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Extended abstract

Introduction

Drought as abiotic stress and weeds as biotic stress are the major factors that limit crop growth and
production in the worldwide, especially in arid and semi-arid regions (Farooq et al., 2012; Abdolahi
Norouzi et al., 2024). Drought is also considered the single most devastating environmental stress,
which reduces crop growth and productivity more than any other environmental stress (Farooq et al.,
2012; Abdolahi Norouzi et al., 2024). The process of dehydration of plants in drought causes
fundamental changes in water relations, biochemical and physiological processes, the structure of the
membrane cells of the plant. Weeds decrease the growth and productivity of crops by competation for
access to radiation, nutrients, and water. Under drought conditions, weeds have a high ability to
compete with crops for resources. Moreover, weed management under drought conditions is harder
than in normal conditions. Exposer of plant to drought conditions led to morphological, physiological,
and biochemical changes in weeds that may affect herbicide performance (Ziska and Dukes, 2011;
Alizadeh et al., 2021; Alizadeh et al., 2020; Benedetti et al., 2020). Alizade et al. (2020) concluded that
drought restricts photosynthesis and stomatal conductance, reduces absorption, and the effectiveness
of the herbicide benzoylpropethyl. Drought increased quinclorac resistance in Echinochloa crusgalli by
inducing the metabolic activity of glutathione S-transferases (Wu et al.,, 2019). Therefore, this
experiment was conducted to investigate the performance of clothodim in the control of littleseed
canarygrass.

Materials and methods

The experiments of this study were conducted at the research greenhouse of the College of Agricultural,
University of Birjand. To obtain maximum seed germination, seeds of littleseed canarygrass were soaked
in potassium nitrate solution (2 g.L- 1) under dark conditions at 4 oC for one week. Then the seedlings
were sown in 5 L plastic pots. According to Monaco et al. (2002) environmental factors one to two weeks
before and after the use of herbicides can affect the absorption of herbicides. Therefore, the plants were
grown under field capacity conditions until two weeks after sowing (at the 2-leaf stage). Then, pots were
irrigated under three regimes every two days: 100% field capacity, 75% field capacity, and 50% field
capacity. The irrigation treatments were conducted two weeks before and after herbicide application.
Clethodim at seven levels (zero, 6.25, 12.5, 25, 50, 75, and 100 percent recommended per hectare (120
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g.ai. ha')) was applied at four leaf stages. Four weeks after spraying herbicide, the shoots of plants were
harvested and immediately weighted. Then, the samples were dried in the oven at 75 °C for 48 hours
and reweighted. The roots were washed and separated from the soil by tap water three times. After
surface drying, samples were weighted, dried, and reweighted. The experiment data were fitted using
the three-parameter logistic equation, and the effective doses of 20, 50, 80, and 90% were calculated.
Data analysis was done using SAS 9.4 and R software (drc package). Sigmaplot software was also used
to draw the figures.

Results and discussion

The three-parameter logistic regression model provided a reasonable description of the variation in
fresh and dry shoots and roots weight for littleseed canarygrass as the applied clethodim doses
increased. With increasing clethodim dose, the fresh and dry weight of shoot and root of littleseed
canarygrass decreased in three irrigation regimes. However, the decreasing slopes among the irrigation
treatments differed. Under 50% field capacity treatments, the effective dose of 90% inhibitor (ED90) on
fresh and dry weight of shoots and roots was increased by 86.24%, 17.04%, 85.35%, and 32.51%,
respectively. The higher EDgo under 50% field capacity compared to 100% field capacity showed
decreased clethodim performance in littleseed canarygrass control. Drought is believed to reduce
herbicide efficacy by reducing herbicide absorption, translocation and metabolism in plants. Increasing
cuticle layer thickness and reducing the transfer rate of vascular sap, limit the absorption and
translocation of herbicides in water-stressed plants (Ziska and Dukes, 2011; Alizadeh et al., 2021;
Alizadeh et al., 2020; Benedetti et al., 2020). The degree of adverse effect of water stress on herbicide
performance depends on the type of herbicide and weed population (Alizade et al., 2021).

Conclusion

In general, the results of this experiment showed that the application of clethodim under drought
conditions, led to decrease clethodim performance on littleseed canarygrass control. By severity of
drought stress, performance decreases were higher than control (non stress treatment). The results of
this experiment suggested adjusting the herbicide application with the irrigation time to maximize the
effectiveness of the herbicide and decrease its consumption. However, further studies are needed in field
conditions to prove these results and adjust herbicide doses in drought affected areas.
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Table 2. Irrigation water chemical characteristics used in the experiment
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Fig. 1. Shoot fresh weight, shoot dry weight, root fresh weight, root dry weight of little seed canary grass for subjected
to different concentration of clethodim herbicide and irrigation levels. The vertical bars indicate the standard error of

the average of treatments (n=3).
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Table 4. The parameters estimated clethodim effect on little seed canary grass (Phalaris minor Retz.) by logistic models
with three parameters for the irrigated and the water-stressed
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NS, *, and ** non-significant and significant at 5% and 1% probability levels, respectively. Numbers in parenthesis showed

standard error.
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Table 5. The effect dose of clethodim on little seed canary grass (Phalaris minor Retz.) by logistic models with three

parameters for the irrigated and the water-stressed

okl 0085 Cumnt Ve 5030 B+ F5e0 39 A Fgo 39 A Fgo 30
Irrigation Biomass ED2o EDso EDso EDgo
levels
(g-aihal) (Lse 0550 oole p,5)
lgo oluil 036 45
wtlom el o3b 09 10.326 (2.806) 35.566 (5.238) 122.493 (19.703)  252.514 (58.910)
Shoot fresh weight
50 % Field Sl
canacit wilpp el A2 039 o5 931 (7.241) 75.050 (6.593) 156.799 (21.995)  282.367 (40.906)
)f ya Shoot dry weight
[V IRW- SN - G
(- sy 08 03 12.920 (3.835) 41.428 (6.765) 132.839 (24.216) 262.623 (68.788)
=) Root fresh weight
SESEZ 09 901553 (14.097) 319577 (13.196)  545.208 (44.239)  745.188 (81.899)
Root dry weight
wilyn plail 036 039 10.126 (1.203) 28.118 (1.984)  78.076 (6.215) 141.896 (15.540)
Shoot fresh weight
75 % Field i o)
ca Zci'te tlyn Il SES 0 14.781 (2.336) 46.271 (3.934) 144.846 (14.435)  258.650 (29.721)
)f yv Shoot dry weight
" e °fl‘ 09 9.410 (1.217) 26.865 (2.198) 76.702 (7.525)  141.687 (18.665)
=) Root fresh weight
“he) L5039 189997 (9.485) 303850 (12.355) 485.928 (35.281)  639.519 (62.161)
Root dry weight
lga oluil 636 45
tlyn plail 036 39 9.480 (0.971) 26534 (1.601)  74.266 (5.031) 135.602 (12.693)
Shoot fresh weight
100 % Field S o
canacit wily pWISE2 039 15 500 (1.908) 46.194 (3.134) 136.963 (11.001) 241266 (52.564)
pacity Shoot dry weight
S0y Yoo Wiy 03l
SESLECIL]
e 10.117 (1.160 28.105 (1.972 78.079 (6.348)  141.687 (15.671
=B Root fresh weight (1.160) (1.972) (6.348) ( )
4y A2 039 187321 (0.408)  209.764 (14.862) 445.843 (38.168)  562.377 (65.498)

Root dry weight

Numbers in parenthesis showed standard error.

039 5 a2,y 03U B9 aler plal Sas (59 «alse el
g FVITe SYIFA XY/ ¥ oy a4y Jilg So5 iy, Sis
R IR VLW PR ST IR 4 g
Fhe 50 Olie GRIBB Jgaz) olo Glas ()5 cud)ls
plo 0 S susb, mhe (alS 4l asye b
VA 5 ol YY1+ A Gl el onds 3,155 5 Slallas

M)Q\"

SiS 039 5 0998 gwetlgw doys B S5e 50 (g0l

s oo las | olaslinl glas 5l J5ls slacl

2,5 B0 (hsb) gl ;0 mogtlS wo )3 Ve ke 5o

039 wlor el ol (39 glacde sl ol)5 cud)b
Why) S 0jg 9 adey o)l Ojy el plul Sas
aoys VIFe g VAYY AY-I5Y AAY (a5 & bl ios
=y bbb aoys Ve (b, i 4 S 1) 8l
b ;0 meoedS do o B0 e 30 (0 Jguz) ol ylud
o) 0jg slacie slp () Cudib weys B0 usb,



\f-f }fjlia\AAlq-“sc‘)} ‘a9l:).> la.'zg,du&;;

YAY

Cedyb aops Pl bl o ey BV S
seels (Alizadeh et al., 2020) cool sais (5,155 =,
Sl S bl o STgls (S 4 g j9e ol
0 B Sl ol 3B Cllab 3 5 o
Oyl 5y mhw iels (Wu et al, 2019) el
OWICHFHLENE KX JUK ERNE PR XX goure
ol Caled ) 5 pedgilie Rl dadiss) 5 (st
S Gl 4 e oS o aSuale Jnl 5 e

ZisKa) ogis oo Cugh ) 0908 Layl s yo o iSale J i
and Dukes, 2011; Alizadeh et al., 2021; Alizadeh
et al., 2020; Benedetti et al., 2020

2 &S A

Lis polaiedy a5 ols plas pabejl cnl @b (S )eba
(Sas ulpd cod Bly e S 50 mogils 25
sshaieas @uogtlS 51 VL glacdale I eslaiul 4 2l
el eaiasplis & s Alybs> cgllhe S
@ azgi bl il jo mogds iSale Sl
S ol Sugk) pole Ll b 0 mogils S rals
©oga> U sl slo,Sal, 51 oolainl a0 Jlai 4
e 5 golaidl glaas o als 4 i wilg oo
S e i S IDI
wilizes laggrsYoed b 1S ale 58 (g3l Slge
slaielesS 5l eslitul e plin yo ASile 58
Ol |y (Sliwlg 2SIl (Labpw aiile) woo (Bbpw
site Sl Bl 1> b g alS Cgz e )lSal; Glsiea;
ol e iae b wSale o5 5 Sas 1S

P g
EN ojled 4 hagh b B Gl ()
lhlael sloslaiwl b g VE < NY/YY #,00 VFe - /o/VVAEF
alwginay a5 Cwl oad plil Wiz oRisls  simghy

Sgige S5 o S

Abbott, L. B., Sterling, T. M., 2006. African rue
(Peganum harmala) seedling response to
herbicides applied under water-deficit stress.
Weed Science, 54, 198-204.
https://doi.org/10.1614/WS-05-086R.1

G303 10V g Loy 92 ol JS SaS (139 9 2lse el
039 0% 0998 ggilom 20,0 B0 S5e 53 e ,d FYITY 4
>y JoF oS S5 Sas iy 5 glse plail Sis
o uj)sﬁjﬁmﬁ.ﬂw ).ula w-bls LT PR W u,u)‘)f
Abdolahi ) wes s olis 1, cusb, sseeS Lal,s
She 30 sauo,s AAYVY zuliél (Norouzi et al., 2024
S shey o S8 50 S5l oon JSarn weys 0
Gl 00l 55 o)y Cadil aos B Jle Laul s
doys O+ S5 o (Alizadeh et al., 2020)
2 e B9sslgm S 49 )98 gmdl e 9 (0998 ggdl g
B Cagby vgmeS Ll U Cod sty 9 S
Aoy B Jhe 30 ghe,s B0 il &S Jb o 8 S
ol osalive iy BVor S5 50 Jj)bon odlusls
(Alizadeh et al., 2021) o4
gl do o Ae S5e s as ols las asdlas ol s
slocis slp £l cdsb aoys B0 Susb) waw )
oy 036 0jg (2lgp plail Sas (59 (2lse plail o3 59
asby a4 S ) 2l oy YYIYA 5 VoY
Ve P50 30 (0 Jguz) oo plas el cnd b ooy Ve
=hy Sudib o) B (Sugb; mha )3 muogdlS ws o
c S A Blags ade, SS9 9 adey o3l ()
@ S |y al3l ao s YYIOY 5 ADIYE V) F AFIVY
SS9 @l plail S 59 59 (95980 ggdl gan
P5e 30 o, AYIV . g (60,0 VOO g Ji>g 5> olS
039 9 l9p IS 539 )3 09,98 ggdlgm oo A -
oalS aS el ol (155 siog o5 olS S Sis
OLis 1y Caghy 09:aS Ll o g, ilgusilyes 53l
o33l (Abdolahi Norouzi et al., 2024) sas .

Joaz) ols glas elyy cud )b aopo Ve -

2 Sl Sgn Jbgrh sy A Bhe 0 (gaws 0 VYT

&l

Abdolahi Norouzi, M. A., Benakashani, F.,
Soltani, E., Karimi, S., Akbari, G. A., 2024,
Comparative study of influence of water stress
on effectiveness of sulfosulfuron to two species
of weeds through biomass and photo-


https://doi.org/10.1614/WS-05-086R.1

YAY Golel il zolaw cod ilg e JyuS 5o mosilS iScale LTS ol il SKes 5 cole>

physiological parameters. Crop Protection,
106589.
https://doi.org/10.1016/j.cropro.2024.10658

Aghabeigi, M., Khodadadi, M., 2017. Effect of
clodinafop-propargyl and mesosulfuronmethyl
herbicides on wild oat (Avena ludoviciana)
control under moisture stress condition.
International Journal of Plant and Soil Science,
20, 1-7.
https://doi.org/10.9734/1JPSS/2017/38451

Alizade, S., Keshtkar, E., Mokhtassi- Bidgoli,
A., Sasanfar, H., Streibig, J.C., 2021. Effect of
drought stress on herbicide performance and
photosynthetic activity of Avena sterilis subsp.
ludoviciana (winter wild oat) and Hordeum
spontaneum (wild barley). Weed Research. 61,
288-2997. https://doi.org/10.1111/wre.12477

Alizade, S., Keshtkar, E., Mokhtasi-Bidgoli, A.,
Sasanfar, H., Streibig, J.C., 2020. Effect of
water deficit stress on benzoylprop-ethyl
performance and physiological traits of winter
wild oat (Avena sterilis subsp. ludoviciana).
Crop Protection, 137, 105292.
https://doi.org/10.1016/j.cropro.2020.105292

Benedetti, L., Rangani, G., Ebeling Viana, V.,
Carvalho-Moore, P., Rabaioli Camargo, E.,
Avila, L.A.D., Roma-Burgos, N., 2020.
Recurrent selection by herbicide sublethal dose
and drought stress results in rapid reduction of
herbicide sensitivity in junglerice. Agronomy.
10, 16-19.
https://doi.org/10.3390/agronomy10111619

Boydston, R.A., 1990. Soil water content affects
the activity of four herbicides on green foxtail
(Setaria viridis). Weed Science. 38, 578-582.
https://doi.org/10.1017/S0043174500051523

Boydston, R.A., 1992. Drought stress reduces
fluazifop-P activity on green foxtail (Setaria
viridis).  Weed  Science, 40, 20-24.
https://doi.org/10.1017/S0043174500056885

Chaves, M.M., Pereira, J.S., 1992. Water stress,
CO2 and climate change. Journal of
Experimental  Botany. 43, 1131-1139.
https://doi.org/10.1093/jxb/43.8.1131

Collings, L.V., Blair, A.M., Gay, A.P., Dyer,
C.J., Mackay, N., 2003. The effect of weather
factors on the performance of herbicides to
control Alopecurus myosuroides in winter
wheat. Weed Research. 43, 146-153.
https://doi.org/10.1046/j.13653180.2003.0032
7.X

Faroog, M., Irfan, M., Aziz, T., Ahmad, I,
Cheema, S.A., 2013. Seed priming with

ascorbic acid improves drought resistance of
wheat. Journal of Agronomy and Crop Science,
199, 12-22. https://doi.org/10.1111/j.1439-
037X.2012.00521.x

Le, D., Morell, M., 2021. Influence of water
regimes and herbicides for control of purple
nutsedge (Cyperus rotundus). Advances in
Weed Science, 39. €20210085
https://doi.org/10.51694/AdvWeedSci/2021;0
00015

Monaco, T.J., Weller, S.C., Ashton, F.M., 2002.
Weed science: Principles and practices. New
York, NY: John Wiley & Sons Inc., pp. 95—
126.

Oyarzabal, E.S., 1991 Effect of weed water stress
on postemergence herbicides activity. PhD
dissertation, lowa State University, Ames, IA.

Radchenko, M.P., Sychuk, A.M., Morderer,
Y.Y., 2014. Decrease of the herbicide
fenoxaprop  phytotoxicity  in  drought
conditions: the role of the antioxidant
enzymatic system. Journal of Plant Protection
Research. 54, 390-394.
https://doi.org/10.2478/jppr-2014-0058

Rashed Mohassel, M. H., Aliverdi, A,
Hammami, H., Zand, E., 2010. Optimizing the
performance of diclofop- methyl, cycloxydim,
and clodinafop- propargyl on littleseed
canarygrass (Phalaris minor) and wild oat
(Avena ludoviciana) control with adjuvants.
Weed Biology and Management. 10, 57-63.
https://doi.org/10.1111/j.1445-6664.2010.
00367.x

Rossi, F. S., Di Tomaso, J. M., Neal, J. C., 1993.
Fate of fenoxaprop-ethyl applied to moisture-
stressed  smooth  crabgrass  (Digitaria
ischaemum). Weed Science, 41, 335-340.
https://doi.org/10.1017/S0043174500052024

Senseman, S.A., 2007. Herbicide Handbook. 9th
ed. Weed Science Society of America.,

Lawrence, KS.

Singh, S., Kirkwood, R.C., Marshall, G., 1999.
Biology and control of Phalaris minor Retz.
(littleseed canarygrass) in wheat. Crop
Protection, 18, 1-16.
https://doi.org/10.1016/S02612194(98)00090-
8

Srivastava, A.K., Pasala, R., Minhas, P.S.,
Suprasanna, P., 2016. Plant bioregulators for
sustainable agriculture: integrating redox
signaling as a possible unifying mechanism.


https://doi.org/10.1016/j.cropro.2024.10658
https://doi.org/10.9734/IJPSS/2017/38451
https://doi.org/10.1111/wre.12477
https://doi.org/10.1016/j.cropro.2020.105292
https://doi.org/10.3390/agronomy10111619
https://doi.org/10.1017/S0043174500051523
https://doi.org/10.1017/S0043174500056885
https://doi.org/10.1093/jxb/43.8.1131
https://doi.org/10.1046/j.13653180.2003.00327.x
https://doi.org/10.1046/j.13653180.2003.00327.x
https://doi.org/10.1111/j.1439-037X.2012.00521.x
https://doi.org/10.1111/j.1439-037X.2012.00521.x
https://doi.org/10.51694/AdvWeedSci/2021;000015
https://doi.org/10.51694/AdvWeedSci/2021;000015
https://doi.org/10.2478/jppr-2014-0058
https://doi.org/10.1111/j.1445-6664.2010.%2000367.x
https://doi.org/10.1111/j.1445-6664.2010.%2000367.x
https://doi.org/10.1017/S0043174500052024
https://wssa.net/

\f-f }fjlia\AAlq-“sc‘)} ‘a9l:).> la.'zg,du&;;

Advances in Agronomy 137, 237-278.
https://doi.org/10.1016/bs.agron.2015.12.002

Tabari, H., Talaee, P. H., Nadoushani, S. M.,
Willems, P., Marchetto, A., 2014. A survey of
temperature and precipitation based aridity
indices in Iran. Quaternary International, 345,
158-166.
https://doi.org/10.1016/j.quaint.2014.03.061

Varanasi, A., Prasad, P.V., Jugulam, M., 2016.
Impact of climate change factors on weeds and
herbicide efficacy. Advances in Agronomy,
135, 107-146.
https://doi.org/10.1016/bs.agron.2015.09.002

Vila-Traver, Jaime, Eduardo Aguilera, Juan
Infante-Amate, and M. Gonzalez de Molina.,
2021. Climate change and industrialization as
the main drivers of Spanish agriculture water
stress. Science of the Total Environment 760,
143399.https://doi.org/10.1016/j.scitotenv.202
0.143399

Wu, L.M., Fang, Y., Yang, H.N., Bai, L.Y., 2019.
Effects of drought-stress on seed germination

YAY

and growth physiology of quinclorac-resistant
Echinochloa crusgalli. PL0oS One 14,

€0214480.
https://doi.org/10.1371/journal.pone.0214480

Zhang, X., Wang, X., Zhong, J., Zhou, Q., Wang,
X., Cai, J., Dai, T., Cao, W., Jiang, D., 2016.
Drought priming induces thermo-tolerance to
post-anthesis high-temperature in offspring of
winter wheat. Environmental and Experimental
Botany, 127, 26-36.
https://doi.org/10.1016/j.envexpbot.2016.03.0
04

Zhou, J., Tao, B., Messersmith, C. G., Nalewaja,
J. D., 2007. Glyphosate efficacy on velvetleaf
(Abutilon theophrasti) is affected by stress.
Weed Science, 55, 240-244,
https://doi.org/10.1614/WS-06-173.1

Ziska, L.H., Dukes, J.S., 2011. Weed Biology
and Climate Change. Blackwell Publishing
Ltd.


https://doi.org/10.1016/bs.agron.2015.12.002
https://doi.org/10.1016/j.quaint.2014.03.061
https://doi.org/10.1016/bs.agron.2015.09.002
https://doi.org/10.1016/j.scitotenv.2020.143399
https://doi.org/10.1016/j.scitotenv.2020.143399
https://doi.org/10.1371/journal.pone.0214480
https://doi.org/10.1016/j.envexpbot.2016.03.004
https://doi.org/10.1016/j.envexpbot.2016.03.004
https://doi.org/10.1614/WS-06-173.1

