Becmnuuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2012. Ne 4 (20). C. 55-67

VIK 635.09 : 502.3
doi: 10.17223/19988591/20/5

R.K. Sinha

Griffith University, Australia

ORGANIC FARMING BY VERMICULTURE: PRODUCING
CHEMICAL-FREE, NUTRITIVE AND HEALTH
PROTECTIVE FOOD FOR THE SOCIETY

Vermicompost produced from ‘organic wastes’ are scientifically proving to be an
‘extraordinary powerful growth promoters and protectors’ for crops (5—7 times over
other bulky organic fertilizers and 20—40% higher over chemical fertilizers). They
are rich in NKP, micronutrients, beneficial soil microbes like ‘nitrogen-fixing’ and
‘phosphate solubilizing’ bacteria, ‘mycorrhizal fungi’, humus and growth hormones —
auxins, gibberellins and cytokinins. It has very high ‘porosity’, ‘aeration’, ‘drainage’
and ‘water holding capacity’ and makes the soil soft & fertile. More significantly it also
protect plants against various pests and diseases either by suppressing or repelling
them or by inducing biological resistance in plants to fight them or by killing them
by their beneficial microbes (chitin and cellulose degraders). ‘Vermiwash’ (liquid
filtered from worm's body) and the ‘vermicompost tea’ (fermented solution in water)
also works as ‘powerful bio-pesticides’ eliminating the use of toxic chemical pesticides.
Organically grown fruits & vegetables especially on ‘earthworms & vermicompost’
have been found to be highly nutritious, rich in ‘proteins, minerals & vitamins’ and
‘antioxidants’ than their chemically grown counterparts and can be highly beneficial
for human health They have elevated antioxidants levels in about 85% of the cases
studied. They have been found to be protective against several forms of ‘cancers’ and
against ‘cardiovascular diseases’.

Key words: vermicompost; earthworms; biofungicides; the nutritional value of
food; “organic food”; crop yields; antioxidants.

Introduction

Agrochemicals which ushered the ‘green revolution’ in the 1950-60’s came
as a ‘mixed blessing’ for mankind. It boosted food productivity, but at the
cost of environment and society. It dramatically increased the ‘quantity’ of
the food produced but decreased its ‘nutritional quality’ and also destroyed
physical, chemical and the biological properties’ of soil over the years of use.
It killed beneficial soil organisms which help in renewing natural fertility. It
also impaired the power of ‘biological resistance’ in crops making them more
susceptible to pests and diseases. Over the years it has worked like a ‘slow
poison’ for the farm soil and the society. The excessive use of ‘nitrogenous
fertilizer’ (urea) has also led to increase in the level of ‘inorganic nitrogen’
content in groundwater (through leaching effects) and in the human food
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with grave consequences for the human health. Chemically grown foods have
adversely affected human health all over the world. According to UNEP and
WHO some 25 million farmers and agricultural workers are poisoned by
pesticides every year and nearly 3 million people suffer from ‘acute pesticide
poisoning’ and some 10 to 20 thousand people die every year from it in both
developed and developing countries [1].

Also, there has been a serious decline in the ‘nutritional values’ of food
produced by agrochemicals in the wake of ‘green revolution’. More concerning is
that there is a significant increase in some undesirable constituents like ‘nitrates’
and ‘free amino acids’ in chemically grown crops. Nitrates can potentially en-
danger health. Davis et al. [2] compared the nutritive contents of 43 garden crops
between 1950 (beginning of chemical farming) and 1999 and found that there was
a reliable decline in 6 nutrients viz. proteins, calcium, potassium, iron, riboflavin
and vitamin C ranging from 6% in proteins to 38% in riboflavin. Significantly
lower ‘carotene’ was found in all vegetable crops produced by chemical fertilizers
as compared to organically grown crops [3].

To resolve various problems related to ‘human food safety, nutritional quality
and environmental security’ a global movement is going on to scientifically
revive traditional ‘Organic Farming’ systems [4]. Scientifically produced ‘organic
fertilizers’ with recent knowledge in biotechnologies are much more nutritive and
productive than those produced traditionally by farmers in earlier days. Organic
foods are significantly rich in ‘antioxidants’, ‘proteins’, ‘vitamins’ and essential
‘minerals’. They have also been found to be ‘protective’ to human health even
against ‘colon cancer’ and ‘breast cancer’ [5].

Organic farming systems with the aid of ‘Vermiculture Biotechnology’
promoted by earthworms which was visioned by Sir Charles Darwin centuries
ago calling them as ‘friends of farmers’ can resolve diverse problems related to
safety, security and productivity of food, protection of farmlands and farmers in
most economical way. Earthworms have protected the ‘earth’ for over 600 million
years and have fed people since mankind arrived on earth. Earthworms secrete
‘humus’ in soil which is essential for plant growth. Earthworms vermicompost
give a very ‘high food productivity’ comparable to or even better than chemical
fertilizers with significantly ‘higher nutritional quality’ while also improving the
physical, chemical and biological properties of soil. Vermicompost is a highly
nutritive and powerful ‘plant growth promoter and protector’ and has scientifically
proven to be a ‘miracle plant growth promoter’. It is rich in NKP, micronutrients,
beneficial soil microbes and also contains plant growth hormones and enzymes
secreted by earthworms. Vermicompost retains nutrients for long time and also
‘protects crops from pests and diseases’. It has a high ‘moisture holding capac-
ity’ and hence also reduces the use of water for farm irrigation by 40—50%. The
‘vermiwash’ (liquid produced during vermicomposting) and ‘vermicompost tea’
(solution of vermicompost produced in water) are highly effective ‘bio-pesticides’
with 100% control of crop pests and diseases.
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Chemically Produced Foods: Slow Poison for Mankind

Adverse effects of agro-chemicals on the health of farmers using them and
the society consuming chemically grown food have now started to become
more evident all over the world. Fruit and vegetables are foods that receive
the highest doses of pesticides. Millions of people suffer from ‘acute pesticide
poisoning’ and thousands die every year from it in developing countries. The US
have some 600 pesticides in use today [6]. The US scientists predict that up to
20,000 Americans may die of cancer, each year because of low levels of ‘residual
pesticides’ in chemically grown food [7].

Areport by the Pesticide Action Network of North America and Commonwealth
tells that the Americans can experience up to 70 daily exposures to residues
of POPs (Persistent Organic Pollutants) including DDT and Dioxins through
their foods. Two most pervasive POPs found in food are ‘dieldrin’ and DDE
(breakdown product of DDT). The US Agriculture Department showed that 73%
of the food grown conventionally by agrochemicals had residues from at least
‘one pesticide’ and were 6 times as likely as ‘organically grown foods’ to contain
multiple pesticide residues. Jones [6] reported 35% of the food purchased in the
US has detectable pesticides levels, 1-3% above the legal tolerance levels. Heaton
[8] reported 48% of the fruit and vegetables in the UK have detectable pesticides
residues. Many of these chemical residues remain on produce after washing and
some are taken up by the entire plant and contaminate the entire flesh. Some 53
fruits and vegetables have been identified which have the most and least ‘pesticides
residues after ‘washing and peeling’ as pesticides can even penetrate the skin.
Apples top the list with 92% containing two or more pesticides as more pesticides
are used after the harvest for longer shelf life to fruit. Apples have been found
to contain 13 times the average residue levels and carrots can have 29 times the
average [8]. This is followed by Celery, Strawberries, Peaches, Spinach, Grapes,
Potatoes and Lettuce. Exposure to these chemicals is linked with serious diseases
and developmental disorders like ‘Nervous System Disorders’, ‘Immune System
Suppression’, Breast and Other Cancers’ ‘Reproductive Damages’, ‘Impairment
of Brain Development in Children’ and ‘Disruption of Hormonal Systems’ [9].

Studies indicate that there is a significant amount of ‘residual pesticides’
contaminating our food stuff long after they are taken away from farms for
human consumption. American studies found detectable levels of DDT in 17%
of carrots tested 20 years after this pesticide was banned in US [8]. In an Indian
study vegetable samples were contaminated 100% with HCH and 50% with DDT.
Bhatnager and Sharma [10] reported pesticide residues in wheat flour samples.
Contamination with HCH was 70%, Heptachlor 2 was 45%, Aldrin 45% and
DDT 91%. 60% of water samples were found to be contaminated with Aldrin and
50% with DDT. They were all higher than permissible limits of WHO. A study
made by the Society for Research and Initiative for Sustainable Technologies and
Institutions (SRISTI), Ahmedabad, India, to analyse the residual pesticide in soils
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of croplands of Gujarat found that 41 out of 70 samples contained insecticidal
residues of Phosphamidon, DDVP, Methyl parathion, Malathion, Chlorpyriphos
and three different pyrethroids [11]. Rao [12] also reported residues of pesticides
in meat, fish, eggs, butter, milk including mother’s milk and human fat in India.
The contamination was 100% with HCH, 69% with DDT and 43% with aldrin.
In human fat DDT residue ranged from 1.8 ppm in Lucknow to 22.4 ppm in
Ahmedabad; HCH ranged from 1.6 ppm in Bombay to 7 ppm in Bangalore.

Organic Farming by Vermiculture: Producing Chemical-free,
Nutritive and Health Protective Food for the Society

Organically grown fruit and vegetables especially on ‘vermicompost’ have
been found to be highly nutritious, richer in ‘antioxidants’ than their chemically
grown counterparts and can be highly beneficial for human health [13]. Organic
foods have elevated antioxidants levels in about 85% of the cases studied with
average levels being 30% higher compared to chemically grown foods [14-16].
Smith [17] reported high mineral contents in organic foods. Antioxidant vitamins
in vegetables are some of nutrients besides vitamins, minerals, flavonoids and
phytochemicals, which contribute greatly to human health protection. Studies
indicate that organic foods are high in ‘organic acids’ and ’poly-phenolic com-
pounds’ many of which have potential health benefits like antioxidants [18].
A Japanese study indicated that organic vegetables had 30% to 10 times higher
levels of ‘flavonoids’ as compared to chemically grown counterparts and with
very high ‘anti-mutagenic activity’. This is of great significance in preventing
some deadly diseases leading to tremendous health benefits [19]. The greatest
anti-mutagenic activity was found in organic spinach.

Leclerc et al. [20] found that carrot and celeriac roots grown organically were
richer in ‘ascorbic acids’ and ‘B-carotene’ contents. Organic potatoes also had
significantly high ‘ascorbic acids’ than those produced chemically. Significant-
ly higher vitamin C was reported in organically grown spinach, tomato, turnip,
apple, cabbage, carrots, beetroots, celery, lentil, lettuce, pepper, potato and pears
[3]. In a ten-year comparative study Mitchell [21] reported levels of flavonoids
‘quercetin’ and ‘kaempferol’ in organic tomatoes (115.5 and 63.3 mg per gram
of dry matter) were 79 and 97% higher than those in chemically grown tomatoes
(64.6 and 32.06 mg per gram of dry matter) respectively. The levels of flavonoids
increased over time in samples of tomatoes treated organically. Ismail et al. [22]
analyzed B-carotene, vitamin C and riboflavin contents and found that swamp
cabbage grown organically was richer in B -carotene, vitamin C and riboflavin
contents among the entire samples studied. Worthington [23] reviewed 41 organic
crops and found 27% more vitamin C, 21.1% more iron (Fe), 29.3% more mag-
nesium (Mg), and 13.6% more phosphorus (P) in them as compared to chemically
grown crops. There was an increase in iron (Fe), calcium (Ca), magnesium (Mg),
phosphorus (P) content in organically grown spinach, tomato, turnip, apple, cab-
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bage, carrots, beetroots, celery, lentil, lettuce, pepper, potato and pears. In addi-
tion, organic products had 15.1% less nitrates than their chemical counterparts.
Heaton [8] found 14 studies showing average 50% lower nitrates in organically
grown crops. Shankar and Sumathi [3] reported significantly higher ‘nitrates’ in
chemically grown tomatoes. Nitrates in food is linked with ‘gastric cancer’ (as it
can be transformed into nitrosamines in the stomach) and ‘infantile methaemoglo-
binaemia (blue baby syndrome) and may affect DNA alkylation and transcription,
teratogenesis [24].

Schuphan [25] reported the results of 12 years of experiment on vegetables
grown organically on compared with NPK. The dry matter increased by 23%,
relative protein by 18%, ascorbic acids (vitamin C) by 28%, total sugars by 19%.
Among the minerals potassium (K) increased by 18%, calcium (Ca) by 10%,
phosphorus (P) by 13% and iron (Fe) by 77% (in spinach). The undesired con-
stituents in organic crops diminished — nitrates by 93% (in spinach), free amino
acids by 42 % and sodium (Na) by 12%. He also studied an increase in proteins
by 4-6% in spinach, 33—40% in savoy, 15-24% in lettuce, 24-37% in celeriac,
21-25% in carrots and slightly in potatoes. The reduction in ‘free amino acids’
by organic fertilizers is beneficial for crops. Aphids feeding on plants use this as
a source of protein.

Organic fertilizers unequivocally increase one of the most important essential
amino acids ‘methionine’ which plays a key role in the biological value of proteins.
Plant breeders are keen to increase these amino acids genetically. A serious
negative impact of use of chemical fertilizers is the increase in ‘water contents’
of plant tissues. It other terms, a ‘decrease in dry matter’. On the contrary, all
organic fertilizers significantly increase the ‘dry matter’ contents in plants even
up to 96%.

Organic Foods Reduces the Risk of Some Cancers

More significantly, in vitro studies indicate that organic foods can reduce the
risks of ‘cancer’ in humans. The ‘anti-mutagenic’ properties of organic foods car-
ry great significance in this respect [19, 26]. A wide range of studies show that
antioxidant plant phenolic compounds are ‘anti-proliferative’ and can prevent or
slow tumour progression. Flavonoids can interfere with several steps in the de-
velopment of cancers. They can protect DNA from oxidative damage that leads
to abnormal cell proliferation. They can inhibit ‘cancer promoters’ and activate
‘carcinogen-detoxification system’ [27, 28]. Recent research has confirmed a spe-
cific mechanism leading to the anti-cancer activities of the flavonoids ‘resvera-
trol’. It starves cancer cells by inhibiting the actions of a key protein that helps
feed cancer cells [15].

The studies of flavonoids extracted from ‘cranberries’ have revealed significant
impacts on a number of human cancer cell lines. It is suggested that flavonoids ex-
tracts from ‘cranberries’ might someday find application as a novel ‘anti-cancer’
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drug [26]. Extracts from organic strawberries showed higher ‘anti-proliferative
activity against ‘colon cancer’ and ‘breast cancer’ cells than did the extracts from
conventional strawberries [5]. A european study found that the carrot antioxidant
“falcarinol’ satisfied six criteria suggested for food intake of antioxidants to reduce
the risk of cancers [15]. The tomato is one of the most ‘protective food’ due to
excellent source of balanced mixture of minerals and antioxidants, including vita-
min C, total carotene and lycopene. Lycopene has been found to have preventive
effects on ‘prostate cancer’ in human beings. Lumpkin [29] reported significantly
a higher lycopene in tomatoes grown organically. A potent antioxidant in canola
oil has recently been discovered which has ‘anti-mutagenic’, ’anti-proliferative’
and ‘anti-bacterial impacts’ [30].

Protection from Cardiovascular Diseases by Organic
Foods Rich in Antioxidants

A number of studies have suggested that antioxidants vitamins, especially ‘vi-
tamin E’ and ‘beta-carotene’ (precursor of vitamin A) may prevent the initiation
and progression of cardiovascular diseases. A Japanese study indicated significant
protection from coronary heart diseases in women to the relatively high dietary in-
take of ‘quercetin’ and ‘isoflavones’. The organic foods contain significantly high
amounts of both these antioxidant vitamins and flavonoids. Possible importance
of ‘lycopene’ (found in significantly high amounts in organic tomatoes) has also
been suggested for protection from cardiovascular diseases [15].

Impact of Earthworms and Vermicompost on Nutritional Values
of Food Produced

Studies made at CSIRO (Council of Scientific & Industrial Research
Organization), Australia, found that the presence of earthworms (Aporrectodea
trapezoids) in soil lifted protein value of the grain of wheat crops (7riticum
aestivum) by 12% [31]. Shankar and Sumathi [3] studied tomatoes grown on
vermicompost and reported that they had significantly higher total antioxidants,
total carotene, iron (Fe), zinc (Zn), crude fibre and lycopene content (which
protect from ‘prostrate cancers’) than other organically grown tomatoes. Also
tomatoes, spinach and amaranthus grown on vermicompost had a significantly
higher vitamin C. Vermicompost applied tomatoes also registered significantly
higher ‘shelf-life’ when stored at room temperature.

Earthworms and Vermicompost: Posed to Bring Revolution
in Organic Farming

Vermicompost is a nutritive ‘organic fertilizer’ rich in NKP (nitrogen 2-3%,
potassium 1.85-2.25% and phosphorus 1.55-2.25%), micronutrients, beneficial
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soil microbes like ‘nitrogen-fixing bacteria’ and ‘mycorrhizal fungi’ and are
scientifically proved as ‘miracle growth promoters and protectors’ with significantly
higher agronomic impacts (5-7 times) over the conventional composts discussed
above. Kale and Bano [32] reports as high as 7.37% nitrogen (N) and 19.58%
phosphorus as P,O, in worms vermicast. Exchangeable potassium (K) was over
95% higher in vermicompost. There is also a good amount of calcium (Ca),
magnesium (Mg), zinc (Zn) and manganese (Mn). Additionally, vermicompost
contains enzymes like amylase, lipase, cellulase and chitinase, which continue
to break down organic matter in the soil (to release the nutrients and make them
available to the plant roots) even after they have been excreted. Annual application
of adequate amount of vermicompost also leads to a significant increase in soil
enzyme activities such as ‘urease’, ‘phosphomonoesterase’, ‘phosphodiesterase’
and ‘arylsulphatase’ and the soil has a significantly more electrical conductivity
(EC) and near neutral pH [33].

There have been several reports that worms worked waste and their excretory
products (vermicast) can induce excellent plant growth. It has been found to
influence all yield parameters such as-improved seed germination, enhanced rate
of seedling growth, flowering and fruiting of major crops like wheat, paddy, corn,
sugarcane, tomato, potato, brinjal, okra, spinach, grape and strawberry as well
as of flowering plants like petunias, marigolds, sunflowers, chrysanthemums and
poinsettias.

The application of vermicompost significantly reduces the demand for
irrigation by nearly 30—40%. Most remarkable observation had less incidence
of pests and disease attacks in vermicompost applied crops. There has been
considerable evidence in recent years regarding the ability of vermicompost to
protect plants against various pests and diseases either by suppressing or repelling
them or by inducing biological resistance in plants to fight them or by killing
them through pesticidal action [34]. According to the estimate of an American
researcher, 1000000 (one million) earthworms in a garden plot provide the same
benefit as three gardeners working 8 hours in shifts all year round, and moreover
having 10 tons of manure applied in the plot [35].

Studies on High Growth Impacts of Vermicompost on Crops
over Chemical Fertilizers

There have been several reports that earthworms and its vermicompost can
induce excellent plant growth and enhance crop production. Edwards and Burrows
[36] found that vermicompost consistently improved seed germination, enhanced
seedling growth and development, and increased plant productivity. Application of
vermicompost in potted and field crops displayed excellent growth performances
in terms of height of plants, colour and texture of leaves, appearance of fruiting
structures etc. as compared to chemical fertilizers and the marketed conventional
composts certified by Compost Australia. There was also less incidences of pest
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and disease attack & reduced demand of water for irrigation. Our studies have
also confirmed that [11, 37, 38, 40, 13, 41, 42, 43].

— Wheat Crops (Triticum aestivum)

Baker and Amato [31] found that earthworms (Aporrectodea trapezoids)
increased growth of wheat crops by 39% and grain yield by 35%. It also resisted
crop diseases as compared to the control. Palaniswamy [44] also reported that
earthworms and its vermicast improve the growth and yield of wheat by more
than 40%.

— Rice Crops (Oryza sativa)

Kale and Bano [32] studied the grain yield of rice crops on vermicompost and
chemical fertilizers and found that rice crops receiving vermicompost (10,000 kg
/ ha) were statistically at par with those receiving chemicals (200 kg / ha).
Guerrero [45] also reported that yield of grain in rice crops was 40 % higher with
vermicompost.

— Corn Crops (Zea mays)

Guerrero [45] reported 14% increase in ear yield of corn crops applied with
vermicompost (5 ton / ha) as compared to inorganic fertilizers applied at normal
recommended dose.

— Grapes (Vitis vinifera)

Buckerfield and Webster [46] found that vermicompost boosted grape yield by
two-fold as compared to chemical fertilizers. Treated vines with vermicompost
produced 23% more grapes due to 18% increase in bunch numbers. Still more
significant was that ‘single application’ of vermicompost had positive effects on
yields of grapes for long 5 years.

— Strawberries: (Fragaria ananasa)

Arancon et al. [47] studied the agronomic impacts of vermicompost and
inorganic (chemical) fertilizers on strawberries. Significantly the ‘yield” of
marketable strawberries and the ‘weight’ of the ‘largest fruit’ was 35 % greater on
plants grown on vermicompost as compared to inorganic fertilizers in 220 days
after transplanting.

— Cherries:

Webster [48] studied the agronomic impact of vermicompost on cherries and
found that it increased yield of ‘cherries’ for three years after ‘single application’.
At the first harvest, trees with vermicompost yielded an additional $ 63.92 and $
70.42 per tree respectively. After three harvests profits per tree were $ 110.73 and
$ 142.21 respectively.

Important Feedbacks from Farmers in India & Australia Using Vermicompost

Some of the important observations of farmers using vermicompost were:

Reduced use of ‘water for irrigation’ as application of vermicompost over
successive years improved the ‘moisture holding capacity’ of the soil.

Flower blooms were more colourful and bigger in size.
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Farmers’ opinion on the use of vermicompost on various crops

Doses of Doses of
. Growth . Growth
Crops vermicompost - Crops vermicompost .
. 1mpact . 1mpact
applied applied
Cereals 2 tons / acre Ornamentals | 4 tons /acre
Oats very good Roses excellent
Rice Excellent — excellent
Maize very good Marigold excellent
Oil Seeds 3-5tons/ Fruits 2-3 kg / plant
acre
Sun Flower very good Grapes excellent
Ground Nut very good Banana excellent
Soybean very good | Water-melon excellent
Mustard very good | Custard apple excellent
4-6 tons /
Vegetables acre Pomegranate excellent
Cabbage excellent Mango very good
Potato excellent | Other Crops 3-5 tons/
acre
Tomato excellent Sugarcane excellent
Carrot excellent Cotton very good
Pumpkin excellent Tea good
Cucumber very good Coffee very good

Conclusions and Remarks

This is a revolutionary century for world agriculture and ‘Sustainable
Agriculture’ is the key word. It has to be ‘economically sustainable’ (at low-cost
with high productivity); environmentally sustainable (without any adverse effects
on soil, air, water and biodiversity and with potential to mitigate global warming);
and ‘socially sustainable (nutritive and protective foods for the society to promote
human health and without any adverse effects). Organic farming by vermiculture
promises to fulfil all the above conditions. A quiet 2™ ‘Non-Chemical Ever Green
Revolution’ is now taking place in world in various names like ‘The Ecological
Agriculture’, ‘Organic Agriculture’ etc. Today over 60000 farmers in Bangladesh
and 20000 in India are practising organic farming with the help of earthworms
and its vermicompost [49].

Earthworms are justifying the beliefs of a great visionary scientists Sir Charles
Darwin who called them as ‘friends of farmers and unheralded soldiers of mankind
working day and night under the soil’. They are also justifying the beliefs of a
great Russian Scientist Sir Anatoly Igonin who said ‘Nobody and nothing can
be compared with earthworms and their positive influence on the whole living
Nature. They create soil and improve soil s fertility and provide critical biosphere s
functions: disinfecting, neutralizing, protective and productive’.

Earthworms vermicompost can truly be a ‘sustainable alternative’ to the
agrochemicals which are proving destructive all on counts — socially (as slow
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poison for the society), economically (increasing cost of food production due to
high cost of chemical fertilizers), agronomically (degrading soil properties and
its natural fertility and increasing susceptibility in crops to pest and diseases)
and environmentally (soil and water pollution & greater emissions of greenhouse
gases from the production and use of agrochemicals).

10.

11.

12.

13.

14.

15.

16.

17.

References

. UNEP. Breaking the Cycle of Poison: Report by Sarojeni V. Rangam. Publication of United

Nation Environment Program, 2001. URL: www.ourplanet.com

. Davis D.R., Epp M.D., Riordan H.D. Changes in USDA Food Composition Data for 43

Garden Crops, 1950 to 1999 // Journal of American Coll Nutrition. 2004. Vol. 23. P. 669—
682.

. Shankar K.S., Sumathi S. Effect of Organic Farming on Nutritional Profile of Tomato Crops:

Central Research Institute for Dryland Agriculture. Hyderabad, India, 2008. URL: nitropdf.
com/professional.

. Gehlot D. Organic Farming: Components and Management; Agrobios (India). 401 p.
. Olsson M.E., Anderson C.S., Oredsson S. et al. Antioxidants Levels and Inhibition of Cancer

Cells Proliferation in Vitro by Extracts from Organically and Conventionally Cultivated
Strawberries // Journal of Agricultural Food and Chemistry. 2006. Vol. 54. P. 1248-1255.

. Jones D.A. Natural Pesticides the Evolution of Food Plants // Pesticide Science. 1999.

Vol. 55. P. 634-636.

. UNEP/GEMS. The Contamination of Food; Publication of United Nation Environment

Program. 1992. Ne 5. URL: www.ourplanet.com.

. Heaton S. Organic Farming: Food Quality and Human Health: A Review of the Evidence.

Bristol : Soil Association of the United Kingdom, 2001. P. 38—44.

. Lloyd J. Disturbing New Information: Pesticides in Food (www.offthegridnews.net) // USA

TODAY: Personal Communication by George Hahn. 2011. URL: geohahn@gmail.com.
Bhatanagar P, Sharma M. Monitoring of Organochlorine Pesticide Residues in Wheat
and Drinking Water Samples from Jaipur. Indore : Academy of Environmental Biology
Symposium on ‘Toxicity Evaluation in Biosystems’, 1993. November. Ne 7— 9. P. 46-52.
Sinha R.K., Herat S., Valani D., Chauhan K. Vermiculture and Sustainable Agriculture’ //
American-Eurasian Journal of Agricultural and Environmental Sciences: IDOSI Publication
(Special Issue). 2009. P. 1-55.

Rao B.N. Pollution Problems Caused by Pesticides / Symposium on Toxicity Evaluation in
Biosystem. Indore: Academy of Environmental Biology. 1993. November. Ne 7-9. P. 21—
25.

Sinha R.K., Valani D., Soni B.K., Chandran V. Earthworms Vermicompost: A Sustainable
Alternative to Chemical Fertilizers for Organic Farming // Agricultural Issues & Policies.
N.Y. (USA) : NOVA Science Publishers. 2011. 71 p.

Organic Food is Far More Nutritious: Newsletter of the National Association of Sustainable
Agriculture Australia (NASAA). 2000. February. Ne 10. 36 p.

Benbrook C.M. Elevating Antioxidant Levels in Food through Organic Farming and Food
Processing : Publication of Organic Centre for Education and Promotion, 2005. 81 p.
Bourn D., Prescott J.A. Comparison of the Nutritional value, Sensory Qualities and Food
Safety of Organically and Conventionally Produced Foods // Critical Review of Food
Science & Nutrition. 2002. Vol. 42. P. 1-34.

Smith B.L. Organic Foods Verses. Supermarket Foods: Elemental Levels // Journal of
Applied Nutrition. 1993. Vol. 45. P. 35-39.



Organic farming by vermiculture 65

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.
36.

37.

Winter C.K., Davis S.F. Organic Foods // Journal of Food Science. 2006. Vol. 71. P. 117-124.
Ren H., Endo H., Hyashi T. Antioxidative and Antimutagenic Activities and Polyphenol
Contents of Pesticide-Free Organically Cultivated Green Vegetables Using Water Soluble
Chitosan as a Soil Modifier and Leaf Surface Spray // Journal of Science of Food and
Agriculture. 2001. Vol. 81 (15). P. 1426-1432.

Leclerc J., Miller M.L., Joliet E., Rocquelin G. Vitamin and Mineral Contents of Carrot and
Celeriac Grown Under Mineral and Organic Fertlization // Journal of Biological Agriculture
& Horticulture. 1991. Vol. 7. P. 339-348.

Mitchell A.E. Ten-Year Comparison of the Influence of Organic and Conventional Crop
Management Practices on the Flavonoids in Tomatoes // Journal of Agricultural and Food
Chemistry. 2007. June. URL: aemitchell@ucdavis.edu; www.mindfully.org.

Ismail A., Cheah S.F. Determination of Vitamin C, -carotene and Riboflavin Contents in
Five Green Vegetables Organically and Conventionally Grown // Malaysian Journal Of
Nutrition. 2003. Vol. 9(1). P. 31-39.

Worthington V. Nutritional Quality of Organic Versus Conventional Fruits, Vegetables and
Grains // Journal of Alternative & Complementary Medicine. 2001. Vol. 7(2). P. 161-173.
McKnight G.M., Duncan C.W., Leifert C., Golden M.H. Dietary Nitrate in Man: Friend or
Foe? // British Journal of Nutrition. 1999. Vol. 81. P. 349-358.

Schuphan W. Nutritional value of crops as influenced by organic and inorganic fertilizer
treatments // Plant Foods for Human Nutrition. 1974. Vol. 23. P. 333-358.

Ferguson L.R., Philpot M., Karunasinghe N. Dietary Cancer and Prevention Using
Antimutagens // Toxicology. 2004. Vol. 198 (1-3). P. 147-159.

Galati G., O’Brien P.J. Potential Toxicity of Flavonoids and Other Dietary Phenolics:
Significance for their Chemopreventive and Anticancer Properties // Free Radical Biology
& Medicine. 2004. Vol. 4. P. 28.

Galati G., Teng S., Moridani M.Y,, Chan T.S., O Brien P.J. Cancer Chemoprevention and
Apoptosis Mechanisms Induced by Dietary Polyphenolics // Drug Metabolism & Drug
Interaction. 2000. Vol. 17(1-4). P. 311-349.

Lumpkin H.M. A Comparison of Lycopene and Other Phytochemicals in Tomatoes Grown
Under Conventional and Organic Management Systems: The World Vegetable Centre.
Taiwan : Technical Bull. AURDC, 2005. Vol. 34, is. 4. P. 4.

Kuwahara H., Kanazawa A., Wakamatu D. et al. Antioxidative and Antimutagenic
Activities of 4,Vinyl-2,6-Dimethoxyphenol (Canolol) Isolated from Canola Oil // Journal
of Agriculture Food and Chemistry. 2004. Vol. 52(14). P. 4380—4387.

Baker G., Amato, M. Increasing Earthworms Activity Benefit Crop Yields // Farming Ahead.
2001. Vol. 113. P. 52-53.

Kale R.D., Bano K. Field Trials with Vermicompost. An Organic Fertilizer / Proceedings
of National Seminar on Organic Waste Utilization. Vermicomposting. Part B: Verms and
Vermicomposting (Eds. M.C. Dash, B.K. Senapati and P.C. Mishra) Sri Artatrana Rontfor
Five Star Printing Press, Burla, India, 1986. P. 151-157.

Tiwari S.C., Tiwari B.K., Mishra R.R. Microbial Populations, Enzyme Activities and
Nitrogen-Phosphorus-Potassium Enrichment in Earthworm Casts and in Surrounding Soil
of a Pineapple Plantation // Journal of Biology and Fertility of Soils. 1989. Vol. 8. P. 178—
182.

Vermicompost as Insect Repellent // Biocycle. 2001. Jan. P. 1-19.
Xu K., Dai X. Culture and Utilization of Earthworms. China: Nanjing Publisher, 1998. 92 p.
Edwards C.A., Burrows I. The Potential of Earthworms Composts as Plant Growth
Media / eds. by C.A. Edward, E.F. Neuhauser // Earthworms in Waste and Environmental
Management. The Hague, Netherlands : SPB Academic Publishing, 1988. P. 21-32.

Sinha R.K., Singh PK., Valani D., Agarwal S. Earthworms Vermicompost: An Economically
Viable and Environmentally Sustainable Alternative to Destructive Chemical Fertilizers:



66

R.K. Sinha

38.

39.

40.

41.

Some Experimental Studies on Potted & Farmed Cereal & Vegetable Crops // Advances in
Environmental Research. N.Y. (USA): NOVA Science Publishers. 2011. Vol. 9 (Chapter 2).
P. 41-78.

Sinha RK., Agarwal S., Chauhan K., Valani D. The Wonders of Earthworms and its
Vermicompost in Farm Production: Charles Darwin’s ‘Friends of Farmers’, With Potential
to Replace Destructive Chemical Fertilizers from Agriculture / Journal of Agricultural
Sciences. 2010. Vol. 1 (2). P. 76-94.

Sinha R.K., Valani D., Chauhan K., Agarwal S. Embarking on a Second Green Revolution
for Sustainable Agriculture by Vermiculture Biotechnology Using Earthworms: Reviving
the Dreams of Sir Charles Darwin // Journal of Agricultural Biotechnology and Sustainable
Development. 2010. Vol. 2(7). P. 113-128.

Sinha R.K., Hahn G., Singh PK., Suhane R.K., Anthonyreddy A. Organic Farming by
Vermiculture: Producing Safe. Nutritive and Protective Foods by Earthworms (Charles
Darwin’s Friends of Farmers) / American Journal of Experimental Agriculture. 2011.
Vol. 1(4). P. 363-399.

Sinha R.K., Sunil H. Organic Farming: Producing Chemical-Free, Nutritive and Protective
Food for the Society While also Protecting the Farm Soil by Earthworms and Vermicompost—
Reviving the Dreams of Sir Charles Darwin // Agricultural Science Research Journal. 2012.
Vol. 2(5). P. 217-239.

42. Sinha R.K., Dalsukh V., Vinod Ch., Brijal K.S. Earthworms — The Soil Managers: Their Role

43.

44.

45.

46.

47.

48.

49.

in Restoration and Improvement of Soil Fertility; Softcover Book ; Agricultural Issues &
Policies; NOVA Science Publishers, N.Y., USA : 2011. 54 p.

Sinha R.K., Dalsukh V. Vermiculture Revolution: The Technological Revival of Charles
Darwin’s Unheralded Soldiers of Mankind; Hardcover Book; NOVA Science Publishers,
USA. 2011. 328 p.

Palaniswamy S. Earthworm and Plant Interactions / Tamil Nadu Agricultural University.
Coimbatore, 1996. 52 p.

Guerrero R.D. Vermicompost Production and its Use in Crop Production in The Philippines
/ eds. by Rajiv K. Sinha et. al., Special Issue on ‘Vermiculture Technology’// International
Journal of Global Environmental Issues. 2010. Vol. 10. P. 378-383.

Buckerfield J.C., Webster K.A. Worm-Worked Waste Boost Grape Yield: Prospects for
Vermicompost Use in Vineyards // The Australian and New Zealand Wine Industry Journal.
1998. Vol. 13. P. 73-76.

Arancon N.Q., Edwards C.A., Bierman P., Welch C., Metzger J.D. Influences of
Vermicomposts on Field Strawberries: 1. Effects on Growth and Yields // Bioresource
Technology. 2004. Vol. 93, Ne 2. P. 145-153.

Webster K.A. Vermicompost Increases Yield of Cherries for Three Years after a Single
Application; EcoResearch, South Australia. 2005. URL: www.ecoresearch.com.au.
Kesavan P.C., Swaminathan M.S. Farm Green Revolution to Ever Green Revolution:
Pathways and Technologies // Current Science. 2006. Vol. 91. P. 145-146.

Received June 5, 2012



Organic farming by vermiculture 67

Tomsk State University Journal of Biology. 2012. Ne 4 (20). P. 55-67
doi: 10.17223/19988591/20/5

PamxuB K. Cunxa
Tpugppumcxuii ynusepcumem, Aecmpanus

OPTAHMYECKOE 3EMJIEJEJME HA OCHOBE BEPMUKYJILTUBUPOBAHMSI:
MMPOM3BOJCTBO DKOJIOTMUYECKH BE3OMACHOM
U TIOJIE3HOM JJIS1 3/I0POBbSI IIUILEBOI MPOIYKIIUN

Bepmuxomnocm, nonyuaemviii u3 paznoo6pasHulx Op2aHuyecKux omxo008, AeJsent-
€51 MOWHBIM CIUMYISIMOPOM POCIA U CPEOCHBOM 3auumsl pacmenuti (6 5—7 pas npe-
8bIULASL NO CEOUM CBOUCMBAM OpeanuuecKkue Y0oopenus u Ha 20—-40% — xumuueckue).
Bepmuxomnocm codepoicum 6onvuioe KOIU4ecmeo MUuKpod1eMeHmos, Noaie3Hvix O
NOUBEHHBIX Daxmepuil, HANpuMep a30MmpuKCUpyowux Ui gochampacmeopsrouux
baxmepuil, a makice MUKOPU3HBIX 2pub08. B nem MHO20 2yMycosbix gewecma u pecy-
JIAMOPO8 pOCMA — AYKCUHO8, 2UODEPenIuHo8 U YyumoKuHuHo8. Bepmukomnocm xopouto
CMPYKMypupos8an u Omauddaemcs 8bICOKolU 8000yoepaicusarujeli ChoCOOHOCMbIo, mem
CamblmM YIyHuas aspayuio nouesl u 0ends ee MAsKoll u nio0opoonoll. Bepmuxomnocm
3awuwaem pacmenus Om pasnudHslX Oonesnell u epeoumenetl, NOOAGIASL UX JiCU3HE-
0esAmenbHOCHb, CIUMYIUPYem YCmouuugocms camux pacmenuil. Iuwesapumensvhoie
hepmenmul uepgetl u max HA3bLIBAEMBII GEPMUKOMNOCHHBIL Yall ((hepMeHmupo8anHas
600HASL BLIMAICKA U3 BEPMUKOMIOCMA) MAKIICE MO2YM UCNOIb308AMbCS KAK OYeHb
appexmusnbill Ouonecmuyuo, Ymo no3eonsem uzdbe2amsv UCNONb30BAHUS MOKCUUHBIX
Xumuyeckux necmuyuoos. Ommeueno, umo Gpykmul u 080w, BbIpalUjeHHble HA Gep-
MuKomnocme, 001a0aiom GblCOKUMU NUMAMETbHLIMU CEOUCMEaMu, 6oeanvl OeIKoM,
MUHEPATbHbIMU dTleMenmamu u eumamunamu. B 85% uzyuennvix ciyuaes noo eosoeti-
cmeuem 6epMUKOMNOCMA ObLI0 OMMEUeHO NOGbIUEHIE COOEPIUCANUS AHNUOKCUOAHTNOE
6 NI00AX, OKA3bIBAIOWUX OIA20MEopHOe 6030elicmeue Ha 300PO6be Y4eno6eKd U npe-
NAMCMBYIOWUX PAZGUMUIO CEPOEUHO-COCYOUCTNBIX U OHKONO2UHECKUX 3a001e6aHUIL.

KuroueBbie clioBa: sepmuxomnocm, 0odcoesvie uepsu, Ouo@yHeuyuovl, numa-
MenbHAsl YEeHHOCMb NUWeBbIX NPOOYKMOS, «OP2aHUYecKas NUWay, YPOUCAUHOCHb
CeNbCKOXO3AUCMEEHHBIX KYIbMYP, AHMUOKCUOAHMbB.
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