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ABSTRACT

A field experiment was conducted at Experimental 
area, School of Agriculture, Lovely Professional Uni-
versity during the rabi season of 2021-22 to determine 
the effect of thiourea and salicylic acid on growth and 
yield of Indian mustard (Brassica juncea L.) under 
moisture stress condition. This experiment consists 
of 12 treatments were replicated thrice and was laid 
down Randomized Block Design. The application of 
thiourea and salicylic acid had significant effect on 
growth and yield of Indian mustard (Brassica juncea 
L.) under moisture stress condition. The maximum 
plant height (133.33 cm), number of branches (6.70), 
leaf area index (5.64), dry matter accumulation (17.32 
g) at harvest, seed yield (2213.33 kg ha-1), stover yield 
(5980.00 kg ha-1) and harvest index (27.01%) were 
recorded under T12 treatment (thiourea spray @500 
ppm at flowering + thiourea spray 500 ppm at siliqua 
initiation + 200 ppm salicylic acid at flowering) than 
rest of treatments. Application of thiourea spray @ 

500 ppm at flowering + thiourea spray 500 ppm at 
siliqua initiation + 200 ppm salicylic acid at flowering 
indicated maximum plant height (cm), number of 
branches, leaf area index, dry matter accumulation 
(g) and productivity of Indian mustard with two 
irrigations. Thus, it can be potential alternative to 
increase Indian mustard production.

Keywords Thiourea, Salicylic acid, Indian mustard, 
Yield pray. 

INTRODUCTION

India is one of the top nations in the world for the 
production of oilseeds. After grains, the oilseed 
crop is the second-largest agricultural product. The 
second-most significant edible oilseed crop in India 
is mustard (Brassica juncea (L.) Czern & Coss.), 
which provides around 50% of the population in all 
the northern states with the fat they need (Shivran et 
al. 2019). The mustard oil cake is produced over an 
area of around 68.57 lakh hectares and has a protein 
content of 40%. It also includes 5.1% nitrogen, 1.8% 
phosphorus, and 1.2% potassium (DES 2018). Due 
to the lack of winter rainfall, mustard responds to 
irrigation better. This crop’s output was negatively 
impacted by its increased sensitivity to water fluctu-
ations and its relative presence at key growth phases 
(Meena et al. 2013). The Indian mustard’s production 
was improved by irrigation at crucial phases, possibly 
as a result of the plant’s increased nutritional avail-
ability and more effective metabolic processes (Rai 
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et al. 2017). Furthermore, it is generally agreed that 
timing irrigation during crucial crop growth phases 
would maximise the use of limited irrigation water 
(Saud et al. 2016).

Water used for irrigation often has an impact 
on rapeseed and mustard. The crop that requires the 
least amount of water is rapeseed-mustard (Meena 
et al. 2017, Sharma et al. 2018). Bioregulators may 
be utilized to alter the various metabolic and physio-
logical processes of the plant to increase the yield of 
the mustard crop and lessen the negative effects of 
drought stress (Tiwari and Gangawar 2022). Thiourea 
is a sulfhydryl chemical and contains one SH group. 
The SH group has been connected to the translocation 
of photosynthetic cells in plants. It just concerns the 
activation of photosynthetic enzymes by light (Pandey 
et al. 2013). Salicylic acid (SA) applied exogenously 
has been shown to minimize the detrimental effects 
of water stress (Khan et al. 2015, Meena et al. 2018) 
and SA spray has also been shown to increase plant 
development (Nazar et al. 2015). The significant am-
monium molecule glycinebetaine is regarded as one 
of the most prevalent and efficient osmoprotectants. 
The drought tolerance of plants was increased by the 
exogenous administration of glycinebetaine (Ahmed 
et al. 2021). In order to determine how bioregulators 
affect the buildup of dry matter in Indian mustard at 
various irrigation levels.

Thiourea, a sulphahydral chemical, is widely 
recognized for increasing the yield of oilseeds and 
for alleviating drought in subtropical areas (Sahu, 
2023). It contributes significantly to the formation 
of certain metabolites, including essential oils and 
chlorophyll. Its use in rapeseed-mustard impacts the 
amount of protein, glucosinolate, and oil (Singh et 
al. 2017). Sulfur is consequently actively engaged 
in seed production and oil synthesis in rapeseeds, as 
has been demonstrated by several studies. In light of 
these facts, the current study assessed how Indian 
mustard (Brassica juncea L.) responded to thiourea 
and salicylic acid under moisture stress conditions in 
terms of growth and yield.

MATERIALS AND METHODS

An experiment was conducted during the rabi season 

of 2021-22 at the Experimental area, School of Agri-
culture, Lovely Professional University, Punjab. The 
experimental field has Sandy loam soil. The experi-
mental site located at 310 15’ N latitude and 750 41’ 
E longitudinally at an elevation of 245m above mean 
sea level. The climate of an area is characterized as hot 
and dry summer and wet and humid monsoons. The 
test crop was Indian mustard and variety PBR-357. 
The ploughing layer of soil has pH (7.63), EC (0.35 
dS m-1), organic carbon (0.58%), available nitrogen 
(164.50 kg ha-1), available phosphorus (25.3 kg ha-1) 
and available potassium (324.58 kg ha-1). The exper-
iment was consisted of 12 treatments viz., T1 (water 
spray), T2 (thiourea spray 500 ppm at flowering), T3 
(thiourea spray 500 ppm at flowering + thiourea spray 
500 ppm at siliqua initiation), T4 (salicylic acid spray 
100 ppm at flowering), T5 (salicylic acid spray 150 
ppm at flowering, T6 (salicylic acid spray 200 ppm at 
flowering), T7 (thiourea spray @ 500 ppm at flowering 
+ salicylic acid 100 ppm at flowering), T8 (thiourea 
spray @ 500 ppm at flowering + 150 ppm salicylic 
acid at flowering), T9 (thiourea spray @ 500 ppm at 
flowering + 200 ppm salicylic acid at flowering), T10 
(thiourea spray @500 ppm at flowering + thiourea 
spray 500 ppm at siliqua initiation + salicylic acid 
100 ppm at flowering), T11 (thiourea spray @500 
ppm at flowering + thiourea spray 500 ppm at siliqua 
initiation + 150 ppm salicylic acid at flowering) and 
T12 (thiourea spray @500 ppm at flowering + thiourea 
spray 500 ppm at siliqua initiation + 200 ppm salicylic 
acid at flowering) were replicated thrice and was laid 
down in Randomized Block Design. Furrows were 
opened at a spacing of 30×10 cm for the sowing of 
Indian mustard variety ‘PBR-357.’ with seed rate of 5 
kg ha-1. NP and K were applied as 40, 12 and 6 kg ha-1 
by basal application. Nitrogen and phosphorus were 
applied through diammonium phosphate and urea 
and potash through murate of potash, respectively. 
The data were analyzed as per the standard procedure 
for “Analysis of Variance” (ANOVA) (Gomez and 
Gomez 1976).

RESULTS AND DISCUSSION

Growth

The data presented in Table 1 revealed that, different 
treatments of thiourea and salicylic acid had signifi-
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Table 1. Effect of thiourea and salicylic acid on plant height (cm) and number of branches Indian mustard under moisture stress condition.

Treatments                                        Plant height (cm)                                                            No. of branches
                                   45 DAS               90  DAS               At harvest              45 DAS                90  DAS                  At harvest  

 T1 15.97 75.00 83.33 2.70 2.97 3.43  
 T2 15.98 76.00 88.00 3.37 3.53 3.80
 T3 16.07 86.67 113.33 4.05 4.17 4.20
 T4 15.90 100.33 128.00 4.01 4.83 5.13
 T5 16.12 97.67 119.33 4.27 4.92 5.22
 T6 16.00 99.33 119.67 3.97 4.60 4.60
 T7 15.83 91.67 122.00 4.50 4.63 4.90
 T8 15.93 102.00 127.00 3.80 4.20 4.70
 T9 15.93 101.67 124.85 4.03 4.73 4.97
 T10 15.96 103.33 105.00 4.53 5.00 5.13
 T11 15.93 96.00 116.00 4.74 5.17 5.27
 T12 15.95 119.00 133.33 5.50 6.67 6.70
     SEm± 0.09 2.52 4.10 0.13 0.17 0.16
CD (p=0.05) N/A 7.45 12.10 0.37 0.49 0.47

T1 (water spray), T2 (thiourea spray 500 ppm at flowering), T3 (thiourea spray 500 ppm at flowering + thiourea spray 500 ppm at siliqua 
initiation), T4 (salicylic acid spray 100 ppm at flowering), T5 (salicylic acid spray 150 ppm at flowering, T6 (salicylic acid spray 200 
ppm at flowering), T7 (thiourea spray @ 500 ppm at flowering + salicylic acid 100 ppm at flowering), T8 (thiourea spray @ 500 ppm at 
flowering + 150 ppm salicylic acid at flowering), T9 (thiourea spray @ 500 ppm at flowering + 200 ppm salicylic acid at flowering), T10 
(thiourea spray @500 ppm at flowering + thiourea spray 500 ppm at siliqua initiation + salicylic acid 100 ppm at flowering), T11 (thiourea 
spray @500 ppm at flowering + thiourea spray 500 ppm at siliqua initiation + 150 ppm salicylic acid at flowering) and T12 (thiourea spray 
@500 ppm at flowering + thiourea spray 500 ppm at siliqua initiation + 200 ppm salicylic acid at flowering).

cant effect on plant height, number of branches, leaf 
area index and dry matter accumulation (g) of Indian 
mustard under moisture stress condition. The max-
imum plant height (133.33 cm) was recorded under 
T12 treatment (thiourea spray @500 ppm at flowering 
+ thiourea spray 500 ppm at siliqua initiation + 200 
ppm salicylic acid at flowering) at harvest and lowest 
under (water spray) control (83.33 cm) at harvest. The 
treatment T12 was remained at par with T4 (128.00 
cm), T8 (127.00 cm), T9 (124.85 cm) and T7 (122.00 
cm). The highest number of branches (6.70), leaf area 
index (5.64) and dry matter accumulation (17.32 g) 
were observed under T12 treatment (thiourea spray 
@500 ppm at flowering + thiourea spray 500 ppm at 
siliqua initiation + 200 ppm salicylic acid at flower-
ing) at harvest. 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 photosyn-
thesis activity of plant so they produced more food 
(Backer et al. 2018). The similar result recognized 
by Saeed et al. (2021), Müller and  Munne-Bosch 
(2021) and Meena et al. (2018a). The foliar applica-
tion of thiourea motivating the photosynthetic carbon 

fixation mechanism that enhanced the canopy of the 
plant (Sing and Meena 2019, Meena et al. 2019). 
Thiourea exhibits cytokinin activity (Suryavanshi 
and Buttar 2018) delaying the leaf senescence of the 
plant (Hönig 2018). The similar result reported by 
Singh et al. (2017) and Meena (2020).

Yield

Given the interaction of several internal and exter-
nal elements, yield is a complicated attribute. The 
generation and mobilization of carbohydrates, the 
absorption of water and nutrients from the soil, as 
well as a number of external elements that the plant 
is exposed to during the growth season, all play a 
significant role in it.  A close perusal of the data on 
seed and stover yield presented in Table 2 indicated 
that the application of thiourea and salicylic acid had 
significant effect on seed yield (kg ha-1), stover yield 
(kg ha-1) and harvest index (%) of Indian mustard 
under moisture stress condition. The maximum seed 
yield (2213.33 kg ha-1), stover yield (5980.00 kg ha-1) 
and harvest index (27.01 %) of Indian mustard were 
observed under T12 treatment (thiourea spray @500 
ppm at flowering + thiourea spray 500 pm at siliqua 
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Table 2. Effect of thiourea and salicylic acid on leaf area index 
and dry matter accumulation (g) of Indian mustard under moisture 
stress condition.

Treatment        Leaf area index      Dry matter accumulation (g)
                      45 DAS    90 DAS   45 DAS   90 DAS   At harvest

 T1 2.55 4.38 2.97 4.88 9.26
 T2 2.59 4.81 3.01 5.85 12.46
 T3 2.81 4.75 3.16 6.14 13.19
 T4 3.05 4.97 3.32 6.43 12.27
 T5 2.93 4.88 3.42 6.52 14.64
 T6 2.91 4.94 2.97 6.86 14.75
 T7 3.00 5.14 2.24 6.94 16.12
 T8 2.93 4.82 3.43 6.61 13.60
 T9 2.92 4.56 3.03 6.93 13.46
 T10 2.89 5.20 3.30 6.80 16.05
 T11 3.13 4.44 3.45 6.82 16.82
 T12 3.43 5.64 3.73 7.62 17.32
    SEm± 0.09 0.12 0.16 0.23 0.44
CD (p=0.05) 0.26 0.36 0.47 0.69 1.29

T1 (water spray), T2 (thiourea spray 500 ppm at flowering), T3 
(thiourea spray 500 ppm at flowering + thiourea spray 500 ppm at 
siliqua initiation), T4 (salicylic acid spray 100 ppm at flowering), 
T5 (salicylic acid spray 150 ppm at flowering), T6 (salicylic acid 
spray 200 ppm at flowering), T7 (thiourea spray @ 500 ppm at 
flowering + salicylic acid 100 ppm at flowering), T8 (thiourea spray 
@ 500 ppm at flowering + 150 ppm salicylic acid at flowering), 
T9 (thiourea spray @ 500 ppm at flowering + 200 ppm salicylic 
acid at flowering), T10 (thiourea spray @500 ppm at flowering + 
thiourea spray 500 ppm at siliqua initiation + salicylic acid 100 
ppm at flowering), T11 (thiourea spray @500 ppm at flowering + 
thiourea spray 500 ppm at siliqua initiation + 150 ppm salicylic 
acid at flowering) and T12 (thiourea spray @500 ppm at flowering 
+ thiourea spray 500 ppm at siliqua initiation + 200 ppm salicylic 
acid at flowering).

Table 3. Effect of thiourea and salicylic acid on  seed yield (kg 
ha-1), stover yield (kg ha-1) and harvest index (%) of Indian mustard 
under moisture stress condition.

Treatment             Seed yield       Stover yield       Harvest index
                              (kg ha-1)            (kg ha-1)                (%)

      T1 1150.00 4200.00 21.52
      T2 1216.67 4450.00 21.49
      T3 1280.00 4446.67 22.38
      T4 1623.00 4900.00 24.89
      T5 1802.00 5241.67 25.62
      T6 1952.00 5823.33 25.10
      T7 1884.33 5746.67 24.69
      T8 1785.00 5010.00 26.27
      T9 1863.33 5718.33 24.59
      T10 1853.00 5499.33 25.22
      T11 1990.00 5955.00 25.05
      T12 2213.33 5980.00 27.01
     SEm± 24.80 102.47 0.50
CD (p=0.05) 73.19 302.47 1.46

T1 (water spray), T2 (thiourea spray 500 ppm at flowering), T3 
(thiourea spray 500 ppm at flowering + thiourea spray 500 ppm at 
siliqua initiation), T4 (salicylic acid spray 100 ppm at flowering), 
T5 (salicylic acid spray 150 ppm at flowering), T6 (salicylic acid 
spray 200 ppm at flowering), T7 (thiourea spray @ 500 ppm at 
flowering + salicylic acid 100 ppm at flowering), T8 (thiourea spray 
@ 500 ppm at flowering + 150 ppm salicylic acid at flowering), 
T9 (thiourea spray @ 500 ppm at flowering + 200 ppm salicylic 
acid at flowering), T10 (thiourea spray @500 ppm at flowering + 
thiourea spray 500 ppm at siliqua initiation + salicylic acid 100 
ppm at flowering), T11 (thiourea spray @500 ppm at flowering + 
thiourea spray 500 ppm at siliqua initiation + 150 ppm salicylic 
acid at flowering) and T12 (thiourea spray @500 ppm at flowering 
+ thiourea spray 500 ppm at siliqua initiation + 200 ppm salicylic 
acid at flowering).

initiation + 200 ppm salicylic acid at flowering) than 
rest of treatments. A non-physiological thiol called 
thiourea has increased the stress tolerance and pro-
ductivity of crops like maize and mustard (Amin et 
al. 2013, Yadav et al. 2020). Thiourea was applied 
topically to boost biological and economic yield, 
and it was also linked to a rise in the movement of 
sucrose metabolites from source to sink (Pandey et 
al. 2013). The primary location for photosynthesis in 
Brassica juncea is the leaf, which is often referred to 
as the “source” for the production of photoassimila-
tory products, namely sucrose (Table 3). The word 
“sink” refers to mature seeds since they are primarily 
responsible for sucrose transfer away from leaves. 
The rate-limiting process for controlling the amount 
of photoassimilated in the sink and ultimately the 
crop yield is thought to be the sucrose translocation 

from source to sink (Aranjuelo et al. 2013, Aluko et 
al. 2021). Any plant’s source strength is mostly con-
trolled by how quickly sucrose is biosynthesized in 
active photosynthesizing leaves. Although the precise 
mechanism was not investigated, it is possible that 
the avoidance of oxidative photoinhibition at PSII 
or an overall increase in protein production, which 
also requires a lower redox environment, is to blame 
(Gururani et al. 2015).

CONCLUSION

In conclusion, thiourea spray @500 ppm at flowering 
+ thiourea spray 500 ppm at siliqua initiation + 200 
ppm salicylic acid at flowering indicated maximum 
plant height (cm), number of branches, leaf area 
index, dry matter accumulation (g) and productivity 
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of Indian mustard with two irrigations. Thus, it can 
be potential alternative to increase Indian mustard 
production.
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