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Table 2- Analysis of variance of percentage of disease severity and incidence of apple powdery mildew disease
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O gt 29l &3l 4y Mean square
Source of variation Df &ilow 0 oy Colow £589 o yd
Percentage of disease severity  Percentage of disease incidence
Sk 3 49.55 22.10
Bolck
e 7 613.05™ 1364.70"
Tratment
- 21 35,59 74.63
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Table 3- Comparison of the mean percentage of disease severity and incidence of apple powdery mildew
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The mean percentage disease severitys  The mean percentage of disease incidence
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Introduction: Apple (Malus domestica, Borkh) is considered one of the most common popular and favorite
deciduous fruit trees cultivated in Iran. Various harmful factors affect the performance of this fruit. Apple
powdery mildew disease is one of the most important apple diseases that has a worldwide distribution and causes
disease and is caused by the fungus Podosphaera leucotricha Ell. Et Ev. This fungus is an obligate parasite and
it can attack to leaves, flowers, fruits and twigs. In the beginning of spring the disease appeared on leaves which
are the most susceptible organs. The disease appears on the upperside of infected leaf as powdery white lesions
and eventually the infected part of leaf turn brown and infections on the underside of infected leaf result in
chlorotic patches. Infected leaves become crinkle, curl and drop prematurely. Although blossom and fruit
infections are less common, they are important because infected fruits are small and stunted if they do not drop.
P. leucotricha survives the winter as mycelium in vegetative tissues or in infected flower buds. The primary
infection starts when infected buds break dormancy and fungus resumes growth and colonizes developing
shoots. Spores growing on infected shoots spread nearby and initiate secondary infections. Also it causes early
loss of leaves and stop the growth of diseased branches and as a result, the loss of yield. In heavily infected trees,
rust can be seen on fruit surface. Powdery mildew infection usually occurs at relative humidity above 70%, and
on days when humidity is low, the infection usually occurs at night or in the early morning hours when the
humidity is high. Although the use of effective fungicides can control the disease well but appearance of
resistant strains of pathogens to reduce fungicide efficiency in controlling disease and producers' access to
effective fungicides from various chemical groups, while helping gardeners to reduce the economic damage
caused by the disease, reduces the possibility of pathogen resistance to fungicides. The aim of this study was to
determine the efficacy of Boscalid + Pyraclovastrobin (Bellis ® WG38%) (Manufactured by BASF Co.) (With
doses of 0.4, 0.7 and 1 ml L) compared with Tri-floxystrobin + Fluopyram (Luna Sensation ®) (with a dose of
0.2 ml L%, Tri-floxystrobin (Flint ® WG50%) (0.2 ml L) and Tri-floxystrobin + Teboconazol (Nativo ©
WG50%) (With a dose of 0.2 ml L) to control apple powdery mildew disease.

Materials and Methods: For the experiment, the apple orchard of Golden Smooth cultivar with a history of
powdery mildew in Ardabil province was selected. The experiment was carried out in a randomized complete
block design (RCBD) with 8 treatments and 4 replications. Control treatments were without any spraying and
with water spraying. Treatments were applied at three stages (full green bud stage and followed up at pink
flowers stage and 10 days after the 2nd spraying). Ten days after the first symptoms of the disease were observed
on the control treatments, samples were taken from the sheets and the percentage of the disease incidence and
disease severity percentage were calculated. After calculating the incidence and disease severity of apple
powdery mildew for each plot, the corresponding values in SAS statistical software were analyzed and the means
of both traits were compared by Duncan's multiple range test at one percent probability level.

Results and Discussion: The results of analysis of variance of the data obtained from the evaluation of the
leaves of the treated trees showed that the effect of treatments on reducing the percentage of disease severity and
disease incidence is statistically significant. The results showed that Bellis ® fungicide with a concentration of
0.1and 0.7 ml L, Luna Sensation ® 0.2 ml L, Nativo ® 0.2 ml L™ and Flint ® with a concentration of 0.2 ml L
had a high efficiency of controlling apple powdery mildew disease. The efficacy of new Bellis ® fungicide with
concentrations of 1 and 0.7 ml L2 was 76 and 60 percent, respectively. According to the obtained results, Bliss
fungicide with a dose of 0.4 per thousand had poor efficacy in controlling the severity and occurrence of the
disease and was not statistically significantly different from the control treatments. The results also showed that
there was no significant difference between the control treatments (treatment with water spraying and treatment
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without spraying).

Conclusion: Because both Bellis ® concentrations are effective in controlling the disease, therefore in order
to protect the health of the fungicide users, the consumer of sprayed products and the environment as well as
reduction in costs, the preferred dose is 0.7 ml L.

Keywords: Apple, Chemical control, Fungicide, Pyraclostrobin + Boscalid, Resistance
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Table 1- Variance analysis of studied indexes in tomato cultivars reaction to bacterial speck disease
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Figure 1- The average of time of the first symptoms appearance in different tomato cultivars after inoculation with
Pseudomonas syringae pv. tomato
There is no statistically significantly difference between columns with the same letters (p<0.05).
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Figure 2— Symptoms of bacterial speck disease on inoculated tomato plant cv. Hyb. Comodoro, five days after inoculation
with Pseudomonas syringae pv. tomato (Pst) (right) and negative control (left)
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Table 2- Correlation coefficient between tomato cultivars reaction indexes (time of the first symptoms appearance, disease
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Introduction: Tomato bacterial speck caused by Pseudomonas syringae pv. tomato, is one of the several
tomato diseases in the world. The disease can seriously affect the quantity and quality of this high-consumption
crop in its cultivated areas. Disease symptoms included black spots surrounded by yellow halo on the leaves and
small block spot on fruits surface. The spots on ripe fruits may surround with yellow haloes. It is difficult to
diagnose the disease via symptoms, because there is high similarity among symptoms of bacterial speck and
other tomato bacterial leaf spot diseases, especially bacterial spot caused by Xanthamonas spp. and
Pseudomonas syringae pv. syringae. The disease is seed-borne, and application of bacterial-free seeds is the
most effective strategy to reduce disease damage. Besides using healthy seed and seedling, other strategies such
as applying resistant cultivars, crop rotation, drip irrigation and using pesticides are common procedures in
integrated disease management

Materials and Methods: In this study, the reaction of 24 tomato cultivars including 13 non-hybrid cultivars
(Early Urbana 111, Early Urbana Y, King stone, Super 22 TO, CalJ N3, 2270, Rio grenade, Early Urbana, Primo
early, Falat CH, Super Chef, Primax and Red Stone, and 11 hybrid cultivars (Hyb. Superset, Hyb. Firenze, Hyb.
Comodoro, Hyb. Bellariva, Hyb. 1585, Hyb. Kishmat, Hyb. Eden, Hyb. 8320, Hyb. Monty marker F1 and Hyb.
Ferguson F1) was evaluated against bacterial speck disease in greenhouse. Four pathogenic P. syringae pv.
tomato strains isolated from tomato fields in West Azarbaijan province, northwest of Iran, used in all
experiments. For inoculation, bacterial suspension of 10’ CFU ml™* (ODego) Was sprayed on the foliage of tomato
seedling at four-five leaf stage. Inoculated seedlings were monitored daily for 21 days, and symptoms were
recorded. The indexes of disease severity (DS), time of the first disease symptoms appearance and the area under
the disease progress curve (AUDPC) were determined. To assess the disease severity, spots were counted on six
leaves of each plant, and the index from zero to six was used, where 0) without symptom, 1) 1-10 spots, 2) 11-15
spots, 3) 16-20 spots, 4) 21-25 spots, 5) 26-30 spots and 6) more than 30 spots on leaves. Experiments were
conducted in a completely randomized design, and four pots with four seedlings in each pot were considered for
each treatment (cultivar). Statistical analysis of data was performed via Tukey’ HSD test using SAS software
(version 9.4). The AUDPC index was calculated using R (version 3.5.2) and Agricolae package. Correlation
among studied indexes was evaluated via Spearman’s rank correlation coefficients in SPSS (version 25).

Results and Discussion: Analysis variance of data indicated the significance at 1% level among the studied
indexes. Positive correlation observed between AUDPC and the time of the first symptoms appearance (r=0.71),
as well as the disease severity index (r=0.76), but there was no significant correlation between the time of the
first symptoms appearance and the disease severity indexes (r=0.22). According to all three indexes cv.
Hyb.1585 determined as a resistant cultivar and cv. Hyb. 8320 were identified as disease susceptible cultivar.
However, some cultivars such as cv. Hyh. Firenze was susceptible based on the disease severity index but it
considered as a resistant cultivar based on the time of the first disease symptoms appearance index. The results
of previous research on tomato bacterial speck disease have shown different degrees of disease severity in
various cultivars. So far, several resistant cultivars against this disease have been reported. The response of 93
different tomato cultivars growing in the Mediterranean region of Turkey was examined and seven cultivars
showed resistance against P. syringae pv. tomato. Six of these cultivars included Atalay, Party, Petrus,
Piccadilly, Prenses and they had the Pto gene, which encodes proteins related to resistance against the disease.
Overall, based on the findings of this study, hybrid cultivars of Hyb. 1585, Hyb. Superset, King stone, Hyb.
Bellariva and Hyb. Firenze, and non-hybrid cultivar Super Chef showed higher resistance to tomato bacterial
speck disease in compare to other studied cultivars.
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Conclusion: According to the results of this study, the resistance to this pathogen depends on various genetic
and physiological factors, as well as plant-pathogen interactions. Application of different disease indexes in
evaluating the cultivars reaction to diseases is recommended which can be effective in the final decisions for
diseases management.

Keywords: AUDPC, Pseudomonas syringae pv. tomato, Resistance cultivars, Tomato



Journal of Iranian Plant Protection Research
Vol. 35, No. 4, Winter 2022, P. 421-431

A

(S309bS abuo 9 pole) ()l ! HLS cblis> ba kgl 4 pis
FYI-FYY .o AFee ylimo oF o lod YD oo

S2) d\w‘f Gb‘)ﬂ‘ be)’-"‘d:’"‘ sS/J; g*IRI &‘)JUM}J}%‘ﬁ

o g1 S g bl

¥ s 3131 b =" 6 g o S Loy 3 geme = GIs,18 s, Il
WA/NVYA 15l 55 o6

VRSN oy b

2SS

ol g 0ad slool W5Me 1y oud Lis iliseo 3blie sla S5 > (Grapevine fanleaf virus, GFLV) ge Sjob Sy wgpg

Loaylia (S5 g5 4 e bl )3 Colds e oS Wlodd (i (5)lg5 S5 5355 Slige (3l S 09,5 dw )3 el g g
Jlo 5 ST Gl 53 )l (S ame Ll 5 9o o) Gl (g saihix 4 00l Sbml @8Me il il 0l 03l
T 3 b 0B 0F 5 Goslem 590y plolp sl Gl 5l lodiges b () (g idsy (g oA 4l 15yl
odlazul b 1Y yg0il 55 9 6)glaen bS5l wWSMe chyls Sy diges Vo Q dlass yobaio oyl 4 3,5 Bl 5 s g (¢ jbodilanods iS5 alis
dpdazme adlalo [l odd (g)glgen slodiges o 53 (529l i oyt 25 205 G905 OA 1 gy 4 (S GFLV olas] ool il |
iy gy 01iSSS Al olS Jobo 4y bgsye jl s WS+ Jshay (haskad oliazs] elo ST 51 oolitsl b 3y yadlS ooy 53 il
NV 9 8mF i alsiel 5 Sa59lS o )3 00 QL (sla lir (Adgy (Bgn A5 5SS e Vsl Sl (and 5 oy
$asls 5 1y GFLV ) sladlis ¢ pidsr opSgp 0aS 05 anb Lolwl p S5l Llos el calis s bls ple slaalis b as)d
45 b )S 158 59iS oyt Jlod slaaslix e (29)5 )3 988 3p8 Jlod sladliz rizmen 15 5118 s b plo claalia e
ol 31 o st 3528 5 ol 3 GFLV g soss Sk 345 ol j1 Jols gl sl GFLV olS5 )3 il i 51 onimd oLt

ol Glas & plo 4 adlaio

30 SO Sy wapg sy gl B (Sl (ST gl (sbrojly

(V1) 035 50 S5k S S)low Jole g ! 295000 Jlobs
(Jgmame 3, Slas g 00 JSii StalS ol wad (Sogll
by byl og g cnl JWST(Y) 2980 M3 A b (>
ool sl 5l ise Jls ol b .ol Xiphinema index wsles
03501 sl Jlog 5 Sy cdald ) oolitl b iS5 ey ] guh 5
Stlige e (JSB Jolid @5Me jlog)S aw (V) 1) L3bi s
g doml e (F3b Sy (ilow bawgi )lg S5, 93);
Wb oo P8 0 E55 & baiye oMe )3 gl ul oS (1Y)
IS (0) csl oad osmlio 08, 4 53 @M jlog)S 93 1)
Sl oy el sl ol Sl pgs b o wang 0 £55 @l
ol o 3ly oLl Lt g b el 0ybg> s 36 &5
Lagiee ool plaljl g b b g ugpy Bl el aaidly e
ol 4 sleio NEpoVirus s 5l GFLV (M 4 ¥) 25 salgs

doddo

oLl a5 cuwl oyl b olasl § cirno Jpame S oK)
DIy lyal g Loy pawlyws )3 (65)9liS ¥ gamo ()3 slokg
Sl s Ll &Vl wgps dcd 5 wopy b sylow
S S gy (V9 10) WS (00 35 (g5y5liS S 4
5 e §l o (Grapevine fanleaf virus - GFLV) 4l
0358 £33y 5 (ooLatdl Cpanl LU 3l o yogyrg (305 sord

5 Gladss S0 o ShpolS Clidos isy (imeh ookl =Y 5 ¥ O
il el plojle g9y ol il (el plie 5 5515l B0

Ol e 5555l g 9
(Email: s.gharooni@areeo.ac.ir () phams ok g — %)

DOI: 10.22067/JPP.2021.68789.1010



mailto:s.gharooni@areeo.ac.ir
http://dx.doi.org/10.22067/JPP.2021.68789.1010

1Fee Lo F o)lods (FO ula ((5)9Lis 2aboo g pole) oyl ! (LS cblas by jngh 4 pis ¥yy

O Rl aomd e (LS 48 alond JSuls Jatas )5 (o x>
93 dallls b (1Y) El 0303 ) GFLV ldlyis (slocunas
2 o=l GFLV (sl i (Sif £95 9 Cumor jlS Lo b dlal
b Sl sabe olihie (e ol ¥V Lo
SYsb ypa 1) ang Cuner Seld L Cumdy cpl e g A5
o(A) dsadly (oS 595 b g IS bty 3l cadlaie 3 (g g ke
by (B9 0F 4l (Gl bwg oad bl Olallas (b
Al oo sl (S35 g9 adlllao polaiods g0 (S5 S (99
NS P S PUNTVIN L% LAY
(OF) 355 J8b 5l b Jol g yeg

2 Ol GaplaSt 53 Gugpg (SYgb cutd sl 5 s L
sl 63938 Syl ang ol Jo¥ge Slllas idlS Jlo wix
J=oS el (g (g 01 (09 4l jolate
il o b sl Glotlis bloyl Ly s GFLV 5l
dawgs & Llgi o ol Cpl ol 0ud ool g0 S50l S oy
wrang )l le QLS Wg adby 3 lebas pasuls sl b,
A8 S8

W gy 9 3lge
Laas 9a3 (59 e

=Me L GFLV & [Sogll 4y S'9Siio diges 1+ ggame ,
g )b blyl o Jlge Jlw 95 (b (6)]55 55 5255 Swljga
OLMJ)& Ol;'_,..:‘ dLﬁhQL—ms" [CI{IA RSN 5 VWA dL‘l’JL" "Jt;\u\.:u

L yslaen (V o) o)

GFLV 355l 5 ot
a83 Y ;o o sole (9938] 5l e ol 43 .(8) L5 pb]
Fed zoe Jobo 1o )9 i) Sl ) jui oline b S
8)S )8 o Dyge daBd A U led 15V olSws b ((esil
il YL L Jolee (pd (lie diged (35 Custo jline
351 ol slbtignd & bgsyo slbcSaly (5355 ol s (Sl

%)

S e SoT 0ge)T pladl 9 s 1) T gl ASed
GFLV < o051 5Lals (LS 5 JS o6l o) )] ol
Ol SUIL (CTABY) gy 4 (1Y )5 o 0dly auseis)
ale 51 S8 & 039l Sy j1 p,S o ¥+ Sl (VY) 15 plosi

1- Cetyl-trimethylammonium bromide

o pe5 &S Canl o yragil (slwe S sl 5 (YY) Secoviridae
Sl 015 S5 e o LY (S5 gl ) ] B g3
10" ol g (VY o V8) Bgi oo 0aualb ¥ gl T 9V (el ool
o S8 s S & Jate gy 0l o955 sl Gl
Al o wdl b ey (el 35 el 9 > (2 9 pb
Moy ooy oy S (0555 sl gl ol 1S 5
aw ao Y gl bwg oas ()i 0y ptign b S
DB Y sl ol iS5 3 2AHP) gl 4 5Se S (1S9
(s cigpy 2CCP) o (L3S > yigy—s 2BMP) (3,5

pow 45«53l dlez ©ljg WA Lo ot )Ll 31l
4o bope yoiS ) SLel SV gane ool Mg (liee (it
Ol JS 513053 WY ot 5 (5 Ggeben VoY 0935 g b oSSl
VD s s pold (sl ol 45 0395 Sl eV e Mg
e L s9-2) gLl (o VoA s b plied g0y
L (B8 olomb)dl g (ehops Voo oaw b g8 uoys Vo ¥
2945 5583l BAS g 026y U gl sl )3 (g0 2 Vo) e
g IS 5l o yn 00,Y 25 ) leen liwl gy ol ol ails Hl,8
il )3 5950l S 55 s 2 l0dg05 (el |y 59 5SSl
Olise E30ze g S YYATY dgds VA Jlo 90, ol 5
(V) ol 0395 5 YFEFOD Jguammo ol (o g w05 Mg

Canico Sy lodos 2305 55Kl (S53k S ooy Slow
e @SS dlge ool il Jlo )3 5 39500 Jlobey 55l
OS> (g g sbs)lon Jy5S sl 50 )80l ks (o g
ol 639028 pogng 2Ll gy crl B L Ll ol
STy s San (usigy (903l (ELISA) IYI (o) 2 0gMe
oA Sl b9y ey (RT-PCR) e (L slojes
2359l S gl (sl ey Sl (S ol 48 Ll sl g
23k Glpl g8 GFLV olSalgs sy oo Jlaies (V0) 39)0 Jlod 4
Jbw a bope ol 3 olew g9 S 01 gl (10 5 1Y)
(VF) ol (3Mo Y-

Coat ) (—ddgy (S92 0f Lolwl p LIy Jedos 9 420

il @YU zdaw (Movement protein) Sy i, o (Protein
aS cewl ool L GFLV (sla cunos pgij o0 1) (S5 £oi
S 5 glie sl jl Suise GFLV & el oyl ,Siks
Jles 3 YT Jls 55 (clasdllan (YA 5 YY) ol 4555 4 Cumon
Slacamen S oiSisn Il s 5 455 (b 1938 03k
Ol g v Saldsie plul 9 (Sgglul Sl 0l (ol Jls GFLV
o 5 sl ool 329y ol )3 Jitis JolSS 32k 51 092
jlodsie YL g LI causlyd &y boyyo GFLV slalis oS



YYV 90y ol s pliwl 5o55l GLEL 53 g0 (G30L S 9 g 215,05 Julo 9 (ST o]y Ko g SIS, (9,8

Jolds a5 > Ve 5 a@Bd Y Gde 4 0°C glod o b S ol
FO ©ao 4 0F°C (g jlwdid yulg als o 50 il Ve io 4, 20°C
e 4 WWIC S S coles 50 9 adb A de 4 YYOC 4 a5l
P PCR Jsame 0555 ploul JSloge s 5l edlanl b agds Ve
usl) Green viewer I ,sg So 93 (g9l o yd S 5,581 5
S J5 olfid 3 cmle )3 9 5502980 (0l (w9
Wb (6 )by S (Alphaimager Mini ProteinSimple, USA)

N3 (p—sai 9 (RT-PCR) J g—ans (5 jLwdil _ruan
St gls o3

3 Jd Sy (gloyizs STy 53 s iS5 4ol
J5 J el coS il edlatl Ly (J 86 (9,5 4y (gjlodilacn
Jodl y5iuw 3le (GeNet Bio, Korea, Cat No: K-8000 )
05 ilwailimon 1 (gilupalls G,UST 5 jl ol o8
PTG19-T PCR Cloning coS jl oslaiwl Ly (s (g
055w <8 b Joallygiws 3illae (Vivantis, Malaysia) Vector
Escherichia (¢85 DH5aL 440 9 PTGL9 (giuawdy J8U jo
plool 3l pus s plosl Sl S'e b aliwg 4y 5 Coli
CulS Lme 59y 5 S5y (o] 9 e 45y £ 93 (gmeole gl
el 3l odlil Ly v loaS sy (oS0 p8 S St
gl cgp 035 oo g S Pl g ol
Qiagen ) (LS dedhy glyeinl oS il a8 g ladandly
Sy Jeallygiwd llas (Plasmid Miniprep Kit, Germany
e ond (gjlwdiluon ashad g5 s ol b o3litol 055l
095> 19 2 oSl Ve Cbale Lty yidgySe N -
B3l e Sl 5 Ad a6 VO g Se
A5 ) o 055 138 T 5a 5o 08,5 4 T iy
5 plosl CutS 9 C8) Cua 93 53 il

Vector NTI Advance )l38ls 5 5l la Jlg yiolysg plosl (slys
i yo-SI 3l 03wl U L Jlos dulio (VF) L oolizl 11.5.3
pLssl (NCBI) (¢59)5:85gm leMbl Lo 550 55 (V) BLAST
GFLV ouis b Jly soalis .(www.ncbi.nlm.nih.gov) .
ol s slaJlgs y S5 ol yem 4y (652, Gl (il
osliwl Ly 5 <SOL 3 bayguiS sl g oyl jl o cud GFLV
a5 51.(\Y) Ba5 jl5an MEGAT Jjélays ;5 MUSCLE Jas
2SS aasl JolS Job Jols RT-PCR lawgs o yuiSS sla JIg
Hy 09 p933 ¥ Gl 3l o g gy by gy 04
ol Sl Jlodi 5 w325 sl b San 0F Sl s

3- Sequencing
4- Macrogen

3 g Se 0o e g JPUlgnlS pom¥ j2dg e 0 o] 4y g 03 3
1.4M NaCl, 0.1M Tris-HCI PH=7, 1% PVP\) zl Pl 48l
GLSIPVPP” 5,5 +/+0 ojlas 4 .05 43l (40, 2% CTAB
8)S )y B egrdow a3 Fe gled )0 4dBd VO (gl g 0l
Be v 0 oyl dBBd Y e 4y 4l g0 Weoe (3 digel
sgySn Fooad Jie dyd> g Se 4 (i) 1 yidg)See
Laadd ¥ Ode dy (gilopSon jl day g a8lsl bgls &y py3s,18
Co9Sun Ay iy b Jonds Ol ABES 593 Wiee e i
o~ 9 )Y9_A k.i_; P}_u}oi ol > A 9 A5 0dld JLQ;.:I ol
P AEBT S dy dbges b Lol s Jsibs gl ol 2
sy L 0959500 A (6555 wgamdiw a3 =V glod
oosombow 430 ¥ (glod )0 5 4BBd Ve o 4y AlBd py jgd Ve e
03 0313 gt A+ Joibl pid oo V b Goguy b gty o
L Sl wgmmbew 4550 TV 0l ¥r Cdo 4 dlg yuow
Ot 935 B3] g 4y (g0 slaite Ol g S ¥o ol o
NAD ()RS gl 420 Ve glod 3 (a8 > ]

o) ol 5 s S ¥ (CDNA) oo 4y el ol
Ly (CPR) ciSyy okl S5kT 12ds S ¥ L o gl i
9 b9_1>u D)AJS_).) t_)] )—*‘Jﬁ)if:‘ ‘\/&) 9 JHl_i.u Ve e bale
O A 0300 )8 438y Ve e 4y a3 Fr slod 13 gy o
MMULV Treverse ) wgSas ,5y asus m il yiddg o
50053, 4l byl ay ()0l (wes )b (transcriptase
Ovgadas > D FY (glod 10 4 880 5+ Codo dy g iy Sue
)-8 (Bio-Rad MJ Mini Thermal Cycler, USA) S,luge
(V) <3

sacd n b sl ST 5 ealinal L jlye s (glo sy ST
5 (5- AGAAGTCGCTCACGATCTGTGAGG -3') MpF
1555 gl (5-ACAAACAACACACTGTCGCC-3') CpR
3 Gl 9 9y (—didy (59 23S S 4l LS Jbo
s plosl 1591 (aSly Cute sloaigd plas ol pois ¥ (slass]
Ampligon  Tag DNA )PCR ssl_sl by I 5l.(VY)
Job iS5 1y (Polymerase Master Mix RED, Denmark
Y state ol dny s elined GFLV ey (s of j Lol
V0L pgSee gy (Sl Jools CONA I jdg S
CiSy g cdy sla el 5 S ol (JsesSi V1) S S
o2 il oo Ol g 4 g blsee 005G L olazs
el slozss STy alos by ey il S YD & g

1- Polyvinylpyrrolidone
2- Polyvinylpolypyrrolidone


https://www.vivantechnologies.com/index.php?option=com_content&view=article&id=1160:ptg19-t-pcr-cloning-vector&catid=81:ptg19-t-pcr-cloning-vector&Itemid=110
https://www.vivantechnologies.com/index.php?option=com_content&view=article&id=1160:ptg19-t-pcr-cloning-vector&catid=81:ptg19-t-pcr-cloning-vector&Itemid=110
https://www.vivantechnologies.com/index.php?option=com_content&view=article&id=1160:ptg19-t-pcr-cloning-vector&catid=81:ptg19-t-pcr-cloning-vector&Itemid=110

VFeoo b F o ylos 'O wlr (((55)9bisS 2abuo g poke) ol ! LS cbilis sl ipgs & i FYY

s osS sl slaasles 1s (Lol clacs,S, s
L () JSid) i 01yd Laasls 3 (oole e el g oo Silio
5 (Indirect-ELISA) pasiwme pue 13V (Lo yo03] 51 ooliesl
S350 ggeme 13 (RT-PCR) LugSas jlyey sy 25y
e Ladsses )3 oapg cpl Slod b 1l 90 diges OA

(V Jgi2) 392 @blie plo jl it

)1 odlawl l_» GFLV W}J 9y L)) L51)" ujl))l.u g&&)b W)
i)l S5V Ly Maximum  likelihood i,
A5 ey MEGAT 3315, 5> Bootstrap

ol gl 5l M (gl g0 diges VoA dlaw Budizs opl jo

9 1Y (b9 4n 4 aladised )3 05 (yglaer 5905 ool S
oL epia e 3,8 il o (Sogl Jilgn gy
Eme 1S o3 (oginm (38 b Sy (JSB «63)5 555

O 5l g (S 8 G gyl S5y Dya 59, plld Gl jl 8l (55l men 2391 (SBT3 g0 (53l S 1 g e —) SIS

ol 93 sadilgn dloul f (i (glanS g LaBlus (yowd (15505 . o il dluold (yui oS g LdBlw yud (glass . d (S ped (gl (Wi

Figure 1- Symptoms of GFLV in infected vines of Khorasan Razavi province. (a and b) Vein banding, (c) Leaf malformation
and open petiolar sinus, (d) Stunting and bushy growth of shoot, (e) Zigzagged stem, (f) Double nodes in infected stem
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Table 1- Location and number of collected samples and those infected with GFLV by ELISA and molecular tests

Obwsed oU wgyig 4 0390l gladiged laxi s (g glaen (srdiges S olasi
City No. infected samples No. all samples
o2y 11 27
Bardaskan
i 14 22
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Khalilabad
e 19 27
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nised JE ol 58 109
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samples from Khorasan Razavi vineyards, Lane 9 negative control, M 100bp DNA ladder (Fermentas)
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Figure 3- Dendrogram illustrating the phylogenetic relationships between the Iranian isolates of GFLV and other GFLV
sequences deposited in the GenBank
The tree was constructed using MEGA 7 using Maximum likelihood method with 500 replicates of bootstrap test. TRSV served as

an out group. (Recorded sequences in this study showed by ).
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Introduction: Virus and virus-like diseases cause intensive damage in vineyards all over the world.
Grapevine fanleaf virus (GFLV) is one of the most economic important viruses infecting grapevine worldwide.
It is a major limiting factor for grapevine productions and reduces fruit quality and shortens the longevity of
grapevines in the vineyards. GFLV belongs to the genus Nepovirus in the family Secoviridae and has a bipartite
single-stranded positive RNA genome which encapsidated in isometric particles. Both RNA molecules contain a
genome-linked viral protein (VPg) at 5' end and a poly (A) tail at 3' end of genome. GFLV is transmitted
naturally from grapevine to grapevine by the ectoparasitic nematode Xiphinema index in the vineyard. Fanleaf
disease causes three groups of symptoms, including malformation, vein clearing and yellowing. This difference
in symptoms is related to diversity in the genome of the virus because in one cultivar can be seen both groups of
symptoms. Khorasan Razavi province has the third largest area under grape cultivation in Iran in this study we
studied distribution and diversity of GFLV isolates in vineyards of Khorasan Razavi province.

Materials and Methods
- Plant material and virus isolates

During two consecutive growing seasons of 2019 and 2020, a survey was conducted in some of the major
areas under the cultivation of grapevine in Khorasan Razavi (Kashmar, Khalilabad, Mohammadiyeh Bardaskan,
Neyshabour) at the northeast of Iran. A total of 109 grapevines samples were collected and tested for GFLV
infection by enzyme-linked immunosorbent assay (ELISA) as described by Clark and Adams (1977). Total RNA
was extracted from petioles of ELISA positive samples using CTAB-PVPP method and were used directly or
stored at - 70 °C.

- Reverse transcriptase —PCR, cloning and sequencing

cDNA was synthesized by Thermoresistant MMuLV reverse transcriptase (Parstous, Iran) according to the
manufacturer's protocol. RT-PCR using specific primer pairs MpF (5'- AGAAGTCGCTCACGATCTGTGAGG
-3) and CpR (5'- ACAAACAACACACTGTCGCC- 3') was amplified 1760 bp fragment corresponding to the
complete length of coat protein and 230 nucleotides of 3' proximal end in order to detect infected samples. The
RT-PCR products were electrophoresed on 1% agarose gel, stained with Green viewer (Pars tous, IRAN), and
visualized by UV light.

The gel extracted PCR products were cloned into, pTG19-T PCR Cloning Vector, (Vivantis, Malaysia)

following the manufacturer’s instructions and were transformed to Escherichia coli strain DH5a. Then colony-
PCR using M13 and the specific primer pairs were used to confirm the recombinant clones. Random
recombinant clones were selected to extract plasmid DNA using a Qiagen Plasmid Miniprep Kit (Qiagen,
Germany). Finally, The GFLV coat protein gene has been sequenced in both directions.

Results and Discussion: In this study, 109 samples of symptomatic vines were collected from the vineyards
of Khorasan Razavi province. 58 samples were confirmed to be infected using indirect ELISA and reverse
transcriptase polymerase chain reaction tests. The most symptoms in vineyards were vein banding, leaf
malformation, open petiolar sinus, stunting and bushy growth of shoot, zigzagged shoot and double nodes in
infected stem. The prevalence of this virus was high in the samples of Mohammadiyeh region. cDAN fragment
of GFLV genome with 1760 bp in length corresponding to the GFLV coat protein gene was amplified with
specific primers. Full-length sequences of the coat protein gene were recorded in the GenBank. Nucleotide
sequence identities of 90-94% were found between the coat protein region of isolates of this study and that of
deposited in the GenBank previously. Phylogenetic analysis carried out on the GFLV-CP gene of 5 Iranian
GFLV sequences selected in this study showed that GFLV isolates of Iran and the world in the phylogenetic tree
were divided into two main groups.

Conclusion: The virus has been detected in northwestern, northeastern and southern vineyards in Iran.
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Probably GFLV originated in Iran, so widespread spread of the virus in these areas is possible. The propagation
of infected cuttings has played a major role in the spread of the virus in vineyards. The capsid protein gene is a
conserved region and be used in the molecular phylogenetic analysis and it is the sole viral determinant of the
specific transmission of GFLV by its vector. Phylogenetic analysis carried out on the GFLV-CP showed that
GFLYV isolates were separated into two statistically significant clusters: the first one (1) including isolates from
Iran, and the second one (Il) including isolates from different countries, and Iranian isolates of GFLV have
distinct position in phylogentic tree. Furthermore, evidence of divergent evolution was observed between isolates
from northwest, northeast and south of Iran. It confirms that genetic makeup of GFLV may be affected by
geographical isolation. The percentage of GFLV infected samples in summer was much lower than the samples
detected in mid-spring. The results of previous research also indicated that GFLV titer in the grapevines drops
during the summer hot season. High genetic diversity has been observed in coat proteins gene, this change may
be due to an error in the RNA-dependent RNA polymerase (RdRp) enzyme during amplification or due to
recombination events. Geographical area among them has a positive effect on evolution and phylogenetic
relationships.

Keywords: Distribution, Genetic diversity, Khorasan Razavi and Grapevine fan leaf virus
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Figure 1- A. alternate colony on PDA, B. T. harzianum colony on PDA, C. spore chain A. alternata, D. Phialides of T.
harzianum, E. Phialides of A. alternata, F. Petridish containing sterile wheat leaves of Narin cultivar inoculated with A.
alternata, J. Wheat leaves of Narin cultivar necrotic by A. alternata, H. spores T. harzianum on wheat, K. spores T. harzianum
mixed with A. bisporus for use in farm
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Table 1- Results of soil analyze at the test site

SB cal o o ) PH Ec (dS.m)
(Soil texture) (Sand) (Silt) (Clay)
(%) (%) (%) (%)
) —9 (Clay- Loam) 20 35 45 7.9 55

5 T harzianum lojen 3,2, i Cod ()6 o) 0ai8 05 9 (il b Sl 31 (B 1 (1 ouileyly 59UT §1 Juols i =Y Jga
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Table 2- Results of analysis of variance for some physiological and quantitative traits of Narin cultivar of wheat under the
simultaneous application of T. harzianum and plant mulch

kS oo Df ek JS s 325 s Job S gy gl ew Ay g5 cupd
Sou;::es chan o Total weight Number of Spike length  Dry plant height Green plant 0 Jubg IS
9 of spikes (kg) spikes (cm) (cm) height (cm) Spad Index
(Reijlfi;ion) 2 62708.22 026 111 45.13 214.81 25.46
. )Lt‘“ 0 48494.06 2.92 1.04 4,09 46 11.10
reatmen
(Trial L’“"?' sl g 31430 0.15 0.39 58,05 17.16 15.34
error
(Coefficient of 11.07 10.17 7.39 8.06 4.27 7.51
variation)
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Table 3- Comparison of the mean of some physiological and quantitative traits of Narin cultivar of wheat for different levels
of T. harzianum using vegetable mulch

i Job Wy g

_ Waliws J5 o539 Al dlaxi i o Al g9 £lE5 ) b
T. harzianum Total weight of Number of Ieﬁgth Green plant 30 Jadg IS
spike (kg) spikes (cm) hlgirgyhgl(acrrﬁ) height (cm) Spad Index
(Control) sals 2.05a al507.0 ab8.15 95.45a 95.75a 53.90 a
. J)J')K‘-.{B . al.o4 1548.8 a a8.27 93.05a 95.80 a 51.40 a
(Soil application)
?Mls_&ﬁ a2.05 a1588.8 b7.17 95.05a 96.26 a 50.20 a
(Application sheet)
38 Sy plgs 3, S S
(Soil Application + Leaf az2.24 al758.0 a8.25 94.90 a 95.97 a 53.10a
application)
LSD 0.31 283.59 1.01 12.18 6.26 6.26
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Table 4- Comparison of the average of some yield traits of Narin cultivar of wheat for different levels of T. harzianum using
plant mulch

T. harzianum 5,506 359 Al JS 5 ,Sles &3 4138 (39 2 aldy3e 9 a3 alaxs
Soj9om Totalb grain yield Weight of aloow
Lo e kg) thousand seeds (gr) L )
Biological yield (kg Grain weight Number of
weight (kg) in spike (gr) seeds per
spike
(Control)usls 171 a 144 ab 46.13 a 142 a 28.07 a
S Esk 176 a 134 b 4473 a 451 a 307 a
(Soil application)
388, 172 a 141 ab 4578 a 146 a 300 a
(Leaf application)
Syl8 Sy plgi 35S 202 a 156 a 46.47 a 141 a 2950 a
(Soil Application +
Leaf application)
LSD 0.36 0.22 3.28 2.16 45.95
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Table 5- Results of analysis of variance for some physiological characteristics t of Narin cultivar of wheat inoculated by A.
alternata and T. harzianum

i zlo df Apgiig,lS
Total chlorophyll
Sources change Carotenoids Py Chlorophyll a Chlorophyll b Total phenol
)l)sf . 2 0.000 " 0.0001"s 0.0001"s 0.000 " 0.0129 s
(Repetition)
L"M%": 3 0.000" 0.0012" 0.0004 " 0.0004 " 0.0370 ™
T. harzianum
wl>d 6 0.0001" 0.0039"s 0.0012 " 0.0004™ 0.01760 *
Error a
Ll o -
1 0.000 "™ 0.0021 " 0.000 M 0.0008 0.0961
A. alternata
b’i’g)‘ > b‘."b’“‘ 3 0.000 " 0.0013 ™ 0.0002" 0.0001"s 0.0138™
Alternaria . Trichoderma
uts b 8 0.0001 0.0018 0.0008 0.0000 0.0129
Error b
Sl 21.78 21.43 20.15 12.80 20.01

Coefficient of change
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Table 6- Comparison of the mean simple effect of some physiological characteristics of Narin cultivar of wheat for different
applications of T. harzianum

Mg, JS by is adsdy i bJadg I5 Js g

T. harzianum ]
Carotenoid  Total chlorophyll  Chlorophylla b Chlorophyll  Total phenol
(mgg*FW)  (mgg™FW) (mgg*FW) (mgg*FW) (mgg™FW)
(Control).sls 0.057 a 0.218a 0.136 a 0.074 a 0.128 a
. Jﬁ)&-.{u . 0.048 a 0173 a 0.188 a 0.054 a 0.336 a
(Soil application)
35Sy
ST 0.053 a 0.195a 0.133a 0.061a 0.188 a
(Application Leaf)
oS Se oot 0.055a 0.206 a 0.138a 0.067 a 0.3%9a
(Soil Application + Leaf application)
LSD 0.0195 0.0882 0.0497 0.0298 0.1879
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Table 7- Comparison of the mean simple effect of some physiological characteristics of Narin cultivar of wheat for inoculation
or non-inoculation with A. alternate.

A alternata Mg, JS Jedg i adsdy ls bJadg IS Js g
Carotenoid  Total chlorophyll Chlorophylla Chlorophyll b Total phenol
(mgg*FW)  (mggFW) (mgg*FW) (mgg*FW) (mgg™FW)

b6yl el
¥ 2 G&L P . 0.0550 a 0.2075 a 0.1331a 0.0706 a 0.207 b
(Lack of inoculation of Alternaria)
LUyl b peails
~ ’"J ; & . 0.0521 a 0.1888 a 0.1331a 0.0578 b 0.334a
(Alternaria inoculation)
LSD 0.0110a 0.0400 a 0.0274 a 0.0078 a 0.0511a

LBl e o stme Sglis gyl 103 B (5l stme pas 15 LSD ygasl bl (g 2 )3 ailite By o (sl (sl Silia



VFeor b F oylods 'O aler (((55)9bis” @abuo g pole) ol p! HLS cblis b ipgsy 4 i FYe
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Table 8- Comparison of the mean interaction of some physiological characteristics of Narin cultivar of wheat for different
levels of T. harzianum and A. alternate

N . sigigss  F Ik s 5 b s 5 J5 i
alternata  harzianum  Carotenoid chIor?oShyII Chlorophyll a Chlorophyll b Total phenol
Mgg"FW)  ggipw)  (MIGTFW) (mg g~ FW) (mg g FW)
0 0 0.062 a 0.247 a 0.144a 0.086 a 0.240¢
0 1 0.049a 0.182 ab 0.119a 0.062 b 0.219¢
0 2 0.054 a 0.200 ab 0.126a 0.064 b 0.281c
0 3 0.053 a 0.200 ab 0.136a 0.068 b 0.090d
1 0 0.052a 0.189 ab 0.127a 0.061 bc 0.195 cd
1 1 0.047 a 0.163 b 0.116a 0.047 ¢ 0.458 b
1 2 0.051a 0.189 b 0.130a 0.059hc 0.096 d
1 3 0.056 a 0.212b 0.145a 0.067 b 0.587 a

bl g gy 50 ulie Bgys b ola (pSike (S5 3,8 590 T ¢ 3,0, S ¥ ¢ S5 30,8 ) Ll -) T, harzianum (il ) o,les-) A alternata
it gl I3 gtme GMESI L 70 (615 ine gdaws 3 LSD 505

(8 35 4ol

A. alternata a5 sly oL )b cplsl sl Baioo cpl sloosls
o ol ogde ety 1y ()b S g9y 0 spbow Sl (Ul
COlogad 1 pljyls LeygSs 5 )3l adlllas (gl plois
OB a5 b gLt () 08y paS (03 Sas 9 (o s 58
Hlab o) Slogas (ol gy Cwl B pgil)la LoydsSy 5
21 algs plisl g S 55 LeyngSs i plgi 5,8 il axsly o8
bl gled slaplil b adyy o AlBlus 5,8 4 cos (b
S S Jele plgie 0 )6l @B b )b o) il rionen
(9 423555 de 50 0 b (S ) WMo o 4 podie N> o
OlaSy Il el o clg 1) Slew 4 63) ool (15T
9oL (3 i S 25 L 3 Ly3gS 5 )8 0y oS s
AU cos ) [l GlS 5 45 i elS Coglio gaw (13
ol by (LS (218 i Glojon S0 0l 1,8
b SluS 5 Gl gy ) ST et Loy @B 5 L6yl
aeyio 3 OilS g olS e 13 LydsSs 5 gyB W o cuily olS
9 St (id)y Slogad 3 (ol Col aily
el (B oo sl Lol wS bl ()b 08 paST (63, Mes
MBS B elS 5 @B S w3 58 d4syje e balpd aslen
9 WAAA _elyj Jad o cas (Vs b sla Sus,l Loy
72 RS 80 Jelse 5l pasS (ol 1) bl b (392 ceslie
e (T g (S Llyd 4 da g g s ol glaedly
sle i jeas 1 g8 ool 1y ad edlaiwl boyaeSs 5 5l adlaio
30 Ui 395 5l 650k IS BT e

JS Jadg IS g uxiguigyls A Jad g iS¢l jae

9 45959) @ J3g)lS (ljwe puibly w35 s & Jou
il slaybyy 9 Lbydl Jless s cov puis JS byl
o555 5 LByl o QST o2 Caslond 1)) Lo )36y 5 )8
bl 5k 51 ST Jido)IS7 5 459508 @ o kS (jee sixe
Cao dw (pl o lopdsSs 5 (6 138 51 aad o )l &S WS b Sixe
el 5 jlon o 5l Jine

@ Jdg kS i 2 ibsine 86 35 byl zdls o3l
(Y Jyia) €t (P < 0.05) a8 IS J i) 5 gy S
el bl ll gl ol (Lt )61 el ool Bl (ol duylie
A5 pS S 89S 9 35559, @ b kST (e sl ine ialS
25018 gy 03w 3l 5 09 o (ime ()lol Sl 51 als” g
915 5 15550, @ oIS lise 2 ()laistne b Loy
S5 S o8 paS el )3 (7 Jgia) el pais S
o Yo ialidl camw ol clayds 40 T. harzianum 43l
(Y8) 29 o (g5mgid LadilaS) e Sialdl g 3 3o
Ol (o2 0Y Ll 8l s paS 0 LoynsSh 5 sladisS
Fob J8s)lS gaop> 0.V @ 85yl (sa0p3 ¥ (S s )lS
w8y 5l odlawl L(A 5 YA) Wad o pAS Sy 3 A5559,8 (gluo)d
Sle Sl 5 (e Lot 4 pB)l (n pslie gi2 oS ()l
01 b gl ,50 b 5uiod ) gl b 0 apo 3 o dilaie
695 45 sl Jls lg] aios oyl A8l dzls OS] dire ol 5
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The Effect of Simultaneous Application of Trichoderma harzianum and Plant
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Introduction: Trichoderma species are the main causes of decomposition and decay of agricultural residues
and are considered for the control of plant pathogens, especially fungi and nematodes in the world. Trichoderma
species have the ability to produce microbial enzymes such as xylanases, which are used in the paper and food
processing industries. These enzymes improve the digestibility of nutrients in certain diets in ruminants and
poultry, where there is no digestive enzyme that can digest the complex carbohydrates in the cell wall. These
enzymes have the power to digest and hydrolyze these substances. South khorasan province due to hot and dry
climate, water shortage and successive droughts, saline water in agriculture, pests and diseases, soil with low
fertility for planting irrigated wheat needs cultivars resistant to these stresses. Narin cultivar is the latest cultivar
introduced for this province. The characteristic of this cultivar are more compatibility with salinity stress areas
and relative maturity with other wheat cultivars.

Materials and Methods: In order to investigate the effect of simultaneous use of Trichoderma harzianum
and plant mulch on yield and physiological characteristics of wheat of Narin cultivar and its effect on the
interaction of this cultivar with Alternaria alternata in 2019-2020 in Birjand Faculty of Agriculture Research
Farm an experiment asComplete randomization block design was performed with four replications. Treatments
included control (without application of Trichoderma), Trichoderma as soil application, Trichoderma as leaf
application in granulation stage, Trichoderma application as soil and leaf application in granulation stage. In the
granulation stage, each experimental unit was divided into two parts and Alternaria leaf spot pathogen treatment
at two levels (inoculation in the granulation stage and without inoculation) was considered as a sub-factor in the
experiment. The purpose of using the pathogen treatment was to evaluate the effect of Trichoderma in the
presence of the pathogen. This fungus was prepared from the archives of the Plant Pathology Laboratory of
Birjand University of Agriculture, which had previously been isolated from the wheat of this province. To
inoculate this pathogen, a suspension with a concentration of 108 spores per ml of A. alternata was used from a
7-day fungus colony on PDA medium and its effect on physiological traits (including total phenol, chlorophyll a,
chlorophyll b, carotenoids, total chlorophyll) were investigated. To investigate the effect of different applications
of Trichoderma on Narin cultivar from another part of the plot without pathogen treatment was analysis of
growth traits, yield and yield components including chlorophyll index, including green and dry stem height,
spike length, weight, grain yield, biological yield, number and weight of grains per spike, spikes number and
weight per unit area were measured.

Results and Discussion: The aim of using pathogen treatment was to evaluate the biological control of
Alternaria wheat leaf spot agent by T. harzianum in different methods by using Trichoderma in the presence of
Alternaria in comparison with the absence of Alternaria and its effect on physiological traits (including total
phenol, chlorophyll a, Chlorophyll b, carotenoids, total chlorophyll) were evaluated. No symptoms of necrosis or
leaf chlorosis were observed after pathogen inoculation. Analysis of physiological traits (total phenol,
chlorophyll a, chlorophyll b, carotenoids, total chlorophyll) showed that only the simple effect of inoculation or
non-inoculation of Alternaria with Trichoderma significantly different (P <0.05) in terms of total phenol content.
Due to the presence of Alternaria as a pathogen, it may lead to a reaction of the plant's defense system, and
Trichoderma can also increase phenolic compounds to counteract the pathogen. Analysis of growth traits, yield
and yield components showed that Trichoderma treatment had no significant effect on any of them.
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Conclusion: This study, for the first time showed that A. alternata can cause disease on wheat Narin cultivar.
Also, this research studied the effect of T. harzianum on physiological and functional characteristics of wheat
Narin cultivar and results demonstrated that T. harzianum can have little effect on these characteristics of Narin
cultivar. Concomitant use of Trichoderma in soil and leaves had a greater effect than separate application in
roots or leaves. Also, according to other research, the effect of trichoderma varies depending on the
environmental conditions including temperature and humidity, soil texture and structure and the type of wheat
cultivar.

Keywords: Alternaria, Leaf spot, Mulch, Phenol, Trichoderma
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Table 1- Analysis of variance of the mean mortality in different stages of T. urticae on apple trees in Tehran province

©la o nbe
Mean square

el 3l sl

Days after spray
o galio NEBRESE P9 39, 82 59, 23,2 jo,
S.0.v df 7t day 14" day
Slow 4 15347 "™ 1347.71 ™ 1469.76 ™
Treatment
Sl 2 34.61"™ 56.06 ™ 16.07 ™
Block
i 6 120.27 49.33
Error

s D gixe duoyd O oo )3 NSt H ize Ao pd S pelaw 3 FF

*:

" significant at 1% of probability; ": non-significant at 5% of probability.
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Table 2- Mean mortality % (+ SE) effects of different acaricides on T. urticae of apple trees in Tehran province

Ol aoyd (WSl
Mean mortality % (= SE)

e P 39) w2 o, 23,42 39
Treatment 3" day 7t day 14" day
O Wl Cony 89.68 + 3.62 ab 9478 +3.12a 8925+74a
Pestout 5
¥ Oyl Cunm 84.99+4.91ab 9475+1.08a 82.10+9.33a
Pestout 3
398991 9452+331a 9142 +356a 86.58 +0.58a
Envidor
Nl 77.72+£11.72b 51.38+12.83b 4210+ 4.73Db
Pride

95 Ol A Gl
Jr é—9l9 o Ol_1$).) 20 d‘d&.‘ 90 U")U FRY cb.l.c P gow u.wbp.m
Ol (ibly 3o g W8S )15 gy 390 Ao ()l 0
P olal o) (wWSlho dulio 50 Jodn b 4 lal do
OSSAS 50 4 pow jg) pO cddlaio (pl ;0 00)5 o odbline £ gl
9 4> )13 09,5 <S4 33 (e 9 S 22> Ver L) il g gl
S mo BB (ly)s g )T )8 pgd 09,5 yd lals duo > A
P Ly dglie 3 g a8 )S )18 51093 10 o 5 Sye a0

0 oY iwlejl 3y90 cdale 93 (I3 dme OMB] aSST s
w20l 5 widn jg) )3 0355 edalie Gl Cuny (ASAS )50 5
olaleil 2)50 slola (i (5l sine BM pows 9 (ysmad 5
AASAS im0 5 cbale g3 pm g )lel i 5l g bl s
5 S Oliwe o3l 9y 53 i3l 118 09)5 G 5> gl ey
ol g seiasl Gl T gl Cny lin 130 Gl Gy )3 e
Oty ey o )3 VE/Ve 5 VEIFR WE/Y e VIR (o ey
Sl g (LS ASAS QLI Glise 03)5 odnlin & jghailen
9039 by 9 p9gil (pleerd (Sl IS (yozmen clale 93 y» 5
Ot oo (5)lol S g L, plos )3 Koo B |
23,5 odnline iolejl 3)50 (gl Lo

okduo! bl 13 Cow US> g1aST 93 (U &S Cliseo Jolpo WL 1Slo (il ylg a1 355 =Y Jgan
Table 3- Analysis of variance of the mean mortality in different stages of T. urticae on apple trees in Isfahan province

©la o nbe
Mean square

el 3l sl

Days after spray
o gale NEBRESE P9 39) SCESTY) 23,k 595
S.0.V df 71 day 14" day
e 4 93.15™ 8.28 **
Treatment
Sl 2 29.71m 208.87 s
Block
s 6 83.41 52.05
Error

s HI3 xe Juo > B e ;5 NS fCunl Hd xe dopd S s jo FF
** significant at 1% of probability; ": non-significant at 5% of probability.
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Table 4- Mean mortality % (+ SE) effects of different acaricides on T. urticae of apple trees in Isfahan province

Ol aoyd (WSl
Mean mortality % (= SE)

e P 39) w2 o, 23,42 39
Treatment 3" day 7t day 14" day
O Wyl Cony 79.49+5.98a 8246 +6.70 a 77.49+10.18 a
Pestout 5
¥ &gl G 76.85+4.82a 80.12+3.60a 7430+519a
Pestout 3
3999 78.77£6.15a 80.33+6.05a 76.49 +6.38 a
Envidor
iy 69.77 £9.57a 70.03 £13.62a 7410+13.92a
Pride
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Table 5- Analysis of variance of the mean mortality in different stages of T. urticae on apple trees in Khorasan Razavi
province

©lape a0be
Mean square

Plow o sy,

Days after spray
i aalio NEHRESE P9 39) R 59, 22,12 59,
S.0.V df 3" day 7t day 14" day
e 4 161.18 ™ 56.66 ™" 122.86 **
Treatment
gl 2 1.81"m 0.29 " 4,48
Block
bs 6 0.83 1.76 18.21
Error

s D gixe duoyd O oo )3 NSt H ize Ao pd S pelaw 3 FF

* significant at 1% of probability; ": non-significant at 5% of probability.
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Table 6- Mean mortality % (+ SE) effects of different acaricides on T. urticae of apple trees in Khorasan Razavi province

Ol aoyd (WSl
Mean mortality % (= SE)

e P50 39) w2 59, NS
Treatment 3" day 7t day 14" day
0 Wyl Cuny 9230+1.92b 94.18+1.02b 89.69 % 1.26 ab
Pestout 5
¥ &gl G 84.70 £0.78 c 89.91+0.95¢c 82.16 +6.03 b
Pestout 3
299! 100 a 98.33+1.65a 91.32+458a
Envidor
Sy 100 a 99.46 £0.93 a 97.73+044 2
Pride
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Evaluation of a Botanical Acaricide Contain Cottonseed and Clove Oils against
Two-spotted Spider Mite in Apple Orchards of Iran
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Introduction: One of the major pests of apple trees all-around of Iran is two-spotted spider mites (TSM,
Tetranychus urticae Koch (1836)). This pest reported from Gorgan and Mazandaran areas for the first time. This
cosmopolitan mite is reported in almost all parts of the country and found in all countries of the world on more
than 150 economic plant species. This pest has been causing damage to the farmer in various apple orchards in
the country every year. Because of high rate of fecundity, high population density, short life cycle and develop
resistance to pesticides, TSM is an invasive pest on apple trees and difficult to control. Also, due to the
continued use of various broad-spectrum chemical insecticides / Acaricides to controlling this pest, in addition to
making the potential of resistance, it has also eliminated natural enemies. Up to date no botanical acaricides has
been registered on TSM in apple orchards of Iran. Accordingly, Pestout® as a botanical acaricide to control the
active stages of TSM at two concentrations and in comparison to spirodiclofen and fenazaquin were evaluated in
three provinces of Tehran, Isfahan and Khorasan Razavi in 2018.

Materials and Methods: During 2018, Pestout® contain cottonseed and clove oils as a botanical acaricide to
control the active stages of TSM at concentrations of 3 and 5 ml/l and in comparison of spirodiclofen SC 24%
(Envidor®) 0.5 ml/l, fenazaquin SC 20% (Pride®) 0.5 ml/l and control (spraying) were evaluated in three
provinces of Tehran, Isfahan and Khorasan Razavi in 2018. The experiment was carried out in a randomized
complete block design with three replications (each replicate containing two trees variety yellow with the same
conditions) for each treatment. Sampling was taken 1 day before and after spraying, at 3, 7 and 14 days’ intervals
from 40 leaves of each experimental unit. Then the immature and female adults of spider mites in the leaves
were counted and registered by using binocular in Agricultural Zoology Research Laboratory of the Iranian
research institute of plant protection and also in Isfahan and Khorasan Razavi provinces. Data obtained from
sampling were corrected by Henderson-Tilton formula. The normality of the data was evaluated using SAS
software and Kolmogorov-Smirnov test. After analysis of variance using one-way ANOVA in SAS software
mean comparison was performed by Duncan’s multiple range test in SAS 9.4 software.

Results and Discussion: The analysis of variance showed that there was a significant difference between all
treatments with control in three provinces across all days. Based on the results obtained in Tehran province, both
concentrations of Pestout (With more than 82% mortality) besides of Envidor (with more than 86% mortality)
were most efficient in all days after spraying. In Isfahan province, the efficacy of Pestout in both concentrations
were in the same group with Envidor and Pride. On the other hand, no significant differences were observed
between the abovementioned treatments in all days. In fact, for all four treatments acceptable performance
recorded. In this province, the mean mortality of 3 ml/lI Pestout varied between 74% to 80% during the test days
and for concentrations 5 ml/l were 77% to 82%. In Khorasan Razavi province, the efficacy of Pestout 5 ml/l on
3, 7 and 14 days after treatment were more than 92%, 94% and 89% mortality, respectively. Also, mean
mortality at concentrations 3 ml/l were recorded 84.70%, 89.91% and 82.16%, respectively. Therefore, both
concentrations in this province had a good efficacy.

Conclusion: Poor orchard management and the effects of climate change, are increasing pest problems,
including TSM incidence, in Iranian orchards. Increased chemical pesticide use is leading to greater occurrence
of pest resistance, insufficient control and increased production costs are some of the problems. The registration
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and implementation of low risk and effective botanical pesticides are one of the best methods for solving the
problem and make a great IPM program in the orchards. Therefore, in the present study, it can be concluded that

Pestout is a good candidate for controlling the two-spotted spider mite on apple trees, and the concentration 3
ml/l of this compound is recommendable in Iran.

Keywords: Apple, Botanical acaricide, Pestout, Two-spotted spider mite
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Table 1- Sampling localities and their geographical coordinates

Province City Latitude Longitude Height Code
O] w2l Job bl (oye W)l e s
oL Urumia 37.55321585  45.07627659 1348 1

o= OERR Bukan 36.51512233  46.20708472 1340 2

Western Azerbaijan Khoy 38.55179431  44.95974594 1136 3
oo Khorramabad ~ 33.48868134  48.35929003 1188 4
o Borujerd 33.89813714  48.7501026 1572 5

Lorestan Kuhdasht 33.52941544  47.60903406 1192 6
i Isfahan 32.67210698  51.67157274 1575 7
© Khansar 33.22605745  50.31752524 2215 8
Isfahan Shahreza  32.00734554  51.85222690 1833 9
e Rudbar 36.82289358  49.42928867 212 10
o Rasht 37.28079786  49.59250067 3 11
Gilan Astara 38.42208367  48.86927386 24 12
i Sary 36.56611747  53.05876297 42 13
o Amol 36.46981559  52.35124183 94 14

Mazandaran Chaloos 36.65428442  51.42130387 29 15
il Kermanshah  34.32365879  47.07410791 1351 16
Kangavar 3450332392  47.96530129 1468 17

Kermanshah Sarpol-zahab ~ 34.45758373  45.86860067 556 18
s Hamedan 34.79881288  48.51516762 1818 19

© Malayer 34.29290641  48.82193253 1748 20
Hamedan Kabudarahang ~ 35.20000154  48.71226525 1672 21
Ss ol Maragheh 37.38950217  46.23764728 1451 22
@ O Tabriz 38.07847882  46.30374328 1402 23
East Azerbaijan Marand 38.43060508  45.77383802 1331 24
s Kerman 30.28451186  57.07261258 1764 25

© Baft 29.23494228  56.59894493 2275 26

Kerman Kuhbanan 31.41029769  56.28292425 1990 27
5 Minab 27.14554001  57.07321481 40 28
oo BandarAbbas  27.19463488  56.30798292 17 29

Hormozgan Rudan 27.44130894  57.19104800 196 30
s Tehran 35°49'54.15  051°25'35.00 1862 31
o Varamin 35°20'51.16  051° 40'48.69 950 32
Tehran Damavand 35°43'44.11  052° 07'00.70 2233 33
o Zanjan 36°4237.00  048°22725.99 1546 34
o) Soltanieh 36°26'32.37  048° 46'03.02 1788 35
Zanjan Ghydar 36°01'57.55  048°3725.27 1836 36
S Saghez 36°10'22.60  046° 17'22.05 1775 37
o= Maryvan 35°37'36.87  046° 17’ 18.38 1989 38

Kurdistan Baneh 35°55'43.60  045°58'42.11 1561 39
D Shiraz 29°24'31.51  051°36'53.96 2105 40
il kazeron 29°36'54.32  051°34'44.82 807 41
Shiraz Fasa 28°59'19.33  053°39'56.47 1563 42
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Table 2- The list of ISSR - primers used by us (Barbosa et al., 2014)

ol 0V &5 ole Jly Jlait slod
NF?rr?ri:f Sequence (5’ — 3) Annealing temperature (C°)
UBC-809 5 -AGAGAGAGAGAGAGAGG-3 51
UBC-820 5 -GTGTGTGTGTGTGTGTC-3" 55
UBC-836 5 -AGAGAGAGAGAGAGAGCA-3 48
UBC-849 5 -GTGTGTGTGTGTGTGTCA-3’ 55
UBC-856  5-ACACACACACACACACTA-3 55
UBC-880 5 -GGAGAGGAGAGGAGA-3 48
UBC-886 5-CTCCTCCTCCTCCTCGT-3" 46
UBC-891 5-GAGCTCTCTCTCTCTCT-3" 50
UBC-810 5 -GAGAGAGAGAGAGAGAT-3 48
UBC812 5 -GAGAGAGAGAGAGAGAA-3 51
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(Inter Simple Sequence Repeats)
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Figure 1- The sample of band pattern of ISSR-PCR products on 2% agarose gel (UBC-809 primer)
The numbers in figure corresponds to locations described in Table 1.
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Table 3- Polymorphism in different populations of Chrysoperla carnea by use of ISSR primers

831l aold . ; ;
. T XY IRy, .
S5 b saalie U Ll S slawi 5 R CURRTES QLchI.d!y\:u IS o,
Name of primer LXW The total Polymorphic Polymorphism
P _ number of The number of information content ymorp
The size bands polymorphic (PIC) Percentage
range bands
of observed
allele
UBC-809 150-1400 9 8 0.643 88.88
UBC-820 220-1500 8 6 0.615 75
UBC-836 280-1200 7 5 0.572 71.42
UBC-849 300-1500 6 4 0.464 66/66
UBC-856 180-1500 6 4 0.444 66.66
UBC-880 170-1400 7 4 0.521 57/14
UBC-886 300-750 6 2 0.391 33/33
UBC-891 250-1100 5 4 0.320 80
UBC-810 300-700 5 3 0.311 60
UBC-812 210-1000 5 3 0.302 60
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Table 4- Mean number of observed and effective alleles of ISSR marker primers used
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n.o: average number of observed alleles and n.e: average number of effective alleles
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Figure 2-Cluster analysis based on UPGMA using Jaccard similarity coefficient. The numbers in figure corresponds to
locations described in Table 1
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Figure 3- Distribution chart of studied populations using ISSR marker
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Table 5- Eigenvalues obtained from principle component analysis based on ISSR primer
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Table 6- Mean number of observed and effective alleles in Chrysoperla carnea populations of the studied provinces

olkdel  (Spboluld o glubdl ol s oS eldileys ol Olen O
Esfahan E.Azerbaijan W.Azerbaijan Lorestan Kerman Gilan Kermanshah Mazandaran Hamedan Hormozgan
n.04.9 5.6 55 6.1 6.6 51 6.3 5.8 45
n.e1.25 1.26 1.27 1.35 1.19 1.41 1.25 1.36 1.26 1.20

Soo Jol (ke N 9o oanlio I olis ke :N.0
n.o: average number of observed alleles and n.e: average number of effective alleles
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Table 6(continued)- Mean number of observed and effective alleles in Chrysoperla carnea populations of the studied

provinces
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Use of Microsatellite Markers for Analysis of Genetic Diversity between
Populations of Green Lacewings Chrysoperla carnea (Neuroptera, Chrysopidae)
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Introduction: Green lacewings are active predators of Aphids, Psylids, Mealy bugs. We used ISSR markers
with 10 primers to evaluate the genetic polymorphism between populations of Chrysoperla carnea collected in
30 cities of 14 provinces of Iran with different climatic conditions and compared them with specimens of a
population from Netherlands. Maximum and minimum of polymorphism were calculated successively of
88.88% for UBC-809 and 33.33% for UBC-886 primers. The Dutch specimens had the smallest genetic distance
with populations of Guilan province and the largest genetic distance to Kerman province. The mean number of
alleles for Dutch, Guilan and Kerman populations were successively 6.9, 6.6 and 4.1 and mean number of
effective alleles were successively 1.48, 1.41 and 1.19.

Materials and Methods: 2000 specimens of Chrysoperla carnea collected from alfa alfa plantations in each
of 14 provinces of Iran, 27 specimens sampled from each province besides another 27 specimens of a Dutch
population acquired from Hamedan center for Science and technology and DNA extracted using Topaz Inc. kit ,
ISSR marker with 10 primers used. BioRad® thermocycler was used for PCR and PCR end product was
electrophoresed in 2% Agarose gel and stained with ethidium bromide. Bands photographed using Gel Doc
2000. Hardy-weinberg’s chi square (%) equation was used for evaluate of equilibrium in the number of
polymorphic alleles,Shannon and Nei indice for evaluation of heterozygosity, POPGENE for genetic distance ,
GenAlex 6 for cluster analysis, AMOVA for analysis of inter and intra populations diversity.

Results and Discussion: The total number of electrophoresis bands were 64 bands, 43 of them were
polymorphic The range of changes of allelic sizes of primers were between 150-1500 bp. Polymorphic
information content(PIC) was between 0.302-0.643 the maximum of it belonged to the primerUBC-809 and the
minimum belonged to the primer UBC-812 (Table 3). In three populations of Dutch, Guilan and Kerman the
maximum of alleles were seen in gene locus of UBC-809 suggesting that it is highly polymorphic, similar
findings was found by Barbosa and co-workers. As in Fig (2) the cluster analysis based on use of Jaccard
similarity coefficient, the populations clustered in three groups, the Dutch population together with those of
Guilan, Mazendaran, Lorestan, East and west Azerbaijan provinces were gathered in the first cluster and
populations of Kerman, Sistan and Beluchestan, Isfahan and Fars province were gathered in the second cluster
and the populations of Hamedan, Zanjan, Kermanshah, Tehran and Kudistan provinces were in the third cluster.
Principal Component analysis was also done, Eigen values, variances percentage and cumulative variances
percentages by independent components and the range of variations represented by these components was shown
in Table (5). 100% of variations were represented by first ten independent components. The first, second and
third components successively represented 27.68,20.57 and 13.01 percentages of all variations.These
components independently from each other represented a percent of genetic diversity, not already known. The
maximum of Shannon index was seen in gene locus of UBC-809was 0.53 in Guilan province and the minimum
0.04 in Kerman province.These data were conceivable because there were nine alleles in gene locus of UBC-809
in population of Guilan province and two alleles in gene locus of UBC-812 in populations of Kerman province,
the same index was calculated 0.58 for Dutch population. The maximum and the minimum of Nei’s index (H) of
gene diversity was calculated 0.35for gene locus of UBC-809 in Guilan province and 0.009 for gene locus of
UBC-812 in Kerman province successively and for Dutch population the index was 0.39. The maximum and
minimum of observed heterozygosity (Ho) was 0.49 in gene locus of UBC-809 in Guilan and 0.031 in gene
locus of UBC-812 in Kerman province successively. The maximum and minimum of expected heterozygosity
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was calculated as 0.579 in gene locus of UBC-809 in Mazendaran province and 0.034 in gene locus of UBC-886
in Hormozgan province successively. Having nine alleles in its gene locus and getting of maximum observed and
expected heterozygosity therefore we can consider the UBC-809 primer as the best gene locus to express of gene
diversity in all Chrysoperla carnea populations studied in our present study. We used x? of Hardy-Weinberg
equilibrium for all alleles studied, and with regard to HO(Equilibrium in alleles frequency in studied populations)
the most well adapted status to Hardy-weinberg equilibrium was seen in gene loci of UBC-809, some of
populations and gene loci did have Hardy-Weinberg equilibrium but others did have significant biases from this
equilibrium which should be attributed to inadequate number of samples chosen (sampling errors) in the studied
populations and or existence of non-reproducing alleles. Our study on population genetic diversity of
Chrysoperla carnea showed that ISSR-PCR markers are the best to study the polymorphism of populations of
this species, did not study hitherto in Iran.The primers used by us in this study for Chrysoperla carnea was
equally used for other orders of insects such as Lepidoptera and Coleoptera (UBC-809) and used for order of
Hemiptera (UBC-812, UBC-819).

Conclusion: More genetic diversity of alleles in populations of Chrysoperla carnea collected from non-
treated alfa alfa plantations than those treated with insecticides. Similar results was obtained in Brazil concerning
populations of Chrysoperla externa. Our present study on Chrysoperla carnea in Iran showed us the similarity
between gene frequencies in the studied provinces, similar results was found for other species of Chrysoperla.
Some authors believe that reduction in heterozygotes alleles in population was caused by a reduction in effective
number of alleles in that population. The decrease of allele's diversity could bring about a reduction of
populations, even species, as well as the reproduction vigor of populations in a new environment. In insect
breeding programs a reduction in genetic diversity has an impact of reduction of fitness or even the loss of
fitness in such an environment in which those populations should be released. We propose that our research on
heterozygosity of populations of Chrysoperla carnea to be continued in more agroecosystems in Iran with a
similar or different molecular markers to have more informations about populations genetic diversity and finally
to consider a logical management for preserving genetic reservoirs of them.

Keywords: Chrysoperla carnea, ISSR primers, Geographical populations, Genetic diversity
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Salicylic acid 0.13 g/litr

Dill seed n-hexanic extract 50 ulitr
Dill seed methanolic extract 50 ulitr
Walnut husk n-hexanic extract 50 ulitr
Walnut husk methanolic extract 50 pl/litr

Spirotetramat + Salicylic acid
Spirotetramat + Dill seed n-hexanic extract
Spirotetramat + Dill seed methanolic extract

Spirotetramat + Walnut husk n-hexanic extract
Spirotetramat + Walnut husk methanolic extract
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Table 2- Mean (xSE) Population density of Trialeurodes vaporariorum Westwood nymphs on bean plants leaves, sprayed
with different treatments

Treatment
)M

N Density of nymph per leaf of plant
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Spirotetramat
Spirotetramat + Salicylic acid
Spirotetramat + Dill seed methanolic extract

Spirotetramat + Walnut husk methanolic extract

Spirotetramat + Dill seed n-hexanic extract

Spirotetramat + Walnut husk n-hexanic extract

Dill seed n-hexanic extract
Walnut husk n-hexanic extract
Salicylic acid
Walnut husk methanolic extract
Dill seed methanolic extract
Control

38 1.76+0.32¢

31 4.45+0.68%
39 3.53+0.57¢

40 3.87+0.72¢%
40 5.30+0.67%
39 4.23+0.70%
35 10.77+1.33°
33 10.69+1.26°
32 7.38+1.06%
39 4.85+0.66%
32 9.47+1.06™
24 14.96+1.392

(P < /-0 SNK y5051) conl bajlass (s sine OS] il oglisie g g >
Different lowercase letters indicate significant differences among treatments (SNK test, P < 0.05)
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325 :CO 5 ails Joilio oylac :iMD ¢ 55,5 Cungy (Joilio o )lac MW ¢ (Sl 30wl :SSA € 45,5 gy 5155l 0jlas INW t1y55 ails 13 %a )l
*SP:Spirotetramat; SP+SA: Spirotetramat combined with Salicylic acid; SP+MD: Spirotetramat combined with methanolic extract of
dill seed; SP+MW: Spirotetramat combined with methanolic extract of walnut husk; SP+ND: Spirotetramat combined with n-hexanic
extract of dill seed; SP+NW: Spirotetramat combined with n-hexanic extract of walnut husk; ND: n-hexanic extract of dill seed; NW:

n-hexanic extract of walnut husk; SA: Salicylic acid; MW: Methanolic extract of walnut husk; MD: Methanolic extract of dill seed;
CO: Control
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Table 3- Total phenol and total flavonoid content (Mean#* SE) of bean plants sprayed with different treatments

Treatments Total Ph(?nol Total Fla}/on(?id
u)w Js Js JS "'!.'.'.9"553@
) (mg/ g dry weight)  (mg/ g dry weight)
Spirotetramat 73.14+1.51° 63.32+4.07%
Spirotetramat + Salicylic acid 92.46+0.91° 117.47+3.172
Spirotetramat + Dill seed methanolic extract 114.07+1.38? 80.87+2.72b¢
Spirotetramat + Walnut husk methanolic extract 97.15+2.88b 67.25+4.43¢de
Spirotetramat + Dill seed n-hexanic extract 71.55+5.49¢ 68.26+7.04¢
Spirotetramat + Walnut husk n-hexanic extract 66.79+1.14¢ 84.12+4.38b
Dill seed n-hexanic extract 89.66+1.68° 66.30+0.97¢d
Walnut husk n-hexanic extract 93.18+6.02° 74.82+0.61b
Dill seed methanolic extract 92.9+5.42° 63.97+7.46%
Walnut husk methanolic extract 97.48+7.07° 33.71+4.62f
Salicylic acid 93.53+4.94b 57.08+7.04¢
Control 58.96+2.644 30.73+2.27"
F 15.26 23.12
df 11,59 11,59
P <0.0001 <0.0001

(P < o100 (S5 gesl) 1) sy iy Jlais] a3 ()l gm0 gl cygius y 53 Dglite g by (gl Sl
Means followed by different letters in each column are significantly different (Tukey test, P < 0.05).
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Introduction: Greenhouse whitefly, Trialeurodes vaporariorum Westwood (Hemiptera: Aleyrodidae), is a
serious pest of a wide range of plants, such as common bean, cucumber, tomato, pepper, lettuce, etc, in both field
and greenhouse production. It typically feeds on the underside of leaves, sucking phloem sap from the plant,
which causes both direct damage, by overall weakening the plant and reducing yield, and indirect damage, by
excreting honeydew, on which sooty mold grows, as well as transmission of several plant viruses. The
widespread use of insecticides to control T. vaporariorum has resulted in developing resistance to the
insecticides and affected human’s health and safety. The utilization of plant extract and elicitors is an
environmentally safe method that is used in the control recently. Therefore, alternative control strategies are
required to minimize the harmful effects of insecticides. In order to control this pest, environmentally friendly
methods, especially of plant origin are recently considered by researchers. For this regard, the effect of some
organic compounds including methanolic and n-hexanic extract of walnut’s husk or dill’s seeds and salicylic
acid, individually and in combination with spirotetramat on population density of greenhouse whitefly’s nymphs
and some secondary compounds of bean plant were investigated.

Materials and Methods: Seeds of common bean, Phaseolus vulgaris L. (Berloty cultivar) were sown and
grown in 15-cm-plastic pots in a greenhouse at 25 £ 3°C, 50 + 10% RH, and a natural photoperiod. For the
experiments, potted bean plants at 6-8 leaf stage, highly infested with T. vaporariorum nymphs, were sprayed
with 12 different treatments, including: (1) spirotetramat (SP), (2) methanolic extract of walnut husk (MW), (3)
n-hexanic extract of walnut husk (NW), (4) methanolic extract of dill seed (MD), (5) n-hexanic extract of dill
seed (ND, (6) salicylic acid (SA), (7) spirotetramat in combination with salicylic acid (SP+SA), (8) spirotetramat
in combination with methanolic extract of dill seed (SP+MD), (9) spirotetramat in combination with methanolic
extract of walnut husk (SP+MW), (10) spirotetramat in combination with n-hexanic extract of dill seed
(SP+ND), (11) spirotetramat in combination with n-hexanic extract of walnut husk (SP+NW), and (12) water as
a control (CO). After five days, the population density of T. vaporariorum nymphs on bean plants leaves was
recorded. Furthermore, the effects of tested treatments on the total phenol and flavonoid contents of bean plants
were evaluated. For this reason, dried leaves (5 g) from each treatment were used for the preparation of extracts.
The total phenolic of the extracts were determined using the Folin - Ciocalteu reagent. Sample and standard
readings were made using a spectrophotometer (Lambda 45-UV/Visible) at 765 nm against the reagent blank.
Furthermore, the aluminum chloride colorimetric method was used for determination of the total flavonoid
content of treatments. For total flavonoid determination, quercetin was used to make the standard calibration
curve. The absorbance was read using a spectrophotometer (Lambda 45-UV/Visible) in the wavelengths of 415
nm. Data were analyzed by one-way ANOVA using SPSS 23.0 software. Comparison of means for nymph
density using SNK (Student-Newman-Keuls) multi-range test and comparison of means for secondary chemical
compositions using Tukey's test at probability level five Percentage occurred.

Results and Discussion: Results showed that the population density of greenhouse whitefly and the
secondary metabolites of plant were significantly affected by the tested treatments. The lowest number of
whitefly’s nymphs was on spirotetramat and spirotetramat in combination with methanolic extract of dill seed
and the highest number was on control. Total phenolic contents ranged from 58.96 to 114.07 mg g* dry weight
on different treatments, which the highest and lowest amount of it was obtained in spirotetramat in combination
with methanolic extract of dill seed and spirotetramat in combination with n-hexanic extract of walnut husk,
respectively. The highest amount of total flavonoid content of bean plants was in spirotetramat in combination
with salicylic acid. The results of the present study showed that the density of greenhouse whitefly population in
spirotetramate treatment was lower than other treatments but there was no significant difference with the
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combined treatments and methanolic extract of walnut husk. Also, all the treatments compared to the control
significantly changed the population density of this pest and increased the amount of total phenolic compound in
bean plant. Therefore, these compounds, especially the methanolic extract of walnut husk, can be used in
integrated management programs of this pest.

Conclusion: This research could provide valuable information for control of T. vaporariorum in other plants
like ornamental plants in the field and greenhouse and thus can be useful for the production of healthy and
organic crops. So it can be used in the IPM programs of this pest.

Keywords: Salicylic acid, Plant extract, Total flavonoid, Total phenol, Whitefly
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Table 1- The mean (+) of developmental time period and adult individuals’ longevity of Aphidoletes aphidimyza fed on Myzus
persicae reared on bell pepper Capsicum annuum L. treated with micronutrient fertilizers.

Slos e 9,¥ 8 ypdud o3lo yoe Job P s deb
Treatment Egg Larvae Pupa Female-longevity Male-longevity
aald 3.34+0.10a 3.47+0.09¢c 8.23+0.15a 6.153+0.153c 4.769+0.199c
Control
“:; ! 2.34+0.07c 4.60+0.11a 7.43+0.10b 7.450+0.133a 6.200+0.323a
)I;/ISM 2.34+0.07c 4.05+0.11b 7.41+0.12b 7.352+0.239%ab 5.823+0.211ab
n
‘é‘: 2.76+0.10b 4.15+0.14b 7.59+0.17b 6.875+0.238b 5.307+0.260bc
;” 2.32+0.07¢ 4.76+0.11a 7.67+0.13b 7.11140.224ab 5.466+0.234ab
n
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The standard errors were estimated via 100,000 bootstraps and compared through paired bootstrap test based on confidence intervals
of differences.
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Table 2- The mean (z) of some biological parameters of Aphidoletes aphidimyza fed on Myzus persicae reared on bell pepper
Capsicum annuum L. treated with micronutrient fertilizers.

A1 (325050 I la By93 1,81 (g5 )05 I Lyt 2495 JS - e S,
P A A YLD ) (LA ..
Treatment : ¢ Fecundity Life span ‘5’?"“’"
APOP TPOP Ovi-days
aald 1+0a 16.153+0.295a 24.69+1.750d 20.576+0.292ab  5.153+0.153b
Control
ool 1+0a 15.300+0.204bc 39.50£1.252a  21.285+0.246a 6.400+£0.132a
Fe
’R/Tw 1+0a 14.823+0.296¢ 36.76+2.224ab  20.441+0.293b 6.294+0.251a
n
‘():M 1+0a 15.375+0.442abc 32.50+1.679bc  20.517+0.345ab 5.875+0.238a
u
‘ZS” 1+0a 15.611+0.213ab 28.83+2.018cd  21.030+0.277ab 6.111+0.224a
n
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The standard errors were estimated via 100,000 bootstraps and compared through paired bootstrap test based on confidence intervals
of differences.
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Table 3- The mean (+) of demographic parameters of Aphidoletes aphidimyza fed on Myzus persicae reared on bell pepper
Capsicum annuum L. treated with micronutrient fertilizers
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Treatrhent =2 R Curod Jwd Fosdgi
r (day™?) (offspring/individual) 2 (day™) T (day) GRR (offspring)
Cc—)\:::ol 0.097+0.014b 6.42+1.595b 1.102+0.015b 19.003+0.375ab 19.92+3.364b
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u
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n
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The standard errors were estimated via 100,000 bootstraps and compared through paired bootstrap test based on confidence intervals
of differences.
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Figure 1- The age-stage specific survival rates (Sxj) of Aphidoletes aphidimyza fed on Myzus persicae reared on bell pepper
Capsicum annuum L. treated with micronutrient fertilizers



o (8039 S &

o (5039 S E

1Fee limn F o)lods (FO wla ((5)9LiS 2aboo g pole) oyl ! LS cblis by jngh 4 yis YAA

Z 1 11
g 1 R
= 0
S s o
s a7 0.7
7 06 0.6
L as 05
2 03 3
s 02
< 01
0
0
0 5 10 15 2 2
(55:)&“ (55))&“’
Age (day) Age (day)
Z u 10 1-:
s 1
£ ’ o
g 07
s W7 6 0.6
Z 06 05
g 4 04
[&)
2 03 9.3
s 02 2 02
S 01
< ol 0
0 0
30
(59,5) cow
Age (day)
= control
8 L1 - 10 2
b = 1 2 =
] ” " ' ;“ —
3 3 NS
2 0.8 5 g
X 3z | 6| 2 3
N 0.6 =
= 9 3
, § |88 4 8
Y &
g 03
<  |e2 -2
0.1
0 0
0 5 10 15 20 25 30
(595) cow
Age (day)

audy (IxMx) (w0329 (§95b QAIBU E 55 9 (M) (w2329 (39, (fx) (gl y s po— w0329 (69,3 dlx) (sww 0329 By & 5 -F JSU5
Cixo32y (39S U oud sload aedd JOlE (g9, 8L (49, MyZzUS persicae «ghd juw & 31 03,5 4y dzsAphidoletes aphidimyza «)lga 4
Figure 2- The survival rate (Ix), age-stage specific fecundity (fx), age-specific fecundity (mx) and age-specific fertility (Ixmx) of

of Aphidoletes aphidimyza fed on Myzus persicae reared on bell pepper Capsicum annuum L. treated with micronutrient
fertilizers

S91813 /&9,

S91815/ 859,

Fecundity/Fertility

Fecundity/Fertility



) 4 el

Life expectancies (exj)

S 4 el

FAQ  adds Jald oLS j0 gdiejyy pobic (83365 il (b e g oIl ol yuo

&
20 20 Egg
......... l_an-ac
15 \ \ N e
BN 5
% H \\ H AR = + = Female
5 ' N
R M 5 oF — - Male
i \'\\. : ! ',‘\\.
sl Py I\, s ||} 0o,
¢ i VN ] D W
i N ' SR N e
. ! l . *3 . 1 ". 1 e e
[ ] 5 10 15 20 25 0 5 10 15 2 25
()’9))&“ (}9))&*’
Age (day) Age (day)
[ca]
9;(_‘,
8
[&)
g \
g ' 'S,
3 N f*is
: " PN
3 S, : oo
- I‘ \ a : n ’ ‘\-\\.:\
15 2 >3 » ¢ S 10 15 2 25 3
(595) o (59) o
Age (day) Age (day)
20
\;-LX:
i
¥ 8
\Jf g’_ e
Yy X g U W
@ l\\‘
= AN
5 F Wee
e ki
10 15 2 25
(59) oo
Age (day)

J8Id gg, a8l yiy9,1 M. PErsiCae «gld juw & 51 83,5 4yds A. aphidimyza «yled dind auiy (Bxi) (gals yo— w55 & dol =Y S8
CdRo3y 51395 U bawi jlowd dald

Figure 3- The age-stage life expectancies (exj) Aphidoletes aphidimyza fed on Myzus persicae reared on bell pepper Capsicum
annuum L. treated with micronutrient fertilizers
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Introduction: Bell pepper (Capsicum annuum L.) is an important plant of belong to family Solanaceae with
the origin of Mexico, which is a rich source of vitamins and beneficial antioxidants to the health and the immune
system. The green peach aphid Myzus persicae (Sulzer) (Hemiptera: Aphididae) is one of the severe important
pests of bell pepper in the greenhouse, which cause damage in both direct and indirect by feeding on sap and
transmitting of viral diseases. The use of insecticides is the most commonly used method for controlling M.
persicae, but in addition to the environmental contaminating, it increased the aphid resistance to chemical
pesticides. Biological control is one of the alternative methods compatible with the crop ecosystems and is an
important component in integrated pest management programs. The aphidophagous midge, Aphidoletes
aphidimyza Rondani is an appropriative and important predator of various species aphids including M. persicae.
Also, the quality of host plants on the first level of nutrition have important effect on the eco- physiology
characteristics of the predator on the third level of nutrition. In this study, the effect of foliar application of
micronutrient fertilizers of iron, zinc, copper and manganese on bell pepper was investigated on the biological
and demographic parameters of A. aphidimyza fed on M. persicae in greenhouse conditions.

Materials and Methods: The experiments were done as a completely randomized design with 50
replications per treatments during 2020-2021 in the greenhouse. The foliar application of micronutrient was
carried out in four-to six-leaf stages with a certain amount of each fertilizer. At the beginning of the experiment,
100 eggs were considered to investigate the study of biology and the life table parameters of A. aphidimyza
reared on the M. persicae fed on in each of the experimental treatments. Then daily, these eggs on the all
treatments were monitored for recording incubation duration, survival rate and larval developmental duration (50
larvae). A mixture of aphids of different stages were Placed daily on each leaves treatment to feed of A.
aphidimyza. Then, the experiments and the observations continued until the emergence of adult insects. After, a
pair of male and female adult insects (15 pairs per treatment) were released into each experimental container
containing leaves aphid infestation. Daily, the investigate continued for recording of pre-oviposition and
oviposition duration, fecundity, male and female longevity until the death of the last individual. Recording of life
table parameters and data analysis was performed using the bisexual life table method in TWOSEX-MSChart
software. The results were accomplished by Tukey’s post hoc Honestly Significant Difference (HSD) test for
showing the mean comparisons (Mean£SE).

Results and Discussion: Based on results, the highest and lowest the intrinsic rate of increase (0.148 and
0.097 / day), the finite rate of population increase (1.160, 1.102 per day) and the net reproduction rate (15.8, and
6.42 offspring/individual) of A. aphidimyza were observed on iron and control treatments, respectively. The
results show that there was a significant difference between the different treatments in terms of mean generation
time (T) and the highest and the lowest T was obtained on control (19.003 day) and manganese treatment
(18.096 day), respectively. Also, the foliar application of micronutrient fertilizers led to reduce the pre-adult time
and increase, fecundity, oviposition period and the male and female longevity of A. aphidimyza. The results of
this study show that the foliar application of plants with micronutrient fertilizers by improving the growth quality
and inducing antibiotic resistance in host plants, has a positive effect on the biology and life table of A.
aphidimyza.

Conclusion: The host plants, as the first level of nutrition, have important effects on the predator biology as
the third level of nutrition. So, the use of micronutrients by improving the quality of host plants herbivorous
insects can be affect the different aspects of the biological characteristics of the higher nutrient level in plant-
herbivorous interactions.
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Therefore, the foliar application of bell pepper with micronutrient fertilizers along with the use of A.
aphidimyza as an appropriative biological control agent for aphids can be effective in integrated management
programs of M. persicae.

Keywords: Life table, Micronutrient fertilizer, Nutritional interaction, Three trophic study
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Table 2- Analysis of variance (Mean square) Germination percentage of Myagrum
perfoliatum L. (seeds in the soil) affected by burial time and burial depth.
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, "and ", indicate a significant difference at 1%, 5% probability level and no significant

difference, respectively.

O ool s 13 L g hpe S oo sebhg: diwg
5 S sl Sae cled 555 5 ol gy 5 S 5
Dl e Bl (o] 45 5,5 (0 D90 (2)1 gy D oy
(V) ohlSer 5 (Gae adllas ol (pizmen a3l Si> b S
Il (Sjed Clgs ) p)She 50 e ol &8 0l LS
IS g Wl (Sojdansd Sl g o ()15 ey
Oitren 30,5 Jidilex Mo pd inli8l el Sl o ()1 dog

olial L as o ol beslsy pSke awglis 5l wols mls

assl ili el La ol Jsdiles duopd « S 30 5ol 480 (yloj e
s aallan 5l oael cowts @l @ ag b (VA JS5) ol
Ay degy Sy e (ol 3 )h Ol &5 dS Gl e (VA)
S lais an pd (2B dleg g 0900 S35 5 Jlesl ()8
T 3 9 oiST 5 2l 299 3 685l (el 3 Lo
Bl (653l slaptunwsS] g Canb )3 9 S (0 oo drady)



VFoo b F o ylods 'O wlr (((55)9bisS 2abuo 9 poke) ol ! LS cbilis sl ipsh i FAA

SBy gy dide jod (M G g (Siler doyd g (3 Bes
(OB Bes iul3al b as" as S 5158 (Rumex obtusifolius L.)
(S5l 3o y3 i 5 S0 iy S 55 S5l Aoy
OlSKen g y860l8 Lol odld &y S (gyi0 il Vo Ges U
Melilotus) ,; sl ol 5, cale (g9, » 395 iulojl ;5 35 (VY)
Sy Gl (80 Ges Lil3l L &S Wd S i)l55 (officinalis L.
9 Foerd ingh @l (pizren Cuwl a8l Bl )5k (Sl
5 e yel (il do ) & 2 o Sike (V) )8 e
SYL S odaw slaasY > (Eleusine indica L.) jl& o
Y i ol ey ol bYs jl (SO el (Sae 45 039
() ohlSon 5 (Soign il Glael b auglis 3 SB (oo s
Rumex obtusifolius ) i 5 j,a dile g9y p 395 inlojl )
G L (S5l pae Lol ¥ 51 (S0 o8 1555 ol (L.
=59y Jol sobo 4 yal cnl s g ol 498 Clgs sbml (os
0908 (g3LS Yol udagione Cle & Cunl (Sas g
5514 5 5 pedlin | 3L 2T (53 00 38305 301
Blasl 13 j5d (0395 5 olud pismen 33,5 5 )1 40 00d 03D

b e Sidile il LY il S (S S

20
16 °
a : 12
Y § :
. 2 ,
= = 8 c
1=
-
2
0
270 360 420

3820 OB Glej Soa)
Burial time (day)

o) Mlg> duayd

oialex Aoy i aS ol s bodly 1Sl duslis gl
Fo G 0 (il o> (S 9 Syt e B Bes
Gos) SLS a5 .(\-B JS5) 1 osaliio S5 g0 5k
Yias! aS3k3l 3l g o o gy oo 5l a8 (Sjalse (s
20,8 o K g ob o @ gdaw ) S aS Cowl opl ol cde
501 5 taS Lol g Sio cled (SLS i SLts b g
s L5 35 3925 516 gl 3 (558 J sl ciopand
OB S g b Sis Jdan S g )3 09290
Fo Gos) S gaw )3 piomen S (oo Wl 650508
M8 g BN by (A 03)55 (15 yme )3 yidin yods (e Bl
Ly s 15 syt Com S LB 518 a3 (oo 1 5 250
208 ke e gy Gos I (il el doni > el S
la o 45 s ol (V) oylSen o isly adlls ol .ol
5 i SLbI LS laxe b 58 (e 5 jl S Cilisee
cile joly (Gialler Loy 5 adly e lite wljy) (ples Sllugi
S bz slesl o 50 (Torilis arvenis L.) SSgiwle 5,
298 S0l b g Clod MAls (683 Bee cnlply wul ©glite
P9y mialeil 3 (V) oan g (Fsigts 2l (alzmn S5l

25
a
g 2 []
L
E
g 1
1%
g b b
€ 10 ; b
- C
E
E | I
s
~ 0
0 s 10 20 40

(e ) oo Bas
(Burial depth (cm

S JI5 40 09,5k 52 Ble jody JFiailer doyd 41 (B) 18 Gos 9 (A) o8 oy e (1Y JSUS
(ool o pd B Jlois! s 3 67 ixe BMEBT g2 g pas Sibled dliie (g y>)
Figure 1- Effect of burial time and burial depth on germination percentage of Myagrum perfoliatum L. weed seeds in

the soil

(Similar letters indicate no significant difference at the 5% probability level)
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Table 3- Analysis of variance (Mean square) Germination percentage of Myagrum perfoliatum
L. affected by burial time, temperature and burial depth
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Figure 2- Interaction of burial time and temperature on germination percentage of Myagrum perfoliatum L. weed
seeds (Seeds without outer shell)
(Similar letters indicate no significant difference at the 5% probability level)
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Figure 3- Effect of burial depth on germination percentage of Myagrum perfoliatum L. weed seeds
(Seeds without outer shell)
(Similar letters indicate no significant difference at the 5% probability level)
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Introduction: The internal factors of seeds and the conditions outside the seeds can affect the germination
and emergence of seeds. In some cases, environmental conditions are suitable for seed to germinate, while the

seeds do no seed dormancy which is regarded to be one of the factors in seed survival. Seeds are exposed to

different conditions of temperature fluctuations, moisture fluctuations, activity of microorganisms, etc. by being
located at different depths of the soil. For instance, seeds that are located in the surface layers of the soil are more
exposed to soil moisture fluctuations, which may also affect their dormancy. The results of various experiments
have shown that in addition to the depth of burial of seeds, their burial time also affects their germination. Due to
the fact that no experiments have been performed on the germination of myagrum weed seeds in this field, this
study was conducted to investigate the effect of time and burial depth on breaking seed dormancy and percentage
of germination of myagrum.

Materials and Methods: This study aimed to investigate the effect of burial time and burial depth on
breaking seed dormancy and germination of myagrum seeds in factorial experiment based on a randomized
complete block design with 4 replications in the research farm of Razi University of Kermanshah in 2014-2015.
Experimental factors include burial time (270, 360 and 420 days), burial depth (0, 5, 10, 20 and 40 cm),
temperature (25 ° C, 5/10 and 10/20 °C variable temperature) and light (light and dark). In June 2014, myagrum
seeds were collected from plants that had become mature and were in the full mature stage stored in plastic nylon
at 25 °C until the seeds were tested. At the beginning of the experiment, the seeds were packed in lace bags that

had small pores from which the seeds could not exit and then placed at different depths of the farm soil. 340
seeds were placed in each lace bag. The lace bags were such that the seeds were exposed to the moisture,
temperature and chemical regimes of the soil. To make it easier to exit the lace bags from the soil, a thread was
attached to each bag that was placed on the soil surface. After each level of burial time in the soil (270, 360 and
420 days), lace bags were exited from different depths .Firstly, the number of germinated seeds in each lace bag
was counted and the germination percentage was calculated .Germinated seeds were then removed from the bags
and the residual of seeds was transferred to the Agriculture Laboratory of the Agricultural and Natural Resources
Campus of Razi University .The results of Mondani et al. (16) study showed that myagrum seeds have
physiological dormancy and mechanical dormancy due to hard outer shell .Therefore, seeds do not germinate
included damaged seeds and seeds had physiological dormancy and mechanical dormancy. Extracted seeds (not

germinated seeds) from different depths in each burial time were disinfected in sodium hypochlorite solution
(2%) for ten minutes. Then, to ensure the viability of the seeds, a number of seeds of any depth were randomly
selected and tested using tetrazolium solution (0.1%). The appearance of red color indicated the existence of
respiration and viability of the seeds (13). To remove the mechanical dormancy caused by the hard outer shell in
the seeds, the outer shell of the seeds was removed and then the seeds were placed in sterile petri dish with a
diameter of 7 cm containing Whatman No. 1 filter paper and 5 ml of distilled water (30 seeds were placed in per
petri dish) and to prevent water evaporation, the petri dishes were closed with parafilm. The petri dishes were

then exposed to different temperatures (25 °C, 5/10 and 10/20 °C variable temperature) inside the germinator
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and in light and dark conditions. To exert the effect of darkness, petri dishes were wrapped in an aluminum foil.
After 14 days, the number of germinated seeds in each petri dish was counted. Germination criterion was visible

root exit. Finally, data analysis was performed by SAS (version 9.4) software and mean comparisons were
performed based on Duncan at 5% probability.

Results and Discussion: The results showed the germination percentage of myagrum weed seeds in light and
dark were not significantly difference, and also seed burial time, temperature, burial depth and burial time *
temperature interaction had a significant effect (p < 0.01) on the germination percentage. The highest
germination percentage was observed after 420 days of burial at a variable temperature of 10/20 °C. Also, at the

soil surface and with the increasing seed burial depth (more than 5 cm) the survival and seed germination
percentage decreased compared to soil depth of 5 cm because seeds need special moisture and temperature
conditions for germination. According to the results, these conditions existed at a depth of 5 ¢cm in the soil, so it
can be concluded that deep plowing and going -deep seeds may help to manage this weed.

Conclusion: Considering that the highest germination percentage was observed in the temperature regime of
10/20 °C, it can be assumed that this weed can be problematic in summer and autumn crops because this
temperature range synchronizes in late winter and early spring. On the other hand, it is possible to control this
weed in wheat fields. In fact, in wheat fields, herbicides such as 2,4-D and MCPA are used to control broad-leaf

weeds in late March and early April, when the temperature is about 10/20 ° C and the time of germination and

emergence of myagrum is used. However, if this weed appears in chickpea fields, it is difficult to control
because there is no specific herbicide in chickpea fields to control broadleaf weeds, including myagrum. Also, as
the depth of burial increased, the germination percentage of the seeds decreased, so deep plowing and deepening
of the seeds may help to manage this weed.

Keywords: Germination percentage, Plowing, Variable temperature, Wheat
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1 Mazandarn Babol 53° 04’ 36° 29’ -2
2 Tehran Varamin 51° 30’ 35° 03’ 1210
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10 Fars Shiraz 52° 54’ 29° 61’ 1580
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Table 2- Mean squares of morphological traits of Canada thistle ecotypes
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Table 1- Dendrogram of Canada thistle ecotype based on Euclidean distance
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Table 3- Mean (Standard Error) of morphological traits of Canada thistle ecotype
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Table 4- Eigen value, % Variance, % Cumulative variance of principal components
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Introduction: Canada thistle (Cirsium arvense L.) occurs in pastures and wheat fields and is common in

most provinces, where it is considered a major agricultural weed in Iran. Increasing our understanding of the
environmental factors that determine Canada thistle emergence can provide strategies to control it. Therefore, in
this paper the morphological characteristics of 10 ecotypes collected from different regions of Iran and the effect
of temperature on the percentage and rate of emergence of root buds in controlled conditions were investigated.
Temperature was considered as the treatment because it is one of the most important factors that fluctuate
between the diffusion regions in Iran.

Materials and Methods: To evaluate any morphological differences among ecotypes of Canada thistle, root
fragments were collected from 10 provinces of Iran in 2020. To reduce the effect of the environment, the roots
were propagated again in pots in the greenhouse under controlled conditions. Day and night temperatures were
30 and 15 °C, respectively. The root pieces were then harvested and stored at 5 °C for 3 months. Two 10 cm
long roots with same weight and same number of buds were planted in pots containing loamy sandy soil. The
pots were irrigated during the experiment and the plants were not exposed to water stress. A Completely
Randomized Design was conducted at Science Research Branch, Islamic Azad University. After 70 days plants
were harvested. The numbers of leaves and branches on the main shoot and number of capitulum were counted
and the root length, height of the main shoot and capitulum length were measured. Data analysis of variance was
performed using SAS software and means were compared using protected LSD test. Cluster analysis was
performed by calculating the Euclidean distance for grouping populations using SPSS software and its
dendrogram was drawn. The root and shoot dry weights were measured after drying at 70 °C for 48 h after
harvest. At second experiment, temperatures 1- 38° C were evaluated for studying the effect of temperature on
percent and rate of shoot emergence. Base temperature (temperature at which the germination rate is zero) was
obtained using the linear regression equation between germination rate and temperature.

Results: There were significant differences at morphological traits among Canada thistle ecotypes except
capitulum length. Root dry weight varied from 8 g in Gonbad ecotype to 11.5 g in Varamin ecotype. Total dry
weight was the lowest in Hamedan and was not significantly different from Mashhad and Gonbad ecotypes. The
highest total dry weight belonged to Shiraz ecotype. Cluster analysis grouped 10 ecotypes at four groups. First
group consisted of Babol, Gonbad and Moghan ecotypes. Varamin, Shahreza, Mashhad, Hamedan and Shiraz
placed at second group. Kermanshah and Dezful were placed at third and fourth groups, respectively. In the next
step, the data were correlated into principal components on the correlation matrix. In total, the three main
components explained about 80.20% of the total data changes. The first component explained 34.33% of the
changes. Main stem height, total dry weight and number of leaves had a positive correlation with this component
and shoot dry weight had a negative correlation with it. The second component explained 33.82% of the changes
in the total data. Groundwater dry weight and total stem + root length had high coefficients in this component.
The third component accounted for 12.03% of the changes, with only the number of capitols in each branch
having a high positive correlation with this component. The estimated base temperatures for the emergence of
bud root were 5.34, 4.91, 5.98, 5.70, 4.42, 6.52, 3.12, 6.26, 3.80 and 5.91°C for Babol, VVaramin, Shahreza,
Gonbad, Mashhad, Dezful, Kermanshah, Moghan, Hamedan and Shiraz ecotypes, respectively. Emergence
growth degree day for Babol, VVaramin, Shahreza, Gonbad, Mashhad, Dezful, Kermanshah, Moghan, Hamedan
and Shiraz were 201, 210, 200, 205, 190, 220, 182, 202, 190 and 210, respectively.

Conclusion: Temperature had a significant influence on the root of Canada thistle. When the temperature
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was below 3°C, no emergence occurred. Temperature affected not only the percentage of emergence but also the
emergence rate. There was a significant linear relationship between the emergence rate and incubation
temperature. High temperature probably causes activation of the enzymatic and physiological function of root
buds and increases the rate of mobilization of nutrient reserves to the growing belowground shoots.

Keywords: Capitule number emergence temperature base, Emergence rate, Growing degree day, Shoot dry
weight
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