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Abstract
The stem-end rot of Kinnow (Ciir

us deliciosa Ten.) caused by Botrvadiplodia theobromae is a major limiting factor

in storage life ﬂ.:ﬂ" Kilnnuw fruits, responsible solely for 20 per cent of the total fruit loss occurred every year due lo post-
harvest rotting in Sriganganagar belt of Rajasthan. Nine fungicides were tested against the 5. theobronae as well as incited
rot. Prochloraz and carb_cndazim proved most effective against the pathogen, inhibited cent per cent mycelial srowth and
provided ¢ U'“F!‘:t": prmlec!ian from the rot incidence in both pre- and post-inoculation treatments at 1000 ppm concentration.
The mancozeb in association with carbendazim (saaf) and mancozeb alone were the next in order of efficacy where, 100 and
91.24 per cent growth inhibition, respectively was observed. These fungicides potencially reduced the incidence to the
extent of 87.84 and 81.41 per cent, respectively as compared to control when applied as pre-inoculation treatment at 1000 ppm
concentration. The fruit rot incidence correlated positively with incubation period, where the incidence at 8" day, after
inoculation (DAI) was significantly higher than incidence occurred at 4 DAL '
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Introduction

The major part of citrus produce in India is being
markeied as fresh fruit and less than | per cent is being
exported to our neighbouring countries and processed for
juice and other products. The major limiting factor in suc-
cessfyl trade of citrus in domestic and export market has
been the considerable decay and qualjty deterioration of
fruits incurred due to plant pathogens during storage and
transit to distant markets (Singh, 2002). The situation is
quite alarming especially in the conditions prf:vailing in
India and other South-East Asian countries, where scien-
tific post-harvest management of the pathogens during
harvesting, handling, transit and storage are neglected to
save the spoilage of citrus fruits. The conservative estima-
lion on post-harvest Josses (spoilage) of Kinnow fruits
has heen foccussed around 25-30 per cent (Singh et al.,
2002). Most of the post-harvest losses eventually result
from invasion and spoilage of fruit by microorganisms.
Fungi are usually the primary agents in the spoilage of
fresh fruits.

The Kinnow fruits are attacked by a variety of
micraorganisms that causes post-harvest rotting.
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‘Botryodiplodia theobromae is one of the most destruc-

tive causal agent of post-harvest rotting of Kinnow fruits,
causes stem-end rot, sharing 20 per cent of the total fruit
loss (24%) occurred every year due to post-harvest rotting
in Sriganganagar belt of Rajasthan. Post-harvest rotting
of fruits can be suppressed by low temperature starage, a
low oxygen atmosphere and treatment with growth regula-
tors that delay tissue senescence. However, these benefi-
cial practices may not be adequately protect fruits from
microbial attack, especially during prolonged storage or
movement of fruits through marketing channels. This is
particularly true for mandarins which are injured by the
near freezing temperature, the temperature required to in-
hibit pathogenic fungi for an extended period. In these
situations, an antimicrobial chemical treatment may be the
only means of extending the post-harvest life of a perish-
able crop (Bondad, 1974). Fungicides are primary antimi-
crobial chemical compounds to control the post-harvest
rotting of fruits.

The present study was undertaken with a view to
im vitro evaluate the fungicides of different groups includ-
ing some newly developed for their fungitoxicity against
B. theobromae Pat. (1D No. 6422.06 and ITCC NO. 6170)
and further explored the efficacy to manage the incited
post-harvest stem-end rot incidence in Kinnow fruits.
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Materials and methods: ‘

Mine fungicides viz., Carbendazim (Bawvisting,
Fosetyl-Al {(Alietie), Prochloraz, Thiophanate methyl
{Roko), 12% Carbendazim + 63% Mancozeb {Saal, Capla_n
(Captra). Copper oxychloride ( Blitox-30), Mancozeb (Indofil
M-45) and Propineb (Antracol) were selected to evaluate
their fungitoxicity against the mycelial growth of the B.
theabromae and further use of the most effective
fungitoxicants to manage the incited stem-gnd rot incidence
in Kinnow {ruits

(1) I vitra evaluation of fungicides against the mycelial
growth of the B, theobromae:

The effect of fungicides at different concentra-
tions (25, 50. 100, 250, 500 & 1000 ppmofai.)was tested
against the L. theobromae, using “Poisoned Food Tech-
nique” (Nene and Thaplival, 1997). The principle involved
in this technigue is to “poison® the nutrient medium with a
fungitoxicant and then allow a test fungus to grow on such
A medium,

The Potato Dextrose Agar (PDA ) medium was ster-
ilized in flasks. A ppropriate ainount of the fungicides were
separately mixed with molten PDA 1o get final concentra-
tions of 25, 50, 100, 250, 500 & 1000 ppm of the fungicides.
The medium was then poured aseptically into sterile Petri
plates. After solidifying the medium, mycelial discs (5 mm
dia.) of 7 days old actively growing culture of the &.
theobromae were placed in the center of the individual
plate. Suitable control was maintained where the culture
disc was grown under the same conditions on PDA with-
out fungicides. Each treatment was replicated thrice. Afler
inoculation, Petri plates were incubated at 25 + 1°C in BOD
incubator. Observations were taken when the control plates
were fully covered with mycelial growth of the 8
theobromae. The per cent inhibition in mycelial growth of
the B. theobromae gs compared to control was calculated
as described by Bliss (1934). The data were statistically
analysed using a factorial randomized block design,

(2) Management of the stem-end rot of Kinngw fruits
through chemicals:

The fruits were surface sterilized [dipping in'0,]
per cent mercuric chloride (HgCl) solution for 1 minute
followed by three washing with sterile disti]led water] and
pricked through *pin prick method’ (Tomkins and Trout,
1931) upto the depth of 2 mm, making 5 wounds/fruir.

These fruits were separately inoculated by dip-
ping them in spore suspension (10 spores mI'y of the
pathogen (B. theobromae) far 2 minutes, Each fungicide
was dissolved in sterile distilled water so as 1o get desired
concentration (300 & 1000 ppm of a.i.) and used for dip
treatment (Thompson, 1996) as pre- as well as post-inocu-
lation treatments. In case of pre-inoculation treatment, the
fruits were first dipped in the test fungicide for 5 minutes,
air dried for 15 minutes and then inoculated, while in the

22

post-inoculation treatment. the I‘ruils.u-'erc ﬁrs; noculateg
with fungzal spores and then treated “:]”3 fungicide. Parg)e|
control with fruits dipped in sterile distilled waler was pro-
cessed simultaneously. The intcrvg] bEIWE{EI’I] Inoculation
of fungal spores and treatment with ﬂ.mgu:ades or vice-
versa was of 12 hr. Each treatment was tjr:plmmed‘ thrice,
having seven fruits in cach replication. Thﬁ_ﬂ-‘ipt‘rlmema]
design was a factorial randomized block design.

The inoculated fruits were enclosed separately jn
pre-sterilized perforated polythene bags partially sealed
with paper pins and incubated at 25 = 1°C and 90-100 per
cent RH. The number of wounds showed rotting were re-
corded on 4™ and. 8" DAI. The per cent rot incidence was
calculated as follows:

Mumber of rotted wounds
x 100

Total number of wounds observed
The rot reduction index (RRI) was calculated as described
by Gutter (1949),

Rot incidence (%) =

Results and discussion:

(1) In vitro effect of fungicides on mycelial growth of the
B. theobromae:

All fungicides significantly inhibited the mycelial
growth of B. theobromae as compared to control even at
low concentrations (25 ppm) except copper oxychloride
and fosetyl-Al where, no growth inhibition was observed
below 100 ppm concentration, Prochloraz, carbendazim and
acombination of carbendazim 12% + mancozeb 63% (saal)
proved most effective, inhibited 100 per cent growth even
al 25 ppm concentration. Mancozeb, thiophanate methyl
and propineb were found next in order of efficacy against
the 8. theabromae, exhibited 9] .24, 84 48 and 80.62 per
cent growth inhibition, respectively. The least inhibition
(21.17%) was observed in the case of copper oxychloride.
The effectiveness of fungicides increased with higher con-
centrations. At 25, 50, 100, 250, 500 and 1000 ppm concen-
trations, the growth inhibition was observed as 52,45, 57.20,
62,26, 69,43, 79,07 and 82.50 percent, respectively which
differed significantly to each other (Table 1, Fig la &b),

(2) Efficacy of different fungicides against the stem-cnd
rot incidence in Kinnow fruits:

The results presented in 1able 2 depicts that the
fruits treated with fupgicides showed significantly less in-
cidence of the stem-end rot as compared to untreated ones,
Among the fungicides tested, prochloraz and carbe ndazim
proved most effective against the rot, The frults remained
completely free from jnfection upto 8% DAL when treated
with prochloraz and carbendazim at 1000 pPpm concentra-
tion in both, pre- as well as post-inoculation treatments, A
combination of carbendazim 12% + mancozeb 63% (saaf)
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[.1] Higher concentrations
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(b) Lower concentrations
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Fig 1. Lffect of fungicides at different concentrations on
mn celial growth of B, theobromae
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and mancozeb were the next fungicides in order of efMicacy.
provide 87.84 and 81.41 per cent protection from the inci-
dence. respectively as compared 1o contral when applied
as pre-inoculation treatment at 1000 ppm concenlration.
The least reduction (40.32%) in incidence was noted when
the fruit weated with thiophanate methy! as post-inocula-
tion treatment at 500 ppm concentration.

The fruit rot incidence correlated positively with in-
cubation period, where, incidence at B DAL was signifi-
cantly higher 1o the incidence occurred at 4™ DAL In gen-
eral, fungicides were more effective when applied as pre-
inoculation as compared 10 post-inoculation treatment,
which might be due to lack of time for establishment and
multiplication of pathogen.

The present results are in conformity with those
of Brown (1983) who reported that prochloraz was effec-
tive against the Botryvodiplodia stem-end rols of citrus
fruits, Prochloraz inhibit the growth of pathogenic fungi
by interfering at C-14 demethylation step ol ergosterol syn-
thesis. the synthesis of which is vital 1o structural Torma-
tion of fungal cell membranes. Both preventive and cura-
tive action have also been shown, Due 1o its non=systemic
nature, should therefore be less affected by development
of fungal resistance, than true systemies (Danderson, 1986).

Nagvi (1993) reported (he efficacy of benzimida-

zole fungicides against the A, theohromae. The ¢ Micacy of

carbendazim in controlling the Botrvodipludia ot of ¢it-
rus fruits had also been proved by Godara (1994), The
carbendazim rendered their lethal effeet on pathogenic fungi
through inhibition of mitosis by interfering with spindle
formation at the level of tubulin biosynthesis (Thind, 2007).
According to Beerh er al, (1976), fungleides might have
checked the growth of Tungi and resulted into change in
biochemical constituents of the fruits, This in turn impirted
resistance to the fruits against (he penetration and growth
of the pathogen resulting into less rotting, ol fruits.
Similar o present investigation, the effeetiveness
of mancozeb against the post-hurvest rotting, ol Kinnow
fruits has also been established by Singh and Thakur (2005).
Mancozeb when applied with combinmtion of curbendazim,
showed however, more efficacious ngainst the slem-end
rot pathagen as well as rot incidence, which might be due
1o synergistic action of both fungicides in combination,
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