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ABSTRACT 
 

Foliar application of plant growth regulators viz.,  GA3 -50& 100 ppm,  NAA- 50 ppm &100 ppm, 
Thiourea- 250 & 500 ppm, 28-Homobrassinolide- 0.1& 0.2ppm, Triacontanol - 2.5& 5 ppm and 
Control. All the treatments were applied as foliar sprays at 30 and 45 DAT. Days to 50% flowering 
(46 d) and days to harvest (100.20 d) were found earlier in ajowan with the foliar applications of 
triacontanol by 5 ppm (T10).The same treatment had recorded the maximum number of umbellate 
umbel-1(14.20). Foliar applications of thiourea by 250 ppm (T5) had record the highest values  with 
respect to yield, yield attributing characters viz number of umbels plant-1(228.70), number of seeds 
umbel-1(183.60), number of seeds umbellate-1(13.50), test weight (1.56 g), seed yield plant-1 (28.50 
g), seed yield plot-1 (1425 g), seed yield hectare-1(1583.33 kg), harvest index (69.71%) and quality 
parameters viz essential oil (3.64%) and protein contents (19.26 mg 100 g-1). 
 

 
Keywords: Ajowan; essential oil; growth regulators; protein content; seed yield hectare-1; test weight. 
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1. INTRODUCTION 
 
Ajowan or Bishop’s weed (Trachyspermum ammi 
L. Sprague) is an annual herb; it belongs to the 
family Apiaceae. During the rabi season, it is a 
significant seed spice growed for seeds in rainfed 
vertisols in Andhra Pradesh. The crop must live 
with residual soil moisture content throughout the 
cropping period, and it frequently suffers from 
terminal moisture stress, resulting in low yield. 
This is the main constraint for ajowan production 
in Andhra Pradesh. [1]. Because of its distinctive 
herbal scent and pungent flavor, ajowan seeds 
are used as a seasoning. It's used as an 
antioxidant and a preservative in confectionary, 
drinks, and pan mixtures, and it's used in small 
amounts for flavoring food. Ajowan seeds are 
used as a household remedy for indigestion [2]. 
 
Plant growth hormones (PGRs) have great 
potential in increasing the production of 
horticultural crops by eliminating the many 
barriers executed either through genetical 
meansor through environmental factors. Plant 
hormones are essential in reducing stress and 
increasing flower bud initiation. Exogenous PGR 
application has been shown to increase crop 
growth and yield in a variety of crops. [3]. The 
main purpose of this study is to increase the 
seed yield by using plant growth hormones.  
 

2. MATERIALS AND METHODS 
 
During the Rabi 2018-2019 season, a field 
experiment was conducted at the College of 
Horticulture, Dr. Y.S.R. Horticultural University, 
Venkataramannagudem, West Godavari District, 
Andhra Pradesh. The soil of experimental field 
was red sandy loam in texture, having a pH of 
6.5, available N (186 Kg ha-1) is low, available P 
(32.5 Kg ha-1) is medium, and available K (218 
Kg ha-1) is high. The experiment was laid out in a 
randomised block design with three replications 
and eleven treatments (including control (water 
spray) two concentrations each of NAA(50 and 
100 ppm), GA3(50 and 100 ppm), Thiourea (250 
and 500 ppm), Triacontanol (2.5 and 5 ppm) and 
28-Homobrassinolide(0.1 and 0.2 ppm)) and 
each replicated thrice. The treatments were 
imposed at 30 and 45 DAT as foliar spray. The 
crop was harvested after need-based cultural 
operations and plant protection measures were 
implemented. Five plants in each treatment and 
in each replication were selected at random to 
record the data at harvest on yield and quality 
attributing viz number of umbels plant-1, number 
of umbellates umbel-1, seed yield plant-1, plot-1 

and hectare-1. The essential oil content in ajowan 
seeds was estimated by steam distillation 
method and the protein content in ajowan seeds 
was estimated by Lowry’s method [4]. The data 
recorded on yield, yield parameters and quality 
attributing characters in ajowan was tabulated 
and were statistically analysed by analysis of 
variance method as per the procedures out lined 
by Panse & Sukhatme [5]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Days to 50% Flowering (d) 
 
Table 1 shows the data on number of days to 
50% flowering. Significant results were observed 
among the treatments for number of days taken 
to 50% flowering. The number of days taken to 
50% flowering was (46.00 d) less in T10 treatment 
(Triacontanol by 5 ppm) which was on par (46.50 
d) with T4 (GA3 by 100 ppm) treatment and it was 
significantly inferior (48d) to T8 (28 
homobrassinolide by 0.2 ppm) treatment. The 
number of days to 50% flowering was more (57 
d) in T1 (NAA by 50 ppm) treatment [2]. 
 
Application of TRIA and GA had results in early 
flowering it could be due to their influence on 
photo-morphogenetic effect. Similar results were 
reported by Sarada et al. [1] in coriander. 
 

3.2 Days to Harvest (d) 
 
For number of days to harvest in ajowan crop 
non significant results were  found among the 
treatments. 
 

3.3 Number of Umbels Plant-1 
 
The data on number of umbels plant-1 was 
shown in table 1.Significant results were noticed 
among the treatments for number of umbels 
plant-1. In between the growth regulating 
chemical sprays, foliar spray of thiourea by 250 
ppm (T5) had recorded the highest number of 
umbels plant-1(228.70) and which was 
considerably (189.00) superior to T10 treatment 
(foliar spray of triacontanol by 5 ppm). Control 
(T11) had recorded the lowest (113.50) number of 
umbels plant-1. 
 
The increase in number of umbels plant-1 was 
observed with foliar sprays of thiourea by 250 
ppm and triacontanol by 5 ppm could be 
attributed to enhance the number of primary and 
secondary branches plant-1 and also due to rapid 
differentiation of inflorescence meristems into 
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floral meristems by abundant supply of nutrients 
and assimilates to inflorescence meristems. The 
present results are in confirm with the findings of 
Balai and Keshwa [6],  Balai [7], Meena et al. [8] 
and Singh et al. [9] in coriander. Nehara et al.[10] 
and Bochalia et al. [11] in fenugreek. 
 

3.4 Number of Umbellates Umbel-1 
 
Table 1 displays the details on the number of 
umbellates umbel-1. There were significant 
differences in the number of umbellate umbel-1 
among the growth regulator sprays. Foliar spray 
of triacontanol by 5 ppm (T10) had recorded the 
maximum (14.20) number of umbellate umbel-1, 
which was on par with T5(13.60) treatment (foliar 
spray of thiourea by 250 ppm), T8(13.30) 
treatment (foliar spray of -1 homobrassinolide by 
0.2 ppm), T6(12.80)treatment (foliar spray of 
thiourea by 500 ppm), T9(12.40)treatment (foliar 
spray of triacontinol by 2.5 ppm), 
T7(12.00)treatment (foliar spray of 
homobrassinolide by 0.1 ppm as  foliar spray) 
and T2(11.90)treatment (foliar spray of NAA by 
100 ppm) but it was significantly superior to 
T1(11.70)treatment (foliar spray of NAA by 50 
ppm).The minimum (10.30)number of umbellate 
umbel-1were noticed in T4treatment (foliar spray 
of (GA3 by 100 ppm). 
 
The presence of high total chlorophyll content in 
leaves (3.97mg g-1FW) was responsible for more 
photosynthetic activity, more drymatter 
production (95.21g plant-1) and better 
partitioning of drymatter into sink organs, which 
resulted in the production of more umbellates 
umbelafter application of traiacontanol @ 5ppm 
as foliar spray. Sarada et al. [1] expressed a 
similar perspective in the case of coriander           
[2]. 
 

3.5 Number of Seeds Umbel-1 
 
The data on number of seeds umbel-1was shown 
in Table 1. Significant differences were existed 
among different growth regulator treatments for 
number of seeds umbel-1. Foliar spray of thiourea 
by 250 ppm (T5) had recorded the highest 
(183.60) number of seeds umbel-1, which was on 
par with T10(176.08) foliar spray of triacontinol by 
5 ppm and T8 (162.26) treatments foliar spray of 
homobrassinolide by 0.2 ppm but it was 
significantly superior to T6(153.60) treatment 
(foliar spray of thiourea by 500 ppm).The 
minimum(100.94) number of seeds umbel-1 were 
observed in T4treatment(foliar spray of GA3 by 
100 ppm). 

3.6 Number of Seeds Umbellate-1 
 
Table 1 shows the details on the number of 
seeds umbellate-1. For the number of seeds 
umbellate-1, the differences between the growth 
regulator treatments were found to be significant. 
Foliar sprays of thiourea by 250 ppm (T5) had 
registered the maximum (13.50)number of seeds 
umbellate-1, which was on par with T10(12.40) 
treatment(foliar spray of triacontinol by 5 ppm), 
T9(12.00)treatment (foliar spray of triacontinol by 
2.5 ppm), T8(12.20) treatment (foliar spray of 
homobrassinolide by 0.2 ppm), T6(12.00) 
treatment (foliar spray of thiourea by 500 ppm), 
T7(11.90) treatment (foliar spray of 
homobrassinolide by 0.1 ppm), T2(11.80) 
treatment (foliar spray of NAA by 100ppm) and 
T1(11.70) treatments (foliar spray of NAA by 50 
ppm), but it was  significantly superior to 
T11(11.00) treatment (control). The 
minimum(9.40) number of seeds umbellate-1 
were noticed in T4 treatment (foliar spray of GA3 

by 100 ppm). 
 
The number of seeds umbel-1 and umbellate-1 
were high in plants sprayed with thiourea by 250 
ppm might be due to production of more (228.70) 
number of umbels plant-1. 
 

3.7 Seed Yield Plant-1 (g) 
 
The data on seed yield plant-1was shown in 
Table 2. Application of different growth regulators 
as foliar spray had shown significant influence on 
seed yield plant-1. Application of thiourea by 250 
ppm asfoliar spray (T5) had resulted in highest 
seed yield plant-1(28.50 g) which was on par with 
T10(26.00 g) treatment (foliar spray of triacontinol 
by 5 ppm) andT8 (24.50g) treatments (foliar spray 
of homobrassinolide by 0.2 ppm) but it was 
significantly superior to T6(23.50 g) treatment 
(foliar spray of thiourea by 500 ppm). The seed 
yield plant-1(11.50 g) was lowest in T4 treatment 
(foliar spray of GA3 by 100 ppm).  
 
Foliar spray of thiourea by 250 ppm  had 
increased the number of primary branches 
(15.03) and secondary branches (83.40) plant-

1and total chlorophyll content (1.87mgg-1) in 
leaves could be due to an increase in root 
expansion which leads to an increase in uptake 
of more water and nutrients from the soil and it 
also involved in nitrogen metabolism which had 
results in structural buildup of the plant. Thiourea 
was also responsible for improvement in 
gaseous exchange thereby improved the 
photosynthetic activity as indicated by an 
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Table 1. Effect of foliar sprays of plant growth regulators on number of days to 50% flowering, days to harvest and yield components in Ajowan 
 

Treatments Number of Days to 
50%flowering 

Number of Days to 
harvest 

Number of umbels 
plant-1 

Number of 
umbellates umbel-1 

Number of seeds 
umbellate-1 

Number of 
seeds umbel-1 

T1: Application of NAA @ 50 ppm 
     as foliar spray at 30 and 45 DAT  

57.00 115.00 141.10 11.70 11.70 136.89 

T2: Application of NAA @ 100 ppm 
     as foliar spray at 30 and 45 DAT 

56.50 113.00 144.90 11.90 11.80 140.42 

T3: Application of GA3 @ 50 ppm 
     as foliar spray at 30 and 45 DAT 

49.00 104.00 138.60 11.50 10.90 125.35 

T4: Application of GA3 @ 100 ppm 
      as foliar spray at 30 and 45 DAT 

46.50 102.00 135.20 10.30 9.80 100.94 

T5: Application of  Thiourea @ 250 ppm 
      as foliar spray at 30 and 45 DAT 

55.10 112.30 228.70 13.60 13.50 183.60 

T6: Application of Thiourea @ 500 ppm 
      as foliar spray at 30 and 45 DAT 

53.60 109.00 163.90 12.80 12.00 153.60 

T7: Application of 28 HB @ 0.1 ppm 
      as foliar spray at 30 and 45 DAT 

52.00 108.00 152.60 12.00 11.90 142.80 

T8: Application of HB @ 0.2 ppm 
      as foliar spray at 30 and 45 DAT 

48.00 103.50 176.00 13.30 12.20 162.26 

T9: Application of TRIA @ 2.5 ppm 
      as foliar spray at 30 and 45 DAT 

51.50 106.00 155.80 12.40 12.00 148.80 

T10: Application of TRIA @ 5 ppm 
      as foliar spray at 30 and 45 DAT 

46.00 100.20 189.00 14.20 12.40 176.08 

T11:Control (Foliar spray of water at 30  
      and 45DAT) 

54.50 111.00 113.50 11.60 11.00 127.60 

Mean 51.79 107.64 158.12 12.30 11.75 145.30 
S Em 3.53 7.37 10.97 0.83 0.79 9.81 
CD (0.05) 10.42 NS 32.37 2.47 2.35 28.95 

NAA: Naphthelene Acetic Acid, GA3: Gibberellic acid, 28 HB: 28 Homobrassinolid, TRIA: Triacontanol 

 
 
 
 
 
 

 



 
 
 
 

Reddyet al.; IJPSS, 33(17): 116-123, 2021; Article no.IJPSS.71354 
 

 

 
120 

 

Table 2. Effect of foliar sprays of plant growth regulators on seed yield and quality parameters in Ajowan 
 

Treatments Seed yield Plant-1 (g) Seed yield Plot-1 (g) Seed yield 
Hectare-1 (Kg) 

Test weight 
(g) 

Harvest Index 
(%) 

Essential oil (%) Protein (mg/g) 

T1: Application of NAA @ 50 ppm 
     as foliar spray at 30 and 45 DAT  

19.50 975 1083.33 0.93 52.35 3.08 17.64 

T2: Application of NAA @ 100 ppm 
     as foliar spray at 30 and 45 DAT 

20.00 1000 1111.11 0.95 52.35 3.10 18.03 

T3: Application of GA3 @ 50 ppm 
     as foliar spray at 30 and 45 DAT 

16.50 825 916.67 0.87 39.53 2.86 16.43 

T4: Application of GA3 @ 100 ppm 
      as foliar spray at 30 and 45 DAT 

11.50 575 638.89 0.8 37.93 2.61 15.42 

T5: Application of  Thiourea @ 250 ppm 
      as foliar spray at 30 and 45 DAT 

28.50 1425 1583.33 1.56 69.71 3.64 19.26 

T6: Application of Thiourea @ 500 ppm 
      as foliar spray at 30 and 45 DAT 

23.50 1175 1305.56 1.06 58.43 3.28 18.76 

T7: Application of 28 HB @ 0.1 ppm 
      as foliar spray at 30 and 45 DAT 

21.50 1075 1194.44 0.96 54.63 3.15 18.24 

T8: Application of HB @ 0.2 ppm 
      as foliar spray at 30 and 45 DAT 

24.50 1225 1361.11 1.09 63.28 3.37 18.97 

T9: Application of TRIA @ 2.5 ppm 
      as foliar spray at 30 and 45 DAT 

21.50 1075 1194.44 1.05 55.86 3.19 18.4 

T10: Application of TRIA @ 5 ppm 
      as foliar spray at 30 and 45 DAT 

26.00 1300 1444.44 1.14 69.41 3.42 19.12 

T11:Control (Foliar spray of water at 30  
      and 45DAT) 

17.00 850 944.44 0.89 51.08 2.94 16.81 

Mean 20.91 1045.45 1161.62 1.03 54.96 3.28 18.76 
S Em 1.38 69.38 77.09 0.07 3.78 0.21 1.23 
CD (0.05) 4.09 204.69 227.44 0.22 11.15 0.64 3.64 

NAA: Naphthelene Acetic Acid, GA3: Gibberellic acid, 28 HB: 28 Homobrassinolid, TRIA: Triacontanol 
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increase in drymatter production plant-1(103.54g) 
and better partitioning of dry matter into 
reproductive sinks helps to an increase in 
number of umbellate umbel-1 (14.20), number of 
umbels plant-1 (228.70), number of seeds umbel-1 
(183.60) and number seeds umbellate-1 (13.50) 
which ultimately increased the seed yield plant-1.  
Additionally, the involvement of SH group 
present in thiourea in active accumulation and 
phloem transport of sucrose into reproductive 
sinks may also play an important role in 
increasing the seed yield plant-1 as earlier 
reported by Giaguinta [12]. The results are in 
consent with the findings of Nehara et al.[10] in 
fenugreek. Balai [7], Balai and Keshwa [6], 
Meena et al. [8], and Singh et al. [9] in coriander. 
Garg et al. (2006) in clusterbean. Application of 
GA3 @ 100 ppm had showed an inhibitory effect 
on number of branches plant-1(primary and 
secondary), chlorophyll content, dry matter 
production and partitioning of dry matter into 
reproductive sinks i.e. umbellates umbel-1, 
number of umbels plant-1,  number of seeds 
umbellate-1 and umbel-1 and finally the seed yield 
plant-1. It might be due to utilization of 
photoassimilates more in cell division and cell 
elongation activities in apical meristem than the 
meristamatic tissue present in axillary buds.  
 

3.8 Seed Yield Plot-1 (g) 
 
The data on seed yield plot-1was shown in Table 
2.The differences among the treatments for seed 
yield plot-1 was found significant. Foliar sprays of 
thiourea by 250 ppm (T5) had registered the 
maximum seed yield plot-1(1425 g) which was on 
par with T10 (1300.00 g) (foliar spray of 
triacontinol by 5 ppm) andT8 (1225.00 g) 
treatments (foliar spray of homobrassinolide by 
0.2 ppm), but it was significantly superior to T6 
(1175.00 g)treatment (foliar spray of thiourea by 
500 ppm). The minimum seed yield plot-1(575.00 
g) was noticed in T4 treatment (foliar spray of 
GA3 by 100 ppm). 
 
The increase in seed yield plot-1 might be due to 
corresponding increase in number of umbellate 
umbel-1, number of umbels plant-1, number of 
seeds umbellate-1 and number of seeds umbel-1 
and finally the seed yield plant-1.  
 

3.9 Seed Yield Hectare-1(Kgha-1) 
 
The data on seed yield hectare-1was shown in 
Table 2.Significant differences were observed 
among the treatments for seed yield hectare-1. 
Foliar sprays of thiourea by 250 ppm (T5) had 

recorded the maximum seed yield hectare-

1(1583.33 kgha-1) which was on par with 
T10(1444.44 kgha-1) (foliar spray of triacontinol by 
5 ppm) and T8(1361.11 kgha-1) treatments (foliar 
spray of homobrassinolide by 0.2 ppm) but it was 
significantly superior to T6(1305.56 kgha-1) 
treatment (foliar spray of thiourea by 500 ppm). 
The seed yield hectare-1 was minimum (638.89 
kg) in T4 treatment (foliar spray of GA3 by 100 
ppm). 
 
The increase in seed yield hectare-1with the 
application of thiourea by 250 ppm as foliar spray 
might be due to corresponding increase in seed 
yield plant-1and seed yield plot-1. The results are 
incorroborate with the findings of Gupta and 
Yadav [13] in fenugreek, Shanuet al. [14]; Singh 
et al. [9] in coriander and Chowdary et al. [15] in 
ajowan. 
 

3.10 Test Weight (1000 seeds) (g) 
 
Table 2 shows the details on the test weight for 
the test weight, the differences between the 
growth regulator treatments were found to be 
significant. Foliar sprays of thiourea by 250 ppm 
(T5) had registered the maximum test weight 
(1.56 g), followed by T10 (1.14 g) treatment (foliar 
spray of triacontinol by 5 ppm). Minimum test 
weight (0.80 g) was recorded in T4 treatment 
(foliar spray of GA3 by 100 ppm). It could be 
attributed to the better partitioning of dry matter 
into the reproductive sinks. The sulphydryl group 
present in thiourea might have improved the 
activity of starch synthase enzyme and helps in 
effective filling of seeds as earlier reported by 
Gupta and Yadav [13] in fenugreek. The results 
are in consent with the findings of Sumeria [16] in 
mustard, Bochalia et al. [11] in fenugreek, Singh 
et al. [9] in coriander and Choudary et al. [15] in 
ajowan. 
 

3.11 Harvest Index 
 
The data on harvest index was shown in Table 
2.The application of plant growth regulators as 
foliar sprays in ajowan showed significant 
influence on harvest index. Application of 
thiourea by 250 ppm as foliar spray (T5) had 
registered the maximum harvest index (69.71) 
which was on par with T10(69.41) (foliar spray of 
triacontanol by 5 ppm) and T8 (63.28) treatments 
(foliar spray of homobrassinolide by 0.2 ppm), 
but it was significantly superior to T6(58.43) 
treatment (foliar spray of thiourea by 500 ppm). 
Minimum harvest index (37.93) was noticed in T4 
treatment (foliar spray of GA3 by 100 ppm). The 
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results are in agreement with the findings of 
Shanu et al. [14] in coriander. 
 

3.12 Essential Oil Content (%) 
 
The data on essential oil content was shown in 
Table 2 significant differences were found among 
the growth regulator sprays with respect to 
essential oil content. Application of thiourea by 
250 ppm as foliar spray (T5) had recorded the 
maximum essential oil (3.64%) content in ajowan 
seeds, which was on par with T10 (3.42%) foliar 
spray of triacontinol by 5 ppm, T8 (3.37%) (foliar 
spray of homobrassinolide by 0.2 ppm ), T6  
(3.28%) treatment (foliar spray of thiourea by 500 
ppm), T9 (3.19%) (foliar spray of triacontinol by 
2.5 ppm) treatment, T7 (3.15%) (foliar spray of 
homobrassinolide by 0.1 ppm) treatment, T2 
(3.10%) (foliar spray of NAA by 100 ppm) and T1 
(3.08%) treatment (foliar spray of NAA by 50 
ppm)  but it was significantly superior to (T11) 
control (2.94%) treatment. The essential oil 
content was minimum in T4 (2.61%) treatment 
(foliar spray of GA3 by 100 ppm). In biological 
reactions thiourea molecule is a good donor of 
sulphur atoms as reported by Randle and 
Bussard [17]. Nitrogen and sulphur present in 
thiourea play an important role in protein 
synthesis and enhancing the carbohydrate and 
also activate various enzymes involved in 
essential oil synthesis as earlier reported by 
Kumar et al. [18]. The results are in agreement 
with the findings of Balai [7], Balai and Keshwa 
[6], Meenaet al. [8] and Singh et al. [9] in 
coriander. 

 
3.13 Protein Content (mg100 g-1) 
 
Table 2 shows the details on protein content. The 
differences between the growth regulator 
treatments were found to be significant. Foliar 
sprays of thiourea by 250 ppm (T5) had recorded 
the highest protein content in seeds (19.26 mg 
100 g-1) which was on par with T10 (19.12 mg 100 
g-1) (foliar spray of triacontinol by 5 ppm), T8 
(18.97 mg 100 g-1) (foliar spray of 
homobrassinolide by 0.2 ppm), T6 (18.76 mg 100 
g-1) (foliar spray of thiourea by 500 ppm), T9 
(18.40 mg 100 g-1) (foliar spray of triacontinol by 
2.5 ppm), T7 (18.24 mg 100 g-1) (foliar spray of 
homobrassinolide by 0.1 ppm), T2 (18.03 mg 100 
g-1) (foliar spray of NAA by 100 ppm), T1 (17.64 
mg 100 g-1 ) (foliar spray of NAA by 50 ppm), T11 
control (16.81 mg 100 g-1) and T3 (16.43 mg 100 
g-1) treatments (foliar spray of GA3 by 50 ppm). 
Minimum protein content (15.42 mg 100 g-1) was 

noticed in T4 treatment (foliar spray of GA3 by 
100 ppm) of ajowan seeds. 
 

Application of thiourea had increased the seed 
protein content not only by increasing the uptake 
of nutrients (N, P, K and S) from the soil but also 
enhanced the nitrartereducatse activity, levels of 
free aminoacids and soluble proteins in the 
seeds as earlier reported by Garg et al. [19] in 
cluster bean and Premaradhya et al. [20] in lentil.  
The present results are in harmony with the 
findings of Balai and Keshwa [6], Meenaet al. [8], 
and Shanu et al. [9] in coriander. 
 

4. CONCLUSION 
 
In the present investigation it was concluded that 
foliar sprays of thiourea by 250 ppm and 
triacontanol by 5 ppm at 30 and 45 DAT had 
significantly influenced the yield, yield 
parameters and quality attributing characters in 
ajowan. 
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