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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 New Delhi,
to study the residual effect of sunflower (Helianthus annuus L.) stover and P management and direct effect of N and P on
productivity, nutrient uptake and economics of spring sunflower. Residual effects of sunflower stover incorporation and
30 kg P/ha and direct effect of recommended dose (RD) of NP (80 kg N + 15 kg P/ha) resulted in higher yield attributes,
seed, stover and biological yields, gross returns, net returns, B:C ratio and uptake of N, P and K. Residual effect of
sunflower stover incorporation increased seed yield of sunflower by 14.9 and 25.9% over the no stover incorporation
during 2009 and 2010, respectively. Residual effect of 30 kg P/ha caused 22.3% and 24.4% increase in the seed yield of
sunflower over the control during 2009 and 2010, respectively. Direct effect of RD of N and P (80 kg N + 15 kg P/ha)
recorded the maximum seed yield (2.85 and 2.57 tonnes/ha) during both the years, which was significantly higher than
50% RD of NP (2.56 and 2.27 tonnes/ha) and control (1.70 and 1.57 tonnes/ha). Increase in seed yield due to RD of NP
was 11.3 and 13.2% higher than 50% RD of NP and 67.6 and 63.7% than control. With regards to economics and nutrients
uptake, residual effect of sunflower stover incorporation and 30 kg P/ha recorded significantly higher values of gross
returns, net returns and B: C ratio and NPK uptake over control (no stover incorporation) and other P levels, respectively.
Among the different doses of NP applied to sunflower, direct effect of RD of NP (80 kg N + 15 kg P/ha) registered the
highest gross returns (64.11 x 103 and 6.13 x 103 ¥/ha), net returns (48.76 x 103 and 44.66 x 103 ¥/ha) and B:C ratio (3.19

and 2.80).
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A suitable combination of N and P is the most important
single factor that affects the yield and quality of sunflower
(Helianthus annuus L.). Growing of legumes in rotation with
cereals and oilseeds could increase soil N and general fertility
(Aulakh et al. 2004) and also incorporation of crop residue,
which are easily and inexpensively available on farm, in
such soil may have profound effect on crop yields and
rejuvenation of deteriorated soil productivity depending upon
the type of residue, seasons of application, fertilizer
application, soil moisture, etc. (Kabba and Aulakh 2004).

Since, crop residue and nutrients applied to preceding
crops exhibit residual effect on succeeding crops, fertilization
must be done keeping the whole cropping system in view
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rather than the individual crops. Crop residue incorporation
in sunflower also improved the pod yield of the succeeding
crop of groundnut (Aulakh and Garg 2007). Hence the residual
effect of nutrient on succeeding sunflower crop was studied.
Residual P improved the yield of succeeding wheat crop in
pigeonpea-wheat cropping system (Idapuganti and Ahlawat
2007). Since, sunflower is an exhaustive crop; pigeonpea in
the sequence is a good choice as it helps in building up the
nutrient status of soil being a leguminous crop. Keeping
these aspects in view, a fixed plot field experiment was
conducted to find out residual effect of sunflower stover and
P management and direct effect of N and P on productivity,
nutrient uptake and economics of spring sunflower. It was
carried out out to elucidate N and P requirement of sunflower
grown after pigeonpea having treatment of sunflower stover
incorporation and P levels.

MATERIALS AND METHODS

A fixed plot field experiment was carried out during
kharif and spring seasons of 2008—09 and 2009-10 to find
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out the N and P requirement of sunflower grown after
pigeonpea, which received treatments of sunflower stover
incorporation and P levels and sources. Experiment was
conducted at research farm of Division of Agronomy, Indian
Agricultural Research Institute, New Delhi which is situated
at a 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 (Subbiah and Asija 1956), 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). Field capacity,
permanent wilting point and bulk density recorded were
17.0% (w/w), 6.30% (w/w) and 1.46 Mg/m?, respectively in
0-15 cm soil depth.

Kharif season experiment was laid out in split-plot design,
assigning sunflower stover incorporation (8 tonnes/ha) and
no incorporation (control) to main plots and combination of
P levels and bio-fertilizers (Control, 15 kg P/ha, 15 kg P/ha
+ PSB, 30 kg P/ha) to sub-plots. The spring season experiment
was laid out in split-split plot design, in which N and P doses
to sunflower crop [(Control, 50% RD of NP, RD of NP (80
kg N+15 kg P/ha)] were applied 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 plot and 2.40 m x15.0 m
for sub plots and for 2.40 m x 4.0 m for sub-sub plots. N and
P to sunflower as per treatment supplied through urea (after
subtracting the N supplied from DAP) and diammonium
phosphate. The nitrogen was applied in two splits, half at
sowing and the remaining half at 30 DAS. Sunflower JK
Chitra was sown at the seed rate of 4 kg/ha. Sowing was
done by dibbling method on ridges spaced at 60 cm and plant
to plant spacing of 20 cm. Gap filling and thinning was also
done at appropriate stage. 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 in the
second fortnight of May during both the years of
experimentation.

Five plants were selected from net plot and head diameter
was measure and the average was worked out and expressed
in cm. Filled seeds of five sampled heads of sunflower were
counted manually and average was worked out after that
unfilled seeds of these sampled heads were counted manually
and average was worked out. Total seeds of sampled plants
were weighed and the average was expressed as seed yield/
plant (g). One thousand of seeds were counted by a seed
counter from the total seeds produce of each treatment and
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weighed and weight so recorded was expressed as 1 000-
seed weight (g). At the time of maturity the net plots (leaving
2 border rows on each side) were harvested and threshed and
sun-dried for three days in the field and then the stover yield
was recorded. After threshing, cleaning and drying the grain
yield was recorded and expressed in tonnes/ha. The economic
yield (Seed) was divided by the biological yield (Seed +
stover) and harvest index was calculated. The uptake of
nutrients was computed by multiplying dry matter
accumulation in hectare, seed and stover yields, by their
respective nutrient contents.

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 prices during the respective
crop seasons. Net returns were calculated by subtracting cost
of cultivation from gross returns. All the data obtained from
sunflower for two consecutive years of study were statistically
analyzed using the F-test the procedure given by Gomez and
Gomez (1984). Critical difference (CD) values at P=0.05
were used for determine the significance of differences
between means.

RESULTS AND DISCUSSION

Productivity

Yield attributes: Residual effect of sunflower stover
incorporation results significantly higher values of head
diameter (18.6 and 17.3 cm), filled seeds/head (1 137 and
1 122), seed yield/plant (42.9 and 37.9 g/plant) during both
the years of study and 1 000-seed weight (42.4 g) only during
2009 and significantly lower values of unfilled seeds/head
(187 and 194) during both the years over control (Table 1).
This attributed to the favourable effect of crop residue on soil
fertility (Hulugalle er al. 1996) and increased nutrient
availability (Collin et al. 1992), which attributed to better
partitioning of photosynthates from source to sink. When
nutrient content in soil is enough the diversion of nutrients
towards roots or below ground parts is checked and more
photosynthates are translocated to the head at the
commencement of reproductive phase. Since, head
development occurs late in the growth stage of sunflower, so
positive response of organic manures on yield attributes was
due to proper decomposition resulting in increased supply of
available plant material directly to the plants and increased
the nutrient and water-holding capacity of the soil for longer
time, which resulted into better growth and yield attributes
(Dayal and Agrawal 1999). Stover incorporation also
influences the physical properties of soil, which play a definite
role in the transformation of nutrients to available form
through their influence on organic matter mineralization
(Hillel 1972). Increased nutrient availability enhanced the
uptake of nutrients, which plays a major role in seed filling.
Residual effect of P levels markedly influenced all the yield
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Table 1 Residual effect of sunflower stover and P management and direct effect of NP on yield attributes of sunflower
Treatment Head diameter (cm)  Filled seeds/head Unfilled seeds/ head  Seed yield/ plant (g) 1000 seed weight (g)
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
Residual effect of SFS management
Control 16.3 15.0 1014 955 215 231 37.7 335 41.0 38.6
SFSI @ 8 t/ha 18.6 17.3 1137 1122 187 194 429 37.9 43.5 424
SEmz+ 0.18 0.19 7.1 6.7 44 4.90 0.67 0.58 0.35 0.36
CD (P=0.05) 1.12 1.18 429 40.7 26.7 29.82 4.10 3.50 2.15 2.17
Residual effect of P levels
Control 16.2 14.9 970 953 251 271 36.8 325 40.2 38.6
15 kg P/ha 17.1 15.8 1 061 1 044 197 208 39.8 35.1 41.6 40.0
15 kg P/ha+PSB 17.5 16.3 1107 1091 192 204 40.3 36.0 41.9 40.3
30 kg P/ha 18.9 17.6 1162 1 146 165 166 44.1 39.1 453 432
SEm+ 0.31 0.28 17.7 174 9.0 7.45 0.82 0.88 0.76 0.38
CD (P=0.05) 0.95 0.85 54.5 53.6 27.6 22.97 2.52 2.72 2.35 1.16
Direct effect of NP doses
Control 14.4 13.1 918 901 245 249 323 27.6 39.5 385
50% RD of NP 17.9 16.6 1104 1 088 203 216 41.2 37.2 424 40.8
RD of NP 20.0 18.7 1203 1186 156 172 473 422 44.8 423
SEmz+ 0.18 0.18 10.8 10.8 54 5.51 0.55 0.54 0.45 0.44
CD (P=0.05) 0.520 0.512 31.0 31.0 15.6 15.88 1.58 1.54 1.29 1.26

SFSI, Sunflower stover incorporation; RD of NP: 80 kg N+15 kg P/ha

attributes during both the years of study. Residual effect of
30 kg P/ha recorded larger head diameter (18.9 and 17.6 cm),
maximum filled seeds/head (1 162 and 1 146), seed yield/
plant (44.1 and 39.1 g/plant), 1 000 grain weight (45.3 and
43.2 g) and lowest number of unfilled seeds/head (165 and
166) of succeeding sunflower crop during both the years,
respectively. This remained significantly superior over the
rest of the P levels applied to preceding pigeonpea crop.
Because, only a fraction of applied P utilized by the preceding
pigeonpea crop. The increase in the available P after harvest
of pigeonpea was explained by the enhanced microbial activity
resulting in dissolution of soil P. Due to this, efficient and
greater partitioning of metabolites and adequate translocation
of nutrients to developing reproductive structures might have
taken place. Increase in yield attributes of wheat due to
residual effect of P in pigeonpea-wheat system were also
reported by Idapuganti and Ahlawat (2007). Due to direct
effect of recommended dose (RD) of NP (80 kg N+15 kg P/
ha) marked increase in various yield attributes, viz head
diameter, filled seeds/head, seed yield/plant and 1 000 seed
weight and reduction in number of unfilled seeds/head of
sunflower. It might be due to proper and balance supply of N
and P to the crop. Head diameter of sunflower increased with
the increase in nitrogen rate. Indeed, this effect was expected
because of positive contribution of nitrogen on plant growth.
Some research data of Oyinlola ef al. (2010) had also shown
that nitrogen fertilizer increased head diameter of sunflower.
Application of P has a positive effect on the head diameter
(Shivaprasad er al. 1996). NP fertilization leads to better

assimilation of carbohydrates and increased head size (Steer
et al. 1986). Better seed filling also might be due to the
increased metabolic activity. This better metabolic activity
might be due to the proper utilization of phosphorus in the
presence of nitrogen, which inturn in increased filled and
decreased unfilled seeds per head. A good supply of P at
sowing along with N in splits associated with root growth
and had absorbed plant nutrients and increased the test weight
(Sathya Priya et al. 2009). These findings are in conformity
with the results of Jahangir et al. (2006) and Skarpa and
Losak (2008).

Yields and harvest index: Perusal of data indicates that
residual effect of sunflower stover incorporation was
significant on seed, stover and biological yields, which
induced 14.9 % and 25.9% increment in seed, 9.3% and
19.4% in stover, 10.65% and 21.80% in biological yields and
2.40% and 3.20% in harvest index of sunflower over the
control in 2009 and 2010, respectively (Table 2). Incorporation
of crop residue in to the soil influencing the physical condition,
improve soil productivity and crop production (Schomberg
et al. 1994). Gradual improvement in yields of wheat, Indian
mustard and gram under complete residue incorporation of
sunflower by the end of fourth year of experiments were also
reported by Rana er al. (2004). Among the different levels of
P, residual effect of 30 kg P/ha recorded the significantly
higher seed (2.63 and 2.45 tonnes/ha), stover (4.32 and 4.00
tonnes/ha) and biological yields (6.73 and 6.31 tonnes/ha)
during both the years and harvest index (37.9%) only during
2010 over the residual effect of other P levels.This response
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Table 2 Residual effect of sunflower stover and P management and direct effect of NP on seed, stover and biological yield and harvest index

of sunflower

Treatment Seed yield Stover yield Biological yield Harvest index
(tonnes/ha) (tonnes /ha) (tonnes /ha) (%)
2009 2010 2009 2010 2009 2010 2009 2010
Residual effect of SFS management
Control 222 1.89 3.85 3.29 6.08 5.18 36.8 36.4
SFSI @ 8 t/ha 2.52 2.38 4.21 393 6.73 6.31 37.7 37.6
SEm=+ 0.02 0.02 0.04 0.03 0.06 0.05 0.09 0.17
CD (P=0.05) 0.14 0.14 0.24 0.21 0.36 0.30 0.55 1.07
Residual effect of P levels
Control 2.15 1.97 391 3.45 6.05 5.42 36.0 36.2
15 kg P/ha 2.33 2.04 4.01 3.48 6.34 5.51 36.8 36.8
15 kg P/ha+PSB 2.37 2.08 3.90 3.52 6.27 5.59 37.8 37.0
30 kg P/ha 2.63 2.45 432 4.00 6.95 6.45 38.3 379
SEm=+ 0.04 0.03 0.07 0.04 0.09 0.07 0.36 0.22
CD (P=0.05) 0.11 0.08 0.21 0.13 0.27 0.21 1.01 0.72
Direct effect of NP doses
Control 1.70 1.57 3.07 2.76 4.77 4.33 36.2 36.2
50% RD of NP 2.56 2.27 4.35 3.86 6.90 6.13 37.3 36.9
RD of NP 2.85 2.57 4.68 4.21 7.53 6.78 38.3 37.8
SEmz+ 0.02 0.03 0.05 0.05 0.06 0.08 0.19 0.26
CD (P =0.05) 0.06 0.90 0.14 0.13 0.17 0.24 0.56 0.75

SFSI, Sunflower sover incorporation; RD of NP: 80 kg N+15 kg P/ha

can be accounted for the positive response of agronomic
characteristics associated with yield attributes such as head
diameter, filled seeds/head and 1 000 seed weight. Similar
observations were also made by Reddy and Babu (2003).
Direct application of NP to sunflower caused significant
effect on yields of sunflower during both the years. Maximum
seed (2.85 and 2.57 tonnes/ha), stover (4.68 and 4.21 tonnes/
ha) and biological (7.53 and 6.78 tonnes/ha) yields and
harvest index (38.3 and 37.8%) during both the years were
recorded with the application of RD of NP (80 kg N + 15 kg
P/ha) although both the doses of NP remained significantly
superior over the control. This was probably due to the
higher availability of NP in the initial stage, which helped to
acquire a definite advantage over control in respect of growth.
Better partitioning of photosynthates from source to sink
might have led to higher yield attributes which finally resulted
into higher yield of sunflower. Many workers also
demonstrated the positive role of N and P on seed yield
(Tamak et al. 1997), stover yield (Nawaz et al. 2003),
biological yield (Mishra et al. 2010) and HI (Legha and Giri
1999) of sunflower.

Nutrient uptake

Residual effect of sunflower stover incorporation gave
significantly higher N (59.9 and 57.0 kg/ha), P (8.68 and
8.93 kg/ha) and K (25.60 and 24.90 kg/ha) uptake by seed
and N (25 and 24.4 kg/ha), P (8.57 and 9.80) and K (80.1 and
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71.9 kg/ha) uptake by stover as compared to no stover
incorporation (Table 3). Variation in nutrient uptake by seed
and stover might be due to variation in availability of nutrients
and yields under residual effect of sunflower stover
incorporation and control (no stover incorporation).
Improvements in nutrient uptake by succeeding crops due to
residual effect of organic sources of nutrients were also
reported by Mekki et al. (1999). N, P and K uptake by seed,
stover and (Seed + stover) by sunflower increased due to
residual effect of P levels up to 30 kg P/ha applied to
pigeonpea. This could be attributed to the fact that left over
P favoured the growth and crop yield increased N, P and K
content in grain and stover. Similar observation was also
made by Mishra and Giri 2004.

Among the NP doses directly applied to sunflower,
maximum values of N uptake (67.53 and 61.80 kg/ha), P
uptake (10.19 and 10.31 kg/ha) and K uptake (28.6 and 25.9
kg/ha) by seed was found with the RD of NP (80 kg N+15 kg
P/ha) which was significantly superior over the 50% RD of
NP. Similar trends were also found with N, P and K uptake
by stover during both the years of study. The total nutrient
uptake is the product of nutrients uptake by seed+stover
yields. Direct application of NP increased nutrient availability.
The increased nutrient uptake resulted from labile pool
maintained at higher levels under recommended dose of NP,
accompanied by root development and greater surface area
for absorption of nutrient in sunflower. Another possible
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Table 3 Residual effect of sunflower stover and P management and direct effect of NP on nutrients (NPK) uptake by seed, stover and total
(seed+stover) of sunflower

Treatment Nutrients uptake (kg/ha)
N P K
Seed Stover Total Seed Stover Total Seed Stover Total

2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010 2009 2010

Residual effect of SFS management

Control 50.2 43.0 21.1 181 71.3 61.1 7.11 597 673 640 139 124 17.8 156 654 555 832 711
SFSI @ 59.9 570 250 244 848 815 868 893 857 980 172 187 256 249 80.1 71.9 1056 96.8
8 t/ha
SEmz+ 03 05 04 03 06 08 009 005 013 009 02 02 04 01 05 06 1.0 06
CD 21 30 22 20 39 49 052 028 080 054 14 01 27 09 33 34 60 39
(P=0.05)

Residual effect of P levels

Control 489 456 216 188 705 643 668 586 638 651 13.1 124 194 182 69.2 60.5 88.6 78.7

15kg P/ha 539 474 230 200 769 674 7.68 673 741 735 151 141 214 19.0 725 61.3 938 803

15 kg P/ha 554 487 221 21.0 775 69.7 784 744 752 822 154 157 217 196 702 61.8 919 814

30 kg P/ha  62.0 583 254 254 874 837 939 977 929 1033 187 20.1 244 242 79.0 71.3 104.0 955
SEm=+ 1.2 07 05 03 14 09 018 022 016 023 03 04 06 03 1.4 08 16 09
CD 37 23 1.7 09 45 29 055 069 049 071 09 1.2 1.9 08 42 26 49 29
(P=0.05)

Direct effect of NP doses

Control 38.14 352 147 137 529 489 528 471 527 491 106 9.6 132 135 53.6 46.7 66.8 60.2

50% RD 5947 53.0 246 225 84.1 755 822 732 829 840 165 157 234 213 783 67.8 101.7 89.1

of NP

RDof NP 6753 61.8 29.7 27.6 97.3 894 10.19 1031 939 1099 19.6 21.3 28.6 259 86.3 76.7 114.9 102.6
SEm=+ 09 08 04 04 1.1 1.1 0.15 0.19 0.14 024 02 04 03 03 1.0 08 1.1 1.0
CD 25 23 1.1 1.2 31 33 044 056 040 070 0.7 1.1 09 09 29 24 32 30
(P=0.05)

SFSI, Sunflower stover incorporation; RD of NP: 80 kg N+15 kg P/ha

Table 4 Residual effect of sunflower stover and P management and direct effect of NP on economics of sunflower

Treatment Cost of cultivation Gross returns Net returns B:C
(x10° Z/ha) (x10° %/ha) (x10° %/ha) ratio
2009 2010 2009 2010 2009 2010 2009 2010
Residual effect of SFS management
Control 14.74 15.87 50.04 45.04 35.30 29.18 2.38 1.83
SFSI @8 t/ha 14.74 15.87 56.56 56.77 41.82 40.90 2.86 2.57
SEmz+ 0.51 0.53 0.15 0.53 0.01 0.03
CD (P=0.05) 3.08 3.25 0.88 3.20 0.06 0.20
Residual effect of P levels
Control 14.74 15.87 48.31 47.06 33.56 31.19 2.31 1.95
15 kg P/ha 14.74 15.87 52.51 48.52 37.76 32.66 2.55 2.06
15 kg P/ha+PSB 14.74 15.87 53.19 49.65 38.45 33.79 2.63 2.09
30 kg P/ha 14.74 15.87 59.20 58.38 44.46 42.52 3.00 2.69
SEmz+ 0.79 0.65 0.49 0.47 0.03 0.03
CD (P=0.05) 243 1.99 1.51 1.44 0.10 0.09
Direct effect of NP doses
Control 14.13 15.26 38.33 37.48 24.12 22.23 1.72 1.44
50% RD of NP 14.74 15.87 57.47 54.01 42.73 38.23 2.97 2.35
RD of NP 15.35 16.47 64.11 61.13 48.76 44.66 3.19 2.80
SEm+ 0.44 0.75 0.35 0.52 0.02 0.03
CD (P=0.05) 1.27 2.16 1.00 1.50 0.07 0.09

SFSI, Sunflower stover incorporation; RD of NP: 80 kg N+15 kg P/ha
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reason is the synergetic interrelationship between NP on
metabolism of plant cells and combined application of NP
which enhanced the biomass production. Similar observations
were also made by Muralidharudu et al. (2003) and Mishra
et al. (2010).

Economics

During both the years of experimentation, residual effect
of sunflower stover incorporation recorded the maximum
gross returns (56.56 x 10 and 56.77 x 10*%/ha), net returns
(41.82 x 10° and 40.90 x 10* ¥/ha) and B:C ratio (2.86 and
2.57) over the control (no stover incorporation). This may be
attributed due to build up of soil fertility and productivity
over the time due to sunflower stover incorporation. The
results are in close conformity with the findings of Badnur et
al. (2000) and Mangare et al. (2008). Residual effect of 30
kg P/ha produced the maximum gross returns (59.20 x 10°
and 58.38 x 10° ¥/ha), net returns (44.46 x 10° and 42.52 x
10* T/ha) and B:C ratio (3.00 and 2.69). This could be
ascribed to the fact that substantial fraction of P applied to
pigeonpea was utilized by succeeding sunflower crop resulted
in improvement in yield of sunflower without any increment
in cost of cultivation, which consequently reflected in gross
returns, net returns and B:C ratio accrued from sunflower
crop.With regards to the direct effect of N and P doses, direct
effect of RD of NP (80 kg N + 15 kg P/ha) registered the
highest gross returns (64.11 x 10* and 61.13 x 10° /ha), net
returns (48.76 x 10°* and 44.66 x 10° ¥/ha) and B:C ratio
(3.19 and 2.80) during both the years. This might be due to
higher requirement of sunflower for nutrients especially N
and P which were liberally available to crop at higher levels,
resulting in higher grain and stover yield. This finding is
corroborated by Malik er al. (2004) and Jahangir et al.
(2006).
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