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Mini-Review Weed & Turfgrass Science

Weed & Turfgrass Science was renamed from both formerly Korean Journal of Weed Science from Volume 32 (3), 2012, and formerly
Korean Journal of Turfgrass Science from Volume 25 (1), 2011 and Asian Journal of Turfgrass Science from Volume 26 (2), 2012 which
were launched by The Korean Society of Weed Science and The Turfgrass Society of Korea founded in 1981 and 1987, respectively.

MA BEHT =8 o My

0lQI " - HIERM® - ZIHAP - TYUE - upy| S - Mo}
FYEAA, FYA PR, dIFBSATA, St

Current Status and Perspectives of Weed Science in the World
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ABSTRACT. This paper provides the current status of weed science and prospects for the development of weed science based on
the research trends presented at the 7th International Weed Science Conference in 2016. Approximately 520 researchers from 59
countries, including Korea, participated in the conference and presented 625 papers in nine research areas. Major research topics
were herbicide resistance, weed ecology, weed management in agricultural and non-agricultural lands, herbicide spray technology,
and non-chemical weed control. Studies on herbicide resistance presented more than 30% of all papers presented. Particularly,
resistance to non-selective herbicides, such as glyphosate and glufosinate-ammonium, and non-target sites of resistance
mechanisms were the main subjects of the herbicide resistance research area. Moreover, the conference focused on research
concerning herbicide resistant weeds of staple crops of the world (corn, wheat, and rice). Arylex was introduced as a new
compound which has a mode of herbicidal action similar to synthetic auxin. Three compounds being developed as HPPD
inhibitors were studied for ways to reduce their toxicity and tested as mixed with safeners. Additionally, parasitic weeds, which are
not native to Korea, are an expanding research subject in the world. Although 45 years have passed since the first report of
herbicide resistance in 1970, herbicide resistance remains a serious problem in most intensive cropping systems of the world and
will continue to be a major area of study in the future.
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Al 72k AARE 2] 7E 2016 6H 199 FE] 25U7FA]  2lof A fokE E3shd el 30% Aee Al2A A%
6A 7t A|51FSf=r Ze}s} Clarion Congress Hotel, Prague  “dft=o) #3h A& FFo% o5 A7t A&
oA g, vl=, S, Hebd, A|A 5 59715 52001780 = wekE| ik 55 dxd oglobA Kok B4
A% 712-H| ZHEE JATHAWSS, 2016). o Sk3lofl= = ZA|Q glyphosate, glufosinate-ammonium &4 &2 (4,
A7+ 49, plenary session 2613, poster session 387 5 Wx)of| ot WRI} FFE o|FSIL). Lee et al. (2014)9]
% 652mo] WREYTHTble 1), 8 ATHOPE AZA W0 o5t A247} opol - BRI T AL o
ARtz 2R, 574 W uEEA] g2, Al AEE D AE(87%) alldopathy (16.3%), =2 el
27 $-871%, WIS LA Bolsith. ol AZA  (125%), Uk FE FRVLN), AZA AFHEE
APz Atitoks AA9 164%AANE Az I (11.2%) 522 AARZRE 3o = Al A/d3tzol
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Table 1. The number of articles presented in the various
sections at the 7" International Weed Science Congress.

Table 2. The number of papers by country presented at the 7"
International Weed Science Congress.

Research fields Inv1F ed Plen'arY Pos'ter Total Ratio
session session session (%)

Herb1c1de resistance 3 40 67 107 164
in weeds
Biological weed - 18 26 4 67
characteristics
Weed ecology - 35 69 104 16.0
Weed management in
crops and non- 2 49 65 116 17.8
agricultural land
Crop-weed interactions  — 39 34 73 112
Herbicide and 1 36 48 85 130
application technology

Bio-herbicide

group section - 9 24 33 51

Agricultural, Economic
and societal aspects of 1 11 14 26 4.0
weed management

Non-chemical weed
control tools

Total 4

- 24 40 64 9.8

261 387 652 100

WO HIES A5 gl ol Witk of of - B4
o = Aol g vl ulFolt 7, Wyl T
GMO % AulE 9la) vlaehy AZA Hel7t 7] o)
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(Table 2). |5 W= A Wwl, A= 27705

o] 2678:& o] AA| 41.0%F SO, L ohe
oL opxlololq T, F, QLE 5 127430] 15588
ursEsto] 24 ] 23.8%0]9leh Hulol A 1l At 5
57hto] 128 WEEste] 19.6%0] 91T, Solat e Wl
o ulto] OB (HAO] 152002 714 Bl 1 The:
o® vehd s3EE.1%)E WEalATHs Aot

EUT T2 BOIE ATSE

M =N X &t (Herbicide resistance)

AZA APHLES BUH AFE T W 2 107
Zo] wrEslo] A 164%E |5k Table 1), 121
L} weed management sessiono]| &= A|2A| A2} Z
Efo] Qo] AAA 2= 30%H 7 Al2A] A dd=

Country No.of Ratio Country No.of Ratio
papers (%) papers (%)

Unites States 99 152 Belgium 4 0.6
Brazil 53 8.1 Hungary 4 0.6
Czech Republic 41 6.3 Latvia 4 0.6
Germany 39 6.0 Malaysia 3 0.4
India 39 6.0 Mexico 3 0.4
China 35 5.4 Nigeria 3 04
Turkey 30 4.6 New Zealand 3 0.4
Australia 20 3.1 Pakistan 3 04
Israel 20 3.1 Portugal 3 0.4
Italy 20 3.1 Slovakia 3 0.4
Korea 19 2.9 Thailand 3 0.4
Serbia 18 2.8 CostaRica 2 0.3
Canada 17 2.6 Cote d’Ivoire 2 0.3
Iran 17 2.6 Austria 1 0.1
Japan 13 2.0 Bangladesh 1 0.1
Spain 13 2.0 Burkina Faso 1 0.1
Greece 10 1.5 Cameroon 1 0.1
Poland 10 1.5 Chile 1 0.1
Denmark 9 1.4 Croatia 1 0.1
Argentina 8 1.2 D.PR. Korea 1 0.1
France 8 1.2 Ethiopia 1 0.1
g:ji‘;‘gion 8 12 Finland 1 01
%ﬁ;‘(’im 8 12 Kenya 1 0l
Cuba 7 1.1 Madagascar 1 0.1
Netherlands 7 1.1 Philippines 1 0.1
Norway 7 1.1 Slovenia 1 0.1
Lithuania 6 0.9 Tunisia 1 0.1
South Africa 5 0.8 Ukraine 1 0.1
Sweden 5 0.8 Venezuela 1 0.1
Switzerland 5 0.8 Total (159) 652 100

Aol et E35] AzA #3HAo] of
A FAE=A] k7] R AF7F F GA A3 E o
FFow 2&AQl S 7Hd Fart qlokal waE
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Table 3. Main key words mentioned in the herbicide resistant 7|7} ¥FZ =]},
weeds section. A zA Az Bofo| A AFE key words= 45771
Key word oo mame | No-of  OISERRIREA A=), ol7lolliz HAF Wz, AzAL A
references o] S+, % ALAY Fe & RN, 2 by
Herbicide resistance A zA A4 40 words = 5 H o|A} AF3F AL Table 37} Zt}. A %A
ALS inhibitor ALS o1 A 4| 23 A& Fofel WA Z herbicide resistance= 403], Axd
Lolium spp. Y=L (FRYR) 12 FelloA AlzAe) A8 UE= ALS inhibitore 233],
ACCase inhibitor ACCase 2 A A 11 A=A A ddz=7E wol e Aoz 4 Lolium
Glyphosate o EA o) E 10 spp-7} 123], fenoxaprop-p-ethyl 59| Z8& UeElY &=
Glyphosate resistance = 2] Z AJ| 0] E A §}A4 9 ACCase inhibitor7} 113], H] A€+ A|2A|Q] glyphosate@}
Echinochloa species Py glyphosate resistance”} Z+Z} 103]¢2} 93] A=t 28k
. o ol AIXE =22 += Echinochloa species (T|45) 93], Apera
Non-target site < 2 7] Sh A ] ]
resistance H| 322 2] 344 8 spica-venti (wind bent grass) 73], Alopecurus myosuroides (]
Apera spica-venti wind bent grass - W) EAE) 63), Amaranthus palmeri 33, Phalaris minor
Alopecurus (N 71742 M E) 23], Kochia scoparia (HA}E]) 23], silky
myosuroides HAe S E 6 bent grass 23], weedy rice (=/dH]) 23]o|t}. I3 A|
Cross resistance T2 A A 6 ZA| A¥A]EFE non-target site resistance (H]EZ] A3
Integrated weed 4J) 83, target site resistance (3EZ]&|8H )} cross resistance
- sy fesist
management (WM) =0 ¥ 6 @AARHS 27 65, multiple resistance (FFATA)
Target site resistance A A 6 = 43] AFE I
Amaranthus spp. v 2142 5 Az AFddz A+ S 2, WA non-target-
Multiple resistance B3] A 4 site resistanceo] ¥ A 5 T AL F A E(Alopecurus
EPSPS Inhibitor EPSPS ] 4] A 4 myosuroides)®] - Xk(gene) 53LollA FZdAo] e,
Gene flow o 2} o] & 3 diclofop-methy A &4 U Z(Lolium rigidum)ol| 4] RNA-
P450 enzyme inhibitors ;;5‘6 A ; A7 3 Seq (Transcriptome)E F3+ AaHA] Aol 717, ALS inhibitor
o = A 7410 RNA B4S BE AT A9l FHE B
Amaranthus palmeri Palmer amaranth 3 _ L o .
- ol ® Sib 9 WSl NS BE 4D
Ph.al.arzs minor o 7|7t el = 3 Pa] A 754 AT 470, RNA-seq transcriptome &
gﬁﬁ?ﬁ;ﬁ; d Al 719 A 3 ot B 54 = Amaranthus palmeri®] A|ZA| WA AL,
inhibi 54 = : isiifolia) ©
Sulfonylurea herbicide Az 42 o} A A 2 A| 3 ALS inhibitor _X&?{D J ¥ 2| Z(Ambrosia rtemisiifolia) 4_ 3
. _ 2 WollAl AlzAl Aeld A5, ALS inhibitorso] thet A
Synthetic auxin 2 1] 3HA 3
Acetohvd " e g SUEF(Lolium spp.)ol|A] safener cloquintocet-mexy
sycnett}(l)as}é (rXXI_{:SC)I AHAS & &~ 2 S pyroxsulam ZHA]-S W& Wl ofyal XS A7 =
Chlorophyll A7 71 k= A & Rt FA die d-29E
fluorescence R 2 By aga blochemical aspects sessionof Al &=
Dose-response okA| Eojul 2 glufosinateo]] #&A 2 Zr4=Ad 2l E5}9] phosphinothricin
l fE
Gene amplification SR} == 2 acetyltransferase 245 o 1 €S F3H3AL,
Glufosinate ZE gAY olE 2 glyphosate A o 7h=A] Fo] 5480 A5FEhA wke
= e -
Imazethapyr O];]——X]— o= ) 2o & 3Fols}gitt. ALS inhibitor A& £5T122 (Sorghum
. . o halepense)A ALS gene 2 thA}A oo o5t A3}
Kochia scoparia At 2
- glyphosate®] =3 aF 0|3} 1o o2 Iz o} Ao o
Mesosulfuron HAadER 2
=T 2] W A2 39 Aol SRt A= TrE
T s
Penoxsulam H=as 2 Herbicide resistance status and surveys session= =2 Z}+
Selection pressure 41} 2 o) AzA) Az BT e W) gt 5
Weedy rice gl 2 QoA AN A R AN @t
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], v]=+ California +=o)| A A|zA| A3+A 3] (Echinochloa
spp.) Q] w3, A3 FI=rol A A T E Apera spica-
venti®] WAYEE 5& WGt Eg ahy| A% Wiko
A A2A ARz A w2, "ol ert 3ol A
glyphosate ] &-A] "= (Conyza bonariensis)2] WA A= 5
T sl AR vt R A oA glyphosate
A Wx27E WSkl itk Halvh Qlo] 2ol A Al
AbsH= Zo] wropth, u]at California T} 3w ko] 4]
glyphosate A A7tz WA H3E, propanil A4 il
AMY 9l 2o]31280](Schoenoplectus mucronatus)] HAHYZ
2 ofu]i=Ak valine 219HA] psbA mutationo]] 2|3} -3
Th= B3 5o] itk 1ejar AL Aol A Apera spica
o] Bxeol A3, 1| (Echinochloa colona)?] Tth=4]3}A]
o|afj o] theket I, A4 ALS W ACCase #3}d
HAuelEAEe AgAdst ¢l U Hejy So] Wiy o
o= WSkTh

Herbicide resistance management session®f]+<= 577} W3
ek A=A A oRY A2 (Avena fatua) TR oA
et 2hE 22 9 A Y, S5 AR AMIA A
AlzA] AeHd o 7 B ryegrass ¥R, T4
glyphosate #3352 e, AlzxA A= F39
A g, AUt S5, T, A 2ol Al glyphosate
A Hx e Y Fo] Aot

ol G viet o], AAR;ZEE| A A=A A
Bz et AARTE A 16.4%F A ST
Weed management session®f| A= A% =2 P2 YHE0]
Z3telo] MA A 2= Al2A| Az B3k 8ol
30% Wel7t Hli= AoR BRItk Lyt A= F£2 ALS
inhibitor?} ACCase inhibitor #|3}Ad%tz 0 tfgt A7} 4=
WEo] oLy, FFoli vl MY AZA gyphosate
glufosinate-ammonium #3-Ad%zof tgt A= H Qs
o3 #E QI th(Park et al., 2014).
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AE AlzAlRE &S - A=A
Az 2dog AMRE 5= Qe A2A AE
At 77] 2ol 53] Atz 3ol ZA7T &

T g BFoAE EA4e sl e £

SEAL frz2ehe] Zete o] et 52 Ao 24 357
A FAE AR oA A e E sk ok &
o= A2A A EAIL} AT = e A=A
9] A|gt U IPM (Integrated pest management) 2]-&of ti
e 254 2= A|2AY AN EolHA tHE A
F2HAHE B dA-E0] 3o sict Ao
A AR R oA FE 23 A Z2AE ol A
Stz R 7F Al2A AEA et vladlS o 65-70%
A z2A AHEFS E0l= Ao HAUSIGT Qe A
Ao A= - AufA] oA W Hapul o] Hag 919k
HIAAFE st VS e R 3t =AM
oj el vl W B pEES H|EHlon @
sle] o] ko] FUIRE Ao w Ut i, =F
9, A= 9 AQufu]go] doleh= Ao] Sl Ao=
EPEARE H2HAE ffsl AzA S AR e Al &4
Z7} W= ojof sh= B E YR Qi
FoEGE S A2 E fleiAle ol gt &
of sf=t] ks ojAksletA o] F
7} & 715 WSt W2 2yt 20| A o oS3t s
Ao et AFEE A= A BEARH f71E A=A
Hjzjo| A A2AE AMESHA] i HEREAE
AT o|FojRlch Ar|Aer & uf i
= A FxPAe S48 7L AE
A= 3L Atk
T3 FAoIU w52 5ol o3k A THsAEE Al
A8l =31 Qi 1 "Ee) 27] Aol ot A=A 2
aaht Fxo 224, AdA HikE GISE o]§sto] &
Agro 24 wiox dgsh= E2e] IS A 80"
A &dts Aqt=E 7= Sl
Aufst= 2HEo] ohdat 2|l 29| v e
sk 4 oS AN = o]
Hray AFANES Tt & o AE5Ad 3
2T E feliAe A71Fer 2o Y= olslist
I AET 4 Qlojof §hH, o]E ETiE AFSH
B2 ORI Aol A 7 AaA Rl AH
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At A zAZ2 WY 522 Dow AgroScience”} 7iEr
gt synthetic auxin 2-8-7]2}] A| 2 A<l arylexo] $+=H, T
HHEAE 2L Ql= o] AlxAls =2 A A 2004
10 g ai. ha™ 0|3} 4gF2] X2 Wyte] WA= Galium
aparine, Chenopodium album, Lamium amplexicaule, Papaver

rhoeas, Descurainia sophia, Stellaria media, Galeopsis tetrahit
9 Fumaria officinalis 52 3352 WA a314o|H, 2,4-
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D AZxA|9= T2 receptor binding siteo]] g3tk o
FATE ws).

318, Bayer CropScienceo]|4+= 4-hydroxyphenyl pyruvate
dioxygenase (HPPD) A|sfjA|= 7L F<l 3714 &4&
safenershe] SRS B3] PSS ARAZ ARE 2T
sttt 24t F A 2]8<l tembotrione 100-150 g
ai. ha'e] A2 eFgFol| 4] ALS, glyphosate, PSIT A=A &t
2 FrzAle] axpA oyt vigre] Ao A= ofsi7t &
AAl it o] & FE5}7] Y3 YHO 2 isoxadifen-ethyl
2 safener2 A 2|3} 300 g ai. ha™ ALl A 2Fal7} A
of gt FE7HA W 4 AT T S B
2] AZAZ /L= isoxaflutole 100 g ai. ha'2] A
orepoll A Erle LEMAE S Holw glont ok}
AEIRLon], oS 75g ai ha 'O W obsh 8
o 4 glo} FawAEo] SRalA Bk B 21 9)
Qlct. o= sty 93t Weke 2 cyprosulfamideZ safener
B ARESHH gl A= isoxaflutoles AREE 4= Qloj
ofs Y ZAIE 55T 4 ik E3 Wi A A2
7fEF 391 pyrasulfotole 25-50 g a.i. ha'Q] 2| 2] oFaFo] A
B o= et FAE WAES Hola jley
Sk} o) et WA FwokA] Z Wk oz,
Jof| gt P F5] SHSHA] Hohs Tl 2L
Qict. olEfet TS =Es| gt ’QEe 2 mefenpyr-diethyl
£ safenerz Z-83to] oSS 55T 4= UL, oI5 A
&2 AEsbsiont. gh, et 4 WA
7o) gl a2t 4 ISc). HAIPEeR G Al HPPD

o

oleka A|ets}a Qe

o2 H 7|ME=E

Ah Jelo]] 71gsto] Agatel] 27 2]Q1 %1714 (horo-parasitic)
% Orobanche cumana= 3ljufel7] 8t olyet o2 A&
ol 417kt mahE ot FARRS o] S19) salicyli
acidE O. cumana©l 754 sfulelr] &3(TK0409)9] £
Aol Aelgr A9 71 Z] BA|Fe] @AE] HaEE=
S gelsltt. = o2 214 7] Al (obligate parasitism)
%221 Phelipanche aegyptiaca= B} A2A|Q] glyphosate
2 YA 17 Fxe Ss54E0] Folof HA
1} glyphosate ]G4 EUME(GRT)E o] §3 A4S P
aegyptiaca] AU o]l shikimate7} <2 %]o] WA HT}. 7|
Aol = 363 16259] Q227 WHAgsh, Conyza
canadensis7} 7V EA|0]1L, Cuscata campestris, Amaranthus
spp. Chenopodium album 52 £ 2 Wo] WAL Q). of
) (Abutilon theophrasti)y= -2t A= EA|7 e

ojepz
shel gt

~ P
oot il

 AEotel A oA WEE S5% e
1ol M Wemel whet 12:359%714] ZH4E9iet.
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H3FsH Aol cover crope of-&5HAL B W
seedbank Y5 Fol= Y2 W, Aoy 7|AE ol
gl A2H W, BERDZ B9 A9 W
3 ST S AT FR
< AAA]7]=T] o] &8 o= Q= cover cropl 2= 7|7t A
WA 2 2XE 7V F345(Pisum sativa, Vicia sativa), E
oFS We| 92 4 gl FAl Ae FIF(Trifolium
incarnatum, T. squarrosum), 42 o] & 32 =z
(Hordeum vulgare, Avena sativa), &3 294 B2 g
3t A A}3}(Raphanus ativa, Brassica nigra) 5°] 1t
AEO|AE 20T BEa) 1] 450 Hapy
W7t okt slek. Mol A BAIER: weedy riced W
5171 9Jstol 4ol TE wpRelA|E Selet 2, g
= 10cmdtH F85] Ao AA|HIL 2 emit T4 5hof
= 46.7-84.0% weedy rice WA o] A = QlTt. Rumexs;2
B2A) BARES] ShbRA We] 2o} f0] Wi uf
oF BEAS) AAF Ei AES] B JFL )it 4
7 (24 cm)8}t ALY skimmerE AFESE A Rumexto| A
3Tt E RS cover cropl 2 0|-83l= A= Rumex
% ghne] E2bEo| gt}

7|E}

20119 3] Yoluk AR BAH- hH7 o]F B
7t FEsteT 1 99 3

HpGEEe] Gmet bl

£ 0-L7%0] 3 Yut =

o ofgA HT 1 gloich. Tt GEo

ol HHH FZulAsl HYS Ao 2539 7}
%

Hl w3t A}, &7 4-5ds mY off Agof 3-43] 25}

W 9 btele] WAL Sk o, Ar)AE

I=(electrical conductivity, EC) $>&of u}2} halosulfuron,

metribuzin, sethoxydim Fo] Ql= Eof 3J4lsto] Az

stof= Agouf FrA| Aol Zpo|7} qivkar gict
ool e daxdeobA AxA A=) £A4 4

7S $EHor o = Sl & Az degoA Alx

Z

A
=
A AFF2E Ao YAD = e A A
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Us 23 w37 220tk d2d--dotA AlzAl=
acetohydroxy acid synthase (AHAS) E¢1Ho|2 $3 %=t
E9H0] 82 AHASY] 197 (Pro 197) $]A]o] g1 A7t

AL =0k, whebA xi?ﬂ/;-; = FEAI7I= AHASS] 197Ser,
197Thr, 197A1a9] 3+ $0He HE2 sH= AZAE A
st o5 daxd§- 21]01—7:]] 117_%*3%3—% WA 2
AzA & s Tl dutshA] ok HatolA old &

T WEE Yok o] otat o]

o oF
AL =

3 Age AR stk Al 7
guEls 2338 597)1=F 520097 o] zLHg}gi_g , 97
of 625 o] WHE QT FQ A LEoRE A X 5}
F]Qj]—x xLzAHF,H iﬁ;q ] H]—‘r—ﬁx]q XLZ_L};q ;(ﬂ

Soia, et 429 Soleh olF S 43
5 SRR WA 0 BRI B Ol

T7F A&5E Aor woEn 53] AxdegobA Hrt
= H]’HE‘VH A|zA|2] glyphosate, glufosinate-ammonium #]
A Aol theh Wser) wskeh. At AlzA| 7HEE: synthetic
auxin 2H8-7]22] A|ZA|2] arylex, HPPD A 3|A| = 7t
< 3714 &4 safener@to] A A Fol Uit 1
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2|3 AlA 2Rl S, 1, B A uf]of| A A E =
A zA AGgtze] digt d+7F JAFE AL S =
9] non-target siteo]] tHt A3 AE7F HSAo|AUT E
gk Ejuatell= gle 718 R ik A+ o] YolX]
1 glom, ddo= FHgotA] Fokd vigtehA kA
HEE Wttt g0l AzA A4 wzivE 4, 7]
Az A, AZA A7, vk A2 59 o
T7F Z8A J&E AR HyE ot

FL20{: A=A A4, Glyphosate, Glufosinate-ammonium,
x5}
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