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. The coffee red mite, Oligonychus coffeac (Nietner), is a pest of major agricultural importance in
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12 Licbruary. 2026 tropical tegions. This study evaluated the 7z vitro effect of two host plants, coffee (Coffea
Accepted:J ) arabica) and Andean alder (A/nus acuminata), on the biological cycle and population parameters
16 Junc, 2026 of O. cgffeae under controlled conditions (25 £ 1 °C, 70 £ 5 % RH, and a 16:8 h photopetiod).
Published: In addition, the acaricidal activity of ethanolic extracts of coffee and alder at concentrations
15 July, 2026 of 5, 10, and 20% (w/v) was assessed using a leaf-dip bioassay, with mortality recorded at 24,
Subject Editor: 48, and 72 h and compared with a synthetic acaricide (propargite). The development of O.

1. Torabi

coffeae was significantly faster on coffee leaves (13.8 days) than on alder (16.2 days); however,
fecundity and adult longevity were higher on alder, reaching 59.9 eggs per female. Population
parameters were significantly higher on alder (s, = 0.254 day '; Ro = 52.4 female
eggs/female), indicating a greater population growth potential on this host. The ethanolic
extracts exhibited dose- and time-dependent acaricidal activity; at 72 h, the 20% concentra-
tion caused mortalities of 91.2% on coffee and 89.3% on alder, comparable to propargite.
These results indicate that both host plants favor the development of O. cgffeae and that their
ethanolic extracts represent promising alternatives for the integrated management of this
pest.
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INTRODUCTION

The red spider mite, Oligonychus coffeac (Nietner) (Acati: Tetranychidae), is recognized as one of the
most important pests of tropical and subtropical crops, attacking more than one hundred economically
valuable plant species, including coffee (Coffea arabica), tea (Camellia sinensis), mango (Mangifera indica),
cotton (Gossypium spp.), and jute (Corchorus spp.) (Gotoh and Nagata 2001; Roy ez a/. 2014a). Feeding by
O. coffeae causes leaf chlorosis and, in some cases, premature abscission, thereby reducing photosynthetic
capacity and resulting in yield losses ranging from 20% to 50% depending on climatic conditions and
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crop management (Roy e a/. 2014a; Kachhawa and Kumawat 2018). This mite has been reported in Asia,
Africa, and the Americas, where its ability to exploit diverse host plants and its high reproductive rate
make it a major challenge for integrated pest management programs (Sharma ez a/. 2025).

The biological cycle of O. coffeac (egg to adult) might vary from 8 to 25 days depending on
temperatutre and relative humidity; reproduction is optimal between 25 and 30 °C, and the lower thermal
threshold is close to 10 °C (Gotoh and Nagata 2001; Roy ¢/ a/. 2014a). This tolerance range facilitates
establishment across a broad array of ecosystems and hosts, including evergreen shrubs and trees. In
tropical regions, O. coffeae can complete up to 15-16 generations per year without entering diapause
(Sharma ez al. 2025). Its preference for the abaxial leaf surface and the production of a fine silk web that
shelters individuals from adverse conditions and natural enemies contribute to its persistence (Kachhawa
and Kumawat 2018).

Knowledge of the life cycle and demographic characteristics of O. coffeae 1s essential for
understanding its population dynamics and for designing effective integrated pest management strategies
(Gotoh and Nagata 2001; Roy ez a/. 2014a). Variations in developmental time, survival, fecundity, and
generation turnover directly influence the rate of population increase and the timing of control
interventions (Birch 1948; Carey 1993). Moreover, information on the biology of O. cgffeae on alternative
host plants remains limited, particularly for species occurring in tropical ecosystems, where host-
associated differences may affect the pest status and ecological adaptability of this mite. Therefore, studies
addressing the life history of O. cgffeac on different host species are necessary to improve predictions of
population outbreaks and to support sustainable management programs.

Host plant characteristics play a fundamental role in determining the development, survival, and
reproductive performance of phytophagous mites. In O. coffeae, several studies have demonstrated that
biological and demographic parameters vary considerably with host species and their nutritional and
chemical composition. Differences in developmental time, fecundity, longevity, and population growth
have been reported among populations maintained on tea, rose, and other cultivated plants (Gotoh and
Nagata 2001; Haque ez a/. 2007; Roy ef al. 2014a). Similar host-associated effects have also been
documented in other species of the genus Ofgonychus, where variation in leaf morphology, nutrient
content, and secondary metabolites significantly influences life-history traits and population parameters
(Chaaban ez al. 2012; Mushtaq ez al. 2023).

Synthetic acaricides have been the primary strategy for controlling O. coffeae; however, the
development of resistance, environmental contamination, and residue restrictions in agricultural products
have driven the search for ecologically sound alternatives (Handique ¢z a/. 2017; Roy ez al. 2025). Plant
extracts represent a sustainable option because they contain secondary metabolites with acaricidal,
repellent, and ovicidal properties. Several plant species, including Sapindus mukorossi, Phlogacanthus
thyrsiformis, Nyctanthes arbor-tristis, and various native pteridophytes, have demonstrated high acaricidal
activity against O. coffeae, causing significant mortality under laboratory and field conditions (Handique ez
al. 2017; Roy et al. 2025).

In particular, ethanolic extracts of Coffea arabica (Rubiaceae) may constitute a promising alternative
for pest control because they contain bioactive compounds such as caffeine, chlorogenic acids, and
trigonelline, which act as repellents, ovicides, and larvicides against several agriculturally important
arthropods (Elmasry ef al. 2020). Recent studies have confirmed their effectiveness by inducing high
mortality and developmental disruption in insects and mites, as well as inhibiting oviposition and feeding
(Hussein et al. 2022; Abdulwahab e a/. 2024). In addition, although insecticidal activity has not been
documented for Alnus species (Betulaceae), recent research has reported the occurrence of
diarylheptanoids, polyphenols, flavonoids, terpenoids, steroids, and other compounds across several
species in the genus (Ren ez a/. 2017; Rancic et al. 2025), which could potentially exhibit insecticidal activity.

Accordingly, the objective of this study was to determine the biological cycle of Oligonychus coffeae
on two host plant species, Andean alder (A/nus acuminata) and coftfee (Coffea arabica), and to evaluate the
effect of an ethanolic coffee extract as an eco-friendly control alternative, contributing to the
development of integrated pest management strategies that are environmentally safe and economically
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feasible.

MATERIAL AND METHODS

Collection, identification, and colony maintenance

Populations of O. cgffeae were collected from infested leaves of coffee (Coffea arabica) and Andean
alder (Alnus acuminata) in plantations located in the inter-Andean region (1,800-2,300 m a.s.l.). Leaf
samples were wrapped in paper towels, placed in plastic bags, and transported to the laboratory in
insulated containers to prevent desiccation. In the laboratory, specimens were mounted on microscope
slides in Hoyet's medium for morphological examination. The genus was identified using the keys of
Gutiérrez (1985), and species determination was confirmed by comparison of male aedeagus morphology
following Ochoa ez al. (1994). After identification, mites were maintained on citrus plants (Citrus sp.) for
three months before the experiments (Punina e a/. 2025).

Biological cycle of Oligonychus coffeae on coffee and alder leaves

To obtain a cohort of known age, we followed the procedure described by Helle and Overmeer
(1985) using rearing units established in Petri dishes (9 cm diameter). Each unit consisted of a leaf disc
(3 cm diameter) excised from the middle section of a mature leaf of the evaluated host plant (coffee or
alder). Discs were placed abaxial side up on a polyurethane pad continuously moistened with distilled
water. Thirty replicates were used per treatment. One adult female O. cgffeae was transferred to each
rearing unit. Leaf discs were inspected every 12 h to determine the onset of oviposition. The female and
excess eggs were then removed, leaving a single egg per disc.

Rearing units were subsequently checked at 12-h intervals to determine the duration of each
developmental stage (egg incubation and immature motile stages) and to record survival. Leaf discs were
replaced with fresh discs every 3—4 days to ensure physiologically suitable rearing substrate throughout
the experiment. The study was conducted under controlled laboratory conditions (25 *+ 1 °C, 70 + 5%
relative humidity, and a 16:8 h light:dark photoperiod).

A life table for O. coffeae was constructed using age-specific daily survival (4) and fecundity (my)
schedules according to Birch (1948). The following parameters were estimated: net reproductive rate (Ko
= > hnr), defined as the mean number of female offspring produced per female during her lifetime;
intrinsic rate of increase (7), obtained by solving X¢_, e "**P(lym,) = 1 and expressed as females per
female per day; finite rate of increase (A = e’), representing the multiplicative population growth per
female per unit time; and mean generation time (T = In(Ro)/7), defined as the mean petiod required for
a population to increase by a factor equal to the net reproductive rate (Ro) under stable age distribution
and constant environmental conditions (Birh 1948).

Preparation of ethanolic extracts

Mature leaves from coffee and alder plants were washed, disinfected, and dried at 40 °C for 48 h,
then ground to a fine powder. For ethanolic extraction, 100 g of plant material were macerated in 500
mL of 96% ethanol (1:5 w/v) for 72 h under continuous agitation. The extract was filtered through
Whatman No. 1 paper and concentrated under reduced pressure using a rotary evaporator at 40 °C to
remove the solvent. Concentrated extracts were stored in amber glass bottles at 4 °C until use. Working
concentrations (5%, 10%, and 20% w/v) wete prepared by diluting crude coffee and alder extracts in
distilled water containing 0.02% Tween 80 as an emulsifier.

Acaricidal efficacy of coffee and alder extracts

Acaricidal efficacy was assessed using a leaf-dip bioassay following Roy ez a/. (2025). Leaf discs (3
cm diameter) from Rosa sp. were used as the rearing substrate for mites. Same-aged females were obtained
from the synchronized cohort established for the biological cycle study, as described above. Briefly,
females emerging from eggs laid within a 12-h period were collected immediately after adult emergence
and used in the subsequent experiments. Discs infested with 10 one-day-old adult females of O. coffeae
were immersed for 10 s in each concentration of the coffee and alder extracts and then allowed to air-
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dry at room temperature. Treated discs were subsequently placed in rearing units as described above for
the biological cycle assay. Two additional treatments were included: propargite (positive control) and
water (negative control). Each treatment was replicated 10 times.

Mortality was recorded at 24, 48, and 72 h post-treatment. Females that did not respond to gentle
probing with a fine brush were considered dead. Mortality data were corrected using Abbott's formula
(Abbott 1925).

Chromatographic profiling

For chromatographic profiling, aliquots of the concentrated crude extracts (coffee and alder)
obtained as desctibed above were reconstituted in MeOH: water (50:50, v/v) acidified with 0.1% formic
acid to a final concentration of 10 mg/ml.. Samples were vortex-mixed (1 min), sonicated (10 min) at
room temperature, and centrifuged (10,000Xg, 10 min). The supernatant was filtered through 0.22 um
PTFE syringe filters into amber vials and stored at 4 °C until analysis (< 48 h).

HPLC analyses were performed using an Agilent 1100 Series system equipped with a quaternary
pump and diode array detector (DAD). Separation was performed on a reversed-phase C18 column (150
X 4.6 mm, 5 um) with a matching guard cartridge. The column compartment temperature was maintained
at 30 °C, and the flow rate was set at 0.80 mL/min. Mobile phase A consisted of water with 0.1% formic
acid, and mobile phase B consisted of acetonitrile with 0.1% formic acid. The gradient program was: 0—
2 min, 5% B; 2-20 min, 5-25% B; 20-30 min, 25-40% B; 30-33 min, 40-95% B; 33-36 min, 95% B;
36—40 min, re-equilibration at 5% B. Injection volume was 10 pL.

The DAD acquired full spectra from 200 to 400 nm for peak purity assessment using spectral
contrast analysis provided by the Agilent ChemStation software, while quantification was performed at
compound-specific wavelengths as follows: 325 nm (caffeoylquinic acids and dicaffeoylquinic acids), 272
nm (caffeine), 260 nm (trigonelline), 365 nm (mangiferin and isomangiferin), and 280 nm (diarylhepta-
noids, for A/uus markers).

Identification and quantification of leaf metabolites

Target analytes for Coffea arabica leaf extracts included 3-CGA, 4-CGA, 5-CGA, 3,4-diCQA, 3,5-
diCQA, 4,5-diCQA, mangiferin, isomangiferin, caffeine, and trigonelline. Compounds were identified by
matching retention times and UV—Vis spectra against authentic standards analyzed under identical
conditions. External calibration curves (at least six levels) were prepared for each standard in the range
0.5-200 pg/mlL.. Calibration linearity was accepted at R? = 0.995. Quantification was based on peak areas
using the corresponding calibration model.

For Alnus acuminata extracts, chromatographic profiling targeted representative diarylheptanoid
markers commonly reported for the genus (e.g., oregonin, hirsutanonol, platyphyllonol, platyphyllenone).
Identification was petformed by retention time and DAD spectral matching against available reference
standards. When an authentic standard was not available, tentative identification relied on DAD spectral
features and relative retention behavior, and results were expressed as equivalents of the closest available
marker (reported explicitly in the table footnote). External calibration was performed as described above.

Instrumental precision was assessed by repeated injections (n = 6) of a mid-level calibration
standard and a pooled sample; results were expressed as %0RSD of peak areas and retention times. Method
repeatability was evaluated from three independent sample preparations (n = 3) per extract. Limits of
detection (LOD) and quantification (LOQ) were estimated using signal-to-noise criteria (LOD = 3:1;
LOQ = 10:1).

Concentrations wete reported on a dry-weight basis (g/kg DW) using the following conversion:
Csol(mg ml_l)xvfinal(ml)

mpw (9)

Where C,q is the concentration obtained from the calibration curve, Vi, is the final extract volume

mg g~ DW

used for analysis, and Mpw 1s the dry mass of plant material extracted.
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Statistical analysis

The experiment was conducted under a completely randomized design. Developmental time data
were analyzed using Student's #test, whereas mortality data were analyzed by one-way ANOVA after
verifying assumptions of normality and homoscedasticity using the Shapiro—Wilk and Levene tests,
respectively. When significant differences were detected, treatment means were separated using Tukey's
multiple comparison test (P < 0.05). Analyses were performed in Statistix for Windows, version 10.0.

For life table analyses, demographic parameters were estimated by bootstrap resampling using
1,000 iterations following Ullah e a/. (2022). In each iteration, pseudo-samples equal in size to the original
cohorts were generated from the observed data, and the corresponding life table parameters were
recalculated. Means and standard errors were obtained from the bootstrap distributions. All analyses were
performed in R version 4.1.2 using the packages tidyverse, rsample, and boot.

RESULTS

Biological cycle of Oligonychus coffeae reared on coffee and alder leaves

The egg-to-adult developmental period of O. coffeae, from oviposition to adult emergence, differed
significantly between the two host plants (P < 0.05) (Table 1). Development was significantly faster on
C. arabica leaves (13.8 days), whereas on A. acuminata it was 17.4% slower (16.2 days).

Egg incubation time differed significantly between the two host plants, averaging 4.2 days on C.
arabica and 5.1 days on A. acuminata. Similarly, the larval, protonymphal, and deutonymphal stages
developed more rapidly on coffee leaves, with durations of 1.8, 2.1, and 2.3 days, respectively, compared
with 2.4, 2.6, and 2.8 days on alder leaves. As a result, the egg-to-adult developmental period was
significantly shorter on C. arabica than on A. acuminata. Survival was high on both host plants, reaching
87.5% on coffee and 81.2% on alder.

Table 1. Duration day (mean * SE) of Olgonychus coffeac developmental stages on two host plants under laboratory conditions
(25 £ 1°C,70 £ 5% RH, and a 16:8 h light:dark photopetiod).

Developmental stage Coffea arabica Alnus acuminata
Egg 4210322 51% 041D
Larva 1.8 £ 0.28a 24+1038b
Protonymph 21%0.26a 2610210
Deutonymph 23%0.27a 28+0.35b
Total pte-adult duration 13.8 £0.652 16.2£0.81b

Means within a row followed by the same letter are not significantly different according to Tukey's test (P< 0.05).
Regarding adult performance, mean longevity was 13.4 days on coffee and 15.8 days on alder, and
total fecundity was higher on alder (59.90 eggs/female) than on coffee (40.03 eggs/female) (Table 2).

Table 2. Reproductive parameters and longevity of Oligonychus coffeac reared on coffee and alder leaves under laboratory
conditions (25 £ 1 °C, 70 £ 5% RH, and a 16:8 h light:dark photopetiod).

Parameter Coftea arabica Alnus acuminata
Pre-oviposition (day) 1.80 £0.55b 1.92£0.37b
Oviposition petiod (day) 9.00 £0.38 a 7.10 £0.45 b
Post-oviposition period (day) 2.60 £0.52b 330£0.26b
Adult longevity (day) 13.40 £ 1.03 a 1580 £ 0.75 b
Fecundity (eggs/female) 40.03 £5.70 b 59.90 + 4.90 a

Means within a row followed by the same letter are not significantly different according to Tukey's test (P < 0.05).

Daily oviposition patterns differed clearly between host plants. Females maintained on A. acuminata
showed a higher oviposition rate (3.7 eggs/female/day), whereas on C. arabica the rate reached 2.5
eggs/female/day with a shorter effective oviposition period (Fig. 1).
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Figure 1. Mean number of eggs per female per day as a function of total oviposition days for Oligonychus coffeae females on
coffee and alder leaves under laboratory conditions (25 £ 1 °C, 70 £ 5% RH, and a 16:8 h light:dark photopetiod).

On A. acuminata, daily egg production increased markedly from day 1, peaking at 6.2
eggs/female/day on day 6. After day 8, oviposition gradually declined, remaining between 4 and 5
eggs/female/day until approximately day 11, after which it decreased mote shatrply. Nevertheless, on this
host, females continued to produce more eggs than on coffee leaves during the late oviposition phase,

which ended around day 15.

In contrast, on C. arabica, oviposition began at low levels (=1 egg/female/day) duting the first two
days, increasing progressively to a maximum of 5.4 eggs/female/day on day 8. From day 9 onward, egg
production showed a sustained decline until day 12, when oviposition became nearly negligible.

Life table parameters of Oligonychus coffeae reared on coffee and alder leaves

Population parameters differed significantly as a function of host plant (Table 3). The net
reproductive rate (Rg) was markedly higher on A. acuminata (52.4) than on C. arabica (35.1), suggesting
that alder provides more favorable nutritional resources or physiological conditions for female
performance and offspring production.

Table 3. Population parametets of Oligonychus coffeae reared on coffee and alder leaves under laboratory conditions (25 = 1 °C,
70 £ 5% RH, and a 16:8 h light:dark photopetiod).

Parameter Coftea arabica Alnus acuminata
Ry (female eggs/female) 351£29b 524+ 36a

tm (day™") 0.198 +0.015 b 0254 +0.013

A (day~") 1.220 +0.02 2 1.291 +0.022

T (days) 153+ 0.8b 185+ 1.1a

Means within a row followed by different letters are significantly different according to the paired bootstrap test (P < 0.05).

Similarly, the intrinsic rate of increase (7i) was higher on A. acuminata (0.254 day™"), indicating faster
population growth potential on this host. In contrast, the finite rate of increase (A) was similar between
host plants. Regarding mean generation time (1), mites reared on C. arabica completed a generation more
quickly (15.3 days) than those reared on A. acuminata (18.5 days). Despite the shorter generation time on
coffee, the higher reproductive output on alder resulted in higher overall population growth potential on
that host.

Eftect of ethanolic extracts of alder and coffee on Oligonychus coffeae mortality
Ethanolic extracts of alder and coffee exhibited acaricidal activity that depended on both
concentration and exposure time (Fig. 2). At 24 h, coffee extract at 5% and 10% caused mortalities of
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46.7% and 68.3%, respectively, reaching 76.9% at 20%. In comparison, the alder extract produced 35.5%,
55.8%, and 68.1% mortality at the same concentrations. At 72 h, mortality ranged from 78.5% to 91.2%
for coffee extract at 5% and 20%, respectively, whereas alder extract produced slightly lower mortalities
(67.4% and 89.3% at 5% and 20%). Mortality at 20% for both extracts was comparable to that produced
by propargite (94.5%).
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Figure 2. Percent mortality of Oligonychus coffeae exposed to different concentrations of ethanolic extracts of coffee (A) and
alder (B) leaves under laboratory conditions (25 £ 1 °C, 70 £ 5% RH, and a 16:8 h light:dark photopetiod).

Chromatographic profile of coffee and alder extracts

The chromatographic profiling of the ethanolic extracts revealed distinct and chemically consistent
marker patterns for both plant species. In Coffea arabica leaf extracts, caffeoylquinic acids (3-CGA, 4-
CGA, and predominantly 5-CGA), dicaffeoylquinic acids (3,4-diCQA, 3,5-diCQA, and 4,5-diCQA),
methylxanthines (caffeine), the pyridine alkaloid trigonelline, and xanthones (mangiferin and isomangi-
ferin) were the major quantified constituents (Table 4). In A/nus acuminata extracts, diarylheptanoid-type
markers were predominant, with oregonin as the main compound, followed by hirsutanonol,
platyphyllonol, and platyphyllenone (Table 5). Overall analytical precision was acceptable for all markers
(low-to-moderate %RSD), supporting the use of these compounds for extract standardization in
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subsequent bioassays.

Table 4. Concentration of major bioactive compounds in C. arabica leaf extracts.

Compound g/kg DW (mean * SD) RSD (%)
3-CGA 1.32 £ 0.21 9.2
4-CGA 0.77 £ 0.06 8.0
5-CGA 13.57 £ 1.35 10.2
3,5-diCQA 0.38 £ 0.02 34
3,4-diCQA 0.54 £ 0.05 7.6
4,5-diCQA 0.84 £ 0.04 5.3
Mangiferin 5.62 £ 0.18 33
Isomangiferin 0.36 £ 0.03 5.8
Caffeine 8.37 £ 0.59 5.3
Trigonelline 5.74 £ 0.34 2.9

Table 5. Concentration of major matrker compounds in Alnus acuminata leaf extract.

Compound g/kg DW (mean + SD) RSD (%)

Oregonin 3.52 £ 0.01 0.2

Hirsutanonol 0.70 £ 0.002 0.2

Platyphyllonol 1.24 = 0.004 0.3

Platyphyllenone 0.12 £ 0.001 0.5
DISCUSSION

The biology of O. cgffeac and its response to plant extracts varied with host plant, underscoring the
importance of host-associated effects for understanding population dynamics and designing more
sustainable integrated pest management (IPM) strategies.

The development times observed for O. cgffeae on coffee and alder fall within ranges reported
previously and further confirm host-plant effects on the biology of this mite. Several studies have shown
that egg-to-adult development in O. coffeae is influenced by both temperature and host plant, with reported
durations of 10—14 days under temperatures comparable to those used in the present study (Gotoh and
Nagata 2001; Haque ez a/. 2007; Chen ef al. 2016). Comparable values have also been reported for other
Oligonychus species, such as O. mangiferns on mango (14.8 days at 25 °C) (Lin 2013). Host-plant effects
have likewise been documented for multiple O/igonychus species (e.g., O. afrasiaticus, O. punicae, and O.
_yothersi), for which developmental duration can vary by 2-5 days depending on leaf nutritional quality,
water content, epidermal structure, and physical defenses such as trichomes and thicker cuticles (Vasquez
et al. 2008; Chaaban e al. 2012; Punina et al. 2025).

The delayed development observed on A. acuminata suggests that this host may present
physiological constraints, such as higher concentrations of phenolic compounds or a leaf structure less
conducive to continuous feeding (Ren ez a/. 2017; Kalaitzaki ez a/. 2023). However, this did not appear to
limit survival, which remained above 80%. Moreover, both total fecundity and longevity were
significantly greater on alder, resulting in higher net reproductive rates. Hosts that are suboptimal for
development may nevertheless provide a nutritional balance or metabolite profile that favors increased
reproductive investment, as described for O. afrasiaticus and O. punicae on different date palm and avocado
cultivars (Vasquez ¢f al. 2008; Chaaban e a/. 2012).

The combination of a longer generation time and higher reproductive capacity on A. acuminata has
relevant ecological implications. From a management standpoint, alder could function as a “source” host
capable of sustaining high O. coffeac populations in the landscape, even during periods when coffee
plantations are less susceptible (Kennedy and Storer 2000). Similar dynamics have been documented for
other polyphagous Tetranychidae, where the presence of perennial alternative hosts facilitates life-cycle
continuity, interseason survival, and recurrent recolonization of commercial crops (Mushtaq ez a/. 2023).
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Accordingly, the altitudinal distribution of alder and its frequent inclusion in agroforestry systems
associated with coffee cultivation may create local reservoirs from which mites later disperse into coffee
plantations. This should be considered when designing landscape-level management strategies. The
oviposition pattern observed on alder further supports this interpretation: females reached daily peaks of
6.0-0.5 eggs/female between days 6 and 8 and maintained appreciable oviposition until approximately
day 15, whereas both oviposition rate and duration were lower on coffee. This pattern suggests that
although coffee accelerates development, alder allows more prolonged host exploitation, possibly due to
weaker induction of plant defenses or more stable resources over time. Recent work has shown that, in
tetranychid mites, the C/N ratio, soluble sugars, and phenolic profiles strongly influence both fecundity
and oviposition duration (Gonzalez-Hernandez ez al. 2024).

The dose- and time-dependent mortality patterns observed for both ethanolic extracts reflect a
cumulative physiological stress rather than rapid acute toxicity provoked by the presence of bioactive
secondary metabolites. The comparatively higher mortality observed for the coffee extract at 24 h may
be partly related to the higher chlorogenic acids, particularly 5-O-caffeoylquinic acid (5-CGA), together
with caffeine, trigonelline, and xanthone derivatives. Comparable effects associated with phenolic
compounds and alkaloids have been documented in previous studies on O. cgffeae and other phytophagous
mites exposed to plant-derived extracts, in which mortality patterns were associated with progressive
alterations in feeding behavior, metabolic balance, or oviposition (Roy e a/. 2016; Handique ez al. 2017,
Deka et al. 2022).

These compound classes have been associated with insecticidal /acaricidal activities such as toxicity,
feeding deterrence, and oviposition disruption in phytophagous arthropods, which aligns with the higher
mortality rate (Chen and Dai 2015; Gajger and Dar 2021). For alder, the detection of diarylheptanoid
markers (e.g., oregonin-type chemistry) is consistent with phytochemical profiles reported across the
genus A/nus, where diarylheptanoids and other polyphenols are frequently highlighted as contributors to
biological activity (Novakovi¢ ef al. 2013; Ren et al. 2017).

With respect to acaricidal activity, results indicate that both coffee and alder contain metabolites
that are highly toxic to O. cgffeae. At 72 h, the 20% concentration of both extracts caused mortalities
exceeding 89%, comparable to the synthetic acaricide propargite (> 94%), and mortality increased clearly
with dose and exposure time. This dose-response pattern is consistent with previous studies evaluating
extracts from Tithonia diversifolia, Cassia alata, Phlogacanthus thyrsiformis, Duranta repens, Terminalia chebula, and
other locally available species against O. cgffeae, which reported > 80% mortality at intermediate to high
concentrations and additional effects on oviposition and egg viability (Roy e a/. 2014b; Roy ez al. 20106,
2025; Handique ez a/. 2017; Deka ez al. 2022).

The high toxicity observed for the coffee extract may be associated with caffeine, chlorogenic acids,
and other phenolic compounds previously linked to insecticidal, antifeedant, and ovicidal effects in
aphids, thrips, and other phytophagous mites (Deka ez a/. 2022). Likewise, the activity of the alder extract
aligns with phytochemical profiles reported for A/nus species, which include diarylheptanoids, flavonoids,
terpenoids, and tannins with insecticidal and antimicrobial properties (Subsongsang and Jiraungkoorskul
2016). Collectively, these findings suggest that both plants could serve as local sources of active
ingredients for developing botanical acaricide formulations with potential to reduce reliance on synthetic
molecules and mitigate resistance and environmental contamination risks (Shourove ez al. 2024).

From an IPM perspective, integrating host-associated biological information with the efficacy of
the evaluated extracts provides valuable guidance. The fact that alder supports O. coffeae development
suggests it could be used as an indicator plant or within ecological trap strategies, complementing the use
of coffee by-products or alder foliage extracts as botanical acaricides. Studies in agricultural systems
indicate that combining plant extracts with the release or conservation of predatory mites can
substantially reduce the frequency of conventional acaricide applications while maintaining or even
improving crop yield (Lemaire ef a/. 2025). Such integration leverages both the direct toxicity of botanical
extracts and the suppressive action of natural enemies, decreasing the need for multiple chemical
applications (Duso ez al. 2020; Deka e al. 2022; Lemaire ez al. 2025).
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The results confirm that Coffea arabica and Alnus acuminata are favorable hosts for Oligonychus coffeae,
however, they play distinct ecological roles. Coffee plants promote faster mite development, whereas
alder supports greater reproductive potential. At the same time, ethanolic extracts from both plant species
exhibited high acaricidal efficacy, with mortality levels comparable to propargite, positioning them as
promising candidates for the development of botanical acaricides within integrated pest management
(IPM) programs. Future studies should further characterize the chemical profiles of these extracts, assess
their compatibility with natural enemies, and validate their performance under field conditions and in
stable formulations to advance toward a more ecological and sustainable management of the coffee red
spider mite.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the Direccion de Investigacion y Desarrollo (DIDE) at
Universidad Técnica de Ambato (UTA) for partial financial support of this study, and Universidad Estatal
de Bolivar for its support through projects PIV-66-2021 and PIV-15-2024.

Author contributions: S.P-C.: Investigation, Data curation, Writing-original draft. D.M.: Investigation, Data curation,
Writing-review & editing. V.F.: Investigation, Data curation, Formal analysis, Visualization, Writing-original draft, Writing-
review & editing. S.V.-R.: Funding acquisition, Resources, Project administration, Writing-review & editing. J.B.: Funding
acquisition, Resources, Project administration, Supervision. J.B.-C.: Investigation, Data curation, Writing-original draft. C.V.:
Conceptualization, Methodology, Validation, Formal analysis, Supervision, Project administration, Writing-review & editing.
All authors have read and agreed to the published version of the manuscript.

Funding: The research was funded by Universidad Técnica de Ambato (UTA) for partial financial support of this study, and
Universidad Estatal de Bolivar

Availability of data and materials: No new data were created or analyzed during this study. Data sharing does not apply to
this article.

Ethics approval and consent to participate: This study only included arthropod material, and all required ethical guidelines
for the treatment and use of animals were strictly adhered to in accordance with international, national, and institutional
regulations. No human participants were involved in any studies conducted by the authors for this article.

Consent for publication: NA.
Competing interests: The authors declare no conflict of interest.

Generative Al statement: The authors declare no use of Gen Al in the creation of this manuscript.

REFERENCES

Abbott, W.S. (1925) A method of computing the effectiveness of an insecticide. Journal of Economic
Entomology, 18(2): 265-267.

Abdulwahab, Y., Al-Shmery, M., Ahmad, A., Wahid, I. & Taba, P. (2024) Effectiveness of coffee plant
extracts and green nanoparticles for mosquito control of the dengue vector .Aedes aegypti: A
comprehensive review. Bangladesh Journal of Infections Diseases, 11(2): 172—195.

https://doi.org/10.3329 /bjid.v11i2.70994

Birch, L.C. (1948) The intrinsic rate of natural increase of an insect population. The Journal of Animal
Ecology, 17(1): 15-26. https://doi.org/10.2307 /1605

Carey, J.R. (1993) Applied demography for biologists: Special emphasis on insects. Oxford University Press, New
York, USA, 206 pp.

Chaaban, S., Chermiti, B. & Kreiter, S. (2012) Effects of host plants on distribution, abundance,
developmental time and life table parameters of Olgonychus afrasiaticns (McGregor) (Acari:
Tetranychidae). Papéis Avulsos de Zoologia, 52(10): 121-133.
https://doi.org/10.1590/50031-10492012001000001

Chen, Y. & Dai, G. (2015) Acaricidal, repellent, and oviposition-deterrent activities of 2,4-di-tert-
butylphenol and ethyl oleate against the carmine spider mite Tetranychus cinnabarinus. Jonrnal of Pest

LIFE CYCLE OF RSM AND ACARICIDAL ACTIVITY OF TWO HOST PLANTS


https://doi.org/10.3329/bjid.v11i2.70994
https://doi.org/10.2307/1605
https://doi.org/10.1590/S0031-10492012001000001

2026 PERSIAN JOURNAL OF ACAROLOGY [ 11

Science, 88(3): 645—655. https://doi.org/10.1007/s10340-015-0646-2

Chen, W.H., L1, C.Y. & Chang, T.Y. (2016) Temperature-dependent development and life history of
Oligonychus litehii (Acari: Tetranychidae), on wax apple. Journal of Asia-Pacific Entomology, 19: 173-179.
https://doi.org/10.1016/j.aspen.2016.01.004

Deka, B., Babu, A., Baruah, C. & Sarkar, S. (2022) Plant extracts as potential acaricides for the
management of red spider mite, Oligonychus coffeac Nietner (Acarina: Tetranychidae), in the tea
ecosystem: An eco-friendly strategy. Frontiers in Agronomy, 4: 685568.

https://doi.org/10.3389/fagro.2022.685568

Duso, C., van Leeuwen, T. & Pozzebon, A. (2020) Improving the compatibility of pesticides and
predatory mites: recent findings on physiological and ecological selectivity. Current Opinion in Insect
Science, 39: 63—68. https://doi.org/10.1016/j.cois.2020.03.005

Elmasry, N.S., Shehata, E.A. & Nasr, H.M. (2020) Efficacy of chlorogenic acid and caffeine extract from
the green coffee beans in controlling Aphis gossypii Glover and Tetranychus nrticae Koch. International
Journal of Entomology Research, 5(4): 29-32.

Gajger, IT. & Dar, S.A. (2021) Plant allelochemicals as sources of insecticides. Insects, 12: 189.
https://doi.org/10.3390/insects12030189

Gonzalez-Hernandez, E., Chacén-Hernandez, ].C., Heinz-Castro, R'T.Q., Hernandez-Juarez, A., del
Rocio Moreno-Ramirez, Y. & Neri-Ramirez, E. (2024) Biology and life table of O/gonychus punicae
Hirst (Trombidiformes: Tetranychidae) on three host plants. Florida Entomologist, 107(1): 20230002.

https://doi.org/10.1515/flaent-2023-0002

Gotoh, T. & Nagata, T (2001) Development and reproduction of O/igonychus coffeae (Acari: Tetranychidae)
on tea. International Journal of Acarology, 27(4): 293-298.

https://doi.org/10.1080/01647950108684269

Gutiérrez, J. (1985) Systematics. In: Helle, W. & Sabelis, M. (Eds.), Spider mites: Their biology, natural enemies
and control. Vol. 1A. Elsevier Science Publishers, Amsterdam, The Nethetlands, pp. 75-90.

Handique, G., Roy, S., Rahman, A., Bora, F.R. & Barua, A. (2017) Use of some plant extracts for
management of red spider mite, Oligonychus coffeae (Acarina: Tetranychidae) in tea plantations.
International Jonrnal of Tropical Insect Science, 37(4): 234-242.

https://doi.org/10.1017/81742758417000169

Haque, M., Wahab, A., Naher, N. & Begum, A. (2007) Developmental stages of red the spider mite,
Oligonychus coffeae Neitner (Acari: Tetranychidae) infesting rose. University Journal of Zoology, 26: 71—
72. https://doi.org/10.3329 /ujztu.v26i0.703

Helle, W. & Overmeer, W. (1985) Rearing techniques. [n: Helle, W. & Sabelis, M. (Eds.), Spider mites: Their
biology, natural enemies and control. Volume 1A. Elsevier Science Publishers, Amsterdam, The
Netherlands, pp. 331-335.

Hussein, H., Abouamer, W., Ali, H., Elkhadragy, M., Yehia, H. & Farouk, A. (2022) The valorization of
spent coffee ground extract as a prospective insecticidal agent against some main key pests of
Phaseolus vulgaris in the laboratory and field. Plants, 11: 1124,

https://doi.org/10.3390/plants11091124

Kachhawa, D. & Kumawat, K. (2018) Ofigonychus coffeae: Red spider mite of tea: A review. Journal of
Entomology and Zoology Studies, 6(3): 519-524.

Kalaitzaki, A., Amara, A., Dervisoglou, S., Perdikis, D., Tzobanoglou, D., Koufakis, I. & Tsagkarakis, A.
(2023) Effect of host plant species and temperature on the development and survival of the plant
bug Closterotomus trivialis (Costa) (Hemiptera: Miridae). Phytoparasitica, 51(1): 19-28.
https://doi.org/10.1007 /s12600-022-01030-1

Kennedy, G.G. & Storer, N.P. (2000) Life systems of polyphagous arthropod pests in temporally unstable
cropping systems. Annual Review of Entomology, 45: 467—-493.

Lemaire, E., McCune, F., Roy, M., Bourgeots, G. & Fournier, V. (2025) Efficacy of releases of phytoseiid

LIFE CYCLE OF RSM AND ACARICIDAL ACTIVITY OF TWO HOST PLANTS


https://doi.org/10.1016/j.aspen.2016.01.004
https://doi.org/10.3389/fagro.2022.685568
https://doi.org/10.1016/j.cois.2020.03.005
https://doi.org/10.1515/flaent-2023-0002
https://doi.org/10.1080/01647950108684269
https://doi.org/10.1017/S1742758417000169
https://doi.org/10.3329/ujzru.v26i0.703
https://doi.org/10.3390/plants11091124
https://doi.org/10.1007/s12600-022-01030-1

12 PAREDES-CARRENO ET AL. 2026

mites (Acari: Phytoseiidae) on spider mite control on raspberry in high tunnel production, and
implication on control strategy through a population model of Tetranychus medanieli (Acari:
Tetranychidae). Biological Control, 206: 105799. https://doi.org/10.1016/j.biocontrol.2025.105799

Lin, M.Y. (2013) Temperature-dependent life history of Oligonychus mangiferns (Acari: Tetranychidae) on
Mangifera indica. Experimental and Applied Acarology, 61: 403—413.
https://doi.org/10.1007/s10493-013-9716-4

Mushtaq, H.M.S., Ali, H.M.S., Kamran, M. & Alatawi, I.]. (2023) Effect of different host plants on life
type characteristics of three spider mite pests (Acari: Prostigmata: Tetranychidae). Animals, 13(22):
1-13. https://doi.org/10.3390/ani1 3223433

Novakovi¢, M., Stankovi¢, M., Vuckovi¢, 1., Todorovi¢, N., Trifunovi¢, S., Tesevi¢, V., Vajs, V. &
Milosavljevi¢, S. (2013) Diarylheptanoids from A/uus glutinosa bark and their chemoprotective effect
on human lymphocytes DNA. Planta Medzca, 79(6): 499-505.
https://doi.org/10.1055/s-0032-1328301

Ochoa, R., Aguilar, H. & Vargas, C. (1994) Phytophagous mites of Central America: An illustrated guide. CA'TIE,
San José, Costa Rica, 234 pp.

Punina, E., Vasquez, C., Colmenarez, Y.C., Villa-Murillo, A., Nufiez, P. & Santana, R. (2025) Biology of
Oligonychus yothersi McGregor) (Acari: Tetranychidae) on three host plants. Acarologia, 65(4): 1032—
1040. https://doi.org/10.24349 /nwgg-a8oy

Ranci¢, M., Krsti¢, M., Petrovié, G., Santibanez, |.F., Zdravkovi¢, N., Misi¢, D. & Grmusa, 1.G. (2025)
Grey alder (Alnus incana (1.) Moensch) bark valorisation potential: longitudinal variability of
chemical composition and antimicrobial, antioxidative, and cytotoxic activity of extractives. Wood
Science and Technology, 59: 80. https://dot.org/10.1007/s00226-025-01682-2

Ren, X., He, T., Chang, Y., Zhao, Y., Chen, X., Bai, S., Wang, L., Shen, M. & She, G. (2017) The genus
Alnns, a comprehensive outline of its chemical constituents and biological activities. Molecules, 22:
1383. https://doi.org/10.3390/molecules22081383

Roy, S., Ghosh, C., Babu, A. & Roy, S. (2025) Evaluation of certain ferns as potential biopesticide for
the management of tea red spider mite, Oligonychus coffeae Nietner (Acarina: Tetranychidae).
International Jonrnal of Tropical Insect Science, 45: 1157—-1165.
https://doi.org/10.1007 /s42690-025-01510-x

Roy, S., Muraleedharan, N., Handique, G., Rahman, A. & Barua, A. (2016) Aqueous extracts of Duranta
repens (Verbenaceae) as an alternative to control tea red spider mite, Olgonychus coffeae (Acari:
Tetranychidae). International Journal of Tropical Insect Science, 36(2): 82-90.
https://doi.org/10.1017/S1742758416000047

Roy, S., Muraleedharan, N. & Mukhopadhyay, A. (2014a) The red spider mite, Oligonychus coffeae (Acari:
Tetranychidae): Its status, biology, ecology and management in tea plantations. Experimental and
Applied Acarology, 63(4): 431-463. https://doi.org/10.1007/s10493-014-9800-4

Roy, S., Rahman, A., Phukan, A.K. & Muraleedharan, N.N. (2014b) Terminalia chebula Retz. (Combreta-
ceae): Source of a botanical acaricide against Oligonychus coffeae Nietner (Acarina: Tetranychidae).
International Journal of Acarology, 40(2): 138-144. https://doi.org/10.1080/01647954.2014.888095

Sharma, G., Routh, R. & Chhetri, A. (2025) Red spider mite (Oligonychus coffeae): Bio-ecology and its
infection cause metabolic changes in the tea plant (Camellia sinensis). International Journal of Creative
Research Thoughts, 13(3): 81-92.

Shourove, J.H., Meem, F.C., Chowdhury, R.S., Eti, S.A. & Samaddar, M. (2024) Biocontrol agents and
their potential use as nano biopesticides to control the tea red spider mite (Oligonychus coffeae): A
comptehensive review. Heliyon, 10: €34605. https://doi.org/10.1016/j.heliyon.2024.34605

Subsongsang, R. & Jiraungkoorskul, W. (2016) An updated review on phytochemical properties of
“Golden Dewdrop” Duranta erecta. Pharmacognosy Reviews, 10(20): 115-117.
https://doi.org/10.4103/0973-7847.194042

LIFE CYCLE OF RSM AND ACARICIDAL ACTIVITY OF TWO HOST PLANTS


https://doi.org/10.1016/j.biocontrol.2025.105799
https://doi.org/10.1007/s10493-013-9716-4
https://doi.org/10.3390/ani13223433
https://doi.org/10.24349/nwgg-a8oy
https://doi.org/10.1007/s00226-025-01682-2
https://doi.org/10.3390/molecules22081383
https://doi.org/10.1007/s42690-025-01510-x
https://doi.org/10.1017/S1742758416000047
https://doi.org/10.1007/s10493-014-9800-4
https://doi.org/10.1080/01647954.2014.888095
https://doi.org/10.1016/j.heliyon.2024.e34605
https://doi.org/10.4103/0973-7847.194042

2026 PERSIAN JOURNAL OF ACAROLOGY [ 13

Ullah, M.S., Kobayashi, Y. & Gotoh, T. (2022) Development and reproductive capacity of the miyake
spider mite Eotetranychus kankitus (Acari: Tetranychidae) at different temperatures. Insects, 13: 910.
https://doi.org/10.3390/insects13100910

Vasquez, C., Aponte, O., Morales, J., Sanabria, M.E. & Garcia, G. (2008) Biological studies of Oligonychus
punicae (Acari: Tetranychidae) on grapevine cultivars. Experimental and Applied Acarology, 45(1-2):
59-69. https://doi.org/10.1007/s10493-008-9154-x

LIFE CYCLE OF RSM AND ACARICIDAL ACTIVITY OF TWO HOST PLANTS


https://doi.org/10.3390/insects13100910
https://doi.org/10.1007/s10493-008-9154-x

14 | PAREDES-CARRENO ET AL. 2026

»lg o948 9 Kwyi (59, Oligonychus coffeae (Acari: Tetranychidae) g j 45 3>
708 (5,0 &S il 3 gl Jgll (saojlas iS s

OUUl | g a8 j95 | F i ;- By (Sl | T wgigyd Ly | TTigke daged | g5, I5— p3,b 1)l
TSl ol | -y

nataly.paredes@docentes.educacion.edn.cc :4obibly £1930557 oS Tiils Ugyg0 bl dysll dyglls i j0l A5l )

dmendoza@polidist.com :4olbly 930657 o wblpS" il o oS VS S Al ol g piagtils .Y

st asque @ o utos@ntacdnec aolbly 930y5T dyalygSs7 ol o poslles dSTogy3sS syt s05pphiS mple 84Sty yilel 8 ol
funi ega@uchedinee 4obbly 5,90657 oaslss ol A5 o Lasimo 5 el oo 5ol pale S ol bl oSy . F
preno@uchadnce 4ably 53051 oy ol LIS 59175 gy islon o bl ol

Jonsblady26@gmail.com 4allbly 553055 o pugzy pog) Sl 9355 o5 US> 5 (5jpliS pole 5AKD (9298”35 oKy £

gl Butiuns g
bAgs% B ca.vasques@uta.cdn.cc
op) ol 6y S bl )3 gl (6559liS caenl b B Oligomychus coffeae (Nietner) wgad 30,5 &S5 | P
S &3 (Alnus acuminata) o5\ Sy o (Coffea arabica) ol «bjuo obS 9 3l w4 adlllas V¥ Goge VY
2o O Ve s Cugb) gl B2 3V 2 YO glod) 0a3 S Ll yd 53 O. coffear sumer slaraomilyy 9 ]
oo las iS4 el (ol g 98l «cdls gy (@ vitro) (wlRisles] bylys > (Celo VEA (6y95 0490 g ARt
S 9ot (i g jl ol b (ool Sjg) 20> Ve 9 Ve B (slaclale )3 g g 0gd Joib] St
O. 2y b dulio (Cuf)lig ) S (IS8 Sy L g ol sl VY g YA XYF )3 S o e 9 05 (b)) RN
Jsb 9 90t J I b 392 (59, VIV) Ko Sl Sy 63U oliem 2 (39, VW/A) 0g0d oS 2 59, coffea aaBS
4 g (gg) Comer sladialyy o) o2l 12 (il 4 055 DR & 5 392 2y Bl (g9 F il yos st

Cuzon Ad) Juunsly odimd L a8 (odlefodle o35 OF/¥ = Ro £59, o +/YOF = 1) 2 s (o0l jlae
welw YV 3 00 lis 1y loj g j9d 4 dtwnly aSaS” culled Joibl (slaoslac ol biee cpl (59, yuin
o) sl duaglio BB udlgp b oS A5 wgi 59y % AVY g ogad 59y % WY puo g Spo sl Yo7/ clile
oSl Ll sl slaeylas 5 15 o a8 O. aoffeae 35y & izso oS 93y & an3 e Lt gl

At € oyl do LS o e (sl (lodisS gl

WO LS (2lS sl iScdl bl il o e Coffea arabica Alnus acuminata s 6538 5\ 5lg
S AS b (55 sla gl

Paredes-Carrefio, S., Mendoza, D., I'rutos, V., Veja-Reinel, S., Bricefio, J., Bone-Cabrera, J. &
Vasquez, C. (2026) Biological cycle of Oligonychus coffeae (Acari: Tetranychidae) on alder
and coffee, and the acaricidal effect of their ethanolic extracts. Persian Journal of Acarology,
15(3): 150309.

https://doi.org/10.22073 /pja.150309

LIFE CYCLE OF RSM AND ACARICIDAL ACTIVITY OF TWO HOST PLANTS



	INTRODUCTION
	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES


    m g   g  − 1 D W     C  s o l  ( m g     m l  − 1 ) x   V  f i n a l ( m l )    m  D W ( g )


    ∑  x = 0  𝜔  e ⁻ ʳ ⁽ ˣ ⁺ ¹ ⁾ ( l ₓ m ₓ )   =   1  



