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Abstract

A long-term field experiment was conducted during 2014-15 to 2017-18 to evaluate the interaction
between different irrigated ecosystems viz., rainfed (l1) and irrigated (1.-0.8 IW/CPE and I3 -0.6 IW/CPE)
with different land modules (i.e., T1 and T2 Compartment bunding without and with sunhemp, Ts and T4
Broad bed furrows without and with sunhemp and Ts and Te Furrows without and with sunhemp) in
Sunflower. The pooled results indicated that among irrigated ecosystems, irrigation at 0.8 IW/CPE ratio
recorded significantly higher sunflower (17.15 g ha') as compared to rainfed ecosystem (14.19 q ha™).
Among the land modules, broad bed furrows with in-situ sunhemp green manuring showed significant
differences on sunflower yield (17.63 g ha?l) and higher water use efficiency of 4.83 kg ha.mm,
respectively. Economic analysis states that, the net returns and B:C ratio were significantly influenced due
to irrigation and land modules. The pooled data reveals that, irrigation @ 0.8 IW/CPE ratio recorded
significantly higher net returns of Rs.26,399 ha‘and among the different insitu moisture conservation
systems, significantly higher net returns (Rs.27,864 Rs.) and B:C ratio (2.42) were recorded with the broad
bed furrows with sun hemp (Ts) as compared to rest of the treatments. Among interactions, irrigation at 0.8
IW/CPE with land module broad bed furrows with sunhemp recorded significantly higher B:C ratio of
2.51.
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Introduction

Water scarcity and unpredictable rainfall constrain crop production in Vertisol dominated
command areas. Seasonal, erratic monsoon rainfall and limited reservoir releases create moisture
stress during crop critical stages, reducing yield and water productivity. Rainfed areas can be
made productive and profitable by adopting improved technologies for rainwater conservation
and harvesting and commensurate agricultural production technologies. Soil management
practices are tailored to store and conserve as much rainfall as possible by reducing runoff and
increasing storage capacity of soil profile (Muthamilselvan et al., 2006) . Sunflower crop is
highly sensitive to water stress between flowering and grain filling stages and is the most
established system in Malaprabha command area. Sunflower (Helianthus annuus L.) is one of
the important oil seed crop in the world and belongs to the family Asteraceae. India’s
contribution to the total global sunflower oil production is around one per cent. In India,
sunflower is being cultivated in the states of Karnataka, Maharashtra and Andhra Pradesh of
which Karnataka occupies an area of 0.89 lakh hectares with a production of 0.80 lakh tonnes
and productivity of 899 kg ha*(Anon., 2023) 1. Though many factors contribute for increasing
the potential yield of crops, soil moisture is considered to be vital as the crop response to all
other inputs depends on the availability of soil water in the profile from sowing to harvest
especially at critical stages of crop growth in drylands (Ardeshna et al., 2013; Paulpandi et al.,
2009; Reddy et al., 2005) > 12 131 Hence, effective use of rainwater through conservation
measures at farmers’ field is becoming important due to frequent droughts and predicted
moisture deficits situations in future due to changing climatic situations (Deutsch et al., 2010;
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Lal et al., 2011) & 8. The continuous application of inorganic
fertilizers without complementary organic amendments leads to
deterioration of soil properties and contributes to environmental
pollution. Incorporating green manure into the soil is an
effective strategy to enhance soil quality and sustainability. The
importance of organic manures and crop residues in supplying
nutrients and maintaining soil health is well established.
Therefore, greater emphasis must be placed on farming systems
that promote organic matter management through efficient
recycling of organic resources. In addition, insitu rainwater
conservation increases water and nutrient availability besides
improving soil health and sustaining sunflower productivity
(Hegde and Sudhakara Babu, 2009; Madhurendra et al., 2009;
Maruthi Sankar et al., 2008; Paulpandi et al., 2009) [ 9 10. 12,
Keeping these points in view the present investigation was
undertaken to ascertain the yield of sunflower by conjoint use of
different irrigated land module ecosystems and green manuring.

Materials and Methods

A long term field trial was carried out at Irrigation Water
Management Reaserch Centre, Belavatagi during 2014-15 to
2017-18. The initial soil was clayey in nature with pH 8.30,
Electrical conductivity 0.22 dsm!, organic carbon 0.52 per cent,
available P,Os 22.00 kg ha! and available K,O 768 kg ha. The
experiment was laid out in split plot design with three
replications. The treatment consisted of three irrigation levels
i.e., 1" Rainfed, I, and 13 are 0.8 and 0.6 IW/CPE ratio and
different land modules (i.e., T1 and T, Compartment bunding
without and with sunhemp, T3 and T4 Broad bed furrows without
and with sunhemp and Ts and Tg Furrows without and with
sunhemp), respectively. Sunflower was grown in kharif and
green manuring crop sunhemp was sown in between the rows of
sunflower, later which were subsequently incorporated into the
soil. The total water use was calculated as sum of effective
rainfall and amount of water (input water) applied. Water use
efficiency was calculated as: Seed yield of crop (kg ha?) / Total
water use (kg ha.mm).

Results and Discussion

Longterm effect of irrigation scheduling under different
irrigated land module ecosystems and insitu green manuring
on growth and yield attributes of sunflower

The pooled data of sunflower with respect to growth parameters
viz., plant height, head diameter, grain and stalk yield of
sunflower is presented in Table.1.

The results reveal that the plant height at harvest was
significantly influenced by the irrigation levels and land module
ecosystems. Among irrigation levels, significantly higher plant
height of 179.02 cm was recorded in irrigation level at 1, (0.8
IW/CPE ratio) which was followed by 178.81 cm at irrigation
level I3 (0.6 IW/CPE ratio). However, the head diameter of
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sunflower was not significantly influenced among irrigation
levels. Similarly, the pooled data indicates that significantly
higher grain and stalk yield of 17.15 and 42.82 q ha?! was
observed in irrigation level at I; (0.8 IW/CPE ratio). This might
be due to sufficient soil moisture from initial to harvest in field
favouring growth and yield of the crop. Similar results were
noticed by Tripathy and Bastia (2012) [*1 and Eman et al. (2015)
[4]

Among the different irrigated land module ecosystems,
significantly higher plant height of 182.72 cm, head diameter of
18.41 cm, higher grain and stalk yield of 17.63 and 44.31q ha
were recorded in T, (Broad bed furrows with sunhemp) which
was followed by Te (Furrows with sunhemp) which recorded
plant height of 179.26 cm, head diameter of 17.75 cm, higher
grain and stalk yield of 16.73 and 42.35q ha?, respectively
compared all other treatments. Significant differences in
interactions was observed in plant height whereas,
nonsignificant differences on head diameter, grain and stalk
yield of sunflower was noticed. This might be due to
availablility of sufficient nitrogen through fertilizer and
incorporated green manure and moisture in the broad bed furrow
with sunhemp which might have enhanced the growth of the
plant, inturn producing higher dry grain yield and stalk yield.
Similar results were noticed by Venkatakrishnan, (1998) 6],
Kadam et al. (2000) [l and Hiremath et al. (2003) I,

Longterm effect of irrigation scheduling under different
irrigated land module ecosystems and insitu green manuring
on water use efficiency and economics of growing sunflower
The pooled data of sunflower with respect to water use
efficiency (kg hamm.), Gross income (Rs.ha*), Net income (Rs
ha') and B:C ratio of Sunflower is presented in Table.2.
Irrigation levels significantly influenced on water use efficiency.
The land module ecosystems had a significant influence on
water use efficiency, significantly higher water use efficiency of
4.83 kg ha.mm was recorded in T4 (broad bed furrows with
sunhemp) which was followed by T3 (Broad bed furrows without
sunhemp) which recorded 4.58 kg ha.mm™ and lower water use
efficiency of 3.94 kg hamm? in T; (Compartment bunding
without sunhemp). Non significant differences were observed on
water use efficiency in interactions (Table.2). This might be due
to modified land configuration like broad bed furrows with
insitu green manuring of sunhemp resulted in decreased bulk
density, increased porosity, thereby helping to store more
moisture and even to drain excess water in the root zone. This
could also be supported by better physical conditions of soil
such as better aeration and lower mechanical impedance making
the soil to remain soft and moist due to the insitu rainwater
harvesting by reducing runoff losses and finally all this
supported the crop growth and yield and increased the WUE of
sunflower. Similar results were noticed by Singh et al (1997) 4,

Table 1: Longterm effect of irrigation scheduling under different irrigated land module ecosystems and insitu green manuring on plant height, head
diameter, grain and stalk yield of Sunflower (Pooled over 4 years 2014-15 to 2017-18)

Plant height (cm) at harvest Head diameter (cm) Grain yield (q hat Stalk yield (g ha!
Treatments |_1= 2= I3= |_1= l2= I3= |_1: lI2= I3= |_1= lI2= I3 =
Rainfed|0.8 IW /|0.6 IW /|Mean|Rainfed|0.8 IW 0.6 IW|MeanRainfed|0.8 IW|0.6 IW|MeanRainfed 0.8 IW|0.6 IW [Mean
CPE | CPE /| CPE |/ CPE /| CPE |/ CPE /| CPE |/ CPE
T1- Compartment
bunding without | 168.54 | 173.63 | 173.02 [171.73| 15.49 | 16.29 | 15.86 |15.87| 12.50 | 15.36 | 13.91 (13.92| 36.36 | 39.91 | 39.66 |38.64
sunhemp
T2 - Compartment
bunding with 169.61 | 175.13 | 174.06 [172.93 16.44 | 17.14 | 16.29 [16.63| 13.22 | 16.32 | 14.37 |14.64| 37.97 | 41.19 | 39.82 |39.66
sunhemp
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Ts- Broad bed
furrows without | 172.12 | 180.57 | 180.62 [177.77) 16.57 | 17.68 | 17.37 [17.19| 14.83 | 17.89 | 17.48 16.73| 40.87 | 43.59 | 42.59 |42.35
sunhemp
Ta4- Broad bed
furrows with | 178.38 | 184.57 | 185.21 [182.72 17.95 | 18.64 | 18.63 |18.41| 16.21 | 18.69 | 18.00 |17.63| 42.51 | 45.72 | 44.71 |44.31
sunhemp
TS'F‘;er?r‘]’;fn"F‘)"th"“t 170.85 | 180.23 | 178.93 [176.67| 17.02 | 17.41 | 17.55 [17.32| 13.93 | 17.04 | 15.91 |15.63| 40.33 | 42.75 | 42.07 [41.72
TG';‘JJ;L%"%SF]W”“ 176.81 | 179.98 | 181.01 [179.26) 17.32 | 17.95 | 18.00 |17.75| 14.48 | 17.61 | 17.22 |16.43| 42.23 | 43.79 | 43.83 |43.28
Mean 17271 179.02 | 178.81 176.84) 16.80 | 17.52 | 17.20 |17.19| 14.20 | 17.15 | 16.15 |15.83| 40.04 | 42.82 | 42.11 |41.66
\rication SEm+ CD(0.05) SEm+ CD(0.05) SEm+ CD(0.05) SEm+ CD(0.05)
g 112 3.90 0.19 NS 0.42 1.46 0.62 217
Land modules 0.43 1.3 0.12 0.35 031 1.46 0.30 0.85
X L 0.74 213 0.22 NS 053 NS 0.52 NS

Table 2: Longterm effect of irrigation scheduling under different irrigated land module ecosystems and insitu green manuring on water use
efficiency and economics of growing Sunflower (Pooled over 4 years 2014-15 to 2017-18).

Water use efflc_llency Gross income (Rs. ha?) Net income (Rs hat) B:C ratio
(kg ha.mm)
Treatments l1= I, = Is= l1= I2= I3 = l1= I = Is= I1= I, = Is=
Rainfed|0.8 IW|0.6 IW|Mean[Rainfed|0.8 IW /0.6 IW /[Mean|Rainfed|0.8 IW /0.6 IW /|[Mean|Rainfed|0.8 IW|[0.6 IW|Mean
/| CPE |/ CPE CPE | CPE CPE | CPE / CPE |/ CPE
T1- Compartment
bunding without sun | 4.28 3.82 | 3.71 [3.94 | 34567 | 42229 | 38258 [38351| 16332 | 22651 | 18965 |19316] 1.95 2.19 | 2.02 |2.06
hemp
T2 - Compartment
bunding with sun 460 | 4.03 | 3.82 [4.15| 36061 | 44729 | 39348 140045 17605 | 24984 | 19929 [20838 2.00 229 | 205 (211
hemp
Ta- Broad bed furrows 5,04 | 436 | 4.34 |4.58| 40719 | 48464 | 47036 {45406| 21871 | 28176 | 27281 [25776| 2.21 244 | 241 |2.35
without sun hemp
T4- Broad bed furrows) o\ | 4 53 | 454 | 4.83 | 44041 | 50552 | 48195 47506 25070 | 30300 | 28223 [p7864] 2.32 | 251 | 2.44 |2.42
with sun hemp
Ts- Fggao‘é‘;sm";'th"“t 483 | 407 | 401 |4.35| 38151 | 46309 | 42766 142409 19629 | 24830 | 23231 [22564 2.36 | 2.36 | 2.23 | 2.25
To- Furla)(:vnqspWIth sun 498 | 4.23 | 4.27 |4.44 | 39599 | 47531 | 46355 44495 20847 | 27459 | 26753 [24990, 2.15 239 | 237 [231
Mean 486 | 417 | 4.11 |4.38| 38856 | 46635 | 43659 43050 20225 | 26399 | 24063 |23558] 2.17 2.36 | 2.25 [2.30
\rigation SEm+ CD(0.05) SEm+ CD(0.05) SEm+ CD(0.05) SEm+ CD(0.05)
0.31 NS 1076 3725 1155 3997 0.07 NS
Land modules 0.07 0.19 840 2389 823 2343 0.05 0.16
I XL 0.11 NS 1454 NS 1425 NS 0.09 NS

The pooled results on economics revealed that gross returns and
net returns were significantly influenced by irrigated ecosystems
and different land modules. Among irrigated ecosystems,
significantly higher gross (46635 Rs. ha') and net return (27864
Rs. ha) were recorded in I, (0.8 IW/CPE ratio) which was
followed by 43659 and 24063 Rs. ha?, respectively in I3 (0.6
IW/CPE ratio). Among the different insitu moisture
conservation systems, significantly higher gross (47596 Rs. ha?)
and net returns (27864 Rs. ha') was observed in T, (Broad bed
furrows with sunhemp) as compared to rest of the treatments.
B:C ratio was not significantly observed by irrigation levels.
However, among the different insitu moisture conservation
systems, significantly higher B:C ratio (2.42) was recorded in
broad bed furrows with sun hemp (T4) followed by Ts; (Broad
bed furrows without sunhemp) which recorded 2.35, repectively.
The lower B:C ratio of 2.06 was observed in T; (Compartment
bunding without sunhemp) (Table.2). The higher benefits are
attributed to higher yield and high market price of component
crops. The results are in line with the findings of Paulpandi et al.
(2009) 1221,

Conclusion
The irrigated land-module ecosystems integrated with in-situ

green manuring maintained favourable soil moisture levels
throughout the crop growth period, which consequently
enhanced the growth, yield and quality parameters of sunflower.
Among the land configurations evaluated, the broad bed and
furrow (BBF) system combined with sunhemp green manuring
consistently recorded higher soil moisture content, superior
water-use efficiency (WUE) and greater grain yield than the
alternative land layout methods. Irrigation scheduled at an
IW/CPE ratio of 0.8, in conjunction with the BBF moisture-
conservation system and in-situ green manuring, significantly
improved soil moisture availability, contributed to the buildup of
soil organic matter and favourably enhanced the available
nutrient status of the soil, thereby promoting sustained crop
productivity

References

1. Anonymous. Area, production and productivity. Ministry of
Agriculture and Farmers Welfare; 2023.

2. Ardeshna RB, Arvadia MK, Patil RG, Savani NG. Effect of
land configuration and soil conditioners on growth and yield
of turmeric (Curcuma longa L.). Indian J Agron.
2013;58:412-415.

3. Deutsch ES, Bork EW, Willms WD. Soil moisture and plant

~318 ~


https://www.agronomyjournals.com/

International Journal of Research in Agronomy https://www.agronomyjournals.com

growth responses to litter and defoliation impacts in
parkland grasslands. Agric Ecosyst Environ. 2010;135:58-
69.

4. Eman RAE, Bart S, Hussein SA, Abraham MH. Crop water
productivity for sunflower under different irrigation regimes
and plant spacing in Gezira Scheme, Sudan. J Agric
Environ Int Dev. 2015;109(2):221-233.

5. Hegde DM, Sudhakara Babu SN. Declining factor
productivity and improving nutrient-use efficiency in
oilseeds. Indian J Agron. 2009;54:1-8.

6. Hiremath SM, Hebbi BS, Halikatti SI. Performance of rabi
sorghum as influenced by nitrogen and in situ moisture
conservation practices in kharif sunhemp for green
manuring. Karnataka J Agric Sci. 2003;16(2):216-229.

7. Kadam UA, Pawar VS, Pardeshi HP. Influence of planting
layouts, organic manures and levels of sulphur on growth
and yield of summer groundnut. Maharashtra Agric J.
2000;25(2):211-213.

8. Lal R, Delgado JA, Groffman PM, Millar N, Dell C, Rotz
A. Management to mitigate and adapt to climate change. J
Soil Water Conserv. 2011;66:276-285.

9. Madhurendra, Prasad N, Akhuri RK. Effect of biofertilizer
on sunflower (Helianthus annuus L.). J Oilseeds Res.
2009;26:167.

10. Maruthi Sankar GR, Vittal KPR, Pharande AL, Victor US,
Ravindra Chary G, Ramakrishna YS, et al. Optimal
fertilizer requirement of rainfed sunflower based on varying
soil moisture stress indices on semi-arid Vertisols of India.
Helia. 2008;31:137-154.

11. Muthamilselvan M, Manian R, Kathirvel K. In-situ moisture
conservation techniques in dry farming - a review. Agric
Rev. 2006;27(1):67.

12. Paulpandi VK, Ganesaraja V, Sanbagavalli S, Kavitha MP.
Plant-water status, yield and economics of sunflower as
influenced by in situ moisture conservation methods and
integrated nutrient management practices in rainfed
Vertisols. Indian J Agric Res. 2009;43:284-288.

13. Reddy BN, Chandranath HT, Muralidharudu Y, Lokesha
KR, Murali Arthanari P. Effect of nutrients and moisture
conservation practices on growth, yield and economics of
rabi sunflower (Helianthus annuus L.) grown on rainfed
Vertisols in semi-arid tropics. Helia. 2005;28:135-144.

14. Singh S, Kaushik SK, Gautam RC. Effect of tillage and
moisture conservation practices on productivity, water use
and water use efficiency of pearl millet (Pennisetum
glaucum L.) on light soils under dryland conditions. Indian
J Agric Sci. 1997;67:430-433.

15. Tripathy S, Bastia DK. Irrigation and nutrient management
for yield augmentation of summer sesame (Sesamum
indicum L.). J Crop Weed. 2012;8:53-57.

16. Venkatakrishnan AS. Effect of dryland technologies on
yield of sesame (Sesamum indicum L.) under rainfed
conditions. Indian J Agron. 1998;43(1):154-157.

~319 ~


https://www.agronomyjournals.com/

