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A B S T R A C T

Low use of chemicals in agriculture, plentiful availability of biomass and manure and favorable climatic
conditions offer the opportunity for organic farming in eastern Himalayan region of India. Thus, field
experiments were conducted in seven consecutive years from 2005 - 06 to 2011 -12 under a raised and
sunken bed (RSB) land configuration (0.3–0.4 m height, 2 m width, 7 m length) in lowland at Meghalaya
(950 m above sea level), India. The RSBs were constructed to facilitate drainage and accommodate
vegetables in lowland conditions. The objectives of the study were (i) to identify suitable crops and
cropping sequences for organic food production, and (ii) to assess long term impacts of organic farming
on soil and produce quality. Rice (Oryza sativa L.) – vegetable sequences on raised beds and rice (varieties)
– fallow (no crop) sequences on sunken beds were assessed under four farming practices in fixed plots.
The four farming practices were control (only in-situ recycling of 2/3rd crop residues), organic (farmyard
manure and rock phosphates), inorganic (mineral fertilizer) and integrated farming [50/50 organic and
inorganic fertilizer sources (INF)]. Results indicated that seven-year average productivity of tomato
(Solanum lycopersicum L.) and carrot (Daucus carota L.) under organic (22.1, and 10.1 Mg ha�1,
respectively) and INF (21.9, and 10.4 Mg ha�1, respectively) were significantly higher than both inorganic
(17.6, and 7.1 Mg ha�1, respectively) and control (3.77, and 3.1 Mg ha�1, respectively). However, yields of
potato (Solanum tuberosum L.) and French bean (Phaseolus vulgaris L.) were the highest under INF (14.4
and 8.7 Mg ha�1, respectively) followed by organic (13.9 and 7.5 Mg ha�1, respectively). Considering
farming practices, INF (3.99 Mg ha�1), organic (3.85 Mg ha�1) and inorganic (3.81 Mg ha�1) had the
similar rice productivity in sunken beds but all had significantly higher yield than that of control. After
seven years, the soil available N on raised and sunken beds under organic farming was 13.3 and 4.36%
higher than that under inorganic and 20.8 and 18.2% higher than that under control, respectively. Soil
microbial biomass carbon was significantly higher under organic raised (177.9 mg g�1 dry soil) and
sunken beds (146.77 mg g�1 dry soil) than that of other farming practices. Most of the quality parameters
of tomato (lycopene content, total sugar, total soluble solids) and carrot (total soluble solids, ascorbic
acid, beta carotene) were superior under organic farming followed by INF. Combining all these long-term
results, the study strongly suggests several benefits of organic farming for sustainable productivity and
improved soil and produce quality under eastern Himalayan condition.

ã 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Increase in awareness and concerns about the negative
environmental and health impacts of synthetic chemicals (fertil-
izers, pesticides, livestock feed additives etc.) in agriculture have
* Corresponding author.
E-mail addresses: anupicar@gmail.com, anup_icar@yahoo.com (A. Das).

http://dx.doi.org/10.1016/j.agee.2016.09.007
0167-8809/ã 2016 Elsevier B.V. All rights reserved.
been major drivers for the increase in consumer demand for
organic foods (Baranski et al., 2014). Organically grown produce
are considered environmentally safer and more nutritious than
conventionally grown produce (Williams and Hammitt, 2001).
Thus, there is need for major change in the global food production
system, while meeting challenges of feeding a growing population
and minimizing environmental concerns (Foley et al., 2011).

Continuous and increased use of chemical fertilizers leads
to several detrimental effects on soil and water quality with reduction

http://crossmark.crossref.org/dialog/?doi=10.1016/j.agee.2016.09.007&domain=pdf
mailto:anupicar@gmail.com
mailto:anup_icar@yahoo.com
http://dx.doi.org/10.1016/j.agee.2016.09.007
http://dx.doi.org/10.1016/j.agee.2016.09.007
http://www.sciencedirect.com/science/journal/01678809
www.elsevier.com/locate/agee
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in soil productivity (Baishya, 2015). Long term field experiments
indicated a declining trend in productivity and degradation of soil
resource due to intensified cropping with constant fertilizer inputs
without addition of manure (Cassman and Pingali, 1995).

On the other hand, organic farming has potential benefits in
comparison to conventional farming in promoting soil structure
formation (Pulleman et al., 2003), enhancing soil biodiversity (Tu
et al., 2006), protecting environment (IFOAM,1998), improving soil
quality (Patel et al., 2015), food quality and safety (Giles, 2004) and
ensuring premium price (Gopinath et al., 2008). Reported increase
in crop yields during the first few years of organic farming have
been attributed to gradual improvements in soil properties, such as
the capacity of the soil microbial community to mineralize N
(Martini et al., 2004). Thus, organic production systems have the
potential to achieve sustainability of agricultural systems (Van
Diepeningen et al., 2006).

Emerging evidences also indicate that soil fertility management
integrating combination of organic and inorganic fertilizer is a
sustainable approach to overcome several soil fertility constraints
(Abedi et al., 2010). Many long-term experiments comparing
conventional and organic practices have documented increased
soil organic matter (SOM) and soil organic carbon (SOC)
accumulation in organically managed soils (Lotter, 2003). Al-
though the benefits of organic farming are overwhelming, some
uncertainties still exists. For an example, no differences in soil
microbial biodiversity was observed (Lawlor et al., 2000; Franke-
Snyder et al., 2001) between organically or conventionally
managed soils. Yet, combined organic/inorganic fertilization
enhanced C storage in soils (Pan et al., 2009), and improved
available N, P, K and S (Bhattacharya et al., 2008).

In view of growing demand for organic food products
worldwide, the North Eastern Region of India (NER, geographical
area 26.2 M ha), in Eastern Himalayas have vast opportunity to
emerge as major suppliers of organic products (Sanwal et al.,
2007). The climate (high rainfall, cold winter and hot humid
summer), soil type and management practices in NER are unique.
The region has a number of advantages for organic food production
such as minimal use of fertilizer (12 kg ha�1 in hills) and pesticides,
plentiful availability of plant biomass (weeds, shrubs and forest
litter) and reasonable amount of organic manure (47 million tons)
and diverse climatic conditions for growing a wide range of crops.
Additionally, relatively high SOC concentrations (15.0–35.0 g kg�1)
offer the opportunity for moving towards scientific organic
farming (Bujarbaruah, 2004; Patel et al., 2015).

Monocropping of rice (Oryza sativa L.) is the prevalent practice
in hills especially under valley land conditions. Cultivation of a
second rice crop in valleys and lowlands after rainy season is not
possible mainly due to early onset of winter which causes spikelet
sterility (Munda et al., 2010). Diversification and intensification of
monocropped rice system to increase productivity per unit
resource is very pertinent to enhance income (Das et al., 2014a).
Even in winter season, the water table in valley land remains high
mainly because of continuous seepage from surrounding hillocks.
Innovative land configuration such as raised and sunken bed (RSB)
technology provides opportunity to include vegetables in rice
based cropping system in high rainfall areas and lowlands and
thus, increase productivity and financial gain. Raised beds (30–
45 cm height and appropriate width) are suitable for cultivation of
vegetables in rice paddy areas with adequate facilities for draining
excess water, while in such systems sunken areas are used for
cultivation of rice (Das et al., 2014a). The RSB land configuration in
high rainfall region increases cropping intensity by creating
favorable soil moisture regime such as moisture conservation by
inter-plot water harvest during dry season (Mishra and Saha,
2007). Land configuration through RSB improves the soil physical
condition, aeration, and water regime for crop growth and
productivity (Das et al., 2014a). Benefit cost ratio of 1.22–1.57
due to RSBs (rice-vegetables) as compared to 0.81 for monocrop-
ping of rice has been reported from high rainfall areas of North East
Indian Himalayas (Saha and Ghosh, 2010). The identification of
well-designed crop rotations (crops with different rooting habits,
different nutrient need, growth duration, etc.) is key to the success
of organic production systems (Patel et al., 2015), however, the
response of various crops may be different to diverse sources of
nutrient and other farming practices. Thus, suitable cropping
sequences are to be identified for stability in production and
improving soil quality. Yet, information on comparative perform-
ances of crops and cropping systems under organic, inorganic and
integrated farming (INF) practices on soil health, productivity and
produce quality are scanty, particularly for hill ecosystems.

Additionally, in hill ecosystems of eastern Himalayas, use of
agrochemicals is negligible and cultivation is mainly done on
inherent soil fertility or with very low level of organic manure
application (about 5 Mg ha�1 once in 2 years) causing low
productivity (Das et al., 2014b). Under such situation, adoption
of organic farming through identification of efficient cropping
systems, recycling of on-farm biomass, use of adequate quantity of
organic manure to supplement crop nutrient requirement along
with use of bio-pesticides for pest management would enhance
productivity, and financial gain to hill farmers (Patel et al., 2015).

Thus, a seven year field study was conducted in mid altitude of
subtropical Meghalaya (950 m a.s.l.), India, to evaluate the impact
of organic, inorganic and INF farming practices on performance of
various cropping systems, soil and produce quality parameters.
The primary hypothesis tested was that continuous organic
farming would improve soil health, productivity and produce
quality due to consequent improvement of soil physico-chemial
and biological properties compared to those of conventional
(chemical based) farming on a long-term basis. The second
hypothesis tested was that varied cropping sequences responds
to various farming practices (organic, inorganic, INF) differently
based on the type of crops grown, their nutrient (other resources)
demand, and other management practices.

The novelty of the study is that complete organic, inorganic and
INF farming practices i.e., nutrient, pest and disease management
etc. were all taken into consideration and RSB land configuration as
an innovative approach in high rainfall hill ecosystem was
integrated in this long-term study, which has not been tested in
the Himalayan ecosystem yet.

2. Materials and methods

Long-term (seven years: 2005–2012) field experiments were
conducted for comparing the soil and crop productivity under
organic farming with that of inorganic and INF practices under RSB
land configuration.

2.1. Site description

The field experiments were conducted at lowland Agronomy
farm, ICAR Research Complex for North Eastern Hill (NEH) Region,
Umiam, Meghalaya, India. The farm is located at 25�300 N latitude
and 91�510 E longitude with an elevation of 950 m above mean
sea level. No fertilizer and pesticides were used in the experimental
site in previous two years prior to establishment of the current
experiment. A monocropping of rice had been practiced with
organic inputs such as farmyard manure (FYM), or, residue recycl-
ing. Soil samples were collected from the surface layer (0–15 cm)
before initiation of the present study. The experimental soil had
sandy loam texture, pH of 5.1, organic C 24.6 g kg�1, available N
150.5 kg ha�1, P 2.96 kg ha�1and K 245.1 kg ha�1. Soil of the experi-
mental site is described a Typic Paleudalf (Bhattacharya et al., 1994).
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2.2. Weather

The average monthly minimum and maximum temperature
during the crop growing seasons ranged from 12.4 to 21.2 �C and
from 23.9 to 29.1 �C, respectively (Suppl. Fig. S1). The long term (30
years) average annual rainfall of the study site is 2450 mm and the
average annual rainfall of seven years study period was 2006 mm
(Suppl. Fig. S1). The rainfall pattern and total rainfall received
during the cropping seasons from 2005 to 12 are presented in Fig.1.
During the entire experimental period, the highest mean maxi-
mum temperature (Suppl. Fig. S2) was recorded in the month of
April (26.83 to 29.4 �C) and August (27.49 to 29.73 �C). The mean
lowest temperature (Suppl. Fig. S3) was recorded in the month of
January (5.04 to 7.9 �C).

2.3. Layout

The experiment was conducted in a lowland paddy field. To
accommodate vegetables inpaddy field a RSB land configurationwas
adopted. The dimension of individual RSB was 7 m � 2 m � 0.3 m
(Fig.1). The RSB was developed in sequence to facilitate drainage and
inter-plot water harvesting (Suppl. Figs. S4 & S5). The surface soil
layer from sunken beds were removed and deposited on the adjacent
area marked for raised bed to make a bed height of about 30 cm from
the ground level.All thecropresiduesand weedbiomasswereplaced
below the raised beds and covered with the soil from sunken beds.
Repairing was done every year to maintain the bed height without
disturbing the layout. The organic block was isolated from inorganic
and INF block in the field with a drainage channel of 0.5 m (Suppl.
Figs. S4 & S5). To avoid any possible contamination (fertilizer,
pesticide residues etc.) from inorganic block, the field slope gradient
(2%) was maintained such that water drains out from organic via INF
and inorganic blocks and not vice-versa.

2.4. Treatments

The experiment was laid out with treatment combinations of
four rice-vegetable cropping sequences on raised beds, four rice
(varieties)-fallow (no crop) sequences on sunken beds under four
farming practices (isolated blocks). The four cropping sequences
Fig. 1. A sketch of raised and sun
on raised beds comprised of rice – potato (Solunum tuberosum L.)
(CS1), rice – tomato (Solanum lycopersicum L.) (CS2), rice – French
bean (Phaseolus vulgaris L.) (CS3) and rice – carrot (Daucus carota L.)
(CS4). Four sequences on sunken beds were IR 64-fallow, Lampnah-
fallow, Shahsarang-1-fallow and Krishna Hamsha-fallow, where IR
64, Lampnah, Shahsarang, and Krishna Hamsha were four rice
varieties. Rice variety Bhalum 1 was used as test crop in raised
beds. All the cropping sequences were maintained under four
farming practices: (1) control-(only in-situ recycling of 2/3rd crop
residues); (2) organic-100% recommended dose of N and P (RDNP)
through organic manure and rock-phosphate, (3) inorganic-100%
recommended dose of NPK through synthetic fertilizer (RDNPK),
and (4) INF-50% RDNPK through inorganic fertilizers + 50% RDNP
through organic manures. Thus, four cropping sequences each on
raised beds and sunken beds were evaluated under four farming
practices. All the treatments were replicated three times making
the total number of raised and sunken beds as 48 each (4 � 4 � 3).

2.5. Crop culture

The details of crops cultivated, cultivars used, their duration,
spacings, weed management and rate of application of nutrients
are presented in Suppl. Table S1. Organic manures (FYM) were
applied about a month before sowing/transplanting on the basis of
N-equivalent under organic and INF farming as per the nutrient
recommendation of the respective crops (Patel et al., 2015) during
each season. To supply 100% P requirement under organic and 50%
under INF, rock phosphate (RP) was used as supplement along with
organic manure. Nutrient concentrations of FYM and RP are shown
in Suppl. Table S2. About 30 cm standing rice stubbles were
retained under organic and INF and 60 cm under control. The
variable stubble heights were maintained to meet the treatment
requirement. Under INF and organic, at least 30 cm stubbles (as
ideal condition) were retained for nutrient cycling, rest was
removed as straw for cattle. Under control, since no fertilizer was
applied, a minimum condition of nutrient cycling was facilitated by
leaving 2/3rd stubbles in the field. However, traditionally, farmers
do not apply any fertilizer or manure and rely on inherent soil
fertility, and thus, many lowland farmers leave up to 60 cm
stubbles in the field. On the other hand, the residues were
ken bed land configuration.
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harvested by cutting from the ground (retaining only about 10 cm)
under inorganic practice. The recommended doses of NPK under
inorganic were provided through urea (46% N), single superphos-
phate (16% P2O5) and muriate of potash (60% K2O), respectively.

Four high yielding rice varieties namely Shahsarang 1, IR 64,
Krishna Hamsha and Vivek Dhan 82 were transplanted in the first
week of July every year. The 25-day old rice seedlings were
transplanted on sunken beds using a spacing of 20 � 15 cm and 2–3
seedlings per hill. Rice yield was recorded at 14% grain moisture
content. The vegetables such as potato [cultivar (cv.) Kufri Jyoti],
pole-type French bean (cv. Naga local), carrot (cv. New Kuroda) and
tomato (cv. Rocky) were grown during the pre-rainy season
(January to May) on raised beds. After harvest of vegetables, rice
variety Bhalum 1 was cultivated on raised beds in all the
sequences. Rice on raised bed was sown during 3rd week of June
every year in line with a row to row spacing of 20 cm. Staking was
provided to pole type French bean. French bean was harvested as
green pods through multiple picking.

2.6. Pest and disease management

2.6.1. Organic farming
Neem (Azadirachta indica) cake was applied at 150 kg ha�1

during last ploughing every year and mixed with the soil to manage
soil borne insect-pest and diseases. Neem oil 3 mL L�1, Derisom
2.5 mL L�1 (a product of Deris indica) of water was applied at
flowering stage and 15 days after that for control of insect pests and
diseases as preventive measures. Diseased leaves were stripped off
manually whenever possible. Weeds in sunken bed rice were
managed by two hand weedings (HW) at 25 and 50 days after
transplanting (DAT) and one weeding with rotary-weeder at 40
DAT. Whereas, in case of raised bed rice, two HW were given at 25
and 50 days after sowing (DAS). Weeds in raised bed vegetables
were managed through HW, hoeing and earthing up. All the weed
biomass was recycled into the soil irrespective of treatments.

2.6.2. Inorganic, INF and control
In case of inorganic and INF practices, pesticides such as

Tricylazole (75% WP) 2 mL L�1, monocrotophos (36% SL) 2 mL L�1

etc. were used to control insect pest and diseases. However, weed
management under organic, INF and control has been done similar
to those under organic management practices. No pesticides were
used in case of control for insect and disease management.

2.7. Plant and soil sampling and analyses

Performance of crops were evaluated in terms of yield. Yield of
different vegetable crops were converted to Rice Equivalent Yield
(REY) for comparison. The REY of different crops under various
farming practices was calculated on the basis of prevailing market
prices. The REY was computed as following (De Wit, 1960):

REY = {Yield of vegetables (kg ha�1) � price of vegetables ($ kg�1)}/
Price of rice ($ kg�1)

Fruit quality of tomato was determined at maximum ripening
stage. Five randomly collected fruits of tomato from the first
harvest were selected from each treatment and processed to
determine various quality parameters such as juice volume, total
soluble solids (using Erma Hand Refractometer, 0–320brix), acidity
and ascorbic acid (AOAC, 1980), reducing sugar, total sugar and
lycopene content (Rangana, 1997). Similarly, root quality param-
eters of carrot such as root diameter, specific gravity, total soluble
solids, ascorbic acid, beta carotene (Srivastava and Kumar, 2002),
total carotenoides (Rodriguez-Amaya and Kimura, 2004), reducing
sugar and total sugar (Rangana, 1997) were determined.
Soil samples (one sample from each plot) were collected from 0
to 15 cm depth before initiation of the study (2005) and after seven
cropping cycles (2012) and analyzed for various physico-chemical
and biological properties. Intact core samples (5.8 cm diameter and
5.4 cm length) were obtained using a manually driven core
sampler. The samples were oven dried at 105�C for 24 h, and
bulk density (rb) was calculated based on oven dry weight (Blake
and Hartge, 1986). The soil-pH was determined in a 1:2.5 soil:
water suspension (Jackson, 1973). Total C concentration was
determined by the dry combustion method (Nelson and Sommers,
2005) using a TOC analyzer (Elementar Vario TOC Select,
Germany). Concentration of SOC was assumed to be equal to the
total C, because of the negligible inorganic C concentrations as soil
pH was <6.5 (Jagadamma and Lal, 2010). Soil available P was
determined by Bray method (Bray and Kurtz, 1945) and available K
by ammonium acetate extraction methods (Jackson, 1973). The soil
microbial biomass carbon (SMBC) was determined by the ethanol-
free chloroform fumigation extraction method (Vance et al., 1987)
using a constant (Kc) value of 0.45 (Jerkinson and Lad, 1981).

Nutrient uptake (N, P and K) was monitored for only two years
(2006–07 and 2007–08) in the present study. At crop maturity, sub
samples of rice and vegetables were collected from each plot and
dried in a hot-air oven at 65 �C. Plant samples were ground to pass
through a 0.5-mm sieve and analyzed for total N by micro-Kjeldahl
method (Bremner and Mulvaney, 1982). P concentration of plant
tissues (digested in HNO3 and HClO4) was determined by the
ammonium molybdate method (Olsen and Sommers, 1982) and
that of K by flame photometry (Baruah and Borthakur, 1998).
Nutrient uptake (for the above ground biomass only) was
estimated by multiplying the N, P and K concentration of economic
parts and straw/stover with their respective yield in kg ha�1 and
summing up the two values.

2.8. Statistical analyses

Data were statistically analyzed using the F-test and test of
significance of the treatment differences was done on the basis of
the t-test (Gomez and Gomez, 1984). All parameters except yield
were analysed using Split Plot Design (SPD). Summarized analysis
of variance (ANOVA) of a single parameter (for example available
phosphorus) using SPD has been presented in Suppl. Table S3. The
yield of individual crops were statistically analysed separately in a
Randomized Block Design (RBD) to assess the impact of farming
practices. Summarized ANOVA of a single parameter (for example
tomato fruit yield) using RBD has been presented in Suppl.
Table S4. However, to assess the system as a whole, the yield of
component crops were converted to REY and then analysed in SPD.
The significant differences between treatment means were
compared with the least significant difference (LSD) at p = 0.05.
The difference between two treatment means which were higher
than the respective LSD values were considered as significant.

3. Results

3.1. Soil quality parameters

3.1.1. Physical properties
Soil rb in raised beds after seven cropping cycles were not

influenced by the cropping systems, whereas, farming practices
had significant effect on rb (Table 1). The rb under inorganic was
significantly higher by 9.82% and 7% than those observed under
organic, and INF practices, respectively. However, the highest rb
was observed under control after seven cropping cycles. A similar
trend in rb was observed in case of sunken beds. The water holding
capacity (WHC) under raised and sunken beds were significantly
higher under organic than those recorded under inorganic and



Table 1
Soil properties as influenced by cropping systems and farming practices in raised beds after seven cropping cycles.

Treatments Bulk density
(Mg m�3)

WHC (%) pH SOC
(g kg�1)

Available N
(kg ha�1)

Available P
(kg ha�1)

Available K
(kg ha�1)

SMBC
(mg g�1 dry soil)

Cropping sequences
Rice-potato 1.20a 51.2a 5.13a 27.5a 241.2ab 16.5a 264.4a 141.4c
Rice-tomato 1.19a 51.4a 5.14a 27.7a 237.6b 16.8a 263.7a 144.1b
Rice-French bean 1.18a 52.4a 5.10a 28.0a 246.3a 17.8a 267.6a 148.6a
Rice-carrot 1.21a 51.5a 5.11a 27.0a 240.9ab 16.5a 261.8a 143.8bc
SEm (�) 0.01 1.35 0.05 00.7 1.84 0.94 1.64 1.10
LSD (p = 0.05) NS NS NS NS 6.37 NS NS 3.21

Nutrient sources
Control 1.28a 47.9b 4.97b 22.6c 213.6d 9.43c 236.8c 117.4d
Organic 1.12d 55.6a 5.24a 31.2a 258.1b 21.1a 273.2b 177.9a
Integrated 1.15c 55.3a 5.27a 30.0a 266.4a 22.1a 286.9a 147.0b
Inorganic 1.23b 47.7b 5.00b 26.3b 227.8c 14.9b 260.7b 135.6c
Initial 1.19 45.9 5.10 24.6 150.5 2.96 245.1 –

SEm (�) 0.01 0.83 0.05 00.7 1.69 0.69 1.49 1.17
LSD (p = 0.05) 0.02 2.43 0.17 2.1 4.95 2.04 4.36 4.04

SEm – standard error of mean, LSD-least significant difference, SOC – soil organic carbon, SMBC – soil microbial biomass carbon, WHC – water holding capacity, Organic –

100% nutrient requirement (N and P equivalent basis) met through organic sources, Integrated – 50% nutrient supplied through organic and remaining 50% through inorganic,
inorganic – 100% nutrient supplied through inorganic sources, Initial – before initiation of the present study, means with the same letter within a column are not significantly
different at p = 0.05.
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control. However, there was no significant (p = 0.05) difference
between WHC under organic and INF. The WHC observed under
organic farming in raised and sunken beds were 16.6% and 29.7%
higher than those recorded under inorganic, respectively.

3.1.2. Chemical properties
In general, pH recorded after seven year was lower under raised

beds than those under sunken beds. The cropping system did not
influence soil pH significantly after seven cropping cycles,
although, the farming practices had significant effect on soil pH.
Soil pH was significantly higher under organic and INF than under
inorganic and control (Tables 1 & 2).

After seven cropping cycles, the highest soil available N, P and K
were observed under rice-French bean sequence on raised bed
(Table 1). However, only soil available N under rice-French bean
sequence was significantly higher by 3.7% than that under rice-
tomato. On the other hand, soil P and K were not statistically
different under all cropping sequences. Among farming practices,
available N, P and K in soil was the highest under INF followed by
organic, inorganic and control. On sunken beds, rice varieties did
not influence soil available N and P but had significant effect on
Table 2
Soil properties as influenced by cropping systems and farming in sunken beds after se

Treatments Bulk density
(Mg m�3)

WHC (%) pH SOC
(g kg�1

Cropping sequences
IR 64-fallow 1.18a 53.2a 5.35a 25.2a 

Shahsarang 1–fallow 1.18a 52.4a 5.32a 26.0a 

Vivek Dhan 82- fallow 1.18a 53.0a 5.32a 25.3a 

K. Hamsa- fallow 1.17a 52.9a 5.33a 25.5a 

SEm (�) 0.01 0.86 0.02 00.3 

LSD (p = 0.05) NS NS NS NS 

Nutrient sources
Control 1.24a 44.9c 5.17d 23.2d 

Organic 1.13c 61.5a 5.36b 26.4b 

Integrated 1.15c 59.8b 5.50a 27.5a 

Inorganic 1.19b 47.4c 5.28c 24.8c 

Initial 1.25 46.0 5.1 20.1 

SEm (�) 0.01 0.87 0.02 00.2 

LSD (p = 0.05) 0.03 2.55 0.04 00.5 

SEm – standard error of mean, LSD-least significant difference, SOC – soil organic carbo
100% nutrient requirement (N and P equivalent basis) met through organic sources, Integr
Inorganic – 100% nutrient supplied through inorganic sources, Initial – before initiation o
different at p = 0.05.
soil-K content. Variety Shahsarang 1 had the highest soil available
K content followed by IR 64. Among farming practices, soil
available N was the highest under INF followed by organic, both of
which were significantly higher compared to inorganic and
control. Soil available N content under INF and organic were
higher by 4.77% and 4.36% than inorganic and 18.2% and 17.8% than
control, respectively. Whereas, soil available P was significantly
higher under inorganic than control but remained at par with
organic and INF. Soil available P under inorganic, organic and INF
were 89.4, 85.9 and 82.3% higher than those observed under
control, respectively. Soil available K was significantly higher under
organic than those under control and inorganic but remained at
par with INF (Table 2). Available K content under organic was 13.8%
and 4.4% higher than those observed under control and inorganic,
respectively.

At the end of seven cropping cycles, SOC content was not
significantly changed by cropping sequences under raised bed
(Table 1). However, among the farming practices, organic
(31.2 g kg�1) being at par with INF (30. g kg�1) had significantly
higher SOC concentration than inorganic (26.3 g kg�1) and control
(22.6 g kg�1). Under sunken bed system, although rice-fallow
ven cropping cycle.

)
Available N
(kg ha�1)

Available P
(kg ha�1)

Available K
(kg ha�1)

SMBC
(mg g�1 dry soil)

218.6a 12.3a 265.4abc 119.3a
219.6a 14.5a 267.6a 119.7a
219.5a 13.8a 262.5bc 123.1a
218.2a 14.2a 261.3c 120.5a
0.64 0.58 1.25 2.27
NS NS 4.34 NS

195.1c 8.5b 243.6d 103.5d
229.8a 15.8a 277.2a 146.8a
230.7a 15.5a 273.8b 105.3c
220.2b 16.1a 262.3c 127.1b
142.2 1.9 244.6 –

1.11 0.41 1.26 0.96
3.25 1.18 3.68 3.33

n, SMBC – soil microbial biomass carbon, WHC – water holding capacity, Organic –

ated – 50% nutrient supplied through organic and remaining 50% through inorganic,
f the present study, means with the same letter within a column are not significantly
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sequences did not significantly influence SOC content, INF had
significantly higher SOC concentration (27.5 g kg�1) than that
under other farming practices (Table 2). However, the SOC
concentrations under organic (26.4 g kg�1) was significantly higher
by 6.5% and 13.8% than those observed under inorganic (24.8 g
kg�1) and control (23.2 g kg�1), respectively.

3.1.3. Biological properties
The SMBC was significantly higher under organic compared to

INF, inorganic and control in both raised and sunken beds (Tables 1
and 2). However, SMBC concentrations under INF and inorganic
were also significantly higher by 20.1% and 15.5% than control,
respectively. Cropping systems had significant effect on SMBC in
raised beds, whereas it was not significant in-case of sunken beds
(Tables 1 and 2). Soils under rice-French bean sequence on raised
beds had significantly higher SMBC (3.1–5.1%) than all other
sequences.

3.2. Crop productivity

3.2.1. Crop productivity under raised beds
While organic, inorganic and INF farming practices had no

significant differences in rice yield, however all three enhanced
rice grain yield significantly (54–61%) than that recorded under
control (2.18 Mg ha�1) over the seven years of experimentation.
Average rice productivity was the highest under organic (3.5 Mg
ha�1) and INF (3.5 Mg ha�1) followed by inorganic (3.35 Mg ha�1)
management practice. Irrespective of farming practices, seven
years average grain yield of rice was not significantly different
under all cropping sequences (Tables 3 and 4).

Potato tuber yield (Table 3) was significantly higher under
INF than that under other farming practices in the first year
(2005–06). Inorganic and organic practices gave statistically
similar yield in 2005–06. During other years, the highest tuber
yield was obtained under INF followed by organic and inorganic
treatments (Table 3). During 7th year, yield recorded under
organic and INF were statistically similar. Average tuber yield
of potato was significantly (p = 0.05) higher under INF by 17.1%
and 260% than those under inorganic and control, respectively.
Average tuber yield under INF and organic were 260% and 237%
higher than that under control, respectively. The average tuber
Table 3
Productivity (Mg ha�1) of rice-vegetable systems as impacted by farming practices on 

Nutrient sources/ Rainy season crop (Rice) 

Year I II III IV V VI VII A

CS1: Rice-potato cropping sequence
Control 2.8 2.7 2.4 2.2 2.0 1.5 1.5 2
Organic 3.6 3.8 3.8 3.4 3.4 2.9 3.1 3
Inorganic 3.6 3.7 3.7 3.3 3.3 3.0 3.2 3
Integrated 3.6 3.7 3.7 3.6 3.4 3.1 3.3 3
Average 3.4 3.5 3.4 3.1 3.0 2.6 2.8 3
SEm (�) 0.14 0.12 0.11 0.09 0.16 0.12 0.19 0
LSD (p = 0.05) 0.42 0.35 0.33 0.27 0.49 0.35 0.58 0

CS2: Rice-Tomato cropping sequence
Control 2.7 2.7 2.4 2.2 2.1 1.5 1.8 2
Organic 3.8 3.9 3.9 3.5 3.5 3.0 3.1 3
Inorganic 3.5 3.6 3.6 3.2 3.4 2.9 3.3 3
Integrated 3.9 3.8 3.7 3.3 3.4 3.1 3.4 3
Average 3.5 3.5 3.4 3.0 3.1 2.6 2.9 3
SEm (�) 0.07 0.08 0.08 0.11 0.09 0.13 0.12 0
LSD (p = 0.05) 0.21 0.23 0.23 0.33 0.27 0.38 0.37 0

I–VII and Avg. are 2005–06, 2006–07, 2007–08, 2008–09, 2009–10, 2010–11, 2011–12
difference, Average – adding replication of respective years and then analyzing the data, O
sources, Integrated – 50% nutrient supplied through organic and remaining 50% through i
the same letter within a column are not significantly different at p = 0.05.
productivity under organic was �10% higher than that recorded
under inorganic.

Tomato yield was recorded the highest under organic and
remained similar with INF in most of the years followed by
inorganic treatments (Table 3). Average tomato yield under organic
was 25.6% higher than inorganic and 82.9% higher than that under
control.

French bean green pod yield (Table 4) was recorded signifi-
cantly (p = 0.05) higher under inorganic than organic and control in
1st year (2005–06). However, the pod productivity under inorganic
and INF was not statistically different. Whereas, from 2nd to 7th
year, the highest green pod yield was recorded under INF followed
by organic. Seven years average green pod yield was also
significantly higher under INF by 10, 16 and 262% than organic,
inorganic and control, respectively, however, the average pod
productivity under organic and inorganic were significantly higher
than control by 229.2% and 212.6%, respectively as well.

Carrot root yield was recorded the highest under INF over the
experimental period. Average root yield was the highest under INF
(10.4 Mg ha�1) that was statistically similar to organic farming
(10.1 Mg ha�1) but both of these were significantly higher than
inorganic and control (Table 4). The carrot root yield under INF and
organic were 46.5% and 42.3% higher than that recorded under
inorganic, respectively.

3.2.2. Cropping system productivity on raised beds
Total productivity of the cropping systems in terms of REY in

raised bed was the highest under INF followed by organic in the 1st
and 3rd year, whereas, in 2nd year the highest REY was recorded
under organic followed by INF (Table 5). From 4th year onward,
organic had greater REY compared to INF and inorganic. Average
REY of seven years was the maximum under organic (18.1 Mg ha�1)
followed by INF (17.2 Mg ha�1) and inorganic (16.6 Mg ha�1).
Average REY was 220, 202 and 175.5% higher under organic, INF
and inorganic relative to control (5.9 Mg ha�1), respectively.
Among the cropping systems, rice – tomato gave the maximum
REY in 1st, 2nd, 4th and 6th year of experimentations, whereas, in
3rd, 5th and 7th year, the highest REY was recorded with rice-
carrot system. Average REY (seven year) was the highest with rice-
tomato (17 Mg ha�1) followed by rice-carrot (14.6 Mg ha�1) and
rice �potato (13.6 Mg ha�1) sequences (Table 5).
raised beds.

Pre-Rainy season (Tomato/Potato/Carrot/French bean)

vg. I II III IV V VI VII Avg.

.1b 5.3 4.8 4.6 3.7 1.4 5.8 2.3 4.00d

.4a 12.6 11.4 10.9 13.8 15.2 15.8 14.5 13.5b

.4a 12.8 11.0 10.6 11.2 13.8 14.0 12.3 12.3c

.5a 13.5 12.4 12.1 15.7 16.3 16.3 14.7 14.4a

.1 11.1 9.9 9.6 11.1 11.7 13.0 11.0 11.1d

.11 0.17 0.20 0.15 0.12 0.06 0.17 0.37 0.14

.32 0.50 0.57 0.45 0.37 0.20 0.57 1.29 0.43

.2b 8.35 5.88 5.57 5.20 0.76 0.51 0.10 3.77c

.5a 29.8 25.1 23.6 23.8 18.3 21.3 13.1 22.1a

.4a 28.2 19.2 18.0 17.5 14.6 14.2 11.7 17.6b

.5a 28.4 24.0 23.6 23.9 18.5 21.6 13.5 21.9a

.1 23.7 18.5 17.7 17.6 13.0 14.4 9.6 16.3

.09 0.25 0.18 0.26 0.21 0.15 0.25 0.36 0.39

.28 0.75 0.55 0.77 0.64 0.52 0.87 1.23 1.16

 and average, respectively, SEm – standard error of mean, LSD – least significant
rganic – 100% nutrient requirement (N and P equivalent basis) met through organic
norganic, Inorganic – 100% nutrient supplied through inorganic sources, means with



Table 4
Productivity (Mg ha�1) of rice-vegetable systems as impacted by farming practices on raised beds.

Nutrient sources/ Rainy season crop (Rice) Pre- Rainy season (Tomato/Potato/Carrot/French bean)
Year I II III IV V VI VII Avg I II III IV V VI VII Avg

CS3: Rice – French bean cropping sequence
Control 2.8 2.7 2.7 2.5 2.0 1.6 2.0 2.3b 4.0 3.3 3.4 2.5 2.1 1.3 0.4 2.4c
Organic 3.9 4.0 4.0 3.6 3.4 3.1 3.3 3.6a 8.2 6.0 6.9 7.2 9.1 8.7 9.4 7.9b
Inorganic 3.3 3.2 3.7 3.5 3.3 2.9 3.4 3.3a 9.0 5.9 5.9 6.9 9.4 7.5 7.8 7.5b
Integrated 3.7 3.8 3.8 3.5 3.4 3.1 3.5 3.5a 8.8 6.2 7.3 7.5 12.0 9.5 9.7 8.7a
Average 3.4 3.4 3.6 3.3 3.0 2.7 3.1 3.2 7.5 5.4 5.9 6.0 8.2 6.8 6.8 6.6
SEm (�) 0.11 0.13 0.11 0.10 0.08 0.14 0.12 0.09 0.17 0.17 0.25 0.14 0.01 0.18 0.30 0.17
LSD (p = 0.05) 0.32 0.33 0.33 0.29 0.23 0.43 0.37 0.28 0.52 0.50 0.74 0.43 0.04 0.63 1.03 0.50

CS4: Rice-carrot cropping sequence
Control 2.6 2.5 2.5 2.1 2.0 1.5 1.7 2.1b 3.9 3.8 3.6 4.5 3.6 1.2 1.0 3.1c
Organic 3.6 3.8 3.8 3.5 3.4 3.1 3.2 3.5a 7.8 6.6 6.2 14.0 11.9 11.9 12.0 10.1a
Inorganic 3.5 3.4 3.4 3.4 3.4 2.7 3.2 3.3a 7.8 6.0 5.9 8.1 7.9 7.2 6.9 7.1b
Integrated 3.9 3.7 3.7 3.5 3.4 3.0 3.3 3.5a 8.0 6.4 6.4 14.8 13.0 12.5 11.6 10.4a
Average 3.4 3.4 3.4 3.1 3.0 2.6 2.8 3.1 6.9 5.7 5.5 10.4 9.1 8.2 7.9 7.6
SEm (�) 0.12 0.14 0.12 0.10 0.17 0.14 0.19 0.11 0.14 0.12 0.17 0.22 0.09 0.12 0.18 0.13
LSD (p = 0.05) 0.37 0.43 0.36 0.31 0.50 0.42 0.58 0.32 0.42 0.35 0.50 0.65 0.30 0.43 0.65 0.40

I–VII and Avg. are 2005–06, 2006–07, 2007–08, 2008–09, 2009–10, 2010–11, 2011–12 and average, respectively, SEm – standard error of mean, LSD – least significant
difference, Average – Adding replication of respective years and then analyzing the data, Organic –100% nutrient requirement (N and P equivalent basis) met through organic
sources, Integrated – 50% nutrient supplied through organic and remaining 50% through inorganic, Inorganic – 100% nutrient supplied through inorganic sources, means with
the same letter within a column are not significantly different at p = 0.05.
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3.2.3. Rice productivity on sunken beds
In sunken bed, the highest rice yields were observed under INF

followed by inorganic in the 1st, 2nd and 6th year of experimen-
tation. In the 3rd, 4th, 5th and 7th year, the highest yields were
found under INF followed by organic and inorganic. Thus, average
yield was recorded maximum under INF followed by organic and
inorganic. Seven year average data revealed that rice grain yields
under INF, inorganic and organic were 69.0, 62.8 and 62.4% higher,
respectively, than that under control. Rice variety Shahsarang 1
had the highest average productivity followed by IR 64 (Table 6).

Comparison of rice productivity on raised and sunken beds
revealed that productivity in sunken beds were 14–66% higher
than those in raised beds. While rice productivity on raised beds
ranged from 2.1 to 3.5 Mg ha�1 (Tables 3 and 4), the productivity on
sunken beds ranged from 3.5 to 4 Mg ha�1 (Table 5). However,
considering REYs, the productivity on raised beds were 3.6–4.9
folds higher on raised beds than those in sunken beds.

3.3. Nutrient uptake

The maximum total (average of two years) uptake (removal) of
N and P of raised bed crops were observed under organic (204.4
Table 5
System productivity (Mg ha�1) in terms of Rice Equivalent yield (REY) as impacted by 

Year I II III 

Cropping sequences
Rice-carrot 11.6d 10.5c 17.5a 

Rice-potato 12.9c 12.0b 10.4d 

Rice-French bean 13.5b 10.6c 12.0b 

Rice-tomato 23.2a 20.0a 11.0c 

SEm (�) 0.16 0.11 0.18 

LSD (p = 0.05) 0.49 0.34 0.53 

Nutrient sources
Control 8.1b 7.4d 7.0c 

Organic 17.8a 15.9a 15.0a 

Inorganic 17.5a 13.5c 13.5b 

Integrated 17.8a 15.1b 15.2a 

SEm (�) 0.13 0.12 0.19 

LSD (p = 0.05) 0.39 0.35 0.58 

I–VII and Avg. are 2005–06, 2006–07, 2007–08, 2008–09, 2009–10, 2010–11, 2011–12 and
respective years and then analyzing the data (pooled), Organic – 100% nutrient requireme
supplied through organic and remaining 50% through inorganic, Inorganic – 100% nutrie
are not significantly different at p = 0.05.
and 36.9 kg ha�1, respectively), and statistically similar with INF
(200.0 and 33.8 kg ha�1, respectively) but remained significantly
higher than those of inorganic and control (Figs. 2 and 3). Whereas,
total K uptake was the highest under INF (233.2 kg ha�1) followed
by organic (225.9 kg ha�1); both of these were significantly
(p = 0.05) higher than inorganic and control. Among the cropping
sequences, maximum total N, P and K uptake were obtained in rice-
tomato (189.3, 31.9 and 290.3 kg ha�1, respectively) followed by
rice-potato (182.7, 28.6 and 262.9 kg ha�1, respectively), both of
which were at par with each other but remained significantly
(p = 0.05) higher than remaining cropping sequences.

3.4. Produce quality

Tomato fruits under organic farming exhibited superior quality
followed by INF in terms of most of the biochemical properties
including total soluble solids (TSS), ascorbic acid, juice volume,
total and reducing sugar and lycopene content (Table 7). The
highest TSS, ascorbic acid, reducing sugar, total sugar and lycopene
content were observed under organic, whereas, acidity and juice
volume were higher under control and INF relative to inorganic and
organic farming practices (Table 7).
cropping systems and farming practices on raised beds.

IV V VI VII Avg.

15.5b 16.7a 14.8c 15.6a 14.6b
14.2c 14.7d 15.5b 13.7b 13.4c
12.2d 15.4c 12.8d 14.2b 12.9c
20.6a 16.0b 17.3a 11.3c 17.0a
16.0 17.3 0.18 0.25 0.18
0.48 0.51 0.63 0.84 0.55

6.8c 4.7b 4.1d 3.0c 5.9d
20.3a 19.7a 20.0a 17.9a 18.1a
15.7b 19.0a 17.9c 15.9b 16.6c
19.8a 19.4a 18.5b 18.1a 17.2b
0.22 0.24 0.18 0.32 0.17
0.65 0.71 0.54 0.94 0.52

 average, respectively, SEm – standard error of mean, Average – adding replication of
nt (N and P equivalent basis) met through organic sources,Integrated – 50% nutrient
nt supplied through inorganic sources, means with the same letter within a column



Fig. 2. Total (average of two years) removal of NPK as influenced by farming practices in raised beds (Capped vertical bars indicate standard errors; means with the same letter
are not significantly different at p = 0.05).

Table 6
Rice productivity (Mg ha�1) as influenced by various cropping systems and farming practices in sunken bed.

Year I II III IV V VI VII Avg.

Cropping sequences
IR 64 4.1a 4.12ab 3.98a 3.14b 2.98b 3.0a 3.67a 3.57a
Shahsarang 1 3.78a 4.38a 4.27a 3.28a 3.20a 3.12a 3.80a 3.69a
Vivek Dhan-82 3.07b 3.42c 3.37b 3.00c 3.13ab 2.77b 3.12b 3.13b
Krishna Hamsa 3.64a 3.78bc 4.05a 3.1bc 3.14ab 3.16a 3.60a 3.50a
SEm (�) 0.14 0.13 0.12 0.04 0.05 0.08 0.14 0.09
LSD (p = 0.05) 0.43 0.40 0.37 0.12 0.16 0.26 0.42 0.28

Nutrient sources
Control 2.75b 2.53b 2.46b 2.2b 2.10c 1.55b 2.03b 2.23b
Organic 3.82a 4.31a 4.43a 3.47a 3.49a 3.36a 4.04a 3.85a
Inorganic 3.95a 4.34a 4.28a 3.35a 3.34b 3.55a 3.89a 3.81a
Integrated 4.06a 4.52a 4.50a 3.50a 3.53a 3.61a 4.22a 3.99a
SEm (�) 0.17 0.18 0.19 0.05 0.04 0.18 0.13 0.13
LSD (p = 0.05) 0.50 0.55 0.56 0.16 0.12 0.52 0.46 0.40

I–VII and Avg. are 2005–06, 2006–07, 2007–08, 2008–09, 2009–10, 2010–11, 2011–12 and average, respectively. SEm – standard error of mean, Average – adding replication of
respective years and then analyzing the data (average), Organic –100% nutrient requirement (N and P equivalent basis) met through organic sources, Integrated – 50% nutrient
supplied through organic and remaining 50% through inorganic, Inorganic – 100% nutrient supplied through inorganic sources, means with the same letter within a column
are not significantly different at p = 0.05.

Fig. 3. Total (average of two years) removal of NPK as influenced by cropping system in raised beds (Capped vertical bars indicate standard errors; means with the same letter
are not significantly different at p = 0.05).
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Table 7
Quality parameters of tomato and carrot under different farming practices (Data as per 2011–12 analysis).

Quality parameters Control Organic Inorganic Integrated Average

Tomato fruit
Total soluble solid (%) 4.4 � 0.12b 5 � 0.13a 4.8 � 0.14a 4.4 � 0.11b 4.7 � 0.13
Acidity (%) 0.77 � 0.06a 0.64 � 0.04b 0.67 � 0.05b 0.64 � 0.03b 0.7 � 0.05
Ascorbic acid (mg 100 g�1) 28.6 � 2.16b 31.5 � 2.35a 31.3 � 2.56a 28.6 � 2.72b 30.0 � 2.45
Juice volume (ml fruit�1) 64 �3.0c 72 � 4.58b 73 � 4.58ab 77 � 4.36a 71.5 � 4.13
Reducing sugar (%) 1.5 � 0.20c 2.3 � 0.30a 1.6 � 0.20bc 1.8 � 0.30b 1.8 � 0.25
Total sugar (%) 3.0 � 0.20b 3.6 � 0.20a 3.0 � 0.10b 3.5 � 0.26a 3.3 � 0.19
Lycopene content (mg 100 g�1) 12.5 � 0.60b 20.2 � 0.89a 19.4 � 0.56a 19.5 � 0.46a 17.8 � 0.63

Carrot root
Root diameter (mm) 15.0 � 0.62c 29.5 � 0.91a 24.9 � 0.85b 33.8 � 0.92a 25.8 � 0.83
Specific gravity (g ml�1) 1.08 � 0.04c 1.39 � 0.06ab 1.36 � 0.04b 1.42 � 0.06a 1.3 � 0.05
Total soluble solid (%) 7.50 � 0.36ab 8.27 � 0.36a 6.55 � 0.36c 7.30 � 0.36b 7.4 � 0.36
Ascorbic acid (mg 100 g�1) 34.00 � 1.37b 40.13 � 1.42a 35.50 � 1.35b 38.45 � 1.29a 37.0 � 1.36
Acidity (%) 0.14 � 0.02b 0.23 � 0.03a 0.15 � 0.02b 0.19 � 0.02a 0.2 � 0.02
Beta carotene (mg/100 g) 7.10 � 0.30c 8.00 � 0.40a 6.23 � 0.42d 7.40 � 0.36b 7.2 � 0.37
Total carotenoids (mg g�1) 59.27 � 0.87c 68.60 � 0.82a 57.93 � 0.71c 62.30 � 0.89b 62.0 � 0.82
Total sugar (%) 4.16 � 0.24c 5.70 � 0.30a 5.10 � 0.26b 6.00 � 0.26a 5.2 � 0.27
Reducing sugar (%) 3.60 � 0.10b 4.15 � 0.18a 3.90 � 0.10a 4.20 � 0.17a 4.0 � 0.14

�standard deviation, Organic – 100% nutrient requirement (N and P equivalent basis) met through organic sources, Integrated – 50% nutrient supplied through organic and
remaining 50% through inorganic, Inorganic – 100% nutrient supplied through inorganic sources, means with the same letter within a raw are not significantly different at
p = 0.05.
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Quality parameters of carrot root (root diameter, specific
gravity, TSS, ascorbic acid, acidity, beta carotene, total carote-
noides, total sugar and reducing sugar) are presented in Table 7.
The highest root diameter, specific gravity, total sugar and reducing
sugar were observed under INF, whereas, TSS, ascorbic acid,
acidity, beta carotene and total carotenoid were maximum under
organic followed by INF.

4. Discussion

Organic and INF had significantly lower rb and higher WHC
than those recorded under inorganic and control after seven year of
study (Tables 1 and 2). Other studies also indicated that organic
farming has positive effects on several soil physico-chemical
properties. Continuous application of organic manure such as FYM
can help in improving physical properties of soil compared to
application of chemical fertilizer alone (Bhatia and Shukla, 1982).
Organic manures can counteract the deleterious effect on rb that
may be caused by the continuous use of mineral fertilizers and can
increase the WHC (Vengadaramana and Jashothan, 2012). In the
present study, soil pH was significantly higher under organic and
INF than other farming practices (Tables 1 and 2). Organic manure
probably had ameliorating effect on soil pH due to improvement in
physical properties and reduction in Fe and Al toxicity as evident
from another study (Das et al., 2014b).

In general soil available N, P and K were significantly (p = 0.05)
higher under INF and organic than inorganic and control after
seven year of experimentations (Tables 1 and 2). However, in
sunken beds inorganic had the highest available P which was
statistically similar to organic and INF. Long term application of
organic amendments has been reported to improve the SOC,
available P and K in soil (Panwar et al., 2010). Previous study
indicated that about 25–30% of the N contained in compost and
FYM can be absorbed by plants during one crop season and the
accumulated nutrients from the continuous application of organic
matter are gradually mineralized and utilized by successive crops
sustaining the productivity (Inoko, 1984). In general, manures and
composts are good sources of P with high plant availability as the
majority of P present is inorganic and readily available to plants.
Inorganic P accounts for 75–90% of the total P present in manure
and compost (Eghball and Gilley, 2001). Studies have indicated that
P uptake from manure and compost was equal to or greater than P
uptake from commercial P fertilizers (Leytem and Westermann,
2005). In present study, rock-phosphate (RP) was used as
supplementary P source along with organic manure for nutrition
of crops under organic farming. Although the total P concentration
can be relatively high (greater than 6.55%), the soluble P
concentration in RP is very low (less than 1%). Thus, application
of RP along with organic manure can lead to build up of soil P (Das
et al., 2014b). Similar to the present results (Tables 1 and 2), the
favorable effect of INF and organic farming on increasing the
available N, P and K contents (Kumar et al., 2012) and buildup of
SOC (Rudrappa et al., 2006) have been previously reported. The
buildup of P, K, Ca, and Mg in top-soils under long-term manurial
trials were also reported (Edmeades, 2003). This suitably explains
the reason for higher available nutrient status under organic and
INF than inorganic and control in the current study.

The SOC concentration under organic farming was significantly
higher than inorganic and control but remained at par or lower
than INF (Tables 1 and 2). A number of long-term experiments
comparing conventional and organic practices have documented
increase in OM/SOC under organically managed soils (Lotter,
2003). Addition of OM through manure and plant roots, and root
exudates increase SOC. A further reason for SOC increase may be
the slow decomposition of applied and native SOM due to
prevailing high inherent SOC and difficultly in decomposing SOC
under rice-ecosystem as had been reported by Singh et al. (2004).
In addition to those reasons, in the current study, prevailing low
temperatures also might have helped in building SOC by reduction
of OM oxidation.

Among the cropping sequences, rice-French bean had signifi-
cantly higher SMBC than other sequences (Table 1). The legumi-
nous nature of French bean might have enhanced microbial
activities due to symbiotic N-fixation, addition of N-rich leaf litter
and biomass to soil. The SMBC was significantly (p = 0.05) higher
under organic compared to INF, inorganic and control after seven
cropping cycles (Tables 1 and 2). Continuous supply of sufficient
OM under organic farming provides energy source for microbes
and thus, enhances microbial activity in the soil (Patel et al., 2015).
Soil microbes typically are C-limited (Smith and Paul, 1990), and
lower microbial biomass in soils from conventional agroecosys-
tems than that of soils under organic farm is often due to reduced
organic C in soil (Fliebbach and Mader, 2000). The quantity and
quality of organic inputs are the most important factors affecting
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microbial biomass and activity of microbes (Tu et al., 2006). The
differences in microbial biomass and activity under different
management practices may have implications for nutrient
availability to crops. High microbial biomass and activity can lead
to high nutrient availability to crops (Tu et al., 2006). Similar to the
results obtained in our study (Tables 1 and 2), significant
improvement in soil physical, chemical and biological properties
under organic farming have been previously reported (Carpenter
et al., 2000).

There was a mixed response of vegetables to farming practices
in the present study. In general, the highest crop productivity for
carrot, potato and French bean were obtained under INF, but, the
tomato yielded maximum under organic (Tables 3 and 4). However,
the responses of crops to INF and organic farming were statistically
similar with each other and remained always higher than inorganic
and control. Improvement in soil physico-chemical parameters
such as pH, rb, WHC, available N, P, K and biological parameters
such as SMBC in present study (Tables 1 and 2) could be the reason
for higher crop productivity under INF and organic farming
practices than those of inorganic and control as evident from
previous studies (Patel et al., 2015). Greater yields of carrot under
organic than inorganic have been also reported by other
researchers (Rembialkovska, 2003). Continuous application of
organic manure promotes plant growth by supplying the necessary
macro and micro-nutrients throughout the crop growth period and
thus, sustain yields (Patel et al., 2015).

Relatively higher yield of tomato than other crops was
responsible for achieving higher REY under rice-tomato sequence
in current study (Table 5). Similar to the present study, the higher
productivity and equivalent yield due to inclusion of tomato and
carrot in rice based cropping system during pre-rainy season has
been reported by other researchers (Saha and Ghosh, 2010; Patel
et al., 2015).

Organic, inorganic and INF farming practices being at par with
each other produced significantly (p = 0.05) higher grain yield of
rice on sunken beds than under control (Table 6). Barik et al. (2006)
also reported that INF through organic and chemical sources
increased the rice yield more relative to other nutrient sources.
Higher yield of crops with integrated application of recommended
N, P, K and organic manure compared with other nutrient
management practices has been reported by other researcher
(Abedi et al., 2010). Although yield decline under organic farming
especially during transition phase is widely documented, there are
several reports of equal or higher yield under organic relative to
conventional farming as well (Edmeades, 2003). It is argued that
with adequate supply of nutrients, yields with organic sources tend
to be similar to those with inorganic sources (Carl and Deborah,
2007). Better performance of crops under organic farming in
certain agroecological conditions such as weak acidic to acidic
soils, rainfed conditions than other conditions have also been
reported (Seufert et al., 2012).

In present study, REY obtained from raised beds crops were
substantially higher than those recorded for sunken beds,
indicating the benefit of cultivating vegetables on raised bed after
rice (Tables 5 and 6). Thus, higher equivalent yields on raised beds
than those under sunken beds were due to inclusion of vegetables
in sequence after rice. The high yield and return from vegetable
component contributed to increasing REYs on raised beds (Das
et al., 2010; Patel et al., 2015).

The total removal of N, P and K under organic and INF were
statistically similar but significantly (p = 0.05) higher than control
(Fig. 2). Higher nutrient uptake under organic and INF might be
due to better soil health and less nutrient fixation leading to
higher biomass production and nutrient removal by plants. Rice-
potato and rice-tomato sequence removed significantly greater N,
P and K than rice-carrot and rice-French bean sequences (Fig. 3).
Higher nutrient uptake by potato under INF than conventional
farming has been reported by previous researchers (Kumar et al.,
2012). The increased N uptake was due to mineralization of N
from continuous application of organic amendments and miner-
alization effect upon native N in a previous case (Sims, 1987).
The increased P uptake under INF was earlier attributed to
solubilization effect on the native P (Singh et al., 1981). The
decomposition of organic manure results in the formation of CO2,
which helps in the solubilization of the native P and forms the
phospho-humic complexes. Such complexes can be easily
assimilated by the plants or isomorphous replacement of
phosphate ions by humate ions, and coating of sesquioxide
particles by humus to form a protective cover that reduces the P-
fixing capacity of the soil (Das et al., 2004), making P readily
available to plants for uptake.

The most of the studied quality parameters of tomato fruit and
carrot root were better under organic and INF than inorganic and
control (Table 7). Tomato fruits under organic farming exhibited
superior quality followed by INF in terms of most of the
biochemical properties including total soluble solids (TSS),
ascorbic acid, juice volume, total and reducing sugar and lycopene
content. Lower acidity content of fruits at ripening stage under
organic management practices indicates superior quality (Anthon
et al., 2011). The produce quality is controlled by a complex
interaction of factors, including soil type and the ratios of minerals
in added manures (Warman and Harvard, 1998). Enhancement in
phenol, chlorophyll, ascorbic acid, oxalic acid, acidity, lycopene and
carotenoid contents due to application of organic manure have
been reported (Parray et al., 2007), and management of organic
manures and crop rotation can have significant effect on yields and
crop quality (Ramesh et al., 2008). There has been much
speculation on the benefits of consuming crops grown on soils
amended with organic materials as the primary source of plant
nutrients compared with those grown conventionally with
chemical fertilizers. For example, researchers have shown con-
flicting results with respect to the ascorbic acid (vitamin C) content
of crops. Higher levels of ascorbic acid under application of organic
manure relative to chemical fertilizers in Brasica rapa (Harwood,
1984) and in Spinacia oleracea (Ahrens et al., 1983) have also been
reported. Most of the conflicting results that have been reported on
crop response to chemical and organic fertilizers are most likely
due to the fact that the organic materials mineralize at different
rates, thus, providing different levels of inorganic N to the crop
(Hornick and Parr James, 1987).

5. Conclusions

The results of seven-year experimentation revealed that the
productivity of crops as well as of the system under INF was much
better than inorganic but remained statistically similar to organic
farming. Soil quality parameters such as available nutrients, SOC,
WHC, rb were statistically similar under organic and INF as well,
whereas, SMBC was higher under organic than other farming
practices. In general, soil quality parameters were the poorest
under control followed by inorganic. Most of the produce quality
parameters of tomato and carrot were better under organic relative
to inorganic farming. Thus, the study indicated the opportunity of
organic farming in the agro-climatic condition of studied ecosys-
tem and supported the hypothesis that continuous organic farming
promotes soil quality and sustains crop productivity.
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