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ABSTRACT

A field experiment was conducted during the rainy (kharif) seasons of 2004 to 2008 in acid soils of sub-tropical
Meghalaya, under rainfed condition, to evaluate the impact of crop-establishment methods and nutrient-manage-
ment practices on growth and physiological parameters of rice (Oryza sativa L.). Three establishment methods,
viz. system of rice intensification (SRI), integrated crop management (ICM) and conventional rice culture (CRC),
were evaluated under 5 nutrient-management practices, viz. recommended dose of fertilizers (RDF) (80 : 60 : 40
N, P,O,, K,O kg/ha), farmyard manure (FYM) 10 t/ha, 50% RDF + FYM 10 t/ha, RDF + FYM 5 t/ha and control (no
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FYM or fertilizer). Seedlings of 10, 20 and 30 days age were transplanted at a spacing of 25 cm x 25 cm, 20 cm x
20 cm and 20 cm x 15 cm for SRI, ICM and CRC respectively. Pooled data of year 2007 and 2008 revealed that
SRI method recorded higher values of growth parameters, viz. plant height, number of tillers/hill, number of
leaves, dry-matter production and root growth, than ICM and CRC methods. Significantly higher root volume and
root dry weight were recorded with SRI than ICM and CRC methods. Application of RDF + FYM 5 t/ha being at par
with 50% RDF + FYM 10 t/ha showed relatively taller plants, higher numbers of tillers, leaves, dry matter, root vol-
ume and root dry weight/hill than the other nutrient-management practices. The rice crop matured earlier (135
days) under SRl rice culture than that under ICM (141 days) and CRC (148 days) methods. Photosynthetic rate
(PR) and water-use efficiency (WUE) were significantly higher under SRI, whereas transpiration rate (TR) was
higher under CRC. Rice culture under SRI recorded higher values of yield-attributing parameters, viz. number of
panicles/hill and number of grains/panicle than ICM and CRC. However, the grain and straw yields were signifi-
cantly more with ICM than that of CRC but were at par with, SRI methods. Integrated application of RDF + FYM 5
t/ha followed by 50% RDF + FYM 10 t/ha gave higher value of all the yield-attributing parameters and yield of rice
compared to the control. The highest net returns were recorded under ICM rice culture and application of RDF +

FYM 5 t/ha.
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Maintenance of optimum plant populationinriceisa
pre-requisite for achieving higher growth (Anbumani ez
al., 2004). The growth and physiological parameters are
influenced by the establishment methods and nutrient-
management practices (Das et al., 2014). The photosyn-
thetic rate (PR), transpiration rate (TR) and water-use ef-
ficiency (WUE) are also influenced by the seedling age,
method of planting, geometry, nutrient management and
water-management practices (Patel et al., 2010). Appropri-
ate seedling age at transplanting is also essential for opti-
mum yield (Das et al., 2014). Uphoff (2002), while em-
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phasizing system of rice-intensification (SRI) technique,
opined that early transplanting of younger seedling pre-
serves potential of plant’s for much greater tillering, more
root growth, and better yield than older ones. Old seed-
lings mature later because of delayed formation of tillers
and longer time to recover from transplanting shock result-
ing in poor growth (Makarim et al., 2002). Number of
seedlings that are transplanted in one hill also influences
theyield of the crop. Planting of single seedling/hill gives
more yields than that of 2 seedlingg/hill (Rajarathinam and
Balasubramaniyan, 1999). Method of SRI comprises
package of agronomic components like use of younger
seedlings (12 to 15 days old), transplanting single seed-
ling/hill, use of wider spacing (25 cm x 25 cm), intermit-
tent irrigation, uprooting of seedlings by scooping and
careful transplanting, weed control by cono weeder, use of
organic manures etc. (Islam et al., 2013). Although SRl is
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gaining wider acceptance in many countries, there are
some limitations especialy in the high-rainfall areasin
which the production of riceis not promising as it should
have been. To overcome the limitations of SRI, one can go
for integrated crop management (ICM) as suggested by
Das et al. (2014) in which 15-20 days old seedlings are
transplanted in medium spacing of 20 cm x 20 cm and 2
seedlings/hill are transplanted, organic manures and fertil-
izers are used in integration. Nutrient-management prac-
tices play an important role in growth and development of
rice. Proper utilization and combination of nutrients have
a significant effect on the proper growth which in turn
enhances its yield attributes and yield (Das et al., 2008).
Nutrient availability as well as uptake pattern from the
organic and inorganic sources differ and thus may have
differential influence on crop growth, physiological pro-
cesses and productivity.

Chemical fertilizers contain very high amount of nutri-
ents and these are the quick source of nutrient supply.
However, use of chemical fertilizers alone had led to de-
terioration in soil health and reduction in fertilizer-use ef-
ficiency. In contrast, organic manure are nearly complete
source of most of the nutrients and become available for
longer duration due to slow decomposition and gradual
release of the nutrients into the labile pool (Das et al.,
2014). After being released into the pool, the nutrients
from the fertilizers as well as the manures will behave and
interact similarly (Kumaraswamy, 2005). Therefore, an
integrated approach with the use of organic and inorganic
inputs that nourishes the soil in many ways and supplies
all the essential nutrientsto the crops in sufficient amounts
and make the nutrients readily available during entire crop
growth isrequired. In recent past, SRI and ICM have been
gaining attention in North-East India. Most of the efforts
in this region are fragmented and without any systematic
approach. Scientific data on the performance of rice under
various establishment methods are meager. The nutrient
requirement of rice for various establishment methods
may also vary. Thus, the present research work has been
conducted to evaluate the impact of crop-establishment
methods and various nutrient-management practices on
growth and physiology of lowland rice.

MATERIALS AND METHODS

A field experiment was conducted at the low-land
Agronomy Farm, ICAR Research Complex for North
Eastern Hill Region, Umiam, Meghalaya, during 4 con-
secutive rainy seasons (2004 to 2008) under rainfed con-
dition. The institute farm is located at (25°30'N and
91°51'E with an elevation of 950 m above mean sea-
level). The soil waslow in available phosphorus (6.95 kg
P/ha), medium in nitrogen (277 kg N/ha) and high in po-
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tassium (258 kg K/ha). The pH and organic carbon in soil
were 5.1 and 2.56% respectively. The experimental soil
was sandy clay loam. The average monthly minimum and
maximum temperature during the rice growing seasons
ranged from 12.4 to 21.2 °C and from 23.9 t0 29.1 °C, re-
spectively. The average annual rainfall of the study siteis
about 2,450 mm.

Three stand establishment system methods, viz. SR,
ICM and conventional rice culture (CRC) and 5 nutrient-
management practices, viz. recommended dose of fertil-
izer (RDF) (80 : 60 : 40 kg NPK/ha), farmyard manure
(FYM) 10 t/ha, RDF + FYM 5 t/ha, 50% RDF + FYM 10
t/haand control (no manure or fertilizer), werefollowed in
factorial randomized-block design and replicated thrice.
The gross and net plot sizeswere5.0m x 4.0mand 4.0m
x 3.0 m, respectively, and the treatments were superim-
posed in the same plot every year to study the cumulative
treatment effects. Nurseries for all the 3 establishment
methods were sown on the same day, but transplanting
date varied as per the requirement of different establish-
ment methods. For SRI, 10-day old seedling at 1 seedling/
hill was used with 25 cm x 25 cm spacing, while for ICM,
it was 20-day old seedlings at 2 seedlings/hill with a spac-
ing of 20 cm x 20 cm, and for CRC, 30-day old seedlings
at 3 seedlings/hill with a spacing of 20 cm x 15 cm was
followed. High-yielding and medium-duration rice variety
‘Shahsarang 1' was used as test crop in the experiment.

The nursery for SRI and ICM was prepared using a
modified mat-nursery method. Seedlings were raised in
4.0 cm layer of soil arranged on a firm surface covered
with plastic sheet. A wooden frame of 1.0 m width, 0.04 m
height and suitable length divided into equal segments of
0.75 m each was placed over this firm surface covered
with plastic sheet. The frame was filled with soil mixture
uniformly and pre-germinated seeds were sown on the soil
surface with a seed rate of 50 g/m? and covered with the
same soil mixture. The soil mixture (4 m® for 100 m? of
mat nursery) was prepared by mixing 80% soil and 20%
well-decomposed FY M. Seed-bed was sprinkled with
water using arose can as and when needed. The nursery
bed was protected from heavy rains using straw mulching
for the first week. A nursery of 100 m? areaand 10-12 kg
of quality seeds were sufficient for 1 ha area with ICM
method and 50 m? nursery with 57 kg seeds were enough
for SRI method. The seedlings attained one and one half
leaf stage in about 10 days and young seedlings were
transplanted by scooping the single seedlings for SRI and
on day 20 for ICM method (2-3 leaves). However, for
CRC, the conventional method was used following 40 kg
seed/ha, 500 m? nursery area, raised bed of 1.0 m width
and 0.15 m height. All the establishment methods (SR,
ICM and CRC) were compared with each other consider-
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ing respective package of practices as apart of treatments.
The FYM was applied 20 days ahead of transplanting to
the main field and incorporated during ploughing. Supply
of N, Pand K was ensured through urea, single superphos-
phate (SSP) and muriate of potash (MOP) fertilizer. Half
dose of N and full dose of P and K were applied basal.
The remaining N was divided in 2 equal portions and ap-
plied at tillering and panicle-initiation stages. Two hand-
weedings (HW) in CRC [20 and 45 days after transplant-
ing (DAT)] and 2 HW (15 and 45 DAT) and 1 weeding
with cono-weeder (30 DAT) was done in SRI and ICM
methods. All the weed biomass was recycled back into the
field by incorporation. No major insect-pest and disease
problems were observed. The field was given conditions
of alternate wetting and drying and only a thin film of
water was maintained by closing and opening of bund
around the plots as necessary for SRI and ICM rice cul-
ture. A continuous flooded water level of about 5+ 2 cm
was maintained in CRC plots. For easy irrigation and
drainage of water, a channel of 30 cm width and 20 cm
depth was provided around each individual plots.

Plant height, tillers/hill, leaves/hill and dry-matter pro-
duction were recorded at 15-day interval and at harvesting
from 5 random hillsin each plot. Root parameters were
collected at 50% flowering stage from randomly selected
5 hills. Selected hills were carefully removed using a core
of 20 cm length and 7 cm diameter and roots were washed
gently in tap-water. Root volume was measured in a1 li-
tre measuring cylinder by the water-displacement method
(Das et al., 2008). Root dry weight was recorded after
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oven drying. The photosynthetic rate (PR) pmol CO,/m?
s) and transpiration rate (TR) mmol water/m?/st) of rice
were measured in 5 flag leaves in each treatments at 50%
flowering stage using portable photosynthesis system
(Model CIRAS-2, UK) during morning hours (9-10 am).
The ratio between rates of photosynthesis and transpira-
tion (PR/TR) was used to determine instantaneous water-
use efficiency (WUE) as described by Rosenberg and
Kriiger (1993). The plant and soil data were statistically
analyzed using the F-test as per the procedure given by
Gomez and Gomez, (1984). The differences between
treatments means were compared with the critical differ-
ence (CD) at 5% level of probability (P=0.05).

RESULTS AND DISCUSSION

Growth attributes

Among the stand-establishment methods, SRI method
produced the tallest plants than CRC and ICM methods.
The CRC method resulted in shorter plant height at 30
DAT than SRI and ICM methods (Table 1). Less compe-
tition among the plants for resources like moisture and
nutrients due to less plant population might led to an in-
creased availability of resources, resulting in an accumu-
lation of dry matter and ultimately increase in plant height
under SRI and ICM methods (Munda et al., 2007). Nutri-
ent-management practices also had a marked influence on
plant height. The best response to nutrient-management
practices was seen for plant height at 30 DAT with appli-
cation of RDF + FYM @ 5 t/ha where taller plants were
observed compared to the other nutrient-management

Table 1. Effect of stand-establishment methods and nutrient-management practices on plant height and number of tillers of rice at different

stages of growth (Pooled data of year 2007 and 2008)

Treatment Plant height (cm) Tillers/hill
30 DAT 60 DAT 90 DAT 30 DAT 90 DAT 105 DAT
Establishment method
SRI 43.0 76.6 89.8 6.9 141 13.7
ICM 40.9 745 84.5 8.1 11.0 10.6
CRC 39.9 722 82.2 8.4 8.4 8.0
SEm+ 0.69 0.66 0.76 01 0.3 0.2
CD (P=0.05) 192 1.83 211 0.4 0.7 0.6
Nutrient management
RDF 41.6 74.3 84.5 8.3 111 10.7
FYM 10 t/ha 395 74.6 86.1 7.6 111 10.7
50% RDF + FYM 10 t/ha 43.8 7.7 89.0 79 116 111
RDF + FYM 5 t/ha 442 7.2 874 8.5 11.7 11.2
Control 374 68.5 80.7 6.8 10.4 10.0
SEm+ 0.98 1.08 1.08 0.2 0.3 0.3
CD (P=0.05) 2.02 2.23 2.23 0.4 0.6 0.6

SRI, System of rice intensification; ICM, integrated crop management; CRC, conventional rice culture; FYM, farmyard manure; DAT,
days after transplanting, Recommended dose of fertilizer (RDF), 80:60:40 kg N, P,O,, K,O kg/ha
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practices, but plants of similar height were produced with
50% RDF+ FYM 10 t/ha. At 60 DAT, plants were taller
when 50% RDF + FYM 10 t/ha was applied. At 30 DAT,
an application of RDF alone produced more plant height
over FYM 10 t/ha. However, from 60 DAT onwards simi-
lar plant height was observed among the nutrient-manage-
ment practices. The growth attributes of rice increased at
initial stages under RDF (supplied through synthetic fer-
tilizers) as compared to FYM 10 t/ha because nutrients
from the fertilizers were readily available (as most of the
fertilizers were water-soluble). While, the nutrients sup-
plied through organic manures would become available
for crop uptake slowly but would be available for longer
duration due to slow decomposition of organic manures
and gradual releaseinto the labile form (Das er al., 2014).

At 30 DAT, the CRC method resulted in higher number
of tillersover SRI and ICM methods (Table 1). Less num-
ber of tillersin SRI method at the initial stage was due to
the planting of single seedling/hill. The seedlings are small
and also widely spaced at this stage which had led to lower
tiller number. From 90 DAT till 105 DAT, more tillerg/hill
were observed under SRI method and during this period
the lowest number of tillers/hill was observed with CRC
methods. Tillers production reached its peak at 60 DAT in
all the establishment methods. At 105 DAT, the number of
tillers under SRI was found to be 28.84% and 41.55%
higher than CRC and ICM culture, respectively. Trans-
planting younger seedlings reduced transplanting shock to
the seedlings and advanced the tillering process complet-
ing more phyllochrons (phyllochron is the time taken to
form anew tiller with aleaf and root) (Patel er al., 2008)
and as a result produced more tillers/hill. Cono-weeder
operation also leads to strong root-system which was re-
sponsible to supply oxygenated energy for the production
of tillers. There was asignificant effect on thetillers/hill at
different growth stages under the nutrient-management
practices. Maximum tillers/hill at 30 to 90 DAT were pro-
duced when RDF + FYM 5 t/hawas applied. From 90 to
105 DAT, the number of tillers/hill was maximum with
RDF + FYM 10 t/hawhich was at par with RDF + FYM
5 t/ha. Minimum number of tillers was noted in the con-
trol. Such beneficial effect of combined source of nutrients
on plant height might be due to steady release and avail-
ability of nutrientsto rice from combined application (Das
et al., 2014).

The number of |eaves increased in the subsequent
stages up to 60 DAT, and thereafter there was a reduction
in the number of leavesin all the establishment methods
up to 105 DAT (Fig. 1). At 30 DAT, the number of leaves
was relatively higher under CRC and ICM methods than
that SRI methods. This may owing to the fact that 3 seed-
lings with 2—-3 number of |leaves transplanted under CRC
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method as compared to 2 seedlings with 2 leaves and 1
seedlings with one and half leaf were transplanted under
ICM and SRI method, respectively. However, leaves/hill
were significantly higher more SRI culture from 45 to 105
DAT and the lowest number of leaves was observed under
CRC method during these stages. The number of leaves
was however higher with SRI at later stages and this may
be attributed to the production of more number of tillers
(Patel er al., 2008). The number of leaves decreased dur-
ing the later stages which might be due to the shedding of
leaves. Higher leaves/hill at 15 and 30 DAT was observed
with RDF alone which was comparable with RDF + FYM
5 t/habut significantly superior to FYM 10 t/haaone (Fig.
2). From 45 to 105 DAT, leaves/hill were the maximum
under RDF + FYM 5 t/ha and similar number of leaves
was observed when 50% RDF + FYM 10 t/ha was ap-
plied. The control showed the minimum number of leaves
during all growth stages.
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Fig. 1. Effect of stand-establishment methods on number of leaves/
hill (SRI, System of riceintensification; ICM, integrated crop
management; CRC, convention rice culture). Recommended
dose of fertilizer (RDF), 80:60:40 kg N, P,O,, K,O kg/ha
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Fig. 2. Effect of nutrient-management practices on the number of
leaveghill; (SRI, System of rice intensification; ICM, inte-
grated crop management; CRC, conventional rice culture;
FYM, farmyard manure). Recommended dose of fertilizer
(RDF), 80:60:40 kg N, P,O,, K,O kg/ha
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Therice variety ‘ Shahsarang 1" matured earliest under
SRI rice culture as compared to ICM and CRC methods
(Table 2). Transplanting at younger stage of seedlings re-
duced transplanting shock to the seedlings, thus it ad-
vanced the tillering process (Patel er al., 2008). This ad-
vantage was carried over by the crop and completed life-
cycle earlier than CRC method (Shekhar et al., 2009). All
nutrient-management practices, however, did not influence
the duration of rice. The dry-matter production increased
steadily up to the maturity stage, although the magnitude
differed with stage of the crop and treatments (Table 2). At
the flowering and harvesting stages, the maximum dry
matter was observed under SRI method of establishment.
The lowest dry-matter production was observed with CRC
establishment method, being 33.28 and 24.60% |lower than
SRI and ICM methods at harvesting, respectively. In SRI
method, the use of wider spacing enables the crop to get
more sunlight and increase the photosynthetic activity. The
plant also has less competition for nutrients and water
which enables better growth of the plant. The increase in
dry-matter production of rice under SRI over CRC was
also reported by Xiuming ez al. (2004) and Islam ez al.
(2013). Nutrient sources a so had an appreciable influence
on the dry-matter production of the plant. Integrated appli-
cation of RDF + FYM 5 t/haresulted in the maximum dry-
matter production, closely followed by the application of
50% RDF + FYM 10 t/ha. At flowering stage an applica
tion of RDF produced significantly higher dry-matter than
the control. Such beneficial effect of combined source of
nutrients on dry-matter production might be owing to

[Val. 60, No. 4

steady release and availability of nutrients to rice from
combined application. The organic manure alone on the
other hand may not be able to supply the required quantity
of nutrient in the initial stage of crop growth, which isone
of the most important factors for plant growth and devel-
opment.

Higher root volume and root dry weight were recorded
under SRI rice culture compared to those observed under
ICM and SRI methods (Table 2). The ICM rice culture
also recorded significantly more root volume and dry
weight than that under CRC method. The secret that roots
grow large under SRI method of establishment was owing
to young seedlings are transplanted at shallow depth and
wider spacing, soil was kept well aerated and rich with
diverse microorganisms (Islam et al., 2013). Continuous
mechanical disturbance to the soil through cono-weeder
loosened the soil and supply oxygen directly to the grow-
ing roots to result into more active and long functioning
sturdy root-system and thus, root degeneration was mini-
mal (Patel er al., 2008). Higher root dry weight and root
volume under SRI method also led to proliferation of root-
system by contributing to higher biomass (Das et al.,
2014). Application of RDF + FYM 5 t/habeing at par with
other treatments recorded significantly higher root volume
than that of the control. The root dry weight was the high-
est under RDF + FYM 5 t/ha, but it was at par with 50%
RDF + FYM 10t/ha, FYM 10 t/ha and RDF.

Physiological parameters
The PR and WUE were significantly higher under SRI,

Table 2. Effect of stand-establishment methods and nutrient-management practices on crop duration, root growth, dry-matter production and

yield of rice (Pooled data of year 2007 and 2008)

Treatment Duration Root Root dry Dry-matter Photosynthesis ~ Transpiration Water-use
(days) volume weight production rate (PR) rate (TR) efficiency
(cc/hill) (g/hilly (g/nill) at (umol CO/ (mmol/m?/s) (PRITR)
harvesting m/s)
Establishment method
SRI 135 59.2 12.16 775 25.2 8.01 3.15
ICM 141 52.9 10.29 68.0 24.7 7.95 311
CRC 148 42.3 7.74 51.3 21.6 7.84 2.76
SEmz+ 22 3.0 0.89 18 0.19 0.14 0.13
CD (P=0.05) 45 6.2 1.82 5.0 0.39 0.29 0.27
Nutrient management
RDF 142 46.3 9.91 62.6 23.2 8.04 2.89
FYM 10 t/ha 143 46.4 10.11 66.0 21.8 7.87 2.77
50% RDF + FYM 10 t/ha 143 52.3 12.11 70.0 255 8.13 314
RDF + FYM 5 t/ha 143 59.0 12.80 715 26.4 8.16 3.24
Control 140 424 7.99 57.8 20.2 7.72 2.62
SEmz+ 21 5.2 1.27 24 0.33 0.17 0.18
CD (P=0.05) NS 10.8 2.62 4.9 0.68 0.35 0.37




December 2015]

whereas TR was higher under CRC method (Table 2).
Higher WUE of rice under SRI (Das et al., 2014) and un-
der alternate wetting and drying than that under ICM
method has been reported (Patel et al., 2010). Thisisin
confirmation with Viraktamath and Kumar (2007), where
SRI could save 22 and 38% water during dry and wet sea
son, respectively, over conventional methods. The PR, TR
and WUE were significantly higher with RDF + FYM 5t/
haover the control and were similar to that with 50% NPK
+ FYM 10 t/ha. The control treatment recorded the lowest
values of PR, TR and WUE.

Yield attributes, yield and economics

Yield attributes like panicles/hill and total number of
grains and 1,000-grain weight were recorded at maturity
from arandomly selected 5 hills in each plot. The post-
harvest data on grain yield and straw yield were recorded
from the net plot area of 4.0 m x 3.0 m. Theincrease in
number of panicles/hill with SRI over ICM and CRC
methods was 21.38% and 42.27% respectively (Table 3).
The results showed that there was a significant difference
in the number of grains per panicle. The wider spacing in
SRI method helped in receiving better sunlight and created
better micro-environment which might have helped in bet-
ter spikelet fertilization (Islam et al., 2013). The highest
1,000-seed weight was recorded under SRI method. This
may be owing to lesser competition for nutrient and other
resources which would have resulted in higher production
photosynthates and subsequent translocation of nutrients,
especialy in the post-flowering stage of rice enabling bet-
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ter filling and grain formation (Islam et al., 2013; Das et
al., 2014). The number of panicles/hill were found to be
appreciably higher when nutrients were supplied through
combined sources of organic manure and inorganic fertil-
izer than the sole application of organic or inorganic
sources. Dahiphale et al., 2005 also reported beneficial
effects of combined application of nutrient sources over
the control treatment. Application of organic with inor-
ganic sources recorded higher 1,000-grain weight. This
might be attributed to integrated effect of all the physico-
chemical properties of the soil as well as available nutri-
ent status of the soil, which might have facilitated a steady
supply of nutrients throughout the crop growth Dahiphale
et al., (2005).

Among the stand-establishment methods, ICM method
of establishment being at par with SRI gave significantly
higher grain yield than CRC method (Table 3). This might
be due to the use of young seedlings with closer spacing
of 20 cm x 20 cm, which produces more effective panicles
per unit area (Viraktamath and Kumar, 2007). The high-
est straw yield was a so obtained with ICM establishment
method which was at par with SRI but significantly supe-
rior to CRC method. The comparable increase of straw
yield in ICM over SRI method may be on account of
higher plant population per unit area. The ICM method
also had the advantages of better handling of the 20-day
old seedlings than 10-day old seedlings and the ability to
face the adverse condition such as heavy rainfall, wind
damage etc. compared to the seedlings of SRI method
which are young and tender. The lowest grain yield was

Table 3. Effect of stand establishment methods and nutrient management practices on yield attributes, yield and economics of rice (Pooled

data of year 2007 and 2008)

Treatment Panicles/ Total number  1,000-grain Gran Straw Cost of Net
hill of graing/ weight (g) yield yield cultivation returns
panicle (t/ha) (t/ha) (3/ha) (3/ha)
Establishment method
SRI 12.3 219.3 235 5.29 6.97 19,515 24,184
ICM 9.7 1934 233 5.45 7.14 20,532 24,429
CRC 7.1 169.5 22.1 5.00 6.55 22,392 18,834
SEmz+ 0.16 1.49 0.69 0.06 0.10
CD (P=0.05) 0.44 4.14 NS 0.17 0.27
Nutrient management
Recommended NPK 9.5 191.8 225 5.15 6.88 19,918 22,688
FYM 10 t/ha 9.8 192.2 23.7 5.28 6.94 21,709 21,882
50% RDF + FYM 10 t/ha 10.3 199.8 24.0 5.53 7.07 23,293 22,247
RDF + FYM 5 t/ha 10.2 201.4 24.4 5.65 7.13 22,398 24,044
Control 8.8 185.1 20.4 461 6.41 16,191 21,554
SEmz+ 0.20 2.04 0.13 0.09 0.07
CD (P=0.05) 041 421 0.29 0.19 0.13

SRI, System of rice intensification; ICM, integrated crop management; CRC, conventional rice culture; FYM, Farmyard manure; DAT,
days after transplanting; PR, photosynthesis rate; TR, transpiration rate; Recommended dose of fertilizer (RDF), 80:60:40 kg N, P,O,, K,O

kg/ha
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recorded under conventional rice culture and this was
mainly due to the lower values of yield attributes per unit
area (Munda et al., 2007). The highest grain yield was
achieved in plots where inorganic and organic sources
were added as integrated nutrient management (Table 3).
It may be owing to the synergistic effects of inorganic and
organic source of nutrients (Benipal et al., 2003). Grain
yield increased with integrated nutrient management over
100% recommended RDF was to the extent of 21.2 to
76.8%. Straw-yield response to integrated use of optimal
NPK fertilizers and FYM was obtained with recom-
mended NPK + FYM 5 t/ha and 50% recommended NPK
+ FYM 10 t/ha. This might be due to favourable soil con-
dition and synchronized rel ease of nutrients throughout the
crop growth period (Murali and Setty, 2004).

The highest cost for all the stand-establishment meth-
ods was observed with the application of 50% RDF +
FYM 10 t/ha and the lowest with the control. ICM and
SRI establishment methods recorded the higher net returns
compared to CRC methods. Higher net returns under ICM
and SRI compared to CRC were a so reported by Shekhar
et al. (2009). Application of combined source of RDF with
FYM 5 t/harecorded the maximum net returns for the
various stand-establishment methods. The higher returns
under RDF + FYM 5 t/hawas due to higher productivity
of rice owing to favourable effect of integrated application
of recommended fertilizer along with FYM (Das et al.,
2014).

Thus, it can be concluded that the practice of SRI with
integrated use of RDF + FYM 5t /haor 50% RDF + FYM
10 t/hais aviable technology for the north eastern region
of Indiafor increasing growth, photosynthetic rate and
water-use efficiency of rice.

REFERENCES

Anbumani, S., Chandrasekharan, B. and Kuppuswamy, G. 2004.
Evaluation of establishment methods and NPK levelsinrice
and their impact on succeeding crops. Agricultural Science
Digesr 24(3): 190-93.

Benipal, D.S., Bonbi, D.K. and Milap Chand. 2004. Improving fer-
tilizer use efficiency through Integrated Nutrient Manage-
ment in paddy. Journal of Research, Punjab Agricultural
University 23(2): 202-04.

DahiphaleA.V., Giri, D.G, Thakre, GV. and Giri, M.D. 2003. Effect
of integrated nutrient management on yield and yield con-
tributing parameters of scented rice. Annals of Plant Physi-
ology 17(1): 24-26.

DasA., Patel, D.P, Munda, G.C., Hazarika, U.K. and Bordoloi, J.
2008. Nutrient recycling potential in rice — vegetable crop-
ping sequences under in-situ residue management at mid-
altitude subtropical Meghalaya. Nutrient Cycling in Agro-
ecosystem 82(3): 251-58.

DasA., Patel, D.P, Munda, GC., Ramkrushna, G.I., Kumar, M. and
Ngachan, S.V. 2014. Improving productivity, water and en-
ergy-use efficiency in lowland rice (Oryza sativa) through

[Val. 60, No. 4

appropriate establishment methods and nutrient management
practicesin the mid altitudes of north east India. Experimen-
tal Agriculture 50(3): 353—75.

Gomez, K.A. and Gomez, A.A. 1984. Statistical Procedures for
Agricultural Research, John Wiley and Sons, New York.

Idam, M., Nath, L.K., Patel, D.P, Das, A., Munda, G.C., Samajdar,
T. and Ngachan, S.V. 2013. Productivity and socio-economic
impact of system of rice intensification and integrated crop
management over conventional methods of rice establish-
ment in eastern Himalayas, India, Paddy Water Environment
DOI 10.1007/s10333.

Kumaraswamy, K. 2005. Sustainable agriculture through integrated
soil fertility management. Indian Farming 56(3): 19-21.

Makarim, A.K., Balasubramaian, V., Zaini, Z., Syamsiah, I.,
Diratmadja, I.GPA., Handoko, Arfah., Wardana, |.P. and
Gani, A. 2002. System of Rice Intensification (SRI) evalu-
ation of seedling age and selected components in Indonesia.
Water-wise rice production. 1 : 128-139.

Munda, GC., Das, A. and Patel, D.P. 2007. Performance of lowland
rice (Oryza sativa L.) as influenced by stand-establishment
methods and nutrient-management practices at mid-altitude
of Meghalaya. (In:) Second National Symposium on SRI in
India: Progress and Prospects - Papers and Extended Sum-
maries, 3-5 October 2007, Agartala.

Murali, M.K. and Setty, R.A. 2004. Effect of fertilizer,
vermicompost and tricontanol on growth and yield of
scented rice Oryza 41(1 and 2): 57-59.

Patel, D.P, Das, A., Munda, G.C., Ghosh, PK., Bordoloi, J.S. and
Kumar, M. 2010. Evaluation of yield and physiological at-
tributes of high yielding rice varieties under aerobic and
flood irrigated management practices in mid-hills ecosystem.
Agricultural Water Management 97: 1,269-276.

Patel, D.P, Das, A., Munda, G.C., Ghosh, P.K., Ngachan, S.V.,
Rajesh, K. and Saha, R. 2008. SRI and ICM Rice Culture for
Water Economy and Higher Productivity. Research Bulletin
No: 68. ICAR Research Complex for NEH Region, Umiam,
Meghalaya. Pp. 1-28.

Rajarathinam, P. and Balasubramaniyan, P. 1999. Effect of plant
population and nitrogen on yield attributes and yield of hy-
brid rice (Oryza sativa). Indian Journal of Agronomy 44(4):
717-21.

Rosenberg, L.V. and Kriiger, GH.J. 1993. Comparative analysis of
differential drought stressinduced suppression of and recov-
ery in carbon dioxide fixation, stomatal and non-stomatal
limitation in Nicotiana tobaccum. Journal of Plant Physiol-
ogy 142: 296-306.

Shekhar, J., Mamkotia, B.S. and Dev, S.P. 2009. Productivity and
economics of rice (Oryza sativa) in system of rice intensifi-
cation in North-Western Himalayas. Indian Journal of
Agronomy 54(4): 423-27.

Uphoff, N. 2002. Changes and evaluation in SRI methods. (In:)
Proceedings of International Conference on Assessments of
SRI, China, 14 April, pp. 81-114.

Viraktamath, B.C. and Mahendra Kumar, R. 2007. Research Expe-
rienceson SRI- A summary of Research papers submitted for
the symposium. (In:) Second National Symposium on SRI in
India: Progress and Prospects - Papers and Extended Sum-
maries, 3-5, October 2007, Agartala.

Xiuming, L., Qing, H., Jun, L. and Huaizhen, L. 2004. Research on
the system of rice intensification. Journal of South China
Agricultural University 25(1): 5-8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


