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ABSTRACT

Sorghum (Sorghum bicolor L.) crop provides nutritious forage for domestic animals during
fodder scarcity months in Pakistan. Poor weed management is one of the important factors
that reduces its forage yield. Bio-enhancer may improve the efficacy of pre-and post-
emergence herbicides. Weed control efficacy of bromoxynil + MCPA + metribuzin alone and
with the addition of bio-enhancer was investigated in a randomized complete block design
(RCBD) with four replications. Treatments included weedy check, bromoxynil + MCPA +
metribuzin @ 1000, 1125 and 1250 ml ha-1 with and without bio-enhancer (Alkyl Ether
Sulphate applied at the rate of 400 ml ha-1) thus making a total of seven treatments per
replication. All the weedicide treatments with or without adjuvant significantly decreased the
weed flora. The lower density, dry weight of different weeds and the highest values of
sorghum plant height (218.27 cm), stem diameter (3.25 cm),number of leaves plant-1

(15.06) and forage yield (104 t ha-1) were recorded in treatment where bromoxynil + MCPA
+ metribuzin@ 1000 ml ha-1 + bio-enhancer @ 400 ml ha-1was sprayed. On the basis of
these results, it is suggested that under arid to semi-arid agro-ecological conditions farmers
can harvest 78.15% more forage sorghum yield at reduced rate of 1000 ml ha-1 of
bromoxynil + MCPA + metribuzin with adjuvant.
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INTRODUCTION
Sorghum (Sorghum bicolor L.) is

an important drought resistant summer
crop cultivated for seed and forage
purposes in Pakistan. It is mostly
cultivated under the rainfed farming
system. Sorghum is recognized asthebest
forage crop of warm season in many
countries including Pakistan. Its qualities
like shorter life span, salt and drought
tolerance have made it a suitable crop of
fodder scarcity period (Amanullah et al.,
2007). Sorghum fodder protein and
carbohydrate contents are 12% and 20%,
respectively (Vignau-loustauet al., 2008).
In Pakistan, this crop occupies an area of
274 thousand hectares (Government of
Pakistan, 2016).

Generally, sorghum produces 20
tons ha-1 green fodder (Balole e tal.,
2006) but it has the potential to produce
75 tons ha-1undersuitable growth
conditions(FAO, 2011). At present, our
fodder production fulfills only 30-50% of
the total fodder needs of the livestock.
Lowmeat and milk production in Pakistan
are due to poorly fed animals (Amanullah
et al., 2007). Therefore, it is the call of
time to produce more fodder of high
quality to meet the growing needs of
livestock (Chohan et al., 2006). Weed
invasion severely decreases the quantity
and deteriorates the quality of sorghum
fodder (Gupta, 2004). The detrimental
effects of weeds on sorghum crop are
more as compared to all other
pests(Robert and Chancellor, 1982). A
substantial decrease of 50-70% in forage
sorghum yield has been reported due to
weeds (ICRISAT, 2013).The slow growth
of sorghum at early stage reduces its
weed competitiveness (Smith and Scott
2010) which necessitates the development
of effective weed control strategies for
successful production of this crop (Wilson
and Westra, 1991; Knezevicetal., 2002).

Cultural, chemical and biological
approaches are used to fight against weed
menace. Cultural methods are effective
but high cost, more time and laboris
involved (Khan et al., 2004; Tahiret al.,
2011). Forinstance, manual method of
weed control is very difficult to

adoptinextreme summer when the
temperature is veryhigh.This method is
also unsuccessful against C. rotundus and
C. dactylon (Sadiq et al., 2008).Cultural
weed control practices are also difficult to
implement during excessive monsoon
rains at the early growth of sorghum.
Biological weed control methods are also
not applicable in all situations. In such
circumstances, herbicides are the most
appropriate option to control weeds and
increase forage sorghum yield (Schaubet
al., 2006; Noor et al., 2011).
Unfortunately, post emergence herbicide
options are limited for sorghum due to
potential crop injury and also the efficacy
of these herbicides is not fully realized
because a lot of spray material is lost
through run off, leaching and
volatilization. (Idrees et al., 2000).Major
barrier to post-emergence herbicide
absorption is cuticle which is composed of
three types of materials namely wax, cutin
and pectin.
Water is the most commonly used
herbicide carrier but due to its high
surface tension and polar nature, it beads
on waxy surfaces. As a result, herbicide
solutions do not spread out on leaf
surfaces. The retention of spray solutions
on aerial plant surfaces is difficult and
requires that spray solutions be modified
to wet the waxy cuticle. Thus, bio-
enhancers are mixed with herbicides to
improve their spreading and penetration
through the waxy cuticle or small hairs
present on a leaf surface. These bio-
enhancers increase the absorbing,
emulsifying, dispersing, spreading,
sticking, wetting, or penetrating
properties of herbicides. The addition of a
surfactant also increases the effectiveness
of herbicides by lowering down the
interfacial tension and improving the
uniformity of wetting of the plant foliage.
Herbicides which kill plants may be
harmful for other ecologically important
organisms, humans and animals when
used in excessive amounts. Studies of
herbicide toxicities in humans and
domestic animal species suggest that
current levels of foliage exposure to
herbicides may have adverse impacts on
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the health of organisms who consume
them (Myers et al., 2016). It is therefore
essential to reduce thedoses of weedicides
without compromising their efficacies.
Mixing of adjuvants in weedicides to
enhance their efficacy at reduced rate
with least environmental toxicity and at
low cost is one among the many
strategies for reducing herbicide rate in
field crops.
Schans and Vander (2001) and Borona et
al. (2003) observed the effect of using
different adjuvants at low doses of
herbicides and found that the
effectiveness of herbicide was increased
upto 5 to 50 % while the rate of
application of herbicide was being reduced
by 25%.Ruiteret al. (1987) found that in
winter wheat under controlled conditions,
the addition of 0.5 % (v/v) armoblen T/2
or agrol LN improved the activity of both
glyphosate and fluazifop-p-butyl.Idziak
and Woznica (2008) reported that the
weed control efficacy of mesotrione was
augmented when applied with oil-type
adjuvants, especially methylated seed oil.
The overall action of bio-enhancers in
increasing herbicide absorption is
multifaceted and depends upon several
factors such as specific herbicide,
environmental conditions and plant
species. This fact was supported by Stock
and Holloway (1993) who reported that
different surfactants do variable things
when added to different agrichemicals on
different target species. This complex
nature of bio-enhancers proposes that
there is a need to select proper spray
adjuvants to improved herbicide efficacy.
A thorough review of literature suggests
that a lot of work has been done on the
effect of bio-enhancer on the efficacy of
herbicides used to control weeds in
different crops including grain sorghum
(Abitet al., 2010) but research on addition
of bio-enhancer in herbicides used to
control weeds in forage sorghum is scarce
and scanty. Keeping in mind this dearth of
knowledge the reported study was
planned to increase forage sorghum yield
by improving weed control efficiency of
bromoxynil + MCPA + metribuzin in
different concentrations with or without

the addition of alkyl ether sulphateas bio-
enhancer.

MATERIALS AND METHODS
A fieldexperiment was conducted under
irrigated conditions of Faisalabad at
Agronomic Research Farm, the University
of Agriculture, Faisalabad (310.40oN,
730.11oE) during the year 2013. The soil
of the experimental site was medium
sandy loam and calcareous with pH (7.5),
non saline (EC=1.27dSm-1). The
experiment was arranged in a randomized
complete block design (RCBD) with four
replications. The net plot size was 6.0 m ×
1.8 m. Treatments were: weedy check,
bromoxynil + MCPA + metribuzin @ 1000
ml ha-1, bromoxynil + MCPA + metribuzin
@ 1125 ml ha-1, bromoxynil + MCPA +
metribuzin @ 1250 ml ha-1, bromoxynil +
MCPA + metribuzin @ 1000 ml ha-1+bio-
enhancer (Alkyl Ether Sulphate) @ 400 ml
ha-1, bromoxynil + MCPA + metribuzin @
1125 ml ha-1+bio-enhancer @ 400 ml ha-1

and bromoxynil+MCPA+metribuzin @
1250 ml ha-1+bio-enhancer @ 400 ml ha-

1.The treatments were applied after the
appearance of weeds and crop with Knap
Sack sprayer.
The soil was ploughed with disc plough
and then fine seedbed was achieved by
using rotavator. The land was fertilized
with N, P2O5 and K2O at the rate of 25, 50
and 50 kg ha-1, using urea, diammonium
phosphate and muriate of potash as a
source of nutrients, respectively. The
sowing was done inmid-July with hand
drill by maintaining row to row spacing of
30 cm, using 100 kg ha-1 seed rate.
Sowing was done at high moisture level to
ensure proper germination. Irrigations
were applied at 14 days after sowing, 26
days after sowing and 55 days after
sowing. The attack of shoot fly was
observed 12 days after sowing and it was
controlled by spraying confidor
(Imidacloprid) @ 250 ml ha-1.The density
of different weeds was recorded from each
plot 2, 4 weeks after treatment (WAT) and
at crop harvest. At crop, harvest weeds
were collected from each plot from the
randomly selected area (1 m-2) and their
dry weight (g m-2) was determined. The
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crop was harvested at 50% flowering and
its morphological traits like plant height
(cm), stem diameter (cm), no. of leaves
plant-1 and forage sorghum yield (t ha-1)
were recorded.

Data collected on various weed
and crop parameters were subjected to
statistical analysis by employing the
Fisher’s analysis of variance technique.
Least significant difference (LSD) test was
used to compare treatment means at 5%
probability level (Steel et al., 1997).

RESULTS AND DISCUSSION
Weed infestation in forage sorghum is the
major problem which limits its yield. Weed
control efficacy of bromoxynil + MCPA +
metribuzin alone and with the addition of
bio-enhancer was investigated the at
Agronomic Research Farm, University of
Agriculture, Faisalabad Research revealed
the presence of following narrow, broad
and sedge weeds in sorghum: Cynodon
dactylon, Echinochloa colonum,
Trianthema portulacastrum and Cyperus
rotundus were the main weeds.
Density of C.dactylon L.

The perusal of data presented in Table-1
show that treatments significantly
influenced the total density of the C.
dactylon. The minimum number of C.
dactylon plants (8.75) was recorded in the
bromoxynil + MCPA + metribuzin@ 1250
ml ha-1 + bio-enhancer @ 400 ml ha-1

treated plotwhich was statistically similar
tobromoxynil+MCPA+metribuzin@ 1000
ml ha-1 + bio-enhancer @ 400 ml ha-1 and
bromoxynil+MCPA+metribuzin@ 1125 ml
ha-1 + bio-enhancer @ 400 ml ha-1 2
weeks after treatment (WAT). Four weeks
after treatment lowest count of C.
dactylon plants (5.0) was noted in
bromoxynil + MCPA + metribuzin@ 1000
ml ha-1 + bio-enhancer @ 400 ml ha-

1treated plots which was statistically
similar to all other treatments except
weedy check. At harvest, the lowest
(2.75) count of C. dactylonplants was
observed in plots where
bromoxynil+MCPA+metribuzin@ 1000 ml
ha-1 + bio-enhancer @ 400 ml ha-1was
applied. These results were not

significantly different frombromoxynil +
MCPA + metribuzin@ 1125 ml ha-1 + bio-
enhancer @ 400 ml ha-1 and
bromoxynil+MCPA+metribuzin @ 1250 ml
ha-1 + bio-enhancer @ 400 ml ha-1. A
maximum number of C. dactylon plants
wasrecorded in weedy check. Herbicide
effect was more prominent at harvest and
4 WAT as compared to 2 WAT. The
addition of bio-enhancer (Alkyl Ether
Sulphate) in the liquid spray at a reduced
rate (bromoxynil + MCPA + metribuzin @
1000 ml ha-1 + bio-enhancer @ 400 ml
ha-1)made it possible to reduce the
occurrence of C. dactylon effectively as
compared to other treatments. These
results are in line with the findings of
Idziaket al., (2013) who observed
increased control of all weed species in
forage sorghum except Geranium pusillum
L. at a reduced rate of mesotrione added
with petroleum oil (PO) and methylated
seed oil (MSO)adjuvants as bio-enhancer.
Similarly, Pannacci et al. (2010) observed
that the movement of tribenuron methyl
was considerably increased by 20%
isodecyl alcohol ethoxylate plus 0.7%
silicone, 25.5% alkylether sulphate
sodium salt and 95% natural rapeseed oil
with 5% compound emulsifies surfactants
against Sinapis arvensis,
Tripleurospermum inodorum, Papaver
rhoeas, and Chenopodium album, and
very little differences were recorded
among these adjuvants.

Density of Trianthema portulacastrum
L.

The data presented in Table-1 depicts that
the herbicide alone and with the adjuvant
significantly (P=.05) affected T.
portulacastrum density. T. portulacastrum
density was lowest in plots treated with
bromoxynil + MCPA + metribuzin @ 1000
ml ha-1+ bio-enhancer @ 400 ml ha-1

treated plots at 2 and 4 WAT, and atcrop
which was at par with bromoxynil + MCPA
+ metribuzin @ 1125 ml ha-1 + bio-
enhancer @  400 ml ha-1 2 WAT.These
results are in conformity with Naveedet
al., (2008) who reported that 20 and 40
DAS and at crop harvest density of T.
portulacastrum in maize crop was reduced
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notably when foramsulfuron +
isoxadifenethyl was sprayed at 1125 g ha-

1a.i. mixed with 3% UAN solution as an
adjuvant in comparison with herbicide
alone.The effectiveness of bromoxynil +
MCPA + metribuzin applied@ 1000 ml ha-1

against T. portulacastrum was increased
with the addition of Alkyl Ether Sulphate
as bio-enhancer. However,a further
increase in the rate of herbicide did not
result in significant improvement of its
efficacy against T. portulacastrum. This
may be due to the fact that addition of
bio-enhancer maximized the absorption of
herbicide and any further increase in dose
of herbicide is useless. Studies conducted
by Ruiter and Meinenwith (1998) by
using14C-labeled glyphosate proved that
plants absorb only 22% of the applied
herbicide whereas 35% absorption was
recorded when surfactant was added.

Density of Cyperus rotundus L.

The results showed a significant
reduction in C. rotundus population with
herbicides application (P=.05) alone and
with bio-enhancer (Table-1). Data
recorded at 2 WAT and 4 WAT  depicted
lowest density of C. rotundus (4.5 and
2.25 plants m-2, respectively) in plots
treated with bromoxynil+ MCPA+
metribuzin@ 1125 ml ha-1 + bio-enhancer
@  400 ml ha-1 which was at par with
bromoxynil + MCPA + metribuzin@ 1000
ml ha-1 + bio-enhancer @ 400 ml ha-1. At
crop maturity minimum density of C.
rotundus (2.50plants m-2) was observed in
bromoxynil + MCPA + metribuzin@ 1125
ml ha-1 + bio-enhancer @ 400 ml ha-1

treated plot and it was at par with
bromoxynil+MCPA+metribuzin@ 1000 ml
ha-1 + bio-enhancer @ 400 ml ha-1and
bromoxynil + MCPA+ metribuzin@ 1250
ml ha-1. The maximum population of C.
rotundus was noted in weedy check at all
observation timings.

The better control of C. rotundus by the
addition of adjuvant may be due to better
spray retention or coverage of target
weeds. Bruce et al. (1996) reported that
adjuvantincrease herbicide contact to the
target weed, improvedrip coverage and

retention. These findings are in line with
those of Naveed et al. (2008) who found
that density of C. rotundusat20 and 40
DAS and crop harvest reduced
significantly when foramsulfuron +
isoxadifenethyl was applied at 1125 g ha-

1a.i. after mixing with 3% UAN solution
(adjuvant) as compared to herbicide
alone.Adjuvants like MSO and COC have
been reported to further improve the
effectiveness of chlorimuron, nicosulfuron
and imazethapyron certain weed species,
including C.rotundus (Nalewaja et al.,
1995).

Density of Echinochloa colonum L.

The density of E. colonum was
significantly influenced by all the
treatments under study (Table-1). Two
weeks after treatment (WAT) lowest
density (3.75 plants m-2) of E.colonum
was noted in the
bromoxynil+MCPA+metribuzin @ 1000 ml
ha-1 + bio-enhancer @ 400 ml ha-1 treated
plots. Maximum density(6.25 plants m-2)
of E. colonum was observed in weedy
check treatment and it was similar to all
other treatments except above mentioned
treatment. E. colonum density recorded 4
WAT showed significantly minimum value
(2 plants m-2) in plot treated with
bromoxynil + MCPA + metribuzin @ 1000
ml ha-1 + bio-enhancer @ 400 ml ha-1

whereas significantly highest E. colonum
density 4 WAT was recorded in weedy
check. At harvest statistically, the lowest
number of E. colonum (1.75 plants m-2)
plants was recorded with bromoxynil+
MCPA + metribuzin@ 1000 ml ha-1 + bio-
enhancer @ 400 ml ha-1. Herbicide effect
was more prominent at 4 WAT and
harvest because of herbicide. Better
control of E. colonum at less dose (1000
ml ha-1) of bromoxynil + MCPA +
metribuzin with the addition of 400ml bio-
enhancer may be due to the possible
influence of adjuvant on the restrictions of
antagonistic effect of cations present in
the spray mixture, optimize spray
coverage on weed plants after evaporation
which increased the solubility of herbicide.
According to Pacanoski (2015), adjuvants
have the ability to bind weedicides weakly
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and release them gradually improving
their efficacy. Fielding and Stoller (1990)
and Yong et al. (2003) reported that
thifensulfuron absorptions into velvetleaf
(Abutilon theophrasti Medicus) was
increased from 4% to 45% when 28%
UAN was mixed with herbicide.

Dry weight (g m-2) of weeds at
harvest

Data pertaining to total weed dry
weight (g m-2) are also shown in Fig. 1. It
is clear from the data that the effect of
treatments on weed dry weight was
significant statistially.
Weeds dry weight (42 g m-2) was highest
in weedy check due to excessive weed
density. The application of bromoxynil +
MCPA + metribuzin @ 1000 ml ha-1

followed the weedy check plots. The
lowest weed dry weight (9 g m-2) was
observed with bromoxynil+ MCPA +
metribuzin@ 1000 ml ha-1 + bio-enhancer
@ 400 ml ha-1. It did not differ statistically
from bromoxynil + MCPA + metribuzin @
1125 ml ha-1 + bio-enhancer @ 400 ml ha-

1, bromoxynil+MCPA+metribuzin @  1250
ml ha-1 + bio-enhancer @ 400 ml ha-1and

from bromoxynil + MCPA + metribuzin@
1250 ml ha-1. This minimum dry weight of
weeds in plots where from bromoxynil +
MCPA + metribuzin@ 1000ml ha-1+ bio-
enhancer @ 400 ml ha-1 was applied is
due to the fact that this treatment
effectively inhibited the growth of all weed
species. It is also evident from the data
that the application of bromoxynil + MCPA
+ metribuzin @ 1000 ml ha-1 alone did not
suppress the growth of weeds efficiently
so more weed dry weight was recorded.
These results also show that addition of
bio-enhancer in bromoxynil + MCPA +
metribuzin dose beyond 1000 ml ha-1 did
not result in further improvement of
weedicide efficacy.

These findings are in line with Naveed et
al. (2008) who reported that 20 and 40
DAS and at harvest fresh and dry weight
of T. portulacastrum, C. rotundus and
Coronopus didymus in maize crop was
reduced significantly with the application
of foramsulfuron + isoxa difenethyl at
1125 g ha-1a.i. mixed with 3% UAN
adjuvant in comparison with sole
herbicide.

WC: Weedy check, BXN: Bromoxynil, MCPA: 2-Methyl-4-Chlorophenoxyacetic Acid, MET:
Metribuzin, BEN: Bio-enhancer, LSD value = 7.47
Fig.1 Effect of different doses of bromoxynil + MCPA + metribuzin alone and in combination
with bio-enhancer on the dry weight of weeds.
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Plant height (cm) of sorghum at
harvest
The height of crop plants reflects their
ability to intercept photosynthetic
radiation and vegetative growth character
of crop plants in the response to various
applied inputs. At 50% flowering data on
sorghum plant height was recorded (Table
2). Results obtained revealed that there
was a significant effect of treatments on
sorghum plant height at harvest. The
difference in plant height is attributed to
various intensities of weed competition
with maize plant (Kamel et al., 1983).
Maximum plant height (218.27 cm) was
observed with bromoxynil + MCPA +
metribuzin @ 1000 ml ha-1 + bio-
enhancer @ 400 ml ha-1 treated plots and
it was statistically at par with bromoxynil
+ MCPA + metribuzin @ 1125 ml ha-1 +
bio-enhancer @ 400 ml ha-1.The
application of bromoxynil + MCPA +
metribuzin @ 1125 ml ha-1, bromoxynil +
MCPA + metribuzin @ 1000 ml ha-1 and
bromoxynil + MCPA + metribuzin @ 1125
ml ha-1 + bio-enhancer @ 400 ml ha-1

resulted in statistically similar sorghum
plant height. Minimum plant height
(161.77 cm) was recorded in bromoxynil
+ MCPA + metribuzin @ 1250 ml ha-1 +
bio-enhancer @ 400 ml ha-1 and it was at
par with weedy check (162.67 cm) and
bromoxynil + MCPA + metribuzin @ 1250
ml ha-1 alone. The maximum sorghum
plant height with bromoxynil + MCPA +
metribuzin @ 1000 ml ha-1 + bio-
enhancer @ 400 ml ha-1was probably due
to effective weed control as it is evident
from minimum weed density and dry
weight by this treatment.This better
inhibition of weeds by this treatment
might have resulted in more availability of
nutrients, water, light and space to
sorghum plants and hence they produced
maximum height. This is supported by
Hassan and Fatemeh (2015) who
observed that with the application of
nicosulfuron, weed control during the
early stage of crop growth was better,
therefore, the available nutrients were
used by the crop plants and thus received
more nutrients and light which ultimately
resulted in taller maize plants. The smaller

sorghum plants found in weedy check and
bromoxynil + MCPA + metribuzin @ 1250
ml ha-1 + bio-enhancer @ 400 ml ha-1were
possibly due to severe weed competition
and crop injury due to more absorption of
herbicide at this dose. According to Idziak
et al., (2013), the addition of urea
ammonium nitrate(UAN) to the spray
mixture resulted in growth inhibition and
chlorosis on the sorghum leaves.
Sorghum plant stem diameter (cm)

Data on stem diameter presented
in Table 2depicted that sorghum stem
diameter varied significantly due to
treatments.

Maximum stem diameter (3.25 cm)
was recorded in bromoxynil+MCPA
+metribuzin @ 1000 ml ha-1 + bio-
enhancer @ 400 ml ha-1 treated plots. The
plots treated with bromoxynil+MCPA
+metribuzin @ 1125 ml ha-1 + bio-
enhancer @ 400 ml ha-1produced stem
diameter which followed above treatment
and it was at par withbromoxynil +
MCPA+ metribuzin@ 1125 ml ha-

1,bromoxynil+MCPA+metribuzin @ 1250
ml ha-1+ bio-enhancer @ 400 ml ha-1,
bromoxynil+MCPA+metribuzin @ 1250 ml
ha-1 and bromoxynil+MCPA+metribuzin@
1000 ml ha-1. Sorghum plant in weedy
check showed significantly minimum stem
diameter (2.36 cm).

Minimum stem diameter with no
weeding was due to excessive competition
offered by the weeds to crop plants
whereas more stem diameter in herbicide
treated plots was due to a reduction in
weed crop competition. These findings are
in agreement with Orson et al. (1998).
Forage sorghum fresh weight (g
plant-1)

The perusal of data given in
(Table-2) indicated that sorghum fresh
weight per plant was significantly
influenced by the application of herbicide.

Maximum fresh weight (275 g) was
recorded with bromoxynil+MCPA
+metribuzin @ 1000 ml ha-1 + bio-
enhancer @ 400 ml ha-1 treated plots and
was statistically similar bromoxynil+MCPA
+metribuzin@ 1125 ml ha-1 + bio-
enhancer @ 400 ml ha-1 having average
264.5 g fresh weight. This is followed by
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bromoxynil+MCPA+metribuzin@ 1125 ml
ha-1 with 226.75 g. Later was similar
tobromoxynil+MCPA+metribuzin @ 1000
ml ha-1 and bromoxynil+MCPA+metribuzin
@ 1250 ml ha-1showing an average of
211.5 g and 209.75 g, respectively. The
lowest fresh weight of sorghum was
observed in no weeding which was similar
bromoxynil+MCPA+metribuzin @ 1250 ml
ha-1+ bio-enhancer @ 400 ml ha-1 and
bromoxynil+MCPA+metribuzin @ 1250 ml
ha-1.
Leaf number per plant of sorghum

Herbicide treatments significantly
influenced leaf number per plant of
sorghum (Table 2).Maximum number of
leaves per plant (15.06) was observed in
plots treated with bromoxynil+MCPA
+metribuzin @ 1000 ml ha-1 + bio-
enhancer @ 400 ml ha-1. It was followed
by bromoxynil + MCPA + metribuzin @
1125 ml ha-1 + bio-enhancer @400 ml ha-1

with (13.50 leaves plant-1) which was at
par with bromoxynil+MCPA+metribuzin @
1125 ml ha-1with (12.85 leaves plant-1).
Least leaf number per plant (11.66)was
recorded with bromoxynil +MCPA
+metribuzin@ 1250 ml ha-1+ bio-
enhancer @ 400 ml ha-1 ant it was at par
with weedy check, bromoxynil
+MCPA+metribuzin @ 1000 ml ha-1 and
bromoxynil+MCPA+metribuzin@ 1250 ml
ha-1. Minimum no of leaves plant-1 in
these treatments was possibly due to
excessive weed competition and crop
injuryat a higher dose. These findings are
in confirmatory with those of Abitet al.
(2009)who found that sorghum crop
injury from applications of mesotrione at
315and 210 g ha-1 was more pronounced
than at the use rate of 105 g ha-

1.Bradelyet al. (2000) and Chachalis et al.
(2001) also found that sorghum injury
from mesotrione increased with increased
rate.
Forage sorghum yield (t ha-1)

Sorghum forage yield recorded
from herbicide treated plots was
significantly higher than untreated control
plots (Table-2).
Highest forage yield (104 tha-1) was
obtained from plots treated with
bromoxynil + MCPA + metribuzin @ 1000

ml ha-1 + bio-enhancer @ 400 ml ha-1.
Next to this were plots where bromoxynil
+ MCPA + metribuzin @ 1125 ml ha-1 +
bio-enhancer @ 400 ml ha-1was applied
(91.16 tha-1) which was followed by
bromoxynil + MCPA + metribuzin @ 1250
ml ha-1, bromoxynil + MCPA + metribuzin
@ 1125 ml ha-1 and bromoxynil + MCPA +
metribuzin @ 1250 ml ha-1 + bio-enhancer
@ 400 ml ha-1 with forage yield of 87.25,
86.00 and 83.75 tha-1, respectively.
Significantly lowest forage yield (58.38
tha-1) was recorded in weedy check
treatment. The percentage increase in
forage sorghum yield over weedy control
shown in Table-2 indicate that 78.15 %
more forage was harvested from
bromoxynil + MCPA + metribuzin @ 1000
ml ha-1 + bio-enhancer @ 400 ml ha-1

treated plots as compared to weedy
check.
A decrease in the bromoxynil+MCPA+
metribuzin dose below 1125ml ha-1was
linked with a decrease in sorghum green
forage. This was probably due to poor
weed control at a lower dose. This result
is similar to the findings of Idziak et al,
(2013) who also reported a decrease in
sorghum forage production when
mesotrione rate was reduced from 120 g
ha-1 to 80 g ha-1. An addition of bio-
enhancer in bromoxynil + MCPA +
metribuzin at its rate above 1000 ml ha-1

was also associated with a reduction in
sorghum forage yield. This was may be
due to crop injury caused by bio-enhancer
stimulated more absorption of herbicide.
At initial growth, stage crop suffers from
herbicidal injury due to its more
absorption (Coetzer et al. 2002), and
adjuvants increase herbicide retention and
promote absorption (Woznica and
Skrzypczak 1998). Maximum forage yield
harvested from plots treated with
bromoxynil + MCPA + metribuzin @ 1000
ml ha-1 + bio-enhancer @ 400 ml ha-1 was
possibly due to effective weed control
which resulted in more biomass
production by sorghum due to more
availability of nutrients, water, light and
space. These observations are confirmed
by Smith and Scott (2010) who found that
the occurrence of weeds in sorghum have
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a harmful impact on its growth and hence
yield. The percentage increase in forage
sorghum yield over weedy control is in
accordance with Norris (1980) who
reported that excessive presence of
Echinochloa crus-galli L. at initial growth
stages of sorghum may cause more than
50% reduction in its yield.

CONCLUSION
Application of bromoxynil+MCPA
+metribuzin at the reduced rate (1000 ml
ha-1) along with 400 ml ha-1alkyl ether
sulphate adjuvant demonstrated potential
possibilities for the efficient use of these
herbicides for post-emergence weed
management in forage sorghum under
irrigatedconditions. It is therefore
recommended that farmers should apply
bromoxynil+MCPA+metribuzin@1000 ml
ha-1 along with 400 ml ha-1 alkyl ether
sulphate to manage weeds in sorghum
crop.
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Table-1. Effect of different rates of bromoxynil + MCPA + metribuzin alone and in combination with bio-enhancer
on different weeds density (m-2) in forage sorghum.

Treatments C.dac
tylon
2
WAS

C.
dact
ylon
4
WAS

C.
dact
ylon
at
harv
est

T.
portul
acastr
um 2
WAS

T.
portul
acastr
um 4
WAS

T.
portul
acastr
um at
harves
t

C.
rotun
dus 2
WAS

C.
rotun
dus 4
WAS

C.
rotun
dus
at
harv
est

E.
colo
num
2
WAS

E.
colo
num
4
WAS

E.
colon
um
at
harve
st

T1 9.500c 13.75a 18.00a 10.75a 12.50a 15.25 a 13.0 a 15.0a 16.25a 6.25 a 7.00a 8.25 a

T2 13.50a 7.250b 5.75b 10.75a 8.25b 6.750 b 7.75 b 5.25bc 5.50bc 5.75 a 3.75bc 3.75 b

T3 13.00ab 5.750b 5.75b 8.75b 6.50c 5.500 bc 8.50 b 6.25b 6.75b 6.25 a 3.25c 3.25 b

T4 15.50a 7.250b 6.25b 9.00b 6.50c 4.750 cd 7.25 bc 4.50bcd 4.25cd 5.75 a 3.25c 3.00 b

T5 9.500c 5.000b 2.75c 5.75d 3.50d 2.500 e 5.50 cd 2.75de 2.75d 3.75 b 2.00d 1.75 c

T6 10.25bc 5.000b 4.25bc 6.25cd 4.00d 2.750e 4.50 d 2.25e 2.50d 5.50 a 3.25c 3.25 b

T7 8.750c 5.50b 4.75bc 7.50bc 5.00cd 3.250 de 6.75 bc 4.00cde 5.50bc 6.25 a 4.00b 3.25 b

LSD0.05 2.820 2.930 2.050 1.560 1.600 1.980 1.86 1.93 1.95 1.15 0.72 1.24

Means having different letters in a column differ significantly at 5% probability.

T1: WC; T2: BXN + MCPA + MET @ 1000 ml ha-1; T3: BXN + MCPA + MET @ 1125 ml ha-1; T4: BXN + MCPA + MET @ 1250 ml
ha-1; T5: BXN + MCPA + MET @ 1000 ml ha-1 + BEN @ 400 ml ha-1; T6: BXN + MCPA + MET @ 1125 ml ha-1+ BEN @  400 ml
ha-1; T7: BXN + MCPA + MET @ 1250 ml ha-1 + BEN @ 400 ml ha-1. WC: Weedy Check, BXN: Bromoxynil, MCPA: 2-Methyl-4-
Chlorophenoxyacetic Acid, MET: Metribuzin, BEN: Bio-enhancer.
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Table-2. Effect of different rates of bromoxynil + MCPA + metribuzin alone and in combination with bio-enhancer
on forage sorghum growth and yield.

Treatments
Plant
height
(cm)

Stem
diameter
(cm)

Fresh weight(g
plant-1)

No of leaves
plant-1

Forage sorghum
yield(tons ha-1)

Increase in
forage yield
over control
(%)

T1 162.67 d 2.36 c 195.00 cd 12.06 cd 58.38 d -

T2 186.42 bc 2.68 b 211.50 bc 12.11cd 75.50 c 29.3

T3 186.42 bc 2.87 b 226.75 b 12.85 bc 86.00 b 47.32

T4 178.89 cd 2.68 b 209.75 bcd 12.49 cd 87.25 b 49.46

T5 218.27 a 3.25 a 275.00 a 15.06 a 104.0 a 78.15

T6 206.36 ab 2.92 b 264.50 a 13.50 b 91.16 b 56.15

T7 161.77 d 2.74 b 181.75 d 11.66 d 83.75 b 43.46

LSD0.05 22.23 0.12 28.0 0.92 1.8

Means having different letters in a column differ significantly at 5% probability.
T1: WC; T2: BXN + MCPA + MET @ 1000 ml ha-1; T3: BXN + MCPA + MET @ 1125 ml ha-1; T4: BXN + MCPA + MET @ 1250 ml
ha-1; T5: BXN + MCPA + MET @ 1000 ml ha-1 + BEN @ 400 ml ha-1; T6: BXN + MCPA + MET @ 1125 ml ha-1 + BEN @ 400 ml
ha-1; T7: BXN + MCPA + MET @ 1250 ml ha-1 + BEN @  400 ml ha-1. WC: Weedy check, BXN: Bromoxynil, MCPA: 2-Methyl-4-
Chlorophenoxyacetic Acid, MET: Metribuzin, BEN: Bio-enhance.


