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ABSTRACT
Herbicides resistance is emerging as an important trend in global farming and this problem is increasing significantly.
Herbicide resistance is developed in plants with the passage of time through evolution. ALS (Acetolactate synthase) is
enzyme naturally occurred in plants involves in synthesis of amino acid and involved to catalyze the initial process of
synthesis of various proteins that are branched in character. Bispybribic sodium herbicide inhibits the protein
synthesis and generally marked as vital herbicide against weeds infestation in rice. The present experiment was
performed to evaluate the prospective of ALS inhibitor herbicides resistance on different accessions of Jungle rice
(Echinochloa colonum L.) under CRD with factorial arrangement. Mortality %, Visual injury %, LD50, GR50, Resistance
index and Biomass % decrease over control parameters were recorded features of proposed experiment. The date of
recorded parameters were analyzed properly by applying Fisher’s analysis of variance method and average data of all
treatments were associated by least significant difference (LSD) test having 5% level of probability. After the
application of treatments, the plants were supplied adequate amounts of water and nutrients for 30 days. Plant death
(live or dead counts) was recorded 30 d after treatment (DAT). The application of four different doses of the herbicide
was performed after 15 days of germination, with seedlings at the stage of 2 to 3 leaves. Sprayer configuration and
growth condition for all biotypes for same. Significant and high biomass was showed by ECFS-7 (76.5) and ECFS-4
(75.66) as compared to EC-FS-SS (31.007). Less injury rate was showed by ECFS-4 (50.12) and ECFS-7 (53.69%) as
compared to EC-FS-SS which show maximum injury percentage (72.18%). Maximum mortality percentage was showed
in EC-FS-SS (76.062) and less in EC-FS-7 (42.37 %). LD50 of Accessions at different levels was analyzed with PROC
PROBIT. The highest LD50 values were observed in EC-FS-7 (1.60) which was followed by EC-FS-5. The lowest value of
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LD50 was observed in susceptible biotype. The EC-FS-7 shows maximum GR50 as compared to EC-FS-SS. The maximum
growth reduction was recorded at double dose in all accessions. The EC-FS-7 showed maximum RI value as compared
to EC-FS-SS. The lowest resistance index is recorded in susceptible EC-FS-SS. The lowest value of susceptible standards
indicates that lower dose of herbicide is required to kill the weeds due to low resistance against herbicide.
Key words: ALS inhibitor herbicides, resistance, Jungle rice (Echinochloa colonum L.)
INTRODUCTION
Rice is a main staple food for more than 60 % population of the world. It is the second only to wheat in terms of annual
production (Dobermann and Fairhurst, 2000). According to FAO report, the production of rice has been 584 million
tons for the year 2003. In Asia 90% of total world rice is produced and consumed in Asia and famous as staple food in
many countries of Asia (Islam et al., 2010). During 2016-17, Pakistan exported 3.8 million tons of all type’s rice
producing on area of 2.69 million hectares and earned about 1.7 billion dollars in foreign exchange (GOP 2017).
Pakistan is a largest producer of rice in word and in world ranking 4th main rice exporting country for rice, but
producing nearly 7.3 million tons compared to Bangladesh 34.58m t, Burma12.65m t, India 110.15m t, Japan 7.78m t,
Philippines 11.69m t, Thailand 19.2m t, Vietnam 27.4m t, China 144m t and world with total 581 million tons(GOP
2017). Weeds are generally marked as serious issue in reduction of crop yield. Weeds can cause significant yield losses
and even small numbers of seed-producing weeds can set the stage for future weed problems (Akbar et al., 2011).
Weeds infestation decline 75% yield of rice and it is stated by several scientists (Razzaq et al., 2012). Due to water
scarcity cultivation of rice was planted in aerobic circumstances (Bhushan et al., 2007), but weeds infestation is
considered as major constrain in DSR (Rao etal., 2007). Echinochloacolona,Cynodondactylon, Ischaemumr ugosum,
Leptochloachinensis, and Paspalumdistichum among grass weeds have become important and dominant weeds in rice
(Hilu, 1995). The target site of herbicides in which the enzyme acetolactate synthase (ALS) is react and these site also
called (AHAS) acetohydroxy acid synthesis in which five families of herbicide effect from this site and sulfonyl urease
(SUs) is known as ALS-inhibiting herbicides (Ray, 1984), triazopyrimidines (TPs) (Gerwick et al., 1990), imidazolinones
(IMIs) (Shaner et al.,1984), sulfonylamino-carbonayl-truazolinones (SCTs) (Corbett and Tardif et al., 2006) and
pryimidinylthiobenzoates (PTBs) (Takahashi et al., 1991). The many chemicals work same in plants by changing the
biosynthesis of amino acids, precisely the preventing biosynthesis of branched chain amino acids (BCAAs) (Ray, 1984).
In 1982 the first ALS- inhibiting is chlorsulfuron and sulfonylurea. Triazines at that time mostly used for controlling
weeds and some species of weed shows resistance against them the triazines as related to other herbicides the were
used at the rate of kilogram /ha , the dose decrease in ALS- inhibiting herbicides gram per hectare the decrease
quantity of chemicals used in agriculture significantly. ALS-inhibitors have particular characteristics which is less toxic
to mammalian, appropriate soil residual action and extensive variety of weed control, regular activity and encouraged
their extensive adaption quickly once commercialization (Tranel and Wright,2002). Recently the herbicide ALSinhibitor active ingredients more than 50 was commercialized, with changing in functional sets from previous
discoveries for the objective of changing chemical property, weed control pattern and formulation the containing
6IMIs, 33 SUs, 5 PTBs, 3 TPs and 3 SCT (Heap,2013).
Echinochloa species are usually represented as noxious weeds in several economically important crops.
Echinochloacolona (L.) Link. a grassy weed belong to Poaceae family is known as dangerous weed in subtropical and
tropical areas in field crops such as corn, rice (Oryza sativa), and vegetables in more than 60 countries (Rao et al.,
2007), especially in Asia, Africa and Australia. It was declared as top-ranked 10 most prevalent and abundant weed
species among the 10 most dangerous weeds as further reported in the coastal rice fields in Malaysia. In India and
Pakistan, the most important annual weeds in summer crops are E. crus galli (P.) Beauv and E. colona. A quick
emergence pattern, a short period of seed dormancy, prolific seed production, reproductive growth under a wide
range of photoperiodic conditions safeguard successful population survival, rapid vegetative and more persistence of
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E. colona in nature (Wu et al., 2018). In modern agriculture, the control of E.colonum totally depend on herbicides due
more efficacy, less cost and easiness of chemical weed control method and mimicry of this weed with a rice crop
(Singh et al. 2003). The recent change from transplanted rice to direct seeded rice has made weed control more
necessary and herbicide dependent. Different pre and post emergence herbicides including butachlor, oxadiargyl,
pendimethalin, bispyribac-sodium and azimsulfuron have been efficaciously practiced to control E.colonumin
ricefields. Resistance evolution in E.colonum against ALS inhibitors due to continuous and widespread use has been
reported in various countries (Gracia Garijo et al. 2012). Presently,E.colonum has developed resistance to numerous
herbicides including EPSP synthase inhibitors, synthetic auxins, ALS inhibitors, photosystem II(PSII) inhibitors and
acetolactatesynthase (ALS) inhibitors in various countries worldwide including Argentina, Australia, Bolivia, Colombia,
Costa Rica, Egypt, El Salvador, Guatemala, Honduras, Iran, Nicaragua , United States (California and Arkansas) and
Venezuela (Heap 2013). Furthermore, multiple resistances (3 sites and 2 sites of actions) in E. colonumagainst ACCase,
ALS, cellulose, EPSP and PII inhibitors has been reported in Costa Rica, United States (Arkansas) and Venezuela (Heap
2013). Currently, there is no confirmed report of resistant E. colonum in major rice producing countries including
China, India, Bangladesh, Japan, Philippines and Pakistan. Nevertheless, in the last few years, rice farmers in Pakistan
have been facing gradually increasing the problem of uncontrolled E. colonumplants in rice fields sprayed with
bispyribic sodium. Early confirmation and management of resistant E. colonumis essential to sustain rice production
and prevent yield losses (Bltazar 2017). Alternative herbicides can play an important role in controlling bispyribacsodium resistant E. colonum, thus tumbling the rice yield losses due to resistance issue. In addition, more herbicides
with a different mode of actions should be available to be used in rotation, herbicide rotation has a strong influence
on reduction selection pressure and delay of resistance development (Beckie, 2017).Classical dose response assay is
most appropriate and authentic way for resistance confirmation and determination of resistance level (Bltazar 2017).
Therefore this study was planned for confirmation of bispyribac-sodium (ALS inhibitor) resistant E. colonum in central
Punjab by quantifying the level of resistance in a dose–response bioassay. Presently 132 weeds varieties show
resistance against ALS-inhibitors in the world. High pressure caused in the selection of weeds due to ALS- inhibiting
herbicides and some variety of weed show resistance to ALS- inhibitors (Heap, 2013). The increasing rate of resistance
limits the extra growth and use of large group of herbicides affecting the same group of enzyme. By single point
changes in the ALS- gene causes wide range of resistance. The changing in the structure of enzyme ALS the causes
binding site are less sensitive to herbicide (Wright and Penner, 1998). On the basis of heterozygous individuals the
selection of herbicide takes place. The dominate character of weed take place due to growing by outcrossing. The
changing in the ALS gene mostly occurs suddenly in nature and used in ALS- tolerat crop breeding programs (Tan et
al., 2005). In ALS-inhibitor herbicide 8 amino acid present in nature they are main part in weed population of herbicide
resistance the including Pro 197, Arg 377, Ala 122, Trp 574, Asp 376, Ser 653, Ala 205 and Gly 654 (Tranel et al., 2013).
The 17 amino acid was recognized to discuss resistance to ALS inhibition used in the selection of international
laboratory (Tranel and Wright, 2002). The changing in every site was not necessary limited for only one amino acid
exchange (Guttieri et al. 1995).
Alternative method in which the plant ALS inhibition was increased metabolisms that clear the inhibitors quickly after
uptake. On the basis of ALS inhibitors increased detoxification in crop tolerant (Powles and Holtum, 1996). The
resistance efficiency of detoxification generally a smaller than 10 times from the target side the changes 100 times
higher reistance (Powels and Holtum, 1996). For selecting herbicide the increased metabolism process is not essential
the selected on the basis of previous used herbicides and cause cross resistance selected other mode of action
(Cotterman and sari, 1992). Currently, acetolactate synthase (ALS) inhibitor herbicides that may have more selection
pressure are being widely advocated for weed management in DSR. Weed resistance progress in the ALS inhibitor
herbicides was stated more commonly than any other herbicide used (Kumar et al., 2008).This is due to herbicides
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apply resilient selection pressure as effect of high action on susceptible biotypes as well as persistent soil remaining
activity (Tranel and Wright, 2002). Therefore, research was proposed to evaluate the prospective of ALS inhibitor
herbicides resistance on different accessions of Jungle rice (Echinochloa colonum L.).
MATERIALS AND METHODS
Location of experiment
The experiments were conducted in wire house contemporary at Agronomic Research Farm, Department of
Agronomy, University of Agriculture Faisalabad, in mid-week of May, 2018.Completely Randomized Design with
factorial arrangement was used to perform this experiment. In order to evaluate the percentage mortality, percentage
visual injury damage and percentage decrease of biomass over control in various biotypes of jungle rice (Echinochloa
colonum L.) different experiments were conducted by exposing jungle rice to different doses of ALS inhibitor Bispyribic
Sodium herbicide. For this study the proposed experiments were conducted at same time and with the same
methodology, following doses.
Factor A
Bispyribic sodium (Nominee 100SC) doses
H1
=
0X
H2
=
0.5 X
H3
=
1X
H4
=
2X
(X= recommended dose 20 g a.i. ha-1)
Plant material:
The mature jungle rice plants were collected from nine different locations in Faisalabad. The putative-resistant biotype
was evaluated for control relative to a susceptible standard. In order to verify a lack of resistance, without association
to this experiment, the susceptible biotype was screened against many doses of herbicide and expressed no
resistance.
Factor B: Table1: Districts, locations, and crop history of different jungle rice grass populations collected bipyribac
resistance confirmation.
Populations
Tehsil
Locations
Field History

H1-EC-FS-1
H1-EC-FS-2
H1-EC-FS-3
H1-EC-FS-4
H1-EC-FS-5
H1-EC-FS-6
H1-EC-FS-7
H1-EC-FS-8

Faisalabad
Tandliawala
Samundri
Chak Jhumra
Dijkot
Satiana
Painsra
Khidarwala

32°19′- 32°34′ N, 73°29′-73°38′ E
32°23′-32°29′ N, 74°17′-73° 95′ E
31°24′-31°30′ N, 72°28′-72°35′E
32°45′-32° 48′ N, 74°48′-74° 54′ E
32°21′-32°222′ N, 74°19′-72° 89′ E
32°10′-32°24′ N, 74°20′-74° 15′ E
32°17′-32°27′ N, 74°20′-74° 18′ E
32°19′-32°38′ N, 74°24′-74° 17′ E

Cropping
system
Rice-Wheat
Rice-Wheat
Rice-Wheat
Rice-Wheat
Rice-Wheat
Rice-Forage
Rice-Wheat
Rice-Wheat

Herbicide use
(Years)
>09
>11
>6
>12
>7
>13
>5
>9

The application of herbicide was performed after 15 days of germination, with seedlings at the stage of 2 to 3 leaves.
The herbicide spray was performed with a backpack sprayer. Sprayer configuration and growth condition for all
biotypes were same. After treatments were applied, the plants were supplied adequate amounts of water and
nutrients for 30 days. Plant mortality (live or dead counts) was recorded 30 days after treatment (DAT). The lethal
dose needed to kill 50% of each biotype (LD50) was determined using PROC PROBIT.
Mortality percentage
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Each pot contained 5 plants. At seedling stage, herbicide was applied on plants to check the mortality percentage.
Visual Injury
Five plants were sown in each pot. Herbicide was applied on plants to observe injury percentage. At seedling stage,
herbicide was applied to observe injury percentage on the basis of how much plants were injured. Data regarding to
plant injury of every plant of each pot was collected.
Biomass
Biomass (green tissue) of living plants was harvested 30 DAT. Plants were clipped at the base at the soil surface and
placed in heated drying chambers for seven days and were then weighed, and dry weights were calculated for
surviving plants. Dry weight reductions were taken on the basis of average of each jungle rice grass biotype. Samples
were taken randomly. For each jungle rice grass biotype, the proportions dry weight reduction relative to the
untreated.
The bispyribac-resistant and susceptible biotypes used in the study. Both biotypes were seeded into individual pots
with volume of 271 cm3 containing a clay loam soil. Ten seed were placed in each pot and watered adequately to
stimulate germination.
LD 50
LD 50 is the dose of herbicide which is used to kill 50 % plant population of weeds. High value of LD 50 of a biotype
show high resistance while low value of LD 50 show low weed resistance. Resistant biotypes show high value of LD 50
as compared to the control. LD 50 of different biotypes is derived through JMP software.
GR 50
GR 50 is the dose of herbicide which is used to reduce 50 % growth of weed population. High value of GR 50 of a
biotype show high resistance while low value of GR 50 show low weed resistance. Resistant biotypes have high value
of GR 50. The GR 50 of different biotypes is derived by JMP software.
Resistance Index
Resistance index is the level of resistance of a biotype. The value of resistance index shows the resistance level of a
biotype. The resistant biotypes have high value of resistance index as compared to susceptible biotypes. The
susceptible biotype have the lowest value of resistance index. The values of resistance index are driven through JMP
software.
Percent decrease of biomass over control
The reduction of biomass was different in various biotypes. The resistant biotypes show low reduction in biomass as
compared to the susceptible biotypes. The rate of reduction of biomass was increased by increasing the doses of
herbicide. The maximum biomass was reduced at 2X herbicide dose in all biotypes as compared to the 0.5X and 1X
doses.
Survey conducted
Different farmer fields were visited to determine the problems of farmers in district Faisalabad. Seeds of different
biotypes of Echinochloa colonum L. which are not killed by exposing to herbicides were collected from the farmers’
fields to find resistance in them.
Analysis of data
Previously collected data were analyzed through a statistical process. It was analyzed through software called
Statistics 8.1. The comparison was made through LSD (Least Significant difference) test.
Layout
R1
R2
R3
R4
H1EC-FS-SS
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H1-EC-FS-1
H2-EC-FS-1
H4-EC-FS-1
H3-EC-FS-1
H1-EC-FS-2
H2-EC-FS-2
H4-EC-FS-2
H3-EC-FS-2
H1-EC-FS-3
H2-EC-FS-3
H4-EC-FS-3
H3-EC-FS-3
H1-EC-FS-4
H2-EC-FS-4
H4-EC-FS-4
H3-EC-FS-4
H1-EC-FS-5
H2-EC-FS-5
H14-EC-FS-5
H3-EC-FS-5
H1-EC-FS-6
H2-EC-FS-6
H4-EC-FS-6
H3-EC-FS-6
H1-EC-FS-7
H2-EC-FS-7
H4-EC-FS-7
H3-EC-FS-7
H1-EC-FS-8
H2-EC-FS-8
H4-EC-FS-8
H3-EC-FS-8
H2EC-FS-SS
H4EC-FS-SS
H1EC-FS-SS
H4EC-FS-SS
H2-EC-FS-1
H4-EC-FS-1
H1-EC-FS-1
H4-EC-FS-1
H2-EC-FS-2
H4-EC-FS-2
H1-EC-FS-2
H4-EC-FS-2
H2-EC-FS-3
H4-EC-FS-3
H1-EC-FS-3
H4-EC-FS-3
H2-EC-FS-4
H4-EC-FS-4
H1-EC-FS-4
H4-EC-FS-4
H2-EC-FS-5
H14-EC-FS-5
H1-EC-FS-5
H4-EC-FS-5
H2-EC-FS-6
H4-EC-FS-6
H1-EC-FS-6
H4-EC-FS-6
H2-EC-FS-7
H4-EC-FS-7
H1-EC-FS-7
H4-EC-FS-7
H2-EC-FS-8
H4-EC-FS-8
H1-EC-FS-8
H4-EC-FS-8
H3EC-FS-SS
H1EC-FS-SS
H3EC-FS-SS
H2EC-FS-SS
H3-EC-FS-1
H1-EC-FS-1
H3-EC-FS-1
H2-EC-FS-1
H3-EC-FS-2
H1-EC-FS-2
H3-EC-FS-2
H2-EC-FS-2
H3-EC-FS-3
H1-EC-FS-3
H3-EC-FS-3
H2-EC-FS-3
H3-EC-FS-4
H1-EC-FS-4
H3-EC-FS-4
H2-EC-FS-4
H3-EC-FS-5
H1-EC-FS-5
H3-EC-FS-5
H2-EC-FS-5
H3-EC-FS-6
H1-EC-FS-6
H3-EC-FS-6
H2-EC-FS-6
H3-EC-FS-7
H1-EC-FS-7
H3-EC-FS-7
H2-EC-FS-7
H3-EC-FS-8
H1-EC-FS-8
H3-EC-FS-8
H2-EC-FS-8
H4EC-FS-SS
H3EC-FS-SS
H2EC-FS-SS
H1EC-FS-SS
H4-EC-FS-1
H3-EC-FS-1
H2-EC-FS-1
H1-EC-FS-1
H4-EC-FS-2
H3-EC-FS-2
H2-EC-FS-2
H1-EC-FS-2
H4-EC-FS-3
H3-EC-FS-3
H2-EC-FS-3
H1-EC-FS-3
H4-EC-FS-4
H3-EC-FS-4
H2-EC-FS-4
H1-EC-FS-4
H14-EC-FS-5
H3-EC-FS-5
H2-EC-FS-5
H1-EC-FS-5
H4-EC-FS-6
H3-EC-FS-6
H2-EC-FS-6
H1-EC-FS-6
H4-EC-FS-7
H3-EC-FS-7
H2-EC-FS-7
H1-EC-FS-7
H4-EC-FS-8
H3-EC-FS-8
H2-EC-FS-8
H1-EC-FS-8
RESULTS AND DISCUSSION
Total biomass
The highest biomass was observed in EC-FS-4 (34.75g) as compared to EC-FS-SS (17.21g). The EC-FS-4 shows the
highest biomass due to more herbicide resistance as compared to EC-FS-SS. All other accession also shows the lowest
biomass as compared to EC-EC-FS-4. Herbicide levels effect on biomass of accession. Increasing herbicide level
biomass decreased as compared to control. The highest biomass was observed in control (46.12g) as compared to 2x
level of herbicide (10.47). So it statistically shows highly significant results of herbicide do on weed biomass. All other
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levels of herbicide show the lowest biomass as compared to control treatment. The interactive effect of accession
and herbicide levels also shows highly significant results. Increasing herbicide levels weed biomass reduced by
decreasing herbicide resistance at various levels. Weed different types attain resistant at different levels by increasing
its levels resistant decreased and biomass reduced. The increase in herbicide dose directly affect the growth of all
biotypes and resulted in reduction of biomass of different biotypes. By increasing herbicide dose their biomass
reduced as compared to the lower dose of herbicide. The highest reduction in biomass was recorded at double dose
in all accessions. The susceptible standard showed the significantly low biomass at 0.5 X however EC-FS-4 show the
lowest reduction in biomass. At double dose the susceptible standard show the lowest biomass as compared to the
resistant biotypes.
Table 1: Mean comparison of biomass
0x
0.5x
1x
2x
Mean
EC-FS-SS
47.42a
13.09 h-l
15.43 g-j
0m
17.21D
EC-FS-1
46.13a
27.3 cde
6.02 lm
10.36 i-l
25.64 BC
EC-FS-2
45.5a
30.09 cde
14.15 h-k
9jkl
24.68 BC
EC-FS-3
46.02a
32.01 cd
24.26 def
10.23 i-l
28.13 B
EC-FS-4
47.73a
40.57 ab
31.93 cd
18.78fgh
34.75 A
EC-FS-5
43.96a
33.75 bc
15.43 g-j
1.76 h-l
26.47 BC
EC-FS-6
44.33a
30.93 cd
22.71 efg
8.54jkl
26.62 BC
EC-FS-7
48.55a
24.26 def
17.72 f-i
18.25f-i
27.19 BC
EC-FS-8
45.5a
29.3 cde
12.67 jkl
6.34 kl
23.45C
Mean
46.67A
29.29 B
18.18 C
10.47 D
LSD = 8.03
Percent decrease of biomass over control
Data related to percent decreased in biomass of accession were highly significant. Maximum biomass was observed
in EC-FS-4 (57.78g) as compared to EC-FS-SS (42g). The EC-FS-7 shows maximum biomass percent decrease due to
herbicide minimum herbicide resistance as compared to EC-FS-4. All other accession also shows minimum biomass
percent decrease as compared to EC-FS-7. Herbicide levels effect on biomass of accession. Increasing herbicide level
biomass percent decreased as compared to control. The highest biomass percent decrease was observed in 2x level
(78 %) as compared to control. So it statistically shows highly significant results of herbicide doses on weed biomass.
All other levels of herbicide show minimum biomass as compared to control treatment. The interactive effect of
accession and herbicide levels also shows highly significant results. Increasing herbicide levels weed biomass reduced
by decreasing herbicide resistance at various levels. Weed different types attain resistant at different levels by
increasing its levels resistant decreased and biomass reduced. The highest reduction in biomass was recorded at
double dose in all accessions. By increasing herbicide dose the rate of biomass reduction increased due to reduction
in herbicide resistance. The increasing herbicide dose resulted in biomass reduction as compared to the control. At
0.5X herbicide dose the highest reduction in biomass was occurred in susceptible standard as compared to the all
other resistant biotypes. However the minimum biomass reduction was recorded in EC-FS-7 biotype. The susceptible
standard showed significantly the highest mass reduction at 0.5X. At recommended dose the mass reduction in
susceptible standard was statistically at par with EC-FS-4 however at double dose the difference among all accession
were statistically similar except susceptible, which result in significantly lower biomass reduction as compared to
control. The maximum mass reduction in susceptible standard can be attributed to greater phytotoxic effect caused
by herbicide. Differences among accession regarding mass reduction can be attributed to differential tolerance of
these accession to herbicide applied.
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Table 2 Mean comparison of percent decrease biomass over control
0.5x
1x
2x
EC-FS-SS
EC-FS-1
EC-FS-2
EC-FS-3
EC-FS-4
EC-FS-5
EC-FS-6

13.09j
29.98ijk
33.94ij
25.02k
24.73k
27.2jk
28.18jk

29.78
55.49
77.2c
44.09gh
37.51hi
57.48de
49.63efg

100a
77.51c
74c
72.11c
59.64d
76.47c
78.54bc

Mean
47.62333DE
54.32667C
61.71333B
47.07333E
40.62667F
53.71667C
52.11667CD

EC-FS-7
48.82fg
73.63c
86.3b
69.58333A
EC-FS-8
31.95ijk
73.13c
86.07b
63.71667B
Mean
29.212C
55.3267B
78.96A
LSD (Accession) = 4.81, Herbicide= 2.77
LD50
LD50 is lethal dose of herbicide at which mortality or death of 50% weeds occurs. Data related to LD50 of weeds were
highly significant. The highest LD50 values were observed in EC-FS-7 (1.60) which was followed by EC-FS-5. The lowest
value of LD50 was observed in susceptible biotype. The higher LD-50 values indicate that lower doses were not
effective in killing E. colonum and there are more chances that these may have developed resistant. The lowest value
of LD50 with susceptible standard indicate that this biotype will be killed with the lower doses of herbicide. The
differential response of different biotypes collected from Faisalabad district regarding LD-50 might have been due to
variation in level of E. colonum to tolerate Bispyribac sodium. The lowest value of LD50 in susceptible standard showed
that lower herbicide dose is required for mortality in susceptible accession. The difference among LD50 values of all
accessions is statistically similar except the susceptible. The lowest value of LD50 in susceptible standard can be
attributed to greater phytotoxic effect caused by herbicide. Differences among accessions regarding LD 50 can be
attributed to differential tolerance of these accessions to herbicide applied.
Table 3 Mean comparison of LD50
Treatments
Means
EC-FS-SS
0.25H
EC-FS-1
0.92E
EC-FS-2
0.72FG
EC-FS-3
1.13D
EC-FS-4
0.61G
EC-FS-5
1.47B
EC-FS-6
1.25C
EC-FS-7
1.60A
EC-FS-8
0.79F
Visual Injury (%)
Data of injury percentage shows weed accessions showed significant differences regarding visual injury percentage.
Data related to means of accession effect on injury percentage presented in table (4) which indicated that the
maximum visual injury percentage was recorded in EC-FS-SS (68.31 %) which however, was statistically similar to ECFS-4. The significantly minimum injury was recorded with EC-FS-7. Data related to means of herbicide levels influence
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on injury percentage is given in table (4.4b) which indicated that the injury increased significantly with each increase
in herbicide dose. The highest injury was observed with application of double dose of herbicide (2x). Injury percentage
in 2x level applied herbicide was (91.72%) as compared to control (0%). All other herbicide levels also show maximum
injury percentage as compared to control. The statistically data shows highly significant results of herbicide levels on
injury percentage. The interactive effect of accession and herbicide levels also shows highly significant results due to
increase in herbicide dose level of injury increased due to reduction in herbicide resistance. By increasing herbicide
level their injury rate increased as compared to lower dose of herbicide. The maximum injury was recorded at double
dose in all accessions. The differences between recommended dose (1X) and double dose (2X) could not reach to the
level of significance in accessions EC-FS-SS and EC-FS-4 while, in all other accessions the increase in herbicide dose
from recommended to double dose resulted in significantly higher visual injury. The susceptible standard showed
significantly highest visual injury at 0.5 X At recommended dose the injury in susceptible standard was statistically at
par with EC-FS-4, however at double dose the differences among all accessions were statistically similar except EC-FS1, EC-FS-3 and EC-FS-7, which resulted in significantly lower visual injury compared with control. The lowest values of
visual injury were recorded with EC-FS-7 at 0.5 X herbicide dose and highest injury was observed in susceptible
standard at double of recommended herbicide dose. The maximum visual injury in susceptible standard can be
attributed to greater phytotoxic effect caused by herbicide. Differences among accessions regarding visual injury can
be attributed to differential tolerance of these accessions to herbicide applied.
Table 4: Means comparison table for injury percentage
Accession

H1=0

H2=0.5

H3=1

H4=2

Mean

EC-FS-SS
EC-FS-1
EC-FS-2
EC-FS-3
EC-FS-4
EC-FS-5
EC-FS-6
EC-FS-7
EC-FS-8

0m
0m
0m
0m
0m
0m
0m
0m
0m

85.75 b-e
64.25 jk
67.75 ij
63.5 jk
76 gh
60.25 kl
56.25 l
63.25 jk
68.5 ij

90.75 ab
78 fgh
80.5 d-g
79.5 e-h
90.25 ab
77.5 fgh
73 hi
82.75 c-f
87.75 bc

96.75 a
86.5 bcd
95.75 a
86 b-e
94.75 a
96.25 a
83.25 c-f
90.25 ab
96 a

68.31 A
57.19 E
61.00CD
57.25 E
65.25 AB
58.50 DE
53.13 F
59.06DE
63.06 BC

Mean

0.00 D

67.28 C

82.22 B

91.72 A

LSD = 6.61

Mortality percentage
Data of mortality percentage shows weed accessions showed significant differences regarding mortality percentage.
Data related to means of accession effect on mortality percentage presented in table (5) which indicated that the
maximum mortality percentage was recorded in EC-FS-SS (100 %). The significantly minimum mortality was recorded
with EC-FS-4. Data related to means of herbicide levels influence on mortality percentage is given in table (5) which
indicated that the mortality increased significantly with each increase in herbicide dose. The highest mortality was
observed with application of double dose of herbicide (2x). The interactive effect of herbicide dose and accessions
was also significant. The mortality percentage of susceptible standard was 100% where double dose (2x) of herbicide
was applied. All herbicide levels resulted in higher mortality percentage as compared to control and the maximum
mortality was recorded at double dose in all accessions. The differences between recommended dose (1X) and double
dose (2X) could not reach to the level of significance in accessions EC-FS-SS and EC-FS-4 while, in all other accessions
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the increase in herbicide dose from recommended to double dose resulted in significantly higher mortality. At 0.5X
the highest mortality was recorded in susceptible standard as compared to the other accessions while at 0.5X the
lowest mortality was recorded in EC-FS-4 and EC-FS-7 because susceptible standard can be attributed to greater
phytotoxic effect caused by herbicide. At recommended dose the mortality in susceptible standard was statistically at
par with EC-FS-6 and EC-FS-8 while the lowest mortality was recorded in EC-FS-4 and EC-FS-7. At double dose 100%
mortality was occurred in susceptible standard which was statistically at par with EC-FS-3, EC-FS-5, and EC-FS-8.
However the mortality rate was recorded lowest in EC-FS-4 and EC-FS-7 at double dose as compared to all other
accessions due to lower phytotoxic effect caused by herbicide. Difference among accessions regarding mortality can
be attributed to differential tolerance of these accessions to herbicide applied.
Table 5 Means comparison table for Mortality percentage
Accession

H1=0

H2=0.5

H3=1

H4=2

Mean

EC-FS-SS

0o

45 ij

75 def

100 a

55.00 A

EC-FS-1

0o

35 jkl

65 gh

80 cde

45.00 C

EC-FS-2

0o

40 jk

60 gh

85 bcd

46.25 BC

EC-FS-3

0o

45 ij

70 efg

95 ab

52.50 AB

EC-FS-4

0o

5 no

25 lm

55 hi

21.25 D

EC-FS-5

0o

30 kl

60 gh

90 abc

45.00 C

EC-FS-6

0o

35 jkl

75 def

90 abc

50.00 ABC

EC-FS-7

0 o

15 mn

35 jkl

60 gh

27.50CD

EC-FS-8

0o

40 jk

75 def

90 abc

51.25 ABC

0.00 D

32.22 C

60.00 B

82.78 A

LSD = 4.58
GR50
Data related to GR50 statistically shows significant results. Means of EC-FS-7 shows maximum GR50 as compared to
EC-FS-SS. Data related to means of GR50 presented in table (6) which indicated maximum GR50 in EC-FS-7 which is
1.79 and EC-FS-5 which is 1.54 as compared to EC-FS-SS which is 0.27. The maximum growth reduction was recorded
at double dose in all accessions. The susceptible standard show significantly the highest growth reduction at lower
dose of herbicide as compared to other accessions. The growth reduction was similar in EC-FS-2 and EC-FS-8. GR50
value of different accessions directly related to the tolerance level against phytotoxic effect of herbicide. The lowest
GR50 value of susceptible standard showed that susceptible standard has the lowest tolerance against phytotoxic
effect of herbicide. Differences among accessions regarding GR50 value showed that it is due to difference in tolerance
level of these accessions to herbicide applied. The minimum growth reduction was occurred in EC-FS-4 and EC-FS-7
because both accessions have highest GR50 value as compared to other accessions. The highest value of GR50 in ECFS-7 and EC-FS-4 show that these accessions have ability to tolerate the phytotoxic effect of herbicide at 0.5X, 1X and
2X doses. Herbicide resistance was directly proportional to the GR50 value of all accessions. Higher value of GR50
show that high dose of herbicide is required to reduce the weed growth.
Table 6: Mean comparison of GR50
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Treatments

Means

EC-FS-SS
EC-FS-1
EC-FS-2
EC-FS-3
EC-FS-4
EC-FS-5
EC-FS-6
EC-FS-7
EC-FS-8

0.27H
0.88E
0.68F
1.25C
0.54G
1.51B
1.09D
1.79A
0.68F

LSD = 0.0403
Resistance Index (RI)
Data related to RI statistically shows significant results. Means of EC-FS-7 shows maximum RI value as compared to
EC-FS-SS. Data related to means of RI presented in table (7) which indicated maximum RI in EC-FS-7 and EC-FS-5 having
RI value 6 which is similar as compared to EC-FS-SS which is 1. The lowest resistance index is recorded in susceptible
EC-FS-SS. The lowest value of susceptible standards indicates that lower dose of herbicide is required to kill the weeds
due to low resistance against herbicide. Data of means show that higher doses of herbicide is required for accessions
having higher value of resistance index. The statistical data shows significant results of herbicide levels on resistance
index. The interaction of accessions with herbicide levels also indicates that highest value of resistance index means
that high dose of herbicide is needed to control weeds. The lowest value of resistance index in susceptible standards
can be attributed to greater phytotoxic effect caused by herbicide. Difference among accessions regarding resistance
index can be attributed to differential tolerance of these accessions to herbicide applied.
Table: 7 mean comparison of Resistance Index
Treatments
Means
EC-FS-SS
1G
EC-FS-1
3.41D
EC-FS-2
2.52F
EC-FS-3
4.33C
EC-FS-4
2.52F
EC-FS-5
6A
EC-FS-6
4.52B
EC-FS-7
6A
EC-FS-8
2.74E
LSD=0.0455
Survey analysis
Cropping pattern
This cropping pattern is for the acreage where rice has been cultivated. The farmer may follow pattern on the acreage
where he is not growing the rice crop. The survey of the Faisalabad district regarding cropping pattern shows that
majority of the farmers follow wheat-rice-wheat system and was followed by the berseem-rice-berseem system. Very
few farmers follow wheat-rice-maize system. In this cropping system wheat-rice-wheat have more frequency with 8
as compared to wheat-rice-fodder which have frequency 2. Maximum percentage is observed in wheat-rice-wheat
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which is 36.36 % as compared to wheat-rice-fodder and wheat-rice-maize which is 9.0 % wheat-rice-wheat and
berseem-rice-berseem cropping patterns were observed nearly equal to each other. Berseem-rice-berseem cropping
is better than wheat-rice-wheat cropping pattern for soil fertility (Jabran 2012). Mostly the farmers are growing rice
crop on the same piece of land every year. This might have resulted in establishment of specific weed flora like E.
colonum resulting in excessive use of herbicide that might be lead to the development of herbicide resistance over
the years. Due to cultivation of same crop on same piece of land in each year soil fertility also reduced and ultimately
the crop yield reduced. Therefore, our farmers use high rate of fertilizers for increasing their yield and ultimately their
cost of crop production increase. Farmers should use the proper rotation of crops for maintaining soil fertility.
Cropping.pattern
Barseem-RiceWheat-RiceWheat-RiceWheat.rice.fodder
Wheat-Rice-Wheat
Barseem
Barseem
maize
Frequency
7
2
3
2
8
Percentage 31.82
9.09
13.64
9.09
36.36

Area under rice crop
The survey data shows that the more than 70 % of the farmers were growing rice on less than 3.5 acres. Only 9.09 %
farmers were growing rice on an area of 3.5 acres. Just 4.55% farmers had area of 5 acres under cultivation of rice
crop. Mostly farmers were growing rice crop on one acre. The low area under rice crop might be due to the high water
demand of the rice crop. Growing of rice on less area is an indication that farmers are not growing the rice crop on
commercial basis. The less use of inputs especially herbicide may have resulted in development of herbicide resistant
in E. colonum. The area under rice crop cultivation is normally small because farmers have small land holdings in
district Faisalabad. The small area under rice crop was due to scarcity of water because mostly farmers depend only
canal water because under-ground water is saline and not suitable for irrigation. Farmers were not growing rice crop
on commercial basis therefore farmers did not apply appropriate inputs. Due to small land holdings farmers were not
using modern agriculture practices and mostly farmers had low yield of crops. For increasing the yield of crops farmers
should use the modern cultural practices.
Area Under Rice crop of indiviual farmer in Faisalabad
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Area.rice
1 acr
Frequency
Percentage

1.5 acr

2 acr

3 acr

3.5 acr

4 acr

4.5 acr

5 acr

5

2

4

5

2

2

1

1

22.73

9.09

18.18

22.73

9.09

9.09

4.55

4.55

Herbicide used
In this cropping system mostly nominee have high frequency (10) as
compared to pretty herb 1, satum granular 1, enzen2, top star 3 and
win staw 5. More percentage was observed in nominee 45.45 %.
Mostly farmer using nominee which is about 45.45% as compared to
pretty herb 4.55%, satum granular 4.55%, enzen 9.09%, top star
13.64% and win staw 22.73%. Nominee have greater ability to affect
weeds germination, growth and development as compared to pretty
herb, satum granular, enzen, top star and win staw. As the Nominee
gave the effective control of grassy weeds it was preferred by the
farmers. Due to the repeated use of this herbicide, some biotypes of
E. colonum has been evolved which can tolerate the application of
bispyribac sodium. As the farmers are using this herbicide year after
year, the tolerant biotypes established themselves resulting in problem of herbicide resistance. In resistant biotypes
phytotoxic effect of herbicide was low as compare to susceptible.There were different reasons due to which weed
plants became resistant against herbicide. Herbicide resistance was developed due to use of imbalance dose
herbicide, inappropriate time of application and lack of skill.
Herbicides used in rice crop for weed control in Faisalabad

Herbicide
Erizen

Nominee

Pretty herb Saturn Granular Top Star

Winstaw

Frequency

2

10

1

1

3

5

Percentage

9.09

45.45

4.55

4.55

13.64

22.73
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Problematic weeds
During the survey the farmers were asked about the most problematic weed of rice crop. More than 70% of the
surveyed farmers reported swanki (E. colonum) as the problematic weed as compared to deela and daryai booti both
are similar 4.55%. The probable reason for reporting it as problematic weed might be failure to control this weed with
the herbicide they were using for last few years. The failure to control may be due to use of lower herbicide dose or
development of resistance against that particular herbicide. The herbicide bispyribac sodium gave good control of E.
colonum but repeated use of the same herbicide had resulted in development of herbicide resistance. The most
problematic weed was swanki as compare to the other weeds deela and daryai booti which showed that swanki has
more resistance than others. Mostly herbicides showed less phytotoxic effect for swanki as compare to other weeds.
Problematic weeds of rice crop
Problematic.weeds
Daryi Boot

Deela

No

Swanki

Swanki; Deela

Frequency

1

1

3

16

1

Percentage

4.55

4.55

13.64

72.73

4.55
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Problem in herbicide efficacy
During the survey the farmers were asked about the usage of different herbicides and their efficiency. Mostly farmers
reported that herbicides had less phyto-toxic effect for weeds plants. But there was different reasons i.e improper
time of herbicide application imbalance use of herbicide and lack of herbicide application skill which reduced the
herbicide toxicity. The main reason reported behind the less herbicide efficacy was the improper time of herbicide
application 36.36% and imbalance use of herbicides 18.18%. Less herbicide efficacy was the most emerging problem
which was faced by the most of the farmers and it leads the development of resistance in weeds plants. Mostly weeds
are controlled at early growth stage because at early growth stage plant is not physically stronger than later stages.
Due to use of low herbicide dose herbicide showed less phytotoxic effect for weeds plant and weeds plant became
internally strong against herbicide. Herbicide efficacy was also reduced due to continuous use of same herbicide and
weeds plants developed resistance against those chemical and now higher dose of that herbicide was required to kill
the weeds plants. For maintaining herbicide efficacy farmers should apply the recommended dose of herbicide and
should use the alternate herbicide for controlling weed.
Problems in herbicide efficacy
Problem.herbicide
imbalance dose
Frequency
Percentage

improper time of application

Lack of skills

No problem

Not Known

4

8

2

3

5

18.18

36.36

9.09

13.64

22.73

Dominant weeds of rice crop
Interpretation
This shows that there is a more problem of
swanki(Echinochloa colonum) weed. (Echinochloa
colonum) weeds is dominant in field as compared to
daryaibooti (Eclipta prostate L.), deela (Cyperus
rotundus L.), dhidhan and lumb grass. More frequency
was observed of swanki weeds. More density of swanki
weeds shows that it has high resistance against
herbicides. Effect of herbicide on (Echinochloa colonum)
weeds is less as compared to daryai booti and deela.
According to an observation, frequency 12 was recorded
in case of swanki weeds as compared to daryaibooti 3
and deela 3. The highest weed dominance percentage
was observed in (Echinochloa colonum) 54.55% as
compared to (Eclipta prostate L.) 13.64%. Echinochloa
colonum showed the highest dominance than Cyperus rotundus and Eclipta prostate. In most of rice field the growth
of Echinochloa colonum plants was healthier than other weeds because herbicides had less phytotoxicity than other
weeds. The dominancy of weed population directly relate with weed plants population, vigour of weed plants and
growth of weeds plants etc.Survey of different rice fields showed the highest dominance of Echinochloa colonum
because it became resistant against bispyribac sodium. The graphical representation showed the highest dominance
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of Echinochloa colonum weeds in most of the rice fields which predict that Echinochloa colonum was the most yield
limiting weed of rice.
Dominant weeds of rice crop
Dominant.field
Daryi Boot
Frequency
Percentage

Deela

Dhidhan

Lumb Grass

Swanki

3

3

3

1

12

13.64

13.64

13.64

4.55

54.55

Other problems
Interpretation
During field survey farmers reported different problems.
The statistical data show that the maximum frequency
reported the problem of water scarcity. The statistical
data show that frequency of water shortage problem is
11 that is higher than fertilizer problem that is 1.The
frequency of high cost of fertilizers and unavailability of
quality seed is 2. Graphically representation show that
50% farmers were facing the problem of water shortage.
The percentage of water shortage problem is higher than
fertilizer unavailability problem that is just 4.55%. The
unavailability of quality seed problem was faced by 9.09%
farmers which leads to water shortage. All these
problems directly affect the yield of crop. The water shortage was the key limiting factor of rice crop growth which
affected the yield of rice crop. Some farmers were also facing the high price of inputs like fertilizer, herbicides etc. Due
to high prices of inputs per acre cost production of rice was very high but the market price of rice was lower as compare
to the cost of production. So, the farmers were facing the financial crises. Some farmers were continuously growing
rice crop in same field in each year due to which the soil fertility level was decreased and per acre yield had been
decreased. For maximizing the per acre yield of rice crop farmers were using the high rates of fertilizers which was
resulted in high cost production of rice crop.
Other problems
other.problem
Fertilizer
unavailability
Frequency
Percentage
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High cost of
fertilizer

High Cost

High cost of
Herbicide

High input Low market
prices
value of rice

Problem
weed
control

Unavailability
of quality seed

Water
Shortage

1

2

2

1

1

1

1

2

11

4.55

9.09

9.09

4.55

4.55

4.55

4.55

9.09

50

© 2019 RnD Journals. All Rights Reserved. www.rndjournals.com| OPEN ACCESS
Mushtaq et al., 2019 The. Int. J. Biol. Res. 2019

CONCLUSION:
It was concluded that different accession has various
response at different doses. Increase in herbicide doses
reduces the actual biomass, increase the injury percentage
and mortality percentage. It has been concluded that ECFS-4
and ECFS-7 has significant result, show less injury rate, less
mortality percentage and high biomass as compared to ECFSSS which show maximum injury rate, maximum mortality
percentage and less biomass.
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