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ABSTRACT

A fixed plot field experiment was carried out during kharif and spring seasons of 2008—09 and 2009-10 at Research
farm of Division of Agronomy, Indian Agricultural Research Institute, New Delhi, to study the effect of sunflower stover
and nutrients management on productivity, nutrient economy and phosphorus use efficiencies of pigeonpea (Cajanus
cajan)-sunflower (Helianthus annuus) cropping system. In 2008-09, sunflower stover incorporation caused 6.17, 6.05,
4.90 and 5.1 percent increment in system productivity, production efficiency, per day returns and net returns over no
stover incorporation, respectively. However, sunflower stover incorporation was failed to affect the system productivity
and production efficiency during the second year of experimentation. Application of 30 kg P/ha to pigeonpea recorded
maximum system productivity (4.17 and 3.24 tonnes/ha), production efficiency (11.42 and 8.88 kg/ha/day), net returns
(X 72.8 and 71.6x10%ha), per day returns (199 and 196 I/ha) during 2008-09 and 2009-10, respectively. Recommended
dose (RD) of NP applied directly to sunflower produced the markedly higher productivity (3.18 t/ha), production efficiency
(8.71 kg/ha/day) net returns I 69.1x10%ha and per day returns (189 /ha). Residual effect of 8 tonnes/ha sunflower stover
incorporation and 30 kg/ha P was significant on nutrient economy of succeeding sunflower crop and reduced up to 50%
recommended dose of P. Direct effect of sunflower stover incorporation had significant effect on agronomic P use efficiency
(APUE), agro physiological P use efficiency (APPUE), physiological efficiency index of P (PEIP) during 2009 only,
while residual effect of sunflower stover incorporation significantly affected the agronomic P use efficiency (APUE),
physiological efficiency index of P (PEIP) during both the years and agro physiological P use efficiency (APPUE) only
during 2009. With regards to the direct and residual effect of P levels, the direct effect of 15 kg P/ha+PSB recorded the
higher values of APUE during both the years. However, the maximum values of APPUE and PEIP recorded with the direct
effect of 15 kg P/ha. The residual effect of P levels applied to preceding pigeonpea crop showed perceptible reduction in
APPUE during both years of study, and APUE in 2009 and PEIP during 2010 with successive increment of P levels. Direct
effect of 50% RD of NP had marked increase of APUE and APPUE, over control and RD of NP. In contrast and PEIP
reduced with successive doses of NP up to RD of NP. The residual effect of RD of NP applied to preceding sunflower crop
recorded the minimum values of APUE, APPUE and PEIP in pigeonpea.
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Pulses occupy an indispensable place in our daily diet as
a source of protein. Pulse crops also have the unique
potentiality to associate symbiotically with Rhizobium spp
and fix atmospheric nitrogen, thereby enriching the soil.
Among the pulses, pigeonpea is the second most important
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crop next only to chickpea. It is cultivated over an area of 3.6
mha, with production of 2.6 mt and productivity of 709 kg/
ha. Among the various reasons for low productivity of
pigeonpea [Cajanus cajan (L.) Millsp.], one finds the role of
phosphorus in plant growth of paramount importance. In
India, responses of pigeonpea to phosphorus have been
generally positive and in some cases highly significant.
Judicious use of P is a key factor in the pulses based system
of India for sustainable agriculture. The cost of P fertilizer
is increasing day by day and it may goes beyond the buying
capacity of resource poor farmers of India. Bio-fertilizer has
emerged as a promising component in integrated nutrient
supply system for sustaining the crop production. Among the
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bio-fertilizers, phosphorus solubilizing micro-organism play
a significant role for improving growth, yield attributes and
yield of pigeonpea by enhancing the phosphorus availability.

In north India, where pigeonpea—wheat system is
followed, there are several reason for low productivity of the
system, of which delay in wheat sowing due to long duration
of pigeonpea and high input requirements of wheat are of
paramount importance, so it hold a opportunity to replace
wheat in pigeonpea—wheat system with sunflower (Helianthus
annuus L.) for economizing nutrients and increasing
productivity and economics of production. Sunflower by
virtue of short duration, wide adaptability, photoperiod
insensitivity and availability of promising hybrids and
varieties hold very good promise. Spring sunflower in the
north-west part of India has potential to yield 4-6 tonnes/ha
crop residue and 2-2.5 tonnes/ha seed yield. This much
amount of crop residues neither used as feed for livestock
nor suitable for fuel due to low energy value per unit mass.
However, its residue contain major plant nutrients in the
range of 0.45 to 0.60% N, 0.15 to 0.22% P and 1.80 to 1.94
% K along with secondary and micronutrients, so recycling
of its residue in the soil may be one of the best alternative
practices for replenishing the depleted soil fertility and
improving the physical, chemical and biological properties
of the soil. Researchers have reported allelopathic effects of
sunflower residue on different crops, which put a question on
choice of crop after using sunflower residue. Normally pulse
and oilseed crops are raised under low input and poor
management practices leading to lower productivity level.
However, information on fertilizer NP requirements of
sunflower, when grown in rotation with pigeonpea, is not
available. Since, the farmers of the region are largely cash-
limited, which restricts their capacity to buy fertilizers, the
improvement in nutrient use efficiency in the cropping
systems, and incorporation of crop residues are crucial.
Getting maximum profitability lies not only in reducing use
of input per unit area but also in lowering costs per unit crop
production through higher yields. Therefore, economic
analysis is required for making recommendation for farmers
from agronomic experiments. Farmers in India are profit-
oriented, and therefore, they are interested in net returns than
the gross returns. Adoption of inefficient P management
practices is responsible for low partial factor productivity
and agronomic efficiency. Agronomic efficiency is a useful
measure of nutrient use efficiency. Application of a unit
fertilizer is economical, if the value of the increase in the
crop yield due to the quantity of fertilizer added is greater
than the cost of fertilizer used. If a unit of fertilizer does not
increase the yield enough to pay for its cost, its application
will not be economical and will not return profit even after
a constant increase in the yield (Singh 2004). Since, higher
fertilizer use efficiency is always associated with efficient
use of fertilizer, cultural practices meant for promoting
integrated nutrient management will help to affect saving in
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the amount of fertilizer applied to the crops and therefore to
improve fertilizer use efficiency (Karim and Ramasamy
2000). Keeping these point in view a fixed plot field
experiment on ‘“Recycling of sunflower residue for nutrients
management in pigeonpea-sunflower cropping system’ was
conducted to find out the effect of sunflower stover and
nutrients management on productivity, nutrient economy
and phosphorus use efficiencies in pigeonpea-sunflower
system.

MATERIALS AND METHODS

A fixed plot field experiment was carried out during
kharif and spring seasons of 2008-09 and 2009-10 for making
a comparative assessment of sunflower stover management,
P levels and N doses on the productivity, nutrient economy
and phosphorus use efficiencies of pigeonpea-sunflower
cropping system at research farm of Division of Agronomy,
Indian Agricultural Research Institute, New Delhi. It is
situated at latitude of 28°40° N, longitude of 77°12" E and
altitude of 228.6 meters above the mean sea level (Arabian
Sea). The soil of experimental field was sandy clay loam
belongs to order Inceptisol and having 145.0 kg/ha alkaline
permanganate oxidizable N (Jackson 1973), 17.5 kg/ha
available P (Olsen er al. 1954), 226.0 kg/ha 1 N ammonium
acetate exchangeable K (Stanford and English 1949) and
0.40% organic carbon (Jackson 1973). The pH of soil was
7.5 (1:2.5 soil and water ratio). The mean annual rainfall is
about 650 mm, of which nearly 80 per cent is received during
the monsoon period from July to September and the rest
during the period between October and May. The mean
maximum temperature in June, which is the hottest month of
the year, ranges from 40 to 45°C, while the mean minimum
temperature in the coldest month of January is as low as
1.9°C. Kharif season experiment in the first year was laid out
in split-plot design, assigning sunflower stover incorporation
(8 t/ha) and no stover incorporation (control) to main plots
and combination of P levels and bio-fertilizers (Control, 15
kg P/ha, 15kg P/ha+PSB and 30kg P/ha) to sub-plots. The
spring season experiment was laid out in split-split plot
design in which NP doses to sunflower crop (Control, 50%
recommended dose (RD) of NP and RD of NP (80 kg N+15
kg P/ha) was applied in sub-sub plots. Data for kharif season
experiment in second year was recorded and analyzed in
split-split plot design to investigate the residual effect of NP
doses applied to spring season crop in sub-sub plots. All the
treatments replicated thrice during both the years. The plot
size was 17.4 m x 15.0 m for main plots and 2.40 m x 15.0
m, 240 m x 4.0 m for sub- plots and sub-sub plots,
respectively. Main field was irrigated, ploughed with tractor-
drawn disc plough followed by harrowing after the soil
reached to tilth conditions and leveling was done with land
leveler. Sunflower stover of the general crop grown during
the spring season of 2008 and experimental crop of the
spring season 2009 was chopped with the help of chopper
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and incorporated in the soil as per treatments (8 tonnes/ha)
before the preparation of field for sowing of pigeonpea. The
recommended starter dose (25 kg/ha) of N for pigeonpea was
supplied through urea (after subtracting the N supplied from
DAP). Diammonium phosphate was used to supply
phosphorus as per treatment. Phosphorus was placed 3-5 cm
below the seed with the help of metallic tube attached plough.
Seeds of pigeonpea Pusa 992 inoculated with the PSB culture
‘Microphos’ containing inoculum of Pseudomonas striata
and sown at the seed rate of 15 kg/ha by ‘pora’ method as per
treatments in rows 60 cm apart, plant to plant spacing was
maintained 15-20 cm apart by adopting gap filling and
thinning at appropriate time. For weed control pre-emergence
spray of stomp (pendimethalin) @ 1.0 kg /ha was done.
Beside, herbicide application one hand weeding was done at
30 DAS. Irrigation to crop was provided only to supplement
the rainfall. For control of blister beetle and pod borer in
pigeonpea, two spraying of monocrotophos @ 0.04% were
given. Pigeonpea was grown as per recommended practices
and was harvested on 9™ and 14" of November in both the
year of experimentation (2008 and 2009), respectively.

After the harvesting of pigeonpea crop, the field was
ploughed with the help of a tractor drawn disc plough running
in both the direction. The tractor drawn ridge maker was
used to make the ridges at row distance of 60 cm for sowing
of sunflower crop. The plan of layout was made exactly
same as previous crop, only sub-plots were divided into sub-
sub plots in sunflower so the same treatments will come on
the same plot in order to observe the residual effect of
treatments. The RD of N and P 80:15 kg/ha, respectively was
supplied through urea and diammonium phosphate as per
treatments. The nitrogen was applied in two splits, half at
sowing and the remaining half at first irrigation at 30 DAS.
Full dose of phosphorus was applied as a basal, placed 3-5
cm below the seed on the top of the ridges manually with the
help of metallic tube. Sunflower (JK Chitra) sowing was
done by dibbling method with row spacing of 60 cm and
plant to plant spacing of 20 cm. For weed control, pre-
emergence spray of stomp (pendimethalin) @ 1.0 kg/ha was
done, crop also received one hand weeding at 20 DAS. Crop
received four irrigations beside pre-sowing irrigation. First
irrigation was applied at 30 DAS subsequent irrigations as
per need of the crops. For controlling leaf eating caterpillar
one spraying of monocrotophos @ 0.05% was given.
Sunflower was grown as per recommended practices and
was harvested on 12" and 16™ of April in both the years of
experimentation (2009 and 2010), respectively.

At the time of maturity, the net plots (leaving 2 border
rows on each side) were harvested. After harvesting, threshing,
cleaning and drying the grain yield was recorded and
expressed in tonnes/ha. Cost of cultivation was calculated
based on the prevailing market prices of the inputs during the
respective crop seasons. Gross returns were calculated based
on the grain and stover yield and their prevailing market
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prices during the respective crop seasons. Net returns were
calculated by subtracting cost of cultivation from gross
returns.

Pigeonpea equivalent as well as system productivity,
production efficiency of the system (PES) and per day returns
were worked out by using the following formulae:

Pigeonpea grain eq. yield (tonnes/ha) = Productivity of
the component crop (kg/ha) x Price of component (I/kg)/
Price of pigeonpea (I/kg)

System productivity = Pigeonpea grain yield (kg/ha) +
Pigeonpea grain equivalent yield of sunflower

PES (kg/ha/day) = Pigeonpea equivalent yield of the
system (kg/ha) in a year/365

Per day returns = Net returns (3/ha)/Cropping period
(days)

P use efficiencies such as agronomic P use efficiency
(APUE), agro-physiological P use efficiency (APPUE) and
physiological efficiency index of P (PEIP) of pigeonpea/
sunflower worked out as per the following details

APUE (kg grain/ kg P applied) =Y, — Y,/ A,

APPUE (kg grain/kg P uptake) =Y, - Y/ Ut - U,

PEIP (kg grain/kg P uptake) =Y,/ P,
where, Y,, Grain yield in the test treatment (kg/ha); Y, grain
yield in the control plot (kg/ha), A,, units of P applied in the
test treatment (kg/ha); U,, uptake of P (grain+stover) in the
test treatment (kg/ha); U, uptake of P (grain+stover) in the
control plot (kg/ha); Y,, grain yield (kg/ha); Py, P absorbed
by biomass (kg/ha).

All the data obtained from pigeonpea and sunflower for
two consecutive years of study were statistically analyzed
using the F-test as per the procedure given by Gomez and
Gomez (1984). Critical difference (CD) values at P=0.05
were used to determine the significance of differences between
means.

RESULTS AND DISCUSSION

System productivity, production efficiency and per day
returns

The yield of component crops of the system as expressed
as pigeonpea grain equivalent under different treatments has
been presented in Table 1. In general, system productivity,
production efficiency and per day returns were recorded
higher in first year as compared to second year of
experimentation. Timely sowing and congenial environmental
condition promoted the growth and yield attributes and
ultimately higher grain yields of both the crops. During first
year, sunflower stover incorporation had 6.17, 6.05 and 4.90%
higher system productivity, production efficiency and per
day returns over the control. In second year of
experimentation, effect of sunflower stover incorporation
was non-significant on system productivity and production
efficiency. This could be due to reduction in economic yield
of pigeonpea with the buildup of allelopathic affect and also
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Table 1 Effect of sunflower stover, N and P management on system productivity and production efficiency (PES) of pigeonpea-sunflower

cropping system

Treatment Pigeonpea yield Seed yield Pigeonpea grain Production efficiency
(tonnes/ha) (tonnes/ha) equivalent system (kg/ha/day)
2008-09 2009-10 2008-09 2009-10 productivity (tonnes/ha) 2008-09 2009-10
2008-09 2009-10
SFS management in pigeonpea
Control 1.42 1.24 222 1.89 3.56 2.72 9.75 7.45
SFESI @8 t/ha 1.35 0.92 2.52 2.38 3.78 2.79 10.34 7.64
SEmz+ 0.02 0.02 0.02 0.02 0.03 0.03 0.08 0.05
CD (P=0.05) NS 0.11 0.14 0.14 0.18 NS 0.50 NS
P levels applied to pigeonpea
Control 0.99 0.74 2.15 1.97 3.06 2.28 8.38 6.25
15 kg P/ha 1.40 1.11 2.33 2.04 3.65 2.70 9.99 7.40
15 kg P/ha +PSB 1.51 1.16 2.37 2.08 3.79 2.80 10.38 7.67
30 kg P/ha 1.63 1.32 2.63 245 4.17 324 11.42 8.88
SEm=+ 0.03 0.02 0.04 0.03 0.05 0.03 0.13 0.09
CD (P=0.05) 0.09 0.07 0.11 0.08 0.15 0.10 0.41 0.28
NP doses applied to sunflower
Control 1.02 1.70 1.57 2.25 6.16
50% RD of NP 1.06 2.56 2.27 2.84 7.78
RD of NP 1.17 2.85 2.57 3.18 8.71
SEm=+ 0.02 0.02 0.03 0.03 0.10
CD (P=0.05) 0.07 0.06 0.90 0.10 0.28

lower yield of sunflower in second year due to continuous
cropping of sunflower on the same plot. However, per day
returns was decreased marginally due to sunflower stover
incorporation as compared to control. Application of 30 kg
P/ha to pigeonpea registered highest system productivity
(4.17 and 3.24 tonnes/ha), production efficiency (11.42 and
8.88 kg/ha/day) and per day returns (199 and 196 I/ha). This
has 36 —42% higher system productivity and production
efficiency of the system and 56-70% higher per day returns
as compared to control. This might be attributed to increase
in economic yields of both the component crops due to direct
and residual effects of phosphorus. Similar results were also
reported by Idapuganti and Ahlawat (2007) with pigeonpea-
wheat cropping system. RD of NP applied to sunflower
produced the maximum system productivity, production
efficiency and per day returns. It indicates the NP requirement
of the sunflower under pigeonpea sunflower cropping system.
In the present study it was noted that, sunflower needs ample
supply of NP for higher productivity because it has exhaustive
nature towards the nutrient requirements.

Economics of pigeonpea-sunflower system

Perusal of data given in Table 2 indicates that sunflower
stover incorporation recorded the higher cost of cultivation
(28.15 x 10* and 30.32 x 10° %/ha) of pigeonpea-sunflower
cropping system during both the years. In general, this was
5.80-6.28% higher over the control with no stover

incorporation. In 2008-09, sunflower stover incorporation
recorded significantly higher net returns (62.52 x 10° ¥/ha)
over the no stover incorporation. Sunflower stover
incorporation was not able to cause any significant difference
in net returns in 2009-10 and in B:C ratio in both 2008-09
and 2009-10. P levels have higher cost of cultivation as
compared to control. Maximum cost of cultivation (27.57
x10* and 29.73 x 10* ¥/ha) was observed with 30 kg P/ha
followed by 15 kg P/ha + PSB in both the years, respectively.
RD of NP (80 kg N + 15 kg P/ha) applied to sunflower has
higher cost of cultivation (30.09 x 10° /ha). In 2008-09,
sunflower stover incorporation recorded 5.44% higher gross
returns and 5.07% net returns over the control. However,
sunflower stover incorporation was not able to cause any
significant difference in gross and net returns during first
year and B:C ratio in both years. This behavior of returns due
to sunflower stover incorporation is attributed to
comparatively more favourable effect of the treatment on the
sunflower yield than adverse effect on pigeonpea yield in
2008-09. While in 2009-10 adverse affect on pigeonpea was
more pronounced than the favourable effect on the sunflower.
Detrimental effect of sunflower stover incorporation on test
crops was recorded by many workers (Narwal et al. 2003 on
wheat; Batlang and Shushu 2007 on bambara groundnut and
Batish et al. 2002 on lobia, sorghum, bajra and maize) and
beneficial effect on succeeding crops by Badnur et al. (2000)
on greengram-sunflower cropping system and Mangare et
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Table 2 Effect of sunflower stover, N and P management on economics of pigeonpea-sunflower cropping system

Treatment Cost of cultivation Net returns Per day returns B:C ratio
(x103 X/ha) (x103 X/ha) (%/ha/day) 2008-09 2009-10
2008-09 2009-10 2008-09 2009-10 2008-09 2009-10
SFS management in pigeonpea
Control 26.49 28.65 59.50 56.92 163 156 2.25 1.98
SFSI @8 t/ha 28.15 30.32 62.52 56.69 171 155 2.24 1.87
SEm=+ 0.52 1.05 14 1.6 0.02 0.04
CD (P=0.05) 3.17 NS 8.7 NS NS NS
P levels applied to pigeonpea
Control 27.06 29.23 46.45 42.11 127 115 1.75 1.44
15 kg P/ha 27.32 29.48 60.75 55.28 166 151 223 1.88
15 kg P/ha +PSB 27.34 29.50 64.07 58.26 176 160 2.37 1.96
30 kg P/ha 27.57 29.73 72.78 71.58 199 196 2.64 241
SEm=+ 0.67 0.78 1.8 24 0.02 0.03
CD (P=0.05) 2.07 2.42 5.7 7.3 0.08 0.08
NP doses applied to sunflower
Control 28.87 41.98 115 1.45
50% RD of NP 29.48 59.32 163 1.98
RD of NP 30.09 69.12 189 2.35
SEm=+ 0.85 24 0.03
CD (P=0.05) 2.44 6.9 0.08

SFSI: Sunflower Stover Incorporation, RD of NP: 80 kg N+15 kg P/ha

al. (2008) on rabi sorghum. All the P levels had produced the
significantly higher gross returns, net returns and B: C ratio
as compared to control. Among the P levels, application of
30 kg P/ha has 56.70%, 69.97% higher net returns and
50.58%, 67.36% higher B: C ratio over the control. RD of
NP (80 kg N+15 kg P/ha) applied to sunflower produced the
maximum gross return (99.22 x 10* ¥/ha) net returns (69.12
x 10* Z/ha) and B: C ratio (2.35). Such types of trends were
observed due to better soil fertility, which provides the
nutrients in available form to crops and responsible for higher
economic yield.

Phosphorus use efficiencies

Phosphorus use efficiencies in pigeonpea

During 2008, sunflower stover incorporation had non-
significant effect on APUE. However, during 2009 sunflower
stover incorporation significantly reduced the APUE over
the control (Table 3). This might be due to initial
immobilization of applied P resulted in lower uptake of P
and other nutrients which further contributed for lower grain
yield. Allelopathic effect of sunflower stover may be other
reason for lower grain yield. Reduction in grain yield of
pigeonpea after incorporation of sunflower residue was also
reported by Narwal et al. (1999). APUE increased up to 15
kg P/ha+PSB after that declined in both the years of study.
The higher recovery of P at lower levels of P application may
be consequence of higher competition among the roots and

lesser priming effect to mobilize native P which resulted in
an efficient exploitation of applied P for absorption.
Conversely, at higher P application rates, plants used smaller
proportions of fertilizer P and contribution of biofertilizer in
increasing the productivity. Similar findings were also
reported by Batten et al. (1999) and Kantwa et al. (2006).
Residual effect of RD of NP applied to preceding sunflower
was recorded the minimum value of APUE. This may be due
to less increase in grain yield due to residual effect of P.

APPUE was found higher under the sunflower stover
incorporation as compared to control during both the years
of study. This might be due to lower P uptake by the pigeonpea
crop due to sunflower stover incorporation. Several
allelochemicals were released from sunflower stover during
the course of decomposition, which reduced the root
development and root hair formation (Hegde and Miller
1992 and by Caspersen et al. 1999), and reduced the P uptake
because the major mechanism of P uptake in plants is
diffusion; diffusion distance of P is very less. P uptake in
plant is strongly correlated with root length in soil (Otani and
Ae 1996). Different levels of P were not able to cause any
significant effect on APPUE during first year. In contrast,
during second year higher values of APPUE at lower level of
P, viz. 15 kg P/ha after that every successive unit of P
decreases the APPUE. This might be due to higher uptake of
P at higher doses.

During first year, sunflower stover incorporation had
non-significant effect on PEIP although in 2009 it had
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Table 3 Direct and residual effect of sunflower stover and nutrients management on agronomic P use efficiency (APUE), agro-physiological
P use efficiency (APPUE) and physiological efficiency index of P (PEIP) of pigeonpea and sunflower

APUE
(kg grain/kg P applied)

Treatment

(kg grain/kg P uptake)

APPUE PEIP

(kg grain/kg P uptake

Pigeonpea Sunflower

Pigeonpea

Sunflower Pigeonpea Sunflower

2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 2008-09 2009-10 2008-09 2009-10

SFS management in pigeonpea

Control 27 27 16.7 12.9 132
SFSI @8 t/ha 28 21 18.9 17.0 139
SEm+ 1.3 0.5 0.2 0.1 2.1
CD(P=0.05) NS 3.2 1.2 0.6 NS

P levels applied to pigeonpea

Control 0.0 0.0 20.5 145 0.0
15 kg P/ha 27 24. 18.8 15.5 133
15 kg P/ha +PSB 34 28 184 14.7 138
30 kg P/ha 21 19 13.7 15.0 135
SEm= 1.2 0.6 0.5 04 22
CD (P=0.05) 7.4 1.9 1.5 NS NS
NP dose applied to sunflower
Control 25 0.00 0.00
50% RD of NP 25 21.3 17.5
RD of NP 22 14.4 124
SEmz+ 0.7 0.3 0.2
CD (P=0.05) 2.0 0.9 0.7

94 29.2 26.0 149 122 31.5 314
129 25.8 26.1 174 155 30.1 29.6
1.4 0.4 0.4 5.0 13 0.15 0.07
8.6 23 NS NS 76 0.93 0.43
0.0 30.9 287 176 155 30.7 312
127 254 26.0 159 143 31.0 30.7
100 274 26.0 159 126 31.0 304
107 26.2 235 154 129 30.4 29.7
3.7 0.6 1.0 7.1 4.1 0.2 0.12
122 1.9 3.0 NS 12.6 NS 0.38
110 0.00 0.00 142 323 324
118 28.8 275 143 30.6 30.3
106 26.1 24.5 129 295 289
3.5 0.5 0.4 2.7 0.3 0.22
NS 1.6 1.1 7.8 0.8 0.63

SFSI: Sunflower Stover Incorporation, RD of NP: 80 kg N+15 kg P/ha

significantly lower values of PEIP (Table 3). P levels failed
to cause any significant effect on PEIP in 2008, while during
2009 values of PEIP were declined with every successive
unit of P up to 30 kg P/ha. This could be attributed to
beneficial effect of residual NP on the growth and yield
attributes which enhanced the economic yield of pigeonpea.
In contrast, significantly lower value of PEIP recorded with
the residual effect of RD of NP.

Phosphorus use efficiencies in sunflower

Residual effect of sunflower stover incorporation caused
marked increase in APUE during both the years of
experimentation (Table 3). This may be due to the fact that
sunflower stover incorporation had favourable residual effect
on growth parameters, yield attributes and yields of
succeeding sunflower. Favourable residual effect of crop
residue on the succeeding crops was also noticed by
Mahavishnan et al. (2005). In contrast, residual effect of
sunflower stover incorporation recorded significantly lower
values of PEIP as compared to control (no stover
incorporation) during both the years, except APPUE during
2010 (Table 3). This was due to the fact that, residual effect
of sunflower stover resulted in better soil fertility and increase
the availability of soil P and increase the P uptake more
efficiently as compared to dry matter production. Higher
uptake of nutrients by sunflower crops due to residual effect

of crop residue also reported by Kumari and Reddy (2010).
The higher availability of P to crops in summer season may
be because of relatively higher temperature (Brar and Bishnoi
1987). The residual effect of P levels applied to preceding
pigeonpea crop showed perceptible reduction in APPUE
during both years of study, and APUE in 2009 and PEIP
during 2010 with successive increment of P levels. This
could be ascribed to lower dry matter production and grain
yield and comparatively higher P uptake by the sunflower,
successive levels of P increase the P availability due to
fertility build up.

Direct application of NP had marked influences on
APUE, APPUE and PEIP during both the years. Direct effect
of 50% RD of NP had marked increase of APUE and APPUE,
over control and RD of NP. This may be due to the fact that
initial application of NP gave more response on dry matter
accumulation and yields of sunflower and latter responses
was declined as compared to previous unit of application. In
contrast and PEIP reduced with successive doses of NP up to
RD of NP due to increase in the P uptake with increase in
doses of NP.

REFERENCES

Badnur V P, Bellakki M A and Tolnur S I. 2000. Incorporation of
sunflower crop residues for integrated nutrient management of
rabi sorghum in Vertisol. Karnataka Journal of Agricultural



February 2013]

Sciences 13(3): 733-4.

Batish D R, Tung P, Singh H P and Kohli R K. 2002. Phytotoxicity
of sunflower residues against some summer season crops. Journal
of Agronomy and Crop Science 188(1): 19-24.

Batlang U and Shushu D D. 2007. Allelopathic activity of sunflower
(Helianthus annuus L.) on growth and nodulation of Bambara
groundnut (Vigna subterranea (L.) Verdc.). Journal of Agronomy
6(4): 541-17.

Batten G D, Fettell N A, Mead J A and Khan M A. 1999. Effect of
sowing date on the uptake and utilization of phosphorus by
wheat (cv. Osprey) grown in central New South Wales. Australian
Journal of Experimental Agriculture 39: 161-70.

Brar S P S and Bishnoi S R. 1987. Effect of temperature and soil
phosphorus status on the determination of extractable phosphorus
by Olsen’s method-Development of a correction factor. Analyst
112: 917-9.

Caspersen S, Sundin P, Munro M, Adalsteinsson S, Hooker J E and
Jensen P. 1999. Interactive effects of lettuce (Lactuca sativa L.),
irradince and ferulic acid in axenic, hydroponic culture. Plant
and Soil 210: 115-26.

Hedge R S and Miller D A. 1992. Scanning electron microscopy for
studying root morphology and anatomy in alfalfa autotoxicity.
Agronomy Journal 84: 618-20.

Idapuganti R G and Ahlawat I P S. 2007. Integrated phosphorus
management in pigeonpea (Cajanus cajan)-wheat (Triticum
aestivum) cropping system. Indian Journal of Agronomy 52(4):
289-293.

Jackson M L. 1973. Soil Chemical Analysis. Prentice Hall of India
Pvt. Ltd., New Delhi.

Kantwa S R, Ahlawat I P S and Gangaiah B. 2006. Performance of
sole and intercropped pigeonpea as influenced by land con-
figuration, post-monsoon irrigation and phosphorus fertilization.

EFFECT OF SUNFLOWER STOVER AND NUTRIENTS MANAGEMENT

209

Indian Journal of Agricultural Sciences 76(10): 635-7.

Karim A A and Ramasamy C. 2000. Expanding Frontiers of
Agriculture: Contemporary Issues. Kalyani Publishers, Ludhiana,
India.

Kumari C R and Reddy D S. 2010. Dynamics of N, P and K in rice-
groundnut cropping system as influenced by crop residue
incorporation and nitrogen management practices. Asian Journal
of Soil Science 4(2): 186-93.

Mahavishnan K, Prasad M and Rekha K B. 2005. Integrated
nutrient management in cotton-sunflower cropping system in
the sandy loam soils of north India. Journal of Tropical
Agriculture 43(1-2): 29-32.

Mangare P N, Shendurse S M, Matale S G and Nandapure S P.
2008. Effect of incorporation of crop residue on crop productivity
and economics under greengram-sunflower sequence. Green
Farming 2(1): 47-9.

Narwal S S, Palaniraj R , Sati S C and Rawat L S. 2003. Effects of
different parts of sunflower (Helianthus annuus) biomass on
wheat (Triticum aestivum). Journal of Ecobiology 15(5): 371-6.

Narwal S S, Singh T, Hooda J S and Kathuria M K. 1999. Allelopathic
effects of sunflower on succeeding summer crops. 1. Field studies
and bioassays. Allelopathy Journal 6(1): 35-48.

Olsen S R, Cole C V, Watanabe F S and Dean L A. 1954. Estimation
of available phosphorus in soils by extraction with sodium
bicarbonate. USDA Circ. No. 939, Washington.

Otani T and Ae N. 1996. Sensitivity of phosphorus uptake to
changes in root length and soil volume. Agricola Agronomy
Journal 88(3): 371-5.

Singh S S. 2004. Soil fertility and Nutrient Management, 2nd
edition. Kalyani Publishers, New Delhi.

Stanford S and English L. 1949. Use of flame photometer in rapid
soil tests for K and Ca. Agronomy Journal 41: 446-7.




<<
  /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


