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Abstract

In some tea gardens in Shizuoka prefecture, traditional rice-straw mulch is carried out for the purposes of 1)
inputting organic substances, 2) preventing soil erosion, 3) retaining water and heat in the root area of tea
plants, and 4) controlling weeds. The study was aimed to investigate effects of rice-straw mulch cultivation,
traditionally used in Japan, on predators of pests and weed seeds in tea gardens. Carnivorous beetles
(Pheropsophus jessoensis, Chlaenius naeviger, and Dolichus halensis), wolf spiders (Lycosidae sp.), earwigs
(Anisolabididae sp.), centipedes ( Chilopoda sp.), and house centipedes (Scutigeromorpha sp.) were
captured as examples of carnivorous ground-dwelling arthropods. The number of these carnivorous
predators was lower in the tea gardens with rice-straw mulch than in those without rice-straw mulch. In
contrast, herbivorous ground beetles (Amara sp. and Harpalinae sp.) and crickets were captured as
examples of weed-seed predators. In addition, many millipedes and woodlice, known to prey on weed seeds,
were captured. In particular, a large number of woodlice were present regardless of the presence or absence
of rice straw. Furthermore, the number of crickets was higher in tea gardens with rice-straw mulch than in
those without rice-straw mulch. In contrast, members of the Harpalinae (ground beetles), which are also
weed-seed predators, are less abundant in tea gardens with rice-straw mulch than in tea gardens without
rice straw. In general, the bedding straw mulch served as a hideout and feeding ground for living organisms,
and it would be expected that the functional organisms would increase. However, in this study, the pest and
weed-seed predators tended to be less common in tea gardens with rice-straw mulch. Thus, traditional
rice-straw mulching was not effective in improving functional biodiversity.

Keyword: functional biodiversity, functional ground-dwelling arthropods, tea gardens, rice-straw mulch,
traditional ecological knowledge.

INTRODUCTION

Agricultural land conserves agroecosystem biodiversity. However, in some cases, biodiversity abundance
can indicate large populations of pests and weeds. Therefore, functional biodiversity is important, not the
biodiversity itself (Southwood and Way, 1970). Researchers have anticipated that biodiversity improvement
in agroecosystems will lead to the conservation of natural enemy communities and their prey biodiversity,
enhancing natural pest control, which is an ecosystem service (Altieri, 1994; Miguel, 1999). Such
“functional biodiversity” is important in relation to the provision of specific agroecosystem services (Miguel,
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1999; Camilla and Barberi, 2008; Rouphael, 2008; Duru et al., 2015; Paolo, 2015). Therefore, extensive
research has been conducted on the conservation and improvement of functional biodiversity in agricultural
land (Southwood and Way, 1970; Maira et al., 2015; Martin et al., 2019).

Habitat management efforts, such as the creation and conservation of green areas, are intended to
conserve and enhance functional biodiversity through vegetation management (Thomas et al., 1991,
Sotherton, 1995; Collins, 2003.; Fischer et al., 2010). In contrast, in Japan, few studies have been
conducted on the conservation of functional biodiversity through habitat management practices (Ministry of
Agriculture, Forestry and Fisheries et al. 2012. Tanaka, 2012; Tanaka and lhara, 2012).

The type and abundance of biodiversity in agriculture and its functions differ across agroecosystems with
different management systems (Southwood and Way, 1970; Miguel, 1999). Excellent functional biodiversity
can be found in traditional farming methods (Ramos et al., 2016). For example, traditional mowing
management in rice terraces has been reported to enrich functional biodiversity and maintain the
functionality of weed seed predators (Ichihara et al., 2015, Ichihara et al., 2021, Inagaki, 2021). Traditional
ecological knowledge systems are now being reevaluated for potential applications in future sustainable
agriculture practices (UNU 2011, Altieri 2015. FAO, 2020).

Tea cultivation in Japan provides an example of traditional Japanese agriculture. Although many tea
cultivation practices are being modernized and mechanized, traditional knowledge is still a part of the
overall system (Inagaki and Kusumoto, 2015). For example, in Shizuoka Prefecture, a typical tea-producing
area in Japan, plant mulch is used in cultivation (Inagaki and Kusumoto, 2015). In mountainous parts of
Shizuoka Prefecture, silver grass in the Satoyama area is used for plant mulch, and this traditional tea-grass
integrated system has been registered as a Globally Important Agricultural Heritage Site. (Inagaki and
Kusumoto, 2015; Kusumoto and Inagaki, 2016; Inagaki and Kusumoto, 2019). In contrast, a traditional
practice exists in tea gardens of mulching rice straw from paddy fields in the area near the flat land in
Shizuoka prefecture. Traditional plant mulch is effective in 1) inputting organic substances, 2) preventing
soil erosion, 3) retaining water and heat in the root area of tea plants, and 4) controlling weeds (Hayashi,
2015). In addition, it can be expected that plant mulch provides more habitats for functional
ground-dwelling arthropods, including natural enemies and weed-seed predators, than bare land. In fact, it
has been reported that rat-tail fescue mulch in citrus gardens and living wheat mulch in vegetables and crop
fields increases natural pest control (Ono, 2007; Tsuchida et al., 2015; Katayama et al., 2018). However, it is
largely unknown about relationship between traditional rice-straw mulch and functional biodiversity.
Therefore, in this study, we investigated the effect of traditional rice-straw mulch on the functional
biodiversity of ground-dwelling arthropods in tea gardens.

MATERIALS AND METHODS
Study site

The research site was the tea garden at the Center for Education and Research in Field Sciences at
Shizuoka University (Kariyado, Fujieda City, Shizuoka Prefecture, Japan; 34.9052333N,138.2721461E.
This garden has cultivated tea according to the practice of Fujieda City since 1974. We made a distinction
between a tea garden where rice-straw mulch cultivation was carried out (rice-straw mulch plot) and a tea
garden where rice-straw mulch was not used (control). In keeping with local practice, both test plots were
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sprayed with 250-fold diluted glyphosate-isopropylammonium (‘Roundup Max Road’, Nissan Chemical
Corporation) on June 15 and September 4, 2017.
Pitfall trap

A plastic cup with a diameter of 90 mm and a height of 120 mm was embedded in the ground, and 70%
ethanol was placed at the bottom of the cup as a preservative. A paper plate with a diameter of 18 cm was
placed on the trap as a rain shield. Five traps were set in one plot. One week later, traps were recovered,
species of the captured surface-wandering organisms were identified, and the population was investigated.
Another week later, we identified the ground-dwelling arthropod species and counted their populations.
Traps were set up seven times: on April 28, 2017, May 23, June 28, July 21, August 21, September 29, and
October 30, 2017.

RESULTS AND DISCUSSION

Table 1 shows the number of ground-dwelling arthropods caught by pitfall traps. In this study,
carnivorous ground-dwelling arthropods, such as carnivorous beetles (Pheropsophus jessoensis, Chlaenius
naeviger, and Dolichus halensis), wolf spiders (Lycosidae sp.), earwigs (Anisolabididae sp.), centipedes
(Chilopoda sp.), and house centipedes (Scutigeromorpha.sp.) were captured. Earwigs were the most
abundant arthropods throughout the tea garden. In Japanese agricultural fields, carnivorous ground beetles
and spiders are considered particularly important for functional biodiversity (Ministry of Agriculture,
Forestry and Fisheries et al., 2012). Carnivorous ground beetles are natural enemies in agricultural fields
(Sa’adah, 2021) and prey on aphids and caterpillars (Sunderland and Vickerman, 1980; Chiverton, 1987;
Sunderland et al., 1987; Fuller, 1988; Holland et al., 1996). Carnivorous ground beetles were more abundant
in the control plots than in the spread-straw plots for all species (P. jessoensis, C. naeviger, and D. halensis)
(Table 1). Wolf spiders are natural enemies of aphids and planthoppers (Nyffeler and Benz, 1988; Dennis
and Wratten, 1991; Holland and Thomas, 1997; Inagaki et al., 2010) and were more abundant in control
plots than in the spread-straw plots (Table 1). In addition, earwigs (Anisolabididae sp.), centipedes
(Chilopoda sp.), and house centipedes were also more abundant in the control plots than in the spread straw
plots. Pest caterpillars, such as Adoxophyes honmai, Caloptilia theivora, Arna pseudoconspersa, and
Geometridae, are mainly found on tea trees, and it is unclear whether the carnivorous natural enemies can
catch these insect pests on the trees. Wolf spiders could be observed on trees and might function as natural
enemies of planthoppers and mites, which are the main pests in tea cultivation.

So far, research on ground-dwelling arthropods in functional biodiversity has focused on carnivorous
predators of pests. It is known that herbivorous ground-dwelling arthropods are predators of weed seeds
(Pausch, 1979; Holland, 2004), and it is becoming clear that they occupy an important position in the
agroecosystem (Ichihara, et al. 2015). In this study, herbivorous ground beetles, such as Amara sp.,
Harpalinae, and crickets (Gryllidae), were captured as weed-seed predators (Table 1).

Millipedes and woodlice are generally known as decomposers that feed on plant residues, but recent
studies have shown that they also prey on weed seeds (Saska 2008; Koprdova et al. 2010). If we regard
millipedes and woodlice as weed-seed predators, the woodlice were the most common, followed by the
millipedes. In particular, the number of woodlice was much higher than that of other arthropods, so if the
woodlice feed on weed seeds, they may be quite effective in controlling the weed population. Further
research is required to determine the function of woodlice in tea gardens. Among the seed-feeding “insects,”

Page 43




International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2021
December 31, 2021
the Harpalinae family was the most abundant.

Weed-seed predators are not listed as indicator species for functional biodiversity in Japan because there
are few reports on the function of herbivorous arthropods (Ministry of Agriculture, Forestry and Fisheries et
al., 2012). However, in recent years, it has been reported that crickets are the major weed-seed predators in
Japanese agricultural lands (Ichihara et al., 2011; Ichihara et al., 2012; Ichihara et al., 2014a; Ichihara et al.,
2014b; Ichihara et al., 2015). In addition, it has been reported that Harpalinae species (ground beetles) feed
on major weed seeds in agricultural land, including tea gardens (Kagawa et al., 2008; Lee et al., 2008;
Yahiro et al., 1992; Yamazaki et al., 2003). In our study, the number of crickets was higher in the rice-straw
mulch plot than in the control plot. In contrast, the number of Harpalinae was higher in the control plot than
in the rice-straw mulch plot. The number of millipedes and woodlice was also higher in the control plot than
in the rice-straw mulch plot. Many woodlice were caught throughout the survey period, and no significant
seasonal increase or decrease was observed (data not shown).

Fig.1 shows the seasonal variation in the emergence of major functional ground-dwelling arthropods,
including carnivorous beetles, wolf spiders, earwigs, centipedes, house centipedes, seed predator beetles,
crickets, and millipedes. Carnivorous beetles were found in control plots without rice straw from June to
August and showed two peaks of seasonal succession in June and August. Carnivorous beetles were rarely
observed in the rice-straw mulch plots. Wolf spiders were found to occur from April to August in both the
rice-straw mulch plot and control plot. The occurrence of wolf spiders from June to August was slightly
higher in the control plot than in the rice-straw mulch plot. The earwig population tended to increase after
August. The peak season for earwigs between the rice-straw mulch plots and the control plots differed.
Hence, August was the peak season in the control plot, while September was the peak season in the
rice-straw mulch plot. Centipedes were observed from April to July in the control plot; however, only a few
were observed in June in the rice-straw mulch plot. The occurrence of house centipedes peaked in July in the
control plot. Only a few house centipedes were observed in the rice-straw mulch plot. The pest caterpillars
occurred in the tea garden from April to August. Since pest caterpillars are arboreal, it is not known whether
the carnivorous ground-dwelling arthropods control pests; however, the occurrence of the pest caterpillars
and the carnivorous ground-dwelling arthropods tended to coincide.

The herbivorous ground beetles were more common in the control plots than in the rice-straw mulch plots.
The herbivorous ground beetles in the control plots showed a seasonal succession that peaked in May.
Sonchus oleraceus, Stellaria neglecta, and Lamium amplexicaule are common weeds in tea gardens (Inagaki
and Tsushi 2020). Since these weeds disperse their seeds at the end of spring, weed seeds in tea gardens may
be consumed by herbivorous ground beetles. Crickets were relatively abundant in the rice-straw mulching
plot in July, but very few crickets were observed in the control plots during this month. Millipedes were
abundant in the control plot from April to June. By contrast, there were only a few millipedes in the
rice-straw mulch plot.

Conclusion

Our results clarify the species and seasonal dynamics of functional ground-dwelling arthropods in tea
gardens. However, in this study, predators on pests and weed-seed predators, except for crickets, tended to
be lower in tea gardens with rice-straw mulch. Thus, traditional rice-straw mulching was not effective in
improving functional biodiversity. It is not clear why the application of rice straw reduces ground-dwelling
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arthropods. However, rice-straw mulching physically suppressed the occurrence of weeds, and the fact that
fewer weeds and pests were found might be the reason for fewer functional ground-dwelling arthropods.
Elucidation of this reason is a subject for future research.

Table 1 Species and total number of catches of ground-dwelling arthropods in tea gardens during the survey
period

species rice straw mulch control
Carnivorous Beetle Pheropsophus jessoensis 0 3
Chlaenius naeviger 1 7 ok
Dolichus halensis 1 2
Spider Lycosidae. sp. 10 18
Earwig Anisolabididae 44 57
Centipede Chilopoda. sp. 10 23 o
House centipede Scutigeromorpha. sp. 11 53 o
Seed predator Beetle Amara. sp. 5 12
Harpalinae. sp. 4 69
Cricket Gryllidae. sp. 7 1 ok
Millipede Diplopoda. sp. 22 58 ok
Wood louse Armadillidium vulgare 3375 5460 ok

Total number of 5 traps x 7 times (April-October)

** indicates a significant difference according to the chi-square test at a confidence level of 1 %.
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Fig.1 Seasonal variation in emergence of major functional ground-dwelling arthropods including
carnivorous beetle, wolf spider, earwig, centipede, house centipede, seed predator beetle, cricket, and
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millipede.
o:rice-straw mulch plot, e:control plot (without rice-straw mulch).
REFERENCES

vi.

Vii.

viii.

Xi.

Xii.

Xiii.

Xiv.

Altieri, M. A., 1994. Biodiversity and Pest Management in Agroecosystems. Haworth Press, New
York, pp185.

Altieri M A, Nicholls C I, Westwood G C, Ching L. 2015. Agroecology: Key concepts, principles and
practices. Penang, Malaysia: Third World Network and SCOLA.

Camilla, A., Barberi, P. 2008. Functional biodiversity: An agroecosystem approach. Agriculture,
Ecosystems & Environment 127, 7-21.

Chiverton, P.A., 1987. Predation of Rhopalosiphum padi (Homoptera: Aphididae) by polyphagous
predatory arthropods during the aphids’ pre-peak period in spring barley. Annals of Applied Biology
111, 257-269.

Collins, K. L., Boatman, N. D., Wilcox, A., Holland, M. 2003. A 5-year comparison of overwintering
polyphagous predator densities within a beetle bank and two conventional hedgebanks. Annals of
Applied Biology 143, 63-71.

Dennis, P., Wratten, S.D., 1991. Field manipulation of populations of individual staphylinid species
in cereals and their impact on aphid populations. Ecological Entomology 16, 17-24.

Duru, M., Therond, O., Martin, G., Clouaire, M. R., Magne, M. A., Justes, E., Journet, E. P. Aubertot,
J. N., Savary, S. Bergez, J. E., and Sarthou, J. P. 2015. How to implement biodiversity-based
agriculture to enhance ecosystem services: a review. Agronomy for Sustainable Development 35,
1259-1281.

FAO (Food Agriculture Organization). 2020. Globally important agricultural heritage systems
(GIAHS). Recognized. Available at: http://www.fao.org/giahs/en/. [accessed Nov. 17, 2021].

Fischer M., Bossdorf, O., Gockel, S., Hansel, F., Hemp, A., Hessenmdller D., Korte, G., Nieschulzed,
J., Pfeiffer, S., Prati, D., Renner, S., Schoning, 1., Schumacher, U., Wells, K., Buscot, F., Kalko, E. K.
V., Linsenmair, K. E.., Schulze, E. D., Weisser, W. W. 2010. Implementing large-scale and long-term
functional biodiversity research: The Biodiversity Exploratories. Basic and Applied Ecology 11,
473-485.

Fuller, B. W. 1988. Predation by Calleida decora (F.) (Coleoptera: Carabidae) on Velvetbean
Caterpillar (Lepidoptera: Noctuidae) in Soybean. Journal of Economic Entomology 81, 127-129.
Hayashi H. 2015. Globally Important Agricultural Heritage Systems in Tsurugi-san area,
Yoshinogawa, Japan. Yoshinogawa, Japan: Tada Printing Co., Ltd. (in Japanese)

Holland, J. M., Thomas, S. R., 1997. Quantifying the impact of polyphagous invertebrate predators
in controlling cereal aphids and in preventing wheat yield and quality reductions. Annals of Applied
Biology 131, 375-397.

Holland, J. M., Thomas, S. R., Hewitt, A., 1996. Some effects of polyphagous predators on an
outbreak of cereal aphid (Sitobion avenae F) and orange wheat blossom midge (Sitodoplosis
mosellana Géhin). Agriculture, Ecosystems and Environment 59, 181-190.

Holland, J.M. ed. 2004. The Agroecology of Carabid Beetles. Intercept Ltd Andover, United
Kingdom.

Page 47




XV.

XVi.

XVil.

Xviil.

XiX.

XX.

XXI.

XXil.

XXiii.

XXIV.

XXV.

XXVI.

XXVil.

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2021
December 31, 2021

Ichihara, M., Inagaki, H., Matsuno, K., Saiki, C., Mizumoto, S., Yamaguchi, S., Sawada, H. 2014a.

Postdispersal weed seed predation by crickets in a rice paddy field after irrigation water recedes.

Japan Agricultural Research Quarterly 48, 63-69.

Ichihara, M., Matsuno, K., Inagaki, H., Saiki, C., Mizumoto, S., Yamaguchi, S., Sawada, H. 2015.

Creation of paddy levees to enhance the ecosystem service of weed seed predation by crickets.

Landscape and Ecological Engineering 11, 227-233.

Ichihara, M., Inagaki, H., Matsuno, K., Saiki, C., Yamashita, M., and Sawada, H. 2012.

Postdispersal seed predation by Teleogryllus emma (Orthoptera: Gryllidae) reduces the seedling

emergence of a non-native grass weed, Italian ryegrass (Lolium multiflorum Lam.). Weed Biology

and Management 12, 131-135.

Ichihara, M., Maruyama, K., Yamashita, M., Sawada, H., Inagaki, H., Ishida, Y., and Asai, M. 2011.

Quantifying the ecosystem service of non-native weed seed predation provided by invertebrates and

vertebrates in upland wheat fields converted from paddy fields. Agriculture, Ecosystems and

Environment 140, 191-198.

Ichihara, M., Maruyama, K., Yamashita, M., Sawada, H., Inagaki, H., and Asai, M. 2021.

Quantifying the ecosystem service of non-native weed seed predation in traditional terraced paddy

fields. Weed Biology and Management. 21, 181-190.

Ichihara, M., Uchida, S., Fujii, S., Yamashita, M., Sawada, H., and Inagaki, H. 2014b. Weed seedling

herbivory by field cricket Teleogryllus emma (Orthoptera: Gryllidae) in relation to the depth of

seedling emergence. Weed Biology and Management 14, 99-105.

Inagaki, H. 2021. Citizen participation in conservation activities enhances plant biodiversity in

rice terraces: a case study in Sengamachi-no-Tanada, Kikugawa, Japan. International Journal of

Food Science and Agriculture 5, 228-232.

Inagaki, H., Kusumoto, Y. 2015. Assessment of GIAHS in Shizuoka - Traditional tea-grass integrated

system. Journal of Resources and Ecology.5, 395-397.

Inagaki, H., Kusumoto, Y. 2019. Traditional Tea-grass Integrated System in Shizuoka as a GIAHS

Site: Values and Conservation-Background of Application and Efforts after Registration. Journal of

Resources and Ecology 10: 511-517.

Inagaki, H., Matsuno, K., Ohishi, T., Takahashi, T. 2010. Effect of mowlIng ridges on the population

density of woLfspiders in rice terraces A study of the rice terraces of Kurasawa district, Kikugawa,

Shizuoka. Journal of Rural Planning Association 28, 267-272. (in Japanese)

Inagaki H., Tsushi, M. 2020. Intraspecific variation in Sonchus oleraceus, a biennial weed species,

inside and outside of tea gardens. Annals of Ecology and Environmental Science 4, 26-30.

Kagawa, Y., Ito, N., Maeto, K. 2008. Species composition of ground beetles (Coleoptera: Carabidae

and Brachinidae) in an agricultural landscape consisting of a mosaic of vegetations types. Japanese

Journal of Entomology (New Series) 11, 75-84. (in Japanese)

Katayama, H., Masui, S., Doi, M., Kaneko, S., Tatara, A., Saito, T., Tsuchiya, M. 2018: Presence of

Neoseiulus californicus (Acari: Phytoseiidae) and suppression of citrus red mite Panonychus citri

(Acari: Tetranychidae) density in mandarin orange orchards with rat'’s tail fescue ground cover.

Annual Report of The Kansai Plant Protection Society 60: 39-45. (in Japanese)

Page 48




XXVill.

XXIX.

XXX.

XXXI.

XXXil.

XXXIl.

XXXIV.

XXXV.

XXXVI.

XXVil.

XXVIii.

XXXIX.

xl.

xli.

xlii.
xliii.
xliv.

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2021
December 31, 2021

Kusumoto, Y., Inagaki, H. 2016. Symbiosis of Biodiversity and Tea Production Through Chagusaba.

Journal of Resources and Ecology. 7, 151-154.

Koprdova, S., Saska, P, Honek, A., Martinkova, Z. 2010. Seed consumption by millipedes.

Pedobiologia (Jena) 54, 31-36.

Lee, C., Nagai, Y., Hirowatari, T., Ishitani, M., Ishii, M. 2008. Change in structure of ground-beetle

assemblage on levee of paddy field after the paddy reclamation in southern Osaka, Central Japan.

The Nature and Insects 43, 6-10. (in Japanese)

Maira, L., Lauretoa, O., Vinicius, M., Soares D., Samiac, M. 2015. Functional diversity: an overview

of its history and applicability. Natureza and Conservacéao 13, 112-116.

Martin, E. P. A., Dainese, M., Clough, Y., Bommarco, R. 2019. The interplay of landscape

composition and configuration: new pathways to manage functional biodiversity and agro-ecosystem

services across Europe. Ecology Letters 22, 2-12.

Miguel A. A. 1999. The ecological role of biodiversity in agroecosystems, Paoletti, G. M. ed.

Invertebrate Biodiversity as Bioindicators of Sustainable Landscapes. Practical Use of Invertebrates

to Assess Sustainable Land Use, Elsevier, pp19-31.

Ministry of Agriculture, Forestry and Fisheries, National Institute for Agro- Environmental

Sciences and National Institute of Agrobiological Sciences. 2012. Indicator Animals of Functional

Agrobiodiversity: A Survey and Evaluation Manual. (in Japanese) Available at:

http://www.niaes.affrc.go.jp/techdoc/shihyo/ [accessed Nov. 17, 2021].

Nyffeler, M., Benz, G., 1988. Feeding ecology and predatory importance of wolf spiders (Pardosa

spp.) (Araneae, Lycosidae) in winter wheat fields. Journal of Applied Entomology 106, 123-134.

Ono, T., Kindokoro, T. 2007. Control of Foxglove Aphid, Aulacorthum solani, in Soybean Using

Living Mulch Barley as Banker Plant. Annual Report of The North Japan Plant Protection Society 58,

99-105.

Paolo, B. 2015. Functional Biodiversity in Organic Systems: The Way Forward? Sustainable

Agriculture Research 4, 26-31.

Pausch, R. D. 1979. Observations on the biology of the seed corn beetles. Annals of the

Entomological Society of America 72, 24-28.

Ramos, M. V., Moreno-Calles A. I. and Casas A. 2016. TEK and biodiversity management in

agroforestry systems of different socio-ecological contexts of the Tehuacan Valley. Journal of

Ethnobiology and Ethnomedicine 12, 1-15.

Rouphael, S., Moonen, A. C. Barberil, P., Petacchi, R., Boccaccio, L. 2008. Expression of on-farm

functional biodiversity as affected by management and multi-scale agroecosystem disturbance.

Landscape Management for Functional Biodiversity. 34, 85-88.

Sa'adah, A., Haryadi, N. 2021. The Effectiveness of Weed as Beetle Bank Against Abundance of Soil

Arthropods on Corn (Zea mays. L). The Journal of Experimental Life Science 11, 54-58.

Saska, P. 2008. Granivory in terrestrial isopods. Ecological Entomology 33, 742-747.

Sotherton, N.W., 1995. Beetle banks: helping nature to control pests. Pesticide Outlook 6, 13-17.

Southwood, R. E., Way, M. J., 1970. Ecological background to pest management. In: Rabb, R.C.,,

Guthrie, FE. (Eds.), Concepts of Pest Management. North Carolina State University, Raleigh, NC,

Page 49




xlv.

xlvi.

xlvii.

xlviii.

xlix.

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2021
December 31, 2021
pp. 6-29.
Sunderland, K.D., Crook, N.E., Stacey, D.L., Fuller, B.J., 1987. A study of feeding by polyphagous
predators on cereal aphids using ELISA and gut dissection. Journal of Applied Ecology 24, 907-933.
Sunderland, K.D., Vickerman, G.P., 1980. Aphid feeding by some polyphagous predators in relation
to aphid density in cereal fields. Journal of Applied Ecology 17, 389-396.
Tanaka, K. 2016. Functional biodiversity indicators and their evaluation methods in Japanese
farmlands. In: The Challenges of Agro-Environmental Research in Monsoon Asia (Yagi K. and Kuo
C.G.eds.), NIAES Series No.6, National Institute for Agro-Environmental Sciences, pp. 159-1609.
Tanaka, K., lhara, F., 2012. Biodiversity research for the development of indicator organisms in
environment-preserving agriculture. In: The Biodiversity Observation Network in the Asia-Pacific
Region (Nakano S., Yahara T. and Nakashizuka T. eds.), Springer, pp. 375-385.
Thomas, M. B., Wratten, S. D., Southerton, N. W. 1991. Creation of island habitats in farmland to
manipulate populations of beneficial arthropod predator densities and emigration. Journal of
Applied Ecology 28, 906-917.
Tsuchida, Y., Doi, M., Tatara, A., Masui, S. 2015. Effects of Alternative Foods Provided by
Living-Mulch on the Life History Traits of the Predatory Bug, Geocoris proteus (Heteroptera:
Geocoridae). Applied Entomology and Zoology. 59: 23-29. (in Japanese)
UNU (United Nations University). 2011. Japanese Agricultural Heritage Systems Recognized.
Available  at: https://ourworld.unu.edu/en/japanese-agricultural-heritage-systems-recognized.
[accessed Nov. 17, 2021].
Yahiro, K., Fujimoto, T., Tokuda, M., Yano, K. 1992. Species composition and seasonal abundance of
ground beetles (Coleoptera) in paddy fields. Japanese Journal of Entomology 60, 805-813.
Yamazaki, K., Sugiura, S., Kawamura, K. 2003. Ground beetles (Coleoptera: Carabidae) and other
insect predators overwintering in arable and fallow fields in central Japan. Applied Entomology
and Zoology. 38, 449-459

Page 50




