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Abstract

Barnyardgrass  (Echinochloa  crus-galli), ceylon  sphenoclea
(Sphenoclea zeylanica), jungle rice (Echinochloa colona), red sprangle-top
(Leptochloa chinensis), and sheathed monochoria (Monochoria vaginalis)
are common and most troublesome weeds in rice (Oryza sativa L.) paddy
fields. Application of chemical herbicides is an important strategy for
traditional weed control in crop field. However, the continued use of these
herbicides increases selection pressure which resulted in the evolution of
resistant weeds. This study collects weed accessions which were suspected
resistant to herbicides used in the central and southern Taiwan. A series of
tests to determine seed germination abilities were made after collection of
the seeds propagated from suspected herbicide-resistant weed accessions.
Then, the screening test against the Apiro Forte, a mixture of two acetolactate
synthase (ALS) inhibitors, with different binding sites, and the dose-
response analysis to herbicides with different action mechanisms were also
conducted. Finally, resistance valuation of all accessions of both species, red
sprangle-top and barnyardgrass, including single, cross, and multiple
resistance were confirmed.

According to the results calculated by using a nonlinear regression
analysis based on a log-logistic model, red sprangle-top accession RS(I)-15
showed a single resistance to butachlor. RS(I)-14 showed a multiple
resistance to butachlor and pyriftalid; with a low or moderate resistance to
butachlor, and a moderate or high resistance to pyriftalid. For the barnyard

grass, accession BG(II)-13 showed a single resistance to pyriftalid. BG(II)-8



showed a cross resistance to bensulfuron-methyl, penoxsulam, and
pyriftalid; with a moderate or high resistance to bensulfuron-methyl, and a
high resistance to both penoxsulam and pyriftalid. On the other hand,
multiple resistance was also found in BG(II)-8, with a low resistance to
butachlor, and a high resistance to both oxadiazon and pyriftalid. According
to the descriptions mentioned above, this study reveals that the cross
resistance merely developed in barnyard grass accessions, but the multiple
resistance appeared in both barnyard grass and red sprangle-top accessions,
though with differential extents to herbiceds including butachlor, oxadiazon,
and pyriftalid.

Due to the lacks of researches related to herbicide resistant weed
valuation in Taiwan, this study contributes to the establishment of the
standard operating procedures for determining the types and extent of

herbicide resistance in weeds.
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WV ) ettt 149
Figure 25. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis) accession
at 0 (A) and 28 (B) days after treatment of butachlor. Plants were observed from side
view. Theoretical concentration of butachlor applied in paddy water based on the
application rate recommended by Sinon Co. was 4.840 ppm (W/V)......ccccevvennne 160
Figure 26. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli) accession
at 0 (A) and 28 (B) days after treatment of butachlor. Plants were observed from side
view. Theoretical concentration of butachlor applied in paddy water based on the
application rate recommended by Sinon Co. was 4.840 ppm (W/V).......ccccervenne 171
Figure 27. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis) accession
at 0 (A) and 28 (B) days after treatment of oxadiazon. Plants were observed from
side view. Theoretical concentration of butachlor applied in paddy water based on

the application rate recommended by Chia Tai enterprise CO. was 2.145 ppm (W/v).

Figure 28. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli) accession
at 0 (A) and 28 (B) days after treatment of oxadiazon. Plants were observed from
side view. Theoretical concentration of oxadiazon applied in paddy water based on

the application rate recommended by Chia Tai enterprise CO. was 2.145 ppm (w/v).

Figure 29. Comparison of dose-response of 3-4 leaf red sprangle-top (Leptochloa
chinensis) accession seedlings to bensulfuron-methyl, penoxsulam, and pyriftalid
under treatment with 10, 100, and 1,000 folds of the recommended dosage. Data of
injury index (A) and survival rate (B) were collected according to three independent
4 01114 1<) 1 LSRR 214

Figure 30. Comparison of dose-response of 3-4 leaf barnyard grass (Echinochloa crus-
galli) accession seedlings to bensulfuron-methyl, penoxsulam, and pyriftalid under
the treatment with 10, 100, and 1,000 folds of the recommended dosage. Data of
injury index (A) and survival rate (B) were collected according to three independent

4 01110 1S) 1 LTS U RS TR 226
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K #&(OryzasativaL) 3 S L& doga FF A8 B e £ 952278

M E o AR XA 156 § oeE(ket ) A BB T 367 (il £ 4
BEREI0ERIFTR) Pafed A L4 8o Lk s BLE
o2 ARG TR R R ke e KRR R ERY ¥ g S
HRFF T A i o a2 EEL 247 R fEEE
(Ahmed et al., 2020) > @ + & 3 (Leptochloa chinensis, red sprangle-top) ~
# ¥ (Echinochloa crus-galli, barnyard grass) ~ = #&(Echinochloa colona,
jungle rice) ~ & ¢ (Sphenoclea zeylanica, ceylon sphenoclea) 2 *§ = 3~
(Monochoria vaginalis, sheathed monochoria)#t 7. 5 f-kf&e # ¥ L ¥ ¥t
VURE e ende R 0 B B oRASERE T ¢ B F 'E IR A5 A § (Mercado et al.,
1990; Bajwa et al., 2015; Peerzada et al., 2016; Yu et al., 2017; Widianto et
al.,2022)° - S BHR E PR L & 2 NS5 R EH RAEF S
3% 2_ i R R 4 (selection pressure) F > iR Brig Fe % B A4 R
M o

o % Wied & ¢ (Weed Science Society of America, WSSA) ] %%
Fep EAdii e £ AR 2 0 & 1970 & 5 M+ Lk (Senecio
vulgaris L) % - B¥ = § 12 k551 & $~ (triazines) & 3 fuldonge 3 &
22022 F > 2R R IESIZI PR @ 35267 BESF E 5P (dicots)

% 246 B H &+ ¥ 45 47 (monocots) o kLt I 2021 & > ¥ fRipL & = pe



(acetolactate synthase, ALS)#r#|# & 2 Fuptz e fofa+ 5 170 B ; %
% & 5Ll (photosystem II)#r 41 ",f PR AL e AR LG 87
B 5 % S-U AR AR AL E O pL-3-BEL B & = e (S-enoyl-pyruvyl shikimate
3-phosphate synthase)fr#|#| & 4 Fultz e ¥ H R = 5 56 i (Heap,
2022) ¢ & Fr £ ML FAFALRY 0 3 WAL 2HMSE 2
43 S S AT 4 (Délyeetal,2013) 0 2%~ BT H R 23R (v TR A
i# 34% (Oerke, 2006) > @ f % B » = EFpi g = (TR A2 4 < 4
264 & # ~(Pimentel et al., 2000) °

CEERTS L AR FE R G R s Y 0 2 (S
A2 %”ﬂ“ﬁ% FAE G 2 2 A *q%@]w“f AT T
(International herbicide-resistant weed database)4F %> ~ /% 5% L A& 1980 &
B I ¥ & (Conyza sumatrensis)¥t = £ Y| (paraquat) & 7 $ofd » 2 18 &
2002 & > B E4 T ¥ ¥ £ % (glyphosate) £ 7 Fuit(Yuan et al.,
2002) e @ % 2017 & » % B2 55 3 (Eleusine indica) ¥ 7%%'@ Fe RIS
S-#& #% fi= (glutathione S-transferase)z. i 145 % 1'% f2 ACCasedr 4| F| K &

i (fluazifop) » # 2 S X ¥R F 4 &4 22p £ =% Fub(Lin et al,, 2017;

Wang et al., 2017) - 7 &> 5 ,%}Jf"/f AT Y TR 0 AL %
2 % Al FUE 2 AR > T AL 25 WSSAZ i fe i 1 & o ©

27 4 1t 1% (Syngenta) B L &S b & 17 > K3 “,ﬁ% BB LR ST AR 0 @ (S

FRE ARV kS AR TR SR T



4

¥ ZF > WAFY
- "$ PV el R

£ "f ¥ F it 2 X 4 (International survey of herbicide-
resistant weeds, http://www.weedscience.org) i =k ¢ > f W Pk el
P fAode B A EE Y T o ip 4 5 A (resistant biotype) ¥ M4 i ¥
BT kT A FAIE BN E - BRAY 2 BRYS
B e L IORIE R RS 2 18 B it R ¥ (population) #- § 3 4 -

3‘7&&&;’% %ﬁéxxn/fj:f;}‘{ﬂ]%@?—r ,_ﬁa»ﬁ_%éﬁ\‘)f;%é

N

M A NRR B EREBRE L G RA R

FEH G R A B RS B AR AL A R e Y

% WSSA>T 1998 # % & 2 7 % 4| ufL (herbicide resistance) » 4
SR EFEER AR L T AILE o B ET JRn G HERE 5
74 A (wild type)fetk » @ %P i G A B R Ao R TE L R
BAFA P  AE 2 T TS SR R R A A2 2

Pl Tk g s SRR B P e R &g



d BRI R 2 o % (mutagenesis) ¥ > V¥ R B A8 (variants) ¢ £ (2
2021) °
3EE 2 "$ A Fw A o H - s (single resistance) ~ 2 ® Fufd
(crossresistance) % % & Fui(multiple resistance) = # fA5E(WSSA) - H -
Fulbfhdp - fe 3 2 53 W - SIS G Sl 2R Fuk g - e
R R AR SRR S (RN RN TR
Epautto Lz it e dp - ReX A B3 1A R iEH
L HARR T R G e o S £ AU A 4 2 BT &AL
v EAFE H - ﬁ"*—*":'? 2180 AFE R ",’T‘ FHE - 2 A 2

sl £AF* ¥ - ﬁélﬂ?lfq’ft&% fﬁ’?‘?']";éﬂf"fé""riﬂigi‘%ﬁ

N

2 5 al(2 > 2021) o @ 1345 WSSA % & 2 & | @f {2 (herbicide
tolerance) » #4p F2 5 4 8.5 “,/T‘ FARSLS S AARD FEE R
% ] § At 4 (inherentability) » 7% BT €47 $0f A A LA 4 X 0
SR BB R T > WA KA A2 0 2021)

AR R AIE I B R G R R AL kS e
FREF B PHE R FERRA T AL 2 R adid
SV NS GRS R = A SR I o e R AR LV A

™ fuld (resistant) 2 g 14 (susceptible) = —*ﬂ‘ 24 e T Bk HE R 2 AR



AR e

S 5 T ¥R e R PR
BRIESFA AT T EH G ol EARE FIES > RER
RN (S ﬁﬁﬁwﬁgi” e EE2 %“,%ﬁf??l]\i % 2 TR B R RA
vLE GE R 3A| PR P (Heap, 2014) - °£ AT 1940 & %
AR ER L v Foa bk E SN B AFEHLER
4o 2R KA P S F iR $ (Clay, 2021) 0 3¢ 1957 & 4 R & & Y
(Commelina diffusa Burm. f)¥ 4 £ 2 7| ",% & % 2,4-DE 3 Fui(Hilton,
1957) ; »>* 1963 & % .95 4 # & § (Daucus carota L)¥t 2 £ % 7 "f A
£ 5 #i(Whitehead and Switzer, 1963) ; ** 1970 & 3 g + 2 L 4
Z F E O k#E i & P (triazines) £ § $ili(Ryan, 1970) ; & % 1982 & 2_ (& >
¥ L e e & = fi' 7 4] A (acetolactate synthase inhibitor, ALS
inhibitor) # ¢ fig# fi= AZ; i f% % #r 4] ® (acetyl coenzyme A carboxylase
inhibitor)# 31 » & 3> "$ 3| U fe X hiE A (types) 2 42 & (extent)ik iy
3 +r (Powles and Holtum, 1994) - P 0 & § 42 20 f& 1% % {5412 % 4|
WL Sta o de i9 ] UA R M 1T 414 AP B (Dukeetal., 2018)°
MR AR 2 ”ﬁ?_ﬁf?ﬂﬁﬁ»ﬁﬁ kb o

(- )2 fEg g & = fF$r4] 3 (ALS inhibitor)



LR E S Ps L 2 £ 2 2 A A 48R AL e (branched-chain
amino acids)E& /= + % — B R4ERE % 0 7 X PIALSIFr | R #-g R
1i2fig (valine) ~ ¢ "&fik(leucine) ~ 2 B v "=fi(isoleucine) 4 & = X [E > B
s k% F 55 (Endoetal., 2013) o @ ALSFr# & & 7 * £ &4
R »x 4 (broad-spectrum efficacy) % vf 51458 & [+ % WG 8L » F]pL 4L R 2L 1%
® 17 ' 523 (Singh etal., 2018) -

ALS#r ] A0 3 & v - B B4 & & L FRfiRfR % 57 (sulfonylureas,
SUs)~ = & e e 3 (triazolopyrimidines, TPs) ~ w e& efk fi 2 (imidazolinones,
IMIs) ~ £2 % ¥ ¥ A% (pyrimidinyl-thiobenzoates, PTBs) ~ % f fig /%25
# 28 = vk ot B 57 (sulfonyl-aminocarbonyl triazolinones, SCTs) % 7 #& 5§ 4
(Fang et al., 2019) -

Whitcomb (1999)#% MR ALSFr4 | ® L 3 mEFRF G §EE &
ﬁ%ﬁg@%Eéiﬁﬁﬁf°ﬁﬁﬁﬁﬁfﬂﬁﬁﬁfﬂﬁ’ﬁi
2022 & 6 7 > $FALSF- 1M E 4 Fulse ¥ % 6% £ 170 B > A w3 105
BEFEEFZ2 65 BHEFEfH o (BT 1980 & & F L@ * ALSHr
#1 & chlorsulfuron > 7 *% /| T w @ i B 2% X (Lolium rigidum)
(Llewellyn and Powles, 2001) » % 1982 # % 3 ¥tdiclofop-methyl (ACCase

FrAlA)E b E R X RE S B RRE Ry EHEY



Fult(Heap and Knight, 1990)

<k

chlorsulfuron # metsulfuron-methyl = &
B 2021 # - 3% (Ireland) 3 3R < f& 5 & ¥ (Alopecurus myosuroides)
| ] % B

2 &~ 12 & X (Lolium multiflorum)¥tALS 2 ACCase#r#|#] s & #
UM RBRE IRV LB RE S

oo oA ot - 7} X4 % A 2
[#.42 & (level of heterozygosity) * % %

(mutation rate) -~ & &
k2 (Vijayarajan et al., 2021)

(herbicide rates)
(= )R % F k5 it psFr4] & (PPO inhibitor)
B % F R ¥ i p* (protoporphyrinogen oxidase, PPO)#r 4|35 d Fr

LR UL | BRI

it 3 *%(reactive oxygen

PPO /& 1 3% Ja % FIX (protoporphyrin IX)
EOFIXs ek it {8 € 22 Fl A2 82515 %
species, ROSs) » & 15 B3k ‘m¥e 2> 18 'm¥e 2 72 B Poig 32% v~ fZ(Duke
PRI TR B PN T SR o

etal., 1991) o PPO#Fr |3

fAgg > Fla AR L@ * (Wangetal., 2017)
- F 5 (diphenyl

FrE

P d g

GiBd 60 & 1 IRF § AT HPPOFrFI A
= ot b 57 (N-phenyl-

vk 38 (N-phenyl-oxadiazolones) -

cthers) ~ v = r&
triazolinones) % ¥ #k fig 37 "=4F (N-phenyl-imides)(Zhao et al., 2020)

PR G EAU RN A 0 B3 2022 # 6 7 HPPOSrHIH
¥hbeF 4% AuF 10 pEFEiEd2 4 BES F

3 $afise
7



$ooo t 2001 £ 0 77 —‘F"fé;éi Tt S B (Amaranthus tuberculatus)¥tPPO$r
#1% 2 § Fut(Shoup etal, 2003) « @ #2019 & » 7§ % % A% i 2
£ = " (Amaranthus palmeri) 32 ¥ PPO#r 4| & 2 2 Fuid (Lillie et al.,

2019) -

(Z)i&E 487y 90 4 & = $r41#](VLCFAS biosynthesis inhibitor)

&+ 4875 75 s (very long-chain fatty acid, VLCFA) 2 & = fr#]4&| € $r
#1454 P} VLCFAe4 & =2 > @ VLCFA 5 #f ~ 4 12 7 (suberin) ~ & &
(cutin) =30 55 4= (precursors) » ¥ 25 = E 5 e & F & (cuticle) » I 3 B4t HE
PigiFig A &% 4 i K Jig(Trenkamp et al., 2004)

“,f AU 74 B € (herbicide resistance action committee, HRAC)
#-VLCFAs#r#]# & 5 & 1 ¢ fg"%4F (a-chloroacetamides) ~ &t ¢ fiphesf
(o-thioacetamides) ~ % ¢ fg % #f (a-oxyacetamides) ~ Tk ¥ ¢ = 3§
(oxiranes) ~ £ e& v o 5 (isoxazolines) ~ azolyl-carboxamides ~ F v ra
(benzofuranes) % £ % ¥ 2k P As # 57 (thiocarbamates) °

RRRRE S T A G > £3 2022 & 6 " $HEL 4% B
AEAFFIRE IR EGE T 136 46 2 BEFEHS 2
1 BEFEES o 21993 257 RBRE " AL T L5 Ry

7 1998 & *% %& B T AR 3L 5 Fult 2 # 3 (Talbert and Burgos,



2()()7)0 2 T“lﬁ FE*» }'{‘5}7%»7\ ae %ﬂ_g‘_ii-"l Z{J};}ﬁ_‘z‘_ 4%'!“*15&# s Fm—j,%_;_e;
P5dp 1 ¥ ¥ %K f2 f5 (amide hydrolase) s 127 i 3 58 P A X

(Juliano et al., 2010) o

=~ s
Gaines et al. (2020)#-32 % ﬁf IRz A PR
(target-site resistance, TSR)% 2L p #& = ¥ Fuf+ (nontarget-site resistance,

NTSR)= * #f > P =% Flh fadn B 8 2 i % v 2 %ab & 713

RS e FE TR T LET SRS ST R Sir
f& % |44 (single nucleotide polymorphism, SNPs) » iz s 2 (Fig it d1 - i
* b g S (codon) ~ B BB ORAS G A& g AlE(2 0 2021) o
PR FU Rl @ 35 0 Bodz(uptake) ~ # i (translocation) > & F_
A 4v 3117 (sequestration) % 3% f#(metabolic degradation) & = ;% » “ﬁ
L E e R R LR e e R S S T ]
A ¢ 54~ & 2 ROSsig = ¥ 1 if 8 (oxidative stress) » 7= %ﬁ d % s
fb s Burs M JE 17 2R A % 22T % (Gaines et al., 2020) » ™2 T A w50 3

3 $ALS ~ PPO% VLCFAs#»#1 3] 2_ fufd 541 -



(- )P &= & 4 (TSR)

1. ¢ fgstps & = p=Fr4] & (ALS inhibitor)

BALSEE % b oF 2 vl pk ¥ 4 - ALSFr IR 02§ 22 & AT
i fEE F ORoid ip F (McCourtetal., 2006)> @ A ALSEE 2 3-v % 122~
197 2 205 B Hu AR F2 8 v g Y H7 FAKD
ALSFr#|® A 4 7 42K 2. 2 2 HM(Riar et al., 2013;Yu and Powles,
2013; Fang et al., 2019; Amaro-Blanco et al., 2021) °

2. B % ¥R F 1 fFdr] 4 (PPO inhibitor)

Salas et al. (2016)% & = B (Amaranthus palmeri)sHf % &k § 1
fed ML FE 4 o Fla @ H HPPOFrHI A A 4 b o ¥ b Hip Ty
HHER AR FRY CPFD F 128-2122 399 Brehp el L F 2R
oo ¥ RS 23 HPPOY A A 4 M (Gilacomini etal., 2017; Bietal.,
2019; Rangani etal.,2019) - Lillie etal. (2019)7~ % .4k % & % PPO% 210
Wi L = B 2 4 epi(glycine)d £ H 3k 0 £ R Pk P APPO% 210
Brefpe B 2 RpE4E X 2 % 128 B = B o defk(arginine) B 4 < 4

Vepl o F]m ¥ PPOFr | # b A 24 Ul o
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(= )28 ¥ = B F#L2(NTSR)
1. 2 fpivpk & = fsdr4]H|(ALS inhibitor)

3 F A A & (Bromus rigidus) ~ 8 %~ -k M (Echinochloa

x

hyllopogon) ~ £ = & ~ #% & ~ 5 & ¥ (dlopecurus aequalis)¥ 4 ‘m
phyllopog ; ;
%2 ¢ %2P450 H 4v ¥ fF(cytochrome P450 monooxygenase) i :#f% 4 ¢ fig

FUBL & S fFdrd A 0 @ B A 4 Bt (Owen et al., 2011; Riar et al., 2012;
Iwakami et al., 2014; Nakka et al., 2017; Shergill et al., 2018; Zhao et al.,

2018) > F ¥ S AT T TR e ¥ ALSHFr I (S 0 e & F P450 ehi 7
IR E & 2 b 33 ehie A (Jugulam and Shyam, 2019) g+ b 5 ZBEH PR
S- #& # f= (glutathione S-transferase, GST) ~ § % # 2 # # f=
(glucosyltransferase, GT) 2 ABC i# ﬁie?] ¥ 9 (ATP-binding cassette
transporter, ABC transporter) % fi%¥ % 7& 57 (X B2 3 ALSFr4 3 » R f2
FHALSHr 4 # 2 4 24 p 4 = % FM (Zhao et al., 2017; Liu et al., 2018;

Duhoux et al., 2015; Yang et al., 2016) -
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2. R% ¥R % it x4 & (PPO inhibitor)
P;ﬁ—‘ﬁ:}gﬂ!#ﬁii% ?‘%’%’ﬂ e HEP450 R HHER f XA 0 & H %
PPO#r#4|# A 4 Fuld » = 3 —‘%,‘ ABFILE TRV %’gﬁ mre & HP450 % 3%
B PRS- A pE R A 2 $tPPOFr 14 A 4 474 (Obenland et al., 2019;

Varanasi et al., 2018; Varanasi et al., 2019) o

3. =i 48P ppe 4 & = Fr] & (VLCFASs biosynthesis inhibitor)

FHRTHT AT 2By LA REE R B AT 4
DIEET Y BB FRreK 375 05 45 ¥ (0-amylase) -k 2 % (hydrolase)
2 F-v f=(protease) & i |2 0 2 A% fF 1247 7 4 (phytoalexin) ¥ > PR~
fed ¥ A3 A 4 fi(Baltazar, 2017; Liu et al., 2021) o ¥ #b 75 5 =2
1 FAp NRETF R e dwe & FPASO B H RS pE 2 E L 4
LR AR A R S T H T AR YA

Fuit (Dimaano et al., 2020; Wang et al., 2020; Hwang et al., 2022) o
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FZ R WM&

X

- "$ B A 2 ST AR

LI S 4 “,f 3 A Fiit 76 & B ¢ (Herbicide Resistance Action
Committee, HRAC) 3 % 2 *% ¥ Al #u it & ¥ 2| = # #
(https://hracglobal.com/herbicide-resistance/confirming-resistance) » - “c
MEREAE T B 0E h E AR e Y BT 24 A2
(Figure 1) o ~#7 7 3t 2020 # K= #p i¥2 2021 & -kf%- & (THh F
A oY 338 % gk e 2 4 2h(Supplementary 1A, B)igi7a ™33 4 » &

o HiEs G I8 % 28 B A B4L R0 B BENF

35 H Kf A FAEE 5 pF8 2 % § (Supplementary 2, 3) ©

[

S &R 0 E A

S E T

Figure 1. Herbicide-resistance valuation process of weeds in paddy field.
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KRR > E fw PR BT u/fjfa‘;,”
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@
SH-
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S
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4
X
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g\xd\
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RRLES AR FER 10-15 as 2z 2 H. > BN RY BRI X
IR IEBR > ZEPBEIIBAFRIN PRI LI UALY
i {7 $o%i(Supplementary 4) » FReX kA R SRS E R BH BT
e fa+ 18 2 "f Bl R myg e p 2% hd b igkE
iR R iE e

AFPTEHPERIFBEFF TR RF FRFEFIZIPT A
FH gAY OF T FEF S H 8 T 5 fE(Supplementary 5) 0 18 5

BERBGET > F EF3 2 MIFHLRATY 2209 H 15

F_L
4
&

FRATREGHMES RHHTF LS B HA A S 4
FEMET - RT P BEFTEE AT AN 10 Bl * £ 2 Apiro
Forte:& {7 4 & %% » ¥ it (¥ 3| = 4~ f8>" Apiro Fortedie & Fuit 2y
L AT 2 T L E % B 1-2 2 3-4 F#(Supplementary 6)iE {7
1 EHERRZHEF RAITEG FEI R AFHER LN
FRe# B Agmie * 2 (8% 542 Apiro Forte ~ ¢ i# I2 ~ /iR F]

TR~ B2 0 AP fark 3 A(Figure 2) » A B[P0 T A 5
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Figure 2. Six herbicides with different action mechanisms including ALS inhibition
(Apiro Forte, A), ALS inhibition (bensulfuron-methyl, B), ALS inhibition (pyriftalid,
(), ALS inhibition (penoxsulam, D), VLCFA biosynthesis inhibition (butachlor, E),
and PPO inhibition (oxadiazon, F).

1. Apiro Forte (bensulfuron-methyl+pyriftalid): % L i & = T & 5

v S B % 3] > A A -k % F|(suspension concentrate) > 4

Wz 3 33.6%2 4 i 5 (bensulfuron-methyl) 2 66.4% % % |
(pyriftalid)z. & ] = & > & & & 5 ALS#r 417 nl/T\ W BT e
Adrfl A d A ATE N F i g dul g b I IRgEF Rk (7o dr
#IALSEE % 3-v /B &d B futkE 2 4 & = 9 efk(leucine) ~ ¥
iefik (valine) 2 £ v "=f& (isoleucine) & = f& % 4& %= JL & (branched-
chain amino acids) (Zhou et al., 2007) o p* ;& #| ® #73 &1 P& % ik
Fil & w3 ALSFr 4] @ Fifipfk % 57 (sulfonylureas) * it ¥ 7 e

Fit e #f (pyrimidinyl benzoates) °
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2. ¢ i# % [bensulfuron-methyl ; methyl a-(4,6-dimethoxypyrimidin-2-
ylcarbamoylsulfamoyl)-o-toluate)] : % £ i i & 7 $F w4 & Bf%
PgIm D RAERRA 7 SOO%ERF SRR L AEHES

B o e 5 Fr 4 ALSEE # Fou A -

3. 7% KR | [Pyriftalid, 7-(4,6-dimethoxypyrimidin-2-yl)sulfanyl-3-
methyl-H-2-benzofuran-1-one] : 5 A & if o 7 4F w4 & Hifsk *

LR A KRA  § 400%E BT A kR L RRT] S

4, T & % {penoxsulam ;  3-(2,2-difluoroethoxy)-N-(5,8-
dimethoxy[1,2,4] triazolo[1,5-c]pyrimidin-2-yl)-a,a,a-trifluorotoluene-

2-sulfonamide} : B & & 2 A0 & o d SHEAMARGG WP 2F
@ o A A G KA ST s R (oil dispersion) b P ELE F 4 R B o
Tk ] 5 Al ALS P & B9 F A 0 BT = ek e e g

(triazolopyrimidines) ©
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5.7 #& # ¥ (butachlor ; N-butoxymethyl-2-chloro-2',6'-

v

diethylacetanilide) : 7 & & & ¥ i"‘f d BRIP4 E

A A & 54 &|(emulsifiable concentrate) » “F L% 7534 R4k o 1FH

W] 5 Prd iR 485 95 Bk (very long chain fatty acids, VLCFAs) 4 &

= (Baltazar, 2017) » >t % * ¢ fg"=4f (a-chloroacetamides) °

6. % » ¥  (oxadiazon ;  5-tert-butyl-3-(2,4-dichloro-5-

v

isopropoxyphenyl)-1,3,4-oxadiazol-2(3H)-one) : & & & jF = &

>

£ EFRPFUST LA AL S PR AR o i

A S PR R R R § 1 fF s (Matringe et al., 1989)

Kt v = vd 58 (N-phenyl-oxadiazolones) °

oEh ZEA|LS 28 2 35 X RIE ¥ w 2§ T 4p #ic(injury index)

=, o
F e

ZF (survival rate) ~ # £ (fresh weight) % 52 & (dry weight) & = B % > #

B o BB 4B 05 (log-logistic model) (6 ¥ 7 X o xR £

(herbicide dosage causing 50% of plant response, EDsp) & » £ #-4T &
LR 2_EDsy B S AL T T ¥rE F L % g’@umﬁgg_ﬁ; R

7
34
AN

AR Z LT 5 0 ¢ f£2H — (single) ~ = ® (cross)e 7 & (multiple)Fo
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FEIpE G2 ESF I EMETRERMGI RIS 2B
FHO0NEAERER T XERG T ] A A ERITER 4R VA i
2 N A HERRE IR 25%F LN Ao T 4 B BE 3 N A AR 2R 50%
FOOR T 4 N AR RS P INS50%F A S N Atk E R

o F LR it R Ik A (Figure 3) o

Figure 3. Injury index (0-5) of red sprangle-top (A) and barnyard grass (B) treated
with various dosages of Apiro Forte. According to the apparent symptoms, injury
indices can be divided to six levels; 0 indicates weeds without herbicidal injury, 1
indicates weeds with new leaf turning yellow (or red), 2 indicates weeds with 25%
turning yellow and growth stop in aerial part, 3 indicates weeds with 50% turning
yellow in aerial part, 4 indicates weeds with 75% turning yellow in aerial part, and

5 indicates weeds killed by herbicide.
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Bt EF I SR XWEEPIE L A0 R fEF AL L
14 245835 @ aBBiriAt (Figure 4) > Kis2ar 42 £ 47 > BAXK
BA 25°C 7 2p RBASE » k3 A 5 43 umolm?s! p4iRR &
63% - £+ AH T R A 143 5B REF T E 0 T LANOVAR 7
A4t B B ¥ £ R (P-value<0.05) » {£ 12 Fisher’s protected LSD#& %_>

Wi T e 2 % 5 5 4 B (Supplementary 5) e

— —
A. E G. I
/ \
1
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B. D. ~ F H. : 1.
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LS . ;" =* . I / NE J : »
- SREAE, . 7 P : v &
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) & < it ] .
R 2% ’; | e E

Figure 4. Germination of five weeds including Leptochloa chinensis (+ & =, A, B),
Echinochloa crus-galli (## %, C, D), Sphenoclea zeylanica (% ¥ 7=, E, F),
Monochoria vagina ("8 % % , G, H), and Echinochloa colona (=42, 1, J). Forty seeds
were placed on moistured filter paper (dia. 14 cm) in Petri dishes. Dishes were placed
in the incubator with temperature at 25°C and full photoperiod under light intensity of

43 pmol-m-s’!. These pictures were captured 14 days after imbibition.
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A7 %3 B F L R (P-value<0.05) » £ 14 Fisher’s protected LSD & %_ >
L £ AT BT kBT S LR .

BERT £ 2 MY Epl o u g v jgpaz £
BAF?P hTBF T F2 24y I Fo R AEREETATHEY
HE %y a2 X UANOVAR 7 4 450 %3 B ¥ £ B (P-value<0.05) > £
r2Fisher’s protected LSD# %_» ' o= B IEE T+ 232 MEF T

wt 28 o

Figure 5. Seeds of Leptochloa chinensis and Echinochloa crus-galli were sown in the
plug trays in the glasshouse, and each cell had 10 seeds of the tested weed (A).
Seedling emergence of both Leptochloa chinensis (B) and Echinochloa crus-galli (C)
was measured after 14 and 28 days after imbibition, respectively.
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value <0.05) » £ 2 Fisher’s protected LSD# %> ‘* #.7 fafe ¥ % 3 11 4

4. F EF 2 MY E k2 Bens g 4 it

FEIZPMYRBILELFRERRERL 28 2 AR - YV
2y A F2Z % A2 AARFEFIEIRT XL F T
ANOVAit 74 17> % 7 B ¥ £ B (P-value <0.05) £ 14 Fisher’s protected
LSDi 2 > W+ £+ 2 My 24cd 2 a M3 F2 L8 o
z ~ F £ 2 34 Apiro Forte $uld 2. 3 & 8%

AT R EATESDREY D 1"$ 3 A Apiro Forte » v FFda g * &
5 0333L/ha> S48 * e B2 KiF4damzn kP Hg 280k
B % 0.550 ppm (mg/L) (Supplementary 7) > >t =+ £ + 2 S /&3 % 5 15
BIEIOKRF £F 2 PE By 2 RY > Flkd L3 122 £ >
ik — B3~ HFAr P »2 {6 % 50mLz 10 & 42 & * & Apiro Forte
(5.50ppm) > FH KT R FIAFTLG FFREDEG T &S 5
AT ARSI AT RS BHRPFFEFR A FZ A F
BT o B T A E 3R FHRENANOVAR T A 4T 0 £
k7 % £ ® (P-value<0.05) » £ rZFisher’s protected LSD¥ %_» * i+ & +

2ME Tl kot P4 10 R 4e g * € Apiro Fortez it 2 A B o
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Table 1. Nine dosages of six herbicides with different action mechanisms in dose-response experiments.

Recommended dosage

Herbicides (ppm, wiv)" Dosages (ppm) (w/v)

Apiro Forte 0.550 0,5.5x107%,5.5x10%, 5.5x103, 5.5x102, 5.5x10™, 5.5, 5.5x10", 5.5%10?
Bensulfuron-methyl 0.185 0, 1.85x1075, 1.85x10, 1.85x1073, 1.85x102, 1.85x10°", 1.85, 1.85x10", 1.85x10?
Butachlor 4.840 0,4.84x10™%, 4.84x1073, 4.84x102, 4.84x10™", 4.84, 4.84x10", 4.84x10?, 4.84x10°
Oxadiazon 2.145 0,2.145x10%, 2.145x103, 2.145x102, 2.145% 107", 2.145, 2.145x10", 2.145x10?, 2.145x10°
Penoxsulam 0.068 0, 6.8x107, 6.8x1073, 6.8x10™, 6.8x107, 6.8x102, 6.8x10™, 6.8, 6.8x10'

Pyriftalid 0.365 0,3.65x107, 3.65x10%, 3.65x107, 3.65x102, 3.65x10°}, 3.65, 3.65x10", 3.65%10°

* Theoretical concentration based on the recommended dosage of bensulfuron-methyl, penoxsulam, and pyriftalid applied in paddy water.
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Table 2. Coverage rate of weeds in paddy field in central and southern Taiwan during
crop season I (Investigation period: 2021.03-04).

Location Average coverage rate (%) Location Average coverage rate (%)
1 0.4 11 2.5%
2 1.6% 12 88.1°¢
3 39 13 0.6%
4 1.8° 14 4.5%®
5 23° 15 11.1%
6 0.0? 16 20.1°
7 0.12 17 20.0°
8 0.12 18 1.6%
9 20.9°

10 7.5%
P-value <0.001
LSDO‘OS 16.0

" Values followed by the same letter mean no significant difference at the 5% level using
Fisher’s protected LSD test.

w2 BT DA B AN AR BEY AT ¥

PAE & 3 3 — 3R (Table 3) » 5 Fisher’s protected LSDi& Z_{s & 5 3¢ ¥ £
Poi7 I8BBAAEZ AL pNRBERT R -

0T MR ESE S0% 2 ABEETFAAL 120 T
BEFL881% (Table2)r HP A HB 122 A X e e G ¥

%% 95.0% @ FEE F A1k 5.0% (Table3) H n F 420y 1518 * 32%
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Table 3. Frequency of paddy weeds in central and southern Taiwan during crop season I (Investigation period: 2021.03-04).

Grasses Sedges Broad-leaf weeds
Rush-
Barnyard Red Other Total . Other Total Sheathed Ceylon Total broad-
i like . Other weeds
Location grass sprangle-  weeds grasses weeds sedges monochoria  sphenoclea leaf weeds

bulrush (% of broad-
(% of top (% of (% of (% of (% of (% of (% of broad- (% of broad- (% of

(% of leaf weeds)

grasses) grasses)  grasses) coverage) dges) sedges) coverage) leaf weeds)  leaf weeds) coverage)
sedges

1 100.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 92.5 7.5 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0
4 100.0 0.0 0.0 20.0 0.0 25.0 80.0 0.0 0.0 0.0 0.0
5 100.0 0.0 0.0 93.8 0.0 50.0 6.2 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 100.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 100.0
9 50.0 0.0 50.0 2.5 0.0 100.0 97.5 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 100.0 96.0 0.0 0.0 100.0 4.0
11 0.0 0.0 0.0 0.0 0.0 100.0 100.0 0.0 0.0 0.0 0.0
12 100.0 0.0 0.0 95.0 0.0 0.0 0.0 0.0 0.0 100.0 5.0
13 100.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 100.0 0.0 0.0 14.0 0.0 0.0 0.0 0.0 0.0 100.0 86.0
15 25.0 75.0 0.0 64.2 0.0 0.0 0.0 0.0 0.0 100.0 35.8
16 66.7 0.0 333 60.0 0.0 0.0 0.0 0.0 0.0 100.0 40.0
17 100.0 0.0 0.0 14.3 100.0 0.0 7.1 17.5 82.5 0.0 78.6
18 100.0 0.0 0.0 30.0 0.0 0.0 0.0 0.0 0.0 100.0 70.0
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001

LSDo.0s 32.5 13.9 13.3 35.9 23.9 26.4 34.1 6.1 11.6 33.9 36.1
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Table 4. Coverage rate of weeds in paddy field in central and southern Taiwan during
crop season II (Investigation period: 2020.08-09).

Location Average coverage rate (%) Location  Average coverage rate (%)
1 43%® 16 9.1%
2 0.5? 17 27.3¢
3 1.0% 18 84.4¢
4 6.9 19 15.08b¢
5 37.6°¢ 20 61.3¢
6 16.9 21 18.1°¢
7 4.1%® 22 5.6
8 25.6°¢ 23 10.0%
9 2.9% 24 24.4°
10 0.0? 25 42.5¢
11 032 26 3.8¢%
12 0.0 27 3.8¢%
13 4.4

14 0.3

15 3.4%®

P-value <0.001
LSDO‘OS 160

* Values followed by the same letter mean no significant difference at the 5% level using
Fisher’s protected LSD test.
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Table 5. Frequency of paddy weeds in central and southern Taiwan during crop season II (Investigation period: 2020.08-09).

Grasses Sedges Broad-leaf weeds
Other Total
Red Ceylon
Barnyard Total grasses Rush-like Other weeds Total sedges Sheathed monochoria weeds broad-leaf
Location sprangle-  Other weeds sphenoclea (%
grass (% of bulrush (% of (% of (% of broad-leaf (% of weeds (%
top (% of (% of grasses) of broad-leaf
(% of grasses) coverage) (% of sedges) sedges) coverage) weeds) broad-leaf of
grasses) weeds)

weeds) coverage)
1 50.0 50.0 0.0 143 0.0 0.0 0.0 393 0.0 60.7 85.7
2 0.0 100.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 100.0 10.0 0.0 100.0 10.0 100.0 0.0 0.0 80.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.0 60.0 0.0 100.0
5 0.0 83.3 16.7 59.4 0.0 0.0 0.0 91.7 8.3 0.0 40.6
6 0.0 100.0 0.0 12.5 0.0 50.0 20.0 8.3 75.0 16.7 67.5
7 0.0 0.0 0.0 0.0 100.0 0.0 59.8 100.0 0.0 0.0 40.2
8 100.0 0.0 0.0 82.1 0.0 0.0 0.0 0.0 100.0 0.0 17.9
9 0.0 0.0 0.0 0.0 100.0 0.0 83.3 0.0 100.0 0.0 16.7
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 100.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 100.0 0.0 0.0 80.0 0.0 100.0 20.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 100.0
15 0.0 0.0 0.0 0.0 0.0 100.0 66.7 0.0 0.0 100.0 333
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 60.0 0.0 40.0 100.0
17 66.7 0.0 333 18.7 0.0 100.0 12.50 80.6 0.0 19.4 68.8
18 74.1 10.4 15.5 87.5 0.0 100.0 12.5 0.0 0.0 0.0 0.0
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Grasses Sedges Broad-leaf weeds

Other Total
Red Ceylon
Barnyard Total grasses Rush-like Other weeds Total sedges Sheathed monochoria weeds broad-leaf
Location sprangle-  Other weeds sphenoclea (%
grass (% of bulrush (% of (% of (% of broad-leaf (% of weeds (%
top (% of (% of grasses) of broad-leaf
(% of grasses) coverage) (% of sedges) sedges) coverage) weeds) broad-leaf of
grasses) weeds)
weeds) coverage)
19 0.0 100.0 0.0 50.0 0.0 100.0 20.0 0.0 0.0 100.0 30.0
20 60.0 40.0 0.0 51.3 0.0 0.0 0.0 0.0 100.0 0.0 48.7
21 0.0 0.0 100.0 22.5 0.0 0.0 0.0 10.0 70.0 20.0 77.5
22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25.0 75.0 0.0 100.0
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 100.0
24 0.0 100.0 0.0 15.0 0.0 0.0 0.0 0.0 99.4 0.6 85.0
25 0.0 18.6 81.4 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 50.0 50.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 100.0 0.0 12.5 85.7 143 87.5 0.0 0.0 0.0 0.0
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LSDg.05 22.8 29.0 21.0 36.8 21.3 252 31.2 28.0 30.1 254 40.4
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e B b anf 7 AP 3 (W) ik 4/9 2 Apiro Forte (#%) it 3/9
(Supplementary2) e 2 ¢ A H B 10~ 120X R FFF 5 0% Hx
Lo AR T (D)

an#%\u F- Hpite P74 ﬁj@%%?,’r‘?, 0 Fé&?j?,:f?—?" 54 500%3 1430
5%MTzn FHZSFRYIMPEART - R 20 B FERTI
o AT ERARZ R RIS CFPRTE T FLFLMBIER

% o

() A dpirz 1t i

LRy REs

Hen @Y e M- P iv2 P ivokn ¢ e TIOE FAGE o
FIR- B F I8 BB ALY TR E 5L 104% 0 @ - £ iF 27 B
A AR TR &L 153% (Table6) > & ) (FAF erse ¥ T 3ok ¥
% % Fisher’s protected LSD# 2 fs ¥ A F L R » PP A 714 &

A HEARE T A T Bt g2 RARIPE o d N RTRE

L
P

PHEE IR R RRRLEEAF R L EA L FI5]
AR AT ESL S JERORRR N X ““‘J"’"‘ﬁl_ﬂ,.ﬁffl AR R
(sensitivity) » * 3 fd+ B (seedbank)E & ~ 2 X Ap o # % » e F 5+
| BF 0 B A 2 M Re 4 fE (species) ¥ 4 F+ A (biotype) 0 & #FiE

- A

40



Table 6. Comparison of weed coverage rate between two crop seasons (Investigation period: 2021.03-
04 & 2020.08-09) at paddy field in central and southern Taiwan.

Crop season | Crop season 11
Location Average coverage rate Location  Average coverage rate  P-value LSDo.05
(o) (%)
1 0.4 1 4.3
2 1.6 2 0.5
3 3.9 3 1.0
4 1.8 4 6.9
5 23 5 37.6
6 0.0 6 16.9
7 0.1 7 4.1
8 0.1 8 25.6
9 20.9 9 2.9
10 7.5 10 0.0
11 2.5 11 0.3
12 88.1 12 0.0
13 0.6 13 4.4
14 4.5 14 0.3
15 11.1 15 34
16 20.1 16 9.1
17 20.0 17 243
18 1.6 18 84.4
19 15.0
20 61.3
21 18.1
22 5.6
23 10.0
24 24.4
25 42.5
26 3.8
27 3.8
Mean + SD 10.4 £20.7 Mean + SD 15.3+20.5 0.44 ND
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Table 7. Relative coverage percentage of grass weeds as compared with total weeds at paddy field in central
and southern Taiwan during two crop seasons (Investigation period: 2021.03-04 & 2020.08-09).

Crop | Crop 1I
Location Total grasses Location Total grasses P-value LSDo.os
(% of coverage) (% of coverage)

1 100.0 1 14.3
2 100.0 2 100.0
3 0.0 3 10.0
4 20.0 4 0.0
5 93.8 5 59.4
6 0.0 6 12.5
7 0.0 7| 0.0
8 0.0 8 82.1
9 2.5 9 0.0
10 0.0 10 0.0
11 0.0 11 0.0
12 95.0 12 0.0
13 100.0 13 80.0
14 14.0 14 0.0
15 64.2 15 0.0
16 60.0 16 0.0
17 14.3 17 18.7
18 30.0 18 87.5

19 50.0

20 51.3
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Crop I Crop II

Location Total grasses Location Total grasses P-value LSDo.os
(% of coverage) (% of coverage)
21 22.5
22 0.0
23 0.0
24 15.0
25 100.0
26 100.0
27 12.5
Mean = SD 385+42.4 Mean = SD 30.2+37.5 0.49

R n @Y aM-PIER P ERe P DT FERTNRERER

L - IR B R R E 2 bR 27.0% A = BT RN

Fisher’s protected LSD#& @ fs ¥ A& F A R » A HIFF kv I

AL RS STICE E
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Table 8. Relative coverage percentage of sedges weeds as compared with total weeds at paddy field in

central and southern Taiwan during two crop seasons (Investigation period: 2021.03-04 & 2020.08-09).

Crop 1 Crop II
Location Sedges Location Sedges P-value LSDo.os
(% of total coverage) (% of total coverage)
1 0.0 1 0.0
2 0.0 2 0.0
3 100.0 3 10.0
4 80.0 4 0.0
5 6.2 5 0.0
6 0.0 6 20.0
7 0.0 7 59.8
8 0.0 8 0.0
9 97.5 9 83.3
10 96.0 10 0.0
11 100.0 11 0.0
12 0.0 12 0.0
13 0.0 13 20.0
14 0.0 14 0.0
15 0.0 15 66.7
16 0.0 16 0.0
17 7.1 17 12.50
18 0.0 18 12.5
19 20.0
20 0.0
21 0.0
22 0.0
23 0.0
24 0.0
25 0.0
26 0.0
27 87.5

Mean + SD 27.0+434 Mean + SD 14.5 £26.7 0.24 ND
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oo - S WITE A B gk e ReRR E AR IR 8 fi‘f’?
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FAEFIEFLR > A AP ITL T AP RATR AR o
DRRERESIZZAEIL Y B RRRTE By Wil e
WIRR LA RBORT I RIIApR R T TR KL SR
L ek R Rl eh st R o e BTS2 TR HE S S
FlE AL Fdpdike B L ERPRT R 2 A LR T B (Luoet
al., 2016) » # 1% % ,?fu%zr",/Tt BA| s ¥ € B8 4p en% Y (Marshall et al.,
2003) 2 F_# #=(tillage) > 5V 2 74 o he e R Y € BT P E R (weed
abundance)% 7 k| (diversity) (Travlos etal.,2018) > @ * E A+ 7 ¢

ety B2 583 40 4847 (Andreasen and Stryhn, 2008) o F]pt > A FF § AR
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Table 9. Relative coverage percentage of broad-leaf weeds as compared with total weeds at paddy field in

central and southern Taiwan during two crop seasons (Investigation period: 2021.03-04 & 2020.08-09).

Crop I Crop II
Location Broad-leaf weeds Location Broad-leaf weeds P-value LSDo.05
(% of total coverage) (% of total coverage)
1 0.0 1 85.7
2 0.0 2 0.0
3 0.0 3 80.0
4 0.0 4 100.0
5 0.0 5 40.6
6 0.0 6 67.5
7 100.0 7 40.2
8 100.0 8 17.9
9 0.0 9 16.7
10 4.0 10 0.0
11 0.0 11 100.0
12 5.0 12 0.0
13 0.0 13 0.0
14 86.0 14 100.0
15 35.8 15 33.3
16 40.0 16 100.0
17 78.6 17 68.8
18 70.0 18 0.0
19 30.0
20 48.7
21 77.5
22 100.0
23 100.0
24 85.0
25 0.0
26 0.0
27 0.0
Mean + SD 28.9+394 Mean + SD 47.8 £40.5 0.13 ND
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AEFHHEL BB F 1125 BHAABZ ST P2 81 L F
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RS(I)-11 ~ RS(ID-25 % RS(I)-AES #&+ #8%" if iA & 3 B 22408
25~30°C4 £ $4¢ » BIREHAB T piRE 4 X 57 5> B5FR
RS(II)-11~RS(I1)-25 2 RS(I)-AES 2B s 5 2 % B 404 ¥ e RS(ID)-
25 % RS(I)-AES % ¥ &b RS(I)-11 w4 % (Figure 1) = B+ £ 3 Iz
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RS(I)-AES %% 14 % eh% 5 % A w4 9.2%19.4%% 24.2% (Figure 6)e
= ANOVA A 45t » % 7L P-value <0.05 » & * £ 3 42 & & RS(I)-AES

2 RS(II)-25 2- fa+ 4 7 5 B ¥ B ** RS(ID-11 -

50
—e—RS(I)-AES
40 | =o=Rs(n-11
—8—RS(I1)-25
30

N
o

[EEY
o

Germination percentage (%)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days after imbibition

Figure 6. Germination percentage of red sprangle-top (Leptochloa chinensis),
collected at three locations, were determined within 14 days after imbibition (DAI).
Seeds were placed on filter paper in Petri dish and grown in growth chamber.
Germination percentages of accessions RS(II)-11, RS(II)-25, and RS(II)-AES were
9.2%, 19.4%, and 24.2%, respectively, at 14 DAL ND = no difference at the 5%

significant level.

R APy SfF £33 BF T 04 &% ER 30°C# 5
F B ¥ iE 95% (Benvenutietal.,2004) > ST 72 E 5 kL P F X
58 & 14 1R 3&3 T (Chauhan and Johnson, 2008) > e 72 % ¢ » 4 £ 5§28

R250°C @ %3 A 5 43pmolm™s’ Tl A F &5 = Bk
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4 B 4591 4 (Figure 7) < RS(I)-11 ~ RS(I)-25 ~ % RS(II)-AES % % 14 =
ezt g 3 F AL 163% ~ 18.8%% 22.9% (Figure 7) » & ANOVA A
N AIHFLARL B+ 432 Bl iy 03 FRApiTe

Frd o BE2 TP R A 214°C @ k3 B ¥ 62 umol-m* st ¥ i

ST BB AT E T ML R T

49



40

—e—RS(I)-AES
=o=RS(I)-11
30  —m=RS(II)-25

20

Seedling emergence (%)

10

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days after imbibition

Figure 7. Seedling emergence percentage of red sprangle-top (Leptochloa chinensis),
collected at three locations, were determined within 14 days after imbibition (DAI).
Seeds were placed on cultural medium directly and grown in greenhouse
environment. Seedling emergence percentage of accessions RS(I)-11, RS(II)-25, and
RS(IT)-AES were 16.3%, 18.8%, and 22.9%, respectively, at 14 DAIL. ND = no
difference at the 5% significant level.

GalE R A28 T2 45014 R

& v+ &3 RS(ID-11~RS(I)-25 ~ 2 RS(I)-AES #.7 4% #6 ij
Ke 2 {2 A Fanliagyyasy i Fva, 2385 HAN
A F T e T ENA LR P T RERE 3 2 DAl TEAFT o
FEF LI B AT NIRRT BE 14X T HE Y F 5 17.6%

FEFBI BB ATEENETREY By L @ R R

E I 5SDAL A BpiEibrdid > AFBFF T AP 2 EF BT

=

PREFoFEAFIZBRE LAV ERATY ZE 14X hT o4y
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M2 5 193% B E RS AT B g T a4 o 30 14 DAL
2 F T ST akgE LB (Figure8) 247+ £33 A ARBIERET
PE T R R R emd RBREFT T AT A RN S K
BELABAFTPLENRF WA EF a4 2 aFLE
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—e—Filter paper (growth chamber), germination
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Figure 8. Germination and seedling emergence percentages of red sprangle-top
(Leptochloa chinensis), that seeds were placed in filter paper (growth chamber) and
cultivation medium (greenhouse), respectively. ND = no difference at the 5%

significant level.
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Faul i 21.4% 0%~ 1.9%% 1.1% (Figure 9) - 5 ANOVA 4 #5 {5 » %
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Figure 9. Germination percentage of barnyard grass (Echinochloa crus-galli),
collected at four locations, were determined within 14 days after imbibition (DAI).
Seeds were placed on filter paper in Petri dish and grown in growth chamber.
Germination percentages of accessions BG(II)-8, BG(II)-13, BG(I)-17, and BG(II)-

AES were 21.4%, 0%, 1.9%, and 1.1%, respectively, at 14 DAIL. ND = no difference
at the 5% significant level.
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Figure 10. Seedling emergence percentage of barnyard grass (Echinochloa crus-
galli), collected at four locations, were determined within 14 days after imbibition
(DAI). Seeds were placed on cultural medium directly and grown in greenhouse
environment. Seedling emergence percentage of accessions BG(II)-8, BG(II)-13,
BG(II)-17, and BG(II)-AES were 17.5%, 8.3%, 56.7% and 0.0% respectively, at 14
DAI ND = no difference at the 5% significant level.
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Figure 11. Germination and seedling emergence percentages of barnyard grass
(Echinochloa crus-galli), that seeds were placed in filter paper (growth chamber) and
cultivation medium (greenhouse), respectively. ND = no difference at the 5%
significant level.
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Figure 12. Seedling emergence percentage of five weeds, including red sprangle-top
(Leptochloa chinensis), barnyard grass (Echinochloa crus-galli), jungle rice
(Echinochloa colona), sheathed monochoria (Monochoria vaginalis), and ceylon
sphenoclea (Sphenoclea zeylanica) that seeds were placed in the cultivation medium
(greenhouse). Seedling emergence percentage determined at 14 days after imbibition
were 35.0%, 25.0%, 0.0%, 6.7%, and 0.0%, respectively.
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Figure 13. Seedling emergence percentage of red sprangle-top (Leptochloa
chinensis), collected at three locations, were determined within 28 days after

imbibition (DAI). Seeds were placed on cultural medium directly and grown in

greenhouse environment. Seedling emergence percentages of red sprangle-top that
collected from 11, 25, and AES were 17.5%, 28.8%, and 28.3%, respectively, at 28

DAL ND means no significant difference among three accessions of red sprangle-top
at the 5% level.

a—

2. By
AEFHEHES 81317 Bk A HEZ AES e ¥ fa+ I FF3E A
WRBAFLE R FTY CFFRE X BRI BTl
BG(I)-8 ~ BG(II)-13 ~ BG(II)-17 ~ 2 BG(II)-AES %% 7 % 2. % g 413
FauE 12.5% ~0.0% ~ 50.8% ~ 2 0.0% > % 14 = %y 13 30
WG 17.5% ~8.3% ~56.7%~ 2 0.0% > %% 21 R ez y I d Fou 5
22.5% ~ 25.0% ~ 62.5% ~ 2 0.0% > @ &% 28 X enzy it F o w
25.0% ~35.0% ~ 65.0% ~ % 0.0% (Figure 14) - % :f& Fisher’s protected LSD

BTl BEFRERBEAFFRFLBRE T k285503 585
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Figure 14. Seedling emergence percentage of barnyard grass (Echinochloa crus-
galli), collected at four locations, were determined within 28 days after imbibition
(DAI). Seeds were placed on cultural medium directly and grown in greenhouse
environment. Seedling emergence percentages of barnyard grass that collected from
location 8, 13, 17, and AES were 25.0%, 35.0%, 65.0%, and 0.0% at 28 DAI,
respectively. ND means no significant difference among three accessions of barnyard

grass at the 5% level.

BMELBMP<005) By afch hzsa s £7% - &a

BG(I)-17 22 %5 M2 F 5 5% o proh > sy it Fhox2 joh ka

Y

= v 14 DAL i 8 %% 12 Fd 56.7%H 4 I 65.0% 0 4 o 5B H
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d %GR v L RBFEF 2T TR k3 21 DAI 2 %y 0 4

o}
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BREHFFREF28X o F £ Bl i hwr 10 BHE T £2 Apiro
Forte & » 3t &d2 14 = {4 (Days after treatment, DAT) ) S fic P &g 2_ %5 2%
i T BT FPFTH e & (Figure 15) - A EFHRIL™ > + £+
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Figure 15. Injury indices of 1-2 leaf red sprangle-top (Leptochloa chinensis)
accession seedlings after treatment of Apiro Forte with 10-fold recommended
dosage. The injury index ranges from 0 to 5, 0 indicates plant alive without herbicidal
injury, and 5 indicates plant died due to herbicidal effect. Recommended dosage was

0.550 ppm (w/v). ND = no difference at the 5% level as determined by the Fisher’s
protected LSD test.

AT A £S5 2 BcE i3t 28 DAT hif % 4 B e R
(Table 10) > % % A5 2~ B f 2 F T HE A 41~502 7
BT AEEELRL B¢ RSUD-11 2 § 2 4y 4.1 vk a0 H

& FJc 8 5 o s 4 ) % Apiro Forte 2 fufs o
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Table 10. Injury index of 1-2 leaf red sprangle-top (Leptochloa chinensis) accession
seedlings observed at 28 days after treatment of herbicide Apiro Forte with 10-fold
recommended dosage. The injury index ranges from 0 to 5, 0 indicates all plants survived
without herbicide injury, and 5 indicates all plants were killed due to herbicidal effect.

Red sprangle-top accessions Injury index
RS(I)-AES 4.8
RS(D)-1 5.0
RS(I)-2 4.9
RS(I)-14 5.0
RS(D)-15 5.0
RS(I)-11 4.1
P-value 0.18
LSDy 45 ND

*ND = no difference at the 5% level as determined by the Fisher’s protected LSD test.

gt g 2 T B k3t 28 DAT i3 % 5 (Table 11) » 4 3R %5 *
BRI 0 » BlCE A2 FEF A 00 ~29.0%2 F 0 T A
FAR o B9 RSUD-11 2o 55 F3E 29.0% > B> H B Jc g & > &y
% L% Apiro Forte 2 dsficqilt o R A HFIRB-p 3 EF 2 Jc B 4

RS(II)-AES 7 % 34p § 42 /& 2 it o
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Table 11. Survival rates of 1-2 leaf red sprangle-top (Leptochloa chinensis) accession
seedlings observed at 28 days after treatment of herbicide Apiro Forte with 10-fold
recommended dosage. The survival rate ranges from 0 to 100%, 0% indicates all plants
were killed due to herbicidal effect, and 100% indicates all plants survived without

herbicide injury.

Red sprangle-top accessions Survival rate (%)
RS(II)-AES 13.2
RS()-1 0.0
RS()-2 6.7
RS(I)-14 0.0
RS(I)-15 0.0
RS(I)-11 29.0
P-value 0.07
LSD,, s ND

“ND = no difference at the 5% level as determined by the Fisher’s protected LSD test.

PRypadsk SR dapl 0 + £5 48 8 RSAD-11 H § 3 4 fodn 30 2
BATE FRME FREFAERE A H 12 T w7 i Apiro
Forte A7 B #1245+ £ 3 ~ B d (A #TH B 2 A A 20t B
FIRSAD-11 2 Fp ZHE s kfse ¢ 2 00 ko 0 pryg g
Apiro Forte ™ 7 g 2% » L3 ¥ 4 i€ 0 B 5% 2 RS(ID-11 4p 3+
£ fulho AEsk i * 10 B4k * £ 2 ApiroForte #7312 £ % w5
e TRk RRE L EF TR k¥ 14DAT 2 18 § F dp BcAZiE -
Lo AL AERZBEF BAMRLE FF SRR AL

2o
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()W F 2 s g &

AT URE Z Bl k3w 10 B42 k% £ 2 Apiro Forte {5
% 7 DAT B4 I TRIsfc 3 0 >0 14 DAT D TRP B2 8o i 3
Ap BHE F PF Y 3 4o @ 3% B (Figure 16) » X5 Fisher’s protected LSD & < -

5> 14\21\28DAT’ ifl}»]’{%/fi@ﬁjf%%jﬁgi%é%?%iﬂ .

——BG(I)-8 \D
5 |
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Figure 16. Injury indeices of 1-2 leaf barnyard grass (Echinochloa crus-galli)
accession seedlings after treatment of herbicide Apiro Forte with 10-fold
recommended dosage. The injury index ranges from 0 to 5, 0 indicates plant alive
without herbicidal injury, and 5 indicates plant died due to herbicidal effect.
Recommended dosage was 0.550 ppm (w/v). ND = no difference at the 5% level as
determined by the Fisher’s protected LSD test.
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W Z BB 4 28 DAT i 2 4 Bi(Table 12) 0 5 .2 B 4
B2 2B A2 40~462 - BG(D-8 2 § T ks 4.0 5 v i
W H B I T d % o %5 Fisher’s protected LSD # 0 # % = B e f 5 2

§ 3 Atk AT FLE - 47 B % Apiro Forte 2 5e & p it -

Table 12. Injury index of 1-2 leaf barnyard grass (Echinochloa crus-galli) accession
seedlings at 28 days after treatment of herbicide Apiro Forte with 10-fold recommended
dosage. The injury index ranges from O to 5, 0 indicates all plants survived without

herbicide injury, and 5 indicates all plants were killed due to herbicidal effect.

Barnyard grass accession Injury index
BG(I)-8 4.0
BG(1)-13 4.6
BG(I)-17 4.4
P-value 0.53
LSDy 45 ND

“ND = no difference at the 5% level as determined by the Fisher’s protected LSD test.

R B E B 43 28 DAT shizis % (Table 13)» H = B i
B k2 s S 4222 ~422%2 0 2 ¢ BG(II)-8 2 5 i & i 42.2%-
% Fisher’s protected LSD # € > ¥ = Bicf k2 3@k Adl

X3 47 B4 Apiro Forte 2. 57 B #4piT o
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Table 13. Survival rates of 1-2 leaf barnyard grass (Echinochloa crus-galli) accession
seedlings at 28 days after treatment of herbicide Apiro Forte with 10-fold
recommended dosage. The survival rate ranges from 0 to 100%, 0% indicates all plants
were killed due to herbicidal effect, and 100% indicates all plants survived without

herbicide injury.

Barnyard grass accession Survival rate (%)
BG(II)-8 42.2
BG(1I)-13 222
BG(1)-17 31.1
P-value 0.85
LSDo.0s ND

“ND = no difference at the 5% level as determined by the Fisher’s protected LSD test.

g iEkE s 7> 2 10 246 * £ 2 Apiro Forte *5 #* {5 28 % »
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Figure 17. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis)
accession at 0 (A) and 28 (B) days after treatment of the herbicide Apiro Forte. Plants

were observed from side and overlook view. Recommended dosage was 0.550 ppm
(W/v).
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d 12 Fd+ 23 = B f s HApiro Forte2 EDsg B4 7 v > H &
F dp 82 EDso & 1 3% 0.17-0.59 ~ 73 % F 2. EDsp & 41 ** 0.37-2.95 ~ 5 7%
& & arcsined® 4% {5 2. EDsy & 4 * 0.38-1.98 ~ # & 2. EDs & 4 %> 0.19-
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Table 14. EDs values of herbicide Apiro Forte™ for the 1-2 leaf red sprangle-top (RS, Leptochloa chinensis) accessions. Data were collected
at 28 days after treatment from three independent experiments.

EDso (ppm, w/v)

A . Survival rate Fresh weight Dry weight
ccession
Injury index o Arcsine . Arcsine . Arcsine
Original data . Original data ) Original data )
transformation transformation transformation

RSI)-AES 0.38 2.95 0.51 0.39 0.45 0.18 0.12
RS()-1 0.42 1.89 0.93 0.34 0.46 0.18 0.19
RS(1)-2 0.17 0.37 0.38 0.25 0.25 0.17 0.28
RS(I)-14 0.33 1.68 1.54 0.19 0.19 0.20 0.18
RS()-15 0.59 2.48 1.98 0.53 0.44 0.47 0.27
RSI)-11 0.46 0.87 0.83 0.30 0.22 0.26 0.21
P-value 0.46 0.57 0.47 0.62 0.53 0.58 0.95
LSDo.05 ND ND ND ND ND ND ND

*I Theoretical concentration of Apiro Forte in paddy water based on the application rate recommended by Syngenta CO. was 0.550 ppm
(W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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4.50 ~ # £ Zarcsined® # 15 2 EDs & /1 3 0.99-5.66 ~ 5 & 2. EDs & 4 *%
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Table 15. EDs values of herbicide Apiro Forte™ for the 3-4 leaf red sprangle-top (RS, Leptochloa chinensis) accessions. Data were collected

at 28 days after treatment from three independent experiments.

EDso (ppm, w/v)

) Survival rate Fresh weight Dry weight
Accession
Injury index o Arcsine o Arcsine o Arcsine
Original data . Original data . Original data )
transformation transformation transformation

RSI)-AES 1.09 2.83 2.85 322 3.18 4.52 3.72
RS()-1 0.45 1.07 1.19 3.57 5.66 1.27 0.74
RS()-2 0.45 2.29 2.10 3.63 3.43 4.65 2.22
RS(1)-14 0.89 2.62 2.56 1.05 0.99 0.65 0.63
RS()-15 1.07 7.19 7.34 4.50 421 6.87 6.23
RSI)-11 0.66 2.01 2.35 3.79 4.10 1.15 0.58
P-value 0.67 0.32 0.31 0.99 0.96 0.44 0.43
LSDo.os ND™ ND ND ND ND ND ND

“I Theoretical concentration of Apiro Forte in paddy water based on the application rate recommended by Syngenta CO. was 0.550 ppm
(W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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3. R AT REHZAEF B R

AEFHRE- H S B2 T RS2 F £5 2 Bl & ¥ Apiro Forte

bt

2 T4 B EDs B0 VAt £F £t h k207 4 T PFYEDs B

Fisher’s protected LSD # @_{s & A £ 3|8 ¥ £ B (Table 16)> % 7+ 1-2 &

#£ 2 34 FhLeh+ £ F 2 5 B R AR R AP 1L o

Table 16. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on injury
index. Data of two growth stages from three independent experiments were collected at
28 and 35 days, respectively, after treatment.

EDso (injury index) (ppm)

Accession 12 leaf Py e P-value LSDo.0s
RSI)-AES 0.38 1.09 0.19 ND*
RS(D)-1 0.42 0.45 0.90 ND
RS(D)-2 0.17 0.45 0.56 ND
RS(I)-14 0.33 0.89 0.30 ND
RS(D)-15 0.59 1.07 0.46 ND
RS(ID)-11 0.46 0.66 0.51 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

RS BATESZF LS 2 B s i ¥ Apiro Fortez. F % F en
EDso & » ¥ av+ &£ F L 2§ 3% F 2 5 FF# EDs & 5 Fisher’s
protected LSD# Z_fs ¥ A:Z D& % £ £ (Table 17) » %77 1-2 £ 2 34

Edeeht &3 0 5 HER OSSR AP 2 -
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Table 17. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on survival
rate (original data). Data of two growth stages from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (Survival rate) (ppm)

Accession P-value LSDo.o5
1-2 leaf 3-4 leaf
RS(I)-AES 0.49 2.83 0.96 ND*
RS(I)-1 0.91 1.07 0.48 ND
RS(I)-2 0.37 2.29 0.34 ND
RS(I)-14 1.68 2.62 0.63 ND
RS(I)-15 2.48 7.19 0.45 ND
RS(1)-11 0.87 2.01 0.29 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

RS BA TSR F £ 2 Bl k¥ Apiro Fortez. 3 E F 5
arcsinedi #% 4 eEDsy & » V¥ ar+ £ F L9028 437 B 24 v EFHEDs &
& Fisher’s protected LSD#& #_{s ¥ A:E F|&g ¥ £ B (Table 18) > % 51 1-2

Fdo 2 34 HFdoent &5 2 5 HEH g B A0 o
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Table 18. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on survival
rate (arcsine transformation). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (Survival rate) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RS(II)-AES 0.51 2.85 0.23 ND*
RS(I)-1 0.93 1.19 0.63 ND
RS(I)-2 0.38 2.10 0.39 ND
RS(I)-14 1.54 2.56 0.59 ND
RS(I)-15 1.98 7.34 0.40 ND
RS(II)-11 0.83 2.35 0.27 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

WS B T R+t £ F 2 B B % % Apiro Fortez # & EDs

2.

5o VAarF £ 3 A E i3t 4 7 pFHPEDsy 2 5 Fisher’s protected

LSDt& #_{$ » ®@RS(I)-AES% RS(D)-14 £ $ &g ¥ £ & » e # & Jc & 4 A
F B ¥ L B (Table19): & 77+ &3 J= & 4« RS(I)-AESZ RS(I)-14 ¥ i:
B 3-4 Edp 122 EEEERRE G U ltdfios W 5 826 %

553 -
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Table 19. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on fresh
weight (FW, original data). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RS(II)-AES 0.39 3.22 <0.05 0.74
RS(I)-1 0.34 3.57 0.27 ND
RS(I)-2 0.25 3.63 0.52 ND
RS(I)-14 0.19 1.05 <0.05 0.62
RS(I)-15 0.53 4.50 0.47 ND
RS(1I)-11 0.30 3.79 0.35 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

B B4 T S+ £ 3 2 BT Lk ¥ Apiro Fortezl @ £ &
arcsined® 3% 15 e7EDsg B ¥ 4vo F £ F Lz B 537 4 T REHEDs B
& Fisher’s protected LSD# % ¢ » @ RS(I)-AES% RS()-14 £ 7 2 ¥ £
Bowd el AR AEREF L R (Table 20) > s S %2 #E 2 F 4P

i (Table 19) -
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Table 20. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on fresh
weight (FW, arcsine transformation). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf
RSI)-AES 0.45 3.18 <0.05 1.04
RS(I)-1 0.46 5.66 0.28 ND"
RS()-2 0.25 3.43 0.52 ND
RS(I)-14 0.19 0.99 <0.05 0.59
RS(I)-15 0.44 4.21 0.47 ND
RS(1)-11 0.22 4.10 0.35 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

g B4 T pEH 2.+ £F 2 BBk Apiro Fortez_ §z £ ¢HEDs
B var+ £F A i3 3 B A ¥ FFEEDsy i 5 Fisher’s protected
LSD # % /4 ¥ A2 9|8 ¥ £ B (Table 21)» %77 1-2 £ 2 3-4 &£

4 W R AR B AR T 0

Table 21. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on dry
weight (DW, original data). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.os
1-2 leaf 3-4 leaf
RS(IN)-AES 0.18 4.52 0.11 ND
RS(I)-1 0.18 1.27 0.35 ND
RS(I)-2 0.17 4.65 0.29 ND
RS(I)-14 0.20 0.65 0.12 ND
RS(I)-15 0.47 6.87 0.16 ND
RS(II)-11 0.26 1.15 0.06 ND

“ ND indicates no significant difference according to Fisher’s protected LSD test (a0 =
0.05).
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s A T pREE 2+ £ 3 2 BT Bk ¥ Apiro Fortez iz £ ¢1EDs
B vart £F A i3 3 B 4 57 FFEEDsy i 45 Fisher’s protected
LSD # % s ¥ AZ 5|8 % £ B (Table 22) > £ 77 1-2 £# 2% 34 F&&eh

+ & A u B R AR R AP

Table 22. Sensitivity comparison of red sprangle-top (RS, Leptochloa chinensis)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on dry
weight (DW, arcsine transformation). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf
RS(I)-AES 0.12 3.72 0.14 ND
RS(D)-1 0.19 0.74 0.05 ND
RS(I)-2 0.28 2.22 0.33 ND
RS(I)-14 0.18 0.63 0.28 ND
RS(I)-15 0.08 6.23 0.12 ND
RS(1)-11 0.21 0.58 0.45 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

FIp P Fk S5 7 oo |2 F8F £3 = B d 5 HApiro Fortesrs
EDso & & 43t e Bde g * £ 0.550ppm- ® Jc & % @t B 2. EDs & A&
EHEFLIR AT F &5 2 Bl s ApiroFortesag g B ApiT il o @
3-4 F#b+ £ FJc Bk Bt B4 Apiro Fortez. EDso 87~ A2 ¥ £ B »
P EDsy Bt 3 >te Bl g* £ 0 Py %’}3 3o+ &5 HALSH
#13% % FAA L 2 el ko T A & 5 STALSEF R AT 0

SFETETY FAE I S SR PRI
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- RS BA TR £ Ll k2w R eREDs) &
BEFRFEF LR N I2ERZ 34 ER2 § Tl 5iES2
FoEEDs) % AZ 8% £ B > WRS(I)-AES% RS(I)-14 »* 3-4 Fax d

# & 2 EDs) B8 % %>t 1-2 £4 5 % 7 RS(I)-AES2 RS()-14 #* - Jz &

2o 3-4 EEp BHERT R ER AL REL Y Fip it &
+EPRAR A R ER T H 7 ")ﬁﬂU& Ja B ¥ FEF LA RA

TR "f A 2. '3 f2:# ¥ (degradation rate) % i #H(metabolism) it

H# 4v 3 B (Chauhan and Abugho et al., 2011) ©

b. ¥
AR LY e ke - W ME e Bl ko3
ME 9L LT 122 34 F#pF A BT 4 faH L PApiro Forted] £

FOA Y Au s EAGS 28 % 2 35 % ek Thd s RS

FE G SR TR A iR R 7 AR R
Jo s A7 SZ EDso i B {6 1 o 3w e f k@t ¥ 3 Apiro Fortesh

R RME D AT EDTME Lk % $Apiro Forterrag g & o
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1,122

#-1-2 e 3% 5 ¥ Apiro Forte i& (73 £ F 4 7385 » >0 ¥

B 08 (5 RBH A BN Dt T itk BiES  HEA
JEE % Pk (Figure 18) » 4040 1 28 B AR w (03] - 9 0 5

% Jc & 5« ¥ Apiro Forte 2. 2 EDs & ©

. Figure 18 Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli) at
0 (A) and 28 (B) days after treatment of the herbicide Apiro Forte. Plants were

observed from side view. Recommended dosage was 0.550 ppm (w/v).
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d 12 E&MF e B g B % $+Apiro Fortez. EDs 8 4 7 4 » H

ot
N
ks

n B2 EDso & 41 3% 0.14-0.65 ~ 375 & 2. EDso (& /1 % 0.29-2.94 ~ 75 /&
Zarcsined #% 18 2. EDsg & 4 > 0.28-3.12~ @ &£ 2. EDs i& 4 ** 0.06-0.26~
B £ arcsined® 4 {4 2. EDso & /1 3 0.06-0.26 ~ iz & 2. EDso & 4 3+ 0.05-
0.14 ~ 5z £ Sarcsinefd 4% {5 2 EDso & /1 *+ 0.03-0.12 (Table 23) > ## ¥

Byl Ay Fr g ipdcx % 75 & eEDs 18 %5 Fisher’s protected LSD
T EFREFALRL LTI LTk $tApiroForte2z 578 & 7 it 2
- &k B @y ek ks BG(II)-8 2 EDsy & ¥ % **BG-WT 2

BG(II)-13 » @ & :& - # #BGID-8 ¥ BG-WTz i 2 #F} W FESFen
EDso & 4p % ¥ ¥ BG(I)-8 i:}%}i}_:}% /i 3t 4.64-10.75 > % 57 BG(ID)-8 #4p
gt s I Tk 5 ¥ i HApiro Forte & § - ®ALRE hffd o

PRk SR T o e R 2 EDy B B354 B > T 5 fEta

e

FOILR T FE T praE R 0T 5 Bon |9t # et ki o
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Table 23. EDs values of herbicide Apiro Forte™! for the 1-2 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected at 28

days after treatment from three independent experiments.

EDso (ppm, w/v)

Survival rate Fresh weight Dry weight
Accession
Injury index . Arcsine . Arcsine . Arcsine
Original data . Original data . Original data )
transformation transformation transformation

BG-WT 0.14 0.29 0.29 0.06 0.06 0.05 0.03
BG(II)-8 0.65 2.94 3.12 0.07 0.08 0.14 0.10
BG(II)-13 0.16 0.29 0.28 0.11 0.14 0.11 0.12
BG(I)-17 0.36 0.57 0.56 0.26 0.26 0.08 0.07
P-value <0.05 <0.05 <0.05 0.23 0.34 0.62 0.64
LSDo.05 0.37 1.98 2.11 ND™ ND ND ND

“I Theoretical concentration of Apiro Forte in paddy water based on the application rate recommended by Syngenta CO. was 0.550 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (o = 0.05).
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2.3-4 F i
#-3-4 L& 5 2 5 Apiro Forteit (7 & & £ o &~ 17385 - 20

£

A

g

B{e 35 X 18 0 el TAp e FEF W

\““’r\

WS SRR R0 0 9

3 % qc & % ¥ Apiro Fortez. EDs
(A

d 34 FdeM T B g 4 44 Apiro Forte2 EDso 8 4 7 4v > H i
4 #;; #c2 EDs & /1 % 0.33-1.19 ~ 75 7% 5 2 EDso & /1 ** 0.60-5.41 ~ 3 7%
& & arcsined® 4% 15 2. EDsy & 4 % 0.61-5.30 ~ # & 2. EDs & 4 %> 0.35-
2.51 ~ # & ‘Tarcsined® 4 15 2. EDsg & 4 %+ 0.32-2.58 ~ §7 & 2. EDs & 4 *%
0.40-2.38 ~ 3¢ £ ‘Sarcsined® 4% (& 2 EDsg (& /i ** 0.28-1.48 (Table 24) - ##
P B ket B35 & % §7 & 99EDs B 5 Fisher’s protected LSD
AL FRFLE L TFME L ek i 7 it $Apiro Forte2 57 & #
3 - FKoH ¢ UM YR 4 BG(I)-8 2 EDso & B % & > BG-WT~BG(II)-
13 2 BG(I)-17 » @ {5 i~ # ¥BG(I)-8 22 BG-WT2 1 % 43 #c* 775 %
eEDso 12 4P “,/TT ¥ {#BG(ID)-8 2z Fult iﬁﬁi:/‘ %+ 3.09-5.80 % 7+ BG(I)-8 4p
FOTH B M Il k¥ i Apiro Forte & 3 - ZARR chFult o B S S
EI 34 E 2 M L Jch i 2EDs Bd 12 E&F 0 2 gt

7 * £ 0.550 ppm °
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Table 24. EDs values of herbicide Apiro Forte™ for the 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected at

35 days after treatment from three independent experiments.

EDso (ppm, w/v)

Survival rate Fresh weight Dry weight
Accession
Injury index . Arcsine . Arcsine . Arcsine
Original data . Original data ) Original data )
transformation transformation transformation
BG-WT 0.59 1.50 1.46 0.43 0.32 0.41 0.28
BG(II)-8 1.19 541 5.30 2.51 2.58 2.38 1.48
BG(II)-13 0.33 0.60 0.61 0.35 0.33 0.40 0.50
BG(I)-17 0.69 1.45 1.45 0.76 0.64 0.71 0.60
P-value 0.07 <0.05 <0.05 0.13 <0.05 <0.05 <0.05
LSDo.05 ND™ 2.05 1.97 ND 1.68 1.31 0.71

*I Theoretical concentration of Apiro Forte in paddy water based on the application rate recommended by Syngenta CO. was 0.550 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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3. 7R A TR F R B

AEHE- H RS B2 T RS2 E e Bl & HApiro Fortez
T g cEDs) B 0 F AR E LB k3 B A T PR EDs B
Fisher’s protected LSDt§ %_{¢ ¥ X £ 1|8 ¥ £ B (Table 25) > % 7+ 1-2 &
3 34 L I B A AR B APIT -
Table 25. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on injury

index. Data of two growth stages from three independent experiments were collected at
28 and 35 days, respectively, after treatment.

EDso (injury index) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.14 0.59 0.15 ND*

BG(I)-8 0.65 1.19 0.12 ND

BG(1)-13 0.16 0.33 0.27 ND

BG(II)-17 0.36 0.69 0.18 ND

* No significant difference according to Fisher’s protected LSD test (& = 0.05).

iR B A T RS2 M e Bics & Apiro Fortez 15 7% 5 ¢1EDs

B FACHE LTk k37 B 4 ¥ EFHPEDsg 2 5 Fisher’s protected LSD

i
(H}
o
14
)L;_

G FIAE L B (Table26)r % 7 12 3 3-4 FLME 2 5
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Table 26. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on
survival rate (original data). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (Survival rate) (ppm)

Accession 1.2 leaf 3.4 leaf P-value LSDo.0s
BG-WT 0.29 1.50 0.34 ND*
BG(II)-8 2.94 5.41 0.12 ND
BG(II)-13 0.29 0.60 0.08 ND
BG(I)-17 0.57 1.45 0.12 ND

* No significant difference according to Fisher’s protected LSD test (a = 0.05).

e s AT R X e By % ¥ Apiro Fortez 13 i KO

arcsined 3% 15 eEDso B ¥ A E L4tk 3R A T Y EDsy B

Fisher’s protected LSD# #_{¢ & AZ 7| ¥ £ B (Table 27) > %77 12 &

#2534 EaL A I 4 E R AR B AP 0L o

Table 27. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on
survival rate (arcsine transformation). Data of two growth stages from three

independent experiments were collected at 28 and 35 days, respectively, after

treatment.

Accession EDso (Survival rate) (ppm) P-value LSDo.0s
1-2 leaf 3-4 leaf

BG-WT 0.29 1.46 0.34 ND*

BG(II)-8 3.12 5.30 0.18 ND

BG(11)-13 0.28 0.61 0.08 ND

BG(ID)-17 0.56 1.45 0.11 ND

" No significant difference according to Fisher’s protected LSD test (a = 0.05).
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W A T PR R 3w BT § & ¥ Apiro Fortezo # & EDs 12 -
FACM Y Ak k33 4 5 EFEEDs & 5 Fisher’s protected LSDi# _

i XED B F AL R (Table28)> £ 77 12 Fdb 2 3AEFHPME 2§ HF

L)

| AR B A 0

Table 28. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on
fresh weight (FW, original data). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf

BG-WT 0.06 0.43 0.15 ND"

BG(II)-8 0.07 2.51 0.07 ND

BG(II)-13 0.11 0.35 0.15 ND

BG(ID)-17 0.26 0.76 0.16 ND

* No significant difference according to Fisher’s protected LSD test (a = 0.05).

s B A T PR e e Bz 8 % $ Apiro Fortez # £ Farcsine
1S PEDs B> ¥ AR A el k27 B 4 ¥ I EDs i 5 Fisher’s
protected LSD # % {4 @BG(II)-8 N AEF L L > 7 H s E e h k&
K F L B (Table29) 4 7 M & e & ABG()-8 ¥ iv f3-4 Fdr i 1-

2 FEHERRL F P Fulbd s 3225 ¢
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Table 29. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on fresh
weight (FW, arcsine transformation). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf

BG-WT 0.06 0.32 0.19 ND*

BG(II)-8 0.08 2.58 <0.05 2.26

BG(II)-13 0.14 0.33 0.30 ND

BG(I)-17 0.26 0.64 0.24 ND

* No significant difference according to Fisher’s protected LSD test (a = 0.05).

WA AT EH 2 ME e B d % Apiro Forte2 52 £ ¢hEDs
B FAME L E i3t k4 T pEEEDs 12 5 Fisher’s protected LSD
et s HBGDS 2BGUN-17 £ ¥ L8 > A B e MLl 4
# KA F £ B (Table 30) » 4 7 M ¥ e # s BG(I)-8 2 BG(I)-17 7 &
B34 g 12 EHEERRE G o g dis Bl 2 17.00 %

8.88 °

Table 30. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on dry
weight (DW, original data). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession 1.2 leaf 3.4 loaf P-value LSDo.0s
BG-WT 0.05 0.41 0.15 ND*
BG(11)-8 0.14 2.38 <0.05 1.70
BG(1)-13 0.11 0.40 0.12 ND
BG(ID)-17 0.08 0.71 <0.05 0.26

* No significant difference according to Fisher’s protected LSD test (a = 0.05).
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LA B4 T E 2 M B e BBk $ Apiro Fortez 57 £ farcsine
$& 3% {5 PEDsy > ¥ Arf I L qT k37 e 2 5 PP EDs 12 5 Fisher’s
protected LSD# %_i$ » % JLBG(I])-8 2 BG(I)-17 £ $ g ¥ £ & > @ H ¢4
Il & A EHF L B (Table3l) %% 257 2 F Jis4p 02(Table

32) -

Table 31. Sensitivity comparison of barnyard grass (BG, Echinochloa crus-galli)
accessions between 1-2 and 3-4 leaf stages to the herbicide Apiro Forte based on dry
weight (DW, arcsine transformation). Data of two growth stages from three independent
experiments were collected at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession 1.2 leaf i P-value LSDo.0s
BG-WT 0.03 0.28 0.20 ND*
BG(II)-8 0.10 1.48 <0.05 0.57
BG(1I)-13 0.12 0.50 0.21 ND
BG(1)-17 0.07 0.60 <0.05 0.23

* No significant difference according to Fisher’s protected LSD test (a = 0.05).
*2’3}7%;.“1 FPRBREET o 12 ﬁﬁﬁ%ﬂ ¥z & s BG-WT ~» BG(I)-13 %

BG(II)-17 % Apiro Forte:1EDs, & & %2 B 42 & * £ 0.550 ppm * @

BG(II)-8 #+Apiro Forteﬁ?ﬁ; 4 %Fp Bk 3EF2EDsg BR ' L3 e i

l

PR P EF VAL M IS L 27 M & 4T B % % Apiro Forte

6

SUCR R X - o2 fsie- % 17 I BG(I)-8 crutdn i s 4.64-10.75¢
A 3-4 M Gt JT Bk 4 Apiro Forte2 EDso 77 £ § B ¥ £ & >

*BGAD-8 HEw B2 EDsg x5 Bfag* € > T EEFFH
F
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AR R k0 218 W IBG(D)-8 et dp#ic s 3.09-580 0 ¥ ¢F > A=
WY FEFEME LS B R AT Y HApiro Fortez & & F &4
TP RS FeR L R ERR R L o o A TR RE
fo— A BT HERF RRF - R L EGBERT 2 AT 2 AR
oo FP AT R ATE L B k2. EDso B8 (T g o
FEFHZEET 2R ATEH MR EBGID)-8 ¥ Apiro
Forte % L — AR KR thdmlt » @ & A B g g A 2 WP A 4 W
(Arkansas) 7 503 & %5 % ALSPP #1415 > B3 2 % 5 BALSF$1 4|
A 4 fut(Riar et al, 2013) 5 & @ FR% o7~ LA 330 if & 25 % ALSHr
#14] T % % (penoxsulam) & » F R X4 T @ W A 4 puid (Fang et al,
2019) ; @ f.& L7 (Spain)k #74% § 5 £ (Extremadura)+ 2 I 3 4
ALS#r#]#] & 2 $ilt(Amaro-Blanco et al., 2021) o *F 7 4 A ¥ jc f

4« BG(I)-8 ¥+ Apiro Forte 11 I~ % AR R cfald » e {ldpn A 5 H * &

SR LA F v s BRE 2 AL F (Supplementary 2) 0 & i@ % ALS
Frd| A e B o F1 ¥ BG(ID)-8 Ap B 2o Fu s v Rk - H AT o

AFTWRMBE LR A BATEHPE e BERLARSD
EDso B o 3% F MMM L e 0 -2 ER2 34FR2 §Thik

K2 @ E HEDs B AZEE LR > WBG(D-8 % BG(I)-17 *+ 3-4
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C)FEF2MEFLER2ZAEF BA1TE%K
AEBRE- R * F £ 3 2 I LT f k¥ Apiro Forte/R & ¢ e
BREBEETREF BAITEK A RE B AE LRMR

LR R AR e A TR T HER DF o

A 2R ATEDHLERZAEF BALT

£ &3

AFETHRED SHY a3k - s HiF2F 452 B R k0
T A3 BY 12 2 34 ERELUEGEL AR BEOLELRBEF LA
oo A w s FAIE 28 % 2 35 Aok Tl wES o WEZ
FE TR TR LM BRSO WRE R A T
W &% EDsp B 0 B fe gt £ F 2 BT ik kot B L T ehd
AR RA TR T R Al A4 LR e o

1.1-2 £#

Bt g3 12 ERS T HAEREFHEF RO RS s B

e
oy

B 28 % 50 MRS LT Fekr T hlc Bk s L
£ 3 f (Figure 19) » #3404 2L 80U $HBGBHE v (B0 4 45 0 9 01
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Figure 19. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis)
accession at 0 (A) and 28 (B) days after treatment of the herbicide bensulfuron-

methyl. Plants were observed from side view. Recommended dosage was 0.185 ppm
(W/v).

g e+ ek A G T E 3RS LEREAET
BAED 50%2 FrdlF o e mEEAEETE 12 FF AT L0l i
2 EDsy &> Fl 5 4 0w fhdg 2 i v o £ 2 ek k2 1~1,000
BHET EFEFP 0F BLEAER
Wt £ R B ket 1-1,000 B g RERIN L LK
B EaApde FMAL-1000 BiaEr BT F A Bch k2§ ok
FEAEL B (Table 32) > £ 7 A MA o d s b 12 ELHF & E D
FE LR Koo 2 TR A 1,000 B4 E BT 3 4Bk AQiB 2.5

—_

(50%) -
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Table 32. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on injury index. Data were

collected at 28 days after treatment with three independent experiments.

Injury index (0-5)

Accession 1X* 10X 100X 1,000X
RS(I)-AES 0.72 0.99 1.77 2.37
RS(D)-1 0.96 1.59 1.85 2.44
RS(I)-2 1.10 1.43 2.23 3.17
RS(I)-14 0.69 0.85 1.22 231
RS(D)-15 0.87 1.33 1.59 1.93
RS(II)-11 0.68 0.99 1.61 2.09
P-value 0.93 0.78 0.72 0.67
LSDo .05 ND*? ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).

Wt G Rl ke 121,000 B g REFIN 2 LR KD

BEA O BEMA 1-1,000 BAET BT A AT 2 Bl il HES AL

—_ =

Tk

BE 4 B (Table 33) > 477 2 jc 8 i 2 12 E# 47 BAEDLE K

M- 3o 2R A 1,000 BAEE* £ 355 A M 50% e
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Table 33. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on survival rate. Data were

collected at 28 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X*! 10X 100X 1,000X
RS(1I)-AES 100.00 96.33 78.00 66.67
RS(I)-1 100.00 100.00 100.00 89.00
RS(1)-2 97.56 85.26 70.56 53.07
RS(I)-14 100.00 92.67 88.89 70.33
RS(1)-15 100.00 100.00 89.00 85.33
RS(II)-11 100.00 100.00 100.00 85.33
P-value 0.46 0.20 0.11 0.20
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).

M G Ak R 141,000 BREY BREFRN 2 LG

L FIR A 10100 2 1,000 e * £ T+ 432 B i e
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NILE E X B (Table 34) > £ 7 & e & 5 ¥ 7 F#|
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Table 34. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on fresh weight. Data were
collected at 28 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1x* 10X 100X 1,000X
RS(IN)-AES 55.50 24.95 18.13 14.12
RS(D)-1 4478 37.42 29.34 23.68
RS(I)-2 54.34 51.62 23.46 12.34
RS(I)-14 83.47 79.39 71.90 35.36
RS(I)-15 86.00 81.89 76.63 47.79
RS(ID)-11 60.95 42.29 38.37 23.46
P-value 0.28 <0.05 <0.05 <0.05
LSDo.0s ND™ 40.93 36.22 21.78

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).

LR AT Ao d ks 121,000 BHREY BERIPN 2 LK
feE o FME 100 BHREYETFEF A BE k2 AREF L

B (Table35) s 47 2 e d 43 BB eh i@ a3 - % » 3 ¢ RS(D-
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Table 35. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on dry weight. Data were

collected at 28 days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1x* 10X 100X 1,000X
RS(IN)-AES 57.08 51.85 20.85 12.02
RS(D)-1 57.94 42.97 32.56 29.14
RS(I)-2 51.52 27.92 19.36 9.84
RS(I)-14 86.17 74.98 65.95 32.15
RS(I)-15 87.18 84.83 64.78 40.30
RS(ID)-11 61.41 38.22 36.57 19.02
P-value 0.46 0.11 <0.05 0.05
LSDo.05 ND™ ND 3731 ND

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).

FEN R EE T A PR EZ LR BASTF AT L E
GO T A B R ST E AL F R - R 0 RS(D-AES ~ RS(1)-2
RS(I)-14 ~ RS(I)-15 % RS(I)-11 % kit v Fia i * £ (0.185 ppm) ™
F150%2 £ F > 2 A5 A L8 ppm) T H i Todcx 3iEF Y A
EI 50% > Aor 12 EHFEFPT Bk FEHALERE G - T4
Berfilt o m + £ 32 h ARS(D)-15 # 4 10~ 100 2 1,000 & | & EJe

TOHBETMRE BEFFONNLSRE oA TR A HLERZ L
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Table 36. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on injury index. Data were

collected at 28 days after treatment with three independent experiments.

Injury index (0-5)

Accession 1X™ 10X 100X 1,000X
RS(I)-AES 0.50 0.72 1.10 1.44
RS(D)-1 0.59 1.04 1.31 1.93
RS(I)-2 0.61 1.17 1.61 2.06
RS(I)-14 0.28 0.43 0.87 1.19
RS(D)-15 0.93 1.37 1.85 2.43
RS(II)-11 0.63 0.78 1.44 1.89
P-value 0.89 0.79 0.88 0.81
LSDo .05 ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 37. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)

accessions to the herbicide bensulfuron-methyl based on survival rate. Data were

collected at 28 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X™ 10X 100X 1,000X
RS(IN)-AES 100.00 100.00 100.00 100.00
RS(D)-1 100.00 100.00 92.67 70.33
RS(I)-2 100.00 96.33 96.33 88.89
RS(I)-14 100.00 100.00 100.00 96.33
RS(1)-15 100.00 96.33 85.22 72.22
RS(ID)-11 100.00 100.00 96.33 96.33
P-value -- 0.57 0.69 0.26
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of

bensulfuron-methyl applied in paddy water (0.185 ppm).

*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 38. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on fresh weight. Data were

collected at 28 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1X*! 10X 100X 1,000X
RS(I)-AES 72.45 66.24 57.02 39.58
RS(I)-1 83.13 73.52 56.41 39.29
RS(I)-2 63.81 61.40 52.40 41.81
RS(I)-14 93.64 85.75 84.95 67.04
RS(I)-15 71.25 61.87 56.27 52.25
RS(I)-11 82.17 72.85 55.48 47.70
P-value 0.62 0.87 0.75 0.86
LSDo.os ND™ ND ND ND

I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 39. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide bensulfuron-methyl based on dry weight. Data were

collected at 28 days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1X™ 10X 100X 1,000X
RS(IN)-AES 75.43 70.93 59.43 35.86

RS(D)-1 91.26 88.52 67.89 38.05

RS(I)-2 61.41 58.32 48.83 36.44

RS(I)-14 94.00 83.11 78.85 60.52

RS(1)-15 66.45 56.28 55.63 47.73

RS(ID)-11 79.23 66.21 60.77 50.37

P-value 0.52 0.71 0.88 0.89

LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Figure 20. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli)
accession at 0 (A) and 28 (B) days after treatment of the herbicide bensulfuron-

methyl. Plants were observed from side view. Recommended dosage was 0.185 ppm
(W/v).
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Table 40. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide bensulfuron-methyl based on injury index. Data were

collected at 28 days after treatment with three independent experiments.

Injury index (0-5)

Accession 1X*! 10X 100X 1,000X
BG-WT 2.44 3.37 4.41 4.67
BG(II)-8 1.19 2.38 3.26 3.89
BG(II)-13 1.48 3.37 4.33 4.81
BG(I)-17 0.59 2.43 3.52 4.11
P-value <0.05 0.08 <0.05 <0.05
LSDo.0s 0.84 ND™ 0.78 0.44

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 41. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)

accessions to the herbicide bensulfuron-methyl based on survival rate. Data were

collected at 28 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X™ 10X 100X 1,000X
BG-WT 100.00 85.33 26.00 22.33
BG(II)-8 100.00 96.33 96.33 74.33
BG(II)-13 100.00 85.22 40.67 11.11

BG(II)-17 100.00 100.00 88.89 55.67
P-value -- 0.31 0.08 0.05
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of

bensulfuron-methyl applied in paddy water (0.185 ppm).

*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 42. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)

accessions to the herbicide bensulfuron-methyl based on fresh weight. Data were

collected at 28 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession DG 10X 100X 1,000X
BG-WT 18.32 13.39 4.66 2.00
BG(II)-8 52.92 29.63 9.97 5.49
BG(II)-13 48.99 19.89 15.96 5.35
BG(I)-17 82.78 37.53 11.99 491
P-value <0.05 0.27 0.71 0.41
LSDo.0s 40.05 ND™ ND ND

"I X represents the theoretical concentration based on the recommended dosage of

bensulfuron-methyl applied in paddy water (0.185 ppm).

"2 No significant difference according to Fisher’s protected LSD test (& = 0.05).
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Table 43. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)

accessions to the herbicide bensulfuron-methyl based on dry weight. Data were

collected at 28 days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1X* 10X 100X 1,000X
BG-WT 15.46 14.88 7.54 4.75
BG(I)-8 56.65 48.04 41.51 39.05
BG(II)-13 47.39 24.71 25.48 14.38
BG(I)-17 69.79 30.40 16.93 10.24
P-value 0.12 0.44 0.54 0.38
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 44. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide bensulfuron-methyl based on injury index. Data were

collected at 35 days after treatment with three independent experiments.

Injury index (0-5)

Accession X" 10X 100X 1,000X
BG-WT 0.89 1.70 4.56 5.00
BG(II)-8 0.15 1.04 2.56 3.74
BG(II)-13 0.11 1.41 4.15 4.56
BG(II)-17 0.15 1.11 4.02 4.52
P-value <0.05 0.17 <0.05 <0.05
LSDo.0s 0.37 ND™ 0.81 0.82

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 45. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide bensulfuron-methyl based on survival rate. Data were

collected at 35 days after treatment with three independent experiments.

Survival rate (%)

Accession 1x 10X 100X 1,000X
BG-WT 100.00 92.67 33.11 0.00
BG(II)-8 100.00 100.00 100.00 66.78
BG(II)-13 100.00 100.00 51.67 29.44
BG(II)-17 100.00 100.00 63.00 37.00
P-value - 0.05 <0.05 <0.05
LSDo.05 ND™ ND 34.62 42.66

*I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 46. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide bensulfuron-methyl based on fresh weight. Data were
collected at 35 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1X*! 10X 100X 1,000X
BG-WT 81.79 71.19 16.39 4.13
BG(II)-8 97.60 67.35 61.90 25.93
BG(II)-13 67.94 75.17 31.97 23.07
BG(II)-17 81.70 86.15 30.89 16.51
P-value 0.17 0.66 0.11 0.20
LSDo.0s ND™ ND ND ND

"I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methyl applied in paddy water (0.185 ppm).
"2 No significant difference according to Fisher’s protected LSD test (& = 0.05).

113



LR Aol kst 1-1,000 B E Y BRI 2 L it
EoFMAI02 1,000 BHEY ETHE e Bk k2 NREY
4 3% (Table 47) > 277 2 4cf s {72 R E DL ERILET - R H ¢
BG(I)-13 2 BG(ID-17 2. sz £ A F F >0 8 wfc B 4> hgcE k4 m

LR 5 SR 3 JEE SV et B

Table 47. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide bensulfuron-methyl based on dry weight. Data were

collected at 35 days after treatment with three independent experiments.

Dry weight (% of control)

Accession X" 10X 100X 1,000X
BG-WT 69.28 63.52 25.78 9.72
BG(II)-8 81.88 42 .82 33.59 19.11
BG(IT)-13 82.92 79.42 4134 38.08
BG(I)-17 80.46 79.82 35.71 24.39
P-value 0.71 <0.05 0.54 <0.05
LSDo.0s ND™ 33.26 ND 13.79

"I X represents the theoretical concentration based on the recommended dosage of
bensulfuron-methylapplied in paddy water (0.185 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Figure 21. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis)
accession at 0 (A) and 28 (B) days after treatment of pyriftalid. Plants were observed

from side view. Recommended dosage was 0.365 ppm (w/v).
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Table 48. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide pyriftalid based on injury index. Data were collected at

28 days after treatment with three independent experiments.

Injury index (0-5)

Accession 1X™ 10X 100X 1,000X
RS(IN)-AES 0.56 1.04 3.67 4.70
RS(D)-1 1.50 2.56 2.50 4.17
RS(I)-2 1.07 1.78 3.07 4.46
RS(I)-14 0.33 1.56 2.22 3.22
RS(I)-15 0.70 1.11 3.26 4.59
RS(ID)-11 0.67 1.61 3.57 4.54
P-value 0.66 0.76 0.61 0.22
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of

pyriftalidapplied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 49. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide pyriftalid based on survival rate. Data were collected at

28 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X™ 10X 100X 1,000X
RS(IN)-AES 100.00 96.33 51.78 14.78
RS(D)-1 83.33 72.17 61.00 38.83
RS(I)-2 92.67 89.00 46.33 14.78
RS(I)-14 100.00 89.00 77.67 66.67
RS(1)-15 96.33 92.67 55.67 22.22
RS(ID)-11 100.00 100.00 68.44 25.83
P-value 0.60 0.49 0.73 0.14
LSDo.0s ND™ ND ND ND

I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 50. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)

accessions to the herbicide pyriftalid based on fresh weight. Data were collected at

28 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession X" 10X 100X 1,000X
RS(IN)-AES 40.49 31.24 17.96 8.61
RS(D)-1 30.66 21.10 12.27 4.50
RS(I)-2 54.52 47.46 11.46 1.99
RS(I)-14 74.72 37.51 46.21 16.04
RS(I)-15 80.06 40.22 11.41 4.90
RS(ID)-11 48.08 40.45 11.43 3.43
P-value 0.18 0.81 <0.05 <0.05
LSDo.0s ND*? ND 24.65 10.53

*I X represents the theoretical concentration based on the recommended dosage of

pyriftalid applied in paddy water (0.365 ppm).

*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 51. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide pyriftalid based on dry weight. Data were collected at 28

days after treatment with three independent experiments.

Dry weight (%)
Accession 1X*! 10X 100X 1,000X
RS(I)-AES 37.93 31.69 18.97 4.50
RS(I)-1 27.41 23.32 14.61 6.34
RS(I)-2 50.19 45.54 12.97 4.31
RS(I)-14 66.21 43.52 48.30 18.50
RS(I)-15 79.34 69.99 20.57 6.34
RS(I)-11 45.74 38.59 13.80 5.91
P-value 0.14 0.09 <0.05 <0.05
LSDo.05 ND* ND 19.39 3.85

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 52. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide pyriftalid based on injury index. Data were collected at 28

days after treatment with three independent experiments.

Injury index (0-5)

Accession 1x* 10X 100X 1,000X
RS(IN)-AES 0.22 1.92 4.22 5.00
RS(D)-1 1.14 2.10 3.70 4.95
RS(I)-2 0.44 0.89 1.56 4.00
RS(I)-14 0.00 0.33 0.50 3.22
RS(I)-15 0.15 0.26 1.67 4.11
RS(ID)-11 1.11 2.22 3.37 4.19
P-value <0.05 <0.05 <0.05 <0.05
LSDo.0s 0.82 1.80 2.56 1.34

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalidapplied in paddy water (0.365 ppm).
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Table 53. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide pyriftalid based on survival rate. Data were collected at

35 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X*! 10X 100X 1,000X
RS(II)-AES 100.00 88.89 48.11 0.00
RS(I)-1 96.69 81.09 45.91 4.89
RS(I)-2 100.00 100.00 88.89 33.00
RS(D)-14 100.00 100.00 100.00 59.33
RS(D)-15 100.00 100.00 88.89 33.22
RS(ID)-11 100.00 77.67 51.89 29.67
P-value 0.11 <0.05 <0.05 <0.05
LSDo.0s ND™ 20.93 47.49 44.44

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 54. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)

accessions to the herbicide pyriftalid based on fresh weight. Data were collected at 28

days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1X*! 10X 100X 1,000X
RS(I)-AES 55.36 48.66 27.59 11.17
RS(D)-1 48.73 41.82 13.84 1.77
RS(I)-2 65.47 55.70 47.62 19.98
RS(I)-14 66.67 43.76 32.50 9.53
RS(D)-15 60.58 38.35 21.19 2.71
RS(II)-11 60.78 31.25 21.39 15.87
P-value 0.95 0.88 0.68 0.39
LSDo .05 ND™ ND ND ND

I X represents the theoretical concentration based on the recommended dosage of

pyriftalid which applied in paddy water (0.365 ppm).

*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 55. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide pyriftalid based on dry weight. Data were collected at 28

days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1X*! 10X 100X 1,000X
RS(1I)-AES 56.90 51.45 31.11 12.44
RS(I)-1 51.59 42.22 11.54 2.99
RS(1)-2 69.70 62.89 54.85 21.09
RS(I)-14 57.36 42.33 31.11 8.80
RS(1)-15 70.46 64.11 42.08 9.97
RSD)-11 46.26 19.17 11.67 8.07
P-value 0.76 0.32 0.28 0.13
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Figure 22. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli)
accession at 0 (A) and 28 (B) days after treatment of pyriftalid. Plants were observed

from side view. Recommended dosage was 0.365 ppm (w/v).
E;Me“v\ﬂ_‘,i_k% ‘% % }jﬁgt; ER RN i kA L E T EA
P 50%2 Il F 0 s EZERER 12 ERME L 4l i 2 EDso-

B F s e i R B R A B 52 1~1,000 & 4 E

NS S F

127



R E AR aoEr 151,000 Ba g £ RN 2 R k] i
ThE FRTAIORAE ETHE e Bich k2§ T HikImey
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Table 56. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)

accessions to the herbicide pyriftalid based on injury index. Data were collected at
28 days after treatment with three independent experiments.

Injury index (0-5)

Accession X" 10X 100X 1,000X
BG-WT 2.11 4.89 5.00 5.00
BG(II)-8 0.59 1.78 2.70 3.81
BG(II)-13 1.33 2.80 3.74 4.37
BG(II)-17 0.96 1.48 2.70 4.00
P-value 0.30 <0.05 0.17 0.22
LSDo.05 ND™ 1.87 ND ND

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).

R E R ke 1-1,000 BAEE Y B 4RI 2Rl dhg
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Table 57. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on survival rate. Data were collected at

28 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X*! 10X 100X 1,000X
BG-WT 100.00 11.00 0.00 0.00
BG(II)-8 100.00 96.33 88.89 59.33
BG(II)-13 100.00 83.33 48.22 29.67
BG(II)-17 100.00 96.33 85.11 51.89
P-value -- <0.05 <0.05 0.20
LSDo.os ND™ 40.14 66.88 ND

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).

LR E Aol ks 11,000 B4 E B RP 2 on ki e
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Table 58. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on fresh weight. Data were collected at 28
days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1x* 10X 100X 1,000X
BG-WT 38.84 12.26 6.32 4.11
BG(II)-8 81.77 37.44 11.64 8.57
BG(II)-13 57.89 20.31 11.28 4.96
BG(II)-17 72.47 43.42 28.00 5.17
P-value <0.05 0.50 0.67 0.75
LSDo.05 34.17 ND™ ND ND

"I X represents the theoretical concentration based on the recommended dosage of
pyriftalidapplied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 59. Sensitivities of 1-2 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on dry weight. Data were collected at 28

days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1x* 10X 100X 1,000X
BG-WT 29.60 14.40 5.92 3.97
BG(II)-8 77.80 39.81 15.87 12.59
BG(II)-13 62.89 28.31 20.66 12.47
BG(II)-17 64.29 43.45 25.30 7.02
P-value <0.05 0.48 0.45 <0.05
LSDo.05 39.40 ND™ ND 7.20

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 60. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on injury index. Data were collected at

35 days after treatment with three independent experiments.

Injury index (0-5)

Accession 1X"! 10X 100X 1,000X
BG-WT 2.33 5.00 5.00 5.00
BG(II)-8 0.07 1.15 3.26 4.19
BG(II)-13 0.14 1.64 3.44 4.64
BG(I)-17 0.30 1.15 3.37 4.67
P-value <0.05 <0.05 <0.05 0.48
LSDo.o05 0.68 1.16 1.16 ND™

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 61. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on survival rate. Data were collected at

35 days after treatment with three independent experiments.

Survival rate (%)

Accession 11X 10X 100X 1,000X
BG-WT 100.00 0.00 0.00 0.00
BG(II)-8 100.00 100.00 81.44 44 .44
BG(II)-13 100.00 100.00 86.25 30.50
BG(II)-17 100.00 100.00 92.67 25.78
P-value - <0.05 <0.05 0.40
LSDo.o05 ND™ 0.65 20.60 ND

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 62. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on fresh weight. Data were collected at 35
days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1x* 10X 100X 1,000X
BG-WT 34.15 5.71 3.30 2.04
BG(II)-8 76.16 70.22 2731 15.69
BG(II)-13 69.83 64.38 36.99 14.54
BG(II)-17 84.18 68.91 37.77 11.89
P-value <0.05 <0.05 0.12 0.30
LSDo.0s 30.20 36.66 ND™ ND

"I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 63. Sensitivities of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli)
accessions to the herbicide pyriftalid based on dry weight. Data were collected at 35
days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1X*! 10X 100X 1,000X
BG-WT 31.09 6.77 4.31 2.29
BG(I)-8 74.48 77.51 28.43 19.38
BG(II)-13 59.68 49.06 36.31 16.55
BG(I)-17 81.46 61.31 33.62 13.13
P-value <0.05 <0.05 0.11 0.18
LSDo.05 23.80 15.36 ND™ ND

*I X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water (0.365 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Figure 23. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis)
accession at 0 (A) and 28 (B) days after treatment of penoxsulam. Plants were
observed from side view. Theoretical concentration of penoxsulam in paddy water

based on the application rate recommended by Dow AgroSciences Taiwan Ltd. was

0.068 ppm (W/v).
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Table 64. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on injury index. Data were collected

at 28 days after treatment with three independent experiments.

Injury index (0-5)

Accession X" 10X 100X 1,000X
RS(IN)-AES 3.00 3.67 4.67 5.00
RS(D)-1 1.50 2.50 3.00 4.83
RS(I)-2 1.33 2.00 2.67 4.83
RS(I)-14 0.44 1.17 2.67 4.11
RS(I)-15 0.56 0.89 2.78 5.00
RS(ID)-11 0.33 1.44 2.56 3.22
P-value <0.05 <0.05 <0.05 <0.05
LSDo.0s 0.79 1.13 1.15 0.69

*I X represents the theoretical concentration based on the recommended dosage of
penoxsulam applied in paddy water (0.068 ppm).
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Table 65. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on survival rate. Data were collected

at 28 days after treatment with three independent experiments.

Survival rate (%)

Accession 1x* 10X 100X 1,000X
RS(IN)-AES 100.00 83.50 33.50 0.00
RS(D)-1 100.00 100.00 83.50 33.50
RS(I)-2 100.00 100.00 83.50 16.50
RS(I)-14 100.00 100.00 100.00 38.83
RS(I)-15 100.00 100.00 100.00 0.00
RS(ID)-11 100.00 100.00 100.00 77.67
P-value -- 0.06 <0.05 <0.05
LSDo.05 ND™ ND 34.84 48.76

*I X represents the theoretical concentration based on the recommended dosage of
penoxsulam applied in paddy water (0.068 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 66. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on fresh weight. Data were collected
at 28 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession X" 10X 100X 1,000X
RS(IN)-AES 33.45 16.59 6.51 4.17
RS(D)-1 36.11 30.33 24.10 15.92
RS(I)-2 35.10 27.51 19.25 8.43
RS(I)-14 55.15 45.99 24.04 14.79
RS(I)-15 63.47 53.67 26.55 12.44
RS(ID)-11 4276 30.94 20.00 16.67
P-value 0.39 0.07 0.06 <0.05
LSDo.0s ND™ ND ND 9.94

*I X represents the theoretical concentration based on the recommended dosage of
penoxsulam applied in paddy water (0.068 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).
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Table 67. Sensitivities of 1-2 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on dry weight. Data were collected at

28 days after treatment with three independent experiments.

Dry weight (%)

Accession 1X*! 10X 100X 1,000X
RS(I)-AES 31.26 15.49 6.82 3.98
RS(I)-1 41.90 31.67 27.05 21.16
RS(I)-2 49.23 32.44 25.03 16.29
RS(I)-14 58.74 48.23 25.77 17.52
RS(I)-15 66.08 55.98 27.54 15.90
RS(I)-11 38.09 27.77 19.08 16.38
P-value 0.51 0.15 <0.05 0.28
LSDo.0s ND* ND 14.84 ND

*I X represents the theoretical concentration based on the recommended dosage of
penoxsulam applied in paddy water (0.068 ppm).
*2 No significant difference according to Fisher’s protected LSD test (o = 0.05).
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Table 68. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on injury index. Data were collected

at 35 days after treatment with three independent experiments.

Injury index (0-5)

Accession 1X* 10X 100X 1,000X
RS(IN)-AES 0.44 0.44 0.44 2.44
RS(D)-1 0.42 0.72 0.86 2.97
RS(I)-2 0.39 1.00 1.28 3.50
RS(I)-14 0.00 0.22 0.78 3.00
RS(I)-15 0.00 0.00 1.00 3.56
RS(ID)-11 0.00 0.44 1.56 3.33
P-value 0.15 0.34 0.48 0.68
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
penoxsulam applied in paddy water (0.068 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).

L £ AT R ki Rosr 11,000 RiEEY R ERP 2 T D
FEF FMS BTk k2 3 A F R LR A EH F k& (Table 69) >
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Table 69. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on survival rate. Data were collected

at 35 days after treatment with three independent experiments.

Survival rate (%)

Accession 1X™ 10X 100X 1,000X
RS(IN)-AES 100.00 100.00 100.00 100.00
RS(D)-1 100.00 100.00 100.00 75.00
RS(I)-2 100.00 100.00 100.00 50.00
RS(I)-14 100.00 100.00 100.00 100.00
RS(I)-15 100.00 100.00 100.00 50.00
RS(ID)-11 100.00 100.00 100.00 77.67
P-value -- -- - 0.18
LSDo.0s ND™ ND ND ND

*I X represents the theoretical concentration based on the recommended dosage of
penoxsulam applied in paddy water (0.068 ppm).
*2 No significant difference according to Fisher’s protected LSD test (a = 0.05).

G 121,000 BHRET B2 TER TS RT £ L ek fen
E o FIR A 1~10~100 2 1,000 B4 g £ 7= Bicd 2 # € 0
PAE ¥ A R (Table70)> >+ 10 B4a g * €7 > 5 5B h k2 #HLioe
B E 50%1 T 0 B9 @RS(D)-14 2 # £ & % B **RS(I)-AES % RS(I)-

1o ptoh > 7 L A% fHE AIL T RS()-14 3245 4p Hi g i £ o
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Table 70. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on fresh weight. Data were collected at

35 days after treatment with three independent experiments.

Fresh weight (% of control)

Accession 1X*! 10X 100X 1,000X
RS(I)-AES 18.67 10.52 8.95 0.36
RS(I)-1 50.31 39.27 31.05 0.32
RS(I)-2 55.53 48.98 48.09 1.34
RS(I)-14 65.35 53.15 34.21 13.77
RS(I)-15 63.78 49.95 22.17 0.15
RS(I)-11 47.66 20.32 11.63 4.63
P-value <0.05 <0.05 <0.05 <0.05
LSDo.o05 28.67 23.24 17.78 6.64

I X represents the theoretical concentration based on the recommended dosage of

penoxsulam applied in paddy water (0.068 ppm).

B 1-1,000 REE EHEFP 2 THEFETIRF £ LR
i E PR A 110100 2 1,000 B g+ £ 7 F £F » Blcd
2 fcE NIMEF AL B (Table71) >t 10 Bda g * £2%6% T 35 SBJch
A2 FCEIEE I HR ES50% T o H Y WRS(-14 252 & B4F R~ B

2 A 100 % 1,000 AL T AR R IR o
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Table 71. Sensitivities of 3-4 leaf red sprangle-top (RS, Leptochloa chinensis)
accessions to the herbicide penoxsulam based on dry weight. Data were collected at

35 days after treatment with three independent experiments.

Dry weight (% of control)

Accession 1X*! 10X 100X 1,000X
RS(I)-AES 21.62 12.92 12.10 0.40
RS(I)-1 35.95 26.63 23.46 0.22
RS(I)-2 46.40 37.48 36.81 1.25
RS(I)-14 62.78 53.01 35.43 10.64
RS(I)-15 57.52 44.14 18.60 0.36
RS(I)-11 39.15 17.59 10.94 3.22
P-value <0.05 <0.05 <0.05 <0.05
LSDo.o0s 25.68 19.35 17.76 3.88

I X represents the theoretical concentration based on the recommended dosage of

penoxsulam applied in paddy water (0.068 ppm).

FEN I FRER O PRBEGIHEE FEIAERT 012 E&F
&3 Jc B 5ARS(I)-14 2 RS(ID)-11 %F-T i# % 2_ Fil+ 4p 34 RS(I1)-AES + >
M 34 EEFEF RS R A HTE R ot R P RMEER
SN2 FEE AT IAERFEF R CHTEF TR E G - TR
Berfild o @+ &3 g ARS()-14 & 4 1-1,000 & & § AaT ™ » H @

L2 E R BT RFR IS ko BHTEF L LT AP
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1, 12 £4
ME 12 E ST TR 08 % p B 4 £ f7)(Figure
24), T’ U%‘f%j’;j’ﬁgi\ -FE'_:"Z \ﬁ;ﬁé‘ﬁgzg“%ﬁ:&% ,;}.,,_F,f\,flljilﬁr}

SRR §F 050 4 47 -

Figure 24. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli)
accession at 0 (A) and 28 (B) days after treatment of penoxsulam. Plants were
observed from side view. Theoretical concentration of penoxsulam in paddy water
based on the application rate recommended by Dow AgroSciences Taiwan Ltd. was
0.068 ppm (W/v).

dOI2ERAME e Bk 9T d 2 EDy @ oo 8§ T ez
EDso & 4 ** 0.01-0.48 ppm ~ 7 #& % 2. EDso & 4 ** 0.03-1.65 ppm ~ 73 i
& arcsine & 4% {5 2. EDsg i /1 *% 0.03-1.67 ppm ~ # & 2. EDsg 18 /i 3%
0.01-0.18 ppm ~ # & % arcsine #& 4% {¢ 2. EDso i& /i > 0.01-0.15 ppm ~ i%

& 2. EDsp i /i %% 0.01-0.10 ppm ~ 5z £ 5 arcsine #& 3% {5 2. EDsg i 4
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Table 72. EDso values of herbicide penoxsulam™' for the 1-2 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected
at 28 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession
Injury index . Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation
BG-WT 0.01 0.03 0.03 0.01 0.01 0.01 0.01
BG(II)-8 0.47 1.65 1.67 0.15 0.06 0.04 0.01
BG(II)-13 0.48 1.00 1.02 0.07 0.09 0.05 0.03
BG(II)-17 0.19 0.38 0.38 0.18 0.15 0.10 0.06
P-value 0.51 0.07 0.07 0.24 0.30 0.27 0.19
LSDo.05 ND™ ND ND ND ND ND ND

*I Theoretical concentration of penoxsulam applied in paddy water based on the application rate recommended by Dow AgroSciences Taiwan
Ltd. was 0.068 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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d 3-4 FLPE e Bk EHTER2EDs EF 23tz

EDso & 4 %+ 0.015-1.626 ppm ~ T3 7% & 2. EDso & 4 *+ 0.051-11.431 ppm
5 % & Earcsinedd 4% 15 2 EDso & 4 > 0.050-9.869 ppm ~ # & 2_ EDs i&
/i %+ 0.006-0.506 ppm ~ # & ‘Sarcsined® 4% (¢ 2. EDso & 4 *+ 0.004-0.697
ppm -~ iz & 2. EDso (& 4 3+ 0.004-0.658 ppm ~ iz £ farcsined® # {s 2. EDs
/1 >+ 0.001-0.369 ppm (Table 73) » # ¥ w Bz F & gLt BF 3035 5
# £ 2 37 & (FEDs £ 5 Fisher’s protected LSDH# 2 6 £ 7 g ¥ £ £ >
THEEREATRAFTEF AR - R BP U R )
BG(II)-8 2. EDso & 48 % & **BG-WT ~ BG(I)-13 2 BG(II)-17 » @ # i&—

# #BG()-8 #*BG-WT 1 % 418~ %55 ~ £ % jo & EDs, (4P
% 7 FBG(I-8 2 #ifidy e/ 84.3369.0 0 4 7 BG(I-8 A4p st # &

MEACE AV HTERFLF ARG BRI - BREETF R34 E
B2 I el K2 EDsg BT 12 B g o P Fe BPHEY R
0.068 ppm » Flpt & — H I WM I E A A B A T EYHT E 2
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Table 73. EDso values of herbicide penoxsulam™! for the 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected

at 35 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession
Injury index o Arcsine o Arcsine o Arcsine
Original data . Original data . Original data .
transformation transformation transformation

BG-WT 0.015 0.051 0.050 0.006 0.004 0.004 0.001
BG(I)-8 1.626 11.431 9.869 0.506 0.697 0.658 0.369
BG(II)-13 0.516 5.502 3.265 0.056 0.036 0.025 0.015
BG(I)-17 0.215 3.278 3.202 0.123 0.083 0.046 0.034
P-value 0.27 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
LSDo.0s ND™ 7.68 5.98 0.20 0.24 0.15 0.24

*I Theoretical concentration of penoxsulam applied in paddy water based on the application rate recommended by Dow AgroSciences Taiwan
Ltd. was 0.068 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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s A TR Bk i TR F L dpd s 3P
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L

ATFEH MY L THER L ERR SEV MY L] &
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Table 74. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on injury
index. Data from three independent experiments were collected at 28 and 35 days,
respectively, after treatment.

EDso (injury index) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.009 0.015 0.06 ND*

BG(II)-8 0.469 1.626 0.38 ND

BG(II)-13 0.476 0.516 0.93 ND

BG(II)-17 0.187 0.215 0.73 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

e BA TR MET e Bl AT R 2 58 S EDs B
FACE LT k37 B 4 ¥ PR enEDs i 5 Fisher’s protected LSD
TISEBGUDN-13 NMEFLE - a U WY A X AZHFLR

(Table 75) -
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Table 75. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on survival
rate (original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf

BG-WT 0.033 0.051 0.51 ND*

BG(II)-8 1.646 11.431 0.08 ND

BG(II)-13 1.003 5.502 <0.05 4.287

BG(II)-17 0.377 3.278 0.13 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

s BA T RER T e Bl T8 W2 5 S Sarcsined®:
3% 18 erEDsy & 0 5 Fisher’s protected LSD1 2_fé W BG(II)-8 11 kg ¥ £

Boades ik kT AEkF L R (Table 76) -

Table 76. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on survival
rate (arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.033 0.050 0.54 ND*

BG(II)-8 1.673 9.869 <0.05 7.950

BG(I)-13 1.017 3.265 0.27 ND

BG(II)-17 0.376 3.202 0.16 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

Wi A A Y PR mﬁﬂ_ﬂ,. Bk AT EE2ZELED B0 &
Fisher’s protected LSD# #_f¢ ¥ A £ 3|4 % £ 8 (Table 77) > %7+ 12 &

#5234 LM B2y E R cnfLl4p 1 o
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Table 77. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on fresh
weight (FW, original data). Data from three independent experiments were collected at
28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.007 0.006 0.84 ND*

BG(I)-8 0.145 0.506 0.09 ND

BG(I)-13 0.066 0.056 0.83 ND

BG(I)-17 0.181 0.123 0.17 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

LA B AT REH O e Bk kT W2 # £ Tarcsinedd #
fs ePEDs 18 » 45 Fisher’s protected LSD# #_f¢ BG(II)-8 113k ¥ £ B >

AE B MY Tl kX AL ¥ L B (Table 78) -

Table 78. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on fresh
weight (FW, arcsine transformation). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.007 0.004 0.41 ND"

BG(II)-8 0.064 0.697 <0.05 0.424

BG(11)-13 0.087 0.036 0.48 ND

BG(II)-17 0.147 0.083 0.38 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

LS BA TR AT e Bl kTR W2 §0E EDs B 5
Fisher’s protected LSD# #_s #BG(II)-8 M AEF L L » @ H s 1z

B i AEHF AL R (Table 79) -
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Table 79. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on dry weight
(DW, original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.009 0.004 0.35 ND"

BG(II)-8 0.035 0.658 <0.05 0.245

BG(I)-13 0.047 0.025 0.24 ND

BG(I)-17 0.103 0.046 0.31 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

MRA BA TEHME e Bl AHT R W2 50 E K arcsine #
$# {50 EDsg & 0 %5 Fisher’s protected LSD # % fs ¥ AE F|dgF £ B
(Table 80) » % 7 1-2 Fdb 2 3-4 F &40 1 % o $ 2 A chpldsp i -
Table 80. Comparison of EDso values of herbicide penoxsulam for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on dry weight

(DW, arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

Accession EDs0 (DW) (ppm) P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.007 0.001 0.14 ND*

BG(ID)-8 0.014 0.369 0.07 ND

BG(11)-13 0.027 0.015 0.68 ND

BG(II)-17 0.055 0.034 0.86 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

Rt @k v o 2 E&PHT e Bicd 31T 2 %2 EDs
e & Fisher’s protected LSD # Z s ¥ A Z 8 F L 8 » L 7c g gt

FY 4+ % &) 2_ b #4p 00 > & BG(I)-8 ~ BG(I)-13 2 BG(II)-17 % i# %
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Figure 25. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis)

accession at 0 (A) and 28 (B) days after treatment of butachlor. Plants were observed
from side view. Theoretical concentration of butachlor applied in paddy water based

on the application rate recommended by Sinon Co. was 4.840 ppm (w/v).
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Table 81. EDso values of herbicide butachlor ! for the 1-2 leaf red sprangle-top (RS, Leptochloa chinensis) accessions. Data were collected

at 28 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession o . - .
Injury index . Arcsine . Arcsine . Arcsine
Original data ) Original data ) Original data )
transformation transformation transformation
RS(II)-AES 15.61 73.22 73.44 0.96 1.20 0.30 0.34
RS(I)-1 3.69 78.24 80.28 0.18 0.27 0.14 0.45
RS(I)-2 0.11 35.65 35.45 1.16 0.92 0.18 0.43
RS(I)-14 4.17 2593 26.21 1.19 0.89 0.21 0.59
RS(I)-15 9.33 63.15 65.56 1.75 1.28 0.18 0.13
RS(I)-11 1.26 8.78 8.97 0.66 0.53 0.14 0.07
P-value 0.12 0.53 0.50 0.69 0.81 0.93 0.75
LSDo.0s ND™ ND ND ND ND ND ND

*I Theoretical concentration of butachlor in paddy water based on the application rate recommended by Sinon Co. was 4.840 ppm (W/v).

*2ND indicates no significant difference among six accessions according to Fisher’s protected LSD test (a = 0.05).
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Table 82. EDso values of herbicide butachlor ! for the 3-4 leaf red sprangle-top (RS, Leptochloa chinensis) accessions. Data were collected

at 35 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession o . - .
Injury index . Arcsine . Arcsine . Arcsine
Original data ) Original data ) Original data )
transformation transformation transformation

RS(II)-AES 5.20 51.23 50.45 0.04 0.10 0.17 0.17
RS(I)-1 37.25 256.78 250.88 0.90 1.69 2.54 2.51
RS(I)-2 7.55 102.35 102.07 4.22 3.57 8.98 6.50
RS(I)-14 25.12 489.49 489.35 2.02 3.81 0.60 0.54
RS(I)-15 27.52 512.29 504.50 5.30 7.51 1.68 1.32
RS(I)-11 6.42 28.75 28.77 2.39 0.45 0.04 0.07
P-value 0.37 <0.05 <0.05 0.31 0.32 0.26 0.20
LSDo.0s ND™ 224.67 218.81 ND ND ND ND

*I Theoretical concentration of butachlor in paddy water based on the application rate recommended by Sinon Co. was 4.840 ppm (W/v).

*2ND indicates no significant difference among six accessions according to Fisher’s protected LSD test (a = 0.05).
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EDs & > P4v+ &3 2 Jcf 437 B4 7 prd ¢hEDsy & > CFisher’s
protected LSD # #_{5 T RS(II)-11 1 3Rsg ¥ £ £ > H 4z & % Pl A 7
kg % £ B (Table 83) °

Table 83. Comparison of EDsq values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on injury
index. Data from three independent experiments were collected at 28 and 35 days,

respectively, after treatment.

EDso (injury index) (ppm)

Accession P-value LSDo.o5
1-2 leaf 3-4 leaf
RS(II)-AES 15.61 5.20 0.26 ND*
RS(D)-1 3.69 37.25 0.23 ND
RS(I)-2 0.11 7.55 0.28 ND
RS(D)-14 4.17 17.79 0.15 ND
RS(D)-15 9.33 27.52 0.23 ND
RS(ID)-11 1.26 6.42 <0.05 2.61

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

WS B A TR £ A BTk AT RS X35 5 HEDs
Eovar+ £3F ATl k3R B4 T PR ehEDs 12 0 & Fisher’s protected
LSD# %5 #RS(I)-14 ~ RS(I)-15 N AEF L B » H W e g s plAE 7

kg ¥ £ B (Table 84) -
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Table 84. Comparison of EDsg values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival
rate (original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RSI)-AES 73.22 51.23 0.62 ND*
RS()-1 78.24 256.78 0.28 ND
RS(I)-2 35.65 102.35 0.22 ND
RS(I)-14 25.93 489.49 <0.05 59.15
RS(I)-15 63.15 512.29 <0.05 127.57
RS(II)-11 8.78 28.75 0.11 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

W B TR AT Bl i HT AR ¥ 5 E % Sarcsine
i tsePEDsy B > F A+ £ L kA B2 T Y EDs B 5
Fisher’s protected LSD# #_4 " RS(I)-14 ~ RS(I)-15 #1 B F £ 8 » H @

Yok kPl AZ P8 ¥ £ B (Table 85) -
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Table 85. Comparison of EDsg values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival
rate (arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (Survival rate) (ppm)

Accession 1.2 leaf 3.4 leaf P-value LSDo.0s
RSI)-AES 73.44 50.45 0.61 ND*
RS()-1 80.28 250.88 0.29 ND
RS(I)-2 35.45 102.07 0.22 ND
RS(I)-14 26.21 489.35 <0.05 46.86
RS(I)-15 65.56 504.50 <0.05 125.86
RS(II)-11 8.97 28.77 0.12 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

WA B4 TR S B AT AP X8 E SEDs i
Vot &3 Al i3t a B4 ¥ B enEDsy E 0 % Fisher’s protected

LSD¥ % {5 % 4 i 74 % £ B (Table 86) «

Table 86. Comparison of EDso values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival
rate (FW, original data). Data from three independent experiments were collected at 28
and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf
RS(II)-AES 0.96 0.04 0.34 ND*
RS()-1 0.18 0.90 0.12 ND
RS(D)-2 1.16 422 0.21 ND
RS(I)-14 1.19 2.02 0.70 ND
RS(I)-15 1.75 5.30 0.22 ND
RS(ID)-11 0.66 2.39 0.50 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).
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s B4 TR &3 2 B E ¥ AP X2 # £ Karcsine

4 (8 PEDs 0 W AvF &3 LT d kA B4 T pEE PEDs 0 X

G-

Fisher’s protected LSD# @_1$ '@ A :£ 3| % ¥ £ B (Table 87) °

Table 87. Comparison of EDso values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival
rate (FW, arcsine transformation). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RSI)-AES 1.20 0.10 0.37 ND*
RS(I)-1 0.27 1.69 0.27 ND
RS(I)-2 0.92 3.5 0.15 ND
RS()-14 0.89 3.81 0.46 ND
RS(I)-15 1.28 7.51 0.23 ND
RS(1I)-11 0.53 0.45 0.79 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

WA BA TR AT BCR AT AP X2 55 F PEDs

EovArF £ 3 Ll kv a B4 5 R ehEDs 18 5 Fisher’s protected
LSD # %_f¢ @RS()-15 Mg F L L > His ek kR AEZN g F LR

(Table 88) -
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Table 88. Comparison of EDso values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival rate (DW,
original data). Data from three independent experiments were collected at 28 and 35 days,
respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf
RSI)-AES 0.30 0.17 0.62 ND"
RS(I)-1 0.14 2.54 0.12 ND
RS(I)-2 0.18 8.98 0.26 ND
RS(I)-14 0.21 0.60 0.52 ND
RS(I)-15 0.18 1.68 <0.05 0.99
RS(1)-11 0.14 0.04 0.29 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o = 0.05).

RS B TS £F 2 Bl i AP ¥ 2 55 € Sarcsine

B3t eEDsy B > F A+ £ LTl kv a B2 T R EDs B 5

=
Fisher’s protected LSD#& 7_{¢ @ RS(I)-15 1/ EgF A L > H sy & 5 P

% i T8 F £ 3 (Table 89) -

Table 89. Comparison of EDso values of herbicide butachlor for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival rate (DW,
arcsine transformation). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.o5
1-2 leaf 3-4 leaf
RSI)-AES 0.34 0.17 0.54 ND*
RS(D)-1 0.45 2.51 0.16 ND
RS(D)-2 0.43 6.50 0.24 ND
RS(I)-14 0.59 0.54 0.95 ND
RS(I)-15 0.13 1.32 <0.05 0.50
RS(II)-11 0.07 0.07 0.99 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (o = 0.05).
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R P B EET v F 432 Bleh a2 ER AP
3 ;}Fﬁﬁ;: s g3 RE S B E 2 50 E 2 EDs 2 5 Fisher’s protected LSD# #_
o AERHFAR > A7 A FHERZ A A B 34

F@@ AP T2 G5tk HEZ G E2EDy B ALHEFLE

FHn &3 2 d b Fas B2y i ER 2 -

N

to 3334 EdLF &3 Jc B 5> RS)-14 & RS(D)-15 7 & & 2. EDsg &
7 ¥ B **RS(II)-AES 2 RS(I)-2 » % 7 RS(I)-14 % RS(I)-15 ¥ 5t fe st ik

% I # Ful4p 3 RS(ID)-AES 2 RS(I)-2 #i+ o

kﬂ'ﬂ‘-

WS B2 TR AT LR AHERZF R FHA T+ 4
Gl b BERLRET O BRI AERFLE AT
+EFAA BATEYPTHERZ FUER- R Y 34 F#RS(D)-
15 &% E 52 e TEDs A F 30 12 £8 0 B TEHT
i B ERS(D-15 2 Fir 2 R o

LR ET o034 8+ £ 5 8 ARS(I)-14 2 RS(D-15 &35
BAER TR AP T ALY - RRR R TR HT AP
H-Fult o950 - el (e 2 o WA A By B masnhio

Pk 22 7 AP X % (Supplementary 1) » &R = T k7 i % Y
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b. #M¥
gx%g: ;/%%-\:1 2 IR-ka - \:EPT‘EL%@K“E f@"{i%,;‘i ’%?fﬂj‘f

Wy AED 122 34 FRpFAUEELBHEST RPTHEF

AT B R ERS 28 X & 35 X ek Tipd s RS L
A FARO TR~ AP B E i FREF B

$7d A% EDsg B> B fs " R Ew Bk f k) B AR ol
ARUEABETEHZME LT JHT AR T LR o
1. 12 F#

I 12 Eae s watw w ER S 28 X L 4 £ 45 (Figure 26):

Toekri T s B B ST B R TR 2R il

Figure 26. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli)
accession at 0 (A) and 28 (B) days after treatment of butachlor. Plants were observed
from side view. Theoretical concentration of butachlor applied in paddy water based

on the application rate recommended by Sinon Co. was 4.840 ppm (W/v).
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d 12 EEMT e Bk T APE S R2ZEDs EF v H i T 4p

#c2 EDso & 4 % 0.1-94.9 ppm ~ 7 & & 2 EDsg & 4 %+ 39.3-778.8 ppm
5% & Farcsined® % 15 2- EDso & 41 > 37.4-793.6 ppm ~ # & 2_ EDsg & /i
0.4-91.2 ppm ~ # & *§arcsined# 3% {5 2. EDso & 4 >t 1.4-101.4 ppm ~ 52 &
2_EDsy & 4 > 0.6-94.1 ppm ~ 3z & ‘Farcsinedi 4% {4 2. EDso & 4 > 4.9-
146.7 (Table 90) » ## 5 m 13 fc & % Lt FF >0 1§ % 43 #c 2 i £ ¢7EDsg .45
Fisher’s protected LSD#& @ {5 15L& % £ £ » H ¢ W BG(I)-8 2 BG(II)-
17 2.EDso B8 % % **BG-WT> % 77 #* = B E e % H 2 H child 4p
HERBG-WT+ o s2R30jcfk k2 EDsg E 52 ismF L8 » wi
g £+ » 4-BG(I)-8 % BG(I)-17 2 73 7 F EDso A 1] % 207.2 %

778.8 ppm#=it + **BG-WT % BG(II)-13 » % = BG(II)-8 % BG(II)-17 ¥ i:

$7 AR T2 Ul An$RBG-WT 2 BG(ID)-13 * -
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Table 90. EDso values of herbicide butachlor™ for the 1-2 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected at
28 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession
Injury index o Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation
BG-WT 0.1 393 37.4 0.4 1.4 0.6 4.9
BG(II)-8 68.4 207.2 218.2 6.7 17.7 94.1 146.7
BG(II)-13 5.1 76.4 75.6 36.1 29.9 20.5 49.0
BG(I)-17 94.9 778.8 793.6 91.2 101.4 24.8 78.7
P-value <0.05 0.09 0.08 <0.05 0.24 <0.05 0.31
LSDo.0s 37.0 ND™ ND 73.2 ND 77.9 ND

*I Theoretical concentration of butachlor in paddy water based on the application rate recommended by Sinon Co. was 4.840 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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2.3-4 E

d 34 FEMTe Bich i eHT AP T2 EDs £7 0 H T4k
2_EDso {5 4 *t 42.9-270.7 ppm~ i3 7% & 2 EDsg (& 4 ** 84.9-1,393.4 ppm ~
7 5 Earcsined® 3 {8 2. EDso i /1 3t 84.8-1,341.3 ppm ~ # € 2. EDs &
%+ 71.0-1,067.9 ppm- & & ‘Sarcsined % {4 2. EDso & 4 % 370.7-4,091.0
ppm ~ iz £ 2 EDso & 4/ ** 21.1-300.1 ppm ~ iz € Sarcsinedi 3% {4 2. EDs
e 4 %t 137.9-1,547.2 ppm (Table 91) » # ¥ w Bicd kBe R 4 482
EDsp & gyt B £ B A B ¥ KRB > et 3% 75 X EDsp & 45 Fisher’s
protected LSD¥ 6 £ F BF L R 2 A MY L kv i H{7 AP ¥
2 L BRA - R B UME R S BG(I)-17 2. EDso (£ 48 ¥ % ¢
BG-WT - @ {2 i€~ # #BG(I)-17 2 BG-WT2 7 i# & EDsy ©4p'% ¥

@BG(I)-17 z #ulddy #c /1 > 158-16.4 % 7 M % Jc & K BG(II)-17 4p 2
WBG-WTVF i 7 AT E G - TR flt o BB ETHFR 34
E&z 5 L jch A2 EDso vl 1-2 E&F 0 0 e Bigj

£ 4.840ppm > Fptit - Bt RME TR ks BE TEHE T AP Y

2_EDspim £ £ o
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Table 91. EDs values of herbicide butachlor™ for the 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected at

35 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession
Injury index o Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation

BG-WT 42.9 84.9 84.8 71.0 370.7 21.1 137.9
BG(II)-8 145.9 405.4 396.5 107.5 1,129.7 24.7 193.9
BG(II)-13 200.6 1,179.7 1,181.1 1,147.2 990.3 142.4 555.2
BG(I)-17 270.7 1,393.4 1,341.3 1,067.9 4,091.0 300.1 1,547.2
P-value 0.08 <0.05 <0.05 0.54 0.46 0.13 0.15
LSDo.o05 ND™ 1,180.1 1,126.3 ND ND ND ND

*I Theoretical concentration of butachlor in paddy water based on the application rate recommended by Sinon Co. was 4.840 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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3. AR AT ZHEF B R

LA BATEDP AT e Bk fHT AP T2 G T Al
EDsy & » ¥ 44% ¥ AR i A B4 T Y g EDsy 55 Fisher’s
protected LSD & %_{¢ & BG(I)-17 1A F L R > H & 4o & & & A iE 7

kg % £ B (Table 92) -

Table 92. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on injury
index. Data from three independent experiments were collected at 28 and 35 days,
respectively, after treatment.

EDso (injury index) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.1 42.9 0.13 ND*

BG(I)-8 68.4 145.9 0.06 ND

BG(II)-13 52 200.6 0.11 ND

BG(I)-17 94.9 270.7 <0.05 121.2

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

LA BT ME e Bcd kT AP E 2 0% F hEDs

2.

B VA E Ll k3t a B A T pFEp enEDs, e X Fisher’s protected

LSD# %t ¥BG(I)-13 IMEFLE > A B ML el s X AEHF

#% B (Table 93) -
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Table 93. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on survival

rate (original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 39.3 84.9 0.31 ND*

BG(II)-8 207.2 405.4 0.18 ND

BG(II)-13 76.4 1,179.7 <0.05 1,004.1

BG(1)-17 778.8 1,393.4 0.37 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

s BATREH AT e Bl AT AR T2 55 S Sarcsine
s nEDsy B > T A E L el k3t A B A T Y chEDs B

Fisher’s protected LSD# <_{¢ ®BG(I)-13 M :AEEF L B > & H s M E 4

B i3 AEHF L L (Table 94) -
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Table 94. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on survival
rate (arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 37.4 84.8 0.29 ND*

BG(II)-8 218.2 396.5 0.24 ND

BG(II)-13 75.6 1,181.1 <0.05 1,001.4

BG(1)-17 793.6 1,341.3 0.40 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

LA BA TR HE e Bk AT AP T2 @EEDs BT
oM E el k3t a A4 ¥ pREP EDso B 5 Fisher’s protected LSD# %_{$
T AEIREF LR (Table95) & 77 1-2 E&&2 34 EHME 2 v HEH|

Ul AR 0 e

Table 95. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on fresh
weight (FW, original data). Data from three independent experiments were collected at

28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.4 71.0 0.32 ND*

BG(II)-8 6.7 107.5 0.15 ND

BG(I)-13 36.1 1,147.2 0.37 ND

BG(I)-17 91.2 1,067.9 0.26 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).
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WS BATEHOMT e Bk ST AP T2 @£ Karcsine
W 15 hEDsy & > T AvH Y & J B 43t A B 2 T P I EDso & 5 Fisher’s
protected LSD& %_{é & A £ 7|4 ¥ £ £ (Table 96) > # 1 1-2 £# 2 34

Eaf 5y S &R ol Ap 02 -

Table 96. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on fresh
weight (FW, arcsine transformation). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 1.4 370.7 0.31 ND”

BG(II)-8 17.7 1,129.7 0.35 ND

BG(II)-13 29.9 990.3 0.12 ND

BG(1)-17 101.4 4,091.0 0.28 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

LA B TR Y e Bl i AP E 2 §5 & EDs B
FACME LT ke B4 T pFEP EDs 55 Fisher’s protected LSD #
i T AL P F AL R (Table97)> %7 12 £ 2 34 ERLWE 25 H

A bt Ap 07 o
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Table 97. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on dry weight
(DW, original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 0.6 21.1 0.25 ND*

BG(II)-8 94.1 24.7 0.10 ND

BG(I)-13 20.5 142.4 0.30 ND

BG(I)-17 248 300.1 0.10 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

LA BATREH T e Bk A H T AP X 2§ E Sarcsinedd
18 ehEDso B > VA L Jf k3t A B4 T pFEEDsp i 5 Fisher’s
protected LSDH %_{s ¥ A:Z D& % £ £ (Table98)> #£ 77 1-2 £# 2 3-

4 F AR F 2 5 E A pU AR 0 o

Table 98. Comparison of EDso values of herbicide butachlor for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on dry weight
(DW, arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 49 137.9 0.17 ND*

BG(II)-8 146.7 193.9 0.76 ND

BG(II)-13 49.0 555.2 0.15 ND

BG(II)-17 78.7 1,547.2 0.14 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).
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Figure 27. Herbicidal injury of 1-2 leaf red sprangle-top (Leptochloa chinensis)
accession at 0 (A) and 28 (B) days after treatment of oxadiazon. Plants were observed
from side view. Theoretical concentration of butachlor applied in paddy water based

on the application rate recommended by Chia Tai enterprise CO. was 2.145 ppm
(W/v).
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d 12 ESRF EF 2 BTk i HRREF B2 EDs BV v B Y
1n #c2_ EDso & 4 %% 0.07-15.24 ppm ~ 7% 75 & 2. EDso & /1 ** 17.37-84.91
ppm ~ %% F Farcsined® # {5 2. EDsp & 4 3% 17.40-82.94 ppm ~ # £ 2
EDso & 4 %+ 0.06-15.99 ppm ~ @# & ‘Sarcsined# #% (& 2. EDsg i /1 > 0.08-
10.12 ppm ~ iz £ 2. EDsp & 41 > 0.02-3.15 ppm ~ iz £ arcsined® 3 {8 2_
EDso & /i ** 0.02-1.86 (Table 99) » + &+ + B fc B 4 0 7 § 2 7 de2
EDs, & % Fisher’s protected LSD < & 13 ¥ £ £ » H ¢ uRS()-14

2 EDs .81 % % **RS()-2 » #-H EDsy 4074 > 7 WRS(D)-14 ofnfd iy

B 2177 > 4 7 RS(D)-14 852 2 Ff 4p $RS(D)-2 f % -
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Table 99. EDsp values of herbicide oxadiazon™' for the 1-2 leaf red sprangle-top (RS, Leptochloa chinensis) accessions. Data were collected
at 28 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession _ . . .
Injury index . Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation
RS(II)-AES 0.88 17.37 17.40 0.73 0.50 0.88 0.54
RS(I)-1 0.98 84.91 82.94 0.06 0.08 0.02 0.02
RS(I)-2 0.07 18.30 17.95 0.57 0.63 0.34 0.38
RS(I)-14 15.24 66.44 66.91 2.24 1.54 3.05 1.86
RS(I)-15 6.96 39.24 39.08 0.27 0.19 0.65 0.48
RS(I)-11 5.26 39.32 39.15 15.99 10.12 3.15 1.84
P-value <0.05 0.70 0.69 0.29 0.17 0.37 0.31
LSDo.0s 9.22 ND™ ND ND ND ND ND

*I Theoretical concentration of butachlor in paddy water based on the application rate recommended by Chia Tai enterprise CO. was 2.145

ppm (W/v).
*2ND indicates no significant difference among six accessions according to Fisher’s protected LSD test (a = 0.05).
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2. 3-4fE#

d 34ERFET 2 BIE LHERT2ED BV v A T e
2_EDso & /1 *+ 4.92-31.34 ppm ~ 73 7% & 2 EDs & 4 % 36.89-98.93 ppm ~
3 & & Zarcsined 3% {4 2. EDsp & 4 ** 37.03-99.89 ppm ~ ## £ 2 EDsg (&
fi %% 3.31-39.48 ppm ~ # & Farcsined® 3% ¢ 2. EDs B /i %% 2.38-21.73
ppm ~ iz £ 2. EDso & 41 > 1.81-40.35 ppm ~ iz £ arcsinedd 3% {4 2. EDs
B /% 2.31-47.42 (Table 100) » + £ 3 = B 0B E 2 22
#EDs, & % Fisher’s protected LSD# _fs 1182 % £ & » H ¢ RS(I)-14
SEDs B F B 04 4+ &3 fch 4 0 RS(D-1 3 P » % % 2 EDs
EAnh T @RS()-14 chbufiin B2t 721913 £ 7 2 e b 4 HHEA
HPUP AR HRRS()-1 A o RS L% TR 34 T AT A ek k2
EDso & i i 12 £#8 > 2 3+ 280 FaE* £ 2.145ppm » 7]

BB I RF AR L S B AT EH R T2 EDs & o
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Table 100. EDso values of herbicide oxadiazon *! for the 3-4 leaf red sprangle-top (RS, Leptochloa chinensis) accessions. Data were

collected at 35 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession o . . .
Injury index . Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation

RS(II)-AES 18.24 37.61 37.33 5.01 3.89 1.86 2.31
RS(I)-1 8.37 37.03 37.21 3.31 2.38 5.60 9.77
RS(I)-2 9.04 98.93 99.89 3.69 2.54 1.81 4.14
RS(I)-14 30.17 68.09 68.09 39.48 21.73 40.35 47.42
RS(I)-15 31.34 68.09 68.09 4.19 2.53 7.30 6.90
RS(I)-11 4.92 36.89 37.03 6.06 5.57 2.05 2.07
P-value 0.06 0.46 0.46 <0.05 <0.05 <0.05 0.11
LSDo.0s ND™ ND ND 19.15 10.54 29.76 ND

*I Theoretical concentration of oxadiazon in paddy water based on the application rate recommended by Chia Tai enterprise CO. was 2.145
ppm (W/v).
*2ND indicates no significant difference among six accessions according to Fisher’s protected LSD test (a = 0.05).
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3. TRATEHZAEF B

s BATRERLF AT B ARHBRT LG
EDso & » ¥ ar+ £ F 202 g 4205 B4 57 B a9EDs & » £ Fisher’s
protected LSD# %_ts " RS(II)-AES% RS(I)-1 MIEF LR > H i 4z g

ARl AZ P A ¥ L R (Table 101) -

Table 101. Comparison of EDso values of herbicide oxadiazon for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on injury
index. Data from three independent experiments were collected at 28 and 35 days,
respectively, after treatment.

EDso (injury index) (ppm)

Accession 1.2 leaf A P-value LSDo.0s
RS(II)-AES 0.88 18.24 <0.05 14.22
RS(I)-1 0.98 8.37 <0.05 4.22
RS(1)-2 0.07 9.04 0.22 ND"
RS(I)-14 15.24 30.17 0.30 ND
RS(D)-15 6.96 31.34 0.06 ND
RS(11)-11 5.26 4.92 0.89 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

188



A A TRl A S Bl A E R T O3S X ED;s

=

Vet £ F AR kS B4 T P ehEDsy B 0 & Fisher’s

protected LSD¥ @_t$ '# A £ 3| % ¥ £ £ (Table 102) -

Table 102. Comparison of EDso values of herbicide oxadiazon for red sprangle-top
(RS, Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on
survival rate (original data). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession 1.2 leaf 34 leaf P-value LSDo.0s
RS(I)-AES 17.37 37.61 0.27 ND*
RS()-1 84.91 37.03 0.56 ND
RS(I)-2 18.30 98.93 0.22 ND
RS(I)-14 66.44 68.09 0.94 ND
RS(I)-15 39.24 68.09 0.29 ND
RS(ID)-11 39.32 36.89 0.94 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

S A TRl A3 2 BT R A SR X 5 S X Carcsine®
-

4y
Rh

H {5 eREDsy B 0 7 Aot 4 fofb k3t a2 T Y HEDsy & 0

Fisher’s protected LSD# 2_{$ & & £ 3% ¥ £ £ (Table 103) -
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Table 103. Comparison of EDso values of herbicide oxadiazon for red sprangle-top
(RS, Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on
survival rate (arcsine transformation). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (Survival rate) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RS(I)-AES 17.40 37.33 0.28 ND"
RS(I)-1 82.94 37.21 0.57 ND
RS(I)-2 17.95 99.89 0.22 ND
RS()-14 66.91 68.09 0.96 ND
RS(I)-15 39.08 68.09 0.29 ND
RS(ID)-11 39.15 37.03 0.94 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

s BA TR F £F 2 B R A HBR I E TEDs B ¥
dot £ F ATl k30 S B A T PFEP ehEDs i 0 & Fisher’s protected LSD
¥ is WRS()-14 N EF LR > Hu el SR AE I 5 F L B (Table

104) -

Table 104. Comparison of EDsg values of herbicide oxadiazon for red sprangle-top
(RS, Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on
survival rate (FW, original data). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession 12 leaf 3.4 leaf P-value LSDo.05
RS(II)-AES 0.73 5.01 0.19 ND*
RS(D)-1 0.06 3.31 0.32 ND
RS(1)-2 0.57 3.69 0.38 ND
RS(I)-14 2.24 39.48 <0.05 31.58
RS(I)-15 0.27 4.19 0.28 ND
RS(1)-11 15.99 6.06 0.49 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).
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s A TRl 3 B E AR ERTHEE S arcsine #
He e EDso i Par+ £ 3 24l i3 a B4 TREI e EDs B 5
Fisher’s protected LSD # %_fs % RS(I)-14 M1 ¥ A £ » H s o & %

% & P& ¥ £ B (Table 105) -

Table 105. Comparison of EDso values of herbicide oxadiazon for red sprangle-top (RS,
Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on survival
rate (FW, arcsine transformation). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RS(1I)-AES 0.50 3.89 0.10 ND*
RS()-1 0.08 2.38 0.24 ND
RS(I)-2 0.63 2.54 0.34 ND
RS(I)-14 1.54 21.73 <0.05 16.79
RS(I)-15 0.19 2.53 0.13 ND
RS(I)-11 10.12 5.57 0.57 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

M A TR A5 2 Bl H R T E ShEDs B0

ot g3 ATl kit B4 T P ehEDs i 0 & Fisher’s protected LSD
W Tisd AL F £ (Table 106) -
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Table 106. Comparison of EDso values of herbicide oxadiazon for red sprangle-top
(RS, Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on
survival rate (DW, original data). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf
RS(I)-AES 0.88 1.86 0.25 ND"
RS(I)-1 0.02 5.60 0.20 ND
RS(1)-2 0.34 1.81 0.16 ND
RS(I)-14 3.05 40.35 0.13 ND
RS(I)-15 0.65 7.30 0.15 ND
RS(11)-11 3.15 2.05 0.72 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

RS BA TS £ Bl A BRI E S arcsine #
IS EDsg B 0 PAar+ £F Agh it a B A T 1 EDsg B 0 &5

Fisher’s protected LSD # #_{é & A if F|% ¥ £ B (Table 107) -

Table 107. Comparison of EDsg values of herbicide oxadiazon for red sprangle-top
(RS, Leptochloa chinensis) accessions between 1-2 and 3-4 leaf stages based on
survival rate (DW, arcsine transformation). Data from three independent experiments
were collected at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.o5
1-2 leaf 3-4 leaf
RS(II)-AES 0.54 2.31 0.17 ND"
RS()-1 0.02 9.77 0.16 ND
RS(1)-2 0.38 4.14 0.29 ND
RS(I)-14 1.86 47.42 0.17 ND
RS()-15 0.48 6.90 0.20 ND
RS(ID)-11 1.84 2.07 0.90 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).
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FRIH P RBeHEE T 12 E#eF &3 > B g 388 T i
T 4p #ic2 EDso {8 5 Fisher’s protected LSD#& 2 ¢ NIEELR AT
B O TSR L SO AT - R0 L URS(I)-14 2 EDyo A7
FBRWHBATE ko AT T AV R HER G - TARR e T

3AERF EF T RS EHBERET2ZED BT R FLR R

—\

EREE AN E @ ek 4o A RS(D)-14 & 1-

RS(I)-14 # £ % 3z € 2. EDso
28 34 E kA BT EH FHERET LG - TR -

FEREmEET Ao F £F0TE KRS(D-14 n B2 5§ E
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4
s

A - FARR endut o R M Y B AP e B v E F o H

T LT P ki E (Supplementary 1) - T & i@ % B R 2 S5k o B
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b. 3

AEFHEE LB Ak - S FLI T Bl ko MY
“a 2R3 122 34 FHELGEEL AHEDEFTHEF KA
o Al o EATE 28 % 2 35 Xk Tl BE S BEZ
S R TR LA SR RS TR F A
W 2 EDso B B fS U BRME e B k) P ERT L B
NEGBEITEHZME Lk S HERT SR L R o
1 12 8E&

A 12 EaL L T BRI (S 28 1 > LR H 4 £ ) (Figure 28)>

T Tl FREF EELE GrE Bk BT R RS HEE

Figure 28. Herbicidal injury of 1-2 leaf barnyard grass (Echinochloa crus-galli)
accession at 0 (A) and 28 (B) days after treatment of oxadiazon. Plants were observed
from side view. Theoretical concentration of oxadiazon applied in paddy water based

on the application rate recommended by Chia Tai enterprise CO. was 2.145 ppm
(W/v).
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d 12 E#ME e Bich i H2REF BLEDs E7 5w H i3 3y
#ic2_ EDso & 41 3t 7.4-90.6 ppm ~ 13 % 5 2. EDso & 4 »* 112.8-166.6 ppm ~
3 & & Zarcsined 3% {4 2. EDsp & /1 ** 112.8-169.4 ppm ~ # £ 2. EDs, (&
/i 2.0-68.6 ppm ~ ## £ ‘Farcsined® 3% (¢ 2. EDso & 4 ** 5.1-70.8 ppm ~ 5z
% 2. EDsg 12 /i % 3.0-64.4 ppm ~ 5z £ Farcsined® 4% {5 2. EDso 12 1 *% 3.0-
35.1(Table 108) » 4% w Bz 5 gyt AP0 Tdpdle s w3 F ~ L %
§¢ & e7EDs (2 % Fisher’s protected LSD# 2 (s 32 A ¥ £ 8 > ey

E

J< & 4 BG(I)-8 ~ BG(I)-13 % BG(I)-17 2. EDs &% & >0 Wi g * &

‘,J&&’g

2.145ppm > fHREE T AT o HHEH L 5 - TR S -
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Table 108. EDso values of herbicide oxadiazon™ for the 1-2 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected at

28 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession
Injury index . Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation
BG-WT 11.3 161.5 166.3 2.0 5.1 3.0 3.0
BG(II)-8 90.6 166.6 169.4 68.6 70.8 55.6 29.1
BG(II)-13 7.4 114.9 112.8 16.8 18.0 17.2 8.7
BG(II)-17 239 112.8 115.5 46.9 48.9 64.4 35.1
P-value 0.17 0.77 0.73 0.06 0.10 0.28 0.19
LSDo.0s ND™ ND ND ND ND ND ND

*I Theoretical concentration of oxadiazon applied in paddy water based on the application rate recommended by Chia Tai enterprise CO. was
2.145 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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2.3-4 ¥

d 34 ERME e Bk fHERT2EDs £ o0 B § 3 4l
EDso f 4 % 5.2-154.2 ppm ~ % i& % 2. EDsg & 4 ** 15.5-173.2 ppm ~
& 5 iGarcsined® 3 & 2. EDso /i 3t 15.3-169.8 ppm ~ # & 2_EDs & /i **
0.6-185.9 ppm ~ # & arcsined 3% {5 2- EDsg i /1 >+ 4.8-538.8 ppm ~ iz £
2_EDsp & 4 ** 1.1-141.9 ppm ~ 3z & Farcsined 3% {5 2. EDsp & 4 3% 3.2-
250.4 ppm (Table 109) » 8 ¥ w Bz & & gt B >0 T 4 #cHEDso E.5

Fisher’s protected LSD# 2 f6 2 5 B ¥ A & » 2 7 X 2 4cf i ¥ o 4

N‘

R 2 B ARG - R B Y UME Y B A BG(I)-8 2 EDs £ A
¥ % »BG-WT - @ (82— # “BG-WT % ¥ 2 » #BG(I)-8 22 BG-WT
2.4 % dp B2 5 5 REDs EAPPE W ®BGAUD-8 2 Ffddp B 43
11.16-29.59> % 7= BG(IT)-8 1p #**BG-WTF iy $t #2 & E 4 — TA2R 1
FuldoiRsb R P34 b2 I Ly k2 EDs & 0 g 12 F
#£% 0 F 330 FEE* £ 2.145ppm 0 Flt e - Kt BT ITE kB

B AT SR Y 2 EDy E o
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Table 109. EDs values of herbicide oxadiazon™ for the 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accessions. Data were collected at
35 days after treatment from three independent experiments.

EDso (ppm, w/v)

. Survival rate Fresh weight Dry weight
Accession
Injury index o Arcsine . Arcsine . Arcsine
Original data ) Original data _ Original data )
transformation transformation transformation
BG-WT 5.2 15.5 15.3 0.6 4.8 1.1 3.2
BG(I)-8 154.2 173.2 169.8 185.9 538.8 141.9 250.4
BG(II)-13 20.8 62.5 62.2 13.5 254 9.9 16.7
BG(I)-17 36.3 160.2 159.8 52.6 278.3 20.0 32.7
P-value <0.05 <0.05 <0.05 0.13 0.28 0.16 0.22
LSDo.o05 104.61 73.46 77.31 ND ND ND ND

*I Theoretical concentration of oxadiazon applied in paddy water based on the application rate recommended by Chia Tai enterprise CO. was
2.145 ppm (W/v).

*2ND indicates no significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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3.7 A TED2AEF R
A B TR 2T e Bk S ER TG T 4 #ehEDs)
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110) -

Table 110. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on injury
index. Data from three independent experiments were collected at 28 and 35 days,
respectively, after treatment.

EDso (injury index) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 11.3 5.2 0.44 ND*

BG(II)-8 90.6 154.2 0.44 ND

BG(II)-13 7.4 20.8 <0.05 12.3

BG(ID)-17 23.9 36.3 0.28 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

A BT T e B h AR SR T 5 EF GEDs B0 T
oM E el k3t a A T pFEE HEDSO i 5 Fisher’s protected LSDi
SWBG-WTHREF LB n B 6 MEJch s ¥ AEMFL P (Table

111) -

199



Table 111. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on survival
rate (original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 161.5 15.5 <0.05 117.5

BG(I)-8 166.6 173.2 0.93 ND"

BG(I)-13 114.9 62.5 0.40 ND

BG(I)-17 112.8 160.2 0.53 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

LA B AT RSO e Bk k#5055 S Karcsine s #
{6 eMEDsy 1B > ¥ i‘rﬁl AT R i3 F B4 T ) ehEDsy B & Fisher’s
protected LSD# %_{$ ¥BG-WTHIREF L L > 7 His e h ko A

E 8 F A B (Table 112)

Table 112. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on survival
rate (arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (survival rate) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 166.3 15.3 <0.05 116.3

BG(II)-8 169.4 169.8 0.99 ND"

BG(II)-13 112.8 62.2 0.42 ND

BG(II)-17 115.5 159.8 0.57 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).
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Table 113. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on fresh
weight (FW, original data). Data from three independent experiments were collected at
28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 2.0 0.6 0.14 ND*

BG(II)-8 68.6 185.9 0.30 ND

BG(II)-13 16.8 13.5 0.80 ND

BG(I)-17 46.9 52.6 0.91 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

LS B T R BTk K 2R 5@ F Sarcsined® 1 (3
HEDsg 8 > ¥ A E & qcf k3t S B4 T g EDso {8 55 Fisher’s
protected LSD# %_{¢ ¥ A:E 3|4 ¥ £ £ (Table 114) » %7+ 1-2 £# 2 3-

4 FUME R E R AR 1
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Table 114. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on fresh
weight (FW, arcsine transformation). Data from three independent experiments were
collected at 28 and 35 days, respectively, after treatment.

EDso (FW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 5.1 4.8 0.95 ND"

BG(II)-8 70.8 538.8 0.21 ND

BG(I)-13 18.0 25.4 0.65 ND

BG(I)-17 48.9 278.3 0.44 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).

LS BA TR MY e Bk KRR ICE HEDS0 B ¢

M E LTl kA B2 T Y EDSO (5 Fisher’s protected LSD %
fex AEF B F A R (Table 115) > £ 57 1-2 £# 2 3-4 LM I 2 v i

5 3] Ul AR 02 o

Table 115. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on dry weight
(DW, original data). Data from three independent experiments were collected at 28 and
35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.05
1-2 leaf 3-4 leaf

BG-WT 3.0 1.1 0.42 ND*

BG(II)-8 55.6 141.9 0.38 ND

BG(I)-13 17.2 9.9 0.66 ND

BG(I)-17 64.4 20.0 0.38 ND

* ND indicates no significant difference according to Fisher’s protected LSD test (a =
0.05).
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7EDsy & » 7 Ao E & g k3t A 4 ¥ pFE EDs 12 5 Fisher’s
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34 F A K T E A AR 0 -

Table 116. Comparison of EDso values of herbicide oxadiazon for barnyard grass (BG,
Echinochloa crus-galli) accessions between 1-2 and 3-4 leaf stages based on dry weight
(DW, arcsine transformation). Data from three independent experiments were collected
at 28 and 35 days, respectively, after treatment.

EDso (DW) (ppm)

Accession P-value LSDo.0s
1-2 leaf 3-4 leaf

BG-WT 3.0 3% 0.96 ND*

BG(II)-8 29.1 250.4 0.27 ND

BG(II)-13 8.7 16.7 0.50 ND

BG(ID)-17 35.1 32.7 0.93 ND

" ND indicates no significant difference according to Fisher’s protected LSD test (o =
0.05).

Rp P %S5 7 12 ESHT e By hEERT2 53
tadk ~ wiE S~ #E 2 50 € 9OEDs i 4 Fisher’s protected LSD# € {5 %
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Table 117. Single resistance of 3-4 leaf red sprangle-top (Leptochloa chinensis) accession seedlings to six herbicides including Apiro Forte,

bensulfuron-methyl, butachlor, oxadiazon, penoxsulam, and pyriftalid.

Apiro Forte Bensulfuron-methyl Butachlor Oxadiazon Penoxsulam Pyriftalid

Accession Injury  Survival Injury Survival Injury Survival Injury Survival Injury Survival Injury Survival
index rate index rate index rate index rate index rate index rate

RS(I)-AES A" A A A A S™ A A A A S S
RS(I)-1 A A A A A S A A A A S S
RS(D)-2 A A A A A S A A A A S S
RS()-14 A A A A A R A A A A R R
RS()-15 A A A A A R A A A A S S
RSI)-11 A A A A A S A A A A S S

“I A means no significant difference among six accessions based on the EDs values after Fisher’ protected LSD test.

*2S and R mean the accessions sensitive and resistant to indicated herbicide, respectively, based on the EDso values after Fisher’ protected LSD test.
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Table 118. Single resistance of 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accession seedlings to six herbicides including Apiro Forte,

bensulfuron-methyl, butachlor, oxadiazon, penoxsulam, and pyriftalid.

Apiro Forte Bensulfuron-methyl Butachlor Oxadiazon Penoxsulam Pyriftalid
Accession Injury  Survival Injury Survival Injury Survival  Injury Survival Injury Survival Injury Survival
index rate index rate index rate index rate index rate index rate
BG-WT A" S™ S S A S S A A S S S
BG(I)-8 A R R R A - R A A R R R
BG(I)-13 A S -3 - A 3 S A A - R R
BG(I)-17 A S - - A R S A A S R R

*I A means no significant difference among four accessions based on the EDsy values after Fisher’ protected LSD test.
*2S and R mean the accessions sensitive and resistant to indicated herbicide, respectively, based on the EDsg values after Fisher’ protected LSD test.
*3 Unable to distinguish sensitive and resistant accessions based on the EDsp values after Fisher’ protected LSD test.
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¥ M RS(IN)-AES % RS(D)-1 (Table 119) » @ 3% 7% 5 2. F &2 1 3 4 Hcdp
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Table 119. Comparison of dose-response of 3-4 leaf red sprangle-top (Leptochloa chinensis) accession seedlings to three herbicides

including bensulfuron-methyl, penoxsulam, and pyriftalid. Data of injury index were collected according to three independent experiments.

Accession Bensulfuron-methyl Penoxsulam Pyriftalid
10X"! 100X 1,000X 10X 100X 1,000X 10X 100X 1,000X

RSI)-AES 0.72 1.10 1.44 0.44 0.44 2.44 1.92 4.22 5.00
RS()-1 1.04 1.31 1.93 0.72 0.86 2.97 2.10 3.70 4.95
RS()-2 1.17 1.61 2.06 1.00 1.28 3.50 0.89 1.56 4.00
RS(I)-14 0.43 0.87 1.19 0.22 0.78 3.00 0.33 0.50 3.22
RS()-15 1.37 1.85 2.43 0.00 1.00 3.56 0.26 1.67 4.11
RSI)-11 0.78 1.44 1.89 0.44 1.56 3.33 2.22 3.37 4.19
P-value 0.79 0.88 0.81 0.34 0.48 0.68 <0.05 <0.05 <0.05
LSDo.0s ND™ ND ND ND ND ND 1.80 2.56 1.34

*I X represents the theoretical concentration based on the recommended dosage of bensulfuron-methyl, penoxsulam, and pyriftalid applied
in paddy water were 0.185, 0.068, and 0.365 ppm, respectively.
*2 No significant difference among six accessions according to Fisher’s protected LSD test (a = 0.05)
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Table 120. Comparison of dose-response of 3-4 leaf red sprangle-top (Leptochloa chinensis) accession seedlings to three herbicides

including bensulfuron-methyl, penoxsulam, and pyriftalid. Data of survival rate were collected according to three independent experiments.

Accession Bensulfuron-methyl Penoxsulam Pyriftalid
10X™! 100X 1,000X 10X 100X 1,000X 10X 100X 1,000X

RS(II)-AES 100.00 100.00 100.00 100.00 100.00 100.00 88.89 48.11 0.00
RS(D)-1 100.00 92.67 70.33 100.00 100.00 75.00 81.09 45.91 4.89
RS(I)-2 96.33 96.33 88.89 100.00 100.00 50.00 100.00 88.89 33.00
RS(I)-14 100.00 100.00 96.33 100.00 100.00 100.00 100.00 100.00 59.33
RS(D-15 96.33 85.22 72.22 100.00 100.00 50.00 100.00 88.89 33.22
RS(II)-11 100.00 96.33 96.33 100.00 100.00 77.67 77.67 51.89 29.67
P-value 0.57 0.69 0.26 - - 0.18 <0.05 <0.05 <0.05
LSDo.0s ND™ ND ND ND ND ND 20.93 47.49 44.44

D¢ represents the theoretical concentration based on the recommended dosage of bensulfuron-methyl, butachlor, oxadiazon, penoxsulam,
and pyriftalid applied in paddy water were 0.185, 0.068, and 0.365 ppm, respectively.
*2 No significant difference among six accessions according to Fisher’s protected LSD test (a = 0.05)
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L AL P-value < 0.05
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Figure 29. Comparison of dose-response of 3-4 leaf red sprangle-top (Leptochloa
chinensis) accession seedlings to bensulfuron-methyl, penoxsulam, and pyriftalid
under treatment with 10, 100, and 1,000 folds of the recommended dosage. Data of
injury index (A) and survival rate (B) were collected according to three independent
experiments.
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Table 121. Comparison of injury index of red sprangle-top (RS, Leptochloa
chinensis) accessions at 3-4 leaf stage after treatment of bensulfuron-methyl. Data

from three independent experiments were collected at 35 days after treatment.

Injury index (0-5)

Dosage * P-value LSDo.o05
RS(D)-1(S)"!  RS(I)-14 (R)

1X* 0.59 0.28 0.50 ND™

10X 1.04 0.43 0.42 ND

100X 1.31 0.87 0.64 ND

1,000X 1.93 1.19 0.51 ND

*I'S and R represent accessions sensitive and resistant, respectively, to bensulfuron-
methyl.

*2 X represents the theoretical concentration based on the recommended application
rate of bensulfuron-methyl applied in paddy water [0.185 ppm (w/v)].

*3 No significant difference between two accessions according to Fisher’s protected
LSD test (a = 0.05).

 RS(D)-1 % RS(D)-14 & 1-1,000 & #] 8 § AN 2 it 1 e o
Z» = Fisher’sprotected LSD#s Z_is = Jz & s At HE T v AE ¥
AR 27 B FERT o Tk A ER LR R T
Bl kBB AR T A% A% 70.33-96.33 (Table 122) -

BEor 2ok A H AR AL 3 s o
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Table 122. Comparison of survival rate of red sprangle-top (RS, Leptochloa
chinensis) accessions at 3-4 leaf stage after treatment of bensulfuron-methyl. Data

from three independent experiments were collected at 35 days after treatment.

Survival rate (%)

Dosage " P-value LSDo.05
RS(D)-1(S)""  RS(D)-14 (R)

1X* 100.00 100.00 -- ND™

10X 100.00 100.00 -- ND

100X 92.67 100.00 0.37 ND

1,000X 70.33 96.33 0.19 ND

* . o, . .
I'S and R represent accessions sensitive and resistant, respectively, to bensulfuron-

methyl.

"2 X represents the theoretical concentration based on the recommended application
rate of bensulfuron-methyl applied in paddy water [0.185 ppm (w/v)].

"3 No significant difference between two accessions according to Fisher’s protected
LSD test (a = 0.05).

i ERS(D)-1 % RS(D-14 £ 1-1,000 & # £ & FIp 2 T ¥ enip 2 4

-~

# 0 (5 Fisher’s protected LSDi& % {5 = jaf % 2 @& E T » A E 8 F

4 B (Table 123) 0 % 75 = fc B % T 2 Falddp 07 o
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Table 123. Comparison of injury index of red sprangle-top (RS, Leptochloa
chinensis) accessions at 3-4 leaf stage after treatment of penoxsulam. Data from

three independent experiments were collected at 35 days after treatment.

Injury index (0-5)

Dosage " P-value LSDo.o05
RS(D-1(S)""  RS()-14 (R)

1X* 0.41 0.00 0.07 ND™

10X 0.72 0.22 0.23 ND

100X 0.86 0.78 0.87 ND

1,000X 2.97 3.00 0.97 ND

1S and R represent accessions sensitive and resistant, respectively, to penoxsulam.

*2 X represents the theoretical concentration based on the recommended application
rate of penoxsulam applied in paddy water [0.068 ppm (wW/v)].

*3 No significant difference between two accessions according to Fisher’s protected
LSD test (a = 0.05).

- RS(D)-1 % RS(D-14 £ 1-1,000 £ 4 £ § B 2 g § ety i 5
& Fisher’s protected LSDH& #_i6 = Jc # s it EHE T+ A2 HF LR
(Table 124) » 4. 57 = Jc B 4 %L 3¢ B2 Fufdip v o

Table 124. Comparison of survival rate of red sprangle-top (RS, Leptochloa
chinensis) accessions at 3-4 leaf stage after treatment of penoxsulam. Data from

three independent experiments were collected at 35 days after treatment.

Survival rate (%)

Dosage " P-value LSDo.05
RS(D-1(S)""  RS()-14 (R)

1X™ 100.00 100.00 -- ND™

10X 100.00 100.00 -- ND

100X 100.00 100.00 -- ND

1,000X 75.00 100.00 0.16 ND

“1'S and R represent accessions sensitive and resistant, respectively, to penoxsulam.

"2 X represents the theoretical concentration based on the recommended application
rate of penoxsulam applied in paddy water [0.068 ppm (W/v)].

*3 No significant difference between two accessions according to Fisher’s protected
LSD test (a = 0.05).
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i RS(D-1 2 RS(D)-14 & 1-1,000 2 48 & BN 2 %k f]enip 3
ip ¥ 0 '5 Fisher’s protected LSD #& = fé = Jc & & & 1-1,000 & & & = ¥
NIMAF LB 0 RS(D-14 2 § 3 43 HehE ¥ 5 RS(D-1 (Table 125) > %

7 RS(D-14 4p $3>% RS(I)-1 30 i iR 1 % 5 e et o

Table 125. Comparison of injury index of red sprangle-top (RS, Leptochloa
chinensis) accessions at 3-4 leaf stage after treatment of pyriftalid. Data from three

independent experiments were collected at 35 days after treatment.

Injury index (0-5)

Dosage > P-value LSDo.o0s
RS()-1 (S)""  RS(I)-14 (R)

1X™? 1.14 0.00 <0.05 0.94

10X 2.10 0.33 <0.05 0.93

100X 3.70 0.50 <0.05 1.30

1,000X 4.95 4.00 <0.05 0.54

*I'S and R represent accessions sensitive and resistant, respectively, to pyriftalid.
*2 X represents the theoretical concentration based on the recommended dosage of

pyriftalid applied in paddy water [0.365 ppm (W/v)].

v ERS(D)-1 2 RS(D)-14 £ 1-1,000 & ] £ 5 B} 2 0% K]0y 78 5
By £ B 2 hadcdp iz 0 & 10-1,000 H R BTG A E LR

(Table 126) » # 7 RS(I)-14 4 4> RS(I)-1 $28 p k1 & 4 f+ chfld o
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Table 126. Comparison of survival rate of red sprangle-top (RS, Leptochloa
chinensis) accessions at 3-4 leaf stage after treatment of pyriftalid. Data from three

independent experiments were collected at 35 days after treatment.

Survival rate (%)

Dosage " P-value LSDo.o05
RS(D)-1(S)"!  RS(I)-14 (R)

1X* 96.69 100.00 0.21 ND™

10X 81.09 100.00 <0.05 5.05

100X 4591 100.00 <0.05 11.20

1,000X 4.89 33.00 <0.05 8.98

*I'S and R represent accessions sensitive and resistant, respectively, to pyriftalid.

*2 X represents the theoretical concentration based on the recommended dosage of
pyriftalid applied in paddy water [0.365 ppm (W/V)].

*3 No significant difference between two accessions according to Fisher’s protected
LSD test (a = 0.05).

FLESREET oo+ £ F B ARS(D-1 2 RS(D-14 & 3-4 F &4t
= BALSHFrFI A 2 F XA 4p ke o Sl A B AR E T W2t
- RE A AAEAILT R A EE - X2 Frd)F R (Table 121, 122,
123,124) e & ¥ i d 42 TEFE G F R & Ak 2
BHE T o RS()-14 2 § Tt 2 578 5 A BB F i3t & § RS(D-1
B om RS(I)-14 iRl f2ft Ap HRSI)-1 823 - Féidk ek 0 + &
F 4 B kRS(D-14 % P8 e jc & A RS()-1 $F 4 # 5 ~ T % 2 ik
PL Rt R i, o TR W2 0om JHIR R 2 dm

Mg | o ¢ RS(D)-14 420y ik J 2 A e b A A FHE 2 8 o
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W 34 FE T e Bl kbt L s TR KRG
Th#cZ: FREFHEF R S NG ThHET oo BIE
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Table 127. Comparison of dose-response of 3-4 leaf barnyard grass (Echinochloa crus-galli) accession seedlings to three herbicides

including bensulfuron-methyl, penoxsulam, and pyriftalid. Data of injury index were collected according to three independent experiments.

. Bensulfuron-methyl Penoxsulam Pyriftalid
Accession 10X™! 100X 1,000X 10X 100X 1,000X 10X 100X 1,000X
BG-WT 1.70 4.56 5.00 5.00 5.00 5.00 5.00 5.00 5.00
BG(II)-8 1.04 2.56 3.74 2.56 5.00 5.00 1.15 3.26 4.19
BG(II)-13 1.41 4.15 4.56 3.67 5.00 5.00 1.64 3.44 4.64
BG(I)-17 1.11 4.02 4.52 4.67 5.00 5.00 1.15 3.37 4.67
P-value 0.17 <0.05 <0.05 0.13 - -- <0.05 <0.05 0.48
LSDo.0s ND™ 0.81 0.82 ND ND ND 1.16 1.16 ND

*I X represents the theoretical concentration based on the recommended dosage of bensulfuron-methyl, penoxsulam, and pyriftalid
applied in paddy water were 0.185, 0.068, and 0.365 ppm (w/v), respectively.
*2 No significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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Table 128. Comparison of dose-response of 3-4 leaf barnyard grass (Echinochloa crus-galli) accession seedlings to three herbicides

including bensulfuron-methyl, penoxsulam, and pyriftalid. Data of survival rate were collected according to three independent experiments.

i Bensulfuron-methyl Penoxsulam Pyriftalid
Accession ;
10X 100X 1,000X 10X 100X 1,000X 10X 100X 1,000X

BG-WT 92.67 33.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BG(II)-8 100.00 100.00 66.78 89.00 0.00 0.00 100.00 81.44 44.44
BG(I)-13 100.00 51.67 29.44 44.33 0.00 0.00 100.00 86.25 30.50
BG(1)-17 100.00 63.00 37.00 22.33 0.00 0.00 100.00 92.67 25.78
P-value 0.05 <0.05 <0.05 0.06 -- -- <0.05 <0.05 0.40
LSDo.o0s ND™ 34.62 42.66 ND ND ND 0.65 20.60 ND

*I X represents the theoretical concentration based on the recommended dosage of bensulfuron-methyl, penoxsulam, and pyriftalid applied
in paddy water were 0.185, 0.068, and 0.365 ppm (w/v), respectively.

*2 No significant difference among four accessions according to Fisher’s protected LSD test (a = 0.05).
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Figure 30. Comparison of dose-response of 3-4 leaf barnyard grass (Echinochloa
crus-galli) accession seedlings to bensulfuron-methyl, penoxsulam, and pyriftalid
under the treatment with 10, 100, and 1,000 folds of the recommended dosage. Data
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of injury index (A) and survival rate (B) were collected according to three
independent experiments.
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REMT |l (HLER s THEF2 R B EF Rk 4o
el AR SRRl F 4 R g (Table 127, 128) - H & 1
BG(II)-8 it = FAALSHr |3 2 Fldt % &g F + **BG-WT » F]yt A7 §
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195 T2 #EF A 57 #BG-WT2 BG(ID)-8 #EDs & > #-
Futt g g2 qc bk 2 EDso (@49 7 @ BG(ID)-8 2 #it4p #ic 3 IRBG(ID)-
8 ¥ id Ih~T i 2 iRl flidp s W) 5 7.3-50.0 2 142.8 (Table

129) » & % i& 5 2 Fpt by HeR] A 9] 5 21.8 ~49.9 2 470.7 (Table 130) -

Table 129. Comparison of EDso values of herbicides bensulfuron-methyl,
penoxsulam, and pyriftalid for barnyard grass (BG, Echinochloa crus-galli)
accessions between BG-WT and BG(II)-8 at 3-4 leaf stages based on injury index.

Data from three independent experiments were collected at 35 days after treatment.

EDso values

Herbicides - P-value LSDoos RI™
BG-WT (S)"! BG(II-8 (R)

Bensulfuron-methyl 2.30 16.79 <0.05 2.98 7.3

Penoxsulam 0.01 0.47 <0.05 0.16 50.0

Pyriftalid 0.34 49.07 <0.05 23.72 144.3

1 S and R represent accessions sensitive and resistant, respectively, to bensulfuron-
methyl, penoxsulam, and pyriftalid simultaneously.
*2 Resistance index (RI) = EDso (R) / EDso (S).

215 %t d2 £ Odp 020 B m BG(ID-8 %4 = SBALSH#1 % % £ § 7 A2
B2 3R At s #BG-WTAR$2 T > BG(ID)-8 & IR 30k iR 1 B 4
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Table 130. Comparison of EDso values of herbicides bensulfuron-methyl,
penoxsulam, and pyriftalid for barnyard grass (BG, Echinochloa crus-galli)
accessions between BG-WT and BG(II)-8 at 3-4 leaf stages based on survival rate.

Data from three independent experiments were collected at 35 days after treatment.

.. EDso values "
Herbicides - P-value LSDoos RI
BG-WT (S) BG(II)-8 (R)
Bensulfuron-methyl 17.61 384.75 <0.05 3743 21.8
Penoxsulam 0.03 1.65 <0.05 1.31 49.9
Pyriftalid 1.48 120.00 <0.05 11.74 81.1

*I'S and R represent accessions sensitive and resistant, respectively, to bensulfuron-
methyl, penoxsulam, and pyriftalid simultaneously.
*2 Resistance index (RI) = EDsq (R) / EDso (S).

FEFKREET Ao FH¥a 2 34 MY Lk L = BALS

e

P HE G P RARRZ IR P ) RE G LEE S RKRA[R T
W o B TR 2 BG-WT2 #ut BG(ID-8 Jo & 4 & 3-4 Fde 4
ZABALSFHIA 2 F e o 1945 T HE FESF LR RAR S FR
BG(I)-8 2 i % 47 #c% 338 A B B ¥ M0 & § % BG-WT > & =
BG(I)-8 %+d ik s ~ T W% ik flz fald ¢ 5% < **BG-WT - & -
# WBG-WT i $ & & > K BG(I)-8 #= AALSFr#]# % M2 RI> ¥ 4
BG(ID-8 #>t i Ryl 2 2R Ffddx H X LT @ W@ | LA E e
R E R B LRI Ut L R ] o

1¥yp 3 4 #2 F o Riaretal. (2013)3 41 % 122197 % 205 B e fl iz
B % =3 ALSEE % ¢ chdomainAs P et ALS K J& A& B (substrate)ig » H
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gL it 5 438 (catalytic domain)eid i b oo @ ALSHFrf 1 & 5 & Ayt il
ooy F AT BRAEERZELF Lo TS FALSEES

% 122~197 32 205 Brefpei=% 34 B 3 > PV it @ ALSEFrH & 2

-

Lidsg oo @ e FPAEHFHALSE M o Yuand Powles (2013)

¥

13\\-
F_&

L
v

Rldp 817 I fE8g 2 ALSHrp| A& p A 2 5 £ aRA R = 8 1 7 4p

oo Pt FEATRIRAREEF A EH Vg HEF B
ALSHFrHI P HRi=Bpth 2 B Eid »i&a ko FFRZF oBE

Bofo @ M K7 B RN DALSHFr IR A 2 3 B AR R (3 R dfE(cross-
resistance) °

WA FE AALSEEE v 2 FARARM R B4 R %
B S o blde A& PH(Greece) 'K ## [Echinochloa crus-galli (L.) P. Beauv.
var. oryzicola (Vasinger) Ohwi] 2 ALSf% % v % 574 B =z pai=% % 4
% 3% > & "Rpg(tryptophan) ¥ 3 & ¢ 3=f (leucine) » ] @A T i W
bispyribac sodium % imazamox ~ foramsulfuron ~ nicosulfuron % rimsulfuron
FALSHFH1# A 24 2 = fati(Kaloumenos et al., 2012) ; #7 3 it 4 4+ 4]
ALSEE % &% 205 Breflipi =B % 2 ¥ #H FRALSFHIHE P H- 8
e a4 T o a RIS P A H T A ALSFr A

[#¢ fie | % % (sulfonylureas) ~ = & eite 57 (triazolopyrimidines) ~ wF v ek fif
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#¢ (imidazolinones) ~ #¢ % ¥ ¥ g ¥=3# (pyrimidinyl-thiobenzoates) % F; fie
ik 28 AL = e ek AR 38 (sulfonyl-aminocarbonyl triazolinones)] & # P & >
¥ $tt(Fang et al, 2019) ; & #uft 4 3 4] L ALSFE % & 197 B ief s
¥4 %4 Pro® 4 = Serv # M % Fuit 4 F A $fazimsulfuron -

byspiribac-sodium ~ imzamox % pnoxsulam % = fAALSHFr4]# A 4 < R o
Moo 2 P42 R ¥ # % (Amaro-Blanco et al., 2021) ; & M eaff %
[Echinochloa crus-galli (L.) Pal. Beauv.]= #jc & % & %] 2 ALSf% % v

44

¥ 122 2 574 BoymiA i F 4 % H > @ H ¥ foramsulfuron ~
rimsulfuron -~ foramsulfuron + thiencarbazone % foramsulfuron +

thiencarbazone + iodosulfuron % w fAALSHr4|H H &2 R A A 4 LR Ix

14+ (Lobmann et al., 2021) o

o R E A A A A PRT HALSI A AL PR
Mo e iEd R AR R SRS AP A PR

& 4 K #4 (Echinochloa phyllopogon)® 7%%’ d tmP2 ¢ % P450 (cytochrome
P450) ¢ HCYPSIAI2 % CYPSIA2] = B A FIE £ ¢ L la4 7 A
LR M P R E M B R LR IR A 2 Fufd (Iwakami et al.,
2014) ; -k #4 (E. phyllopogon)® 'm*z ¢ 4 PA50 ¥ CYP8IA 2% % % 3~

0 ¥ R g 2 9% k] (Dimaano etal., 2020) ; £ 3 F 7t g imee d
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APASO i 4 2 Rk GRS LIRS T R AT E S F (L
rigidum) ¥ ALSHFr & 2. 2 = fid(Torra et al.,, 2021) o AF 7 % MM X
bz i BG(ID)-8 # = AALSFr4# & 3 R Fuid H @415 P

Hin B PR 2D B U i KA

B. Apiro Forte;R #| ¥+ £+ 2 3 4 24 {2 222 7

4o

+ &
Wi 3-4 EdeF &5 BB i RS A% Apiro Forte ~ i 15 3
kA2 G T AR R FAES AT R T et £ TG RF
e FHZBERZ F RRT - R34 EHF £F =~ B 5 HApiro
Fortez EDs & 4 [l /1 »* 0.45-1.09 ppm (Table 15) » @ 7% &4 & 1,000 &
FET A A BTE ki T ApBAZE 2.5 (Table 36) » 4.3 R4 R
BErE o FHMY AE3drd]- 201 2 F fg(Table 52) - @ + £ F =
B f 2 3B F 2 F & i T 35 8cdp 1u(Table 15,37, 53) = Apiro Forte
Prdl i A2 kA= JEH #2 R & & 0 1995 1 3 4p 82 EDso B4 -
3t 0.45-1.09 ppm2_ Apiro Forte® i + £ + Jc & s 3ldrd|- L2 & >
Moy B A7 2 % ik 4] H &2 EDsy & 4 ] fppm [0.37/0.55=0.66,
0.66x(0.45-1.09)=0.30-0.72 ppm] » #p %% & 41 & ) & 1,000 i % £ ~

Mprd - L 20 & o Fediip|Apiro Forte ® i% iK1 2. Z ¥ 5p &2

&
(=

T
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R EPEA A LI E® > @ 33 Apiro Fortez. #c % o

b. ## %
W 3-4 E&M T e BTk k & * Apiro Forte ~ fi# [ 2 iR
2 G ApE FEFHEF LTI R T AORE Lk W AR
A2 F i - KoM I T B i - Apiro Forte 3 4 #ic2 EDso & 5 ] 4
L)% A 0.33-1.19 ppm (Table 24) > @ f d:# [£ %2 % iRH] 100 & & E T A
& FrEl- L0 2 F i (Table 44, 60) 0 78 % 2 F k2 1§ % 43 Bcdp
2(Table 24,45, 61) = @ 1245 % % 47 #c2 EDs & Bl » ** 0.33-1.19 ppm
2_ApiroForte® @ # % Jc & ;i pldrdl- L2 F B B H P 2172 &
15 2 ji k7] B A2 EDsy & 4 B4 %5 & 0.11-040 £ 0.22-0.79 ppm
pE AR AR RRPIE A A 100 BHET A NP - F2ZF B =
f8ip| Apiro Forte® /% R4z ZE» v st B LRI R EPFA A R 1T - &
Hi 53 Apiro Fortez_ 7T % o
Wp+ £ 2 I 475 B3ffcf &k &% * Apiro Forte/R &) ~ 4.3# 15
2k kA2 G dpdcr BESFAEF & T Ao JeX 4 484 Apiro
Fortez_ EDsy & #f@ iR IR R VR IRAH A > & 51 Apiro ForteiR |
Pk AN HEBZ M RIDNMAEF £ 2 PME - FF A o iR Apiro

Forte® /%« R{I2. E»x v i BB RBRREFAL RRITY > 8 - f

232



ALS#r#1 4] e ALSEE % 3-v > F 2 eni & 8 0 - fadrdl Al P
EH b, 17 }Z}’@Z},}’Fﬁ’zi)\ it =¥ 2 W g4 = D IEET > @ B 58 Apiro

Fortez_ »z % -

P FEF MBI R S L

AFEFE-Hr i 34 ERFEIZIME LR AW ARY
(VLCFAs inhibitor) ~ # = 3 (PPO inhibitor) ~ % 7% k4] (ALS inhibitor)z.
Flls > L& Tl 3RF- AR R P ALk it
SRR AP R R LR

FEFAMEIHGR AL S L

G+ 432 T G344 FERE T APT SR 2 R&J|E =8
AR T ABAPE R R AR R AT A HE NG T2 BT L
BEF A Td R THREFEF AP P AH R AT E
Pt mA R o

FEFHIE R AL S L
. &3> Bjcd A2 FRAR

W55 T3 dcv v 34 Ei#eH = B e 7 A$ 32 EDs
B 43 5.2-37.3 ppm 5 ## = &2 EDsg B 4 3t 4.9-31.3 ppm ; #ix ik q)

2_EDsg & 4 3t 5.7-153.8 ppm (Table 131) » IR & <& s L ¢~ &4
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Table 131. Comparison of EDso values of three herbicides including butachlor,
oxadiazon, and pyriftalid for 3-4 leaf red sprangle-top (Leptochloa chinensis)
accession seedlings. Data of injury index and survival rate were collected according

to three independent experiments.

EDso (ppm)
. Butachlor! Oxadiazon Pyriftalid

Accession

Injury  Survival  Injury  Survival Injury Survival

index rate index rate index rate
RS(I)-AES 5.2 51.2 18.2 37.6 6.3 26.7
RS()-1 37.3 256.8 8.4 37.0 5.7 23.0
RS()-2 7.6 102.4 9.0 98.9 119.3 214.2
RS()-14 25.1 489.5 30.2 68.1 153.8 461.2
RS(D)-15 27.5 512.3 31.3 68.1 128.4 179.6
RSI)-11 6.4 28.8 4.9 36.9 75.9 39.1
P-value 0.37 <0.05 0.06 0.46 <0.05 <0.05
LSDo.0s ND 224.7 ND ND 96.0 124.3

*I Theoretical concentrations based on the recommended dosage of butachlor,
oxadiazon, and pyriftalid applied in paddy water were 4.840, 2.145 and 0.365
ppm, respectively.

*2No significant difference among six accessions according to Fisher’s protected
LSD test (a = 0.05)

PEZBRDE - BEM2ZEDs B AEHFLR A7 LB AHY

ZFAER PR - RO RAIRKRAIR N IREF LR on 1R G
F¥ i34 EF £33~ Bl ¥ AP X2 EDsy & 43 28.8-
512.3 ppm ; ¥ %2 ¥ 2 EDsg & /7 ** 36.9-98.9 ppm » %% & 41 2. EDso &
i %+ 23.0-461.2 ppm (Table 131) » I+ & F L Jc B st B4~ A
32 iR 2EDsg BN REFLRE > A7 LB AR H - AEHZ L
g - %o B9 R G IEE 3EF2 AR FRFEF T E X

RS(I)-14 % RS(I)-15 #2447 fi % & i ik ]2 Fupt ' 85 % + >+ RS(ID)-
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AES > 18 #0044 = 48 2 8] ot 2 RS(ID)-AES % 5 R 2> kpdn

Mipdicd > HIETECE Futt & pupd 2 RS(D-14 £.F 55 % €4t -

G R k2 AT

RHFEF R HT ARPEY BRI 2 RRJIZHEF BAPTT
Too AR AHT AP X Z Rk F s £ B #* (Table 131) > H @ 12
RS(I)-14 6 = 48 3412 4t 4 5 F « 2t RS(D-AES » Flp #57  #-
A F &5 e g sRS(ID-AES it 5 & M8 B 2 > @ 1 Fupt RS(D)-14
Tof kBt dgdicd 0 87 5 AR R 2 H¥T o

1995 % T4 2 AR F A 477 #FRSD-AES 2 RS(I)-14 EDsy
B Rt R e k2. EDsp B4R "7 FRS(D-14 2 Futtdp o B IR
RS(D-14 7 AR ¥ ~ #r X 2 iRl faftipfies 5] 5 4817 %
27.1 (Table 132) » @ 7% % 2 Fultdn R A 5 5 9.6~ 1.8 2 7.8 (Table
133) > #6438z & 4 0 o i ¥ Beckie and Tardif (2012)3] 4 e 48
Ful AR B 0 4 B 5 & Pt (not resistant) (RI<2)~ 4 & $uit (low resistance)
(RI=2-5)~ ¢ R $ul*(moderate resistance) (RI=6 - 10)% 3 A& Fuit(high

resistance) (RI > 10) -
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Table 132. Comparison of EDso values of herbicides butachlor, oxadiazon, and
pyriftalid for 3-4 leaf red sprangle-top (RS, Leptochloa chinensis) accessions
between RS(II)-AES and RS(I)-14 based on injury index. Data from three

independent experiments were collected at 35 days after treatment.

EDso (ppm)

Herbicides - P-value LSDoos RI?
RS(I)-AES (S)"!  RS(I)-14 (R)

Butachlor 5.2 25.1 <0.05 11.6 4.8

Oxadiazon 18.2 30.2 0.40 ND 1.7

Pyriftalid 6.3 153.8 <0.05 58.5 245

*I'S and R represent accessions sensitive and resistant, respectively, to butachlor,
oxadiazon, and pyriftalid simultaneously.
*2 Resistance index (RI) = EDso (R) / EDso (S).

Table 133. Comparison of EDso values of herbicides butachlor, oxadiazon, and
pyriftalid for 3-4 leaf red sprangle-top (RS, Leptochloa chinensis) accessions
between RS(II)-AES and RS(I)-14 based on survival rate. Data from three

independent experiments were collected at 35 days after treatment.

. EDso (ppm) )
Herbicides - P-value LSDoos RI
RSI)-AES (S) RS()-14 (R)
Butachlor 51.2 489.5 <0.05 65.0 9.6
Oxadiazon 37.6 68.1 0.12 ND 1.8
Pyriftalid 301 461.2 <0.05 20.9 7.2

*I'S and R represent accessions sensitive and resistant, respectively, to butachlor,
oxadiazon, and pyriftalid simultaneously.
*2 Resistance index (RI) = EDso (R) / EDso (S).

g % v woRS(D-14 %7 AP ETEF MAX? Bl A%
RRAIE F ¢ R R RS RHER TR E o B RS(D)-14

AP IR RKRJIETG A PR E R
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FeEREHREET o F £ 3 h k MRSAD-AEST® 5 #HR e > 1345
RS(D-14 t3-4 F&$= 8107 5415 ¥ AL Foldy 80F 2 73 4k
Fulbjc g ARS(D- 4 &R T T g ety AP Y25 MRS &
Fodo m HIRRAIE 5 7 RE R Adu B RS(D-14 7 AP ¥ 2 %
RAIE G A A2 S EF 0 S &Y BER RS &
wiE-HEY -

mAFFY T RLAL IS ES %"ﬂ"’;?“,!r?ﬁé?d:",m"é Tt 2
= B} hF R 2 B o Guo et al. (2015)% A & §2 5 & di(dlopecurus
aequalis) ¢ ¥ . ACCase 2 ALSf% % v + DI/ =AM # > Fla H
ACCase® ALSHr| #3594 2 pHREE AP > R 5 F 0BG F £ -
Iwakami etal. (2015)45 &1 = fRf % 447 FFd 6 & ML HIRS- 445 5 A
7] & 4 ¥ ACCasedr 4| 2 # 3 (fenoxaprop) 2 =& & 1T % & LLIIF) 34| H
chlortoluronz_ $f# - Baltazar (2017)4p 448 3+ ;rﬁ d % 3 Fq RpRpRIRoK
f% fi= (fatty acid amide hydrolase, FAAH) 2 /& 143 % 38123 7 A% >
A RS I AP T il o Vazquez-Garciaetal. (2017)% & +
F12 % T (L. multiflorum)* A & 2 % 3 (L. rigidum)'s 15 %4 5 B P &
=% ¥t @ #ACCase ~ ALSZ EPSPS#r#|# 2 4 £ it - # {8 >

Anthimidou et al. (2020)% 3./ & 2 % % (L. rigidum Gaud.)§uld 2 # ALS
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fk 30 % 197 Br=fAp =¥ > 5 9= (proline) » %] ¥ # & 0 IRk
(leucine) ~ 35 3%p& (glutamic acid) ~ 5k "%f& (serine) ~ [3 "%k (alanine) ~
2/ (threonine) 2 2k ¥&fig"=(glutamine)’ ¢ ¥ ACCasefiz % 3-v % 2,041
Bi® 7~ 4 8 He 8o sefi(isoleucine) ¥ 4% = X F* % fig¥=(asparagine)
EpRRRL o TN A E R X A4 S £ o Lanetal (2022)% < 4h

¥ ¥ (Alopecurus myosuroides Huds.) ¥t ACCase 2 ALSFr#| #3285 %

"M"‘\

Epuft o BB PR R R 2p B e

% HALSHFHIA A 2 P BB bt 7 8 LIEd s 5 A PASO %
FRfRrek (AT E B RS- AP A A KA YA A &
THALSEAHIHA L 2L i L fuft o R L F £ T R

TR EEEGHT AR T Z ALSEF A B T 54 fj:r?fl %

FhUE o m A A Rl 2 PR B - hAET o

b. 4% 3 #1157 5 A2 5 £ 4uld
1.y e Bich k2 FHER

WG T w34 EE&FT e Bl d h 87 AL X2 EDsy &
A 3+ 42.9-270.7 ppm 5 #8523 2_EDs B 4 3t 5.2-154.2 ppm ; ik 4]

2_EDso & 4 % 0.3-49.1 ppm (Table 134) » I 2 Jc B 4yt P8~ &4
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¥ BREE KR ZAER2ZEDs BEHIREFLR B Tl
HERBERLFPT - R da PR HEEF Voo 34 LR8P e Bl
GOET AP F 2 EDso i 4 3¢ 84.9-1,393.4 ppm ; 44 %% ¥ 2 EDso & 4 3%
15.5-160.2 ppm » %% k4|2 EDso & 4 >+ 1.5-139.2 ppm (Table 134) » 3%
Bz AREG TP B¢ R G T s RS AR FR

M E I ABG()-8 #3852y iR Fuft F B F < 3 BG-WT

—\\

G ¢ 2 BE R PO 2 BG-WT e 4 $ B ko g diitddy ok

SR Futt 2 BG(ID-8 2.7 24 5 £4ult -

Table 134. Comparison of EDso values of three herbicides including butachlor,
oxadiazon, and pyriftalid for 3-4 leaf barnyard grass (Echinochloa crus-galli)
accession seedlings. Data of injury index and survival rate were collected according
to three independent experiments.

EDso (ppm)
_ Butachlor! Oxadiazon Pyriftalid

Accession - i - -

Injury  Survival  Injury Survival Injury Survival

index rate index rate index rate
BG-WT 429 84.9 5.2 15.5 0.3 1.5
BG(I)-8 145.9 405.4 154.2 173.2 49.1 120.0
BG(I)-13 200.6 1,179.7 20.8 62.5 12.5 139.2
BG(I)-17 270.7 1,393.4 36.3 160.2 18.2 135.7
P-value 0.08 <0.05 <0.05 <0.05 <0.05 <0.05
LSDo.os ND™  1,180.1 104.6 73.5 11.1 68.7

“I Theoretical concentrations based on the recommended dosage of butachlor,
oxadiazon, and pyriftalid applied in paddy water were 4.840, 2.145 and 0.365 ppm,
respectively.

"2 No significant difference among six accessions according to Fisher’s protected
LSD test (a =0.05)

239



2. M pul e B h 2 47

/

RHEMERE CH T ART BRI 2RI ZHEF AT
foo BTl RHE A TR § SR F £ £ (Table 134) - 2 ¥ BG(ID)-
8 I P RS B2 R RS AR BRI 2 S B F < 20 BG-WT > Bt
ARG RS B Y c E A BG-WTIiT 5 B MR E > & 2 Fia
BG(ID)-8 e & s H Fuftdg ek R0 3817 § £ Az & 2 2|47 -

195 T2 #EF A 57 #BG-WT2 BG(ID)-8 #EDs & > #-
Futb g g i 4 2 EDso 405 ¥ 7 BG(I)-8 2 4uf2dp fie> 3 BG(D-
B 37 AP E BRI F E Rl Fibdn #ies B 5 345296 2 142.8
(Table 135)> @ 3 7% & 2 fuftig Rl 4 &) 5 4.8~11.2 % 81.1 (Table 136)-
- ¢ ip M2 F AP 2 o ik yxBeckie and Tardif (2012)3] 4~ e Aol
fe 2 BGID-8 ¥~ AP XL 5 MAFM  HE T2 RKk{I5ET 3
Bl B BGID-8 {7 AP H ~ BRI 2 AR L5 2 FAAR2Z §

£t o
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Table 135. Comparison of EDso values of herbicides butachlor, oxadiazon, and
pyriftalid for 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accessions
between BG-WT and BG(II)-8 based on injury index. Data from three independent

experiments were collected at 35 days after treatment.

EDso (ppm)

Herbicides . P-value LSDoos RI?
BG-WT (S)"!  BG(II)-8 (R)

Butachlor 42.9 145.9 <0.05 99.6 3.4

Oxadiazon 5.2 154.2 <0.05 146.7 29.6

Pyriftalid 0.3 49.1 <0.05 4.1 1428

*I'S and R represent accessions sensitive and resistant, respectively, to butachlor,
oxadiazon, and pyriftalid simultaneously.
*2 Resistance index (RI) = EDso (R) / EDso (S).

Table 136. Comparison of EDso values of herbicides butachlor, oxadiazon, and
pyriftalid for 3-4 leaf barnyard grass (BG, Echinochloa crus-galli) accessions
between BG-WT and BG(II)-8 based on survival rate. Data from three independent

experiments were collected at 35 days after treatment.

EDso (ppm)

Herbicides . P-value LSDoos RI?
BG-WT (S)"! BG(II)-8 (R)

Butachlor 84.9 405.4 <0.05 285.6 4.8

Oxadiazon | %] 173.2 <0.05 147.2 11.2

Pyriftalid 1.5 120.0 <0.05 57.9 81.1

*I'S and R represent accessions sensitive and resistant, respectively, to butachlor,
oxadiazon, and pyriftalid simultaneously.
*2 Resistance index (RI) = EDso (R) / EDso (S).

FERBHRLET o0 MY e Bk BG-WT i 5 $ 06 2 » BG(I)-8 t

3-4 FALHZ A e T B AIE TR Fulldg D 2 Ak o ditie f

BG(ID-8 7 A X 5 MAFM A HHRET 2RI F 55 8 Rin

Mo B mBGID-8 7 AP T SR T2 kYL 3 AR 5 Ein

Boo bW ALY AERETE WL G R YRR
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bispyribac-sodium (ALS #r 4] #| ) ~ quinclorac (% & Z 4| *4 i A
metamifop (ACCase #r #] #| ) ~ cyhalofop-butyl (ACCase #* /] ] ) %
oxadiazon (PPO#r#]#]) '+ & 7 ¢ & #Fuit(Chen et al., 2016) & 7 444
MEFER DS LB FE- BT -

T MET A4 JE 2 7 0 Baltazar (2017)4p ¢ R %ﬁ d %3
fi =K 2 i (amide hydrolase)z /& 123 5 B2 5 = AF X > E@ RS
AEHT AP I 2 % ¥ % (propanil) st - Dimaano et al. (2020) R % I
k#4 (Echinochloa phyllopogon) m* ¢ % P450 ¢ CYP81A 7% cfit %
Fov T AL i FE(ALSHFr A ~ k4] (ALS#r41]3) ~ pyridazinone
(phytoene desaturase inhibitor, PDS#r#]#) » benzothiadiazinone (PSIIFr
) ~ pyrazole (PPO #r #1] &) ~ triketone (4-hydroxyphenylpyruvate
dioxygenase inhibitor, 4-HPPD#r /| #) ~ clomazone (1-deoxy-d-xylulose-5-
phosphate synthase inhibitor, DXPS#r#]#]) 12 2 = < 5 ACCasedr || o
Liu et al. (2021)3p 1% X HFupd fg 4 7 ,«;ﬁ d & = a-Jk ¥ fis (a-amylase) ~
'k f# f= (hydrolase) 2 3-v fis (protease) 2 =1+ > & A e 4 b £ %
(phytoalexins) & # ¥+ 7 4> % 2 Fud - Hwangetal. (2022)% A7 ¥+ %“ﬁ“
d D ST E W 4 R 5 0 i 8 3 $Hflorpyrauxifen-benzyl (£ &

%7 G ¥ #)% cyhalofop-butyl (ACCase#r#|#) A& 4 5 € =it -
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7 B £Fu2 R F] o Gaines etal. (2020)4, 132X ¥ E?E"‘Jr",f 3
A2 PR E 2 2P 8 i 0 Wang et al. (2020) 45 41 F &
(Beckmannia syzigachne Steud.) % ALSf% % ¥v % 197 B = p =8 %
4 % 3% 0 2 H Zok 3 PsS- 4 fF (glutathione S-transferase) ™ & 5 % & &
t o Fla BRI X $HACCase2 ALSFrHH| L 5 5 &t o

FERMAFYT » AT 2ZMEIHT ALY B2 L2 pyriftlaid2 §
ERPEET RS P REE MR AP RS R R
AT oAl P AALSEE S 30 2 PPORv ¢ % BIRAR R 4 BT
P ¥ TALS 2 PPOFr ] A 2 P iR 8 fufd » 75 gt ﬂ\%ﬁd HH e d F
PA50 ~ 5% 3 PNS-HE A5 FF ~ %y vR AR K JR I oS R S K fRFEZ B

9 E2 R TOH A PR SR RARE A E R RS s U

dOR O EE e R SRR I RTIE PR E L RAR K

%’i

FETAA S 2P R Ul R A L L MR AT Rk

~—+\

PR o ] A R H I EET B RA S

FERE S RS EHBR TR LR ER Y- Y o
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AL G BT LRY S3ke 2 F A2 ME AT LG %

IR SRS S A LS RN EE - NSRS

R

FipE Ene AR R Bt 432 Mk RS T HERL
PR AR -SRI LFHEFLARM IS AR o}
DR R fEE - 2 SRR R AR
T34 F#F £ 3 4B iRS)-14 2 P 2 & A RS(D)-1 % 4 i F5
TR RRAIDE 5 AR Flh o FHA R L s o T
m R R 2 Fudt B > B ¢ RS(D)-14 $3e ol 2 ID Bg 3 il £
Boa Myl “BGUD)-8 i - TEF2 KR LF 7 BARAR D
TR P B RN R Rl R i h L B TR oA ] H
foik f5 o

- E o FIL 34 EdeF £ 2 ARS()-14 R ¥
AP ¥z mkflE4 S E4ten MET el ABGID-8S ™ Af 524
MR FUM S R E 2 R RI5E 5 F R Pl B BG(ID-8 #7 A
FABREZRKRAITE G A RARRZ S ERU e AT HHY 330K

AT SRR Rt R AL SRS A

Nk

=5

AFud HEr AR R EEFET AR T & a R -E oV Ek
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resistant weeds in central and southern Taiwan during crop season I (Investigation
period: 2021.03-04).
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| 21. 24°03'59.0"N 120°39'53.6"E
22. 24°03'55.1"N 120°39'55.8"E
23. 24°03'52.2"N 120°39'57.6"E
24. 24°03'59.0"N 120°39'55.4"E
25. 23°16'45.1"N 120°22'50.2"E
26. 23°16'44.8"N 120°22'51.6"E
27. 23°16'45.1"N 120°22'49.8"E
28. 24°04'40.1"N 120°42'22.1"E
(AES)

Supplementary 1B. The location of paddy field appeared suspected herbicide-resistant
weeds in central and southern Taiwan during crop season II (Investigation period:
2020.08-12)
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Supplementary 2. Basic information of suspected herbicide-resistant weeds in central and southern Taiwan

during crop I (Investigation period: 2021.03-04)

B AR 1 2 3 4 5
BLPY 2021.03.16 2021.03.16 2021.03.16 2021.03.16 2021.03.16
B %o %o 3k 07K er e
(%35~ 1) (&35~ %) (F &%) (241 =) (2t =)
GPS = i 23.6249 23.6243 23.6101 23.6764 23.6822
(FR.ER) 120.4589 120.4586 120.4392 120.4441 120.4345
EAe-p 2021.03.06 2021.03.06 2021.01.26 2021.01.25 2021.01.25
K - B 16 50 - R 16 50 = = &
BERPE(S) | AN e " REY T REY o REY e
(8 E)+ (R )+ (% 1% -EO)+ (3 ") (F e &
By ey E T ARY
(¥ ?‘) (3 5R) (¥ =) (fidie)
* g 1.2L/% 1.2L/4A 0.75 L/~ ¥ 0.5L/4 % 0.5L/4 %
(12 L/ha) + (12 L/ha) + (7.5 L/ha) + (5 L/ha) (5 L/ha) +
0.6 L/ %~ ¥ 0.6 L/~ 0.5L/4 $ 0.25L/%4 ¥
(6 L/ha) (6 L/ha) (5 L/ha) (2.5 L/ha)
B “%i"fé’ﬂ TREERE TR ER A dR R S S 3 TR ER
(FFR-7)F | (BFF-)F | (R (28%) | (§FE-)
DS IR 3 IS SR 7 3 TR Y
(28%) (28%) (5 t*£-GR)
* g 1.5 kg/ A ¥ 1.5 kg/A ¥ 4.5 kg/» ¥ 4 4.5 kg/ A #
(15 kg/ha) + (15 kg/ha) + (45 kg/ha) + (45 kg/ha)
1.25 kg/A # 1.25 kg/ A~ 4.5 kg/» ¥
(12.5 kg/ha) (12.5 kg/ha) (45 kg/ha)
ST ARY
(5 1 %-GR)
¥ g 4.5 kg/~
(45 kg/ha)
# i RERFEA EW | BB ket & | BRI L2 ED (B ES = [ RE L2 L
BAEELE o FE | WAL FELY o | AAEY oA | o AT | A4 EY D o Ee
WEES R L | R RS w3 % 7 A R - | AR S e
FEOAPITE (B e A | PFRERT A | FEEY |z K- %
R o PEZ ST o | A ISDAT % | % 7 AP H > | B R
% 20DAT %% | 520 DAT %% | = £ 52 7 fh | £ 20 DAT | A~ A+ ¥ 1
T RF 2 | TR FHKRE | P£F 0 A30DAT | %% 7 L F i | 3 15 DAT % * -
i P S 7 3 LA €L SR 3 PRER -
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DAT: Day after transplanting (#={s p #)

HARm 6 7 8 9 10
EXIE L 2021.03.16 2021.03.16 2021.03.16 2021.03.23 2021.03.23
Bz L OHR, ok Rok ¥op ¥op
(2L ) (Z R f1F) (Z R {f1F) (Five?) Gfve )
GPS #_i= 23.6792 23.7796 23.7782 23.8775 23.8779
120.4442 120.4913 120.4885 120.6003 120.6005
FEAep g 2021.01.25 2021.02.04 2021.02.04 2021.02.17 2021.02.17
ke Ah 4 # £ = £
R | REA TARY T ARY
(i) (5 1%) (5 1%)
* 2 & oy
1S %Kﬁd sl S 3 TR AR TP AR TP AR TR LER
(29%) FrE-7) FFrE-7) FrmE-7) FFEx-7)
* g oy j ; 3 kg/A # 3 kg/A #
(30 kg/ha) (30 kg/ha)
o MERASA LW | MERASE LW | RERAeE L | kAR E L

BAEER H oo AT
Pl LR rI E_k
£33 15DAT
N o T

i o iR %

b i

BAEEY oo
Fswr 7 A
£33 15DAT
AL AIRE N ]

& -

ALY o fE
Fis T X2 % 7
PAL#ER

LR S

=l o

A ER o 4E
PR S
Pl SR 373

L BRI S

1‘[ ]
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B AR 11 12 13 14 15
BAPY 2021.03.23 2021.03.23 2021.03.23 2021.04.13 2021.04.13
) S ¥Op % oji % ojie ot FEog
Gyttm ) Gfvm ) Givm ) (¢™ &90) (r¥ %)
GPS #_ix 23.8778 23.8603 23.8600 24.0579 24.0664
120.6003 120.5721 120.5721 120.6731 120.6649
AP P 2021.02.17 2021.02.14 2021.02.14 2021.02.28 2021.02.28
K f A ® £ = & #
2 R TARY TARY TARY
(%) 32%EC 32%EC 60%EC
(h4550) (5 45i0) (51 %)
* g & £ £ ) £
e | h R A TR R AP Y TRP Y TR ki
FEaRIT-7) 5%GR 5%GR 2. 7%
(5 t%) (5 1%) (Z4x1-7)
* g 3kg/ A B ) g 3 kg/ A # Fy
(30 kg/ha) (30 kg/ha)

MH kA K
oA A L o
FAIE T R
TP RiER W
PRI S

‘:] ]

LT, 2 O S
o5 A e o
e 3 X 25
T AR 32%
FeR o EALS T
S R €
B 5%k o A
sefrdle B
AN UL A 4
4 o

= e

Sy

BH K feL &
B E AL o
A 3 X
TAELT 32%
oA o fEA1 T
T o =S
3 5%pm] o A
3ok Ale B
Se ¥ 0 i K
4 o

BHkfe 4 &
LA EhE o
AL R B

,é{-l_—’ °

RH kL K
W5 e ER
A o T T
60%7 A%
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0B B 16 17 18
BN 2021.04.13 2021.04.13 2021.04.13
S og Fog JFog
(¢ ¥ FH4) (¢ ¥ FH4) (¢ @ %)
GPS #_i* 24.0653 24.0645 24.0664
120.6655 120.6660 120.6654
AP 2021.02.28 2021.02.28 2021.02.28
kA& = Ed #
o 5 T AR TAPER TAREY
(1) 60%EC 60%EC 60%EC
(5 1z) (51%) (51%)
g 2 2 "
=a RI-kfed L85 | Ik L8 5 | BRI L8 5

A EEILE o JE AR
A F 60%7 A
KO

L RS o E A
X% 60%7 A
KO

A ERE o B AT
B F 60%7 i
_—E;_O
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Supplementary 3. Basic information of suspected herbicide-resistant weeds in central and southern

Taiwan during crop II ( Investigation period: 2020.08-9)

B L 1 2 3 4 5
BEPY 2020.08.13 2020.08.13 2020.08.13 2020.08.13 2020.08.13
Bz R oAp R 045 7 042, 7 042, Flo

(Gatry) | (2aFy) | (5sF9) | (BsFe) | (BEAHD
GPS = i 23.2424 23.2489 23.1937 23.1929 23.6246
(FR.5R) 120.3398 120.3346 120.3462 120.3472 120.4590
EAe-p 2020.07.26 2020.07.26 2020.08.06 2020.08.06 #
KBt PAE S h F F &
B pE ‘,ff"ff?ﬁ"l FRE + T AR+ T AR+
(%) LR E P P By

* F 0.3 L/~ % 05L/%~ % 045 L/%A ¥
(3 L/ha) + (5 L/ha) + (4.5 L/ha)+
0.3 L/~ 4.5 kg/» 0.3 L/%A
(3 L/ha) (45 kg/ha) (3 L/ha)
B i 3| TR T AR+ TR LER
B ik T
* 4.5 kg/» 0.5L/% E
(45 kg/ha) (5 L/ha) +
3.6 kg/A ¥
(36 kg/ha)

%ir BRI kfed & RI-Kfsd LB I fed | BRI 2 & 8

HErE P
T3 ERYE
R 7 )
#HRowH G
1.5 & /a8 o

I LB

0 FME R

B 300:300 o

Rk A £
= ¢

B 5 A E

7

Hies

B A o
3 ER B
A £ ¥
32% ~ 7T 4
ELA R
15g/m 1 @
/5 b o EE|

’#_:‘:’(_I'j_’— °

W5 A ELRE o

ﬁ%ﬁf‘pﬁ- > W‘%—E‘;

B AR -

DAT: Day after transplanting (#{5 p #c)
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B A B 6 7 8 9 10
RAPY 2020.08.13 2020.08.13 2020.09.02 2020.09.02 2020.09.02
By $lo 07K Lok o8l 7LOBR,
(%3~ 1) (£& 1) (241 =) (2L =) (241 =)
GPS Z_i* 23.6235 23.6066 23.6823 23.6762 23.6767
120.4588 120.4336 120.4348 120.4438 120.4441
AP 2020.07.28 2020.07.28 2020.08.08 2020.08.08 2020.08.08
kfe e
E LI R T AR+ T AR+ ENE =EE I+
(%) SR By TAEY
* g 0.45L/A # 0.5L/A # 1.5 L/ha 0.02 L/A ¥
(4.5 L/ha)+ (5 L/ha)+ (0.2 L/ha)+
03 L/A # 025L/A # 0.25 L/A #
(3 L/ha) (2.5 L/ha) (2.5 L/ha)
o N L W] b Rt 73 473 Apiro Forte P R 7 S
* g 2.5kg/ > 0.17 L/ A # 0.33 L/ha 2.5kg/ A ¥
(25 kg/ha) (1.7 L/ha) (25 kg/ha)
% Bkt £ @nst 7 L RIRfEL L | R LFEL L) RIL 2 £
WA AR o 2% 500mL/ | B 5 o~ BEP | B i ELD DL ELD
AE 2 25% | B oo 2 ¢ ) o LS X
N ¥ 250 29 A Ko | B 1.6 Ao
mL/A # o
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S I 11 12 13 14 15
DhpY 2020.09.02 2020.09.02 2020.09.02 2020.09.02 2020.09.10
Brit OB Ao ok Fok ¥op
(2 3) (211 3) (Z R§]H) (Z R §]H) GFtm )
GPS %_i* 23.6764 23.6766 23.7792 23.7780 23.8775
120.4441 120.4512 120.4911 120.4885 120.6003
B op i F 2 2020.07.19 2020.07.28 4
AP Y 2020.08.08 2020.08.08 2020.07.24 2020.07.30 2020.07.29
! FeF 3 5L = & 115 FeF 3 5L os 115
K pE T 3| Apiro Forte TR Y TARY
(i¢) (51%)
*E 0.4 L/ha 0.25 L/ha 0.25 L/ha
FE A1 G TPRFER TR LR T ARY Apiro Forte
(83X %-7) FaL) (5 1)+
TR A
FaI-7)
* g 30 kg/ha 30 kg/ha 0.25 L/ha + 0.33 L/ha
30 kg/ha
(s@ Hp | R 3R Apiro Forte
* g 0.33 L/ha
%3z Rk fed £ | RI-kfed £ | MEkEA £ | BBkt £ | RPEkARs &

i A E%ﬁ;'«ﬂﬁ
Z ¢ H o

5L el
Z ¢ Hp oo (B H
AW =

K o©

HErEDD
AR X

g o

5 R
LAY - 3

g o

oG e R
e AEA o
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W hE e 16 17 18 19 20
Rap 2020.09.10 2020.09.10 2020.09.10 2020.09.10 2020.09.10
| ¥of ¥of 3ofe 3os thott
(Fi-w 7)) (F;i-m 7)) (Fi-m 7)) (Fitw¥) (¢® &P)
GPS =_i> 23.8779 23.8778 23.8603 23.8601 24.0579
120.6005 120.6003 120.5765 120.5722 120.6718
FHA-p Hp 2020.07.29 2020.07.29 2020.07.23 2020.07.23 2020.07.29
% aaar # # = e 1150 e R 715
(£ 24F)
R R T ARY T ARY T AR T AR Y i
(i¢) # I
*E # = & =
FEA1S “fi‘ftwl TR LR T ARYT TARY TR LR
GEg¥-) | (A1) (51%) | (GFg¥-)
*E 0.45 kg/ha 30 kg/ha 30 kg/ha &
Fefsd Hp | R R Apiro Forte T AR KRY AR R
(o )+ (o )+
el i
*E 0.33 L/ha # £
L 3 40DAT i | v F -k 2 [ %% 7 A E KR | RI-LfEd £
fFo PR g Lo ABETR|F+TRY e (DL ER
5 0 R Rfed £ | K ow* 7 A
H i e BER|EREpILF
# oo E3 R4 AP
i
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B AR 21 22 23 24 25
BLPY 2020.09.10 2020.09.10 2020.09.10 2020.09.10 2020.09.15
) AER S Fro® Bo® Ffo® Ffo® Tox
(¢¥ %) (¢¥ 5%) (¢¥ 5%) (¢ ¥ 5%) (r&¥rg)
GPS #_ i+ 24.0664 24.0653 24.0645 24.0664 23.2791
120.6649 120.6655 120.6660 120.6654 120.3810
B p iy -] & # # 2020.08.06
EAe-p 2020.08.01 2020.08.01 2020.08.01 2020.08.01 2020.08.11
K e B 715 = = & =
(524 4)
By pE Apiro Forte % 1k 5+ TAR R
(i) LEM Y
(B% "7 3%)
Ed 3 kg/A B 30 kg/ha
(30 kg/ha)
F& A 15 ik FE+ Apiro Forte
§ 45
(14 49
*E # &
SR “,f.*v:f?? rE B+ B fiR A
R TR LR
¥ g 1.5 kg/ A~ ¥
(15 kg/ha)
#ir RHRfEA L |0 BARER

b A

g o

‘s 1%




n L el 26 27
RapY 2020.09.15 2020.09.15
Bz f o Fof
(¢ @ ¥rg) (¢ @ ¥rg)
GPS =i~ 23.2792 23.2792
120.3806 120.3805
fEAp P 2020.08.11 2020.08.11
g ey A & =
KB pE(1S) i A
g
FBA(S ] Apiro Forte Apiro Forte
* 5 0.33L/4 & 04 L/4A
(3.3 L/ha) (4 L/ha)
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Supplementary 4. Five paddy weeds which collected in central and southern Taiwan during crop I & II ( Investigation period: 2020.08-12 &

2021.03-04)

Weed species

Scientific name

Accession code

Barnyard grass
(BG; # %)
Ceylon sphenoclea

(CS ;= #%:10)

Jungle rice
(R : =40

Red sprangle-top
RS: +4£3)

Sheathed monochorea
(SM ; *§& &)

Echinochloa crus-galli

Sphenoclea zeylanica

Echinochloa colona

Leptochloa chinensis

Monochoria vaginalis

BG-WT, BG(I)-AES, BG(II)-8, BG(II)-13, BG(II)-17

CS(I1)-AES, CS(11)-3, CS(I1)-4, CS(I1)-6, CS(II)-20, CS(11)-22, CS(II)-23, CS(I1)-24

JR(ID)-9, JR(I1)-22

RS(I)-AES, RS(I)-1, RS(I)-2, RS(I)-14, RS(D)-15, RS(I1)-11, RS(I)-25

SM(II)-AES, SM(II)-4, SM(IT)-7, SM(IT)-16, SM(II)-17
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50

—8—Echinochloa colona
=O=Echinochloa crus-galli ILSD0 05
==L eptochloa chinensis '
~ 40 | =C=Monochoria vagina
S ——Sphenoclea zeylanica
SRRERE
c -
5 ¥ ol
2 I
c
220 t
£
£
(b}
O 10 ¢+
ND ND
O L] [A] [A] [A] [A] "

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days after imbibition

Supplementary 5. Germination percentage of Echinochloa colona, Echinochloa crus-

galli, Leptochloa chinensis, Monochoria vagina, and Sphenoclea zeylanica were

determined within 14 days after imbibition (DAI). Seeds were placed on filter paper

in Petri dish and grown in growth chamber. Germination percentages were 0.0, 21.4,
17.6, 0.0 and 0.0%, respectively, at 14 DAIL. ND = no difference at the 5% significant

level.
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Secondary leaf — .~

primary leaf

N

colegpnle
b (

Seed 2DAP 3 DAP  4DAP

Third leaf

Second leaf —

First leaf — "y

First leaf —

coleoptile
\

3DAP 4 DAP 5 DAP G pAP 9 DAP(2 Iv) 12 DAP(3 Iv)

( PAN

Supplementary 6. Growth stage of red sprangle-top and barnyard grass seedlings.
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Supplementary 7. Herbicides applied in the herbicide-resistant weed valuation prograss.

¥ ¢ Bt R A FoeE s FHE RE* (S )EEAG e L WhESTRFAem 2 kY o TRl el
(2>8) RN RBA (L/ha) p A
(%) (g/em?) L] LR R AR
kR (kg/L) 2 kR (mgl)
= M) (uM)
# # Apiro Forte SC 55.1 1.2 0.333 0.661 # # 0.550 # Fril ALS 2020.9-
(£1riE; 2023.9
Syngenta)
bensulfuron- 4104 0.450 0.185 0.450 Pl ALS
methyl:0.185
pyriftalid: 3183 1.150 0.365 1.147 Pl ALS
0.366
do ik i 4 bensulfuron- SC 56.0 1.2 0.110¢ 0.672 4104 1.365 0.185 0.450 Fr4] ALS 2021.04-
(Syngenta) methyl 2023.04
TARY X2 ‘,f butachlor EC 32.0 1.1 5.500 0.352 311.9 1.129 4.840 15.518 Fril & 4% 2021.02-
(# )  Sinon) ik 2023.02
E LN Fe oxadiazon EC 25.0 IFS) 2.640 0.325 3452 0.941 2.145 6.214 FrdlR&EF 2020.04-
(%% + Chia Fivps 2023.04
Tai)
Ty fen & penoxsulam OD 2.7 1.0 1.000 0.027 483.4 0.056 0.068 0.140 Fr4] ALS 2020.05-
(ig 4 ; DOW) 2023.05
R A # pyriftalid SC 40.0 1.1 0.332 0.440 3183 1.382 0.365 1.147 Pl ALS 2021.02-
(Syngenta) 2023.02

*SC:suspension concentrate (-k f& #]), OD:oil dispersion (-k 4 ¢+ & #]), EC:emulsifiable concentrate (5 #)]), SL:soluble concentrate (i% /%)

PE T IRIFRIFEA DL RHA G S 4100 2 H 5 3 E F A

¢ 4[4 (bensulfuron-methyl) % pyriftalid ¥ #|2_ 32 & * &

v o4
& 5
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