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Abstract

During the last years Phytophthora infestans sensu lato (Mont. De Bary) has caused epidemics in Colombia in Andean
fruit crops such as Solanum quitoense and Solanum betaceum. Establishment of new or modified experimental procedures
to study this pathogen is a mandatory subject for scientists. Twelve isolates of Phytophthora spp. obtained from six
different Solanum hosts in Colombia were used to evaluate the effect of five different solid media for growth and ability
to produce sporangia and liberate zoospores. Determination of the best media culture and optimal growth temperature
were necessary to perform measurements and correlate the provenance of isolates with phenotypic traits. Modifications
were made to use ingredients available in local markets on the following media: lime bean agar (LBA), Tree tomato
or tree tomato agar (TA), carrot agar (AZ), Rye A modified agar and 32% non-clarified V8 agar. Cardinal temperature
determination was performed at 10, 15, 20, and 25 °C. Morphometric traits were measured once the optimal media
culture and temperature were defined. Correlation analysis showed that there is a relationship between the host and
isolate’s preferences for media culture and optimal growth temperature. In addition, the production of characteristic
sporangia, sporangiophore and mycelia was related with the media type used and host from which the isolate was
collected. In this work useful information was provided to make studies about the biology and development of isolates
gathered from cultivated and wild non-traditional hosts.
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Preferéncias de midia, analise micro-morfométricos e determinacao da
temperature cardeal de crescimento para Phytophthora infestans sensu lato
isolada de diferentes hospedeiros na Colombia

Resumo

Durante os ultimos anos Phytophthora infestans sensu lato causou epidemias na Coldmbia em lavouras de frutos andinos,
como Solanum quitoense e Solanum betaceum. Estabelecimento de procedimentos experimentais novos ou modificados
para estudar este patdgeno ¢ um assunto obrigatorio para os cientistas. Doze isolados de Phytophthora spp. obtidos
de seis diferentes hosts Solanum na Colombia foram usados para avaliar o efeito de cinco diferentes midias sélidas
para o crescimento e a capacidade de produzir esporangios e libertar zodsporos. Determinacéo da melhor cultura de
midia e temperatura de crescimento ideal foram necessarias para realizar medi¢des e correlacionar a proveniéncia de
isolados com tragos fenotipica. Foram feitas modificagdes para usar os ingredientes disponiveis nos mercados locais nos
seguintes meios: agar do feijao de cal (LBA), tomate da arvore ou dgar do tomate da arvore (TA), agar da cenoura (AZ),
centeio um agar modificado e 32% de agar-V8 ndo-esclarecido. A determinagdo da temperatura Cardeal foi realizada
em 10, 15,20 e 25 °C. Tragos morfométricos foram medidos uma vez que a cultura de midia ideal e temperatura foram
definidos. Anéalise de correlagdo mostrou que ha uma relacdo entre o hospedeiro e isolar as preferéncias para a cultura
de midia e temperatura de crescimento ideal. Além disso, a producdo de esporangios caracteristica, esporangioforo
e mycelia foi relacionada com o tipo de midia utilizado e hospedeiros a partir do qual o isolado foi coletado. Neste
trabalho foram fornecidas informacdes tteis para fazer estudos sobre a biologia e o desenvolvimento de isolados
recolhidos de hospedeiros nao-tradicionais cultivados e selvagens.

Palavras-chave: mildio da batata, hospedeiros Solanum, zodsporos, esporangios, midia de crescimento ideal.
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1. Introduction

Phytophthora infestans sensu lato (Mont. De Bary) is
a devastating oomycete pathogen causing the late blight
disease in several plant species mainly in the Solanaceae
botanical family (Forbes et al., 2013; Cardenas et al.,
2011; Silva et al., 2009). Potato (Solanum tuberosum L.)
and tomato (S. lycopersicum L.) are the most important
crops affected by this microorganism at the worldwide
level (Griinwald and Flier, 2005). In South America,
including Colombia there are other crops affected by this
pathogen such as lulo or naranjilla (S. guitoense Lam.),
tree tomato or tamarillo (S. betaceum Cav.), pear melon
(S. muricatum Ait.) and other crop and wild species
(Forbes et al., 2013; Zapata and Bernal, 2012). These
Andean fruit crops have good potential for the internal
and for the export markets and are very important from a
socio-economic point view because they are grown mainly
by small farm-holders and they are included in the list to
replace illicit crops in the affected areas (Gutiérrez, 2009).
In tree tomato and lulo, the disease was unknown until
recently, farmers did not recognize symptoms or confused
them with other pathologies like anthracnosis caused by
Colletotrichum sp. (Corda) or the chlorotic spot caused
by Cladosporium sp. (Link) Therefore, this disease was
controlled mistakenly increasing costs, contaminating the
environment and affecting health (Pardo-De La Hoz et al.,
2016; Afanador-Kafuri et al., 2003).

Basic information about P. infestans in Andean crops and
wild species is scarce (Forbes et al., 2013). Recently, from
diseased solanaceous plants showing similar symptoms a
new species was isolated and named Phytophthora andina
(Adler and Flier). This report was criticized and still is
under debate, for this reason Phytophthora infestans sensu
lato is used in the literature as the causal agent of the late
blight symptoms in plant hosts. P. infestans sensu lato
is a versatile pathogen which can adapt rapidly to new
environments, control by chemical products and new hosts
such as new crop varieties. In South America including
Colombia, cultivated and wild plant hosts grow on the same
life zones, usually at an altitude between 1800-2800 masl
(meters above the sea level) and are present all year round
creating permanently favourable conditions for pathogen
development. For these reasons, late blight control is very
difficult and basic research mainly in the Andes of South
America is urgently needed.

Environmental conditions such as temperature, humidity,
nutrient preferences and others, are major abiotic factors
impacting all levels of biological functions of plant pathogens
from molecules to ecosystems and they influence all
ecological communities and interactions. In host-pathogen
interactions, they can strongly affect epidemic development
modulating key stages of the pathogen life cycle such as
sporangia germination, zoopore, cyst formation and germ
tube elongation (Mariette et al., 2016). Due to the large
diversity of P. infestans sensu lato genotypes involved
in the epidemics around the world in the last decades, it
is important to develop protocols and methodologies to
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study specific requirements of media, temperature and
other growth factors, for the different isolates obtained
from a wide range of hosts and geographical origins as
usually occurs in Colombia (Goss et al., 2014; Lamour,
2013; Erwin and Ribeiro, 1996).

2. Material and Methods

2.1. Isolates collection and maintenance

Isolates were collected during the years 2012 and 2014
from different regions in the Andean range in Colombia,
South America, where crop and wild hosts grow up. Altitude,
host, georeferenced localization and date of collection of
each isolate evaluated were registered (Table 1). Samples
were put inside labelled paper bags and kept in polystyrene
containers with ice until they were processed in the
laboratory. The plant tissue was washed thoroughly using
tap water, then was dried in a paper towel and incubated in
a humid chamber for 24 to 48 hours (controlled growing
cabinet Sanyo®) in darkness and at a temperature between
18 to 20 °C, to stimulate sporulation. Once profuse
sporulation occurred, sporangia were collected on a 10-pum
filter and rinsed with sterile distilled water. The obtained
suspension was visualized under the light microscope at
400x to verify structures of Phytophthora infestans sensu
lato and concentration was adjusted to 2 x 10* sporangia
mL™" in sterile distilled water. Two droplets of 20 uL of
the sporangia suspension were deposited on susceptible
potato slices cv. Careta, cv. Sabanera or cv. Tuquerrefia
(S. tuberosum subsp. andigena), or on healthy leaves of
S. betaceum washed thoroughly with sterile distilled water
for the isolates collected from tree tomato. Inoculated
isolates were then incubated in the controlled growing
chamber, in sealed plastic containers with free water in
the bottom to guarantee high humidity, for five to seven
days at 18 to 20 °C.

Depending on the sporulation intensity, the isolate was
transferred to semi-selective media culture or sporangia were
collected again and the process was repeated until enough
sporangia were obtained to be transferred to semi-selective
media. For samples collected from wild Solanum plants
(Solanum sp. (L.) and S. caripense (Dunal)), isolates were
kept on detached leaves of the same host from which
they were collected, due to the difficulty to transfer these
isolates to synthetic media culture, incubated under the
same conditions described and transferred to fresh leaves
every 5 to 8 days. For long term storage, sporangia from
isolates were frozen in liquid nitrogen as suggested by
Zapata and Bernal (2012).

2.2. Mating type

The first approach to determine the mating type
was to pair our set of isolates with a known Al mating
type reference isolate in media culture Rye A modified
(with ground grain instead of soaked grain). Sixty grams
of rye flour were dissolved in 1L of distilled water, 18 g of
sugar added and 20 g of bacteriological agar amended with
B-sitosterol (25 mg/L). Plates were placed in an incubator

Braz. J. Biol., 2020, vol. 80, no. 1 pp.167-179



Features of Phytophthora infestans in media

"9]qe[IeAR JOU = YN

«TETT669L0 M (unaonjaq
«£19.02.10 N 781¢ okewming Kopunqrs ap o[[eA €re01e ST#RQS '§) ojewio} AL, 7|
«0'5$5.0609L0 M (vlounyd
«1'€L0T10 N €vTe ofewmng Kopunqrg op d[[eA €1°¢091 ¢1#ydg ') oyeyod profdiq@ 1
«6'98:865SL0 M
«ITLLoTON 9061 e[Iny edorodQ 11°50°S0 7-dO (asuaonnb -g) oy Q1
«OL LY EVoSLO M
«0E€'LS£T90 N L80T embonuy OWIUQId[ UL €1°€0°60 T#enss (suajoaapns ") Pl 6
«£0°0.1€.SL0 M
F8SE£1:90 N €961 embonuy BUD[Y BIUBS €1'v0°ST [#1808 (osuadiivs "§) piy - 8
«6'98:865SL0 M
«TT165050 N 0€61 embonuy upief €1'¢€0cT PV (asudonnb -g) oy L
«8LSTAToSLO M (wnyvorinut
61156290 N €heT embonuy sepjewuo(] €1°€0°CT [#nwg '§) enge op ourdog 9
«$0.5ToSLO M o1gauory (wno1s.aadood]
«1°0:80090 N 0T1T embonuy ‘BA[eS ® ‘eor0dio) €1°€091 1#941S '§) ojewio], g
«C'85.0609L0 M (wnaonjaq
«T'€L0T.10 N 90LT embonuy sep[e) ‘sou] viueg €I'€091 STHIAS '§) 0jewo} AIL,  p
«F6'85.6ToSL0 M (unaonjaq
«C1'6T.21:90 N €T5T embonuy BUD[Y BIUBS €1'20'1C 1T#19S '§) 0JeW0} A1, €
«F6'85.6ToSLO M (vloanyd
«Z1°62.21:90 N €TST embonuy BUS[H BIURS TIE011 91#nyds '§) oyejod projdiq ¢
AJUAIJY
VN VN VYN JOo ureng jeuoneurdjuy umouy Jo0N 69088 N wnsotoqnj .m.v 01e10d 1
(]9A9] BaS (A1edx "YuUOAAe(q)
mmzmm“m%ooo 9} 9A0QE SIAIIA]) NI Mmmﬁ@ﬂ%@% q ALITVADINOW ALVA #A1 LSOH INV'1d #
NOLLVAATA NOILDATIOD

“BIQUIOJO)) UI SISOV $1020DUD]OS JUAIDPIP WOIJ PIUTRIQO SAJR[OSI JNOQE UORULIOJU] *] J[qEL

169

Braz. J. Biol., 2020, vol. 80, no. 1 pp.167-179



Gomez-Gonzalez, S., Castaneda-Sanchez, D. and Morales-Osorio, J.

at 15 °C in the dark and examined for the presence of
oospores after 4 weeks. The second approach was to test for
a marker linked to the mating-type locus using a reported
polymerase chain reaction (PCR)-based assay (Pérez etal.,
2001; Judelson, 1996). DNA from freeze-dried mycelia
obtained from the growth in pea broth was extracted and
purified using the DNeasy® plant mini kit, quantified in
Nanodrop®, visualized in an agarose gel electrophoresis
and used as a template in a 25ul PCR reaction. Primers
used were S1A (5’-AGGATTTCAACAA) and S1B
(5’-TGCTTCCTAAGG) described by Judelson (1996).
These primers amplify a fragment of DNA of approximately
1,250 bp corresponding to locus S1, which is linked to the
Al-determining allele of the mating-type locus.

2.3. Media preference test

Some of the original recipes were modified, Rye A,
instead of using the fermented grain extract, it was used
rye flour (60 g/L) combined with sucrose (18 g/L) and
bacteriological agar (20 g/L). Non-clarified V8 juice agar
adjusted to 32% and combined with CaCO, (0.5 g/L),
sucrose (18 g/L) and bacteriological agar (20 g/L) and pH
adjusted to 6.2 with NaOH 1N was used. For the carrot
agar (AZ) 100g of carrot pieces were boiled in one litre of
distilled water during 30 minutes. After filtering through
four layers of cheese cloth it was mixed with 25 g/L of
agar. No sugar was added. The Tree tomato Agar (TA) was
modified from the reported by Revelo et al. (2011). 125 g
of tree tomato pulp was blended in 500 mL of distilled
water then filtered through four layers of cheese cloth and
250 mL were mixed with 100 mL of green pea broth (75 g
boiled peas for 30 min in 300 mL of water), then combined
with CaCO, (0.5 g/L), sucrose (18 g/L) and bacteriological
agar (20 g/L), pH adjusted to 6.2 with NaOH IN. Colony
growth rate was determined by taking agar plugs (10 mm
in diameter) from the margins of 10 to 12 days old Rye A
cultures and transferred to two plates of each media. Isolates
were then incubated in the growing chamber at 18-20 °C
in darkness for 15 days. Every two days from the fifth day
until the fifteenth day two perpendicular measurements
of each colony were taken. On the last day of incubation,
the Petri plate was flooded with 10 mL of sterile distilled
water and sporangia concentration was counted using a
Neubauer’s chamber. This assay was repeated two times.

2.4. Cardinal temperature test

Vegetative growth in a range of temperature from
10 to 25 °C at intervals of 5 °C was evaluated to find out
which was the optimal in order to favour the production of
microscopic structures of each isolate. Agar disks (10 mm)
from the growing margins of cultures of each isolate were
transferred to Rye A agar and were incubated in darkness.
There were two replicates per isolate per each temperature
in each experiment, and experiments were replicated three
times. The colony diameter was measured at 15 days
post-inoculation in two orthogonal directions, and the
average for each temperature was calculated.

170

2.5. Micro-morphometric analysis

After 15 days growing under optimal conditions of
media culture and temperature, sporangia of two plates
were collected washing the surface of each plate with
10 mL of sterile distilled water. The length and width
(in micrometers) of 50 randomly selected sporangia of each
isolate were measured at 200 using light microscopy and
video image analysis (Nikon Microscope Camera DS-Fi3)
and used to calculate the sporangia length/width ratios.
Pedicel length was measured with an ocular micrometer.
Isolates were compared for sporangial length and width,
pedicel length, type of papilla, pedicel attachment, caducity
and hypha thickness.

2.6. Zoospore liberation

Sporangia suspensions were obtained as described
previously and used to evaluate the ability of each isolate
to liberate zoospores at 4 °C. Aliquots from the sporangia
suspension incubated at 4 °C were taken every thirty
minutes and mounted in the Neubauer’s chamber to count
the number of free zoospores released by each isolate.
The measurement was repeated twice and two measures
were recorded per isolate at every time.

2.7. Statistical analysis

The best conditions to grow, produce and deliver
dispersal and reproductive structures of P. infestans sensu
lato were established by stages. Differences between each
factor (isolate, media culture, temperature and time) were
determined by Analysis of variance ANOVA (95% probability).
For those cases where significant differences (P<0.05)
were detected, the LSD (Least significant differences) test
was used to compare means. To graph the interactions, a
conglomerates grouping methodology was used to define
the factors (origin, hosts) that permit to categorize the
11 isolates tested. This method correlates individuals
according to their similarity based on characteristics that
describe them in a similar way.

3. Results

During the process of isolation of P. infestans it was
observed that some isolates spend more time growing
than others so we decided to evaluate different types of
media culture reported in the literature to see whether
this difference was due to specific nutrient requirements
of each isolate. We found that isolates from tree tomato
were difficult to grow on Rye agar, used as the standard
media for P. infestans around the world. Evenmore, we
observed that isolates collected from potato leaves do not
grow well in tree tomato leaves, suggesting requirement of
nutrients and host specific components (Table 2).

3.1. Mating type

Sexual structures such as oospores, oogonium or
antheridium were not observed after the incubation with
the reference strain A1. PCR results showed the expected
amplicon of about 1250 pb present in all isolates evidencing
the presence of the locus S1 related with the mating type
Al only (Data not shown).

Braz. J. Biol., 2020, vol. 80, no. 1 pp.167-179



Features of Phytophthora infestans in media

Table 2. Growth of each isolate in different media. Pictures were taken after 15 days of incubation at 18 °C. Three
representative isolates were selected for these pictures.

ISOLATE LIME BEAN AGAR V8 AGAR TREI::‘ZKII\;[ATO RYE AAGAR

88069

Sbet#15

Slycop#1

Smuri#l

Sphu#13

Sphu#16
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Table 2. Continued...

ISOLATE LIME BEAN AGAR

V8 AGAR

TREE TOMATO

AGAR RYE AAGAR

Sbet#11

Sbet#25

JA-4

3.2. Media preferences test

Allisolates tested exhibited similar circular homogenous
growth pattern at 18 °C on every medium (Table 2).
However, they differed significantly in their growth rate
on each media (P<2e-16). Furthermore, it was found that
Tree tomato (TA) and V8 were the most convenient media
for growing all the isolates evaluated, followed by the Rye
A modified, then by Carrot Agar (AZ) and finally the Lima
bean Agar (LBA). Colonies showed sparse aerial mycelia
and grew at the greatest rates on TA, especially the tree
tomato isolates (Sbet#11, Sbet#15, Sbet#25). All isolates
produced hispid aerial mycelia on V8-(32%) agar and on
tree tomato agar. On lime bean agar (LBA), Rye A and
Carrot agar (AZ), all isolates exhibited superficial mycelia.
The colony pattern on AZ was radiate with a smooth edge.
Irregular growth pattern was observed on tree tomato agar
for isolates Slycop#1, Sphu#13 and Sbet#25. Isolates JA-4
and OP-2 collected from lulo (S. quitoense) needed more
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time than other isolates (30 days) to cover 80% of the Petri
plate in Rye A, LMA and TA. Carrot agar (AZ) and V8
agar were unable to support the growth of these isolates.

The paired analysis showed that the isolate 88069 grew
faster than other isolates in all media tested with a mean of
49.976 mm. In contrast, JA-4 from lulo (S. quitoense) was
the slowest isolate with a media of 6.942 mm in all media
after 15 days of incubation at 18 °C. The media culture with
the best conditions for the growth of all isolates evaluated
after 15 days of incubation at 18 °C was the tree tomato
agar with a mean=40.6285 mm and Lima Bean Agar (LBA)
(media=26.271 mm) was the less growth-promoting media
culture. After 15 days of incubation, isolates grew on
average 54.1108 mm in all media evaluated. The interaction
between isolate and media culture evidenced by the LSD
test showed that TA medium (mean=55.617 mm) and Rye
A agar medium (mean=54.142 mm) were the best media
for isolate 88069 reaching a maximum of 85% of growth

Braz. J. Biol., 2020, vol. 80, no. 1 pp.167-179
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in 15 days post-inoculation. Isolate JA-4 had the slowest
growth rate in all media culture needing 30 days to cover
85% of the Petri plate in the best growing medium TA
(media=14.531 mm).

The hierarchical cluster analysis grouped the
isolates growing in different media cultures based on
their geographical origin and the host from they were
collected. The first group included two isolates from
the host S. betaceum, Sbet#11 and S.bet#25 collected in
Antioquia, Colombia. The second group was composed
by isolates: Sphu#16, JA 4, Smur#1 and Slyc#1, all of
them from four different Solanaceous hosts collected in
Antioquia, Colombia: S. phureja, S. quitoense, S. muricatum

and S. lycopersicum respectively. The other two isolates
from S. betaceum, Sbet#15 and Sbet#16, were included in
the fourth group together with the Sphu#13 from potato.
These three isolates were collected in Valle de Sibundoy,
Putumayo, Colombia (Figure 1).

3.3. Sporangia production in media culture

There were significant differences in the number of
sporangia produced by each isolate incubated at 18 °C
after 15 days post-inoculation. Values varied from
5.417 to 100.883 sporangia per millilitre, being the isolate
Sbet#25 from tree tomato collected in Antioquia growing
on TA media the most productive and the reference isolate

Cluster dendogram with p-values (%)

au

3.0

2.5

98

2.0

Height
1.5

1.0

0.5

100

38
43

Distance: euclidean
Cluster method: complete

Figure 1. Cluster dendogram grouping isolates based on growth rate in different media cultures. Group 1: Sbet#l1,
21-26 and Sbet#25, 27-31; Group 2: Sphu#16, 1-5; JA 4, 6-10; Smur#1, 11-15 and Slyc#1, 16-20; Group 3: 88069, 52-56;
Group 4: Sphu#13, 32-36; Sbet#15, 37-41 and Sbet#16, 42-46.
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880069 growing on AZ media the less productive. Modified
Rye A was the media culture where most of the isolates
produced the highest amount of sporangia after 15 days
post-inoculation (mean=58.546 sporangia/mL) and
32%-non clarified V8 agar was the media with the lowest
mean of sporangia concentration produced by the isolates
evaluated under the same conditions (17.027 sporangia/mL)
(Figure 2). No significant differences were identified for
sporangia production between Rye A and Tree tomato
Agar (TA) and between Lima bean agar (LBA) and Carrot
Agar (AZ) media after 15 days post-inoculation. The LSD
test showed that the isolate Sbet#25 from S. betaceum
gathered from Antioquia, Colombia and growing on tree
tomato Agar (TA) media exhibited the highest sporangia
concentration (mean=256.944 sporangia/mL) and

AZ
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Sbet#11 growing in Rye A showed the lowest sporangia
production (mean=1.999 sporangia/mL).

The hierarchical cluster constructed using the variable
sporangia production by each isolate in all media culture
evaluated after 15 days post-inoculation at 18 °C produced
three groups and an outlier member. The first group was
composed by all isolates growing on Rye A media modified
which is the media where the production of sporangia was
the highest as mentioned above. The second group contained
all the isolates growing on media V8-32%-non-clarified
where the sporangia production was the lowest. Finally,
the biggest group contained three small sub-groups
conformed each by isolates growing on AZ, LBA and TA.
Isolate Sbet#25, with the highest sporangia production in
TA media was the outlier from the group.

6OOO0

20000

SEEE

'%1 l$| T
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Figure 2. Mean concentration of sporangia produced by each isolate on each media evaluated after 15 days post-inoculation.

Error bars represent the standard error of the mean.
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3.4. Cardinal temperatures tests

Cardinal temperatures tested for all isolates after 15 days
on Rye A modified showed that 15 °C was the temperature
with the best growth rate for most of them with a mean
0f 37.98 mm, followed by 20 °C (mean=29.90 mm), then
25 °C (mean=11.67 mm) and finally 10 °C (mean=6.06 mm)
(Table 3, Figure 3). The isolates with the best growth
rate in the whole range of temperatures evaluated were
Sphu#13 from S. phureja (yellow potato) and Sbet#15 from
S. betaceum (tree tomato) both collected in Putumayo,
Colombia. Then, Sbet#11 and Sbet#25 followed by tomato
(S. lycopersicum), S. muricatum gathered all in Antioquia,
Colombia. Finally, isolates with the smallest growth were

Cepa
—e— Sph_13
—& A4
-+ Smur_1
-x- Slye |
R =0— Sbet#ll
-~ Sbet 25
or2
ks —# Sbet#ls

Growth (mm)

Temperature (°C)

Figure 3. Growth (mm) of each isolate measured 15 days
post-inoculation at four different temperatures. Two plates
per temperature were measured and the assay was repeated
three times for a total of six pseudo-replicates used to
calculate the mean values.

Table 3. Cardinal temperatures.

isolates OP-2 and JA-4 from S. quitoense (lulo) collected
in Antioquia and Huila, respectively. Table 3 summarizes
cardinal temperatures for each isolate evaluated in this work.

3.5. Micro-morphometric analysis
3.5.1. Sporangia size average

Sporangia size were in the range from 45.01+7.17 to
58.46+11.45 um. The shortest length was measured for
isolate Scar#1 and the longest was for isolate Smur#1 both
collected in Antioquia. Width values oscillated between
28.67+3.05 to 38.644+5.20 um. Isolate Ssua#l was the
narrowest and Sphu#13 the widest. Microscopical structures
observed are summarized in Table 4.

3.5.2. Sporangia shape

The most frequently observed shape for all isolates
during the micro-morphometric test was naviculate. In fact,
five out of the 12 isolates evaluated presented naviculate
sporangia frequency above 80%. The second more frequent
sporangia shape was pyriform present in seven out of
12 isolates in a frequency range from 4 to 41% followed
by the ellipsoid shape present in seven isolates with a
frequency range from 4 to 24%. For isolates 88069 from
S. tuberosum, OP_2 from S. quitoense, Sbet#11 from
S. betaceum and Slyc#1 from S. lycopersicum, more than
three sporangia shapes were observed being naviculate and
ellipsoid the most frequent. Only in 88069 the spherical
shape was observed at a low frequency of 8.7%.

3.5.3. L:W ratio

The L:W ratio varied in a range from 1.45 pm for
isolate Sphu#13 of S. phureja to 1.98 um in Ssua#l of
S. suaveolens (Kunth and C. D. Bouché).

3.5.4. Type of papilla

Semi-papillated was the most frequent type for
sporangia observed during the tests. For some isolates like
Smur#1, 88069, Sphu#13, Scar#1 and Slyc#1 the papilla

ISOLATE MINIMUM OPTIMAL TEMPERATURE MAXIMUM
TEMPERATURE (°C) (°C) TEMPERATURE (°C)

Sphu#13 10 15 20
Mean=+17.8108 Mean=+ 57.7850 Mean=+41.6750

JA_4 15 20 25
Mean=+4.5233 Mean=+26.45750 Mean= +18.0223

Smur#1 -—- 15 20
Mean=+ 41.7966 Mean=+21.7675

Slyc#1 10 15 20
Mean=+ 5.4891 Mean=+34.2558 Mean=+21.7675

Sbet#11 15 20 25
Mean= +37.8958 Mean=+38.6200 Mean=+12.3233

Sbet#25 10 15 20
Mean=+ 6.0533 Mean=50.4375 Mean=+26.5108

OP_2 15 20 25
Mean=+16.2233 Mean=+31.1550 Mean=+ 13.3416

Sbet#15 10 15 20

Mean=+ 8.8358

Mean=+60.9425

Mean=+32.5650
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Table 4. Sporangia morphology.

ISOLATE

HOST g\gjl\?l)n}?}g)%z SPORANGIA SPORANGIOPHORE
ORIGIN
Sbet#16 S. betaceum Tree Tom. Agar (TA)
Putumayo 20 °C
OP 2 Tree Tom. Agar (TA)
S. quitoense 20 °C
Huila
Scar#1 Detached

S. caripense Antioquia  Host leaves 25 °C

88069
S. tuberosum Holanda

Rye A Mod.
15°C

was protuberant and very easy to see in most of the mature
sporangia. S. betaceum isolates showed a reduced papilla
or even in some cases was not observed in comparison with
the semi-papillated sporangia. In isolates from S. quitoense
the papilla was no observed in all cases although around
80% of their sporangia were classified as semi-papillated.

3.5.5. Pedicel

Isolate Sbet#16 from S. betaceum from Putumayo,
Colombia, was the isolate with the longest pedicel with a
mean=5.90 um. The smallest pedicel was found in isolate
Scar#1 from the wild Solanum sp. collected in Antioquia
with a mean=2.90 um. By geographical region, isolates
from the departament of Huila exhibited the longest pedicel
(mean=5.66 um), Putumayo was second (mean=4.68 um)
and Antioquia was associated with the shortest pedicel
with a media=4.0333 pum.

3.5.6. Caducity

Statistical analysis showed two groups of isolates based
on the caducity of their sporangia. The first group was
composed by those which were mainly caduceus such as:
Scar#1, Sphu#13, Sbet#15, Sbet#25, Slyc#1, Ssua#l and
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Smur#1 and the second group included isolates with less
frequency of caducity: JA 4, OP-2, Sbet#11, 88069 and
Sbet#16.

3.5.7. Hypha measurement

The isolate with the widest hypha was Scar#1 from
S. caripense with a mean of 11.123 pm, the narrowest
hypha was measured for the isolate from Solanum sp.
Ssua#1 with a mean of 5.392um.

3.5.8. Zoospore liberation

Zoospore counting was performed two hours after the
incubation at 4 °C in darkness. No isolates were able to
liberate zoospores before this time. Results obtained from
the liberation of zoospores are summarized in Figure 4.
S. betaceum isolates Sbet#11, Sbet#25 and JA_4 were the
isolates with the highest concentration of zoospores released
and Sphu#13 had the lowest concentration. For isolates
Sbet#11 and Sbet#25, zoospore release was registered
at the beginning of the first time period of evaluation at
126 min and reached the maximum concentration between
185 and 243 minutes.
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Figure 4. Zoospore liberation. Zoospore counting was
performed beginning at 120 minutes after the incubation
at 4 °C in darkness. No zoospores were observed before
120 minutes. The measurement was repeated twice and
two measures were recorded per isolate at every time to
calculate mean values.

3.5.9. Cysts production

Most of the isolates produced more cysts by the end
of'the test. After six hours of incubation, the concentration
of cysts reached the maximum for half of the isolates
evaluated. Sbet#11 and Sbet#16 reached the first peak of
encystment after three hours of incubation. The isolate
with the highest concentration of cysts produced was
Sphu#16 with 44.444 cysts/mL after five hours and
40 minutes of incubation, followed by isolate Slyc#1 with
34.259 cysts/mL after three to four hours of incubation.
The lowest concentration of cysts was registered for isolate
88069 with 925 cysts/mL after four hours of incubation.

4. Discussion

4.1. Mating type

In the present work, no sexual structures such as
antheridia, oogonioum or oospores were identified and
the PCR results were consistent with the banding pattern
present in the A1 mating type, indicating that all isolates
tested were of the A1 mating type. In Colombia, the A1 has
been reported previously as the predominant mating type in
the P. infestans populations. Although the A2 mating type
was reported in 2007 collected from the solanaceous host
Physalis peruviana (L.), no further findings have been made
and no other P. infestans symptoms or isolates have been
found in this host (Danies et al., 2014; Vargas et al., 2007).
Evenmore, the infection of P. infestans in P. peruviana
induces responses typical of an incompatible interaction
creating intriguing question about this pathosystem that
requires further research. The Colombian territory has
places with very difficult access for sampling mainly due
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to the long term war that the country has been suffering
during the last 50-60 years. It is expected that during
the post-conflict more regions will be surveyed to help
us for a better understanding of the mating type of the
P. infestans populations.

4.2. Media preference test

Hispid sparse aerial mycelia were the most common
colony morphology observed during the media preference
test. As was described before for P. infestans and the other
species of Group IV (Newhook et al., 1978), the culture
pattern was uniform for most isolates. Only few rosette
and radiate types were registered for the isolate from
S. lycopersicum Slycop#1 growing in tree tomato agar (TA).
As was described (Revelo et al., 2011; Mesa-Salgado et al.,
2008), the use of a previously reported media such as Rye
A favoured the ability of P. infestans sensu lato to grow
efficiently, whereby isolates gathered from S. betaceum
yielded better growth rates in the TA media.

Isolate 88069 is commonly used as the wild type
P, infestans reference strain (Oliva et al., 2015; Whisson et al.,
2005) and is characterized for its ability to grow fast and
produce abundant sporangia. In this work was evident
its fast ability to grow but also its diminished production
of asexual structures. Reduced sporangia production in
synthetic media has been reported before for a number
of plant pathogens from different kingdoms such as
oomycete, fungi and bacteria (Ingram and Robertson,
1965). Therefore, for host inoculation experiments where
sporangia production and virulence is needed, it is important
to reactivate them by growing isolates in detached leaves
before the actual inoculation. Lime Bean Agar modified
media (LBA) supported the growth of most of the isolates
at low rate letting them to use all the resources from this
media slowly, which could be convenient for prolonged
storage as has been reported before (Peters et al., 1998;
Goth, 1981). Lulo (S. quitoense) isolate JA_ 4 was unable
to grow at the same rate as the other isolates evaluated
in this work. It was necessary to keep this isolate under
incubation conditions for 30 days to cover 75% of the plates.
Even at 20 °C in the most convenient media cultures, Rye
A modified and Tree tomato agar, these isolates needed
more time to grow, suggesting variability in the growth
rate in the population, in some extent independent from
nutrient and environmental conditions.

4.3. Cardinal temperature

Cardinal temperature results were different from what
it was reported for Phytophthora infestans isolates by
Waterhouse (1963). Even though she found the optimum
was between 20-32 °C, it was observed that 15 °C was the
optimal temperature for most of the isolates evaluated in
this work. Likewise, the maximum range reported in the
year 1963, was between 30-36 °C, but in previous assays
to define the range to be tested, none of the isolates from
this collection was able to grow above 25 °C. Only the
S. quitoense isolates, JA_4 and OP_2, grew better at 20 °C
than at 15 °C. As was previously reported for this oomycete,
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optimal growth has been observed at temperatures below
20 °C. Lulo crops in Colombia are frequently grown
between 1600 and 2300 altitude, where temperatures
oscillate between 16 to 24 °C (Zapata and Bernal, 2012),
suggesting adaptation as a possible explanation for this
preference. In contrast, potato crops in Colombia are mainly
cultivated between 2000 to 3000 altitude, where the range
of mean temperature is from 8 to 13 °C. This preference
could be the reason why the S. phureja isolate grew faster
at 15 °C in comparison with the other isolates at the same
temperature.

4.4. Morphometrics

In the first reports about the morphology of
Phytophthora spp., the shape of the sporangia was a
trait that was used for the original taxonomy and thereby
classification. Tucker (1931) described some of the features
that were observed in most of the isolates evaluated:
sporangiophores clearly differentiated from the mycelium,
erect, branching compound, sympodial, with a small
swelling at the base of each branch. For the tree tomato
isolates the aforementioned swelling were more evident
than those in the potato isolates. It was observed in this
work some more variation in the sporangia shape than
previously reported, being naviculate and pyriform the
most common. The sporangia size range observed in this
work was slightly bigger than the range defined by CAB
International in 1998, 45 x 29 (max. 59 x 37) um. Also, the
pedicel length observed in this work was scarcely longer
than the one reported by CAB International. P. infestans
was not considered as part of the group of species with a
distinctively large L:W ratio (>1.6), but in this work it was
found that only in two isolates 88069 and Sphu#13, this
ratio was smaller than 1.6 and for the other ten isolates
evaluated the L:W ratio was above 1.6. This increase in
the L:W ratio observed in most of the isolates tested in this
work could be due to the effect of the growth media over
the develop of their structures. There was no difference
between the reports about the type of papilla for P, infestans
made by Tucker (1931) since semi-papillated was the
most frequent type of ending for sporangia found in this
work. But some differences were observed here regarding
the apparent size of the papilla. Isolates with an evident
and big papilla were, Smur#1, 88069, Sphu#13, Scar#1
and Slyc#1 and the group with non-papilla or with a very
small papilla were isolates collected from S. betaceum
and S. quitoense. The size of the hypha measured for the
isolates in the present work was between 5.4 to 11.1 um, was
larger than the usual size reported by other authors between
5 to 8 pm (Jaramillo, 2003; Erwin and Ribeiro, 1996).
Only two isolates were within this size range, Sbet#15 and
Ssuav#l1. As described, the hypha measurements could be
variable and may be affected by the chemical and physical
nature of the media where it grows, if the media is liquid
or solid and if the mycelia is growing inside the cells of
the plant host (Hartman and Huang, 1995).

Danies et al. (2014), reported that within 30 minutes
of incubation at 4 °C, the isolate US-24 released zoospores
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from more than 75% of the sporangia. However, in the
present study no zoospore release was observed for all
isolates tested before two hours of incubation at 4 °C.
In contrast with the reports the isolates evaluated here did
not liberate zoospores as early as some reports mentioned
it. It might be due to the long-time maintenance treatment
of these isolates that one of the first trait to be affected is
the zoospore delivery because under the lab conditions
they do not need it at all. It seems like zoospore delivering
is not an important event for the surviving of the isolate
even if it is growing in a semi synthetic media with all the
required nutrients and in the optimal temperature.

5. Conclusion

There is a relationship between the host and isolate’s
preferences for media culture and optimal growth temperature.
In addition, the production of characteristic sporangia,
sporangiophore and mycelia was related with the media
type used and host from which the isolate was collected.
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