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Abstract 

Objective:  Ring nematodes can decrease vineyard productivity when plated in conditions favorable for their survival. 
Resistant rootstocks are available to combat harm due to ring nematodes, and compounds called phenolics were 
hypothesized as imparting this resistance. Therefore, this study measured phenolic compound levels in four different 
rootstocks and attempted to find associations with ring nematode populations. Furthermore, select phenolics called 
stilbenoids were tested in a bioassay to observe if these compounds affect ring nematode survival. This was part of a 
larger effort to assess the role of phenolics in protecting grapevines from nematodes and other pathogens or pests.

Data description:  This study was conducted over 2 years, 2018 and 2019, and phenolic levels were much greater in 
2019 than 2018 likely due to uncontrolled differences in climatic controls. Ring nematode infected grapevines also 
did not have different phenolic compound levels than healthy controls. Bioassays of different stilbenoid polymers 
revealed no significant effects on ring nematode survival. These results suggest that analyzed root phenolic com-
pounds were not involved in resistance or susceptibility to ring nematodes. These data should steer future researchers 
into analyzing other potential sources of nematode resistance.
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Objective
Ring nematodes, Mesocriconema (= Criconema) xeno-
plax, can have populations that reach very high lev-
els and therefore can severely affect root functioning, 
with effects on overall plant health and yields [1–3]. 
Reductions in root growth and vine productivity can be 
observed by the third year after planting [4]. It is noted 
as the most difficult nematode to control and research 
[5].

Commercial vineyards are now commonly planted 
with Vitis vinifera cultivars grown as scions grafted 

onto rootstocks with wild Vitis spp., with rootstock cul-
tivars targeted to combat specific pests such as nema-
todes [6–8]. Thus, the primary management option to 
limit ring nematode damage is resistant rootstocks [4, 
9–11]. However, resistance mechanisms to combat ring 
nematodes are unclear, and overall knowledge exam-
ining ring nematode-grapevine host interactions is 
extremely limited [12–14]. In those studies, ring nema-
tode feeding reduced grapevine nonstructural carbohy-
drate reserves and mineral nutrients [12–14].

However, effects of ring nematodes on grapevine pro-
duction of defense-related compounds called pheno-
lics also would be expected, especially a subclass called 
stilbenoids, as these may provide rootstock resistance 
against nematodes and other microbes [15]. Indeed, 
past studies have observed stilbenoids present in roots 
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of grapevine and quantified high levels of five stilbe-
noid compounds: both stilbenoid monomers (resvera-
trol, piceatannol, and piceid) and dimers (ε-viniferin 
and δ-viniferin) [16]. Another study also has observed 
other polymers of stilbenoids including miyabenol C (a 
trimer), vitisin B and hopeaphenol (tetramers) [17–20].

Thus, this study attempted to measure phenolic com-
pounds, including stilbenoids, and relate amounts to 
ring nematode counts and resistance. This was done 
to complement work examining effects of ring nema-
todes on carbohydrates and mineral nutrition, i.e. the 
experiments by Schreiner et  al. [13, 14]. In addition, a 
bioassay was performed to assess whether different stil-
benoid polymers could affect ring nematode survival. 
Results provided insights into the role of phenolics in 
plant-nematode interactions.

Data description
Data provided cover two separate experimental repli-
cations, one in 2018 and one in 2019. Two grapevine 
rootstocks were analyzed per year (Schwartzman and 
St. George in 2018, O39-16 and self-rooted plants in 
2019) with Cabernet Sauvignon as scions. All plants 
were established in 20 L pots with two parts sand to one 
part soil mix in a climate-controlled greenhouse kept at 
roughly 23 °C and receiving natural sunlight. Treatments 
were plants that did not receive nematodes and those 
that were inoculated with 1000 ring nematodes.

Data from these experiments involve nematode counts 
taken via the sugar flotation method from each pot 
4 months after inoculations [14, 21] and chemical assess-
ment of phenolic compounds taken from roots harvested 
at the same time. Phenolic compound qualification and 
quantification was made via a Shimadzu high-perfor-
mance liquid chromatograph with a photodiode array 
detector, with compounds identified by further mass 
spectrometry and standard compound runs [22, 23]. 
Data are provided as Data file 1 (Table 1).

In addition to these data, additional data are provided 
from a microplate bioassay that examined the potential of 
stilbenoids to affect ring nematode survival. Eight wells 

of one of two microplates has either 2.5, 5, 10, or 20 ppm 
of a stilbenoid monomer (piceid from Sigma-Aldrich, St. 
Louis, USA), dimer (ε-viniferin, Sigma), trimer (miya-
benol C, from HPLC fraction collection), or tetramers 
(mixture of vitisin B and hopeaphenol, from fraction col-
lection) in 200 µL of water with roughly ten ring nema-
todes in it. Water-only wells with ten nematodes were 
also present as controls. Data are provided in Data file 1 
(Table 1).

More in-depth experimental methodology is provided 
as Data file 2 (Table 1). Lastly, a brief summary analyses 
of these data is provided as Data file 3 (Table  1). This 
includes a Figure that represents mean total phenolic, 
total flavonoid, and total stilbenoid levels (± SE) levels 
in roots collected from healthy and nematode-infected 
grapevines. Analyses of variance statistics and means 
separations by Tukey tests are provided for each year. 
Likewise, another summary Figure provides a summary 
of the mean ring nematode percent mortality (± SE) 
after 1  day in water amended with stilbenoid mono-
mers (piceid), dimer (e-viniferin), trimer (miyabenol 
C), or tetramer (vitisin B/hopeaphenol).

Limitations
This experiment was limited in the number of cultivars 
examined, as differences were apparent even among 
susceptible or resistant cultivars. Furthermore, there 
clearly was an effect of year, which is attributed to dif-
ference in greenhouse conditions as well as different 
incubation periods. Additional studies with greater 
control over these sources of variables could verify or 
result in different conclusions. Likewise, ring nema-
tode inoculations should have been more carefully con-
trolled, and possible involve re-inoculation of the soil 
every few weeks to ensure high, consistent levels of 
nematode pressure throughout the experiment. Bioas-
says also could have involved a greater variety of phe-
nolic compounds and even specific stilbenoids, as those 
chosen might not necessary represent all other poten-
tial compounds that are present within grapevine roots. 

Table 1  Overview of data files/data sets

Label Name of data file/data set File types (file extension) Data repository and identifier (DOI or accession 
number)

Data file 1 Ring nematode grapevine phenolic induction and 
sensitivity

MS excel file (.xlsx) Ag Data Commons (https://​doi.​org/​10.​15482/​USDA.​
ADC/​15246​67) [24]

Data file 2 Ring nematode phenolic project materials and 
methods

MS word file (.docx) Ag Data Commons (https://​doi.​org/​10.​15482/​USDA.​
ADC/​15246​67) [24]

Data file 3 Ring nematode phenolic induction and sensitivity 
data summaries

MS word file (.docx) Ag Data Commons (https://​doi.​org/​10.​15482/​USDA.​
ADC/​15246​67) [24]

https://doi.org/10.15482/USDA.ADC/1524667
https://doi.org/10.15482/USDA.ADC/1524667
https://doi.org/10.15482/USDA.ADC/1524667
https://doi.org/10.15482/USDA.ADC/1524667
https://doi.org/10.15482/USDA.ADC/1524667
https://doi.org/10.15482/USDA.ADC/1524667


Page 3 of 3Wallis ﻿BMC Research Notes          (2022) 15:375 	

Unfortunately, many phenolics, and the majority of stil-
benoid compounds, are unavailable commercially, and 
additional time-consuming isolations or syntheses are 
needed for these studies to proceed.

Abbreviations
HPLC: High-performance liquid chromatography; SE: Standard error.

Acknowledgements
The author thanks Mala To, Justin King, Ben Tanielian and Nalong Mekdara for 
their technical assistance in this work. The author also thanks Andreas West-
phal from the University of California, Parlier, CA, for providing ring nematodes 
for these experiments. Mention of trade names or commercial products in 
this publication is solely for the purpose of providing specific information and 
does not imply recommendation or endorsement by the U.S. Department of 
Agriculture. USDA is an equal opportunity provider and employer.

Author contributions
CMW conducted all aspects of this work. The author read and approved the 
final manuscript.

Funding
The work was funded by allocated funds to the San Joaquin Valley Agricultural 
Sciences Center, U.S. Department of Agriculture, Agricultural Research Service 
Project # 2034-22000-012-00D.

Availability of data and materials
The data described in this Data Note can be openly accessed at the USDA Ag 
Data Commons at: https://​doi.​org/​10.​15482/​USDA.​ADC/​15246​67.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Received: 10 February 2022   Accepted: 5 December 2022

References
	1.	 McKenry MV. Nematodes. In: Flaherty DL, Christensen LP, Lanini WT, Mar-

ois JJ, Phillips PA, Wilson LT, editors. Grape pest management. Oakland CA 
USA: University of California; 1992. p. 279–96.

	2.	 Pinkerton JN, Forge TA, Ivors KL, Ingham RE. Plant-parasitic nematode 
associated with grapevines, Vitis vinifera, in Oregon vineyards. J Nematol. 
1999;31:624–34.

	3.	 Storey SG, Malan AP, Hugo HJ. Nematode pests of grapevine. In: Fourie 
H, Spaull V, Jones R, Daneel M, De Waele D, editors. Nematology in South 
Africa: a view from the 21st century. Cham: Springer; 2017.

	4.	 Pinkerton JN, Schreiner RP, Ivors KL, Vasconcelos MC. Effects of Mesocri-
conema xenoplax on Vitis vinifera and associated mycorrhizal fungi. J 
Nematol. 2004;36:193–201.

	5.	 Malan A, Storey S. Ring nematode in grapevine- a major problem for 
producers and researchers. Wineland 2020; https://​www.​winel​and.​co.​za/​
ring-​nemat​ode-​in-​grape​vine-a-​major-​probl​em-​for-​produ​cers-​and-​resea​
rchers/.

	6.	 Lider LA. Vineyard trials in California with nematode resistant grape 
rootstock. Hilgardia. 1960;30:123–52.

	7.	 Esmenjaud D, Bouquet A. Selection and application of resistant germ-
plasm for grapevine nematodes management. In: Ciancio A, Mukerji KG, 
editors. Integrated management of fruit crops and forest nematodes. 
Heidelberg Germany: Springer Science BV; 2009. p. 195–214.

	8.	 Keller M. The science of grapevines: anatomy and physiology. 1st ed. San 
Francisco: Academic Press (Elsevier); 2010.

	9.	 Ramsdell DC, Bird GW, Diamond CJ. Field pathogenicity studies of four 
species of plant-pathogenic nematodes on French-American hybrid 
grapevine cultivars in Michigan. Plant Dis. 1996;80:334–8.

	10.	 Pinkerton JN, Vasconcelos MC, Sampaio TL, et al. Reaction of grape 
rootstocks to ring nematode Mesocriconema xenoplax. Am J Enol Vitic. 
2005;56:377–85.

	11.	 Ferris H, Zheng L, Walker A. Resistance of grape rootstocks to plant-para-
sitic nematodes. J Nematol. 2012;44:385–95.

	12.	 Schreiner RP, Pinkerton JN. Ring nematodes (Mesocriconema xenoplax) 
alter root colonization and function of arbuscular mycorrhizal fungi in 
grape roots in a low P soil. Soil Biol Biochem. 2008;40:1870–7.

	13.	 Schreiner RP, Zasada IA, Pinkerton JN. Consequences of Mesocriconema 
xenoplax parasitism on pinot noir grapevines grafted on rootstocks of 
varying susceptibility. Am J Enol Vitic. 2012. https://​doi.​org/​10.​5344/​ajev.​
2012.​11104.

	14.	 Schreiner RP, Pinkerton JN, Zasada IA. Delayed response to ring nema-
tode (Mesocriconema xenolplax) feeding on grape roots linked to vine 
carbohydrate reserves and nematode feeding pressure. Soil Biol Biochem. 
2012;45:89–97.

	15.	 Dixon RA. Natural products and plant disease resistance. Nature. 
2001;411:843–7.

	16.	 Wei Y-J, Zhao S-R, Li J-M, Xue B. Stilbene profiles in different tissues of Vitis 
vinifera L. cv. cabernet sauignon and a comparison of their antioxidant 
activity. Austral J Grape Wine Res. 2016;22:226–31.

	17.	 Lambert C, Bisson J, Waffo-Téguo P, Papastamoulis Y, Richard T, Corio-
Costet M-F, Mérillon JM, Cluzet S. Phenolics and their antifungal role in 
grapevine wood decay: focus on the botryosphaeriaceae family. J Agri 
Food Chem. 2012;60:11859–68.

	18.	 Lambert C, Richard T, Renouf E, Bisson J, Waffo-Téguo P, Bordenave L, Ollat 
N, Mérillon JM, Cluzet S. Comparative analyses of stilbenoids in canes of 
major Vitis vinifera L. cultivars. J Agri Food Chem. 2013;61:11392–9.

	19.	 Mattivi F, Vrhovsek U, Malacarne G, Masuero D, Zulini L, Stefanini M, Moser 
C, Velasco R, Guella G. Profiling of resveratrol oligomers, important stress 
metabolites, accumulating in the leaves of hybrid Vitis vinifera (Merzling 
× Teroldego) genotypes infected with Plasmopara viticola. J Agri Food 
Chem. 2011;59:5364–75.

	20.	 Pawlus AD, Sahli R, Bisson J, Riviere C, Delaunay J-C, Richard T, Gomes E, 
Bordenave L, Waffo-Téguo P, Mérillon JM. Stilbenoid profiles of canes from 
Vitis and muscadinia species. J Agri Food Chem. 2013;61:501–11.

	21.	 Ayoub SM. Plant nematology: an agricultural training aid. Sacramento: 
California Department of Food and Agriculture; 1977.

	22.	 Wallis C, Eyles A, McSpadden Gardener B, Hansen R, Cipollini D, Herms 
DA, Bonello P. Systemic induction of phloem secondary metabolism and 
its relationship to resistance to a canker pathogen in Austrian pine. New 
Phytol. 2008;177:767–78.

	23.	 Wallis CM, Chen J. Grapevine phenolic compounds in xylem sap and 
tissues are significantly altered during infection by Xylella fastidiosa. 
Phytopathol. 2012;102:816–26.

	24.	 Wallis CM. Ring nematode induction of and sensitivity to grapevine 
phenolic compounds. Ag Data Commons. 2022. https://​doi.​org/​10.​1548/​
USDA.​ADC/​15246​67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.15482/USDA.ADC/1524667
https://www.wineland.co.za/ring-nematode-in-grapevine-a-major-problem-for-producers-and-researchers/
https://www.wineland.co.za/ring-nematode-in-grapevine-a-major-problem-for-producers-and-researchers/
https://www.wineland.co.za/ring-nematode-in-grapevine-a-major-problem-for-producers-and-researchers/
https://doi.org/10.5344/ajev.2012.11104
https://doi.org/10.5344/ajev.2012.11104
https://doi.org/10.1548/USDA.ADC/1524667
https://doi.org/10.1548/USDA.ADC/1524667

	Exploring potential induction of grapevine (Vitis spp.) root phenolic compounds by ring nematodes, Mesocriconema xenoplax
	Abstract 
	Objective: 
	Data description: 

	Objective
	Data description
	Limitations

	Acknowledgements
	References




