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Potato has a plethora of diseases including bacteria, fungi, viruses, and nematodes. Potato productivity and
production also can be compromised by arthropod pests. It is estimated that losses due to plant diseases alone
can cost about $10 billion per year (16% of potential production) [1]. Learning about how to control diseases
and vectors is a major concern to the potato industry. Most control methods available to growers kill or
minimize the presence and effect(s) of either the pathogen or the vector. However, there is increasing pressure
to decrease the use of chemicals to reduce non-target effects, reduce impact on the environment including
protecting soil health, food safety, and workers. Therefore, there is a need to search for alternative control
measures. One such measure is the use of plant immunity inducers (P1Is). Plls are immune-active compounds
that can induce resistance in plants, in a similar way to vaccines in animals. There are two categories of PlIs:
(1) non-biologically active molecules that are synthetic plant defense elicitors such as jasmonic acid analogs;
and (2) biologically active molecules, which naturally occur in nature, mostly in plants but also in
microorganisms. They include different categories of molecules such as metabolites, oligosaccharides,
proteins, lipids, and microbial inducers. Some of the most recently discovered Plls are vitamins, in particular B
vitamins. There are several reports in the literature on the priming effect of, for instance, riboflavin in tobacco,
rice and bean, thiamin on rice, cucumber, tobacco, soybean, and grapevine, and folic acid in Arabidopsis
(Table 1). Thiamin also has a repellant effect on aphids in barley [2].

To our knowledge, there is no literature available that evaluates the efficiency of vitamins in potato.
Thus, motivated by this lack of information, we decided to test the effect of thiamin (also known as vitamin
B1) application against Potato virus Y (PVY). The study focused on evaluating the effect of thiamin
concentrations and frequency of applications on disease expression.
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Table 1. Examples of reports of vitamin or vitamin precursor application to control diseases in various
plants (adapted from [3]).

Vitamin Plant Pathogen Reference
Riboflavin Tobacco Alternaria alternata Keissl [4]
Tobacco mosaic virus [5]
Phytophthora parasitica L. [5]
Rice Rhizoctonia solani Kuhn [6]
Bean Botrytis cinerea Persoon [7]
Thiamin Rice Xanthomonas oryzae Ishiyama [8]
Rhizoctonia solani Kuhn [9]
Cucumber Colletotrichum lagenarium Berk. & Mont [8]
Tobacco Pepper mild mottle virus [8]
Soybean Macrophomina phaseolina (Tassi) Goid  [10]
Grapevine Plasmopara viticola Berl & De Toni [11]
Barley Aphids [2]
Folic acid Arabidopsis  Pseudomonas syringae Van Hall [12]
p-aminobenzoic acid  Cucumber Cucumber mosaic virus [13]
Tobacco Pectobacterium carotovorum Waldee [14]
What we did...

The following controlled study was done at the Oregon State University Hermiston Agricultural Research and
Extension Center in Hermiston, OR, in a greenhouse. We used disease-free Ranger Russet plantlets that we
propagated in tissue culture before transferring them to soil in pots (Figure 1). Two treatments were included:
A, one application of thiamin one day before PVY inoculation; B: two applications (one application one day
before PVY inoculation and one 28 days after PVY inoculation). We had four different concentrations of
thiamin, sprayed until run off in spray bottles with Tween 80 as surfactant. We inoculated plants with PVY
N:O because this strain produces clear foliar symptoms in Ranger Russet. After inoculation, we collected leaf
samples every week starting 2 weeks after PVY inoculation.
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Figure 1. Scheme showing the experimental timeline of plant growth, virus inoculation, thiamin
applications, and leaf sampling.

We sampled leaves as shown in Figure 2. Leaflet 0 was the initial inoculated leaf. We sampled the leaf
just above (leaflet 1), then mid-canopy leaflets (2+3), and new emerging leaflets (4+5, and as the plants kept
growing we had new emerging leaves that we also sampled 6+7, 8+9 etc...). We used ELISA to detect the
virus and quantify the level of virus in the plants. We confirmed our ELISA results by using another
quantification method, Real Time quantitative RT-PCR (qPCR).

Page 3



Volume 18, Number 9 Potato Progress

What we found...

Figure 3 shows the virus level in the youngest sampled leaflets based on the concentration of thiamin applied
over time for one or two applications. The control was PVY-free and no thiamin treatment. All the others
plant/treatments were inoculated with PVY and treated with either no thiamin or 1, 10, 50, and 100 mM
thiamin. At 14 dpi, we could detect the virus when there was no thiamin or 1 mM thiamin applied, but not with
higher concentrations. At 26 dpi, there was lower virus level when plants were treated with 100 mM thiamin
compared to the no thiamin treatment control. This trend becomes more obvious at 35, 43, and 50 dpi. The
most significant decrease in virus level was when plants were treated with two applications of thiamin at a
concentration of 100 mM; in this case, the virus was not or barely detectable.
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Figure 3. Relative potato virus Y (PVY) level in leaflets sampled at various days post-inoculation (dpi)
and treated with thiamin concentrations (0 mM, 1 mM, 10 mM, 50 mM, 100 mM) twice, once at the start
of the experiment 24 h prior to inoculation with PVYN-©, and once 28 dpi. PVY level was determined by
ELISA. All plants were treated with thiamin and inoculated with PVYN© except the control which was not
treated with thiamin and not inoculated with PVY. Data are mean ELISA values per leaflet at each sampling
date for all plants where thiamin was applied twice, once at the start of the experiment 24 h prior to inoculation
with PVYN0, and once 28 dpi.

Conclusions

In this study, we showed that thiamin application at 100 mM significantly lowered the PV titer throughout
the plant, and two applications produced the best results. This experiment was done under controlled
conditions using only one variety. Future research should determine whether thiamin application has the same
effect on other commercial potato varieties and whether the economics of using this promising alternative
method of control benefits the bottom line of growers’ production. Our study is the first report on testing
vitamins in potatoes and could serve as a model in other cropping systems. The use of this alternative way of
pathogen/disease control would not replace existing control method, but would complement current practices
for a more sustainable production.
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This study was published in the American Journal of Potato Research [15] and was partially funded by the
OSU Agricultural Research Foundation.

References

1. Oerke EC: Crop losses to pests. J Agric Sci 2006, 144:31-43.

2. Hamada AM, Jonsson LMV: Thiamine treatments alleviate aphid infestations in barley and pea.
Phytochemistry 2013, 94:135-141.

3. Boubakri H, Gargouri M, Mliki A, Brini F, Chong J, Jbara M: Vitamins for enhancing plant
resistance. Planta 2016, 244:529-543.

4. Zhang SJ, Yang X, Sun MW, Sun F, Deng S, Dong HS: Riboflavin-induced Priming for Pathogen
Defense in Arabidopsis thaliana. J Integr Plant Biol 2009, 51:167-174.

5. Liu F, Wei FF, Wang L, Liu H, Zhu XP, Liang YC: Riboflavin activates defense responses in
tobacco and induces resistance against Phytophthora parasitica and Ralstonia solanacearum.
Physiol Mol Plant Pathol 2010, 74:330-336.

6. Taheri P, Tarighi S: Riboflavin induces resistance in rice against Rhizoctonia solani via jasmonate-
mediated priming of phenylpropanoid pathway. Journal of Plant Physiology 2010, 167:201-208.
7. Azami-Sardooei Z, Franca SC, De Vleesschauwer D, Hofte M: Riboflavin induces resistance against

Botrytis cinerea in bean, but not in tomato, by priming for a hydrogen peroxide-fueled resistance
response. Physiol Mol Plant Pathol 2010, 75:23-29.

8. Ahn IP, Kim S, Lee YH: Vitamin B1 functions as an activator of plant disease resistance. Plant
Physiol 2005, 138:1505-1515.

9. Bahuguna RN, Joshi R, Shukla A, Pandey M, Kumar J: Thiamine primed defense provides reliable
alternative to systemic fungicide carbendazim against sheath blight disease in rice (Oryza sativa
L.). Plant Physiology and Biochemistry 2012, 57:159-167.

10.  Abdel-Monaim MF: Role of riboflavin and thiamine in induced resistance against charcoal rot
disease of soybean. Afr J Biotechnol 2011, 10:10842-10855.

11. Boubakri H, Wahab MA, Chong JL, Bertsch C, Mliki A, Soustre-Gacougnolle I: Thiamine induced
resistance to Plasmopara viticola in grapevine and elicited host-defense responses, including HR
like-cell death. Plant Physiology and Biochemistry 2012, 57:120-133.

12.  Wittek F, Kanawati B, Wenig M, Hoffmann T, Franz-Oberdorf K, Schwab W, Schmitt-Kopplin P, Vlot
AC: Folic acid induces salicylic acid-dependent immunity in Arabidopsis and enhances
susceptibility to Alternaria brassicicola. Mol Plant Pathol 2015, 16:616-622.

13.  Song GC, Choi HK, Ryu CM: The folate precursor para-aminobenzoic acid elicits induced
resistance against Cucumber mosaic virus and Xanthomonas axonopodis. Annals of Botany 2013,
111:925-934.

14.  Yang SY, Park MR, Kim IS, Kim YC, Yang JW, Ryu CM: 2-Aminobenzoic acid of Bacillus sp
BS107 as an ISR determinant against Pectobacterium carotovorum subsp carotovotrum SCC1 in
tobacco. Eur J Plant Pathol 2011, 129:371-378.

15. Vinchesi AC, Rondon Sl, Goyer A: Priming Potato with Thiamin to Control Potato Virus Y. Am J
Potato Res 2017, 94:120-128.

Page 5



Volume 18, Number 9 Potato Progress

Potato Association
of America

102nd Annual Meeting
July 22-26, 2018
Boise, Idaho

Visit www.uidaho.edu/PAA2018

Special one-day registration for Industry Day, July 23rd

The Potato Association of America (PAA) will hold its 102rd annual meeting July 22-26
in Idaho’s capital and the nation’s top potato production state. The group is meeting in Boise
to highlight the potato industry’s importance in southwestern Idaho and is expected to draw
more than 300 association members. “We especially hope that Idaho potato growers will turn
out for the industry day,” said U of I researcher Pamela Hutchinson.

Hutchinson, a weed scientist, serves on the organizing committee for the meeting with
fellow CALS researcher Nora Olsen, who co-chairs the local arrangements committee with
Bret Nedrow of the J.R. Simplot Co. “Monday, July 23, is Industry Day featuring
presentations on topics including zebra chip, fry processing quality, and cropping systems
diversity,” Hutchinson said. “That afternoon will offer a symposium about the impact of
quarantined pests on the potato industry.” Other sessions during the meeting will focus on
diseases that threaten potato quality during storage, potato handling issues that affect
quality, and research to make the industry’s practices more sustainable.

The group will meet at the Boise Center with other events planned at the J.R. Simplot
Co.’s JUMP in downtown Boise. Participants will also enjoy whitewater rafting and celebrate
on Boise’s Basque Block during their visit. The meeting will offer a tour focused on Treasure
Valley agriculture, including the hops and wine industry.

The Idaho Potato Commission’s Big Idaho Potato Truck will be present for the event,
sporting a spiffy new giant potato, Hutchinson said.

Registration information, including a one-day special for Industry Day, and more details
about the meeting are available at www.uidaho.edu/PAA2018.
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