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Effect of Systemic Acquired Resistance Elicitors on Yellow Mosaic Disease
and Growth of Blackgram
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ABSTRACT

Field experiment was conducted with mungbean yellow mosaic susceptible variety LBG 623 during kharif
and rabi 2011-12 with a view to alleviating the effects of whitefly borne geminivirus, Mungbean Yellow Mosaic
Virus (MYMYV) in blackgram through foliar application of salicylic acid (SA) 3mM, triacontanol (tria) 10 ppm and
certain mineral nutrients like potassium as KNO, (0.5%), magnesium as MgSO, (0.5%) and manganese as MnSO,
(0.2%) either alone successively or alternated with each other. The treatments tria followed by KNO, and tria-KNO,
were found more effective in reducing the MYMYV incidence and intensity with a consequent increase in growth
and yield. The application of SA and mineral nutrients either alone or in alternation with tria and SA also reduced
the disease compared with unsprayed check. Acetamiprid spray in combination with yellow sticky trap in the

present investigation was not found to be effective.
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Blackgram or urdbean is a major pulse crop
of Andhra Pradesh with a special significance as it
fits well in rice — pulse cropping system as a relay
crop particularly in Krishna — Godavari and North
Coastal zones. Mungbean yellow mosaic virus
(MYMYV) s a serious constraint in the cultivation of
blackgram in recent years. Attempts made mostly
focussing on the vector, Bemisia tabaci
management, were reasonably successful over a
considerable period (Ganapathy and Karuppiah,
2004). However, in recent years management of
MYMYV through vector control was ineffective for
unknown reasons.

Alleviation of the effects of infection with
a view to limiting the losses could be an alternative
strategy for managing virus disease. Exogenous
application of systemic acquired resistance (SAR)
elicitor like salicylic acid was shown to attenuate
the effects of virus infection in plants (Radwan et
al., 2008). Triacontanol, an aliphatic alcohol, could
be an ideal molecule with twin activities of
promoting plant growth by increasing chlorophyll
and inducing defence enzyme, peroxidase (Henry
and Gordon, 1980) for limiting virus infection.
Beneficial effects of micronutrients in reducing
disease in virus infected plants were demonstrated
in some crops (Bobade et al., 2009; Jalaluddin et
al., 2006).

The use of SAR elicitors and novel
molecules has not been contemplated in the
management of yellow mosaic in pulses. Hence,
the present investigation was carried out with the
objective to evaluate SAR elicitor: salicylic acid,
triacontanol and mineral nutrients as foliar sprays
for their efficacy in alleviating the effects of MYMV
infection in blackgram

MATERIAL AND METHODS

The present investigation was conducted
at the Regional Agricultural Research Station, Lam,
Guntur, Andhra Pradesh, during kharif and rabi
2011-12. The experiment was laid out in a
randomized block design with three replications and
fourteen treatments viz., SA 3 mM (T)), tria 10
ppm (T,), KNO, 0.5 % (T,), MgSO, 0.5 % (T,),
MnSO, 0.2 % (T,), SA 3mM followed by tria 10
ppm (T,), SA 3 mM-KNO, 0.5 % (T.), SA 3 mM-
MgSO, 0.5 % (T,), SA 3 mM-MnSO, 0.2 % (T,),
tria 10 ppm-KNO, 0.5 % (T ), tria 10 ppm-MgSO,
0.5 % (T,)), tria 10 ppm-MnSO, 0.2 % (T ,),
acetamiprid 0.2 g/l + yellow sticky trap (T,,), and
untreated check (T ,).The treatments were
imposed from 15 days after sowing, at one week
interval for four times. Treatments T, to T , were
applied with the first mentioned chemical as first
and third sprays and alternated with the second
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chemical as second and fourth sprays. SA was
initially dissolved in a small quantity of sodium
hydroxide (0.1%) solution and the final spray fluid
was made up with water to the desired
concentration of 3 mM.

Recommended agronomic practices were
followed during crop period, Nitrogen @ 20 kg and
phosphorus @ 50 kg/ha were applied as basal dose
before sowing.

MYMYV incidence was scored by counting
the total number of plants infected in each treatment
plot and per cent disease incidence was calculated.

MYMYV severity at weekly intervals was
recorded from 10 randomly marked plants from
each microplot and disease was scored from the
first appearance till harvest of crop following the
modified scale of All India Coordinated Research
Project on MULLaRP (Alice and Nadarajan, 2007).
The severity was calculated by the following
formula

Sum of all numerical ratings
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Observations on growth and yield
contributing parameters like root length, shoot
length, number of primary branches/plant, number
of pods/plant, number of seeds/pod, seed yield, 100
seed weight and total plant dry matter were made
on five randomly selected plants from each plot at
harvesting stage.

RESULTS AND DISCUSSION
MYMYV Incidence and severity

SA, tria and mineral nutrients sprayed
successively or alternated with each other
decreased MYMV incidence in blackgram in both
kharif and rabi seasons. However, the incidence
was significantly lower in tria, KNO, and tria-
KNO, treated plots in both the seasons. While it
was also significantly lower in SA, MgSO,, MnSO,,
SA-tria, tria-MgSO, and tria-MnSO, sprayed plants
in kharif , none of the other treatment was found
to significantly reduce disease incidence in rabi
(Table 1).

x 100

Percent Disease Index (PDI) =

Number of observations X maximum disease grade

Table 1. Effect of salicylic acid, triacontanol and mineral nutrients on MYMYV incidence and severity of

blackgram during kharif and rabi 2011-12

Treat. Treatment MYMV Incidence (%) MYMYV Severity (PDI)
No. Kharif Rabi Kharif Rabi
1 Salicylic acid (SA) 93.67 (75.51)*  96.92 (80.15) 63.70(52.96) 72.22 (58.22)
2 Triacontanol (Tria) 87.42 (69.24) 88.50(70.18)  50.37(45.21) 63.70 (52.95)
3 KNO, 88.17 (69.88) 93.08 (74.78)  54.81(47.95) 68.14 (55.65)
4  MgSO, 92.67 (74.38) 97.33 (81.07)  59.62 (50.60) 72.59 (58.49)
5  MnSO, 93.33 (75.48) 95.17(77.31)  57.77(49.67) 72.96 (58.68)
6 SA-tria 93.00 (74.95) 97.50 (81.46) 62.59(52.32) 73.70 (59.16)
7 SA-KNO, 96.33 (79.14) 96.50(79.37) 61.85(51.88) 73.70 (59.16)
8 SA-MgSO, 95.17 (77.49) 94.83 (77.25) 62.96 (52.54) 73.70 (59.15)
9 SA-MnSO, 94.92 (77.25) 95.17(77.73)  66.66 (54.77) 74.81(59.97)
10 Tria—KNO3 89.42 (71.12) 92.50(74.18) 52.96 (46.71) 68.51 (55.88)
11 Tria—MgSO4 90.83 (72.52) 94.92 (77.34)  57.03 (49.04) 69.25 (56.45)
12 Tria—MnSO4 92.92 (74.60) 95.75(78.29) 55.92(48.43) 71.47 (57.73)
13 Acetamiprid 95.08 (78.40) 96.08 (78.79) 61.11(51.44) 74.07 (59.40)
14  Unsprayed check 08.25 (82.84) 98.08 (82.29) 68.88(56.11) 79.25 (62.99)
CD (P <0.05) 5.64 5.56 4.64 4.34
CV (%) 4.47 4.25 545 4.44

* Figures in parentheses are arc sine transformed values
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Fig 2. MYMYV severity in best treatment (tria) and unsprayed check
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SA, tria and mineral nutrients sprayed either
alone or alternated with each other also had a
decreasing effect on MYMV severity. Treatments
tria, KNO,, MgSO,, tria-KNO,, tria-MgSO, and
tria-MnSO, caused significant reduction in PDI in
both the seasons than unsprayed check. While
treatments MnSO, and acetamiprid in kharif and
SA in rabi also significantly reduced PDI (Table 1).
Over all tria, tria-KNO, and KNO, and tria
alternated with mineral nutrients were found
effective in reducing the disease severity.

Onset of MYMV incidence was observed
early and about 50% incidence was recorded by
the seventh week after sowing in kharif crop and
fifth week after sowing in rabi crop in unsprayed
plants. Occurrence of 50% incidence was delayed
up to nine weeks after sowing in kharif and six
weeks after sowing in rabi in the best treatment of
tria (Fig. 1). The dynamics of manifestation of virus
infection i.e., severity, could also be a factor in the
ultimate effect on growth and yield of infected
plants. Increase in PDI was rapid in the initial weeks
in unsprayed plants (Fig. 2) while it gained
momentum only in later weeks in the plants that
received the best treatments; tria and tria-KNO,.
The PDI increase with age was moderate in other
treatments except acetamiprid in which it was

Basavaraj et al.,

AAJ 60

closer to that observed in unsprayed check. The
slower disease manifestation in initial weeks after
the start of spray applications of treatments could
be because of sustained SAR levels while after
the final spray, with lapse in time the SAR levels
could have fallen and hence, disease manifestation
could have been faster in later weeks. Gorlach et
al. (1996) reported similar phenomenon of higher
SAR levels immediately after SA application that
have fallen with lapse of time in wheat against
powdery mildew.

Harmful effects of infection and growth
inhibition by Bean Yellow Mosaic virus in faba
bean (Radwan et al., 2008) and Zucchini Yellow
Mosaic Virus in Cucurbita pepo (Radwan et al.,
2006) were shown to be reduced by spraying SA.
Reduction in okra yellow vein mosaic virus
infection was found to be induced by barium
chloride, acetyl salicylic acid and SA (Pun et al.,
2000). Mayers et al. (2005) recorded a lowered
Cucumber Mosaic Virus (CMV) infection in
squash and Arabidopsis thaliana with SA
application. Systemic acquired resistance inducing
molecules like acibenzolar-S-methyl, disodium
hydrogen phosphate and alum were found to
suppress MYMV and increase yield in blackgram
(Venkatesan et al., 2010).

Table 2. Effect of salicylic acid, triacontanol and mineral nutrients on growth characters in MYMV
infected blackgram during kharif and rabi 2011-12

Root length (cm)

Shoot length (cm)

No. of primary branches/plant

Treat. Treatment

No. Kharif  Rabi Kharif Rabi Kharif Rabi
1 Salicylic acid (SA) 14.9 10.3 51.3 17.6 2.8 2.7
2 Triacontanol (Tria) 18.2 13.3 57.1 24.0 3.8 3.3
3 KNO, 15.7 11.8 53.8 21.6 34 2.9
4 MgSO, 14.5 9.8 52.2 19.3 2.9 2.6
5 MnSO, 14.7 10.6 51.6 18.6 2.9 2.7
6  SA-tria 13.7 10.0 48.7 17.7 3.1 2.9
7 SA-KNO, 13.5 9.7 50.2 18.8 2.8 2.7
8 SA-MgSO, 14.1 10.0 51.2 20.0 32 2.7
9 SA-MnSO, 14.8 10.5 49.9 19.8 3.1 2.8
10 Tria-KNO, 16.9 11.9 54.6 22.5 3.6 3.1
11 Tria-MgSO, 15.1 11.1 52.0 20.3 34 2.9
12 Tria-MnSO, 15.0 10.6 52.4 20.1 33 2.8
13 Acetamiprid 13.9 9.2 48.9 17.4 3.0 2.6
14  Unsprayed check 12.8 8.6 45.0 15.7 2.6 2.4
CD (P <0.05) 24 14 4.3 2.8 0.5 0.3
CV (%) 9.8 7.7 5.0 8.6 9.3 6.4
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Mineral nutrients were also found to
reduce viral infection in plants. Soil application of
potassium and phosphorus @ 40 kg/ha was shown
considerably reduced MYMV incidence (Sekhar
and Hari-Chand, 2001). Potassium application was
found to widen potassium/nitrogen ratio that resulted
in thickened outer walls of epidermis (Perrenoud,
1990) which might have acted as a tough barrier
for the viruliferous whitefly to inoculate the plants.
Secondly, potassium could have played an important
role in the synthesis of defence enzymes
(Marschner 1995) that led to a decreased disease
incidence and severity. Diminished 7abacco
Mosaic Virus multiplication in tobacco was
reported with manganese application (Welkie and
Pound, 1958). Bobade et al. (2009) reported that
soil and spray application of magnesium sulphate,
manganese sulphate, zinc sulphate and ferrous
sulphate reduced Geminivirus infection in
frenchbean.

Although beneficial effects of tria and its
mechanism of action were reported (Jin and Hong,
1988 and Naeem et al., 2012), its efficacy in
reducing the effects of virus infection in plants has
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not been reported. Reduction in MYMV incidence
and severity with tria either alone or in alternation
with SA and [nineral nutrients was found in this
study. It is probable that tria and its second
messenger 9- -1(+)-adenosine (Ries, 1991) could
have played a signal like role in the activation of
resistance responses in treated plants and thus could
have contributed to lesser severity in infected plants.

Growth and yield parameters

SA, tria and mineral nutrients had an
ameliorative effect on growth and yield of
blackgram in spite of MYMV infection. All the
treatments increased root and shoot lengths, and
number of primary branches with a significant
increase in tria, tria-KNO, and KNO, sprayed plots
in both kharif and rabi seasons. All other
treatments in kharif and acetamiprid and MgSO,
and SA-KNO, in rabi though increased root length
were not significantly effective. With the exception
of SA, SA-tria and acetamiprid the rest of the
treatments significantly increased shoot length. All
treatments caused increase in primary branches
number which however, was not significant in SA,

Table 3. Effect of salicylic acid, triacontanol and mineral nutrients on yield characters in MYMYV infected

blackgram during kharif and rabi 2011-12.

Treat. Treatment No. of pods/plant ~ No. of seeds/pod Seed yield (g/ha)
No. Kharif  Rabi Kharif  Rabi Kharif  Rabi
1 Salicylic acid (SA) 13.6 8.3 5.6 5.2 10.15 5.63
2 Triacontanol (Tria) 15.3 12.8 6.4 6.1 11.46 8.26
3 KNO, 14.8 9.3 5.7 5.6 11.11 6.95
4  MgsSO, 14.2 8.4 5.6 5.5 10.34 6.18
5 MnSO, 13.4 8.4 5.5 5.4 9.58 6.02
6  SA-tria 13.2 8.4 5.6 5.5 9.86 6.32
7 SA-KNO, 14.5 9.6 54 5.3 10.44 6.93
8  SA-MgSO, 13.1 8.7 53 53 8.79 6.21
9 SA-MnSO, 13.5 8.5 5.7 5.6 10.26 6.40
10 Tria-KNO, 15.1 10.9 6.3 6.0 11.32 7.86
11 Tria-MgSO, 14.2 10.2 6.2 5.9 10.93 7.54
12 Tria-MnSO, 14.3 10.2 6.0 6.0 10.38 7.21
13 Acetamiprid 12.1 7.9 5.1 49 7.60 5.18
14 Unsprayed check 11.4 7.7 4.8 4.7 7.12 4.57
CD (P <0.05) 2.1 1.8 0.5 04 2.06 1.35

9.2 11.7 5.0 4.6 12.36 12.29

CV (%)
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MgSO,, MnSO,, SA- KNO,, SA-MnSO, and
acetamiprid in kharif, and SA, MgSO,, SA- KNO,,
SA-MgSO, and acetamiprid in rabi (Table 2).

Tria, tria-KNO, tria-MgSO, tria-MnSO,
and SA-KNO, application significantly increased
pod number in both kharif and rabi while the
increase was also significant in KNO, and MgSO,
treated plants in kharif. All the treatments except
SA-MgSO, and acetamiprid in kharif and
acetamiprid in rabi have significantly increased
seed number/pod with the highest in tria treated
followed by tria-KNO, treated plants. Consequently
significantly higher yield was obtained with all the
treatments except SA-MgSO, and acetamiprid in
kharif and SA and acetamiprid in rabi. The highest
yield was recorded in tria followed by tria-KNO,
sprayed plots (Table 3).

Nene (1972), Dhingra and Chenulu (1985)
and Yadav and Brar (2010) reported that early
infection leads to greater damage. Delayed progress
in incidence and severity with reference to crop
age and an actual reduction in severity due to tria
and other treatments in comparison to unsprayed
check were observed in this study which might have
contributed to better growth and yield than in
unsprayed check besides the natural growth
promoting property as reported by Jeyakumar et
al. (2008).

Higher MYMV incidence and severity were
shown to cause greater reduction in growth and
yield characters like number of pods, seeds per pod,
and seed yield (Haq et al., 1992; Chand and Verma,
1983). In the present investigation also drastic
reduction in vegetative and yield characters in
relation to MYMV severity was observed. Root and
shoot lengths were longer in treated plants
particularly with tria than in unsprayed check that
could be attributed to general beneficial effects and
alleviation of the ill effects of virus infection such
as indole acetic acid (IAA) degradation in stressed
plants. Tria, which produced the longest roots in
both healthy and diseased plants, was shown to
decrease IAA degradation and hence promote root
and shoot growth (Henry and Gordon, 1980). The
increase in growth and yield might be due to their
beneficial effects on plant metabolism coupled with
their effect on disease reduction.

Basavaraj et al.,
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