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ABSTACT

A study was carried out during 2013-14 and 2014-15 at the Norman E. Borlaug Crop Research Centre,
Pantnagar, representing the foothills (Tarai) region of Uttarakhand, India, to study the effect of tillage and nutrient
management on growth productivity, profitability and resource use efficiency of wheat ( Triticum aestivum L.). The
experimental site was silty clay loam having soil pH 7.21, organic carbon 0.68% and 242.42, 22.56 and 240.32 kg/
ha available N, P,O, and K,O respectively. The results indicated that the wheat planted on permanent raised bed
system (PRBS) and furrow-irrigated raised bud system (FIRBS) had higher plant height, dry matter accumulation,
chlorophyll content but subsoiling (SS) gave higher leaf-area index (LAI) followed by minimum tillage (MT) and
PRBS. Similarly, significantly higher crop-growth rate (CGR), relative growth rate (RGR) and net assimilation rate
(NAR) were recorded under PRBS and FIRBS but leaf-area rtio (LAR) was higher under SS followed by conven-
tional tillage (CT). The yield attributes like effective tillers and grains/ear were significantly higher under PRBS and
FIRBS. These resulted in ~9.5 and 16% higher grain yield of wheat than CT and MT respectively. The harvest in-
dex (HI), partial factor productivity (PFP) and nutrient harvest index (NHI) were significantly higher under FIRBS
and PRBS tillage systems. Among the nutrient management, recommended dose of fertilizer (RDF) had greater
plant height, dry-matter accumulation, chlorophyll content, LAl, CGR, LAR, effective tillers, grains/ear. The grain
yield of wheat was 11.7 and 48.6% higher than SSNM and 50% RDF respectively. The HI, PFP and NHI were
found significantly higher at 50% RDF followed by site-specific nutrient management (SSNM). Thus, wheat planted
either on PRBS or FIRBS with application of recommended dose of fertilizers 150 kg N+26.4 kg P + 33.3 kg K/ha
may be used for higher productivity, profitability and resource-use efficiency of wheat in tarai region of Uttrakhand
and also be replicated in similar agro-ecology of India.
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Presently wheat is cultivated on an area of 31.0 million but in few patches, its sowing is delayed due to late harvest
hectare (m ha) with 101.2 million tonnes production in of either rice or some other crops like cotton, vegetable
India (AICWBIP, 2019) and also covers its highest area pea, toria and ratoon sugarcane (Ram, 2020). Wheat yield
under rice-wheat system that occupies 14 m ha in South reduced by 1-1.5%/ha/day, if planted after 15th November

Asia including India and Pakistan (Usman et al., 2013), (Gangwar et al., 2006), mainly due to increased tempera-
and excessive use of exploitation of tillage implements, fer- ture at flowering and grain-filling stages (Song ef al.,
tilizers and pesticides results in degraded natural resources 2015). In general, late sowing of wheat varieties faces se-
like organic matter (Fan et al., 2005) and low grain yield of vere temperature stress which shortens the heading and

the system (Chhokar et al., 2007). Normally wheat is sown maturity duration, ultimately affecting grain yield (Ram et
from mid-October to mid-November in North-West India al., 2017).

Conservation agriculture is an alternative to address the
problems associated with conventional agriculture (Bhan
and Bahera, 2014). Therefore the conservation tillage prac-
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improves water-and nutrient-use efficiencies, increases
crop productivity and carbon sequestration, ameliorates
soil properties and mitigates greenhouse gases emission
(Singh and Malhi, 2006).

Since wheat is the second most important staple food of
India, its sustainable production makes country self suffi-
cient in foodgrain production. However, its area expansion
is almost difficult, leaving only option of improving the
productivity though poor soil health coupled with inappro-
priate nutrient management are major bottlenecks for real-
izing the production potentials of crop varieties (Majumdar
et al., 2012). The yield plateau in most-productive wheat
ecologies (north-west India) and large management yield
gaps (~50%) in eastern India are major concerns for future
food security of the country. In addition to natural resource
depletion and biotic-abiotic stresses, the multiple-nutrient
deficiencies are the key factors that contribute not only to
yield plateaus but also to declining factor productivity,
shrinking profits and environmental footprints (Majumdar
et al.,2019). It is a general trend that farmers apply excess
nitrogenous fertilizers only and very less phosphatic and
potassic fertilizers and almost none micronutrients that dis-
turb the soil natural, C : N and N : P : K ratio. Recent ap-
proaches like site-specific nutrient management (SSNM)
and soil test-based recommended dose of fertilizers pro-
vide an opportunity to feeding crops with nutrients as and
when they are needed and hence making synergy for nutri-
ent demand and supply under a certain production system.
Therefore, the balanced fertilization is envisaged to sustain
wheat production and soil health. The current paper aims
at analyzing the tillage-and nutrient-management effects on
growth, yield and resource-use efficiency of wheat in foot-
hills (tarai) region of Uttarakhand, so that tillage-and nu-
trient-management strategy may be standardized for boost-
ing wheat production in the region.

MATERIALS AND METHODS

The field experiment was carried out during 2013—-14
and 2014-15 at the Norman E. Borlaug Crop Research
Centre, Govind Ballabh Pant University of Agriculture and
Technology, Pantnagar, (29°N, 79.5"E, 243.84 m above
mean sea-level) Uttarakhand, representing the tarai belt of
Uttarakhand in Indo-Gangetic plains of India. The experi-
mental site was silty clay loam, having soil pH 7.21, or-
ganic carbon 0.684% and 242.42, 22.56 and 240.32 kg/ha
available nitrogen, phosphorus and potash respectively.
The experiment was laid out in split-plot design with 18
treatments with 6 tillage options, i.e. furrow-irrigated raised
bed system (FIRBS), conventional tillage (CT), sub soiling
(SS), zero tillage (ZT), minimum tillage with 2 pass of
rotavator (MT) and permanent raised bed system (PRBS)
in main plot, and 3 nutrient levels i.e. 50% of recom-
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mended dose of fertilizers (50% RDF), site-specific nutri-
ent management (based on nutrient expert for wheat), i.e.
120 kg N+ 10 kg P + 37 kg K/ha (SSNM) and 100% rec-
ommended dose of fertilizer, i.e. 150 kg N +26.4 kg P +
33.3 kg K/ha (RDF) in subplot with 3 replications. The
FIRBS and PRBS were made with the help of tractor
drawn FIRBS and raised bed planter respectively. The
Pantnagar subsoiler was used to plough field at depth of 60
cm below soil surface before crop sowing under SS treat-
ments. Only single pass of Pantnagar zero tillage was used
under ZT for crop sowing. The field was ploughed by 1
pass of common plough followed by 2 pass of rotavator
under CT, but only 1 pass of rotatvator was allowed under
MT. The raised beds and FIRBS were maintained continu-
ously for 2 years. Maize was grown in season during both
years of field experimentation.

The crop was grown as per recommended practices. The
wheat variety ‘UP 2748’ and ‘PBW 550’ was planted in
2013 and 2014, respectively, mainly because of seed un-
availability of var. “‘UP 2748’ in 2nd year field experiment.
The fertilizer dose, i.e. N : P : K applied was 150 :26.4 : 33
under 100% RDF, 120 : 8.7 : 30.8 under SSNM and 75 :
13.2: 16.5 kg/ha under 50% RDF. The fertilizer dose un-
der SSNM was estimated based on decision-support sys-
tem on nutrient management of wheat developed by [IPNM.
One-third nitrogen (N) and full dose of phosphorus and
potash was applied basal and remaining N was top-dressed
in 3 equal splits- at critical-root initiation, tillereing and
flowering stages respectively. The crop samples of 5 plants
were collected from the second row of each plot at differ-
ent growth stages and analyzed for different attributes. The
growth parameters like plant height, dry-matter accumula-
tion, leaf area, leaf-area index, growth analysis like mean

crop-growth rate (CGR ), relative growth rate ( RGR ), net

assimilation rate ( /4R ) and leaf-area ratio (7 4 ) at dif-
ferent growth stages, grain yield and economics were stud-
ied. At harvesting, the net plot was harvested and grain
yield was converted into tonnes/ha. The minimum support
price of grain and prevailing rates of straw was taken for
calculation of cost of cultivation and gross returns. The
resource-use efficiency, i.e. partial factor productivity
(PFP) and nutrient harvest index (NHI), were estimated as:

Grain Yield (kg/ha)
PFP =
Amount of nutrient applied (kg/ha)
Nutrient uptake in grains (kg/ha)
NHI =

Total nutreint uptake (grains+straw) (kg/ha)

RESULTS AND DISCUSSION

Effect of Tillage
Growth attributes: Tillage had a significant effect on
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plant height of wheat (Table 1). The pooled values of plant
height indicated that, the tallest plants were recorded in
PRBS that was significantly similar to FIRBS, SS and MT
and CT. the ZT had significantly shortest plants. Greater
availability of nutrient and moisture under FIRBS and
PRBS made better plant height but shortest plant height
under ZT might be caused due to high bulk density leading
to poor root development (Chaplain et al., 2011). Singh et
al. (2011) also reported taller plants under ridge planting.

Dry-matter accumulation of plant was significantly in-
fluenced by tillage methods (Table 1). Pooled values of 2
years indicated that, PRBS resulted in significantly highest
dry-matter accumulation followed by ZT, CT, FIRBS and
MT. The higher dry-matter accumulation was attributed
possibly owing to better soil physical condition and avail-
ability of moisture and nutrient leading to higher plant
height and more tillers/unit area. Our results confirm the
findings of Shakeel et al. (2014).

The chlorophyll content is an indicator of plant health,
so the SPAD values were recorded at 90 days after sowing
(DAS) as it is the peak growth stage of wheat. Tillage op-
tions had significant effect on chlorophyll content, i.e.
SPAD reading at 90 DAS (Table 1). The pooled chloro-
phyll content was recorded significantly higher under MT,
being significantly at par with FIRBS and CT. The higher
SPAD values were attributed to better plant growth and
greenness in leaves. Bhatt (2015) also reported higher
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green seeker values under ZT at 90 DAS. Leaf-area index
(LAI) differed significantly among tillage options during
both years and pooled LAI was significantly highest under
SS at 90 DAS. In general, PRBS, MT, and FIRBS had
higher LAI but ZT the lowest mainly due to poor growth of
the plants resulting low leaf area. Higher leaf-area index
was owing to taller plants, more leaves and their leaf area.
Shakeel ef al. (2014) also reported similar findings.

Growth analysis

The PRBS and ZT had the highest and the lowest mean
CGR, respectively, at 30-60 DAS during both the years.
The pooled values also followed the above trend. Similarly
the highest and the lowest mean CGR at 60 DAS-harvest
was found in SS and FIRBS, respectively, during 2013. In
2014, FIRBS exhibited the highest values and CT the low-
est value. The pooled values indicated that the highest and
the lowest mean CGR values were recorded under SS and
CT respectively (Fig.1a).

At 30-60 DAS, higher mean RGR was recorded under
FIRBS that was very close to that under PRBS and CT, but
the lowest RGR was found under SS in 2013. Similarly, the
higher RGR was noticed under PRBS and the lowest in
FIRBS in 2014. The pooled values revealed that, PRBS
had the highest mean RGR followed by CT. At 60 DAS-
harvest, mean RGR was recorded highly variable under
different tillage options, however the highest and the low-

Table 1. Effect of tillage and nutrient management on plant height, dry-matter accumulation, SPAD and leaf-area index (LAI) of wheat during

2013-14 and 2014-15 (pooled of 2 years)

Treatment Plant height at Dry-matter SPAD values LAI
harvesting (cm) accumulation (90 DAS) (90 DAS)
(g/m?)
Tillage method (T)
FIRBS 79 1,420 31.20 3.21
CT 78 1,435 30.31 3.55
SS 79 1,397 29.88 3.82
ZT 76 1,441 24.90 3.02
MT 79 1,420 31.43 3.56
PRBS 80 1,494 29.25 3.54
SEm=+ 0.57 1,.30 0.43 0.03
CD (P=0.05) 02 04 1.35 0.08
Nutrient management (N)
50% RDF 21 1,291 27.27 2.90
SSNM 22 1,417 28.72 3.48
RDF 24 1,596 31.24 3.97
SEm+ 0.27 0.84 0.38 0.03
CD (P=0.05) 01 02 1.10 0.08
Interaction (TxN) NS S NS S

SPAD, Soil Plant Analysis Development; DAS, days after sowing

FIRBS, Furrow irrigated raised bed system; CT, conventional tillage; SS, subsoiling; ZT, zero tillage; MT, minimum tillage; PRBS,
permanent raised bed system; SSNM, site-specific nutrient management; RDF, recommended dose of fertilizer
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Fig. 1. Effect of tillage on mean CGR (g/m?*/day), RGR (mg/g/day), NAR (g/m*/day) and LAR (cm?¥g) of wheat at 3060 days after sowing and
60 days after sowing to harvesting stage (CGR, Crop growth rate; RGR, relative growth rate; NAR, net assimilation rate; LAR, leaf-

area ratio)
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est mean RGR were noticed PRBS and FIRBS, respec-
tively. in 2013 but in 2014, the FIRBS and CT resulted in
the highest and lowest RGR respectively. The pooled val-
ues showed that ZT and CT had the highest and the lowest
mean RGR (Fig.1b). The mean NAR was higher under
PRBS and the lowest under CT at both 30—-60 DAS and 60
DAS-harvest stages during both the years and in the pooled
values except in 2014 where MT recorded the highest
NAR under FIRBS at 30-60 DAS (Fig.1c). The mean LAR
was the highest in CT and the lowest in FIRBS during at
30-60 DAS both the years. The LAR at 60 DAS-harvest
was the highest and lowest under CT and PRBS in 2013
and CT and FIRBS in 2014 respectively. The pooled LAR
was also significantly highest under CT and the lowest
under PRBS. The differential values of growth analysis
were due to variation in leaf area and dry-matter accumu-
lation under different tillage methods.

Yield attributes and grain yield: The effective tillers var-
ied significantly among tillage methods (Table 2). On
pooled basis, significantly highest and the lowest effective
tiller/m* were observed under PRBS. The PRBS showed
4.7,9.6,24.1, 31.5 and 60.6% higher number of effective
tillers/m? than SS, FIRBS, MT, CT and ZT respectively.
The highest number of grains/ear was found under PRBS
and FIRBS that were significantly equal to SS and the low-
est value was recorded in ZT (Table 2). The higher values
of effective tillers and number of grains/ear were the result
of more LAI and dry-matter accumulation. Our result con-
firm those of Hossain (2006).
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The grain yield of wheat varied significantly
among tillage options (Table 2). The highest grain yield of
wheat was recorded under PRBS, being almost equal to
FIRBS and it was 9.5 and 16.0% greater than CT and MT
respectively. The higher grain yield of wheat was the result
of more effective tillers/m* and number of grains/ear.
Wheat planting on beds and nitrogen application at 120 kg/
ha resulted in 15.06% higher grain yield than flat planting
at the same nitrogen rate (Singh et al., 2011; Majeed et al.,
2015).

Harvest index: Tillage had significant effect on harvest
index (HI) of wheat (Tabale 2). On pooled basis, HI was
significantly highest under FIRBS followed by PRBS, SS
and CT. The harvest index was the highest in FIRBS
mainly because of higher economic yield of wheat and
lower biological yield compared to other tillage systems.
Our similar findings were confirm the results of Hobbs et
al. (2000) and Hossain (2006) who also reported higher
harvest index under reduced tillage.

Partial factor productivity: The partial factor productiv-
ity (PFP) was influenced greatly by tillage methods (Table
3). The highest PFP was estimated under PRBS that had
2.3,7.1,9.4, 17.7% higher values than SS, FIRBS, MT, CT
and ZT respectively. Higher PFP was the result of higher
contribution to economic yield by unit nutrient applied.
Majeed et al. (2015) found 29.83% higher N recovery and
14.59% higher N agronomic efficiency under bed planted
compared to flat-planted wheat.

Nutrient harvest index: The nutrient harvest (NHI) index

Table 2. Effect of tillage and nutrient management on effective tillers, number of grains/ear grain yield and harvest index of wheat during

2013-14 and 2014-15 (pooled data of 2 years)

Treatment Effective tillers/m? Grains/year Grain yield (t/ha) Harvest index (%)
Tillage method (T)
FIRBS 324 41.0 3.78 45.0
CT 270 37.0 3.45 42.2
SS 339 39.0 3.75 42.4
ZT 221 35.0 3.25 42.0
MT 286 38.0 3.51 42.0
PRBS 355 41.0 3.79 42.4
SEm=+ 1.30 0.7 0.06 0.003
CD (P=0.05) 04 23 0.19 0.01
Nutrient management (N)
50% RDF 269 35.0 2.82 43.4
SSNM 298 39.0 3.76 42.4
RDF 332 42.0 4.19 423
SEm++ 0.3 0.4 0.04 0.003
CD (P=0.05) 01 1.2 0.12 0.01
Interaction(TxN) S S 2.82 NS

SPAD, Soil Plant Analysis Development; DAS, days after sowing

FIRBS, Furrow irrigated raised bed system; CT, conventional tillage; SS, subsoiling; ZT, zero tillage; MT, minimum tillage; PRBS,
permanent raised bed system; SSNM, site-specific nutrient management; RDF, recommended dose of fertilizer
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differed significantly among the tillage options (Table 2).
The pooled NHI was also significantly highest under
FIRBS followed by CT and PRBS, but the lowest was no-
ticed under MT. The higher values of NHI were attributed
to higher HI and nutrient uptake.

Economics: The gross and net returns were affected sig-
nificantly by tillage methods (Table 3). Pooled data of 2
years indicated that significantly highest gross returns were
recorded under PRBS that were non-significant with SS
and FIRBS but significantly lowest gross returns were
found under ZT. The net returns showed similar trend with
significantly higher value under PRBS that had 1.0 and
4.1% higher values than SS and FIRBS respectively. The
higher net returns were attributed to higher economic yield/
unit cost of production. Kumar et al. (2013) concluded
that, reduced tillage resulted in 20% higher net returns than
conventional tillage.

Effect of nutrient management

Growth attributes: The growth attributes, i.e. plant
height, dry-matter accumulation and LAI, were affected
significantly by the tillage methods (Table 1). The plant
height of wheat on pooled basis was significantly highest
under RDF followed by SSNM and the lowest in 50%
RDF. The RDF resulted in tallest plants mainly because of
better nutrient availability and its utilization for plant
growth and development as reported by Majeed et al.
(2015). The RDF also resulted in significantly highest dry-
matter accumulation followed by SSNM and the lowest
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under 50% RDF mainly because of more plant height, LAI
and effective tillers/unit area. The results confirm the find-
ings of Kumar et al. (2013).

The RDF also showed significantly highest SPAD val-
ues or leaf greenness, while 50% RDF the lowest value.
The higher SPAD value under RDF followed by SSNM
was possibly due to more absorption of nutrients including
nitrogen at higher dose of fertilization. Bhatt (2015) also
found higher SPAD and green-seeker values at recom-
mended NPK followed by SSNM. The LAI was signifi-
cantly highest under RDF. Revealing 14.1 and 36.9%
higher values than SSNM and 50% RDF respectively. The
higher LAI was contributed by taller plants with more leaf
area. Tillage and nutrient levels had significant interaction
on dry-matter accumulation and LAI

Growth analysis: The growth analysis like mean CGR,
RGR, NAR and LAR varied greatly with nutrient manage-
ment (Figs. 1 and 2). The mean CGR at both 30—60 DAS
and 60 DAS-harvest was the highest at RDF during both
the years as well as pooled values (Fig. 2a). The highest
mean RGR at 30-60 DAS was recorded under RDF fol-
lowed by with SSNM and 50% RDF during 2013 but in
2014, the highest RGR was observed under SSNM and the
lowest at RDF. The pooled values revealed that SSNM had
the highest mean RGR followed by 50% RDF and the low-
est at RDF. At 60 DAS-harvest, the highest RGR was ob-
served under SSNM followed by RDF and the lowest value
under 50% RDF (Fig. 2b). The 50% RDF and SSNM had
the highest NAR at 30-60 DAS and 60 DAS-harvest, re-

Table 3. Effect of tillage and nutrient management on partial factor productivity (PFP), nutrient harvest index (NHI) and economics on wheat

during 2013 and 2014 (pooled data of 2 years)

Treatment PFP (kg/ha)

Net returns
(x 10%/ha)

Gross return
(% 10°%/ha)

Tillage options (T)

FIRBS 19.64
CT 18.83
SS 20.56
ZT 17.87
MT 19.23
PRBS 21.03
SEm+ 0.70
CD (P=0.05) NS
Nutrient levels (N)
50% RDF 21.96
SSNM 19.87
RDF 16.75
SEm+ 0.44
CD (P=0.05) 1.30
Interaction (TxN) S

0.446 60,678 25,243
0.428 56,234 22,299
0.417 60,945 26,010
0.417 53,082 20,662
0.409 57,107 24,672
0.418 61,704 26,269
0.005 903 903
0.014 2,845 2,845
0.432 45,735 12,924
0.417 61,025 27,106
0.419 68,114 32,547
0.004 570 570
0.011 1,664 1,664
NS NS NS

FIRBS, Furrow irrigated raised bed system; CT, conventional tillage; SS, subsoiling; ZT, zero tillage; MT, minimum tillage; PRBS,
permanent raised bed system; SSNM, site-specific nutrient management; RDF, recommended dose of fertilizer
Minimum support price for wheat =31,400/q and ¥1,450/q for 2013—14 and 2014—15, respectively



March 2021] EFFECTS ON PRODUCTIVITY, PROFITABILITY AND RESOURCE USE EFFICIENCY OF WHEAT 39

spectively, during both the years and pooled values (Fig.
2¢). The highest mean LAR was recorded under RDF at
both 30-60 DAS and 60 DAS-harvest stages during both
years and pooled values (Fig. 2d). The plant growth includ-
ing plant height, dry-matter accumulation and leaf-area

index were higher at higher nutrient management levels
that facilitated to higher growth analysis.

Yield attributes and grain yield: The pooled values of
yield attributes like effective tillers/m? and grains/ear dif-
fered with nutrient management levels (Table 2). The RDF
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Fig. 2. Effect of nutrient management on mean CGR (g/m?*/day), RGR (mg/g/day), NAR (g/m*/day) and LAR (g/m?*day) of wheat at 30-60
days after sowing and 60 days after sowing to harvesting stage (CGR, Crop growth rate; RGR, relative growth rate; NAR, net assimi-

lation rate; LAR, leaf-area ratio)
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resulted in significantly highest effective tillers/m?, being
11.5 and 23.4% more than SSNM and 50% RDF respec-
tively. Similarly, the grains/ear were significantly highest
under RDF with 7.7 and 20.0% higher than SSNM and
50% RDF respectively. Higher dose of fertilizers resulted
in more effective ears which led to more grains/ear. Ram
(2020) concluded that, RDF + 10 t FYM/ha resulted in
higher effective tillers than alone application of RDF. The
tillage and nutrient management had significant interaction
on effective tillers/m* and grains/ear.

The nutrient management had significant effect on grain
yield of wheat (Table 2). The pooled gain yield was also
significantly highest under RDF, with 11.4 and 48.6%
greater over SSNM and 50% RDF respectively. The higher
grain yield was the result of better growth and yield at-
tributes. Limon et al. (2000) and Honalli and Chittarur
(2013) reported similar results. Interaction effect was found
non-significant.

Harvest index: The harvest index (HI) differed signifi-
cantly among the nutrient-management levels (Table 2). On
pooled basis, the significantly highest HI was noted at 50%
RDF followed by SSNM; however, it was at par with RDF.
The higher HI at lower dose of fertilizer was the result of
comparatively higher per cent increase in economic yield/
unit of fertilizer applied than biological yield. Borse et al.
(2019) reported that, RDF resulted in higher HI than 80%
RDF. It was not affected by interaction effect.

Partial factor productivity: The nutrient levels had sig-
nificant effect on partial factor productivity (PFP) of wheat
and the highest and the lowest PFP were recorded at 50%
RDF and RDF respectively (Table 3). The 50% RDF en-
sued 10.5 and 31.1% higher PFP than SSNM and RDF re-
spectively. It indicates that an increment grain yield per
unit nutrient applied under 50% RDF was greater than
other levels of nutrient management, i.e. SSNM and RDF.
Majeed et al. (2015) reported higher N-use efficiency at 60
kg N/ha than 100 and 120 kg N/ha. Interaction effect was
also found non-significant between tillage option and nu-
trient levels.

Nutrient harvest index: The nutrient harvest index (NHI)
was influenced significantly by nutrient management op-
tion (Table 3). The pooled NHI was significantly highest at
50% RDF, while both SSNM and RDF were at par in re-
spect of pooled NHI.

Economics: The nutrient management had significant
impact on gross and net returns (Table 3). The RDF re-
sulted in significantly highest gross and net returns being
11.6 and 48.9% higher gross and 20.0 and 154.7% higher
net returns than SSNM and 50% RDF respectively. The
higher economic values were attributed to more grain yield
and lower cost of production. Tillage options and nutrient
levels had non-significant interaction effect on gross and
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net returns.

It is therefore concluded that, wheat crop may be
planted either on FIRBS or permanent raised bed system
(PRBS) with application of recommended dose of fertiliz-
ers 150 kg N +26.4 kg P + 33.3 kg K/ha for higher produc-
tivity, profitability and resource-use efficiency in farai
region of Uttrakhand and also be replicated in whole Indo-
Gangetic plains of India.
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