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Abstract

A field experiment was conducted at the Instructional Farm,
Rajasthan College of Agriculture, Maharana Pratap University of
Agriculture and Technology (MPUAT), Udaipur, Rajasthan, India, to
evaluate the effects of weed management practices and
vermicompost application on the growth dynamics of fenugreek
(Trigonella foenum-graecum L.). The experiment was laid out in a
split-plot design with three replications, comprising thirteen weed
management treatments assigned to the main plots and two
vermicompost levels to the sub-plots. Pooled analysis of two years'
data revealed that weed management practices significantly
influenced the growth and growth indices of fenugreek. The weed-
free treatment recorded the maximum plant height (66.27 cm) and the
highest number of branches per plant (6.10), whereas the weedy
check produced the lowest values at harvest. The highest dry matter

accumulation at harvest (18.35 g plant™) was recorded with
oxadiargyl at 100 g ha™ applied as pre-emergence (PE), followed by
one hoeing at 40 days after sowing (DAS), representing an 84.27%
increase over the weedy check (9.96 g plant™). Crop growth rate
(CGR) during 30-60 DAS and 60-90 DAS was also significantly
higher under this treatment. The highest relative growth rate (RGR)
during 60—90 DAS was recorded with oxadiargyl at 100 g ha™ PE.
The same treatment recorded higher yield (2820 kg ha') and
economics (Net returns %98,158 ha™' and B: C ratio of 2.63) of
fenugreek. Application of vermicompost at 5 t ha™ significantly
enhanced dry matter accumulation, CGR, and RGR compared with
the control. Significant interaction effects between weed

management practices and vermicompost levels were observed for
dry matter accumulation, CGR, and RGR. The study concluded that

the integration of oxadiargyl at 100 g ha™ applied as PE followed by

one hoeing at 40 DAS, along with vermicompost at 5t ha™, is an
effective strategy for enhancing the growth and biomass production of
fenugreek under the agro-climatic conditions of southern Rajasthan.
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Introduction

Fenugreek (Trigonella foenum-graecum L.) is an
important seed spice crop widely cultivated in the semi-
arid regions of India for its culinary, medicinal, and
industrial uses. India, recognized as the "Land of
Spices," is the leading producer of fenugreek, with
Rajasthan contributing about 64.42 per cent of the
country's total production. During 2024-2025,
fenugreek was cultivated on 162 thousand hectares
with a production of 266 thousand tonnes in India
(Agricultural Statistics at a Glance, 2025). In
Rajasthan, the crop occupied 67 thousand hectares
with a production of 73.4 thousand tonnes during
2022-2023 (Agricultural Statistics, 2023).

Despite its economic importance, fenugreek
productivity remains below its potential due to several
biotic and abiotic constraints, among which weed
infestation is one of the most serious. Weeds compete
with the crop for nutrients, moisture, light, and space,
particularly during the early growth stages, resulting in
substantial reductions in crop growth and yield. Yield
losses due to weed competition may reach up to 86 per
cent (Tripathi and Singh, 2008). Since the critical period
of crop-weed competition occurs during the first 25-30
days after sowing, timely weed management is
essential. Although manual weeding is effective, it is
labour-intensive and costly; therefore, selective
herbicides alone or integrated with cultural practices
offer a practical and economical alternative.
Herbicides such as oxadiargyl, oxyfluorfen,
imazethapyr, and imazethapyr + imazamox have
shown promising efficacy against a broad spectrum of
weeds. However, sole dependence on herbicides may
not provide complete weed control and may lead to
shifts in weed flora. Integrating herbicide application
with hoeing can improve weed control efficiency,
reduce crop—weed competition, and enhance crop
growth and productivity.

Balanced nutrient management is equally important for
improving fenugreek productivity. Vermicompost
supplies essential macro and micronutrients while
improving the physical, chemical, and biological
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properties of soil. It enhances soil structure, water-
holding capacity, microbial activity, nutrient availability,
and root development, thereby promoting crop growth
and biomass accumulation. Moreover, organic
amendments may influence herbicide behaviour and
efficacy in soil, highlighting the need to evaluate their
combined effects.

Growth attributes such as plant height, number of
branches, and dry matter accumulation are reliable
indicators of crop vigour and productivity. Likewise,
crop growth rate (CGR) and relative growth rate (RGR)
provide quantitative measures of biomass
accumulation and growth efficiency at different crop
stages. Relative growth rate represents the rate of dry
matter accumulation per unit of existing plant biomass
(Blackman, 1919). Therefore, the present investigation
was undertaken to evaluate the effects of different
herbicidal weed management practices and
vermicompost application on growth attributes, dry
matter accumulation, CGR, and RGR of fenugreek
under the agro-climatic conditions of southern
Rajasthan.

Materials and Methods

A field experiment was conducted during the rabi
seasons of 2016—17 and 2017-18 at the Instructional
Farm, Rajasthan College of Agriculture, Maharana
Pratap University of Agriculture and Technology
(MPUAT), Udaipur, Rajasthan. The experiment was
laid out in a split-plot design with three replications. The
main plot treatments consisted of thirteen weed
management practices, namely: imazethapyr 70 g
hal'; imazethapyr 70 g ha™' followed by hoeing at 40
DAS; imazethapyr 50 g ha™ applied at the 2-4 leaf
stage of weeds; imazethapyr + imazamox 50 and 60 g
ha-' applied at the 2-4 leaf stage of weeds;
pendimethalin 750 g ha™' as pre-emergence (PE);
oxyfluorfen 120 and 150 g ha™' and oxyfluorfen 120 g
ha' followed by hoeing at harvest; oxadiargyl 100 g
ha~'and oxadiargyl 100 g ha' followed by hoeing at 40
DAS; weed-free; and weedy check. The sub-plot
treatments comprised two levels of vermicompost, viz.,
control and vermicompost 5 t ha™'. Fenugreek variety
RMT-305 was sown at a row spacing of 30 cm. The
recommended dose of fertilizers, 40 kg N and 40 kg
P.Os ha™', was applied as a basal dose. Pre- and post-
emergence herbicides were applied according to the
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respective treatments using a knapsack sprayer fitted
with a flat-fan nozzle and calibrated to deliver 500 L of
waterha™.
Growth attributes, viz., plant height (cm) and number of
branches plant™, were recorded at different growth
stages. The number of branches plant™ was recorded
at harvest. Dry matter accumulation plant™' was
determined at 30, 60, and 90 DAS, and at harvest. Crop
Growth Rate (CGR) is defined as the rate of increase in
dry matter production per unit land area per unit time. It
represents the growth of crop biomass over a specified
period and was calculated using the formula proposed
by Watson (1958):
e Wo-wW, 1

CGR (gm “day ') = r— Xp
Where, W, and W, are dry matter (g) at time t, and t,
respectively and p represents ground area occupied
plant”
Relative Growth Rate (RGR) represents the increase in
plant dry matter per unit of existing dry matter per unit
time and is analogous to the concept of compound
interest. It was calculated for the growth periods of
30-60 DAS and 60-90 DAS using the formula
suggested by Hoffmann and Poorter (2002):

log. W, - log.W;
-4

RGR (gg 'day !) =

Where, W, and W, are dry matter (g) at time t, and t,
respectively.

All experimental data were subjected to statistical
analysis using the ANOVA technique as described by
Cochran and Cox (1967). Since the error variances
were found to be homogeneous, the data from the two
years were pooled and analyzed to assess the overall
treatment effects following the procedure outlined by
Gomez and Gomez (1984).

Results and Discussion

Growth attributes

The data presented in Table 1 revealed that weed
management practices significantly influenced plant
height and the number of branches per plant. Among
the weed management treatments, the weed-free
check recorded the greatest plant height at 30 DAS
(17.26 cm) and at harvest (66.37 cm), remaining
significantly superior to all other treatments. In contrast,
the weedy check recorded the lowest plant height,
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measuring 13.87 cm at 30 DAS and 50.82 cm at
harvest. The highest number of branches per plant
(6.10) was recorded under the weed-free check, which
was statistically at par with imazethapyr at 70 g ha™' PE
followed by one hoeing at 40 DAS (6.09), oxadiargyl at
100 g ha' PE followed by one hoeing at 40 DAS (6.09),
imazethapyr at 50 g ha™' PoE (5.97), imazethapyr +
imazamox (RM) at 60 g ha™ PoE (6.03), oxadiargyl at
100 g ha' PE (6.03), and other effective weed
management treatments. The minimum number of
branches per plant (3.82) was recorded under the
weedy check. The improvement in plant height and
branching under the weed-free check and effective
weed management treatments may be attributed to
reduced crop-weed competition for nutrients, moisture,
light, and space throughout the crop growth period.
Better availability and efficient utilization of these
growth resources promoted enhanced vegetative
growth and branchingin fenugreek.

Vermicompost application also resulted in numerically
higher plant height (14.57 and 56.97 cm at 30 DAS and
harvest, respectively) and number of branches per
plant (5.84) compared with the control (14.41 and 56.56
cm, respectively, with 5.77 branches per plant),
although the differences were not significant. The
present findings are in agreement with those of
Sagarka et al. (2005) and Salvi et al. (2015) in isabgol,
Mehriya et al. (2007) in fenugreek, Patel et al. (2019a)
in dill, Patel et al. (2019b) in ajwain, and Patel et al.
(2022) in isabgol, who also reported improved growth
attributes under effective weed and crop management
practices.

Dry matter accumulation

Dry matter accumulation in fenugreek increased
significantly under effective weed management
practices throughout the crop growth period (Table 1).
At 30 DAS, oxadiargyl at 100 g ha™ applied as pre-
emergence (PE) followed by one hoeing at 40 DAS
recorded the highest dry matter accumulation (0.45 g
plant™), which was statistically at par with imazethapyr
at 70 g ha™' PE followed by one hoeing at 40 DAS and
imazethapyr at 50 g ha™ applied as post-emergence
(PoE). At 60 and 90 DAS, oxadiargyl at 100 g ha' PE
followed by one hoeing at 40 DAS and imazethapyr at
70 g ha' PE followed by one hoeing at 40 DAS
produced significantly greater dry matter accumulation
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than the remaining treatments and were statistically
comparable. At harvest, the highest dry matter
accumulation (18.35 g plant™) was recorded with
oxadiargyl at 100 g ha™' PE followed by one hoeing at
40 DAS, representing an increase of 84.27 per cent
over the weedy check (9.96 g plant™). The enhanced
biomass production under these treatments may be
attributed to effective weed suppression, which
minimized crop-weed competition for nutrients,
moisture, light, and space, thereby promoting better
vegetative growth and dry matter accumulation.
Application of vermicompost significantly increased dry
matter accumulation at all crop growth stages
compared with the control. Vermicompost applied at 5 t
hal' recorded dry matter accumulation of 0.42, 4.35,
12.85,and 17.36 g plant™ at 30, 60, and 90 DAS and at
harvest, respectively, representing increases of 10.58,
20.79, 14.26, and 9.73 per cent over the control. The
improvement in dry matter accumulation may be
attributed to enhanced soil physical, chemical, and
biological properties, resulting in greater nutrient
availability, improved root development, and more
efficient uptake of water and nutrients, which ultimately
promoted vigorous crop growth and biomass
production.

The interaction between weed management practices
and vermicompost application was significant for dry
matter accumulation at 30, 60, and 90 DAS as well as at
harvest. The data presented in Table 3 indicated that
application of vermicompost at 5 t ha™' consistently
enhanced dry matter accumulation across all weed
management treatments. These findings demonstrate
that integrating effective weed management with
vermicompost application improved crop growth and
biomass production by reducing crop-weed
competition and enhancing the availability and efficient
utilization of growth resources throughout the crop
growth period.

Crop Growth Rate during 30-60 DAS and 60-90 DAS
The data presented in Table 3 revealed that weed
management practices significantly influenced the crop
growth rate (CGR) of fenugreek. During the 30-60 DAS
interval, oxadiargyl at 100 g ha™ applied as pre-
emergence (PE) followed by one hoeing at 40 DAS
recorded the highest CGR (4.35 g m—2day~') among the
herbicidal treatments and was statistically at par with
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imazethapyr at 70 g ha™' PE followed by one hoeing at
40 DAS (4.14 g m= day™'). During the 60-90 DAS
interval, the highest CGR among the herbicidal
treatments was recorded with imazethapyr at 70 g ha™
PE followed by one hoeing at 40 DAS (10.96 g m™
day™"), which was statistically comparable with
oxadiargyl at 100 g ha ' PE followed by one hoeing at
40 DAS (10.89 gm==day™') and oxadiargyl at 100 g ha™
PE alone (10.81 g m= day™"). The higher CGR under
these treatments may be attributed to effective weed
suppression, which reduced crop-weed competition
and enabled more efficient utilization of nutrients,
moisture, light, and space, thereby promoting greater
biomass accumulation during the active growth phase
of the crop.

Application of vermicompost significantly increased
CGR during both growth intervals. During 30—60 DAS,
vermicompost applied at 5 t ha™' recorded a CGR of
4.10 g m2day™' compared with 3.51 g m=2dayin the
control, representing an increase of 14.39 per cent. A
similar trend was observed during 60-90 DAS in both
years as well as in the pooled analysis. On a pooled
basis, vermicompost application recorded a CGR of
9.74 g m=2 day™, representing a 13.73 per cent
increase over the control (8.56 g m== day™). The
improvement in CGR following vermicompost
application may be attributed to enhanced nutrient
availability, improved soil physical properties, and
increased microbial activity, which collectively
promoted vigorous crop growth and greater dry matter
production.

Application of vermicompost at 5t ha™* enhanced CGR
across all weed management treatments and recorded
significantly higher values than the corresponding
control treatments (Table 5). However, the interaction
between weed management practices and
vermicompost application was not significant for CGR
during the 60-90 DAS interval on a pooled basis.
Relative Growth Rate during 30-60 DAS and 60-90
DAS

On a pooled basis, during the 60-90 DAS interval, the
highest relative growth rate (RGR) (0.0409 g g~' day™)
was recorded with oxadiargyl at 100 g ha™' applied as
pre-emergence (PE). This treatment was statistically at
par with oxadiargyl at 100 g ha™' PE followed by one



Int. J Seed Spice,15 (2), December 2025

hoeing at 40 DAS, imazethapyr + imazamox (RM) at 60
g ha', imazethapyr at 70 g ha' PE followed by one
hoeing at 40 DAS, and imazethapyr at 50 g ha ' applied
as post-emergence (PoE). The higher RGR under
these treatments may be attributed to effective weed
suppression, which minimized crop-weed competition
and enabled efficient utilization of nutrients, moisture,
light, and space during the later stages of crop growth.
Application of vermicompost significantly influenced
RGR. During the 30-60 DAS interval, the highest
pooled RGR (0.0774 g g™' day™') was recorded with
vermicompost application, representing an increase of
2.75 per cent over the control. However, during the 60-
90 DAS interval, the control recorded a marginally
higher RGR than vermicompost. The relatively lower
RGR under vermicompost during the later growth stage
may be attributed to greater dry matter accumulation
and larger plant size, which reduced the rate of
biomass increase relative to the existing plant biomass.
The interaction between weed management practices
and vermicompost application was significant for RGR
during the 30-60 DAS interval on a pooled basis.
Application of vermicompost at 5 t ha™' enhanced RGR
across different weed management treatments, with
the greatestimprovement observed underimazethapyr
+ imazamox (RM) at 50 g ha™' PoE and oxyfluorfen at
150 g ha™ PE compared with the weedy check.
Vermicompost application significantly improved RGR
under imazethapyr at 70 g ha' PE followed by one
hoeing at 40 DAS, imazethapyr at 50 g ha™* PoE, and
imazethapyr + imazamox (RM) at 50 and 60 g ha™' PoE.
Irrespective of vermicompost application, all weed
management treatments recorded significantly higher
RGR than the weedy check. Among the treatment
combinations, the highest RGR during 60-90 DAS was
recorded with imazethapyr + imazamox (RM) at 60 g
ha™' PoE under the control, whereas oxadiargyl at 100
g ha' PE recorded the highest RGR under
vermicompost application. These treatment
combinations were significantly superior to the
remaining treatments under their respective
vermicompost levels.

Overall, effective weed management significantly
improved the growth and productivity of fenugreek by
minimizing weed interference and creating favourable
conditions for crop development. The data presented in
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Tables 1-4 revealed that all weed management
treatments significantly increased plant height, number
of branches per plant, dry matter accumulation, CGR,
and RGR compared with the weedy check. Among the
treatments, oxadiargyl at 100 g ha™' PE followed by one
hoeing at 40 DAS recorded the highest values for
growth attributes and dry matter accumulation and
remained statistically comparable with imazethapyr at
70 g ha' PE followed by one hoeing at 40 DAS,
oxyfluorfen at 120 g ha™' PE followed by one hoeing at
40 DAS, and oxadiargyl at 100 g ha™' PE alone. The
superior crop growth under these treatments may be
attributed to effective weed suppression, which
reduced crop-weed competition and ensured greater
availability of essential growth resources, including
light, moisture, nutrients, and space. Reduced weed
density and weed dry matter further promoted better
canopy development, greater leaf expansion, and
enhanced branching, resulting in increased biomass
production. Similar findings were reported by Sahoo et
al. (2022), who observed the maximum crop growth
rate during 45-60 DAS in sesame. The present results
are also in agreement with the findings of Gupta et al.
(1992), Sharma (2009), Mehta et al. (2010), Meena et
al. (2013), Singh et al. (2013), Mundra and Maliwal
(2014), Singh et al. (2014), Fageria et al. (2014), Kumar
et al. (2016), Singh et al. (2017), and Deewan et al.
(2018).

Seed Yield and Economics

Weed management practices significantly influenced
seed yield, haulm yield, net returns and benefit: cost
ratio (Table 5). Among the treatments, weed-free check
recorded the highest seed yield (2908 kg ha™), which
was statistically at par with oxadiargyl 100 g ha™ PE
followed by hoeing at 40 DAS (2820 kg ha™), but
significantly superior to all other weed management
treatments. The lowest seed yield (1055 kg ha™') was
recorded under the weedy check. Among the herbicidal
treatments, oxadiargyl 100 g ha' PE followed by
hoeing at 40 DAS produced significantly higher seed
yield than all other herbicidal treatments. It was
followed by imazethapyr 70 g ha™ PE followed by
hoeing at 40 DAS (2260 kg ha') and oxadiargyl 100 g
ha' PE (2216 kg ha'). Haulm yield was also
significantly affected by weed management practices.
Weed-free check recorded the maximum haulm yield
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(6863 kg ha™'), which remained statistically at par with
oxadiargyl 100 g ha™' PE followed by hoeing at 40 DAS
(6703 kg ha™'). The minimum haulm vyield (4220 kg
ha') was observed under the weedy check.

Economic analysis revealed that weed management
practices markedly influenced net returns and benefit:
cost ratio. The highest net returns were obtained with
oxadiargyl 100 g ha™' PE followed by hoeing at 40 DAS
(%98,158 ha™), which was statistically at par with weed-
free check (%96,532 ha™') and significantly higher than
the remaining treatments. The lowest net returns
(%21,774 ha™") were recorded under the weedy check.
The highest benefit: cost ratio (2.63) was also recorded
with oxadiargyl 100 g ha™' PE followed by hoeing at 40
DAS. The weedy check recorded the lowest benefit:
cost ratio (0.87). The low investment under integrated
management coupled with a good economic yield
might be the reason for higher net monetary return and
B C ratio, even weed free plot gave maximum gross
monetary return but was nullified due to higher variable
cost for weed management. Similar findings were also
reported by Kumar et al. (2016), (Shivran et al 2016)
and Singh etal. (2016).

Effect of vermicompost levels

Vermicompost applied at 5 t ha™' recorded significantly
higher seed yield (2348 kg ha™') and haulm yield (5860
kg ha™') compared with the control, which produced
1880 and 5539 kg ha™, respectively. The control
recorded higher net returns (X73,217 ha™') and benefit:
cost ratio (2.90) than vermicompost applied at 5 t har'
(64,670 ha™* and 1.16, respectively). The reduced
economic returns under vermicompost application may
be attributed to the higher cost of vermicompost,
despite the increase in seed and haulm yields. The
results obtained in the present study are in close
agreement with Owla etal. (2015).

Conclusion

Based on the pooled results of two years, weed
management practices and application of
vermicompost exerted a significant influence on seed
yield, haulm yield and economics of the crop. Among
the herbicidal treatments, pre-emergence application

of oxadiargyl 100 g ha™ followed by one hoeing at 40

DAS proved to be the most effective, Effective weed
management significantly improved the growth
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dynamics and productivity of fenugreek by minimizing
weed interference and creating a favorable
environment for crop development, yield and
economics. Although vermicompost application
significantly improved the growth and yield of
fenugreek, its higher input cost reduced economic
profitability, resulting in lower net returns and benefit
ratio.
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Table 1: Effect of weed management and vermicompost on plant height at 30 DAS and at harvest, number of
branches and dry matter accumulation at different stages (pooled means)

Plant height Number  Dry matter accumulation (g
(cm) of plant™)
branches
(plant™)
Weed management Treatment 30 Harvest 30 60 90 Harvest
DAS DAS DAS DAS
Imazethapyr 70 g ha™' PE 14.93 53.33 5.87 044 3.80 10.14 14.92
Imazethapyr 70 g ha PE fb hoeing  15.37 55.31 6.09 0.43 421 1410 16.69

at 40 DAS

Imazethapyr 50 g ha' PoE 2-4 leaf 15.49 57.18 5.97 041 3.97 1285 18.13
stage of weed

Imazethapyr + Imazamox (RM) 50 14.99 57.00 5.90 0.38 3.89 1218 17.20
g ha' PoE 2-4 leaf stage of weed

Imazethapyr + Imazamox (RM) 60 14.57 55.03 6.03 0.41 3.88 13.15 18.23
g ha' PoE 2-4 leaf stage of weed

Pendimethalin 750 g ha™' PE 12.25 57.18 5.87 0.38 3.94 12.01 16.21
Oxyfluorfen 120 g ha™ PE 13.14 54.07 5.83 0.36 3.81 9.93 14.95
Oxyfluorfen 150 g ha' PE 13.43 55.62 5.88 0.36 3.92 10.10 15.99
Oxyfluorfen 120 g ha™ PE fb 13.96 59.20 5.93 0.39 3.97 1245 18.07
hoeing at 40 DAS

Oxadiargyl 100 g ha' PE 14.45 56.97 6.03 041 4.05 13.78 18.08

Oxadiargyl 100 g ha™' PE fb hoeing 14.64 59.83 6.09 0.45 4.41 1414 18.35
at 40 DAS

Weed free check 17.26 66.37 6.10 047 4.67 14.45 18.88
Weedy check 13.87 50.82 3.82 0.33 322 7.37 9.96
SEm + 0.21 0.68 0.08 0.01 0.06 0.17 0.25
CD (P=0.05) 0.66 2.10 0.26 0.02 0.20 0.53 0.78
Levels of vermicompost

Control 14.41 56.56 5.77 0.38 3.61 1125 15.82
Vermicompost 5 t ha™ 14.57 56.97 5.84 042 435 1285 17.36
SEm + 0.10 0.31 0.05 0.00 0.05 0.09 0.10
CD (P=0.05) NS NS NS 0.01 0.14 0.27 0.27
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