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ABSTRACT

Background/Objective. The objective was to experimentally evaluate the losses
caused by PVY in the Fianna variety potato crop and, consequently, estimate the
losses caused by this virus in the potato-producing area of Coahuila.

Materials and Methods. Furrows of an experimental plot planted with potato
seedling and seed-tuber, were mechanically inoculated with PVY at 20, 40, 60 and
80 days after emergence. The tubers produced were harvested and losses in each
treatment were evaluated. Additionally, in four commercial potato fields in this
same state, leaflet samples were taken at 20, 40, 60 and 80 days after the emergence,
and the percentage of plants infected with PVY was evaluated by ELISA tests.
Loss data from the experimental plot and incidence data from the farms were used
to develop a statistical model to estimate losses caused by PVY in the Coahuila
region.

Results. Yield losses due to PVY in the experimental plot were 9.4% to 53%.
The percentage of incidence of infected plants in commercial properties varied
from 0% to 100%. The model that best fit the data obtained was Berger’s

Yy=1/ [1 +e (— {ln [ T Zoy 0] + 7 * dae})]. The estimated losses in the Coahuila

region in the 2022 cycle were 18%, equivalent to $19 068500. Conclusion:
This information highlights the importance of using certified PVY-free seed and
protecting the crop from emergence until 60 DAE.
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INTRODUCTION

Potato virus Y (PVY) is the type species of the Potyvirus genus, one of the
genera in the Potyviridae family, which includes some of the most destructive
plant viruses (Kerlan, 2006; Scholthof et al., 2011; ICTV, 2022). PVY ranks fifth
among the ten most important plant viruses worldwide (Scholthof et al., 2011)
and is considered the most economically significant and devastating viral disease
affecting potato crops (Solanum tuberosum) (Shukla et al., 1998; Singh et al., 2008;
Gray et al., 2010; Karasev and Gray, 2013; Quenouille et al., 2013).

This virus has been a persistent issue in potato production (Lacroix et al., 2010;
Kostiw, 2011), as it affects commercial production crops and is among the three
most critical diseases in seed potato production (NOM-041-FITO-2002). High
PVY incidence levels have been responsible for the disqualification of seed lots for
certification, leading to a significant reduction in crop value and, in some cases, a
shortage of certified seed (Gray et al., 2010).

In Mexico, the use of certified seed tubers for potato production is a phytosanitary
requirement established by the Official Mexican Standards NOM-040-FITO-2002
and NOM-041-FITO-2002. However, the yield benefits of using certified seed free
of rapidly spreading viruses, such as PVY, have not been evaluated. Additionally,
there are no reports estimating yield and economic losses caused by this virus in the
potato-producing region of Coahuila. Consequently, the objectives of this research
were: 1) to experimentally evaluate the losses caused by PVY in Fianna potato
plants; and 2) to estimate the yield and economic losses caused by PVY in the
potato-producing region of Coahuila.

MATERIALS AND METHODS

Study Sites. The experimental plot used to evaluate losses caused by PVY in 2022
was located at the “El Bajio” Experimental Field of the Universidad Auténoma
Agraria Antonio Narro (UAAAN), situated at 25° 21’ 21” N and 101° 02° 26 W.
The field was plowed and furrowed with an 80 cm spacing between furrows and
a bed width of 80 cm. Additionally, during the same year, foliage samples were
collected from four commercial Fianna potato fields, conventionally managed
by their owners. These production fields were located in the Emiliano Zapata and
Huachichil ejidos in Arteaga, Coahuila, at 25° 06” 00” N and 100° 45° 14” W and
25°12°15” N and 100° 47° 34 W, respectively.

PVY Diagnostic Method. Two PVY diagnostic methods were used, both based on
the antigen-antibody reaction: the ImmunoStrips® method (AGDIA, 2023) and the
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double-antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA)
method (Engvall and Perlmann, 1971).

Obtaining propagative material. During the 2021 potato harvest in the production
regions of Coahuila and Nuevo Ledn, Mexico, 250 Fianna tubers were collected.
The tubers were kept under laboratory conditions until two sprouts, 2 to 7 cm
in length, developed on each. Composite samples were formed by mixing five
sprouts from different tubers, and the presence or absence of PVY was determined
in each composite sample using ImmunoStrips® (AGDIA, 2023). The tubers
were classified based on the results: those testing positive for PVY and those
without the virus. Two groups were then formed from this classification. Each
group included both PVY-positive and PV Y-negative tubers. The first group was
designated for seedling production, while the second was used as seed tubers. The
tubers intended for seedling production were planted in 5 kg polyethylene bags
under greenhouse conditions (22 to 26 °C) and covered with insect-proof netting.
Fifteen days after plant germination, foliage samples (three leaflets per plant) were
collected and individually diagnosed for PVY using the DAS-ELISA method with
AGDIA kits. PVY-infected plants were kept separate from healthy plants until field
transplantation (Trial 1). Tubers used as seed were individually tested for PVY
using the same method applied to seedlings. PVY-infected tubers were separated
from healthy ones and later planted at the “El Bajio” Experimental Field (Trial 2).

Experimental design

Assay 1 - Seedling Transplantation. At £/ Bajio, eight furrows were prepared,
each measuring 1.40 m in length and 80 cm in width, with 80 cm spacing between
them. Four furrows were planted with potato seedlings naturally infected with PVY,
while the other four were planted with healthy seedlings. Each furrow contained
seven plants as the experimental unit, totaling 56 plants for the trial. A completely
randomized design was implemented with two treatments (healthy and infected
plants) and four replicates. To prevent disease transmission between treatments,
the furrows were covered with insect-proof netting supported by wire frames at a
height of 1.4 m. To ensure that the PVY-free plants remained healthy throughout
the experiment, composite samples of seven young leaflets per plant were collected
from this treatment before harvest (120 days after emergence) and analyzed using
the DAS-ELISA method.

Assay 2 — Direct Sowing. In the same experimental plot as Assay 1, seed tubers

were sown in seven furrows, each measuring 5 m in length and 80 cm in width,
with 80 cm spacing between them. A completely randomized design was used with

Santiago-Meza et al., 2024. Vol. 43(1): 48 (January) 3



Mexican Journal of Phytopathology. Scientific Article. Open access

six treatments and four replicates. Each replicate consisted of five plants as the
experimental unit, totaling 120 plants for the experiment. The treatments were as
follows: tubers naturally infected with PVY, healthy tubers (control), and plants
inoculated with PVY at 20, 40, 60, and 80 days after emergence (20 plants per
inoculation). To prevent virus dissemination between treatments, the furrows were
covered with insect-proof netting, identical to that described in Assay 1.

Inoculum preparation and inoculation. Four replicates of five plants each were
inoculated at 20, 40, 60, and 80 days after emergence (DAE). Three grams of PVY-
infected foliar tissue, collected from diseased plants in Assay 1, were weighed and
placed in a previously sterilized and cooled mortar. Then, 30 mL of phosphate
buffer solution (prepared with sodium phosphate monobasic monohydrate and
sodium phosphate dibasic heptahydrate) at a pH of 8.0 were added in aratioof 1 g
of tissue per 10 mL of buffer. The tissue was ground using a previously sterilized
and cooled pestle. The sap was filtered using sterilized gauze into a container
kept on ice throughout the procedure, and 0.0340 grams of diatomaceous earth
(Celite®) were added as an abrasive. Using a pestle, the sap was gently rubbed onto
three of the youngest leaflets of each healthy plant, starting at the base of the leaf
and moving toward the tip while avoiding excessive pressure. Immediately after
inoculation, the inoculated tissue was sprayed with phosphate buffer solution (pH
8.0) until runoff occurred.

Two weeks after each inoculation, the youngest leaflet from each inoculated plant
and from the control plants was collected and processed using the ImmunoStrip®
method (AGDIA, 2023) to confirm successful inoculation and to verify that the
control plants remained virus-free. The inoculated plants were individually
diagnosed by mixing three of their youngest leaflets into a single sample for
processing. In the control group, plants were diagnosed using composite samples
formed by mixing five young leaflets, one from each plant.

Commercial plots. The incidence percentage of PVY was determined in four
commercial plots of Fianna potato located in the potato-producing region of
Coahuila: Emiliano Zapata (50 ha), San Felipe (40 ha), La Mesa (50 ha), and
Huachichil (60 ha). Foliar sampling and DAS-ELISA tests were conducted. Four
samplings were performed in each plotat 20,40, 60, and 80 days after plant emergence
(DAE), aligning with the inoculation times specified for the experimental plot in
Assay 2. Each sampling followed the guidelines of NOM-041-FITO-2002, with a
modification in sample size. Five random sites were selected in each plot, and 40
young leaflets (one per plant) were collected at each site, resulting in a total of 200
leaflets per plot. The collected leaflets were placed in polyethylene bags, labeled,
and stored in insulated containers to prevent deterioration and contamination,
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maintaining a temperature between 5—12 °C. In the laboratory, composite samples
of ten leaflets each were formed and processed.

Evaluation of Losses

Assay 1 - Transplantation. The furrows transplanted with seedlings were harvested
130 days after transplantation. The tubers from each treatment were cleaned to
remove soil residues, weighed using a digital scale, and their yield recorded. To
estimate yield per hectare, the average yield in kilograms per plant was calculated
and multiplied by 55,556 (the planting density for the region). Losses caused by
PVY were determined by comparing the yields of each treatment with the control.
Plant and tuber size were not evaluated in this assay.

Assay 2 — Direct sowing. The furrows sown with seed tubers were harvested 130
days after planting. The procedure previously described in Assay 1 was repeated to
determine yield. Losses caused by PVY were calculated for the experimental plot
when infected seed tubers were used and when plants were inoculated at 20, 40, 60,
and 80 days after emergence (DAE). Loss data were plotted against infection dates
and statistically analyzed to select the model that best described the relationship
between these variables. The loss models evaluated included the Exponential,
Power Law, and Berger models (Campbell and Madden, 1990). Additionally, tuber
quality was assessed following the Norm for Ware Potatoes (FAO, 2020). Using
a vernier caliper, tubers from each treatment were measured and classified by
category according to equatorial diameter: first quality (>80 mm), second quality
(25-80 mm), and third quality (18-24 mm). Tuber counts were recorded for each
category.

Commercial plots. Based on the results of the DAS-ELISA tests for each plot
and sampling date, the incidence percentage was calculated. Yield losses in each
commercial plot were estimated using the model fitted to the loss vs. infection date
data from the experimental plot. The incidence from each sampling in each plot
was used to estimate the number of diseased plants, which were then assigned the
respective yields observed in Assay 2 of the experimental plot. For example, the
total number of plants estimated to be positive at 20 DAE was multiplied by the
average yield of plants inoculated at the same age in the experimental plot. This
procedure was repeated for the other treatments. These data were extrapolated to
the total hectares planted with Fianna potatoes to estimate yield losses caused by
PVY in the state of Coahuila.
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RESULTS AND DISCUSSION

Assay 1 - Transplantation. The yield in furrows transplanted with infected seedlings
was 0.4 kg/plant, lower than the 0.57 kg/plant observed in furrows transplanted
with healthy seedlings. Based on these data, the yield per hectare was 22.22 t for
seedlings derived from infected seed tubers and 31.66 t for those from healthy seed
tubers (Figure 1). Using this information, it was calculated that the yield loss due to
secondary PVY infections in transplanted plants within the experimental plot was
30%. Although plant and tuber size were not evaluated in this assay, all furrows
showed reduced growth in PVY-infected plants (Figure 2). These infected plants
produced fewer and smaller tubers compared to virus-free plants.
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Figure 1. Yield per hectare of Fianna potato plants in Assay 1.
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Assay 2 — Direct sowing. The yield of plants grown from PVY-infected seed
tubers was 0.55 kg/plant, significantly lower than the 1.17 kg/plant recorded for
healthy plants. Based on these results, the yield per hectare was 30.72 t for infected
seed tubers and 64.84 t for healthy seed tubers (Figure 3). Using these data, it was
calculated that the yield loss due to secondary PVY infections in the experimental
plot was 53% (Figure 4). Plants developed from PV Y-infected seed tubers produced
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Figure 3. Yield per hectare of plants grown from infected tuber seed (0), plants inoculated at 20, 40,
60, and 80 DAE, and healthy plants (remained healthy throughout the 120-day cycle).

0.8

0.7 1

0.6 1

Loss (%)
=
.

0.3 1

0.2 1
O
0.1 A ®)
O T T T = @
0 20 40 60 80 10

Age of plant when inoculated (DAE)

120

O Field data

—8— Berger model

Figure 4. Fit of the Berger model explaining 98% of the variation in losses relative to the date of PVY

infection (days after emergence - DAE).

Santiago-Meza et al., 2024. Vol. 43(1): 48 (January)



Mexican Journal of Phytopathology. Scientific Article. Open access

fewer tubers of lower quality compared to healthy plants. The number of “first
quality” and “second quality” tubers was higher in healthy plants than in infected
ones (Figures 5 and 6).
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Figure 5. Quantity and quality of tubers produced by plants grown from infected tuber seed (0),
plants inoculated at 20, 40, 60, and 80 days after emergence (DAE), and healthy plants.

Plants inoculated at 20, 40, 60, and 80 days after emergence (DAE) yielded
0.81, 0.97, 1.06, and 1.16 kg/plant, respectively. Correspondingly, the calculated
yield per hectare for these inoculation times was 44.88, 53.65, 58.68, and 64.44 t
(Figure 3). These results indicate that primary PVY infections caused yield losses
0f30.7%, 17.3%, 9.5%, and 0.61%, depending on the timing of inoculation (Figure
4). Plants inoculated at 20, 40, and 60 DAE produced higher-quality tubers than
those grown from infected seed tubers, including “first quality” tubers and a greater
number of “second quality” and “third quality” tubers. However, both the quantity
and quality of tubers from plants inoculated at these earlier times were lower than
those of plants inoculated at 80 DAE and healthy plants (Figures 5 and 6).

A decrease in yield losses was observed as the age of the plant at the time of
PVY infection increased. Using this relationship between the age of the plant at
infection and yield loss, it was determined that the model that best describes this

relationship is the Berger model: v = 1/ [1 +e (— {ln [1 foyo] +rx* dae})] (Figure

4). This conclusion is supported by the coefficient of determination (R?) and the
high significance of the regression when applying this model.
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Figure 6. Tubers produced by: A) plants grown from infected tuber seed; B) plants inoculated at 20 DAE; C)
plants inoculated at 40 DAE; D) plants inoculated at 60 DAE; E) plants inoculated at 80 DAE; F)

healthy plants (no inoculation).

Estimation of losses in commercial plots. The percentage of infected plants in the
commercial plots ranged from 0% to 100% across the four samplings. In Emiliano
Zapata, the incidence was 100% in the first three samplings and 92% in the fourth.
In San Felipe and La Mesa, the percentages were 100% and 5%, respectively. No
presence of PVY was detected in Huachichil (Table 1).
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Table 1. Percentage of infected plants in commercial fields; ha = hectares, No. Samples =

number of samples per field, DAE = days after emergence, No. Leaflets = number of

leaflets.
. No. No. Incidence
Field ha Samples DAE Leaflets (%)
20 200 100
Emiliano 50 4 40 200 100
Zapata 60 200 100
80 200 92.5
20 200 100
San 50 4 P o 100
Felipe 60 200 100
80 200 100
20 200 5
40 200 5
La mesa 40 4 60 200 5
30 200 5
20 200 0
o 40 200 0
Huachichil 60 4 60 200 0
80 200 0

Using the loss estimation model Y = 1/[1 + e (-{/n[0.67205626] + - 0.0694
* dae})], developed with data from the two experimental plot assays and the
percentage of infected plants at various crop ages in the commercial plots, yield and
economic losses were estimated for the potato-producing region of Coahuila (Table
2). Considering that the sampled area (200 plants) represents 77% of the total area
planted with the Fianna variety in the state and using the average price per ton of
$10,000 (STAP, 2022), it was estimated that the state-wide yield loss is 18%. This
corresponds to an economic loss of $19,068,500 for the state.

Table 2. Estimated yield and economic losses in the potato-producing region of Coahuila.

Field Losses Losses Economic
(tons/hectares) (tons/field) losses ($)
E. Zapata 20 1 000 10 000 000
San Felipe 20 800 8 000 000
La Mesa 2.3 107 1 068 500
Huachichil 0 0 0
Total 1907 19 068 500
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Losses from primary infections. The yield of plants inoculated at 20, 40, and 60
DAE was lower compared to those inoculated at 80 DAE and the control (healthy
plants), with the latter two showing similar yields. This could be attributed to the
limited time available for the virus to replicate and disrupt the plant’s physiological
system, resulting in no significant reduction in productivity. Hernandez (2006)
reported yield reductions of 28.5% and 20.7% when inoculating Atlantic potato
plants at 20 and 60 DAE under greenhouse conditions. A similar pattern was
observed in this study, where plants inoculated at 20 and 60 DAE exhibited yield
reductions of 30.7% and 9.5%, respectively.

Losses from secondary infections. Secondary PVY infections transmitted through
seed tubers caused yield losses of 30% and 53% compared to plants grown from
virus-free seed tubers. These findings align with those reported by Hane and Hamm
(1999), who found total yield reductions of 29% to 79% depending on the potato
variety. Similarly, they are consistent with the study by Whitworth et al. (20006),
which reported total yield reductions ranging from 38% to 63%, influenced by
soil nitrogen levels and potato variety. The results highlight the critical importance
of seed tuber condition in potato production. Yield was significantly lower when
seed tubers were infected compared to virus-free tubers. Thus, one of the most
effective ways to avoid yield losses is to plant certified virus-free seed tubers.
Certification programs should also implement stricter regulations to prevent the
sale of contaminated seed tubers. These findings support the conclusions of Gray
et al. (2010) and Vreugdenbhil et al. (2007), who emphasized that PVY is one of the
main contributors to reduced potato yield and quality. In the United States, PVY
has also led to a shortage of certified virus-free seed tubers due to the rejection of
contaminated lots, resulting in a significant decrease in crop value (Gray et al.,
2010).

Tuber quantity and quality. Plants infected through seed tubers produced fewer
and smaller tubers compared to those grown from virus-free seed tubers. Similarly,
plants inoculated at 20, 40, and 60 days after emergence (DAE) showed lower
tuber yield and quality than plants inoculated at 80 DAE and those from healthy
seed tubers. These findings align with the reports of Bokx (1980), Salazar (1995),
Vreugdenhil et al. (2007), and Nolte et al. (2009), who noted that PVY disrupts
the plant’s physiological processes at an early stage, impairing photosynthesis and
carbohydrate accumulation. This results in stunted plant growth and reduced tuber
production. Yield losses caused by PVY in the two experimental plot assays ranged
from 9.4% to 53%, consistent with previous reports. Authors such as Beczner et
al. (1984), Hane and Hamm (1999), Pérez et al. (2004), Salazar (1995), Whitworth
et al. (2006), and Zuiiga et al. (1999) have reported that PVY-related losses in
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potato crops vary between 10% and 80%, depending on the cultivar, viral strain
characteristics, storage conditions, environmental factors, and the management of
insect pests and weeds.

Estimation of losses in Coahuila. The commercial fields with the highest
percentage of infected plants were San Felipe and Emiliano Zapata. In these fields,
an incidence rate of 100% was recorded during the sampling conducted 20 DAE. It
is noteworthy that seeds from the same distributor were used, but they were different
from those planted in La Mesa and Huachichil, where lower incidence rates were
recorded. This information suggests the hypothesis that the seeds were infected
at the time of planting, as no rapid dissemination mechanisms were observed to
explain subsequent infections. In the yellow traps set up by producers, no aphids
were detected, and the plants did not yet have enough foliage to allow for mechanical
virus transmission. It is recommended to conduct sampling before purchasing seeds
and to send these samples to a laboratory authorized by SENASICA to rule out
or confirm the aforementioned hypothesis. This action could prevent producers—
and consequently the region—from suffering economic losses due to reduced crop
yieldThe economic losses estimated in this study differ from those reported by
Mclntosh (2014), who calculated that PVY has a direct economic impact of $19.56
million (approximately $326,213,027) in the state of Idaho. On the other hand, they
are similar to the results of Dupuis et al. (2023), who reported yield losses of 23.5%
for the most commonly cultivated varieties in Switzerland between 2004 and 2017.
It is important to highlight that the incidence percentage in their study was visually
assessed through symptoms caused by secondary PVY infections, a procedure
not considered viable because some varieties may harbor low concentrations of
the virus without exhibiting symptoms (Singh, 1998). A similar situation might
have occurred in this study, given that the methods used require a high viral load
in the plant to detect the pathogen. However, these tools are more cost-effective
considering the number of samples obtained, and they provide rapid data to assess
the phytosanitary conditions of a region.

CONCLUSIONS

Yield losses caused by PVY in Fianna potato crops in the experimental plot
ranged from 9.4% to 53%, while the estimated losses in the Coahuila region during
the 2022 cycle were 18%, representing an economic loss of $19,068,500 for the
state. These results highlight the importance of using certified PVY-free seed and
protecting the crop from emergence to 60 DAE, with a particular emphasis on the
first weeks. Additionally, this provides the basis for designing a more informed
strategy to efficiently manage the disease and reduce the losses it causes.
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