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ABSTRACT

The field experiment was conducted during rabi 2014-15 to 2016-17 on clayey soil at Junagadh (Gujarat) to
evaluate the efficacy of some pre- and post-emergence herbicides in combination with hand weeding (HW) for
weed management in cumin. The major weed flora observed in the field were monocotsviz., Brachiaria spp. (signal
grass), Asphodel ustenuifolius (wild onion), Indigofera glandul osa (three leaf indigo), Echinochloa colona (Barnyard
grass) and Dactyl octenium aegyptium (crow foot grass), dicotsviz., Chenopodium album (common lambs quarters),
Digera arvensis (fal se amaranth), Amaranthus viridis (pigweed), Portulaca oleracea (purslane), Physalis minima
(ground cherry), Euphorbia hirta (common spurge) and Leucas aspera (thumba), and Cyperus rotundus (purple
nutsedge) as sedge. The results revealed that the treatments viz., weed free, pendimethalin 900 g ha-1 as pre-
emergence fb HW at 45 DAS and oxadiargyl 75 g ha-1 as early post-emergence at 7 DAS fb HW at 45 DAS
significantly enhanced growth and yield attributes viz., plant height, number of branches per plant, number of
umbelsper plant, number of umbellates per umbel, number of seeds per umbel and 1000-seed weight, and ultimately
increased seed (967, 934 and 919 kg ha-1) and stalk (2007, 1892 and 1849 kg ha-1) yields over unweeded check.
These treatments also recorded the lower dry weight of weed at harvest (69, 188 and 277 kg ha-1) and weed index
(0.00, 3.38 and 4.95%) as well as higher weed control efficiency (96.21, 89.62 and 88.06%) along with higher net

returns (Rs. 64291, 66772 and 65328 ha-1) and B:C ratio (3.17, 3.80 and 3.74) over unweeded check.
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Cumin (Cuminum cyminum L.), one of the most
important seed spice crops of arid region of Gujarat and
Rajasthan, is used both as medicinal and flavouring
agent. Cumin occupies first position in term of value
and second intermsof production of seed spicesin India
InIndia, it iscultivated on about 7.6 lakh hectares with
atotal production of 4.85 lakh tonnes with productivity
of 639 kg ha'in 2016-17 (http://indianspices.com). In
Gujarat it occupies an area of 2.79 lakh hectares with
production of 2.84 |akh tonnesand productivity of 1019
kg hatin 2016-17 (http://indianspices.com). The cumin
crop is favoured by farmers due to higher profit with
lessinput cost compared to other rabi crops. Cuminisa
short stature crop with dow growth at initial stage, which
makesit incapableto offer competition with weeds. This
situation is aggravated by the broadcasting method of
sowing. Investigations have revealed aloss of 80-90%
in the seed yield of cumin due to weed infestation
depending upon the intensity and type of weed flora
(Yadav and Dahama, 2003). Hence, there is strong
chance of crop failure if the weed problem is not
managed properly. Manual removal of weeds, generally
followed by cumin growers, istedious, labour consuming
and expensive. Moreover, thereis shortage of manpower
during early growth stage and therefore, complete
weeding isnot possible. Thissituation createswide scope
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for use of pre- and post-emergence herbicides in
combination with hand weeding for effective weed
management practices. Earlier research documents
revealed that herbicides viz., pendimethalin (Yadav et
al., 2012) and oxadiargyl (Patel et al., 2016) found to
be very effective in controlling weeds. Since single
method of weed control is not able to control weeds to
the desired level, so integration of chemical and
mechanica methods might be more effectiveto manage
the weeds in this crop. Therefore, present experiment
was conducted to evaluate efficacy of new herbicides
for weed control in cumin.

MATERIALSAND METHODS

The field experiment was conducted on medium
black calcareousclayey soil at Department of Agronomy,
Collegeof Agriculture, Junagadh Agricultural University,
Junagadh (Guijarat) during rabi season of 2014-15 to
2016-17 to evaluate weed management in cumin.
Geographically, Junagadh is situated at 21°29'48" N
latitude and 70°26' 29" E longitude with an altitude of
60 m above the mean sea level. The experimenta soil
wasclayey intexture (sand 25%, silt 16% and clay 59%)
and dlightly alkalinein reaction with pH 7.9 and EC 0.60
dS m. It was medium in available nitrogen (234 kg
ha?), low in available phosphorus (24 kg ha?) and high
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in available potash (381 kg ha?). The experiment
comprised 10 treatments viz., T,: Pendimethalin 900 g
ha' as pre-emergencefb HW at 45 DAS, T,: Oxadiargy!
75 g ha' asearly post-emergenceat 7 DASfb HW at 45
DAS, T,: Glyphosate 500 g ha* asearly post-emergence
a7 DASfb HW at 45 DAS, T,: Glyphosate 1000 g ha
! as early post-emergence at 7 DASfb HW at 45 DAS,
T,. Pendimethalin 900 g ha* as pre-emergence fb
Quizalof op-ethyl 40 g ha! as post-emergenceat 45 DAS,
T,. Pendimethalin 900 g ha* as pre-emergence fb
Fenoxaprop-ethyl 75 g ha! as post-emergence at 45
DAS, T,: Pendimethalin 900 g ha* as pre-emergence fb
Propaquizafop 75 g ha' as post-emergence at 45 DAS,
T, Pendimethalin 900 g ha' as pre emergence fb
Oxadiargyl 75 g ha' as post-emergence at 45 DAS, T
Weed free check and T,: Unweeded control were
replicated thrice in a randomized block design. The
cuminvariety ‘ Gujarat Cumin 4’ was sown in November
at aspacing of 30 cm x 10 cm using seed rate of 15 kg
ha. The gross and net plot size was 4.0 m x 2.4 m and
3.0mx 1.8 m, respectively. The entire dose of fertilizer
i.e. 30-15-0kg N-P,0,-K,O ha' was applied asbasal in
form of Urea and Diammonium Phosphate just before
sowing in the furrows. The crop was raised as per the
standard package of practices. All the herbicides were
applied with manually operated knapsack sprayer fitted
with flood jet nozzle at aspray volume of 500 litre ha.
Pre-emergence herbicideswere applied on the very next
day of sowing and the post-emergence spray was done
at 7 (early post-emergence) or 45 DAS (post-emergence)
as per treatments. In manual weed control treatments,
weedswere uprooted and removed as per treatments. In
weed free plots, the weedswere removed manually after
every seven days for ensuring complete weed-free
condition. Growth and yield attributing charactersviz.,
plant height, number of branches per plant, number of
umbels per plant, number of umbellates per umbel,
number of seeds per umbel and 1000-seed weight were
recorded at harvest. The crop was harvested in February
from net plot at maturity. The seedswere separated from
plantsby thresher and seed and stalk yiel dswererecorded
for each plot. Dry weight of weeds was recorded at
harvest. Weed index (WI) and weed control efficiency
(WCE) were worked out using following formulae
suggested by Gill and Kumar (1969) and Kondap and
Upadhyay (1985).

WI(%) = Ywr Y1 00
WF
Where Y, andY  aretheyield from weed-freeplot
and yield from treated plot, respectively.
WCE (%)= e = PWr
DW,

x 100
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Where, DW_ = Dry matter accumulation of weeds
in unweeded control, DW_ = Dry matter accumulation
of weedsin treated plot.

The expenses incurred for all the cultivation
operations from preparatory tillage to harvesting
including the cost of inputs viz., seeds, fertilizers,
pesticides, etc. applied to each treatments along with
the treatment cost were calculated on the basis of
prevailing local charges. The market price of herbicides
used and cumin produce considered were: pendimethalin
3400 L, quizalofop 1350 L, oxadiargyl 3930 L,
fenoxaprop ¥1500 L, glyphosate 3270 L7,
propaquizafop 1400 L, cumin seed X 95 kg? and
cumin stalk ¥ 1 kg?. Net return against each treatment
was cal culated by deducting thetotal cost of cultivation
from the gross returns. The Benefit : Cost (B:C) ratio
was cal culated with the help of the following formula.

Gross returns(Tha™)

" Total cost of cultivation(Tha™")

The data were subjected to statistical analysis by
adopting appropriate analysis of variance (Gomez and
Gomez, 1984). Wherever the F valuesfound significant
at 5 per cent level of probability, the least significant
difference (LSD) values were computed for making
comparison among the treatment means.

RESULTSAND DISCUSSION
Weed flora

Experimentad field wasinfested with monocot weeds
viz., Brachiaria spp. (signal grass), Asphodelus
tenuifolius (wild onion), Indigofera glandulosa (three
leaf indigo), Echinochloa colona (Barnyard grass) and
Dactyloctenium aegyptium (crow foot grass), dicot
weeds viz., Chenopodium album (common lambs
guarters), Digeraarvensis (falseamaranth), Amaranthus
viridis (pigweed), Portulaca oleracea (purslane),
Physalis minima (ground cherry), Euphorbia hirta
(common spurge) and Leucasaspera (thumba) and sedge
weed Cyperusrotundus L. (purple nutsedge).

Effect of herbicides on growth and yield of cumin

An appraisal of data presented in Table-1 showed
that growth and yield attributes of cumin were
significantly influenced by different weed management
practices. Significantly the highest plant height (29.6 cm)
was recorded under the weed free check (T,), however
it remained at par with pendimethalin 900 g hat aspre-
emergence fbo HW at 45 DAS (T,) and oxadiargyl 75 g
ha! asearly post-emergenceat 7 DASThHW at 45DAS
(T,) having plant height of 28.7 and 27.7 cm,
respectively. The weed free check (T,) registered
significantly the highest number of branches per plant
(4.89), however it was statistically comparable to the



treatments viz., T, (pendimethalin 900 g ha' as pre-
emergence fo HW at 45 DAS), T, (oxadiargyl 75 g ha*
as early post-emergence at 7 DAS fb HW at 45 DAYS),
T, (glyphosate 1000 g ha* as early post-emergence at 7
DAS fb HW at 45 DAS), T, (glyphosate 500 g ha' as
early post-emergence at 7 DASfb HW at 45 DAS) and
T, (pendimethalin 900 g ha' as pre emergence fb
oxadiargyl 75 g ha as post-emergence at 45 DAS) with
4,78, 4.65, 4.42, 4.30 and 4.28 branches per plant,
respectively.

The treatment T, (weed free check) produced
significantly the highest number of umbels per plant
(12.45), which remained statistically at par with
application of pendimethalin 900g ha! as pre-emergence
fo HW at 45 DAS(T,) and oxadiargyl 75 g ha' asearly
post-emergence at 7 DASfb HW at 45 DAS(T,) having
12.00 and 11.77 umbels per plant, respectively. The
highest number of umbellates per umbel (5.92) was
observed with the weed free check (T,), but it was
statistically equivalent to the treatments T,
(pendimethalin 900g ha' as pre-emergencefb HW at 45
DAS) and T, (oxadiargyl 75 g ha' as early post-
emergence at 7 DAS fb HW at 45 DAYS) by recording
5.70 and 5.65 umbellates per umbel, respectively. The
number of seeds per umbel was significantly the highest
(16.09) under the weed free (T,), however it maintained
statistical equilibrium with application of pendimethalin
900 g ha'* as pre-emergence fbo HW at 45 DAS(T,) and
oxadiargyl 75 g ha' as early post-emergence at 7 DAS
fb HW at 45 DAS (T,) having 16.05 and 15.90 seeds
per umbel, respectively. The highest 1000-seed weight
of 4.25 g was recorded under the weed free check (T,),
however it remained at par with pendimethalin 900 g
ha' as pre-emergencefo HW at 45 DAS(T ), oxadiargy!
75 g ha' asearly post-emergenceat 7 DASfb HW at 45
DAS (T,) and glyphosate 1000 g ha' as early post-
emergence at 7 DAS fb HW at 45 DAS (T,) with test
weight of 4.14, 4.10 and 3.95 g, respectively. Whereas,
significantly thelowest values of these growth and yield
attributes were registered under the weedy check (T ).
Different weed management treatments significantly
influenced stalk yield of cumin (Table-1). Significantly
higher mean stalk yield of 2007 kg ha! was recorded
under the weed free check (T,), which remained
statistically at par with the treatments comprising
pendimethalin 900 g ha? as pre-emergence fb HW at 45
DAS (T,) and oxadiargyl 75 g ha' as early post-
emergence at 7 DAS fb HW at 45 DAS (T,). On the
other hand, significantly the lowest stalk yield (578 kg
ha') was recorded under the unweeded control (T,,).
Thedatafurnished in Table-1 showed that different weed
management treatments significantly influenced the seed
yield of cumin during individual years and in pooled
results. The weed free check (T,) out yielded by
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producing significantly the highest seed yield of 814,
1067, 1020 and 967 kg ha? during 2014-15, 2015-16,
2016-17 and in pooled results, respectively, however it
remained statistically at par with pendimethalin 900 g
ha' as pre-emergence fbo HW at 45 DAS (T,) and
oxadiargyl 75g ha' as early post-emergence at 7 DAS
fbo HW at 45 DAS (T,) in 2014-15, 2015-16, 2016-17
and in pooled results. Theyield increased with treatments
T, T, and T, over T10 (unweeded control) was to the
tune of 309, 296 and 289%, respectively. Significantly
the lowest seed yield (332, 188, 188 and 236 kg ha?)
was observed under the unweeded control (T, ) during
all thethreeyearsand in pooled results. Effective control
of weedsthrough manual weeding intreatment T, (Weed
free) aswell asintegration of pre-emergence herbicide
with manual weeding under treatments T, (pendimethalin
900 g/ha as pre-emergence fo HW at 45 DAS) and T,
(oxadiargy! 75g ha' as early post-emergence at 7 DAS
fo HW at 45 DAS) resulted into less weed-crop
competition throughout the growth stage of crop and
created favourable environment for plant growth. Thus,
enhance availability of nutrients, water, light and space
might have accel erated the photosynthetic rate, thereby
increasing the supply of carbohydrates leading to
increasein growth and yield. Enhanced growth and yield
of cumin with application of pendimethalin and
oxadiargyl were also reported by Dungarwal et al.
(2003), Méhriyaet al. (2007) and Singh et al. (2013).

Effect of herbicides on weed dry weight

The data (Table-2) indicated that different weed
management treatments exerted significant effect ondry
weight of weedsduring 2014-15, 2015-16, 2016-17 and
in pooled results. The weed management treatments
including the weed free treatment significantly reduced
dry weight of weeds over the unweeded control (T-).
During all theindividual yearsand in pooled results, the
weed freetreatment (T ) recorded significantly thelowest
weed dry weight (67, 77, 62 and 69 kg hat), which was
statistically at par with pendimethalin 900 g ha* as pre-
emergence fbo HW at 45 DAS (T,) and oxadiargyl 75 g
ha asearly post-emergenceat 7 DASfh HW at 45 DAS
(T,) in 2014-15 and pooled results, and with
pendimethalin 900 g ha? as pre-emergence fb HW at 45
DAS(T,), oxadiargyl 75 g ha' as early post-emergence
at 7 DASfb HW at 45 DAS(T,) and glyphosate 1000 g
ha' asearly post-emergenceat 7 DASfh HW at 45 DAS
(T,) in 2015-16 and 2016-17. Whereas, the unweeded
control (T,,) recorded the highest dry weight of weeds
(1712, 1850, 1883 and 1815 kg ha?).

Weed control and herbicidal efficiency in cumin

Mean data of weed index (WI) and weed control
efficiency (WCE) were given in Table-2. The results
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showed that treatmentsviz., pendimethalin 900 g ha' as
pre-emergence fo HW at 45 DAS (T,) and oxadiargy!
759 ha' as early post-emergence at 7 DASfb HW at 45
DAS (T,) recorded lower WI of 3.38 and 4.95%,
respectively. Similarly, theweed free check (T,) recorded
the highest WCE of 96.21%, followed by thetreatments
viz., pendimethalin 900g ha' as pre-emergence fbo HW
at 45 DAS (T,) and oxadiargyl 75 g ha' as early post-
emergenceat 7 DASTh HW at 45 DAS(T,) by recording
WCE of 89.62 and 88.06%, respectively. This might be
attributed to the effective control of weeds under these
treatments, which reflected in lessnumber of weedsand
ultimately lower weed biomass. In addition to this, dense
crop canopy might have suppressed weed growth and
ultimately lessbiomass. Thismight be dueto elimination
of weeds by manual weeding and herbicides. The
combined effect on dry weight of weeds and seed yield
under these treatments might have been responsible for
excellent weed indices. Theweedy check (T ) recorded
significantly the highest dry weight of weeds owing to
uncontrolled condition favoured luxuriousweed growth
leading to increased weed dry matter. These findings
arein close conformity with those reported by Yadav et
al. (2004), Patel et al. (2008), Yadav et al. (2011), Gohil
et al. (2015) and Bhutia et al. (2017). They found that
pendimethalin and oxadiargyl are effective for weed
control in spice crops.
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