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Japanese mint (Mentha arvensis L.) is the source of
menthol rich essential oil which has a variety of industrial
applications and its cultivation supports livelihoods of
more than one million farmers in India. Its leaves contain
flavonoids, triterpenoids, vitamins, iron, phosphorus,
calcium and potassium (Hasanah ef al. 2019). Presently
about 80% of the world requirement of mint oil is met
by India. In India, production of mentha oil was about
38000 metric tonnes from an area of 0.34 million ha, with
average productivity of 120 kg/ha (Singh et al. 2018). Crop
establishment methods play a key role in the establishment
of transplanted seedlings and use of applied water. Flat
planting followed by irrigation is the common practice of
raising mint crop in India. Ridge and bed plantings have
been shown to be more efficient in relation to water and
nutrient use. Mint is a shallow rooted, high water demanding
crop, responds well to irrigation and water stress reduce its
productivity and oil content. It is a heavy feeder of nitrogen
and can take approximately 180 kg N/ha for better yield
(Rosete et al. 2014). Proper crop establishment and the
application of optimum quantity of irrigation water and
nitrogen are the key inputs for optimum productivity and
economic returns from the crop. Keeping this in view, a
field experiment was conducted to evaluate the influence of
crop establishment methods, irrigation and nitrogen levels
on water economization in Japanese mint.

The study was carried out during summer (March-
June) of 2016-17 at NDUAT, Kumarganj, Faizabad, Uttar
Pradesh, in split plot design, with three crop establishment
methods, viz. flat bed planting, ridge planting and raised bed
planting and three irrigation regimes, viz. 0.8 IW/CPE, 1.0
IW/CPE and 1.2 IW/CPE ratio in the main plots and three
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N levels, viz. [RDN (160 kg N/ha), 75% RDN (120 kg N/
ha) and 125% RDN (200 kg N/ha)] in subplots with three
replications. The suckers of variety Kashi were transplanted
at spacing of 45 cm x 20 cm on 22 March, 2017 as per
land configuration treatments. The depth of irrigation water
was 6 cm applied through a Parshall Flume. Half amount
of nitrogen (through urea) as per treatment, and full dose
of phosphorus (60 kg/ha, through SSP) and potassium (60
kg/ha, through MOP) was applied as basal at the time of
planting. Remaining quantity of nitrogen was given in two
equal splits, at 25 and 40 days after planting (DAP). For the
determination of soil moisture content soil samples were
taken from different soil layers and dried in electric oven at
105°C + 5°C for 48 h to the constant weight. From the soil
moisture content and meteorological data consumptive use of
water (CU), rate of water-use (RWU), water use efficiency
(WUE) and moisture extraction pattern were determined.
Whereas, WP was calculated considering the gross returns
and amount of total water used by the crop and expressed
in I/mm (Behera et al. 2014). Water productivity = Gross
returns (I/ha)/Total water used (mm). All the general crop
management practices were followed to the crops. The
crop was single harvested at 100 days after planting. The
fresh harvested herbage from net plot was weighed by an
electronic balance and the data were converted to kg/ha. The
essential oil content was extracted from the fresh herbage
through steam distillation method using Clevenger‘s type
extracting apparatus made up of glass. The oil percent
was multiplied with corresponding fresh herbage yield of
each treatment to get the oil yield. The economics was
calculated on the basis of cost of production and gross
returns including sale prices of mint oil in local market
T 850/1. The experimental data were analysed statistically
and interpreted.

Raised bed planting resulted in significantly higher
plant height, number of branches, leaves/plant, fresh
and dry weight of plant, herbage and oil yield of mint as
compared to ridge and flat bed planting (Table 1). Maximum
crop growth, herbage and oil yield was recorded at higher
irrigation regime (1.2 IW/CPE ratio) due to adequate
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availability of soil moisture over 1.0 and 0.8 IW/CPE ratio.
Better development of crop under irrigated treatments was
the result of better moisture availability was reported by
Singh ef al. (2018). Significantly the highest crop growth
parameters, herbage and oil yield of mint was recorded at
125% RDN level over 75% RDN and it was statistically at
par with 100% RDN. Adequate supply of nutrients increased
herbage yield due to better vegetative growth (Behera e?
al. 2013). Raised bed planting and irrigation at 1.2 TW/
CPE ratio resulted in higher CU of water and RWU due to
increased water supply (Table 2). Results are corroborate
with the research finding of Behera et al. (2013). However,
significantly maximum CU (64.2 cm) and RWU (0.64 cm/
day) was recorded under125% RDN over 75% RDN and at
par with 100% RDN. Raised bed planting increased WUE by
11.8 and 17.6% as compared to ridge and flat bed planting,
respectively, because of higher yield (Table 2). The highest
WUE was with irrigation at 0.8 IW/CPE ratio (2.1 1/ha-cm)
followed by 1.0 IW/CPE ratio (1.88 I/ha-cm) and 1.2 TW/
CPE ratio (1.79 I/ha-cm). Irrigating the crop at 0.8 IW/CPE
increased the WUE by 10.5% and 14.8% than 1.0 and 1.2
IW/CPE, respectively. Maximum WUE (2.12 kg/ha-cm)
was recorded with 125% RDN level which decreased with
reduction of fertilizer dose. Crop planted on raised bed
recorded maximum WP (12.3 and 18.1% higher) followed
by ridge and flat bed, respectively. Under different irrigation
schedules, crop irrigated at 0.8 IW/CPE ratio recorded
10.0 and 20.9% higher WP than 1.0 and 1.2 IW/CPE ratio,
respectively. Results are close conformity with research
findings of Singh ef al. (2018). The 125% RDN level had
highest WP, which was 4.2 and 16.1% higher than 100%
RDN and 75% RDN, respectively. At 0-20 and 20—40 cm
soil depths, higher per cent of moisture was extracted under
raised bed planting while, at and 40—60 cm soil depth, the
moisture extraction was higher with flat planting (Fig 1).
Among the irrigation regimes, at 0-20 and 20-40 cm soil
depth, the highest soil moisture was extracted with irrigation
at 1.2 IW/CPE ratio. Whereas, at 40-60 cm soil depth, the
highest soil moisture was extracted with irrigation at 1.0
IW/CPE ratio. With regard to N management, the highest
soil moisture was extracted from 0-20 and 20-40 cm soil
depth with the application of 125% RDN while from 40-60
cm soil depth, the highest soil moisture was extracted with
75% RDN (120 kg N/ha).

The maximum cost of cultivation was observed in raised
bed planted mint, whereas, flat bed showed the lowest cost
of cultivation (Table 1). Cost of cultivation increased with
increased level of irrigation due to the extra cost incurred
by more number of irrigations at higher values of 1.2 TW/
CPE ratio. Among nitrogen management treatment, highest
cost of cultivation was incurred under 125% RDN over
75% RDN and 100% RDN, respectively. Crop planted on
raised bed recorded maximum gross and net returns and
B-C ratio. It earned 18.7 and 25.1% higher net returns and
10.7 and 12.3% higher B-C ratio than ridge and flat bed
planting, respectively. Application of irrigation at 1.2 TW/
CPE ratio gave significantly highest gross and net returns
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Table 2  Effect of sowing methods, irrigation regimes and nitrogen levels on water use and water productivity of mint

Treatment

Irrigation Effective Total water Consumptive Rate of water ~ Water use Water
water (cm) rainfall (cm) received use of water use (cm/day)  efficiency  productivity
(cm) (cm) (1 oil/ha-cm) (R/ecm)
Land configuration
Flat-bed planting 58.0 9.5 67.5 63.9 0.64 1.74 140.1
Ridge planting 58.0 9.5 67.5 63.6 0.64 1.87 150.0
Raised-bed planting 58.0 9.5 67.5 64.2 0.64 2.12 171.7
CD (P=0.05) - - - - NS 0.24 18.4
Irrigation regimes
0.8 IW/CPE 48.0 9.5 57.5 54.0 0.54 2.10 167.4
1.0 IW/CPE 60.0 9.5 69.5 65.9 0.66 1.88 150.6
1.2 IW/CPE 66.0 9.5 75.5 71.9 0.72 1.79 146.5
CD (P=0.05) - - - - 0.04 0.18 15.6
Nitrogen levels
RDN (160 kg N/ha) 58.0 9.5 67.5 64.0 0.64 1.88 159.0
75% RDN (120 kg N/ha) 58.0 9.5 67.5 62.8 0.63 1.74 139.2
125% RDN (200 kg N/ha) 58.0 9.5 67.5 64.8 0.65 2.12 165.9
CD (P=0.05) - - - - 0.02 0.24 7.2
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Fig 1 Per cent moisture extraction from different soil depths under different treatments.

of ¥ 110576 and 67600/ha, respectively with benefit-cost
ratio of 2.57. Similar results were reported by Behera et al.
(2013) and Singh et al. (2018). Application of 125% RDN
recorded significantly the highest gross and net returns of
% 112077 and 69827/ha, respectively and cost-benefit ratio
of 2.65 over 75% RDN and it was statistically at par with
100% RDN.

SUMMARY

An experiment was conducted at Faizabad (UP)
during summer 2016-2017 in split plot design with three
replications to optimize the use of water and enhance the
economic returns of Japanese mint. Results revealed that

raised bed planting recorded maximum herbage and oil
yield, CU, RWU, moisture extraction (ME), WUE, WP,
returns and B-C ratio than the ridge and flat bed planting.
Soil moisture regimes maintained at 1.2 IW/CPE ratio
significantly enhanced crop growth and yield with maximum
water use, WP, returns and B-C ratio over others. Application
of 125% RDN significantly produced maximum herbage
(17124 kg/ha) and oil yield (131.9 kg/ha), water use, WP
and economic returns over 75% RDN and it were at par
with RDN. Irrigation at 1.2 IW/CEP ratio under raised bed
planting using 125% RDN was the better option for higher
yield, water use and economic returns of Japanese mint in
saline soil of eastern Uttar Pradesh.
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