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Field experiments were conducted at Cropping Systems Research Centre, Karamana,
Thiruvananthapuram, Kerala during summer/third crop/puncha season in 2007 and 2008 to find out the
effect of nutrient sources under different management systems. The experiment was laid out in split plot
design with four replicates. The treatments consisted of four management systems, viz., System of Rice
Intensification SRI (M,), Integrated Crop Establishment Method (ICM) (M,), Package of Practices (PoP)
(Ms) of Kerala Agricultural University and Conventional Management Practices (M,) in main plot. Nutrient
sources, such as organic sources (S;), integrated nutrient sources (S,) and inorganic sources (Ss) were
the sub plot treatments. Conventional management practices (M,) recorded higher values of growth
(height of plants, number of leaves hill™*, leaf area index (LAI) and number of tillers per unit area) and
yield attributes (No. of productive tillers m™, grain and straw yield). Sources of nutrients did not
influence growth characters in Njavara. Among the nutrient sources, higher number of grains panicle™,
filled grains panicle'1 and crop yield (grain and straw) were recorded under integrated nutrient source
than organic and inorganic sources. The maximum net return (30,562 Rs ha'l) and B:C ratio of 2.40 were
also noted under the conventional management practices with integrated nutrient source.
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INTRODUCTION

In India, rice area increased from 36.46 million hectares
in 1960s to 42.86 million hectares in 2010 to 2011,
production from 39.31 million tonnes in 1964-1965 to
95.98 million tonnes in 2010-2011 and productivity
increased from 1078 to 2239 kg ha™ during the same

period (CMIE, 2012 Cultivation of specialty rices like
medicinal rice which fetches substantially higher prices is
more profitable (Swaminathan, 2004).

Njavara (shashtika in Sanskrit), a rice (Oryza sativa L.)
landrace described in ancient Sanskrit treatises of
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Ayurveda for its nutritive and medicinal properties, is
traditionally used in Kerala for Ayurveda treatments
(Kumar et al., 2010). Njavara is widely used for internal
consumption as an efficient health food as well as for
external application under Panchakarma treatment.
Ayurvedic physicians use Njavara for a wide range of
ailments including rheumatism, arthritis, cerebral palsy,
muscular dystrophy, blood pressure and also for the
relaxation and rejuvenation of weak muscles in aged
persons. At present, Njavara cultivation is confined to
some pockets mainly in the Northern part of Kerala. No
other medicinal rice is used in the world as widely as
Njavara is used in Ayurveda (Thomas et al., 2006).
Production is not sufficient even to meet the indigenous
demand. At present, Njavara is exported in a very small
extend. Its importance as a health food offers opportunity
to establish niche global market (Balachandran et al.,
2006). Based on glume color differences, two types of
Njavara are recognized, black and golden yellow glumed
types. Seed color of the black glumed variety is red and
highly resistant to drought conditions. It matures in about
60 to 90 days and reaches about more than 1 m height
(Menon, 1996). Under the conventional management
system this short duration landrace is low tillering and low
yielding. Increase in the yield of Njavara, even in small
increments, is of great relevance in the present rice
production scenario. Keeping this in view, the present
study was undertaken to study the response of medicinal
rice Njavara to nutrient sources under management
systems like System of Rice Intensification (SRI),
Integrated Crop Establishment Method (ICM), Package of
Practices (PoP) of KAU and Conventional Management
Practices.

MATERIALS AND METHODS
Site and soil description

Field experiments were conducted for two consecutive years, that
is, summer/third crop/puncha season of 2007 and 2008 at Cropping
Systems Research Centre, Karamana, Thiruvananthapuram,
Kerala. The soil was acidic in reaction (5.5 pH), high in organic
carbon content (1.23%), medium in available nitrogen (261.9 kg ha’
1, available phosphorus (22.0 kg ha™) and available potassium
(140.2 kg ha™) status.

Experimental treatments and design

The experiment was laid out in a split plot design with three
replicates. The establishment techniques in main plot were SRI
(My), ICM (Mz), PoP (Ms) (Recommendation of Kerala Agricultural
University) as well as the Conventional Management Practices (M4)
while nutrient sources including, organic sources (Si), integrated
nutrient sources (S;), and inorganic sources (Sz) were used in sub
plot.

Crop husbandry

In SRI treatments, single, eight day old seedlings were transplanted
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at 20 x 20 cm spacing. Four weedings with rotary weeder were
given at 10 days interval starting from 10 days after transplanting
(DAT) to panicle initiation (45 days). Soil was kept at field capacity
up to panicle initiation and then onwards 5 cm standing water was
allowed in the field till 10 days before harvesting. In ICM treatments,
two seedlings of 12 days age were transplanted at 20 x 20 cm
spacing. Two rotary weedings on 10 and 20 DAT were given
followed by one hand weeding on 35 DAT. A thin film of water was
kept in the field till 10 days before harvesting. In PoP treatments,
three seedlings of 18 days age were transplanted at 15 x 10 cm
spacing. Weed control was achieved through one manual weeding
on 15 DAT and application of 2, 4-D at 1 kg a.i ha™ on 25 DAT.
Water level was maintained at about 1.5 cm during transplanting.
Thereafter, it was increased gradually to about 5 cm, intermittent
draining and reflooding was done. Field was drained 10 days before
harvesting. In conventional management practices pre germinated
seeds were broadcasted at 80 kg ha™. A thin film of water was
maintained up to 10 DAS after which water level was raised up to 5
cm and field was drained 10 days before harvest. Two manual
weedings were done at 15 and 35 DAS.

Data recording
Plant height

Plant height was recorded at panicle initiation and at physiological
maturity (at physiological maturity the crop will have maximum dry
matter). After physiological maturity, senescence starts and lose of
dry matter occurs, using the method described by Gomez (1972).
Height was measured from the base of the plant to the tip of the
longest leaf or tip of the longest ear head, whichever was longer
and the average of five plants was recorded in centimetres.

Leaf number hill?*

Leaf count was taken from the five tagged observation hills at
panicle initiation and physiological maturity and mean was
expressed as number of leaves hill™.

Leaf area index (LAI)

LAl was computed at panicle initiation and physiological maturity,
using the method described by Gomez (1972). The maximum width
‘w’ and length ‘I’ of all the leaves of the middle tillers of six sample
hills were recorded and LAl was calculated using the relationship.

Leaf area of asingle leaf = |xwxk
where k is the adjustment factor (0.75 at maximum tillering, panicle
initiation and flowering and 0.67 at harvest stage).

Sum of leaf area of 6 sample hills (cm?)

LAI =
Area of land covered by the 6 sample hills (cm?)

Number of tillers m?

Number of tillers m? was recorded at weekly interval during the

period between two to seven weeks of transplanting/sowing

(maximum tillering) and at physiological maturity.

Grains panicle™

Grains from five panicles collected randomly from the net plot were
counted and the mean value was expressed as the number of
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Table 1. Interaction effect of establishment techniques and nutrient sources on yield attributes of Njavara rice (mean over two

years).

Interaction effects (Establishment Grains Filled grains Grain Straw
technigues/Nutrient sources) panicle™ panicle™ yield (kg ha™) yield (kg ha™)
M;1S1(SRI + Organic) 60.05 55.56 842.90 1244.00
Mi1S2 (SRI + INM) 58.68 54.23 833.85 1224.00
M;1S3 (SRI + Inorganic) 116.82 53.96 816.75 1198.50
M.S; (ICM + Organic) 109.40 47.74 788.05 1167.50
M;S; (ICM+ INM) 114.17 52.88 760.60 1116.00
M2S3 (ICM+ Inorganic) 101.35 45.74 732.60 1078.00
M3S1 (PoP + Organic) 104.03 44.40 854.25 1257.50
MsS; (PoP + INM) 98.06 44.67 905.85 1390.50
M3S3 (PoP + Inorganic) 96.74 44.88 935.25 1345.00
M4S; (CP + Organic) 93.44 41.62 974.80 1431.50
MsS; (CP + INM) 95.81 43.44 1197.95 2251.00
M4S3 (CP + Inorganic) 90.81 41.43 947.00 1388.50
SEd 47.61 1.02 18.32 28.11
CD (0.05) 47.24 2.11 44.60 58.02

grains per panicle.

Number of filled grains panicle-1

The central panicle from each sample hill was threshed separately
and the numbers of filled and unfilled grains were recorded.

Grain and straw yield

The net plot area was harvested individually, threshed, winnowed,
dried, weighed and expressed in kg ha™. Straw harvested from
each net plot was dried in sun and the weight was expressed in kg
ha™.

Economics of cultivation

The economics of cultivation was worked out based on the costs of
the various inputs and produce at the time of experimentation. Total
cost of cultivation of the treatments was a sum of basic cost of

cultivation, cost involved for management systems and cost
involved for nutrient sources.

Net income
Net income was computed using the formula:

Net income (Rs. ha) = Gross income - Total expenditure

Benefit cost ratio
Benefit cost ratio was computed using the formula:

BCR = Gross income/Total expenditure

Statistical analysis

Data recorded during the field investigation were statistically

analyzed with split plot design method as suggested by Gomez and
Gomez (1984) for test of significance. Wherever, the treatment
differences were found significant, the critical differences were
worked out to 5% probability level and the values furnished.

RESULTS AND DISCUSSION
Effect of management systems on growth

Growth parameters like height of plants, number of
leaves hill™*, leaf area index (LAI) and number of tillers
per unit area were significantly influenced by
management systems. Tallest plants were produced in
conventional management practices (110.67 cm) which
was 13.7% higher than ICM (95.51 cm). Earlier reports
were also available on the tendency of broadcast crop to
grow taller and accumulate more dry matter compared to
transplanted rice (Rathore et al., 1995). Maximum
number of leaves hill* were produced in conventional
management practices (25.06) and it was 12% higher
than the number of leaves produced in SRI (22.03).
Increase in plant height and tiller number in conventional
management practices might have contributed to a
corresponding increase in the number of leaves (Table
1). Similar result was reported by Thomas (2000).
Conventional management practices had significantly
higher LAI than all other management systems. LAl in
PoP was significantly higher than ICM and SRI. In the
early stages of crop growth, tiller production was more in
PoP than in conventional management practices. But
after 3 weeks of transplanting/sowing, tiller production in
conventional management practices increased at a faster
rate than in PoP and this trend continued till maximum
tillering stage. Tiller count per unit area at physiological
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Table 2. Effect of establishment techniques and nutrient sources on growth and yield attributes of Njavara rice (mean over two years).

Plant No. of NO' of Grains Fillgd Grain St_raw
Treatment . leaves LAI tillers ] grains Yield yield
height (cm) hill m2 panicle clet 1 1
panicie (kg ha™) (kg ha™)
Establishment techniques
M1 (SRI) 100.83 22.03 0.82 95.7 58.93 54.58 831.2 12225
Mz (ICM) 95.51 22.98 0.7 146.7 53.12 48.78 760.4 1120.5
Ms (PoP) 103.87 24.15 1.085 589.4 48.67 44.60 898.5 1331.0
Ms (CP) 110.67 25.06 1.47 978.9 46.39 42.16 1039.9 1691.0
SEd 1.95 0.41 0.30 3.09 0.56 0.54 9.28 15.55
CD (0.05) 4.52 0.94 0.69 6.99 1.27 1.21 21.14 35.18
Nutrient sources
S (Organic) 103.02 23.74 1.07 4527 51.59 47.33 865.0 12755
S(Integrated) 103.37 23.79 1.05 451.7 53.08 48.80 924.6 1495.0
Ss(Inorganic) 101.76 23.14 0.9 453.3 50.67 46.50 857.4 1252.0
SEd 1.58 0.37 0.24 3.06 0.49 0.45 9.155 24.57
CD (0.05) NS NS NS NS 1.07 0.93 18.90 29.00
maturity also was the highest in conventional be attributed to the significantly better growth and yield

management practices.

Effect of management systems and nutrient source
on yield

SRI with organic source (M;S;) registered the maximum
grains per panicle which was on par with SRI with
integrated nutrient source (M;S,) and SRI with inorganic
source (M;S3). Bozorgi et al. (2011) also reported that
high plant density resulted in higher percentage of
unfilled grains. Wang et al. (2002) observed lower sterility
percentage with single seedling per hill than with two
seedlings hill™. Among the interactions, conventional
management practices with integrated nutrient source
(M4S,) recorded the highest grain yield (1197.95 kg ha‘l)
(Table 1), which was significantly superior to all other
interactions. Significantly, higher grain yield realized in
conventional management practices may be attributed to
the significantly better growth and vyield parameters
realized in this treatment compared to other management
systems. Straw yield also showed the same trend like
grain yield in management system, nutrient sources and
its interactions.

Higher number of grains and filled grains per panicle
were recorded in SRI (M;) which was followed by ICM,
PoP and conventional management practices,
respectively. Maximum grain vyield recorded in
conventional management practices (M) (1039.9 kg ha‘l)
was 13.5% higher than PoP, 20% higher than in SRI and
27% higher than ICM (Table 2). Significantly higher grain
yield realized in conventional management practices may

parameters realized in this treatment compared to other
management systems. Significantly higher growth
characters like leaf number per plant, leaf area index, flag
leaf area, tiller number per unit area and leaf area
duration might have resulted in increased photosynthesis
and production of photosynthates which finally
transformed into significantly higher number of panicles
per unit area and higher relative accumulation of dry
matter in the panicles. Among the nutrient sources,
integrated nutrient source (S,) recorded the maximum
grains per panicle and filled grains per panicle. It was
significantly higher than organic source and inorganic
source having the least value. The highest grain yield
(924.6 kg ha '1) was obtained in integrated nutrient
source (182) which was followed by organic source (865.0
kg ha”) and inorganic source (857.4 kg ha'l),
respectively.

Economics

Conventional management practices with integrated
nutrient source (M,4S,) recorded the highest gross income
(52,423 Rs ha), net income (30,562 Rs ha™) and BCR
(2.40) (Table 3). The lowest gross income was recorded
in ICM, inorganic source and their interactions (M,S3)
(Table 3). The combination of wider spacing and
intermittent  irrigation in SRl provides an ideal
environment for weed growth, leading to need for more
frequent weeding. The cost of production was higher
under SRI practice. SRI required more labour than
conventional management practices. Particularly, SRI
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Table 3. Effect of establishment techniques, nutrient sources and their interactions on gross income, net income and benefit cost

ratio (mean over two years).

Total cost of

Gross income Net income

Treatment cultivation (Rs ha™) (Rs ha™) (Rs ha™) BCR
Management systems

M1(SRI) 31,774 35,692 3918 1.13
Mz(ICM) 27,689 32,658 4969 1.19
Ms(PoP) 26,659 38,600 11941 1.47
M4(C.P) 25,925 44,979 19053 1.76
SEd - 403.880 403.880 0.015
CD (0.05) - 913.661 913.661 0.034
Organic sources

Si(organic) 31,719 37,151 5431 1.18
Sy(integrated) 26,538 39,974 13436 1.53
Ss(inorganic) 25,777 36,821 11044 1.45
SEd - 393.864 393.864 0.014
CD (0.05) - 812.898 812.898 0.028
Interaction effects

M1S1(SRI + Organic) 35,246 36,205 959 1.03
M1S2 (SRI + INM) 30,486 35,802 5,316 1.17
M1Ss (SRI + Inorganic) 29,590 35,068 5,478 1.18
M2S1 (ICM + Organic) 31,411 33,858 2,447 1.08
M2S; (ICM+ INM) 26,651 32,657 6,006 1.23
M2S3 (ICM+ Inorganic) 25,755 31,461 5,706 1.22
MsS1 (PoP + Organic) 31,561 36,684 5,123 1.16
MsS; (PoP + INM) 26,801 39,016 12,215 1.45
MsS3 (PoP + Inorganic) 25,905 40,100 14,195 1.55
M4S;: (CP + Organic) 27,221 41,857 14,636 1.54
M4S; (CP + INM) 21,861 52,423 30,562 2.40
M4S3 (CP + Inorganic) 20,965 40,658 19,693 1.94
SEd - 787.729 787.728 0.027
CD (0.05) - 1625.796 1625.796 0.057

required 40% more labor for nursery management,
transplanting and kono weeding than conventional
practices. Some studies have shown higher labor
requirements of more than 25% in SRI practice (Latif et
al., 2004; Thakur et al., 2009).

Conclusion

Njavara rice responded to establishment techniques and
nutrient sources. Crop growth and yield were the highest
in conventional practices followed by PoP, SRI and ICM.
Among the nutrient sources, integrated nutrient source
was the best followed by organic and inorganic, with
respect to crop yield and economics. Sources of nutrients
did not influence growth characters in Njavara. Even
though Njavara did not respond to SRI and ICM to the
same extent in tillering like other varieties, all the tillers
produced in SRI were productive tillers and 91% of the

tillers produced in ICM bore panicles. It is observed that
in transplanted crops (SRI, ICM and PoP), number of
productive tillers per hill increased with increase in
number of seedlings per hill. Similar results were reported
earlier by Obulamma and Reddy (2002). Conventional
management practices coupled with integrated nutrient
source can be considered as the ideal crop production
package for Njavara rice in lowlands.
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