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Abstract: The present investigation was carried out during 2017-18 and 2018-19 at Regional Research Station, Bawal to study the effect of
irrigation regimes and anti-transpirants on quality, WUE and economics of Indian mustard. The experiment was laid out in spilt plot design with
three irrigation regimes (control, one irrigation at 40 DAS and two irrigations at 40 and 75 DAS) and two varieties (RH-725 and RH-749) in main
plots, whereas, anti-transpirants (Control, PMA @ 250 ppm, 6 % kaolin and PMA @ 250 ppm + 6% kaolin at 45 and 90 DAS) in sub plots. The
significantly higher oil content and oil yield, maximum consumptive use of water (CU), water use efficiency (WUE), gross returns (GR), net
returns (NR), B-C ratio as well as netincome per day (NIPD) were in crop irrigated at 40 and 75 DAS. In anti-transpirants, highest oil yield, CU,
WUE, gross return and net returns, B-C ratio and netincome per day (NIPD) were with application of PMA @ 250 ppm + 6% kaolin at45 and 90
DAS as compared to control but it was statistically at par with application of kaolin 6 % at 45 and 90 DAS t. Variety RH-749 performed better
over to RH-725 with respect to the yield, CU, WUE and economic returns. However, varieties did not exhibit a significant influence on the seed

oil and glucosinolate content.
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Indian mustard is a rabi season crop grown in diverse
agro-climatic conditions, ranging from northern hills to down
south under irrigated and rainfed conditions. In global
oilseeds scenario, India occupies 12-15 per cent of oilseeds
area, 6-7 per cent of vegetable oils production, 9-11 per cent
of the total edible oil consumption and 14 per cent of
vegetable oil imports (Bhukhar et al., 2022). Itis cultivated on
10 million hectares of area with 12.90 million tonnes of
production and 1209 kg/ha productivity in India during 2023-
24, whereas in Haryana, crop grown on 0.72 million hectares
area and produce 1.40 million tonnes with average
productivity of 1944 kg/ha (Anonymous 2023).

The production of mustard is not being fully exploited
because of the lack of proper information of water
requirement. Adequate supply of irrigation water helps in
proper utilization of plant nutrients, resulting in better crop
growth and higher yield. Therefore, there is need to find out
some appropriate solution to fulfil the irrigation requirement
of mustard crop. Application of irrigation at flowering and
siliqua development stage significantly increases the CU and
oil content (Shivran et al., 2018). For increasing the
productivity of mustard crop the improved varieties which are
capable of giving high yields need to be cultivated. Kumar et
al. (2017) observed that mustard variety RH-749 registered

significantly higher yield, oil content and net returns and B-C
ratio. Kumar et al. (2018) revealed that genotypes RH-725
recorded higher oil content, oil yield and net returns.

The anti-transpirants are used in agricultural field which
reduce transpiration rate by reducing the size and number of
stomata and gradually hardening them to stress (Kumar et
al., 2018). Spraying of anti-transpirants, reduces
transpiration loss of water from vegetative parts of the plant,
go a long way in economizing water and making more water
available to the plant for productive purpose. The combined
spray of PMA @ 250 ppm + kaolin (6%) at 45 and 90 DAS
recorded significantly higher oil content, net returns, B-C
ratio, WUE and nutrient use efficiency (Rajput 2012) and
Kumar et al. (2017). The present investigation was carried
out to evaluate the Indian mustard varieties under different
irrigation regimes and anti-transpirants.

MATERIAL AND METHODS
Study area: The experiment was conducted at Regional
Research Station, Bawal (Fig. 1) CCSHAU, Hisar (India)
during rabi season 2017-18 and 2018-19. The site is located
in south-west (SW) zone of Haryana which comes under arid
and semi-arid region having latitude and longitude of 28.10N,
76.50 E, respectively above mean sealevel of 266 meters.
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Weather: The climate of the site is arid and semi-arid type,
with severe cold days in winter and hot sunny days in summer
season. The mean maximum temperature touches as high
as 48°C during summer season. However, minimum
temperature of 2-3°C is recorded during winter months. The
south-west monsoon (SWM) brings rain from July-
September providing 80-85 % of total annual rainfall of the
region. The weather remains dry except light rainfall during
the months from October-April. However, the high
temperature is prevailing in June month.

Sampling and analyses: The experimental soil was sandy
loam in texture. The composite soil sample was collected
before sowing and brought to laboratory. The soil samples
were air dried, grinded and passed through 2 mm sieve for
the analysis of physico-chemical properties. The pH of the
experimental soil was neutral in nature (8.24) having
electrical conductivity of 0.19 ds/m (Rechard, 1954). The
determination of organic carbon by Walkely and Black
(1947), available nitrogen by Subbaiah and Asija (1956),
available phosphorus by Olsen et al. (1954) and available
potassium by Jackson, 1973 and it indicated that soil content
0.23 %, 148 kg/ha, 14.22 kg/ha and 208 kg/ha of organic
carbon, available nitrogen, available phosphorus and
available potassium, respectively.

Experimental setup: The experiment was laid out in split
plot design having twenty-four treatment combinations with
three replicates. The experiment had three irrigation regimes
(I;: control, 1,: one irrigation at 40 DAS, |,: two irrigations at 40
and 75 DAS), and two varieties (V,: RH-725, V,: RH-749) in
main plots, whereas, four anti-transpirants (A,: control, A,:
PMA @ 250 ppm at 45 and 90 DAS, A;: 6 % kaolin at 45 and
90 DAS and A,: PMA @ 250 ppm + 6% kaolin at 45 and 90
DAS) in sub plots. Pre-sowing irrigation was applied before

seed bed preparation to ensure adequate soil moisture.
Mustard variety RH-749 and RH-725 was sown at 30 cm row
spacing. Application of irrigation and anti-transpirants as per
the treatment. The seed and stover yield per plot were
recorded and then converted into kg/ha.
Observation Recorded
Oil content (%): The oil content was determined in
percentage by steam distillation method (AOAC 1995).
Oil yield (kg/ha) = —veight of empty flask =)o
Weight of flask with oil
Oil yield (kg/ha): The seed yield obtained for each treatment
was multiplied by the percent oil content in seed of respective
plot for calculation of oil yield which was reported in kg/ha.
Oil contentin seed X Seed yield (kg/ha)
100
Glucosinolate content (%): Spectrophotometric estimation
was done using methanolic extract' prepared from the same
genotypes by homogenizing 0.2 g defatted seed meal in a 2
ml vial with 80 % methanol. Total glucosinolates was
calculated by putting the OD of each sample at 425 nm into
the predicted formulay = 1.40 + 118.86 x A425 (Kumar et al.,
2004).
Moisture content (%): Soil profile moisture content was
determined by gravimetrical method. Plot wise soil samples
were drawn at depth intervals of 0 to 15, 15-45 and 45-90 cm
soil layers before and after each irrigation. Soil moisture
content of soil samples was worked out by using the following
formula:

Oil yield (kg/ha) =

Soil moisture content (%) = %X 100
Where, W, = Fresh weight of soil (g), W, = Dry weight of

soil (g)
Consumptive use (mm): The CU was computed from the

CCS Haryana Agricultural University, Hisar)

Experimental Location
Regional Research Station, Bawal

Fig. 1. Experimental Location, RRS, Bawal, CCS Haryana Agricultural University, Hisar,

Haryana
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water balance (Dastane 1972).
N Ml' - MZi . .
CU = Z'— xAsi x Di
; 100
Where, i=l
CU =Consumptive use of water between two successive
sampling periods (cm)
M, = Soil moisture at firstsampling in i layer (%)
M,,= Soil moisture at second sampling in " layer (%)
Asi =Apparent specific gravity of the i" soil layer
Di  =Depthofthei"layer of soil (cm)
N =Number of soil layers in the root zone
Water use efficiency (kg/ha/mm): The WUE was worked
out with the help of the following formula:
Seed yeild (kg/ha)

WUE (kg/h =
(kg/ha/mm) consumptive water use (mm)

Statistical analysis: Experimental data were statistically
analyzed by using SPSS software.

Table 1. Average mean weekly values of weather
parameters during cropping season (2017-18
and 2018-19)

Parameters Unit 2017-18 2018-19
Rainfall (mm) 18.8 344
Temperature (max.) 27.14 24.75
Temperature (min.) 9.30 9.00
Relative humidity M (%) 84.75 87.16
E (%) 30.62 38.83
Bright sunshine (hrs.) 6.62 5.90
Wind speed (km/h) 2.22 2.78

RESULTS AND DISCUSSION

Effect of irrigation: The successive increase in number of
irrigations at different phenological stages increased the oil
content in both the years (Table 2). Application of two
irrigations at 40 and 75 DAS established its superiority by
producing significantly the highest oil yield. In general, oil
yield decreased significantly with each number of irrigations
at different phenological stages in both the years and was
statistically at par with one irrigation at 40 DAS only during
2018-19. The different irrigation regimes did not exert their
significant influence on the glucosinolate content,
respectively during both years. Probably adequate supply of
moisture helps in the greater uptake of nitrogen, which in
turn, higher the oil content in seed. Therefore, the higher
seed yield was responsible for higher oil yield under I,
whereas, increased in temperature at maturity stage under
control condition, increased the loss of oil through
volatilization might have reduced the oil content of seed.
Contrarily, a significant response of irrigation on oil content
and oil yield of mustard was Observed in earlier studies
(Tyagi and Upadhyay 2017, Shivran et al., 2018, Mishra et
al., 2019, Piriet al., 2019 and Kumar and Dhillon 2023).

The soil moisture content under in control declined
consistently from sowing till harvest (Table 3). The decline in
moisture content was faster in beginning and at crop maturity
stage than during mid-season. The irrigation frequency
increased the soil moisture content considerably by
application of two irrigations at 40 and 75 DAS followed by
one irrigation at 40 DAS. At harvest, soil profile under both

Table 2. Oil content (%), oil yield (kg/ha) and glucosinolate content (%) of Indian mustard as influenced by irrigation levels,
varieties and anti-transpirants(Pooled of 2017-18 and 2018-19)

Treatment

Oil content (%) Oil yield (kg/ha) Glucosinolate

content (umol/g)

Irrigation levels (1)

I,- Control (No post-sowing irrigation)

I,- One irrigation at 40 DAS (At pre-bloom stage)

I,- Two irrigation at 40 and 75 DAS (At pre-bloom + pod filling stage)
CD (p=0.05)

Varieties (V)

V,-RH-725

V,-RH-749

CD (p=0.05)

Anti-transpirants (A)

A,- Control

A,- PMA @ 250 ppm at 45 and 90 DAS

A,- Kaolin 6 % at 45 and 90 DAS

A,- PMA @ 250 ppm + Kaolin (6%) at 45 and 90 DAS
CD (p=0.05)

38.7 543.0 79.1
39.4 673.3 80.1
39.7 788.7 82.2
0.6 95.9 NS
39.1 626.5 79.7
39.4 710.3 81.2
NS 78.3 NS
39.1 592.2 79.7
39.2 652.7 81.2
39.3 683.6 79.8
39.4 744.8 81.1
NS 7.7 NS
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control and irrigated condition exhausted completely. Soil
moisture use was maximum under 0-15 cm layer and it
declined with the increased in profile depth during both years.
The increase in soil moisture content might be due to timely
water supply through irrigation. The moisture content at pre-
bloom stage before irrigation under all the irrigation
treatments remained more or less same because at this
stage none of the plots were irrigated. However, at pod filling
stage moisture content in all the three depths (0-15, 15-45

85

and 45-90 cm) were higher under |, treatment because at this
stage crop had received two irrigations at pre-bloom and pod
filling stage, whereas, under I, treatment received only one
irrigation at pre-bloom stage.

The increase in consumptive water use and water use
efficiency by application of two irrigations at 40 and 75 DAS
was 30.3 per cent and one irrigation at 40 DAS was 14.8 per
cent over control (Table 4). Consumptive use of water by the
crop increased progressively and appreciably with increase

Table 3. Soil moisture content (%) at varying depth of Indian mustard as influenced by irrigation levels, varieties and anti-

transpirants (Pooled of 2017-18 and 2018-19)

Treatments Initial 1*Irrigation 2" |rrigation Harvest
Before irrigation After irrigation Before irrigation After irrigation
0-15 15-45 45-90 0-15 15-45 45-90 0-15 15-45 45-90 0-15 15-45 45-90 0-15 15-45 45-90
cm ¢©cm cm cm cm ¢©m c¢cm cm cm ¢cm ¢cm cm cm cm cm
Irrigation levels (1)
I, 13.4 70 84 104 68 81 101 50 61 79 48 58 76 30 38 55
l, 12.7 72 86 105 107 124 149 95 104 120 68 80 97 59 61 65
I, 12.5 71 80 104 109 13 136 90 119 122 116 134 160 7.7 86 107
Varieties (V)
V, 12.7 71 83 100 94 105 127 78 96 108 76 91 111 56 63 75
V, 13.1 71 84 109 95 107 130 78 94 106 79 90 1M1 55 60 76
Anti-transpirants (A)
A, 12.8 71 87 103 96 105 125 80 97 108 77 93 12 56 64 75
A, 12.4 72 87 102 95 12 129 79 96 103 79 94 11 55 62 77
A, 13.1 69 79 105 92 102 133 78 92 M2 75 86 110 54 59 74
A, 13.3 73 80 107 96 106 128 77 93 105 78 90 11 56 60 77

See Table 2 for treatment details

Table 4. Consumptive use of water (mm), water use efficiency (kg/ha/mm) and economics of Indian mustard as influenced by
irrigation levels, varieties and anti-transpirants (Pooled of 2017-18 and 2018-19)

Treatment Consumptive use of water (cm)  Consumptive Water use Gross Net Net income B: C ratio
use of water efficiency returns returns per day

0-15 15-45 45-90 (mm) (kg’lha/mm)  (Z/ha) R®/Mha)  (/halday)
Irrigation levels (1)
I, 6.9 6.3 5.1 180.7 7.8 67671 25557 184 1.6
I, 8.1 71 5.7 207.3 8.3 82923 39609 281 2.0
I 9.5 7.8 6.3 235.3 8.4 95452 50938 357 22
Varieties (V)
V, 8.1 7.0 5.6 205.5 7.8 77574 34260 246 1.8
V, 8.3 71 5.7 210.1 8.6 86456 43142 301 2.0
Anti-transpirants (A)
A, 8.2 6.9 5.6 205.0 7.4 73616 31508 226 1.8
A, 8.1 71 5.6 206.8 8.1 80420 36728 261 1.9
A, 8.1 6.9 5.8 207.2 8.4 83711 40775 287 2.0
A, 8.3 7.2 5.7 212.2 8.9 90315 45795 322 2.0

See Table 2 for treatment details
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in number of irrigations because irrigation increased the
available water in the soil profile and this facilitated more loss
of water through evapotranspiration as compared to no
irrigation. Frequent irrigations though, necessary for yield
maximization usually lower the water use efficiency because
moist or wet surface of soils results in increased loss of soil
moisture through evaporation but simultaneously increases
consumptive use. These findings are in close proximity with
Tyagiand Upadhyay (2017) and Shivran etal. (2018).

Significantly maximum gross monetary return, net

realization, netincome per day and benefit cost ratio was with
the application of twoirrigations at 40 and 75 DAS followed by
one irrigation at 40 DAS (Table 4). The mean increase in net
realization due to application of two irrigations at 40 and 75
DAS was to the extent of 28.8 per cent over |, and 99.2 per
cent over |,. The increase in seed yield under this treatment
had appreciably been compensated by the increased
expenses on account of increase in irrigation and hence,
resulted in greater net return, netincome per day and benefit
cost ratio. These results are in consonance with Verma et al.
(2014) and Tyagi and Upadhyay (2017).
Effect of variety: The significantly the highest oil yield was
recorded under RH-749 over RH-725, respectively during
both years. Percentage increase in oil yield with RH-749
were 13.3 per cent over RH-725. Whereas, varieties did not
exhibit their significant influence on the oil content of seed
and glucosinolate content (Table 2).

An appraisal data in Table 3 indicated that soil moisture
content among genotypes there was very little difference in
moisture extraction from different layers during both years.
Whereas, among the different genotypes there was very little
difference in moisture extraction from different layers,
Consumptive use and water use of efficiency (Table 4) was
recorded significantly higher with RH-749. Percentage
increase in WUE with RH-749 were 10.3 and 11.0 per cent
over RH-725. The data reveals in Table 4 that mustard variety
RH-749 accrued the maximum gross and net realization, net
income per day and B:C ratio. Percentage increase in net
realization with RH-749 was 25.9 per cent over RH-725.
Genetic potential of a particular variety plays a role in
exploitation of higher yield and there by remuneration.
Results are in concurrence with those of reported earlier by
Kumar et al. (2017), Singh et al. (2017), Meena et al. (2017),
Kumar et al. (2018), Yadav et al. (2018), Jaiswal et al. (2019),
Rajyalakshmi et al. (2019), Maurya et al. (2022) and Tamboli
etal. (2024).

Effect of anti-transpirants: The experimental results
indicated that effect of different anti-transpirants was noted
on oil yield but did not exhibit any influence on oil content and
glucosinolate content (Table 2). As compared to control,

application of PMA @ 250 ppm + kaolin (6%) at 45 and 90
DAS recorded significantly higher oil yield and was at par with
both application of kaolin 6 % at 45 and 90 DAS only during
2018-19. The above treatment directly influenced the
physiology of the crop and reduced the losses of moisture
from field and increased moisture utilization and uptake of
nutrients, which ultimately resulted in higher grain yield of
mustard and its quality. The oil yield is dependent on oil
content in seed and seed yield. Therefore, the higher seed
yield was responsible for higher oil yield under application of
PMA @ 250 ppm + kaolin (6%) at 45 and 90 DAS during both
years. The results are also close agreement with those
reported by Rajput (2012), Badukale et al. (2015), Kumar et
al. (2017), Kumaretal. (2018) and Mphande et al. (2020).

The consumptive use of water and water use efficiency
(Table 4) of mustard increased significantly due to application
of PMA @ 250 ppm + kaolin (6%) at 45 and 90 DAS followed
by application of kaolin 6 % at 45 and 90 DAS. The above
treatment directly influenced the physiology of the crop and
reduced the losses of moisture from field and increased
moisture utilization. The application of PMA and kaolin alone
and in combination through foliar spray may be an option to
improve the biometric parameters by reducing the size and
number of stomata and gradually hardening them to stress.
Thus, it can be helpful in economizing water and making it
available to the plant for growth and seed production. The
present findings are agreement with Rajput (2012), Badukale
et al. (2015), Kumar et al. (2017), Kumar et al. (2018) and
Tambolietal. (2024).

The highest gross and net monetary return, net income
per day and benefit cost ratio (Table 4) accrued with
application of PMA @ 250 ppm + kaolin (6%) at 45 and 90
DAS followed by application of kaolin 6 % at 45 and 90 DAS
and PMA @ 250 ppm at 45 and 90 DAS over control. The
mean increase in gross realization due to application of PMA
@ 250 ppm + kaolin (6%) at 45 and 90 DAS was to the extent
of 45.3 per cent over control. The above treatment directly
influenced the physiology of the crop and reduced the losses
of moisture from field and increased moisture utilization and
uptake of nutrients, which ultimately resulted in higher grain
yield of mustard, which might be responsible for higher net
monetary return, net income per day and benefit cost ratio,
which showed significant positive correlation with seed yield.
These findings are in conformity with results reported by the
present findings are agreement with Rajput (2012), Badukale
et al. (2015), Kumar et al. (2017), Kumar et al. (2018) and
Tamboli et al. (2024). Interaction effect on oil yield between
levels of irrigation and anti-transpirants was significant (Table
5). The significantly higher oil yield was recorded when
application of two irrigations at 40 and 75 DAS with PMA @



Quality, Water Use Efficiency and Economics of Indian Mustard 87

Table 5. Interaction between levels of irrigation and anti-transpirants on oil yield (kg/ha) of Indian mustard

Treatment Oil yield (kg/ha)
2017-18 2018-19
Anti-transpirants (A)
A, A, A, A, Mean A, A, A, A, Mean
Irrigation ) 434.8 607.7 5655 5462 5385 4740 6454 5345 5360 5475
levels (1) I, 609.7 5782 6565 7409 6463 6738 6152 7371 7747 7002
I, 731.6 7104 7089 9381 7721 6295 75904  899.3 9332  805.3
Mean 592.0 6320 6436 7417 592.4 6734 7236 7479
CD (p=0.05) 1155 132.7

See Table 2 for treatment details

250 ppm + kaolin (6%) at 45 and 90 DAS, respectively during
both year and was statistically at par with treatment
combinations of |,A,only during 2018-19.

CONCLUSIONS

The higher oil content, oil yield, glucosinolate content, soil
moisture content, consumptive use of water, water use
efficiency, net return and B: C ratio could be obtained when
mustard is grown with two irrigations, each at 40 and 75 DAS.
The variety RH-749 proved to be better as compared to RH-
725 in terms of oil yield, net return and consumptive use of
water and water use efficiency. The application of PMA @
250 ppm + kaolin (6%) at 45 and 90 DAS recorded
significantly higher oil vyield, soil moisture content,
consumptive use of water and water use efficiency. Thus,
higher quality, net return and consumptive use of water and
water use efficiency can be achieved by sowing the mustard
variety RH-749 along with application of two irrigations at 40
and 75 DAS and PMA @ 250 ppm + kaolin (6%) at 45 and 90
DAS on loamy sand soils.
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