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THE IMPORTANCE OF EARTHWORMS IN SUSTAINABLE AGRICULTURE documentary study
Angela Cristina Amuza¹˒²¸Radulea Madalina¹, Maria Iamandei¹*
1

Research - Development Institute for Plant Protection, Bucharest
2 University of Agronomic Sciences and Veterinary Medicine Bucharest
*correspondence

address:
Research-Development Institute for Plant Protection
Bd. Ion Ionescu de la Brad 8, CP 013813, Bucharest, ROMANIA
Tel.: 004-021-2693231 (32, 34)
Fax. 004-021-2693239
E-mail: maria_iamandei@yahoo.com

Abstract: Sustainable development should balance the tremendous challenge of feeding a growing world
population with the need for minimal environmental impact of agricultural production. Soils are essential to food
production and agriculture is a key driver of global soil erosion and degradation. Earthworms act in soil in a
number of ways that provide many ecosystem services that favor agro-ecosystem sustainability. The present
review briefly describe the multiple benefits of earthworms activity in agricultural soil which help improve farm
productivity and also evaluates the use of vermicompost in agriculture as an example of environmentally friendly,
economically viable and sustainable management alternatives that protect and enhance the earthworm
populations in soil.
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INTRODUCTION
The global human population growth with the current estimate of around 9.7 billion
people who will exist by 2050 (United Nations, Department of Economic and Social Affairs,
Population Division, 2019) translates to an increased pressure and food demand, not only in
term of quantity but also on the expected dietary value. As a consequence, globally
agriculture will need to produce 70 percent more food in the same period, and sustainable
food production systems are necessary to be implemented (FAO, 2009; 2016).
Sustainable agriculture is a concept that was defined in different ways, according with
FAO (1989, 2014) translated in practice means “halting natural resource depletion and
destruction, and promoting the maintenance of ecologically sound increases in agricultural
productivity”. In his Ph.D. thesis, "Strategies for overcoming the barriers to the transition to
sustainable agriculture", MacRae (1990) showed that the concept of agricultural sustainability
is not new to science, farming practices or agricultural policy since have been a part of theory
and practice in English agriculture for several hundred years until the mid-19th century.
During the “green revolution” period, an extensive quantity of chemical pesticides and
fertilizers were used to increase the crop yield from agricultural land but, in turn, the quality
of the soil has reduced (Gupta et al., 2014; Vanita et al., 2014; Singh, 2018) and have
increased the social and environmental risks. Soils are essential to food production and
agriculture is a key driver of global soil erosion and degradation. A recent review of Kopittke
et al. (2019) examined the importance of the ecosystem services provided by soils and raised
the attention about the fact that intensification of agricultural production has already
degrading soils unsustainably.
Earthworms are a major component of soil macro-invertebrate communities and act in
soil in a number of ways that provide many ecosystem services that favour agro-ecosystem
sustainability (Singh, 2018; Lavelle, 2016). Their role in soil formation and soil fertility have
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been first acknowledged by Darvin (1881) and latter recognized by many authors (Edwards
& Bohlen, 1995; Kale, 1998; Lalitha et al., 2000). The abundance of earthworms in an
agricultural field is influenced by the type of management practices, especially the intensity of
soil disturbance generated by tillage, the quantity and quality of food sources, the structure of
the soil, the soil bio-chemical environment, the climate and the soil microclimate.
The present review briefly describes the multiple benefits of earthworm’s activity in
agricultural soil which help improve farm productivity. It also evaluate the available literature
and Internet resources on the use of vermitechnology in agriculture as an example of
environmentally friendly, economically viable and sustainable management alternatives that
protect and enhance the earthworm populations in soil.
Benefits of earthworm’s activity in agricultural soil. Earthworms represent a major
component of soil biota that provide a great variety of ecosystem services (Barrios, 2007;
Wall, 2012; Blouin et al., 2013, Lavelle et al., 2016) and their influence on soil processes
and plant growth has been extensively documented. They promote litter decomposition,
accelerate the mineralization as well as the turnover of soil organic matter and water
infiltration (Baker, 2007), and therefore profoundly affect soil properties (Hättenschwiler &
Gasser, 2005). As a result of their feeding and burrowing habits, fragmenting and mixing of
different soil components, production of castings and converting organic matter into soil
humus, earthworms influence nutrient cycling processes in terrestrial ecosystems significantly
(Edwards & Bohlen, 1995; Blouin et al., 2013). Earthworms concentrate the organic and
mineral constituents in the food they ingest, so their casts are richer in available nutrients than the
soil around them, process associated with an enrichment in labile compounds and with a
subsequent increase in microbial activity (Coq et al., 2007; Abail et al., 2017). This way, large
quantities of nitrogen and other macro-nutrients as P, K, and Ca in fresh cast depositions are
easily assimilable by plants. Also, earthworms aerate the soil and improve soil drainage.
Earthworms cast cement soil particles together in stable aggregates that store moisture without
dispersing, so rain filtered through their burrows gives rise to worm-worked humus that can
stores up to 40% more moisture to sustain crops through drought (go.nature.com/2oofvfq).
Review of Chan (2001) emphasis that earthworms population of no-till agricultural systems
were greater than conventionally tilled systems. In no-till soil system where earthworm
populations are high, these channels may occur in such numbers as to contribute significantly
to soil hydraulic conductivity and aeration status (Snyder & Vázquez, 2005). The increase in
infiltration rate related to can decrease soil erosion by 50% (Shuster et al., 2000). The
biostructures produced by earthworm influence soil physical properties and also plant growth.
Scheu (2003) found that in 79% of 67 studies the shoot biomass of plants significantly
increased in the presence of earthworms. An indirect impact of earthworms on primary
productivity is through the use of vermicompost that shows a greater positive effect on plant
growth than other compost (Phuong et al., 2011; Arancon & Edwards, 2011). The next part of
present mini-review is dedicated to the literature that highlights the influence of the
application of vermicompost in agriculture.
The use of vermitechnology and vermicompost in agriculture. Ismail (2005) defined
vermitechnology as the use of local species of earthworm in composting and soil
management. Chattopadhyay (2017) considers vermitechnology as a combination of
vermiculture and vermicomposting being a process of composting organic wastes into
valuable organic fertilizer by the action of earthworms. Vermiculture consist on the massrearing of special types of earthworms, which involves multiplication of earthworms stock by
providing optimum environmental conditions such as proper moisture, temperature and food.
Vermicomposting is the biological degradation and stabilization of the organic waste through
the interaction between earthworms and microorganisms.
116

Romanian Journal for Plant Protection, Vol. XII, 2019
ISSN 2248 – 129X; ISSN-L 2248 – 129X
Example of use in cereal crops. Glasshouse studies made at CSIRO Australia on wheat
plants grown in a “red-brown earth” with poor nutritional status and 60% moisture, with or
without addition of earthworms, found that the earthworms Aporrectodea trapezoids
increased growth of wheat (Triticum aestivum) crops by 39%, grain yield by 35%, lifted
nitrogen value of the grain by 14% and crop resilience to diseases as compared to the control
(Baker et al., 1997; Baker, 2007).
Mahmoud and Ibrahim (2012) confirmed the ability of vermicompost to improve the
salinesodic soils. In case when the soil was treated with mixtures of vermicompost and water
treatment residuals (WTR) this treatment exhibited the highest reduction in salinity, sodicity
and soluble Clˉ and Na+. They showed that, consequently, the grain weight of barley has
increased and the application of 10g kg-1 soil at 2:1 (Vermicompost: WTR) mixed ratio
resulted in the best barley growth.
Mahmud et al. (2016) compared the application of vermicompost and chemical fertilizer
on cereals and found a significantly influence of vermicompost in N, P, K and S content in
grain and straw.
Vermicompost increases the soil nutrient content, promotes plant growth and
chlorophyll production and boosts the overall maize growth (Gopal et al., 2010; Manyuchi et
al., 2013). Biri et al. (2016) found that the application of vermicompost also enhanced the soil
organic matter, total nitrogen and mineral nutrient content. They concluded that application of
1.0 t/ha vermicompost and 46 kg N/ha resulted in the best results in terms of enhanced soil
chemical properties for plant growth as well as for the reduction of striga (Tyto alba)
incidence and sustainable sorghum production.
Replacement of 25% of the nutrients provided to the corn plants by vermicompost
maintains plant productivity at the same levels than 100% inorganic fertilization. In addition,
vermicompost produces significant changes in soil biochemical and microbial properties
promoting bacterial growth and increasing enzyme activity (Lazcano & Domínguez, 2011).
Vermicompost application at a rate of 2.5 t/ha increased grain and straw yield of rice
significantly and saved up to 50% of recommended NPK fertilizer rates in rice (Angadi &
Radder, 1996).
Example of use in vegetable crops. Munroe (2007) reported that lettuce grown on
vermicompost showed significantly higher yield by 20% in wet weight as compared to
control and conventional compost. Average weight of lettuce head was 313g on
vermicompost, while on ordinary compost it was 257.5g and 259.1 on control. The author
also studied the agronomic impacts of vermicompost on tomato (Lycopersicum esculentum)
crops and reported that the plants in vermicompost treatment were bigger and healthier and
the yield was substantially higher compared to the other tomato plants without
vermicompost or receiving a chemical optimal nutrient supply.
Ansari (2008) studied the production of potato (Solanum tuberosum), spinach
(Spinacia oleracea) and turnip (Brassica campestris) in case of application of
vermicompost in a reclaimed sodic soil in India. The overall productivity of vegetable crops
during the two years of trial was significantly greater in plots treated with vermicompost
applied at a rate of 6 t/ha as compared to control. There was significant improvement in soil
quality of plots amended with at a rate of 6 t/ha vermicompost respectively: reduction from
initial 96.74 to 73.68 in sodicity and increase from initial 336.00 kg/ha to 829.33 kg / ha in
available nitrogen contents.
Suthar (2009) studied the impact of vermicompost, classical chemical fertilizers
(NPK) and farmyard manure on root and shoot length, weight and number of cloves in
garlic (Allium sativum) and found that the best growth performance was achieved on
vermicompost applied at a rate of 15 ton/ha + 50% of recommended NPK rate. The average
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fruit weight on vermicompost treatment was also approximately 26.4% greater than the
other combinations.
Karmegam and Daniel (2008) investigated the effect of vermicompost and chemical
fertilizer on hyacinth beans (Lablab purpureus) and found that all growth and yield
parameters respectively: total chlorophyll contents in leaves, dry matter production, flower
appearance, length of fruits and fruits per plant, dry weight of 100 seeds, yield per plot and
yield per hectare were significantly higher in those plots which received vermicompost
either alone or in combination with chemical fertilizers. The highest fruit yield of 109 t/ha
was recorded in plots that received vermicompost at a rate of 2.5 t/ha plus half dose of
recommended NPK fertilizer.
Other studies comparing the impact of live earthworms, earthworm’s vermicompost,
cattle manures and chemical fertiliser on the growth and yield of important vegetable crops
like tomato (Lycopersicum esculentum), eggplant (Solanum melongena) and okra
(Abelmoschus esculentus) demonstrated very good yield results of vermicompost as
fertilizer (Gutiérrez et al., 2007; Agarwal et al., 2010). The study of Meena et al. (2007)
showed the positive impact of organic manure on garden pea (Pisum sativum) as compared
with chemical fertilisers. Organic manure induced higher green pod plants, higher green grain
weight per plant, higher percentage of protein content and carbohydrates and higher green pod
yield as compared to chemical fertilizer.
Jeyabal & Kuppuswami (2001) showed how the judicious integration of 50% N
through vermicompost, 50% N through fertilizer and biofertilizers, Azospirillum and
phosphobacteria, each at 2 kg ha−1 can help achieving the desired increase in yields of the
rice–legume cropping sequence.
On potato crop, the use of peat and vermicompost contributed to Mg uptake,
vermicompost extract increased S concentration, while spraying with vermicompost extract
contributed to N and P accumulation. In this investigation 50% of cases showed a reduction
of Ca content in potato tubers, mainly in the treatments using foliar spray (Vojevoda et al.,
2017).
In another study on vegetables amended with vermicompost and vermicompost extract
showed that the yield of spinach and onion were significantly higher in plots treated with
extract of vermicompost, the average weight of onion bulb was significantly greater in plots
amended with vermicompost and vermicompost extract, the yield of potato and the average
weight of potato tubers were significantly higher in plots treated with vermicompost
(Ansari, 2008).
Example of use in fruit growing and viticulture. Various studies highlighted the
positive influence of the application of vermicompost in vineyards. Adhikary (2012)
showed in his paper that worm vermicompost boosted grape yield by two-fold as compared
to chemical fertilizers treatment. Treated vines with vermicompost produced 23% more
grapes and 18% increase in bunch numbers. Also, the yield in grapes can worth additional
value (Buckerfield et al., 1998). Soil analysis in another study with vermicompost
application in vineyards revealed that within one year pH came down from 8.3 to 6.9 and
the value of potash increased from 62.5 kg/ha to 800 kg/ha. There was also found a marked
improvement in the nutritional quality of the grape fruits (Sinha et al., 2009).
Singh et al. (2008) found that after the application of vermicompost on strawberries
the yield increased by 32.7% and drastically reduced the incidence of physiological
disorders like albinism (from 16.1% to 4.5%), fruit malformations (from 11.5% to 4%) and
grey mould (from 10.4% to 2.1%). By suppressing the nutrient related disorders, the
vermicompost increased the yield and quality of marketable strawberry fruits up to 58.6%.
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Another study comparing the impacts on strawberries plants of amendment as
vermicompost, at a rate of 10 tons/ha, and 85:155:125 kg/ha N: P: K fertilizers, when
applied separately and in combination, showed that the yield of marketable strawberries and
the weight of the largest fruit was significantly greater on plants grown on vermicompost as
compared to inorganic fertilizers in 220 days after transplanting. There were 36% more
“runners” and 40% more “flowers” on plants grown on vermicompost. Also, farm soils with
vermicompost treatment had significantly greater microbial biomass than the one with
inorganic fertilizers (Bhat et al., 1996).
Maintenance of soil fertility for sustainable agriculture needs agricultural methods and
approaches that protect and enhance earthworm’s activity. This review gathers some evidence
about the fact that the input of vermicompost, instead of chemical fertilizers, promotes plant
growth and boosts the yield with minimal disturbances in soil, being a viable and friendly
agricultural practice that can be adopted for healthy and fertile soil.
ACKNOWLEDGEMENTS
This work was supported by a grant of the Romanian Ministry of Research and Innovations, CCCDIUEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0560/ 41PCCDI, within PNCDI III.

REFERENCES
ABAIL, Z., SAMPEDRO, L., WHALEN, J.K. (2017). Short-term carbon mineralization from
endogeic earthworm casts as influenced by properties of the ingested soil material. Applied Soil
Ecology, 116, 79-86. DOI: 10.1016/j.apsoil.2017.02.022.
ADHIKARY, S. (2012). Vermicompost, the story of organic gold: A review. Agricultural Sciences,
03, 07, 905-917. DOI: 10.4236/as.2012.37110.
AGARWAL, S., SINHA, R.K., SHARMA, J. (2010). Vermiculture for sustainable horticulture
agronomic impact studies of earthworms, cow dung compost and vermicompost vis-a-vis chemical
fertilisers on growth and yield of lady's finger (Abelmoschus esculentus). International Journal of
Global Environmental, 10, 3. DOI: 10.1504/IJGENVI.2010.037277.
ANGADI, V.V., RADDER, G.D. (1996). In: Organic farming and sustainable agriculture. National
seminar, 132 AGRICULTURAL REVIEWS, G.B.P.U.A.T, Pantnagar. p. 34.
ANSARI, A.A. (2008). Effect of vermicompost and vermiwash on the productivity of spinach
(Spinacia oleracea), onion (Allium cepa) and potato (Solanum tuberosum). World Journal of
Agricultural Sciences, 4, 5, 554-557.
ANSARI, A.A., Ismail S.A. (2012). Role of earthworms in vermitechnology. Journal of Agricultural
Technology, 8, 2, 405-415.
ARANCON, N.Q., EDWARDS, C.A. (2011). The use of vermicomposts as soil amendments for
production of field crops. In: Vermiculture Technology: Earthworms, Organic Wastes, and
Environmental Management. Eds. C.A. Edwards, N.Q. Arancon & R. Sherman, 129-151.
BAKER, G. H. (2007). Differences in nitrogen release from surface and incorporated plant residues by
two endogeic species of earthworms (Lumbricidae) in a red-brown earth soil in southern Australia.
European Journal of Soil Biology, 43, S165-S170. doi: 10.1016/j.ejsobi.2007.08.037.
BAKER, G.H., WILLIAMS, P.M.L., CARTER, P.J., LONG, N.R. (1997). Influence of lumbricid
earthworms on yield and quality of wheat and clover in glasshouse trials. Soil Biology Biochemistry,
29, 3/4, 599-602.
BARRIOS, E. (2007). Soil biota, ecosystem services and land productivity. Ecological Economics,
doi:10.1016/j.ecolecon.2007.03.004
BHAT, J.V., KHAMBATA P. (1996). Role of earthworms in agriculture. Pub. Of Indian Council of
Agriculture Research, 22, New Delhi, India, 36.
BIRI, A., KABA, S., DECASSAR, N., SHARMA, J.J., ZEVIDIE, A., TADDASSE, F.,
CHAVHAN, A. (2016). Effect of vermicompost and nitrogen application on striga incidence,

119

Romanian Journal for Plant Protection, Vol. XII, 2019
ISSN 2248 – 129X; ISSN-L 2248 – 129X
growth, and yield of sorghum [Sorghum bicolor (L.) Monech] in Fedis, eastern Ethiopia,
International Journal of Life Sciences, 4, 3, 349-360.
BLOUIN, M., HODSON, M.E., DELGADO, E.A., BAKER, G., BRUSSARD, L., BUTT, K.R.,
DAI, J., DENDOOVEN, L., PERES, G., TONDOH, J.E., CLUZEAU, D., BRUN, J.J., (2013). A
review of earthworm impact on soil function and ecosystem service. European Journal of Soil
Science, 64, 2, 161-182. doi.org/10.1111/ejss.12025.
BUCKERFIELD, C., WEBSTER, K.A. (1998). Worm-worked waste boost grape yield: Prospects
for vermicompost use in vineyards. The Australian and New Zealand Wine Industry Journal, 13, 1,
73-76.
CHAN, K.I. (2001). An overview of some tillage impacts on earthworm population abundance and
diversity—Implications for functioning in soils. Soil Tillage Research, 57, 179-191.
CHATTOPADHYAY, K. (2017). Organic waste management by vermitechnology. International
Journal of Engineering Science Invention, 6, 12, 2319 – 6734.
COQ, S., BARTHES, B. G., OLIVER, R., RABARY, B., BLANCHART, E. (2007). Earthworm
activity affects soil aggregation and organic matter dynamics according to the quality and localization
of crop residues-an experimental study (Madagascar). Soil Biology and Biochemistry, 39, 2119–2128.
Doi: 10.1016/j.soilbio.2007.03.019
DARWIN, C. (1881). The formation of vegetable mould, through the action of worms, with
observations on their habits. London: John Murray, 326.
EDWARDS C.A., BOHLEN P.J. (1995). Biology and Ecology of Earthworms. Springer
Netherlands. 12, 426.
FAO (1989). The state of food and agriculture 1989. Sustainable Development and Natural Resources
Management, FAO Agriculture Series, 22. http://www.fao.org/3/a-t0162e.pdf
FAO
(2009).
How
to
feed
the
world
in
2020.
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_to_Feed_the_World_in_2050.pdf

FAO (2014). The Sustainability Assessment of Food and Agriculture systems (SAFA) Guidelines –
Version 3.268 p. http://www.fao.org/3/a-i3957e.pdf
FAO (2016). Food and agriculture. Key to achieving the 2030 Agenda for Sustainable Development.
http://www.fao.org/3/a-i5499e.pdf
go.nature.com/2oofvfq
GOPAL, M., GUPTA, A., SUNIL, E., THOMAS, V.G. (2009). Amplification of plant beneficial
microbial communities during conversion of coconut leaf substrate to vermicompost by Eudrilus sp.
Current Microbiology, 59, 15-20. DOI 10.1007/s00284-009-9388-9.
GUPTA, S., KUSHWAH, T., YADAV, S. (2014). Role of Earthworms in promoting Sustainable
Agriculture in India. International Journal of Current Microbiology and Applied Sciences, 3, 7, 449460.
GUTIERREZ-MICELI, F., SANTIAGO-BORRAZ, J., MONTEZ-MOLINA, J.A., NAFATE, C.C.,
ABUD-ARCHILA., M, OLLIVA-LLAVEN, M.A., RINCON-ROSALES, R., DENDOOVEN, L.
(2007). Vermicompost as a soil supplement to improve growth, yield and fruit quality of tomato
(Lycopersicum esculentum). Bioresource Technology, 98, 15, 2781-2786.
HATTENSCHWILER, S., GASSER, P. (2005). Soil animals alter plant litter diversity effects on
decomposition. Procceedings of National Academy of Sciences U.S.A. 102, 1519-1524.
10.1073/pnas.0404977102.
ISMAIL, S.A. (2005). Vermicology: The Biology of Earthworms. Orient Longman Press, Hyderabad.
92.
JEYABAL, A., KUPPUSWAMI, G. (2001). Recycling of organic wastes for the production of
vermicompost and its response in rice-legume cropping system and soil fertility. European Journal of
Agronomy, 15, 3, 153-170. doi: 10.1016/S1161-0301(00)00100-3.
KALE, R.D. (1998). Earthworm: Cinderella of Organic Farming. Prism Books, Bangalore.
KARMEGAM, N., DANIEL, T. (2008). Effect of vermicompost and chemical fertilizer on growth and
yield of hyacinth bean, Lablab purpureus (l.) Sweet. Dynamic Soil, Dynamic Plant, 77-81.

120

Romanian Journal for Plant Protection, Vol. XII, 2019
ISSN 2248 – 129X; ISSN-L 2248 – 129X
KOPPITKE, P.M, MENZIES, N.W., WANG, P., MCKENNA, B.A., LOMBI, E. (2019). Soil and the
intensification of agriculture for global food security. Environment International, 132, 1-8. November
2019, doi.org/10.1016/j.envint.2019.105078.
LALITHA, R., FATHIMA, K., ISMAIL, S.A. (2000). Impact of biopesticides and microbial fertilizers
on productivity and growth of Abelmoschus esculentus. Vasundhara The Earth, 1, 2, 4-9.
LAVELLE, P., SPAIN, A., BLOUIN, M., BROWN, G., DECAENS, T., GRIMALDI, M. (2016).
Ecosystem engineers in a self-organized soil: a review of concepts and future research questions. Soil
Sciences, 181, 91-109. Doi: 10.1097/SS.0000000000000155.
LAZCANO, C., DOMINGUEZ, J. (2011). The use of vermicopost in sustainable agriculture: Impact
on plant growth and soil fertility. In: Soil Nutrients Editor: Mohammad Miransari, 1-23.
MacRAE, R. (1990). History of sustainable agriculture: strategies for overcoming the barriers to the
transition to sustainable agriculture. PhD thesis. http://www.eap.mcgill.ca/AASA_1.htm
MAHMOUD, E.K., IBRAHIM, M.M. (2012). Effect of vermicompost and its mixtures with water
treatment residuals on soil chemical properties and barley growth. Journal of Soil Science and Plant
Nutrition, 12, 3, 431-440.
MAHMUD, A.J., SHAMSUDDOHA, A.T.M., ISSAK, M., HAQUE, N.M., ACHAKZAI, K.K.A.
(2016). Effect of vermicompost and chemical fertilizer on the nutrient content in rice grain, straw
and post-harvest soil. Middle-East Journal of Scientific Research, 24, 2, 437-444.
MANYUCHI, M.M, PHIRI, A., MUREDZI, P., CHIRINDA, N. (2013). Bio-conversion of Food
Wastes into Vermicompost and Vermiwash. International Journal of Science and Modern
Engineering 1, 10, 2319-6386,
MEENA, R.N., SINGH, Y., SINGH, S.P., SINGH, J.P., SINGH, K. (2007). Effect of sources and
level of organic manure on yield, quality and economics of garden pea (Pisum sativum L.) in Eastern
Uttar Pradesh. Vegetable Science, 34, 1, 60-63.
MUNROE, G. (2007). Manual of on-farm vermicomposting and vermiculture. Compost Council of
Canada. https://www.researchgate.net/publication/268254767.
PHUONG, T.N., RUMPEL, C., DIGNAC, M.F., BILLOU, D., TOAN, T.D., JOUQUET, P. (2011).
Transformation of buffalo manure by composting or vermicomposting to rehabilitate degraded tropical
soils. Ecological Engineering, 37, 269-276.
SCHEU, S. (2003). Effects of earthworms on plant growth: patterns and perspectives. Pedobiologia,
47, 5-6, 846-856.
SHARPLEY, A.N., SYERS, J.K. (1976). Potential role of earthworms casts for the phosphorus
enrichment of runoff waters. Soil Biology and Biochemistry, 8, 5, 341-346.
SHUSTER, W.D., SUBLER, S., MCCOY, E.L. (2000). Foraging by deep-burrowing earthworms
degrades surface soil structure of a fluventic Hapludoll in Ohio. Soil & Tillage Research, 54, 179-189.
SINGH, R., SHARMA, R.R., KUMAR, S., GUPTA, R.K., PATIL, R.T. (2008). Vermicompost
substitution influences growth, physiological disorders, fruit yield and quality of strawberry (Fragaria
x ananassa Duch.). Bioresource Technology, 99, 8507-8511.
SINGH, J. (2018). Role of earthworm in sustainable agriculture. Sustainable Food Systems from
Agriculture to Industry. https://doi.org/10.1016/B978-0-12-811935-8.00003-2.
SINHA, R., HERAT, S., VALANI, D., CHAUHAN, K. (2009). Earthworms vermicompost: a
powerful crop nutrient over the conventional compost & protective soil conditioner against the
destructive chemical fertilizers for food safety and security. American-Eurasian Journal of
Agricultural & Environmental Sciences, 5, 14-55.
SNYDER, V.A., VASQUEZ, M.A. (2005). Encyclopedia of Soils in the Environment. Structure, 5468. https://doi.org/10.1016/B0-12-348530-4/00533-6.
SUTHAR, S. (2009). Impact of vermicompost and composted farmyard manure on growth and yield
of garlic (Allium stivum L.) field crop. International Journal of Plant Production, 3, 1, 27-38.
UNITED NATIONS, Department of Economic and Social Affairs, Population Division (2019). World
Population Prospects 2019: Highlights (ST/ESA/SER.A/423). https://population.un.org/wpp/.
VANITA, C., PIAR, C., AVINASH, N., KAUR, J.K., YOGESH, P. (2014). Evaluation of heavy
metals contamination and its genotoxicity in agricultural soil of Amritsar, Punjab, India. International
Journal of Research in Chemistry and Environment, 4, 4, 20-28.
121

Romanian Journal for Plant Protection, Vol. XII, 2019
ISSN 2248 – 129X; ISSN-L 2248 – 129X
VOJEVODA, L., OSVALDE, A., ČEKSTERE, G., KARLSONS, A. (2017). Assessment of the
impact of vermicompost and peat extracts on nutrient accumulation in tubers and potato yield.
Proceedings of the 8th International Scientific Conference Rural Development.
WALL, D. H. , BARGETT, R. D., PELLETIER, B.V., HERRICKX , J. H., JONES, K., RITZ, K.,
SIX, J., DONALD, R.S., PUTTEN, W.H. (2012). Ecosystem services provided by the soil biota.
Soil Ecology and Ecosystem Services Chapter: 1.3. Publisher: Oxford University Press.

122

