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Abstract

Cumin is a cash crop with a short growing cycle which demands little moisture and nutrient inputs.
Determination of optimum water requirement which is function of soil crop and atmosphere is needed for
achieving more profit and higher productivity per unit of water. Trickle irrigation is considered to be
appropriate method for area of limited water resources due to high efficiency of water use under good
management. Efficient design and management of trickle irrigation system needs a prior knowledge on
lateral spacing, emitter spacing, and emitter discharge synchronizing with the soil characteristics. The
emitter configuration also plays vital role in the productivity of closed growing crops. In present study
triangle emitter configurations are adopted. Triangular emitter configuration is better suited in closed
growing field crops because of low unwetted area per square meter. Assuming plants’ response to water
limited condition is a complex phenomenon due to specific morphological and developmental
mechanisms with physiological and bio chemical change. Keeping in view, a field experiment was
undertaken to access the conjugate impact of three irrigation regimes (0.6 IW/ET., 0.8 IW/ET. and1.0
IW/ET¢) and three lateral spacing (0.60 m, 0.70 m and 0.80 m) under triangular emitter configurations on
productivity of cumin. Split plot design with three treatment replications was adopted. Drip irrigation
with 0.8 IW/ET. resulted higher seed yield, plant height and dry matter of 1419.2 kg/ha, 34 cm and 2495
kg/ha respectively at 0.8 IW/ET. with lateral spacing 0.6 m as compared to other treatments. Highest
water use efficiency (5.6 kg/ha.mm) was observed at 0.6 IW/ET. with 0.60 m lateral spacing. Highest
B:C ratio (2.39) observed at 0.8 IW/ET.with lateral spacing 0.6m as compared to other treatments.
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Introduction

Spices have played a vital role in world trade, due to their varied properties and applications.
India is well known all over the world as “Home of Spice”. Cumin is the second most
important spice in the world after pepper. In India, Gujarat is the leading state contributing
more than 70 percent in cumin acreage and production followed by Rajasthan. Cumin is one of
the important spice crops of the state. It is largely grown in Surendranagar, Banaskantha,
Ahmedabad, Porbandar, Rajkot and Jamnagar districts. Surendranagar is the largest cumin
producing district in Gujarat. Unja is the major trading center for cumin in India. It is
cultivated in Rabi season in areas receiving low rainfall, and possess well-drained soil, cool-
dry and clear climatic condition. Optimum growth temperature ranges between 25 to 30 °C
(Singh and Singh, 1996) 8. Cumin requires low water (Tavoosi, 2000; Alizadeh et. al. 2002)
9.2, Some researchers (Awady et al. 2003) ¥ adopted micro sprinkler irrigation to cumin crop.
But in the present environment the authors are not advocating micro sprinkler system due to:
(a) requirement of more energy than drip (b) low distribution efficiency due to prevailing wind
speeds at later stages of crop growth and deterioration in quality and longevity of the seeds and
lastly the reduction in the intensity of the pests and diseases. Drip irrigation reducing energy
use, soluble nutrient losses and water, well-aerated condition and enhance water use efficiency
due to maintaining high soil matric potential in the root zone. The crop and soil type dictate
the lateral spacing and irrigation regimes (Kang, 1998; Keller and Bliesner, 1990) 6 71, The
research on drip system to cumin (Alizadeh et al. 2002; Yadav and Dahama 2003; Akbarinia et
al. 2005) > 1 was mainly focused on plant density, irrigation interval only. Efficient design
and management of trickle irrigation system needs a prior knowledge on lateral spacing,
emitter spacing, and emitter discharge synchronizing with the soil characteristics. The emitter
configuration also plays vital role in the productivity of closed growing crops. No work in this
direction was progressed. Keeping into cognizance the problems above addressed a study was
undertaken to analyze the performance of different irrigation regimes and lateral spacing on
morphological and yield attributes of cumin.
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Material and Methods

Experiment was conducted at the instructional farm of
Research Training and Testing Centre, Junagadh Agricultural
University, Junagadh (21°30° N latitude and 70°27° E
longitude) with an altitude of 77.5 m above MSL. Area falls
under subtropical and semi-arid with an average annual
rainfall of 800-900 mm and average annual pan evaporation
of 5.6 mm/day. Temperature ranges from 22°C to 44°C in
summer and 10°C to 35°C in winter. The physicochemical
characteristics of the experimental soil are depicted in Table
1. The experiment was undertaken to evaluate three drip
irrigation regimes (0.6 IW/ET., 0.8 IW/ET, and 1.0 IW/ET)
and three lateral spacing (0.60 m, 0.70 m and 0.80 m) on
cumin. Split plot design was adopted and treatments were
replicated thrice. Integral drip line of 16 mm diameter at 0.4
m emitter spacing with discharge of 2 Iph (i.e., 5 I/m/h) was
adopted based on the study of wetting pattern distribution for
different lateral spacing.

Triangular emitter configuration is better suited in closed
growing field crops because of low unwetted area per square
meter. Assuming plants’ response to water limited condition
is a complex phenomenon due to specific morphological and
developmental mechanisms with physiological and bio
chemical change. Hence determination of optimum water
requirement conditions for a particular emitter configuration
discharge condition is needed for achieving more profit and
higher productivity per unit of water.

Two parallel lateral lines of Integral drip line were staggered
to make triangular pattern. These designs were repeated for
every IW/ET, ratio and lateral spacing. Three lateral spacing
of 0.6 m, 0.7 m and 0.8 m were considered in the present
study.

Fig 1: Triangular geometry of drip emitter

Soil was brought to fine tilth by two ploughings with
rotavator. Experimental site leveled using plank as shown in
plate 3.3. Beds of 2.0 m x 7.0 m size was prepared. Seed
treated with thiram @ 3.0 g/kg. For better germination, it
soaked in water for 24 hr. It was dried for better broadcasting.
15 metric tonne farm yard manure, 15 kg Nitrogen and 30 kg
Phosphorus per hectare was given for cumin crop. Cumin
variety GC- 4 was grown at rate of 12 kg/ha on 22
November in both experimental years. Average crop duration
is 105-110 day. The irrigation withholds after physiological
maturity, considering base period about 95 day. Cumin crop is
sensitive to wilt disease. Hence, to protect the cumin crop
from the attack of pest, insect and fungus disease careful
actions were taken as well as possible during crop season.
Spraying of thiamethoxam @ 5 g/15 liter of water was done
to control the insect and pest and carbondanzim and
mencozab as fungicide were applied. Care was taken to keep
crop free from weed. Irrigation frequency was kept as 4 days.
The USB evaporation pan was installed in the field to monitor
the daily evaporation adjoining to the field. The maximum

root zone was observed by agronomists as 60 cm in the
present area. The temporal variation of root depth was
determined using the Ferere’s et al. (1981) linear root growth
model.

Table 1: Physio-chemical characteristics of soils.

Particulars Units Average
Bulk density gl/cc 1.44
Specific gravity glcc 2.502
Porosity % 49.72
Field capacity % 24.5
Saturation percentage % 45.55
Wilting point % 12.25
Hydraulic conductivity cm/hr 1.04
ESP(1:2) % 4.5
SAR(1:2) % 0.03
Phosphate Kg/ha 12
Nitrogen Kg/ha 210
Potash Kg/ha 450
PH (1:2.25) 8.87
EC ds/m ds/m 0.2
Sand % 49.78
Silt % 33.68
Clay % 16.52

Economics drip irrigation and cumin crop

Fixed and operating cost considered for economic analysis.
Estimation of total production cost, gross revenue and net
return for different treatments was done with following
assumptions: Cost of drip irrigation system was calculated by
the method given by the Dandy and Hassanli (1996) [ which
is expressed as:

C=Cp+Cu+Ci+Ci+Co +C; Q)

Where, C, =combined costs of piping. Cp, = cost of pump.
Cost of accessories is given by C,. C;i = installation cost. C, =
present value of operating cost of drip computed as per
operating hours of pump. C; = present value of repair and
maintenance.

Production cost involved, fixed cost (F) and variable cost (V).
Fixed cost includes costs of well, Capital cost, pump,
irrigation system and insurance, Interest on capital
investment. Variable cost includes costs of inputs, harvesting,
and marketing cost of the produce. The return (R) is the
monetary value. It is given by benefit (B) = R.

Results and Discussions

Impact of irrigation regimes and lateral spacing were analyzed
mainly using plant height and yield attributes of cumin, WUE
and economics of the system. Daily evaporation during the
experimental period for two years is shown in Fig 2. The
average evaporation was estimated to be 4.5 mm/day. The
cumulative evaporation during 2011-12 and 2012-13 was
observed to be 570.4 mm and 603.4 mm. The temperature
variation was observed between 13.71°C to 30.56°C and
14.43°C to 31.94°C during the experimental year 2011-12 and
2012-13 respectively. The relative humidity was varying from
5% to 93% and 5% to 87% during the experimental year
2011-12 and 2012-13 respectively.

Plant height and yield attributes
The combined effect of irrigation regimes and lateral spacings
was observed on the plant height, seed yield and dry matter
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yield of cumin and is depicted in Fig. 3. The results revealed
that there was significant difference in plant height, dry matter
yield and seed yield due to interaction effect of irrigation
regimes and lateral spacing. Plant height, seed yield and dry
matter yield increased with IW/ET, ratio upto 0.8 and
declined after that due to oxygen diffusion

10 ====2011-12 =—2012-13

—

Evaporation, mm//day

Fig. 2: Daily evaporation of experimental field during year 2011-12
& 2012-13

because of excess water application for the cumin crop for a
particular lateral spacing. The same trend prevailed for the
remaining lateral spacings. Similarly Plant height decreased

with increased lateral spacings for a particular fraction of
IW/ETc. This may be due to poor uniformity of water
application with increased lateral spacing. The same trend of
observations prevailed for other spacings also. Lowest plant
height, seed yield and dry matter yield was observed at 0.6
IW/ET. due to insufficient availability of water than the
required to the crop. Highest plant height (34 cm), seed yield
(1419 kg/ha) and dry matter yield (2495 kg/ha) were observed
at 0.8 IW/ET. ratio for 0.60 m lateral spacings. Highest plant
height, seed yield and dry matter yield were observed at a
lateral spacing of 0.60 m. Under closer lateral spacing better
prevalence of soil moisture, enhanced microbial activity
which in turn enhanced the seed yield of cumin. The standard
deviation among the replication traits was minimum for all
irrigation regimes and lateral spacing. Not only less irrigation
water is required with drip, but at the same time yield
enhancement is also achieved because of the congenial
conditions for better growth is maintained in root zone
throughout the crop growth period.

Significant difference was observed in plant height, seed yield
and dry matter yield among different treatments during both
the years. 0.8 IW/ET. ratio for 0.60 m lateral spacings
conceded taller plants, with more dry matter yield and seed
yield than the other treatments because water was maintained
in the root zone at a level that is congenial for developmental
growth of plant. Availability of nutrients in soil during
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Fig 3: Impact of different treatment combination on cumin morphological parameters
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growing season increased growth of plant. An inverse linear
relationship between the lateral spacing and plant height, seed
yield and dry matter yield were observed.

Water use efficiency (WUE)

WUE is the quantity (kg) of cumin seed production/ ha.mm of
water utilized under different treatments. The data on water
use efficiency shown in Fig. 1 shows that 1,S; gave higher
water use efficiency of 5.6 kg/ha-mm than other treatment,
lowest water use efficiency of 2.33 kg/ha-mm was found
under 1,Ss. The irrigation water productivity was lowest at
highest irrigation level and lateral spacings compared to all
other treatments in both the years in present experiment. In
general, water use efficiency values decreased with increasing
water use and lateral spacing. At 0.6 IW/ET. and 0.6 m lateral
spacing, uniform water distribution was obtained due of
which more water was available in the root zone which might
had increased various physiological processes, decreased
leaching of water, higher rate of photosynthesis, better plant
nutrient uptake, due of which increased seed yield. Treatment
10S; can be suggested for areas with limited water resources.
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Fig 4: Benefit cost ratio of cumin crop
Economics

The total cost of cultivation of cumin crop was estimated as
summation of the fix cost and variable cost and is presented in
Fig. 4 for different irrigation regimes and lateral spacings.
Gross return was estimated for each treatment considering the
prevailing selling price of Rs.110 per kg. The highest net
return and benefit cost ratio were found under treatment 0.8
IW/ET. and 0.6 m lateral spacing due to higher productivity
drip irrigation. Cost of system reduced approximately 20% as
lateral spacing increased from 0.6m to 0.8m, but on contrast
decreased yield with increase in lateral spacing ultimately
affects the B:C ratio. The other reason for getting low benefit
may be due to poor quality of product under 0.7m and 0.8m
lateral spacing with low water application.

Conclusion

Being an important spice crop and precise water demanding
crop water saving methods needs to implement in the cumin.
So attempts have been made in the present research work to
identify water management strategies in the crop with
productive, efficient and economic irrigation systems. Impact
of irrigation regimes and lateral spacing on cumin was
evaluated in terms of plant height and yield attributes.53.33%
water was saved in 0.8 IW/ETc with highest net return. In
other words, one can harvest an equal yield of cumin seed as
that of surface method with almost half the amount of
irrigation water or one can almost double the area under
cumin crop with drip method of irrigation.
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