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Abstract

Brinjal is one of the important vegetable crops on account
of its medicinal value. Crop is vulnerable to plethora of
diseases of which bacterial wilt is most devastating disease
in the tropical, subtropical and temperate regions of the
world, causing heavy economic loss. The chemical control
of the disease is very expensive and the only way to sustain
cultivation is by growing bacterial wilt resistant varieties.
Of late, cultivated resistant varieties are gradually
succumbing to the disease. Thus, the experiment was
conducted to evaluate new bacterial wilt resistant lines (27)
under mid hill conditions of Himachal Pradesh. The
experiment was laid down under conventional farming and
zero budget natural farming conditions. Observation was
recorded on plant survival and the lines were categorized
according to Sitaramiah scale (1981). The results indicated
that BRBWRES-1, BRBWRES-2, SM 6-7, Hisar Shyamal,
Arka Keshav, Arka Nidhi, Haritha, Muktakeshi and Kashi
Prakash manifested no bacterial wilt incidence and were
categorized as immune. Thus, these lines can be
recommended for cultivation in bacterial wilt prone areas.

Keywords: Brinjal, bacterial wilt, zero budget natural farming,
conventional farming

Introduction

Brinjal (Solanum melongena L.) is an economically
important vegetable crop which has also been referred
to as poor man’s crop because it is an inexpensive but
major food component of the human diet in the developing
world (Prasad et al. 2015). Global productivity of brinjal
26.45 ton/ha (Anonymous 2013) is much higher than
its productivity in India i.e. 17.54 ton/ha (Anonymous
2018). The major limiting factor resulting in low
productivity is bacterial wilt caused by Ralstonia
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solanacearum. It has been reported to reduce brinjal
production from 4.24 to 86.14% (Sabita et al. 2000)
and may even lead to total crop failure. Chemical control
of the disease involves high expenditure and is not very
effective. Considering the economic losses incurred by
the pathogen, the only alternative is to develop bacterial
wilt resistant varieties possessing high yield potential
along with other desirable horticultural traits. Varieties
resistant to bacterial wilt like Pusa Purple Cluster, Pusa
Anupam, Arka Nidhi, Arka Keshav, Hisar Shyamal, Pant
Samart, Arka Neeelkanth, etc. have been recommended
for cultivation in the state. But, these resistant varieties
are gradually succumbing to the diseases. Therefore, it
is essential to screen out some high yielding varieties
and considerable degree of resistance. Keeping above
said reasons in view, results of the experiment designed
to screen bacterial wilt resistant lines for mid hill regions
of Himachal Pradesh under conventional farming and
zero budget natural farming conditions having desired
horticultural traits and yield have been highlighted in this
paper. Zero Budget Natural Farming is a unique method
of farming which avoids use of plant protection
chemicals. As people became aware of the harmful health
and environmental effects of chemical pesticides and
fertilizers, need for chemical residue free food was felt.
So, Sir Albert Howard came up with the concept of
organic farming. Organic produce is residue free and is
environmentally sustainable, but it requires high monetary
input and high organic manures and labor. Though human
beings have been practicing organic farming since time
immemorial but due to ill-effects of injudicious use of
chemicals organic farming has gained new momentum
and is gaining popularity amongst small and marginal
farmers. The concept of Zero Budget Natural Farming
is of recent origin. Padam Shri Subhash Palekar’s Zero
Budget Natural Farming is a unique method of farming
which requires absolutely no monetary investment for
purchase of key inputs like seeds, fertilizers and plant
protection chemicals from the market. Since it is zero
budget farming no institutional credit would be required
and dependence on hired labour is also reduced to bare
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minimum (Babu 2013). It is based on the fact that as
the crop takes only 1.5 to 2.0 % of nutrients from soil
which are already available around the root zone of the
plants in non-available form is converted to available
form by the millions of micro-organisms, so the farming
concentrates on increasing the soil microorganisms. In
this farming dependence on hired labor is also very less
as the system discourages inter-cultural operations. The
whole philosophy behind this is to make the farmer self-
reliant. A trial was also laid out in accordance with the
principles of zero budget natural farming.

Materials and Methods

The experiment was conducted at the Vegetable Research
Farm, Department of Vegetable Science and Floriculture,
CSK HPKV, Palampur during kharif, 2016. The
experimental farm is situated at an elevation of 1290.8
m above mean sea level with 320 62  N latitude and 760

32  E longitude. The location is characterized by humid
and temperate climate with an annual rainfall of 2,500
mm of which 80% is received during June to September
and represents the mid-hill zone of Himachal Pradesh.
The soil is classified as Alfisols typic Hapludalf clay
having a pH of 5.7. The experimental material comprised
of 27 /lines of brinjal; procured from different sources
all over the India including two resistant checks Arka
Nidhi and Hisar Shyamal and one susceptible check Pusa
Purple Long. The experimental material was laid out in
randomized block design (RBD) with three replications
under conventional farming conditions and two
replications for evaluation of genotypes under zero
budget natural farming. The inter-cultural operations
were carried out as per recommended package of
practices. In the zero-budget experiment jeevamrutha
was applied as soil application @ 100ml per plant every
fortnight. The plants were space planted at 60 cm inter
row and 45 cm intra row. Number of plants that
succumbed due to bacterial wilt was counted at 30, 60
and 90 days after transplanting and plant survival was
calculated as below:

Plant survival = 
Number of plants surviving in each entry 

×100
                       Total number of plants in the entry

Lines were categories as resistant according to scale
given by Sitaramiah in 1981 based on the plant survival.
Plants were scored in relation to their resistance to
bacterial wilt disease following the scale proposed by
Sitaramiah et al. (1981) as detailed below:

conventional farming conditions. The cultivars Jawahar
Brinjal-15, Pusa Shyamala and SM 6-6 under both the
farming conditions, DRMKV-104-43, PB-67 and Surati
Ravaiya Pink under conventional farming conditions and
Debjhuri Hazari under zero budget natural farming
conditions exhibited more than 10% but less than 50%
wilt incidence and were classified as moderately resistant.
Kumar et al. (2014) also classified SM 6-6 as moderately
resistant. The cultivars classified as moderately
susceptible i.e. exhibiting wilt incidence between 50-70
per cent were Pusa Bindu and RCMBL-49 under
conventional farming conditions whereas, cultivars viz.,
DBR-8, DRMKV-104-43 and PB-67 were categorized
as moderately susceptible under zero budget natural
farming conditions.

Genotypes viz., Annamalai, Arka Kusumkar, Green Long,
Gujarat Oblong, Kashi Taru, Pusa Purple Long and PLR-
1 manifested 100% bacterial wilt incidence under both
the farming conditions and were categorized as highly
susceptible whereas, DBR-8 under conventional farming
conditions and Pusa Bindu, RCMBL-49 and Surati
Ravaiya Pink under zero budget natural farming
conditions were classified as highly susceptible, as per
the scale given by Sitaramaiah (1981). The results follow
the findings of Ushamani and Peter (1987), Pathania et
al. (1996), Singh and Gopalkrishnan (1998), Chaudhary
and Sharma (2000), Gopalkrishnan and Reddy (2014)
and Jhangta (2015).

The lines evaluated in the present study viz., BRBWRES-
1 and BRBWRES-2 in the long group, SM 6-7 among
the oblong type and Hisar Shyamal among the round
type have been identified as the best performing lines
under conventional farming conditions. All the four lines
were found to be high yielding and resistant to bacterial
wilt. These lines could be suggested for commercial
cultivation in bacterial wilt prone areas. Under zero
budget natural farming conditions, cultivars viz.,
BRBWRES-1 and BRBWRES-2   among the long fruited,
SM 6-7 and Muktakeshi among the oblong type and H8
among the round type have been identified as resistant
to bacterial wilt. These lines also performed well with
respect to marketable fruit yield and yield contributing
traits. Among the long-fruited SM 6-6 and Debjhuri
Hazari also performed well but these were moderately
resistant to bacterial wilt.

The experiment was conducted in bacterial wilt sick
plots and bacterial wilt caused by Ralstonia
solanacearum is a soil borne disease. The experimental
site is characterized with heavy rainfall during June to
September and soil is classified as acidic with a pH of
5.7 for both farming conditions. Popoola et al. (2014)
found that cumulative number of rainy days has positive

Score Infection (%) Categories/grouping 
1. 0 % plant wilted Immune 
2. 1 to 10 per cent plants wilted Highly resistant 
3. 11 to 50 per cent plants wilted Moderately resistant 
4. 51 to 70 per cent plants wilted Moderately susceptible 
5. 71 to 100 per cent plants wilted Highly susceptible 
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correlation with bacterial wilt incidence. Muthoni et al.
(2014) reported the higher soil bacterial population in
the third season of planting compared to the other two
seasons that could be due to accumulation of bacterial
population in the same piece of land over time due to
cultivation in three consecutive seasons, high rainfall
and temperature in that period or a combination of all
factors. Qi et al. (1995), Li et al. (2017) observed that
soil pH in ûelds infected by bacterial wilt was much
lower than that in non-disease ûelds.

On comparing the mean values obtained in zero budget
natural farming trial with the conventional farming trial
an overall reduction in means was observed mainly in
the marketable fruit yield per plant (Table 1). This might
be due to the fact that microflora might not have
established properly in the transition phase of field as
the field was only used second time for natural farming
and there was no waiting period given while conversion
from conventional to natural field. More marketable fruit
yield per plant in conventional trial could also be attributed
to the use of chemical insecticides and pesticides to
combat the insect and disease incidence. Yield reduction
was also reported by Javeed (2012) in brinjal by using
only liquid manures. Overall wilt incidence was also

high which might be due to high concentration of
inoculum in the natural farming field, but the resistant
lines of conventional farming also remained resistant in
the natural farming. Bacterial wilt incidence was found
to be low with the application of NK (nitrogen and
potassium) in potato (Siriri and Ebanyat 2001).  Lemaga
et al. (2005) reported that the application of N +
phosphorus (P) + K and N + P (@100 kg/ha each
fertilizer) reduced bacterial wilt by 29% and 50% in
potato and increased the yield to 18.8 t/ha and 16.6 t/
ha, respectively, which was higher than control (11.2 t/
ha). Messiha et al. (2007) found that NPK fertilization
reduced bacterial wilt (brown rot of potato) in
conventional Egyptian soils. Yadessa et al. (2010)
reported that farm yard manure (FYM) was found to
be effective in suppressing bacterial wilt caused by R.
solanacearum and in increasing the yield of tomato.
Therefore, application of FYM and NPK might be one
of the reasons for comparatively more plant survival
and higher yield under conventional farming conditions
than that of zero budget natural farming conditions.
There was some degree of correspondence among the
lines for marketable fruit yield per plant and component
traits in both conventional and natural farming

Table 1: Plant survival rate of lines according to Sitaramiah Scale 1981 and marketable fruit yield per plant (kg)
Plant survival at 30 DAT (%) Plant survival at 60 DAT (%) Plant survival at 90 DAT (%) Marketable fruit yield per 

plant (kg) 
Genotype 

Conventional 
farming 

conditions 

Zero budget 
natural farming 

conditions 

Conventional 
farming 

conditions 

Zero budget 
natural farming 

conditions 

Conventional 
farming 

conditions 

Zero budget 
natural 
farming 

conditions 

Conventional 
farming 

conditions 

Zero budget 
natural 
farming 

conditions 
Annamalai 70.83 31.25 12.50 6.25 4.17 0.00 0.02 0.05 
Arka Keshav 100.00 100.00 100.00 100.00 100.00 100.00 0.62 0.12 
Arka Kusumakar 62.50 25.00 8.33 0.00 0.00 0.00 0.02 0.01 
BRBWRES-1 100.00 100.00 100.00 100.00 100.00 100.00 1.06 0.27 
BRBWRES-2 100.00 100.00 100.00 100.00 100.00 100.00 0.91 0.20 
BRBWRES-4 95.83 100.00 95.83 95.83 95.83 95.83 0.74 0.12 
DBR-8 95.83 50.00 37.50 37.50 29.17 37.50 0.07 0.01 
Debjhuri Hazari 100.00 81.25 95.83 50.00 95.83 50.00 0.76 0.32 
DRMKV-104-43 91.67 81.25 75.00 56.25 66.67 43.75 0.37 0.05 
Green Long 20.83 0.00 0.00 0.00 0.00 0.00 - - 
Gujarat Oblong 8.33 0.00 0.00 0.00 0.00 0.00 - - 
Haritha 100.00 100.00 100.00 100.00 100.00 100.00 0.31 0.07 
Jawahar Brinjal-15 100.00 93.75 95.83 75.00 83.33 75.00 0.34 0.09 
Kashi Prakash 100.00 100.00 100.00 100.00 100.00 100.00 0.14 0.02 
Kashi Taru 58.33 0.00 0.00 0.00 0.00 0.00 - - 
Muktakeshi 100.00 100.00 100.00 100.00 100.00 100.00 0.50 0.17 
PB-67 100.00 68.75 66.67 43.75 58.33 31.25 0.08 0.01 
PLR 1 79.17 62.50 29.17 18.75 16.67 18.75 0.04 0.03 
Pusa Bindu 75.00 56.25 37.50 12.50 37.50 6.25 0.08 0.02 
Pusa Purple Long 41.67 0.00 0.00 0.00 0.00 0.00 0.02 - 
Pusa Shyamala 95.83 87.50 87.50 56.25 62.50 56.25 0.49 0.07 
RCMBL-49 95.83 56.25 70.83 25.00 33.33 18.75 0.38 0.03 
SM 6-6 100.00 93.75 79.17 75.00 79.17 56.25 0.54 0.26 
SM 6-7 100.00 100.00 100.00 100.00 100.00 100.00 0.86 0.17 
Surati Ravaiya Pink 100.00 75.00 87.25 25.00 62.50 25.00 0.29 0.09 
Arka Nidhi 100.00 100.00 100.00 100.00 100.00 100.00 0.76 0.15 
Hisar Shyamal 100.00 100.00 100.00 100.00 100.00 100.00 0.76 0.15 
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conditions, but the line Debjhuri Hazari performed
exceptionally well in natural farming compared to the
best performing line of conventional trial i.e. BRBWRES-
1 and BRBWRES-2, thus more research on the
performance of Debjhuri Hazari is required.

lkjka'k

vkS’k/kh; xq.kksa ds vk/kkj ij cSaxu dks lCth Qlyksa esa egRoiw.kZ
LFkku izkIr gSA fo”o ds m’.k] miks’.k] le”khrks’.k tyok;q {ks=ksa esa
fouk”kdkjh thok.kq mdBk jksx ds izdksi ls bl Qly dks vf/kd
vkfFkZd uqdlku gksrk gSA fu;a=.k ds fy, jlk;uksa dk mi;ksx
T;knk egaxk gksrk gS vkSj ,slh n”kk esa cSaxu dh [ksrh djus ds fy,
ek= thok.kq izfrjks/kh fdLeksa dks mxkus gh ,d fodYi gSA [ksrh dh
tkus okyh izfrjks/kh fdLesa Hkh le; ds lkFk laosnu”khy gksrh tk
jgh gSA thok.kq mdBk jksx izfrjks/kh 27 oa”kØeksa dk ewY;kadu
fgekpy izns”k ds e/; ioZrh; {ks=ksa esa fd;k x;kA ikjEifjd [ksrh
,oa “kwU; ykxr okyh izkd̀̀frd [ksrh dh n”kk esa iz;ksx fd;k x;kA
ikS/kksa dks thfor jgus dh fLFkfr dk voyksdu ,oa vkadM+sa ds
vkèkkj ij lhrkjkeS;k ¼1981½ }kjk nh x;h i)fr dks viukdj
lewgksa es a oxhZd`r fd;k x;kA ifj.kke ls Li’V gqvk fd
chvkjchMCY;wvkjb,l&1] chvkjchMCY;wvkjb,l&2] fglkj “;key]
vdkZ ds”ko] vdkZ fuf/k] gfjrk] eqDr ds”kh] ,e- dk”kh izdk”k esa
thok.kq mdBk jksx dk izdksi ugh ik;k x;k ,oa bUgsa iw.kZr;k
izfrjks/kh lewg esa j[kk x;kA bl izdkj bu p;fur oa”kØeksa dks
thok.kq mdBk jksx xzflr {ks=ksa esa [ksrh ds fy, vuq”kalk dh tk
ldrh gSA
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