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Abstract: The present investigation was aimed to assess the effect of different concentrations of elicitors viz.,
salicylic acid (SA) and benzothiadiazole (BTH) on physiomorphological and biochemical parameters of Brassica
juncea and B. napus cultivars. The field experiment was conducted during 2012-13 at Punjab Agricultural University,
Ludhiana, India. Four different treatments of elicitors and a fungicide treatment were given to 10 week old plants up
to four consecutive weeks. Content of total soluble protein, free amino acids, total sugars and reducing sugars of
leaves of both B. juncea and B. napus were evaluated after each spray. The content of total soluble protein
increased, whereas the contents of free amino acids, total sugars and reducing sugars decreased in all the
treatments after each spray. Among all the treatments, the combinations of elicitors, i.e., BTH (3 ppm) + SA (33
ppm) and BTH (7 ppm) + SA (17 ppm) exhibited maximum contents of total soluble protein, free amino acids, total
sugars and reducing sugars than control in both the cultivars. These treatments were more pronounced in
increasing plant height, internodal distance and number of pods per plant in both the cultivars. Our results suggest
that the combinations of elicitors act synergistically to promote growth and metabolic activities in B. juncea and B.
napus cultivars leading to the induction and regulation of disease resistance.
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INTRODUCTION activate a number of defense related genes, ledding

. . . plant protection against various pathogens (Vejreoi
Brassica juncea (Indian mustard) andB. napus al., 1995: Lawtonet al, 1996). These two have

(rapesee(il)) grouped under _rapeseed-musfcard,_ C(I'atr?busuccessfully been used to induce resistance toda wi
about 32% (.)f _the total oilseed pr_odugtlon in India. range of diseases on field crops (Abdel-Monainal,
Among the biotic stresses, Alternaria blight caulgd 2011: Farouk and Osman, 2012 Mandaeia al,

Altern.aria brassicaeis the major yield and qgality 2012). They also play an important role in regulgti
reducing factors of rapeseed-mustard. Depending upomany aspects of plant growth and development
disease severity, about 47% yield loss has bee'ERaskin 1992).

eTUmatgd g}.l?]d"."‘ (Meenet 3"’ 2010)& Iﬁessganc%to Plant metabolites like proteins, free amino acidd a
Alternaria blight in rapeseed-mustard has beendoun .| ggars are involved in the responses to abeum

to be | associated  with q mcreaseld _ act|\f/|t|es _?f of stresses, and act as nutrient and signalingaulels
antioxidative enzymes and accumulation of specificy ot activate specific or hormonal-crosstalk

metabolites i.e. proteins, free amino acids andasug ; : ; ;

(Daayfet al, 2000). Although, fungicides can provide Lr%rcljsigg;tifgs o? gtehrﬁagi[’are;gisour:tl(rgoégal, ;mogg;fant
resistance against the disease but these have pogf,, present study, therefore, was carried out to
compliances including health hazards. Recently, IOWinvestigate the effect of elicitorgiz, SA and BTH
molecular weight synthetic molecules called elisito  ;5ha or in combinations on physiomorphological and

have been used to alleviate infection by aCtivatingbiochemical parameters @. junceaand B. napus
plant's own defence system (Mandaetal, 2012). . iivars ' '

The use of elicitors lacks environmental and

toxicological side-effects and is effective agaimst MATERIALSAND METHODS
variety of plant pathogens. Such elicitors are ihgain
plant hormones or synthetic analogs.

Salicylic acid (SA) and its chemical analogue
benzothiadiazole (BTH) are the most commonly use
elicitors. Exogenous application of SA and BTH

Seeds ofB. juncea(cv. PBR-91) andB. napus(cv.
GSC-6) were procured from Oilseeds Section,
dDepartment of Plant Breeding and Genetics, Punjab
Agricultural University (PAU), Ludhiana, India. A
field experiment was conducted at the experimental
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field of PAU, Ludhiana (30°54'N latitude and 75°E8’ the various treatments showed no significant
longitude) duringrabi season of 2012-13. The seeds difference in plant height. After"? 3% and 4" spray,
were sown in plant spacing of 30 x 10 cm for cv. treatments containing combinations of elicitorg.,i.
PBR-91 and 45 x 10 cm for cv. GSC-6 in plot siz8of BTH (3 ppm) + SA (33 ppm) and BTH (7 ppm) + SA
x 4 nt for each treatment. (17 ppm) resulted in significant increase in plagight
The treatments comprised of benzothiadiazole (10followed by BTH (10 ppm), SA (50 ppm) and
ppm), salicylic acid (50 ppm), benzothiadiazole (3 fungicide (blitox) as compared to control. Meanues
ppm) + salicylic acid (33 ppm), benzothiadiazole (7 for the plant height oB. junceaand B. napusplants
ppm) + salicylic acid (17 ppm), fungicide - 0.25% were found in the range of 52.6-87.7 and 29.6-47.3
Blitox (50% copper oxychloride) and a control inches, respectively.
(water-spray). The treatments were replicated thredn B. juncea BTH (3 ppm) + SA (33 ppm), BTH (7
times for both the cultivars. The first foliar spraf ppm) + SA (17 ppm) and SA (50 ppm) showed
elicitors/fungicide was given to 10 week old plaats  significantly higher internodal distance aftet Spray.
the first symptom of Alternaria blight disease In B. napusBTH (7 ppm) + SA (17 ppm) and BTH (3
appeared. A total of four foliar sprays of elickaand  ppm) + SA (33 ppm) exhibited significantly higher
three sprays of fungicide (as recommended byinternodal distance aftef'spray. After 2 3% and &'
agronomic practices) were given on consecutivesprays, BTH (7 ppm) + SA (17 ppm) exhibited
weeks. maximum internodal distance in both the cultivars.
Leaves were sampled after 72 hrs of treatment andMean values for the internodal distanceBofjuncea
used for the estimation of total soluble proteinswry andB. napusplants were found in the range of 2.8-6.1
et al, 1951). Half of the leaves were dried at 50-60°Cand 1.3-5.0 inches, respectively.
and used for the estimation of total free aminalsci In both the cultivars, the®lspray of BTH (3 ppm) +
(Jayraman, 1981), total sugars (Dubeisal, 1956)  SA (33 ppm) showed significantly maximum number
and reducing sugars (Miller, 1972). The plant heigh of pods per plant. After"?, 3¢ and 4" sprays, BTH (7
internodal distance and number of pods per plaméwe ppm) + SA (17 ppm) exhibited significantly maximum
recorded after each spray. number of pods per plant followed by BTH (3 ppm) +
The data was subjected to analysis of varianceSA (33 ppm), BTH (10 ppm), SA (50 ppm) and
(ANOVA) using SPSS (version 16). Tukey’s test was fungicide (blitox) as compared to control. The &sse
used to test the significance of difference betwdsen in growth parameters might be attributed to effefct
treatment means. elicitors on physiological processes of plants sash
ion uptake, cell elongation, cell division, enzyme
RESULTSAND DISCUSSION activation and protein synthesis. Our results are i
The effect of elicitor treatments on various growth agreement with those obtained by Shakir@taal
characters ofB. juncea and B. napus plants is  (2003) in wheat, Faroulet al (2008) in cucumber,
presented in fig. 1. In both the cultivars, thkspray of ~ Amin et al (2007) in onion and Farouk and Osman

Table 1. Effect of different treatments on total soluble tpin content in leaves d8. juncea(cv. PBR-91) and. napus
(cv. GSC-6).

Elicitor/fungicide sprays Total soluble protein content (mg/g fresh weight)

1% spray 2" spray 3 spray 4™ spray

B. juncea (cv. PBR-91)

BTH (10 ppm) 13.08 + 0.9&Y 1382+ 158  15.32+0.7¢ 16.56 + 0.78'
SA (50 ppm) 12.51+0.7¥  12.75+0.9%° 14.51+0.7% 15.44 +0.77
BTH (3 ppm) + SA (33 ppm)  13.74+0.7%°  14.11+0.8¢  15.97 + 0.6¢ 18.29 +0.88
BTH (7 ppm) + SA (17 ppm)  14.65+0.97  1526+1.06  16.49+0.52 17.18 + 0.58
Blitox (0.25%) 11.41 + 1.8 11.88 + 0.47 13.25 + 0.58 14.57 + 0.62
Control (water-spray) 8.94+086 10.49+0.70 10.98 + 0.88 11.96 +0.41
B. napus (cv. GSC-6)

BTH (10 ppm) 11.37+0.72 12.40+1.18  12.61+0.9¢ 16.24 + 0.5%
SA (50 ppm) 11.09+0.61 11.80+1.28®  12.20 +0.8%° 15.66 + 0.51
BTH (3ppm) + SA (33 ppm)  12.49+1.18 13471206  14.65+0.7¢ 17.99 £ 0.83
BTH (7 ppm) + SA (17 ppm)  13.13+0.44  1463+1.00  15.32+1.00 17.92+£0.70
Blitox (0.25%) 1059+ 0.60  11.20+1.260  11.80 + 0.6% 14.66 +0.70
Control (water-spray) 9.60 + 0.84 9.89 + 0.82 10.61 + 0.32 12.55+0.42

Data represent mean + SD of three replicationdent letters indicate significant difference beén treatments at p = 0.05

according to Tukey’s test.
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Table 2. Effect of different treatments on free amino aaddtent in leaves dB. juncealcv. PBR-91) and®. napugcv.GSC-6).

Elicitor /fungicide sprays

Free amino acid content (mg/g dry weight)

1% spray 2" spray 3% spray 4" spray

B. juncea (cv. PBR-91)

BTH (10 ppm) 7.91 +0.40 5.51 + 0.38 478 +0.28 412 +0.16°
SA (50 ppm) 7.59 +0.29 4.98 +0.18 4.52 +0.6% 3.93+0.2%
BTH (3 ppm) + SA (33 ppm) 7.99 05 6.60 + 0.3% 6.89 + 0.48 5.81 + 0.30
BTH (7 ppm) + SA (17 ppm) 9.88 + 0.40 9.56 + 0.39 9.06 +0.31 8.72+0.41
Blitox (0.25%) 6.44 + 0.58 4.92 +0.24 4.33+0.6% 3.93+0.09
Control (water-spray) 5.39+0.52 4.83+0.17 3.97 £ 0.458 3.05 +0.08
B. napus (cv. GSC-6)

BTH (10 ppm) 17.63 +0.48 14.73 +0.81 11.01 + 0.5% 8.56 + 0.18
SA (50 ppm) 15.87 +0.35 10.60 +0.42 9.48 + 0.4%° 7.87£0.12
BTH (3 ppm) + SA (33 ppm) 20.34+051  18.41+0.79 15.96 + 0.59 12.79 +0.51
BTH (7 ppm) + SA (17 ppm) 18.37+0%2  15.16 + 0.57 11.95 + 0.62 9.66 + 0.58
Blitox (0.25%) 11.94 + 0.39 10.36 + 0.21° 8.38+0.75 6.59 + 0.28
Control (water-spray) 10.40 + 0355 8.59 + 0.53 8.28 +0.43 5.44+0.18

Data represent mean + SD of three replicationdeBgnt letters indicate significant difference beén treatments at p = 0.05
according to Tukey's test.

(2011) in bean who found that low doses of SA amino acid content than control aftél 2 3% and &'
resulted in enhanced plant growth. sprays, respectively. El- Khallal (2007) observed
The total soluble protein content of leaves of bBth  higher free amino acid content in tomato plantatee
junceaandB.napusincreased in all the treatments of with elicitors viz., jasmonic acid and SA as compared
both the cultivars after each spray (Table 1). #sw to infected control plants. Decrease in free angioiol
observed that BTH (7 ppm) + SA (17 ppm) exhibited content might be due to their utilization by the
maximum total soluble protein content in both the pathogens. The fungus induces catabolic breakddwn o
cultivars after each spray. B. junceg this treatment  amino acid and amides into nitrogen (Singhal,
showed 1.64-, 1.45-, 1.50- and 1.44-fold high total2011).

soluble protein content than control aftef, 2, 3% Total sugars and reducing sugars content decréased
and 4" sprays, respectively. IB. napus it showed gl the treatments of both the cultivars after esghay
1.37-, 1.48-, 1.44- and 1.43-fold high total solubl (Table 3 and 4). IB. juncea 1% spray of elicitors and
protein content than control aftef, 12", 3* and 4 fungicide exhibited significantly higher total suga
sprays, respectively. Increase in total solubletgdno  content than control. Treatment containing BTH (3
might be due to the metabolic reactions associaitd  ppm) + SA (33 ppm) showed 1.31-, 1.34- and 1.36-
disease resistance such as synthesis of spealieips  fold high total sugars content than control aft& 2°
related to infection (Onifade and Agboola, 2003shMi and 4h sprays, respective|y_ IB. napus BTH (7 ppm)

et al, 2008). El- Khallal (2007) observed that jasmonic + SA (17 ppm) exhibited about 1.46-fold increase in
acid and SA significantly increased the total stdub {gtg] sugars content than control aftet PYand ¥
protein content in tomato plants as compared tOsprays, respectively. After "4 spray, the same
infected control plants. treatment showed 1.61-fold high total sugars cdnten
Free amino acid content decreased in all the tre@8n  than control.

of both the cultivars after each spray (Table 2)BI In B. juncea BTH (3 ppm) + SA (33 ppm) showed
juncea BTH (7 ppm) + SA (17 ppm) exhibited apout 1.94-fold high content of reducing sugarsitha
maximum free amino acid content compared to othefcontrol after $and 2¢ sprays. After % and 3 sprays,
treatments after each spray. This treatment showeghe same treatment exhibited 1.79- and 1.88-fodh hi
1.83-, 1.98-, 2.28- and 2.86-fold high free amim@da reducing sugars content, respectively as compared t
content than control after®12", 3 and 4 sprays, control. InB. napus BTH (7 ppm) + SA (17 ppm)
respectively. IB. napus BTH (3 ppm) + SA (33 ppm)  showed 1.88-, 1.83-, 2-, 2.16- and 2.42-fold high
showed 1.95-, 2.14-, 1.93- and 2.35-fold high freereducing sugars content, respectively as compared t
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Table 3. Effect of different treatments on total sugars eonin leaves oB. juncea(cv. PBR-91) and. napugcv. GSC-6).

Elicitor /fungicide sprays

Total sugars content (mg/g dry weight)

1¥ spray 2" spray 3% spray 4™ spray

B. juncea (cv. PBR-91)

BTH (10 ppm) 50.19+2.39 42,07 +1.8f° 40.76 + 1.5% 38.01 + 2.0%
SA (50 ppm) 54.69+4.87  40.14 +2.3% 37.82 +1.9% 36.32 £ 2.47
BTH (3 ppm) + SA (33 ppm) 54.80 + 348  46.98 + 2.00 45.86 + 3.5D 44.17 +2.48
BTH (7 ppm) + SA (17 ppm) 53.84 +3%2 45.46 +2.8% 44.49 +2.38 43.02 + 1.6%
Blitox (0.25%) 46.79+3.37  40.65 +2.4% 39.65 + 4.78 35.77 +1.80
Control (water-spray) 37.29+230 35.70+1.55 34.27 +4.15 32.48 +2.00
B. napus (cv. GSC-6)

BTH (10 ppm) 57.90+4.34 5262+ 23% 48.52 + 1.9%8 45.35 + 3.3%
SA (50 ppm) 53.25+2.12 5044 +4.48°  47.42+3.2% 44.07 +3.0%
BTH (3 ppm) + SA (33 ppm) 60.50 + 43  56.21+2.93 51.14 + 3.02 49.56 + 1.07
BTH (7 ppm) + SA (17 ppm) 69.19+4%71 59.93+4.51 52.09 + 1.97 50.91 + 2.94
Blitox (0.25%) 51.05+3.28  44.90 +3.8% 43.79 +2.08 40.64 + 3.59
Control (water-spray) 4734+292 40.91+2.48 35.64 + 2.61 31.58 + 2.08

Data represent mean + SD of three replicationdeBnt letters indicate significant difference beén treatments at p = 0.05
according to Tukey's test.

control. These results are supported by the fimlioly enzymes secreted by the pathogen. The invading
Jaypal and Mahadevan (1968), who reportedpathogens may utilize the sugar leading to decrigase
post-infectional decrease in sugar levels caused bijts content.El-Khallal (2007) observed higher sugar
rapid hydrolysis of sugars during pathogenesisujino ~ content in tomato plants treated with jasmonic arid

Table 4. Effect of different treatments on reducing suganstent in leaves dB. juncea(cv. PBR-91) an®. napugcv.GSC-6).

Elicitor/fungicide sprays Reducing sugar s content (mg/g dry weight)

1% spray 2" spray 3% spray 4" spray

B. juncea (cv. PBR-91)

BTH (10 ppm) 1.35+0.18 1.33+0.17 1.00 + 0.08° 0.90 + 0.1¥
SA (50 ppm) 1.28+0.71 1.17 + 0.08° 0.83 +0.16° 0.80 + 0.08°
BTH (3 ppm) + SA (33 ppm) 1.62+098  1.49+0.16 1.13+0.18 1.09 + 0.07
BTH (7 ppm) + SA (17 ppm) 155+0%1  1.39+0.1¥ 1.00 + 0.0% 0.99 + 0.1%
Blitox (0.25%) 0.98 +0.1%1 0.96 + 0.0% 0.77 £ 0.0% 0.71 +0.0?
Control (water-spray) 0.83 +0.06 0.77 £ 0.07 0.63+0.16 0.58 +0.16
B. napus (cv. GSC-6)

BTH (10 ppm) 1.55 + 0.09 1.46 + 0.08 1.28+0.17 0.96 + 0.0
SA (50 ppm) 1.31 + 0.07 1.23+0.18 1.11+0.18° 0.91 +0.1¥°
BTH (3 ppm) + SA (33 ppm) 1.66+042  1.57+0.07 1.34+0.15 1.14 + 0.1%8
BTH (7 ppm) + SA (17 ppm) 1.79+040  1.62+0.08 1.47 +0.2% 1.33+0.18
Blitox (0.25%) 1.09 £ 0.18 0.94 +0.08 0.84+0.1% 0.68 + 0.08
Control (water-spray) 0.98+030 0.81 +0.04 0.68 + 0.08 0.55 + 0.08

Data represent mean + SD of three replicationdeBsht letters indicate significant difference beén treatments at p = 0.05

according to Tukey's test.
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Fig.1. Effect of different treatments on plant height ofudicea (A) and B. napus (B); internodal distané®. juncea (C) and
B. napus (D); number of plants per plant of B. gadE) and B. napus (F). Data represent mean + $Ehee replicates.
Different letters indicate significant differencetiveen treatments at p = 0.05, according to Tukegss

SA than infected control plants. acids, total sugars and reducing sugars than water
. treated control plants. Elicitors also affected the

Conclusion physiomorphological processes related to growth and

The content of leaves of total soluble proteinath®.  development. Among all the treatments, the

juncea and B.napusincreased, whereas free amino combinations of elicitors were highly effective.
acids, total sugars and reducing sugars decredtsad a Fungicide also exhibited higher content of metabsli
each spray. Plants treated with elicitors resuited than control, but it was less than elicitor treatise
higher contents of total soluble protein, free amin Thus, exogenous application of combinations of
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elicitors might improve growth and disease resigtan disease in cucumber by elicitor&gyptian Journal of
of B. junceaandB. napuscultivars. Phytopathology36: 95-111.
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