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Research Trends in Hormetic Stimulation Effects of
Herbicides in Plants

Jong Yeong Pyonl*, Md Romij Uddin’, Sang Woo Kim' and Kee Woong Park’

ABSTRACT Hormesis is a dose-response phenomenon that is characterized by low-dose stimulation and
high-dose inhibition. This biphasic dose-responses have had a long and extensive history in the fields of
chemical toxicology, radiation biology and pharmacology. Hormesis has been found from bacteria, fungi,
plants and animals, but hormesis in plants has received relatively little attention. Thus principles,
occurrence, factors affecting the expression of hormetic responses, and their mechanisms in plants induced
by herbicides are reviewed to provide the potentials for crop enhancement. Bromacil, bromoxynil,
chloramben, propachlor, terbacil, EPTC, MSMA, and glyphosate at low doses showed stimulatory response
in growth. Subtoxic dose of glyphosate increased sucrose content in sugarcane that is used worldwide in
sugarcane production. Low dose of protoporphyrinogen-inhibiting herbicides induced increased pathogen
defence, and low dose of triazine herbicides improved nitrogen metabolism and increased protein content
in some crops. Further researches on potential benefits and risks of hormesis and its mechanism are needed

for application of crop enhancement in agriculture.

Key words: biphasic dose-response; growth stimulation; herbicide; hormesis; plants.
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160 W5 AzAY o

2 THCalabrese 2005).

A zA et A FRUAE FH o2 AT
Row, FHag vheE BHE Hdd HHom AFE
oM (Streibig 1980), 21 &Eel|A GHA wHg-E Hlw
2 #AlS AA wekth(Calabrese 2005; Calabrese<t
Blain 2005).

Seletoln AZAE JEZ PAT BHozw
A7} G| ol FolA| 3 YA Aol A A2
o 22%g @l B ATE obd A9 gl 44

olty. 1} &0 A= glyphosate, simazine, terbu-
thylazine, oxyfluorfen, acifluorfen, dalapon, bromoxy-
nil, metsulfuron, terbacil, sulfosulfuron, MSMA %<
Eihele 43 AxAle 1 rEdAe FERE 94 =
T IARATIAE 2w s AEAATS FX3]
SAtHDuke 5 2006).

FY Qe B, oblat L W Y, F
ARt Z7F @ 2gol - UERA 01 (Cedergreen & 2007;
Ries & 1970), ¥2], I, &, &F, S E ¥4
o $7F & & A3} ASH ATHNelson 5 2002).
E3] AFRESoll 4] glyphosate A5 = Aol 2|ak A
AL ST I A8k o] &85 UtHDuke &
2006; Dally ¢} Richard 2010). ZL8] 22 A 24 €] #
T FAREe AEAY 2212 HRS B f8&
s e 2oy BeAoR AL ufolA
A o R &8 VAV i f =5 AR
Azt

ks A 2A 9] AEE Al o A=A =
2488 4l
= = RAGH] flgte] o] of AF=Ee AT
TAE Botd Ao 82 F e VeTFE
gtetste] gto = A A A F2Inkg &
T A7 g 2 82 Estaat sileh
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ELrE AFENE AEe Fukl E3E Vel
tHd 1), ¥HA Bk RE P& B 4 glo
o, 95 B oslo] 7] A AYSF] Wl
o= EYA ot

FHA 8ol Southam¥} Ehrlich(1943)7} m]==
WUE 2259 AFEoA] ExFade] o] &
A3, e et dAEE 23S AFst
W] x| o] 28 AM8-8+9ITh Calabrese(2005)% 1}
Sl A FHA 2AELS FHES

TRk oA nde dhitel EEE Qo
FHgol AEAA el HAAY v]$- Fa3k 4
olgte /Mde & W F8EA &%kx, YHAol &
3l AgtehA AU & deAA Esih A
Lo 54 52 2EYA 224 A g5 oA
&S dgslsle Aoz F2HU Iy e &
ol 9sted A7 FE Rt ofyel 85 vAY S|
AE57] Ao FH9 e e S wgdith

FHA A ARt St A ek of el &2 g,
53] A, WA =g, B fokdlA Atk
PR EE25 7] A1ZFsH3] tHCalabrese 2} Baldwin
2001). FHA W2 EAJEAEC] 3 A A 7T A
TEAME 1 3 #4839 afa uFEEdA
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Fig. 1. Biphasic dose-response curve showing hormesis.
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Fig. 2. Inverted U (A) and J- or U-shaped dose-response
curves. (A) The most common form of the hormetic
dose-response curve depicting low-dose stimulatory
and high-dose inhibitory response curve. (B) The
hormetic response curve depicting low-dose reduction
and high-dose enhancement of adverse effects (Cala-
brese and Blain 2009).
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Fig. 3. Stylized dose-response curves reflecting the relative
distribution of stimulatory dose ranges (Calabrese 2002).

$ F4E o] TtHDavis9} Svendsgaard 1992). tHe}A]
JHAL Ud TL AUl oFAA EEuke T4
3k gutA 3_01 ]1:} Us exhHkel 3lst=xdsh
H

piiey | . = =70 71,
P AR, VYRS, 4848 2 oels o
oA o BT GAE 23 9

Calabrese(2002)= 4HHF o R Axx &AdrgL
BHE = vh& vwste] HujukgolA 2u)E 22}
oFA] a1, A 130~160% =A o 31985 U

T O =
Atka 7=stAthd 3). 28l A
ANkS- W ele] 2o oF joufo]a, mf$- Hlou

3to] &7 ¥ th(Cedergreen 5 2005). g+ o)A &3
Hhe-E WEA] g2 FAdA XNk A

7F A= &t} o5 51, 45 2| %A, = bromacil,
bromoxynil, chloramben, propachlor, terbacil, EPTC,
MSMAE AgolA He] A4S St 4+

s = 2]g AR 21 537§ i Weidman
7} Appleby 1972). H]S=5}A] E2]o] metsulfuron-
methy1~ At S W Yo ZdolE 100% 5714
Aov FHETS /A FUTHCedergreen &
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2005).

AZAZY Ao A5 g Yehdle dx
A ZA & MCPACIH, 22N $3& T7M12 52
o2 7S ﬂ(Allen 1978). T2 AL ok
3 d3E& BEAA T mechlorpropoll A& YERA] 2%
. AEre] Asulox AZAE FA2EQ] Warnstorfia

fluitanso| A A7 238 UERtHRowntree &
2003).
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19751 o|A7HAl = HlmA #AE wA] Zsigith
ofn| At A g A e Al ZAQ metsulfuron?} gly-
phosate= %< FXANE Uehllx, FHEA NS
A ZA|Q1 acifluorfen} terbuthylazine = a4 74k
$+ B3 tHCedergreen & 2007).
HA A Z2A EEA A F2Y SR
o= ulgtAlslA| gtk ey ojg 22 &
A AP S WA AEY] FFe FoA
WA of o] upgh gk Wk ® HSAZ = vt
(Belz & 2011). ZHE3bAQl oA & wf | Z2A] A
FAAEAA A2A Y] FXEH= 7 TR EE H
o] 37} € o] 2tk Glutamine synthase R
A| ZA| (bialaphos, glufosinate)®} glyphosate %!
Ao dgk #A v|=557F 270 dom, AzA ] A
P4 =& WA Ueille oA B8 JxE W
Aote FFo R Aelstde W AEFFES 50%7H]
Z7}E U tHBelz 5 2011). 3+ Z2uAS 93 F
X719 AFER HAAZ7E SR g A
strobilurin 7--¢} Zo] FHsTolA A= £
A AAFAIAR 55 a7t glo] AHeE

Sl Aol ATBelz 5 2011).
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AEFe 47t 19%9 21.3% 7901, GUHE=
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Hleo. o o
o= I

Table 1. Dry weight of soybean and corn plants as affected
by glyphosate concentrations (Velini et al. 2008).

Glyphosate rate Soybean Corn

(g ai. ha’l) (% of control) (% of control)

0 100.0 100.0

1.8 107.8 99.3

3.6 1139 102.1

72 118.1 122.8

18 128.7 122.4

36 101.2 1139

72 65.0 67.0

180 41.7 5.0

360 29.3 14

720 23.6 0.0
=8k 7132 calmodulin®] 523+ &S 3= Cal
A ZH 59 Z7kek Bdo] gltkAllender 5 1997).

GlyphosateZ & %91 14.2, 23.0g ha' & ol
Aglatale W FAe v o AdTe HETe
747} 128, 122% HWNE 71803, SeroA s o
2=} glyphosate 22.6, 23.0g ha oA #4339} A&
=S 247 125%, 112% Z7VeIth®E 1, Velini 5
2008). =3+ 572l Y& glyphosate 1.9~3.7g ha
2ol A, 18] 3L Pinus caribea™. 2.0~14.6g ha™ ol 4]
U AEZFS Yeldth El-Shahawy9l Sharara(2011a,
b)oll olad W& 5.6g ha', Vacia fabas 11.2g ha ol
A AV 24 AEFE 7P =9kvha Bassle
™, Wagner 5(2003)%= glyphosate 0.6p1g% 53 &

FrAlA 7 = AT e ARSI E
= E%E}i’- EJ—-O]‘N\E}-

Sulfonylureal] A %A sulfosulfuron 3.33pug L
%% Glyceria maxima, Lagarosiphon major, ©]~;
AR (Myriophyllum: spicatum)©| Al FHA] Z7t
< YeldthDavies 5 2003).

Tetracyclines *2]ol] &]ate] o] AhE=An|ol|A] A
Zgol Fxllo] 27o] Sk Slen, A7 AYPA
FHA F=AS YR THBrian 5 2005). Terbu-
thylazine< U] & <=2 4] &(macrophyte)oll *2]ol|A] <
W AT Blom, 59 FHdA A &
A B M E terbuthylazinedl] o W 7Hslivtar gt
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(Cedergreen & 2004).
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g4 Y By 7t

Metsulfuron@} glyphosate= ©v| =4t A3del <
A 7SS YERItH(Cedergreen 5 2007). Aci-
fluorfen®} terbuthylazine-> J3/doll &S nx| A7k
FHA e AR & Ao R ofnAt AR
7 #AE 7% ot fE S FujEta gt
(Cedergreen 5 2007). Simazine< &'Ho|A A1Heke]
' 245 /KA dES SITMTIHE 2),
terbacil A 5= A= He| AAUAE 2715}
g e F7HZItaL gth(DeDatta & 1972,
Pulver9} Ries 1973 : Ries 5 1967, 1970). webr &
2 7t M E simazineS vl S FEE FE
Aglste] dAdo = she AFAEL AEES
At MFd 5 A= ol

ook
ol

ASLHHA 37}

AzAE F2EAE st e AHEE L §IA]
A2ZA7E $Hdol HESH =W o] TR/ sk
o] LehbA] AEHS] WAL 27} B g
A3E Z g (Nelson 5 2002). A 24 = H AT
A WAl A3 93 vA A Hodges 1992)
S W #aE nAE e v F Aot
(Marks$} Cerra 1991, &+ A 24 = AFAd] £722
o] HEol oJate] B TS HSAZ 4 i(Carson
= 1991).

Dann 5(1999)°l] ]3P acifluorfen} lactofen} 2
2 protoporphrinogen AF8 &4 A& Y A xAE AF

=

Table 2. Effect of simazine concentration on protein content
of rye (Ries et al. 1967).

Simazin@ Protein increase
concentration
(UM) Per plant (%) Per dry weight (%)
0.0 - -
0.05 10 10
0.10 45 57
0.20 24 68
0.40 31 71
0.80 31 140

= Ao ofste] g el et Yol &
st Wrg/dol S7kEef A=l A= &
AL, FPHer &8 5 e AT A=
= YeRl ™, E3] acifluorfen®} lactofens %] 2| 3¢
AEE54 S STHAA T8 TS AaAIH
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e meld] 459S A Welo oy
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< S7M 17 tHilton & 1980).

Su F(1992)& 4/i€ | AR =4 vt
glyphosate #|2] gt £ 5 Aol 57 vjr] o] HegraFe
7o} O ®ol FAEACH(E 3), At A F
A5 AA Ag54L FXHA ket glypho-
sate A 2]¢t Waato] Ae]atd suf Srkebivia B
WEFATE ERE AFREoll A glyphosate©] A o<l
40~180g ha” H&]el ojste] AREFS FAAT
(McDonald 5 2001). A ZA| A& 3te] F3p# ) A
A o] & AblE AMRFTFAA AR S71A7]
7] 91 A 2kgko] glyphosate #|2]= AIAIA 02 AHE-
531 9lth(Dalley9} Richard 2010; Duke 5 2006).

Glyphosate©]| 9|8+ Al &£ vAYSS
AR A 3} 8 Ax(acid invertase)] FHarol] ¢]3ke] o] Fof
A (Hilton 5 1980; Maretzki 5 1976), glyphosate *|
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Table 3. Sugar content in sugarcane 5 days after glyphosate treatment (Su et al. 1992).

Day 0 (];c;r;trcs)l Gll};[;};ozate

5th internode (mmol.kg'f.w.)

Reducing sugar 184.6 + 20.6 1924 + 129 1938 + 144

Sucrose 62 + 05 89 £ 28 622 £ 152

8th internode (mmol.kg'lf.w.)

Reducing sugar 2322 + 228 2144 + 259 229.8 + 424

Sucrose 88.0 + 30.5 143.0 + 56.2 1619 + 714
* Glyphosate was applied to the 2nd leaf. Mean=S.D. is expressed.
2l AR GAE A ANt Ba ofg] AN 5 FH FNE2 F e
SIATHSu 5 1992). wEbA glyphosate x|l <] gk 3} thAllender 1997; Moore 2000). W& AE= 3}
AR SA T T AHRET nitelA g@stE o FHEo] MK 22 v AESEE AA i
7tk AbdAsta s g9 fHao] 7IQlEH, gly- FAE SRS dF AEIHA FHA 3k
phosate #|2] 2 EoA 2dHstaL S Hae &2 d71=m, A2 AFALS SAske AEEH
<Al oJsto] w7 Etka dtkSu 5 1992). of BAREA L AEAEAA A FZ1243 @

Glyphosate= A5x4 shikimic acid¥] 22| 5% A7} AcHMoore 2000). 18]1 Cad A|THOZ &
FEAY FAS gl ABUAE ZAAT 2 o GRS nAE BAL Bas) S5504 §
9 ARYE shikimic acidd o] Ee) MR FSAo] fEsh: FEY FNAIE FINL 5 9)

A F% glyphosate= B4} ABlo 2 FulH s &
Agts T8 Aoz A" S4S S/t
1 KLiu 5 1997). 18] i Glyphosate 2] &%
ol oste] HHE A BN HdstE AR
Liu 5 1997).
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ooh:'d/\o ‘i‘l’o = '6‘7H O]'*‘ kﬂ
9} BA}7]#fo] 8Fa A tiMathers 5 2004; Mattson 5
2004). 1 A3}, AlEE A0l = phase 2, &3}
F4, @A chaperones Xl AEXES B A
D}Hﬂ;ﬂ Ag)\}o 27]_/\]

3 AAFE=Z HEeS
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ojg} e FJA Aelel thk A Rl = AREII A AL opde & Atk XA
7FEQl o] 5% AFeHAl 2 Fo|thBelz 5 2011). & ol gt e IAY Aee ZH FxUAE 9
S A 2A| FEA Y FlA F2Y AFFALS & ato] A AZAE F2 ARSI vl v
g ulgAelx) gl 23y 3SR a9 Al2A) 3 slgtEe] ARERS A Al Py En gy
A S WAAAEAAN AEFEe SHAZE 7 A A4S e = 9de eSS BYAY 3o
= ¢ ol 2 & Sl AT o] uigA g wEko Hag 3T 4 e 5 2T = 9e E0d
= WA F s AoltkBelz & 2011). A& o ALS Jbssl & 8744 ks sy
A FAA B wf AZA] APGAEANA EXEH= ER0] E Aotk
A Z2A 2R ET} Zol|A] 71 Tr)2$ Ho| F Aolth JA = Eetn 2R Alee Agely 4
Glutamine synthase #1818 AZA(S3M% :5,739,082)  ZaHgol tigh b4 wiiol] A4 4= Qiek S8
o} glyphosate ¥ 71 f=A(53]H < : 6,083,878)°] ©l S7He 94T 7 gle B e 52 A
g Add m=5s)7) slom, AzAld AP S H]go] Fgto] SE L2 ul$- vrolof g}
S Y= AEo] 7= gitkBelz 5 2011). A FUE 7k AEste ARt A5 £XAE
£ AZAE #F2E WAske = At W Aekgtel et 058 FoE 8& F UeAE 22
2] Fpo] FFETAL o FRA HA A7 9} 2 ApEafore Aolth

S HAAAZI7E A EE FdEEAA e
G

A zA st frlEE B dHyg LS
et FAARL 7t A=A
At o] itk At vheker Az A
7 @G MR AL AAE S8l EXEGES
48 e A A Mg AE ik
|Z2A1e] AFEELE dEatele Aee HAY
o|Fo| o} AterFellA AR
9|3te] glyphosateS AME3F A A
AtelE ob4 gl

2L

fo r&
ol
on

A BAE @49l e 5ol v 23
e Hole Hesa 52 A8He AxAV =%

=

0% MRS AR Az B

o) B A7
2

2

sl
oo
o 4 K

M yo goy

_,d
ik

(i

ol

S

-

2

2

(]

-

e

>l

oz Mr M

D

kS

me
i
s
1%
it}
iy
rlo
&
of
i
=2
X
Jt
= oXx

rlo

off

i

-

>

rr

AR

&

A,

)

T

o

re 19

to 2 o ok

B p o =
_<|>l_',
_?L

2
=
X
e ©
rlI.

N2
o
il

o ml.uj
4
%0,
O
©,
[
ox d
rlo
offt

%At} 2,4-D, metribuzin, bromacil, bromoxynil, chlor-
amben, propachlor, terbacil, EPTC, MSMA, glypho-
sate, metsulfuron, acifluorfen, terbuthylazine= #&%=
A gHA EFZWEE UERTE Metsulfuron?}
glyphosate= o} =4t Ao FHA vHe-S e}
Wi, terbacilZ} simazineS T A S FIHA]
th. 28] L acifluorfen®} terbuthylazine®] 4]
< A FE AR ofnAk AP HA
71 %ol eJgte] = =& F= ATk Sulfentrazone 2}
lactofen< A elotH AE54 B S7HAA o8

W A S 22N AR4SoA gyphosate A5

i oo 2N

© 2012 Korean Society of Weed Science



x4 32(3)3. 20124 167

&= Aol o3 ARt S7ha e ARkl oA

AESEH

Ahsan, N. D. G. Lee, and K. Lee. 2008. Glyphosate-
induced oxidative stress in rice leaves revealed by
proteomic approach. Plant Physiol. & Biochem.
46:1062-1070.

Allen, H. P., R. C. Brian, J. E. Downes, G. C. Mees,
and R. H. Springett. 1978. Selective herbicides. In :
Peacock, F. C (ed). Fifty years of Agricultural
Research (1928 ~1978), pp. 35-41. The Kynoch
Press.

Allender, W. J. 1997. Effect of trifluoperazine and
verapamil on herbicide stimulated growth of
cotton. J. Plant Nutrition 20:69-80.

Appleby, A. P. 1998. The practical implications of
hormetic effects of herbicides on plants. Human &
Experimental Toxicology 17:270-271.

Belz, R. G., N. Cedergreen, and S. O. Duke. 2011.
Herbicide hormesis - can it be useful in crop
production? Weed Research 51:321-332.

Brain, R. A., C. J. Wilson, D. J. Johnson, H. Sanderson,
K. Bestari, M. L. Hanson, P. K. Sibley, K. R.
Solomon. 2005. Effects of mixture of tetracyclines
to Lemna gibba and Myriophyllum sibiricum
evaluated in aquatic microsoms. Environmental
Pollution 138:425-442.

Calabrese, E. J. 2002. Hormesis : changing view of the
dose response, a personal account of the history
and current status. Mut. Res. 551:181-189.

Calabrese, E. J. 2005. Paradigm lost, paradigm found :
The reemergence of hormesis as a fundamental
dose response model in the toxicological sciences.
Environ. Pollution. 138:378-411.

Calabrese, E. J. and L. A. Baldwin. 2001. Hormesis :
U-shaped dose responses and their centrality in
toxicology. Trends in pharmacological sciences.
22:285-291.

Calabrese, E. J. and R. B. Blain. 2005. The occurrence
of hormetic responses in the toxicological litera-
ture, the hormesis database : overview. Toxicol. &
Applied Pharmacol. 202:289-301.

Carson, M. L., W. E. Amold, and P. E. Todt. 1991.
Prediposition of soybean seedlings to fusarium
root rot with trifluralin. Plant Disease 75:342-347.

Cedergreen, N., N. Ritz, and J. C. Streibig. 2005.
Improved empirical models describing hormesis.
Environ. Toxicol. & Chem. 24:3166-3172.

Cedergreen, N., J. C. Streibig, and N. H. Spliid. 2004.
Species specific sensitivity of aquatic macrophytes
towards herbicides. Environ. Toxicol. Environ.
Safety 58:314-323.

Cedergreen, N., J. C. Streibig, P. Kudsk, S. K.
Mathiassen, S. O. Duke. 2007. The occurrence of
hormesis in plants and algae. Dose response 5(2):
150-162.

Dalley, C. D. and E. P. Richard. 2010. Herbicides as
ripeners for sugarcane. Weed Science 58:329-333.

Dann, E. K, B. W. Diers, and R. Hammerschmidt. 1999.
Suppression of Sclerotinia stem rot of soybean by
latofen herbicide treatment. Phytopathology §9:
698-602.

Davies, J., J. L. Honegger, F. G. Tencalla, G. Meregalli,
P. Brain, J. R. Newman, and H. F. Pitchford. 2003.
Herbicide risk assessment for non-target aquatic
plants: sulfosulfuron - a case study. Pest Manage.
Sci. 59:231-237.

Davis, J. M., and D. J. Svendsgaard. 1992. U-shaped
dose-response curves : curves : their occurrence and
implications for risk assessment. J. Toxicol. En-
viron. Health 30:71-83.

DeDatta, S. K., W. M. Obcemea, P. R. Jana. 1972.
Protein content of rice grain as affected by nitro-
gen fertilizer and some triazines and substituted
ureas. Agronomy J. 64:785-791.

© 2012 Korean Society of Weed Science



168 W5 Al zAY] F

Duke, S. O., A. M. Rimando, P. F. Pace, K. N. Reddy,
and R. J. Smeda. 2003. Isoflavone, glyphosate,
and aminomethylphosphonic acid levels in seeds
of glyphosate-treated, glyphosate-resistant soybean.
J. Agric. Food Chem. 51:340-344.

Duke, S. O., N. Cedergreen, E. D. Velin, and R. G.
Belz. 2006. Hormesis : Is it an important factor in
herbicide use and allelopathy?. Outlooks on Pest
Manage. 17:29-33.

El-Shahawy, T. A., F. A. A. Sharara. 2011. Hormetic
effect of glyphosate on wheat and associated weeds.
International J. of Academic Research 3(3):520-
524,

El-Shahawy, T. A., F. A. A. Sharara. 2011. Hormesis
influence of glyphosate in between increasing
growth, yield and controlling weeds in faba bean.
J. of American Sci. 7:139-143.

Hilton, H. W.; R. V. Osgood, and A. Maretzki. 1980.
Some aspects of Mon 8000 (glyphosate) as a
sugarcane ripener to replace Polaris. Proc. Int.
Soc. Sugarcane Technol. 17:652-661.

Hodges, R. E. 1992. Vegetative growth and sporulation
of Bipolaris sorokiniana on infected leaves of Poa
pratensis exposed to postemergence herbicides.
Canadian Journal of Botany 70:568-570.

Kovalchuck, J., Filkowski, K. Smith, and O. Koval-
chuck. 2003. Reactive oxygen species stimulate
homologous recombination in plants. Plant Cell.
Environ. 26:1531-1539.

Liu, L., Z. K. Punja, and J. E. Rahe. 1997. Altered root
exudation and suppression of induced lignification
as mechanisms of predisposition by glyphosate of
bean root to colonization by Pythium spp. Physiol.
Mol. Pathol. 51:111-127.

Maretzki, A., M. Thom, and P. H. Moore. 1976.
Growth patterns and carbohydrate distribution in
sugarcane plants treated with an amine salt of
glyphosate. Hawaiian Planters’ Rec. 59:21-32.

Marks, G. C. and R. Cerra. 1991. Effects of propazine
and chlorthal dimethyl on Phytophthora cinna-

momi root disease of Pinus radiata seedlings and

associated soil microflora. Soil Biology and Bio-
chem. 23:157-164.

Mathers, J., J. A. Fraser, M. McMahon, R. D. Saun-
ders, J. D. Hayes, and L. I. McLellan. 2004. Anti-
oxidant and cytoprotective responses to redox
stress. Biochem Soc. Symp. 71:157-176.

Mattson, M. P., S. Maudsley, B. Martin. 2004. A
neural signaling triumvirate that influences aging
and age-related disease : insulin/IGF-1, BDNF and
serotonin. Aging Res. Rev. 3:445-464.

McDonald, L., T. Morgan, and P. Jackson. 2001. The
effect of ripeners on the CCS or 47 sugarcane
varieties in the burdekin. Proceeding Conf. Austra-
lian Society Sugar Cane Technologists 23:102-
108.

Moore, D. J. 2000. Chemical hormesis in cell growth :
A molecular target at the cell surface. J. of
Applied Toxicol. 20:157-163.

Nelson, A., K. A. Renner, and R. Hammerschmidt.
2002. Effects of protoporphrinogen oxidase inhi-
bitors on soybean response, Sclerotinia sclero-
tiorum disease development, and phytoalexin pro-
duction by soybean. Weed Technol. 16:353-359.

Nickell, L. G. 1982. Plant growth regulators in the
sugarcane industry. In @ McLaren, J. S. (ed.):
Chemical manipulation of crop growth and
development, pp. 167-189. Butterworth, London.

Parson, P. A. 2003. Metabolic efficiency in response to
environmental agents predicts hormesis and invali-
dates the linear No-Threshold Premise : Ionizing
radiation as a case study. Crit. Rev. Toxicol. 33:
443-450.

Pulver, E. L. and S. K. Ries. 1973. Action of simazine
in increasing plant protein content. Weed Sci.
21:233-237.

Rich, D. 2008. Producers look for yield increases from
fungicides and seed treatments. High Plains Jour-
nal. 03/24.

Ries, S. K., H. Chmiel, D. R. Dilley, and P. Filner.
1967. The increase in nitrate reductase activity and

protein content of plants treated with simazine.

© 2012 Korean Society of Weed Science



x4 32(3)3. 20124 169

Proc. National Academy of Sci. 58:526-532.

Ries, S. K., O. Moreno, W. F. Meggitt, C. J. Schwei-
zer, S. A. Ashkar. 1970. Wheat seed protein :
Chemical influence on and relationship to sub-
sequent growth and yield in Michigan and Mexi-
co. Agron. J. 62:746-751.

Rowntree, J. K., K. F. Lawton, F. J. Rumsey, and E.
Sheffield. 2003. Exposure of asulox inhibits the
growth of mosses. Annals of Botany 92:547-556.

Southam, C. M., and J. Ehrlich. 1943. Effects of
extracts of western red ceder heartwood on certain
wood-decaying fungi in culture. Phytopathology
33:517-524.

Streibig, J. C. 1980. Models for curve-fitting herbicide

dose response data, Acta Agriculture Scandinavia

30:59-64

Su, L. Y., A. D. Cruz, P. H. Moore, and A. Maretzki.
1992. The relationship of glyphosate treatment to
sugar metabolism in sugarcane : New physiolo-
gical insights. J. Plant Physiol. 140:168-172.

Velini, E. D., E. Alves, M. C. Godoy, D. K. Meschede,
R. T. Souza, and S. O. Duke. 2008. Glyphosate at
low doses can stimulate plant growth. Pest Manage.
Sci. 64:489-496.

Wagner, R., M. Kogan, and M. Parada. 2003. Phy-
totoxic activity of root absorbed glyphosate in corn
seedlings. Weed Biol. and Manage. 3:228-232.

Wiedman, S. J. and A. P. Appleby. 1972. Plant growth
stimulation by sublethal concentrations of herbi-
cides. Weed Res. 12:65-74.

© 2012 Korean Society of Weed Science





