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Alternatives to herbicide use in penoxsulam-resistant barnyardgrass
management in paddy fields
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ABSTRACT: Barnyardgrass is the most important weed and cause serious yield losses up to 80% in paddy fields.
Farmers have observed that barnyardgrass cannot be successfully controlled by ALS-inhibitor herbicides. This study
was established in representative rice growing areas at Lat Lum Kaeo District, Pathum Thani with the objective of
illumination whether barnyardgrass populations developed resistance to ALS-inhibitors, penoxsulam. Barnyardgrass
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seeds were collected from farmer’s fields to determine the physiological response to penoxsulam under greenhouse
condition. The experimental design was a split plot in completely randomized design (CRD) with four replications
having six penoxsulam dose rates as main plot (0, 7.03, 14.06, 28.12, 56.24 and 112.48 ¢ a.i./ha), and the sub plot
was barnyardgrass of susceptible and resistant biotype. The experiment was treated with herbicides at 12 days after
sowing (DAS). The susceptible and resistant biotype were examined on /5, base on visual injury and GRs, base on
plant height and fresh weight. The resistance level of barnyardgrass was 18.08-84.87 fold higher than susceptible
biotype. Then, the cross-resistant of penoxsulam-resistant barnyardgrass to ALS-inhibitors was determined. The
experiment was conducted using CRD with four replications. The result presented that penoxsulam-resistant
barnyardgrass was not controlled at the labeled rate of bispyribac-sodium, pyribenzoxim and triafamone.
Additionally, multiple-resistance of penoxsulam-resistant barnyardgrass was defined across mode of action of
herbicides. The alternative herbicides used to control penoxsulam-resistant barnyardgrass were controlled by
profoxydim (Inhibitors of ACCase), propanil (Inhibitors of photosynthesis at PS II) and florpyrauxifen-benzyl (synthetic
auxins) at the labelled rate. This suggested that farmers should rotate herbicides with difference of site of action
and reduce the probability of penoxsulam-resistant barnyardgrass.

Keywords: ALS-Inhibitors; cross-resistance; multiple-resistance; penoxsulam; Echinochloa crus-galli (L.) Beauv.
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Table 1 Cross-resistance herbicide treatments used during the experiment.

Herbicide a.i. (%) Dosage (g a.i/ ha) Chemical family (group)  Application timing (DAS)
1. Control - - - -
2. penoxsulam 2.5% OD 14.06 Triazolopyrimidine 7-12
3. bispyribac-sodium 10% SC 25.00 Pyrimidinylthio-benzoate 12-15
4. pyribenzoxim 5% EC 31.25 Pyrimidinylthio-benzoate 9-12
5. triafamone 20% SC 62.50 Sulfonanilide 12-15

a.. (%) = percent active ingredient, g a.i/ ha = grams active ingredient per hectare (1 ha = 6.25 rai),

DAS = days after sowing, EC = emulsifiable concentrate, OD = oil dispersion, and SC = suspension concentrate
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Table 2 Multiple-resistance herbicide treatments used during the experiment.

Herbicide Site of action a.i. (%) Dosage (g a.i./ ha) Application timing (DAS)

1. Control - - - -

2. penoxsulam ALS Inhibitors 2.5% OD 14.06 7-12
3. metamifop ACCase Inhibitors 10% EC 100.00 10-12
4. profoxydim ACCase Inhibitors 7.5% EC 121.88 12-15
5. propanil PS Il Inhibitors 36% EC 2250.00 12-15
6. quinclorac Synthetic auxins 25% SC 750.00 10-12
7. florpyrauxifen-benzyl  Synthetic auxins 2.5% EC 25.00 10-14

a.. (%) = percent active ingredient, g a.i./ ha = grams active ingredient per hectare (1 ha = 6.25 rai)

DAS = days after sowing, EC = emulsifiable concentrate, OD = oil dispersion, and SC = suspension concentrate
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Table 3 Resistance levels of penoxsulam in barnyardgrass populations at Lat Lum Kaeo District, Pathum Thani.

Barnyardgrass Visual injury (/sp) Plant height (GRs,) Fresh weight (GRs,)
biotype 14 DAA 21 DAA 21 DAA 30 DAA 21 DAA 30 DAA
S-biotype 4.22 4.32 8.12 8.22 8.54 8.16
R-biotype 210.64 253.17 436.29 477.30 551.81 692.53
Resistance index 49.91 58.60 53.73 58.07 64.61 84.87

Iso = The herbicides rate required to cause 50% injury
GRsy = The herbicides rate to reduce plant growth by 50% relative to untreated control
Resistance index = /5, value of resistant biotype/ /s, value of susceptible biotype or

= GR5, value of resistant biotype/ GRs, value of susceptible biotype
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Table 4 Cross-resistance of penoxsulam barnyardgrass resistant to the other chemical family of ALS-inhibitors.

Herbicide Dose Visual injury (%) Plant height (cm) Fresh weight (g)

(g a.i/ha) 7 DAA 14 DAA 21 DAA 21 DAA 30 DAA 21 DAA 30 DAA
1. Control 0 00b 0.0c 0.0c 74.6 a 818 a 58.1a 69.8 a
2. penoxsulam 14.06 00b 250b 325b 626 b 719b 526 ¢ 62.1b
3. bispyribac-sodium 31.25 175 a 35.0 a 40.0 ab 60.4 c 69.0 c 51.5d 62.2b
4. pyribenzoxim 31.25 175 a 325 ab 45.0 a 59.8 c 69.0 c 52.0 cd 61.0c
5. triafamone 62.50 00b 30.0 ab 450 a 60.5 c 69.8 ¢ 536b 60.1 c
F-test *x e *x *x e o *x
CV. (%) 45.1 17.4 17.3 0.7 0.7 0.6 0.7

Means followed by different letters within a column are significantly different (LSD), and ** significantly different at P <0.01

Table 5 Multiple-resistance of penoxsulam barnyardgrass resistant to the other herbicides mode of action.

Herbicide Dose Visual injury (%) Plant height (cm) Fresh weight (g)
(gai/ha) 7 DAA 14 DAA 21 DAA 21 DAA 30 DAA 21 DAA 30 DAA
1. Control 0 00e 00e 00d 75.8 a 84.7 a 61.2 a 68.2 a
2. penoxsulam 14.06 0.0e 35.0d 375c¢ 65.0 c 74.0b 56.1Db 63.8 b
3. metamifop 100.00 25.0d 45.0 c 50.0 b 62.1d 71.0d 554 Db 63.0 b
4. profoxydim 121.88 45.0 c 85.0b 97.5a 0.0e 0.0e 0.0d 0.0c
5. propanil 2250.00 65.0 b 100.0 a 100.0 a 00e 0.0e 0.0d 0.0c
6. quinclorac 750.00 25.0d 45.0 c 50.0 b 66.1 b 720 ¢c 55.1c¢ 63.2 b
7. florpyrauxifen-benzyl 25.00 82.5a 100.0 a 100.0 a 00e 00e 0.0d 0.0c
Ftest *% o *% *% o "% *%
CV. (%) 13.7 7.4 4.3 0.9 0.8 1.0 1.2

Means followed by different letters within a column are significantly different (LSD), and ** significantly different at P <0.01



unnwms 50 atiufl 3: 760-771 (2565)./doi:10.14456/kaj.2022.66. 770

G

msfnwmadennisidansidatefivlunisianisandnundiuniuans penoxsulam Tuwde WeRinnsannis
novALeINIETTINewema 1 unlulelndiunuansuazlulelndgouneiifineans penoxsulam a7 Iy, 033U
Ay uag GRy, MnWeiifuianugauazthmiings wut vghdnunlulelnddumuansiiediaufumuasgs
nlulelndeeunennniia 49.91-84.87 wi Tnedivghdunlulelnddumuasesiaanudumudnaludans bispyribac-
sodium, pyribenzoxim wag triafamone yinlviuszansnmlunsatuaumeriiunluletndduniuans penoxsulam anas
ag9lsfinny wedunlulelnddunuashifaanudiuaisnaienguludaans profoxydim (@shudansiaues
roulwsl ACCase), propanil (137 §udanszurunsdaaseidaonas lussuunas Il was florpyrauxifen-benzyl (@137
anautiindesesluuiiy) sanunsadentd war/vioadunyudsumsldasiiateiiviidnalnnsvianeiefiuandretuil

dwmsuauaung 19 1unlulolnddiuniuans penoxsulam b tiedanldlunisavaunardesiunisunssesuinves

Uszannsngdnunsuniuasnguginisintenuvsaeulesl ALS Tuundnmlaegrsivssdnsnmnsly

LONA1991989

25381 uedllaf, Usway 1onfu uaz garss etduauud. 2560. Hufidssensssuinvemdhinuniinalnaufuniuse
a13ndnTeN vl uu multiple resistance Tuun917. W, 2007-2019. Tu: s18991uNaUITeUTEaT 2560. d11in3dy
WAIUINITBIINVINY NINIVINITNYAS.

F51 weuiing, Iudes vag uag NANA WINTUL. 2560. NE AT (Ischaemum rugosum Salisb.) dumusieansdalniuue-
Tdeslutmumiuthe. u. 933-946. lu: msdszainniseninufisuiend asa 13 o Tsusudedug 1.0%:.

aentiurt WnSadad, qana dunnniiuni, Suilos vusy uas nawa wewsun. 2558, msAnwnghiundunuasTalnIuue-
Tdesluuminuding. . 116-117. Tu: msdssinnisensnufiouisnd ade 12. o Tsausundn loduaus
059 2.1T09378.

Burrill, L.C., J. Cardenas, and E. Locatelli. 1976. Field manual for weed control research. International Plant Protection
Center, Oregon State University, Corvallis.

Caton, B.P., M. Mortimer, and J.E. Hill. 2004. A Practical Field Guide to Weed of Rice in Asia. International Rice
Research Institute, Los Banos, Laguna, Philippines.

Development Core Team. 2014. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0. Available: http://www.R-project.org. Accessed Feb. 21, 2014.

El-Naddy, M.F., AM. Hamza, and A.S. Derbalah. 2012. Echinochloa colona resistance to bispyribac-sodium in Egypt-
Occurrence and identification. Journal of Plant Protection Research. 1(1): 139-145.

Fischer, AJ., C.M. Ateh, D.E. Bayer, and J.E. Hill. 2000. Herbicide-resistant Echinochloa oryzoides and E. phyllopogon
in California Oryza sativa Fields. Weed Science. 48(2): 225-230.

Guodji, C., Q. Wang, Z. Yao, L. Zhu, and L. Dong. 2016. Penoxsulam-resistant barnyardgrass (Echinochloa crus-galli) in
rice fields in China. Weed Biology and Management. 16(1): 16-23.

Heap, I., and I.N. Morrison. 1996. Resistance to aryloxyphenoxypropionate and cyclohexanedione herbicides in green
foxtail (Setaria viridlis). Weed Science. 44(1): 25-30.

Heap, I. 2022. International survey of herbicide resistant weeds. Available: http://www.weedscience.org. Accessed

Jan. 9, 2022.



KHON KAEN AGRICULTURE JOURNAL 50 (3): 760-771 (2022)./d0i:10.14456/kaj.2022.66. 771

loannis, V., K. Dhima, and T. Gitsopoulos. 2018. Management of penoxsulam- and bispyribac-resistant late watergrass
(Echinochloa phyllopogon) biotypes and rice sedge (Cyperus difformis) in rice. Chilean Journal of Agricultural
Research. 78(2): 276-286.

Maneechote, C., S. Samanwong, X.Q. Zang, and S.B. Powels. 2005. Resistance to ACCase-inhibiting herbicides in
population of sprangletop (Leptochloa chinensis L. Nees) in Thailand. Weed Science. 53(3): 290-295.

Panozzo, S., L. Scarabel, P.L. Tranel, and M. Sattin. 2013. Target-site resistance to ALS inhibitors in the polyploid
species Echinochloa crus-galli. Pesticide Biochemistry and Physiology. 105(2): 93-101.

Peng, Q., H. Heping, Y. Xia., B. Lianyang, Y. Qin, and S.B. Powles. 2019. Quinclorac resistance in Echinochloa crus-galli
from China. Science Direct. Available: http://www.sciencedirect.com. Accessed Jan. 18, 2021.

Phinyosak, R., and T. Pornprom. 2017. Resistance of Fimbristylis miliacea (L.) Vahl populations to acetolactate
synthase-inhibiting herbicides. /In: Proceeding of the 26th Asian-Pacific Weed Science Society Conference 19-
22 September 2017, at Kyoto Research Park, Kyoto, Japan.

Pornprom, T., P. Mahatamnuchoke, and K. Usui. 2006. The role of altered acetyl-CoA carboxylase conferring
resistance to fenoxaprop in Chinese sprangletop (Leptochloa chinensis L. Nees.). Pest Management Science.
62(11): 1109-1115.

Riar, D.S., J.K. Norsworthy, V. Srivastava, V. Nandula, J.A. Bond, and R.C. Scott. 2013. Physiological and molecular
basis of acetolactate synthase-inhibiting herbicide resistance in barnyardgrass (Echinochloa crus-galli.
Journal of Agricultural and Food Chemistry. 61(2): 278-289.

Sakuma, M. 1998. Probit analysis of preference data. Applied Entomology and Zoology. 33(3): 339-347.

Sripeangchan, M., L. Duy, T. Pornprom, M. Morell and S. Byron. 2019. Rinskor™ Active controls ALS-Resistant
Echinochloa crus-galli (L.) in Direct Seeded Rice in Thailand. /n: Proceeding of the 27" Asian- Pacific Weed
Science Society Conference 3-6 September 2019, at Kuching, Sarawak, Malaysia.

Valverde, B.E., C.R. Riches, and J.C. Caseley. 2000. Prevention and Management of Herbicide Resistant Weeds in Rice:

Experience from Central America with Echinochloa colona. CATIC, Turrialba, Costa Rica.



