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Effects of Increasing Air Temperatures and CO, Concentrations on Herbicide Efficacy
of Acalypha australis and Phytotoxicity of Soybean Crops§
Hyo-Jin Lee', Hyun—-Hwa Park?, Ye-Geon Kim', Do-Jin Lee®, and Yong-In Kuk*'

ABSTRACT The purpose of this study was to improve weed management systems under varying carbon dioxide concentrations
and temperatures by evaluating the growth of Acalypha australis and observing the efficacy of four foliar and four soil herbicides,
as well as measuring phytotoxicity in soybean crops treated with these herbicides. In both growth chamber and greenhouse
conditions, plant height and shoot fresh weight of Acalypha australis increased as temperature increased. The variable to
maximum fluorescence ratio (Fv/Fm), relative electron transport rate (ETR), plant height, leaf area, and shoot fresh weight of
Acalypha australis were higher at carbon dioxide concentrations of 800 ppm than at 400 ppm. The efficacy of a foliar herbicide,
glufosinate, on Acalypha australis was lower at 30°C than at 20°C and 25°C in the growth chamber condition and was also lower
at 29°C than at 21°C and 25°C in greenhouse conditions. In contrast, mecoprop efficacy on Acalypha australis was lower at 20°C
and 25°C than at 30°C in growth chamber conditions and lower at 21°C and 25°C than at 29°C in greenhouse conditions.
Glyphosate efficacy was lower at 21°C than at 25°C and 29°C under greenhouse conditions. With soil herbicides, metolachlor and
ethalfluraline, efficacies were higher at relatively high temperatures under both growth chamber and greenhouse conditions.
However, in the case of linuron, the difference in efficacy was not observed under varying temperatures in both growth chamber
and greenhouse conditions. When % of the recommended glyphosate rates were applied to Acalypha australis, efficacy was lower
under 800 ppm carbon dioxide concentrations than under 400 ppm. In contrast, when % of the recommended rate of bentazone was
applied to Acalypha australis, efficacy was higher under 800 ppm carbon dioxide concentrations than under 400 ppm. Despite
application rates, glufosinate efficacy differed insignificantly under different carbon dioxide concentrations. When applied at V4
of the recommended rate, the efficacy of ethalfuralin was higher under 800 ppm carbon dioxide concentrations than under 400
ppm. However, efficacies of other herbicides were not different despite varying carbon dioxide concentrations. Soybean
phytotoxicity in crops treated with the recommended rate and twice the recommended rate of soil herbicides was not significantly
different regardless of temperature and carbon dioxide concentrations. Overall, weed efficacy of some herbicides decreased in
response to different temperatures and carbon dioxide concentrations. Therefore, new weed management methods are required to
ensure high rates of weed control in conditions affected by climate change.
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5, 3 SAE ARSI

(195 mho] =igtu AHzolA HFe = A& &
HE FAE 22} 1594 sgao] 22t L7} 20°C, 25°C
4 30°C2 3202 52| &+= AJAAN Multi-room Incubator,
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ook F 290 24 9 AAFS 2T E A
ZFEE(18 cm x 13 ecm)o| 7|& FAE 22 209 T3t
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227} 25°CE YASHA FA| == CO, A4/ HHB-303DH-O,
HANBAEK SCIENTIFIC, Korea)ol] 2}z 400 ppm} 800
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25°C 9 29°C)o| A A8 ch(Fig. 1). AHEHE Alx2Al=
EOFA 8] A=A 4%(alachlor, metolachlor, ethalfluralin %
linuron)¥} 7 42 A|ZA] 43(glyphosate-isopropylamine,
glufosinate-ammonium, bentazone ¥ mecoprop)S AR5}
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Fig. 1. Daily average temperature (°C) after foliar (A) and soil (B) herbicides treatments in greenhouse during experimental period.

Table 1. Details of herbicides used in this study.

Herbicide / Active ingredient Mode of action Formulation Application method Dosage (g ai/ha)
Alachlor 43.7% SSGI EC Soil 437
Metolachlor 40% SSGI EC Soil 400
Ethalfluralin 35% SRGI WP Soil 350
Linuron 50% PI EC Soil 500
Glyphosate isopropylamine 41% AASI L Foliar 410
Glufosinate-ammonium 18% NM L Foliar 180
Bentazone 40% PI L Foliar 400
Mecoprop 50% Al L Foliar 500

SSGI, seedling shoot growth inhibitor; SRGI, seedling root growth inhibitor; PI, photosynthesis inhibitor; AASI, amino acid
synthesis inhibitor; NM, nitrogen metabolism; Al, auxin inhibitor; EC, Emulsifiable concentrates; WP, Wettable powder; L, Liquid.
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S ukE T 33U HEsgit A
3 290 AR AAFTS 2AFSAA, FA 2 b A4
5 AR Fo = ‘%WV}% ArEskT) 1 9] B2 9o 3
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linuron) & 3} % 3% 5] Hsteich Ael F 79 H A
F& 2ol £AE oul 2o oklE At
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Fig. 2. Acalypha australis growth at different temperatures in the growth chamber (A) and greenhouse (B). Means within bars
followed by the same letters are not significantly different at the 5% level according to Ducan’s Multiple Range Test.
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o e U S Qe QuHe s env ke 24
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ok 4= Ql%ith(Lee, 2011; Nguyen ef al., 2017). Th& A+

oA &7t 14°Cof| A 4°C F7tste] w2t o9 &3
A7) oF 269, N3t A7l oF 50 = Hebsth(Lee,
2011). E3F Nguyen ef al. (2017)] AFoA\ A= Parthenium
hysterophorus+= 30/15°C (F/opEtt AjHo 2 27} =
& 35/20°C (F/opollAl T He] st HEFo] =
gk ofet AjEprt wmEal FAE wol FASHTH
25°CE &7t AASH FAE= AddolA CO, 5%
2 derEow oj7le] W el 400 ppmt 1 T
21 800 ppm .= A7t Tof Wokg, 24, dwA B A4}
3 RS 2ABCkFig. 3). 7|E 9] Wolg-S CO, 400
ppmz} 800 ppm7tel §LelZlel Zol7k GIoteh. Tt 2%
& CO; E=7} 32 800 ppmelA] 400 ppmof| H]al £-©] 4]

O Zith E3F G AGF AT CO =7 &
< 800 ppmof A 400 ppmojl H|3f °F 3.6Hf =kt FTHA
AE(Fv/Fm)E 7 s&=3bol §22 ¢l 2fol7k ¢llal, ETR
e} A 4 gl Al 800 ppmof A 400 ppmof Hls] =
Srout dubd o g T Frrtolls foHl Zol7h gloltt
(Fig. 4).

o|Akslet A 9| & F71= Commelina diffusa, Euphorbia
geniculata®} Ligustrum sinenseZo| A © @2 Hx|7} YAk
T, A £ EoF waly th(Awasthi ef al, 2018).
Parthenium hysterophorus2 A 0.2 3t AFo|Ax t]f7]
Bt 5=41 400 ppm o Ht} &2 F=21 700 ppmoil A
A4, 24 I AEFo| =dtH(Bajwa ef al, 2019). E3t
2ro} oilslet A & o F7FE W Chenopodium album
O] BATE 34%, SAFE 114% =2 AASHA F7Fskich
(Lee, 2011). webr] 229} oJ4bsleta F= WMol o
FxFo| AT 2o Bt ofy} Al zA o gt oF & A}
o7} ol/gE ol ok dd& stk

2 ¥ COo, =718 HM=H| fSHtS
MEol| 459 ZHAAE A ZAl(glyphosate, glufosinate,
mecoprop X bentazone)E 2] & 20°C, 25°C L 30°C=
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25°Co] H]8] oF&7} WSkth MecopropS EZoFal 1/28F
= AP o 2= IEeE gdas Itk

TEo] 4%9] Bk 7] A ZA|(alachlor, metolachlor, ethal-
fluralin @ linuron)E 8] & 20°C, 25°C 2 30°C2] Ay
dol alachlorg F&% A2 of 2%of wet ofaes #
oAl Apol7} gllou, 1282 AP " 30°Co|
|3l 20°C 9 25°Co|A] o)A o &2 oFart Wokth(Fig. 7).
Metolachlor®] 739 EZ=F3} 1252 A3 o 25°C
o 30°Co]| ]3] 20°Col| 4] oF& 7} Yrolth. Ethalfluralins
w29 ARG ) LEto] okiE o143 Hol7} ¢
Ao 128& AFPe = 25°C 9 30°Co] H|sf 20°C
oA efa 7} Wkt LinuronS FE 1283 A 23S
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Fig. 5. Acalypha australis control value (%) in response to various foliar herbicides (A, Glyphosate-isopropylamine; B, Glufosinate-

ammonium; C, Bentazone; D, Mecoprop) at different growth chamber temperatures (RR: recommended rate; 1/2 RR:

1/2 of the recommended rate). Means within bars followed by the same letters are not significantly different at the 5%

level according to Ducan’s Multiple Range Test.
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Fig. 6. Acalypha australis control value (%) in response to various foliar herbicides (A, Glyphosate-isopropylamine; B, Glufosinate-

ammonium; C, Bentazone; D, Mecoprop) at different greenhouse temperatures (RR: recommended rate; 1/2 RR: 1/2 of
the recommended rate). Means within bars followed by the same letters are not significantly different at the 5% level

according to Ducan’s Multiple Range Test.
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Fig. 7. Acalypha australis control value (%) in response to various soil herbicides (A, Alachlor; B, Metolachlor; C, Ethalfluralin;
D, Linuron) at different growth chamber temperatures (RR: recommended rate; 1/2 RR: 1/2 of the recommended rate).
Means within bars followed by the same letters are not significantly different at the 5% level according to Ducan’s

Multiple Range Test.

= ko] WE ofas Apol7h fiSlth

MEo| BEGA Y A2AE A & A BHd-2%7} 19°C,
23°C 4 27°C® ZAE L2404 o =912 uf alachlorS 3%
=F AYPE A dHom &7t & 27°CoflA] 19
9 23°Co] Hlaf oFart Wekou, 128 Aeis de
2o wet eka= zpo|7b ¢l9lth(Fig. 8). Metolachlor?)
A9 REFS AURE e Lwol] T ok Aol7} gl
Ao 1285 AP we= 23°C 9 27°Co] Hsf 19°C
oAl oF& 7} Wttt Ethalfluraling #&7 A2Pa o =
Lol wet off= Aol il o, 127 ARS e
27°Cof Hv]&j 19°C W 23°Cof|A Fa 7} ¥kt LinuronS
A g = FEFNA = 220 TE oka Zjo|7t ¢l
Ao, 128s Aesale wf 19°C 3 27°Cof| H]sf| 23°C
of 4 ofm7t gkt 2 dpATE B o AYgon ex
7F =& A8l A A=A &&= glufosinate, bentazone,
alachlor 9 ethalfluralin S-o]| A Z+AsIT vt 2 Abc A
o emsl e z7stelA AZA] eFEL glyphosate,
mecoprop ¥ metholachlor 5|4 43}t

A2 AzA G 4, AL A Sl S vAH
A 2o thek kFEE 7HAAZ 4= QtDevine et al.,

1993; Johnson & Young 2002; Matzrafi et al., 2016; Strachan

et al., 2010). ESF BEF 2=90] A= A zA o] Hafo] o
P FL FaY 71T 2% % ShfolT) 20| Z7huol
ool olgE 9 Seky el R AzA o) £}
SFALE] A tHDong & Sun, 2016; Long ef al., 2014). wa}A]
AhAo R w2 2% 2AStIA AxA| Azt dad 5
UARE B R A H o R &7t W 7S E A
Al oFazt 7ad o QU dE 59 18°Cef 32°C= 44
F A ZAS}o|| Abutilon theophrasti, Ipomoea hederacea,
Xanthium strumarium, Amaranthus rudis, Digitaria sanguinalis
£ HdeE A A mesotrioneE A ]ste] A E H
WIRE ) Abutilon theophrasti, Ipomoea hederacea 2
Xanthium strumarium= 2o = eFgxlo|= ¢l X0k
Amaranthus rudis Y Digitaria sanguinalistx= 32°CX.t}
18°Cof|Al GRspgto] ZH7} 6ujel 78 o & Z o= Ho}
o} 2wb e 2AABA okaisl PASHE Ao Ut
Elytth(Johnson & Young, 2002). E3F G-ASE o)A
29/17°C (Z/0h)ET} 20/11°C (F/opo| A HAE1} Tzl
A Zel et 2,4-D 9 glyphosateo]] et ofar} s
K Ganie et al., 2017).

ME G2l Al2A| glufosinate X mecopropE A €]
S wf A ool Adglo] ojiksteta Fof wE of
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within bars followed by the same letters are not significantly different at the 5% level according to Ducan’s Multiple

Range Test.
ammonium; C, Bentazone; D, Mecoprop) under 400 and 800 ppm CO, in growth chambers (1/4 RR: 1/4 of the

recommended rate; 1/2 RR: 1/2 of the recommended rate). Means within bars followed by the same letters are not

D, Linuron) at different greenhouse temperatures (RR: recommended rate; 1/2 HR: 1/2 of the recommended rate). Means
significantly different at the 5% level according to Ducan’s Multiple Range Test.

Fig. 8. Acalypha australis control value (%) in response to various soil herbicides (A, Alachlor; B, Metolachlor; C, Ethalfluralin;
Fig. 9. Control value (%) of Acalypha australis in response to foliar herbicides (A, Glyphosate-isopropylamine; B, Glufosinate-
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At Zpol7}t gIUckFig. 9). L2} glyphosate?} bentazone
E #2127 AYFE W =7t oFaatel= ¢l
%o, glyphosate®] 73-9-= 1/4%F A Z|o]A] 400 ppmo]]
H|3f 800 ppmof| A ka7l ek O} bentazone? 9+
2352 400 ppme] H]sf 800 ppmofl A E=3hTh.

7&o] EA 2] A %A alachlor, metolachlor ¥ linuron
Ao 79 Al oFwko] @AIGlo] ol4tdteta FrETte|
kg 2ol §IAtH(Fig. 10). 181} ethalfluralin &S
Ao gle te olatbeta Fegto] oA Zo|7h iglon,
/45t 12%s AZ3Pe o olitsteta: 527} 400 ppm
Hr} 800 ppmof|A oFa 7} T =Skt A2A] oFae| n|A|=
FHFE H2Y FF, olhkEErA9] F=, A 7Tt T oYk
3 @9l 95 ZE}&l 4= QIti(Varanasi ef al., 2015; Ziska
et al., 2004). 3+ |2 A 2A| FE= ol4tS A FETL F
7ot 2 A A4S tH(Ziska & Teasdale, 2000; Ziska et
al., 2004). E3JF o|4teteta: Tt STk 2750l A
Canada thistleo]] glyphosate2 X 2|3} W oFa= 4
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Fig. 11. Soybean phytotoxicity (%) in response to various soil herbicides (A, Alachlor; B, Metolachlor; C, Ethalfluralin; D, Linuron)
at different temperatures in the growth chamber (RR: recommended rate; 2 RR: 2 of the recommended rate). Means
within bars followed by the same letters are not significantly different at the 5% level according to Ducan’s Multiple
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under 400 and 800 ppm CO, in the growth chamber (RR: recommended rate; 2 RR: 2 of the recommended rate). Means
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Range Test.
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