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Effect of drip fertigation on growth and yield of
castor + onionintercropping system

Bl K.R. PUSHPANATHAN, B.J. PANDIAN, G. MARIAPPAN AND P. JEYAKUMAR

SUMM ARY : Field experiments were carried out in the farmer’s field at Kokalai village, Namakkal during
Rabi 2011-12 and 2012 - 13 to study the effect of drip irrigation regimes and fertigation levelson growth
yield attributes of castor and onion crops, castor equivalent yield in castor with onion intercropping
system. Results revealed that drip irrigation at 80 per cent CPE recorded significantly better growth
characters of castor like plant height, leaf areaindex (LAI), yield attributesviz., length of primary spike;
number of capsule per primary spikes; total number of spikes per plant; 100 seed weight and castor
equivalent yield than 60 per cent and 40 per cent CPE during both the years. Among the different
fertilizer levels, application of 100 per cent RDF as water soluble fertilizer (WSF) registered better
growth characters viz., plant height, LAI, yield attributes and castor equivalent yield during both the
years compared to other treatments. The onion growth characters viz., plant height, number of leaf
sheaths, single bulb yield and number of bulb per plant? weresignificantly influenced by drip irrigation
at 80 per cent and 100 per cent RDF aswater solublefertilizer during both 2011 -12 and 2012 -13.

How to citethisarticle: Pushpanathan, K.R., Pandian, B.J., Mariappan, G and Jeyakumar, P. (2017). Effect of
drip fertigation on growth and yield of castor + onion intercropping system. Agric. Update, 12 (TECHSEAR-4):
1099-1104; DOI: 10.15740/HAS/AU/12. TECHSEAR (4)2017/1099-1104.

and Hedge, 2011). The magjor castor growing
states in India are Gujarat, Andhra Pradesh,
Rajasthan, Tamil Nadu, Karnataka, and
Orissa. Keeping in view the potential of crop
in terms of industrial uses and ever growing
demand for castor oil and derivatives across
the globe, there is a heed to enhance castor
productivity inIndia.

Irrigation application can be reduced by
50t0 80 per cent with dripirrigation compared
to sub surface irrigation and overhead
irrigation (Locascio et al., 1989). Wali et al.
(1988) stated that castor grown during Kharif

BACKGROUND AND OBJECTIVES

Castor (Ricinus communis L.) is an
important non-edibleindustrial oilseed crops
among nine cultivated oilseeds. It is grown
acrosstheworldintropical, sub tropical and
warm temperate region and it has great
industrial and commercial value (Anjani,
2012). Castor is cultivated on commercial
scale in area of 1.52 million hectare in 30
countries with a production of 1.58 million
tonnes of seeds. India, China, Brazil, Russia,
Ethiopiaand Philippines are the maj or castor
growing countriesin theworld (Damodaram
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season under irrigated conditions produced significantly
higher yield attributing characters viz., yield per plant,
100 seed yield and seed yield (2130 kg ha?) than the
rainfed conditions. Under optimumirrigation level, aseed
yield of 3780 kg ha*was obtained with the hybrid GCH
5 (R4 et al., 2010). A castor field produced 1774 kg ha
! of seed without irrigation, 2199 kg ha! with a
supplementary irrigation at the end of the growing season
and 4252 kg ha!with supplementary irrigation before
and after the rainy season (Souza et al., 2007). Drip
fertigation of castor with intercrop was not conducted.
Hence, considering the above fact, the field experiment
was planned to identify suitable drip irrigation regimes
with different fertilizer levelson castor with inter cropping
system.

RESOURCES AND METHODS

Field experiments were conducted during Rabi
2011-12 and 2012 -13 in farmer’s field at Kokalai village,
Elachipalayam Block, Namakkal district to study the
effect of drip irrigation with fertilizer levels on castor
under onion intercropping system. The experiment was
laid out in split plot design and replicated thrice. The soil
of the experimental site was texturally classified under
sandy loam with 18.76 per cent field capacity, 7.74 per
cent permanent wilting point, bulk density 1.04 (g cc?)
and good drainage capacity. The soil pH was 8.49, organic
carbon content 0.23 per cent and EC 0.12 dsm™. The
initial soil nutrient status was 187.5 kg N, 20.3 kg P,O,
and 352.5 kg K,O ha™.

Thetreatment comprised of threelevelsof irrigation
regimes {drip irrigation at 40, 60 and 80 per cent
cumulative pan evaporation (CPE)} and six levels of
fertilizer (F,: 75% RDF as conventional fertilizer (CF);
F,: 75 % RDF as water soluble fertilizer (WSF); F,: 75
% RDF (75 % CF + 25 % WSF); F,: 100 % RDF as
conventional fertilizer (CF); F.: 100 % RDF as water
solublefertilizer (WSF); F,: 100 % RDF (75 % CF + 25
% WSF) and surface irrigation with 100 per cent
recommended does of fertilizer as control.

The recommended dose of fertilizer was 60:30:30
kg NPK ha'. N and K were supplied through drip
fertigation and full dose of Pwassupplied asbasa inthe
form of single super phosphate under conventional
fertilizer application. Inthe case of water solublefertilizer,
(poly feed -19:19:19 kg NPK hat) was supplied through
drip fertigation as nutrient sources for castor + onion
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intercrop.

For surface irrigation treatment, full dose of
phosphorus (30 kg ha?), 50 per cent of nitrogen (30 kg
ha!) and potassium (15 kg ha') were applied asbasal in
theform of urea, single super phosphate and muriate of
potash and remaining 50 per cent N and K (30: 0: 15kg)
were top dressed in two equal split at 30 and 60 day
after sowing. Irrigation was supplied IW/ CPE ratio of
0.75 (66.6 mm) for surfaceirrigation.

Drip system was laid out in such a way that the
main pipe was connected with head unit. The main line
wasdivided into three sub line having separate controlling
valvesfor |, I,and I, dripirrigation levels. Lateral lines
were connected with sub main at a distance of 150 cm
in a normal planting. The drippers were placed at a
distance of 60 cm spacing. Castor crop hybrid (YRCH
1) was sown at a spacing of 150 x 120 cm. Onion
intercrop (CO,) was sown at either side of castor with
the spacing of 30 x 10 cm. The crop was sown in the
second fortnight of October and first week of October
during Rabi, 2011-12 and 2012-13, respectively. Thedrip
irrigation schedule was started 15 days after sowing upto
150days. Thedripirrigation wasgiven at 3 daysintervals
based on USWP open pan evaporimeter. Daily pan
evaporation was measured with a help of pan
evaporimeter and the cumulative of three days were
calculated for water requirement under drip system.
Water requirement of the crop wasworked out by using
theformula

WRc = CPE x Kc x Kp x Wp x A

where, WRc - Computed water requirement (litre
plant?), CPE - cumulative pan evaporation for three days
(mm), Kp - Pan factor (0.8), Kc - Crop factor {Initial
stage (0 - 25 days) - 0.35; Developmental stage (26 - 60
days) - 1.15; Mid stage (61 - 130 days) - 1.15 and final
stage (131 - 180 days) - 0.55} Wp - Wetting percentage
and A - Areaper plant. At 45 DAS, growth character of
castor and onion was recorded and yield attributing
character wascollected at 90 DA S on randomly selected
five plants. Castor yield on primary spike was harvested
at 90 DAS, and next three picking (30 days interval)
were followed within the duration of castor crop (180
days). Onion was harvested at maturity (90 DAS) and
marketable onion was recorded for estimating the castor
equivalent yield. The castor equivalent yield of
intercropping system was computed by converting the
yield of intercropsinto castor seed equivaent onthebasis
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prevailing market price.

OBSERVATIONS AND ANALYSIS

Theresults obtai ned from the present study aswell
as discussions have been summarized under following
heads:

Growth charactersof castor :

During Rabi, 2011 - 12 and 2012 - 13, dripirrigation
regimesexerted significant influence on plant height, | eaf
areaindex (LAI) and days to 50 per cent flowering are
presented in Table 1.

Drip irrigation at 80 per cent cumulative pan
evaporation CPE (l,) recorded better growth
characters when compared to drip irrigation at 60 per
cent CPE (l,) and 40 per cent CPE (l,) during both
theyears. Drip irrigation at 80 per cent CPE recorded
maximum plant height, (56.8 and 49.5 cm) at 45 DAS
and (93.2and 99.6 cm) at 90 DAS, higher in leaf area
index (0.236 and 0.208) at 45 DAS and (0.606
and0.585) at 90 DA S and more number of daysto 50
per cent flowering (52.3 and 48.2 days) during Rabi
2011- 12 and Rabi 2012-13, respectively. At 40 per
cent CPE, obtained lower plant height (43.6 and 43.1
cm) at 45 DAS and (68.8 and 64.6cm) at 90 DAS,

lesser LAI (0.144 and 0.126) at 45 DAS and (0.390
and 0.327) at 90 DA S and daysto 50 per cent flowering
found to be earlier (47.8 days and 46.8 days,
respectively) in both the years.

Among thedifferent fertilizer levels, drip fertigation
at 80 per cent CPE with 100 per cent RDF as WSF
registered taller plants (61.3 and 51.8 cm) at 45 DAS
and (103.6 and 92.1 cm) at 90 DAS; maximum LAl
(0.294 and 0.260) at 45 DAS and (0.815 and 0.856) at
90 DAS and delayed 50 per cent flowering (53.4 days
and 51.6 days) followed by drip fertigated at 100 per
cent RDF (75 % CF + 25 % WSF). Drip fertigation at
40 per cent CPE with 75 per cent RDF as CF registered
lower plant height, LAl and less number of days to 50
per cent flowering at 45 and 90 DAS in both the years,
respectively. During both the years, surface method of
irrigation based on IW/ CPE ratio 0.75 with 100 per cent
RDF as soil application recorded lower growthsviz., plant
height (59.7 and 48.9 cm) and (98.7 and 95.8 cm) at 45
and 90 DAS, leaf areaindex (0.269 and 0.232) and (0.698
and 0.649) at 45 and 90 DA S and less number of daysto
50 per cent flowering (53.1 and 49.6 days), respectively.

Yield attributes of castor and castor equivalent
yied:
Theyield attributesviz., length of primary spike (cm),

Tablel: Effect of drip fertigation on growth character s of castor

Plant height (cm) Leaf areaindex 45 DAS Daysto _50 %

Treatments o1 01 o011 _91(; TR B TR TR 201ﬂ10YV T

12 13 13 12 13 12 13 12 3
Dripirrigation regimes
I, - 40 % CPE 436 431 68.8 646 0144 0126 0300 0327 478 468
I, 60 % CPE 533 453 86.4 837 0219 0191 0549 0519 503 478
l— 80 % CPE 568 495 93.2 996 0236 0208 0606 0585 523 482
SE# 110 037 165 174 0006 0010 0019 0021 046 013
C.D. (P=0.05) 307 102 458 484 0017 0026 0054 0060 127 037
Fertilizer levels
F.- 75% RDF as CF 472 M1 757 795 0168 0148 0424 0388 472 458
F, - 75% RDF as WSF 522 465 836 835 0203 0180 055 0504 507 481
Fo- 75%RDF (75% CF +25% WSF) 502 452 808 810 0191 0168 0482 0442 505 467
F,- 100 % RDF as CF 553 479 91.2 865 0234 0205 0601 0575 521 497
Fs - 100 % RDF as WSF 613 518 1036 91 0294 0260 0815 0856 534 516
Fo- 100 % RDF (75% CF + 25% WSF) 593 496 97.2 887 0265 023 0671 0686 523 506
SEx 178 104 254 255 011 0011 0029 0039 043 015
C.D. (P=0.05) 364 211 5.20 520 0023 002 0060 0079 088 031
Surfaceirrigation +100% RDFasCF 597 489 98.7 958 0269 0232 0698 0649 531 496
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number of capsule per primary spike (no.), total number
of spikes per plant (no.), 100 seed weight (g) and castor
equivalent yield (CEY) (kg ha?t) were influenced by
irrigation regimes and fertilizer levels are presented in
Table 2.

In both the years of experimentation, dripirrigation
at 80 per cent CPE at 90 days after sowing (DAS)
showed significantly higher in the yield attributes viz.,
length of primary spike (50.9 and 46.9 cm); number of
capsul e per primary spike (82.1 and 76.3); total number
of spikes per plant (19.1 and 17.7); 100 seed weight of
(31.6 g and 28.3 g) and CEY (4866 and 4565 kg ha?);
during Rabi 2011-12 and 2012-13 followed by drip
irrigation at 60 per cent CPE in both years. The lower
length of primary spike (38.1 and 37.9 cm); number of
capsul e per primary spike (52.7 and 51.3); total number
of spikes per plant (14.9 and 13.8); minimum 100 seed
weight (26.4 and 26.1 g) and CEY (3986 and 3420 kg
ha?) were observed in 40 per cent CPE in both theyears.

Among the fertilizer levels, application of 100 per
cent RDF as WSF registered maximum yield attributes
viz., primary spikelength (51.2 and 49.1 cm); number of
capsul e per primary spike (77.1 and 75.3); total number
of spikesper plant (21.7 and 19.9); 100 seed weight (31.0
and 28.8 g) and castor equivalent yield (5582 and 5003

kg ha?) followed by 100 per cent RDF (75 % CF +25 %
WSF) and 100 per cent RDF as conventional fertilizer.
Application of 100 per cent RDF (75 % CF + 25 %
WSF) and 100 per cent RDF as conventional fertilizer
found to be on par with each other on yield attributes
and CEY on both the years, whereas the primary spike
lengths found to be significant in Rabi 2011 - 12. The
castor equivalent seed yieldincrease under drip fertigation
at 100 per cent RDF as WSF was 17.7 and 12.9 per
cent in Rabi 2011-12 and 2012 - 13, respectively over
100 per cent RDF as CF over soil application of 100 per
cent RDF asconventional fertilizer with surfaceirrigation.

Thelower inyield attributesviz., spikelength (41.1
and 39.0 cm); number of capsule per primary spike (63.7
and 59.6); total number of spikes per plant (15.1 and
14.6); 100 seed weight (28.3 and 26.3g) and CEY (3938
and 3586 kg ha?) was registered at 75 per cent RDF as
CF in both the year of study. Surfaceirrigation with 100
per cent RDF recorded minimum spike length (51.3 and
45.6 cm); number of capsule per plant (76.9 and 69.1);
total number of spikes per plant (19.4 and 18.2); 100
seed weight (31.6 and 27.8 g) and CEY of 4744 and
4432 kg ha* compared to 100 per cent RDF as CF in
drip fertigation in both the years, (similar report by
Raghavaiah and Sudhakarbabu, 2000).

Table?2: Effect of drip fertigation on yield attributesand castor equivalent yield of castor + onion inter cropping system

Primary spike length No. of capsule per Total number of 100 seed weight Castor equivalent yield
; g ] 1 1
Treatments (cm) primary spike (No.) spikes plant™(No.) (9) (kg ha)
2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12 2012-13 2011-12  2012-13

Drip irrigation regimes
I, 40 % CPE 38.1 379 52.7 51.3 14.9 138 26.4 26.1 3986 3420
I,— 60 % CPE 44.0 429 67.8 65.5 17.0 16.0 29.7 27.1 4176 3942
Is— 80 % CPE 50.9 46.9 82.1 76.2 19.1 17.7 31.6 28.3 4866 4565
SEx 0.98 0.54 1.89 153 0.31 0.63 0.20 0.29 71 64
C. D. (P=0.05) 271 1.49 524 4.23 0.85 1.75 0.55 0.80 198 177
Fertilizer levels
F, - 75% RDF as CF 411 39.0 63.7 59.6 151 14.6 28.3 26.3 3938 3586
F,- 75% RDF as WSF 455 429 68.0 66.5 17.8 16.4 294 27.4 4254 3976
Fs- 75 % RDF (75%

438 41.2 66.2 63.2 16.3 15.0 29.0 26.8 4128 3845
CF + 25% WSF)
F4- 100 % RDF as CF 47.0 454 722 67.9 18.8 174 30.1 28.2 5049 4495
Fs- 100 % RDF as WSF 51.2 49.1 77.1 75.3 217 19.9 31.0 28.8 5582 5003
Fe- 100 % RDF (75%

484 46.0 73.7 70.5 19.2 18.2 30.3 285 5395 4757
CF + 25% WSF)
SEx+ 0.50 0.49 0.82 0.94 0.31 0.39 0.21 0.52 49 40
C.D. (P=0.05) 1.02 0.99 167 1.92 0.64 0.80 0.43 1.05 100 82
Surfaceirrigation +100

51.3 456 76.9 69.1 194 18.2 31.6 27.8 4744 4432
% RDF asCF
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Growth and yield attributes of onion :

Theeffect of dripirrigation and fertilizer influences
the growth and yield attributes of onion intercrop are
presented in Table 3.

In both the years of experimentation, at 80 per cent
CPE (45 DASand at harvest time) the plant height (37.9,
40.8 and 35.6, 40.2 cm) and yield attributes viz., number
of leaf sheath (21.3, 25.2 and 17.5, 22.1); single bulb
yield were (15.6 and12.7 g) number of bulbs per plant
(6.9 and 6.5) were significantly influenced and 100 per
cent RDF asWSF plant height (36.5, 45.3and 38.7, 42.4),
number of leaf sheath (22.9, 27.1 and 21.0, 25.9); single
bulbyield (15.4 and 13.9 g) and number of bulbs plant*
(7.0and 6.7) were significantly registered higher val ues
during Rabi 2011-12 and 2012 - 13 followed by 60 per
cent CPE and 100 per cent RDF (75 % CF + 25 %
WSF) in both the years. The lower yield attributes
recorded at 40 per cent CPE with 75 per cent RDF as
conventional fertilizer.

The growth and yield attributes might have
cumulatively influenced higher castor equivalent yield
under higher level of nutrient fertilization the results
obtained in the present study in accordance with the
resultsreported by Selvargju et al. (2005). Higher value
of yield attributes like length of primary spikes, number

of capsule per primary spikes, total number of spikes
per plant may because of high photosynthesis, which
results in high seed filling of castor. All these yield
attributesmight have cumulatively produced higher castor
equivaent yield under higher level of nitrogen. Theresults
obtained in the present study are in accordance with the
results reported by Selvargju et al. (2005). Nitrogen
application with irrigation enhanced the production of
femal e and mal e flowerswithout affecting the sex ratio.

The increase in castor equivalent yield under drip
irrigation might be due to maintenance of favourable soil
moisture status in the root zone, which in turn helped
plantsto maintain turgour pressure, thus, utilized moisture
as well as nutrients more efficiently from wetted area
and ultimately enhanced vegetative as well as
reproductive growth of crop. Similar results were also
reported by Reddy et al. (2006). Irrigation regimes
exerted significant seed yield. This might be because of
more dry matter production and plantswith significantly
more number of total racemes per plant following
availability of sufficient moisture.

On sufficient supply of nutrient to onion intercrop,
the production of IAA might have increased, which
consequently had shown simultaneously action interms
of cell elongation resulting gin increased plant height.

Table 3: Effect of drip fertigation on growth and yield attributes of onion intercrop

Plant height (cm) Number of leaf sheath Single bulb Number of bulb
Treatments 45DAS At harvest 45DAS At harvest yield (g) plant™
2011- 2012- 2011- 2012- 2011- 2012- 2011- 2012- 2011- 2012-  2011- 2012-
12 13 12 13 12 13 12 13 12 13 12 13
Drip Irrigation regimes
11— 40 % CPE 281 295 335 33.6 15.1 14.1 198 17.7 12.6 110 50 49
I.- 60 % CPE 343 323 383 36.5 17.6 15.5 223 20.2 136 11.9 5.8 5.6
13— 80 % CPE 379 35.6 40.8 40.2 21.3 175 252 221 15.6 12.7 6.9 6.5
SE+ 0.65 0.45 1.09 0.46 0.88 0.34 0.66 0.48 0.31 0.10 0.08 0.28
C.D. (P=0.05) 1.80 1.26 3.03 1.29 243 0.94 184 133 0.87 0.26 0.22 0.77
Fertilizer levels
F.- 75% RDF as CF 327 29.7 35.2 341 16.0 13.6 21.0 17.4 129 10.6 54 5.2
F.- 75% RDF as WSF 33.6 335 37.9 379 18.9 16.1 229 20.6 14.6 125 6.1 58
Fs- 75 % RDF (75% CF
33.0 317 37.2 36.0 17.1 15.0 22.2 19.2 13.7 11.3 58 5.6
+ 25% WSF)
F4- 100 % RDF as CF 34.4 349 39.9 38.9 20.1 18.0 23.6 22.8 14.6 131 6.3 6.1
Fs- 100 % RDF as WSF 36.5 38.7 43.3 42.4 229 21.0 27.1 259 154 13.9 7.0 6.7
Fs- 100 % RDF (75%
34.8 35.8 40.6 39.7 20.2 18.9 24.2 23.8 14.8 134 6.6 6.4
CF + 25% WSF)
SE+ 1.00 0.66 110 0.78 0.86 0.64 0.98 0.73 0.62 0.14 0.16 0.19
C.D. (P=0.05) 2.04 1.35 2.25 1.59 1.75 131 1.99 149 127 0.28 0.32 0.39
Surfaceirrigation + 100 %
38.2 338 34.9 379 194 17.4 229 21.8 138 124 59 6.8

RDF as CF
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Significantly higher size and number of bulb per plant
might be due to better vegetative growth with the
nutrition application which accel erated photosynthesis
and translocation of photosynthates (dry matter) into
storage organ resulted in increased weight and number
of bulb per plant whichin turnincreasethe bulb yield
of onion.

Conclusion:

Based on the experimental results conducted during
Rabi 2011-12 and 2012 -13 it was concluded that potential
production and profit from drip irrigated Rabi castor,
variety YRCH-1with CO, onionintercrop raised intwo
sides of castor on sandy loam soils of Namakkal district,
Tamil Nadu. It can be secured by castor crop irrigation
at 80 per cent cumulative pan evaporation based drip
irrigation in combination with 100 per cent RDF through
water solublefertilizer which may enhance growth, yield
attributewhichinturnincreasethe castor equivalent yield
in castor plus onion intercrop and also followed by 80
per cent CPE with 100 per cent RDF as 75 per cent CF
and 25 per cent WSF, respectively.
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