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Abstract

Susceptibility of cultivated varieties of Indian mustard (Brassica juncea L.) to downy mildew (DM),
[Hyaloperonospora brassicae (Gaum.) Ggker; formerly Peronospora parasitica] is one of the major
constraintsin increasing crop productivity. This study reports the effect of DM on yield of three important
Indian mustard cultivars as affected by several yield parameters. Compared to the healthy plants,
DM-infected plants reduced yield by 42.6, 46.8 and 66.7 percent in cvs. Rohini, Varuna and NRCDR-2,
respectively. DM infection significantly reduced average plant height, 1000-seed weight and oil content of
seeds. Number of primary branches per plant however, was significantly higher in infected than in healthy
plants. Generally, the number of siliquae on main shoot, aswell as, on primary brancheswas also significantly
lower ininfected than in healthy plants. Quantification of economicimpact showed that the yearly expected
lossin Indiadue to DM was about 683.1 million Indian rupees, depending upon the disease severity.
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I ntroduction

Rapeseed-mustard isthe most important post-rainy
(winter, October-March) oilseed crop in India. In
2010-11, the cultivated area and production were
6.7 million hectares with 8.2 million tonnes
respectively, contributing about 25 per cent of the
total oilseed production in the country (Gol, 2011).
The edible oil imports have increased consistently
during the last two decades. Therefore, increasing
the production of edible oil by growing higher
yielding, disease and pest resistant cultivarshasbeen
the main focus of agricultural research nationally.
Downy mildew is one of the most important biotic
stresses causing asignificant yield lossin rapeseed-
mustard.

Downy mildew (DM) caused by Hyloperonospora
brassicae (Gaum.) Geker, Voglmayr, Reithm. Weiss
& Oberw; [formerly Peronospora parasitica
(Pers) de Bary] (Goker et al., 2004) has been
recorded as early as 1918 by E.J. Butler, and since
then the disease has been reported on cultivated
Brassica species and other cruciferous host

species in widely separated areas in numerous
countries throughout the world (Channon, 1981;
Saharan et al., 1997; Verma et al., 1994). Downy
mildew is known to occur in al major rapeseed-
mustard growing states in India (Saharan, 1995).
The disease mainly affects all above ground parts
of young plants, the plants become stunted and in
the severe cases the plants dies. Infection at later
stageresultsinthedebilitation and reductioninyield
performance.

Hypertrophied host tissues (stagheads) are often
bserved in association with a mixed infection of
Albugo candida and H. brassicae, particularly at
the flowering stage. Yield losses in B. rapa spp.
Toriadue to such combined infectionsis estimated
to be 34 per cent (Kolte, 1985), in B. juncea 37.5
per cent (Bains and Jhooty, 1979) and 23-55 per
cent (Saharan et al., 1997).

The main objectives of the present research were
to compare and identify the most susceptible
cultivar (=higher yield loss), and determine most
affected yield parameters by DM. This will help
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Brassica breeders to search and direct their DM
resistance studies towards improving physical
nature of those specific yield parameters.

Materialsand Methods

During 2010-11 crop season, quantitative data on
several yield parameters, and oil content, were
collected from 10 randomly selected healthy and
infected plants/ plots of each of the three Indian
mustard (Brassica juncea) cultivars, viz. Varuna,
Rohini and NRCDR-2, seeded in irrigated
conditions at the Directorate of Rapeseed-Mustard
Research, Bharatpur, India. Since there were 4
replicated plots (size 5x5m) for each of the three
cultivars, each value in Table 1 represents average
of 40 plants.The different yield parameters
examined were: plant height, number of primary and
secondary branches /plant, length of main shoot,
number of siliquae on main shoot, number of seeds/
siliquae, and 1000 seed weight. The difference in
mean values was tested for their statistical
significance using t-test. Formulafor estimation of
theyield loss (%) = (mean yield of healthy plants—
mean yield of diseased plants)/ meanyield of healthy
plants X 100 was used as suggested by Saharan et
al. (1997).

For callecting information on probability of disease
occurrence, expected yield loss and extent of area
affected by DM, and total area under mustard
cultivation, a survey was conducted in the state of
Rajasthan, where more than 50 per cent of thetotal
rapeseed-mustard produced in Indiais grown. The
different districts in the state were classified into
three zones on the basis of area under irrigation.
One district out of each zone was selected at
random, and following the method of multistage
random sampling 18 villages was selected. Ten
rapeseed-mustard farmers were randomly selected
from each village, and the responses on the
guestion regarding diseaseincidence, frequency and
severity were collected using a pre-tested
schedule. Thus, each value in Table 2 represents
the average of survey data from 180 rapeseed-
mustard farmers. The data from the primary
survey were used to calculate the impact of DM on
rapeseed-mustard production and profitability.

The economic impact of a disease over large
cultivated areas depends both on incidence and
severity of the disease. Using primary survey data,
the economic impact on yield loss due to DM was
calculated following the method reported by Joshi
et al. (2005).

D={(YL*A* p) TMA}P

Where, D = Total expected damagein Indian
rupees
YL =Yieldlossin Indian mustard due to
downy mildew
A = Proportion of areaunder Indian
mustard having the disease
p = Probability of occurrence of the
disease
TMA = Total area under rapeseed
mustard in the state (Rajasthan)

P, = Market price of mustard during the
assessment year

Resultsand Discussion

Result showed that H. brassicae infection
significantly reduced both 1000-seed weight and per
cent oil content. Although, DM-infected plantswere
significantly shorter than the healthy plants, the
number of primary branches per plant were
significantly higher in diseased than healthy plants
(Table 1). Generally, the number of siliquae on the
main shoot as well as on the primary branches was
also significantly reduced due to DM-infection
(Meena et al., 2012). Length of main shoot,
primary and secondary branches, number of seeds
per siliquae and number of siliquae on secondary
branches were also reduced in the infected plants,
but the reduction were not significant. Based on the
1000-seed weight, the per cent yield reductionswere
46.8, 42.6 and 66.7 in cvs. Varuna, Rohini and
NRCDR-2, respectively. Bains and Jhooty (1979)
reported losses in B. juncea from 37-47% and
17-32% reduction in siliquae formation and seed
production respectively due to mixed infection of
DM and white rust. Others workers have also
reported 23-55% yield lossin B. juncea dueto mixed
infectionwith both pathogens (Saharan, 1992). Yield
lossesin B. rapa spp. Toria due to mixed infection
is estimated to be about 34%, when the average
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Table 2. Estimation of economic loss due to downy mildew in 2010-11 crop season in India

Parameters Vaue
Average actual yield loss (Kg/ha) 1432
Area affected by downy mildew infection (%) @ 110
Probability of disease occurrence @ 0.45
Total area under mustard (m ha)® 5.2
Price of output (INR / kg)® 185
Expected yield loss (mt) 0.75
Expected value of damage due to disease(Million INR) 683.1
Loss of edible oil @ 42 per cent oil recovery rate (mt) 0.31

3Calculated from primary survey data. ® Calculated as 80 per cent of the total area under rapeseed-mustard
in India during 2010-11 (Gol, 2011). ¢ The price of output was taken as the minimum support price

announced for the produce by the Government.

length of individual hypertrophied racemeswas 10
cm (Kolte, 1985). Therelationship of host pathogen
interaction in case of downy mildew of crucifersis
a complex phenomenon which determines the
disease development (Saharan et al., 1997).
Differences in response to Pernospora parasitica
isolated from B. rapa in seedlings at the cotyledon
stage was reported earlier in accessions of
different cultivars of B. juncea cultivars (Nashaat
and Awasthi, 1995). During the study, an additional
information by identifying the most susceptible
cultivar (=higher yield loss), and most affected yield
parameters were also reported.

Impact Assessment of Downy mildew

Results of thefield survey indicate that the average
yield reduction of 143.2 kg/ha was lower than the
potential yieldlossobservedinthe experimental field.
The potential yield reduction due to downy mildew
was 52 per cent in the experimental field whereas
the yield reduction reported by farmers was only
12.2 per cent. About 11.0 per cent of the total area
under Indian mustard cultivation was found to be
affected by the disease. The probability of
occurrence was calculated based on the reported
occurrence of the disease during thelast 5 cropping
seasons. The incidence of DM, results in an
estimated loss of 0.75 million tonnes, valued at 683
million Indian Rupees. The economicimpact dueto
DM could be higher since the reduction in per cent
oil content, and cost of chemical control isnot taken
in to consideration. The difference in yield
reduction due to DM observed in the experimental

plot, and farmer’s field, could be attributed to the
control measures adopted by thefarmers. Since, the
data on cost of plant protection measures adopted
by the farmersis not available; the cost of disease
management was not included. However, available
evidence shows that the incidence of DM could
reduce edible oil amount by at least 0.31 million
tonnes which trandate to about 4 per cent of the
edible oil imports in 2009-10. Based on the gross
unit value of import of edibleail, thiswill resultinan
additional expenditure of 10219 million INR on
edibleoil import.

Thepotentia yieldlossfrom DM inthethreewidely-
grown Indian mustard cultivars indicates that the
mechanism of disease establishment and progressmay
vary between cultivars. Further studies on the bio-
chemical and physiological basis of the differences
in yield parameters need to be undertaken. This
information is required for developing plant
breeding strategiesaimed at evolving cultivarsthat
are resistant to downy mildew infection. Though,
the area affected by the disease is relatively low
(11 per cent), the presence of the disease across
wide geographical locations, and the average
expected yield reduction of more than 50 per cent
make it important to have appropriate management
strategies for the disease. The probability of
disease occurrence is also very high (p = 0.45)
indicating the need for continuous monitoring and
identification of the diseaseto taketimely chemical
control measures for disease management. The
information about changes in the yield parameters



due to DM infection could help in the efforts
undertaken to develop varieties with resistance to
the disease.

References

Bains, SSand Jhooty, JS. 1979. Mixed infectionsby
Albugo candida and Peronospora parasitica
on Brassica juncea inflorescence and their
control. Indian Phytopathol 32: 268-271.

Butler, EJ. 1918 Fungi and diseases in plants.
Thacker Spink & Co., Culcutta, India, 298 pp.

Channon AG. 1981. Downy mildew of Brassicas.
In: Spencer, D.M. (ed.) The Downy mildews.
Academic Press, London 321-339 pp.

Gol. 2011. Agricultural Statisticsat a Glance-2011,
Directorate of Economicsand Statistics, Minis-
try of Agriculture, Government of India.

Gcker, M, Voglmayr, H, Garcy” abla’ zquez, G and
Oberwinkler, F. 2009. Species delimitation in
downy mildews: the case of Hyal operonospora
in the light of nuclear ribosomal ITS and LSU
sequences. Mycological Research 113: 308-325.

Gcker, M, Riethmu'ller, A, Voglmayr, H, Weil3, M
and Oberwinkler, F. 2004. Phylogeny of
Hyaloperonospora based on nuclear
ribosomal internal transcribed spacer sequences.
Mycological Progress 3. 83-94.

Joshi, PK, Singh, NP, Singh, NN, Gerpacio, RV and
Pingali, PL. 2005. Maize in India: Production
Systems, Constraints, and Research Priorities.
CIMMYT, Mexico.

Kolte, SJ. 1985. Diseases of Annual Edible Oilseed
crops Vol 11. Rapeseed-mustard and sesame
Diseases. CRC Press, USA.

Journal of Oilseed Brassica, 5(1) : Jan2014 77

Meena, PD, Sharma, P and Asha Rani. 2012.
Estimation of yield losses in Oilseed Brassica
due to downy mildew. Proc. of 1% National
Brassica Conference on production barriers &
technological optionsin Oilseed Brassica. 2-4
March 2012, CCSHAU, Hisar pp.148.

Nashaat, NI and Awasthi, RP. 1995. Evidence for
differential resistance to Pernospora
parasitica (downy mildew) in accessions of
Brassica juncea at cotyledon stage. Journal
of Phytopathology 143: 157-159.

Saharan, GS, Verma, PR and Nashaat, NI. 1997.
Monograph on downy mildew of crucifers.
technical bulletin 1997-01, Saskatoon Research
Centre, Canada: 197 pp.

Saharan, GS. 1992. Management of rapeseed and
mustard diseases. In: Kumar, D., Rai, M. (Eds.)
Advances in Oilseed Research. Scientific
publishers, Jodhpur, 152-188 pp.

Saharan, GS. 1995. Diseases of Rapeseed-Mustard
and their Management. In: Thind, T.D. (Ed.)
Diseases of Field crops and their Management.
National Agricultural Technology Information
Centre, Ludhiana, 95-114 pp.

Verma, PR, Saharan, GS and Goyal, BK. 1994.
Pernospora parasitica (Pers. ex Fr.) Fr.
(downy mildew) on crucifers: Introduction,
bibliography and subject index. Saskatoon
Research Station Technical Bulletin 1994-02: 51.



