Volatile-mediated inter-vine
communication under drought stress
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Plants emit and respond to volatile organic compounds (VOCs). Plant VOCs are signalling chemicals that have gained
significant attention for their role in plant-plant communication (Dudareva et al., 2006; Niinemets et al., 2013). Plants
have been shown to ‘eavesdrop’ volatile chemical cues from their stressed neighbours and have adapted to use these
airborne signals in order to prime themselves for impending danger without having to experience the actual stress itself
(Karban et al., 2000; Kessler and Halitschke, 2007). However, the molecular basis for VOC perception and signalling
during plant-plant interactions is poorly understood and has only been sparsely studied for abiotic stresses.
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 The aim of the study is to investigate plant-plant volatile-mediated
signalling under drought stress (DS) by integrating physiological,
metabolomic and transcriptomic analyses.
 The following objectives were considered:
1. To determine the differences in VOC emission from (i) isolated wellwatered (WW) control vines, (ii) isolated DS vines, (iii) co-located drought
stressed emitter and (iv) WW receiver vines.
2. To investigate whether receiver grapevines respond to VOCs from
emitter vines with changes in gene expression.
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Figure 2: Constitutive VOC concentrations of (a) α- pinene and isoprene, (b) cis-3- hexenol, methyl SA
and methyl JA emitted from well- watered control treatment plants
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 Pre-selected VOCs were measured during DS initiation, peak DS and
recovery stages. VOC collection was carried out Teflon© gas sampling
bags coupled with solid-phase microextraction (SPME) sampling and
analysed using a gas chromatography-mass spectrometer (GC-MS).

Key findings
 Constitutive emission of isoprenoids α-pinene and isoprene (~20 ng/mL)
(Fig.2a) and negligible amounts for cis-3-hexen-1-ol, methyl jasmonic acid
(MeJA) and methyl salicylic acid (MeSA) under non-stress conditions
(Fig.2b).
 No significant difference in VOC emission of receiver vines and WW
control vines under severe drought (Fig. 3, blue and orange).
 Significant increase in isoprene concentration in emitter vines (purple)
(Fig.3a) compared to isolated vines at peak drought (PD) (red) and
maintained after recovery, indicating improved acclimation in emitters.
 Synchronised decrease in emission of α-pinene in both co-located
treatments at PD (purple and orange) (Fig.3b), which remains low after
recovery. This suggests possible entrainment behaviour.
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Figure 1: Overview of study methodology involving VOC and gene expression analyses
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Figure 3: VOC concentration of (a) isoprene and (b) α- pinene emission in Isolated WW control, isolated
DS, co-located DS and well-watered vines during drought initiation, peak drought and recovery stages.
Greek letters represent comparison of treatment within a time point, Latin alphabetical letters are
comparisons of treatment response across all time points, with subscript number representing the
treatment. (ANOVA, Tukey test p<0.05).

Conclusions & future work
 Possible entrainment behaviour between the co-located vines as evidenced by
synchronised isoprenoid emissions
 An interesting finding from this study is that α-pinene and isoprene may be
possible signalling molecules involved in VOC-mediated plant-plant
communication during drought stress
 Future work involving RNAseq as well as real-time monitoring of VOC
emissions using proton-transfer-reaction mass spectrometry will provide a more
comprehensive understanding of the molecular basis of VOC-mediated
signalling in plant-plant communication.
 Exogenous applications of α-pinene and isoprene will be done to evaluate their
effect on drought tolerance in grapevine aswell as on water use efficiency.

Contribution of study
Findings in this study will contribute towards understanding the mechanisms and
molecular basis of VOC-mediated defence priming that could underpin
sustainable and eco-friendly plant-protection strategies against both biotic and
abiotic stressors in viticulture.
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