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Abstract

[Methods | The occurrence of potato early blight was investigated in 5 winter potato growing areas in Yunnan Province. The disease samples

[ Objectives | The paper was to understand the species and pathogenicity of the pathogen causing potato early blight in winter.

were collected from two locations ( Zhutang Village and Zhanai Village, Pu’er City) where the occurrence of early blight was severe. The patho-
gen was isolated and purified in laboratory and identified by morphological characteristics and phylogenetic analysis of ITS gene sequence. And
it was further verified via re-inoculation by Koch’s rules. The growth characteristics and pathogenicity of isolates in different seasons were
analyzed with 4 strains of Alternaria isolated in spring (EYZ, EYAX, TA1 and TAC) as controls. [ Results] Early blight occurred in varying
degrees in the 5 winter potato growing areas, and the incidence of early blight was up to 100% in some plots in Lancang County, Pu’er City.
A total of 35 strains of Alternaria were isolated from plots with high incidence, which were divided into two types according to colony morpholo-
gy. The first type was round colonies with smooth edges and gray white fronts, and the second type was round colonies with rough edges and
gray black fronts. Three strains LC1, LC2, LC3 of the first type and two strains ZT3 and ZT8 of the second type were selected and identified
as Alternaria alternata through morphological and molecular identification. Re-inoculation test further confirmed that the pathogen was A. alter-
nata. Meantime, it was found that the growth rate of colonies isolated in winter was relatively slow, and there was no significant difference be-
tween the pathogenicity of LC1 and TA1, but the pathogenicity of strains isolated in winter was generally higher than that isolated in spring.
[ Conclusions ] It is confirmed that the pathogen causing potato early blight in winter is A. alternata in Yunnan Province. The results will lay

a foundation for the research of pathogenesis, occurrence regularity and disease control of A. alternata in winter potato.

Key words Alternaria, Potato early blight, Morphological characteristics, Pathogenicity

1 Introduction

Potato early blight is a worldwide disease, which occurs in
major potato producing areas all over the world. The occurrence
area of potato early blight in China accounts for about 20% of the
total potato planting area. The incidence rate in Yunnan Province
reaches up to 5% -10% on average, or even 90% —-100% in se-

vere plots’ 7.

In recent years, Yunnan has developed into the
largest winter potato producing area in China due to the unique
climatic conditions of low latitude plateau, with the winter potato
planting area exceeding 3 billion ha’'. Low temperature and low
rainfall in winter can avoid the occurrence of late blight to a cer-

tain extent in Yunnan Province, but in recent years, it has been
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found that the occurrence of potato early blight in winter is faster
than that in spring. The pathogen has stronger pathogenicity, be-
coming the main potato disease in winter. Therefore, determining
the species and pathogenicity of potato early blight in winter not
only provides a basis for revealing the occurrence regularity of po-
tato early blight in winter, but also has important significance for
disease control and industrial development.

The pathogen causing potato early blight belongs to Alternar-
ia, Dematiaceae, Moniliales, Hyphomycetes, Deuteromycotina.
At present, more than 500 species of Alternaria fungi have been
reported internationally, and new species are constantly being dis-
covered™®', more than 95% of which can cause crop diseases. The
pathogenic fungi that cause potato early blight include A. solani,
A. alternata, A. tenuissima, A. arborescens, A. grandis, A. in-
terrupta, A. infectoria and A. dumosa, among which A. solani is

5]
(5] . A. alternata was once con-

the dominant pathogenic population
sidered by Weir et al. '*' to be unable to cause the occurrence of
potato early blight alone. Later experiments proved that both
A. dlternata and A. solani could cause the occurrence of potato
early blight separately!”’ | so A. alternata is also the main patho-
gen causing potato early blight. And the potato early blight caused
by the two pathogens could not be distinguished from the appear-

ance'®’. He et al. ™ isolated A. solani from susceptible leaves of
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potato early blight collected from Kunming, Yunnan Province.
Meng et al. ') isolated A. alternata from susceptible leaves of po-
tato early blight in Yunnan Province, and identified that its patho-
genicity was higher than that of A. alternata collected from
Fujian, Shandong, Henan, Hubei, Inner Mongolia and Hei-
longjiang provinces. Therefore, there are regional differences in
the distribution and pathogenicity of Alternaria strains causing ear-
ly blight. Currently, the pathogen of winter potato early blight in
Yunnan Province has not been reported yet. The research group
investigated the occurrence of winter potato early blight, and car-
ried out the species identification and pathogenicity research of the
pathogen causing early blight. Samples were collected from key ar-
eas of potato early blight in winter in Yunnan Province, and the
pathogenic strains were confirmed by morphological and molecular
identification. The differences in growth characteristics and patho-
genicity between A. alternata isolated in winter and spring were
analyzed, providing a basis for the study on the incidence regulari-

ty and control of early blight in winter.

2 Materials and methods
2.1 Materials Strains EYZ, EYAX, TAI and TAC isolated in
spring were provided by the Laboratory of Potato Pest Ecological
Management, College of Plant Protection, Yunnan Agricultural
University.

The PDA medium (200 g potato, 20 g agar, 20 g glucose,
1 000 mL water) was used for the separation and sporulation of
Alternaria strains.
2.2 Disease investigation sampling and pathogen isolation
and purification An investigation was conducted on the occur-
rence of early blight in 5 winter cropping areas of Yunnan Province
( Dehong Prefecture, Honghe Prefecture, Wenshan Prefecture,
Pu’er City and Lincang City). Samples of potato early blight were
collected from Zhanai Village and Zhutang Village in Lancang
County, Pu’er City, Yunnan Province, where the disease severely
occurred, and the pathogen was isolated ( planting on November
15, and harvesting at the end of March). The pathogen was isola-
ted by conventional tissue separation'''. A leaf tissue about 0.4
cm in length and width was cut from the junction of diseased leav-
es, put into petri dishes with sodium hypochlorite and 75% alco-
hol respectively for surface disinfection, then rinsed with sterile
water for 2 —3 times, and placed on ultra-clean worktable for air
drying. The air drying leaf samples were placed onto the prepared
PDA medium and incubated at 28 °C. Afterwards, the growing
mycelia were picked out and repeatedly transferred to new PDA
medium for later use. The pathogen was purified by water agar
culture method, and the cultural fungal cake was placed in 1%
water agar medium under dark conditions at 25 °C to produce a
large number of spores. After 3 d, a few mycelia on water agar
medium were scraped off with an inoculation needle, and streaked
and diluted on the new water agar medium until only one spore
could be seen in the microscope field. The monospora was trans-

ferred from water agar medium to PDA medium for incubation,

and the purified strain was obtained"*'’.

2.3 Morphological identification of the pathogen The puri-
fied pathogens were inoculated on PDA medium, and the morphol-
ogy, size and color of the colonies were observed and statistically
described every day. After incubation for 8 d at 25 °C, the size,
shape, vertical and horizontal septa, presence of beaks, morpho-
logical characteristics of conidiophores and mycelia were observed
under an optical microscope' "’

2.4 Identification of the pathogen at molecular level The
mycelia of the pathogenic strain that had been cultured on PDA
medium at 28 °C for 8 d were picked, and its genomic DNA was
extracted by kit method to amplify the ITS sequence. The samples
were amplified by PCR using universal primers TSI (5-TCCG-
TAGGTGAACCTGCGG-3") and ITS4 ( 5°-TCCTCCGCTTATT-
GATATGC-3’). PCR was performed in a 20 pL system containing
2 pL of DNA, 1.6 pL of dNTPs, 0.5 uL of each primer, 2.0 pL
of 10X HA Taq Buffer, 0.2 pL of High Affinity HotStartTaq, and
13.2 uL of ddH,0. The specific steps of PCR were as follows:
pre-denaturation at 95 °C for 3 min, denaturation at 95 °C for
30 s, renaturation at 55 °C for 30 s, 35 cycles; extension at 72 C
for 1 min, supplement extension at 72 °C for 5 min. Afterwards,
agarose gel electrophoresis was performed. The ITS sequences of
the tested strains were amplified by PCR, and compared with the
published sequences in NCBI database. The phylogenetic tree was
constructed with MEGAS. O software to determine the species of
the pathogen.

2.5 Re-inoculation and testing by Koch’s rule The pathoge-
nicity was tested by Koch’s rule. The in vitro leaves were rinsed
repeatedly with sterile water, then soaked in 75% alcohol for
2 min, and rinsed with sterile water for three times. The patho-
genic strains were punched with a sterilized puncher, and the fun-
gal cakes were directly inoculated in the center of potato leaves.
Each strain had 5 replicates. For the blank control, PDA medium
was punched and directly inoculated in the middle of healthy isola-
[14]

’

ted leaves and moisturized and incubated at 25 °C. The inci-
dence was observed, and the pathogenic strain was re-isolated
from the diseased leaves for identification. The above tests were
repeated three times.

2.6 Determination of growth rate of the pathogen The
pathogenic strains were punched with a sterilized puncher, and the
fungal cakes were directly inoculated in the center of PDA medi-
um. The media were incubated in darkness at 25 °C for 8 d. The
growth of the colonies was observed every day, and the growth di-
ameter of the colonies was measured.

2.7 Pathogenicity analysis
punched with a sterilized puncher, and the fungal cakes were di-

The 9 pathogenic strains were

rectly inoculated in the center of the treated potato leaves. Each
strain had 5 replicates respectively, and the blank control was set
up. The samples were moisturized and incubated at 25 °C. The in-
cidence of the leaves was observed, and the diameter of the lesions
was recorded once every 24 h for consecutive 7 d after the inci-

dence of the disease.



32 Asian Agricultural Research 2022

2.8 Statistical analysis method All data were statistically an-
alyzed by Excel, DPS and SPSS.

3 Results and analysis

3.1 Field incidence of potato early blight in winter

3.1.1 Field symptoms of the disease. In recent years, the plant-
ing area of winter potato in Yunnan had been expanding, and the
occurrence of early blight was relatively light in the early planting
stage, but the occurrence and harm of early blight had become
more and more severe since 2018. Field symptoms were character-
ized by the appearance of round brown lesions on old leaves in the
initial stage (Fig. 1A), and then small brown spots gradually
spread to form irregular round or elliptic black-brown rings
(Fig. 1B). At 1 =2 d after rainfall, early blight spread rapidly
and some plants died (Fig. 1C).

3.1.2 Field occurrence. An investigation of early blight was car-
ried out in 5 prefectural regions of Yunnan Province where pota-
toes were planted in winter. The results showed that potato early
blight commonly occurred, and the incidence and severity of pota-
to early blight varied among different regions. From the perspec-

tive of occurrence and harms, some plots in Lancang County,

Table 1 Morphological characteristics of spores

Pu’er City were severely attacked, with the highest incidence of
100% , which greatly affected the field yield.

3.2 Pathogen isolation and morphological identification In
2018, a total of 35 Alternaria strains were isolated from Zhanai
Village and Zhutang Township, two plots of Lancang County,
Pu’er City, Yunnan Province, where the incidence of potato was
high. The first type was round colonies with smooth edges. The
front side of the colony was gray white and the back side was dark
brown with concentric rings. The second type was round colonies
with rough edges. The front side of the colony was gray black and
the back side was dark brown with concentric rings ( Fig. 2).
Three strains LC1, LC2 and LC3 of the first type and two strains
ZT3 and ZT8 of the second type were selected to observe their
morphological characteristics (Table 1). The results showed that
the mycelia of 5 strains all had septa and branches and could pro-
duce spores on PDA medium. The spores of first type were dark
brown and that of the second type were yellowish-brown. The
spores of the second type were in varying shapes, such as oval,
clavate, etc. ; the conidia were beakless or shortly beaked, with

beaks conical or cylindrical.

Classification Name of Morphology of Color of Length of Width of Length of Number of Number of longitudinal
of strains strains conidiophores spores spores // wm spores// um  beak /pum  transverse septa and oblique septa
The first type LC1 Straight or curved Dark brown 16 -35 9-15 0-5 1-4 1-3

LC2 Straight or curved Dark brown 18 -30 10-15 0-5 3-6 1-3

LC3 Straight or curved Dark brown 15 -40 7-17 0-6 2-6 0-3
The second type 713 Straight or curved Yellowish brown 14 -35 10 -16 0-6 3-5 1-3

718 Straight or curved Yellowish brown 16 -35 9-16 0-6 3-5 1-3

3.3 Molecular identification of the pathogen The 5 strains
isolated in winter were amplified by PCR, and the size of the ITS
sequences were all about 550 bp. Blast comparison showed that the
similarity between ITS sequences of these 5 pathogenic strains and
A. alternaria was 99% . The phylogenetic tree of the measured se-
quence and the reference sequence published in NCBI database
was constructed by MEGAS. 0 software. The results demonstrated
that the ITS sequences of 5 strains were clustered with A. alternata
(Fig.3). After molecular identification and morphological identifi-
cation, 5 strains isolated from winter potato disease samples could
be confirmed as A. alternata.

3.4 Pathogenicity detection of the pathogen Five Alternaria
strains were subjected to re-inoculation test. At 7 post inoculation,
the incidence rate of the plants was 100%. The lesions were yel-
lowish brown and spread from the inoculation site to all sides. The
pathogen was re-isolated from the diseased leaves (Fig.4), and
carried out morphological and molecular identification. The results
proved that it was consistent with the previous pathogen, confor-
ming to Koch’s rule. Therefore, A. alternata was identified as the
pathogen of winter potato early blight in Yunnan Province.

3.5 Colony growth difference of A. alternata isolated in dif-
ferent seasons It was reported that the pathogenicity of A. alter-

nata was related to mycelial growth. The colony diameter of A. al-

ternata isolated in spring was 1.29 c¢m on the 1" day of inocula-
tion, and that isolated in winter was 1.08 cm. The colony diameter
entered a period of rapid growth on the 2™ day, and then a period
of steady growth. The overall growth rate of spring isolates was
slightly faster than that of winter isolates throughout the incubation
for 8 d (Table 2).

3.6 Difference in pathogenicity of A. alternata isolated in
different seasons In the in vitro inoculation test, all the leaves
began to develop sporadically 48 h after inoculation (Fig.5). The
leaves around fungal cakes were initially light yellowish green,
then changed from light yellowish green to yellow. The lesions
were irregular in shape, which gradually spread outward from the
inoculation site. On the 5" to 6" day after inoculation, obvious
brown lesions appeared and gradually spread outwards. The leaves
of blank control did not change. On the 7" day, the lesions had
rapidly expanded to more than 80% of the whole leaf area. From
the 1" day of incidence, the investigation found that the disease le-
sions caused by spring isolates were larger than those caused by
winter isolates in the early stage, but the growth rate of lesions
lowered in the late stage. However, the growth rate of lesions of 5
isolates in winter was very fast, and the diameter of lesions could
expand to about 3 cm on the 4" day, providing suitable conditions

for the prevalence of the disease.
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Note: A. Characteristics of lesions in the initial incidence stage; B. Plant

symptoms in the late incidence stage; C. Large area incidence in
the field.
Fig.1 Field symptoms of potato early blight

| I | .

Note: A,B, C. The front and back of the colony and spore morphology of
the first type; D, E, F. The front and back of the colony and spore

morphology of the second type.
Fig.2 Morphological characteristics of colonies and spores of the
pathogen

According to the size of lesions (Fig.6) , the maximum diam-
eter of lesions was caused by A. alternata TA1 isolated in spring

TR AL

T3
Alternaria alternata MK713548. 1
Alternaria alternata MK560182. 1
Alternaria carotiincultae EU136640. 1
Alternaria brassicicola KC889003. 1
Alternaria solani EU617657. 1
Verticilium dahliae (AB545911. 1)

63

—

0.1
Note: 1. LCIS52 bp; 2. LC2547 bp; 3. ZT3552 bp; 4. ZT3552 bp;
5. ZT8551 bp.
Agarose gel electrophoresis and phylogenetic tree of ITS
sequences

(3.29 cm), followed by the winter isolate LC1 (3.01 cm) , while
the minimum diameter of lesions was caused by the spring isolate

Fig. 3

EYZ (1.63 ¢cm). Therefore, the pathogenicity of the spring isolate
TA1 and the winter isolate LC1 was significantly higher than that of
EYZ and other strains. The lesions caused by A. aliernata isolates
in winter were larger than those caused by isolates in spring, but

there was no significant difference among 5 isolates in winter.

Note: A, B, C, D and E represent the incidence of leaves inoculated with LC3, ZT3, LC1, ZT8 and LC2, respectively.

Fig. 4 Incidence of potato leaves infected by Alternaria alternata

Table 2 Growth rate of colonies

cm
Isolation season Name of strains 1d 2d 3d 4 d 5d 6d 7d 8d
Spring isolates EYAX 1.12 2.72 3.82 4.82 5.73 6.38 7.23 8.12
EYZ 1.43 2.75 3.89 5.04 5.82 6.61 7.52 8.45
TAC 1.44 2.88 3.84 4.81 5.53 6.25 7.53 8.45
TA1 1.15 2.15 3.15 5.12 5.58 6.70 8.03 8.68
Average value 1.29 2.63 3.68 4.95 5.67 6.49 7.58 8.43

(To be continued )
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( Continued )

Isolation season Name of strains 1d 2d 3d 4d 5d 6d 7d 8d

Winter isolates LCI 1.32 2.71 3.52 4.33 4.95 5.72 6.65 7.58

LC2 1.03 2.12 3.55 4.59 5.43 6.22 7.08 8.05

LC3 1.02 2.21 3.55 4.62 5.53 6.12 7.58 8.49

713 1.08 2.12 3.02 4.21 5.02 6.14 7.81 8.88

718 0.93 1.71 2.55 4.05 5.15 5.28 7.41 8.31

Average value 1.08 2.17 3.24 4.36 5.22 5.90 7.31 8.26

35r@ld m2d M3d w4d
§ 3.0
g 25t
20t
("
° LS ; )
b5) o )
g 10 A A
s L )
2 0.5 A a
A A
0 a )
EYZ TAC EYAX LC1 LC2 LC3  TAl 718 713
Strains
Fig. 5 Extension of lesions on leaves inoculated with Alfernaria
alternata
35 r 3.29 a
= 3.01 a i
= 2. 60 ab2- 66 ab
k]
Gy
o
—
2
“
=

EYZ

TAC EYAX LC1 LC2

Strains

LC3 TA1 718  ZT3

Fig. 6 Difference in pathogenicity of different strains inoculated

with leaves

4 Discussion

The damage of potato early blight to potato is second only to
that of potato late blight, which is also a fungal disease. In this
study, it was found that potato early blight in winter had fast inci-
dence rate and wide range of harms in Yunnan Province, becoming
the main disease of winter potato. Studies have reported that potato
early blight easily occurs in high temperature and humidity. The
disease begins when the temperature is above 15 “C and the rela-
tive humidity is above 80%. When the temperature is above
25 C, the disease will spread rapidly in case of short-term
rain'®’. Winter potato is planted from middle November to early
April in Yunnan, during which there is sufficient light, and the
occurrence of the disease is relatively light due to low temperature
in the early stage. When the potato enters the budding stage, the
maximum daily temperature exceeds 15 °C and the temperature in
the flowering stage continues to rise to the maximum daily tempera-

ture of 25 °C , early blight will rapidly occur and spread in case of

short-term rainfall. This is in agreement with the findings of this
survey. The identification results proved that the pathogen causing
early potato blight in Yunnan was only A. alternaria, while A. so-
lani was the dominant pathogen causing early potato blight in other
major potato producing areas such as Heilongjiang, Hebei, Shan-

dong and Fujian'"’.

Meantime, A. solani was also isolated from
the leaves of potato early blight in spring in Kunming, Yunnan
Province”’. Because the distribution of Alternaria strains is greatly
affected by environmental factors, it is necessary to expand sam-
pling sites and analyze meteorological characteristics of different
sites, to further study their distribution rules.

Previous studies suggest that early blight is more likely to oc-
cur in winter and causes serious harms, which may be attributed to
the changes of various physiological and biochemical reactions in
plants due to low temperature in winter, resulting in metabolic dis-
order, massive accumulation of ROS, membrane lipid peroxida-
tion, and destruction of the structure and function of cell mem-
branes"®’. Pathogens are more likely to invade into potato cell wall
in case of low temperature injury, and their colonization rate and
sporulation rate are accelerated after invasion'”’ . After the patho-
gen infects the host plant, it will affect the levels of some hormone
by secreting some or several hormone substances, resulting in mal-
adjustment of hormone ratio and pathological reaction. The vegeta-
tive growth rate of pathogens in winter slows down and the sporula-
tion quantity increases. The hormones secreted by pathogens, such
as GA,, can promote the infection of potato by pathogens, thus ag-

['8] " Meanwhile, winter wind,

gravating the harm of early blight
rain and irrigation in Yunnan are conducive to the conidia trans-
mission of Alterniella strains and accelerate the occurrence and

prevalence of the disease.

5 Conclusions

Early blight occurred in different degrees in Yunnan winter
potato growing areas, and the incidence of severe plots was up to
100% . A total of 35 Alterniella strains were isolated and purified
from the diseased leaves of plots with high incidence of potato early
blight in winter, which were divided into two types according to
colony morphology. A total of 5 Alternaria strains were selected for
morphological and molecular biological identification, and the re-
sults showed that all the 5 pathogenic Alternaria strains were A. al-
ternaria. The mycelia growth of isolated strains in winter was slo-
wer than that of isolated strains in spring, but the pathogenicity

was relatively strong.
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ded a certain range, the sugarcane yield would be greatly de-
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