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1. INTRODUCTION

Persimmon (Diospyros kaki L.F.), also known as Japanese persimmon or kaki, originates
from China and is one of the most important fruit crops in East Asia (Yonemori et al., 2008).
It is a perennial deciduous tree that belongs to the family Ebenaceae. Its white creamy cryptic
flowers transform into green or light green buttons once matured (Britannica, 2021) (Fig. 1a).
The simple broad leaves are edible and can be consumed raw or processed (Fig. 1b). The fresh
leaves can be cooked and used as a wrap while processed and dried leaves are used as tea for
traditional medicine (Xie et al., 2015). The round fleshy orange parthenocarpic fruit is usually
consumed as table fruit but can also be processed as sweets or jams (Medha et al., 2019) (Fig.
1c). The nutritious fruit is known as a potential source of beneficial phytochemicals such as
antioxidants that are good for human health (Butt et al., 2015; Esteban-Mufioz, 2020). In fact,

the name kaki in japanese translates to tannin, a phytochemical present in fruits.

Over 500 species of persimmon exist worldwide that are traditionally cultivated in warm
sub-tropical climates such as China, Korea, Japan, Brazil, Turkey, Italy (Itamura et al., 2005;
Yokozawa et al., 2007; Britannica, 2021). However, this crop has been introduced in other
climate regions, such as tropical climates with high altitudes and frequent rainfall but with more

or less similar growing conditions (Yuniastuti et al., 2021).

In the Mediterranean basin, persimmon is considered a relatively recent crop dating its
introduction to the 19" century in Europe (Perucho, 2015). In Spain, and specifically in the
region of Valencia, it used to be a minor crop mostly used for household consumption. The
amount of production and area planted nevertheless increased tremendously during the last 25-
30 years, making it one of the major crops in the Valencian Community (Tena et al., 2015;
Garcia-Martinez et al., 2018). The total land area planted in 2019 was about 16,000 ha,
producing nearly 431,000 tons of fruit (GVA, 2019; INE, 2019). The apparent increase is
primarily explained by the commercialization of a new cultivar “Rojo Brillante” and the
development of an industrial postharvest treatment that eliminates its astringency before
ripening. This treatment has permitted fruit transport and storage for more extended periods of
time (Arnal and Del Rio, 2003; Garcia-Martinez et al. 2018).



Figure 1. Persimmon Diospyrus kaki: (a) flowers, (b) leaves, (c) fruit; and (d) Festuca

arundinacea

In Spain, the persimmon growing cycle starts in March-April when new buds are formed
after dormancy in winter. Ten phenological events were described by Garcia-Carbonell et al.
(2002), starting from bud formation to senescence. Leaves mature, and flower buttons appear in
the early fruiting stage (May-July). Fruit size continues to increase until September (Intrigliolo
et al., 2011). Some fruits start to ripen in early October, turning green to bright orange. Trees
are applied with pre-harvest a combination of plant growth regulators. Paclobutrazol (PBZ) is
used to advance the ripening while gibberellic acid (GA3) is sprayed to delay (Martines-Las
Heras et al., 2016). In this manner, the farmers can manipulate their harvest season until January,
avoiding the peak of the season or when the prices drop (FWS, 2022). Fruit ripening depends
on the target market. One is commercialized as a “Classic” tree-ripened, soft-fleshed, deep red-
orange color, but short shelf-life. The other is “Persimmon™,” which is picked before full
ripening, firm flesh fruit, and a longer shelf-life after CO2 treatment (Llacér and Badenes, 2009).
As persimmons are deciduous trees, the leaves are senesced by late autumn to the start of winter,
usually by November-December, while the fruit is still attached to the tree. From January to

March, the tree is completely defoliated.

With the marked increase in production, monocultural persimmon landscapes have

become common in the most important growing areas of the country and concomitantly, several



pests such as mites, thrips, lepidopterans and different hemipteran families have been associated
more frequently with persimmons (Garcia-Martinez et al., 2018). Whiteflies (Hemiptera:
Aleyrodidae) together with mealybugs (Hemiptera: Pseudococcidae) are at the present the two
key pest groups in persimmons of Spain (Garcia-Martinez et al., 2019). A benchmark survey of
Garcia-Martinez et al. (2018) revealed that whiteflies infestations were mostly due to two
species, the citrus whitefly Dialeurodes citri (Ashmead) and the nesting whitefly Paraleyrodes
minei laccarino. Whiteflies feed primarily by sucking phloem content from leaves, leaving little
damage unless they reach high populations on the plant. However, their indirect damage if often
much more considerable: honeydew secreted by the nymphal instars favors the growth of sooty

mold, consequently reducing the marketability of fruits and the photosynthetic ability of leaves.

Current pest management practices in persimmons primarily rely on the spraying of
synthetic pesticides. The consequences of this management approach are well documented. The
overuse of these products could have long-term effects on human health, the environment, and
the naturally occurring biological control processes of agroecosystems (Monzo and Stansly,
2020).

In recent studies in persimmon orchards, important complexes of natural enemies have
been found that could contribute to the regulation of the crop pests (Garcia-Martinez 2019). One
of the most abundant natural enemies found in this crop were phytoseiid mites (Garcia-Martinez
et al. 2016). These predators belong to the family Phytoseiidae consisting of about 2,500
described species worldwide and have a wide range of dietary habits, including pollen, fungi,
nematodes, mites, and other small arthropods. Its predatory behavior has attracted particular
attention on the biological control of agricultural pests (Denmark, 2008). Phytoseiids are
important natural enemies of whiteflies in vegetables and could therefore play an important role
on the regulation of these phytophagous in persimmon orchards. Previous studies in Valencia
region found 5 species of phytoseiid mites associated with this crop: Euseius stipulatus (Athias-
Henriot), Typhlodromus phialatus Athias-Henriot, Amblyseius andersoni (Chant), and
Paraseiulus talbii (Athias-Henriot) (Garcia-Martinez et al. 2019) and later Amblyseius swirskii
Athias-Henriot (Herndndez-De la Fuente, 2018). However, their role as biological control agents
of persimmon pests remain unknown. Phytoseiids are sensitive to intensive pesticide programs
(Monzo and Stansly, 2016) and the current insecticide pest management practices in this crop

may impact their abundance and hamper their biological control activity. Pesticides affect



phytoseiids in different ways depending on the active ingredient and the phytoseiid species
(Fiedler and Sonsnowska, 2014; Salman et al., 2015). Consequently, the species composition as
well as their relative abundance in phytoseiid assemblages is also expected to be affected by

insecticide usage (Monzo and Stansly, 2016).

In search for more environmentally friendly options, conservation biological control
(CBC) strategies seek to minimize the adverse effect of agricultural practices on non-target and
beneficial organisms, such as Phytoseiid mites, and to enhance their activity and role as
biological control agents (Begg et al., 2017). Habitat manipulation practices aim at increasing
the complexity of agroecosystems to favor the presence of natural enemies by providing them a
wider range of habitat and food resources (Begg et al., 2017). The use of cover crops in the
alleyways of perennial crops as a CBC strategy has been widely studied in some crops but no
research has been developed in persimmon. In citrus, monospecific cover crops sown with
Poaceae enhanced phytoseiid mites biological control activity in the tree canopy thanks to
bottom-up regulation mechanisms , when agroecological habitat manipulation at lower trophic

level (the plant) controls the higher trophic organisms (pest) (Aguilar-Fenollosa, 2011).

Given the fact that persimmon orchards shelter diverse and abundant Phytoseiid
assemblages that could contribute to more effective integrated pest management strategies, the
objective of the present research was to evaluate how sown cover crops of Festuca arundinacea
Schreb (Poaceae) (Fig. 1d) may affect phytoseiid assemblages and whitefly incidence in

persimmon orchards.



2. MATERIALS AND METHODS

2.1 Study sites

Eight commercial persimmon orchards of approximately 0.5 ha each, located in two
towns of the Valencia region; L’Alcudia, and Alginet, were included in this study (Tab. 1). The
longest distance between groves was 13 km, the altitude of the study area ranged between 20
and 40 meters, and consequently, all study sites shared similar environmental conditions (Fig.
2). The climate in the study area is characterized as Mediterranean type, with warm and
temperate temperatures, experiencing more precipitation in winter months than in summer
(499mml/year). All groves were in full commercial production. Hence, conventional pest
management was inevitable. Pesticide applications were made between May 1st and August
30th with biweekly insecticide applications against mealybugs following a rotation of
Movento® (spirotetramat), Closer® (Sulfoxaflor), Epik (Acetamiprid) and Karate Zeon
(Lambda cihalotrin). All orchards received the same insecticide application. The soil in the
alleyways was differentially managed between groves. Four groves, located in L’Alcudia, were
kept with plant-free alleyways by periodical applications of Glyphosate (Fig. 3a). In contrast,
four orchards, located in Alginet, maintained a monospecific cover crop of the grass Festuca
arundiancea Shreb that was sown in October 2019 (Fig. 3b). The cover crop is mowed four

times per season in February, April, June, and September.
2.2 Sampling of predatory mites and whiteflies

Sampling in the eight selected orchards was done approximately every other week from
April to September 2021. In each sampling date, trees were sampled by randomly collecting a
shoot of approximately 10 leaves of the canopy of 10 randomly selected trees per study site. The
samples were subsequently taken to the laboratory and stored at a cold temperature (approx.
5°C) until inspection. The leaves were carefully examined under a stereomicroscope and the
number of whiteflies, as well as its developmental stage (egg, nymph or adult) per leaf was
noted. Simultaneously, all the mites found were counted, extracted and preserved temporarily

in Eppendorf tubes containing 70% alcohol for further taxonomic determination.



In the groves sown with F. arundinacea, three sampling points were selected per the
orchard following a diagonal line, and in each point, a composite sample of about 150 g of leaf
vegetation of the cover crop was mowed and stored in plastic zip-bags. Samples were taken to
the laboratory and placed in Berlese-Tullgren funnels during 48 h for mite extraction. At the
bottom of each funnel, a collection tube was placed containing 60% ethanol, 10% glycerin, 0.3%

detergent, 0.1% sodium benzoate, and water to make 100% of the mixture (Ferragut et al, 2010).

Figure 3. The sample orchards with (a) bare soil and (b) with F. arundinacea



Table 1. Characteristics of the eight commercial persimmon orchards selected for the study.

Orchard | Name Town Geographic Presence of | Size

Coordinates cover crop F. | (ha)
arundinacea

1 La Carriona L’Alcudia | 39°11'04.2"N - 0.601
0°32'58.4"W

2 El Minat L’Alcudia | 39°11'16.8"N - 0.191
0°31'49.5"W

3 Rincon Monzon | L’Alcudia | 39°10'42.1"N - 0.244
0°31'32.2"W

4 Monleon L’Alcudia | 39°09'59.0"N - 0.466
0°31'32.3"W

5 Mitgera Alginet 39°1524"N + 0.391
0°28'01"W

6 Moncara Alginet 39°15'32"N + 0.639
0°25'52"W

7 Vall d’Hebron Alginet 39°15'08"N + 0.303
0°27'20"W

8 Vintena Alginet 39°14'08"N + 0.843
0°24'26"W

2.3 Taxonomic identification of Phytoseiid mites

All the predatory mites of the family Phytoseiidae collected both from persimmon leaves
and F. arundiancea were counted. Phytoseiid mites appear bigger, slightly transparent or
sometimes brown-pigmented, with glossy cuticle, and highly agile compared to other
saprophytic or phytophagous mites on the leaves (Fig. 4). These characteristics were certified
before extracting them and preserve in 70% ethyl alcohol. To aid in the identification, the body
extracted mites were digested and cleared using Nesbitt’s solution for 24 hours at 40-50°C and
later mounted in Hoyer’s medium. The important taxonomic features (body shape, number, and

location of setae, shape, and texture of dorsal shield, ventral plates, and spermatheca) were
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examined under phase-contrast microscopy. The taxonomic key of Ferragut et al. (2010) was
used for identification to genus, or if possible, to the species level. Adult females were selected
for species identification as it is more reliable than using males or immatures. However,

immatures and males were still considered for counting the total number of Phytoseiids.

Figure 4. The appearance of transparent (a) and slightly pigmented (b) phytoseiid mites
viewed under a stereomicroscope

2.4 Statistical analyses

Analysis of variance, of the total number of whitefly adults, nymphs, eggs and total
phytoseiid mites per persimmon leaf was done following the Nested design (Factor A: soil
management, Factor B: location) using the program R studio ver 3.6.1 (R Development Core

Team, 2019) and its packages “agricolae”, “Ismeans”, “dplyr”, and “ggplot”.
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3. RESULTS

3.1 Seasonal abundance of whiteflies and phytoseiid mites

Table 2 shows the average counts of whiteflies and phytoseiids per leaf throughout the
sampling period for the bare soil orchards and orchards with cover crops. Two whitefly species
were found throughout the study, the citrus whitefly D. citri and the nesting whitefly P. minei.
In terms of developmental stages, more eggs than adult individuals per leaf were recorded in
both species. Generally, more D. citri were found in persimmon leaves than P. minei in all
developmental stages. Nymphs and eggs of D. citri were recorded more than twice the number

of P. minei, while adult counts did not differ a lot.

The cover crop had a profound effect on reducing the nymphs and eggs of D. citri per
leaf (P<0.0001). Groves with bare soil had about 3.9 and 2.7 times more nymphs and eggs per
leaf, than the covered soil. However, a higher number of adults was recorded in persimmon
orchards with cover crop. Meanwhile, the effect of cover crop is also significant in P. minei.
Fewer number of P. minei was noted in orchards with F. arundinacea than those that were
uncovered. This is true in all developmental stages with great effect observed on eggs, about 11-

fold less.

The number of Phytoseiid mites per leaf was significantly higher in orchards with cover
crops (P=0.0324). It is about 1.4 higher than in persimmon groves left with bare soil. In both
species of whiteflies, the average egg count outnumbered the Phytoseiids. This was observed in

both orchards except for P. minei in ground-covered soils.
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Table 2. Mean + standard error of the density of whiteflies (adults, nymphs, eggs) and phytoseiid
mites per leaf collected in four orchards with and without cover crop across the sampling period
from April 2021 to September 2021. LSD test was used to compare the effects of the type of

soil management (with F. arundinacea and bare soil) Results are averaged over the levels of the

location.

Parameter Bare Soil Cover Crop F Df P

D. citri
Adult 0.17+£0.47 0.43x0.47 15.7 1,72 0.0002
Nymph 8.88+0.63 2.26+0.63 550 1,72 <0.0001
Egg 229+1.46 840+1.46 495 1,72 <0.0001

P. minei
Adult 0.15+0.03 0.00+0.03 169 1,72 0.0001
Nymph 1.23+0.87 0.04+0.87 284 1,72 <0.0001
Egg 9.79+0.80 0.32+0.80 688 1,72 <0.0001

Phytoseiids  4.86 £0.45 6.80+0.45 476 1,72 0.0324

Seasonal trends of all developmental stages of D. citri were more or less similar between
groves with and without cover crop (Fig. 5). In persimmon orchards with bare soil, two peaks
were observed in the population dynamics of D. citri adults, one at the beginning of the growing
season (end of April) and the second one in mid-July. Then the adult counts remained low for
the rest of the season, about less than 1 individual per tree. Nymphs and eggs appeared two
weeks after the first population peak of adults. The second population surge happened in July
and remained lower at the end of the sampling period. Meanwhile, egg numbers re-increased

about 23 individuals per tree in mid-August, but not as high as the 1%t and 2" peak.

Orchards with cover crop recorded fewer D. citri in all developmental stages except the
adults. The number of D. citri adults found in the groves with F. arundinacea at the beginning
of the growing season was approximately six times higher than in those with conventional soil

management. However, population trends did not differ much from orchards with bare soil
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throughout the sampling period, apart from the 2 peaks. Nymphs, on the other hand, had the
highest peak in June, 2 weeks later than the 1% peak of nymphs found in orchards with bare soil.
It continued to decline and remained below 5 individuals per tree until September. Oviposited
eggs per tree were also fewer in the 1% and 2" peaks and did not resurge in August, unlike the
ones in bare soil. Interestingly, egg counts dropped equally in both types of groves, with about

13 and 10 eggs in the 1% and 2" peaks, respectively.
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Figure 5. Total number of D. citri (a) adults, (b) eggs, (c) nymphs collected per persimmon tree

(n=10) in orchards with F. arundinacea and bare soil.

Another whiteflies species, Paraleyrodes minei, was observed later in the season (June)
than D. citri, which started to appear in April (Fig. 6). All developmental stages of this nesting
whitefly appeared at the first sampling date of July. In soils without ground cover, the population
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increased until the last collection period. This was true for nymphs and eggs, but not with adults
which had a fluctuating population. It declined in August, regained its population after 2 weeks,
and finally declined at the last sampling. On the other hand, soils covered with F. arundinacea
had very few or almost absent P. minei across all life stages. Few sampling periods overlapped

with bare ground, one in August for adults, and one in July for nymphs and eggs.

a b
Type of Soil Mgt. 6 Type of Soil Mgt.
—*— Bare Soil —*— Bare Soil
0.6 —=— Cover Crop ® —* Cover Crop
£ 5
2 E 4
o z
204 @
E E
o .
e o
o “6 24
# 0.2 vy
0.04 0
Apr17May 17 Jun 2 Jun 16 Jul 6 Jul 15 Aug 4 Aug 14 Sep 7 Apr17May 17 Jun 2 Jun 16 Jul§ Jul 15 Aug4 Aug 14 Sep 7
Time Time
c

Type of Soil Mgt.
—= Bare Soil

—* Cover Crop
404

20

#of P. minei eggs

Aprl‘l?rda';;"l? JU|I12JunI1B JuIIB JuII‘IS Aulg:iAugi‘l:i Selp?
Time
Figure 6. Total number of nesting whitefly P. minei (a) adults, (b) eggs, (c) nymphs collected

per persimmon tree (n=10) in orchards with F. arundinacea and bare soil.

Phytoseiid mites’ seasonal trend is shown in Figure 7. In the first two sampling dates,
populations were the same regardless of the type of management. This was also true at the last
two samplings. Notable differences were recorded from June to mid-August, when more
phytoseiids were found in groves with a cover crop, except on 6 July. It showed 2 peaks in both

types of soil management. The 1% increase was observed in June and the 2" in September.
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Additionally, ground-covered groves had more Phytoseiids in the 1% peak compared to the bare
soil but had the same counts in the 2" one. It is also interesting to note that the two increments
occurred just after the D. citri peaks that happened in 17 May and 15 July (Fig. 5). Abundance
of these predatory mites was especially higher in the groves with F. arundinacea than in the

groves with bare soil during the first peak in mid-June.
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Figure 7. Population dynamics of Phytoseiid mites collected per tree (n=10) in both type of soil

managements across sampling dates.

3.2 Species composition and relative abundance of Phytoseiid assemblages in persimmon

trees

A total of 1,331 Phytoseiid adult females belonging to 6 different species (Anex Fig. 1-
6) were collected in the canopy samples of the eight persimmon orchards between April 2021
and September 2021. Four species belonged to subfamily Amblyseiinae: Euseius
stipulatus Athias-Henriot, Proprioseiopsis messor Wainstein, Amblyseius andersoni Chant, and
Neoseiulus barkeri Hughes. The other two species, Typhlodromus phialatus Athias-Henriot, and
Paraseiulus talbii Athias-Henriot, belonged to subfamily Typhlodrominae. The groves with F.
arundinacea cover crop had more predatory mites on the leaves than the groves with bare soil,
accounting for 749 and 582 individuals, respectively (Table 3). Both types of orchards had the

same species richness of 5 species, but differed in the species composition. Four species, E.
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stipulatus, T. phialatus, P. talbii, and N. barkeri were common in both orchards. On the other
hand, no P. messor was found in any orchards with bare soil, while in the orchards with cover

crop, the species A. andersoni was absent.

Table 3. Abundance of adult Phytoseiid species on persimmon leaves in orchards with and

without a ground cover of F. arundinacea over all sampling dates

Orchards with bare soil Orchards with cover crop

Species 1 2 3 4 Total 5 6 7 8 Total
No. No.

Euseius stipulatus 82 147 120 80 429 169 166 122 154 611
Typhlodromus 30 34 43 41 148 23 53 32 26 134
phialatus
Paraseiulus talbii 0 2 0 0 2 1 0 0 0 1
Amblyseius andersoni 0 0 2 0 2 0 0 0 0 0
Proprioseiopsis 0 0 0 0 0 1 1 0 0 2
messor
Neoseiulus barkeri 0 1 0 0 1 1 0 0 0 1
Total 112 184 165 121 582 195 220 154 180 749

The relative abundance of the Phytoseiid species in the different groves is shown in
Figure 8. In the groves with cover crops E. stipulatus amounted to 81.7% of the specimens, T.
phialatus to 17.8%, P. messor to 0.2%, and P. talbii and N. barkeri to 0.1%. The two most

dominant species were present in all 4 sample farms, while the rest only appeared in 1 or 2.

In the orchards without ground cover, the collected phytoseiids consisted of 73% E.
stipulatus, 26.3% T. phialatus, 0.3% P. talbii, 0.1% A. andersoni, and 0.1% N. barkeri (Figure
8). Thus, the two species, E. stipulatus and T. phialatus dominated in both types of orchards,
regardless of the soil management, while other species are almost insignificant in terms of

numbers.
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Figure 8. Relative abundance of phytoseiid species collected from April 2021 to September
2021; (a) orchards with F. arundinacea, (b) orchards with bare soil

3.3 Species composition and relative abundance of Phytoseiid assemblages in Festuca
arundinacea

Direct sampling of the cover crop revealed a different phytoseiid species composition
than on persimmon leaves. A total of 6 species, Proprioseiopsis messor, Neoseiulus barkeri, N.
californicus McGregor (Annex Fig 7), E. stipulatus, T. phialatus, and Amblyseius obtusus Koch
(Annex Fig. 8) were found on the cover crop from the four sampled orchards (Figure 9). The
species collected and their relative abundance varied among orchards. In general, P.
messor and N. barkeri were predominant in all orchards, ranging from 18.2-81.3% and from
6.2-68.2% of the total phytoseiids, respectively. The dominant species in the canopy of
persimmon trees, E. stipulatus and T. phialatus, were uncommon and almost absent on the
ground cover. On the contrary, the most abundant species in cover crop, P. messor, was rare in

the canopy.
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Figure 9. Relative abundance of Phytoseiids collected from F. arundinacea used as cover crop

in four persimmon orchards, (a) Mitgera, (b) Moncara, (c) Val d’Hebron, (d) Vintena.
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4. DISCUSSION

As the land area grown with persimmons increases, pest problems such as whiteflies
have emerged. The presence of these harmful Hemipteran pests indirectly affect the market
value of the product because of sooty mold growth. The non-judicious application of synthetic
pesticides to kill this pest poses a threat to humans and the environment. In this research, |
studied the potential of sown cover crops with F. arundinacea in augmenting the populations of
Phytoseiid mites, a vital predatory group for conservation biological control, as an alternative

for synthetic insecticide application.

The present 6-month study on the population dynamics of D. citri and phytoseiid mites,
despite the short period, suggests that the sown cover crop, F. arundinacea, may help to reduce
the nymph and egg abundance of D. citri, but not adults. The possible explanation, why the
adults were higher is that they are highly mobile, unlike nymphs and eggs, which remain on the
leaves. Plots with ground cover had a higher number of adults at the beginning of the sampling.
The first arrival of whitefly adults is thought to be from nearby citrus groves in early spring
when persimmon leaves are young. The population dynamics of whiteflies showed two
population peaks, in May and July, suggesting two generations, regardless of the presence of
cover crops. It is known that D. citri usually has three annual generations, the first two
coinciding with what has been observed in this study and the third one is given around

September (Hernandez-De la Fuente et al., 2019; Argov et al., 2003; Zani¢ et al., 2001).

Another species of whitefly, P. minei, was also found later in the season. Both types of
orchards had no P. minei initially but started to have significant differences later in the season.
Unlike D. citri, only one peak of population was observed for both eggs and immatures but not
for adults, suggesting only one generation. In field data observed in California, where the
climate is also classified as Mediterranean type, this species has at least four generations
throughout the year recorded in citrus (Bellows et al., 1998). The first increase in numbers of
all life stages of P. minei was observed at the same time as the 2nd generation of D. citri, whose
abundance is lower than that of its first generation. This could suggest that both species in

persimmon might have an interaction during this time of the growing season.
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The increase in phytoseiid numbers was evident two weeks after the first population
peak of D. citri, indicating that the predator may use the immature stages of the whitefly as prey
and numerically respond to their densities. The late increase in the numbers of the uncommon
species of whitefly, P. minei, might be an additional food source for the predatory mites aside
from D. citri, despite its lower numbers in the 2nd generation. Two species dominated
phytoseiid assemblages of persimmons, E. stipulatus, and T. phialatus, that accounted for about
80% and 20% of our total captures, respectively. The generalist diet and direct plant-feeding
ability of E. stipulatus could explain its superiority and survival advantage among other species
(Cruz-Millares et al., 2021). These dominant species might be the most crucial guild in
conservation biological control. The results agree with previous studies on Phytoseiids in
persimmon from conventional and non-conventional farming systems. In a three-year
investigation, Garcia-Martinez et al., (2019) found four species on the tree leaves, namely E.
stipulatus, T. phialatus, A. andersoni, and P. talbii. The latter two species were less common
and were only found in one of the three years of sampling. On the other hand, another study
conducted in 2017 (Hernandez-De la Fuente, 2018) showed that Amblyseius swirskii Athias-
Henriot was the most abundant phytoseiid in 3 of the 4 sampled orchards in the region. This
predatory mite is an introduced species for biological control purposes in greenhouses, as it is
one of the key natural enemies of whiteflies on vegetables (Calvo et al. 2011). In 2017, the
species was released on persimmon to keep whitefly populations under control in the same
region of L’Alcudia and Alginet, Valencia. Nevertheless, A. swirskii was absent in our
samplings indicating that the species probably did not survive in the area after the releases. My
study found two more species not previously reported in the canopy of persimmons, P.
messor and N. barkeri. In Spain, P. messor was reported to be associated with tomato, maize,
stone fruits, grapes, and spontaneous vegetation like cover crops (Ferragut et al., 2010). N.
barkeri is a common generalist predator commercially available for biological control of some

agricultural pests (Cintra-Filgueiras et al., 2020).

As the persimmon groves are in full commercial production, the application of
insecticides was unavoidable. Spraying events that happened every two weeks may have
indirectly affected the population dynamics of mites and whiteflies. However, it does not reflect
on the population curve. For example, application on 15 May, might have reduced the D. citri

adults but not the nymphs and eggs, which increased on the 17 May sampling date. Phytoseiid
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mites’ population also started to grow on 17 May, 2 June, and continued until its highest peak
in 16 June, just a few days after insecticide treatment. Hence, we can rule out the direct effect
of insecticides. However, studies related to Phytoseiid mites-whiteflies population dynamics,
without any application of pesticides could also be another topic but are difficult to conduct

because persimmons are mostly grown for commercialization purposes.

The two phytoseiids predominant on the ground cover, P. messor and N. barkeri were
rare on the canopy of persimmons. These species appear to be more associated with low-lying
crops close to the ground and could explain why they are almost absent in the tree canopy.
Aguillar-Fonollosa et al. (2011) previously reported the presence of these species inF.
arundinacea grown as cover crops in citrus orchards. Interestingly, the authors also revealed
that the most abundant species in the canopy, E. stipulatus and T. phialatus, were the least in
the cover crop. In a study conducted by Tixier (2018), some phytoseiid mite species appear to
have preference on crops and non-crop plant. E. stipulatus, for example, appears to favor more
on herbaceous plants than arboreal plants, while Typhlodromus pyri and Kampimodromus
aberrans prefer the latter. The preference of predatory mite species might explain why some

species were dominant in the cover crop but not in persimmon trees.

I hypothesized that there might be a movement of species from the cover crop to the
canopy of persimmons when the leaves start to grow in spring or the other way around when
persimmons defoliate during autumn. In this way, the presence of cover crop might be beneficial
to the phytoseiid mites seeking refuge at harsh times. However, the phytoseiid assemblage in
the persimmon canopy differs from ground sampled in early spring to late summer (15 April
2021 to 7 September 2021). The most abundant species in the tree are almost absent on the
ground. In contrast, the most abundant species on the soil are rare in the canopy, indicating that
the movement of species might not have been possible during the time of the study. Further
research can be done in autumn or winter to see whether we can see a similar assemblage of

mites in the cover crop and the canopy.

Even though the findings indicate that phytoseiid assemblages differ between
persimmon trees and cover crop, the higher abundance of phytoseiid mites in the tree canopy of
orchards with cover crop suggests some interaction between both groups. This hypothesis will

be tested in further research. Cover crops of F. arundinacea could therefore serve as a reservoir
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of these natural enemies as has already been demonstrated in other crops such as citrus (Aguilar-
Fenollosa et al. 2011).
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5. SUMMARY

The increasing production and the plantation area of persimmons in Valencia, Spain, has
been beneficial in the region's economy. However, with the astounding production increase, new
pests are being discovered in this relatively new perennial tree that originated from Asia. One
of the most critical pests associated with persimmons are whiteflies. Two species, namely citrus
whitefly Dialeurodes citri and nesting whitefly Paraleyrodes minei, started to feed on
persimmons and indirectly caused sooty mold by its honeydew. It was previously known that
persimmons harbor a diverse assemblage of phytoseiid mites. Still, little is known if cover crops
can be beneficial to increase the populations of the phytoseiid mites, thus increasing its predatory

activity.

In this study, | hypothesized that the phytoseiid mite assemblage in persimmon canopy
is the same as the assemblage in the cover crop and the presence of the cover crop Festuca
arundinacea is beneficial to these phytoseiid mites. In return, this could better regulate the
population of two whiteflies species, D. citri and P. minei. Eight persimmon orchards in
Valencia were sampled every other week from April 2021 to September 2021. Half of the
orchards had a spontaneous cover crop, F. arundinacea, while the other half had bare soil
between trees. The phytoseiid mites present on the leaves were counted and identified. Adults,

nymphs and eggs of the two species of whiteflies were also measured.

Two whitefly species were found, D. citri and P. minei. The former appeared earlier in
the season and had at least two peaks of its population while the latter appeared at mid-season
and coincided with the 2nd peak of D. citri. The incidence of both species was higher in the
groves without the cover crop, suggesting that the presence of cover crop may help reduce the
incidence of the whiteflies. On the other hand, the increment of the phytoseiid mites’ population
was evident after the population peak of the whiteflies, indicating a predator response to an
increase of prey abundance. The results indicate that the presence of Poaceae cover crop may
help to reduce the incidence of the two whiteflies species associated to persimmon orchards

thanks to the enhanced phytoseiid mite assemblage populations.
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The species composition and relative abundance of the female phytoseiid mites in both
types of orchards are more or less the same and seem to be unaffected by the presence of the
cover crop. Additionally, it was different from the canopy and the cover crop. The most
abundant species in the canopy were rare in the ground, and the most abundant ones in the soil
were almost absent in the tree. This might suggest the movement of species is not possible from
the cover crop to the canopy or the other way around in the harsh conditions. This study should

be continued to see whether the trend will continue in autumn and winter.
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7. ANNEX

Annex figure 2. Typhlodromus phialatus (a) dorsal shield, (b) spermatheca, (c) ventrianal plate



Annex figure 4. Amblyseius andersoni (a) dorsal shield, (b) spermatheca, (c) ventrianal plate
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Annex figure 6. Paraseiulus talbii (a) dorsal shield, (b) ventrianal plate
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Annex figure 8. Amblyseius obtusus (a) dorsal shield, (b) spermatheca, (c) ventrianal plate
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