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Efficacy of binary combinations of some antifungal
compounds as seed preservative
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The three antifungal compounds, namely, allyl-iso-thiocyanate, propionic acid and cinnamon oil were used individually, showed seed
preservative qualities. But when these were used in binary combinations, showed synergism as well as better seed preservative qualities
than individually treated seeds. i
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INTRODUCTION

Volatile fungitoxic compounds (Nandi, 1990) as well as several essential oils of plant origin (Mukherjee et
al., 1992; Mukherjee and Nandi, 1994) were reported to possess seed and feed preservative qualities in
storage condition. Binary mixtures of antifungal compounds showed synergism in their fungicidal property
(Herting and Drury, 1974; Nandi and Fries, 1976; Moleyar and Narasimhan, 1988) thereby lowering the
required effective dosage. The present investigation studied the efficacy of binary combination between
the synthetic volatile compounds (allyl-iso-thiocyanate and propionic acid) and the essential oil cinnamon
as seed preservative under natural storage condition.

MATERIALS AND METHODS

Maize (Zea mays cv. Ganga), Groundnut (Arachis hypogaca cv. Nizam) and Soybean (Glycine max cv.
Bragg) seeds, collected from the local markets, were used for treatments. Moisture content of the seeds
were 13.32.6.7, and 9.76% respectively on wet-weight basis.

Two compounds viz., an ester (allyl-iso-thiocyanate), a fatty acid (propionic acid) and an essential oil
(cinnamon) were used individually, as well as in binary combinations.

Seeds (250 g each) were treated (w/v) in closed containers with allyl-iso-thiocyanate (0.2%), propionic acid
(0.2%) and cinnamon (0.3%) individually as well as in binary combinations. Prior to treatment. the volatile
compound was mixed with 1 ml of ethanol to increase the total volume for efficient mixing. The containers
were sealed immediately with poly-ethylene sheet to prevent any loss of the volatile compounds. Containers
with replicate sets were then kept at 30£1°C for 5 days in darkness with occasional shaking. Lids of the
containers were then removed and kept open for 24 h with periodic shaking to allow the excess compound
to escape. The treated seeds were then transferred to perforated polyethylene bags and stored for 3 months
under natural conditions. Control sets were treated with 1 ml of ethanol and maintained under identical
conditions.

Seeds (both control and treated) were taken out from each bag at intervals of 30 days and the extent of
fungal infection and seed germinability by blotter method (ISTA, 1966) were studied.

Synergy factor (Sf) of the binary mixtures of each treatment was calculated following the formula of
Samoucha and Cohen (1984). The Sf. > 1 indicates synergistic action between two compounds in mixture,
while Sf. value of 1 indicates additive action.
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RESULTS

Moisture content : In all the control sets, seed moisture decreased from initial level till 60 days of storage,
and then increased. In binary mixtures fluctuation of seed moisture was slower in comparison to individually
treated seeds. -

Germinability - Germinability of control maize, groundnut and soybean seeds, which were initially 85, 84
and 95% respectively, decreased gradually after 90 days of storage (Table 1). Germinability in treated seeds,
although considerably decreased, was retained at much higher level than those of control sets. Propionic
acid showed higher phytotoxicity to maize and groundnut, whereas it was soybean in case of cinnamon oil.
Binary mixtures retained moderately high germinability in all the cases.

Table 1. Germinability (%)" of seeds treated with different antifungal compounds after different periods

of storage
Volatile compound Maize Groundnut Soybean
and treatment leyel (%) Storage period (Days) Storage period (Days) Storage period (Days)
-
AITC PA Cin 0 30 60 9 0 30 60 90 0 30 60 90 1
0 0 T W e MM WY T g
0.2 0 0 40 38 35 67 6l 51 5y - 41 3%
0 0.2 0 42 40 31 63 41 A0%) 46 43 40
0 0 0.3 47 4 40 66 61 57 62— 51 39
0.2 0.2 0 41 38 38 6. 55 53 49 47 4
0.2 0 0.3 48 44 42 63 58 50 47 42 40
0 .2 0.3 49 45 44 59 56 62 52 45 43
*Based on 500 seeds AITC = Allyl-ios-thiocyanate, PA = Propionic acid, Cin = Cinnomon oil. -
Table 2. Synergistic action of antifungal compounds in binary mixtures as preservatives in maize grain
Storage period (days) o
Volatile compound 30 60 90
and treatment level (%) g
AITC PA Cin Infection (%)" Sf  Infection (%)"  Sf Infection (%)’ Sf
0 0 0 100 - 100 - 100 -
0.2 0 0 21 = 22 - 30 -
0 0.2 0 35 - 37 - 39 -
0 0 »0.3 25 - 29 B 32 -
0.2 0.2 0 20 0.89 18 . 1.02 27 0.99
0.2 0 03 00 1.08 00 1.14 11 0.93
0 0.2 0.3 00 1.09 00 119 05 1.14
Infection after harvest = 69%, Sf = Synergy factor -

AITC = Allyl-iso-thiocyanate, PA = Propionic acid, Cin = Cinnamon oil
“Based on 500 grains
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Fungal infection - Control sets of maize, groundnut and soybean showed fungal infection in 100% seeds
within 30 days of storage (Tables 2-4). Individually treated seeds showed, reduced infection after 30 days
which increased slowly thereafter in all the seeds. Among the binary mixtures tested, combinations of
cinnamon oil with propionic acid, proved more effective and reduced the fungal infection considerably at the
end, particularly in maize and groundnut seed. Binary combination of allyl-iso-thiocynate + propionic acid,
propionic acid + cinnamon oil controlled more than 70% fungal infection, of which propionic acid +
cinnamon oil proved to be most effective.

Table 3. Synergistic action of antifungal compounds in binary mixtures as preservatives in groundnut seeds

Storage period (days)
Volatile compound 30 60 90"
and treatment level (%)
AITC PA Cin Infection(%)"  Sf Infection (%) St Infection (%)"  Sf
0 0 0 100 - 100 - 100 -
02 0 0 15 - a3 ! 24 S
0 0.2 0 13 - 22 - 23 -
0 0 0.3 7 B 19 - 19 -
0.2 0.2 0 20 090 12 1.04 12 1.05
025 0 0.3 17 090 23 090 32 0.87
0 0.2 0.3 00 1.15 00 121 12 129

Infection after harvest = 75%, Sf = Synergy factor
AITC = Allyl-iso-thiocyanate, PA = Propionic acid, Cin = Cinnamon oil

* Based on 500 grains.

Table 4. Synergistic action of antifungal compounds in binary mixtures as preservatives in soybean seeds.
Storage period (days)

Volatile compound 30 60 90
and treatment level (%) o~
AITC PA Cin Infection (%)"  Sf Infection (%)" Sf Infection (%)" Sf
0 0 0 100 - 100 - 100 -
0.2 0 0 21 - 24 - 25 -
0 0.2 0 20 - 24 - 34 -
0 0 0.3 20 “ 22 - 24 .
0.2 0.2 0 14 092 15 1.02 16 1.04
0.2 0 0.3 00 33 05 1.08 07 1.08
0 0.2 0.3 13 098 16 097 19 1.03

Infection after harvest = 66%, Sf = Synergy factor
AITC = Allyl-iso-thiocyanate, PA = Propionic acid, Cin = Cinnamon oil
" Based on 500 seeds.
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 DISCUSSION

At the onset of storage, mycoflora was found in 69, 75 and 66% of untreated maize, groundnut and soybean
seeds respectively. Control seeds showed profuse growth of storage fungi, mostly the species of Aspergillus.
Seeds treated with binary mixtures reduced the fungal infection, present from the onset. The binary mixtures
selectively checked growth of toxin producing strains of A. flavus and A. candidus more, than those of A.
niger. Among the three seed preservatives tested, allyl-iso-thiocyanate and cinnamon were fairly effective
when applied individually while propionic acid exhibited much less efficacy in maize and groundnut. Most
of the binary combinations controlled fungal infections considerably in all the tested seeds and showed
synergistic action.

Germinability of control seeds decreased considerably. These might be due to heavy invasion of mould that
damaged the embryo (cf. Halloin, 1975) or depleted food reserve (Christensen and Kaufman, 1969) or
production of diffusable toxic metabolites by storage fungi (Bilgrami and Sinha, 1985). Binary mixtures
showed less phytotoxicity and retained germination in all cases, than that of the seed which were treated

individually.

The synergistic action showed a relative increase with longer storage. This is evident from the fact that the
preservatives used being volatile in nature, their concentration decreased with increasing storage period.
Nevertheless, they resulted a much longer available perservative in the mixture at the later stage of storage.
Morever, the fungicidal action is dependant on the penetration of the active ingredient into the seeds.
Antifungal activity of volatile compound was reported to be due to inhibition of vital processes of the fungal
cells after it entered through the cellular membrane (Bryde, 1965). Binary mixtures of compounds through
their synergistic action checked fungal growth and kept the moisture content at alow level. Samoucha and
Cohen (1984) reported that the mechanism governing synergy between fungicides might be due to their
different modes of actions on fungi.
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