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ABSTRACT

An field experiment was conducted at the experimental farm of Department of Agronomy, LPU Phagwara,
Punjab, during Rabi season of 2022–23 and 2023–24. To workout GR50 values of ACM-9 (174 g a.i/ha-R) and
Axial (50 g a.i/ha-R) at variable levels on four resistant biotypes of P. minor collected from different districts of
Punjab, five doses i.e. 0, 1/2R, R, 2R and 4R in main plots and four biotypes of Ferozepur, Ropar, Fazilka and
Ludhiana in sub plots were kept. Among different herbicides, higher mortality percentage and less dry matter of P.
minor was found in herbicide ACM-9 as compared to Axial during both years. At the recommended level of ACM-9
significantly higher mortality and less dry matter was obtained as compare to control. Axial was found less effective
as very low mortality percentage was observed even at 4R level during both years. Also, significantly less dry
matter of P. minor was obtained in 4R level of Axial which was significantly less than all other levels. At the recom-
mended level (R) of Axial, the mortality percentage and dry matter of P. minor was significantly less than 2R
indicating thereby that it is heading towards resistance. Different biotypes showed differential response. Fazilka
biotype was found to be more sensitive during both years whereas Ferozepur biotype showed higher resistance to
both herbicide during both the years.
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Wheat (Triticum aestivum L.) is a major staple food of
Indian population and it is grown all over the country with
total area of 341.57 lakh hectare, production 112.74 million
tones and average yield of 3.56 t/ha (Ministry of Agricul-
ture & Farmers Welfare). In Punab it is grown on 35.17
lakh hectare with average yield of 47.10 q/ha (Anonymous
year 2024–2025). In India the major contributing states are
Punjab and Haryana in which Phalaris minor is the major
problematic weed especially in rice- wheat cropping
system (Singh et al. 2024). Isoproturon provided very
effective control of this weed for more than one decade and
then resistance had developed to this herbicide due to con-
tinuous use of single group herbicides (Yin et al., 2024).
After this clodinafop, sulfosulfuron and fenoxaprop were
used prominently by the farmers and these herbicides pro-
vided effective control of isoproturon resistant P. minor.

Resistance  also developed to these herbicides because of
their continuous use of same group year after year by the
farmers (Kumar et al., 2023). The alternative herbicides i.e.
ACM-9 (clodinafop + metribuzin) and Axial (pinoxaden)
which were recommended as substitute of previous herbi-
cides and were used by the farmers from last many years
prominently. However these herbicides belongs to most
sensitive and susceptible group which are prone to resis-
tance and in few districts of Punjab resistance particularly
to Axial has been observed, especially  where these herbi-
cides are continuously used by the farmers from last many
years ( Kaur et al., 2022). The main reasons of resistance
are lack of crop rotation, continuous use of same group on
a particular field, use of unapproved brands of recom-
mended herbicides, lack of proper spray technologies etc.

Estimation of GR
50

 (amount of herbicide required for
the 50% growth reduction as compared to control) of resis-
tant population of P. minor, which indicates the level of
resistance  and time required for the occurrence of  resis-
tance in the P. minor populations (Kamboj et al., 2022).
This study was done to estimate the GR50 values of ACM-
9 (clodinafop +metribuzin) and Axial (pinoxaden) so that
their level of resistance in different biotypes of P. minor
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can be worked out. This study also helps farmers for the
selection of effective herbicide to control the P. minor
population in their fields. Higher values for GR50 indicates
that this particular herbicide will work for more years to
control P. minor whereas less GR50 values indicates occur-
rence of resistance.

MATERIAL AND METHODS

Different biotypes of Phalaris minor were collected
from four districts of Punjab i.e. from Ferozepur, Ropar,
Fazilka and Ludhiana where herbicides for the control of
Phalaris minor were frequently used by the farmers from
last many years. The experiment was laid out in split plot
design having 5 main plots (0,1/2R, R, 2R and 4R), 4 sub
plots (biotypes from Ferozepur, Ropar, Fazilka and
Ludhiana districts) with three replications. The recom-
mended dose of ACM-9 and Axial were 174 g a.i/ha and 50
g a.i/ha.

The sowing of seeds of different biotypes of P. minor
were done manually by maintaining 22.5 cm row to row
spacing with gross main plot size of 4.5 sqm (1.5m×5.0m)
for each treatment and four biotypes with four rows of each
biotypes were sown randomly in one main plot. The trial
was conducted in P. minor seed free land and no addition
of FYM, poultry and other organic manures were made
because these may act as main path for the seed dispersal.

Sowing of P. minor seeds of different biotypes was done
during 17th of November each during 2022–23 and 2023–
24 in adequate moist soil. The herbicide application was
done when the P. minor were in 3-4 leaf stage (30–35 days

after sowing). The graded levels of both herbicides were
kept as 1/2R, R, 2R, 4R (R stands for recommended dose)
along with untreated (control) treatment where no herbi-
cide application was done which was kept with each
herbicide treatment. Herbicide application was done
manually with the help of knap-sack sprayer which was
fitted with flat fan nozzle and the herbicide application was
done 35 days after sowing on area basis by using 250 litre/
ha of water. The observations on Phalaris minor like mor-
tality (%), dry matter accumulation, no. of tillers per m.
row length, height (cm) were recorded 75 DAS i.e. at time
of termination of experiments.

RESULT AND DISCUSSION

The results of the experiment are being discussed under
the following sub heads

Mortality percentage
Weed mortality was recorded 75 DAS during both the

years with visual observations which were recorded from
each experimental plot (Table 1). The results of both the
year were almost similar for ACM-9 herbicide which indi-
cates significantly more mortality percentage in R dose
during both the years than ½ R. The mortality percentage
increased with increase in dose of Axial during both years
and the mortality percentage in1/2R dose during both years
was found at par with untreated (control) treatment. Mor-
tality percentage in R dose was found to be significantly
more than 1/2R but it was significantly less than 2R and 4R
dose of Axial. Dhawan et al. (2009) reported that mortal-

Table 1. Mortality % of ACM-9 and Axial as influenced by different doses of herbicide and biotypes

                                          Mortality %

                                              ACM-9                                              Axial

2022–23 2023–24 2022–23 2023–24

Main plots

Untreated 0.0 0.0 0.0 0.0

½ R 76.4 66.6 5.6 3.2

R 93.9 78.3 24.3 16.3

2R 99.9 93.6 55.2 36.6

4R 100.0 100.0 68.1 47.6

SEm± 1.03 1.09 2.05 4.04

CD (P=0.05) 4.9 6.1 10.7 18.2

Sub plots

Ferozepur 72.1 55.6 7.5 6.0

Ropar 72.2 56.6 45.3 37.8

Fazilka 77.9 58.6 45.8 41.9

Ludhiana 73.9 53.3 23.9 19.6

SEm± 0.9 0.41 1.02 1.01

CD (P=0.05) 4.5 1.9 5.8 5.4
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ity percentage of Phalaris minor was 100% in clodinafop
and 85% in sulfosulfuron during 2001–02 and 2002–03.
Mortality percentage was significantly more in Fazilka bio-
type during both years than other tested biotypes with the
application of ACM-9. Among the biotypes significantly
less mortality percentage with the application of Axial was
observed in Ferozepur and Ludhiana biotype as compare to
Ropar and Fazilka biotype. This holds good for both the
years. More mortality percentage to Fazilka biotype when
exposed to both herbicides may be due to the reason that its
initial vigor was very less as compared to biotypes of other
tried districts.

Dry matter of Phalaris minor
Dry matter of Phalaris minor was significantly less in R

and above R doses of ACM9 herbicide during both the
years as compared to 1/2R and untreated (control) treat-
ments (Table 2 and Fig 1). ACM-9 performed very well at
R dose as dry matter of Phalaris minor at this dose was
found at par with 2R and 4R during both the years indicat-
ing that this herbicide may work very well in future also.
Better control of all Phalaris minor biotypes in ACM-9
may be due to presence of two chemicals i.e. clodinafop
and metribuzin in the formulated mixture. The percent re-
duction in dry matter of Phalaris minor sprayed with 1/2R

level of ACM-9 was 91.8% and 91.5% during 2022–23
and 2023–24 respectively which was significantly more
than untreated (control) treatment indicating thereby that at
present this herbicide is working very well even at 1/2R
dose. So, the chances of devolpment of resistance are very
less and hopefully this herbicide may work for many years
in future. Among the biotypes, the percent reduction in dry
matter of Phalaris minor of all biotypes was more than
50% as compared to untreated (control) indicating that
ACM-9 herbicide is effective on all tested biotypes.

Dry matter of Phalaris minor decreased significantly
during both years with increase in dose of Axial (Table 2
and Fig 1). Dry matter of Phalaris minor was significantly
less in R level of Axial as compared 1/2R and untreated
(control). The use of Axial at 2R and 4R levels during both
years resulted in significant reduction in dry matter of P.
minor than its R level. However dry matter was signifi-
cantly higher in untreated (control) than all other herbicide
levels during both years. Axial is heading towards resis-
tance as satisfactory control of Phalaris minor was
obtained only at 2R and 4R levels.

With the application of ACM-9, Fazilka and Ludhiana
biotypes recorded significantly less dry matter of P. minor
during 2022–23 and Fazilka biotype only during 2023–24
as compare to other biotypes. The results indicated that out
of tested biotypes Ferozepur biotypes looked to be some-
what hardy biotype as dry matter (g/sqm) of Phalaris
minor was significantly higher in Ferozepur compared to
Ropar, Ludhiana, and Fazilka biotypes. Application of
Axial showed significantly less dry matter in Fazilka
biotype than others during both years indicating thereby
that this was more susceptible biotype. Ferozepur biotype
seems to the hardier due to significantly higher dry matter
accumulation in this biotype than others. On the other hand
percent reduction in dry matter of Phalaris minor with the
application of Axial was more in Fazilka and Ludhiana
biotype during both years. Less dry matter of Phalaris
minor in Fazilka biotype irrespective of herbicide may be
due to less initial vigor of this biotype than all other tested
biotypes.

Tillers of Phalaris minor
In ACM-9 experiment number of total Phalaris minor

tillers were significantly more in untreated (control) than
other levels during both years (Table 3). Among herbicide
treatments, recommended R and above levels recorded sig-
nificantly less tillers than 1/2R during both years. During
both years, number of tillers of Phalaris minor per meter
row length were found to be significantly less in Fazilka
biotype as compare to the other biotypes. During 2022–23
number of tillers in Ferozepur biotype were significantly
higher than other biotypes and during 2023–24 number of

Fig. 1. Showing relationship of percent reduction in dry weight with
different levels of herbicides
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tillers in Ferozepur, Ropar and Ludhiana biotype were
found at par and were significantly higher than Fazilka
biotype. The percent reduction in number of tillers/ m row
length were more in ACM-9 as compared to Axial
herbicide. It was observed that percent reduction in tiller

count was more than 90 percent at R, 2R and 4R level of
ACM-9.

No. of tillers were significantly higher in untreated (con-
trol) than all other herbicide treatments of Axial. The rec-
ommended level of Axial produced significantly less tillers/

Table 2. Dry matter of Phalaris minor (g/m2) as influenced by different doses of herbicides and biotypes

Dry-matter (g/m2)

                                               ACM-9                                             Axial

2022–23 2023–24 2022–23 2023–24

Main plots

Untreated 126.8 140.1 182.2 160.1

½ R 10.3 (91.8) 11.7 (91.5) 85.4 (53.1) 117.3 (26.7)

R 0.6 (99.5) 1.2 (99.0) 46.3 (74.5) 70.4 (56.0)

2R 0.0 (100) 0.0 (100) 12.2 (93.3) 25.4 (84.1)

4R 0.0 (100) 0.0 (100) 4.1 (97.7) 10.1 (93.6)

SEm± 1.2 0.9 6.1 14.04

CD (P=0.05) 5.2 4.1 27.3 53.0

Sub plots

Ferozepur 36.1 (71.5) 56.3 (59.7) 94.2 (48.2) 105.0 (34.3)

Ropar 27.0 (78.7) 51.1 (63.5) 75.9 (58.3) 94.3 (41.0)

Fazilka 23.5 (81.4) 39.5 (71.8) 45.3 (75.1) 56.6 (64.6)

Ludhiana 23.4 (81.5) 51.1 (63.5) 54.9 (69.8) 66.8 (58.2)

SEm± 0.5 1.0 2.4 2.7

CD (P=0.05) 2.7 4.6 9.1 10.1

Figures within parenthesis are percent decrease of dry matter over control

Table 3. Tillers of Phalaris minor / m. row length as influenced by different doses of herbicides and biotypes

No. of tillers/meter row length

                                                  ACM-9                                                Axial

2022–23 2023–24 2022–23 2023–24

Main plots

Untreated 32.3 27.4 53.6 77.8

½ R 7.4 (77.0) 9.6 (64.9) 39.9 (25.5) 67.0 (13.8)

R 2.0 (93.8) 2.8 (89.7) 26.3 (50.9) 57.5 (26.0)

2R 0.0 (100) 0.0 (100) 13.5 (74.8) 23.5 (69.7)

4R 0.0 (100) 0.0 (100) 9.5 (82.2) 9.5 (87.7)

SEm± 1.01 0.5 2.7 1.3

CD (P=0.05) 3.7 2.1 11.5 4.6

Sub plots

Ferozepur 14.2 (56.0) 8.3 (69.7) 40.8 (23.8) 54.1 (30.4)

Ropar 7.2 (77.7) 8.6 (68.6) 30.6 (42.9) 39.2 (49.6)

Fazilka 5.6 (82.6) 6.5 (76.2) 19.3 (63.9) 26.4 (66.0)

Ludhiana 6.8 (78.9) 8.5 (68.9) 23.5 (56.1) 33.6 (56.8)

SEm± 0.1 0.2 1.1 2.1

CD (P=0.05) 1.1 1.5 3.9 6.7

Figures within parenthesis are percent decrease of no. of tillers/m row length over untreated control
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m row length than ½ R but these were significantly more
than 2R and 4R levels during both years. Among the bio-
types, tillers/m row length were found to be significantly
less in Fazilka biotype than others during both the years.
Ferozepur biotype recorded significantly more tillers/m
row length than other biotypes during both the years indi-
cating that it is hardier and heading towards resistance. The
percent reduction in 2R and 4R level of Axial were above
70 percent during both the years whereas at recommended
level it was very low. Among different biotypes, highest
percent reduction of P. minor tillers with the application of
‘ACM-9’ and Axial was observed in Fazilka biotype as
compared to biotypes of other districts. During initial
stages, number of tillers/unit are of Fazilka biotype were
less as compared to other biotypes and this may be the
reason of its better control with both tried herbicides.

Height of Phalaris minor plants
Plant height of Phalaris minor (cm) during both years

was significantly more in untreated (control) as compared
to all levels of ACM-9 (Table 4). The recommended level
recorded significantly less plant height than 1/2R but it was
significantly higher than 2R and 4R treatments. This holds
good for both years. The height of P. minor plants was sig-
nificantly more in untreated (control) than all levels of
Axial herbicide during both years. Plant height during both
years in R dose of Axial was found to the significantly
more than 2R and 4R levels.

The plant height was significantly less with the applica-
tion of ACM-9 in Fazilka and Ludhiana and Ferozepur
biotypes during 2022–23 and in Fazilka biotype during
2023–24 than all other biotypes. Among all the biotypes,
significantly less plant height with the application of Axial
during both years was recorded in Fazilka biotype than
all other biotypes. During 2022–23, Ferozepur biotype re-
corded significantly more height than others and during
2023–24 the biotype of Ferozepur, Ropar and Ludhiana
were found at par and recorded significantly more height of
Phalaris minor than Fazilka biotype

The percent reduction in plant height (cm) of Phalaris
minor was more in ACM-9 as compared to Axial. The per-
cent reduction in plant height was more with the applica-
tion of R,2R and 4R level of ACM-9 and with 2R and 4R
level of Axial. The percent reduction in plant height with
the application of ACM-9 varied from 57.0% to 75.4%
during both years. However, reduction in height of P.
minor was less in Axial which varied from 16.2% to 50.1
percent only during both years. Fazilka biotype during
initial stages was less vigorous compared to other tested
biotypes which resulted in less growth and subsequently
less plant height.

It may be concluded that ACM-9 herbicide performed
very well at its recommended dose but Axial failed to con-
trol Phalaris minor at its recommended or double the rec-
ommended dose indicating thereby that Phalaris minor had
developed resistance to this herbicide. Different biotypes

Table 4. Height of Phalaris minor plants (cm) as influenced by different herbicides and biotypes

Plant height in (cm)

                                                  ACM-9                                              Axial

2022–23 2023–24 2022–23 2023–24

Main plots

Untreated 40.8 51.4 47.3 54.4

½ R 25.4 (37.7) 33.1 39.3 (16.9) 53.5 (1.6)

R 4.3 (89.40 13.4 (73.9) 33.1 (30.0) 47.8 (12.1)

2R 0.0 (100) 0.0 (100) 25.7 (45.6) 28.9 (46.8)

4R 0.0 (100) 0.0 (100) 18.3 (61.3) 23.1 (57.5)

SEm± 1.0 0.9 1.9 1.0

CD (P=0.05) 3.3 2.7 6.1 3.2

Sub plots

Ferozepur 14.0 (65.6) 22.1 (57.0) 39.6 (16.2) 45.2 (16.9)

Ropar 16.0 (59.3) 20.7 (59.7) 35.5 (24.9) 44.6 (18.0)

Fazilka 13.7 (66.4) 12.6 (75.4) 23.6 (50.1) 38.6 (29.0)

Ludhiana 12.7 (68.8) 18.7 (63.6) 32.2 (31.9) 43.6 (19.8)

SEm± 0.5 0.3 1.2 0.7

CD (P=0.05) 2.1 1.8 4.0 2.5

Figures within parenthesis are percent decrease of plant height over untreated (control)
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showed variable response. Fazilka biotype followed by
Ludhiana biotype were found to be more sensitive whereas
Ferozepur biotype showed resistance to both tried
herbicide.
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