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El tizón tardío, causado por el oomycete Phytophthora infestans, es considerada la 
enfermedad más importante de los cultivos de papa a nivel mundial . Para Colombia, 
el cuarto productor más grande a nivel latinoamericano según La FAO en el 2007, es 
pertinente estudiar a profundidad este patógeno y los factores que influencian su 
desarrollo en los cultivos. El presente estudio buscó hacer una descripción 
meteorológica en períodos anómalos[fenómenos de El Niño y La Niña] del 
comportamiento de Phytophthora infestans en cultivos de Solanum tuberosum en 
Cundinamarca, para estandarizar y validar el modelo GEOSIMCast para el país. Para 
tal fin, las curvas de severidad que describen el desarrollo del patógeno en el cultivo, 
se realizaron con 7 muestreos semanales en un cultivo comercial en el Rosal, 
Cundinamarca [4.8746 N, -74.2223 W]. Los datos climáticos fueron suministrados 
por la CAR, con los cuales se hicieron promedios multianuales de al menos 30 años 
para sacar los valores normales y anómalos de: precipitación, humedad relativa, 
temperatura máxima y mínima. Para evaluar su influencia sobre la enfermedad se 
enfrentaron los conteos de zoosporangios con los datos climáticos del mismo día de 
colecta durante el periodo de siembra. El conteo más alto de zoosporangios se 
obtuvo el 21 de Mayo a los 75 día de emergencia de las plantas y la temperatura 
máxima registrada fue de 21°C, lo que corresponde con lo reportado para favorecer 
la formación de zoosporangios.  Así mismo el desarrollo de la enfermedad fue 
estable, atribuido a que el rango de temperatura observado fue muy cercano al 
reportado como optimo (°C a 26°C), además se evidenció la influencia directa de 
otras variables climáticas sobre el desarrollo de la enfermedad en cultivos de papa. 
Por lo anterior es posible acercarse a la estandarización del umbral de humedad 
bajo el cual la enfermedad se origina, para la aplicación del modelo  GEOSIMCast 
para Colombia.  

 

Introduction 

The oomycete Phytophthora infestans is the cause of Late Blight that is considered 

the most important disease worldwide (Mizubuti, Aylor et al. 2000). In most cases, 

potato production relies on frequent spraying with fungicides (Fernández-

Northcote 2000). This results in increased production costs for farmers in emerging 

countries, being the main cause of crop abandonment (Hijmans, Forbes et al. 2000).  



Colombia is the third potato producer in Latin America, therefore, the results of this 

research are important because they contribute to the understanding of how 

climatic factors influence the biological cycle of this pathogen in potato fields in 

different parts of the country. This study describes the climatic conditions of 

infected potato crops in Cundinamarca, Colombia, to enable specification, 

standardization and validation by the GEOSIMCast model for the country (Andrade-

Piedra, Hijmans et al. 2005). 

In 1969, after trying several econometrical models, Waggoner & Horsfall found that 

the Logistic Fundamental Model could describe very well the variables that 

determine the disease and their interaction with the plant. This made possible to 

propose a model for Phytophthora infestans epidemics in potato crops, EPIDEM. This 

model used some variables as; the proportion of diseased tissue (severity) at time t, 

the rate of change of diseased tissue unit in a given unit time, the inoculum and 

environmental factors such as wind (Pinzón A. and González 2009).  

In 1983, Fry et al. created a simulated model of the severity disease using additional 

stochastic postulations (Fry et al. 1983).  This model has helped to understand 

which factors and variables influence disease development in order to increase the 

quality and production of potato crops (Johnson, Alldredge et al. 1998; Forbes, Fry 

et al. 2008; Mayton, Myers et al. 2008).  Climate, and specifically humidity, 

temperature and rainfall, have been reported as the most important factors 

influencing the effectiveness of fungicides on potato fields. This is explained in part 

because climate determines the phases of the pathogen’s biological cycle (Ramírez 

Santos 2004; Forbes, Fry et al. 2008), in particular the asexual cycle (Haverkort and 

Struik 1990). 

Hijmans et al in 2000 developed and validated prediction and simulation models 

using a spatially explicit framework in a Geographic Information System (GIS) 

environment.  In 2005 Andrade-Piedra and collaborators built LATEBLIGHT, a 

mathematic model to integrate climate effects, pathogen growth, resistance and 



fungicide during the asexual phase of Phytophthora infestans in potato crops 

(Andrade-Piedra, Hijmans et al. 2005; Andrade-Piedra, Hijmans et al. 2005).  The 

model standardization required several potato fields in different habitats to include 

a variety of crop conditions and pathogen populations (Grunwald, Montes et al. 

2002). 

Key aspects of Phytophthora infestans  

Phytophthora infestans is part of the oomycete group.  This group is not within the 

true fungi and instead its proper classification is closer to chrysophytes, diatoms, 

and brown algae as indicated by studies on metabolism, cell wall composition, and 

rRNA sequences  (Howard S 1997). 

The life cycle of this oomycete is divided in two phases, the asexual and sexual.  The 

asexual phase begins in the tube or foliage lesion that produced zoosporangia.  

Under optimum climate conditions, there is a direct germination; while in 

unfavorable conditions, there is a production of zoospores for indirect germination 

(Howard S 1997). In Colombia, the sexual phase has not been confirmed. However 

Vargas et al. In 2009 detected the mating type A2, in addition to the already 

reported type A1, which they argue as indirect evidence of the presence of sexual 

phase in the country.   

Climate conditions influence directly and indirectly the asexual phase of P. infestans.  

Temperature determines germination: at high temperatures the zoosporangia 

produce a germ tube to infect by direct germination, at low temperatures the 

zoosporangia release the zoospores to infect by indirect germination.  The infection 

with the zoospores at lower temperature is faster.  Humidity also has a major effect 

on the development of an epidemic of foliage blight because it determines two key 

stages in the life cycle of P. infestans; i]production of zoosporangia and ii] their 

germination leading to infection, on high humidity levels. Prolonged survival of 

zoosporangia and their formation also requires a high Relative Humidity 

(RH)(Harrison and G. 1992) 



Rainfall increases the availability of free water in the atmosphere, affecting the 

humidity and water on foliage surface.  Without free water on the leaf surface, 

zoospores cannot be released from zoosporangia. Additionally, zoospores are 

unable to swim, and therefore infection cannot occur (Crosier et al. 1934).  Also, 

when the rain is heavy play an important role in spore dispersal, because inside of 

the droplet the zoospores can be transporter short distances within a crop. 

Key aspects of Climate 

Weather is the result of the variation within atmospheric conditions, based on 

weather and their variation in period of specific time and place.  The origin of this 

variation is the relationship between atmospheric processes, Earth’s surface, oceans 

and hydrous systems.  The description of weather is from the principal conditions, 

rain, temperature, solar radiation and their interaction cause relative humidity 

(RH), dew point and others. With the continued measure of these variables, it is 

possible to calculate the historical mean at least in 30 years to describe the normal 

behavior of climate.  Any meteorological parameter that moves away from the 

historical mean is called an anomaly (IDEAM 2006). 

Climate variation results from atmospheric circulation patterns. These depend on 

the position with respect to the sun and how it varies throughout the year. Colombia 

is located on the equatorial line, therefore the country receives a nearly constant 

amount of energy all year round, unlike countries at higher latitudes where the 

amount of energy from the sun varies drastically from summer to winter.  In all 

cases, solar energy is absorbed by the Earth and then transferred to the atmosphere.  

The energy gradient that forms from the Equator (high levels of energy) to the poles 

(low levels of energy) generates winds from the Equator to the poles along 

meridians, and forms the basic atmospheric circulation mechanism (Ramírez Santos 

2004).     

The winds of the tropical zone are called the trade winds.  They begin in the 

northeast of the Atlantic Ocean and the southeast of the Pacific and blow toward the 



Equator.  Since the Earth is rotating, this causes the deviation of wind and ocean 

currents that are known as the Coriollis effect the wind deviated their direction 

closed to the equator line. Therefore, instead of blowing strictly from north to south 

in the northern hemisphere, winds are deviated to the right, and they blow from the 

Northeast to the southwest in the same hemisphere1. Trade winds from both 

hemispheres converge roughly along the Equator. As the winds collide, they are 

forced upwards, and they start to cool down. The result for this process is the 

formation of clouds and heavy rain throughout the year. This zone is called the 

Intertropical Convergence Zone (ITCZ), and moves from south to north throughout 

the year as the Earth’s relative position against the sun changes. On land, this 

convergence zone is present in three areas, The Congo basin, Southeast Asia and 

Amazonia (IDEAM 2006).  

As mentioned before, to understand the asexual phase of P. infestans it is necessary 

to understand the climate conditions in the crop.  On this instance, the study area is 

the department of Cundinamarca [Colombia].  There has been an explicit effort to 

develop new potato varieties in Cundinamarca in order to expand the area under 

cultivation. Nowadays potatoes are planted in areas ranging from 2500 to 3500 

meters of elevation. Besides other reasons that allow the adaptation of new potato 

varieties are i) the soil has organic components that increase fertility, and ii) there is 

free water available in rainless periods supplied by bodies water and streams near 

to the crops (Herrera 2000). 

In Cundinamarca, potato plantations are all over the region. It is also an area with 

important presence late blight.  About 34% of annual production is lost due to this 

epidemic, causing the farmers to abuse the usage of chemicals, and currently it has 

turned into a health problem (Valbuena 2010). 

Therefore, the goal of this study is to describe the behavior of Phytophthora 

infestans based on the climate conditions that influenced it.  From the climate 

                                                       
1 The effect is mirrored in the southern hemisphere. Winds are deviated to the left and trade winds 
blow from SE to NW. 



analysis, evaluate the strength of the disease in anomalous periods as La Niña and El 

Niño phenomena, based on the climate variables to evaluate the development of this 

oomycete. 

Materials and Methods  

Disease progress curves of Phytophthora infestans epidemic  

The trial was conducted in a commercial potato field in the municipality of El Rosal 

in the department of Cundinamarca [4.8746 North, -74.2223 West].  Fertilization 

and non-experimental fungicides and pesticides were applied according to the 

standard grower’s practice in the region.  The field was planted with the potato 

variety Diacol Capiro [common called R-12].   The tube seeds were planted on 

February 9th, 2010 in 6 ha.  The sampling for disease was initiated at the emergence 

of the crop on March 8th, 2010.  The samples were collected from 9 different spots 

forming a cross within the field.  Ten lesions from each spot were sampled and 

placed into the 50 ml Falcon with sterile water.  Finally, to estimate the number of 

sporangia per ml we used the Neubauer chamber, with two replicates per spot.   

 

Climate Analysis  

Climate data were taken from a weather station database provided by Corporación 

Autónoma Regional de Cundinamarca (Vargas, Quesada Ocampo et al.).  Climatic 

monthly data from these stations were selected based on two criteria, i] a distance 

of 500 meters or more from a water body and ii] a data availability over 30 years.  

Forty-three stations were selected with rainfall data and 18 stations with relative 

humidity and mean temperature information.  For any given station, the missing 

data was calculated as the mean value of the same month’s over time. For the 

multiannual analyze, we used all Januaries to create a multiannual January and the 

equal treatment for the rest of the months, from 1969 to 2009.   

As stated above, eighteen stations had the three climatic variables available. With 

this information, it was possible to plot the climatic variables in order to analyze 

their relationship in each spot.  Additionally, using Geographic Information Systems 



software  [ArcGIS], the location of these stations was plotted on a map in order to 

select representative stations in different areas of Cundinamarca.    

 

Climatic Anomalies  

The anomalous years of La Niña and El Niño were selected according to the severity 

classification of Atlas Climático [2006] from Instituto de Hidrología, Meteorología y 

Estudios Ambientales (IDEAM) to determinate the beginning and the ending of the 

anomalous years comparing the climate variables for each station against 

multiannual analysis.  

 

Results 

Disease Progress Curve 

 

Figure1. Disease Progress Curve of P. infestans. The x-axis is the collection days 

after the emergence of the crop.  

Figure 1 shows the behavior of the epidemic in a regular crop of potato in a zone of 

potato production near of the capital city of Colombia. At the beginning, the count of 

the zoosporangia was the highest, showing the climax of the epidemic in the crop. 

After eight days, the count of zoosporangia dropped to less than half  [day 93]; and 

the epidemic begins to vary in a range of 12000 zoosporangia per ml between them, 

evidences of a stability phase until harvest time.   
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Figure2. Relationship between Temperature and Disease Progress Curve of P. 

infestans. The vertical axis in the left is the Maximum and Minimum of air 

temperature in each day of collection. The vertical axis of the right is the count of 

zoosporangia per ml; and the horizontal one is the days of collection after the 

emergence of the crop on a 7-days period basis. 

The highest values of zoosporangia count correlates with the highest values of 

maximum temperature as observed in Figure 2, and the drop in the count in the 

curve is accompanied with the lowest minimum temperature. Then minimum 

temperature values begin to vary in 5 °C between them, while the maximum 

temperature decreased through the next 6 collection dates.    

 

Figure 3.  Relation between rain and relative humidity behavior with the 

disease Progress Curve of P. infestans. The vertical axis on the left is the Relative 
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Humidity and Rain in percentage in each collection day. The vertical axis on the 

right is the count of zoosporangia per ml; and the horizontal one is the days of 

collection after the emergence of the crop on a 7-days period basis.. 

Apparently the relative humidity does not explain the behavior of the disease 

progress within the crop, because the changes in the RH values do not correspond 

with its influence in the disease already reported. In the case of the rain it is evident 

the influences of La Niña phenomenon on the rain regime in this crop, because the 

rain increased their proportion but not still their distribution.  The free water 

available maintained the epidemic stable over time, and the second peak in day 100 

determined the second higher point in the disease progress curves.  

Climate Analysis  

 

Figure 4. Multiannual Rain regime in Cundinamarca 1969-2009. The x-axis of the 

charts is the month in numbers and the y-axis is amount of rain in mm.   



The rainfall distribution throughout the year can be monomodal or bimodal, with 

two or just one rain season. In Colombia, there are two areas that have monomodal 

rainfall distribution: the Amazon and the Orinoco regions, while the Andes and 

Caribbean regions have bimodal rainfall regimes.  The rain peaks or the period of 

year that receives the highest amount water in the year, depends on the regions and 

the month; because the movement of the ITCZ is from south to north and the rain 

peaks are defined for it (IDEAM 2006).  

Figure 4 shows the Eastern Cordillera through the department. There are two 

clearly distinguishable rainfall regimes. It is monomodal on the Eastern slope of the 

Cordillera, as revealed by two stations Saucio and El Consuelo, whereas on the 

Cundiboyacense plain and Western slope the bimodal regimen is clear.  

On the other hand, air temperature is influenced by many factors, specially the 

position and duration of the sun on the earth’s surface. Another factor is the 

altitudinal position; between the altitude and the temperature exists a direct 

relationship. Consequently temperature can be calculated directly from elevation, 

each 1000 meter the temperature increased 6 °C (Skov and Borchsenius 1997; 

IDEAM 2006).  

Relative Humidity [RH],is the proportion between the actual water content of the 

atmosphere and the maximum water content at a specific temperature; the air has a 

limit to contain water vapor that decreases as temperature drops., which for the 

unit of this variable is percent. The relief interferes in the cloud circulation 

becoming to high the values in the top of the mountains (IDEAM 2006).  

The climate analysis required to evaluate the interaction between the climate 

variables, therefore the figure 5., shows representative climographs for weather 

stations in Cundinamarca.     



 

Figure 5. Multiannual calculations of Mean Temperature, Rain and Relative 

Humidity in Cundinamarca 1969-2009 

The result of the interaction between rain and temperature is relative humidity. For 

example, as shown in figure 5 in Pacho and La Mesa stations as rainfall increased 

and the temperature decreased, relative humidity increased. This is because the 

atmosphere can hold less water vapor because is at lower temperatures, and 

therefore, since there is more water available (i.e. more rainfall), the atmosphere is 

closer to its saturation point (dew point). On the other hand, in Tabio station, both 

temperature and rainfall increased.  

The stations on the Cundiboyacense plain near to Eastern slope; Tabio and La Iberia, 

have a small variation just 0.5 [°C] of temperature through the year and the result is 

a nearly stable RH, the temperature determinates the RH behavior.  



The stations in the western slope are located on 1700 meters of altitude, the 

temperature there has a wider variation and in consequence the RH too.     

The Anomaly Analysis  

The trade winds push the surface warm water of the Pacific Ocean from east to west. 

This current generates an accumulation of warm water in the western Pacific and in 

the Suramerican cost an upwelling zone. This ocean current is called the Humboldt 

Current.  

The Niño phenomenon is the weakening of i) the Humboldt current, the fluency of 

the superficial warm water from east to west is reversed and ii) the upwelling zone. 

Consequently the superficial temperature of the ocean increased, affecting the air 

temperature, the rain and the rivers flow.  The effect on the climate variables is not 

constant through the country; in the case of Cundinamarca the dry season becomes 

more intense for less formation of clouds that increased the radiation (IDEAM 

2006).   

The opposite phenomenon is called La Niña, it is characterized for low temperatures 

in the superficial water of the Pacific Ocean because the Humboldt Current becomes 

stronger and the upwelling zone increases. The effects on the climate variables are 

an air temperature decrease, a rainfall increase in the south and center of 

Cundinamarca.   

To evaluate the differences in rainfall during normal and anomalous seasons, a 

comparison was performed between the multiannual calculation and the values 

from the years when the anomalies occurred.  For the latter, the severe ones 

reported by IDEAM were used; from May 1997th to May 1998th for El Niño and from 

May 1988th to March 1989th for La Niña.  



 

Figure 6.  Comparative charts between the multiannual means and true year 

of El Niño/La Niña phenomena.  

According to Figure 6, the eastern slope has a monomodal regimen with a peak in 

July; during El Niño phenomenon there are several moderate peaks in March, May 

and October, followed by five months of water deficit.  During La Niña phenomenon 

there are three peaks through the year, the first one in March the same one in El 

Niño phenomenon, the second one was moderated in July and finally in October-

November a stronger one.  In conclusion, El Niño phenomenon sharpened the rain 

season and divide rain months with deficit ones, while La Niña phenomenon 

disrupts the rain season changing the regimen from monomodal to bimodal, with a 

new peak in March.     

In the Cundiboyacense plain, where the normal regimen is bimodal, El Niño 

phenomenon sharpened the rainy season in two months and generated a deficit in 

the next eight months, while La Niña phenomenon sharpened the rain season in four 



months with deficit the rest of the year. In this location of the Cordillera the 

phenomena alters the distribution of the rainy season, but not the amount of rain.   

The Western slope with El Niño phenomenon concentrated the rainy season in the 

first semester of the year, and let other seven months of water deficit; opposite to La 

Niña phenomenon that concentrated in the second semester of the year with some 

exceptions that moderated the dry season.  

Discussion  

Disease Progress Curve  

The temperature favorable conditions for the epidemic are between 6°C and 26°C 

(Harrison and G. 1992). The range of temperature in this study was close to the 

optimal reported. The first value in the disease progress curve is the highest and the 

maximum temperature was 21°C, which is the most favorable temperature for the 

sporangia formation (Crosier, 1934). Besides, when the collections began, most of 

the plants in the field were infected, and probably all this injured tissue was 

producing the sporangia. This could be the reason for the highest point in the 

disease progress curve. Therefore, the first value is for the highest production of 

sporangia, because the temperature conditions were within the optimum range 

throughout the day; since above or below of the favorable range of temperature the 

epidemic stops, and the minimum temperature in the first day of collection was 

7,9°C. 

From the third date the count of sporangia decreased probably because the rate of 

sporangia production decreases according to the temperature decline. Although the 

temperature at which the zoosporangia releases easily the zoospores is between 

12°C and 16°C , conditions that are present in the rest of the collection dates, 

allowing the few zoosporangia to release it. That could be the mechanism from the 

epidemic to maintain with less asexual structures within the crop (Crosier, 1934).       



Although the counts of sporangia were low, there were still injuries in the collected 

young foliage and it is because the zoospores infect the leaves (Crosier, 1934) and 

for the temperature range present in the field the germination was indirect, and 

allowed the epidemic to be present until the harvest.   

The RH apparently does not explain the curve, but its influence is determined by the 

temperature; if the atmosphere is dry and the temperature is low, the sporangium 

needs to rehydrate to infect, and if the humidity conditions does not improve, the 

sporangium could die. The RH of the second collection date was 74%, the maximum 

temperature was 21°C, the rainfall amount was 0,3mm and the minimum 

temperature was 3,8°C. The sporangia formations require, 21°C of temperature and 

at least 90% of RH (Harrison & Lowe, 1989), therefore probably the sporangia 

formation would not occur and if some sporangia generates, they require free water 

for rehydration but was almost a rainless day. For that reason, the low temperature 

is fundamental in dry season because prevents the sporangia mortality and the 

rehydration is crucial in the sporangia’s dispertion by windborne in rainless season  

The two last collection dates presented the highest RH values but the temperature 

was not adequate for sporangia formation. The data of RH was taken from a station 

near the crop but not within the crop, that adding imprecision in the values of this 

study. The influence of RH on the disease is on the foliage, and in this scale we have 

to recognize the microclimate within the crop, which is always changing. Therefore, 

it is necessary in the calibration of GEOSIMCast for Cundinamarca to record the data 

within the field to include the microclimate in the disease progress curve.  

Meanwhile the rain increased the availability of free water in the atmosphere, then 

affecting the humidity and free water on foliage surface, without which zoospore 

cannot be discharged from sporangia and are unable to swim, and consequently 

infection cannot occur, also   when is heavy play an important role in spore dispersal 

(Harrison and G. 1992).  The second peak in the disease progress curve is a result of 

the disease progress in the last period collected at 100 day. In this period the 



humidity conditions were better for the epidemic and then the amount of raining 

was enough to dispersal.  

Zoosporangia and zoospores geminated only in the presence of free water. 

However, other factors such as duration of leaf wetness, inoculation density, RH and 

temperature interact to determine whether or not germination and infection occur.  

For this reason, the relevance of the evaluations of the late blight’s development and 

their interaction with a variety of climate factors, but in this department has the 

climate condition for this disease?  

The climate analysis was described and proved to be very useful to understand the 

behavior of the climate in Cundinamarca. In The zone where the rain has a 

monomodal regimen, RH follows the same pattern. Therefore, the department has 

areas with two or one periods of favorable conditions for late blight development. 

The region with one peak on the eastern slope, which has less adequate conditions 

for late blight development, has a smaller area planted with potato when compared 

to the western slope and the Cundiboyacense plain, while the majority of the crop in 

Cundinamarca is planted in areas characterized by a bimodal rainfall distribution, 

where a late blight attack can occur twice a year.   
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