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Suppression of Orobanche cernua on tomato with Benzothiadiazole and
its enzymatic changes

F. Ghalavand', Z. Azami-Sardooei?, F. Fekrat®, and M. Payandeh*

(Received: 22.3.2017; Accepted: 8.1.2018)

Abstract

Benzothiadiazole (BTH) is as an elicitor with potential to induction of resistance in some plants. In this
research, the effect of different concentrations of BTH (0, 10, 100, 500 mg/ 1) for induction of resistance in
tomato against Orobanche cernua Loefl was investigated. For following experiment in greenhouse
condition, Early Urbana (EU) and Super Chef respectively the most tolerant and sensitive cultivars were
selected. Before transplanting of tomato into contaminated pots with 20 mg broomrape seeds, the roots of
plant were soaked in BTH for an hour. Also fifteen days later, the seedlings were irrigated with BTH.
Growth parameters of tomato plants and pathogen were assessed 3 months later. The results demonstrated
that all concentrations of BTH and tolerance variety were effective in inhibition of pathogen. The best
broomrape controls were recorded by 100 percent at 100 and 500 mg/l on EU cultivar. The activity of the
enzyme phenylalanine ammonia lyase (PAL) and peroxidase (POX) at 24, 48, 72 and 96 hours were
estimated after irrigated plants with BTH. The results showed that there was a significant effect of the
concentrations of BTH and pathogen on the activity of PAL and POX enzymes that are involved in plant
defense mechanisms. The highest enzymatic activity was obtained in EU at concentration of 500 mg/l in the
presence of O. cernua. In conclusions, the use of BTH commercial compounds as plant defense activator is a
new, simple strategy to control broomrape and compatible with the environment for the sustainable
agriculture.
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Table 1. Percent decrease of growth parameters of seven tomato cultivars in case of uninfected and infected by

Orobanche cernua

Tomato cultivars % of No. of % Shoot height % of Root dry % of Shoot dry
flower reduction reduction (cm) weight reduction (gr) weight reduction (gr)
Queen 2274 3534 a 13.68 a 3940 b 3190 b
Speedy 63.83 ¢ 38.96d 82.14 ¢ 42.66 ¢
Super Chef 83.05d 6140 f 88.61f 74.61 e
Chef 53490 21.86b 72.16d 30.00b
Isfahan-native 60.00 c 30.38 ¢ 64.79 ¢ 41.76 ¢
Sun 6108 6530c¢ 45.35e 84.84 ef 55.53d
Early Urbana 31.81a 12.85a 3429 a 23.81a

Sl SSls Oge3 do s S Jlox| CEM): Sols gm0 lasOlLES S i b Gy 5 1S5 an 0ke baesls
Data are means of three replication and different letters are significantly different according to the Duncan

test (p<0.01).
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Figure 1. Morphometric study of broomrape. A:
Stem height at the soil surface B: characteristic of the
flower C: Point of connection of stamens. (Original
picture)

(B) IS8 e Al 5o U Sy b o i 8
NIPY TSN I PYRO0 DU BN IOV ISR P
Ak 658 nl eSSl ols et IS e IS
=) ) (ols Aol (i U e s Sl Bl oS
A b LSS5 8 el cial s S 45 (C
p“Y .(Shimi & Termeh 2007) (B-) [J5) coul aulS
VAYY osislom S L oSe 4558 45 ol (555050 &
ol i Ol Sl dgd olSiils pwlidolS Jiou )

253



e Ja3bali g5 3 ealinul b K $ax 5 55, (Orobanche cernua) ;)0 5 )\ge :01,\Kan 5 L5555

K S il o6l 4y 555 sl 8 s S Bl slaw (K 055 o Kle 4l Y g

Table 2. The mean comparison of dry weight, numbers of shoot and nodes of broomrape on the roots of different

tomato cultivars.

Tomato Cultivars No. of Broomrape Node

No. of shoot emerged from soil

Dry Weight (gr) of Orobanche

Queen 2274 40.50d 251f 549 f
Speedy 48.66 ¢ 8.65¢ 1547 ¢
Super Chef 52.00 b 16.00 a 25.18 a
Chef 40.00d 532¢ 11.20d
Isfahan-native 36.33 ¢ 6.00d 9.77e
Sun 6108 63.65 a 10.33b 19.69 b
Early Urbana 18.33 f 1.31g 213 ¢

Sl 5SSls G ga3T o s SO ez o 3 Sl e s XA DLES S ke i Uy 5 1SS A (e Laesls

Datas are means of three replication and different letters are significantly different according to the Duncan test

(p<0.01).

Sa S 3de WYY 5 SUs lsdal O a3l sue
s dalis Bl Jol (S5 pax oS o35 adas (ga) ok K5
laazalS St U5s oo mia b iz s o5, bl
Shedel 0g e Bla sae VP slas (p S YONY) b S
im0 o5 S ol (Sa S 0 OF 5 St e
a5 Ll Jsd) 35 ed 3 S5 L5
g’L—5)‘ ‘J—ii‘ ES| SRR W S [y S YOt e
s oo e e LIl s e
D paiie o35 o feoa
o sy dSle a1 il gy oy aslsl o
Blw sl il 1S 48 (o3, i el Olyew)
3 St M slge S o A5 O 555 (6500513
o i 0L el 5 dans o D13 S Sl sl
AS30LLs (Tokasi et al. 2015) dsbxil o [ 5 5
Sl = o as 53 K1 olS & Oljas oS fas a5 ol
sb Al IS LA Skl Ol Jels 48 Bl
Al S edas |5 glawslis S b 5o lsls
b Lol e 53 (Goldwasser et al, 2000) Lib
gl Sl sl S Slw Gl Dseb s en S

cf\ Ql_wc‘)))rf ;ﬂ.?‘-ﬁj_wv_;)).)cv_csjsutjb-

254

S a8 il ) e slie I (g3dane gl 218
Mariam & ) cwl ol i iz JJL_>-J_< =l s
9 o313¢65la .(Suwanketnikom, 2004; Dor et al., 2010
et sl Sl Jamte )1 3 S 5155 O
OF a1y odeSa slaplil a3l 5 daes 3= IS &,
U Jgmamen 3,Shes 3l 1S o135 (285 L 5 el
»» Ll .(Hadizadeh, 2012) c3L 55 o (g350>
5 gLl EalS sl (g e I IS K08 G218
(Eizenberg et al, S pax S adle 5 ady , i 055
(Doretal, s34 o Wl rL_B)\ 03 6594 2007)
> 2010; Tokasi et al., 2014; Meighani et al., 2009)
Ols Llzsl olS 0. cernua 5 - S 3 )y
5l S 3T GlalS la S sl 5 sl Sas 035
Castegon-) 5 5l 5 asos )l 8 dall Jls
a8 Eel O. crenata Oleeas .(Munoz et al., 1993
Sl o K5 e S Bl 5 ado ) S O
(Thalouran et al., 2006)

Aoles 4 by o sl jas i (g 505100

O3 u,:i_.l_:.c u.ij_:.AS s olis wf;l.:a dws s @L:_s
VIVY slass c(rj_f YAY) Il J_f laazals S

YOo¥



YFO-YEV Y45 Jlu /¥ o lad / OF dla / LS (glas Lo

OEarly Urbana

a
60
B Super chef
50
b
40
30 ¢ d
€
20
f

N

0

10 15 20

Sampling time
Glp ) sy dm e (S S8 S sl Sl Y ISCS
i 0351 K pam oS (i g o) b= 5 (Gl )N oo
23 gl e NS (g ls ali ;8 Gy b O giw 3l 8

sl g P<0.05 pelan

Figure 2. The average numbers of nodules were
connected to the tomato roots of tolerant cultivar
(Early Urbana) and susceptible cultivar (Super Chef)
infected by broomrape. Bars with different letters are
significantly different at p<0.05.

No. of Broomrape Node

ol 5 (WL D) Jamite (slap 35 ais ) 4y
SOt (6ol pO.05 o 3 S5 pax S (Cix  50)
o e a5 s Sl oSl iyl ne
(=20 03 9 3 4l e e 53 Sgs 03 Ol s ady) w
slaasl oy cobie LY IS) 54 50 Y8 UL,
Ol ay a1 (S Olo3 01 St Ko
55 I S Jlaedl s ) el line
SV = 33, VA U \Y s50 > Phelipanche aegyptiaca
50350 S e S oS 4 35k 5 Jlasl @ gy b oS
OF s 8l e 5 4l aslsl A 55,08 JIYO G
@S a5 |G S (Eizenberg et al. 2007) A5 sl
3 e S A e la g gk el 03
S sh Gl e 055 alar Ol 5 O ol
() i g o) i) S35 LS S sl
SANL eds bl aoley oled 5o (guls ore s
Olymn Ygmoma (Y JS8) 35 (Jamse) Lyl ) o5,

YOO

sdalie Li5 JUaS! 31 s 555 28 ULl sl 50 oyu S
a5 53 B opl (S esls OLES Laesls) a3 S
Sn S Olpen Ll b IS o lstli 5
33 4 S i s S0 elS 4 o Ol e olS 53 26,
s Aal Soh caglae 3 AU il Shs o&S
TP N P L IR RN PRERPEIS
Joo Ol s Sl 2 LS g Ol e Ol e oS
b, b 3l .(Dor etal., 2010) L_iL . eyl Lol
S5 O S Olpeas sl S s slaphl s
2l ddl oo Obge (28 5l g0 OAS par sl 2
o Jeme e S Ko S L U5 7 o3l st
ol el 538 LSl elS il i 0L s 2
LS s 1 O 5638 5,05 Ol olS & 1 (6 2o
SLad S 55 o310l sl axlllas s (Joel et al., 2007)
N o b 5 585 e o8 4y 4 Joate
Ay JolSS e 05,5 b sl 5oge bl
i) glaarls Lals s o e L5 e D55

(Tokasi etal 2015) Lib 545 Ol e

Al =5 504 5 Jasl Sl paans 5 (25!

5 pax S 4y, 4 Orobanche cernua

S o LT gl ey pnd S skateey [slesT ol

5 Ul Caglin st 5 Ol e oLS iz L2815 s
Ll 3l o e eu 5T i (5 S5l
SlaamalS buly s 53 .03 5 &) e Josbalisn
oy (b VL s odd 85 S hax 58 ol o3, 5
0 031 GLOIUS & sl Js! 51w 55, Y0 510 e
S SLass S slia 5 Las cils e 850
By L S5 Sl s Lol ey,
ooy sl IS SlacSa S sl S0le cokelizey

255



e Ja3bsli a5 ol ealiaul b K jax 5 55, (Orobanche cernua) ;- 5 e :01,\Kan 5 L5503

Wl 5 =S 53 BTH o glachle U6 JSs
ol o) =N pa> 8 4l 55, Orobanche cernua
b Al 5 aty; (Sl 5 S8 Jous b 25 i p g

(ol jslas) tias o 0L

Figure 4. Effect of different concentrations of BTH to
control of Orobanche cernua on susceptible tomato
roots (Super Chef). The arrow was shown broomrape
tubercles on infected tomato roots. (Original
pictures)
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Figure 3. Effect of different concentrations of BTH to
control of broomrape on tolerant tomato roots (Early
Urbana). The arrow was shown broomrape tubercles
on infected tomato roots. (Original picture)
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Table 3. Mean comparison of growth parameter of Orobanche cernua in response to tomato varieties and

different concentration of Benzothiadiazole

Growth parameter of Broomrape

Early Urbana Super Cheef
Treatment Broomrape No. of No. of Broomrape No. of No. of
dry matter broomrape node” broomrape stem”  dry matter broomrape node” broomrape stem”
Control 2.04d 2.66¢ 0.67 de 3490 a 8a 5.67 a
10 mg/l BTH 0.78 ¢ 1.33d Oe 22.53b 4.66 b 2.66b
100 mg/l BTH Oe Oe Oe 3.99¢ 2cd 1.67c
500 mg/l BTH Oe Oe Oe 0.46 e 1 de 1cd

C]a_.~ 3l a,\;:c)l} slaasle sluass sdiasglis® (STl (glawls dsr RIS Lt .« p<0.01 cla.~ 05 Jls g BV (gl aline 8 oy >

el Ol 4y (555 ok oS5 S )8 slad s 5 ol S

Different letters are significantly different at p<0.01 according to Duncan,s Multiple Range Test. ¥ Means No. of stem
emerged from soil and ** No. of node produced on the host roots.
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Table 4. Mean comparison of growth parameter of infected and non-infected tomato by broomrape in different
varieties and application of Benzothiadiazole at different concentrations

Growth Parameter of Tomato
Early Urbana

Super Cheef

Treatment Height Shootdry Fruitwet Rootdry  Height Shootdry Fruitwet Rootdry
(cm) weight (gr) weight (gr) weight (gr)  (cm) weight (gr) weight (gr) weight (gr)

Control (+O) 78.6°® 553D 68.8 10.7¢ 546"  31.6° 28" 494"
Control(-O) 87.67°° 70.6"™"  7939%® 1433 753 f  56g& 77 3df  pys5pen
10 mg/l BTH +O 8139 685%h 93Pl y7p7efth  gg3e 5948 36.1gh  10.72¢
10 mg/l BTH -O 90 80.8%f 9509 Pcdl g g it 79 692 gpp i 19 4] cfeh
100 mg/l BTH +O 943°¢  89.6°¢ 1219 377 gpdl  7pect  706°  19.5] <
100 mg/l BTH -O 97.6% 939" 12640 3735 896 879 120.6%% 2970%"
500 mg/l BTH + O 110*  1054® 135 ¢ 6526  96.1% g7.3°%% 13 bcdf 50°¢
500 mg/l BTH -O 1126*  110.5*  150.34°  89.34° 106 98.6™  137.9*®  72.02°

Orobanche 153G 5 ¢l)15 O — 5+ 5l sk (SOls (glaels o Oya3) Lt p<0.01 CEM 05 by sme O (g ls alin e By

.&:./-W‘
Within each column,data followed by the same letter are not significantly different according to Duncan,s multiple
range test. (P<0.01). O +& - means with and without Orobanche .
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Figure 5. Influence of different concentrations of BTH (0, 10, 100, and 500 mg/l) on phenylalanine ammonia-
lyase (PAL) activity in different varieties (Super Chef and Early Urbana) infected or non-infected () by
Orobanche cernua. Data are means of three measurements performed on root material sampled at four time

point. C, means Control.
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Figure 6. Influence of different concentrations of BTH (0, 10, 100, and 500 mg/l) on peroxidase (POX) activity in
different varieties (Super Chef and Early Urbana) infected or non-infected () by Orobanche cernua. Data are
means of three measurements performed on root material sampled at tree time point. C means Control.
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