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Yield of Sunflower (Helianthus annuus L)) Influenced by
Irrigation and Potassium Levels
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ABSTRACT
The field experiment was conducted during summer 2019 and 2021 at the Main Agriculture Research
Station (MARS), University of Agricultural Sciences, Dharwad, Karnataka on medium deep black clayey
soils to evaluate the effect of irrigation and potassium levels on sunflower. The treatments included four
irrigation regimes (Irrigation at 0.4, 06, 08 and 1.0 IW/CPE ratio) and four potassium levels (application
of potassium @ 0, 45, 60 and 75 kg/ha). Results revealed that scheduling of irrigation at 1.0 IW/CPE
(2144 kg/ha) and 0.8 IW/CPE (2067 kg/ha) recorded significantly higher on par grain yield as compared
to other irrigation levels. Further, application of potassium @ 75 kg/ha (2031 kg/ha) and 60 kg/ha (1983
kg/ha) recorded significantly higher and on par grain yield over other treatments. The combined effect
of irrigation at 1.0 IW/CPE with application of potassium @ 75, 60 and 45 kg/ha enhanced the yield
attributes and yield as compared to rest of the treatment combination. Irrigation at 0.4 IW/CPE ratio
with no potassium application recorded significantly lower growth and yield parameters of sunflower.
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INTRODUCTION

Sunflower is one among the seven edible
oilseeds with 48 to 53 per cent edible oil and 16
per cent proteins, making it both an oil and protein
species. It competes on both vegetable oils market
led by palm oil and the other driven by soybean for
vegetable protein-rich products. India accounts for
about 15 to 20 per cent of the global oilseeds area,
6 to 7 per cent of vegetable oils production and 9
to 10 per cent of the total edible oils consumption
(Kumar and Tiwari, 2020). However, the average
national productivity is much lower (931 kg/ha).
The reasons for the low productivity of sunflower
in India are due to unavailability of adequate
soil moisture and nutrients especially during
winter and summer, erratic rainfall, poor nutrient
management, low solar radiation and bud necrosis
during the rainy season. In India, the majority of
the oilseeds are cultivated under rainfed ecosystem
(70%). However, the crop is often subjected to

moisture stress and only 28 per cent of the area is
covered under irrigation. As agricultural land area
is inelastic, the enhancement of productivity is the
only alternative. Hence, special attention is needed
to achieve the goal of increasing and stabilizing
agricultural production in moisture deficit areas.

Under emerging water scarcities in the face
of global warming, optimization of irrigation and
nutrient inputs is essential to maximize input use
efficiency. Scheduling irrigation based on data of
pan evaporation is likely to increase agricultural
production at least by 15 to 20 per cent (Dastane,
1972). Considering the strong relationship between
the pan evaporation and crop evapotranspiration,
particularly in semi-arid tropics, the IW/CPE
ratio has been suggested as a practical approach
for irrigation scheduling, as it integrates all the
weather parameters giving their natural weightage
in a given soil-water plant continuum (Parihar et al,
1975). Further, nutrients are the essential elemental
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components of soil required for plant growth and
architecture. Among macro-nutrients, potassium
is an essential nutrient and plays a key role in
improving crop yield and quality of the produce.

MATERIALS AND METHODS

The field experiment was conducted during
summer 2019 and 2021 at the Main Agriculture
Research Station(MARS), University of Agricultural
Sciences, Dharwad (Karnataka), situated at 15°26’
N latitude, 75°07 E longitude and at an altitude of
678 m above mean sea level. The research station
comes under Northern Transition Zone (Zone-8) of
Karnataka. The soil type of the experimental site
was medium black (vertisols) and clayey in texture.
The soil was neutral to slightly alkaline in reaction
(7.78) with normal in electrical conductivity (0.36
dS m™), medium in organic carbon content (0.49
%), medium in available of nitrogen (272.4 kg/ha)
and phosphorus (32.1 kg/ha) and high in available
potassium (318.8 kg/ha). The bulk density of top
soil (30 cm) was 1.24 g cc’!, with field capacity
of 32.40 per cent and permanent wilting point of
18.00 per cent. The mean maximum temperatures
recorded during crop growth period were highest in
April first fortnight (37.1 °C during 2019 and 35.8
°C during 2021) and lowest were in February first
fortnight (31.6 °C during 2019 and 30.0 °C during
2021). The total rainfall received during crop period
in 2019 and 2021 were 54.50 mm with 6 rainy days
and 113.04 mm with 9 rainy days, respectively. The
average evaporation rate during the crop period was
7.64 mm/day during 2019 and 5.79 mm/day during
2021.

The experiment was laid out in split plot design
with three replications and sixteen treatment
combinations. The main plot consisted of four
irrigation regimes viz., I : Irrigation at 0.4 TW/
CPE ratio, I,: Irrigation at 0.6 IW/CPE ratio, 1.:
Irrigation at 0.8 IW/CPE ratio and I: Irrigation
at 1.0 IW/CPE ratio. Whereas, sub plot consisted
of four potassium levels viz., K : no potassium
application, K.: application of potassium @ 45 kg/
ha, K,: application of potassium @ 60 kg/ha and

411

K,: application of potassium @ 75 kg/ha. The net
plot area was 4.2 m x 3.0 m and hybrid grown was
DSFH-3 at the recommended spacing of 60 cm % 30
cm. Crop was planted on February 11" and harvested
on May 13" in 2019 and planted on January 21 and
harvested on April 27" in 2021.

To ensure uniform  germination and
establishment of the crop, immediately after
sowing the field was irrigated with sprinkler and
two more general irrigations were given at 5 to
6d interval. Furrows were made twenty days after
sowing (DAS) and irrigation was scheduled based
on IW/CPE ratio approach. The depth of irrigation
water was fixed to 60 mm. The quantity of water
discharged was measured by volumetric method
and the volume of water required to apply 60 mm
of water was calculated by formula,

W=Axdx 1000

Where,

W = Quantity of water (L)

A = Plot area in (m?)

d = Depth of irrigation water (m)

Irrigation was scheduled using daily pan
evaporation data recorded from USWB Class-A
open pan evaporimeter from the meteorological
observatory, MARS, Dharwad during cropping
period. Irrigation was scheduled with cumulative
pan evaporation (CPE) of 150, 100, 75 and 60 mm
inl, I, I,and I, respectively. The nitrogen (90 kg/
ha), phosphorus (90 kg/ha), potassium (0, 45, 60
and 75 kg/ha in K, K, K, and K, respectively),
zinc (10 kg/ha) and boron (0.5 %) were applied in
the form of urea, diammonium phosphate (DAP),
muriate of potash (MOP), zinc sulphate and borax,
respectively. 50 per cent of recommended dose of
nitrogen and potassium along with 100 per cent
of phosphorous and zinc were applied as per the
treatments at the time of sowing. The remaining
nitrogen and potassium were applied as top dressing
at 45 DAS. Foliar application of borax @ 0.5 per
cent at ray floret initiation stage (50 DAS).
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TEBAE RESULTS AND DISCUSSION
§ N o - < The two years (pooled) data revealed that
— — yield attributes and yield of sunflower differed
151455 significantly due to irrigation and potassium levels
I il I e s and their interaction effects. Irrigation at 1.0 TW/
= A Do o e [T CPE ratio recorded significantly higher capitulum
SRR EIRE el Il e diameter (14.9 cm) and number of seeds capitulum!
™ el sy ol B (LE (1242)as compared to other treatments. Maintenance
=z s 2 ]: of desired soil moisture status throughout the
@ == =218 o growing period helped in maintaining a higher
% i Al A leaf water energy and photosynthetic efficiency
E =15 55 PR leading to production of larger capitulum which
= == = held more number of grains. Peak consumptive
2 L= water use in sunflower was noticed at reproductive
S i Bl D g hase. Ensuring the soil moisture status to meet
3 2|24 S| phase. g
= - the evapotranspiration demands and not exposing
< g 13 Ilaleln crop to any sort of moisture stress during this phase
g ot I B B Bl T s resulted in better floral development, pollination
‘52 S I e and fertilization. Hence, the size of sink was
= § by ,_r:‘f; = % 3 :‘i gl<|n]e sufficient enough for translocation and assimilation
o (ep) S .
E ”; & (===~ ” il el of photosynthates from the source. Increase in the
s |3 =15 121 size of capitulum and number of seeds capitulum
25 IR o . . .
£ |£ ol 1R b = with increasing irrigation regimes were also
ol g T recorded by Hittinahalli (1998) and Gurumurthy
g l=le|al4 & et al (2008). Fqﬂher, significantly higher and‘on
2 1212 2| = par 100 seed weight was recorded with scheduling
2 of irrigation at 1.0 (4.12 g) and 0.8 (4.10 g) IW/
= g :C; ::l 2 3 CPE ratio. Higher test weight was associated with
E S|==|Z= the favourable soil moisture throughout the crop
5 NN growth period than other irrigation regimes. The
g — i 3 2 cla increased test weight with increase in the water
= ll Al Bkl B B supply was also reported by Abdou et al (2011),
2 - s s |z |2 e | ™ N Moitra et al (2012) and Brar ef al (2016). The better
S § el B B el N b 5 Slo|s yield attributes resulted in significantly higher grain
5 i Al el A 12 yield of 43.6 and 42.1 g/plant with irrigation at 1.0
g IESE 3| and 0.8 IW/CPE ratio, respectively. With the higher
-_g gl b=l K e Rl yield attributes with irrigation at 1.0 and 0.8 TW/
£ ~ CPE ratio recorded significantly higher and on par
% BEIEYEAES i grain yield 2144 and 2067 kg/ha. These results
= =[==2 = were in conformity with the findings of Meti et a/
8 = (2004), Ramamoorthy et al (2009) and Dar et al
= | & (2021). On the contrary, scheduling of irrigation at
L |g _ § . M 0.4 IW/CPE recorded significantly the lowest grain
E = NIFINNMNNE SN yield (1643 kg/ha). The yield reduction was due to
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Yield of Sunflower (Helianthus Annuus L) Influenced by Irrigation

slef.]a]. considferable refiuction inyield attributing traits such
SRR as capitulum diameter (11.7 cm), number of seeds
Z| ||| capitulum™ (1,108), 100 seed weight (3.59 g) and
RN N PRPY grain yield/plant (33.7 g). The significant reduction
R el Bch e ) in yield attributes with irrigation at 0.4 ITW/CPE
might be related to prolonged and increased low
é & ?: ?g Jé; moisture availability, which lowered the biomass
e || || accumulation and translocation of assimilates.
oo o s |, These results fall in line with the findings of Reddy
SRS et al (2004), Alahdadi er al (2011), Geetha et al
- Rl Kacl Kach Kacl Kach B (2012) and Kassab et al (2012).
T; ié % Slalels 5 2|g|x Similarly, applica'tiop of potasgium @ 75 and
= El—]en|en|en|en|en|r|S|c|S 60 kg/ha recorded significantly higher capitulum
§ Slelalels diameter (14.1 c¢cm), number of seeds capitulum!
‘2 S| TS5 (1227), grain weight (41.3 g/plant), 100 seed
g weight (3.93 g), grain yield (2031 kg/ha) and stalk
_g“ N ENERFA S yield (3987 kg/ha) as compared to other potassium
£ A2 S levels. However, it remained on par with application
] of potassium @ 60 kg/ha . Potassium being an
§ Er ala é 3 essential nutrient affects most of the biochemical and
o0 o |[S|=[R]|A . . .

o AwlF|Flal = physiological processes that influence plant growth
g ﬁ and metabolism. The uptake rate of potassium
s ESES RN FNE-S reaches its maximum during the late vegetative
20 S I I I el B phase and early reproductive phase. Hence, the split
= . - H application of potassium synchronised peak uptake
2108 1elzlzlxlalElzlzls demand, which aided in capitulum expansion and
§ S| S| ||| || S| S| higher number of seeds capitulum™. Further, the
5 Slelzlalz transpiration influences the translocation of carbon
= ﬁ o I Il and nitrogen compounds from source to sink.
E Potassium through its effect on stomatal function
s I‘E\ olelels controls the rate of transpiration and consequently
2 A2 the root-shoot transport of mineral salts, nitrate
= < e and amino acids (Marschner, 1995; Schobert et
S| N i’p ARSI al, 1998). The potassium concentration controls
“2 g it aall il i B the membrane potential of sieve tube (Wright and
= | 3 21213 |s, Fischer, 1981) and phloem loading of sucrose.
%‘3 = ASISIS 2% Potassium regulates activation and functioning of
s @ H invertase in sink organs (Oparka, 1990). It also
§ 22 ?E ?g % Sl 5 alol= provides the energy needed for the transmembrane

2 S| J¥f¥ ! . . .
S Rk e R R R B B A K K phloem reloading process (Gajdanowicz et al,
S = 2011). Hence, application of potassium (@ 75 and 60
- g ; kg/ha enhanced channelization of photosynthates
ﬁ B = 1 1.1 18> f to reproductive parts during grain filling period,
S e [2|M[M4]M| M) E v =] = resulting in higher grain yield/plant and increased
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Yield of Sunflower (Helianthus Annuus L) Influenced by Irrigation

slele]z ]z 100 seed weight. Thus, recorded significantly
2 e 3 § higher grain yield. These results are similar to the

findings of Chaudhry and Mushtaq (1999), Siddiqui
r é % ;:i § % et al (2009) and Banerjee et al (2014).

i AR AN AN A Irrigation at 1.0 IW/CPE ratio with application of
< s lelalale] potassium @) 75 kg/ha recorded significantly higher
HlEEIEINE EIF]=|5 capitulum diameter (15.8 cm), number of seeds
& [~ e capitulum™ (1307), grain weight (46.2 g/plant),

r j’: é ?A ?ﬁ\ & 100 seed weight (4.25 g), grain yield (2278 kg/ha)
clz|=l2f= and stalk yield (4175 kg/ha) as compared to other

T 1= =10 treatment combinations. The next treatment in order

. 5;% :E j‘% % g was irrigation at 0.8 IW/CPE ratio with application
2 i el il Al A of potassium @ 75 and 60 kg/ha. No moisture and
E 52| % ‘(;3 & nutrient stress at reproductive phase of the crop
= Sl=|zl2f2 with irrigation at 1.0 and 0.8 IW/CPE along with
; L LI application of potassium @ 75 and 60 kg/ha created
g | 1= % % % =g a favourable environment for better development
g :g = || of sink (significantly higher capitulum diameter).
T | < s e [ = |+ Availability of optimum water in the rhizosphere
s 5 § 1 § § QL § LTEJ IR along with optimum amount of potassium might
g 2 tnll N N AN N o have resulted in active photosynthetic area during
?:” £ s [z 2 |s s grain filling stage. Further, the rate of translocation
: 5 — § § :‘E § N depends on transpiration rates. Potassium though
S il Al Al Al not a major component of plant structure and
ED N EAEN A N any organic molecule, plays a significant role in
= — E 212312 functioning of stomata. Besides, with enough
E i Al el moisture in the rhizosphere potassium regulated
= R EIEY stomatal movement in such a way to transpire
2 S| =288 more and thus increased the rate of translocation
2 1T 1.1, of assimilates from source to sink. This resulted
E 2 % Z1%|= in significantly more number of seeds capitulum'
2 Al A A A (Table 2), higher 100 seed weight (Table 3), grain
= o N P P I I yield.plant (Table 4), grain yield (Table 5) and stalk
s =~ b A N A b= R E RS ield (Table 6). However, lower irrigation regimes
> 4 Llelgla(=]= yie > g g
= i A S B A 2 (0.4 and 0.6 IW/CPE ratio) with no potassium
E 1z % & ?g o app}ication recprded signiﬁcaqtly lpwer y‘ield
_g IS ERIEIE attributes and yield. The low soil moisture might
= have reduced the water energy in the guard cells
i . jgo % % ch; % and promoted stomatal closure, which was further
‘= il Bl Al Al A aggravated by the abscisic acid synthesis and
(S = ethylene production due to potassium deficiency
v |2 (Tanaka et al, 2005). This resulted in decreased
ﬁ § Y I I I g = f CO, fixation rate (Lawlor and Cornic, 2002) and
S |5 MMM E] s =[] = increased canopy temperature due to low gaseous
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Yield of Sunflower (Helianthus Annuus L) Influenced by Irrigation

exchange (especially water vapour). This might
have resulted in lower rate of photosynthesis,
translocation and assimilation of photosynthates,
which led to significantly lower yield attributes and
yield. These results fall in line with the findings of
Dar et al ( 2021).
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