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introduction

Apples are a popular and widely cultivated temperate tree
fruit. To schedule harvested crop over extended marketing
periods between 3-12 months it is necessary to store fruits at
low temperatures (1-8°C) and under controlled atmosphere
conditions (0.6-3.0% O,, and 0-5% CO,). However, post-harvest
fruit diseases caused by fungal pathogens is still a limiting
factor in long term storage of apples!, resulting in 3-7% losses.
Neonectria ditissima 1s one of these diseases, a fungal
pathogen of apples that infect apple trees forming cankers that
limits crop yield and fruits that develop into significant
incidence of rots. ?

Volatile Organic Compounds Assoclated With Neonectria
ditissima Infection In Apples (Malus pumila cv Gala)

Esters were the most abundant group of volatiles produced
with benzenes, terpenes, ketones, and alkenes present in
lesser amounts. The total volume (peak area) of volatiles
produced from inoculated fruit was lower than non-inoculated
control batches of apples (Fig.4). Volatiles common to both
inoculated and non-inoculated apples each had a higher peak
area in non-inoculated apples as compared to the inoculated
apples.

Total Peak Area of volatiles in Inoculated and non inoculated apples

1)(1010_
Total Peak Area of
S gx109- -e- Volatiles in Non
3 Inoculated Apples
& 6x10°9- Total Peak Area of
a =- Volatiles in Inoculated
D 4x10°4 Apples
©
c>3 2x10°
0
Q

Time in Days

Figure 1. Common Symptoms of Neonectria ditissima
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Growth Rate of Neonectria ditissima (Hg199 Stock) at different
concentations of Terpinen-4-ol
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Figure 8. Antifungal effect of Terpinen-4-ol on Neonectria ditissima

Figure 4. Total peak area covered by volatiles produced weekly in inoculated and
non-inoculated fruits
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iseases progression: Dodecyl hexanoate, 9-decenyl
hexanoate and hexyl butanoate were found in the early stages
of the infection. (Fig.5). Styrene and terpinen-4-ol (Fig.6), ethyl
hexanoate, ethyl butanoate, ethyl pentanoate and 2-
methylpentyl formate (Fig.7) constituted the main VOCs

emitted during later stages of apple fruit decay. Styrene is a
panded perithecia

+turngal metabolite generated through the breakdown of

cinnamic acid, associated with fungal fruit spoilage and shows
no antifungal activity. However, in vitro test show Terpinen-4-ol
has antifungal activity (Fig.8 & 9).

Growth Rate of Monilinia laxa(R35/10-12) at different
concentrations of Terpinen-4-ol
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Figure 9. Antifungal effect of Terpinen-4-ol on Monilinia laxa

Discussion

Figure 2: Life cycle of Neonectria ditissima — after Agrios 1997(Gomez-Cortecero et
al.,2016)

Fungal contamination and rot formation changes the volatile
organic compound (VOC) profile emitted by apple fruits
during storage?. Understanding how changes in the VOC
profile occurs over time and with the onset of disease may in
the future provide diagnostic tools to better manage
Neonectria disease in stored fruit.

Alm

Gala apples at harvest were inoculated with Neonectria
ditissima. At intervals of 7 days, apples were removed from
store (1°C), placed in 5 L glass flask (fig.3), sealed, and
incubated at 20°C for one hour after which a charcoal filtered
air flow of 1 L/min was maintained for one hour through the
Volatile Capture Trap (VCT) with volatile emissions captured
on a porapak-Q absorbent filter (fig.3).

Eluted volatiles were analysed using Gas Chromatography
coupled with Mass Spectrometry (GC/MS). Volatiles were
capture in three replicates for both inoculated and healthy
control groups at 2, 8, 14, 21, 28, 35, and 42 days post-
inoculation. Captured volatiles were eluted using 1 mL of
dichloromethane (DCM) (fig.3).

Figure 3. Methods of Volatile capture (Glass Jar and porapak-Q absorbent filter)
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Styrene appears to be a key volatile associated with the later
stages of N. ditissima infection in Gala and has been reported
previously as an important fungal metabolite®, generated
through the metabolism of cinnamic acid a key component of
the phenylalanine pathway. Terpinen-4-ol is identified as a
natural host plant defence compound. While present in healthy
tissue it was also associlated with disease development and has
been reported to have anti-fungal activity*. Our studies
confirm it was able to reduce mycelial growth rate of different
isolates of Neonectria ditissima and Monilinia laxa in in vitro-
studies. Antifungal activity of Terpinen-4-ol was more effective
against Neonectria compared to other important apple
pathogens and may form the basis of the natural fruit defence
against Neonectria- that is variable between varieties. Further
studies are on-going to determine its inhibitory effect on spore
germination and restricting disease spread in inoculated
apples. Through developing a better understanding of how
changes in the VOC profile occurs with the onset of disease, we
may in the future be able to develop diagnostic tools to better
manage Neonectria disease.

Figure 5. Disease discriminatory volatiles produced at early stages of fruit decay
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Figure 6. Styrene and Terpinen-4-ol produced over time
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Figure 1.Disease discriminatory volatiles produced at late stages of fruit decay
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