Py
SABRAO Journal of Breeding and Genetics ,/'sk'}}%

56 (5) 2136-2142, 2024 @) s camio
| B2 CISEARCA

http://doi.org/10.54910/sabrao2024.56.5.36 W ay &

http://sabraojournal.org/ Q__,//

pISSN 1029-7073; eISSN 2224-8978

WEED CONTROL IN BARLEY (HORDEUM VULGARE) VIA HERBICIDES THAT INHIBIT
ALS AND ACCASE WITH INCREASED SEEDING RATE

B.K.H. AL-GBURI'*, N.R. LAHMOD?, S.H. AL-THABHAWTI?, and S.A.K. AL-FALLOOJI!

!Department of Plant Protection, Faculty of Agriculture, University of Kufa, Najaf, Iraq
2Department of Field Crop Science, College of Agriculture, University of Wasit, Al-Kut, Wasit, Iraq
“Corresponding author’s email: bashark.algbori@uokufa.edu.iq
Email addresses of co-authors: nraheem@uowasit.edu.iq, salehh.althabhawi@uokufa.edu.iq,
sabaa.alfallooji@uokufa.edu.iq

SUMMARY

Broad- and narrow-leafed weeds are one of the main challenges that hinder the barley (Hordeum
vulgare L.) production expansion due to their competitiveness. The latest study aimed to use different
methods that have a perpetual effect on weeds in barley fields. A field experiment on barley ensued
during crop seasons 2021-2022 and 2022-2023 in the north of Najaf Province, Iraq. Eight
combinations and two treatments of the experiment (manual weed control, herbicides, and seeding
rate) progressed using a randomized complete block design with 10 replications. Results showed
significant differences between treatments and combinations. Saracen, Axial, and weed-free, with a
seeding rate of 160 kg ha™!, provided the lowest weed density and the highest weed control efficiency
compared with the control (120 kg ha™). The use of Saracen, Axial, and weed-free, with a seeding
rate of 160 kg ha™!, showed the utmost weed control. Based on HPLC analysis of Saracen and Axial
residues, the active substances Florasulam and Pinoxaden appeared to be less than the detected level
in the grains and straw of barley, which confirms their safety for human and animal consumption.
Using herbicides that inhibit acetolactate synthase (ALS) and Acetyl coenzyme-A carboxylase
(ACCase), combined with increasing seeding rate, boosts efficient weed control in barley fields.
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Key findings: Herbicide use that inhibits the biosynthesis of amino and fatty acids with increasing
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INTRODUCTION

Weeds are one of the chief challenges facing
farmers in barley (Hordeum vulgare L.)
cultivation in Iraq, as their adverse effects on
crop yield characteristics increase competition
for water, nutrients, or spatial requirements.
The substances secreted from weeds, such as
allelochemicals, may cause severe disturbance
in root growth, emerging crops’ seedling drop,
cell cycle, and oxidative activity disruptions
(Abbas et al., 2018; Makenova et al., 2023).
Weeds also acquire the status of secondary
host for many fungal and bacterial pathogens
in addition to insects, as previous studies
mentioned that crop losses occurred due to
weeds and their combined causes (Kanatas et
al., 2020).

The dominant weed families affecting
barley crops are Poaceae, Brassicaceae,
Cyperaceae, and Fabaceae. However, previous
studies mentioned up to 50% of losses resulted
in weeds spread based on different factors,
including weed types, their density, emergence

timing, barley density, variety, soil, and
environmental factors (Wo  zniak, 2020).
Previous reports also stated that the

percentage of weed damage on barley crops in
the Babylon Province reached 13%, the highest
level of damage recorded in the province in
2022 (CSO, 2022). One of the crucial reasons
for weed control failure is the dormancy of
seeds for long periods and the excessive use of
traditional herbicides, repeated for many
years. It led to immunity to these herbicides by
many types of weeds carrying new
environmental and genetic models that make
them more tolerant to chemical herbicides’
deadly actions (Naeem et al., 2021).

An urgent need to search for
economically feasible and environmentally
stable alternative methods surfaced that would
be ideal in combat the weeds, especially with
the emergence of resistance to herbicides by
weeds to follow the specialized management
method for herbicides with a systemic lethal
effect for reducing weeds’ harmful effects
(Chaudhary et al., 2022).

Multiple techniques have risen in the
effective chemical compound manufacture to
combat weeds and efficiently discourage
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physiological processes in weeds. Meanwhile,

other applicable agricultural methods
continued, such as early barley sowing, crop
rotation, seeds-free of weeds, irrigation

scheduling, competitive varieties, mechanical
control, rotation of selective herbicides use,
detection of the emergence of biological
differences for weed species, and tillage
methods (Meena et al., 2021; Al-Gburi and Al-
Gburi, 2023 ). Thus, the relevant study aimed
to evaluate the efficiency of using different
approaches with lethal effects on weeds
associated with barley crops and detect the
herbicide residues in soil and yield.

MATERIALS AND METHODS
Experimental site and procedure

A field experiment ensued during the crop
seasons of 2021-2022 and 2022-2023 in the
north of Najaf Province, Iraq, with the study
site determined by GPS at E° 44.39 and N°
32.30 (Figure 1). The barley cultivar Furat-19
was the best option due to its good
germination and adaptation to diverse
climates. It is also a registered and accredited
cultivar by the Iraqi Ministry of Agriculture. The
seeds’ mixture with Top Raxil 060 FS pesticide
protected them from fungal and bacterial
pathogens. The experiment site comprised two
fields, F1 and F2, after tillage, and each field
contained eight combinations and two
treatments with 10 experimental units (80
experimental units). The single experimental
unit is about 1 m?, with the two fields
separated by a watering channel, planting field
F1 with 120 kg ha™ and field F2 with 160 kg
ha. Applying (NH4;) 2HPO, (DAP) fertilizer to
the soil before planting had 240 kg ha™
average. After the growth of barley plants,
urea fertilizer addition was regular at an
average of 100 kg ha® and irrigated the fields
when needed.

Identification of weeds in barley crop
Weeds (Poaceae, Brassicaceae, and Fabaceae)

identification proceeded phenotypically
according to the diagnostic key (Chakravarty,



Al-Gburi et al. (2024)

1976; Barkley, 2004; Shouliang et al., 2006;
Zheng-Yi et al., 2010).

Treatments and experiment design

The experiment engaged chemical factors
(herbicides), with factors distributed on F1 and
F2 fields. The factors are: 1. Control (spraying
with water only), 2. Saracen (spraying Saracen
herbicide, the active substance is Florasulam
5% SC with the average use of 60 ml ha?! and
applied after the emergence of two leaves until
the second knot of barley stem), 3. Axial
(spraying Axial XL herbicide, the active
substance is Pinoxaden 5% EC, using an
average of 6 L ha! and applied after the
emergence of two leaves until the second knot
of barley stem), 4. Weed-free (comprised of
removing weeds manually from the beginning
of the experiment until the harvest), and 5.
Tween - 0.01% (the Tween mixed with the
herbicides at an average of 40 ml ha', serving
as a diffuser). The randomized complete block
design (RCBD) experiment arrangement
included 10 replicates for each of the eight
combinations, and the total experimental units
were 80 in both fields, F1 and F2.

Specific indicators of control

The weed density (weed/1m?) calculation
included a square with a 1-m2 area using the
EM-CDTMR visual program, with the numerical
density of weeds estimated for each
experimental unit according to the method of
Meena et al. (2021). The percentage of weed
control efficiency in each experimental unit
also followed the technique of Meena et al.
(2021). The collected indicators in fields 1 and
2 came from the physiological maturity stage
of the crop at the beginning of the emergence
of spikes and yellowing of leaves. Analysis of
herbicide residues in treatments on barley
crops ensued. Random samples of barley yield
and soil taken from the experimental units of
Saracen and Axial treatments reached mixing
(Figures 2 and 3). Then, following the
procedure by Zhong et al. (2016) helped
measure the residues of active substances
(Florasulam and Pinoxaden).
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Statistical analysis

Data analysis used ANOVA by the Statistical
Analysis Software SAS/STAT (2018) by the
RCBD (two treatments and eight
combinations). Means comparison employed
the honestly significant difference (H.S.D).
Confirming the findings required one
experiment, but only the second experimental
data was presentable because no significant
differences between each pair of experiments
emerged (P > 0.05) using the t-test.

RESULTS AND DISCUSSION
Weed density and weed control efficiency

The results showed significant differences
between the seeding rate levels with the lowest
weed density average and the highest
percentage of weed control efficiency, resulting
in the 160 kg ha™! seeding rate. It amounted to
19.22 and 78.64, respectively, compared with
24.63 and 72.64 in 120 kg ha' seeding rate
(Tables 1 and 2). Meanwhile, significant
differences between the treatments of
Saracen, Axial, and weed-free with the 160 kg
ha? seeding rate appeared when it gave the
lowest average of weed density at 2.67, 0.0,
and 0.0, respectively, and the highest
percentage of weed control efficiency at 97.03,
100, and 100, respectively, compared with the
control treatment at 120 kg ha™ seeding rate
(90.05 and 0.0). The general mean for weed
density and the percentage of weed control
efficiency were 21.93 and 75.64, respectively.
Many researchers  suggested in
previous studies that using more than one
control method to eliminate weeds obtain
superior control and prevent weeds from
occurring again in the fields (Hashim et al.,
2019; Gyawali et al., 2022). Therefore, the
reason for the efficiency of weed control in
studied treatments refers to the combination of
efficient methods that led to reducing the weed
density and increasing the control proportion,
as each method has its perpetual effectiveness
that differs from the other. The manual
uprooting of weeds from the beginning of
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Table 1. The effect of studied treatments on weed density (weed/m?).

The amount of seeding in the field

Treatments

Mean

120 kg ha 160 kg ha™
Control 90.05+2.746 a 74.24+0.317 b 82.145+1.981 a
Saracen 6.35+0.825d 2.67+0.128 de 4.51+0.639 c
Axial 2.13+0.119 de 0f0e 1.065+0.496 dc
Weed free 0.0+0e 0.0 +0e 0.0 £0d
Mean 24.632+5.528 a 19.227+4.961 b 21.93

Means with different letters = significant differences at P < 0.05.

Table 2. The effect of studied treatments on the percentage of weed control efficiency.

The amount of seeding in the field

Mean

Treatments

120 kg ha 160 kg ha™
Control 0.0 £0 h 17.55+0.425 f 8.775+6.978 f
Saracen 92.94+0.351 d 97.03+0.157 ab 94.985+0.866 d
Axial 97.63+0.307 cb 100+0 a 98.815+0.70 bc
Weed free 1000 a 100+0 a 100+0 a
Mean 72.642+6.419 b 78.645+3.486 a 75.643

Means with different letters = significant differences at P < 0.05.

cultivation and its continuation during the
growth stages by removing the entire living
body of weeds from the field and destroying it
was the reason for preventing the spread of
weeds through sexual reproduction by seeds or
vegetative reproduction by roots (Lodhi et al.,
2015; Navish et al., 2017).

The increase in the barley seed
quantity is directly proportional to the number
of barley plants in the field. Therefore, the rise
in barley plants increased the competition for
the growth requirements with weeds,
negatively affecting weeds not to flower and
spread, which reduced their density in the field
(Singh and Sarlach, 2022). The Saracen
herbicide contains the active substance
Florasulam. It has a selective activity to kill the
weeds as it inhibits the biosynthesis of amino
acids ALS-AHAS, such as Valine, and disrupts
metabolism, causing necrosis of weed tissues
(Mukherjee, 2020). The Axial herbicide
contains the active substance Pinoxaden. It has
a selective activity to kill weeds as it inhibits
the biosynthesis of fatty acids, cytosol, and
plastids, leading to the loss of the integrity of
the cell membrane and the death of weed cells
(Singh et al., 2017).
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Herbicides Saracen and axial residues in
soil and grains

The HPLC analysis provided the active
substances Florasulam and Pinoxaden in the
samples of barley crops at different times. It
indicated that the concentration of these
substances in the entire plant when applied
with herbicide in the field after one day was
296.83 and 88.95 ppm, respectively. After one
month, they amounted to 0.104 and 0.073
ppm, respectively. In the soil samples after
one day, the rates were 365.42 and 115.82
ppm, respectively, and after one month, at
0.528 and 0.364 ppm, respectively (Tables 3
and 4). However, the substance was
undetectable in the plant, seeds, and soil six
months later. The failure to detect Florasulam
and Pinoxaden (after six months) in the soil
allows cultivation without fear of the presence
of its harmful residues on the germination of
crop seeds or its negative impact on beneficial
microorganisms. Similarly, the failure to detect
Florasulam and Pinoxaden (after six months) in
whole plants and seeds confirms their safety
for human and animal consumption after
applying Saracen and Axial herbicides in the
field.
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Table 3. The concentration of Florasulam (ppm) in barley yield.

The time of sample analysis (after herbicide application)

Sample type Herbicide concentration after Herbicide concentration after = Herbicide concentration after six
one day one month months

Whole plant 296.830 ppm 0.104 ppm N.D.

Seeds - - N.D.

Sail 365.420 ppm 0.528 ppm N.D.

*N.D. = not detected.

Table 4. The concentration of Pinoxaden (ppm) in barley yield.

The time of sample analysis (after herbicide application)

Sample type Herbicide concentration Herbicide concentration after Herbicide concentration after six
after one day one month months

Whole plant 88.950 ppm 0.073 ppm N.D.

Seeds - - N.D.

Sail 115.825 ppm 0.364 ppm N.D.

*N.D. = not detected.

Florasulam or Pinoxaden’s existence
implies that the results of the analysis are
similar in the presence of concentrations of
active  substances after the herbicide
application in the field; however, they differed
in the rate of the active substances’
concentration in the soil or the plant after one
day or one month later. A reason may be the
difference in the chemical composition of the
substance effectivity, which is directly
proportional to the metabolic rate in the non-
target barley crops treated with Saracen and
Axial herbicides. In addition, the active
substance Florasulam influences the enzymes
forming amino acids. It is unstable in the soil
and decays due to weather and irrigation, as
its half-life of decomposition is one to four days
(Hada et al., 2021).

Florasulam in the barley plant enters
several stages, linking through hydroxyl in the
aniline ring to nitrogen and then subsequently
coupling with glucose, thus reducing its toxic
action in barley (Mykhalska et al., 2014;
Choudhary et al., 2021). Oloye et al. (2021)
showed that the half-life of the decomposition
of Pinoxaden in the soil is two to three days
under normal conditions, which is consistent
with this study’s HPLC analysis results. The
gradual decline in the concentration of
Pinoxaden in barley plants was because it goes
through several stages of decomposition and
metabolism, followed by the activity of the
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CYP450 gene capable of converting Pinoxaden
into a non-harmful compound in barley crops
(Brosnan et al., 2016; Yanniccari et al., 2020).

CONCLUSIONS

Treatments of Saracen, Axial, and weed-free
with 160 kg ha™ seeding rate gave the lowest
average of weed density and the highest
percentage of weed control efficiency. The
failure to detect Florasulam and Pinoxaden in
the soil allows cultivation without fear of the
presence of its harmful residues on the
germination of crop seeds or its negative
impact on beneficial microorganisms. Likewise,
the failure to detect these active substances in
whole plants and seeds confirms their safety
for human and animal consumption after
applying Saracen and Axial herbicides in the
field.

REFERENCES

Abbas T, Zahir ZA, Naveed M, Kremer RJ (2018).
Limitations of existing weed control
practices necessitate the development of
alternative techniques based on biological
approaches. Adv. Agron. 147: 239-280.

Al-Gburi SAH, Al-Gburi BKH (2023). Improving the
nutritional content of wheat grains by
integrated weeds management strategies



SABRAO J. Breed. Genet.56 (5) 2136-2142. http://doi.org/10.54910/sabrao2024.56.5.36

and spraying with nano-micronutrients J.

Saudi. Soc. Agric. Sci. 23(1): 88-92.

TM (2004). Flora of North America,

Magnoliophyta: Salicaceae to Brassicaceae.

eFloras Home. Vol. 7. Oxford University

Press, USA, pp. 439-441.

JT, Vargas 1], Armel

Breeden GK (2016). Herbicide safeners

increase creeping bentgrass (Agrostis

stolonifera) tolerance to pinoxaden and

affect weed control. Weed. Technol. 30(04):

919-928.

Chakravarty HL (1976). Plant wealth of Iraq (A
dictionary of economic plants). Vol. 1.
Ministry of Agriculture and Agrarian Reform
Press, Iraq, pp. 64-464.

Chaudhary A, Chhokar RS, Singh S (2022).
Integrated weed management in wheat and
barley: Global Perspective. In: P.L.
Kashyap, et al. New Horizons in Wheat and
Barley Research, Springer, Singapore, pp.
545-615.

Choudhary J, Pruthviraj KS, Somdutt SL (2021).
Evaluation of herbicides for control of broad-
leaved weeds in barley (Hordeum vulgare
L.). J. Crop. Weed. 17(1): 217-22.

CSO (2022). Central Organization Statistics Iraq.
https://cosit.gov.iq/ar/agri-stat/agri-other.

Gyawali A, Bhandari R, Budhathoki P, Bhattrai S
(2022). A review on effect of weeds in
wheat (Triticum aestivum L.) and their
management practices. Food. Agri. Econ.
Rev. 2(2): 34-40.

Hada Z, Menchari Y, Rojano-Delgado AM, Torra J
(2021). Point mutations as main resistance
mechanism  together with p450-based
metabolism confer broad resistance to
different  ALS-inhibiting herbicides in
Glebionis coronaria from Tunisia. Front.
Plant. Sci. 12(626702):1-13.

Hashim S, Jan A, Fahad S (2019). Weed
management and herbicide resistant weeds:
A case study from wheat growing areas of
Pakistan. Pak. J. Bot. 51: 1761-1767.

Kanatas PJJ, Travlos ISS, Gazoulis ], Antonopoulos
N, Tsekoura A, Tataridas A, Zannopoulos S

Barkley

Brosnan GR, Elmore MT,

(2020). The combined effects of false
seedbed technique, post-emergence
chemical control and cultivar on weed

management and yield of barley in Greece.
Phytopar. 48:131-143.

Lodhi RD, Prasad LC, Bornare SS, Madakemohekar
AH, Prasad R (2015). Stability analysis of
yield and its component traits of barley
(Hordeum vulgare L.) genotypes in
multienvironment trials in the North-eastern
plains of India. SABRAO J. Breed. Genet.
47(2): 143-159

2141

Makenova M, Nauanova A, Aidarkhanova G,
Ospanova S, Bostubayeva M, Sultangazina
G, Turgut B (2023). Organic and
biofertilizers effects on the rhizosphere
microbiome and spring barley productivity in
Northern Kazakhstan. SABRAO J. Breed.
Genet. 55(3): 972-983.

Meena RS, Chouhan RPS, Sumeriya HK, Kumar R,
Meena BL, Kumawat N (2021). Weed
management effect on weed dynamics,
nutrient depletion and productivity of barley
under northwestern plain zone. Indian J.
Weed. Sci. 53(3): 257-262.

Mukherjee D (2020). Herbicide combinations effect
on weeds and yield of wheat in northeastern
plain. Indian J. Weed. Sci. 52(2): 116-122.

Mykhalska LM, Omelchuk ST, Schwartau VV (2014).
Nitrogen-affected florasulam and pinoxaden
metabolism in winter wheat. Agric. Sci.
Pract. 1(1): 47-52.

Naeem M, Faroog M, Farooq S, Ul-Allah S, Alfarraj S,
Hussain M (2021). The impact of different
crop sequences on weed infestation and
productivity of barley (Hordeum vulgare L.)
under different tillage systems. Crop. Prot.
149(3):105759.
doi:10.1016/j.cropro.2021.105759.

Navish KK, Hooda VS, Gupta G, Sangwan N (2017).
Weed management studies in wheat
(Triticum aestivum L.) with herbicides under
different planting methods. Int. J. Curr.
Microbiol. Appl. Sci. 6(2): 1742-1749.

Oloye FF, Femi-Oloye OP, Challis JK, Jones PD, Giesy
JP (2021). Dissipation, fate, and toxicity of
crop protection chemical safeners in aquatic
environments. In: P. de Voogt (ed.).
Reviews of Environmental Contamination
and Toxicology, Vol. 258. Springer, Cham,
pp. 27-53.

SAS (2018). SAS / STAT "Users' guide for personal
computers. Release 9.45. SAS Institute Inc.,
Cary, NC, USA. https://support.sas.com/
documentation/onlinedoc/stat/indexchapter.
html.

Shouliang C, Phillips SM, Zhengyi W, Raven PH,
Deyuan H (2006). Flora of China, Poaceae.
Vol. 22. Missouri Botanical Garden Press,
China, pp. 140-752.

Singh B, Kumar M, Dhaka AK, Lamba RAS (2017).
Efficacy of pinoxaden alone and in
combination with metsulfuron-methyl and
carfentrazone-ethyl against complex weed
flora in barley (Hordeum vulgare L.). Int. J.
Curr. Microbiol. Appl. Sci. 6(4): 134-143.

Singh H, Sarlach SR (2022). Effect of seeding rate on
growth and vyield of barley (Hordeum
vulgare L.). Pharm. Innov. J. 11(9): 1848-
1852.


https://cosit.gov.iq/ar/agri-stat/agri-other
https://support.sas.com/documentation/onlinedoc/stat/indexchapter.html
https://support.sas.com/documentation/onlinedoc/stat/indexchapter.html
https://support.sas.com/documentation/onlinedoc/stat/indexchapter.html

Al-Gburi et al. (2024)

Wo “zniak A (2020). Effect of various systems of Zheng-Yi W, Raven PH, De-Yuan H (2010). Flora of
tilage on winter barley vyield, weed China, Fabaceae. Vol.10. Missouri Botanical
infestation and soil properties. Appl. Ecol. Garden Press, pp. 658-656.

Environ. Res. 18: 3483-3496. Zhong M, Wang T, Dong B, Hu J (2016). QUEChERS-

Yanniccari M, Gigon R, Larsen A (2020). Cytochrome based study on residue determination and
p450 herbicide metabolism as the main dissipation of three herbicides in corn fields
mechanism of cross-resistance to Accase- using hplc-ms/ms. Toxicol. Environ. Chem.
and ALS-inhibitors in  Lolium spp. 98(2):216-225.

populations from Argentina: A molecular
approach in characterization and detection.
Front. Plant Sci. 11(600301):1-9.

2142



