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ABSTRACT: 
Phytophthora infestans,  the causal agent of Late Blight, 
caused the Irish Potato Famine of the 1840’s.  Despite 
150 years of research, commercial potato production 
continues to rely on weekly fungicide applications to 
manage this disease at tolerable levels.  In our study we 
investigated a novel strategy using strains of wild yeasts 
to pre-induce natural immunity in potato against 
Phytophthora infestans.  A strain of the wild yeast, 
Metschnikowia pulcherrima (Mp), induced effective 
immunity in potato against Phytophthora infestans in 
excised leaf assays.  A similar kind of immunity has been 
developed using a chelating chemical, EDTA.  This 
chemical compound has been used in parallel with the 
wild yeast treatments to follow the development of 
immunity at the molecular level, however the EDTA will 
not be suitable for commercial applications in a certified, 
organic planting.  The next step will be to determine if 
and how long the yeast-like immunity enhancer remains 
active in field tests to determine if there is potential to 
commercialize this technology for agricultural use.  

INTRODUCTION: 
Our object has been to develop disease 
resistance in potatoes by activating the 
potato’s own immunity as an alternative to 
direct-kill commercial fungicides. 
 

Two approaches: 
We have discovered two approaches to enhance plant immunity, one 
is with the use of “wild yeasts” and the other using small amounts of 
a chemical called EDTA.   Both of these at the proper concentration 
induced an almost complete protection to potatoes against the Late 
Blight organism, Phytophthora infestans – in a leaf assay under 
conditions optimal for massive infection by the pathogen.   We 
extended the tests to whole plants that were infected under optimal 
infection conditions in pots in the greenhouse.   As indicated in the 
following photo the Wild Yeast treatment on the right was better 
protected against inoculations with the Late Blight than the water 
treated control on the left. This disease progresses rapidly and later 
the control plant was totally destroyed. 
 

The mature plant on the right was pre-treated with yeast 
spores prior to being  inoculated with the late blight 
pathogen.  The plant  on the left received  no treatment 
prior to inoculation.   Result:  Protection  lasts several 
weeks.  The unprotected plant  later died. 

YEAST CELLS ALSO ACTIVATE IMMUNE RESPONSES 
IN OTHER PLANTS: 
The yeast cells were also tested in a pea tissue system for evaluating 
their ability to activate a resistance response in another plant, namely 
peas.  The photo in fig. 1 shows a pea pathogen that has stopped 
growing because yeast cells applied previously started an immune 
response. 
 

Fig. 1.   The photo of 24 h growth of a pea  pathogen, 
Fusarium solani  f.  sp  pisi following  the 
administration of “wild yeast” cells to pea endocarp 
surface cells (followed within 2 h with an inoculation 
with Fusarium solani  f. sp. pisi macroconidia).    
Result: Yeast cells  (5.1 x 108 yeast cells/ml) were able 
to induce a complete resistance response, in the 
surface cells of the pea endocarp tissue, to the 
subsequently inoculated  pea pathogen ( Fusarium 
solani f. sp. pisi) ( Fig. 1).     Arrows identify two 
distorted spores of f. sp. pisi.  

WHAT IS THE SIGNAL THAT THE  
WILD YEAST USES TO ACTIVATE 
THE IMMUNE RESPONSE? 
  
This Metschnikowia  pulcherrima “Wild 
Yeast” releases a DNase signal.  This 
signal is capable of activating the 
immune  response.  This DNase action 
can  be observed in the plate below 
where the yeast is growing on media 
containing DNA.  The dark regions  
(Fig.  2) indicate the areas where the 
DNA has been digested. 
 

Fig. 2  DNA degradation by both the Metschnikowia  
pulcherrima “Wild Yeast” (Mp) (center) and a bean  
pathogen (Fsph) (flanking cultures) grown  on DNA 
agar for 3 days.   The PDA plates were subsequently 
stained with ethidium bromide to detect the un-degraded 
DNA under UV260 nm light. 
The natural signaling that causes the plant immune 
response is probably not always due to a single entity.  
However we have demonstrated that the DNase is the 
major one released from yeast cells.   (The  photo  of  
the cultures in the Petri  plate in Fig. 2  shows  there is a  
DNase  released  from the yeast  cells). 

Treat-
menta

MP 
Cells/
ml 

Leaflet inf.- Ave 
% 7 Day 
  

Leaflet inf. -Ave % 
10 Day 
  

0 27.04 65.2 
7x107 39.97 61.67 
3.5 x 
107 

0 1.28 

1.7 x 
107 

0.25 1.96 

8.7 x 
106 

18.25 55.0 

4.3 x 
106 

1.32 15.65 

2.1 x 
106 

41.43 
  
  

99.86 
  

Table 1. When the  cells of Metschnikowia pulcherrima 
(MP), a  “wild yeast”, are  placed on  potato leaves  in 
advance of inoculations with the  Potato Late Blight 
pathogen (Phytophthora infestans)  it  dramatically 
reduces the symptoms.   
aMetschnikowia pulcherrima (MP) ”Wild Yeast” cells 
(~50µl volume) were administered to each leaflet (of 14 
mature potato leaves) just prior to the inoculation of 
~50 Phytophthora infestan spores in 10 µl water.  
Leaves were held at 18ºC for 10 days in 100% humidity.  
 
Result:  There is a fairly wide range of Yeast 
concentrations effective in suppressing Late Blight 
symptoms, however, there is a drop in the effectiveness 
of certain concentrations within this range that is 
currently unexplained.  

Effect of the yeast,  Metschnikowia pulcherrima 
(MP) cells on Potato Late Blight symptoms.  Some 
concentrations of the yeast gave nearly complete 
protection from the pathogen. 

Fig. 3.  The effect of Metschnikowia pulcherrima (Mp)  
cell numbers on  Phytophthora infestans symptom 
expression on excised potato leaves. 

a Ethylenediaminetetraacetic acid (EDTA) dilutions 
(~50µl volume) were administered to each leaflet (of 14 
mature potato leaves) just prior to the inoculation of 
~50 Phytophthora infestan spores in 10 µl water.  Leaves 
were held at 18ºC for 10 days in 100% humidity.  

Reduction of  Potato  Late Blight 
symptoms  with  prior  treatment with 
EDTA: 
Another mechanism for inducing  
immunity  in plants is to loosen the 
DNA strands in plant nuclei 
chemically.  There are chemicals known 
to do this however some are, 
consequently, dangerous medically.   
However, there is one that we tested with 
positive results that is already in medical 
use in IVs and many pharmaceutical 
applications, the compound is EDTA.   
This chemical is simple and has not been 
used previously in agriculture.   
No one has realized that this compound 
attaches to DNA  or that it moves to the 
nucleus of a plant cell.  It is also relative 
cheap and commercially available. 

How  can a practical  use  be 
developed from this data? 
 
  A major concern is to determine the best 
concentrations of both the yeast cells and 
the chemical EDTA for field testing which 
will be a major future objective.   Initially, 
these immunity-inducing treatments will 
be sprayed on leaves in a manner that was 
successful in the excised leaf assay.  Once 
the proper concentrations can be 
calculated for the larger volumes for field 
operations, the next challenge will be to 
adjust these preparations for chemi-gation 
trials.  In preparation for these tests we 
have developed procedures for growing up 
large (multiple gallon) batches of yeast 
cells in a liquid media.  Although the cost 
of the media is not excessive, we will be 
looking at other nutrient sources, possibly 
from corn, potato or wine production by-
products.  
The commercial source for the chemical 
EDTA, that also induces immunity, is not 
a problem as it is already commercially 
available from medical applications (260 
dollars/kilogram)(1 kilogram at the current 
optimal rate will suffice for 47.5 gallons of 
treatment).  Much more competitive prices 
are possible for an industrial production of 
this chemical that would have less demand 
for purity.  

a  Twenty  μl of the indicated treatments EDTA and /or  spores of a  
bean pathogen (Fsph) were applied per pea pod half.  Data indicate 
that EDTA is a strong indiucer of the anti-fungal compound, pisatin. 

Table 2. (EDTA) dilutions induce immunity in potato 
leaaves that suppress Potato Late Blight symptoms. 

Table 2.   A broad range of EDTA concentrations induce pisatin 
accumulations in pea endocarp tissue in the presence and absence of 
Fusarium solani f. sp. phaseoli, a pathogen of bean.  Result: The 
EDTA and a fungal pathogen actually  work synergistically to induce 
the production of the antifungal compound, pisatin in pea. 

THE SECOND APPROACH IS  TO  INDUCE 
IMMUNITY IN POTATO WITH A  
CHEMICAL: 
EDTA:  The  chemical , EDTA induces resistance in 
potato to potato pathogens.  It   can  also  induce 
pisatin production in pea tissue as  well as  resistance 
in peas to  pea pathogens.  

The  complete resistance of the pea plant has 
been associated with its production of an  anti 
fungal  compound called pisatin.  The  same 
yeast  strain that induces resistance to the late 
blight fungus in potatoes can  also   induce 
resistance in pea tissue to a  pea pathogen.  

Treatmenta Conc. 
EDTA 
mM 

Pisatin 
μg/g fs.wt. 

Water     0     0.0 
EDTA 250     0.0 
EDTA                      125   12.4 ± 9.7 
EDTA 62.5   62.2 ± 22.2 
EDTA 31.2 194.2 ± 53.7 
EDTA 15.6 136.2 ± 5.5 
EDTA   7.8   85.8 ± 19.3 
EDTA   3.9     3.3 ± 2.9 
EDTA   1.6     0.6 ± 0.5 
EDTA   0.9     0.0 ± 0.0 
Water +  Fsph spores   0.0 221.5 ± 67.9 
EDTA + Fsph spores 250     1.7 ± 1.7 
EDTA + Fsph spores 125   15.1 ± 2.1  
EDTA + Fsph spores  62.5   86.3 ± 48.3  
EDTA + Fsph spores  31.2 292.2 ± 115.2  
EDTA + Fsph spores      15.6 428.9 ± 29.5 
EDTA + Fsph spores         7.8 474.8 ± 16.3 
EDTA + Fsph spores    3.9 353.6 ± 3.1 
EDTA + Fsph spores    1.9 376.9 ± 39.7 
EDTA + Fsph spores    0.9 258.0 ± 53.0 
      

Treatmenta 
 
EDTA  
Treatment
mM/ml  

Leaflet 
inf. –Ave 
% 7days  

Leaflet inf. – 
Ave % 10 
days 

0 11.72 28.29 

0.007 15.72 57.57 

0.003 4.6 13.72 
  

 Fig. 4  Both of the above leaves were 
inoculated with the Late Blight fungus, 
Phytophthora   infestans.   The leaf on the 
right was pretreated 30 minutes with a 3 
mM solution of the EDTA.  Result:  The 
photo shows how the EDTA-induced 
immunity protects the leaf. 

Take home message:   This research  is  one  idea  toward  
“biologically intensive agriculture”.   Farming practices that 
incorporate biological processes for inducing immunity are 
renewable, non-polluting and mutually  beneficial to both  
farmers and society”  -- or  to  organic farming.  

Conclusion:   Wild yeast  cells  if administered to potato leaves 
in advance of  the arrival of  spores  of the  Late  Blight fungus,  
Phytophthora  infestans, can reduce the development  of blight 
symptoms to near  zero. 

What can this research contribute to science and/or to the potato industry?  
 
The science of crop protection has long been centered on effects of fungicides directly on the problem pathogen.  However, it has 
also long been know that the plant can generate very effective resistance via its own immune response.  This miracle, inherent to all 
plants, is that they can resistance essentially all of the pathogens they encounter except for the few that have devised a way to infect a 
given plant species.  Additionally this specificity for a plant being “susceptible” can often be negated by any action that can start the 
immune response before the pathogen has arrived.  This information has seldom been developed into standard agricultural practices.   
Our research has demonstrated that both biological entities and chemical components are able to induce the immunity of potatoes 
against challenges from the late blight fungus, Phytophthora infestans.  Not only would  this prospective protection be beneficial to 
conventional potato production but also to those growers wanting to satisfy the public demand for potatoes that are grown without 
pesticides.  In some of our reports we have documented corollary results obtained using a pea system that can more easily be used to 
determine optimal immunity-inducing concentrations of both the yeast and the chelator, EDTA.   Between these two systems we 
believe we have defined for the first time the general basis for inducing the immunity which probably occurs naturally in all plants.  
Surprisingly almost all fungi secrete similar signals (e.g. DNase) that can enter plants cells and progress into the plant’s nuclei.  Briefly, 
the alterations that occur within the plant nucleus allow silent genes to become expressed.  Dominant within these expressed genes 
are the plant defense genes.  The damage within the plant nuclear DNA is detectable, minimal and temporary, but adequate to loosen 
the nuclear structure enough to enable sleeping genes to become expressed.  The newly activated plant genes code for a wide array of 
products taking the form of fungicidal peptides, proteins or small antifungal compounds.  The particular events in the immunity 
response are well-described and we have published them in both plant and pathogen journals. 
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