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Abstract

Four chemical inducers, DE-aminobutyric acid (BABA) and salicylic acid (SA) @, 250, 500 and 1000 pgml
! Benzothiadiazole (BTH) at 0, 0.3, 0.6 and 1mM &mdble acetic acid (IAA) at 0, 25, 50 and 100 pig mere
applied as foliage spray on two genotyps of wheahilz-2 and AL-8/70 to assess their ability to ireluc
resistance against stripe (Yellow ) rust dise&d)(caused bfPuccinia striiformis west. f.sptritici. Field trail
was conducted during 2012/13 growing season in &pkrexperimental research station, Sulumani Previnc
under natural infection conditions. All the teseanticals significantly (p=0.05) reduced disease sgvEDS),
coefficient of infection (C.I) and rate of infeatiqr). BABA and SA at 1000 pgrl IAA at 100 pgmt and
BTH at 1 mM were the most effective treatments ifaduction of rust resistance in cv. Tamuz-2. Simila
reduction in the above mentioned disease parameiems observed in cv. AL-8/70 when plants weretéea
with the high test concentrations of IAA, BTH, BAB#nd SA. However, the two cultivars reacted diffelye
toward the chemical inducers in terms of rust disedevelopment. Further research work is needearébef
effective and practical management of wheat stédisease can be achieved by chemical inducers.
Keywords: Induced resistanc@uccinia striiformis f.sp.tritici, Chemical inducer, Wheat, Disease severity.

1. Introduction

Wheat crop is affected by three important typesust diseases; stem (black) rust, leaf (brown) amst stripe
(yellow) rust. Because of their ability to move fong distance and form new virulent races, thegbhqgens are
capable of causing serious losses in wheat (Zhegsi2910).Puccinia striiformis west. f.sptritici, the causal
agent of stripe rust is one of the most importaséases of wheat worldwide inflecting high econowiid
looses in most of the wheat growing areas of thddmide (Stubbs, 1985 and Hovmolleatsal., 2002). In Iraq,
yellow rust caused 25-50 % loss in commercial wipeatluction cultivars in the northern part and @38 % in
the middle region of the country under naturaldfiebnditions (Al-Maarof, 1997). Growing resistanttivars is
considered as the most effective, low cost, andrenmentally safe approach to control strip rust€@, 2005).
Because, yellow rust is able within a relativelyothtime to form new races capable of overcomingnpl
resistance of the newly produced commercial culsiv is very essential to continuously search stnength a
strategic disease control measures like induceeades resistance in commercial wheat cultivars. ge tgf
induced resistance known as systemic acquiredtaesis (SAR) was applied and by which the plant lcan
induced to develop and utilize its own defense raaidms without altering plant genome (Van Loon, 7)99
SAR was induced in response to pathogens by syotttemical compounds causing localized necrosoles
as a result of hypersensitive reaction associatigd accumulation of pathogenesis related proteims e
activation of many key enzymes (Andrea and Ray5200lany known chemicals and biological elicitorg a
commercially available and are used to induce t@si® against many plant pathogens (Gary and R&g64).
Different inducers such as Benzothiadiazole(BTEalicylic acid (SA) angd -amino butyric acid (BABA) were
used to induce SAR in plants against fungi , visuséacteria and nematodes ( Andrea and Ray, 2008).
application of induced resistance in wheat aggiaghogens is well known in the literature (Gorlaehal.,
1996; Stadniket al., 1999; Thabet, 2003). Recent biochemical studiesx lehown increased activity of a
number of key enzymes in wheat leaves during thession of resistance against rust fungi (Southesind
Deverall, 1996). However, induced resistance inatlagainst stripe rust pathogen by chemical indubas not
been reported before.

Therefore, the present study was conducted to ateathe efficiency of four chemical inducers, BABBTH,
SA and IAA to induce resistance wheat against Sdkunatural infection conditions in Irag.

2. Materials and methods

2.1. Field Experiment

Field experiment was conducted at Bakrajo ExpertaiéResearch station, Sulaimania province, 400Kmthno
of Baghdad, Iraq during the growing season 201232This region is the major rain fed wheat growarga of
Iraqg.

2.2. Experimental Units and Design

The field was well prepared for cultivation duriidec. 2012 after enough rainfalls during this period
Agricultural practices including cultivation timeseed rate, rate and time of fertilization, rowing. evere
applied as recommended for wheat growing in théoregThe experimental units were 3xZ plots. The
treatments were arranged as a randomized complet& design (RCBD) with three replications for each
treatment.

56



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) J.L,i_l
Vol.3, No.20, 2013 ||S E

2.3. Wheat Cultivars

In this experiment two wheat genotypes with différeeaction and response to stripe rust; cv Tamuz 2
(moderately susceptible) and cv Al8/70 (susceptivere used.

2.4. Sowing

Seeds of the two genotypes (80 g) were sown inws mithin the experimental plots in Dec.2013 usR@BD
with three replications and one meter interval leetw plots and two meter between blocks. The fiedd w
entirely surrounded with one meter border plot Wwhieas cultivated with mixture of yellow rust sustbie
wheat cultivars to surf as a trap and spreadéx. afiiformisinoculums in the experimental field.

2.5. Preparation and Application of Chemical Inducer

Three concentrations were prepared for each ofnithecer chemicals, BTH: 0.3 and 0.6 mM, BABA: 1 mM,
SA: 250, 500, and 1000 pg Tréind IAA: 25, 50 and 100 pg thi

2.6. Application of Chemical Inducers

All the test concentrations of the test chemicdluicers were applied on leaves of wheat by spragfiagt using
1L hand sprayer until complete wetness of plante Plants were sprayed when they were at theirifgpot
stage. Control plants were similarly spread witktided water only. The plants were sprayed onceenadter
fifteen days. All plants in the experiment werd fef natural infection byp. striiformis f.sp.tritici

2.7. Disease Assessment

To determine the effectiveness of the different iteducer treatments in suppressing the diseafegtion type ,
diseases severity and rates of infection (r) , degelopment of disease on the two wheat cultivarsva
intervals of the disease development were recoadted fifteen and thirty days after the first inéus spraying.
Infection types were assessed using a scale deddop Lewellengt al., (1967): 0 = no visible infection; R =
resistant, necrotic area with or without small ples; MR = moderately resistant, small pustule@surded by
necrotic area; M = intermediate, pustules of vdeabize, some necrosis or chlorosis; MS = moderatel
susceptible, medium sized pustules, no necrosissbute chlorosis. At the same time, disease sevesty
estimated by using the modified cobb scales (Patesisal., 1948) which depends on comparing the infected
wheat leaves with a theoretical diagram showing fteguency of uredia for particular percentage akse
severity. Data were randomly collected from 15 fdain line No.2, 4 and 6 in each plot. The coeéfiti of
infection (C.I) of yellow rust on each cultivar wealculated by the equation:

Cl=DSxIT

Where CI = coefficient of infection

DS = disease severity

IT = infection type which resemble constant valgesen to the host response; where immune 1= 0.00 R=
MR= 0.4, M= 0.6, MS= 0.8 and S= 1.0 ( Roedfsl., 1992) .

The infection rates (r) of yellow rust disease acleof the genotypes were calculated at the findt second
period of disease development by using Vander péaplation (Vander plank, 1963) as indicated inftheula:

r=2-3/(¢t1) Log % per unit per day

t; and $ = the time of first and second reading of disesseerity

x1 and % = disease severity of first and second readingémh time

3. Results

3.1.Effect of BTH, BABA, SA and IAA on DSand Cl in Tamuz 2 and AL8/70 cultivars

3.1.1.Direct Effect

Both wheat cultivars, Tamuz 2 and AL showed significantly (p=0.05) similar responddreatments with
BTH, BABA, SA and IAA (Table 1). However, in cv rauz 2 all treatments reduced both DS and CI to,5.12
4.74;5.83, 5.18; 6.70, 5.34 and 6.74, 5.83 araViAL8/70 to 5.94, 5.00; 7.86, 7.30; 8.65, 7.67 and B1%N
for SA, ,IAA, BABA and BTH treatments respectivadgmpared with their respective control treatmeifies(e
1).

3.1.2. Cultivars Response

Tamuz 2 cultivar response significantly (P=0.05)pagsed cv AL/70 in its response to the inducBiid,
BABA, SA and IAA by decreasing the value of both B&d C.I to 6.10 and 5.27 respectively compareth wit
7.91 and 7.14 in cv AL/70 (Tablel).

3.1.3. Effect of Inducers Concentrations

All the test concentrations of BABA, BTH, SA and AAsignificantly (P=0.05) reduced both DS and CI
compared with control plants for the two cultiv@fable 1). In cv Tamuz-2, the highest average réoingn DS
and CI, 1.83 and 1.05 respectively, was observdugitest concentration of the test inducers contpavigh
12.18 and 11.51 respectively in control plants. iBirly, in cv AL8/70 the highest concentration @iducers
produced significantly (P=0.05) the highest reduttin DS and Cl, 2.66 and 1.76 respectively congbavith
18.17 and 17.86 in control plants 15 days afterfitst inducers spraying (Table 1). In cv Tamuth@ highest
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reduction in DS and CI, 1.70 and 0.81 was recomdleen the highest concentration of BABA (1000 pghml
IAA (100pg miY), 1.72 and 0.87, BTH (1Mm), 2.01 and 1.17, SA (0§ mI*) respectively. In cv AL870 the
significantly (P=0.05) highest reduction in DS a@tlwas respectively, caused by IAA, 1.84 and 1B®H,
2.10 and 1.30, BABA, 3.31and 2.11 and SA, 3.40244.

3.2. Effect of BTH, BABA, SA and |AA on DSand Cl in Tamuz 2 and AL8/70 cultivars

3.2.1. Direct Effect

BTH, BABA, SA and IAA treatments showed no sigréfit (P=0.05) differences in their reducing effemsDS
and CI in both wheat cultivars (Table2). Treatmehtv Tamuz 2 with BABA, BTH, IAA and SA caused an
average DS and CI of 12.50 and 10.27, 14.64 anfl410.7.96 and 15.64, 18.34 and 16.21 respectively.
Similarly, cv AL 8/70 also responded to these ctwaininducers with no significant differences initheffects
on DS and CI which scored, 14.11and 12.96, 14.% 1&h42, 15.85 and, 14.12, 28.42 and 25.97 for BTH,
BABA, IAA and SA respectively.

3.2.2. Cultivars Response

Tamuz 2 cultivar was significantly (P=0.05) supeiioresponse to inducers treatments, recordedcageddS of
15.82 and Cl of 13.22 compared with average DS98nd ClI, 16.30 in cv AL/ &0 (Table 2).

3.2.3. Inducers Concentrations

Similarly, inducer’s concentrations significant=0.05) affected both DS and ClI treated Tamuz 2Adn8/70
compared with control plants (Table2). In cv Tanfjzthe lowest average DS and Cl were 2.98, 1.89
respectively, when plants were treated with theheghest concentrations of inducers compared i#h 39.69
and Cl, 35.14 in control plants. Similarly, in cv 8/70 the highest concentrations of inducers pcedu
significantly (P=0.05) the highest reduction intb&@S and ClI, 3.74 and 2.41 respectively compareh £6.32
and 43.90 in untreated control plants. In cv Tarauhe reduction in DS and Cl were 2.08 and 1.130 2nd
2.18, 2.71 and 1.47, 4.28 and 3.75 at the higlesstconcentrations of BABA, IAA, BTH and SA respeely.
However, in cv AL 870 all the test high concentrations of inducerssedwsignificantly (P=0.05) less reduction
both of DS and ClI, 2.35 and 1.26, 2.66 and 1.674 4nd 2.93, 5.53 and 3.78 in IAA, BTH, BABA and SA
teratments respectively.

3.3 Effect of BTH, BABA, SA and |AA on development of infection(r) in cv Tamuz 2 and cv AL 8/70 thirty day
after spraying

3.3.1. Direct Effect

BTH, BABA, SA and IAA significantly (P=0.05) affeetl development strip rust infection(r) in the tesated
wheat cultivars (Table 3). When cv Tamuz 2 wastéeavith BABA, infection rate was low, 0.0364 compé
with 0.0438, 0.0672 and 0.0798 in BTH, IAA and SAated plants respectively. The highest reduction, i
however, 0.0455 was recorded in cv AL 8/70 treatétd BTH compared with, 0.0455, 0.566 and 0.082AA,
BABA and SA treated plants respectively.

3.3.2. Cultivars Response

Both cultivars, Tamuz 2 and AL/80 responded similarly with no significant (P=0.@kfferences toward the
test inducers. The average r of the disease w&68®.8nd 0.0538 in cv Tamuz 2 and cv AL78 respectively
(Table 3).

3.2.3. Inducers Concentrations

Most of the test concentrations of the test chehinthucers produced significant (P=0.05) decreasein both
wheat cultivars (Table 3). 2 The lowest avenageas 0.0220 when the highest concentration oféaduiwere
used compared with r, 0.1077 in control plants.ilaiy, in cv AL 8/70 the highest concentrationiafiucers
caused the highest reduction in r, 0.0218 compwaiifdr, 0.0931 in control plants. In cv Tamuz 2 fbevest
reduction in r, 0.0156 was recorded at the highestentration of BABA (1006ug mi) followed by 0.0213,
0.0224 and 0.0289 at the highest concentration@ud.ni*, and 1Mm, 1000 ug mifor IAA, BTH and SA
respectively. However, In cv AL/g0, the significantly highest reduction in r, 0681 0.0174, 0.0202 and
0.0329 was recorded at the test highest condmmtraf BTH , IAA, BABA and SA treatments respieely
compared with the other test concentrations oféedsiand control plants.

4. Discussion

Four chemical compounds (Dk-amino butyric acid (BABA), Salicylic acid (SA) ,é®zothiadiazole(BTH) and
indole acetic acid (IAA) were used to induce systemasistance in wheat plant against stripe (yellowst
disease caused IBuccinia striiformis west. f.s.ritici. These inducers markedly reduced wheat Srd on Zamu
2 and AL §70 wheat cultivars. Chemicals inducers such as BB and BABA were reported to induce
resistance in cereals against wheat disease ahdgaaits such as stem rust (EL-Najar,1998), commaoi (fuu
etal., 2006), leaf rust (EL-Deeb, 199%usarium graminearum (Mohammodi etal., 2002), powdry mildew
caused bylumaria graminis f.sptritici (Stadnik and Buchnauer,2000) and root knot neneaf@ta and Cohen,
2001), and against barely diseases such as nehtdotl powdery mildew (Aly et al., 1989). Systematjuired
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resistance (SAR) was attributed to a signal tracisolu at sight of application to non-treated sii€essmann et
al., 1994). Tamuz 2 cultivar showed more abilityinduce its own defense mechanism by clearly dsarga
disease severity and coefficient of infection caubg P.striiformis f.s.p tritici (Table 1&2). Thabit (2003)
reported on the high effectiveness of BTH, IAA, 8Ad BABA in inducing resistanse against leaf rusease
of wheat caused bluccinia triticina, and that cv Sids-1 was more able to be inducad v Giza-168 gainst
the causal fungus. Various studies have reporteth@active role of chemical inducers such as Bl 8A in
reducing the impact of sugar beet rust (Ata et2l08), BABA on sunflower rust (Amzalak and Coh2a07).
Treatment of wheat with acetyl SA inhibited the elepment of uridino spores &uccinia spp (Abdela, 1983).
It seems that BABA and SA required more time arghtdosage before induction of resistance to Srdbean
observed. This was indicated by the significantiyilar values of DS and Cl, 6.46 and 5.24 , 7.6d &r80,
6.39 and 5.96 when 250, 500 250 ug'mIABA and 250 ug mt SA was used respectively and were not
significantly(P=0.05) different compared with caitrplants. Similar results have been observed at lo
concentration of SA for induction of wheat leaftro$ wheat (Thabit, 2003). Furthermore, Erlandale(2010)
reported on the weak effect of BABA at low concatitms especially with epidemic diseases and higher
concentrations of BABA gave stronger disease ptiteeffects. As seen in table 3, reduced r isimered as a
consequence of application of the chemical induB&8A, BTH, IAA and SA, thus indicating that thevio
infection rate (r) reflect that the isolateRdt in this study became less producing of spamedshad longer latent
periods. Reduction in r causes the velocity of trihcrease more slowly, so that r is associategitipely with
rate of disease velocity in both time and spacend@&o, et al., 2005). Reduction of r can be considas a
suitable management strategy to control epidenseaties like Srd in which the disease speared allysu
initiated from focal spots over large area.

Pathogenesis related proteins, peroxidase, Bdlucanase and chitinase were activated in egigilants
(Quiroga etal., 2000). Strong relationship betwhgmifications in wheat appear to be of special artpnce in
induced resistance mechanisms (Sherwood,1980)ir_lgjosynthesis in wheat is related to two enzynfsl,
and ciannymyl alcohol dehyrogenase (Bruno,1990he@io(2001) found increased lignifications rate tigto
accomplished hypersensitive reaction due to folipplication of BABA. Thabet, (2003) reported higher
lignifications rate in the vascular bundles as sulteof treating wheat plant with BABA and IAA agat leaf
rust. Application of IAA increased SAR in wheat mpis infected byP. recondita f.sp. tritici was related to
increase of peroxidase activity , meanwhile, thenber of pustules cthof leaf and infection percent were
decreased (Sallam, 2001 ). Local and systemicase®in chitinase and peroxidase activity have bbesarved
in response to BTH and SA treatments (Catherin@).e2004). Exogenous application of BTH on whieas
been tried to activate numbers of SAR associgéds which led to enhanced plant protection agaargous
pathogens through increased synthesis and acti/itxidative enzyme especially PAL leading to pretibin of
phytoalexines and pathogenesis related proteins rtolecular markers of SAR (Gorlach,etal.,1996).
Furthermore, SA plays an important role in sigmahsduction in SAR in various plant pathogen intdoas
(Gaffney et al., 1993; Ryais et al., 1996). Sevexadlences indicated that one mode of action ofirSdefense
against pathogen is to activate various defensgioaa in plants (Christian and jean, 1999; Shirasal.,1997).
SA induces rapid transient-generation of reactiveti@ough oxidative burst in incompatible interantiRao et
al., 1997). Significant increases in the activifyperoxidase and polyphenoloxidase were found afpeaying
wheat (Thabet, 2003) and sugar beet plants (Ata2288) with SA. Because of the ability of Pstigagen to
continuously produce new races that are able tocomee the resistance genes in wheat plant, it Sergisl
beside other strategies to use effective inducersduce the impact of Srd. It is important to siseh chemicals
to induce SAR through the elevation of the levetasistance in susceptible wheat cultivars withinrdegrated
management strategy of strip rust disease. Furéiserarch is needed before a sustainable managenognam
to control this important disease can be achieved.
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Table 1. Disease severity (DS) and coefficiennéddtion (CI) in two wheat cultivars treated witifferent
concentrations of chemical inducers against stiige 15 days after spraying (2012/2013 growing @epns

Concentration
Inducer 1 2 3 4 Mean
Cultivar
DS Cl DS Cl DS| Cl DS| Cl DS] CI
BABA | 11.05| 944 | 6.46| 542 760 587 140 0.81 6[76.34
BTH 17.81 | 17.12| 493| 375 224 137 201 117 6/78.83
Tamuz 2| |AA 1129 | 10.93| 7.40| 6.8 295 208 142 0.87 5/85.18
SA 861 | 854| 6.39| 596 357 314 192 1B3 5|12 447
Mean | 12.18 | 11.51| 6.29 | 5.4% 408 3.09 183 1j05 6m27
BABA | 924 | 905 | 7.37| 6.04 387 297 331 211 5/94.005
BTH 2546 | 25.00] 3.61| 235 345 2044 210 1]30 86367
AL8I70 IAA 2395 | 2365| 293| 233 2783 207 184 116 7/86.30
SA 14.06 | 13.75| 1049 989 8.68 8.22 340 249 d1859
Mean | 18.17| 17.86] 6.08 516 442 3.78 266 176 7.9114

LSD (P=0.05) for cvs, DS = 1.149*, Cl = 1.153*

LSD (P=0.05) cvs. indu.(inter.), DS = 5.396*, CI5=518*
LSD (P=0.05) cvs. conc.(inter.), DS = 3.308*, CL2&r*

LSD (P=0.05) cvs. indu. conc.(inter.), DS = 4.596f,= 4.612*

Each number is a mean of three replicates fiftédant gach.*indicate significant difference .Whelarnp was
sprayed twice at booting stage. BAB&Aaminobutyric acid,SA=Salicylic acid. 1=Control, Z3.gmi

! 3=500ugmitand4=1000pgriBenzothiadizole(BTH)1=Control,2=0.3mM,3=0.6mM ard#m, Indole acetic
acid (IAA),1=Control,2=25ugrll,3=50pgmtand4=100pgn.

Table 2. Disease severity (DS) and coefficiennéddtion(Cl) in two wheat cultivars treated withfdrent
concentrations of chemical inducers against sttge 15 days after spraying (2012/2013 growing@eas

Concentration
Mean
Cultivar Inducer 1 2 3 4
DS cl DS Cl DS Cl DS| cCI DS Cl
BABA | 28.40 | 2594| 9.42| 6.12] 1011 7.84 2.08 147 502 10.27
BTH 4332 | 35.34| 820 500  3.63 1.96 271 147 14/64 940.
Tamuz 2 [ |AA 46.17 | 42.25| 18.74] 15.26 4.6 3.14 230 1[8 9a7| 15.46
SA 40.86 | 37.04] 1922 17.06 844 7.01 482 3|75 44.316.21
Mean | 39.69| 35.14] 13.89 10.86 6.71 498 298 1.89 .821% 13.22
BABA | 31.34 | 28.31| 1659 1331 6.74 511 441 293 14.772.42
BTH 4331 | 42.15| 5.83| 4.15 4.66 280 266 167 14/112.69
AL8/70 IAA 50.95 | 48.13| 5.78| 4.35| 4.33 277 235 1p6 15/884.12
SA 59.68 | 57.01|] 27.32 2397 21.14 1943 5|53 3.78 .428 25.97
Mean | 46.32 | 43.90 1383 1144 92p 745 3|74 241 .2918 16.30

LSD (P=0.05) DS, cvs. =1.776*C.1, cvs. = 1.623*

LSD (P=0.05) DS, cvs. indu.( inter.) =14.137*Cyscindu. (inter.) =13.419*

LSD (P=0.05) DS, cvs. conc. (inter.) =6.183*C.Iscindu. (inter.) =5.868*

LSD (P=0.05) DS, cvs. indu. conc. (inter.) =7.1@f cvs. indu. conc. (inter.) =6.492*

Each number is a mean of three replicates ancefiffldant each .*indicate significant difference &&hplant
were sprayed twice at booting stage. , BABAsminobutyricacid, SA=Salicylicacid,2=250ugh8=500pgmil
! 4=1000pgmt.BTH=Benzothiadizole,2=0.3mM,3=0.6mM,4=1Mm.IAA=Indaceticacid,2=25ugml
,3=50pgmit,4=100ugmit.
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Table 3. Development of stripe rust infection(rfwo wheat cultivars treated with different conecatibns of
chemical inducers against stripe rust 15 days afieaying (2012/2013 growing season)

Concentration
Mean
Cultivar | Inducer 1 2 3 4
r r r r r
BABA 0.0765 0.0270 0.0265 0.0156 0.0364
BTH 0.0848 0.0349 0.0330 0.0224 0.0438
Tamuz 2 I1AA 0.1375 0.0732 0.0369 0.0213 0.0672
SA 0.1323 0.0888 0.0691 0.0289 0.0798
Mean 0.1077 0.0560 0.0414 0.022( 0.0568
BABA 0.1010 0.0623 0.0413 0.0202 0.056p
BTH 0.0536 0.0330 0.0216 0.0168 0.0312
AL8/70 IAA 0.0812 0.0496 0.0338 0.0174 0.0455
SA 0.1368 0.0851 0.0735 0.0329 0.0821
Mean 0.0931 0.0575 0.0430 0.0214 0.0538
LSD (P=0.05), cvs. =0.079*
LSD (P=0.05) cvs. indu. (inter.) =0.0295*
LSD (P=0.05) cvs. conc. (inter.) =0.0221*
LSD (P=0.05) cvs. indu. conc. (inter.)=0.0315*

Each number is a mean of three replicates ancefiffldant each .*indicate significant difference &&hplant

were sprayed twice at booting stage. 1= contrdBABA=p-aminobutyricacid,SA=Salicylicacid,2=250pgml
! 3=500ugmit,4=1000pgmt.

BTH=Benzothiadizole,2=0.3mM,3=0.6mM,4=1Mm.IAA=Ineelceticacid,2=25ugmM|3=50ugmf-4=100pgmil
1
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