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The field experiments were conducted during kharif ( July–October) seasons of 2014–15 and 2015–16 at KVK, Rajsamand, 
Rajasthan  and farmers’ field with objective to explore and test other alternative and economical methods of weed control. 

On-farm Trial, technology option Oxadiargyl applied 50 g a.i. ha-1 applied as early post emergence at 20 DAS proved the best 
over farmers’ practice as well over recommended practice of 1.0 kg a.i. ha-1 pendimethalin pre-emergence in terms of growth 
and yield attributing characters viz., plant height, primary and secondary branches, number of umbels, number of umbellets 
umbel-1, number of seeds umbel-1 and remained statistically at par with weed free treatment. Weed indices namely weed count, 
weed dry weight, weed index and weed control efficiency were statistically significant by oxadiargyl applied 50 g a.i. ha-1 as 
early post emergence at 20 DAS and pre-emergence application of pendimethalin 1.00 kg a.i. ha-1 pendimethalin over farmer’s 
practice. Lower WI and higher WCE was observed by oxadiargyl applied 50 g a.i. ha-1 followed by pendimethalin 1.00 kg a.i 
ha-1. Grain and starw yield recorded in weed free plot was statistically at par with yield obtained by application of oxadiargyl 
50 g a.i.   ha-1. Net returns and B:C were also  high in refined technology option i.e. of 50 g a.i. ha-1 oxazdiargyl (` 127570 ha-1 
and 4.77) over recommended practice of 1.0 kg a.i ha-1 pendimethalin pre-emergence (` 107930 ha-1 and 4.19) and farmers’ 
practice (` 75930 ha-1 and 3.49). 
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1.   INTRODUCTION

Ajwain (Trachyspermum ammi) is native of Egypt 
and is cultivated in Iraq, Afghanistan, Pakistan and 

India known as Bishop’ weed, an annual herbaceous plant 
belonging to family Apiaceae. It is grown in Gujarat, 
Rajasthan, Madhya Pradesh and Andhra Pradesh in arid and 
semi-arid regions. Major ajwain production in Rajasthan are 
in Chittorgarh, Udaipur, Banswara, Jhalawar, Rajsamand, 
Kota and Bhilwara. Important seed spice crop of Rajasthan 
with an area of 12475 ha, 7479 t production with average 
productivity of 600 kg ha-1 (Anonymous, 2021a). At national 
level, ajwain having area of 29.00 t ha, 21.84 mt production 
with 753 kg ha-1

 productivity (Anonymous, 2021b). Ajwain 
seed contains 2.5–5.0% volatile oil which is used in many 
ayurvedic medicines and industries (Anonymous, 2016).  
The thymol content makes ajwain a potent fungicide and 
antiseptic ranging from 4.17–5.17% (Asangi et al., 2020) 
with an agreeable odour useful in controlling a variety of 
fungal infections of the skin (Dutta et al., 2021). Essential 
oils therapy approach is successful in economically 
disadvantaged countries where cost of this therapy can be 
supported by the national health system (Stea et al., 2014). 
Ajwain essential oil showed the presence of 26 identified 
components which account for 96.3% of the total amount 
in which thymol (39.1%) was found as a major component 
exhibited a broad spectrum of fungitoxic behavior (Singh et 
al., 2004). The methanolic extracts of Ajwain seed possess 
natural antioxidant properties (Aghdam et al., 2021). 

India has wide range of agro-climates and soil types and 
highly diverse agriculture farming systems with different 
types of weed problems. Herbicide provide high degree of 
specificity of target weed and have no effect on non-target, 
beneficial plants or man and do not form any residues in the 
environment (Basu and Rao, 2020). Unfortunately, majority 
of the farmers are quite ignorant about the proper doses of 
herbicides, time of application and their economics (Rao, 
2018). Traditionally, weed control is largely dependent on 
manual weeding (Moyer et al., 2003, Punia and Tehlan, 
2017). But scarcity and cost of agriculture labour gradually 
increased the adaptation of cost saving options, these include 
herbicides (Rao et al., 2015), more specifically chemical 
herbicides.  The use of herbicides has revolutionized weed 
control in seed spices and reduced the cost of production 
resulting maximization of net returns (Kamboj et al., 2004, 
Ahmed et al., 2010, Mathukia et al., 2018a). Interference 
of weeds, being one of the most important hindrances, 
declines crop yields (Soloneski and Larramendy, 2013). 
Choudhary (1999), Meena et al. (2015), Malik et al. 
(2021), Malunjkar et al. (2022) have reported increased 
yield of various seed spices with application of oxadiargyl 
@ 75 g to 100 g ha-1

 followed by manual weeding once or 

twice. Enzymatic stimulation has been reported by Rao 
et al. (2012) by use of oxadiargyl at lower doses as soil 
application (0. 75 kg a.i. ha·1) whereas greater activity of 
oxadiargyl under anaerobic conditions has been reported 
under wet conditions (Gitsopoulos and Williams, 2004). 
Initially, being a slow growing seed spice, ajwain is more 
prone to weed competition during kharif season under 
rainfed conditions of south east Rajasthan.  Herbicides are 
the most effective and economic weed control measures. 
Therefore, it is necessary to explore and test other alternative 
and economical methods of weed control (Mahatma et al., 
2021). Manual weeding is the commonly applied practice, 
but availability of labour is a problem involving high cost 
(Singh et al., 2013).  Keeping in view the aforesaid reasons, 
various technology options under On-farm Trials at various 
locations was carried out to evaluate economic feasibility and 
best technology option for famers for weed management 
under sever weed infestation in ajwain. 

2.   MATERIALS AND METHODS 

An On-farm Trial in different villages at five locations at 
farmers’ fields and at Krishi Vigyan Kendra Rajsamand 

at Rajsamand (25.0276o N, 73.8895oE) district representing 
South East Rajasthan was conducted during kharif (July–
October) seasons of 2014–15 and 2015–16 under rainfed 
conditions for the management of intervening points 
including sever weed infestation, broadcasting of seeds and 
improper depth of seed. Mainly, the problem was assessed 
and refined for the overcome of the problem of the heavy 
weed infestation during kharif ajwain crop under Rajsamand 
agro-climatic conditions (Zone-IVa, Sub-humid Southern 
plain and Aravalli hills of Rajasthan) at farmers’ fields 
and technology options/treatments having farmers’ 
practice (broadcasting of seed and no use of weedicides), 
recommended weedicide 1.0 kg a.i ha-1. pendimethalin ha-1 
as pre-emergence and refined treatment of 50 g oxazdiargyl 
a.i. ha-1 applied as early post emergence at 20 DAS for weed 
management. Oxadiargyl mainly used as a selective contact 
herbicide works by contact and absorption by the sprouts or 
seedlings of sensitive weeds such as barnyard grass before 
and after the emergence of the weeds. After being applied 
to field water, after sedimentation, it is gradually adsorbed 
by the surface soil colloids to form a stable sealing layer of 
the drug film. When the seedlings of weeds that germinate 
after passing through the drug film, contact adsorption and 
limited conduction, under light conditions, rupture the cell 
membrane and chlorophyll decomposition of the contact 
site, and destroy the meristem of the vigorous growth site, 
and eventually cause the damaged weed shoots to wither and 
die. Application of herbicide oxadiargyl at lower dose of 0.75 
kg ha-1 soil application stimulated the enzymatic activity. 
Changes in microbial cavity occurred only at herbicide 
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concertation much higher than what is normal applied in 
field. The doses of herbicide applied in the field may not 
pose very serios threat to the soil ecological balance (Rao et 
al., 2012). The recommended dose of 30 kg N ha-1 and 20 kg 
P2O5 ha-1 was applied and sown in lines adopting standard 
package of practice in field conditions at the farmer’s fields 
as well as at the instructional farm of Krishi Vigyan Kendra, 
Rajsamand (Rajasthan) of Maharana Pratap University of 
Agriculture and Technology, Udaipur jurisdiction area.

The experiment was conducted on a sandy load to loamy 
sand at five locations of farmer’s field and at instructional 
farm of Krishi Vigyan Kendra, Rajsamand (Rajasthan) 
India.  The soils of the of the experimental field ranged 
from sandy loam to loamy sand having low in organic 
carbon (0.43%), available N (226 kg ha-1), medium in 
P2O5 (28.0 kg ha-1) and was sufficient in available K (370 
kg ha-1), slightly alkaline with pH 8.11 and EC 0.27 d 
Sm-1. The ajwain variety Lam Seelction-1 was sown on 
15th September during both the years on the same site at 
30 cm row to row and 10 cm plant to plant spacing with 
a seed rate of 4.0 kg ha-1 on conserved soil moisture. All 
other standard cultural practices were followed during the 
cropping season. Under weed control options/treatments, 
farmers’ practice (one or two hand weeding at 30 and 45 
DAS), pre-emergence application of pendimethalin @1.00 
kg ha-1 and early post emergence application of oxadiargyl 
0.50 g a.i ha-1 was applied at 25 DAS with a spray volume 
of 500 l ha-1. Further, weedy check and weed free plots 
were also maintained both at farmer’s fields and at KVK 
instructional farm. In weed free plots, weeds were removed 
manually at seven days interval for ensuring complete weed 
free condition. After uprooting of weeds, the weeds were 
sun dried to constant weight and finally the dry weight was 
recorded for each treatment and expressed as kg ha-1. Weed 
control efficiency and weed index were calculated by the 

formulae suggested by Kondap and Upadhya (1985) and 
Gill and Kumar (1969). Statistical analysis was done as per 
process suggested by Panse and Sukhatme (1985). 

The weed flora recorded during On-farm Trials were 
mostly kharif season weeds as vegetative growth take 
place in Kharif and harvested in rabi season. The weeds 
mostly grass like Cynodon dactylon, Digitaria sanguinalis 
L., Parthenium hysterophorus and Polycurpea corymbosa L., 
sedges like Cyprus rotundus L. and Cyprus irria L. and broad 
leaf weeds Solanum nigrum, Tridax procumbens, Amaranthus 
viridis, Digera arvensis, Euphorbia hirta, Solanum nigrum, 
Tridax procumbens etc. Verma et al. (2017) and Mathukia 
et al. (2018b) also reported similar weed species.

3.   RESULTS AND DISCUSSION  

3.1.  Growth and yield attributing characters

Data in Table 1 revealed that refined technology option 
oxadiargyl applied 50 g a,i. ha-1  as early post  emergence at 
20 DAS  proved  the best over farmers’ practice as well over 
recommended practice of 1.0 kg a.i. ha-1  pendimethalin pre-
emergence in ajwain in terms of growth and yield attributing 
characters of Ajwain and remained statistically at par with 
weed free treatment. The technology of option of 1.00 kg 
a.i ha-1 pendimethalin and oxadiargyl applied 50 g a,i.  ha-1 
resulted in enhanced plant height, primary and secondary 
branches, number of umbels, number of umbellets umbel-1 
and number of seeds umbel-1 over farmers’ and remained 
at par each other. Perceptible higher growth in growth and 
yield attributing characters in pendimethalin and oxadiargyl 
technology option of On-farm trials may be attributed due 
to better weed control over farmer’s practice. These results 
are in close conformity with results of Meena et al. (2015). 
Use of pendimethalin and oxadiargyl have been advocated 
by Mehta et al. (2010), Meena et al. (2013), Kumar et al. 

Table 1: Response of weed control technology options on growth and yield attributing characters of Ajwain

Technology option Plant 
height 
(cm)

Primary 
branches

Secondary 
branches

No. of 
umbels
Plant-1

No. of 
umbellets 
umbel-1

No. of 
seeds 

umbel-1

Farmer’s practice (Broadcasting of seed and hand 
weeding at 30 and 45 DAS)

83.00 10.53 41.50 32.80 9.80 14.70

Recommended practice (1.0 kg a.i. ha-1 
pendmethalin pre-emergence)

90.40 12.00 47.98 37.60 11.49 16.94

Oxadiargyl 50 g a.i. ha-1 early post emergence at 
20 DAS 

94.40 13.40 53.60 43.40 13.52 18.97

Weed free 95.80 13.68 55.40 45.40 13.97 19.12

Weedy check 79.60 8.25 33.60 22.60 7.00 11.43

SEm± 1.70 0.40 1.32 1.30 0.45 0.55

CD (p=0.05) 5.09 1.19 3.95 3.91 1.36 1.65
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(2016) and Bhutia et al. (2017) in fenugreek.

3.2.  Weed indices 

Weed indices namely weed count, weed dry weight, weed 
index and weed control efficiency were significantly affected 
due to adoption of technology option of oxadiargyl applied 
50 g a.i.  ha-1 as early post-emergence at 20 DAS and pre-
emergence application of pendimethalin 1.00 kg a.i ha-1 

pendimethalin over farmers’ practice (Table 2). Malunjkar 
et al. (2022) has reported weed indices in fenugreek with 
the use of pendimethalin and oxadiargyl. Higher weed count 
was recorded in weed check (5.42) which was controlled due 
to application of oxadiargy and pendimethalin and lowest 
was recorded in weed free check. The refined weed control 
technology option of oxadiargyl applied 50 g a.i. ha-1  as early 
post  emergence at 20 DAS proved  to be the best followed 
by pendimethalin 1.00 kg a.i ha-1 over farmers’ practice. 

Table 2: Response of weed control technology options on weed count, weed dry weight, weed index and weed control 
efficiency of ajwain

Technology option Total weed count Weed dry 
weight 

(Kg ha-1)

Weed 
Index 
(%)

Weed 
control 

efficiency 
(%)

20 DAS 40 DAS 60 DAS

Farmer’s practice (Broadcasting of seed and hand 
weeding at 30 and 45 DAS)

4.30 3.40 3.13 347 40.03 64.60

Recommended practice (1.0 kg a.i. ha-1 
pendmethalin pre-emergence)

1.97 2.68 2.87 276 17.79 71.84

Oxadiargyl 50 g a.i. ha-1 early post emergence at 
20 DAS 

4.16 1.81 2.01 197 5.07 79.88

Weed free 0.67 0.67 0.67 27 0 97.28

Weedy check 4.34 5.34 5.42 981 65.31 0

SEm± 0.10 0.14 0.08 15 2.72 1.11

CD (p=0.05) 0.30 0.43 0.25 45 8.15 3.32

Table 3: Response of weed control technology options on yield and economics of ajwain

Technology option Total weed count Gross returns 
(` ha-1)

Net 
Returns 
(` ha-1)

B:C ratio

Grain Straw

Farmer’s practice (Broadcasting of seed and hand weeding 
at 30 and 45 DAS)

488 844 97680 75930 3.49

Recommended practice (1.0 kg a.i. ha-1 pendmethalin 
pre-emergence)

668 1068 133680 107930 4.19

Oxadiargyl 50 g a.i. ha-1 early post emergence at 20 DAS 772 1172 154320 127570 4.77

Weed free 817 1217 163480 135730 4.89

Weedy check 282 724 56480 34730 1.60

SEm± 22 30 4486 4486 0.17

CD (p=0.05) 67 89 13449 13449 0.51

Lower weed index (WI) 5.07% and higher weed control 
efficiency (79.88%) was observed in technology option of 
oxadiargyl applied 50 g a.i ha-1  as early post  emergence at 
20 DAS followed by pendimethalin 1.00 kg a.i. ha-1 (17.79 
and 71.84%), respectively. Samant (2016) and Meena and 
Mehta (2010) has reported increased weed control efficiency 
and reduced weed biomass and weed density with the use 
of oxadiargyl. The higher weed control efficiency may be 
attributed due to lowering of weed indices namely weed 
count, weed dry weight and weed index under improved 
technology option of oxadiargyl applied 50 g a.i ha-1  as 
early post  emergence at 20 DAS.

3.3.  Yield and economics

Grain and straw yield recorded in technology option 
oxadiargyl 50 g a.i. ha-1 early pre-emergence and 
recommended practice i.e. 1.0 kg a.i. ha-1 pendimethalin 
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pre-emergence application recorded perceptible higher 
grain and straw yields as compared to farmers’ practice. 
Application of oxadiargyl 50 g a.i. ha-1 resulted in 58.19% 
higher yield over farmers’ practice. Further, recommended 
practice i.e.1.0 kg a.i. ha-1 pendimethalin pre-emergence 
also increased yield to the tune of 36.88% over farmer’s 
practice. Yield recorded in weed free plot was statistically 
ap par with yield obtained by application of oxadiargyl 50 
g a,i. ha-1. These results are in concordant with Yadav et 
al. (2004). These results are in consonance with Meena 
et al. (2015). Further, net returns and B:C were high in 
refined technology option i.e. of 50 g a.i. ha-1 oxadiargyl (` 
127570 ha-1 and 4.77) over recommended practice of 1.0 kg 
a.i. ha-1 pendimethalin pre-emergence (` 107930 ha-1 and 
4.19) and farmers’ practice (` 75930 ha-1 and 3.49). The 
increased yield attributing characters and yield is the results 
of increased enzymatic activity by use of herbicide herbicide 
oxadiargyl as reported by Rao et al., (2012). Similar results 
have been advocated by Meena et al. (2015) and Mahatma 
et al. (2021) in ajwain. These results are in consonance with 
Kumar (2002), Yadav et al. (2004), Birla et al. (2016) and 
Mathukia et al. (2018b) also reported use of pendimethalin 
and oxadiargyl in cumin.

4.   CONCLUSION 

Oxadiargyl applied 50 g a.i. ha-1 applied as early post 
emergence at 20 DAS proved the best over farmers’ 

practice as well over recommended practice of 1.0 kg a.i. ha-1 
pendimethalin pre-emergence in ajwain in terms of growth 
and yield attributing characters, grain and straw yields, weed 
indices and economics of ajwain for management of sever 
weeds infestation at farmer’s field in South East Rajasthan.  
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