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Abstract

Aim: To study the effect of deficit irrigation on yield and water productivity of sunflower in East and South eastern coastal plains of Odisha.
Methodology: The present study on water productivity was undertaken
using hybrid sunflower (Swathi: NSFH-145) with application of deficit
irrigation having Management Allowable Deficit level of 20%, 40%, 60% and
one farmers’ practice of 70% MAD level of irrigation. Growth attributes like
leaf area Index, plant height, and head diameter were recorded at 20, 45, 65
and 80 days after sowing. Yield attributes like 1000 seed weight (test weight),
above ground biomass and grain yield, were recorded after threshing.

Applying deficit irrigation (20%, 40%, 60% and 70% MAD levels)

Collection of crop yield and growth attributes under deficit irrigation
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Results: The growth, yield and water productivity of sunflower were
significantly influenced by different irrigation levels. Irrigation scheduling at
20% MAD level showed the highest grain yield, while the lowest yield was
obtained from the farmers’ practice. Irrigation at 60% MAD level showed the
highest water productivity when compared with farmer’s practice as it
produced the highest yield per unit quantity of water application of 0.85 kg m-3
and also produced the highest average benefit to cost ratio of 2.08.

Experimental plot design (Randomised Block Design)

Interpretation: Taking the yield, water productivity and benefit-cost ratio into
account, irrigation at 60% MAD level was found to be the best. However,
irrigation at 50% to 60% MAD level may be suggested for growing sunflower
under water scarce conditions in sandy loam soil for increasing water
productivity.

Data analysis and estimation of water productivity

Irrigation scheduling at 60% MAD level has shown maximum
water productivity of sunflower
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Agriculture plays an important role in sustenance of
livelihood and food security of human population on the earth.
There are various factors which influence the metabolism of
plants, changing the processes of growth and development of
plants as well as increasing their resistance to stress factors
(Vladimir et al., 2020). But fresh water is an essential and the
most critical input for sustainable agricultural production and
productivity (Mila et al., 2017). However, the increasing water
scarcity is a major constraint in fulfilling the irrigation water
demands of Indian agriculture (Das et al., 2018). Irrigation is the
largest consumer of water compared to other sectors; however,
the share of water for irrigation is expected to decrease by 10 to
15% in near future due to shrinking water resources (Geerts
and Raes, 2009; Panigrahi, 2011). In arid and semi-arid
regions, water scarcity is the main yield limiting factor that
restricts application of irrigation water to meet the complete
crop water requirements. Therefore, it is very important to
determine the ways to maintain optimum crop yield with higher
water productivity under water scarce situation. Irrigation water
requirement models of major crops developed by the researchers
can help to ascertain the irrigation requirement of crops which will
help in irrigation planning, especially under water scarce
conditions (Panigrahi et al., 1992; Elsheikh, 2015).

Though, sunflower can sustain moisture stress
conditions but its response to yield variation needs to be studied
(Ghani et al., 2000). Reports on the evaluation of sunflower yield
with deficit irrigation practices in India and as well as in Odisha is
meagre .Therefore, more field experiments should be carried out
in various agro-climatic conditions of the country to identify and
suggest the most suitable irrigation schedule in sunflower to
increase yield and water productivity compared to traditional
practices. This can be of great use to the policy makers,
agricultural officers and sunflower growing farmers of the state
and thus, can increase yield and water productivity of sunflower.
Keeping in view the above facts, this study was undertaken to
assess the crop growth and yield attributes of sunflower under
different deficit irrigation levels and to evaluate the water
productivity of sunflower under deficit irrigation practices.

On

li
ne

Application of regulated deficit irrigation strategies is
one of the most promising methods for improving irrigation
water productivity (Qureshi et al., 2015). Efficient irrigation
system can help to achieve benefit from irrigation scheduling
through sustainable water management by adopting deficit
irrigation techniques with proper irrigation scheduling. The
deficit irrigation technique reduces seepage, percolation and
evapotranspiration, which leads to increase in water
productivity compared to traditional practices (Kaviya et al.,
2018). However, studies on water saving technologies in
sunflower production systems mainly focus on the innovations
in cultivation systems that incorporate furrow irrigation with
deficit irrigation concepts which give some inspiring records of
water saving for sunflower cultivation.

area with production and productivity of 0.12 million tons and 1100
kg ha-1, respectively. It has the potential to replace high water
requirement crops like rice during Rabi season in Odisha.
Moreover, sunflower as an oil seed crop offers good opportunity
for diversification of cereal based cropping system of the state
during Rabi season and can enhance the profitability of farmers.
The need of the hour is to enhance the seed yield and water
productivity of sunflower from the present level (Singh and Singh,
2002). Sunflower crop is highly sensitive to water stress from
flowering to grain filling stage (Singh et al., 2007). Therefore, it is
considered as an indicator plant for moisture stress experiments
(Howell et al., 2015).The yield of sunflower is highly influenced by
irrigation management, particularly at critical stages of growth
and, therefore proper irrigation scheduling can produce the
potential yield. Hybrid sunflower responds relatively better to
management factors, especially irrigation, than local sunflower
varieties (Albaji et al., 2011). The efficient irrigation management
practices in hybrid sunflower not only save water but also take
care of irregular and erratic distribution of rainfall and produces
a credible yield. Hence, it becomes imperative to investigate
different irrigation management options in sunflower to
increase the production per unit of water application by
efficiently utilizing the available water resources.
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Introduction

Oilseed plays an important role in the Indian agricultural
economy next to food grains in terms of area, production, import
and export. The oilseed accounts for 13% of the gross cropped
area, 3% of the gross national product and 10% value of all
agricultural commodities (NMOOP, 2018). Sunflower (Helianthus
annuus L.) is cultivated predominantly as source of oil and
vegetable protein (Awady et al., 2017), and it is considered as a
major oil seed crop in the world because it contains about 85-90%
unsaturated fatty acids (Flagella et al., 2002; Vega and Hall,
2002), high oil content and around 14% protein content (Bajehbaj,
2010). It is also one of the most promising oil seed crop having
moderate tolerance to soil salinity (Li et al., 2020). It is cultivated in
0.34 million ha area in India, with annual production of 0.24 million
tons at the productivity level of 699 kg ha-1 (Agricultural Research
Data Book, 2018). In Odisha, sunflower is grown in 0.02 million ha
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Materials and Methods

Experimental site: The research work was undertaken for two
consecutive years during the rabi season of 2017-2018 and 20182019 at the experimental field of Precision Farming Development
Centre, Odisha University of Agriculture and Technology (OUAT),
Bhubaneswar, (India). The study site is located at 21º16' N
latitude and 85º47' E longitude and 30 m above mean sea level.
The area is situated in East and South-eastern coastal plain agroclimatic zone of Odisha (Fig. 1). The climate of the study area is
classified as sub-humid and sub tropical in nature. The average
annual rainfall is about 1450 mm, out of which about 80% is
received during the monsoon season. For the study, different
meteorological data of the experimental area during the study
period were collected on daily basis from the meteorological
observatory of OUAT.
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Table 1: Physico-chemical properties of soil
Soil parameters
0-20 cm
Sand %
Silt%
Clay %

Bulk density (g cm-3)
Average field infiltration rate (mm hr-1)
pH
EC (ds m-1)
Organic carbon (%)
Nitrogen (kg ha-1)
Phosphorus (kg ha-1)
Potassium (kg ha-1)

69.8
21.6
8.6
1.51

68.6
22.2
9.2
1.55
10.4
4.81
0.08
0.42

4.7
0.09
0.45
118
19
98

On

Experimental details and field layout: The experiment was laid
out in a randomized block design with 4 treatments and 5
replications. Twenty plots measuring 20 m2 were laid in the field.
Bund height of 200 mm was maintained around the treatment
plots and irrigation channels were made around each plot.
Sunflower seeds (variety–NSFH-145) were sown @ 3 kg ha-1 at a
depth of 5 cm. The row to row and plant to plant spacing was 45
cm and 30 cm, respectively. A digital moisture meter was properly
calibrated before taking soil moisture measurement. Daily soil
moisture readings were taken at a depth of 20 cm and 35 cm.
Field capacity and permanent wilting point of the experimental
site were estimated using pressure plate apparatus, which was
found to be 18% and 8% on volume basis. Recommended
fertiliser dose of N:P:K of 40:60:20 kg ha-1 was applied to each
treatment. The treatments of the experiment were designed for
three levels of deficit irrigation based on the percentage of
maximum allowable depletion (MAD) of available soil water
(ASW). These treatments were compared with irrigation practice
followed by local farmers. One farmers practice (FP) treatment
with average MAD level of 70% ASW was taken by collecting
information from sunflower growing farmers of the agro-climatic
zone. The treatments details of the experiment are described as
follows: T1: Irrigation at 20% MAD of ASW; T2: Irrigation at 40%
MAD of ASW; T3: Irrigation at 60% MAD of ASW and T4: Irrigation
at 70% MAD of ASW (FP).

Growth and yield attributes: In order to evaluate the effect of
different levels of moisture regimes on crop responses, data on
growth and yield attributes of sunflower crop were collected and
analyzed from the treatment plots. These data were also

40-60 cm
67.7
22.4
9.9
1.57
5.2
0.08
0.49

necessary for estimating water productivity and selecting the best
irrigation schedule. Growth parameters such as plant height,
head diameter and leaf area index (LAI) were recorded at 20, 45,
65 and 80 days after sowing (DAS). To study the important growth
parameters of sunflower, five plants from net plot area of the
experiment were selected randomly and tagged for recording
observations at different growth stages starting from sowing to
harvesting as per the methodology provided by Haq et al. (2006)
and Nasim et al. (2012).The yield attributes such as grain yield,
1000 test weight and above ground biomass was recorded after
threshing and the obtained data were statistically analyzed for
variance (Basa et al., 2014). Post-harvest data pertaining to grain
yield was measured on the day before general harvest.
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Soil characteristics: The soil at the experimental site was sandy
loam and taxonomically grouped under the order Alfisol. Soil
samples from three depths 0-20, 20-40 and 40-60 cm were
analyzed for physico-chemical properties of the root zone soil
layers. The soil type was sandy loam with average bulk density
and average infiltration rate of 1.54 g cm-3 and 10.4 mm hr-1,
respectively. The physico-chemical characteristics of soil of the
experimental site are shown in Table 1.

Co
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Soil texture

Soil depth range
20-40 cm

Estimation of water productivity: Water productivity is an
indicator of effective use of irrigation water for crop production.
Water productivity was determined in terms of irrigation water
productivity and total water productivity (Panigrahi, 2013).

Irrigation water productivity (kg m-3) =

Total water productivity (kg m-3) =

Net water productivity (Rs m-3) =

Seed yield (kg ha-1)
Total irrigation applied (m3 ha-1)

Yield (kg ha-1)
Total water used (m3 ha-1)

Net return (Rs ha-1)
Total water used (m3 ha-1)

Statistical analyses: Data collected from the field experiment
was statistically analyzed for ANOVA as per Gomez and Gomez
(1984). Significant and non-significant variables were tested by
Duncan’s Multiple Range Test (DMRT) at 5 % probability level.
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canopy of sunflower. Due to lower canopy spread, the chances of
evaporation from the soil surface increases and transpiration rate
decreases which leads to lower water productivity of applied
irrigation However, the treatment differences were not statistically
significant during 2018-19. Similar relationship between
irrigation and growth of sunflower was reported by Jing et al.
(2020). In general, the above ground biomass was positively
correlated with moisture availability and plants exhibited
decrease in above ground biomass when subjected to higher
extent of moisture stress. As a result of higher plant height and
LAI when irrigation was provided at 20% MAD, the above
ground biomass of sunflower was found to be superior (5316.4
-1
kg ha-1 and 5290.8 kg ha during 2017-18 and 2018-19).

Results and Discussion

Co
py

The growth of sunflower in terms of plant height was
different under various treatments. The sunflower height
increases up to the mid-season stage and then the plant height
became stable. The plant height of sunflower at 80 DAS was
highest at 20% MAD level i.e., 123.6 cm and 120.4 cm during
2017-18 and 2018-19, respectively, which was found statistically
superior to other stress irrigation levels (Table 2). In general, the
plant height exhibited a declining trend with the increase in
moisture stress from irrigation at 20% MAD to 70% MAD, the
average plant height of sunflower of both the years declined by
18.3% when it was subjected to extreme moisture stress i.e.
irrigation at 70% MAD level (FP). This might be due to slow
metabolic rate in terms of photosynthesis and nitrogen
metabolism when plants are subjected to moisture stress.
(Gholamhoseini et al., 2013; Wahba et al., 1990).

The superiority of above ground biomass when irrigation
was given at 20% MAD was found statistically significant to all
other treatments during 2018-19. However, it was found on par
with irrigation provided at 40% MAD during first year. The
advancement of leaf senescence of due to moisture stress might
have resulted in reduction in above ground biomass. This is in
conformity with the findings of Langeroodi et al. (2014) who
reported a decline in total dry matter by 50% when irrigation
interval increased from 45 to 90% MAD. Overall, the results of two
years of experiment revealed that the deficit irrigation had a
significant response on vegetative growth and biomass
accumulation in sunflower considering other factors as constant.
The vegetative development of plant decreased as the root zone
moisture stress increased, however, the relationship was not
linear and with linear increase in moisture stress there was a nonlinear effect on sunflower growth attributes.
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Similarly, other growth parameters like leaf area index
(LAI) and above ground biomass of sunflower were also noticed
to be superior when higher proportion of irrigation was provided
during both the years (Table 2). LAI represents the spread of plant
leaf that intercept the sun and high LAI represents high potential
for photosynthesis. It ranged from 1.7 under irrigation at 60%
MAD level to 1.9 under irrigation at 20% MAD level during 201718 which was found statistically significant. As water became
limiting factor for basic physiological processes, statistically
significant variation in LAI was observed among the levels of
deficit irrigation. The study depicted that the root zone moisture
stress due to deficit irrigation had significant effect on growth and

Table 2: Plant growth attributes of sunflower under different irrigation regimes for the year 2017-18 and 2018-19
Treatments

Leaf area index

Above ground biomass (kg ha-1)

2017-18

2018-19

2017-18

2018-19

2017-18

2018-19

123.6
117.4
106.2
98.7
0.6
2.0

120.4
114.8
107.0
100.6
0.7
2.4

1.1
1.9
1.7
1.7
0.1
0.1

1.9
1.9
1.7
1.7
0.1
0.2

5316
5167
4766
4020
49.7
164.1

5291
5072
4691
4129
45.1
151.3

On

T1
T2
T3
T4
Sem (±)
CD (5%)

Plant height (cm)

Table 3: Yield attributes and yield of sunflower under different irrigation regimes
Treatments

T1
T2
T3
T4
Sem (±)
CD (5%)

Head diameter (cm)

Yield (kg ha-1)

1000 grain weight (g)

2017-18

2018-19

2017-18

2018-19

2017-18

2018-19

23.6
21.1
20.6
18.8
0.6
1.6

23.1
20.8
20.3
19.3
0.6
1.8

53.8
52.9
51.6
50.7
0.8
1.3

54.0
53.0
51.7
50.3
0.5
1.3

1758
1678
1638
1005
31.6
91.7

1709
1628
1585
987
32.1
93.5
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Table 4 : Water productivity of sunflower during 2017-2018
Treatments

Irrigation
applied (mm)

Total water
used (mm)

Yield
(kg ha-1)

Irrigation water
productivity (kg m-3)

Total water
productivity (kg m-3)

Furrow irrigation

T1
T2
T3
T4

195
184
166
212

230
219
201
247

1758
1678
1638
1005

0.90
0.91
0.98
0.47

0.76
0.77
0.81
0.41

Table 5 : Water productivity of sunflower during 2018-2019
Irrigation method

Treatments

Irrigation
applied (mm)

Total water
used (mm)

Furrow irrigation

T1
T2
T3
T4

213
206
175
221

222
215
186
230

Table 6: Economic water productivity under different treatments
Irrigation levels

Water used
(mm)

Furrow irrigation

T1
T2
T3
T4

226
217
190
235

Yield
(kg ha-1)

Irrigation water
productivity (kg m-3)

Total water
productivity (kg m-3)

1709
1628
1585
987

0.79
0.80
0.91
0.45

0.75
0.76
0.85
0.43
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Irrigation method

Co
py

Irrigation method

Net return
(Rs.)

Net economic water
productivity (Rs m-3)

45,130
44,350
43,670
13,370

19.9
20.5
22.9
5.7

T1: Irrigation at 20% MAD of ASW; T2: Irrigation at 40% MAD of ASW; T3: Irrigation at 60% MAD of ASW and T4: Irrigation at 70% MAD of ASW (FP)

On

The yield attributes of sunflower like head diameter and
test weight decreased progressively as moisture stress increased
from 20% MAD to 70% MAD. The head diameter was highest
(23.6 cm and 23.1 cm) during 2017-18 and 2018-19, respectively
when irrigation was provided at 20% MAD (Table 3). It might be
due to assured maintenance of proper soil moisture status
throughout the crop period. In case of farmers practice, head
diameter was (18.84 cm and 19.26 cm) during 2017-18 and 201819, respectively. The lowest head diameter in 70% MAD may be
attributed as non-maintenance of sufficient soil moisture (i.e., up
to field capacity) during the crop critical periods. Smaller head
diameter ultimately leads to less number of grains per head and
finally reduces the total grain yield. On an average for two years, it
reduced by 12.4% and 18.4% when irrigation was provided at
60% and 70% MAD (FP). Similarly, the test weight of 1000 grains
of sunflower was found positively correlated with higher
assurance of moisture through irrigation. The highest average
1000 grain weight of 53.8 g and 54.04 g was noticed under
irrigation at 20% MAD level during 2017-18 and 2018-19,
respectively. In contrary, the lowest test weight of 1000 grains
(50.7 g and 50.3 g) during 2017-18 and 2018-19, was noticed with
farmers’ practice which indicates that root zone soil moisture
dynamics caused unfavorable effect on the biomass content of

seeds. However, the decline in test weight at 70% MAD level
compared to 20% MAD level was only 6%. This finding clearly
reveal that the gap in test weight between the treatments irrigated
at 70% MAD and 20% MAD was very low as compared to the
volume of irrigation applied to the treatments. Garcia-Lopez et al.
(2016) reported the percentage of irrigation supply for sunflower
crop should range between 60% and 80% of the optimal (defined
by the irrigation schedule that avoids water stress throughout the
crop cycle), for the semi-arid conditions of Southern Spain, which
would enable farmers to save water for other crops with higher
water productivity. However, for a sub-tropical and sub-humid
climate like Eastern India 20% maximum allowable soil moisture
depletion is optimal for growing sunflower.

The seed yield of sunflower exhibited positive correlation
with higher proportion of available moisture content which is in
contrary with the findings of Howell et al. (2015) who reported the
stability of seed yield of sunflower in both drought and normal
conditions under semi-arid climate (Table 3). Statistical analysis
revealed a significant difference in yield among the treatments
which depicts a good crop response to irrigation schedule at
different MAD levels. The highest yield of 1816 kg ha-1 and 1700
kg ha-1 was recorded in 20% MAD levels of irrigation during 2017-
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2000
1800

1400
1200
1000
800
600
400
200
0

T3

T2

T1
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Crop yield (kg ha-1)

1600

2017-18
2018-19

T4

Treatments

Fig. 1: Yield of sunflower influenced by irrigation at different MAD levels.

1.99

Average B:C Ratio

2

1.5

1

0.5

2.03

On

0
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2.5

T1

2.08

1.34

T3

T2

T4

Treatments

Fig. 2: Average B: C value under different treatments for both years of experiment.

18and 2018-19, respectively. The average seed yield during both
the years reduced by 4.64% and 7.03% when crop was irrigated
at 40% and 60% of MAD. However, the yield drastically reduced
by 42.5% when the crop was subjected to further moisture stress
i.e. irrigation provided at 70% of MAD (Fig. 1). These results are in
coincidence with the findings of Farshad et al. (2018) and
Alahdadi (2011) who reported that superior seed yield of
sunflower at full irrigation relative to limited irrigation due to higher

protein synthesis under favourable moisture regime. Sher et al.
(2018) also reported maximum yield of 1800 kg ha-1 in sandy loam
soil in Pakistan under furrow irrigation. The maximum yield
obtained at 20% MAD level may be attributed due to maintenance
of optimum soil moisture condition in the plant root zone which
further resulted in balanced nutrient uptake and better plant
growth (Marathe et al., 2018). Total water productivity and
irrigation water productivity of sunflower is shown in Table 4 and 5
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for the experimental years 2017-18 and 2018-19, respectively.
The highest TWP and IWP were observed in 60% MAD level,
which ranged from 0.81 to 0.85 kg m-3 and 0.91 to 0.98 kg m-3,
respectively, followed by 40% and 20% MAD level treatments.
Both the water productivities showed that less than one 1 kg of
sunflower can be produced effectively with 1 cubic meter or 1000 l
of water in irrigated condition. It also depicts the virtual water
requirement for sunflower production in eastern Indian
conditions. The lowest water productivity was obtained in 70%
MAD level, which might be attributed to drastic yield reduction
relative to other treatments. Treatment irrigated at 60% MAD level
showed 83.4% increase in average Total water productivity and
74.4% increase in average irrigation water productivity as
compared to farmers’ practice during both the experimental
seasons. As reported by Mila et al. (2017), the TWP and IWP of
sunflower can reach up to 1.4 and 3.6 kg m-3, under control
conditions, however, it depends on the potential yield of variety,
availability adequate moisture at crop critical periods, proper
plant spacing, weed control and disease pest management. The
water productivity values obtained under the present
investigation are similar to the average water productivity values
of sunflower reported in earlier studies (Tolk and Howell, 2012;
Lamm et al., 2011) which varied from 0.74-0.82 kg m-3.

The reduction in seed yield of sunflower was not
remarkable upto 60% MAD level compared to 20% MAD level,
however it declined significantly at 70% MAD level i.e. farmers’
practice. Similarly, irrigation at 60% MAD level has shown the
highest water productivity when compared to farmers’ practice as
it produced the highest yield per unit quantity of water application
of 0.85 kg m-3 and also produced highest average benefit to cost
ratio of 2.08. Most importantly, water saving under irrigation at
60% MAD level even saves 19% of irrigation water as compared
to conventional farmers’ practice, and thus, it can be a better
option for irrigation scheduling in sunflower for East and South
eastern coastal plains of Odisha.

On

li
ne

Net economic water productivity (NEWP): It represents the
economic benefits obtained by the farmers against investment
for irrigation. The average value of net economic water
productivity (NEWP) varied from 5.7 to 19.9 Rs m-3 (Table 6).
The highest NEWP of 22.9 Rs m-3 was obtained in 60% MAD
level. The NEWP of 40% and 20% MAD level was estimated to
be 20.5 and 19.9 Rs m-3, respectively. The lowest NEWP of 5.7
Rs m-3 was recorded in farmers’ practice due to significantly
lower seed yield and its associated economic returns. The
results depicted that with low investment in deficit irrigation,
farmers can obtain higher economical benefits. Low application
of irrigation under farmers’ practice (70% MAD) restricts the
root growth and roots come to surface due to hard sub-soil that
leads to low yield and ultimately low economic return. The
experimental results confirm that there is scope to increase the
economic water productivity of sunflower under controlled
irrigation scheduling as compared to farmers’ practice.

the lowest value (1.34) was recorded under farmers’ practice as
shown in Fig 2. This indicates that there was around 55%
increase in B:C value in case of 60% MAD level when compared
to farmers’ practice. The analysis revealed that deficit irrigation
at 60% MAD level gave the highest economic return per unit
investment although it had some lower net return than 20%
MAD level. Overall, the findings of the study revealed that
growth, yield and water productivity of sunflower were
significantly influenced by different irrigation levels. Irrigation
scheduling at 20% MAD level showed the highest grain yield,
while the lowest yield was obtained from farmers’ practice. This
treatment would be beneficial for farmers if they have access to
favorable moisture regime supported by water resource
availability during rabi season in irrigation commands.

Co
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Proper irrigation scheduling is a critical factor for
obtaining higher profit from sunflower cultivation. A comparison
of net return per hectare showed that the increase in grain yield
and reduction in cost of irrigation resulted in higher net return
from MAD based irrigation experiments as compared to the
farmers’ practice. The net return in 20% MAD level of irrigation
was comparatively higher than other treatments. Which may be
due to incremental yield obtained at optimum irrigation level
with minimum moisture stress as compared to other treatments.
However, the drastic reduction in seed yield of sunflower at 70%
MAD level i.e., farmers’ practice resulted in lowest net returns
which was quite significant even compared to 60% MAD level.
The average B:C value of 2.08 was achieved in 60% MAD level
treatment of the trials conducted during 2017-18 and 2018-19 and
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