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Management alternatives for Tetranychus urticae Koch (Acari:
Tetranychidae) in the Carica papaya L. Hybrid Tainung-1
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Carica papaya plants in Roldanillo (Colombia).

Photo: A. Herrera-Palacios

ABSTRACT

The mite Tetranychus urticae is a key pest in papaya crop in Valle del Cauca (Colombia), and it has been ge-
nerally controlled with chemical products; other management alternatives have not been used. Therefore,
this study aimed to evaluate the effects of alternatives: plant extract (garlic-chili vegetable extract, Alisin®),
mineral oil (vegetable fatty acid complex, Adimel®), entomopathogenic fungus (Successor®), chemical con-
trol (spiromesifen, abamectin, fenazaquin), untreated (control treatment) and farmer’s practices (14 appli-
cations of pesticides) in a randomized complete block design with three replications/treatment in a Hybrid
Tainung-1 papaya crop in the municipality of Roldanillo. The sampling was done every 8 days by measuring
the variables: number of leaves/plant, number of infested leaves/plant, number of floral structures/plant,
number of fruits/plant, diameter of stem/plant (every 30 days), population of T. urticae/leaf and yield. It was
found that the populations of T urticae/leaf were low in entomopathogenic fungus (11.978) and chemical
control (10.548), with no significant differences (P>0.05) from farmer’s practices (3.339). In contrast, the
mite populations were very high in plant extract (22.086), mineral oil (20.411) and untreated (35.746), as
compared to farmer’s practices. There was a significant difference in all treatments for the variable infes-
tation from farmer’s practices, and the number of leaves/plant in mineral oil and untreated treatment was
significantly different from farmer’s practices. No significant differences were found between the treatments
in the rest of the evaluated variables. The entomopathogenic fungus turned out to be the best alternative for
a management program of 7. urticae in papaya in this region.

Additional key words: plant extract; mineral oil; entomopathogenic fungus;
chemical acaricides; two spotted mite.

! Universidad Nacional de Colombia, Faculty of Agricultural Sciences, Acarology and Entomology Group, Palmira
(Colombia). ORCID Herrera-Palacios, A.M.: 0000-0003-4251-650X; ORCID Mena-Pérez, Y.M.: 0000-0001-5710-9742;
ORCID Mesa-Cobo, N.C.: 0000-0003-4684-0219

? Corresponding author. anmherrerapa@unal.edu.co

] 0 9‘@ ,
REVISTA COLOMBIANA DE CIENCIAS HORTICOLAS - Vol. 12 - No. 3 - pp. 561-573, septiembre-diciembre 2018


http://doi.org/10.17584/rcch.2018v12i3.8217
https://orcid.org/0000-0003-4251-650X
https://orcid.org/0000-0001-5710-9742
https://orcid.org/0000-0003-4684-0219

562 HERRERA-PALACIOS / MENA-PEREZ / MESA-COBO

RESUMEN

El 4caro Tetranychus urticae es considerada una plaga clave en el cultivo de papaya del Valle del Cauca (Colombia) y
su control ha sido generalmente con productos quimicos sin probar otras alternativas de manejo. Por lo anterior, el
objetivo de este estudio fue evaluar en un cultivo de papaya Hibrido Tainung-1, en el municipio de Roldanillo, el
efecto de las alternativas: extracto de planta (extracto vegetal de ajo-chile, Alisin®), aceite mineral (complejo de &ci-
dos grasos vegetales, Adimel®), hongo entomopatégeno (Successor®), control quimico (spiromesifen, abamectina,
fenazaquin), sin manejo (tratamiento control) y practicas del agricultor (14 aplicaciones de plaguicidas), utilizando
un disefio de bloques al azar con tres repeticiones/tratamiento. Se hicieron muestreos cada 8 dfas midiendo las va-
riables nimero de hojas/planta, nimero de hojas infestadas/planta, nimero de estructuras florales/planta, ndmero
de frutos/planta, didmetro del tallo/planta (cada 30 dias), poblacién de T. urticae/hoja y rendimiento. Se encontrd
que las poblaciones de T. urticae/hoja fueron bajas en los tratamientos hongo entomopatégeno (11,978) y control
quimico (10,548), donde no presentaron diferencias significativas (P>0,05) con respecto a las précticas del agricultor
(8,339); en contraste, las poblaciones del 4caro fueron muy elevadas en los tratamientos extracto de planta (22,086),
aceite mineral (20,411) y sin manejo (85,746) con respecto a las précticas del agricultor. Se present6 una diferencia
significativa en todos los tratamientos y practicas del agricultor para la variable infestacién y entre los tratamientos
aceite mineral y sin control vs. practicas del agricultor para nimero de hojas/planta. Del resto de variables evaluadas
no se encontro diferencias significativas entre tratamientos. El hongo entomopatégeno resulté ser la mejor alterna-

tiva para un programa de manejo de T. urticae en papaya en el departamento.

Palabras clave adicionales: extracto vegetal; aceite mineral; hongo entomopatdgeno; acaricidas quimicos;

acaro de dos manchas.
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The papaya (Carica papaya L.) is a high ranking fruit
in terms of global production and, in Colombia, it
ranks eighth for cultivated fruits since its fruit is
highly desired by consumers, requiring high annual
production to meet demand (Rios ez al,, 2005). There
are limiting factors for its extensive production, such
as diseases and pests, for example phytophagous
mites, whose damage causes a decrease in optimal de-
velopment and directly affects yield (Constantinides
and Mchugh, 2003).

The species T. urticae is one of the pests that most
affect the papaya, generating damage that consists
of breaking and extraction of cell contents, causing
chlorotic and tan spots (Badawy et al, 2010). This
damage directly influences photosynthesis and in-
creases the exposure of the fruit to the sun, with
negative consequences for production and commer-
cialization (Acufa et al, 2005). This pest is difficult
to control and has a high reproduction rate (Ringue-
let et al,, 2012). In general, T. urticae is controlled with
synthetic acaricides, with several applications during
the production cycle, which increases costs and the
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INTRODUCTION

emergence of resistance in this pest (Marques-Fran-
coviget al., 2014).

The indiscriminate use of chemical products has gen-
erated serious problems related to water and soil con-
tamination, directly affecting natural predators and
pollinating insects that play a very important role
in agriculture (Amaya et al., 2008; Gasca et al., 2011;
Garcés, 2016). In addition, these products cause re-
sistance and the appearance of secondary pests (Van
Leeuwen et al., 2010; Encina et al., 2011). These draw-
backs have created global concern and interest in the
implementation of new pest control alternatives (En-
cinaet al., 2011).

Alternative methods to chemical control have been
increasing for several years, with the development of
insecticides with a botanical origin, as well as the use
of oils, entomopathogenic fungi and other products,
in order to prevent or control 7. urticae (Laborda et al.,
2014; Grijalva and Tapia, 2015), reducing the impact
of synthetic products on the environment and ben-
eficial organisms found on farms (Akhtar et al.,, 2003).
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These alternative products present a complex mix-
ture of substances whose mechanism of action is still
unknown (IRAC, 2009), but which exert a wide range
of physiological and behavioral effects on T. urticae
(Padin et al., 2007; Afify et al., 2012; Tello et al., 2014).
This study aimed to evaluate the effects of alterna-
tive treatments under field conditions: (plant extract,
mineral oil, entomopathogenic fungus), a chemical
control treatment (spiromesifen, abamectin, fenaza-
quin), an untreated (control treatment) and farmer’s
practices on populations of the phytophagous mite 7.
urticae in a papaya crop.

MATERIALS AND METHODS

This experiment was conducted in the municipal-
ity of Roldanillo, “La Pola” farm (Latitude: 4.40835;
Length: -76.1069499999), which is 910 m asl, at a tem-
perature of 24°C on average, with a relative humidity

of 69% and 1,116 mm of annual precipitation. An ex-
periment was established with 480 Tainung-1 hybrid
papaya plants using a randomized complete block de-
sign with six treatments and three replicates of each.
Each repetition consisted of 16 papaya plants.

The evaluated treatments were: (1) plant extract,
garlic-chili vegetable extract (Alisin®); (2) mineral
oil, vegetable fatty acid complex (Adimel®); (3)
entomopathogenic fungus, Isaria fumosorosea (Suc-
cessor®); (4) chemical control, synthesis active ingre-
dients (spiromesifen, abamectin and fenazaquin in
rotation); (9) untreated (control treatment) and (6)
farmer’s practices, consisting of a 563 m? commercial
papaya crop (Tab 1). At the edge of this crop, a plastic
5 m high barrier was placed to avoid infestation by
T urticae from one lot to another through the wind.

The applications started with the spontaneous ap-
pearance of T. urticae in the field, which was detected

Table 1. Description of the treatments evaluated.

Treatment Active ingredient lBAC . Action mode Mechanism of action Dose_;s
classification (L ha)
Allyl bisulphide
Limonene
Pligﬁi:;:]t(;?m Capsaicin =~ | == | e | e 600
Nicatinic acid
Carotenoids
Mineral oil Polialcohot (| 600
(Adimel®) (zinc, manganese)
Entomopathogenic fungus Isaria fumosorosea
pathog s 4 Concentration: 5x10'? | - By contact | = - 600
(Successor®) .
Conidium/L
Spiromesifen 23 Systemic Acetil CoA inhibitors carboxylase | 600
. Abamectin 6 By contact and ingestion C1 channel activators 600
Chemical control — .
Fenazaquin 21A By contact and ingestion Inhlbltors_ of electrgn transport in 600
the mitochondrial complex
Untreated | |
(control treatment)
Spiromesifen | |
Abamectin
Bifenazate | = - Bycontact | @ e
Farmer's practices By contact, ingestion
(Grower's practice of Milbemectin 6 y - Ingestion C1Channel activators 1000
. and translaminar activity
commercial papaya crop)
Hexythiazox 10A By contact and ingestion Growth Inhibitors
. Inhibitors of electron transport in
Acequinocyl 208 By contact the mitochondrial complex Il
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with weekly monitoring of the populations. There
were 9 applications in total of plant extract, mineral
oil, entomopathogenic fungus and chemical control,
at intervals of 21 days between applications start-
ing at 40 days after the transplant (DAT) and ending
with fruit filling (135 DAT), while, for farmer’s prac-
tices, 14 applications were made.

Each repetition had 16 plants, 4 of which were
marked. The number of total leaves infested with
T urticae, as evidenced by the presence of chlorotic
spots, wilting and/or necrosis, were evaluated weekly
in each of these plants. The number of floral struc-
tures (floral button, closed flower I, closed flower II
and open flower) and number of fruits/plant from 60
DAT to half fruit filling (140 DAT) was also counted.

A leaf was taken weekly from the middle part of
the plants in each treatment to the Entomology and
Acarology laboratory of the Universidad Nacional de
Colombia-Palmira Branch, where the number of in-
dividuals (egg, immature, adult) was counted for T.
urticae. Tetranychidae and Phytoseiidae, with mounts
using Hoyer medium were made for each sampling.
All agricultural tasks of the crop, such as plant sex-
ing, irrigation and fertilization, elimination of plants
with viruses and control of other pests, diseases and
weeds were carried out as established for the papaya
crop.

Statistic analysis

The SAS statistical program SAS v. 9.3 (2014) for the
analysis of variance (ANOVA) and Tukey means test
at 5% (P=0.05) significance were used to determine
the significant statistical differences between the
variables of the evaluated treatments. Fruits harvest-

ed per plant and total weight of fruits per treatment,
the Fisher LSD test at 5% (P<0.05) was performed.

RESULTS

Fluctuation of T. urticae population dynamics

In terms of the effect of treatments on the differ-
ent stages of development of T urticae, there was a
significant difference between entomopathogenic
fungus, chemical control and farmer’s practices and
plant extract, and untreated for the number of eggs
per leaf, but there were no significant differences
between mineral oil and entomopathogenic fungus,
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chemical control and untreated. The effect of en-
tomopathogenic fungus was similar to the effect of
farmer’s practices, where the number of eggs per leaf
was relatively low (Tab. 2).

Table 2. Average population of T urticae per leaf for man-
agement alternatives in C. papaya crop.

Treatment Eggs Immatures Adults
Plant extract 11.446 a 6.701 b 3.939b
Mineral oil 9.167 ba 7.431b 3.813b
f&‘;g[};‘)pmhoge”": 5779bc | 4.282bc | 1.917be
Chemical control 5.492 be 3.458 be 1.598 bc
Untreated 12.280 a 15.080 a 8.386 a
Farmer’s practices 2.002 ¢ 1.022 ¢ 315¢

Means with different letters in column indicate a significant differences accor-
ding to Tukey's test (P<0.05).

The immature state (larvae and nymphs) and the
adult state of T urticae showed the same tendency
in the population levels per leaf, where plant extract,
mineral oil, entomopathogenic fungus, chemical
control and farmer’s practices had a significant dif-
ference from the untreated; however, plant extract
and mineral oil were significantly different from the
farmer’s practices, unlike entomopathogenic fungus
and chemical control, which presented a number of
immatures and adults per leaf, similar to farmer’s
practices, with no significant differences in their
populations (Tab. 2).

Farmer’s practices showed the lowest populations of
immature and adult T urticae eggs present through-
out the papaya vegetative cycle (Fig. 1-F); entomo-
pathogenic fungus and chemical control showed a
low population of T. urticae (no significant difference),
as compared to those found in farmer’s practices
(Fig. 1-C, D). In contrast, plant extract and mineral
oil had a higher number of similar (non-significant)
pest individuals than untreated (Fig. 1-A, B, E). In all
treatments, an explosion in the T urticae population
occurred from 60 DAT, decreasing at 88 DAT] corre-
sponding to the beginning of flowering and ending at
the beginning of fruiting.

Entomopathogenic fungus (I. fumosorosea) and
chemical control presented a delay in the increase of
T urticae populations, in which the pest individuals
began to grow from 76 DAT, at half of the flower-
ing. And decreased at 88 DAT (beginning of fruit-
ing) (Fig. 1-C, D).
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Figure 1. Population fluctuation of T. urticae with management alternatives in C. papaya crop. A, plant extract; B, mineral oil;
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Continuation Figure 1. Population fluctuation of T urticae with management alternatives in C. papaya crop. D, chemical control;
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The economic analysis of each control alternative
for T urticae, farmer’s practices turned out to be the
most expensive, where the cost of 14 applications/
ha was approximately $COL 6,930,000 compared to
the other treatments where the cost of seven appli-
cations/ha was much cheaper (plant extract $COL
1,687,000; mineral oil $COL 1,568,000; entomo-
pathogenic fungus $COL 2,170,000; chemical control
$COL 4,060,000 and untreated $COL 0) (Tab. 3).

By identifying the assemblages of mites of the Phyto-
seiidae family, we found the species Euseius concordis
(Chant) and Neoseiulus anonymus (Chant and Baker),
whose species were present throughout the experi-
ment in low quantities that did not exceed the 25
mites per papaya leaf in all the evaluated treatments.
Entomopathogenic fungus and untreated treatment
had the lowest number of Phytoseiidae per leaf of pa-
paya (4 and 5 respectively) compared to mineral oil
and farmer’s practices where the number of Phyto-
seiidae per leaf was the highest (25), however, no sig-
nificant differences were found between treatments
for this variable. It is important to note that at the
beginning of fruit filling the number of predatory
mites increased in all treatments exerting a natural
control of T urticae populations in papaya plants (Fig.
1-A, B, C, D, E, F).

Yield of the Tainung-1 hybrid papaya

There was an uneven fruit ripening between treat-
ments that varied between 171-220 DAT. There were
no significant differences in the number of fruits per
plant (Tab. 3), however, the number of fruits harvest-
ed per plant varied statistically in mineral oil, ento-
mopathogenic fungus, chemical control and farmer’s

practices with 13, 14, 16 and 14 fruits harvested
per plant respectively, compared to untreated treat-
ment where nine fruits were harvested per plant; in
plant extract 12 fruits were harvested per plant, but
did not show significant differences with untreated
treatment. Significant differences were found in crop
yield, where entomopathogenic fungus, chemical
control and farmer’s practices presented significant
differences with respect to untreated treatment, ob-
taining the highest total fruit weights (25.1, 26.6 and
22.2 kg, respectively). Plant extract and mineral oil
were statistically equal to untreated treatment for
this variable (Tab. 3).

Agronomic variables

Farmer’s practices presented the highest number of
leaves per plant (25), followed by plant extract, en-
tomopathogenic fungus and chemical control, which
presented 23, 24 and 24 leaves per plant, respectively.
Mineral oil and untreated showed the lowest number
of leaves per plant (22). The total number of leaves of
each papaya plant did not show significant differenc-
es between plant extract, entomopathogenic fungus
and chemical control and farmer’s practices, except
for mineral oil and untreated, which showed signifi-
cant differences from farmer’s practices (Fig. 2). The
different evaluated treatments did not present signif-
icant differences for the infestation variable, except
farmer’s practices, which had significant differences
from plant extract, mineral oil, entomopathogenic
fungus, chemical control and untreated for this vari-
able. The percentage of infestation in plant extract,
mineral oil, entomopathogenic fungus, chemical con-
trol and untreated was found to be 81-84%, while
farmer’s practices had a 64% infestation (Fig. 3).

Table 3. Papaya hybrid Tainung-1 yield per treatment.

 —— Number of fruits Number of . Total fruit weight?” Applications cost
per plant' harvested fruits? (kg) ($/ha)

Plant extract 19+3.16 a 12 = 1.53 bc 18.7 = 3.16 hc 1,687,000
Mineral oil 19+322 a 13 = 1.71 ba 19.7 = 3.33 bc 1,568,000
Entomopathogenic fungus 22 =366 a 14 =181 ba 25.1 = 4.24 ba 2,170,000
Chemical control 22+371 a 16 =203 a 266 =450 a 4,060,000
Untreated 16 =280 a 9+116 ¢ 148 =250 ¢ 0

Farmer’s practices 20 =333 a 14 = 1.84 ba 22.2 = 3.75 bha 6,930,000

" Tukey test (P = 0.05). Equal letters no they represent significant statistical differences. ? Fisher's LSD test (P = 0.05). Equal letters no they represent significant

statistical differences. * Yield at two months of harvest
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The variables stem diameter, number of floral struc-
tures (flower buds, closed flowers I, closed flowers II,
and open flowers) and number of fruits per plant did
not present significant differences in the evaluated
treatments (Fig. 4y 9).

There were high rainfall periods and high tempera-
tures during the evaluation period of the study in
the experimental lot that was 7.5 months (40-220
DAT) for the evaluated variables (number of leaves
per plant, number of infested leaves per plant, num-
ber of floral structures per plant, number of fruits
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Tukey's test (P<0.05).

per plant, diameter of the stem and population of T.
urticae per leaf) plus 60 days after the beginning of
harvest (220-280 DAT) to evaluate yield; however,
no negative effects were found between the popula-
tions of T. urticae in its three stages of development
(egg, immature, adult) with climatic conditions pre-
cipitation (probability of correlation: -0.33865) and
relative humidity (PC: -0.02133) , but with the tem-
perature (PC: 0.29949) (Fig. 6), whose averages were
the following: temperature 23.1°C, relative humid-
ity 81.3% and a precipitation of 445.9 mm.
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DISCUSSION

In the department of Valle del Cauca, Colombia, the
species T. urticae has been reported as a key pest in
papaya cultivation because it is difficult to control
and has a high reproduction rate, resulting in high
amounts of mites per leaf and per plant (Gémez et
al., 2014; Mena et al., 2017); the results found in this
study coincide with the findings of other authors
since, in this study, populations of up to 35,746 T
urticae individuals were seen per papaya leaf. The cli-
matic conditions (temperature, precipitation, relative
humidity) have generally been a determining factor
in the populations of mites present in the crops; the
temperature showed a positive correlation with the
populations of T urticae, however, in this study the
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precipitation and relative humidity showed a nega-
tive correlation with the number of pest mites per
leaf (Fig. 6), this could be due to the position of the
mite in the leaf, since when located in the lower part
(underside), this could significantly reduce the direct
action of rain (drop impact), which is supported by
Abato-Zarate et al. (2018) in their study of the popu-
lation dynamics of the Tetranychidae mites associ-
ated with C. papaya in Mexico, where the climatic
conditions did not have any influence on the popula-
tion amounts of the arachnids.

In this study, the treatment with the best results
was farmer’s practices, where 14 applications of
synthetic acaricides were used. However, perform-
ing 9 applications of the entomopathogenic fungus
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(I. fumosorosea) and the chemical synthesis acaricides
(spiromesifen, abamectin, fenazaquin) did not have a
significant difference in the control of the three stag-
es of development of T. urticae (egg, immature, adult)
with respect to farmer’s practices, which coincides
with that found by (Shi and Feng, 2009) and (Sato,
2011), where the extracts used had a low percentage
of T urticae mortality, whereas the chemical synthesis
products and the entomopathogenic fungus (. fumos-
orosea) presented a positive control of this pest.

The results obtained in farmer’s practices reflect the
findings of Gémez et al. (2014) and Mena et al. (2017)
for the chemical controls in the Department of Valle
del Cauca, where 95% of the papaya producers use a
large number of active ingredients of chemical syn-
thesis to control T urticae and the remaining 5% use
other management alternatives (extracts and oils
extracted from plants, entomopathogenic fungi) to
control this pest.

While it is true that farmer’s practices showed the
lowest levels of individuals of T urticae per leaf, the
cost of 14 applications increased ($COL 6,930,000/ha)
compared to entomopathogenic fungusthat showed
no significant differences with farmer’s practices and
the cost of seven applications turned out to be is less
expensive ($COL 2,170,000/ha) (Tab. 3), results that
match those found by (Rodriguez, 2012) in “valencia”
orange, where the use of entomopathogenic fungus
controlled the statistics of white mite (Polyphagotar-
sonemus latus Banks) and the cost in applications/ha
been much cheaper than chemical control. Hence the
importance of this control alternative to be incorpo-
rated into an integrated management system of T ur-
ticae that minimizes the costs of control, the impact
on the environment and wildlife benefits and in the
same way;, satisfactory yields are obtained.

The untreated treatment had significant differences
for the number of leaves per plant from the farmer’s
practices and, in view of the fact that leaves are re-
sponsible for synthesizing the carbohydrates that will
be distributed to the different organs of the plant, it
is evident that a decrease in crop will be seen when T.
urticae mites cause leaf necrosis and defoliation (Con-
stantinides and Mchugh, 2003); this coincides with
that found in this study, where entomopathogenic
fungus (L. fumosorosea) had a significant difference in
yield from untreated, results that are similar to those
found by Park and Lee (2005) in cucumber and by
Mena et al. (2017) in the papaya hybrid Tainung-1,

where T urticae mites directly affected the yield of
these crops.

All evaluated treatments presented a significant
difference for the infestation variable with respect
to farmer’s practices, results also found by Abato-
Zarate et al. (2012) in the papaya “Maradol” variety,
where a significant difference between treatments
was observed for the variable number of mite pests
per leaf. Regardless of the control alternative used
on T urticae, the variables stem diameter, number
of floral structures per plant and number of fruits
per plant were not compromised. These results are
similar to those found by (Landeros et al., 2009) and
(Lema, 2013) in roses, where no significant differenc-
es were found in stem thickness or number of floral
structures in plants infested with T urticae.

CONCLUSIONS

Entomopathogenic fungus (I. fumosorosea) signifi-
cantly reduced T urticae populations and had no
significant differences from farmer’s practices and
chemical control.

Entomopathogenic fungus showed no significant dif-
ferences in yield from farmer’s practices.

The yield in untreated was reduced by about 45% in
relation to entomopathogenic fungus, chemical con-
trol and farmer’s practices.

Plant extract (garlic-chili extract) and mineral oil
(complex of fatty acids) did not reduce populations
of T urticae, and the yields did not have significant
differences from untreated.

The results obtained in this study suggest that this
experiment should be replicated in more cycles of
papaya production in order to obtain more precise
results that would contribute to scientific strength-
ening of the management of this pest (T urticae) with
the aforementioned control alternatives; in addition,
the effects of other extracts and oils of a botanical
origin different from those used in the present inves-
tigation should be evaluated in order to obtain satis-
factory results in the management of this pest mite
in papaya cultivation.
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