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a  b  s  t  r  a  c  t

Growing  concerns  regarding  food  safety,  environmental  degradation  and  human  health  have  generated
interest  in  alternative  agricultural  systems  like  organic  farming.  This  study  aimed  to compare  growth,
biomass,  yield,  proximate  composition  and  mineral  contents  of  tubers,  physico-chemical  properties  and
microbial  population  of  soil  under  organic  vs conventional  farming  in  taro (Colocasia  esculenta  (L.)  Schott.).
Field  experiments  were  conducted  in split plot  design  over  five  seasons  at ICAR-Central  Tuber  Crops
Research  Institute,  India,  with  three  varieties  (Sree  Kiran,  Sree  Rashmi  and local)  in main  plots  and  three
production  systems  in sub  plots.  Organic  system  (10.61  t ha−1) performed  similar  to that  of  conventional
(11.12  t  ha−1),  with  slight  yield  reduction  (−5%).  Both  elite and  local  varieties  responded  equally  well  to
organic  management,  which  lowered  the bulk  density  slightly  and  improved  the  water  holding  capacity
(+19%)  and  porosity  (+3%)  of  soil.  Cormel  quality  was  better  under  organic  management,  with  higher  dry
matter,  starch,  sugars,  P,  K, Ca  and  Mg  contents.  Organic  plots  showed  significantly  higher  pH  (+1.2  unit)
and  available  P and higher  soil  organic  C (+39%),  exchangeable  Ca,  Mg,  Fe,  Mn,  Zn  and  Cu status.  On-station
developed  technology  involving  farmyard  manure,  green  manure,  neem  cake,  biofertilizers  and  ash  were
on-farm  validated  at  seven  locations  in  southern  India.  The  yield  under  organic  management  at farm
level  was  higher  by 29 per  cent.  Organic  farming  proved  to  be an eco-friendly  alternative  to  conventional
farming  in  taro  for stable  yield  and quality  cormels  as  well  as  for  maintaining  soil  health.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

The food production in industrialized countries has been evolv-
ing since the 1950s towards a mass production system. This practice
is based on the intensive use of not only land and water, but also
external inputs such as seeds, breeds, machinery, fuel, chemical
fertilizers as well as a large variety of agro-chemicals like pesti-
cides, fungicides, herbicides, antibiotics, regulators and hormones
(De Schutter, 2010). Such an intensive production system, leads
to deterioration of soil health, contamination of the food chain
and water by persistent pesticide residues or nitrates, or reduced
nutrient content and flavour in addition to potential health hazards
(Lairon, 2010). Nevertheless, over the years worldwide awareness
has led to the search for safe and sustainable food production and
consumption systems (El-Hage Scialabba, 2007; Niggli et al., 2007;
Gomiero et al., 2011).

The combined awareness of environmental protection and bio-
diversity, food safety and security as well as human well-being in
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recent times has considerably raised institutional and public con-
cern, favouring ecologically-grown animal and human foods (FAO,
2010; De Schutter, 2011; SCAR, 2011). Since the 1950s, alterna-
tive methods of ecological agriculture have been developed with
the aim of tackling those growing concerns, which are generally
referred to as ecological or organic methods of agriculture (EC,
2007, 2008). Organic agriculture is an alternative strategy that aims
at sustainable and safe food production, while at the same time
maintaining soil health and environmental protection by avoiding
the use of synthetic chemicals and with maximum use of on-farm
resources.

While organic production systems could slightly lower food
production (10–20%) in developed countries, they considerably
increase food yields (by about +80%) in poor and developing coun-
tries that are faced with the biggest food insecurity (El-Hage
Scialabba, 2007; De Schutter, 2010). In view of the threats of climate
change bringing in increased heat and drought and the expected
global population increase, the UN Special Rapporteur on the Right
to Food called for a fundamental shift towards agro-ecological pro-
duction methods in 2011 since they are expected to outperform
conventional farming (De Schutter, 2011). However, the possible
risks or disadvantages related to organic systems include pests,
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diseases and weed control, which can be overcome to a certain
extent by growing partially resistant varieties, cultural techniques
like intercropping, two-layer ploughing and exploitation of ecosys-
tem services (Hansen et al., 2008; Lazauskas and Pilipavicius, 2004;
Stavi et al., 2016).

Root and tuber crops (cassava, sweet potato, yams and aroids)
are the third most important group of food crops of mankind after
cereals and legumes. They contribute to food security, are produced
with low external inputs and mostly consumed by the poor peo-
ple of the developing countries, though some are used for animal
feed or as raw material for processing industries. Recently there has
been a great demand for organically produced tuberous vegetables
among affluent Asians and Africans living in Europe, USA and Mid-
dle East. Over the past decade there has been a greater focus on the
scope of research and development on organic farming of tropical
tuber crops (Suja et al., 2009, 2010, 2012a,b; Suja, 2013; Suja and
Sreekumar, 2014).

Taro, Colocasia esculenta (L.) Schott. var. antiquorum (Schott.)
Hubbard and Rehder (eddoe type), is an underexploited crop,
grown throughout the tropics especially in the warmer regions
for its edible cormels, leaves and petioles. It is a staple in many
countries in the Pacific, Caribbean and Asia and a supplement to
potatoes in the southern United States (Misra et al., 2005). Glob-
ally cocoyams (comprising taro and tannia) are cultivated in an
area of 1.30 m ha with a production of 9.98 m t and the average
productivity is 7.68 t ha−1 (www.faostat.fao.org).

In India, taro is mostly cultivated in northern and eastern states;
The area, production and productivity of taro in India is 51724 ha,
0.81 m t and 15.68 t ha−1 respectively (Srinivas et al., 2012). An
array of food products is prepared from tubers, leaves and petioles
of taro. Taro chips prepared from the tubers are used as snacks,
starch used in baby foods and there is considerable potential for
the use of taro silage as animal feed (Steinke et al., 1984).

This research could be an important contribution to current
knowledge that organic management was promising in elephant
foot yam and yams (Suja et al., 2010, 2012a,b, 2015, 2016; Suja,
2013; Suja and Sreekumar, 2014). but the performance of taro
under organic agriculture is presently unknown. There is little
understanding to date about the influence of organic cultivation
on the growth, yield, tuber composition and soil properties in taro.
The objectives of the present study were (1) to assess the impact
of organic vs conventional management on taro cultivation, (2) to
compare the growth, biomass, tuber yield, tuber quality of taro and
soil physico-chemical and biological properties under the two sys-
tems, (3) to develop organic production technologies in taro and to
validate the on-station developed organic production technologies
for adoption in the major taro growing environments of southern
India.

2. Materials and methods

2.1. On-station experiment

2.1.1. Study site
On-station experiments were conducted for five consecutive

seasons during 2009–2012 at the farm of ICAR-Central Tuber
Crops Research Institute (ICAR-CTCRI) (8◦29′N, 76◦57′E, 64 m alti-
tude), Thiruvananthapuram, Kerala, India, in an acid Ultisol. Green
manure cowpea (Vigna unguiculata) was raised and incorporated
at 45–60 days after sowing (50% flowering stage) in the land one
year prior to taking up the present study. Chemical inputs were
not used in the experimental site for one year before starting this
research. Surface (0–15 cm)  soil samples were collected before the
commencement of the experiment during 2009 for characterizing
the physico-chemical and biological properties of the soil of the

study site. The samples were air-dried and sieved to pass through
a 2-mm sieve. The pH, organic C, available N, P, K, Ca, Mg,  Fe, Mn,
Zn and Cu status of the soil were estimated by standard analytical
methods (Page et al., 1982). Physical characters of the soil such as
bulk density, particle density, water holding capacity and poros-
ity were estimated by the methods of Gupta and Dakshinamoorthy
(1980). Another portion of the fresh soil samples were used for the
enumeration of microbial population of bacteria, fungi and actino-
mycetes by standard procedures as described by Nandini and Mary
Josephine (2013).

Prior to experimentation, the organic C status was ‘medium’
(0.51%), available N and P ‘low’ (64.60 kg ha−1and 6.98 kg ha−1

respectively) and available K ‘high’ (330.00 kg ha−1) according
to Muhr et al. (1965). The exchangeable Ca, Mg, Fe, Mn,  Zn
and Cu status were 1.49 cmol kg−1, 0.64 cmol kg−1, 83.95 mg  kg−1,
10.35 mg  kg−1, 3.03 mg  kg−1and 2.33 mg  kg−1 respectively. The
bulk density, particle density, water holding capacity and poros-
ity were 1.77 Mg  m−3, 2.63 Mg  m−3, 9.75% and 31.45% respectively.
The population of bacteria, fungi and actinomycetes were 72 × 103,
5 × 102 and 5 × 102 cfu g−1 respectively. The site experiences a
typical humid tropical climate, with mean annual rainfall of
1204.11 mm and the annual means of daily temperature maxima
and minima 31.65 ◦C and 25.02 ◦C respectively.

2.1.2. Experimental design, treatments and test variety
Field experiments were carried out in split plot design with

three varieties in main plots (Sree Kiran, Sree Rashmi and
local) and three production systems in sub plots (conventional,
(farmyard manure (FYM) @ 12 t ha−1 + NPK @ 80:25:100 kg ha−1),
traditional or farmers’ practice (FYM @ 15 t ha−1 and ash @
2.0 t ha−1) and organic (FYM @ 15 t ha−1 + green manuring to gen-
erate 15–20 t ha−1of green matter in 45–60 days + neem cake @
1 t ha−1 + ash @ 2.0 t ha−1 + biofertilizers (Azospirillum @ 3 kg ha−1,
mycorrhiza @ 5 kg ha−1 and phosphobacteria @ 3 kg ha−1)) (for
five consecutive seasons from 2009 (Crop 1: June 2009–January
2010; Crop 2: March 2010–October 2010; Crop 3: December
2010–June 2011; Crop 4: August 2011–March 2012; Crop 5: April
2012–November 2012). Three varieties, Sree Kiran, the first hybrid
taro variety, Sree Rashmi, a selection from indigenous germplasm
collection (CTCRI, 2006) and a local variety, procured from Farm-
ers’ Co-operative Society, Thrissur, Kerala, India and supplied by
Vegetable and Fruit Promotion Council (VFPCK), Keralam were
compared. These varieties yield 16–18 t ha−1, mature in seven
months and have good cooking quality. The treatment combina-
tions were replicated thrice. The gross plot size was 3.60 × 2.70 m
(36 plants) accommodating 16 inner plants and 20 border row
plants.

The N, P2O5 and K2O contents in farmyard manure were 0.45,
0.20 and 0.30%; green manure cowpea, 3.25, 0.47 and 2.10%; neem
cake, 1.60, 1.00 and 1.30% and ash, 0.45, 1.60 and 7.11% respec-
tively. Neem cake organic manure is the by-product obtained in
the process of cold pressing of neem tree fruits and kernels, the
solvent extraction process for neem oil cake. It is a potential source
of organic manure under the Bureau of Indian Standards, Specifi-
cation No. 8558. Cormels of 20–25 g were planted in pits of size
45 × 45 × 45 cm dug at 60 × 45 cm spacing. These pits were later
reformed into mounds. Field culture was  done in accordance with
KAU (2002). The crop was planted in the first season during June
2009, mainly rainfed and harvested after seven months and the
remaining four seasons were continuously taken. In organic farm-
ing plots, green manure cowpea was  sown @ 20–25 kg ha−1 in
between the pits immediately after planting taro The green mat-
ter was incorporated at 45–60 days after sowing (50% flowering
stage). The quantity of green matter obtained was  15.63, 13.60,
15.55, 16.25 and 14.00 t ha−1 during the five seasons respectively.
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