish containing fungicides)
and control (Petri dish without fungicide)
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Table 1- Growth rate of P.parasitica and P. citrophthora in laboratory conditions with recommended doses by the
company

(o ko) &) amnd &Sy (Slad 2l ljwe
The radial growth of fung-likeus colonies (mm)

Slow Celw ¥E el A celo VY celwdTl celw IV celw ¥ celw )T celw i
(Treatment) (24 Hour) (48 Hour) (72 Hour) (96 Hour) (120 Hour) (144 Hour) (166 Hour) (196 Hour)
Al (15 g/l) . . . . . . . .

A2 (20 g/l) . . . . . . . .
A3 (25 g/l) . . . . . . . .
A4 (30 g/l) . . . . . . . .
A5 (35 g/l) . . . . . . . .
O (100 g/l) . . . . . . . .
B*(50 g/l) . . . . . . . .
Control 9.17 18.21 20.75 26.77 34.76 38.11 41.36 42.12

(O 55 : 228 o) aalS slive pr eiuo 35yl ST 9 B i iz )6 ol aalS’ sluo ys e93,2) )y (2S5 OB o5 %
*0 and B: Copper oxychloride and Bordeaux mixture, respectively

wasis (O Jeaz) P. citrophthora z )8 a.is b ala)l) yo
Ao, i e ;o Laslend s (64l S BT A5 0l
Oy G 45 000 s 1 Slie dslio ol 5 0,5 092
s WO lis @ (AL wals )l 4 by o 035 mhaw
P YO (Brae o b slajles 4 Lo o o5 o (a5
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e o o) gl lie (S L S 09 (PIVY)
SIS (6550 (93,2 5 e 49 AS (SD) @) sla 258
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2L ool (elojlos 4 bgyjo o35 pans (208 VF/VY (30 4
P VO (Byan 55 9 DOV lje 4 ol 1) S5 50 2,5 YO (B pae
o5 o (i S b & 20 VP i 4 Of 1) Gy
Sy 65 (90 9 e 09 (o81) @l SIS E)B & Cuns
(¥ Jg)



108 LS o j9uS o2 )8 dnd (g ylom J 55 50 goldT (iS 7,6 1)l byl

ol Lo 1 oyl puls 43 S guid (dlgginr 35 31 23 oy 35 L P citrophthora g P.parasitica swiy ¢ljue —Y Jgia

Table 2- The growth rate of P. parasitica and P. citrophthora in laboratory conditions at doses lower than the
recommended doses by the company

(o sue) 5B i (IS (Sland iy 350
The radial growth of fungus-like colonies (mm)

slowd Celw Ve celw A celw VY celw it wl’;;‘“ “ﬁ; £ wl‘:{g:}“ ul’i’g;“

(Treatment) (24 Hour) (48 Hour) (72 Hour) (96 Hour) H(our) I—(|our) H(our) H(our)
Al (12.5 g/l) . . . . . . )
A2 (10 g/) . . . . . . .
A3 (7.5 g/l) . . . . . . .
A4 (5 gll) . . . . . . .
A5 (35 g/l) . . . . . . .
0" (100 g/l) . . . . . . .
B*(50 g/1) . . . . . . .

Control 7.06 14.23 20.75 31.76 34.21 37.17 39.59

(0 551556 Jy) 4slS' slios 2 o y55lS 1 5 BiiS g8 Jg) anlS’ (slias 0 15,) gy 3528 O,B 5
*0 and B: Copper oxychloride and Bordeaux mixture, respectively

P. 4ig5 &1 039l 5 )9k JUo (59, w85 dxwgi 5| S pS ol 2 axllhs 3590 IS E B Cilities SIS 1 (il g 41525 T g
GBS Lyl o Cod parasitica

Table 3- Analysis of variance of the effect of different concentrations of the studied fungicides on prevention of wound
development on Siavaraze seedlings infected by P. parasitica under greenhouse conditions

O pdS 2alio &3l 4y Olag o puibo
SOV DF MS
(Fungicide doses) ,:Sz,5 s 7 19.642
o] sl 16 5.125
(Error)
K
23
(Total)

Sl oy (1)
Coefficient of variation , CV = 23.70%

Gl Hlo gme BB Mo > gy plaws )
There is significant differences at a=5%.
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Table 4- Mean comparison of wound area in Siavaraze seedlings infected by P. parasitica affected by different concentrations
of the studied fungicides under greenhouse conditions

e (2200 yio i) o3 5 banw
Treatment Wound surface (centimeter square)
<! )“"J S5y P)s VO (Bpan i L 9"L~“-J‘ 11.74 ab
(Aliado 15g/L)
ol i S EANT gl 974 ab
(Aliado 20g/L)
ol S .P)fvau-;")“-" 5L gl 760b
(Aliado 25g/L)
ol S » P)fv'ua)‘” P 9)@1 8.88 ab
(Aliado 30g/L)
U")‘*J“g")j P/S\‘a SErae 53149'3[:]] 557 b
(Aliado 35g/L)
) K P)f\'_' Brae 13k e y9)8 (S 10.02 ab
(Aliado 100g/L)
ol S £ B (Brae 3L g3y 8.97 ab
(Aliado 50g/L)
() sl 1421a
(Control)

it 5385 b s gine YS! glyls (P<O.05) S's5 ygosl o ekilodd ooly lis cilisen Gigys b 4 ol jlag™
*Mean compare with Tuki test at a=5%. a with maximum of wound and b with minimum of wound

P. g5 a3 039)1 5 j9buw J (595 5§ anwsi 5l (S5 gl 2 adlllao 3,90 G ISE B Cliseo LIS I (il jly 525 -0 Jgor
&S byl i cxd citrophthora
Table 5- Analysis of variance of the effect of different concentrations of the studied fungicides on prevention of wound
development on Siavaraze seedlings infected by P. parasitica under greenhouse conditions

Olpdd ilie (5331 a2 Ol yo (5o
SOV dF MS
A sl 39.670
(Fungiside doses)
pibef] sl 16 2571
(Error)
S 23
(Total)

st s (7)

Coefficient of variation , CV =16.98 %

] I ime OME] o )> gy o 50 8
#There is significant differences at a=5%.
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Table 6- Mean comparison of wound area in Siavaraze seedlings infected by P. parasitica affected by different concentrations
of the studied fungicides under greenhouse conditions

Sl (2200 yio i) o8 5 . puieny
Treatment Wound development (centimeter square)
Ol i 6 g3 5 VO B 33 b gl 11.76 b
(Aliado 15g/L)
R AR I 9.18 be
(Aliado 20g/L) ’
S ) Ko 2 SV B pas 35 L goll 778 be
(Aliado 25g/L) '
‘?’] S 2 p Y Bpae 3 L 9"L~“-J" 6.22 ¢
(Aliado 30g/L)
Ol S 3 pSY0 (e 5o L ol 547 ¢
(Aliado 35g/L)
i S Ve (e 3 b e g8 (ouS] 919 be
(Aliado 100g/L)
Ol S 3 p 500 hpas oL 9oy 8.87 be
(Aliado 50g/L)
(oberl) 2l 17.05a
(Control)

055 e 05 L C g o35 e ot A S ogesl Sl oalisel L 7D Jloi s 53 (5 Sikhe duylie®
*Mean comparison with Tuki test at a=5%. a and ¢ with maximum and minimum wound area, respectively.

Cunligensd,! Jgl o U olo (35958 il 31 ¢yl Juad) ((omiloww) (53001 S5 )l S Jgf Cugd 13 085 haww (olme nil g 42525 -V Jgoa
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Table 7- Analysis of variance of the wound area in the first time painting (spring season) under orchard conditions (Jiroft)

Oy ol @il as Slasye 5:S5ke

SOV dF MS

Ssby 2 0.044
Block

Sz sl 7 0.299
(Fungiside doses)

s 14 0.075
(Error)

Js 23 Slyeds oo (£)
(Total) Coefficient of variation , CV

=16.98%

] I ime OMB] o )> gy gy
*There is significant differences at a=5%.
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Table 8- Mean Comparison of wound area in the first time painting under orchard conditions (Jiroft)

slos (@ Fo o) ob § b iy
Treatment Wound development (centimeter square)
‘T’T):ﬁj‘—gﬁf)bf)f\au'é)‘mpl‘fplﬁﬂ 1.32 ab
(Aliado 15g/L) '
U])“J“g"ﬁ P Ve Span )ulfplﬁﬂ 1.36 ab
(Aliado 20g/L)
(Aliado 250/L) Ul 2 6 p3 2,5 Y0 byae o b gl 1.10b
UI)“‘J&)‘)F;V'@)‘A‘)‘) l’9°U] 0.99b
(Aliado 30g/L) '
) S0 5 YD (a5 gl 1.24 2b
(Aliado 35g/L) '
Ol Ko 5 Ve (e 3 b o yg)lS (S 116 b
(Aliado 100g/L)
U]fJ“g")J PO Byae pl g3 1.15b
(Aliado 50g/L)
(5L aal 220a
(Control)

o o (2965 LD 5 035 s (2300 b .S (ignil kil L 70 Jlaiol s 53 (:0bon ™
*Mean comparison with Tuki test at a=5%. a and b with maximum and minimum wound area, respectively.
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Solisine M 030l Slojl (b )3 (Brae (iS5 slojlog
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Table 9- Analysis of variance of wound area in the second time painting under orchard conditions (Jiroft)

Oldd @ilie g3y Ol ye iSke
sov dF MS
S 2 0.099
(block)
Heb s 0.478
(Fungiside doses)
- 14 0.082
(Error)
Js Sty (1)
(Total) Coefficient of variation , CV =21.94

CV=21.94%

D) 2 Vi s j3 o gixe A b

**There is significant differences at a=1%
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Table 10- Mean Comparison of wound area in the second time painting under orchard conditions (Jiroft)

)M

Treatment

(&2yo yio o) od 5 C pabiy

Wound development (centimeter square)

ol ) S0 510 (a5 gl
(Aliado 15g/L)

) o 3 p S Yo s o L ol
(Aliado 20g/L)

) S 3 25 YO (dyae 5o L g3l
(Aliado 25g/L)

) S0 S Yo (e 5o b gl
(Aliado 30g/L)

Sl S 2 p S YO (Bpas 3 b gl
(Aliado 35g/L)

Ol K4 5 Ve (e o b o yg)lS (S
(Aliado 100g/L)
) o 3 p5 00 pas oL 9oy
(Aliado 50g/L)

(cs3l) ol
(Control)

1.30b

0.92b

1.10b

0.92b

1.32b

1.33b

1.33b

2.19a

w55 o 2965 b Dy 03 oo (e S8 gl 3 eslizl LV Jlozs) s )3 S0k i
*Mean comparison with Tuki test at a=1%. a and b with maximum and minimum wound area, respectively.

(p5e) EL sl 13 (g Jead) (55201 y Jgl Cugi 53 o8 rdanw ()l il ylg 41325 = V) Jog
Table 11- Analysis of variance of wound area in the first time painting (spring season) under orchard conditions (Jahrom)

Olpeds ilie g3l Ol yo (55l
SOV dF MS
Sk 2 0.478
(block)
ST s 0.482
(Fungiside doses)
- 14 1.085
(Error)
(Total) Coefficient of variation , CV =31.69%

D15 393 40 oy 4l3 Jixe BN
*There is significant differences at a=5%
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Table 12— Mean comparison of wound area in the first time painting under orchard conditions (Jahrom)

sos (&0 o W) o8 5 8 it
Treatment Wound development (centimeter square
STl K53 )5 10 Lhpas o b ol 316 b
(Aliado 15g/L) '
STl K3 05 Ve e 33 L goli 334b
(Aliado 20g/L) '
32 S 3 25 YO (e o L ol 259 b
(Aliado 25g/L)
) S 3 p S ¥ e o L ol 239
(Aliado 30g/L)
) S 3 25 Y0 dpae o L ol 316 b
(Aliado 35g/L)
Ol K4 5 Ve (o o b o yg)lS (uS] 269b
(Aliado 100g/L)
) S pS 0 bpas L gy 287b
(Aliado 50g/L)
(k) sal 6.07a
(Control)

o35 rdaw S LD g o35 daw cpyisie b Sy gesl 5l ookl b 70 Jlexsl pdaw 13 5x0ke dunlie™
*Mean comparison with Tuki test at a=5%. a and b with maximum and minimum wound area, respectively.

Aol 1) 5l g (ole cutigud)l Jol do B ole (3598 bl ) sl
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Cugs 5350 9l 1S B b (2 (5S035e) (55 9o 5 (S Al
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Table 13- Analysis of variance of wound area in the second time painting under orchard conditions (Jahrom)

Olds @lo (g3l ax Ol o (il
SOV dF MS
Sk 2 0.228
(block)
ST o> 7 0.426
(Fungiside doses)
- 14 0.355
(Error)
(Total) Coefficient of variation , CV =21.49 %

... NS
)l D939 (£l gixe AV
ns: There is no significant differences.
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Table 14- Mean Comparison of wound area in the second time painting under orchard conditions (Jahrom)

e ) G iy
Treatment (po oo siilw)

Wound development
(centimeter square)

Ol i 6 325 V0 (Bpae d b ol 131a
(Aliado 15g/L)

Ol K a8 Y bpas 3 b ol 1.243a
(Aliado 20g/L)

I S 2 p S YO LByae o b ool 1.277a
(Aliado 25g/L)

Ol ) K a8 Y byae 3 b gl 1.210a
(Aliado 30g/L)

Ol S p SO Bpas o b U 1.427a
(Aliado 35g/L)

T e 8 Ve e 3 b e s 1360
(Aliado 100g/L)

Oy K p S0 Bme pl g3y 1.327 a
(Aliado 50g/L)

(oslel) aals 2.343a

(Control)

S o9ejl 5l oslizel b 70 Jleisl pdaw )3 (pSike dunlie®
*Mean comparison with Tuki test at a=5%.
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Introduction: Effect of Aliado fungicide (Masio, Spain) with active ingredient of Mancoezbe 40%,
chlorothalonil 20% and simoxanil 5% as a 65% WP formulation for control of citrus gummosis disease in
laboratory, greenhouse and orchard conditions was compared with common fungicides (copper oxychloride and
Bordeaux mixture in ratios of 100 and 50 g/l respectively). The growth of Phytophthora parasitica and P.
citrophthora was controlled in the culture media containing the recommended doses of 15, 20, 25, 30 and 35 g/l.
Results of greenhouse experiment with one-year-old sweet orange seedlings of Siavaraze (a local variety)
indicated that Aliado is effective on prevention of the wound development at the doses of 25 and 35 g/l for P.
parasitica and 20 and 35 g/l for P. citrophthora. The best result was obtained with painting of 15 grams per liter
of the fungicide twice a year (spring and autumn) in the field assessment.

Materials and Methods: In this study, P. parasitica and P. citrophthora were isolated from the infected soil.
The fungi were stored after purification and cultivation in the test tube for the next steps. To evaluate the effect
of Aliado in laboratory conditions, different doses of the fungicide containing 0, 15, 20, 25, 30 and 35 grams per
liter were added to the CMA medium and distributed in petri dishes. Then, 5 mm discs were prepared from the
7-day-old pragmatic margin of the fungus-like and placed in the center of Petri dishes. After maintaining them at
24 °C for 4 days, the radial growth of mycelium was measured. In order to investigate the effect of the fungicide
in greenhouse condition, seeds of Siavaraze local sweet orange as a sensitive variety was prepared and treated
with 0.5 percent sodium hypochlorite solution and cultivated in a soil composition disinfected with water vapor
in a controlled greenhouse of Citrus and subtropical Fruit Research center. Evaluation of the effect of fungicides
was carried out after seedlings reached about 20 centimeters. For staining treatments, 24 one year old seedlings
of Siavaraze were used. First, at 15 cm above the surface of the soil, a part of the bark was removed from the
trunk and discs of the same size from the fungi-like colonies were placed instead. In the control plants, the
culture medium without mycelium was placed on the surface of the wood. To evaluate the treated seedlings,
about 40 days after application of the fungicides, the size of the new wound was calculated. To study the effect
of Aliado in orchard condition, 24 trees of 12 years old with Bakraee and Lime rootstocks infected with trunk
gummosis in Kerman (Jiroft) and Fars (Jahrom) provinces were used in a randomized complete block design
with 8 treatments in 3 replications. The wound of the trunk marked and bark of the infected area was gently
scratched and painted by a brush with the same treatments and doses of the laboratory test. Six months after
application, the size of the new wound was recorded. The analysis of variance and the mean comparison were
performed based on MSTATC statistical program and the Tukey's test.

Results and Discussion: Laboratory studies showed that Aliado fungicide completely prevented the growth
of fungi-like in the recomended doses of the company. Under greenhouse conditions, painting of Aliado with 25
and 35 grams per liter for P. parasitica and 20 and 35 grams per liter for P. citrophthora have been effective in
stopping the development of stem wounds. This research was also conducted in field conditions in the orchards
with gummosis symptoms in Kerman and Fars provinces. In the orchard condition, two times application of all
treatments containing Aliado fungicide (even a dose of at least 15 g/l) was effective. The results of the
experiment are in agreement with those of the world's researchers, which have reported the use of fungicide as
an effective method for controlling phytophthora fungus-like of gummosis. Therefore, in citrus cultivation areas
of the country, especially the southern provinces, where the climatic conditions are favorable for the activity of
the fungi-like, treatment of the crowns of citrus trees with Aliado in the spring and the autumn with the
minimum proposed dose of the fungicide is recommended. Observations showed that all treatments of Aliado are
effective by drying the gum in controlling disease progression through disinfection. In some treatments, the
emergence of gum in the new places was observed with a little distance from the previous wounds. It can be
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because the effect of fungicide has decreased after a few months. In climatic conditions of the southern regions
of the country the fungi-like are active throughout the year. So the use of fungicide in spring and autumn is
recommended. The use of Aliet fungicide in two doses of 160 and 200 g in 100 liters of water had a protective

effect less than one year.

Keywords: Aliado ctl, Citrus, Gummosis, phytophthora
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Figure 1- Symptoms with samples collected from the field, A: Purple, stubburn and wilting of the plant, B: Plant wilting due

to root rot fungi, C: Yellowing and stubburn with the appearance of aerial tubers, D: Aerial tubers, E: Stem curly top growth
and bud swelling at the base of the petioles, F: Stubburn, purple leaves and plant decay
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Figure 2— A: Canker on the underground stem, B: Symptoms of root rot associated with the appearance of aerial glands at
the base of the plant, C: Wilting, yellowing and necrotic of leaves, which is mainly caused by fungal agents that cause rot
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Figure 3- Symptoms caused by phytoplasma agents, A: Stubburn, plant curly top, purple leaves and the appearance of aerial

tubers in the upper parts of the plant, B: Aerial tubers, C: The buds at the base of the petiole grow and turn purple, D: Aerial
tubers growth associated with root rot, E: Wrinkles and purple leaves, F: Stubburn, bud swelling and phyllody
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Figure 4- A: Hair growth and root mass in potato plant of Raja cultivar infected with phytoplasma, B: dwarf (right)
compared to healthy plant (left)

X [3 P e B s
Tragopogon ) &l ;3 (S5 9 599kl A e joums &)l50 dnils 52 slacdle Ay 30 lawdligind 4y (Sdgl gLrailiii -0 Y
(Conringia orientalis) Jud (wis5 ;0 cile 13 KNgigSe LS y IS5 & 9 (g39kd B (graminifolius
Figure 5 - Symptoms of phytoplasma infection in some weeds on the margins of potato fields, A: Stubburn and phyllody in

Sheng (Tragopogon graminifolius), B: phyllody and deformed leaves and dwarfism in elephant ear weeds (Conringia
orientalis)
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Figure 6- Duplicated piece to size 1.8 kb In some samples of potato using primers P1/P7(left) and duplicated piece 1.2 kb In

the nested stage with primers R16F2n/R16R2 usage PCR linel, kb DNA Ladder, line 2-10, Potato samples with purple top
symptoms
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Figure 7- RFLP pattern of kb 1/2 amplified with R16F2n / R16R2 primers after cutting with restriction enzymes Rsal, Hpall,
Haelll < Hhal «Msel Alul and Kpnl Sample Selected Potatoes. Sample 1-3 belonging to Hamedan province with symptoms

of purple top and airial tuber(Stolbur group-Celery yellows,16SrXI11-A). Examples 5, 9, and 13 have symptoms stulborn and

airial tuber without purple top symptoms and Samples 11 and 14 of Potato have dwarf symptoms and stulborn along with
hairy and rooted belong to Chaharmahal and Bakhtiari province (Aster yellows group, 16Srl1-B) and samples 4, 6,7, 8, 10,12

and 15 with wilting symptoms of purple top and stulborn at the base of the petioles) Stolbur group-Celery yellows,16SrXI |-
A (M=100bp DNA ladder, Fermentas
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Figure 8- RFLP pattern of kb 1/2 amplified with R16F2n / R16R2 primers after cutting with restriction enzymes Rsal, Hpall,
Haelll « Hhal <Msel < Alul and Kpnl Sample Selected Weeds and alfalfa on the margins of potato fields. Example 1-4, alfalfa

with symptoms of witches broom and stulborn(Stolbur group-Celery yellows,16SrX11-A) sample 5 tomatoes with phyllody
symptoms and sample 6 tomatoes with leaf roll (Stolbur group-Celery yellows,16SrXI1-A), Sample 7 Sheng with witches
broom and phyllody (Aster yellows group- Clover phyllody, 16Srl-C) and sample 8 Earphone weeds have phyllody and
stulborn (Clover proliferation group-Clover proliferation, 16SrVI-A) M=100 bp DNA ladder, Fermentas.
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Introduction: Several pathogens, including fungal, viral, and prokaryotic agents, can cause disease in
potatoes. Purple top disease associates with the formation of air glands, stubborn, leaf rolling, in potato fields is
visible and several pathogens has reported reported to be the cause of this disease. Potato leaf roll virus, purple
top wilt Phytoplasma and Rhizoctonia solani fungi are the most important agents. Plants in response to pathogen
infection, show a wide range of symptoms. Symptoms of purple or purple leaves usually indicate contamination
of the host plant with phytoplasmic agents.

Materials and Methods: Symptoms of purple top wilt, stubborn, yellowing and leaf rolling, witches broom,
big bud and formation of aerial tubers were observed in potato fields of Chaharmal Va Bakhtiari, Hamedan and
Fars provinces during 2006-2011. Some samples also showed symptoms of root rot and stem canker, Wilting
accompanied by stubborn, color change of the yellow leaves or purple, leaf rolling and formation of aerial tubers
at the base of the plant near the surface of the soil or in the lateral buds of the base of the petioles and of course,
it was different in different cultivars. Symptoms of disease in the Marfona variety, mostly include the formation
of aerial tubers and yellow leaves, and in the most of plants stolon canker was also seen. In Agria, Diamont,
Maradona, Sante, Raja, Navita, and Kozima varieties, symptoms of purple top accompanied formation of aerial
tubers in some plants were stubborn the witches broom and wilt. In some other cultivars, symptoms of witches
broom, rosette and hairy of the roots were observed. Symptoms of disease also weeds in the margins of potato
fields. Symptoms of witches broom, phyllody, stubborn and rosette in Dandelion (Taraxacum officinalis),
Salsify (Tragopogon graminifolius), Black night shade (Solanum nigrum), Wild raddish (Raphanus
raphanistrum), hare's ear mustard (Conringia orientalis) and witches broom and stubborn in alfalfa were
observed. Scales of symptoms varied in different regions depending on the region and sampling time. Symptoms
of purple top and formation of aerial tubers at the end of the season. Yellowing symptoms and the formation of
aerial tubers in the Navita cultivar in the late growing season has reached to 40% in some areas.

Results and Discussion: 460 samples tested by ELISA against PLRV, PCR (using P1/P7 followed
R16F2n/R16R2 universal primers) for presence of phytoplasma and cultured on PDA for isolation of fungi
caused root rot and canker. Investigation showed presence of phytoplasmas, fungi and PLRV with abundance of
136, 245 and 61(28.7, 53.25 and 13.2 %) respectively. Most of the symptoms caused by phytoplasmas and
Rhizoctonia have a symptom of purple top and aerial tubers. Association of PLRV in some cases produced
symptoms of leaf roll and purpling. Aerial tuber formation and purple top symptoms in different potato cultivars
were seen in various ratio, while fungal and phytoplasmas agent were main casual agents in Marfona and Navita
cultivars, respectively. From the samples of potato with roots and stems of rot and canker symptoms, fungi
Rhizoctonia solani, Fusarium solani, F.oxysporom and Colletotrichum sp. isolated that 32.9% of the infection
was related to Rhizoctonia and 20.3% was related to other fungi. Inoculation of these fungi in greenhouse
conditions caused potato plants to cause plant death and drying out, and no symptoms of purple top or aerial
tuber formation were observed. It seems that occurrence of such symptoms is possible only in farm conditions.
Plants that showed purple top, stubborn, and rolling of the end leaves were infected with PLRV, the symptoms of
the virus are varied in many varieties. In some plants, disease is accompanied by yellowing and degeneration and
in some leaf roll and purple top were observed. In no case, the symptoms of the aerial tuber formation in plants
that were infected with the virus were not observed. In transfer with dodder and grafting to tomatoes and
potatoes, samples with stem canker and root rot did not cause any symptoms in healthy plants. But those
examples were no symptoms of purple top and aerial tuber in the plant that did not show any symptoms of stolon
and rooting of root canker and in the ELISA test, they did not respond positively to PLRV, tomatoes and
potatoes were transplanted in greenhouse conditions with dodder and grafting. Potato plants have shown graft
symptoms of yellow, stubborn, leaf roll and purple top in greenhouse conditions, but the formation of the aerial

1- Assistant, Plant Protection Research Department, Hamedan Agricultural and Natural Resources Research and
Education Center, AREEO, Hamedan, Iran

(*- Corresponding Author Email: bagherisa78@gmail.com)

2- Assistant of Professor, Plant Protection Research Department, Chahar Mahal Bakhtiari Agricultural and Natural
Resources Research and Education Center, AREEO, Chahar Mahal Bakhtiari, Iran


mailto:bagherisa78@gmail.com

AN

oy (g 5l jaw (6 )lows b ol o (58 3T slows (B 0 (SNl S oy

tuber was not observed in greenhouse conditions. After dormancy the tubers from plants with symptoms of
purple top showed only a small number of these tuber showing symptoms of hairy sprouting. This condition can
only be infected in some tubers from an infected plant due to the occurrence of these symptoms but the selection
of plants in terms of symptoms and the uncertainty of infection with phytoplasma can be a reason. These two
pathogen group caused purple top and aerial tuber formation in other potato cultivars in different region with
various ratio. The PCR products of R16F2n/R16R2 from phytoplasma detected in potato, alfalfa and weeds
samples were used in restriction fragment length polymorphism, RFLP, by digestion with Alul, Haelll, Hhal,
Rsal, Kpnl, Msel and Hae 111 restriction enzymes. Results indicated presences of two distinct phytoplasma group
in potato samples (16Srl-B and 16SrXII-A) and 16SrXII-A phytoplasma from Alfalfa samples, 16SrI-C from
salsify (Tragopogon graminifolius) and 16SrVI-A from here's ear cabbage (Conringia orientalis). Contamination
of different agents were seen also in some samples. This is the first report of presence of phytoplasma group
16Sr1-B and 16SrXII-A in potato in Iran.

Conclusions: Despite the similarities between the symptoms of purple top and the formation of air glands in
potato fields, the disease is caused by phytoplasmic agents, PLRV, and rhizoctonia fungi, in its management, the
cause of the disease should be identified.

Keywords: PCR, Phytoplasma, PLRV, Purple top, RFLP
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Figure 1- The polymorphism of the HYCSG marker in three varieties Vada, L94, Yousef and RIL-27 line (R- Resistance S-
Susceptible M- Marker size 1Kb of Fermentas Company)
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Figure 4- Amplicated bands in parents and F2 population by mlo-6 and mlo-10 marker on agarose gel 2% M- - Marker size
1Kb of fermentas company (The presence of resistance allele mlo in plant samples with numbers 95, 96, 87, 80, 86, 82, 88, 83
and absence of resistance allele in plant samples with numbers 92, 84, 89, 93)
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Figure 6- The process of spreading symptoms of leaf stripe disease on one of the F2 population
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Table 2- The result of phenotypic evaluation for response to powdery mildew and leaf stripe and genotyping evaluation for
the presence of Rdgla and mlo-11 alleles
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index) name F) index)
1 0 R 70 0 R
2 0 R 71 0 R
3 0 R 72 0 R
4 0 R 73 0 R
5 0 R 74 0 R
6 1 R 75 0 R
7 1 R 76 0 R
8 1 R 7 0 S
9 0 R 78 0 S
10 1 R 79 1 R
11 0 R 80 0 R
12 0 R 81 0 R
13 1 R 82 0 R
14 0 R 83 0 R
15 0 R 84 1 S
16 0 R 85 1 R
17 0 R 86 0 R
18 0 R 87 0 R
19 0 R 88 0 R
20 0 R 89 1 S
21 1 R 90 0 S
22 0 R 91 1 R
23 0 R 92 1 S
24 1 R 93 1 S
25 0 R 94 0 R
26 1 R 95 0 R
27 1 R 96 1 R
28 0 R
29 0 R
30 0 R
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Introduction: Powdery mildew and Leaf stripe diseases are the most important of barley fungus diseases in
Iran. Identification of new genetic resources and breeding for resistance is one of the most economical and
adaptive methods for controlling these diseases. Therefore, the aim of this study was an identification effective
molecular marker for detection Rdgla and mlo resistance alleles for Marker Assisted Selection against two
diseases Leaf stripe and powdery mildew.

Materials and Methods: This study was conducted on F, population derived from crosses the RIL-27 that
has Rdgla, mlo-11 resistance alleles and Yousef which has susceptible alleles (rdgla, MLO). The RIL27 line is
one of the lines of the recombinant inbred line population that derived from a cross between the VADA cultivar
and the L94 Ethiopian line. 60 samples of F, population were divided into two populations of 30 for genotyping
and phenotyping against two diseases. We used HVCSG and mlo-6 and mlo-10 markers for the presence
detection Rdgla and mlo-11 respectively. Also Manchuria cultivar, which is susceptible to powdery mildew was
used to produce inoculum powdery mildew. Genomic DNA of the plants was extracted from non-infected leaves
in a two-leaf stage by using the CTAB method. Then, the quantity and quality of extracting DNA were studied
by using (Thermoscientific (USA)) and Agarose gel (1%). The HVCSG, mlo-6 and mlo-10 markers amplified
fragments 705, 440 and 380 base pairs respectively. Phenotyping evaluation against P.graminea was performed
by using the sandwich method and for phenotyping evaluation against B. graminis was done using Aghnoum and
et al method. And then the percentage of infect plants were counted.

Results and Discussion: In this study at first, HYCSG marker was used to distinguish Rdgla resistance
allele in parents and F, population. This marker amplified the 705 base pair band that the result obtained was
corresponding to what Biselli and et al showed in 2010. Biselli et al. Developed the HVCSG molecular marker
to identify the Rdgla resistance allele in the RIL population from the VADA x L94 crosses by rice EST
sequence and they said, this marker amplifies the region from 4500 to 5025 sequences encoding the Shalcone
synthase gene. But in this study, the results of using this marker in the F, population are completely inconsistent
with what Biselli and et al have stated. The results show that the HVCSG marker has a low efficiency. Second to
check and confirm the presence of mlo-11 allele of mlo-6 and mlo-10 markers were used. The size of amplified
regions (440 of the mlo-11 gene and 380 base pairs of the MLO gene) was corresponding to the results of
Reinstadlr and et al. showed that these markers amplified 380 and 440 base pair fragments. After of inoculation
test and the appearance of the symptoms of the diseases the percentage of infect plant for phenotyping against
leaf stripe disease was counted. The Yousef cultivar, which was infected with P. graminea as a susceptible
parent, showed success in the inoculation test. In other samples, 24 days after planting, symptoms of leaf stripe
disease appeared in the five leaf stage. First, on the infected leaves, a yellow strip appeared, and most of the
leaves that were later formed showed signs of the disease. Then the yellow strips on the leaves infected joined
each other and caused the death of the leaf. Two resistant parents, RIL27 and VADA showed very low
symptoms of leaf stripe disease. The results of inoculation test in this study was corresponding with studies from
Arru and et al (2002) and Biselli and et al (2010). Arru et al showed that VADA was showing very little about
7% of the symptoms disease due to the presence of the resistance gene. Biselli and et al (2010) also reported that
the percentage of infections in VADA parent is 2%. For phenotyping evaluation against powdery mildew disease
after infecting the seedlings with B. graminis fungus, in the Yousef parent, symptoms were observed as white
fluffy dots on the leaf surface. In the VADA variety, there were necrotic points. L94 and RIL-27, which had mlo-
11 resistance gene, did not show any symptoms of the disease. L94 is a native Ethiopian cultivar that allele
carries mlo resistance, so it is resistant to powdery mildew. The F, population showed different signs based on
the presence and absence of allele resistance. The samples with resistance allele, there were appeared mildew
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cholestasis and necrosis symptoms, and those that did not have resistance alleles were appeared necrotic and
fluffy symptoms. In mlo-11 resistance alleles, the necrotic symptoms can be due to the presence of the Ml (La)
resistance gene and also the pleiotropy effects of the molecular gene. Xintian et al reported that the mlo genes
were not without pleiotropic effects, and necrotic symptoms on leaves of plants with mlo-11 resistance gene
could be due to the effect Overlapping of the mlo gene with other QTLs. Conventional plant breeding methods
are based on phenotypic selection of superior genotypes in segregation generation. Phenotyping methods are
often costly and time-consuming for specific traits, but Marker Assisted Selection (MAS) is one of the methods
developed to prevent of common problems in conventional plant breeding techniques. In some studies, the
researchers pointed to use of molecular markers for facilitating of plant breeding programs.

Conclusion: Molecular markers are used as a new tool for increasing the efficiency of breeding programs to
identify genetic resources. In addition, shortening the duration of breeding programs and the selection of
recessive alleles, the molecular markers helps to facilitate the pyramiding of resistance genes to provide a broad
and durable resistance. In general, the development of efficient molecular markers and the identification of
different genetic resources against plant diseases and the pyramiding of resistance resources are preventing of the
increasing use of chemical pesticides and fertilizers to control the pathogen.

Keywords: Leaf stripe, Marker assisted selection, Powdery mildew
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Table 1- Probit analysis of mortality percentage-Logarithm concentrations of essential oils of rosemary and lavender on
Callosobruchus maculatus under laboratory conditions
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Figure 1- Fumigant acute toxicity of essential oil of lavender on Callosobruchus maculates mortality under laboratory
conditions
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Figure 2- Fumigant acute toxicity of essential oil of rosemary on Callosobruchus maculates mortality under laboratory
conditions
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Table 2- Analysis of variance of effective essential oil of lavender on adult of C. maculatus under laboratory conditions
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Figure 3- Mean percentage mortality of essential oil of lavender on C. maculatus by multiple Duncan method test
(Different letters showed significant differences (P0<05).
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Table 3- Analysis variance of effective essential oil of rosmary on adult of C. maculatus under laboratory conditions
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Figure 3- Mean percentage mortality of essential oil of rosmary on C. maculatus by multiple Duncan method test
Different letters showed significant differences (P<0.05).

9
g
= % v =2/3623x+2/2119
H -
~ a 7 R? =0/9827
£1
+ 5
=]
T
30
o 1 2
o 1
i
0
S 0 0/5 1 1/5 2 2/5 3
dose(uL/L-1)
(lsa il sy iy Sus) GBIE

iz lojl 1> Clgws (glalall )loea g JolS 0 pubs (595 (w9395 sb ol 5 Gyl il plgs 35 -0 JSS
Figure 5- Simultaneously effective of rosemary and lavender on the adult of C. maculatusat under laboratory conditions
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Table 4- Analysis variance of simultaneously effective of rosemary and lavender on the adult of C. maculatusat under
laboratory conditions
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Figure 6- Mean Comparison of simultaneously effective of rosemary and lavender on the adult of C. maculatusat under

laboratory conditions
*Different letters showed significant differences (P<0.05)
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Introduction: Cowpea weevil (Callosobruchus maculatus) is one of the key pests in the grain storage
warehouses, which feeds on a variety of crops, including cowpea, pea, lentil, mung bean, and bean and causes
damage on them. Sometimes this pest could destroy 100% of the stored bean seeds within 5-6 months. Currently,
fumigants pesticide are used to control of cowpea weevil. This kind of control method has different adverse
effects for consumers and does not provide effective control on the target pest. In order to control this pest in
recent years, environmentally friendly pesticides, especially of plant origin are considered by researchers. In this
regard, the pesticide effects of the rosemary essential oils (Rosmarinus officinalis L.) and lavender (Lavandula
angustifolia Mill.) and their synergistic effects on the adults of Callosobruchus maculatus were studied.

Material and Methods: Bean beetles of this study were provided from Plant, Pest and Disease Research
Institute in Karaj and then were transferred to laboratory of entomology of plant protection department of Jahad
Keshavazi, Gom, Iran. The provided bean beetles were reared in laboratory condition to get mass production.
Bioassay experiments of essential oils were performed with concentrations of 12, 25, 45, 86, 166, and 320
microliters per liter of air on adults of Callosobruchus maculatus (1-3 days) in 27+1°C temperature, 65£5%
relative humidity and a photoperiod of 16 hours of darkness and 8 hours of light. The experiments were done on
a mixture of mung bean and cowpea seeds into 60 ml glass containers in incubators. LCso and LCgp index of each
of the essential oils were calculated by POLO-PC software and analysis of variance was performed using SAS
9.1 software.

Results: The results indicated rosemary and lavender essential oils had insecticidal effect on the bean beetle
and the insect mortality rate increased with increasing concentration. Rosemary essential oil was more toxic than
lavender essential oil. The LC50 values of rosemary and lavender were 17.39 and 40.39 microliters per liter of
air, respectively. To investigate the interaction effect of these two essential oils, another experiment was
performed at previous concentrations in equal proportions (1: 1) of each essential oil and the LC50 value of the
mixture was obtained 15.84 microliters per liter of air.

Conclusion: The synergistic ratio (SR) of lavender and rosemary essential oils was the equal to 1.82, which
indicates that these essential oils intensify the effect of each other. The mean mortality due to respiratory toxicity
of lavender and rosemary and their mixtures were 61.29, 77.38 and 81.58%, respectively.

Keywords: Bioassay, Essential oil, Pest management, Stored product
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Table 1- Characteristics of Golmakan station and pear orchard
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Figure 1- Changes in the mean temperature of the Golmakan station
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Figure 2- Graph of Temperature- growth rate of Codling moth for calculating base temperature
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Figure 3- Changes in cumulative degree-days at Golmakan Station
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Introduction: Codling moth (Cydia pomonella) is one of the most important agricultural pests which
annually damages apples, pears, and walnuts orchards. Like other pests, coldling moth development depends to
the air temperature. Climate changes have many impacts on the environment and pests are affected by these
changes, too. Codling moth has two generations in cold regions and 4 to 5 generations in warm regions per year.
The number of this pest generations and the damages which it caused in the orchards depends on the amount of
received cumulative temperature during a growing season. Increasing the average daily temperature will increase
the cumulative degree-day and subsequently, this can increase the number of pest generations annually. The
increase in the number of pests as a result of global warming can damage the environment and food security
significantly. One of the effects of climate changes on the pest can be identified with an overview of the codling
moth generation and its changes over the past years.

Materials and Methods: Maximum and minimum temperature data of Golmakan synoptic station
(Khorasan Razavi) were used to calculate the number of codling moth generations (1989-2018). Average daily
temperature was calculated using maximum and minimum temperatures. To estimate the degree-day, the base
temperature was obtained by the growth rate method at different temperatures. In this method, the growth rate of
one stage of pest life (egg laying to egg hatching) was recorded at different temperatures and the temperature in
which the growth rate becomes zero was considered as the base temperature. Then, degree-day was calculated by
subtracting the base-day temperature from daily mean temperature and cumulative degree-day for each year was
obtained by summing degree-days biofix to harvest. The biofix date in 2019 was obtained by the pheromone
traps and the first male trapped in the pear orchard near Golmakan station. Pest activity initiates at temperatures
higher than the base temperature, so the biofix date for each year (1989-2018) was selected based on the mean
daily temperature that reached the base temperature and then increased. Biofix in the pear orchard also occurred
under these circumstances. Trend of cumulative degree-day was analyzed by Mann-Kendall nonparametric test
in the statistical period 1989-2018 to examine cumulative degree-day changes. Pheromone trap data in pear
orchards in 2019 and previous studies show that codling moth need about 650°C degrees-day temperature to
complete each generation. Consequently, the number of pest generations for each year was calculated by
dividing the cumulative degree-day by 650 DD. The number of male trapped in pheromone traps from biofix to
harvest and flight peaks shows the number of the codling moth generations in the area of observation. Finally,
the number of codling moth generations in 2019 were compared to the number of generations of this pest in the
statistical period 1989-2018.

Results and Discussion: The average annual temperature in Golmakan station varied from 13.9°C to 16.7°C
from 1989 to 2018. Considering the codling moth growth rate from laying to hatching at 8, 10, 12, 14 16, 18°C,
base temperature in which the growth rate was zero, was obtained 8.4° C. The cumulative degree-day for codling
moth from biofix to harvest in the statistical period 1989-2018 was between 1780°C in 1992 and 2456°C in
2008. Recorded air temperature data by data logger in pear orchard showed that the pest received 2251°C
degree-day in 2019. The results of Mann-Kendall test showed an increasing and significant trend for cumulative
degree-day. After calculating the cumulative degree-day, it was determined that the codling moth had three
generations in the past 30 years except one year. The mean cumulative degree-day was 2067°C in 1989-1998,
2215°C in 1999-2008, and 2300°C in 2009-2018. This shows that the average cumulative degree-day increased
by 143°C in the first ten years and 85°C in the second ten years. According to the results of this study, at the
beginning of the statistical period, pest's life cycle stops at the beginning of the third generation and it enters the
pupal and overwintering stage. Toward the end of the statistical period, pest life cycle is going to complete and
reach to the fourth generation. In 2019, pheromone traps registered 3 pike flights for codling moth in the pear
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orchard near the Golmakan station. Thus, in 2019, there were three generations of this pest in the area of
observation. If these conditions continue, the fourth generation may be presented in the area of observation in
next years.

Conclusion: The results of this study showed that increasing the mean of daily temperature increases the
cumulative degree-day and if the temperature continues to rise, the occurrence of fourth generation will not be
unexpected in the coming years. Damage to apple, pear, and walnut orchards increases by increasing number of
codling moth. Therefore it will be more difficult to control this pest. Under these conditions, using pesticides
will increase in agriculture and there will be environmental problems. According to the results of this study in
order to manage codling moth, it is necessary to determine the exact number of generations and the appropriate
time of spraying due to the time of egg hatching in each region.

Keywords: Base temperature, Climate change, Codling moth, Degree-day
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Table 1- Characteristics of the soil and cow manure studied
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Table 2- Sources of variation, degree of freedom and mean square (MS) analysis of variance metribuzin residues in soil
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Figure 1- The effect of different periods of storage in incubators on metribuzin degradation in soil sterile and non sterile
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Table 3- The parameters that predicted by first order Kinetic equation and persistence metribuzin in experimental treatments
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(Soil type) rganic ] ] G E’robabll

matter(%6) (59,) (59,) 292 ity level

K(mg/kg/day)
0 277.4 80.5 86.49(4.25) 0.0083(0.0017))* 0.004 0.93
o3b ()9 ya 1 302.9 91 90.83(3.14) 0.0076(0.0011) 0.0011 0.95
(Steriled) 5 164.4 495 95.08(2.89) 0.014(0.0001) 0.0001 0.98
10 170.5 51.3 103.61(5.03) 0.0135(0.0014) 0.0014 0.96
0 284.2 85.5 85.84(6.37) 0.0081(0.0025)* 0.022 0.72
oM g yiw 1 158.7 47.8 92.27(3.35) 0.0145(0.0017) 0.0003 0.96
(Non steriled) 5 190.2 57.2 87.92(7.60) 0.0121(0.0035) 0.0181 0.82
10 126.5 38 98.85(4.34) -0.018(0.0008) 0.0006 0.96
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*standard error
DT50y DT90.545 (o0 3565 (135 cile doppte 50+ &S canl Sloj e ,Sobles cud i
DT50 and DT 90, respectively, represent 50 and 90 percent of the time the herbicide is decomposed.

Ks (55 2 £.5555 2 055 (o) cism e 4325 iyt CO(10)3) coms sy algl clals
K coefficient of metribuzin degradation (mg per kg per day) and CO initial concentration of metribuzin (%)
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Introduction: persistence of herbicide in the environment is one of the most important consequences of the
release of herbicide in the soil. This is more important particularly, in soil consumer herbicides such as
metribuzin. Metribuzin is from the group of photosystem Il inhibitors and is widely used for controlling
broadleaf weeds in many crops such as potatoes, tomatoes and wheat. According to available information,
metribuzin has medium and high persistence in soil and the high potential for contaminating groundwater
resources as well as damaging crops in the rotation. Therefore, using strategies for reducing harmful effect of
this herbicide is essential. In this regard, attention to factors affecting the fate of herbicide such as evaporation,
distillation, leaching, surface runoff, absorption by soil and plant matter and especially the role of chemical
analysis and biodegradation is essential and has important role in management of persistence and remains of
herbicide.

Materials and Methods: An experiment was conducted in completely randomized design with factorial
arrangement and three replications. Treatments included the soil at two levels (sterile and non- sterile), cow
manure amount at four levels (0, 1, 5 and 10 based on soil percentage weight), and soil incubation periods at 8
levels (0, 2, 4, 8, 16, 36, 64, 90 days). To perform the test, after preparing the soil to a depth of 0 to 10 cm from
the place that has no history of using herbicide for at least 5 years, the soil samples were transferred the
laboratory to determine the physiochemical properties. For Sterile soil, soil samples were taken at 121 ° C and
2.1 bar pressure in the autoclave for 45 minutes, and this was repeated three times. For contaminated soil to
metribuzin, after preparing the soil, at interested different levels of organic fertilizers (including 50 g dry soil),
the soil samples were contaminated with metribuzin at amount of 5 mg per kilogram of soil (the equivalent of
0.25mg metribuzin in 50 g soil). The sterile water at 75% field capacity soil was then added and the bottles were
closed with vent aluminum paper and placed in the incubator in darkness at 27 ° C for 90 days. After leaving the
soil samples at specific time periods, the extraction of metribuzin from the soil samples was stored in freezer at -
25 °-C to be used for Hplc analyses.

Result: There was no difference in the several levels of organic matter. Extraction efficiency of metribuzin at
levels of 1, 5 and 10% was, respectively, 92.52, 91.76 and 91.51 % compared with the control without the use of
organic fertilizers (95.52). According to the results, degradation rate was more rapid in non-sterile soil, therefore,
metribuzin soil residue was 59.12, 38.18 and 28.55 %, after 36, 64 and 90 days incubation period, respectively,
in non-sterile soil relative to sterile soil. No significant differences in metribuzin residues in the soil, in the first
days of incubation of soil samples, may be related to the lack of a history of herbicide application and need of
compatibility of soil microorganisms to metribuzin. Using 1, 5 and 10 % of cow manure amendment to non-
sterile soil, decreased metribuzin halflife from 85.57 days to 47.80, 57.28 and 38.08 days, respectively, and in
sterile soil its half-life decreased from 83.51 to 91.03, 49.50 and 51.34 days, respectively. Khoury et al. reported
that by increasing the organic matter, the half-life of metribuzin decreases. In this experiment, increasing the
organic fertilizers from 0 to 25, 50.75 and 100% resulted in a reduction of half-life from 15.4 to 12.4, 9.6, 7 and
3.1 day, respectively.

Conclusion: According to the results of this experiment, addition of cow manure can increase metribuzin
degradation in soil and decrease its half-life.

Keywords: Non-sterile, Persistence, Sterile soil
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Table 1- Analysis of variance of weed density and dry weight influenced by seedbed and herbicide application in common
bean field
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ns, * and ** means non-significant, and significant at probability level of 5 and 1%, respectively.
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Figure 1- Effect of herbicide application on weed density reduction percentage in 30 (a) and 60 (b) days after herbicide
application in common bean field
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Figure 2- Interaction effect of herbicide application and preparing seedbed method on weed dry weight reduction percentage
in 30 days after herbicide application in common bean field
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Figure 3- Effect of herbicide application on weed dry weight reduction percentage in 60 days after herbicide application in
common bean field
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Figure 4- Effect of seedbed on weed density (a) and dry weight (b) reduction percentage in 30 and 60 days after herbicide
application in common bean field
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Table 2- Analysis of variance yield and component yield influenced by seedbed and herbicide application
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Figure 5- Effect of herbicide application on number of pod per plant (a), number of seed per pod (b), biologic yield (c) seed
yield (d) and harvest index (e) of common bean
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Figure 6- Effect of seedbed method and herbicide application on biologic yield of common bean
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Introduction: Phaseolus vulgaris L., known as the common bean and green bean among other names, is a
herbaceous annual plant grown worldwide for its edible dry seeds or unripe fruit. Weeds are one of the most
important factors in reducing the yield of common bean. Since tillage promotes germination of many weed
species, tillage followed by destruction of weed seedlings with minimal further soil disturbance often leads to
lower weed density in the crop. This is referred to as the stale seedbed method of planting. In false seedbed
technique, preparation of a seedbed is followed by one or more superficial cultivations as about one-week
intervals prior to planting the crop. Although these procedures are widely used by farmer, they have received
little scientific study. This experiment was conducted to investigate the combined method of using seed bean bed
preparation with application of herbicides such as EPTC, linuron, and trifluralin, in order to bean weeds control
in Aleshtar region.

Materials and Methods: In order to investigate the effect of seedbed preparing methods and soil applied
herbicides in weed management and yield of common bean, an experiment was carried out as factorial in a
randomized complete block design with four replications in 2015-2016 growing season in Hatam Abad village,
Selseleh, Aleshtar, Lorestan, Iran. Experimental factors included seedbed at two levels (fasle seedbed and stale
seedbed) and soil applied herbicides at three levels (EPTC (3 L ha'l), linuron (1.5 L ha™), and trifluralin (1.5 L
ha)). Two treatments including weed infested (as control) and weed free (as treatment), are also considered.
Each plot was divided into two parts, one infested with weed (as contaminated control) and the other treated with
herbicide. The percent reduction of weed density and dry weight were calculated at 30 and 60 days after
spraying. The studied traits were plant height, number of pods per plant, number of branches per plant, length of
pod per plant and number of seeds per pod, economic and biological yield and harvest index. The SAS9.2
software was used to analyze the data.

Results and Discussion: The results showed that weed dry weight reduction (79.09% and 78.57%) was
greatest in stale seedbed plus EPTC and trifluralin at 30 days after herbicide application (DAHA), respectively.
While, the lowest reduction in weed dry weight (28.27% and 35.41%) was observed in stale and false seedbed
with linuron application. Weed dry weight reduction at 60 DAHA in false seedbed (76.58%) was lesser than
stale seedbed (84.34%). The highest and lowest weed density and dry weight reduction percentages (90.38% and
89.69%) and (64.48% and 64.48%)) were obtained trifluralin and linuran, respectively. The highest percentage
of increase in number of pods per plant belonged to weed free (52.01%), followed by linuron (42.5%), EPTC
(40.43%) and trifluralin (34.34%). The highest percentage of increase in the number of seeds per pod belonged
to weed free (36.14%) and then EPTC (29.54%), linuron (28.06%), and trifluralin (28.06%). Regarding grain
yield, the highest percentages were weed free (52.92%), EPTC (44.11%), linuron (31.13%) and trifluralin
(30.30%), respectively. The highest percentage of biological yield increase belonged to weed free (32.46%),
linuron (25.5%), EPTC (20.81%), and trifluralin (17.83%), respectively. The highest percentage of harvest index
belonged to weed free (34.33%), followed by linuron (21.37%), EPTC (19.55%), and Trifluralin (18.23%).

Conclusion: The result of present study showed that trifluralin could control weed more than EPTC and
linuron. The weed dry weight reduction percentage in the stale seedbed was also higher than that of the false
seedbed. In all treatment, the percentage of yield increase of weed free was higher than the other treatments.
Except for grain yield, which showed a significant difference in herbicide treatments, other treatments did not
differ significantly. Totally, the false seedbed technique has several limitations. First it can only be effective if
the soil is warm and moist enough to allow germination of weed seeds. A second limitation is that the soil is kept
bare and loose for a more period, and this may lead to more erosion. A third limitation is that yield may be lost if
planting is delayed by the pre-plant cultivation. A fourth problem is that although cultivation prior to planting
may greatly reduce one set of species, if planting is delayed, a new set of species may become physiologically

1, 2 and 3- Former M.Sc. Student in Weed Science and Assistant Professors of Plant Production and Genetics
Department, Faculty of Agriculture, Agricultural Sciences and Natural Resources University of Khuzestan, Bavi,
Mollasani, Iran, respectively.
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ready to germinate.
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Introduction: Rapeseed (Brassica napus L.) represents considerable diversity in vigorous potential
depending on field management practices, such as herbicides application which is an effective option in rapeseed
production. Herbicides types determine time and application method; thereby utilizing different types of
herbicides influences competitive ability of rapeseed against weeds and subsequently alters the outcome of the
competition depending on agro-ecological conditions and existent weed populations. Moreover, response to
different type of herbicides can vary among weed populations, and one or more population might be more
constrained, which would change the weed population dynamics. This experiment was conducted to evaluate the
efficacy of some preplant, preemergence and postemergence registered herbicides (in Iran) besides cultivation on
weed control and rapeseed yield.

Materials and Methods: A randomized complete block design with 20 treatments each in three replications
was established in Mahidasht region of Kermanshah Province. The treatments included preplant soil
incorporated application of trifluralin+ postemergence application of haloxyfop (treatment 1), preplant soil
incorporated application of trifluralin+ postemergence application of sethoxydim (treatment 2), preemergence
application of pendimethalin + postemergence application of haloxyfop (treatment 3), preemergence application
of pendimethalin + postemergence application of sethoxydim (treatment 4), postemergence application of
clopyralid + postemergence application of haloxyfop (treatment 5), postemergence application of clopyralid +
postemergence application of sethoxydim (treatment 6), postemergence application of clopyralid +
postemergence application of cycloxydim (treatment 7), postemergence application of clopyralid +
postemergence application of clethodim (treatment 8), postemergence application of clopyralid + postemergence
application of cycloxydim quizalofop (treatment 9), postemergence application of clopyralid + postemergence
application of fluazifop (treatment 10), postemergence application of haloxyfop (treatment 11),postemergence
application of sethoxydim (treatment 12), postemergence application of cycloxydim (treatment 13),
postemergence application of clethodim (treatment 14), postemergence application of quizalofop (treatment 15),
postemergence application of fluazifop (treatment 16), one (treatment 17) and two cultivation (treatment 18), and
weed infested (treatment 19) and weed free (treatment 20) conditions.

Results and Discussion: The results revealed that the clopyralid application with grass herbicides effectively
reduced both density and dry weight of broadleaf weeds. Clopyralid application along with haloxyfop-methyl
decreased wheat (as a weed in canola, and the prior crop in the field) density and dry weight as much as weed-
free conditions. Applying clopyralid with other grass herbicides also resulted in significant reduction compared
to weed infested control. Application of trifluralin and pendimethalin with each of haloxyfop and sethoxydim
was not significantly different in terms of density and dry weight of broadleaf weeds and total weeds (total
weed-plants except wheat), and also density of total weed-plants (including wheat). Thus, they caused
substantially reduction in density and dry weight of broadleaf weeds and total weed-plants. However, they were
not as effective as weed free treatment. As compared with sethoxydim, application of Haloxyfop accompanied
by either trifluralin or pendimenthalin was more effective for wheat control (as a weed); as density and dry
weight of wheat and dry weight of total weed-plants in treatments of trifluralin along with haloxyfop were
significantly lower than with sethoxydim. Using acetyl coenzyme A carboxylase inhibitors alone which did not
control the broad-leaf weeds properly. The haloxyfop caused a higher decrease in density and dry weight of
wheat (as a weed), while the least impact was found for fluazifop. The effect of twice cultivation on weed
density and dry weight was not significantly different from once cultivation, therefore, weed density and dry
weight were higher than weed free condition. However, they were less than weed-infested condition. In general,
Although none of the treatments were able to decrease total weed-plants (including wheat as a weed) density and
dry weight up to the weed-free condition, but applying clopyralid with grass herbicides considerably reduced the
total weed density (total weed-plants minus weeds) as well as the level of weed-free conditions. For canola traits,

1, 2 and 3- Former M.Sc. Student, Assistant Professor and Professor, Faculty of Agricultural Science, University of
Guilan, Rasht, Iran, respectively.
(*- Corresponding Author Email: mohammadvand@guilan.ac.ir)
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hand weeding treatment showed superiority to the other treatments. The magnitude of loss occurred in plant
height, biological yield, grain yield, harvest index, Silique number per plant, grain number per plant, 1000-grain
weight and grain oil percentage was 26, 48, 81, 63, 59, 6, 51, and 5 %, respectively. The maximum reduction in
rapeseed measured traits was observed to be 7 % for clopyralid applied along with haloxyfop, 11 % for
quizalofop, 16 % for fluazifop, 17 % for clethodim, and 20 % for the other grass herbicides. Using trifluralin and
pendimethalin with each of haloxyfop and sethoxydim was not significantly different from the individual
application of acetyl coenzyme A carboxylase inhibitors; and consequently it does not appear to be an
appropriate option.

Conclusion: Weed competition not only reduces grain yield, but also grain oil (5% loss). Since a yield
reduction between 5% and 10% is acceptable with herbicide application, it is possible to utilize clopyralid along
with haloxyfop-methyl in rapeseed fields particularly where wheat has been previously cultivated.

Keywords: Chemical weed management, Clopyralid, Grass herbicides, Pendimethalin, Trifluralin
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Table 1- Statistical summary of population and biomass data of weeds in the field
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Table 2- Spherical and exponential model parameters of semivariogram for weeds density and dry biomass
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Figure 2- Emperical cross-semivariograms between a: wheat biological yield and weed density, b: wheat biological yield and
weed biomass, c: wheat grain yield and weed density, d: wheat grain yield and weed biomass
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Figure 3- Kriged maps of weed density (a), biomass (b), wheat biological yield (c), wheat grain yield (d), and pixel value (e)
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Figure 5- Cross-semivariograms models between biological (a) and grain yield of wheat with numerical value data of pixels
derived from aerial image
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Figure 6- Cross-semivariograms models between density (a) and biomass of total weeds with numerical value data of pixels
derived from aerial image



IPAQ Ll (¥ o lols FF ule (((55,9LiS auluo g pole) (lolS cblis 4 pis  YPA

cw o jra slacale 0dg7 Can g oST5 &S 0 s s
P Codgiae (nlplis g laSd @je5 oVl Sl 4e 5
sl Ulgs o i oy s an Laas) o o plie
paFde (ponen Nj ) pAS 3 Slas g A8) (gl ) (99Kl
JoB e by ylas o lop yaal leMbl i solawsl b a8” ai
ile 0395 Cunj g @515 (g g pAS 4 9 SoTglgn 3Sles Jo8
S GoSeal (5 5k 90 ol asyje gaw ) im0 sl
Slagby) dhwg 5o ladile o3gicun; g @51y 5 paS 5Sos
3293 3 omis (he) 9 039 (yp S Sl U]
Ol adllas 3 (255 Jeily 55 2l polal a5 Bk
o sloly 5l (S5 oSS a0 )b lalS 5 Sl 5 My S
Sl g 4 5 g o LS e b cslite Co e (38
)‘ olawl )‘A_»L d))9'.w5 LY Lf’l"‘”‘“") 9 LE’LM dl.asa.)l.eé d)..m
SleMbl cenS jglate 4 lmodls 1JUT ¢ (6)9l0,5 pg (sl oo,
293 51 e 5 Lol e slabg) b ) 4 Adl e as )3
g J.ibl9> P pwd JJL‘?

ey jr sladide Gl ogad )3 o3bj Clids
SbgSw 59y 0 el (JUomd (sl (93 9 2 0lsn slauSe
sl 015 ploxil (ygST (JS3 b gy 9815 Aiile) (e

oslitl L 1y o yrols (V0) o Kam 5 Lo Jlto olyins
a PLE o Vel 1S cllas L a5 00,8 ang 2oy g0
2l il osly 5 5 e U5 pmile (la Sagl sy aoo
5 o3lial Uy (VF) 5 LSad 5 oY (i i gy lalS
Oil jrrcids gl oS Sl Jlemd ) peSe pse
odpiie A3 138 () 3y90 IS SIS 9 ol e 3 1) (g
L ol ol marlae o slacile sl JuSy o conl
FomalS 48 5y5-kay g oo (gx0g)S 03) 90 b 5 S 2,
O g MS o (s3iu0g)S 1y alite (oSUl gyl sl bl oles
2l 3l ey 895 5y sl jasto sla Sapl 5 )b
(8) 23,5 (o0 SSE B legdge

8 5 4ol

&l

1- Ahmad Z., Khan S. M., Abd_Allah E.F., Algarawi A.A., and Hashem A. 2016. Weed species composition and
distribution pattern in the maize crop under the influence of edaphic factors and farming practices: A case study
from Mardan, Pakistan. Saudi Journal of Biological Sciences 23(6): 741-748.

2- Berni J.A., Zarco-Tejada P.A., Suarez L., and Fereres E. 2009. Thermal and narrowband aerial vehicle. IEEE
Transactions on Geoscience and Remote Sensing 47(3): 722-738.

3- Bigwood D.B., and Inouye D.W. 1988. Spatial pattern analysis of seed banks: an improved method and optimized
sampling. Ecology 69: 497-507.

4- Calvino P., and Sadras V. 2002. On-farm assessment of constraints to wheat yield in the south-eastern Pampas.
Field Crop Research 74: 1-11.

5- Cambell J.B. 2002. Introduction to Remote Sensing. 3™ ed. New York. Gulford. 622.

6- Cardina J., Sparrow D. H., and McCoy E.L. 1996. Spatial relationships between seed bank and seedling
populations of common lambsquarters (Chenopodium album) and annual grasses. Weed Science 44: 298-308.

7- Clay S. A, Kreutner B., Clay D. E., Reese C., Kleinjan J., and Forcella F. 2006. Spatial distribution, temporal
stability, and yield loss estimates for annual grasses and common ragweed (Ambrosia artimisiifolia) in a corn
/soybean production field over nine years. Weed Science 54: 380-390.

8- Colbach N., Forcella F., and Jonson G.A. 2000. Spatial and temporal stability of weed factors on the weed flora in
crops in the Gadalyvir. Valley 30: 375-382.

9- Goudy H.J.,, Bennett K.A., Brown R.B., and Tardif F.J. 2001. Evaluation of site-specific weed management using a
direct- injection sprayer. Weed Science 49: 359-366.

10- lIsaaks E.H., and Srivastava R.M. 1989. An Introduction to Applied Geostatistics. Oxford University Press. New
York. 561p.

11- Jiang P., and Telen K.D. 2004. Effect of soil and topographic properties on crop yield in a north- central corn
soybean cropping system. Agronomy Journal 96: 252-258.

12- Jurado-Exposito M., Lopez-Granados F., Garcia-Torres L., Garcia-Ferrer A. Sanches de La Orden M., and
Atenciano S. 2003. Multi-species weed spatial variability and site-specific management maps in cultivated
sunflower. Weed Science 51: 319 -328.

13- Kipp S., Mistele R., Baresel P., and Schmidhalter U. 2014. High-throughput phenotyping early plant vigor of
winter wheat. European Journal of Agronomy 52: 271-278.

14-

Lamb D.W., Weedon D., and Rew L.J. 1999. Evaluating the accuracy of mapping weeds in seedling crops using
airborne digital imaging: Avena spp. in seedling triticale. Weed Research 39: 481-492.



Y#4

299 5 iz 3 65T (ym0 S sH3. 31 08liiuol b 558 SUALE (s Ailiuo puif 5,Slas 3 by (il bl | axlline

15-

17-

18-

20-
21-

22-

23-

25-

26-

27-

28-

29-

30-

31-

32-

33-

34-

Lass L. W., Carson H. W., and Callihan R.H. 1996. Detection of Yellow Starthistle (Centaurea solstitialis) and
Common St. Johnswort (Hypericum perforatum) with Multispectral Digital Imagery. Weed Technology 10(3):
466-474.

Lowenberg DeBoer J., and Erickson K. 2000. Precision Farming Profitability Purdue. University, Ag
Communications, West Lafayette in USA 132.

Lu J., Miao Y., Huang Y., Shi W., Hu X., Wang X., and Wan J. 2015. Evaluating an unmanned aerial vehicle-
based remote sensing system for estimation of rice nitrogen status. 4th International Conference on Agro-
Geoinformatics, Istanbul, 20-24 July 2015, 198-203.

Makarian H., and Hosseini R. S. 2011. Spatial distribution of weed and its effect on wheat (Triticum aestivum L.)
biomass. Journal of Agriculture Science 3(4): 31-47. (In Persian with English abstract)

Makarian H. 2008. Investigation of spatial and temporal dynamic of weed seed bank and seedling populations and
its effect on saffron (Crocus sativus L.) leaf dry weight under different weed management conditions. Ph.D. Thesis
in weed science. Ferdowsi University of Mashhad: 193pp.

Mohammadi J. 2002. Spatial variability of soil fertility, wheat yield and weed density in a one-hectare field in
Shahre Kord. Journal of Agricultural Science and Technology 4: 83-92.

Montazeri M., Zand A., and Baghestani M.A. 2004. Weeds and Control Them in Iran Wheat Fields. Agriculture
Education Press. 85 pp. (In Persian with English abstract)

Nassiri Mahallati M., Koocheki A., and Jahani M. 2016. Estimating Within Field Variability of Wheat Yield Using
Spatial Variables: An Approach to Precision Agriculture. Journal of Agroecology 3: 329-345. (In Persian with
English abstract)

Nordmeyer H. 2006. Patchy weed distribution and site-specific weed control inwinter cereals. Precision
Agriculture 7: 219-231.

Rasmussen J., Nielsen J., Garcia-Ruiz F., Christensen S., and Streibig J. 2013. Potential uses of small unmanned
aircraft system (UAS) in weed research. Weed Research 53: 242-248.

Sankaran S., Khot L.R., Espinoza C.Z., Jarolmasjed S., Sathuvalli V.R., Vandemark G.J. 2015. Low-altitude, high-
resolution aerial imaging systems for row and field crop phenotyping: A review. European Journal of Agronomy
70: 112-123.

Sawasawa H.L.A. 2003. Crop yield estimation: integration RS, GIS and management factors. ITC, International
Institute for Geo-information science and earth observation Enscheda, The Netherlands.

Shahbaziyan N., Dadi A., and Irannejad H. 2007. Response of winter wheat yield to rotation with wheat, fallow,
soybean and alfalfa and application of manure in Qazvin province in Iran. Journal of Agriculture Science 13: 125-
135. (In Persian with English abstract)

Singh R. 2012. Weed management in irrigated wheat (Triticum aestivum) with special reference to buttercup weed
(Ranunculus spp.) in north-west Himalayas. Indian Journal of Agricultural Sciences 82: 706-710.

Stribig J. C., Rasmussen J., Andujar D., Anderson C., Berge T. W. 2014. Sensor- based assessment of herbicide
effects. Weed Research 54(3): 223-233.

Taugourdeau S., Le Maire G., Avelino J., Jones J.R., Ramirez L.G., Jara Quesada M., and Roupsard O. 2014. Leaf
area index as an indicator of ecosystem services and management practices: An application for coffee agroforestry.
Agriculture, Ecosystems & Environment 192: 19-37.

Torres-Sanchez J., Lopez-Granados F., De Castro and A.l., Pend-Barragan J.M. 2013. Configuration and
specifications of an unmanned aerial vehicle (UAV) for early site specific weed management. PLoS One 8(3),
Published: March 6 2013.

Torres-Sanchez J., Pena J.M., de Castro A.l, and L6pez-Granados F. 2014. Multi-temporal mapping of the
vegetation fraction in early-season wheat fields using images from UAV. Computer and Electronic in Agriculture
103: 104-113.

Wang L., Chen F., Zhang F., and Mi G. 2010. Two strategies for achieving higher yield under phosphorus
deficiency in winter wheat grown in field conditions. Field Crops Research 118: 36-42.

Zhou X., Zhng H., Xu X., and He J. 2017. Predicting grain yield in rice using multi-temporal vegetation indices
from UAV- based multispectral and digital imagery. Journal of Photogrammetry and Remote Sensing 130: 246-
255,



Journal of Plant Protection f ) (8353 glwe g pale) LS cbilis & Wid

Vol. 34, No. 2, Summer 2020, P. 259-271 = ‘ﬁy—}zf, YO-YVY .o IFAQ Lausli Y oles FF ul>

Spatial Dependence of Growth and Yield of Winter Wheat and Weeds Using
Geostatistical and Remote Sensing Methods

M. Moradi Kalbolandi'- H. Makarian?*— M. Baradaran Firouz Abadi*~ H.R. Asghari*
Received: 01-02-2020
Accepted: 06-05-2020

Introduction: Understanding the spatial relationship of weed populations and crop growth and yield within
fields is increasingly important as methods are being developed for the site-specific management of weeds.
Knowledge of spatial variability helps to improve weeds and crop management efficiency. It is well known that
weed populations have a patchy distribution and a weed patch is considered stable if is consistent with density
and location over time. Most of the spatial variability studies about weed populations have provided very precise
information for site-specific recommendations and they are referred to as density data. The knowledge of spatial
patterns within a field is critical not only to farmers for potential variable rate applications, but also to select
homogenous zones within the field to run crop models with site-specific input to better understand and predict
the impact of weeds, soil and landscape characteristics on spatial and temporal patterns of crop yields to enhance
resource use efficiency at field level. Remote sensing and geostatistic methods have been widely explored as a
tool for detection and mapping of weeds distribution in agricultural crops. Remote sensing is the science and art
of obtaining information about an object, area, or phenomenon through the analysis of data acquired by a device
that is not in contact with the object, area, or phenomenon under investigation. Thus, on the basis of different
types of platforms carrying specific sensors, agricultural remote sensing could generally be categorized into
satellite, aerial, and handheld or tractor mounted remote sensing. The cross-semivariogram analysis is one of
geostatistical methods to describe the joint spatial dependence, or continuity between two variables such as crop
yield and density of weeds and other pairs of variables that are influenced by the same local conditions or spatial
processes. The objective of this study was to describe the spatial relationship between winter wheat and weeds
using geostatistic and remote sensing.

Material and Methods: Geostatistic and remote sensing techniques were used to describe spatial
relationship between weeds distribution and wheat biological and grain yield on a winter wheat fields located in
Faculty of Agriculture, Shahrood University of Technology in growing season 2017-2018. Wheat traits such as
biological and grain yield, weed density, and biomass were measured at 110 points of field based on an 8x8 m
grid. Also, in order to investigation of biological and grain yield of wheat using remote sensing, an aerial image
was taken by a quadcopter from the height of 120 m and then numerical values of aerial image pixels extracted
and analyzed using geostatistics methods. Before subjecting data to spatial statistical analysis, they were log-
transformed and detrended by a median polishing procedure as described previously. To describe the co-
continuity of two variables (wheat yield and weeds populations) cross-semivariance was used. Semivariograms
and cross-semivariograms were calculated both using GS+ and Variowin (Software for spatial data analysis in
2D, Spring Verlag, New York, USA) softwares, respectively.

Results and Discussion: Semivariogram analysis showed that total weed density and biomass had patchy
patterns on the field. Cross-semivariograms showed weed density and biomass had negative spatial correlation of
75.89 to 62.50% with wheat biological yield and negative spatial correlation of 91.9 and 56.25 with grain yield
of wheat, respectively. Remote sensing data showed a strong correlation of 88.23 and 78.12% with biological
and grain yield of wheat, respectively. High spatial dependence was observed between the maps of biological
and grain yield of wheat. Also, weed density and biomass patterns on the maps of weeds were similar to patterns
of wheat biological and grain yield on the maps. Competition for resources among plants has long been
considered to generate stress for plants and to be important for determining the distribution of species, as well as
their evolution. Weeds reduce crop yields primarily by competing with the crop for limited resources (light,
water, nutrients, etc.). Knowledge of the distribution of weeds across the field creates an opportunity for site-
specific weed management. One potential way to utilize this information is through variable-rate herbicide
application (VRA). While mapping weeds via field scouting or remote sensing for precisely varying application
can be expensive, photographs taken from an airplane at times when weed-crop discrimination is good may be a
more affordable method of roughly mapping weed patches to allow for some reduction in herbicide use.

1, 2, 3 and 4- M.Sc. Student and Associate Professors, Department of Agronomy and Plant Breeding, Faculty of
Agriculture, Shahrood University of Technology. Shahrood, Iran, respectively.
(*- Corresponding Author Email: h.makarian@yahoo.com)
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Conclusion: Base on this experiment results, weed density and biomass had a patchy distribution and so they
can, depending on their impact degree, affect the growth and yield patterns of wheat in a non-uniform manner.
Also geostatistical and remote sensing data has great potential for study of plant distribution and their
relationships on the fields.

Keywords: Aerial image, Growth heterogeneity, Spatial distribution, Yield map
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Table 1- Parameter related to the sigmoid model 3 parameters of bentazon herbicide dose on weeds biomass

f = a/( 1+exp( -( x-Xo)/b)) a(st) b( st) Xo (st) R? P
s Treatment
Awls untreated 592.9(28.5) 11.9(1.8) 47.7(2) 0.99 0.007
oiSdile cdalé wo ) 0 389.5(32.3) 6.1(2.8) 47.1(3) 0.96 0.03
Herbicide dose 50 %
oiSaile cbals aop e 198.6(13) 8.1(2) 51.3(25) 0.98 0.01

Herbicide dose 100%

3ylibisl gllas ol ST o3 B+ & 5acile 0098 Cunj LialS s (iScale 5L 550 55 Xp cad i (o Cile 0095 Gy Hlake ySTus: @
a: Maximum weed dry matter , b: Slope of the curve, X0:point of dry matter to 50%, St: standard error
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Figure 1- Effect bentazon herbicide doses on weeds biomass during the growing season
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Table 2- Parameter related to the sigmoid model 3 parameters of different densities on weeds biomass

f = a/( 1+exp( -( X-X0)/b)) a(st) b( st) Xo ( St) R? P
sbowd Treatment
il digy w515 468.9(31.2) 9.8(2/2) 50.6(2.6) 0.010.98
planting optimum density
CuilS iy w515 j1 i Loy Vo, 458.9(31) 9.8(2.3) 50(2.5) 098 0.01
20% more planting optimum density
CuilS iy w515 j1 5 e Loy o7 366.9(31.2) 7.8(2.9) 47.1(3.3) 096 0.03

40% more planting optimum density

3,ylbunl gllas e St ¢ Suid odlo duo > B+ uJ g5 alads Xp cbad i D ¢yb cale 0357 Camj Hlide (iSTas:a
a: Maximum weed dry matter , b: Slope of the curve, X0:point of dry matter to 50%, St: standard error
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Figure 2- Effect of different densities of bean on weeds biomass during the growing season

59 Sladile S a3lo 1 CudlS B9, T Gasigean (55l s Juto 41 bgsye 5 yiol,ly - Sy
Table 3- Parameter related to the sigmoid model 3 parameters of planting method on weeds biomass

f=a/( 1+exp( -( X-Xo)/b))

o Treatment a(st) b( st) Xo ('st) R? P
51 Akhtar 4713 (32.2) (2.1)7.9 (2.6)50.3 0.98 0.01
5 Goli 390.09 (28.6) 10.2(2.4) (2.9)51.09 098 0.01
bl Intercropping 414.07  (15.6) 1.2)7.9 (1.4)485 0.99 0.006

5ylbisl gllas e St ¢ s 0dlo duoyd B+ A g5 alais 2Xp <t o D ¢yb cale 0395 Cann ) Hlade Sl a
a: Maximum weed dry matter, b: Slope of the curve, Xo:point of dry matter to 50%, St: standard error
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Figure 3- Effect planting method on weeds biomass during the growing season
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Table 4- Results of analysis of variance (mean squares) of different planting densities, herbicide dose and planting method on

bean yield
Ol pnid 2abio GMilan,y Al Slos  Sojdom d,Slos  Colls g yad L
S.0.V df Seed yield Biologic yield HI
Block <l 3 2233.12" 32766.16 ™ 12.03m™
Planting method c.ils” 39, 2 34193.86 ™ 132762.48° 2726.68™
Herbicide s e 2 213728.37" 580829.45™ 450.92 ™
Planting Density culs 1,5 2 19335.7* 832457.09™ 1016.07™
PM*H s dilescusls s, 4 198896.76™ 347471.21° 835.15™
PM*PD culs oS1 5% cusls o, 4 39177.86" 114217.86" 751.16"
H*PDcusls oS5 18 cale 4 70023.18™ 130988.55™" 922.11*
S dlencdl SRl by g 6714815  177088.58" 396.68 ™
PM*PD*H
Error ks 78 13912.4 33101.59 200.74
Total
cvel Mi 5 17 446 317 36

20> Vg0 Jlassl pdass )3 5> (dme yl> dme b iy 4y i g% NS
ns *,** Non Significant, Significant at 5% and 1% levels of probability, respectively.
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Table 5- Mean comparison results of interaction effects of herbicide application and planting method on bean yield

CuslS g, (1) s ke &l 3 ) Slos Suiglom 3y8los Cuild g bl
Planting method Herbicide (&30 5% 53 255) (@205 53 p55) (%)
Seed yield Biologic yield HI (%)
(gr/m? (gr/m?)

Akhtar ! 0 132.92¢ 317.48¢ 38.39%
Akhtar 3 50 173.62¢ 406.89% 37.45%
Akhtar ;3 100 463.862 832.632 55.42

Goli s 0 134.75¢ 428.59¢€ 23.91°

Goli s 50 341.318¢ 682.8%¢ 37.12®

Goli s 100 179.88% 571.07bcde 22.340
Intercropping Lslses 0 220.52bcd 539.64bcde 38.76%
Intercropping bl 50 372.25% 740.44% 44,052
Intercropping bl 100 246.84bcd 602.73cd 423

Lug) 3,80os 52 CdlS 051,59 CandlS' (g, Jillte 1 (S0lo dummllio g5 -1 Jga
Table 6 -Mean comparison results of interaction effects on planting method and planting density on bean yield

&> 3 Slos S 9 g 3,5es

L o 51 ] L) ety sl
""“_""S 2] “'“_"G ‘J,”_ (&0si0 2 0 5)  (@iy0ri0 13 0,5) HI (%)
Planting method Planting density Seed yield Biologic yield
(gr/m?) (gr/m?)

Akhtar s optimum density 228.26% 470.32% 42.392
Akhtar ;3 20 % higher than the optimum density 247582 478.95% 47.472
Akhtar ;3 40 % higher than the optimum density 294572 607.158¢ 41.432

Goli _Js optimum density 67.24° 311.89¢ 11.71°
Goli J5 20 % higher than the optimum density 271.132 572.678¢ 38.142
Goli s 40 % higher than the optimum density 317.582 798.13% 33.522
Intercropping L gl optimum density 226.47% 545,630 41.812
Intercropping Lyl 20 % higher than the optimum density 265.932 555,97 41,582
Intercropping Lyl 40 % higher than the optimum density 346.552 813.762 41.902

Lug) 3,Skos 2 CodlS 051,59 (39 S e Lliie 51 (5eSilee dumnllo G -V Jgo
Table 7- Mean comparison results of interaction effects on herbicide application and Planting density on bean yield

als 3,50es S joem > Nos

0 “C A - - _ _ X Caild 3 AL
() s i Csls o517 (@050 1 0)5)  (&2y0550 32 05) % HI ()‘:/:)’”
Herbicide (%) Planting density Seed yield Biologic yield
(grim?) (gr/m?)
0 optimum density 106/88¢ 340.89¢ 29.49°
0 20 % higher than the optimum density 154,71 400.7¢ 31.39°
0 40 % higher than the optimum density 226.61% 544.13b¢ 40.18%
50 optimum density 180.79¢ 427.68° 30.3°
50 20 % higher than the optimum density 398.45% 689.19% 55.62
50 40 % higher than the optimum density 307.943¢ 745.13%® 33.14°
100 optimum density 234,290 558.280¢ 36.11%
100 20 % higher than the optimum density 231.48¢% 517.7%¢ 40.2%
100 40 % higher than the optimum density 424,152 929,782 43,52

.(pS~/-£)) J.S)IJ.S LSDO’o)'T uuLul » d)bgf'*’*" C;gh’ﬁ OFw yB 5 J)uwo a_é5)> d‘)b L;LQ‘)S)LA *
Means followed by the same letter are not significantly different (p>0.05) according to the LSD test.



YAV 5osd Lagd o610, Shos 5 3 istacile J S 1 cablS (599 5 o515 e

Lug) 3,80 3 CwilS 15155 g CudlS pig yeyiS e 5,15 dilfan Jolilo 1 1 (1Sl dmn o gl —A Joua
Table 8- Mean comparison results of interaction effects on herbicide application x planting method x planting density on

bean yield
Cuils Lo, () pis s CullS o515 &l 3 Slos Sa5am 3 Nos Cuilay pad
Planting method Herg)icide Planting density (& y0yi0 53 255) (&0 33 £55) A
(%) Seed yield Biologic yield HI (%)
(gr/m?) (gr/m?)
Akhtar :3| 0 optimum density 107.991k 271.551 38.43bedefghi
Akhtar s 0 40 % higher than the 123.84iik 312.09hi 34,97 cdefghi
optimum density ) )
Akhtar 3| 0 40 % higher than the 166.930Nik 368.799Ni 41.83@bcdefgn
optimum density ‘ ) '
Akhtar s 50 optimum density 2042790 400.469i 37.8gbedefghi
Akhtar s 50 40 % higher than the 226.76°%N 425,968 51.39abcd
optimum density ) ) )
Akhtar 3! 50 40 % higher than the 89.83k 394.24fonii 23.06M
optimum density
Akhtar 3! 100 optimum density 372.520def 738.95b¢ 50.843bcde
Akhtar 3! 100 40 % higher than the 392.13bcde 698.80c 56.11%
optimum density
Akhtar 3 100 40 % higher than the 626.95° 1058.412 59.40?
optimum density _ _ _
Goli _Is 0 optimum density 34.12i 201.62 12.93k
Goli _Is 0 40 % higher than the 179.289" 467.28d%fghi 30.271 fonii
optimum density
Goli s 0 40 % higher than the 190.859" 616.87¢f 28.599"
optimum density ) _ )
Goli s 50 optimum density 155.56Mk 458,36d%fohi 19.49ik
Goli J5 50 40 % higher than the 553.14% 912.78% 60.122
optimum density i
Goli s 50 40 % higher than the 315.23¢%fah 675.1bcde 31.730fghi
optimum density i
Goli s 100 optimum density 12.02% 272.67" 2.7
Goli s 100 40 % higher than the 80.95ik 337.93hi 24.,09hi
ptimum density
Goli s 100 40 % higher than the 446.66" 1102.428 4(,232bcdefgh
optimum density
Lglse 0 optimum density 178.529Mi 549, 5¢defgh 37 bedefghi
Intercropping
bglsa 0 40 % higher than the 160.999hiik 422, 718N 29.049ni
Intercropping optimum density
[INES 0 40 % higher than the 322.049%f 646.720def 50.143bcdef
Intercropping optimum density
Lglses 50 optimum density 182.549Ni 424 2¢fahij 33.53defghi
Intercropping
Lglses 50 40 % higher than the 415.44bcd 728.84b¢ 55.28%
Intercropping optimum density
bglsa 50 40 % higher than the 518.773¢ 1166.05% 44 52abedety
Intercropping optimum density
Lglse 100 optimum density 221.35f9ni 663.2] bede 54.8abc
Intercropping _
bglsa 100 40 % higher than the 318.34d%fan 516.37¢defghi 40,4 8bcdefgh
Intercropping optimum density
bglsa 100 40 % higher than the 198.859"i 628.516def 30.93¢fghi

Intercropping

optimum density

(DS 1+0) 505 LSD yge5l ol 1 (gl e coglis (ygimr o j3 Sy g (gl (glavSolio 3

Means followed by the same letter are not significantly different (p>0.05) according to the LSD test.
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Introduction: Bean (Phaseolus vulgaris L.) is so sensitive to intercompetition especially with weed species.
Weed management is an essential factor for the success of an agricultural production system. The use of high
competitiveness figures is one of these approaches. Another way to manage properly is just to reduce herbicide
dose using through the mixed herbicides in crops. By intercropping, filling the empty space prevents weed
development in the area. Mixing or simultaneous cultivation of two or more species in one plot of land is one of
the oldest agricultural systems in the world. Planting density is another important factor in determining plant
yield. Planting density not only determines competition for light and nutrients, but also controls the distribution
and allocation of dry matter between plant organs. The studies showed that by increasing bean planting density
from 20 to 30 and 40 plants m?, yield increased by 15.4% and 24.7%, respectively, and the weed biomass also
increased by a density of 20 to 40 by 30 percent. The use of high competitive cultivars and increasing planting
density are the main strategies to increase the competitive ability of beans against weeds. This study was carried
out to investigate the methods of pure and mixed cultivation of bean cultivars with different densities for their
effect on reduction of bentazone herbicide dose, weed control and crop yield.

Materials and Methods: In order to investigate the effect of planting density and reducing herbicide doses
on weeds biomass and crop yield in pure and mixed cultivation of red bean cultivars, a field experiment was
carried out at Agronomy Research Field of Ferdowsi University of Mashhad during 2013 - 2014. A factorial
experiment (with three factors) was conducted in a completely randomized block design with 4 replications.
Experimental treatments including bean planting densities in three levels consisting of optimum density (Goli 40
and Akhtar 50 /m?), 20 and 40 % higher than the optimum density of both Akhtar and Goli cultivars, and
Bentazone herbicide concentrations (0, 50 and 100 %) based on the recommended dose (2.5 liters per hectare),
and separate and mixed cultivation of Akhtar (standing) and Goli (ascending) cultivars were performed in rows
(1:1). Weed biomass was evaluated every two weeks after spraying by 100*25 cm? cadaver from two middle
rows. At the end of the growing season, a 1*1 m? staff was used to determine the performance. Data were
analyzed by SAS 9.1 software and averages were compared with the LSD test at 5% probability level and the
graphs were analyzed using SigmaPlot 12.0 software.

Results and Discussion: The results showed that for the weed biomass, the mixed cultivation of Akhtar and
Goli cultivars was more than pure cultivation due to its success in suppressing high competitive weeds through
rapid space cover, which can be attributed to this feature. It was used to reduce the herbicide dose. Also, the
highest and lowest grain yield (respectively 463 and 132 g/m?) were found for the pure cultivation of Akhtar
cultivar at concentration of 100 and 0 % herbicide, respectively. However, in flowering and mixed cultivars, the
highest grain yield was observed at 372.2 and 341.3 g/m2, at 50% herbicide concentration, which was also
observed in biological yield. Results of interaction effect showed that the highest biological yield in
intercropping (1166 g/m2) was observed for 50% herbicide concentration and 40% planting density. It can be,
therefore, concluded that reduced doses of herbicides can only be used if the crop has high competitive ability
and planting density is increased, which can reduce the competitive ability of weeds. The use of high competitive
crops and increased density of crops have the greatest potential in suppressing weeds and reducing herbicide
dosage. The previous studies also showed that limiting bean growth leads to a decrease in leaf area index and
bean growth rate, which in turn reduces its competitiveness against weeds.

Conclusion: The use of high-strength cultivars in mixed cultivation due to their overlap, space conquest, and
ability to compete with weeds along with increased plant density has a high potential for weed suppression and
can be used in other ways to reduce herbicide dose. The results of this experiment showed that there was no
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significant difference between biological yield at 50% and 100% herbicide concentrations in the mixed
cultivation and the highest biological yield was observed in the mixed cultivation.

Keywords: Herbicide reduced dose, Integrated weed management, Intercropping, Planting density
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