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Introduction

Herbicide safeners are chemical compounds used in combination with herbicides to make them "safer" that
is, to reduce the effect of the herbicide on crop plants, and to improve selectivity between crop plants versus
weed species being targeted by the herbicide. Herbicide safeners can be used to pretreat crop seeds prior to
planting, or they can be sprayed on plants as a mixture with the herbicide. Salicylic acid (SA) and other
salicylates are known to affect various physiological and biochemical activities of plants and may play a key role
in regulating their growth and productivity. This hormone is synthesized by many plants and is accumulated in
the plant tissues as the impact of unfavorable abiotic factors, contributing to the increase of plants resistance to
stress. The aim of this study was to evaluate the efficacy of salicylic acid as a safener in corn tolerance to non-
selective herbicide; sethoxydim, and the response of two weed species of johnsongrass (Sorghum halepense (L.)
Pers.) and junglerice (Echinochloa colona (L.) Link) to it.

Materials and methods

The effect of sethoxydim (0.5, 22.5, 45, 94, 187 and 375 grams of active ingredient per hectare), and
salicylic acid (in concentrations of 0, 1 and 2 mM) as factorial experiment in a completely randomized design
were investigated to evaluate the response of fresh weight of corn, johnsongrass and junglerice. Salicylic acid
treatment was used in seed priming form also. Pre-treatment of salicylic acid was done three days before
herbicide spraying. Spraying different doses of sethoxydim herbicide in a complete five-leaf stage, was done
using a mobile rail sprayer (Matabi, Spain) equipped with a flat-fan nozzle (8002), a delivery of 220 L ha' and a
spray pressure of 200 kPa. To investigate the changes in photosynthesis in the treated plants, chlorophyll
fluorescence of the leaves was evaluated on the sixth day after application of herbicides by PEA model
fluorometer. Three weeks after spraying the herbicide, the shoots of the plants were removed from the surface of
the pot and their fresh weight was measured. Analysis of variance was performed using generalized linear
models (GLM) in SAS 9.2 software environment. Before performing analysis of variance to determine the
normality of the data from Anderson-Darling test in Minitab ver. 17 were used, and in cases of hon-normal data,
Box-cox two-way power transformation was used in the same software. Analysis of variance, was performed as
a factorial experiment for each plant to investigate the effect of the herbicide dose of sethoxydim and the
concentration of salicylic acid and their interaction. The trend of wet weight changes of different species under
the influence of different amounts of herbicide sethoxydim was investigated using the four parameters log-
logistic equation.

Results and Discussion
Dose-response curves of fresh weight of the treated plants showed that weeds were significantly affected by

sethoxydim compared to corn. In all species, by increasing the concentration of salicylic acid, the EDsg
increased. For all three levels of salicylic acid treatment, this parameter was the greatest in salicylic acid
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treatment as seed priming than others, and the lowest values of this parameter were observed for jungle rice. The
highest amount of EDsp was 210 gram of active ingredient per hectare for corn sown with 2 mM / L salicylic
acid treatment, and the lowest value was 31.5 gram of active ingredient per hectare for non-salicylic acid
treatment in jungle rice. Kutsky’s curves for corn and weeds showed that Fluorescence chlorophyll was
increased with the use of steroids herbicide, but salicylic acid treatment could reduce the rate of chlorophyll
fluorescence, so that weed and corn after weeding the control without grass was observed at the lowest salicylic
acid treatment (2 mM / L).
Conclusion

In general, the results of this experiment showed that under the influence of sethoxydim, all three species of
maize, johnsongrass and junglerice showed a positive response to salicylic acid foliar application. Therefore, in
order to use salicylic acid as a safener, its seed treatment in corn should be used. Overall, the results showed that
salicylic acid can be used as a stress reducer due to the use of sethoxydim in narrow-leaved plants. But as a
safener we cannot use it universally and foliar spraying, because there is no differentiation in the response of
crops and weeds. Therefore, in the use of salicylic acid as an immunizer for the sethoxydim, its seed treatment
will give better results.

Keywords: Graminicide, Fluorescence chlorophyll, Junglerice, Johnsongrass
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Table 2- Analysis of variance (Mean squares) of the effect of sethoxydim dose and salicylic acid concentration on the fresh
weight of corn, johnsongrass and junglerice
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Figure 1- Response of corn, johnsongrass and junglerice fresh weight to different sethoxydim dose at different concentrations

of salicylic acid
(Points represent observed data and lines resulted from fitting to Equation (1)).
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Table 3- Parameters, root mean square error (RMSE) and coefficients estimated for the log logistic model (Equation (1))
fitted to relationship between fresh weight of corn, johnsongrass and junglerice and sethoxydim dose
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Species Salicylic acid Parameters
(mM) C b AEDso RMSE R?
Sl —oyd 0 4.6" (0.6) 14.3" (0.5) 4.6" (1.0) 64.2° 1.0 0.93
Corn-leaf 1 5.0 (0.4) 14.5™ (0.5) 5.57(1.2) 63.5° 1.0 0.94
treatment 2 4.6 (0.5) 14.4™ (0.4) 4.47(0.8) 80.0° 0.8 0.95
Jboyds Jleas — )3 0 16.1™ (2.6) 38.9" (1.0) 5.0 (1.4) 173.9¢ 2.4 0.92
Corn-seed 1 18.0™ (2.0) 39.5" (0.8) 6.1 (1.6) 188.4° 23 0.93
treatment 2 19.0™ (1.7) 39.3" (0.7) 6.9 (1.8) 210.02 23 0.92
S e —Lé 0 1.3™(1.0) 12.0™ (0.7) 3.97(1.1) 63.3°¢ 1.4 0.89
Johnson grass-leaf 1 1.4 (1.2) 12.5™ (0.6) 3.77(1.0) 81.0° 13 0.91
treatment 2 1.7(0.8) 12.3" (0.4) 4.6" (1.0) 95.7@ 1.0 0.94
Sl —aip 0 0.5™ (1.0) 152" (1.1) 46" (1.6) 315¢ 2.3 0.85
Junglerice-leaf 1 1.4"(0.3) 14.1* (0.5) 14.9™ (6.4) 38.7° 1.0 0.96
treatment 2 0.5™(0.5) 15.8™ (0.5) 5.0 (0.7) 4792 1.0 0.97
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The values in the parentheses indicate the standard error. Due to the calculation of AEDs, from the parameters, its standard error value was not

reported.

ns, * and ** are respectively non-significant and significant at the 5 and 1 percent level for the t test.
EDso values with the same letters for each plant have no significant difference at the 5% level.
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Figure 2- Variations in the chlorophyll a fluorescence of plant leaves treated by salicylic acid in the sixth day after
sethoxydim application
(One, two, three, and four arrows on curves show non-treated plants, and treated plants with sethoxydim in the 0, 1 and 2 mM
concentrations of salicylic acid, respectively).

Olwy pl RNA g« 5o bl yen) &8 conl o )l

slalys opstete olsas &1, IN2-2 5 IN1-1 ouiis" 05 sla 3
2 sty J=B odar 1) lhdesl i ek (eligls (1459 01808
; De Veylder et al., 1996) suas o (ilj8l &)d Sy g ady,
=B Glgi 05 YU 5 0l Jezw iul581 (Jepson et al., 1994
oy (3,5 Jlub aliusgs 0355 i g 0k slogis Jlie o

Szl 5 dpl Seluddlo 255 ilo 4y (A5 4 sl ply Jlis]

Al e oMl BB (ytelas (B9 9 iasly )l Olgie 4 gl
(Wang et al., 2016)



VP 5l oF o lod M als (659l 2o boo ) ole) LS cblis gl giogh ais  YYF
oAl ) $309 Ko gp 15 AN%) SRR 3 &y

Moo do ¥ g ) clale 93 o 50 sl Skl jlod iy 9 10
Ol gl ggemme 13 S (5ol (ol jud Sllugs | Culys
5 bl 25 akinlS Sy gt 4 Ll oo duesl Saliudls 45 315
2550 1,8 oolaiwl y50 S SHL LS 55 S g 24,8
5 Grsly Sygmmn o5l pile i Slusianl G lsis 4 Lol
=i ol Gl p iled &Sl S ool Sy (S Jgle
Sl Sl 358" 3 cplplly 0 o Dbl i slacale o
025 Jloydar sless S g S ile (lp Slogel Glgie 4

8 5 4o

siSle 13l cov oS oy glis Gilejl ol ol S yekas

ey (siute Gy 45)d 9 Bl () 4SS A 4 S gt
Sl Gua b plpls ool ol sl Sldlo b Jsloe
@3 5 ol Jleydo Jless b Glugel Glsie 4 dol Sl
St hdsbre slogd 4 S jlogd (nl 6] e 25 eoli]
2358 3l 05 53 @adenS g 41 o Jo35 2 (5o 3L

9 4;)>u Pl S8 d‘)é ) OL,L.: L)o.AJ.Q(o L;l'é] )’l d.l.w:y.:.b

55 o8 sl Sl b (25 LS (slole)ds 2590
Ay L ol glals slaydy 035" Jloyds Jg sl 0 ke
Hirase and Molin, 2001 Miller et al., ) , 55 ;L o)
Ot el Lo jiScite U jlo ol ond (b)l5 (1994
Park and Mallory- ;Hess, 2000) 35 o (yuiuwysld Judg 1S
ot g iScade 5,8 55 Gialesl ol 5> (Smith, 2005
3 a5 €3 Sy utaoysls s lS i il sl

S salgd oy ams
&) Sl

Do oo (0508 Wodld pudi g Julow

&l

a review. Pesticide Science 55: 1043-1058.

overview. Weed Science 48: 160-170.

Pesticide Biochemistry and Physiology 69: 189-197. https://doi.org/

1. Abbaspoor, M., & Streibig, J.C. (2007). Monitoring the efficacy and metabolism of phenylcarbamates in sugar beet
and black nightshade by chlorophyll fluorescence parameters. Pest Management Science 63: 576-585.
https://doi.org/10.1002/ps.1382.

2. Ananieva, E.A., Alexieva, V.S., & Popova, L.P. (2002). Treatment with salicylic acid decreases the effects of
paraquat on photosynthesis. Journal of Plant Physiology 159: 685-93. https://doi.org/10.1078/0176-1617-0706.

3. Ananieva, E.A., Christov, K.N., & Popova, L.P. (2004). Exogenous treatment with salicylic acid leads to increased
antioxidant capacity in leaves of barley plants exposed to paraquat. Journal of Plant Physiology 161(3): 319-328.
https://doi.org/10.1078/0176-1617-01022.

4. Burton, J.D., Gronwald, J.W., Keith, R.A., Somers, D.A., Gengenbach, B.G., & Wyse, D.L. (1991). Kinetics of
inhibition of acetyl-coenzyme A carboxylase by sethoxydim and haloxyfop. Pesticide Biochemistry and Physiology
39(2): 100-109. https://doi.org/10.1016/0048-3575(91)90130-E.

5. Davies, J., & Caseley, J.C. (1999). Herbicide safeners:
https://doi.org/10.1002/(S1CI)1096-9063(199911)55:11<1043::AID-PS60>3.0.CO;2-L.

6. De Veylder, L., Van Montagu, M., & Inze, D. (1997). Herbicide safener-inducible gene expression in Arabidopsis
thaliana. Plant and Cell Physiology 38(5): 568-577. https://doi.org/ 10.1093/oxfordjournals.pcp.a029206.

7. Draper, H.H., & Hadley, M. (1990). Malondialdehyde determination as index of lipid Peroxidation. In Methods in
enzymology (Vol. 186, pp. 421-431). Academic press. https://doi.org/10.1016/0076-6879(90)86135-i.

8. Guo, M.J., Wang, Y.G., Dong, S.Q., Wen, Y.Y., Song, X.E., & Guo, P.Y. (2018). Photochemical changes and
oxidative damage in four foxtail millet varieties following exposure to sethoxydim. Photosynthetica 56(3): 820-
831. https://doi.org/10.1007/s11099-017-0734-z.

9. Halim, V.A., Vess, A., Scheel, D., & Rosahl, S. (2006). The role of salicylic acid and jasmonic acid in pathogen
defence. Plant Biology 8: 307-13. https://doi.org/10.1055/s-2006-924025.

10. Hess, F.D. (2000). Light- dependent herbicides: an
https://doi.org/10.1614/0043-1745(2000)048[0160:LDHA0]2.0.CO;2.

11. Hirase, K., & Molin, W.T. (2001). Characterization of cysteine synthase in Echinochloa crus-galli and its
inhibition by substrate analogues.
10.4236/ajps.2021.125052.

12. Jablonkai, 1. (2013). Herbicide safeners: Effective tools to improve herbicide selectivity. In Herbicides-Current
Research and Case Studies in Use. InTech. https://doi.org/10.5772/55168.

13. Jepson, 1., Lay, V.J., Holt, D.C., Bright, S.W., & Greenland, A.J. (1994). Cloning and characterization of maize
herbicide safener-induced cDNAs encoding subunits of glutathione S-transferase isoforms I, Il and IV. Plant
Molecular Biology 26(6): 1855-1866. https://doi.org/10.1007/BF00019498.

14,

Kudsk, P. (2008). Optimizing herbicide dose: a straightforward approach to reduce the risk of side effects of


https://doi.org/10.1002/ps.1382
https://doi.org/10.1078/0176-1617-0706
https://doi.org/10.1078/0176-1617-01022
https://doi.org/10.1016/0048-3575(91)90130-E
https://doi.org/10.1002/(SICI)1096-9063(199911)55:11%3c1043::AID-PS60%3e3.0.CO;2-L
https://doi.org/10.1093/oxfordjournals.pcp.a029206
https://doi.org/10.1016/0076-6879(90)86135-i
https://doi.org/10.1007/s11099-017-0734-z
https://doi.org/10.1055/s-2006-924025
https://doi.org/10.1614/0043-1745(2000)048%5b0160:LDHAO%5d2.0.CO;2
https://doi.org/10.4236/ajps.2021.125052
https://doi.org/10.5772/55168
https://doi.org/10.1007/bf00019498

YV

3 ) S gl 4 oo W1 Db 55l (ol Bon g (2B

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

herbicides. Environmentalist 28: 49-55. https://doi.org/10.1007/s10669-007-9041-8.
Littell, R.C., Stroup, W.W., Milliken, G.A., Wolfinger, R.D., & Schabenberger, O. (2006). SAS for mixed models.
SAS institute. https://doi.org/10.1111/j.1467-985X.2006.00455_9.x.

Marrs, K.A. (1996). The functions and regulation of glutathione S-transferases in plants. Annual Review of Plant
Biology 47(1): 127-158. https://doi.org/10.1146/annurev.arplant.47.1.127.

Metwally, A., Finkemeier, 1., Georgi, M., & Dietz, K.J. (2003). Salicylic acid alleviates the cadmium toxicity in
barley seedlings. Physiology and Biochemistry of Plant 132: 272-281. https://doi.org/10.1104/pp.102.018457.

Miller, K.D., Irzyk, G.P., & Fuerst, E.P. (1994). Benoxacor treatment increases glutathione s-transferase activity in
suspension  cultures of Zea mays. Pesticide Biochemistry and Physiology 48: 123-134.

https://doi.org/10.1006/pest.1994.1013.

Norsworthy, J.K., Ward, S.M., Shaw, D.R., Llewellyn, R.S., Nichols, R.L., Webster, T.M., Bradley, K.W.,
Frisvold, G., Powles, S.B., Burgos, N.R., & Witt, W.W. (2012). Reducing the risks of herbicide resistance: best

management practices and recommendations. Weed Science 60: 31-62. https://doi.org/10.1614/WS-D-11-00155.1.

Park, K.W., & Mallory- Smith, C.A. (2005). Multiple herbicide resistance in downy brome (Bromus tectrum) and
its impact on fitness. Weed Science 53: 780-786. https://doi.org/10.1614/WS-05-006R1.1.

Radwan, D.E.M. (2012). Salicylic acid induced alleviation of oxidative stress caused by clethodim in maize (Zea
mays L.) leaves. Pesticide Biochemistry and Physiology 102(2): 182-188. https://doi.org/
10.1016/j.pestbp.2012.01.002.

Radwan, D.E.M., & Soltan, D.M. (2012). The negative effects of clethodim in photosynthesis and gas-exchange
status of maize plants are ameliorated by salicylic acid pretreatment. Photosynthetica 50: 171-179.
https://doi.org/10.1007/s11099-012-0016-8.

Rao, M.V., Paliyath, G., Ormrod, D.P., Murr, D.P., & Watkins, C.B. (1997). Influence of salicylic acid on H;0,
production, oxidative stress, and H»O.-metabolizing enzymes (salicylic acid-mediated oxidative damage requires
H>05). Plant Physiology 115: 137-149. https://doi.org/10.1104/pp.115.1.137.

Ritz, C., Baty, F., Streibig, J.C., & Gerhard, D. (2015). Dose-response analysis using R. PloS One 10(12):
P.e0146021. https://doi.org/10.1371/journal.pone.0146021.

Romero-Puertas, M.C., McCarthy, I., Gbmez, M., Sandalio, L.M., Corpas, F.J., Del Rio, L.A., & Palma, J.M.
(2004). Reactive oxygen species-mediated enzymatic systems involved in the oxidative action of 2,
4-dichlorophenoxyacetic acid. Plant, Cell & Environment 27(9): 1135-1148. https://doi.org/10.1111/j.1365-
3040.2004.01219.x.

Rutherford, A.W., & Krieger-Liszkay, A. (2001). Herbicide-induced oxidative stress in photosystem II. Trends in
Biochemical Sciences 26(11): 648-653. https://doi.org/10.1016/s0968-0004(01)01953-3.

Saratovskikh, E.A. (2013). Kinetics & Mechanism of Inhibition of Oxidation Enzymes by Herbicides. In
Herbicides-Advances in Research. InTech. https://doi.org/10.5772/54679.

Shahrtash, M., Mohsenzadeh, S., & Mohabatkar, H. (2011). Salicylic acid alleviates paraquat oxidative damage in
maize seedling. Asian Journal of Experimental Biology Science 2: 377-382.

VanEerd, L.L., Hoagland, R.E., Zablotowicz, R.M., & Hal, J.C. (2003). Pesticide metabolism in plants and
microorganisms. Weed Science 51: 472-495. http://dx.doi.org/10.1614/0043-
1745(2003)051[0472:PMIPAM]2.0.CO;2.

Wang, J., Lv, M., Islam, F., Gill, R.A., Yang, C., Ali, B., Yan, G. & Zhou, W. (2016). Salicylic acid mediates
antioxidant defense system and ABA pathway related gene expression in Oryza sativa against quinclorac toxicity.
Ecotoxicology and Environmental Safety 133: 146-156. https://doi.org/ 10.1016/j.ecoenv.2016.07.002.

WSSA. (2014). Herbicide handbook. Weed Society of America. Champaign, Illinois. 500 pp.

Zand E., M. A. Baghestani, N. Nezamabadi & P. Shimi. (2013). Herbicides and the Most Important Weeds of Iran.
4th Edition, Academic Publishing Center Press, Tehran. (In Persian)

Zhang, J.J., Wang, Y.K., Zhou, J.H., Xie, F., Guo, Q.N., Lu, F.F., Jin, S.F., Zhu, H.M. & Yang, H. (2018). Reduced
phytotoxicity of propazine on wheat, maize and rapeseed by salicylic acid. Ecotoxicology and Environmental
Safety 162: 42-50. https://doi.org/10.1016/j.ecoenv.2018.06.068.


https://doi.org/10.1007/s10669-007-9041-8
https://doi.org/10.1111/j.1467-985X.2006.00455_9.x
https://doi.org/10.1146/annurev.arplant.47.1.127
https://doi.org/10.1104/pp.102.018457
https://doi.org/10.1006/pest.1994.1013
https://doi.org/10.1614/WS-D-11-00155.1
https://doi.org/10.1614/WS-05-006R1.1
http://dx.doi.org/10.1016/j.pestbp.2012.01.002
https://doi.org/10.1007/s11099-012-0016-8
https://doi.org/10.1104/pp.115.1.137
https://doi.org/10.1371/journal.pone.0146021
https://doi.org/10.1111/j.1365-3040.2004.01219.x
https://doi.org/10.1111/j.1365-3040.2004.01219.x
https://doi.org/10.1016/s0968-0004(01)01953-3
https://doi.org/10.5772/54679
http://dx.doi.org/10.1614/0043-1745(2003)051%5b0472:PMIPAM%5d2.0.CO;2
http://dx.doi.org/10.1614/0043-1745(2003)051%5b0472:PMIPAM%5d2.0.CO;2
https://doi.org/10.1016/j.ecoenv.2016.07.002
https://doi.org/10.1016/j.ecoenv.2018.06.068

