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Abstract

Resistance in susceptible mustard cv. PR-15 against the highly viAldmassicagsolate A (AbA) and moder-
ately virulent isolate C (AbC) was induced using an avirul&itérnaria brassicaésolate D (AbD). The induction
of resistance due to AbD against AbA or AbC resulted in significant reduction in disease severity.alteznata
(Aa) failed to induce resistance against AbA and AbC, on the contrary it induced susceptibility against them.

Alternaria black spot (ABS) of rapeseed-mustard hypovirulent forms of the pathogen and non-pathogens
caused byAlternaria brassicag(Berk.) Sacc. is the  or by restricted inoculation with pathogens (Deverall,
most important disease in India, where it causes an 1995).
average yield loss of 35—-40% (Kolte etal., 1987),5%in  Such studies in the case of ABS disease of mus-
Western Canada (Tewari, 1991) and 10% in the United tard using avirulent forms of pathogen have not been
Kingdom (NIAB, 1985). The disease is also of major reported. Therefore, this research communication deals
importance in Australia (Stovold et al., 1987), France with induced resistance in mustard using an avirulent
(Brun et al., 1987) and Poland (Madej, 1986). isolate ofA. brassicaeagainst virulent isolates of the
Three distinctA. brassicadsolates’ A (highly vir- same pathogen.
ulent), C (moderately virulent) and D (avirulent) are Single conidial cultures ofA. brassicae iso-
prevalentin India (Kolte etal., 1991). Morerecentwork lates A, C and D fromBrassica carinata cv.
done using several monoconidial cultures and different PPCS-1(Ethiopian mustaryl and A. alternatafrom
sets of differential host varieties confirms such varia- B.juncea cvPR-15 were maintained forinoculum pro-
tions inA. brassicadVishwanath and Kolte, 1997). duction on radish dextrose agar (RDA) medium sup-
The present study was undertaken to explore the plemented with Rose Bengal 50 mg'lat (204 2)°C
possibility of utilizing induced host resistance as a (Thakur and Kolte, 1985). Conidial suspensions of
realistic alternative to classical fungicides in ABS these cultures were prepared from 15-day-old cultures
management. It is well established that resistance canin sterilized distilled water. After passing through four
be induced in plants by biotic as well as by abi- layers of cheese cloth, the conidial suspensions were
otic agents (Kessman et al., 1994a,b; Kombrink and centrifuged at 3000 rpm for 5 min and unwanted mate-
Sommsich, 1995; Sticher et al., 1997). Induced resis- rial was removed. The conidial concentration of the
tance means enhancement of resistance in plants beingnoculum was adjusted ta8 x 10* conidia mL-? with
otherwise susceptible to diseases without changing the help of a haemocytometer. The 4th fully expanded
their genetic constitution, for example, by breeding true leaf of 30-day-old pot-growrB. juncea cv
or by genetic engineering. Thus, genes in the sus- PR-15 plants was inoculated both when attached
ceptible plants can be activated to show resistanceon to the plant and detached from the plant. In
by inoculation with avirulent forms of the pathogen, the case of inoculation of attached leaves, in one
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set of experiments one full leaf was inoculated  The results revealed that when the avirulent iso-
while in another set only half the leaf was inoc- late AbD was pre-inoculated either on full leaves or
ulated with the avirulentA. brassicaeisolate D half leaves 24 h prior to challenge inoculation with vir-

(AbD) andA. alternata(Aa) separately. After 12 and ulent isolates AbA and AbC of the same pathogen,
24 h, the above leaves were challenged inoculated more than 60% reduction in disease severity in terms
with the virulentA. brassicaeisolate A (AbA) and of ANS, ASS and AIS was obtained in comparison

A.brassicaésolate C (AbC) keeping appropriate check

treatments, as per the details given below:

Inducer inoculation Challenge inoculation Treatment
abbreviated as

Alternaria alternata(Aa) Alternaria brassicaesolate A(AbA) Aa—AbA

A. alternata(Aa) A. brassicaasolate C(AbC) Aa—-AbC

A. brassicaésolate D (AbD) A. brassicadsolate A(AbA) AbD-AbA

A. brassicadsolate D (AbD) A. brassicadsolate C(AbC) AbD-AbC

A. alternata(Aa) Distilled sterilized water only (w) Aa—-w (Check)

A. brassicaasolate A (AbA) Distilled sterilized water (w) AbA-w (Check)

A. brassicagsolate C (AbC) Distilled sterilized water (w) AbC-w (Check)

A. brassicaasolate D (AbD) Distilled sterilized water (w) AbD-w (Check)

After inoculation, the pots were kept at room temper- to their control(s) without pre-inoculation both in
ature 204 2°C in a moist chamber with 90-95% RH attached (Table 1) and detached (Table 2) leaves.
for 3 days and later removed for symptoms to develop. The full expression of induction of resistance (IR)
Each treatment was repeated 3 times. occurred after 24 h of induction period and remained
In the case of the detached leaf inoculation, the 4th consistent up to 72h. It could thus be quite possi-
fully expanded leaves were detached with a sterilized ble that a set of plant genes, known as resistance
razor blade. The leaves, after washing gently under tap response or defense-related genes, in mustard are acti-
water, were surface-sterilized with 0.5% NaOCI solu- vated by biotic inducers like avirulent isolate AbD.
tion for 3min and rinsed 3 times with sterilized dis- Many such genes could encode products which are
tilled water for removal of excess amounts of NaOCI. believed to participate in the inhibition of pathogen
These leaves were also dipped in streptomycin solution development through production of pathogenesis-
(1000 ppm) to eliminate bacterial contamination and related proteins (PR-proteins) like chitinage1,3-
dried on sterilized blotting paper. Inoculation of these glucanase, hydroxy-rich-glycoproteins, and by stimu-
leaves was also done as mentioned above. The inoc-lating the activity of enzymes for lignin and phytoalexin
ulated leaves for each treatment were kept separatelysynthesis as it has been well studied in many other cases
inside Petri-dish moist chambers at2®°C up to 10 of systemic acquired resistance (SAR) in plants (Ryals
days. The experiment was repeated twice. etal., 1994; Schneider et al., 1996; Uknes et al., 1996).
Observations were recorded 10 days after inocula- Further studies in this direction Brassica-A. brassi-
tion. The average number of spots (ANS) per 16cm caesystem should yield some useful information.
leaf area, average size of spots (ASS) and average infec- Most of the earlier work suggested that necrotization
tion score (AIS) on individual leaf were recorded for is a key factor in SAR-induction (Kuc, 1983). In our
each treatment using a 0-5 disease rating scale, wherestudy AbD showed a very weak disease reaction on
0=no symptoms; &= 1-10%; 2= 11-25%; 3= 26— the host with a few very small necrotic spots on the
50%:; 4 = 51-75% and 5= more then 75% leaf area leaves, which may fulfill the requirement of triggering
covered with the spots. The treatment differences were host defence response. Considering the overall impact
statistically analyzed at 5% level of significance using of IR, the Brassica-A. brassicae(isolate D) system
the F-test. could be evaluated on field-grown plants with regard to
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Table 1 Effect of pre-inoculation withA. alternataand aviruleni. bras-
sicaeisolate D oninduced resistanceBnjuncea cvPR-15 on full attached

leaf

Treatment$ Average no. Average size Average
of spots/10crh  of spots (mm)  infection score
(ANS) (ASS) (AIS)

Aa—AbA 150°(4+-4.8)* 4.1F(+1.0)* 2.66°(+33.0)

Aa—-AbC 14.33(+13.2) 1.86(—3.6) 1.83(+10.2)

AbD-ADbA 2.66'(—814)* 1.00(-756)* 0.66(—67.0)*

AbD-AbC 4.00(—686)* 1.00(—48.2) 1.00(—39.8)*

Aa-w (Check) 0.00 0.00¢! 0.00'

AbA-w (Check) 14.33 4.09 2.00

AbC-w (Check) 12.66 1.92 1.66

AbD-w (Check) 5.66 1.00 0.83

aThe figures given in the parentheses are the percent incredse(
decreasef) over their respective checks. Values in a column with the
same letter do not differ significantly at the 5% level usingRhiest.

Table 2 Effect of pre-inoculation wittA. alternataand avirulenfA. bras-
sicaeisolate D on induced resistanceBnjuncea cvPR-15 on full detached

leaf
Treatment$ Average no. Average size Average
of spots/10crh  of spots (mm) infection score
(ANS) (ASS) (AIS)
Aa—AbA 14.08(+4.3) 4.00'(4+-29.0) 2.33(+214)
Aa—-AbC 12.16°(+2.8) 2.68°(+75.2) 1.00(—429)
AbD-ADbA 0.96(—929) 0.46"°(—85.2) 0.46"°(—76.0)
AbD-AbC 4.67(—6052) 1.26"%(—17.65) 0.67(—617)
Aa—w (Check) 0.00 0.0¢ 0.0¢
AbA-w (Check) 13.58 3.10° 1.92°
AbC-w (Check) 11.83 1.53¢ 179
AbD-w (Check) nz 1.30% 0.50¢

aThe figures given in the parentheses are the percent incregsieCrease
(—) over their respective checks. Values in a column with the same letter
do not differ significantly at the 5% level using tRetest.
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