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Abstract

Treatments of tomato seeds with BABA or BTH sigrafitly (p=0.05) reduced nematode infestation ofatimm
plants. BABA treatment produced significantly togvkst average root gall index (RGI), 2.44 follovigdBTH,
3.22 and 355 for the untreated nematode infestamhtra plants 15 days after nematode
inoculation(ANI).Treatments with BABA and BTH fol0360 and 120 min. also caused significantly (p5p.0
less nematode infestation compared with the umdeabntrol plants. BABA caused significantly thevést
average RGI, 1.77 compared with 3.66 and 4.55 foH Eand control respectively. The 120 min BABA
treatment recorded significantly the lowest averagmber or J2 in the roots of tomato plants congavith
75.55 and 116.66 J2 in the roots BTH and contrahigsl respectively. When seeds were socked for 120root
average fresh weight (RFW) and root dry weight (RDWére significantly less, 2.58 and 0.14g in BTH
treatments of seeds compared with 1.86, 0.10g ABA and 5.01 and 0.299g for control respectively &&/s
ANI. When seeds were socked for 120 min, the highesrage SFW and SDW were, 8.05, 0.68g in BABA
treatments, followed by 3.29, 0.22 and 2.43, 0.kiR@TH and control treatments respectively. Thehkigf
average SFW and SFW were also recorded for BABatrments, 2.43, 0.12g followed by 1.5, 0,093 an®,1.5
0.092g in BTH and control respectively 15 days ASImilarly, BABA caused the highest average shoot
weights 30 and 50 days ANI followed by BTH and cohtreatments.

Keywords: Induced resistancayieloidogyne spp, ,amino butyric acid, Benzothaiadiazole, Seed treatm
Tomato.

1.Introduction

Tomato Solanum lycopersicum L. formerly known ad.ycopersicon esculentum Mill. is the most important
vegetable crop second to potato with annual wqidduction of about 152.9 million ton in 2009
(Anonymus,2009). Annual tomato production in Iragsvestimated at 830.000 ton in 2008 (FAOSTAT, 2008)
Tomato plants are subjected to infection by mangartant plant pathogens including the root knot aieties,
Meloidogyne spp. These nematodes are considered as the mosttamt nematode species worldwide and in
Irag. Many effective control measures were usethémage these pathogens such as soil solarizatemical
and biological control. Induced systemic resistatacplant pathogen provides an ideal control messagainst
plant pathogens (Kumagai, 1988). Chemical, physiodl biological inducers to control the root knetmatodes
were used (Sahebani et al., 2011). Chemical induziesystemic resistance provides a practical ntediglant
protection against plant pathogens. Induction steyic resistance via seed priming is an attracsiveple and
cost effective strategy to control plant diseaddanjunatha et al., 2013). In a recent review malngnticals
have been reported to induce systemic resistad®) (h various plant species against different tpfethogens
such as Oomycetes, fungi, bacteria, viruses anthtueles (Jacob et al., 2013) . Two of these induaef-1,3
amino butyric acid (BABA) and . Benzol [1,2,3] thdiazole-7-carbothionic acid S-methyl ester (BTiyén
been reported to confer ISR in various plant patinogteractions (Jacob et al., 2013). However, ntspm ISR
against plant parasitic nematodes are scaresrfeolihsoil application of BABA was reported to redwdamage
by root knot nematode on tomato (Oka et al., 129@)M. javanica andRotylenchulus reniformis on pineapple
(Chinnasri et al., 2006) and induce resistancenagil .javanica on cucumber (Sahebani et al., 2011). To date,
the only published work on ISR ¥ .javanica in tomato  reported that soaking of tomato seée@smg/ml of
BABA for 24h render tomato plants more resistanthi® nematodes (Fatemy et al., 2012). Howevekisg
seeds of soybean BTH protect plants against fusatdiamping- off and wilt diseases under greenhonddiald
conditions (Abdel-Monaim et al., 2011).

This study was done to assess the posgilgfitthe induction of systemic resistance to thetrknot

nematodes by pretreatments of tomato seeds fviti8 amino butyric acid (BABA) and Benzol [1,2,3]
thaiadiazole-7-carbothionic acid S-methyl esterKiBT
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2.Materialsand M ethods

Experiments were performed in a greenhouse (27+5th€) Department of Plant Protection, College of
Agriculture, Baghdad University and tomafnlanum lycopersicum L. “Supper Regina” highly susceptible to
Meloidogyne spp plants were used. Plants were grown and nmaéatainlkg plastic pots throughout the
experiments.

2.1Nematode inoculation

Soil from cucumber grown plastic house heavily stéel withMeloidogyne spp (predominantiy. javanica)
was collected and stored at 4C in polyethylene pagmtil use to inoculate tomato seedlingse nematode
infested soil was mixed with peat moss in 1:1 ratid used as nematode inoculums.

2.2 Tomato plants

Tomato, Solanum lycopersicum L. cv. “super Regina” (Genetics International IModesto, California, USA)
susceptible tdveloidogyne spp was used.

2.3 Treatment witlfs, amino butyric acid (BABA) and Benzothaiadiazdsd H)

Tomato seeds were socked in 40 mM solution of BAB#Agma Aldrich, St Louis, Missouri, USA) or 50 mg
solution of BTH (BION 500 FS, Syngenta Crop Prtaitetinc.) or distilled water (control) for 30, 6and 120
minutes. The seeds were individually sown in segdtray containing sterilized soil and maintainedthe
greenhouse (27+5C) until they reach 4-5 true leags Seedlings, then were transplanted to 1kdiplasts
containingMeloidogyne spp infested soil and peat moss in a 1:1ratioraaititained for 15, 30 and 50 days after
nematode inoculation. Treatments were replicatéitnds and arranged in randomized complete blockien
greenhouse.

2.4 Evaluation of Induced Resistance by BABA afidHB
2.4.1 Effect of BABA and BTH on Rate of Gall Index

The rate of infestation (RGI) dfleloidogyne spp was determined 30 days after nematode indmul&ANI)
using a 1-5 level scale (Dube and Smart, 1987)ndgalls on roots, 2= galls on 25% or the root,ga#s on
50% or the root, 4= galls on 75% of the root, anddils on 100% of the root.

2.4.2 Effect of BABA and BTH on Nematode Penetmatio

To determine the effect BABA and BTH treatment @matode penetration of tomato roots 1 wk ANI. Root
were carefully washed with tab water, stained witid fuchsine ( Byrd et al., 1984), and at leasafples of
1g of each root was individually examined undeompound microscope to count nematodes insidectbis.r
The experiment was replicated 4 times.

2.4.3 Effect of BABA and BTH on Fresh and Dry Weigh Shoot and Root Systems

Plants were carefully uprooted and roots were washeler tap water to remove adhering soil. To dater
shoots and roots dry and wet weight, shoots ants nwere separately weight and dried at 70C for @8tntil
weight is fixed.

3. Statistical Analysis

The data were subjected to analysis of varianceragdns were separated by the least significant adedih
(p=0.05) using SAS, 2004.

4. Results
4.1 Effect of BABA and BTH on Rate of Root Gall lmd(RGI)

Treatments of tomato seeds with BABA or BTH sigrafitly (p=0.05) reduced nematode infestation ofatimm
plants (Table 1). BABA treatment produced signifita the lowest average RGI, 2.44 followed by BT322
and 3.55 for the untreated nematode infested dopitrats 15 days after nematode inoculation (AMK)30 and
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50 days ANI, BABA was superior in reducing RGI o&FH and control plants with averages of 2.88, 355
3.11, 4.55 and 5 respectively. Treatment duratieite BABA and BTH (30, 60 and 120 min.) also caused
significantly (p=0.05) less nematode infestatioompared with the untreated control plants. BABA &alis
significantly the lowest average RGI, 1.77 compaséti 3.66 and 4.55 for BTH and control respectielr the
120 min seed treatment. The untreated nematodetaéafecontrol recorded significantly the highest RGI
compared with 1.33 for the 120 min BABA treatment.

4.2 Effect of BABA and BTH on Nematode Penetration

Treatments of tomato seeds with BABA and BTH siigaifitly (p=0.05) reduced the number of J2 whicleent
the roots (Table 2). BABA recorded significanthyetlowest average number or J2, 41.11 in the rdotsnoato
plants compared with 75.55 and 116.66 J2 in BTldté@ and control plants respectively. The numbel2oin
roots was also significantly affected by duratidnsmcking of seeds in the inducing agents (Talpl€h2 lowest
average number of J2, 52.66 compared with 82.77 %088 in 60 and 30 min treatments respectively.
Treatments of seeds with BABA for 120 min causeal Idwest penetration of roots Ibeloidogyne spp J2, 5
compared with 36.33 and 116.66 in BTH and conespectively.

4.3 Effect of BABA and BTH on Fresh and Dry WeigltShoot and Root Systems
4.3.1 Root Weights

Pretreatments of tomato seeds with BABA and BTHhhifigantly (p=0.05) affected root weights comparted
untreated nematode inoculated control plants (T8pl&/hen seeds were socked for 120 min, averagenesh
weight (RFW) and root dry weight (RDW) were sigo#itly less, 2.58 and 0.14g in BTH treatments efise
compared with 1.86, 0.10g for BABA and 5.01 and9@.2or control plants respectively 50 days ANI. The
lowest average RFW and RDW 15 days ANI were 0.7® @03g for BABA treatment compared with 0.87,
0.038 and 1.02, 0.077g for BTH and control treattse@spectively. However, the average RFW and RDakew
the highest in control plants, 10.32, 0.42g in ieenatode infested control treatment compared witi,40.26
and 3.69, 0.21g in BTH and BABA treatments 50 d&i$ respectively. The lowest root weights were nmelaml
for BABA treated seeds for 120 min compared to 08228 and 0.96, 0.051g in BTH and controls retyay.

4.3.2 Shoot weights

Pretreatments of tomato seeds with BABA and BTHsedusignificant (p=0.05) increase in shoot weights
compared with untreated nematode inoculated copteoits (Table 4). When seeds were socked for 1i2Q m
the highest average SFW and SDW were, 8.05, 0. 6®ABA treatments, followed by 3.29, 0.22 and 2.43,
0.12g in BTH and control treatments respectivelye highest average SFW and SFW were also recooted f
BABA treatments, 2.43, 0.12g followed by 1.5, 0,@8®1 1.59, 0.092g in BTH and control respectivédydays
ANI. Similarly, BABA caused the highest average ahweights 30 and 50 days ANI followed by BTH and
control treatments. The highest average SFW and 3@Ye recorded for BABA treatments, 11.41and 1.28g
days ANI.

5. Discussion

Induction of resistance against plant pathogensdsd treatment is simple, cost effective and aiciexfit
strategy for disease management (Mangumatha &Qdl3). BABA and BTH are potent inducers of many plant
pathogen interactions (Thakur and Sohal, 2013;r@dstg et al., 2001). More research work on the rarisms

of action of these and other chemical inducerstaedgenes involved in this plant resistance mayigeothe
knowledge needed to develop new strategies agaanistus plant pathogens. Results of this work iathd that
application of BABA and BTH as seed treatments Ksag) induced systemic resistance agaistoigogyne
spp in nematode susceptible tomato plants. Suclnfeetion treatment of the seeds was effectiveabse lag
time is required for the activation of plant defelsystem. It was reported that effective BTH hdsa@pplied as
protective or at early stage of the disease (Reess, 1995; Tally, et al., 2000).The induced stsice in this
study was manifested by the reduction of gallsronts and numbers of J2 penetrating the roots d38And
BTH treated plants compared with those in induesmseated but nematode infected plants (Tablesj 2an
This was reflected on the growth of the nematoflected plants by increasing root and shoot weighBABA
and BTH treated tomato plants (Tables, 3 and 4gs&Hindings also support previous reports indicathat
treatments with3, amino butyric acid reduced root knot diseaseuthodecreased root penetration of J2, gall
number on roots and nematode development (Oka,et1399; Chinnasri, et al., 2006; Sahebani et24111).
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Recent work also indicated that number of galls agd masses d¥l. javanica on tomato were significantly
reduced by overnight priming of seeds in 25mMgE BABA (Fatemy et al. 2012). In this study, treaims with
BABA and BTH reduced the weight of nematode infdateots compared to root weight in nematode infiecte
control plants (Table, 3). Increased root weigh ttuteloidogyne spp infection was previously reported and
thought to be caused due to the biomass accumusaitioinfected roots (Fortnum et al., 199l oidogyne spp
infection is known to have negative effects on wated nutrient elements uptake by infected roote/els as
photosynthesis (Melakeberhan et al., 2004). It wgsorted thatM. incognita infection caused biomass
accumulation in roots and it is probably is codawlby the efficiency of the pathogen in capturihg energy
produced by photosynthesis and directing it in fasbthe pathogen or the infected host (Melakeberdiaal.,
1988). Because of the relative large size of femafdMeloigogyne spp and its ability to produce large number
of eggs, it requires large amount of energy. Besliie energy requirement, these pathogens causé@dusb
distortion in xylem vessels, swellings of root sadind formation of giant feeding cells which aleot normal
functions. Treatments of nematode infected plarits ®ABA and BTH produced more shoots compared with
untreated nematode infected plant. This is mainlie do the fact thatMeloidogyne infections embed
photosynthesis, and chlorophyll synthesis whiceégatively influence plant growth (Melakeberhanakt
2004). The mechanism of induce resistanckléoidogyne in tomato by BABA is not fully understood. It was
believed that treatments with this inducer rendmots less attractive to J2 through altered plaritient
assimilation or render plant cell walls harder emgtrate by J2 or that it caused the formationnwdler giant
cells which are not able to provide enough nutsdat the developing nematodes (Oka et al., 19B@atments
with BABA was reported to increase levels of sdlicyacid (SA) and pathogenesis related proteinsP(PR
(Hwang et al.,1997), and enzymes like catalase (CAsblyphenoloxidase (PPO) and guaiacol peroxidase
(GPOX) (Sahibani et al., 2009; Sahibani et al.,13Gind phenolic compounds (Mpiga et al., 1997). BARas
also reported to induce the accumulations of PPBQX H, 0,, CAT and phenols iM. javanica infected
cucumber roots (Siegrist et al., 2000). Resultarbjeshowed that as the time of socking of the seadthe
inducing agents increased the degree of induceastaese was increased. This was indicated by sigmifly
less gall number on roots and numberMiloidogyne J2 entering the roots of tomato plants as tohe
treatments increased (Table land 2), These resujsort previous results indicating that seed tneat with
BABA induced resistance tM. javanica in tomato plants (Fatemy et al., 201Although BABA induced
resistance to root knot nematode was previouslgrted, BTH induce resistance to this nematode spesas

not attempted before A sophisticated relationship had evolved betweertaoe nematode species like
Meloidogyne and their host plants, therefore, even a setdehgmical changes in host cells may render these
hosts un favorable for the nematodes. This mayadixpghe long-lasting resistance Kbeloidogyne spp which
lasted for at least 50 days. It was previously reggbthat BABA seed treatment provided a log-lagtiesistance
against powdery mildew disease causedObgium neolycopersici, which lasted for at least 8 weeks and was
related to enhanced expression of host defensesg@Nerrall et al., 2011). More knowledge about the
resistance induction mechanism involved in inducssitments of tomato seeds to acquire systemistagsie to
Meloidogyne spp could enhance the development of a new diatly and environmentally safe method for
the sustainable management of these important pthbgens. Furthermore, research including thesassent

of induced resistance by seed treatments with varatnemical inducers under field conditions is egebefore
practical and efficient managements of the root kimmnatodes can be developed.
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Table 1. Effect of duration of seed treatment$iwidmM of BABA and 50mgt: of BTH on root gall index of
tomato,Solanum lycopersicum L. infected withMeloidogyne spp

. Root gall index
Days Chemical Inducer ] )
ANI Treatment Duration (min) Mean
30 60 120
BABA 3 3 1.33 2.44
15 BTH 3.33 3.33 3 3.22
Water 3.33 3.66 3.66 3.55
BABA 3.66 3 2 2.88
30 BTH 3.33 4 3.33 3.55
Water 5 5 5 5
BABA 4 2.33 2 3.11
50 BTH 4.33 4.66 4.66 4,55
Water 5 5 5 5
BABA 3.55 3.11 1.77
Mean BTH 3.66 4 3.66
Water 4.44 4.55 4.55
LSD (P=0.05) BABA Trea.= 0.30%,Inter. = 0.57*
LSD (P=0.05) BTH Trea.= 0.50*,Inter.= 0.87*
LSD (P=0.05) only water Trea.= 0.33*, Inter.= 0:57

Each number is a mean of three replicates and taot pach.* indicate significant difference. Nent&o
inoculums (nematode infested soil + peat moss, Welp added when plants were 4-5 true leaves. ifdix
was according to 1-5 level scale : 1= no gallshenrbots , 2= galls on 1- 25% of the root , 34ggah 26- 50%
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of the root , 4= galls on 51- 75% of the roaigd &= galls on 76-100% of roots . BABA=amino butyric acid,
BTH=Bezothaiadaiazol, ANI= after nematode inoculati

Table 2. . Effect of duration of seed treatmenth \BABA and BTH on root penetration of tomafanum
lycopersicum L. by Meloidogyne spp J2 1wk after nematode inoculation

No. of J2 in Roots / Duration of Seed
Treatment Treatment(min) Mean
30 60 120
BABA (40 mM) 76.66 41.66 5.00 41.11
BTH (50 mgLV 100.33 90.00 36.33 75.55
Water 116.66 116.66 116.66 116.66
Mean 97.88 82.77 52.66
LSD(P=0.05) Conc.= 5.66* Trea.= 5.66* Inter.= 9.80*

Each number is a mean of three replicates and tlant ppach.* indicate significant deferens. Nematode

inoculums (nematode infested soil + peat moss, @ele added when plants were 4-5 true leaves. ABA=
amino butyric acid, BTH=Bezothaiadaiazol.

Table 3. Effect of duration of seed treatmentthwdDmM of BABA and 50mgL: of BTH on root weights of
tomato, Solanum lycopersicum L. infected withMeloidogyne spp

Duration of Seed Treatment with BTH (min)
Days Conc. 30 60 120 Weight Mean
ANI (mgL™Y)
Dry | Fresh| Dry | Fresh| Dry Fresh | Dry | Fresh

15 50 0.045| 0.86 | 0.042| 0.94 | 0.028| 0.81 | 0.038| 0.87
30 50 0.18 | 320 | 015 | 262 | 0.14 | 257 | 0.16 | 2.79
50 50 025 | 451 | 029 | 500 | 0.26 | 436 | 0.26 | 4.62

Mean 0.16 | 2.85 | 0.16 | 285 | 0.14 | 2.58

LSD (P=0.05) Durations = 0.21*, Days = 0.21*, Inte0.37* Fresh

LSD (P=0.05) Durations = 0.016*, Days = 0.016*eint 0.029* Dry
Duration of Seed Treatment with BABA (min)

Days Conc. Weight Mean
AN{ () 30 60 120 9
Dry | Fresh| Dry | Fresh| Dry Fresh | Dry | Fresh
15 40 0.053| 0.96 | 0.041| 0.87 | 0.019| 0.53 | 0.037| 0.79
30 40 0.019| 3.39 | 0.21 | 3.17 | 0.13 2.06 0.12 | 2.87
50 40 0.26 | 420 | 0.20 | 3.89 | 0.17 | 3.00 0.21 | 3.69
Mean 0.11 | 2.85 | 0.15 | 2.64 | 0.10 1.86
LSD (P=0.05) Durations = 0.15*, Days = 0.15*, Inter0.26* Fresh
LSD (P=0.05) Duration = 0.012*,Days = 0.012*, Inte0.021* Dry
Duration of Seed Treatment with Water (min)
Days Distilled 30 60 120 Weight Mean
ANI water
Dry | Fresh| Dry | Fresh| Dry Fresh | Dry | Fresh
15 Water 0.088| 1.01 | 0.051| 0.96 | 0.092| 1.09 | 0.077| 1.02
30 Water 0.30 | 500 | 023 | 390 | 0.38 | 544 | 030 | 4.78
50 Water 0.50 | 10.70| 0.36 | 10.18| 0.40 | 10.09 | 0.42 | 10.32
Mean 029 | 557 | 0.12 | 554 | 0.29 | 5.01

LSD (P=0.05) Durations = 0.34Days = 0.34, Inter. = 0.59 Fresh
LSD (P=0.05) Durations = 0.15*,Days = 0.15*, Inte.26 * Dry
Each number is a mean of three replicates and tamot gach.* indicate significant difference. Nenu®o

inoculums (nematode infested soil+ peat moss, Welp added when plants were 4-5 true leaves. BABA=
amino butyric acid, BTH= Bezothaiadaiazol, ANI=aftematode inoculation.
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Table 4. Effect of duration of seed treatments witBABA and BTH on shoot weights of tomafglanum
lycopersicum L. infected withMeloidogyne spp

Duration of Seed Treatment with BTH (min) | Weight Mean
Days Conc.
AN (mgL'1) 30 60 120
Dry | Fresh| Dry | Fresh| Dry Fresh | Dry | Fresh
15 50 0.094| 1.51 | 0.087| 155 | 0.097 | 1.46 | 0.093| 1.50
30 50 0.21 | 404 | 0.24 | 476 0.30 3.70 0.22 | 4.16
50 50 0.30 | 587 | 0.37 | 6.00 0.29 4.70 0.32 | 5,52
Mean 0.20 | 3.81 | 0.23 | 4.10 0.22 3.29

LSD (P=0.05) Periods=0.24*, Days= 0.24*, Inter.44*. Fresh
LSD (P=0.05) Periods=0.12*, Days= 0.12*, Inter.213. Dry

Duration of Seed Treatment with BABA (min) | Weight Mean

Days Conc.
AN (mM) 30 60 120
Dry | Fresh| Dry | Fresh| Dry Fresh | Dry | Fresh
15 40 0.26 | 3.03 | 0.28 | 1.86 0.21 2.42 0.12 | 2.43
30 40 049 | 820 | 055 | 8.04 | 0.78 9.61 0.60 | 8.62
50 40 155 | 10.08| 1.22 | 12.01| 1.07 12.13 | 1.28 | 11.41
Mean 0.76 | 7.10 | 0.62 | 7.30 0.68 8.05

LSD (P=0.05) Periods=0.32*,Days= 0.32*, Inter.=0.56esh
LSD (P=0.05) Periods=0.010*,Days= 0.010*, Inter.618 * Dry
Duration of Seed Treatment with Water (min) | Weight Mean

Days Distilled
ANI water 30 60 120
Dry | Fresh| Dry | Fresh| Dry Fresh | Dry | Fresh
15 Water 0.087 | 1.22 | 0.097| 1.85 | 0.092 | 1.71 | 0.092| 1.59
30 Water 0.21 | 3.93 | 0.20 | 3.77 0.25 412 0.22 | 3.94
50 Water 022 | 485 | 0.37| 504 | 0.31 5.55 0.30 | 5.15
Mean 0.17 | 3.33 | 0.22 | 3.55 0.21 3.79

LSD (P=0.05) Periods=0.83Days= 0.53°, Inter.=0.92° Fresh
LSD (P=0.05) Periods=0.23*,Days= 0.23*, Inter.=9*Dry
Each number is a mean of three replicates and tamot gach.* indicate significant difference. Nenu®o
inoculums (nematode infested soil + peat moss, Wwetp added when plants were 4-5 true leaves. BABA=

amino butyric acid, A, BTH= Bezothaiadaiazol, ANdfter nematode inoculation.
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