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Effect of mulches and irrigation schedules on productivity and water use
efficiency of sunflower (Helianthus annuus L.) in Mollisols of India
RAKESH DAWAR and MAHENDRA SINGH PAL
Department of Agronomy, College of Agriculture, G. B. Pant University of Agriculture and Technology,
Pantnagar-263145(U.S.Nagar,Uttarakhand)
ABSTRACT: The field experiment was carried out during spring season 2019 at Forage Block, Instructional Dairy Farm,
Nagla, G. B. Pant University of Agriculture and Technology, Pantnagar (Uttarakhand). The aim of the study was to find out the
effect of mulches and irrigation schedules on productivity and water use efficiency of spring sunflower (Helianthus annuus L.) in
Mollisols of Uttarakhand. The results indicated that straw mulch produced taller plants and more number of leaves/plant and
remained statistically at par with polythene mulch. However, polythene mulch had higher dry matter accumulation, leaf area
index, head diameter, seed weight/plant, 100 seed weight and seed yield was 4.6 and 18.5% higher than straw mulch and control,
respectively. The irrigation scheduled at 1.2 IW/CPE was superior to all other irrigation schedules with the highest values of
growth and yield attributes and also produced seed yield 5.4, 11.1 and 14.8% higher than irrigation schedules 1.0 and 0.8 IW/
CPE and critical growth stages, respectively. The polythene mulch and 1.2 IW/CPE gave higher water use efficiency. The net
return was 4.4 and 6.8% higher under straw mulch than polythene mulch and control, respectively, while irrigation scheduled at
1.2 IW/CPE had 5.9, 13.79 and 15.12 % higher net return than irrigation scheduled at 1.0, 0.8 IW/CPE as well as critical stages,
respectively. It is therefore concluded that sunflower may be grown with application of straw mulch @ 6 ton/ha and irrigation
scheduled at 1.2 IW/CPE ratio for higher productivity, net return as well as water use efficiency during spring season in Mollisols
of Uttarakhand and may also be replicated in similar agro-ecological zones of India.
Key words: Growth, irrigation schedules, mulch, productivity, water use efficiency

Sunflower (Helianthus annuus L.) is the 3rd most
important oilseed crop after soybean and groundnut
in world. In India, it is grown round the year but its
production is limited in Kharif and Rabi season in
southern and spring season in whole northern India
due to climatic requirement and competition with
other crops. It occupies 0.34 m ha acreage with 2.11
lakh tones production and699 kg/ha productivity
(2018-19), which is much lower than the world
productivity of 1699 kg/ha. In 2015-16, India had
contributed around 4.6% of world production with
the lowest productivity (Indiastat, 2017-18).Being
a spring or summer crop in northern India, sunflower
in grown under assured irrigation facilities and
requires 4-6 irrigations within 95-100 days varying
with agro-climatic conditions.The productivity of
spring sunflower in northern and eastern states like
Bihar, Odisha and Punjab are 1445, 1145 and 1810
kg/ha, respectively, and much lower than with the
highest productivity of 2286 kg/ha in Uttar
Pradesh.Water requirement of sunflower during
spring season is high due to high evapotranspiration
depending on the season varying from 600 to 800

mm (Yawson et al., 2011). Moitra et al. (2012)
reported scheduling irrigation influenced
appreciably total water use, water use efficiency and
moisture extraction pattern.Higher seed yield and
water use efficiency at 0.8 IW/CPE was observed
by Domber et al. (2009), while Sumathi and Rao
(2007) reported that irrigation scheduled at 1.0 IW/
CPE produced significantly higher yield and net
returns due to better irrigation scheduling.
Water is an indispensible resource and its share to
agriculture is diminishing day by day over the last
few decades (Kadasiddappa et al., 2017). Hence,
number of innovative water saving approaches are
being practiced for in-situ water conservation
including rain water harvesting, scheduling irrigation,
micro irrigation, shelter belts, mulches,
antitranspirants, selection of moisture stress crops and
varieties for efficient use of available water resources.
Among different conservation practices, mulching is
an important technique which is known for its
beneficial impacts on the soil-plant systems.
According to Jacks et al. (1955),the crop residues,
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leaf trash, compost, polythene etc. are used as mulch
materials that not only conserve water but also control
weeds, pest and diseases resulting into higher crop
productivity. Application of organic and plastic mulch
increases crop yield through improving solar energy,
water and fertility status of soil, reducing soil water
loss, removing weeds (Bu et al., 2002), regulates soil
temperature (Zhang et al., 2005), improves organic
matter, texture, porosity, infiltration rate, and soil
structure (Saroa and Lal, 2003).
The plastic mulching increased 14% water use, 17%
grain yield and 19% biological yield of maize over
control mainly due to increased water content in the
soil with lesser evaporation (Tolk et al., 1999).
Sunflower hybrids responded very well to the
management of irrigation and mulches (Domber et
al., 2009). Tunio et al. (2007) reported significant
differences in seed germination, seed per head, seed
index and seed yield due to different types of mulch
and irrigation frequencies.
Among many approaches of scheduling irrigation,
depth of irrigation water (IW)/cumulative pan
evaporation (CPE) ratio is very important and easy
climatological approach to be adopted in many crops
including sunflower to ensure optimum soil moisture
regime without wastage of water. The experimental
findings indicate that 15-30% irrigation water can
be saved with enhancement of 20-30% in crop
productivity by adopting the criteria of IW/CPE ratio
of scheduling irrigation. The information on
combined study of mulches and scheduling irrigation
and its impact on sunflower productivity and water
use efficiency are very limited. Therefore, the
present investigation was undertaken to study the
effect of mulches and irrigation schedules on
productivity and water use efficiency of sunflower
in Mollisols of Uttarakhand, India.
MATERIALS AND METHODS
The field experiment was carried out at Forage
Block, Instructional Dairy Farm, Nagla, G. B. Pant
University of Agriculture & Technology, Pantnagar
(Uttarakhand) in spring-2019 to study the effect of
mulches and irrigation schedules on productivity and
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water use efficiency of spring sunflower (Helianthus
annuus L.) in Mollisols of Uttarakhnd (India).
During the experimental period, weekly mean
minimum and maximum temperature was ranged
between 23 to 40.10C with relative humidity from
75.3 to 80.2% and total 20 mm rainfall was received.
The experimental site was silty clay loam with 7.13
soil pH, 0.20 ds/m EC, 0.68% organic carbon, 1.57
g/cc bulk density and available nitrogen, phosphorus
and potassium was 280.2, 25.2 and 215.2 kg/ha,
respectively.
The experiment consisted of 03 levels of mulches
i.e., control (no mulch), straw mulch @ 6t/ha and
polythene mulch (black) in main plot and 04 levels
of irrigation schedules i.e., critical stages (button,
flowering and seed filling stage), 0.8, 1.0 and 1.2
IW/CPE ratios in sub plots, was laid out in split plot
design with three replications. The previous crop
was dhaincha (Sesbania rostrata). The sunflower
hybrid variety, ‘DRSH-1’ was sown manually after
seed treatment with Carbendazim @ 3g/kg seed in
lines of 60cm apart with seed to seed distance of
30cm. The plant to plant distance was maintained
after 10 days of sowing. The recommended dose of
chemical fertilizers i.e., 120:60:40:: N:P205:K20 kg/
ha was applied. Half of nitrogen and full dose of
phosphorus and potassium was applied at sowing
and remaining half nitrogen was top dressed after
25 days of sowing at 1st irrigation. The oat straw @
6t/ha and black polythene sheet was mulched after
1st common irrigation at 25 days of sowing as per
the treatments. The irrigation was scheduled on the
basis of IW/CPE ratio and critical stages of the crop.
The cumulative pan evaporation (CPE) values were
taken from USWB Class-1 open pan evaporimeter
maintained at crop weather observatory of the
university. Pendimethalin @ 1 kg ai/ha was applied
as pre emergence herbicide on 2nd day of sowing to
control the weeds. Chlorpyriphos @ 2ml/litre of
water was applied twice at 30 and 45 days after
sowing to control the insect and pest infestation. The
crop was harvested when the lower portion of the
heads became yellowish brown and the bracts dried
and seeds turned dark brown and the thalamus
became yellow in color. The observation of growth
and yield attributes were taken on the basis of
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randomly selected 5 plants from each plot. The leaf
area index was calculated by ‘Viticanopy Mobile
App’ (Sestak et al., 1971). The seed yield was
calculated from net plot area of each treatment and
presented in kg/ha. Soil samples were drawn plot
wise from each plot at an interval of 20 days from
0-20, 20-40 and 40-60 cm depth, by using a soil
auger. Samples were also drawn before and two days
after each irrigation and at sowing and harvest of
the crop. Soil moisture was determined thermo
gravimetrically after oven drying the samples at
105°C for 24 hours. Consumptive use of water (CU)
was calculated using methodology proposed by
Dastane (1972) and crop water use efficiency (WUE)
was computed by following formula;
WUE =

Seed yield (Kg/h)
(kg/ha-mm)
Evapo - transpiration (mm)

RESULTS AND DISCUSSION
Effect of mulch
Growth attributes
The tallest plants were recorded under straw
mulch that was statistically at par with polythene
mulch (Table.1). Similarly, the number of leaves was
higher under straw mulch followed by polythene
Table 1: Effect of mulches and irrigation schedules on
growth attributes of sunflower
Treatment

Pl ht No. of Leaf area Dry matter
(cm) leaves/ index at accumulation
pl
60DAS
(g/pl)

Effect of mulch (M)
Control
208
Straw mulch
212
Polythene mulch
211
SEm ±
0.31
CD (P=0.05)
02
Effect of irrigation schedules
Critical stages
205
0.8
211
1.0
212
1.2
214
SEm±
0.32
CD (P=0.05)
02
Interaction (M × I)
NS

26
27
26
0.3
NS
(I)
26
27
27
28
0.3
1.0
NS

1.78
1.98
2.27
0.02
0.08

137
147
156
1.07
04

1.75
1.92
2.02
2.10
0.07
0.20
NS

143
144
147
152
1.52
05
NS
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mulch, though both were at par. Higher plant growth
under mulches was found mainly due to increased
availability of moisture in the root zone as a result
of reduced evaporation (Kumar et al.,2018).The leaf
area index at 60 DAS was recorded significantly
higher under polythene mulch followed by straw
mulch. The higher LAI was due to more number of
leaves/pl (Kumar and Lal, 2012 and Kumar et al.,
2018). The dry matter accumulation was
significantly highest under polythene mulch
followed by straw mulch and the lowest under
control. The polythene mulch and straw mulch might
have contributed to better soil moisture status
resulting into taller plants, more number of leaves
per plant and dry matter accumulation (Situmeang
and Sudewa,2017 and Bahuguna and Pal, 2020).
Yield attributes and seed yield
The head diameter of sunflower was not
significantly influenced by mulching, however the
largest head diameter was recorded under polythene
mulch followed by straw mulch. The polythene
mulch gave significantly higher seed weight/plant
and 100 seed weight that was statistically at par with
straw mulch (Table 2).The higher values of yield
attributes under mulching were contributed by higher
LAI and dry matter accumulation. This might be due
to the role of mulching in moisture conservation
facilitated higher dry matter accumulation and also
partitioning of phtosynthates from source to sink
more (Sarkar and Sarkar, 2017and Kumar et al.,
2018). The seed yield of sunflower was recorded
significantly higher under application of polythene
mulch that was statistically at par with straw mulch
and significantly lowest value was found under control.
The sunflower seed yield was 4.6% and 18.5% higher
under polythene mulch than straw mulch and control,
respectively. The application of straw mulch also
produced 13.3% greater seed yield than control. The
higher sunflower yield was attributed to greater head
diameter, seed weight per head and 100 seed weight.
Dutta et al. (2017) reported higher seed yield of soybean
under wheat straw mulch @ 5t/ha than control at
Pantnagar, while Kumar et al. (2018) found
significantly higher sunflower yield under polythene
mulch in Bangladesh.
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Table 2: Effect of mulches and irrigation schedules on seed yield, economics and water use efficiency of sunflower
Treatment
Effect of mulch (M)
Control
Straw mulch
Polythene mulch
SEm ±
CD (P=0.05)
Effect of irrigation schedules (I)
Critical stages
0.8
1.0
1.2
SEm±
CD (P=0.05)
Interaction (M× I)

Head diameter Seed weight
(cm)
(g/head)

100 seed
weight (g)

Seed yield
(kg/ha)

WUE
(kg/ha-mm)

Net returns
(Rs/ha)

20.43
21.31
21.49
0.37
N/A

55.88
60.52
66.03
1.44
5.86

6.12
6.30
6.65
0.20
0.50

2594
2938
3074
75
235

8.06
8.99
9.37
0.24
0.97

114372
122128
116936
4350
NS

19.52
20.52
21.51
22.74
0.25
0.76
S

59.22
59.22
61.47
62.68
0.90
2.91
NS

6.00
6.36
6.51
6.67
0.10
0.30
NS

2687
2776
2927
3085
39
118
NS

11.88
8.55
8.37
6.43
0.14
0.43
NS

108933
112792
121165
128348
2246
6726
NS

Note:
1. Minimum support price of sunflower seed (2019-20) = Rs 56.50 /kg, 2.Rate of sunflower Stover = Rs 2.00 /kg

Water use efficiency

Effect of irrigation schedules

The water use efficiency of sunflower was
significantly highest under polythene mulch followed
by straw mulch and control, however polythene
mulch and straw mulch had similar values (Table.2).
The WUE was increased by 4.2 and 16.3% under
polythene mulch than straw mulch and without
mulch, respectively. Mulching reduced
evapotranspirational losses and increased
consumptive use of water that led to higher seed yield
and WUE under polythene and straw mulching.
Sarkar and Sarkar (2017) also reported higher WUE
of linseed in rainfed conditions under black polythene
mulching. Kumar et al. (2021) reported higher WUE
of chilli under black polythene followed by maize
straw mulching than control at Madakasira (A.P.).

Growth attributes

Economics
The net return did not differ significantly with
application of different mulches, however the highest
net return was found under straw mulch that gave
4.4% and 6.8% higher values than polythene mulch
and control, respectively (Table 2). The lower net
return was recorded under polythene mulch because
of higher cost of cultivation than straw mulch and
control (Javed et al., 2019).

The tallest plants were recorded under 1.2 IW/CPE
ratio that was significantly similar to 1.0 IW/CPE
ratio. However the both irrigation schedules i.e., 0.8
and 1.0 IW/CPE ratio were non-significant to each
other (Table.1). Higher numbers of leaves were
counted at 1.2 IW/CPE that was significantly similar
to irrigation scheduled at 0.8 and 1.0 IW/CPE. The
higher plant height and number of leaves were
attributed to better soil moisture regime favoring water
and nutrient uptake causing higher plant growth and
development (Domber et al., 2009).The LAI at 60
DAS was significantly higher when irrigation was
applied at 1.2 IW/CPE that was significantly equal to
1.0 and 0.8 IW/CPE irrigation schedules. The higher
irrigation frequency improved cell turgidity leading
to more leaf expansion, number of leaves and leaf
area index. Significantly highest dry matter was
accumulated at irrigation scheduled at 1.2 IW/CPE.
The higher value was ascribed to taller plants and
more number of leaves (Meena et al., 2017).
Yield attributes and seed yield
The head diameter was increased significantly with
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increasing irrigation frequencies with highest value
at irrigation scheduled at 1.2 IW/CPE followed by
1.0 IW/CPE and the lowest at critical stages
(Table2).The seed weight/plant was also increased
with irrigation frequencies and the highest seed
weight was found under 1.2 IW/CPE ratio that was
non-significant with 1.0 IW/CPE ratio. The 100 seed
weight varied significantly among irrigation schedules
and significantly higher 100 seed weight was recorded
when irrigation was scheduled at 1.2 IW/CPE that was
non-significant with 1.0 IW/CPE. The lowest 100 seed
weight was noted when irrigation was applied at critical
stages.The higher values of yield attributes were the
result of more dry matter accumulation and its
translocation to sink. Teame et al. (2017) also reported
higher 100 seed weight at irrigation applied at 1.2 IW/
CPE due to adequate availability of moisture regime
that supported more photosynthesis and metabolic
activities resulting into more photosynthates
accumulation in sink.
Irrigation applied at 1.2 IW/CPE produced
significantly highest seed yield that was 5.4, 11.1,
and 14.8% greater than irrigation scheduled at 1.0,
0.8 IW/CPE and critical stages, respectively. The
seed yield didn’t differ significantly between
irrigation applied at critical stages and 0.8 IW/CPE
ratio, however irrigation scheduled at 1.0 IW/CPE
also gave significantly higher seed yield than 0.8
IW/CPE and critical stages. Higher head diameter,
seed weight/plant and 100 seed weight resulted
higher seed yield. Gurumurthy et al. (2008) also
recorded higher yield of sunflower when irrigation
applied at 1.2 IW/CPE mainly due to higher values
of yield contributing attributes. Interaction effect
between mulch and irrigation schedule was found
non-significant.
Water use efficiency
The WUE was estimated significantly highest when
the crop was irrigated at critical growth stages (Table
2). The WUE was recorded 38.95, 41.94 and 84.75%
greater under irrigation scheduled at critical growths
stages than irrigation scheduled at 0.8, 1.0 and 1.2 IW/
CPE, respectively. Similarly, irrigation scheduled at 0.8
IW/CPE had 2.20 and 32.97% more WUE than 1.0
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and 1.2 IW/CPE ratio, respectively. The scheduling
irrigation at 1.0 IW/CPE ratio also gave 30.17% higher
WUE than 1.2 IW/CPE ratio. The irrigation scheduled
at 0.8 and 1.0 IW/CPE ratio gave significantly equal
WUE. The significantly lowest WUE was recorded at
1.2 IW/CPE ratio mainly because of higher values of
consumptive use of water in proportion to seed yield
compared to irrigation scheduled at critical stages.
Gurumurthy et al. (2008) reported higher WUE of
sunflower at 0.8 IW/CPE than 1.2 IW/CPE ratio in
semi arid tropics of India.
Economics
Irrigation applied at 1.2 IW/CPE gave significantly
highest net return followed by 1.0 IW/CPE and the
lowest net return was found at irrigation scheduled at
critical stages (Table 2). The irrigation scheduled at
1.2 IW/CPE gave 5.9, 13.79 and 15.12 % higher net
return than scheduling irrigation at 1.0, 0.8 IW/CPE as
well as critical growth stages, respectively. The highest
gross return and net return was attributed to higher seed
yield and stover yield. The interaction effect was found
non-significant. Javed et al. (2019) also reported
higher gross and net return under scheduling
irrigation.
CONCLUSION
The results indicated that growth and yield attributes
and seed yields of sunflower were highest under
polythene mulching and also irrigation scheduled at
1.2 IW/CPE ratio but the net return was higher under
straw mulch than polythene mulch. On other hand,
the scheduling irrigation at 1.2 IW/CPE ratio gave
significantly highest net return. It is, therefore,
concluded that sunflower may be grown with
application of straw mulch @ 6 ton/ha with irrigation
scheduled at 1.2 IW/CPE ratio for higher
productivity, net return as well as WUE during spring
season in Molliols of Uttrakhand and may also be
replicated in similar agro-ecological zones of India.
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