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f rainfed sunflower (Helianthus annuus L.)
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Abstract: Ficld experiments were carried out
Coimbatore, during the Northeast monsoon

and 1988 in split plot design
on sced, oil yield and economics of
main plot consisted of three plant

— 641 003,

at Tamil Nadu Agricultural University,
(October — December) scasons of 1997

to study the influence of plant population and N splits
rainfed sunflower (Helianthus annuus 1L.), The
poulations (1,33,333 plants ha', 1,11,111 plants

ha' and 88, 888 plants ha') and the sub - plot treatments of six N split - levels,

The results revealed that the seed,
(30x25 cm) spacing in 1997 and

oil yield and economic return were higher at closer
at wider spacing (30 x 37.5 cm) in 1998 due to

wider variation in rainfall distrih'ut_inn. In both years the spilt application of nitrogen
resulted in higher sced, oil yield and economic return when compared to full basal

application.
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“introduction

Sunflower is an important oil seed crop
in arid and semi-arid regions, ranking third
in the world after soybean and groundnut in
edible oil production. Being a photo insensitive
crop, sunflower has a wide range of adaptability
lo different agro climatic conditions. However,
under rainfed conditions where soil moisture
is a limiting factor, maintaining an optimum
plant population by adopling appropriate crop
geometry is an imporiant optimum factor in
increasing yields (Subba Reddy et al 1997).
Yield could be further increased by the application
of fertilizer, particularly nitrogen (Tenebe
et al. 1996). Here again the nitrogen needs
to be applied in split doses in order (0 meet
the requirements at critical stages of crop growth,
which would promote the seed yield and in
turn the oil yield of sunflower (Krishna Reddy
et al. 1992). It was against this background
that the field investigation was carried oul under
rainfed conditions 1o study the influence of
plant population and split application of nitrogen
on sunflower.

Materials and Methods

Field experiments on sunflower were carried
out at Tamil Nadu Agricultural University,
Coimbatore, during the Northeast monsoon
(October ~ December) season of 1997 and 1998
to find out the influence of plant population
and N splits on seed, oil yield and economics
of rainfed sunflower. The soil of the experiment
field was low in available N (210 kg N ha'),
medium in available P (17.5 kg P,O, ha')
and high in available K (460 kg K,O ha').
The electrical. conductivity of the soil was
0.42 dSm™* and thr pH was 8.2. The sunflower
variety CO2, with field duration of 87 days,
was used in the trail. The sceds were sown
by dibbling 2 to 3 seeds hill' in a flat bed
with a row spacing of 30 em and plant spacing
as per the treatment schedule,

The experiments were laid out in a split
plot design replicated three times, The treatment
details were us follows:
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Table 1. Influence of plant population and split application of N on seed, oil and straw yield of rainfe;

sunflower. .
Treatments Seed yield 0il yield Straw yield Oil content
(kg ba) (kg ha') (kg ha') | (%)

1997 - 1998 1997 1998 1997 1998 1997 1998
P 741 1022 2745 3747 4063 3524 37.05 = 36.70
P2 757 953 281.4 3498 4217 3802 3717 - 36.74
P3 810 838 301.2 3058 4963 4587 37.18.. . 36.79
SEd 8 4 5.4 16.3 80 47 009 . 0.07
CD (P=0.05) 24 1 148 439 223 130 NS NS
NI 730 938 2718 3450 3789 4094 3723 368
N2 762 998 2829 361.0 4252 4315 37.13 362
N3 746 883 2769 331.0 4520 3520 3712 315
N4 812 932 301.0 3375 4480 3871 37.01 362
N5 774 911 288.1 3389 4688 3826 3220 372
NG 792 064 293.8 3477 4757 419 3710 36.1
SEd -2l 6 1107 83 79 71 0.16 090
CD (P=0.05) 42 13 21 168 162 144 - N8 NS

Table 2. Influence of plant population and split application of N on economics of rainfed sunflowe:

Trealments Gross return Net return - B:C ratio
(Rs. ha') (Rs. ha')
1997 1998 1997 1998 1997 1998
P1 ';'"4 10 10200 4293 7071 2.38 3.25
P2 7570 9530 4438 6369 242 3.01
P3 8100 8380 4948 5203 2.57 2.64
N1 7300 9380 4214 6264 2.37 . 3.01
N2 7620 9980 4498 6829 2.4 3.17
N3 7460 8830 4338 3679 239 2.80
N4 8120 9320 4963 6134 2.57 2.93
N5 ) 7740 0110 4583 - 5924 2.45 2.86
N6 7920 9640 4763 6454 2.51 3.03
I Main Plot: Plant Population IT Sub plot: Nitrogen split application
P, : B0% ofrecommended plant population N, Full basal (40 kg N ha')
(30 X 37.5 cm) N, % basal + % in the 4th week after
P, : 100% of recommend plant population sowing with rain
(30 X-30 cm) N, % basal + % in the 6th week after
P, : 120% of recommended plant population sowing with rain -
(30 X 25 cm) N, % basal + % in the 4th week after

sowing + % in the 6th week after
sowing with rain
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N; Y2 basal + 1/3 in the 4th week -after
sowing + 1/3 in the 6th week afler
sowing with rain

e Y basal + % in the 4th week afier

sowing -+ % in the 6th week after
sowing. with rain

The time fertilizer application was fixed

-'ased on the simple water balance model results,
Jertilizer was scheduled, to be applied only
'then there is greater chance for getting 15mm
-if rainfall or more, during that particular week
nd soil moisture is sufficient enough. During
997 a total rainfall of 21.9 mm and 45.5
nm were received during the 4th and 6th
veek after sowing and corresponding mean soil
‘Nailable moisture on 4th and 6th week was
.6 mm and 44.8 mm, respectively.

Of the recommend rate of NP and K
1. 40: 20: 20: kg ha' nitrogen was applied
!JE splits ‘as per the treatment schedule, the
Jatire doses of P,O; and K,O were applied
iasely to all the treatments. The amount of
ainfall received during the cropping period
-#as 598 mm and 571 mm distributed over
43 and 20 rainy days during 1997 and 1998,
“espectively. The seed yield from each net plot
-rea was recorded al 14% moisture level and
:xpressed in kg ha'. The oil content of the
seed was estimated using a Nuclear Magnetic
:Resonance (NMR) spectrometer (Bruter Minispe
2,0 model) against a standard reference sample
Granlund and Zimmerman, 1975). The data
-ecorded were analyzed stalistically following
he procedure given by Gomez and Gomez
'1984). Since the study was conducted under
rainfed condifions and the distribution of rainfall
differed widely between the years (1997 and
:1998), pooled analysis of data was not done
and only the data for individual years are presented
‘and discussed.

Results and Discussion

 Influence of plant papulation on seed, oil and
straw yield

The various spacing-tested in both years
significantly influenced the sunflower seed, oil
and straw yield. A closer spacing of 30 x25
cm (1,33,333 plants ha') gave a significantly
higher yield than wider spacing of 30 X 30
cm and 30 X 37.5 cm in 1997. Though the
yield altributes had higher values on a per
plant basis under the widest plant spacing of
30 X 37.5 cm, the yield was higher under
closer spacing due to the more number of
plants ha', The increased plant population per
unit area compensaled the percentage yield loss
due to competition at higher density. The
higher values of yield components at greater
plant density were the result of the better utilization
of rainfall in a favourable environment and
effective moisture utilization during high rainfall
(Reddy and Gajendra Giri, 1997). During 1998,
the increase in yield parameters at the lowest
plant density of 88,888 plants ha' produced
a higher seed yiel on a per hectare basis.
The spacing of 30 x 37.5 cmr gave significantly
higher seed yield when compared to closer
spacing 30 x 30 and 30 x 25 cm. This may
possibly be due to the severe competition between
the plants under closer spacing, especially during
the moisture stress experienced in the vegetative
and early in the cropping period of 1998 (571mm)
was 78% higher than the normal seasonal
rainfall of 321 mm, the distribution was not
uniform since there was. higher intensity of
rainfall on a smaller number of rainy days.
This situation led to greater soil moisture deficit
al higher plant population levels because of
greater competilion between the plants, It was
also evidenl [rom other studies on sunflower
that in relatively dry years an increased plant
population cannot complete with the yields obtained
at lower plant densities on a per plant basis
(Dhoble er al. 1988). Rao and Reddy (1995)
also reported the advantages of sub optimal
plant populations under stress conditions. Higher
seed yield on per hectare basis and more oil
content might be the reason for increased oil
yield in Doth the year.

The straw yield was significantly higher
under the closure spacing of 30 %25 em (1,323,333
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plants ha') when compared to other two plant
population levels (1,11,111 plants ha* and 88,888
plants ha') irrespective of years of study. This
may be duc to higher dry matter accumulation
under higher plant density in both favorable
and unfavorable seasons. Even though the soil
moisture stress al vegetative and early reproductive
stages during 1998 restricted the synthesis of
assimilates in slorage organs (the caplimuni),
the total dry matler accumulated in the leaves
and slem were not affected indicating that
sunflower is highly flexible in producing total
dry matter rather than the dry matter production
accumulated for the captimum alone. Similar
results of increased stalk yield with higher
plant density under rainfed situation were reported
by Umrani and Bhoi, (1985).

Influence of split application of N resulted
in significant improvement in the seed yield
of sunflower. The application of nitrogen in
three splits (1/2 basal + % in the 4th week
after sowing + % 'in the 6th week after sowing
with rain) increased the seed yield (812 kg
ha') by 11.2% over the seed yield (730- kg
ba) of full basal application of N (Table 1).
The higher seed yield obtained with split application
of N was due to better growth and yield attributes
of sunflower in the favourable monsoon seasons
in the year 1997, where there were fewer dry
spells during the crop season. The better
translocation of photosynthates to the reproductive
parts was responsible for the improvement in
the yield attributes and yield of sunflower (Reddy
and Gajendra Giri,1997). However, in 1998
the application of nitrogen in two equal splits
(1/2 basal + Y2 in the 4th week after sowing
with rain) resulted in 9.53% higher seed yicld
(998 kg ha') compared with the seed vyield
(932 kg ha') of three split application of
N (172 basal + % in the 4th week afler sowing
+ % in the 6th week afler sowing with rain)
(Table 1). This might be due to intermitient
dry fells after the 4th week, which created a
soil moisture deficit resulting in reduced nutrient
uptake by sunflower at the aclive vegetative
and {lowering stages, leading to a reduced seed
yield in the three — split N application.
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Application of nitrogen in three spliﬂ
(1/4 basal + % on 4th week after scwmI
+ Y% on Gth week after sowing) produced 25
per cent greater stalk yield than full basy'
application. Split application of nitrogen nll’
flowering could accumnlate more food mulerl::,
because of elfeclive nitrogen utilization unde’,
adequate moisture conditions (Jayaraman, 198 8]'
When the rainfall is more frequent, split appllcahn
of nitrogen could avoid various types of ¥
losses. In 1998, nilrogen application in lwcl
equal splits (1/2 basal + Y on 4th week afte!
sowing with rain ) had 22.6 per cent highe
stalk yield than nitrogen applied in two equa;

splits (1/2 N basal + % on 6th week ‘aft!

sowing). This indicated that in 1998 the croj
might have suffered due to water stress jnduce;]
nitrogen stress at late vegetative and early flowerixj
stages. Though during 1998 the terminal fa:
sunflower of crop has received above norm:
rainfall, which soaked soil thoroughly, the lo'|
occurred due to water and nutrient stress i
critical stages could not be compensated.

, In 1997, highest benefit: cost ratio wat
observed that in the treatment combination ol
higher plant population with three nitrogen splil,
application. But in 1998, lower plant population

~with two equal spits before 30DAS (1/2 basal

+ %2 on 4th week after sowing) with receipt

_ of rainfall recorded higher nel return and benefit:

cost ratio (Table 2). The difference in net
return and B:C ratio between the treatments
was caused only by the variation in seed yield
in both the years.

From the study, it is concluded that the
highest plant population of 1,33,333 plants;
ha' combined with in 3 splits (12 N basal|
+ Y in the 4th week after sowing + %’ 1:1[
the 6th week after sowing with rain) was hf:.s!
for obtaining higher yields in sunflower under|
rainfed cnndmuns with a high, uniform distribution
of rainfall. However, when there is moisture
stress in the vegetative and flowering stages
due to the uneven distribution of rainfall, the

lowest plant population of 88,888 plants

ha' combined with recommended N in 2 sphls
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12 + % in the 4th week afler sowing with
1in) was found fo be the best treatments for
btaiu_in:g higher seed, oil and straw yield and
conomic return in rainfed sunflower.
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