
9Journal of Oilseed Brassica, 11 (1) January, 2020Journal of Oilseed Brassica, 11 (1) : 9-14, January 2020

Response of bioregulators and irrigation on plant height of
Indian mustard (Brassica juncea L.)

Ajeet Singh* and Ram Swaroop Meena

Department of Agronomy, Institute of Agricultural Sciences, Banaras Hindu University,
Varanasi-221005 Uttar Pradesh, India

*Corresponding author: ajitbhu89@gmail.com
(Received: 15 November 2019; Revised: 12 December 2019; Accepted: 16 December 2019)

Abstract

The field experiment was carried out during the 2014-15 and 2015-16 in Rabi season to evaluate the response of
bioregulators and irrigation on growth parameters of Indian mustard (Brassica juncea L.). The treatments consisted
three irrigation levels (no irrigation, one irrigation and two irrigation) and seven foliar spray of bioregulators (control
(water spray), thiourea @1000ppm, thiourea @ 500ppm, salicylic acid @ 100ppm, salicylic acid @ 50ppm,  glycinebetaine
@ 100ppm and glycinebetaine @ 50ppm). The result indicated that in the irrigated plots significantly improved the plant
height of Indian mustard. The application of two irrigation recorded highest plant height at 80 DAS (132.7, 119.9 and
126.3 cm), 100DAS (173.6, 168.5 and 171.1 cm) and at harvest (176.4, 171.9 and 174.2 cm) followed by the application of
one irrigation in both years and pooled analysis, respectively. Moreover, the application of bioregulators significantly
improves the plant height of the Indian mustard. The application of thiourea @ 1000ppm gave highest plant height at 80
DAS (130.5, 118.2 and 124.4 cm), 100DAS (172.4, 166.8 and 169.6 cm) and at harvest (175.3, 170.9 and 173.1 cm). However,
the application of thiourea @ 500 ppm was statistically at par with thiourea @ 1000ppm in both years and pooled
analysis, respectively. Furthermore, combined result of bioregulators and irrigation levels were observed significant on
plant height of Indian mustard. The application of two irrigation+ foliar spray of thiourea @1000ppm recorded the
highest plant height at 100DAS (190.2, 182.3 and 186.3 cm) and at the time of harvest (194.2, 187.6 and 190.9 cm) over
control. The application of two irrigation+ foliar spray of thiourea @ 500ppm was statistically at par at 100 DAS (189.4,
181.6 and 185.5 cm) and at harvest (193.3, 186.7 and 190.0 cm) with two irrigation+ foliar spray of thiourea @1000ppm in
both years and pooled analysis, respectively. The present study highlighted the practical importance of the irrigation
levels and foliar spray of bioregulators combination response on plant height of Indian mustard.
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Introduction

India is one of the leading oilseeds producing country in
the globe. Oilseeds crop are the succeeding largest
agricultural commodity after cereals. Indian mustard
[Brassica juncea (L.) Czern & Coss.] is the second
important edible oilseed crop after groundnut, meeting
the fat requirement of about 50 per cent population in all
the northern states (Shivran et al., 2019). The mustard oil
cake contains 5.1per cent nitrogen, 1.8 per cent
phosphorus and 1.2 percent potassium and it rich sources
of protein (40 per cent) and it grown in area of about 68.57
lakh ha with production of 69.74 lakh tones (DES, 2018).
Due to scarcity of winter rainfall mustard shows better
response to irrigation. This crop is more sensitive to water
fluctuation and more or less at critical growth stages,
which adversely influenced the yield (Meena et al., 2013).
The irrigation at critical stages increased the yield of the
Indian mustard this might due to the more availability of
the nutrient and more efficient metabolic activities of the

plant (Mehta, 2004). Moreover, it is universally accepted
that limited irrigation water can be best be utilized more
efficiently be scheduling irrigation at critical growth
stages of the crop (Saud et al., 2016).

Rapeseed and mustard is generally, affect by irrigation
water. The rapeseed-mustard is the crop that has fewer
requirements of the water (Aujla et al., 2005, Meena et al.
2017). To alleviate the harmful effect of drought stress,
bioregulators may be used to change the different
metabolic and physiological activities of the plant for
increasing the yield of mustard crop (Jat, 2007). Thiourea
containing one SH group and it’s is a sulphydryl
compound. The SH group has been implicated in
photosynthetic translocation in plants (Giaquinta, 1976).
It is simply concerned in light activation of photosynthetic
enzymes (Salisbury and Ross, 1986). The exogenous
application of Salicylic acid (SA) has been reduced the
negative effect of water stress (Khan et al., 2015, Meena
et al., 2018) and spray of SA improve the growth of the
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plant (Hayat et al., 2010). Glycinebetaine an important
ammonium compound, it considered to be one of the most
pre-dominant and effective osmoprotectants. The
exogeneous application of glycinebetaine improved the
drought tolerance in plants (Mahmood et al., 2009).
Hence, the study was conducted to see the effect of
bioregulators on dry matter accumulation of Indian
mustard under different levels of irrigation.

Materials and Methods

An experiment was conducted during the rabi (winter)
seasons of 2014-15 and 2015-16 at the Agricultural
Research Farm, Banaras Hindu University, Varanasi. The
experimental field has clay loam soil. The ploughing layer
of soil has pH (7.58 and 7.60) organic carbon (0.44% and
0.46%), available nitrogen (217.3 and 224.1 kg ha-1),
available phosphorus (20.28 and 22.85 kg ha-1), available
potassium (219.2 and 226.4 kg ha-1) and available sulphur
(20.90 and 21.85 mg kg-1 ha-1) during both the years,
respectively. The field experiment was laid out in split
plot design. The experiment have 21 treatments
combinations viz., Main plot treatment– three irrigation
levels (zero irrigation, one irrigation and two irrigation)
and Sub-plots treatment– seven bioregulators spray
(control, thiourea @1000ppm, thiourea @ 500ppm,
salicylic acid @ 100ppm, salicylic acid @ 50ppm,
glycinebetaine @ 100ppm and glycinebetaine @ 50ppm)
and irrigation will apply at pre-flowering and pod
formation stage @ 6 cm by V-notch method and Foliar
spray done at 50 per cent flower initiation and 50 per cent
pod formation stage. Furrows were opened at a spacing
of 45×15 cm for the sowing of Indian mustard variety
‘Ashirwad’ with seed rate of 5 kg ha-1. NPK and S were
applied as 100, 50, 50 and kg ha-1 by basal application.
Nitrogen and phosphorus were applied through
diammonium phosphate and urea, potash and sulphur
through murate of potash and elemental sulphur,
respectively. The data were analyzed as per the standard
procedure for “Analysis of Variance” (ANOVA) (Gomez
and Gomez, 1976).

Results and Discussion
Response of irrigation

The revealed of the data present in table 1 indicated that
the application of irrigation levels significantly increased
the plant height of the Indian mustard over control. The
maximum plant height (132.7, 119.9 and 126.3 cm at 80
DAS; 173.6, 168.5 and 171.1 cm at 100DAS cm and 176.4,
171.9 and 174.2 cm at harvest) was recorded with the
application of two irrigation (at pre flowering and pod
formation stage) in both the years and pooled analysis.
This might be due to the adequate soil moisture increase

the availability of the nutrient in the soil for the plant to
increase in growth parameters by cell elongation and cell
division this ascribed due to higher activity of auxin in
plant tissues and photosynthesis activity of plant so they
produced more food (Mandal et al., 2006). The similar result
recognized by Lal et al. (2000), Sharma et al. (2006), Nagdive
et al. (2007), Mandal et al. (2010) and Meena et al. (2018a).

Response of bioregulators

 The data present in table 1 showed that the application
of bioregulators significantly increased the plant height
of the Indian mustard. The higher value of plant height at
80 DAS (130.5, 118.2 and 124.4 cm), 100DAS (172.440,
166.8 and 169.6 cm) and at harvest (175.3, 170.9 and 173.1
cm) was recorded with the thiourea @1000ppm and it’s
found statically at par with the application of thiourea
@500ppm in both the years and pooled analysis. This
may be ascribed due to the foliar application of thiourea
motivating the photosynthetic carbon fixation mechanism
that enhanced the canopy of the plant (Mehta and Sumeria,
2001; Meena et al., 2019). Thiourea exhibits cytokinin
activity (Deshveer and Singh, 2003) and cytokinin
delaying the leaf senescence of the plant (Solanki, 2003).
The similar result reported by Sahu et al. (2005), Srivastava
et al. (2010), Singh et al. (2017) and Meena et al. (2020).

Interaction

 The examination of data in table 2 and 3 indicated that
the Interaction effect of levels of irrigation and foliar spray
of bioregulators were observed significant on plant height
of Indian mustard. Result showed that two irrigation was
recorded maximum plant height at 100 days after sowing
(190.2, 182.3 and 186.3 cm) and at the time of harvest
(194.2, 187.6 and 190.9 cm) with the application of thiourea
@1000ppm and its was statistically at par with two
irrigation with thiourea @ 500ppm at 100 DAS (189.4,
181.6 and 185.5 cm) and at harvest (193.3, 186.7 and 190.0
cm) during both the years and pooled analysis. While,
the minimum plant height at 100 DAS (84.8, 81.2 and 82.9
cm) and at harvest (85.8, 82.0 and 83.9 cm) was recorded
in zero irrigation + water spray during both the years and
pooled analysis, respectively. The similar result reported
by Muhl et al., (2014), Muhl and Solanki (2015), Hassanein
et al. (2012), Meena (2020) and Meena (2020a).

References
Aujla MS, Thind HS and Buttar GS. 2005. Cotton yield

and water use efficiency at various levels of water
and N through drip irrigation under two methods of
planting. Agril Water Manag 71:167-179.

Chimenti CA, Pearson J and Hall AJ. 2002. Osmotic
adjustment and yield maintenance under drought in
sunflower. Field Crop Res 10:235-246.



11Journal of Oilseed Brassica, 11 (1) January, 2020

Ta
bl

e 
1.

 E
ff

ec
t o

f i
rr

ig
at

io
n 

le
ve

ls
 a

nd
 fo

lia
r s

pr
ay

 o
f b

io
-r

eg
ul

at
or

s 
on

 p
la

nt
 h

ei
gh

t o
f I

nd
ia

n 
m

us
ta

rd

T
re

at
m

en
t

Pl
an

t h
ei

gh
t (

cm
)

40
 D

A
S

60
 D

A
S

80
 D

A
S

10
0 

D
A

S
A

t
ha

rv
es

t

20
14

-1
5

20
15

-1
6

Po
ol

ed
20

14
-1

5
20

15
-1

6
Po

ol
ed

20
14

-1
5

20
15

-1
6

Po
ol

ed
20

14
-1

5
20

15
-1

6
Po

ol
ed

20
14

-1
5

20
15

-1
6

Po
ol

ed

Ir
ri

ga
tio

n 
le

ve
ls

Z
er

o 
ir

ri
ga

tio
n

53
.5

50
.6

52
.1

78
.1

73
.0

75
.5

10
3.

2
93

.0
98

.1
12

9.
3

12
8.

7
12

9.
0

13
1.

5
13

1.
1

13
1.

3
O

ne
 ir

ri
ga

tio
n

53
.7

50
.8

52
.2

78
.3

73
.2

75
.8

12
6.

6
11

3.
9

12
0.

3
16

3.
8

16
0.

5
16

2.
1

16
6.

1
16

2.
9

16
4.

5
Tw

o 
ir

ri
ga

tio
n

55
.0

52
.0

53
.5

80
.2

75
.0

77
.6

13
2.

7
12

0.
0

12
6.

3
17

3.
6

16
8.

5
17

1.
1

17
6.

4
17

1.
9

17
4.

2
SE

m
±

1.
1

1.
0

0.
7

1.
5

1.
4

1.
1

2.
6

2.
9

1.
9

1.
8

1.
6

1.
2

2.
0

1.
8

1.
3

C
D

 (p
=0

.0
5)

N
S

N
S

N
S

N
S

N
S

N
S

10
.1

11
.4

6.
3

7.
1

6.
3

3.
9

7.
8

7.
0

4.
4

Fo
lia

r s
pr

ay
 o

f b
io

-r
eg

ul
at

or
s

C
on

tr
ol

 (w
at

er
 s

pr
ay

)
53

.4
50

.5
52

.0
77

.9
72

.9
75

.4
98

.7
89

.0
93

.9
11

8.
3

11
9.

5
11

8.
9

12
0.

6
11

9.
6

12
0.

1
T

hi
ou

re
a 

@
 5

00
 p

pm
54

.6
51

.6
53

.1
79

.6
74

.4
77

.0
12

8.
3

11
7.

8
12

3.
0

17
1.

3
16

5.
8

16
8.

6
17

4.
1

16
9.

8
17

1.
9

T
hi

ou
re

a 
@

 1
00

0 
pp

m
54

.7
51

.7
53

.2
79

.8
74

.6
77

.2
13

0.
5

11
8.

2
12

4.
4

17
2.

4
16

6.
8

16
9.

6
17

5.
3

17
0.

9
17

3.
1

Sa
lic

yl
ic

 a
ci

d 
@

 5
0 

pp
m

53
.9

51
.0

52
.5

78
.7

73
.6

76
.1

12
1.

5
10

9.
7

11
5.

6
15

9.
9

15
6.

4
15

8.
2

16
2.

1
15

9.
4

16
0.

7
Sa

lic
yl

ic
 a

ci
d 

@
 1

00
 p

pm
54

.4
51

.4
52

.9
79

.4
74

.2
76

.8
12

7.
9

11
5.

9
12

1.
9

16
5.

4
16

1.
2

16
3.

3
16

8.
3

16
4.

9
16

6.
6

G
ly

ci
ne

be
ta

in
e 

@
 5

0 
pp

m
53

.4
50

.5
52

.0
78

.0
72

.9
75

.4
11

0.
7

99
.8

10
5.

3
14

6.
1

14
5.

0
14

5.
6

14
7.

8
14

7.
0

14
7.

4
G

ly
ci

ne
be

ta
in

e 
@

 1
00

 p
pm

54
.0

51
.0

52
.5

78
.8

73
.6

76
.2

11
6.

4
10

4.
4

11
0.

4
15

3.
5

15
1.

1
15

2.
3

15
5.

6
15

3.
8

15
4.

7
SE

m
±

1.
4

1.
3

0.
9

2.
0

1.
9

1.
4

1.
6

1.
7

1.
2

0.
9

0.
8

0.
6

1.
1

0.
9

0.
7

C
D

 (p
=0

.0
5)

N
S

N
S

N
S

N
S

N
S

N
S

4.
6

4.
7

3.
2

2.
7

2.
3

1.
7

3.
2

2.
6

2.
0



12 Journal of Oilseed Brassica, 11 (1) January, 2020

Ta
bl

e 
2.

 In
te

ra
ct

iv
e 

ef
fe

ct
 o

f f
ol

ia
r s

pr
ay

 o
f b

io
re

gu
la

to
rs

 a
nd

 ir
ri

ga
tio

n 
le

ve
ls

 o
n 

pl
an

t h
ei

gh
t (

cm
) o

f I
nd

ia
n 

m
us

ta
rd

 a
t 1

00
D

A
S

T
re

at
m

en
t

20
14

-1
5

20
15

-1
6

po
ol

ed

N
o 

ir
ri

ga
tio

n
O

ne
 ir

ri
ga

tio
n

Tw
o 

ir
ri

ga
tio

n
N

o 
ir

ri
ga

tio
n

O
ne

 ir
ri

ga
tio

n
Tw

o 
ir

ri
ga

tio
n

N
o 

ir
ri

ga
tio

n
O

ne
 ir

ri
ga

tio
n

Tw
o 

ir
ri

ga
tio

n

C
on

tr
ol

 (w
at

er
 s

pr
ay

)
84

.8
12

8.
3

14
1.

9
81

.2
13

5.
3

14
2.

2
83

.0
13

1.
8

14
2.

1
T

hi
ou

re
a 

@
 5

00
 p

pm
14

7.
6

17
9.

9
18

9.
4

14
5.

7
17

3.
2

18
1.

6
14

6.
6

17
6.

6
18

5.
5

T
hi

ou
re

a 
@

 1
00

0 
pp

m
14

9.
1

18
0.

9
19

0.
2

14
6.

9
17

4.
1

18
2.

3
14

8.
0

17
7.

5
18

6.
3

Sa
lic

yl
ic

 a
ci

d 
@

 5
0 

pp
m

13
5.

2
16

7.
4

17
7.

3
13

4.
5

16
3.

0
17

1.
7

13
4.

8
16

5.
2

17
4.

5
Sa

lic
yl

ic
 a

ci
d 

@
 1

00
 p

pm
14

0.
2

17
3.

3
18

2.
7

13
8.

9
16

8.
2

17
6.

5
13

9.
6

17
0.

8
17

9.
6

G
ly

ci
ne

be
ta

in
e 

@
 5

0 
pp

m
12

0.
7

15
5.

1
16

2.
5

12
4.

4
15

2.
1

15
8.

6
12

2.
5

15
3.

6
16

0.
6

G
ly

ci
ne

be
ta

in
e 

@
 1

00
 p

pm
12

7.
6

16
1.

4
17

1.
3

12
9.

0
15

7.
7

16
6.

5
12

8.
3

15
9.

6
16

8.
9

SE
m

±
1.

6
1.

4
1.

1
C

D
 (p

=0
.0

5)
4.

6
3.

96
2.

98

Ta
bl

e 
3.

 In
te

ra
ct

iv
e 

ef
fe

ct
 o

f f
ol

ia
r s

pr
ay

 o
f b

io
re

gu
la

to
rs

 a
nd

 ir
ri

ga
tio

n 
le

ve
ls

 o
n 

pl
an

t h
ei

gh
t (

cm
) o

f I
nd

ia
n 

m
us

ta
rd

 a
t h

ar
ve

st

T
re

at
m

en
t

20
14

-1
5

20
15

-1
6

Po
ol

ed

N
o 

ir
ri

ga
tio

n
O

ne
 ir

ri
ga

tio
n

Tw
o 

ir
ri

ga
tio

n
N

o 
ir

ri
ga

tio
n

O
ne

 ir
ri

ga
tio

n
Tw

o 
ir

ri
ga

tio
n

N
o 

ir
ri

ga
tio

n
O

ne
 ir

ri
ga

tio
n

Tw
o 

ir
ri

ga
tio

n

C
on

tr
ol

 (w
at

er
 s

pr
ay

)
85

.8
13

3.
6

14
2.

5
82

.0
13

4.
5

14
2.

3
83

.9
13

4.
0

14
2.

4
T

hi
ou

re
a 

@
 5

00
 p

pm
14

9.
5

18
2.

4
19

3.
3

14
8.

4
17

7.
2

18
6.

7
14

9.
0

17
9.

8
19

0.
0

T
hi

ou
re

a 
@

 1
00

0 
pp

m
15

1.
2

18
3.

5
19

4.
2

14
9.

9
17

8.
2

18
7.

5
15

0.
5

18
0.

9
19

0.
9

Sa
lic

yl
ic

 a
ci

d 
@

 5
0 

pp
m

13
6.

4
16

9.
3

18
0.

5
13

7.
0

16
5.

7
17

5.
6

13
6.

7
16

7.
5

17
8.

1
Sa

lic
yl

ic
 a

ci
d 

@
 1

00
 p

pm
14

2.
2

17
6.

0
18

6.
7

14
2.

0
17

1.
6

18
1.

0
14

2.
1

17
3.

8
18

3.
9

G
ly

ci
ne

be
ta

in
e 

@
 5

0 
pp

m
12

4.
7

15
5.

2
16

3.
7

12
6.

7
15

3.
4

16
0.

8
12

5.
7

15
4.

3
16

2.
2

G
ly

ci
ne

be
ta

in
e 

@
 1

00
 p

pm
13

0.
7

16
2.

4
17

3.
8

13
1.

9
15

9.
7

16
9.

6
13

1.
3

16
1.

1
17

1.
7

SE
m

±
1.

96
1.

6
1.

3
C

D
 (p

=0
.0

5)
5.

6
4.

5
3.

5



13Journal of Oilseed Brassica, 11 (1) January, 2020

DES. 2017. Directorate of Economics and Statistics,
Ministry of Agriculture, www.agri.com

Deshveer CL and Singh A. 2003. Effectiveness of agro-
chemicals Indian mustard (B. juncea) Indian J Agril
Sci 73:345-346.

Gaiser T, Barros DI, Lange FM and Williams JR. 2004.
Water use efficiency of a maize/cowpea intercrop on
a highly acidic tropical soil as affected by liming and
fertilizer application. Plant and Soil 263:165-171.

Giaquinta RT. 1976. Evidence of phloem loading from the
apoplast: Chemical modification of membrane
sulphydryl group. Plant Physiol 58:872-875.

Gomez KA and Gomez AA. 1976. Statistical Procedures
for Agricultural Research, 2ndedn. John Willey and
Sons Inc. New York, USA.

Hassanein RA, Abdelkader AF, Ali H, Amin AAE and
Rashad E.M. 2012. Grain primary and foliar
pretreatment enhanced stress defense in wheat
(Triticum aestivum var. Gimaza) plants cultivated in
drought land. Aus J Crop Sci 6: 121-129.

Hayat Q, Hayat S, Ifran M and Ahmad A. 2010. Effect of
exogenous salicylic acid under changing
environment: a review. Envl Expl Bot 68:14-25.

Iqbal N and Ashraf M. 2009. Glycine betaine, an osmolyte
of interest to improve water stress tolerance in
sunflower (Helianthus annus L.): water relation and
yield. South African J Bot 74:274-281.

Jat RP. 2007. Effect of organic and inorganic sources of
nutrients, gypsum and thiourea on growth, yield and
quality of mustard. M.Sc. (Ag) Thesis, Department
of Agronomy, MPUAT, Udaipur.

Khan MIR, Fatma M, Per TS, Anjum NA and Khan NA.
2015. Salicylic acid on photosynthetic pigments and
antioxidative enzymes of soybean plant. Front Pl
Sci 6:1-17.

Lal R, Singh S, Yadav SK, Yadav DB and Chand M. 2000.
Influence of irrigation and nitrogen levels on the
quality and oil yield of Brassica species. Ann Plant
Soil Res 2:85-88.

Mahmood T, Asraf M and Shahbaz M. 2009. Does
exogenous application of glycine betaine as a pre-
sowing seed treatment improve growth and regulate
some key physiological attributes in wheat plants
grown under water deficit condition. Pak J Bot
41:1291-1302.

Mandal KG, Hati KM, Misra AK and Bandyopadhyay
KK. 2010. Root biomass, crop response and water-
yield relationship of mustard (B. juncea L.) grown
under combinations of irrigation and nutrient
application. Irrigat Sci 28:271-280.

Mandal KG, Hati KM, Misra AK  and Bandyopadhyay
KK. 2006. Assessment of irrigation and nutrient
effects on growth, yield and water use efficiency of
Indian mustard (B. juncea) in central India. Agril
Water Manag 85:279-286.

Meena RK, Sharma DD, Chouhan GS, Shukla KB,
Sumeriya HK and Padiwal NK. 2013. Growth and
productivity of mustard [B. juncea (L.) Czern &
Coss.] as influenced by irrigation levels and
agrochemicals. Ann Agri-Bio Res 18:312-317.

Meena RS, Kumar S and Yadav GS. 2020. Soil carbon
sequestration in crop production. In: Meena RS (Eds)
Nutrient dynamics for sustainable crop production.
Springer, Singapore. P: 1-39. 

 Meena RS, Kumar S, Bohra JS, Lal R,   Singh GS and
Pandey  A. 2019. Response of alley cropping grown
sesame to lime and sulphur on yield and available
nutrient status in an acidic soil of Eastern
India. Energy Ecol Env 4: 65–74.

Meena RS, Kumar V, Yadav GS and Mitran T. 2018.
Response and interaction of Bradyrhizobium
japonicum and Arbuscular mycorrhizal fungi in the
soybean rhizosphere: A review. Pl Growth
Regulat 84:207–223.

Meena RS, Meena PD, Yadav GS and Yadav SS. 2017.
Phosphate solubilizing microorganisms, principles
and application of microphos technology. J Cleaner
Product 145: 157-158.

Meena RS, Mitran T, Kumar S, Yadav G, Bohra JS and
Datta R. 2018a. Application of remote sensing for
sustainable agriculture and forest management.
Informat Process Agri 5: 295–297.

Meena RS. 2020. Nutrient Dynamics for Sustainable Crop
Production. Springer, Singapore. ISBN: 978-981-13-
8659-6 DOI: https://doi.org/10.1007/978-981-13-8660-2

Meena RS. 2020a. Soil Health Restoration and
Management. Springer, Singapore. ISBN: 978-981-13-
8569-8 DOI:  https://doi.org/10.1007/978-981-13-
8570-4

Mehta JP. 2004. Response of bioregulators in mitigating
moisture stress in mustard [B. juncea (L.) Czern &
Coss]. Ph.D Thesis, Department of Agronomy, RCA,
MPUAT, Udaipur.

Mehta YK and Sumeria HK. 2001. Effect of plant growth
regulators sulphuric acid on dry matter partitioning
of pea cultivars. Haryana J Agron 17:173-174.

Muhal S and Solanki NS. 2015. Effect of seeding dates
and salicylic acid foliar spray on growth, yield,
phenology and agro-meteorological indices of
Brassica species. J Oilseed Brassica 6:183-190.



14 Journal of Oilseed Brassica, 11 (1) January, 2020

Muhal S, Solanki NS, Singh P and Shukla KB. 2014. Effect
of salicylic acid on productivity and nutrient uptake
of Brassica species under different planting
durations. African J Agril Res 9:1101-1106.

Nagdive SJ, Bhalerao PD, Dongarwar UR and Gond VV.
2007. Effect of irrigation and nutrient management on
yield, quality and uptake of nutrients by mustard (B.
juncea L.). J Soil and Crops 17:128-132.

Sahu MP, Kumawat SM, D’Souza SF, Ramaswamy NK
and Singh G. 2005. Sulphydryl bioregulator
technology for increasing mustard production. Res
Bulletin RAU-BARC 1-52.

Salisbury FB and Ross CW. 1986. Plant Physiology.
Wads Worth Publishing Company, USA, 206-207.

Saud RK, Singh BP and Pannu RK. 2016. Studied on
consumptive use, water use efficiency and moisture
extraction pattern by Indian mustard as influenced
by limited irrigation and nitrogen levels. Intl J For
Crop Improv 7:137-140.

Sharma SK, Mendhe SN, Kolte HS, Rajput GR and
Yenpreddiwar MD. 2006. Effect of sowing and
irrigation management on growth and yield of mustard
(B. juncea L.). J Soil Crops 16:455-459.

Shivran A, Patel BJ and Gora M. 2019. Effect of irrigation
schedule and bio-regulators on yield attributes and
yield of mustard [B. juncea (L.) Czern & Coss] crop.
Intl J Chem Studies 7:1874-1877.

Singh A, Singh AK and Ashwin C.  2017. Effect of hydrogel
and thiourea on yield, quality and nutrient uptake of
Indian mustard under moisture stress condition. Res
on Crops 18:42-48.

Solanki NS. 2003. Effect of thiourea and dimethyl
sulphoxide on phosphorus use efficiency, dry matter
patitioning and  productivity of clusterbean
[Cyamopsis tetragonolob (L.) Taub.]. Ph.D. Thesis,
MPUAT, Udaipur, Rajasthan.

Srivastava AK, Ramaswamy NK, Suprasanna P and
D’Souza SF. 2010. Genomewide analysis of thiourea
modulated salinitystress responsive transcripts in
seeds of B. juncea. Identification of signalling and
effector components of stress tolerance. Ann Bot
(London) 106: 663-74.


