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Late blight (Phytophthora infestans) infects Tomatoes 
at the North Central Experiment Station 

Scott A. Enebak, Research As•sociate, and David K. Wildung, Horticulturist 

A susceptible host, a pathogenic 
fungus and ideal weather conditions 
all came together in September, 1994, 
to cause the first occurrence of late 
blight at the North Central Experiment 
Station in over 25 years. Late blight, a 
common disease on both potatoes and 
tomatoes, is caused by the pathogen 
Phytophthora infestans, a fungus, that 
favors cool, moist conditions for growth. 
The fungus is found in nearly all areas 
of the world where potatoes and toma
toes are grown, but is most destruc
tive in the eastern half of North Amer
ica where weather conditions and large 
acreage of Solanaceous crops are 
grown. The fungus is capable of in
fecting the leaves, stems and fruit, and 
was responsible for causing the his
toric Irish potato famine in the mid 
1800's. Disease symptoms on toma
to appear as circular or irregular, pale
green, water-soaked lesions on the 
leaves, stems and fruits often where 
water from rain or dew accumulates 
(Figure 1 ). The lesions are often sur
rounded by a pale yellow to yellow 
green margin that will blend into healthy 
green tissue. As the fungus continues 
to grow the water-soaked lesions en
large, coalesce and leaves eventual
ly turn brown. A zone of white, downy 
fungal growth often appears within the 
lesions on the undersides of the leaves. 
At the tips of the fungal growth are the 
asexual reproductive spores (sporan
gia) which are spread via wind, rain, 
humans, machinery and animals to 
new plants. If cool (64-72 F), moist con
ditions occur, the fungus can grow up 
to 1/2 inch per day and can cause the 
complete destruction of all plants in a 
field within a week or two. On a com
mercial basis, control measures in
clude the periodic use of protective 
fungicides (metalaxyl compounds) when 
weather conditions favor the growth of 
the pathogen as well as the use of re-

sistant plant: cultivars. Unfortunately, 
many of the most desirable cultivars 
are also the most susceptible to the 
fungus. 

In 1994, a tomato cultivar trial had 
been establi:shed at the North Central 
Experiment Station to evaluate for ear
liness and large fruit. The trial con
sisted of 44 c:ultivars, replicated 2 times 
planted in a Rosy Sandy Loam soil. 
Seed was planted in the greenhouse 
on May 2, and plants were transplanted 
to the field on June 2. Rows 'Here spaced 
6 ft apart with plants spaced 3 ft apart 
in the row fo1r a final plant density of 
2420 tomato plants per acre. Although 
the tomato trial had not been designed 
to evaluate late blight resistance, the 
infection provided an excellent oppor
tunity to identify differences in cultivar 
susceptibility. To do this, each plant ( 
6 per cultivar x 2 replicates ) was rat
ed for infectic1n based on the presence 
of water-soc:tked lesions with fungal 
growth. No infection was scored as 0, 
infection of leaves was scored as 1; 
infection of leaves and stems was 
scored as 2, and infection of leaves, 
stems and 1fruit 
was scored c:1s 3. 
Numbers were 
averaged for E~ch 
cultivar across 
both replicatl~s . 

Heavy, demse 
plant growth, nor
mal heavy de!ws, 
cool fall temiPer
atures (without a 
killing frost) as well 
as the excessive 
summer rains all 
contributed to ide
al conditions; for 
fungal growth last 
fall. Symptoms of 

planting on September 20, 1994 in the 
northeast comer of the plot (Fig 2). By 
September 25 infection was moving 
rapidly across the planting. Because 
of the rapid fungal spread, heavy fun
gal infection and lateness of the grow
ing season the study was terminated 
one week after the disease was first 
detected. Termination of the experi
ment was based on the need to reduce 
the amount of inoculum of P. infestans 
that would be able to overwinter in the 
planting. However, prior to termination, 
significant differences were noted be
tween the two replicate blocks as well 
as among the cultivars within the blocks. 
Overall, the north block contained; 1) 
more infected individual tomato plants, 
and 2) higher infection rates per plant 
than the south block. The large differ
ences between the two blocks with re
spect to the amount of fungal infection 
makes meaningful disease resistance 
ratings for all44 cultivars difficult. For 
example, many of the tomato cultivars 
in the southern block "escaped" infec
tion and their classification as either 
resistant or susceptible is in question. 

the disease •first Figure 1. Disease symptoms on tomato infected with the pathogen 
appeared in the Phytophthora infestans. 





There were a number of cultivars in both 
blocks, however, that were consistently 
infected as well as a few cultivars that 
were consistently non-infected. Some of 
the more resistant and susceptible cul
tivars of the 44 examined are listed in 
Table 1. 

Fig1ura 2. Relative amount of infection by Phytophthora infestans in the tomato cul
tivar trial. Plots E-H (north block) and plots A-D (south block) each contained the 
same 44 tomato cultivars. Infection rating, O=no infection, 1=1eaves infected, 2=1eaves 
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Because of the relatively lateness of 
the season many of the cultivars had be
gun to mature and plant growth was de
clining. The resistant cultivars listed in 
Table 1 had an average maturity date 
nearly 7 days earlier than the suscepti
ble cultivars, 9/15/94 vs 9/21/94, re
spectively. Therefore the lower amounts 
of infection observed on a few of the cul
tivars may be due to a lack of available 
leaf, stem and fruit area for infection, 
rather than specific resistance to the 
pathogen. Another factor that may have 
affected the amount of late blight infec
tion on a few of the cultivars was the 
amount of early blight infection. Tomato 
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Table 1. Tomato characteristics of eight late blight susceptible and resistant cultivars 
planted at the North Central Experiment Station. 

Cultivar Late Blight Maturity Source3 Early' Overall 
Infection' Date• blight Plant & 

Infection Fruits5 

LATE BLIGHT 
SUSCEPTIBLE 
E 27077 2.9 9/16 EZ 8 5 

XPH 10027 2.7 9/20 A/AS 6 7 

FIRST PIK 2.4 9/23 H 6.5 6 

STM 2102 2.3 9/25 SK 6 6 .5 

VALLEY GIRL 2.2 9/25 JS 7 6 

SUNBEAM 2.2 9/25 A/AS 6.5 6.5 

JACKPOT 2.0 9/16 FM 6 6 .5 

GOOD N'EARL Y 2.0 9/20 BU 7.5 3 

LATE BLIGHT 
RESISTANT 
NEW YORKER 0.4 9/01 H 4 6.5 

FIRST LADY 0.4 9/12 Ll 6.5 4 .5 

STM 2101 0.4 9/25 SK 5.5 6.5 

OREGON STAR 0.3 9/16 Nl 4 6 

XPH 10028 0.2 9/20 A/AS 3 7 

OREGON SPRING 0.2 9/10 JS 4 .5 5.5 

PILGRIM 0.2 9/20 AG 5 6.5 

NORTHERN 0.2 9/16 BU 4 6 .5 

EXPOSURE 

'Infection rating, O=no infection, 1 =leaves infected, 2=1eaves and stems infected, and 
3=1eaves, stems and fruit infected. Numbers are an average of 12 plants per cultivar. 

2Date when one ripe fruit per plant was harvested. 

'Source of material- A/AS=Asgrow, BU=Burpee, EZ=Enza Zaben, FM=Ferry Morse, H=Har
ris, JS=Jonnnys, LI=Liberty, NI=Nichols, SK=Sakatc:1 

•Early Blight infection; 1-3=severe, 4-6=moderate, 7-S=Iight, 9=none 

•Ratings are based on plant height and width, diseasE~ incidence, maturity date, fruit shape 
& crax, green shoulders, locule number, flesh thickness, skin pressure, color rating and 
soluble solids; 1 =least desirable, 9=most desirable. 
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plants within a cultivar with heavy ear
ly blight infection tended not to have 
as much leaf and stem tissue avail
able for infection by P. infestans. The 
amount of late blight infection did ap
pear to negatively correlate to the 
amount early blight infection as the re
sistant cultivars had, on average, more 
early blight infection than did the sus
ceptible cultivars with 6.7 and 4.7, re
spectively (Table 1 ). It appears that 
both plant maturity and early blight in
fection may have had an affect on the 
rankings of cultivars with respect to 
their late blight infection rankings. Over
all, there did not appear to be any 
among the 44 cultivars tested that were 
completely resistant toP. infestans. 
General fruit and plant ratings indi
cated that there were desirable culti
vars in both susceptible and resistant 
groups. 

The appearance of the disease in 
the two blocks and the spread of the 
fungus over time appeared to move 
from the northeast to the southwest 
and helps us pinpoint the probable 
source of the fungus. Two weeks pri
or to observing the fungus within the 
tomato trial, P. infestans was observed 
within potato plots, 1/4 mile northeast 
of the tomato plots. The fungus was 
later observed in another potato field 
1/4 mile south of the tomato plots in 
late September which probably was 
infected from the tomato cultivar trial. 
It is not uncommon for the fungal spores 
to travel in air currents for several miles. 



Since this was the first time P. in
festans had occurred in many years at 
the North Central Experiment Station 
attempts will be made to decrease the 
chance for future disease outbreaks. 
Last fall all the infected plant material 
was removed from the plots and spread 
out in order to freeze and kill the fun-

gus over the winter. Eliminating the in
fected material and cull piles of toma
to fruit or potato tubers should reduce 
the fungal inoculum that may spread 
back into an area the next summer. To 
further reduce the potential for infec
tion from overwintering plant debris, a 
non-host plant will be sown into the in-

fected section and future tomato plant
ings will be planted in another area this 
year. Finally, and out of our control, 
we hope that the Northern Minnesota 
will not experience similar climatic con
ditions that allowed the fungus to reach 
such epidemic levels that occurred last 
September. 

Estrous Synchronization in Beef Cows 

Presently only about 5% of the beef 
cows in the US are bred by artificial in
semination (AI). A limiting factor in 
adoption of AI by beef producers is the 
labor involved with estrus detection 
(checking heat). Use of AI will become 
increasingly important as the beef in
dustry strives for more uniformity and 
quality in its product. 

Estrous synchronization is a method 
to decrease the labor associated with 
estrus detection and make AI easier. 
Without estrous synchronization, pro
ducers would have to spend 21 days 
checking heat to have a chance of 
catching all the cows in the herd in 
heat. By using estrous synchroniza
tion, a beef producer can reduce that 
to 5 days. 

Estrous synchronization techniques 
use injections of naturally occurring 
hormones or their analogs to bring all 
cows in heat. These compounds mim
ic what happens during the normal es
trous cycle of the cow. The only dif
ference is the events of the estrous cy
cles of all the cows to occur in a coor
dinated fashion as a result most or all 
of the cows to be in heat within a few 
days of one another. 

Understanding the cows estrous 
cycle is important to using estrous syn
chronization effectively. The day the 
cow is in heat is day one of the 21-day 
estrous cycle. She stands to be mount-

John Hall, Animal Scientist 

ed because of large amounts of es
trogen produced by follicles on her 
ovaries. One follicle ruptures and re
leases the ovum (egg) which can then 
be fertilized. The ruptured follicle forms 
a corpus luteum or CL over the next 5 
days. By 7 days after heat, the CL pro
duces progesterone that keeps the 
cow out of heat and prepares the uterus 
for the pregnancy. The CL continues 
to produce of progesterone from day 
7 to day 17 of the cycle. By day 17, the 
uterus produces large amounts of 
prostaglandin that lyses or kills the CL. 
This allows hormones from the brain 
to stimulate new follicles to grow from 
day 18 to 21. One follicle will produce 
the ovum for the next ovulation and 
the cycle starts over. 

Currently there are 3 types of sys
tems available for estrous synchro
nization in beef cattle. ProstaglaAdins, 
progestins and progestin/prostaglad
in combination. Prostaglandins (Lu
talyse®, Bovaline®, Estrumate®) act by 
bringing cows into heat by killing the 
CL. These are given as injections and 
cows with a CL will come in heat 3 to 
5 days after the injection. Synchro
mate B® supplies a progesterone ana
log in the form of an ear implant to keep 
cows out of heat until it is removed. 
The implant remains in place for 11 
days then is removed. Cows come into 
heat 3 to 5 days after implant removal. 

Melengestrol Acetate (MGA) + 
prostaglandin uses a progesterone 
analog to group cows so they will re
spond more uniformly to the 
prostaglandin injection. MGA is fed for 
14 days and prostaglandin is given 17 
days after the last feeding of MGA. 

All three products work very well 
on cows and replacement heifers. Two 
shot prostaglandin systems and Syn
chro-mate B tend to be more expen
sive than MGA + prostaglandin. The 
entire MGA + prostagladin system takes 
over 30 days while the others take 
about 11 . There are many variations 
on each system that can alter cost, 
time spent checking heat, effective
ness and number of time cattle are 
worked. You should investigate these 
options to see which one works best 
for you. Estrous synchronization sys
tems easily pay for themselves in in
creased calf value and decreased la
bor associated with AI. In addition, a 
shorter calving period and a more uni
form calf crop will make herd man
agement easier. 

Remember an estrous synchro
nization program is not a replacement 
for good management, especially prop
er nutrition and herd health. In most 
cases, cows need to be at least 40 
days post partum (after calving) and 
cycling for estrous synchronization sys
tems to work. 

Shift to Beef and Forage Continues 

This spring brings continued growth 
and change in the animal science ac
tivities at NCES. The research efforts 
will be refocused and expanded in the 
grazing ruminant area especially beef 
cow-calf research. Spring and sum
mer activities will include pasture de
velopment, large scale grazing research 
and beef management systems. 

John Hall, Animal Scientist 

The new barn at our South Farm 
is almost finished. We have had cows 
in drylot at that location since January. 
Although not research in the formal 
sense, this experience of developing 
a new research facility will also pro
vide some practical information for beef 
producers. Experience is sometimes 
the best teacher; although, sometimes 

frustrating and costly. Hopefully we 
can pass on some of our experience 
in pasture development, drylot design 
and selection of working facilities through 
station tours. 

Forage species selection, estab
lishment and production is an integral 
part of our animal research program. 
In cooperation with Station Agrono-



mist, Russ Mathison, and Extension 
Agronomist, Neal Martin, we are wori<
ing to establish 60 new acres of pas
ture. Several species will be used in 
the pasture program so we can in
vestigate carrying capacity, nutrition
al quality and persistence of different 
pasture forages. This summer we may 
include some intensive grazing of sum
mer annuals in our program. In addi
tion, will be comparing various meth
ods of interseeding legumes into ex
isting pastures. Lengthening the graz
ing season by using stockpiling or non
traditional forage species will be an im
portant aspect of our forage program. 

Intensive Rotational Grazing or 
Managed Intensive Grazing is a prin
cipal effort in our future research. Over 
the next two years we will begin graz-

ing most of the cattle in a Managed ln
tensivH Grazing system. The purpose 
of this research is to develop grazing 
and management strategies to improve 
animal productivity and health while 
decreasing input costs. 

Another facet of the animal research 
program is cow-calf management tech
niques; and technologies. Cow winter
ing sy:stems, month of calving, early 
weanilng, creep feeding, creep graz
ing and heifer development are some 
of the management decisions we may 
investigate in the coming years. In ad
dition to asking the question "Will this 
increase animal productivity?", we are 
going to ask "How will this effect prof
itabili~(?" An important part of the cat
tle res;earch at NCES will be looking 
at new technologies from an lntegrat-

ed Resource Management (IRM) stand
point. In essence how does adoption 
of a new technology in the cattle op
eration impact the entire operation from 
labor to feed resources to records to 
income. 

As you can see, we have many re
search projects to keep us occupied. 
However, I am always looking for pro
ducers willing to cooperate with on farm 
research. Please feel free to bring a 
group for a tour this summer. 

The information in this publication 
is for educational purposes only. Ref
erence to commercial products or trade 
names is made with the understanding 
that no discrimination is intended and 
no endorsement by the University of 
Minnesota is implied. 

News from North Central 

As you can tell by the articles in the 
Quarterly, John Hall, our beef cow-calf 
research scientist has arrived and is 
hard at work. This is calving time for 
us and for many beef producers and 
therefore involves many long days and 
nights. Hopefully by the time the Quar
terly is published and mailed Dr. Hall 
will have had a chance to visit with a 
few of our readers who are beef pro
ducers. He is looking forward to meet
ing with as many cow-calf producers 
as possible this summer and at our fall 
forage and livestock field day. 

As I write this newsletter early in 
April, winter is trying hard to hang on 
as long as possible. Hopefully by the 
time you receive it spring field wori< will 
be well underway. Spring will bring with 
it a number of changes at NCES. One 
of the changes that I mentioned in the 
last Quarterly was the retirement of our 
long time secretary and Quarterly ed-
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itor, C:arolyn Frings. Carolyn and her 
husba1nd Richard have been in Flori
da basking in 80+ degree tempera
tures. Carolyn has agreed to come 
back and see that this issue of the 
Quart1erly gets out on time. Carolyn de
serves to be recognized for the great 
job she has done of organizing, edit
ing an1d mailing the Quarterly for many 

April 1995 mari<s the 99th year since 
the North Central Experiment Station 
was established. We will begin the plan
ning process for our July 1996 cele
bration of our centennial early this fall . 
Readers who have ideas or sugges
tions for centennial activities or who 
want to serve on the centennial com
mittee should contact us soon. 

\ 
\ 
' 

years. I'm sure if some of 
our Quarterly readers want 
to write to Carolyn to say 
thank you, she will be hap
py to receive your letters. 
Additional staff or job 
chan,ges will also be oc
curring in the animal care 
and farm crew areas. I look 
forward to introducing a Se
nior Secretary and Assis
tant Farm Animal Attendant 
in our next issue of the Quar
terly. Carolyn Frings, Executive Secretary 
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