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ABSTRACT

Sulphur and bio-regulators influence various physiological and biochemical activities inside the plant. The present
study aimed to evaluate the effect of sulphur and bio-regulators (ascorbic acid, thioglycolic acid and salicylic acid)
on growth, yield and essential oil content in cumin (Cuminum cyminum L.). A field experiment was conducted during
rabi 2013-14, 2014-15 and 2015-16 at Agricultural Research Station, Mandor (Agriculture University, Jodhpur).
Factorial randomised block design with three replications was used. Four levels of sulphur (0, 15, 30 and 45 kg/ha)
and four sprays of bio-regulators (Ascorbic acid, TGA and salicylic acid) @100 ppm at vegetative and flowering
stage were applied. Pooled data revealed that application of sulphur @45 kg/ha significantly increased number of
branches/plant, plant height (cm), number of umbels/plant, umbelletes/umbel, seeds/umbellete, test weight and also
seed yield over control. Foliar application of bio-regulators @100 ppm at vegetative and flowering stage significantly
increased the seed yield and oil content of cumin. The highest net return ¥ 93250 and benefit: cost ratio 3.32) was
observed on application of sulphur @45 kg/ha followed by thioglycolic acid (net return ¥ 86120/ha, B:C ratio 3.12).
Thus, we can recommend the application of sulphur and TGA bioregulator to the farmers in western arid zone for
doubling the farmers' income in a sustainable way.
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India is the largest producer, consumer and exporter of
cumin (Cuminum cyminum L.) in the world. India accounts
for 70% of the global cumin production. A total volume of
2.1 lakh tonnes of cumin valued at 33225 crore was exported
from India in 2019-20 (Spices Board India 2020). It is an
important seed spice crop of arid region of Rajasthan and
Gujarat. Cumin is grown on 6.76 lakh ha area with an
annual production of 3.79 lakh tonnes in Rajasthan with an
average productivity of 560 kg/ha (DOA Rajasthan 2019).
The climatic conditions prevailing in arid and semi-arid
regions of Rajasthan (i.e. moderately cool, dry and frost free
winters) are best suited for cumin cultivation. Cumin is a
source of carbohydrates, proteins, amino-acids and dietary
fibres. Cumin aldehyde, cymene, and terpenoids are the
major volatile components in cumin (Bettaieb et al. 2011).

Sulphur is one of the plant nutrients deficient in aridisol
of western Rajasthan. Kumar et al. (2017) reported that
S content in arid soil of western Rajasthan was about 11
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mg S/kg of soil. It has a specific role in the synthesis of
amino acids like methionine (20%) and cystine (27%) and
synthesis of proteins, chlorophyll and oil. Foliar application
of bio-regulators acts as a powerful tool in enhancing the
growth, productivity, quality and also in combating the ill
effects generated by various biotic and abiotic stresses in
plants. These bio-regulators also improve the physiological
and metabolic activities of plants and enhance the flowering
efficiency in the plants (Sumeriya et al. 2000). Some
researchers reported that foliar application of bio-regulators
enhances the dry matter and numbers of umbels per plant,
resulting in higher seed yield (Gour et al. 2012). Thioglycolic
acid (TGA) is also a sulphuric compound. It contains
both thiol (mercaptan) and carboxylic acid. Bioregulators
improve drought tolerance of plants because of the unique
role of sulphydryl group in photosynthesis and dry matter
partitioning (Sahu et al. 1991). The objective of this study
was to assess the effect of sulphur and bio-regulators on
seed yield and quality of cumin.

MATERIALS AND METHODS

Soil characterization: The three primary elements
(N, P, K) present in soil were analysed by using alkali
potassium permanganate method (Subbiah and Asija
1956), Olsen method (Olsen 1954) and flame photometer
method (Standfold and English 1949), respectively. The
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pH (Singh et al. 1999a) and organic carbon (Walkley and
Black 1934) were also measured. Besides, the available
sulphur in soil was determined by using CaCl,-extractable
S method (Williams and Steinbergs 1969). The soil of
experimental area was slightly alkaline in reaction (pH 7.45).
Organic carbon content was 0.43%. The available nitrogen,
phosphorus and potassium content were 184 kg/ha, 7.5 kg/
ha and 260.6 kg/ha, respectively. Besides, available sulphur
content was 9.24 mg S/kg of soil.

A field experiment was conducted during rabi 2013-14,
2014-15 and 2015-16 at Agricultural Research Station,
Mandor (Agriculture University, Jodhpur) to study the effect
of different doses of sulphur and bio-regulators @100 ppm
on seed yield and quality of cumin. Factorial randomised
block design with three replications was used to design
field experiment. Fig 1 shows weather parameters during
crop season. In the study, four levels of sulphur (0, 15, 30
and 45 kg/ha) and four sprays of bio-regulators (Ascorbic
acid, TGA and salicylic acid) @100 ppm at vegetative
and flowering stage were applied. Water spray was used

EFFECT OF SULPHUR AND BIOREGULALORS ON CUMIN

41

as control treatment. Sowing dates were 18™ November in
2013, 13t November in 2014 and 6™ November in 2015.
Cumin (var GC-4) seeds were sown manually 30 cm apart,
two lines per plots; seed rate was 12—15 kg/ha. Plant to plant
distance was 7 cm, plot size was 4 x 3 m and total area of
plot was 12 m?. General recommended dose of nitrogen
and phosphorus (30 kg N and 20 kg P,O,/ha) was applied
through Diammonium phosphate (DAP) and urea. Nitrogen
was applied in two splits at sowing and first irrigation; whole
phosphorus was applied at the time of sowing.

Analyses of plant growth, biomass and yield: The
observations on plant height, dry matter accumulation,
no. of umbels/plant were recorded manually by randomly
selecting five representative plants from each plot of each
replication. Yield and yield attributes were also recorded.
Harvesting was carried out on 13™ march in 2014, 15t
march in 2015 and 8™ march in 2016. The seed and straw
yield was recorded from net plot area of each treatment.

Estimation of volatile oil: The volatile oil in cumin
was estimated using Clevenger’s apparatus (AOAC 1988).
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188 2013-14 cost ratio: Economics were
80 also calculated and compared
(738 for the selection of superior
28 treatment combination.
gg Statistical analysis: The
18 mean values of the each year's
K o R o_,ﬂ(? & & N . P &2’\ R > ‘oﬂ:\ ® & x\s\ K Qﬂ(«’ &> RS expc.arlrr.lental data of three
O @ Ve RN IS P & P& replications were pooled to
(] .
® q‘?\o & (‘9@ qg;@ obtain pooled mean values,
& 4 & & and then statistically analysed
38 2014-15 by SAS software using one-
70 way analysis of variance
60
50 (ANOVA).
40
:238 RESULTS AND
10 DISCUSSION
° Eff f sulph
X & P F L O DN XEND PSPPSR ect of sulphur on
S R IR PSS D PP RPN
\9‘\0 Q‘O'éQe’o '9000"’ & & K 'IP‘Q»\'@ & N ‘9’°<<é,° @*o@c’ '90\@ Q%'eo‘bc’ plant growth, yield and
\f\? © & o ® vield attributes: In present
o’ & o & study, application of different
100 | 201516 doses of sulphur significantly
90 increased the growth and yield
?g parameters, viz. plant height
60 (cm), number of branches/
i’g plant, number of umbels/
30 plant, number of umbelletes/
%g umbel, number of seeds/
0 umbellete and test weight (g)
X R P F R O DN NN P> R D PG D during all three experimental
IO S NPT NN NI S A S-S S : :
\o$° Q"J'\; & ¥ & & & X ¥ Q\‘o & &Y & 6’3’\;0 > & Q‘Q'e K years. Highest plant height
c}?' qg;‘o W« ,19‘0 qg:‘g was recorded with sulphur
) R N & @45 kg/ha which was 6.08%

Meteorological weeks

=—g==Temperature (0C) Min
=== Relative Humidity Min(%)

=f@==Temperature (0C) Max
=== Relative Humidity Max (%)

Fig 1 Meteorological parameters during crop season.
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@30 kg and 45 kg/ha over the control (Table 1). Application
of sulphur @45 and 30 kg/hasignificantly increased number
of umbels/plant by 17.59 and 14.95%, respectively, over the
control. Numbers of umbelletes/umbel were significantly
increased by the application of all doses of sulphur over the
control but all treatments of sulphur were statistically similar.
Test weight of cumin seeds was significantly increased
with the application of sulphur @45 kg/ha and per cent
increase in test weight was 4.76% over the control. The seed
yield of cumin significantly increased with the application
of different levels of sulphur over the control (Table 1).
Maximum seed yield was recorded with application of
sulphur @45 kg/ha followed by sulphur @30 kg/ha during
the all three years. The results are in agreement with the
study of Solanki et al. (2017) who reported that sulphur
fertilization @40 kg/ha increased the plant height, number
of branches/plant, number of umbels/plant, test weight,
number of seeds/umbellete, and seed yield. The results of
Kucha et al. (2019) also revealed that sulphur @40 kg/ha
showed significant influence on plant growth and yield of
spice crops. Meena ef al. (2014) found that application of
sulphur up to 40 kg/ha significantly increased plant height,
dry matter accumulation/plant, number of branches/plant,
number of umbels/plant, umbelletes/umbel, seeds/umbellete,
seed, straw and biological yields of coriander over control.
Thus, sulphur @40-45 kg/ha may be recommended to
farmers to enhance the yield of seed spice.

Effect of sulphur application on oil content in cumin
seed: In present study, the highest oil content in cumin
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seed was observed with application of 45 kg S/ha which
was statistically significant over the control and 15 kg S/
ha (Table 1). This application of 45 kg S/ha increased the
oil content by 3.11% and 7.37%, respectively, over the
control and 15 kg S/ha. Varényiova et al. (2017) found
maximum oil content in seed rapeseed oil with 40 kg S/ha.
Abdulrazaq ef al. (2018) also used four different levels of
sulphur (0, 15, 30 and 45 kg S/ha) in coriander crop and
reported that sulphur application @45 kg/ha significantly
increased vegetative growth, relative growth rate, seeds/
umbel, seed yield (16.93 g/ha) and essential oil content in
seed over control.

Net return and benefit:cost ratio with respect to S
application: The highest net return and benefit:cost ratio
(393250 and 3.32) was observed in sulphur application @45
kg/ha from mean of years. The lowest value of net return
and benefit:cost ratio (368,480 and 2.75) was observed
in control treatment (Table 2). Our results were in close
conformity with Patel et al. (2013) in coriander and Verma
et al. (2014) in fenugreek.

Effect of bio-regulators on plant growth, yield and
yield attributes: In present study, number of umbels/plant
were significantly influenced by spray of thioglycolic
acid (TGA) at vegetative & flowering stage and increased
by 6.92% over the control. Only foliar spray of TGA
significantly increased seed yield over the control during
mean of experimental years. Pooled data showed that spray
of ascorbic acid, TGA and salicylic acid at vegetative and
flowering stage significantly increased the seed yield over

Table 1 Effect of sulphur and bio regulators on growth, yield, yield attributes and quality of cumin.
Treatment *Plant  *Branches/ *Plant *Umbels/ *Umbelletes/ *Seeds/  *Test Seed yield (kg/ha) *0il
stand plant  height plant umbel  umbellete weight 7413. 2014- 2015- Pooled €Ontent
('000/ha) (cm) (e 14 15 16 (%)
Level of sulphur
0 kg/ha 477 4.7 29.4 34.1 4.7 5.1 42 708 774 998 827  3.39
15 kg/ha 474 4.8 304 36.6 4.9 52 43 775 812 1055 881  3.53
30 kg/ha 482 5.0 30.9 39.2 5.0 54 4.4 852 882 1195 976 3.60
45 kg/ha 478 5.0 31.4 40.1 5.0 5.4 44 911 896 1267 1025 3.64
SEm+ 8.3 0.1 0.3 0.5 0.1 0.1 0.04 25 26 32 13 0.03
CDat5% NS 0.2 1.0 1.5 0.2 0.2 0.13 71 76 94 39 0.09
Bio regulators
Control (Water 476 49 30.3 36.1 4.8 52 43 774 799 1049 874 343
spray)
Ascorbic acid (100 472 4.8 30.6 37.6 4.9 53 43 790 840 1142 924  3.53
ppm)
TGA (100 ppm) 482 4.9 31.0 38.6 4.9 53 4.4 853 899 1169 974 3.62
Salicylic acid (100 481 4.8 30.2 37.7 4.9 5.3 43 829 826 1155 937  3.57
ppm)
SEm+ 8.3 0.1 0.3 0.5 0.1 0.1 0.04 25 26 32 13 0.03
CD at5 % NS NS NS 1.5 NS NS NS 71 76 94 39 0.09
CV (%) 6.0 5.9 3.9 4.8 4.0 4.8 35 105 108 100 5.0 2.9

*Pooled data of three years (2013—14 to 2015-16).
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Table 2  Effect of sulphur and bio-regulators on economics of

cumin®
Treatment Cost of  Gross Net B:C
cultivation returns  returns  ratio
(x103%/  (x10°%/  (x103%/
ha) ha) ha)
Level of Sulphur

0 kg/ha 39.14 107.63 68.48 275
15 kg/ha 39.81 114.53 7472  2.88
30 kg/ha 40.02 127.17 87.15  3.18
45 kg/ha 40.24 133.49 9325 332

SEm=+ - - - -

CDat5 % - - - -

Bio-regulators

Water spray 39.14 113.66 74.52 290
Ascorbicacid (100ppm)  41.16 120.48 7932 293
TGA (100 ppm) 40.54 126.66 86.12  3.12
Salicylic acid (100ppm) ~ 40.39 122.02 81.63  3.02

SEm+ - - - -

CDat5% - - - -

#Values pooled for three years (2013—14 to 2015-16).

the control. Foliar spray of TGA showed more pronounced
effect on yield as compared to ascorbic acid and salicylic
acid which enhanced the yield by 11.44% over the control
(Table 1). Similar types of significant influence of exogenous
spray of salicylic acid on growth, yield and essential oil
content in fennel were found by Askari and Ehsanzadeh
(2015). Present results are in agreement with the study of
Meena et al. (2014) who found that spray of thiourea and
thioglycolic acid increased the dry matter accumulation
and translocation in clusterbean. NICRA (2011) reports
also indicated that application of thiourea and thioglycolate
also significantly influenced the yield of heat stress tolerant
varieties of wheat and barley (Venkateswarlu et al. 2011).

Effect of bio-regulators on oil content: Oil content was
significantly affected by the bio-regulators (Table 1). Foliar
spray of TGA, ascorbic acid and salicylic acids significantly
increased oil content in cumin over the control. There was
no significant difference among the treatments. Highest
oil content was recorded with foliar application of TGA.
Nasiri and Morshedloo (2018) suggested that application
of salicylic acid and ascorbic acid improved the quality and
quantity of the essential oil content of dragonhead. Singh et
al. (2017) reported that thiourea @100 ppm and salicylic
acid application increased protein content and essential oil
in seeds of coriander crop. Enhancement of essential oil
content by foliar spray of bio-regulators might be due to
the increase in nutrient uptake, number of oil glands and
biosynthesis of monoterpenes, mono and/or sesquiterpene
(Abdou and Mohamed 2014).

Net return and benefit:cost ratio with respect to
bio-regulator application: In terms of application of bio-
regulators, the highest net return (386,120/ha) and benefit:
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cost ratio (3.12) was observed with the application of TGA
@100 ppm at vegetative and flowering stage. Sulphur
application @45 kg/ha showed maximum net return
(%93,250/ha) and benefit:cost ratio followed by TGA
application (Table 2). These findings are in agreement with
Singh et al. (2017) who reported that thiourea @100 ppm
and thiourea @500 ppm gave higher seed, straw yield and
net return over control. Similar results were also reported
by Godara et al. (2012) with respect to benefit:cost ratio
and net return.

Sulphur and TGA-bioregulator played a crucial role
in increasing the growth and seed yield of cumin. The
sulphur treatment @ 45 kg/ha was observed to be the more
suitable dose for cumin cultivation in western arid zone of
Rajasthan, India. Whereas, TGA @100 ppm is significant
over the control with respect to seed yield and oil content
of cumin. Sulphur treatment @45 kg/ha was economically
more feasible as compared to other treatments.

ACKNOWLEDGEMENTS

The authors are grateful to ICAR, New Delhi for
providing financial support through AICRP on Spices. The
Agriculture University, Jodhpur is gratefully acknowledged
for the facilities provided, during the present study.

REFERENCES

AOAC. 1988. Official Methods of Analysis. Association of Official
Analytical Chemists, 215 edn., Washington, DC, USA.

Abdou M and Mohamed M A H. 2014. Effect of plant compost,
salicylic and ascorbic acids on Mentha piperita L. plants.
Biological Agriculture and Horticulture 30(2): 131-43.

Abdulrazaq Bepari, Naruka I S, Meena K C, Haldar A and Nayma S.
2018. Effect of sulphur and zinc on growth, yield and quality of
coriander (Coriandrum sativum L.) cv. RCr-436. International
Journal of Chemical Studies 6(5): 2479-83.

Askari E and Ehsanzadeh P. 2015. Effectiveness of exogenous
salicylic acid on root and shoot growth attributes, productivity,
and water use efficiency of water-deprived fennel genotypes.
Horticulture, Environment, and Biotechnology 56(5): 687-96.

Bettaieb I, Bourgou S, Sriti J, Msaada K, Limam F and Marzouk
B. 2011. Essential oils and fatty acids composition of Tunisian
and Indian cumin (Cuminum cyminum L.) seeds: a comparative
study. Journal of the Science of Food and Agriculture 91:
2100-07.

DOA Rajasthan. 2019. Department of agriculture, agriculture
statistics, agricultural portal, agriculture department, Govt. of
Rajasthan, final advance estimate rabi and kharif 2018-19.

Godara A S, Gupta U S and Singh R. 2012. Effect of heat stress
mitigating strategies an growth and productivity of wheat
under semi-arid conditions of Rajasthan. (In) 3¢ International
Agronomy Congress on Agriculture Diversification, climate
change management and livelihoods. 2: pp 26-30. New Delhi.

Gour K, Patel B S and Mehta R S. 2012. Yield and nodulation of
fenugreek (Trigonella foenumgraecum) as influenced by growth
regulators and vermi-wash. Indian Journal of Agricultural
Sciences 46: 91-93.

Kucha H C, Sakarvadia H L, Vekaria L C, Jadeja A S and Ponkia
H P. 2019. Effect of nitrogen and sulphur levels on yield
attributes, yield and quality of fennel (Foeniculum vulgare
Mill.). International Journal of Chemical Studies 7(4): 881-84.



44 MEHRIYA ET AL.

Kumar D, Yadav S R, Kaur R, Choudhary A and Meena B S. 2017.
Soil fertility status and nutrient recommendations based on
soil analysis of Jaisalmer district of western Rajasthan. Asian
Journal of Soil Science 12(1): 103-07.

Meena S K, Jat N L, Sharma B and. Meena V S. 2014. Effect of
plant growth regulators and sulphur on productivity of coriander
(Coriandrum sativum L.) in Rajasthan. The Ecoscan 6: 69-73.

Meena V K, Kaushik M K, Meena R S, Meena V S and Meena B
P.2014. Effect of growth regulators on clusterbean (Cyamopsis
tetragonoloba L.) growth under Aravali hills environment in
Rajasthan. The Bioscan 9(2): 547-50.

Nasiri Y, Zandi H and Morshedloo M R. 2018. Effect of salicylic
acid and ascorbic acid on essential oil content and composition
of dragonhead (Dracocephalum moldavica L.) under organic
farming. Journal of Essential Oil Bearing Plants 21(2): 362—73.

Olsen S R. 1954. Estimation of available phosphorus in soils
by extraction with sodium bicarbonate. USDA: Washington.
Circular, 939.

Patel C B, Amin A U and Patel A L. 2013. Effect of varying levels
of nitrogen and sulphur on growth and yield of coriander
(Coriandrum sativum L.). The Bioscan 8(4): 1285-89.

Sahu M P and Solanki N S. 1991. Role of sulphydryl compounds
in improving dry matter partitioning and grain production of
maize (Zea mays L.). Journal of Agronomy and Crop Science
167(5): 356-59.

Singh D, Chhonkar P K and Pandey R N. 1999a. Soil reaction in
soil, plant, water analysis method: manual, 1, 4.2 (b): 11-13.
IARI, ICAR, New Delhi.

Singh R. 2017. ‘Effect of stress mitigating chemicals on coriander
varieties (Corianderum sativum L.)’ MSc (Ag) Thesis, Sri karan
Narendra Agricultural University, Jobner, Rajasthan.

Solanki J, Javiya P, Savaliya N and Hirpara D. 2017. Response
of coriander (Coriandrum sativum L.) to different levels of

[Indian Journal of Agricultural Sciences 92 (1)

potassium and sulphur. International journal of chemical
studies 5(5): 1884-87.

Spices Board India. 2020. Review of Export performance of Spices
during 2019-20. Spices Board India, Ministry of Commerce
and Industry, Govt. of India.

Standfold S and English L. 1949. Use of flame photometer in
rapid soil test for K and Ca. Agronomy journal 41: 446—47.

Subbiah B and Asija G. 1956. A rapid procedure for the estimation
of available nitrogen in soils. Current Science 25: 259-60.

Sumeriya H K, Meena N L and Mali A L. 2000. Effect of
phosphorus, triacontanol granule and growth promoters on
the productivity of mustard [Brassica juncea (L.) Czern and
Coss]. International Journal of Tropical Agriculture 18: 283-86.

Varényiova M, Ducsay L and Ryant P. 2017. Sulphur nutrition
and its effect on yield and oil content of oilseed rape (Brassica
Napus L.). Acta Universitatis Agriculturae et Silviculturae
Mendelianae Brunensis 65(2): 555-62.

Venkateswarlu B, Kokate K D, Gopinath K A, Srinivasarao C,
Anuradha B and Dixit S. 2011. Coping with Climate Variability
Technology Demonstration on Farmers' Fields in Vulnerable
Districts. National Initiative on Climate Resilient Agriculture
Indian Council of Agricultural Research CRIDA, Hyderabad B.

Verma S R, Shivran A C, Bhanwaria R and Singh M. 2014. Effect
of vermicompost and sulphur on growth, yield and nutrient
uptake of fenugreek (7rigonella foenum-graecum L.). The
Bioscan 9(2): 667-70.

Walkley A and Black I A. 1934. An examination of the Degtjareff
method for determining soil organic matter, and a proposed
modification of the chromic acid titration method. Soil science
37(1): 29-38.

Williams C H and Steinbergs A. 1969. Soil sulphur fractions as
chemical indices of available sulphur in some Australian soils.
Australian Journal of Agricultural Research 10: 340-52.



