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Optimal method for production of mycelia biomass of
Ganoderma lucidum in sugarcane molasses
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Abstract
Introduction: Ganoderma lucidum, medicinal mushroom, is one of the most effective
traditional medicine in East Asia. The mycelium, the spore and the basidiocarp contain
about 400 different bioactive compounds with polysaccharides, peptidoglycans and
triterpenes as active ingredient groups of medical value. Underwater cultivation is one
of the most reliable technologies to produce the industrial biomass of this mushroom,
which contains anti-tumor and anti-cancer polysaccharides. Regarding the growth of
fungal mycelium, it is related to various environmental factors such as pH, temperature
and available nutrients. The aim of this study was to determine the influence of pH,
temperature and different concentrations of the carbon and nitrogen sources on the
growth rate of fungal biomass in sugar cane molasses. Materials and Methods: The
first part of the study dealt with the morpHological and molecular identification of an
Iranian isolate from G. lucidum. Then the effects of carbon sources of arabinose,
maltose, cellulose and xylose at concentrations of 0.1, 0.2 and 0.3%, and nitrogen
sources of yeast extract, MgSo,4.7H20, peptone and K;Hpo, at concentrations of 0.2, 0.3
and 0.4%, pH 4, 4.5, 5 and 5.5, and a temperature of 25° C, 28° C, 32 ° C and the
number of 2, 3, and 4 inoculum particles of 5 mm? for the production of mycelium
biomass of G. lucidum, in sugarcane molasses was studied, in completely randomized
design experiments with four replicates for each treatment in vitro. Results: A
comparison of the mean dry weight mycelium of G. lucidum produced with different
treatments showed the significant differences between the treatments with a probability
of 5%. The highest yield of G. lucidum was obtained in peptone with concentration of
0.3%, maltose with concentration of 0.2%, pH=5, 3 inoculum particles with 5mm?
diameter, at 28°C. Conclusion: Sugar cane molasses can be used as a cheap and
inexpensive medium for the biomass production of G. lucidum. For the first time this
study showed that by adding peptone with concentration of 0.3%, maltose with
concentration of 0.2%, to sugarcane molasses, with 3 particles of inoculum with 5mm?
diameter, in pH=5, and 28°C, the highest biomass of this medicinal mushroom could be
produced.

Keywords: Peptone, Immersed cultivation, Maltose, Sugarcane molasses, Ganoderma
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Figure 1. MorpHological characteristics of Ganoderma leucidum: A. Basidiocarp,
B. Basidiospores.
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Figure 2. Identification of Ganoderma leucidum species using GSF and GSR specific
primers.
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Table 1. Interaction of nitrogen sources and their different concentrations on dry weight
of mycelium produced by Ganoderma lucidum.
Nitrogen source Concentration Mycelium dry weight

(%) (mg/100ml)
Peptone 0.2 244.50 dc
Yeast extract 0.3 264.50 b
Mgso4.7H.0 0.4 258 b
K2Hpoy 0.2 243 dc
Peptone 0.3 292.25a
Yeast extract 0.4 264.50 b
Mgso,4.7H»0 0.2 221 e
K2Hpoy 0.3 262 b
Peptone 0.4 264.50 b
Yeast extract 0.2 239.25d
Mgso,4.7H,0 0.3 253 ¢
KoHpoy 0.4 259.75b
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Table 2. Interaction of carbon sources and their concentrations on dry weight of
mycelium produced by Ganoderma lucidum.

Carbon source Concentration Mycelium dry weight

(%) (mg/100ml)
Arabinose 1 248.50 fe
Maltose 2 308.50 a
Cellulase 3 275¢
Xylose 1 246.25 f
Arabinose 2 284.25b
Maltose 3 287.75b
Cellulase 1 259.25d
Xylose 2 260.50 d
Arabinose 3 275.50 ¢
Maltose 1 258 d
Cellulase 2 273 ¢
Xylose 3 256 ed

P Mo )0 7B (g pgrbiuae S (359 1 dlo O lade 5

ol 5o Yo/ mg/100ml e a4 poduce Sas (55 SiSTom 0dg Sy 7B wlesly g o5l
BMM? 58 Y l)ls 5l o parkace 25 538 ipyeS a5 I 45 aal oy O MM® 55 Y gl
(Y JSo) b samlise YFO mg/100ml s o

Canly 0 5l el 5 A i e Lae ,o Ganoderma leucidum z,8 coguducs o0g5 ¥ S50

Figure 3. Mycelium mass of Ganoderma leucidum in sugar cane molasses medium
from left to right, respectively: 2 pieces, 3 pieces and 4 pieces of 5mm?.
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Abstract

Introduction: The Hoplolaimidae family is one of the largest and economically most

important families of the order/ infraorder Tylenchida / Tylenchomorpha. The members

of this family spread all over the world and can be found under different climatic
conditions. Some species in this family are serious plant parasites and significantly

reduce crop yields. Materials and Methods: In the forests of Khorramabad city in

western Iran 70 samples were collected from the soil around the roots of hawthorn trees
in the period of 2017-2019. After recording the properties of each sample, they were
transferred to a laboratory and cooled at 4 °C. The nematodes were extracted from the
soil using the tray method, then fixed and transferred to pure glycerin, and permanent
slides were made. The morphological and morphometric properties of the nematodes
were examined using a light microscope equipped with a Dino Capture camera. The
nematode species were identified using scientific identification keys. Results: Five
species of plant parasitic nematodes belonging to two genera of Hoplolaimidae were
identified in this study, including Rotylenchus goodeyi, Helicotylenchus canadensis, H.
digonicus, H. vulgaris and H. tunisiensis. Conclusion: R. goodeyi is reporting as a new
record for the nematode fauna of Iran. Morphometrical and morphological
characteristics of these nemadodes are described here.

Keywords: Hawthorn, Helicotylenchus, Hoplolaimidae, Nematode, Rotylenchus
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OLelS (55, (S 5 o5 D)ld g s f jobay (LS (la )T ilen Lo b Joles &b
o golatdl L 5l g o 55,5 5l Hoplolaimidae Filipjev 1934 oslgils- (Nickle 1991) wigs o
Tylenchomorpha De /Tylenchida Thorne 1949 oslglsVl 548 /awl, slasolgls p Sege
Vsare osle slausles . Siddigi 2000, Andrassy 2007) 53,5 oo wswe Ley and Blaxter, 2004
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H. H. digonicus Perry in Perry et al. 1959 Helicotylenchus exallus Sher 1966
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s H. vulgaris ¢ H. tunisiensis H. digonicus Helicotylenchus canadensis Waseem 1961
asllas 5 olols R. goodeyi Loof and Oostenbrink 1958 »b 4, Rotylenchus > jl 4555
sl L oedgl R goodeyi 4565 ¢ ybew J 51 L codgl sl H. canadensis 4565 byl oo 5l a8 ayo )5
53,5 o0 (B Olnl slaasles (98

1. Rotylenchus goodeyi Loof and Oostenbrink, 1958
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Job o plesl Blis fse s (oye adle AV Gl egte oS L o)l 5 (il Caes 5o
(280 A, 5l el dals 4w B g0 baaenld . yieg S Y/V-F/Y
Sl L (ol ams 5leolssS oy 5elsss clibiwl g o5 (85 50,5 o shilo (Jg bools apis: i
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«Sher 1965) , . (Coomans 1962) 5losS Lawgs oo a3l slaals 5 sboe 3l soliiwl b asles
(Brzeski 1998) s_..;, 5 (Geraert and Barooti 1996) s, 5 <, 5 «(Krall 1990) JI,<
Ol aalllas 8,50 4565 ( wliiity ) 5 riewc S, sloosls dlie | o s olwlis
s Jags o0l Ciogs 7 b duslie 10 4368 1l Glasuin .ok ool Lawseis Rotylenchus goodeyi
adil> slaes 5 (VY Jolie 0 YV-10/0) jis O (asli nils 1> 4 o Shg plad jo (Sher 1965)
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055 3l e (S 0t im ) Jore yiiin alold (g S AV-NTY il p3 VFAL VY ) a6 e
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Tablel. Morphometric data of Rotylenchus goodeyi (um).

(5e9,5) Rotylenchus goodeyi wcsu, slassls Y Jgas

Characters Present study Sher 1965 Coomans 1962
Female Male Female Male Female Male
n 10 3 50 6
L (gjg’j;i) ?ﬁgg; 760-990 680-820 690-1060 700-910
29.3+2.4  34.1+13
a (24.0-32.0) (33.0-35.5) 27-34  31-34 27-38 30-34
b (77";“_—“372) (76651:3)59) 6695 6697 6084 5176
: 5.8+0.2 5.4+0.3
b (5662  (5.05.7) 6.1-78 5.5-6.4 -
56.8+6.7  38.1+1.5
c (49.0-68.0) (37.0-40.0) 51-69  26-32  39-81.5  22-40
¢ 1.0+0.1 1.9+0.2 )
(05-1.2)  (1.5-2.0)
v (557 516%%) i 53-59 i 50-61
31.8+0.6  28.1+1.2
Stylet (300.34.0)  (27-29.0) 28-32  26-29 28-35 26-28
158+7.4 154+7.2
Oesophagus (148-170)  (145-159) - - 82-98 89-101
121+6.6 118+7.0
Excretory pore 113135y (113-126) -
. 16.6+1.9  22.1+3.0
Tail length (13.0-18.5) (18.5-24.5) - - 10.5-22 29-23
BW 31.3+25  245+2.1 ] ]
(26.5-36.0) (22.5-27.0)
16.7£0.9  11.8+0.7
ABW (15.0-18.-) (11.0-12.5) )
19.843.5  19.5+0.9
© (15.5-27.0) (18.5-20.0) 17 -15
Spicules (22;;,5_1311%) - 231 25-30.5
Gubernaculum 11.0£0.3 - 12-15 13-15

(10.0-12.0)
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Figure 1. Rotylenchus goodeyi. A: Entire female body, B: Female anterior end, C: Male
anterior end, D: Lateral field, E: Pharyngeal basal bulb and it’s overlap, F: Vulva region

and Epiptigma, G: Phasmid in female, H: Phasmid in male, I: Male tail, spicules and
bursa, J-L: Female -posterior end.
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IS € cosle w3led oy slal JSs B cosle wiled oy IS JSs :A Rotylenchus goodeyi ¥ JsCi
50 G wrenls oo 5 ool wiles o po F 5 E o ils mhaw Jsb sla,ls D o5 wiles oy slo!

5 Saewsld o
Figure 2. Rotylenchus goodeyi. A: Entire female body, B: Female anterior end, C: Male

anterior end, D: Lateral field, E and F: Female -posterior end and Phasmid in female, H:
Phasmid in male, G: Male tail, spicules, bursa and Phasmid in male.
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R. capensis Van [R.agnetis Szczygiel 1968 R. eximius Siddigi 1964b slaassS L 4s5
Lo Roeximius ass8 5l .coul awslis 5 R. pumilus Perry 1959 .den Berg and Heyns 1974
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2. Helicotylenchus canadensis Waseem, 1961
G 0ga> 5 Job Jld Ll s Sl pakw 5L C O USE b sned Do 4 e 1 e to0bo
YIO-0 oo ol il> iy bl )l 5 oo slael o o adl byt o 4l on Lo ol
O 090 A ARl s o3lail s 5 (698 o (J5SsS D e S FI-AIY wly 5o (T (658 5 yeg S
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g5 5l 055, b ol Sl Gliseen g Se A1) bl sloe )T Sl 50 iy 0 B,
slassl jo g (JB pynl 0058 4l Juls dg) g0 lls L ey, oo YE-FY Job 4y g oS- >
(ol 08l ety (69,5 e po il ANY lile case sliy G g 0lisS po laedd Heme
RN NESE N S L R SO ROV FESCUNS  N PPN WA | I PRVOUME
FeIl) puSV jasls il o 5> 4 (Waseem 1961) pwy ciog b auslio ;o wled ol Slasin
Sa a5 (Reg,See YASYe ol s YYAYE) sal cdlisl (PV-FF Ll ,0-00/0-
4 arg b oeiomen 5l cglin Lol sla S plo 0 Gieg,See YY-1F ol (o VVIO-Y/0)
osls yo lais come ol (BaadICheri et al. 2011) o, 5 5,2 Jock Jawgs oo &l Slasein
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3. Helicotylenchus digonicus Perry, 1959

& patie g Gees L (o0 bkt b JoS5sS 5L C JSa i b oanes et 5l ey t00bo
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4. Helicotylenchus tunisiensis Siddiqi, 1964
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osy eSSl S joeme ady, SlLbI S 51 (VAFY) oo hwg (L sl agS el o jls S
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20,8 olelid 5 5 slaez oblp 5 (s ol
5. Helicotylenchus vulgaris Yuen, 1964
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s H. tunisiensisH. digonichusH. canadensis sledass i wisu, slacsl ¥ Joa—s

(e9,5) H. vulgaris
Table 2. Morphometric charactristics of H. canadensis, H. digonicus, H. tunisiensis,
and H. vulgaris (um).

Characters H. canadensis H. digonichus H. tunisiensis  H. vulgaris

Place Hezar mani  Mele kabudeh  Dare jangi Pari mordeh
N 5 5 5 5

L 891.8+50.0 776.2+44.3  1054.1+69.4  872.4%33.7
(826-955) (716-818) (947-1128) (833-921)

. 25.3+2.0 30.7+0.8 24.2+3.4 25.3+2.0
(23.9-28.8) (29.8-31.4) (20.4-29.0)  (23.8-28.6)

b 6.5+0.4 6.1+0.5 7.5+0.4 7.8+0.3

(6.1-7.1) (5.5-6.7) (6.9-7.8) (7.3-8.2)

b 5.2+0.3 4.9+0.3 5.6+0.2 5.8+0.2

(4.9-5.6) (4.5-5.2) (5.3-5.9) (5.6-6.1)

c A7.744.7 44.4+4.1 55.4+3.8 59.8£15.5
(40.7-52.4) (38.0-49.0) (50.4-59.7)  (49.0-86.4)

o 1.1+0.0 1.1+0.1 0.9+0.1 1.0£0.2

(1.0-1.1) (1.0-1.3) (0.8-1.0) (0.6-1.2)

Y 57.7+2.0 60.2+3.5 58.6+1.2 60.7£0.5
(55.5-60.5) (56.4-64.4) (57.1-59.7)  (59.9-61.2)

Stvlet 33.4+0.5 27.4+1.2 35.7+1.2 30.5+1.4
y (32.5-34.0) (25.6-28.6) (33.8-37.0)  (29.0-32.7)
Oge 172.5+2.4 156.9+4.5 187.0+7.5 149.245.0
Al (169.3-175.2) (150.8-163.0) (177.6-197.4) (141.1-153.8)

MB 68.35.5 67.5+2.0 70.7+1.2 73.5+2.8
(59.0-73.5) (64.1-69.4) (68.7-71.9)  (69.6-77.4)

Ex 134.6+6.8 122.2+3.5 145.7+8.5 115.74£3.9
P (122.8-139.9) (119.9-128.3) (135.9-158.2) (111.6-120.0)

Tail lenath 18.8+1.0 17.6+1.4 19.1+2.3 15.2+3.0
g (17.7-20.3) (16.4-19.7) (15.9-21.8)  (10.2-17.8)

BW 35.44+3.5 25.3+1.4 44.0+4.4 34.7+£3.2
(30.2-39.6) (23.8-27.3) (36.7-48.0)  (29.2-37.1)

ABW 17.240.7 15.6+0.6 20.3+0.9 16.0£1.7
(16.6-17.9) (15.0-16.3) (19.1-21.6)  (13.2-17.6)

o 29.4+2.3 34.1+5.0 28.9+2.1 25.0£4.0
(27.3-32.7) (28.3-39.7) (275-32.4)  (21.1-30.6)
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Figure 3. Comparison of head and tail shape in some species of Helicotylenchus
species: A and E: H. tunisiensis; B and F: H. Canadensis; C and G: H. vulgaris; D and

H: H. digonicus.
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Abstract

Introduction: Citrus bacterial canker caused by Xanthomonas citri subsp. citri is an
economically important disease in many tropical and subtropical countries. Several
pathotypes of this pathogen have been described which, in addition to certain genotypic
features, are distinguished above all by their geographical origin and their host range.
Citrus bacterial canker disease is wide spread in Iran and a major threat to the
production of Mexican lime (Citrus aurantifolia). Therefore, management of citrus
canker is inevitable in citrus growing areas where citrus canker has been established.
Application of copper-based bactericides is a standard control measure for management
of citrus canker worldwide. Therefore, their long-term use leads to the development of
resistant isolates. Plant extracts and essential oils with an antimicrobial effect have
become particularly important as an environmentally friendly method for the treatment
of plant diseases. Many researchers have recently focused on studying plant extracts and
essential oils that contain antimicrobial compounds. Material and Methods: The

present study was carried out on the antibacterial effect of Common yarrow (Achillea

millefolium), Ginger (Zingiber offcinale), Golden marguerite (Anthemis tinctoria),
Fennel (Foeniculum vulgare), Common sage (Salvia officinalis), Gum tragacanth
(Astaragalus gossypinus), Summer savory (Satureja hortensis) and True cardamom
(Elettaria cardamomum) against two pathotype of Xanthomonas citri subsp. citri under
laboratory and greenhouse conditions. Results: All essential oils have an inhibitory
effect on multiplication of Xanthomonas citri subsp. citri. The antibacterial test results
showed that the essential oils of Ginger and True cardamom strongly inhibited the
growth of Xanthomonas citri subsp. citri pathotype, especially the pathotype A*,
whereas other essential oils showed moderate to weak activities. Conclusion: The
essential oils of these eight plants, especially ginger and cardamom, have good potential
for the management of citrus bacterial canker.

Key words: Canker, Citrus, Xanthomonas, Ginger
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Figure 1. Inhibition zones (mm) of different essences against Xanthamonas citri subsp.
citri strains M15 and LMG9322
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Table 1. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) of different essences against Xanthomonas citri subsp. citri

Plant X. citri subsp. citri ~ X. citri subsp. citri
Essential oil (LMG3922) (M15)

MIC MBC MIC MBC

pg/ml pg/mi | pg/ml pg/ml
Elettaria cardamomum 7.81 15.62 1.95 3.9

Zingiber officinale 7.81 15.62 1.95 3.9
Foeniculum vulgare 62.5 125 31.25 62.5
Satureja hortensis 62.5 125 62.5 125

Astragalus gossypinus 62.5 125 31.25 62.5
Achillea millefolium 15.62 31.25 7.81 15.62
Anthemis tinctoria 15.62 31.25 15.62 31.25
Salvia officinalis 62.5 125 31.25 62.5
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Essential oils and Xanthamonas citri subsp.citri isolate
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Figure 2. Effect of eight essences on number of lesion induced by Xanthamonas citri
subsp. citri strains M15 and LMG9322
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Figure 3. Effect of different essences on number of lesion in Citrus aurantifolia leaf
inoculated with strain M15 Xanthamonas citri subsp. citri.
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Abstract

Introduction: Bunch feding is an important injurious disease of date palm.

Materials and Methods: This research was carried out to its descsion making system

in Abadan-Khoramshhar, Shadegan, Ahwaz, Mahshar and Behbehan regions of

Khozestan province by climatic and geoststistical models from 2012 to 2016. Samples

were taken randomly from 10 trees located in one date palm orchards of any villages

Results:Results showed that the disease damage reached to the peak values in

September. Forecasting model of damage factors have been significant at level 1 and

5 percent. Variography of distributions on different sites were calculated that the

model nuggets for date palm bunch feding in Abadan - Khoramshhar, Shadegan,

Ahwaz, Mahshar and Behbehan regions were 1.6, 1.7, 0.15, 0.51 and 2.5 kilometers

respectively. These results show that errors of the damage estimation were low at the

distances less than whithin sampling sapace. Effective ranges of variograms were 4.1.

12.9, 4.7, 1.9 and 11.06 respectively which indicated the date palm bunch feding

distribution in region. Sill of models were 0.49, 0.76, 0.37, 0.31, and 0.51 respectively

that at the distances more than these thresholds, correlations between the injury data

were at the lowest level and could be monitored. Conclusion: The results of this study

were the basic steps in creating a decision making system in date palm protection
network. According to the results of this research, the bunch feding damge can be
properly monitored, forecasted and controlled before the maximum damage occurs.

Keywords: Date palm, Bunch feding, Forcasting, Monitoring
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Table 1. Studied Climatic parameters in forecasting models of date palm bunch
feding.

Meteorological index Symbol Meteorological index Symbol

Average spring temperature Xy Total spring rainfall X5

Average summer temperature X

Average last winter temperatures X3 Total summer rainfall Xig

Average last autumn temperature X4 Number of rainy months Xao

Average last year temperature Xs Total rainfall in March Xa

Maximum temperature is last February Xs Total rainfall in April Xoo

Maximum temperature is last March X7 Aver_age last year relative X3
humidity

. Average humidity of the

Maximum the year temperature Xs most wet months X

The highest temperature in the warmest X Average humidity in the X

month of the year ®  driest month %

Minimum temperature is coldest month X10 Average humidity of last Xas
autumn

Temperature in the rainiest month X1 \I,?vtierl]?élrve humidity in last X7

Temperature in the lowest rainy month X1z Average spring humidity Xog

. Average summer

Total last year rain X1z humidity Xag

Rain of the rainiest month X4 Average humidity of last X0
February

Temperature in the lowest rainy month Xis Q\;ergge humidity last Xa1

Total rainfall in autumn last Xi6 Total rainfall in March Xz

Total last winter rainfall Xi7 Average April Humidity Xa3
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Table 2. Grading the injury severity of date bunch in each tree
Injury quality Selected code Injury percent

Healthy 0 No injury
Low 1 1to 25
Medium 2 26-50
High 3 51-75
Intense 4 Up to 75
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Figure 1. The components of a variogram in geostatistics .
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Figure 2. Seasonal fluctuation of date palm bunch feding injury in different regions of
Khuzestan province.
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Table 3. Correlation of seasonal variations of date palm bunch feding injury with
meteorological parameters

Area Name Meteorological Correlation t Significance
parameter coefficient (N-1) level
Khoramshahr
* Ababdan X11 0.2 0.35 0.74
X16 -0.5 -0.17 0.87
X24 -0.7 -1.69 0.18
X26 -0.6 -1.29 0.28
Shadegan X11 0.1 0.17 0.87
X16 -0.9 -3.57 0.03
X24 -0.82 -2.48 0.08
X26 -0.5 -0.75 0.50
Mahshahr X11 0.3 0.54 0.62
X16 -0.6 -1.29 0.28
X24 -0.51 0.17 0.87
X26 -0.7 -1.69 0.18
Ahwaz X11 0.3 0.54 0.62
X16 -0.49 -0.17 0.87
X24 -0.7 -1.69 0.18
X26 -0.6 -1.29 0.28
Behbehan X11 0.4 0.58 0.69
X16 -0.5 -1 0.39
X24 -0.9 -3.57 0.03
X26 -0.61 0.35 0.08
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Table 4. Regression Model Variables of Prediction of date palm bunch feding Injury
Independent  The coefficients of ~ Standard

Area Name

variables the factors error

Khoramshahe Intercpt 47.63 3.22
_ Ababdan X4 -1.14 0.65
Xa6 0.19 0.22

Intercpt 14.32 4.68

X6 0.01 0.02

Shadegan X4 0.37 0.18
Xog 0.16 0.09

Intercpt 0.43 5.81

X6 0.01 0.01

Mahshahr X 0.09 008
Xa6 0.05 0.11

Intercpt 47.6 23.22

Ahwaz X4 -1.26 0.75
Xe 0.4 0.46

Intercpt 55.52 23.17

Behbehan Xos -1.12 0.69
Xog 0.41 0.37
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Khoramshar — Abadan | =0.19X,, —1.14 X, +47.63

Shadegan | =0.16 X, —0.37X,, +0.01X,, +14.32
Behbehan | =0.41X,, -1.12X,, +55.52
Mahshahr | =0.05X,, —0.09X,, +0.01X,, +0.43
Ahwaz | =0.41X,, -1.12X,, +47.6
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Table 5. Spatial variogram models of date palm bunch feding in Khuzestan province.

Area Name Fit model  Nugget Sill Range
Spherical 25 051 41
Exponential 2.7 047 43
KHoramshar - Abadan Linear 3.03 023 127
Linearto Sill 269 039 4.1
Gusian 3.04 067 42
Spherical 0.6 0.17 83
Exponential 051 031 129
Shadegan Linear 071 018 6.6
Linearto Sill .0.77 0.18 84
Gusian 072 034 11.8

Spherical 019 059 51
Exponential 018 096 51

Mahshahr Linear 019 035 17
Linearto Sill  0.17 0.76 4.7

Gusian 0.15 037 4.7

Spherical 1.7 076 51

Exponential 1.8 0.76 2.7

Ahwaz Linear 1.8 051 24
Linear to Sill 1.9 0.76 3.6

Gusian 2.3 0.83 25

Spherical 4.1 049 116

Exponential 1.6 043 44

Behbehan Linear 5.3 036 6.5
Linear to Sill 5.2 0.48 8.6

Gusian 6.7 0.40 4.2

&



@zl g leaell Obspr sl ;0 Lo 3 ddgs (SaSis (55lem b3 5 2Ty el
Plant Pathology Science Vol.9(1), 2020

g 30,0 YO 5l 565 Lasedd glas g IV 51 5YL s co o ob, 9 2B i sl Jae pled o
Jos ciS 5y gl S1ojlae ple j0 5 0iS 550 ol a5 o) Jlaizl s, YO Ko O)le o
Sleslaiwl jo Joe o)LS il 8l el Uas mmal 5 auseis slaz b oS moas 1) o wilgs oo
69,)LS oxs (Lis a9 (! 098 o (6 S el s HO dllaie OB Cudl e 4l glaosls
59 g A ez (G0 (6,10, diged slagy L 10 g 00l aduine ddhis o gla Ll 4
a0 50 by dligd SaSias g ke S L, 5l aBT .conl suls iy ddlis o slooliadss
LS il 51 oDl et 25 S 5 ol e 6513 il e 55 2o o5 1 s
S osz il oo Jlelimes b9y comilisly palS a5l oSl (s g caalllan 990 adlate 1o ol (S
Dol s 4 (5,00 paiges 5l Dledbl 1y i g g co ALEIS y dSgel dilaie (o slaliend plos
2y ead bl glaliadss o a8 je0 (g ke S (Sl ol 1 oMbl ¢y ol o
e blas Job g b,c alolbonis lid cui g N g E Jlade VS o cilas 592 g dilaie
Jolos iy an oLl s> oy Job sl)lo sl alads o (g lo pdiges g4, adadi 51 (6,10 paigal
5 ader SaSis g lewn o a8 dosls S 455 sl JSKS pl jo 09 FANNY 5 YY/CA

A 00ld s g slase aladi Joleo a5 aSUL 35 e 4y ASULS

Discussion Cxy
1ol pglace £985 ATAD Jlow BT Jlo 5l Lop adigs  SauSas 6 ke ] o &l s
sla lo ;o 5 5,00 mdiges 0,50 Job 10 (6 ke sl ol Slgl,8 om0 o ylis axlllas 5,90 3blis
Bblio aen 15 5 duwyi oo gl d ol (S8 15000 B 0lopo 511457 (5 55b & 09y (lugs ;0 aalllas
ol 65U gl can] Sad o515 e S S0 sloole ;o 09 LS Wiy, ol aslllas 3,50
obas 1y @95 Gl Jlw 58 0sd (g Gl (Ggem S ) lade 0 Shas cnl 2 ogdle (Y JSC5) ol
L Loys 55 =500 GRlifl 4 e a5 s 5 0 alse ol ()LaS (Kion (5031 Lo il il
g i Jesd Jlo 5l (SWb gyema i lo sbo 0 30l Sl a2 Jald wisd a6 lews o
oS L alal, o acalllan (ool s ings Jlo olo St Cushoy gt g o Jlo (ornd s,
Parlatoria blanchardi L 5 o.s w i o Batrachedra amydraula Meyer L 5 lg3-o4.0
gt ol L 4l s 55 b amgds onl 5o el oa plosl yliwjss oliwl ,3 5 o)l o Targ
s glsp g ol o e wiz (s glaJow 5 005 ool Cuplbge Copmaz (b0 3o ol (e 5 ooli]
a1y Lagl cmaz o515 Oless alST Gty 2Uls5 0,5 5 g)lel Sl 51 Jod LB s,
(Latifian and Zare 2003, 2009)

goe G rSpremal gl (25T Gty 5l (alS slas o (Bl Co e Glapts (2555 50
Madden and Ellis 1988, ) 55 & o oola ol —alisee slo Jow 5l jekate cpl (gl 090 o oolaul
Ol Jae « 8,5 1,8 ooliiwl 8,90 b Lidgh ol j0 a5 b o (pl (560,05 (Dent 1995
Sloyss (Safsdser wbs (Sielsis ATt slode o el o 5 O Ll b (Soselsid Gk
g aid)S )13 o)y p 9y90 Olime 0y g 2lse g Of Lolpd o (Lad ol b abal) o lags Lo

O



VWAA (e g 5l ) ol eotd Jlo

P el Lo GBI
Vol.9(1), 2020

Plant Pathology Science

N-Kilometer

N-Kilometer

Ol

N-Kilometer

10.0

E-Kilometer E-Kilometer

Mahshahr Abadan-Khoramshar

/

N-Kilometer

283

23.0 ,

105 127 149 172

40.0 453 505 55.8 61.0

E-Kilometer E-Kilometer

Ahwaz Shadegan
3
3]
e
o
i«
d

210 227 243 260 276

E- kilometer
Behbehan

oo

Figure 3. Kriging map of distribution of date palm bunch feding in different regions
of Khuzestan province
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Scab diseases of apple and pear
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Abstract
Apple and pear scab diseases caused by Venturia inaequalis and V. pyrina are the most
important economical diseases on these plants. These pathogens overwinter in the form
of spherical pseudothecia on the remnants of infected leaves. However, in areas with
mild winters, they remain as mycelium or conidia in buds and branches. Symptoms of
the disease on the leaves are black spots with a velvety surface. In severe and early
infections on fruits, deformity and cracks occur. Humidity and temperature are
important and influential factors in the prevalence and severity of this disease. The
disease will be severe in areas where the weather is cool and humid in spring and early
summer. Symptoms of diseases, morphological characteristics of pathogens, disease
cycles and disease management methods including resistant cultivars, horticultural
sanitation, biological control, chemical control and their forecasting program are
illustrated and discussed.
Keywords: Apple, Pear, Scab, Tebuconazole, Trichoderma, Venturia
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8 s ke o Beee V. pyrina g Venturia inaequalis Jolge b oM 5 o obow 45U slos Lo
Sl 5, S 655 Sbpgisoge S5 @ b S len (ol aiies olaill Ll a4 lalS ()l
L poebose D30 @ sl Josine glagline; b blie 1o Wiz j2 0l oo G138k 039)] oSy,
L S5, ol slaasd S0 a2 S 2 (59, slom slaailias wilo oo (Bl 5 Lazli 5 badilszr )5 pgansS
e dml S 5 5 (ASGay deoge gy, plimg) 5wl sla Sogll jo il ot
a8 bl )0 a5 sbas aidlior lom () Db g Eend o AT IE 5 pee Jelse 5l Les 9 Cush,
ool Glaalis oy alss wad g )lom Sjld WSl ol e 5 SES lga (Ll blsl 5 ke Jad
ipslie slapd) Jold o lom Cupie lahy, 5 s lom 45 7 o S jlon (wlidicdn ) Sliogas
Diloads eols 1 Lol (ol i el g (ol 05l oy 0 )le ¢ EL Cllage

Venturia Trichoderma . Jg;6sS 55 colwaSd ¢ oM s 2508 5551

dad\ie

a5 s i 0 golaidl cawal lls oge L5 ,0 5l (ROSACEAE) L5 1dS 0,5 51 (5 5 o
ol LgLW) as WLQQJB )_..: u‘).t‘ L sloaldy s Zog )9.104.: S 6‘9& 9 uT 6‘)‘Q ‘.BJOL..A X,
YAPE) ) Jgamo 99 ol ouds e o ,USa Yo VYV o YFOYYY (55 4 08 10 M 5 o oS
u.))...o.ero )l LgéLa..é‘ Ll L ‘sa)lf 9 o ol.:.w I (Ahmadl et al 2019) A.u.:l."sn u.: YADAAQY 9
a Lis dilizes gblis ;o 1, ol olas AVl oS Wisd o wamime L0 ol 3B slacs low
.( Belete and Boyraz 2017)

185 lous-)
(Le Cametal. 2002) aitwa s HllS §ogwe LS00 5 s el Venturia Sacc.  slaasss
V. pyrina Aderh. 5 V. inaequalis (Cooke) G.Winter (=Spilocaea pomi Fr.) .| sge sloasss
9 o obew a0 Gl e ele ol 54y a5 awes (=Fusicladium pyrorum (Aderh.) Syd.)
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.(and Pote¢ 2006
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AV JS8) iz 03llen gesSiul Jolo

N ]

(Ebrahimi et al. 2016) |,5e0 5 coxplpl 5,10 g9l 15dS 10 s S Bblio i 1o olw aSI
SIS Sleedy 5 Olnl (oo o AliSes Lieod) (o829 o) s il Slaed) Sl (10 piged L
Ol B ol ol iyl eplebol el egg bl o s bl 3l slaglinh) H5a8 (Ll VA

a— - y .4 .
Fusicladium s> )3 pgaS -B g Jhogrers slipnansS gladshs 5 jdpaas -A LY S
Ve = wlie Spilocaea o> o peosS -D g Soudil slipnasS sl Jsle g 498505 -C

(GLol) - fag S
Figure 1. A- Conidiophore and sympodial condiogenous cells, and B- conidia in

Fusicladium, C- conidiophore and annelidic condiogenous cells, D- conidia in
Spilocaea. Scale bars = 10 pum.
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Figure 2. A- Fruiting bodies in overwintering phase of Venturia pyrina (VP278) on
pear infected leaves, B- pseudothecium formed on pear leaf, C- asci and ascospores of
pear scab, D- overwinter phase of Venturia inaequalis (V1277) on apple infected leaves,

E- pseudothecium formed on apple leaf, F- peridium of pseudothecium of apple scab,
G- asci and ascospore of apple scab. Scale bars = 10 pm.

4S5 (e 1635 0 olhaisle b J coltile S (ol ;S ST (Ll 2938 5925 Ol (Il
S aels i s o ol 4 ST gl ol 7,8 (sbyo 5 i) wy velas Layl i glylo
8y ko 5l s Lol Gland; (59, O Dyl 5 Sl ol (slos S by 3blis cnl 5o (5 le
sy 0 Jgmae duo 50 do 4y (A5 O s e og sled; 5 (Red Delicious) a8 sild
aoll gac gl ,giS 10 gl co 0duel 55 € NS ol aladi» Wa,giS 5l Las o aS OIS ol aSd
Olbzel,d G55 sl 4l slagbil jo (s)lew cnl lasil 3blie 5 olnl jo .ol @l jlws L)
Ashkan 2011) waloo oLl > 5 938 «0litd Ol sloaslnsS ;o @8ls gl oyl )8 5 B
ol il ol Sl b o Syl a8 ool 5o 6less &yl o izmen (Ebrahimi et al. 2018,
(Ashkan 2011) coul a>g

o Los sloailii-Y

003 ailg> ¢ \bime 59, x18,5 )18 5l o peaniS L eewsSw! V. iNaequalis V. pyrina slaaiss ;o
5 Pl fold o 50 porbcs gl oo Ghiee )y 95555 Sl piens jobar b g (reb S8l 325b 5l
030 S35 )3 U (b9 e sL0aSS & j90 ay (S0l e @yl (2500 51 S il oo dnmsi JsS3sS



o2l pl I 5 s ol ST sl gyl

Plant Pathology Science Vol.9(1), 2020

(o) o 59, “DF 5 (D 0500 5 S 2 (55, ol 4SS (Lo (@D -A-C LY IS
Figure 2. A-C- Symptoms of black spot disease on leaf and fruit of pear, and D-F- on
apple.
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Abstract
Plant diseases play a critical and limiting role in crop production and their control by
using pesticides cause serious problems regarding food safety and environmental health
and increase the need for other sustainable disease management techniques. Some of
plant pathogens may infect the aerial parts of plants, but spent part of their life cycle in
the soil and maintained their survival. In such cases, part of the life cycle of the plant
pathogen in soil may be very important, even if that microorganism does not infect the
roots. Mono culturing and cultivation of crops belonging to the same family increase the
potential of disease incidence. Using and applying the suitable and correct cultural
practices that limit damage of root diseases is necessary for sustainable management of
soil-borne pathogens. Cultural operations, including the use of cover green crops, crop
rotation, organic composts, certified seeds and propagative materials, amended organic
material to soil, proper tillage systems, soil solarization, resistant cultivars, mycorrhizal
fungi, all are reported and confirmed as management options for long time saving soil
quality and good sustainable management of soil borne diseases.

Key words: Crop rotation, Disease, Soil solarization, Phytophthora, Fusarium
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Figure 1. Fusarium root and stem rot (A) and wilt of cucumber (B), Cucumber fruit and
stem rot (C, D) caused by Sclerotinia sclorotiorum (Original).
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Figure 2. Poor sanitation of greenhouse (a) and leaving of infected leaves near

greenhouse, leads to distribution and survival of infection source of cucumber Downy
mildew (b) (original).
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Abstract

Betasatellites, as begomovirus-dependent small circular single-stranded DNAs, are

multifunctional agents that trigger disease symptoms, suppress gene silencing pathways

and also interact with various cellular pathways and factors. These subviral elements
have a conserved genome organization that encodes only a functional open reading
frame on the complementary sense strand BC1. The encoded beta satellite protein
affects only the helper begomovirus cycle factor. The small size with a strong promoter
sequence and the ability to replace PC1 with foreign genes made beta satellites
suspected tools for the investigation of functional genes. As we expand our knowledge
of begomovirus / beta satellite complexes and their interactions with host plants, we
develop management approaches for the expansion of begomoviral destructive diseases.
Keywords: Begomoviruses, Betasatellite, Geminivirus, Gene study
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Abstract

Elm trees are one of the most important ornamental trees and are widely used in the design
of urban green spaces. Dutch elm disease is recognized as one of the most important elm
diseases in the world. The disease has become an epidemic worldwide and at least three
species of Ophiostoma including O. ulmi, O. novo-ulmi and O. Himal-ulmi that differ in
geographical distribution and invasion power, are involved in this disease. In Iran, O. ulmi
and O. novo-ulmi are known to involve in this disease, with O. novo-ulmi being more
virulent. Management of the disease is mainly achieved through preventive and quarantine
methods, health measures, resistant cultivars and the use of chemical compounds. Various
aspects of the disease, including disease symptoms and signs, pathogen biology and
ecology, disease management methods are reviewed in this paper.

Keywords: Ophiostoma, Flag leaf, Bark beetles, Wilt
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Figure 1. Symptoms of Dutch elm disease, A-B: dieback and death of elm trees; C: flag
leaf symptoms (death of branches); D: vascular obstruction (Original).
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Figure 2. Damage of bark beetles, vector of the causal agent of Dutch elm disease
(Original).
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conidiogenous cell; i-h: conidia. (Bars b-c:100 pm. Bars other 10 pm). (Original).
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Abstract

Algae are the most important plant growth stimulants due to their high content of
minerals, amino acids, vitamins and growth regulators such as auxin, cytokinin and
gibberellin. Use of these stimuli in crops can improve rooting, yield, photosynthetic
capacity and their resistance to pathogens. Application of algae (mainly seaweeds)
against various plant diseases including bacterial, fungal, viral and nematode diseases as
well as pests has been proven. Seaweeds are used as a powder or extract mixed with
soil, or foliar spray to control of plant diseases. They are usually involved in controlling
plant pathogens by inducing plant resistance, antagonistic activity by induced activity of
other microorganisms, and enhancing plant growth. In general, seaweeds can be applied
as biofertilizers, biostimulators and soil amendments in integrated plant diseases
management programs.

Key words: Disease, Macroalgae, Enteromorpha, Xanthomonas, Meloidogyne
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Abstract

Plants are usually attacked by several pathogens. Different defense pathways in plants have
evolved in reaction to pathogens. Plant defense responses have been shown to be regulated
by various plant hormones. Brassinosteroids are plant-specific steroid hormones that play
important roles in regulating growth and developmental processes. In addition to acting as a
regulator of plant growth, they also play a role in defense responses to pathogens. Many
researches have been done on their role in plant resistance to fungi, bacteria and viruses,
which are described in this article. Further understanding of the role of these hormones in
plant defense responses can be useful in inducing resistance or producing plants resistant to
pathogens.
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Abstract
Oak charcoal rot is caused by two fungi, Biscogniauxia mediterranea and Obolarina
persica. These fungi, which are opportunistic or secondary invaders and attack stressful
trees, are one of the main problems of oak forests in Iran. The disease was first reported
in 2011 in the northern forests on Quercus castaneifolia and Zelkova carpinifolia trees
and then in the Zagros forests on Q. brantii tree. The disease has spread rapidly in the
forests of the Zagros over the years. Symptoms of the disease include decay and death
of trees, browning of leaves and early fall. Gum secretion on the branches and trunks of
old trees and browning of wood texture and woody vessels can be seen up and down the
height of the trunk. The morphological characteristics of pathogens, the spread and
survival of pathogens, and disease management methods are described in this article.

Key words: Disease, Oak, Biscogniauxia, Obolarina
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Figure 1. Oak charcoal disease, A) dried tree and B) Formation of black stroma
containing perithecia.
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Figure 2. A) Colony of Biscogniauxia mediterranea , B) Conidia of B. mediterranea,
C) Ascospores of Obolarina persica, D) Ascospores of Biscogniauxia mediterranea
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Abstract

Introduction: Gray mold caused by Botrytis cinerea is the most important disease after
strawberry fruit harvest. The use of chemical fungicides can have a negative effect on
the health of consumers, so the use of plant essential oils for disease management has
been considered. The effect of six plant essential oils on the pathogen and the
contamination of strawberry fruits was investigated in this research to identify suitable
essential oil to control the disease. Materials and Methods: The pathogen was isolated
from infected strawberry fruits in northeastern Iran. The inhibitory effect of different
concentrations of peppermint, savory, caraway, cumin, eucalyptus and thyme essential
oils on mycelial growth and germination of the pathogen spores was tested by mixing
them with culture medium. Then, the effect of these essential oils in liquid and vapor
phases on the contamination of strawberry fruits was tested. After normalization, the
data of these experiments were analyzed by analysis of variance with MSTAT-C
software and the means were compared with Duncan test. Results: Essential oils of
caraway and eucalyptus had the greatest effect in inhibiting the growth of pathogen
mycelium. Essential oils of caraway, cumin, savory, thyme and peppermint had the
greatest effect in inhibiting the germination of pathogen spores. The essential oils of
caraway, cumin, savory, thyme and peppermint in the vapor phase, the essential oils of
caraway and eucalyptus in the liquid phase, prevented further contamination of the fruit.
Conclusion: The findings of this study show that all of these plant essential oils can
significantly prevent the growth of mycelium and germination of pathogen spores and
contamination of strawberry fruits, but the effect of caraway essential oil in most cases
IS better than others. Thus, it can be used as an alternative to fungicides on strawberry
fruit.

Key words: Inhibition, Plant essential oil, Caraway, Eucalyptus, Botrytis
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Figure 1. Percentage inhibition of mycelium growth of Botrytis cinerea by different
concentrations of six plant essential oils

\YY



VWA olies) 5 b o) ol s Jlo AL (oliis Lo il
Plant Pathology Science Vol.9(1), 2020

100 o

sl Sl STl e 0

Percentage mhibition of spore germination

Treatiments

2L bl s Gl slaclale (s Botrytis cinereacsls sjaly> 5l s ,u5el> 0oy ¥ S
Figure 2. Percentage inhibition of spore germination of Botrytis cinerea by different
concentrations of six plant essential oils.
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different concentrations of six plant essential oils in vapor phase.

\YF



il 5 o0l SR S S Sy ol il i

Plant Pathology Science Vol.9(1), 2020

. 100 -

. aaa

= 90 2

E 80 |
2 g 70
4 § b b
3 F 60 7 c C RN
Lg 50 -
w oo 2 Yoo sdale
— 2 5 40
=5 B & gy omdall
o 3= 30 d d dd dd d
Y3z, Voo sal
l o = 20
a2 10
o3 0 : :
EL 1 -
<Ay : > ~

& RS S ¥ 3
? <& ~.\°¢\ J Cd
& <<‘\<‘ K& & Q"\)‘o ““S\
& < N 2
&£ & o =
QQ,Q o <
[
Treatments

Ol glaclale o Botrytis cinerea 4 (5,805 slhogee (Sogll 5l 655l 0o o F S

by olS Gl
Figure 4. Percentage inhibition of strawberry fruit infection by Botrytis cinerea in
different concentrations of six plant essential oils in liquid phase.

0305 095 Lalpd 53 Woges (Fogll 1l 318 50 ol 1 s ialos] sledls sleiSilos i
O Comd Vevee g 00 YO glacdale § e BT (uilul fyaudio jo Cand Voo clale aS ol LS
L o(F JS2) wo 8 o0 (S 095 sboges (S0l 5l wle g axils 1) 51 cp yige ol 05 bl (yguls
cladale Ci 5 @ egdlST g olew 05 laguill clale oy e (cdalé (p 56S dogd ool 4 axgs

20,5 el ygulie ;0 Con8 Ve e 9 VO

Discussion Eoy
O s len else il o Glals (oo (la g5l So 20 50 aS sy oo Slatay alS sl il
—an 45 wlesls lis saate leeis,l55 .( Mihaliak et al. 1991, Palfi et al. 2019) sl avsls
Bishop ) oS o (s sl el 5l g 2,8 slee o 51 oaEiulejl Ll o aLS sla il
and Reagan 1998, Reagan 1998, Singh and Tripathi 1999, Bellerbeck et al. 2001,
glin g ol 0,35 0LS g0 sla il a5 sols lis _zagss (Hidalgo et al. 2002, Liu et al. 2016

ool ol 5 08 e 69 ssbo sy il ogre o ulo 5l (65 S (6 Lo il o0
Aminifard and ) cewl sas Aoy oload o))l (o 50ls (b, Sloe a4 Luilol go pl o p)l8

.(Mohammadi 2013
ol 3 (S5 B (57 S (s ey Jale B CINETEA 0515 (39,5 Luly5 55 oS i il 1
= LagT o Bocs e da puilul cdale 2138l b aS o sols (lis 5 03,8 )13 cw)p 390 LidgR
g0+ (¥O- slacclale )5 obow oy eilul s s a8l cpl olol 5 sl oo Gial33l 58 2,5 opl ade

wuj)éb‘ﬁ)bu%@)bw\”’ 30” (_ngvJal.C)Ow}u.JlS‘quu‘jrn“jJ@\"‘

VYO


http://www.ncbi.nlm.nih.gov/pubmed?term=Mohammadi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22740387

VWA olies) 5 b o) ol s Jlo AL (oliis Lo il
Plant Pathology Science Vol.9(1), 2020

gy 4zl L ail ol ais S (6 S g8 ol poke s w51 JelS 5 bay
A gk j0 S8 B0 clale o Wlg o ugidST bl wisls Lis a5 (Tripathi et al. 2008)
Sla bl (S s clad oy 55 0l Caiblhas (S (5,55l B. Cinerea ws, 5l s ob
ly =878 151 5 i ol 0,05 45 0 ool )Lis Bl Cinerea alo> 5l z 6 wix 5 gyl olals
S8 xS o Gge 0GB Fee e il oz )lE alald) L el e ban wilsi e g 0l
slag,L 5l iyl bl ( Mohammadi and Aminifard 2011, Mohammadifar et al. 2012)
WSS oo S e 5 S 5 caiS a9 CBlo Sl ey i sben slag) S dhes 5l goanie
g ol 0,035 il L2mgis ol sleaisl & a5 L .( Nguefak et al. 2004, Reddy et al. 1997)
)50 9,8 D5 § S ST )l Sl 5 5 ler @58l o) Sl T sl 0 il oo st ST
Lo S5 o5t S (61 sl (Sas olas 025 uilol &5 Lyl 51 U ol b S 1,5 eolit
a0l e sl ol el ogidIST 51 508 o7 (Swiylajl cdale J8las g asl atils boges S
Sy oo 4 oL ol ulll g Snis Collad il oo oSS B Gl il Ol
5l as ol — (Linalool) JglJ 4 (Carvacrol) Js 515,15 «Limonene) :jsed (Carvon) s,
099 oslgs o &LS sla wilul . (lacobellis et al. 2005)uS o (5,5 5l o xiSL g oz B o,
Asghari ) asms Lili3l 1) Lag ] jee wnsl axsls o Ll &Y game coisS 5 g S 50 a5 ol

(Marjanlo et al. 2009

Conclusion &S o
5 Lald glas w0, oliw 0,5 ¢ wetadlST iagl slamilnl 5l aS wsls ylis anlllas oyl (sloasdl
‘Lﬁwlﬂ:‘ Q"‘ O Q; oolarl ‘;J)B&_Js.l 6).......519 ‘;M}’ (_g)Lo.u u.:).n.\.o (5‘).1 u‘yso o)y
oo sl dmplal 50 b alin 53 035 3,0 Ll 5o e (T Jasle 1 arss b ol 65 il
chale ) Gulul cpl (Js eo)ls (ol iz 5 ogtdUT Guilal az 5100 5 (0 arosi (5ben 0l
BN ol.:.....o oy} LJ“"’L"" as ‘5|L'> 5o o)b 0gu0 &;°5ﬂ )| ;¢)1o)b ).'l &’L" Oy A uﬁ"'l""’ 30 Chond Vo v e

S oo S gl ogue (S 5l yglin H0 CeanB YO 5ol cdale

References &b

1. Abd-Alla MA, Abd-El-Kader MM, Abd-El-Kareem F, EI-Mohamedy RSR (2011)
Evaluation of lemongrass, thyme and peracetic acid against gray mold of strawberry
fruits. Journal of Agricultural Technology 7:1775-1787.

2. Aliaran A, Nourollahi K, Shahivand M (2018) Evaluation of antifungal effects of
essential oil savory, cinnamon and fennel on the growth of three species of plant
pathogenic fungi in vitro. Applied Biology 31:190-206. (In Persian with English
Abstract).

3. Aminifard MH, Mohammadi S (2013) Essential oils to control Botrytis cinerea in
vitro and in vivo on plum fruits. Journal of the Science of Food and Agriculture
93:348-353.

4. Anthony S, Abeyvikrama K, Wilson WS (2003) The effect of spraying essential oils
of Cymbopogon nardus, Cymbopogon flexuosus and Ocimum basilicumon

Y&


http://www.ncbi.nlm.nih.gov/pubmed?term=Aminifard%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=22740387
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohammadi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22740387
http://www.ncbi.nlm.nih.gov/pubmed/22740387

shadl g ool Sy SR S S S p (2l bl b ]
Plant Pathology Science Vol.9(1), 2020

postharvest diseases and storage life of Embul banana. Journal of Horticultural
Science and Biotechnology 78:780-785.

5. Antonov A, Stewart A, Walter M (1997) Inhibition of conidium germination and
mycelial growth of Botrytis cinerea by natural products. Proceedings of the 501" N.Z.
Plant Protection Conference, Hastings, New Zealand, p.159.

6. Arras G, Agabbio M, Piga A, D’hallewin G, Gerasopoulos D, Olympios C, Passam
H (1993) Fungicide effect of volatile compounds of Thymus capitatus essential oil.
In International Symposium on Quality of Fruit and Vegetables: Influence of Pre-and
Post-Harvest Factors and Technology 379:593-600.

7. Asghari Marjanlo A, Mostofi Y, Shoeibi S, Fattahi M (2009) Effect of cumin
essential oil on postharvest decay and some quality factors of strawberry. Journal of
Medicinal Plants 8:25-43.

8. Bakkali F, Averbeck S, Averbeck D, Idaomar M (2008). Biological effects of
essential oils- a review. Food and Chemical Toxicology 46:446-475.

9. Barnett HL, Hunter BB (1998) Illustrated genera of imperfect fungi. Fourth edition,
APS Press, Minnesota, USA, 218p.

10. Behdani M, Pooyan M, Abbasi S (2012) Evaluation of antifungal activity of some
medicinal plants essential oils against Botrytis cinerea, causal agent of postharvest
apple rot, in vitro. International Journal of Agriculture and Crop Sciences 4:1012-
1016.

11. Behnamian M, Najafi Z, Davari M, DEzhsetan S (2017) Antifungal activity of
medicinal plant essential oils against Mycogone perniciosa, causal agent of wet
bubble and their effects on button mushroom. Biological Control of Pests and Plant
Diseases 6:111-119. (In Persian with English Abstract).

12. Bellerbeck VG, De Roques CG, Bessiere JM, Fonvieille JL, Dargent R (2001)
Effect of Cymbopogon nardus (L) W. Watson essential oil on the growth and
morphogenesis of Aspergillus niger. Canadian Journal of Microbiology 47:9-17.

13. Bergmann BA, Dole JM (2018) Influence of essential oils on post-infection
Botrytis damage in cut roses. Journal of Environmental Horticulture 36:45-57.

14. Bishop CD , Reagan J (1998) Control of the storage pathogen Botrytis cinerea on
dutch white cabbage (Brassica oleracea var capitata) by the essential oil of
Melaleuca alternifolia. Journal of Essential Oil Research 10:57-60.

15. Burt S (2004) Essential oils: their antibacterial properties and potential applications
in foods-a review. International Journal of Food Microbiology 94:223-253.

16. Daferera DJ, Ziogas BN, Polissiou MG (2003) The effectiveness of plant essential
oils on the growth of Botrytis cinerea, Fusarium sp. and Clavibacter michiganensis
subsp. michiganensis. Crop Protection 22:39-44.

17. De Almeida LFR, Frei F, Mancini E, Martino LD, Feo VD (2010) Phytotoxic
activities of Mediterranean essential oils. Molecules 15:4309-4323.

18. Dogu DM, Zobar D (2014) Effects of some plant essential oils against Botrytis
cinerea and Tetranychus urticae on grapevine. Turkish Journal of Agricultural and
Natural Sciences (Special Issue) 1:1268-1273.

19. Dorman HJD, Deans SG (2000) Antimicrobial agents from plants: antibacterial
activity of plant volatile oils. Journal of Applied Microbiology 88:308-316.

20. Elad Y, Vivier M, Fillinger S (2016) Botrytis, the good, the bad and the ugly. Pp.1-
15. In: S Fillinger, Y Elad (eds.). Botrytis-the fungus, the pathogen and its
management in agricultural systems. Springer International Publishing Switzerland.

\YY


javascript:ShowArticleDetail('115832')
javascript:ShowArticleDetail('115832')
http://www.iranmedex.com/english/issues.asp?journalID=38
http://www.iranmedex.com/english/issues.asp?journalID=38

VWA olies) 5 b o) ol s Jlo AL (oliis Lo il
Plant Pathology Science Vol.9(1), 2020

21. Hasani A, Jalili Marandi R, Ghosta Y (2009) Use of essential oils in control of grey
mold (Botrytis cinerea) infection in of pear fruits. Iranian Journal of Horticultural
Science 40:9-18. (In Persian with English Abstract).

22. Hennebert GL (1973) Botrytis and Botrytis-like genera. Persoonia-Molecular
Phylogeny and Evolution of Fungi 7:183-204.

23. Hidalgo PJ, Ubera JL, Santos JA, LaFont F, Castelanos C, Palomino A, Roman M
(2002) Essential oils in Culamintha sylvatica. Broma. ssp. ascedens (Jorden) P.W.
Ball wild and cultivated productions and antifungal activity. Journal of Essential Oil
Research 14:68-71.

24. Holmes GJ, Eckert JW (1999) Sensitivity of Penicillium digitatum and P. italicum
to postharvest citrus fungicides in California. Phytopathology 89:716-721.

25. Hou H, Zhang X, Zhao T, Zhou L (2020) Effects of Origanum vulgare essential oil
and its two main components, carvacrol and thymol, on the plant pathogen Botrytis
cinerea. PeerJ 8:¢9626.

26. lacobellis NS, Cantore PL, Capasso F, Senatore F (2005) Antibacterial activity of
Cuminum cyminum L. and Carum carvi L. essential oils. Journal of Agricultural
and Food Chemistry 53:57-61.

27. Isman MB (2000) Plant essential oils for pest and disease management. Journal of
Crop Protection 19:603-608.

28. Liu S, Shao X, Wei Y, Li Y, Xu F, Wang H (2016) Solidago canadensis L.
essential oil vapor effectively inhibits Botrytis cinerea growth and preserves
postharvest quality of strawberry as a food model system. Frontiers in Microbiology
7:1179.

29. Marotti M, Dellacecca V, Piccaglia R, Giovanelli E (1993) Agronomic and
chemical evaluation of three "varieties" of Foeniculum vulgare Mill. In WOCMAP I-
Medicinal and Aromatic Plants Conference: part 3 of 4331. 63-70.

30. Masih El, Paul B (2002) Secretion of B-1, 3-glucanases by the yeast Pichia
membranifaciens and its possible role in the biocontrol of Botrytis cinerea causing
grey mold disease of the grapevine. Current Microbiology 44:391-395.

31. Mbili NC, Opara UL, Lennox CL, Vries FA (2017) Citrus and lemongrass essential
oils inhibit Botrytis cinerea on ‘Golden Delicious’, ‘Pink Lady’ and ‘Granny Smith’
apples. Journal of Plant Diseases and Protection 124:499-511.

32. Mihaliak CA, Gershenzo J, Croteau R (1991) Lack of rapid monoterpene turnover
in rooted plants, implications for theories of plant chemical defense. Oecologia
87:373-376.

33. Mirzaei S, Goltapeh EM, Shams-Bakhsh M (2007) Taxonomical studies on the
genus Botrytis in Iran. Journal of Agricultural Technology 3:65-76.

34. Mohammadi S, Aminifard MH (2011) In vitro and in vivo antifungal activities of
three essential oils against grey mould disease in cucumber (Cucumis sativus). Asian
Journal of Plant Sciences 10:287-293.

35. Mohammadifar M, Tavakol Norabadi M, Hasanzadeh M, Dashtipoor S, Etebarian
HR, Sahebani N (2012) Study of antifungal activities of seven essential oils from
some Iranian medicinal plants against various postharvest phytopathogenic fungi.
Archives of Phytopathology and Plant Protection 45:2046-2056.

36. Mziouid A, Senhaji B, Heimeur N, Chebli H, Bounimi S, Mayad E, Chebli B
(2018) Evaluation of the antifungal activity of five aromatic plants essential oils
against Botrytis cinerea and their efficiency for keeping quality of fresh raspberries
and strawberries. Applied Journal of Environmental Engineering Science 4:467-472.

\YA


http://journals.ut.ac.ir/page/search-page.html?jourId=&text=Abbas+Hasani&option=fullnames
http://journals.ut.ac.ir/page/search-page.html?jourId=&text=Rasoul+Jalili+Marandi&option=fullnames
http://journals.ut.ac.ir/page/search-page.html?jourId=&text=+yobert+Ghosta&option=fullnames
http://journals.ut.ac.ir/page/article-frame.html?langId=fa&articleId=137907
http://journals.ut.ac.ir/page/article-frame.html?langId=fa&articleId=137907
http://www.doaj.org/doaj?func=openurl&issn=16823974&genre=journal&uiLanguage=en
http://www.doaj.org/doaj?func=openurl&issn=16823974&genre=journal&uiLanguage=en
http://www.ingentaconnect.com/content/tandf/gapp;jsessionid=1umodbqj17luj.alice

shadl g ool Sy SR S S S p (2l bl b ]
Plant Pathology Science Vol.9(1), 2020

37. Nguefak J, Leth V, Zollo A, Mathur SB (2004) Evaluation of five essential oils
from aromatic plant of Cameroon for controlling food spoilage and mycotoxin
producing fungi. International Journal of Food Microbiology 94:329-334.

38. Palfi M, Konjevoda P, Vrandegié¢ K, Cosi¢ J (2019) Antifungal activity of essential
oils on mycelial growth of Fusarium oxysporum and Bortytis cinerea. Emirates
Journal of Food and Agriculture 31:544-554.

39. Pandey R, Kalra A, Tandon S, Mehrotra N, Singh HN, Kumar S (2000) Essential
oils as potent sources of nematicidal compounds. Journal of Phytopathology
148:501-502.

40. Plaza P, Torres R, Usall J, Lamarca N, Vinas | (2004) Evaluation of the potential of
commercial post harvest application of essential oils to control citrus decay. Journal
of Horticultural Science and Biotechnology 79:935-940.

41. Plotto A, Roberts DD, Roberts RG (2003) Valuation of plant essential oils as
natural postharvest disease control of tomato (Lycopersicon esculentum). In XXVI
International Horticultural Congress: Issues and Advances in Postharvest
Horticulture 628:737-745.

42. Rahemi M (2010) Post-harvest Physiology: Preface on Physiology and Transfer of
Fruit, Vegetable and Ornamental Plants. Shiraz University Press, Iran, 437p. (In
Persian).

43. Reang SP, Mishra JP, Prasad R (2020) In vitro antifungal activities of five plant
essential oils against Botrytis cinerea causing gray mold of orange. Journal of
Pharmacognosy and Phytochemistry 9:1046-1048.

44. Reddy MVB, Angres P, Gosselin A, Arul J (1997) Characterization and use of
essential oil from Thymus vulgaris against Botrytis cinerea and Rhizophus stolonifer
in strawberry fruit. Phytochemistry 97:1515-1520.

45.  Safaei-Farahani B, Mostowfizade-Ghalamfarsa R (2019) Fungal plant disease
management by natural essential oils. Plant Pathology Science 8:24-37. (In Persian
with English Abstract).

46. Salehi P, Sonboli A, Eftekhar F, Nejad-Ebrahimi S, Yousefzadi M (2005) Essential
oil composition, antibacterial and antioxidant activity of the oil and various extracts
of Ziziphora clinopodioides subsp. rigida (BOISS.) RECH. F. from Iran. Biological
and Pharmaceutical Bulletin 28:1892-1896.

47.  Salek Mearaji H, Salek Naghdi R, Tafreshi K (2015) Suppressiveness of
rosemary (Rosmarinus officinalis) and fennel (Foeniculum vulgare) essential oils on
Fusarium oxysporum. Research in Plant Pathology 3:57-68. (In Persian with English
Abstract).

48. Singh J, Tripathi NN (1999) Inhibition of storage fungi of black gram (Vigna
mungo L.) by some essential oils. Flavour and Fragrance Journal 14:42-44.

49. Siripornvisal S, Rungprom W, Sawatdikarn S (2009) Antifungal activity of
essential oils derived from some medicinal plants against grey mold (Botrytis
cinerea). Asian Journal of Food and Agro-Industry S229-S233.

50. Soliman KM, Badeaa RI (2002) Effect of oil extracted from some medicinal plants
on different mycotoxigenic fungi. Food and Chemical Toxicology 40:1669-1675.

51. Spadaro D, Gullino ML (2004) State of the art and future prospects of the
biological control of postharvest fruit diseases. International Journal of Food
Microbiology 91:185-194.

52. Steel RG (1997) Principles and procedures of statistics a biometrical approach. 3rd
ed. McGraw Hill Book Co. Inc., New York, USA, 666p.

AR



VWA olies) 5 b o) ol s Jlo AL (oliis Lo il
Plant Pathology Science Vol.9(1), 2020

53. Lee SO, Choi GJ, Jang KS, Lim HK, Cho KY, Kim JC (2007) Antifungal activity
of five plant essential oils as fumigant against postharvest and soil borne plant
pathogenic fungi. The Plant Pathology Journal 23:97-102.

54. Suzuki K, Kato T, Takahashi J, Kamoshita K (1984) Mode of action of methyl N-
(3,5-dichlorophenyl)-carbamate in the benzimidazole-resistant isolate of Botrytis
cinerea. Journal of Pesticide Science 9:497-501.

55. Tian SP (2006) Microbial control of postharvest diseases of fruits and vegetables:
current concepts and future outlook. Microbial Biotechnology in Horticulture 1:163-
202.

56. Tripathi P, Dubey NK , Shukla EK (2008) Use of some essential oils as post-
harvest botanical fungicides in the management of grey mold of grapes caused by
Botrytis cinerea. World Journal of Microbiology and Biotechnology 24:39-46.

57. Vitoratos A, Bilalis D, Karkanis A, Efthimiadou A (2013) Antifungal activity of
plant essential oils against Botrytis cinerea, Penicillium italicum and Penicillium
digitatum. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 41:86-92.

58. Wang C, Zhang J, Chen H, Fan Y, Shi Z (2010) Antifungal activity of eugenol
against Botrytis cinerea. Tropical Plant Pathology 5:137-143.

59. Williamson B, Tudzynski B, Tudzynski P, Van Kan JAL (2007) Botrytis cinerea:
the cause of gray mold disease. Molecular Plant Pathology 8:561-580.

60. Wilson CL, Solar JM, El Ghaouth A, Wisniewski ME (1997) Rapid evaluation of
plant extracts and essential oils for antifungal activity against Botrytis cinerea. Plant
Disease 81:204-210.

61. Zhang H, Wang L, Dong Y, Jiang S, Cao J, Meng R (2007) Postharvest biological
control of gray mold decay of strawberry with Rhodotorula glutinis. Biological
Control 40:287-292.

\F



