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Table 1. Name and properties of herbicides used in experiment.

Common name

Recommended Company

(Trade name) Formulation dose name
Clodinafop-propargyl 8% EC 0.6-0.8 L.ha Syngenta
(Topic)

Pinoxaden 5% EC 25 L.hat.l Syngenta
(Axial)

Pinoxaden+ Clodinafop- 5% EC 1.5 L.hat Syngenta
propargy! (Traxos)

Diclofop- methyl 36% EC 2.5 L.hat Ghazalshimi
(Illoxan)

Fenoxaprop-P-ethyl 7.5% EW 0.8-1 L.ha! Afrasam
(Pomasuper)

Mesosulfuron-methyl+  1.2% OD 1.5 L.hat Afrasam
lodosulfuron-methyl

sodium

(Atlantis)

Metsulfuron-methyl+ 75+5% WG 40-50 gr.ha! GhazalShimi
sulfosulfuron

(Total)

2,4-D 72% SL 1.5 L.hat Afrasam
Bromoxynil +MCPA 40% EC 1.5 L.hat GhazalShimi

(Bromicide MA)
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Fig. 1. A view of duckweed (Lemna minor L.) growth condition in a nutrient solution containing no
herbicides (control) (a), The applied concentrations with numbers in 4 and 5 (concentrations of 1.25 and
2.5 pg.LY) consists of a nutrient solution containing Bromoxynil +MCPA (b) at 7 days after treatment.
The higher and lower of Bromoxynil +MCPA concentration used are showed in three right wells and

three left wells, respectively.
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Table 2. Parameter estimates derived from log-logistic dose-response curves for RGR of frond area (cm? cm? d?) (n nt d%) of duckweed (Lemna minor L.) were
affected by different concentration of herbicides used in wheat and barley field.

Effective Concentration (ug. L™

Herbicide name (DY) (0?) (NOEC?) (EL%"E 4 ECso® E(%%ECB) Lack of Fit test”
Clodinafop-propargyl (Topic) 7783.38(604.91)**  1.24(0.25)**  3.49(0.81)*  5.91(3.13)**  34.92(8.11)**  206.23(63.41)** 0.15™
Pinoxaden (Axial) 7944.07(390.18)**  4.11(0.95)**  0.25(0.02)* 1.45(0.23)*  247(0.16)**  4.22(0.50)** 0.31"s
Pinoxaden+ Clodinafop-propargyl (Traxos) 7096.45(392.80)**  0.92(0.12)**  0.59(0.12)*  0.53(0.25)**  5.87(1.19)**  64.70(17.73)** 0.06"
Diclofop- methyl (Illoxan) 12466(775.91)**  1.28(0.26)**  1.87(0.36)*  3.33(L62)*  18.66(3.50)**  104.59(30.27)**  0.71"
Fenoxaprop-P-ethyl (Pomasuper) 0434.42(361.49)**  1.92(0.21)*  6.49(0.92)** 20.60(3.61)*  64.90(9.16)**  204.50(24.22)**  0.49"
ggfgxn(fx:&r;trlr;)ethyl + lodosulfuron-methyl - g6 66539 12y 0.88(0.17)**  0.11(0.03)*  0.09(0.04)**  1.12(0.33)**  13.45(4.63)* 0.25"
Metsulfuron-methyl+ sulfosulfuron (Total) 8096(424)** 0.742(0.00)** 2.95(0.65)** 153(0.78)*  29.47(651)**  569.25 (180.77)**  0.41"
2,4-D 7925.61(75.13)**  1454(2.11)** 8.80(1.13)** 75.63(10.69)* 87.97(11.32)** 102.31(29.02)**  0.35"
Bromoxynil +MCPA (Bromicide MA) 7359.54(620.34)**  0.94(0.18)**  0.05(0.01)*  0.05(0.03)**  051(0.15)**  5.26(1.96)** 0.13"

6o50 L 2als) o sl b il 4 e &S (2 5o r,?;,@) skls = No Observable Effect Concentration ™ ¢ sovs i ¥ cll jio (25 Cale Clale 8y goin VUt s byl o 1kl sllost G5l Jotls slke
4 e S (i 53 08 5,S00) (e 545 gn genly (&5 1 el oo i) S i) ) 2alST e o (2 3 575 SCa) ale = Lowest Observable Effect Concentration ™ .o ys oo gl (65 o (i A5 o6
57N (51 e 0505TY 5 0 ks (5 o i Ay S ST) VA0 28I 4 e &S (1 3 p S5 SC) ki = Highest Observable Effect Concentration ” .s yb s el (&5 e (oo 4 o) 100 2alS)

iz LN 570 Jlazt gl 53 ls me ls me b 5 4 **
Standard errors are shown in parenthesis.'Upper limit, when herbicide concentrations are zero, 2Slop around, 3No Observable Effect Concentration, “Lowest Observable Effect

Concentration, SECso: The concentration causes 50% decrease in response (i.e. RGR frond area), *Highest Observable Effect Concentration: The concentration causes 90% decrease
in response (i.e. RGR frond area), “Lack of Fit test, ns, *and **; Non Significant, Significant at 5% and 1% levels of probability respectively.
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Figure 2- Log-logistic concentration-response curves for RGR of frond area of duckweed (Lemna minor L.) in different
concentrations of six herbicides used of clodinafop-propargyl, pinoxaden, pinoxaden+ clodinafop-propargyl, diclofop-
methyl, fenoxaprop-p-ethyl and mesosulfuron-methyl + iodosulfuron-methyl sodium in wheat and barley field
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Fig. 2 continue. Log-logistic concentration-response curves for RGR of frond area of duckweed (Lemna
minor L.) in different concentrations of four herbicides used of metsulfuron-methyl+ sulfosulfuron, 2,4-D

and bromoxynil+ MCPA in wheat and barley field.
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Table 3. Results of analysis of variance for RGR of frond area (cm? cm d?) (n n! d) of duckweed (Lemna minor L.) affected by different
concentrations average of nine herbicides used used in wheat and barley field.

Source of variation df SS MS Fs
Treatment 7 17493390.7 24990561.5** 625.18**
Error 16 636519.9 39782.5

Total 23 175570450.6

CV (%) 6.75

NG SVA RPYN JL&:—\CE.N):)I:@M Ol gma b i 5 4 *F 5 s
ns, *and **; Non Significant, Significant at 5% and 1% levels of probability respectively.
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Table 4. Mean comparison of the RGR of frond area (cm? cm d1) (n n't d) of duckweed (Lemna minor L.) affected by different concentrations average of nine herbicides
used in wheat and barley field.

Bromox
Clodinafop- ) Pinoxaden-+ Diclofop- Fenoxaprop-P- Mesosulfuron-methyl Metsulfuron- ynil
Treatment propargyl Pln(_)xladen Clodinafop- methyl ethyl + lodosulfuron-methyl  methyl+sulfosul 2,4-D +MCPA
(Topic) (Axial) propargyl (Traxos) (1lloxan) (Pomasuper) sodium (Atlantis) furon (Total) (Bromici
de MA)
Concentration 1 7920.3° 7826.3° 7207.7° 8493.0° 8964.02 8346.0° 8174.72 8385.7 2 7593.0@
Concentration 2 4186.3° 7074.3° 4025.7° 6361.3° 5275.3° 3626.0° 5217.7° 7856.3° 5018.3°
Concentration 3 4031.0° 1997.0° 3553.0 3737.3¢ 45433 ¢ 3209.0° 3744.0°¢ 7787.0b¢ 4278.3%
Concentration 4 2091.7°¢ 1121.0%¢ 3054.3¢ 2935.3°¢ 41453 3135.0° 3364.3¢ 7677.3b¢ 3793.0
Concentration 5 0.0¢ 0.0¢ 1730.74 0.0¢ 3367.3¢ 0.0°¢ 3269.0°¢ 7477.3° 3287.7°¢
Concentration 6 0.0¢ 0.0¢ 332.7¢ 0.0¢ 816.0¢ 0.0°¢ 2087.74¢ 0.09 766.7 ¢
Concentration 7 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.04 0.0d
Concentration 8 0.0¢ 0.0°¢ 0.0¢ 0.0¢ 0.0° 0.0°¢ 0.0° 0.0¢ 0.0¢

Treatments have at least one common letter are not significantly difference at 5% level
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Fig. 3. Comparison of EC values obtained for RGR reducing or eliminating of frond area of duckweed (Lemna minor

L.) in presence of wheat and barley herbicides. Clod-pro = Clodinafop-propargyl, Meso-methyl + lodo-methyl
sodium = mesosulfuron-methyl + iodosulfuron-methyl sodium, Met-methyl+ sulfo = metsulfuron-methyl+

sulfosulfuron.
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Abstract:

Nowadays, the pollution in aquatic ecosystems caused by the application of pesticides has become a
serious problem. To evaluate the phytotoxicity of ten herbicides used in wheat and barley fields by
duckweed (L. minor) test, a dose-response experiment was carried out in completely randomized design
with four replications. The treatments consisted of eight different concentrations of various active
ingredients of herbicides including clodinafop-propargyl, pinoxaden, pinoxaden + clodinafop-propargyl,
diclofop- methyl, fenoxaprop-p-ethyl, mesosulfuron-methyl + iodosulfuron-methyl sodium, metsulfuron-
methyl+ sulfosulfuron, 2,4-D and bromoxynil + MCPA with herbicide-free control treatment. Toxicity
assessment index was based on inhibition of the relative leaf surface growth rates (RGR) of the plants
after seven days. The ECso values which were derived by fitting the log-logistic curves, showed that
bromoxynil + MCPA with ECs equal to 0.51 microgram/l had the highest effect in reduction of the
relative leaf surface growth rate of Lemna compared with other herbicides. This high toxicity probably is
attributed to its physicochemical properties and rapid uptake by the plant cells. 2,4-D with ECso equal to
87.97 pg/l showed the lowest toxicity on Lemna. The phytotoxicity of the nine herbicides tested could be
ranked as follows: Bromoxynil +MCPA > Mesosulfuron-methyl + iodosulfuron-methyl sodium >
Pinoxaden > Pinoxaden + Clodinafop-propargyl > Diclofop- methyl > Metsulfuron-methyl+
sulfosulfuron > Clodinafop-propargyl > Fenoxaprop-P-ethyl > 2,4-D. The information obtained from the
results of the present study can be useful for adopting the necessary criteria for aquatic ecosystem
management.

Keywords: Aquatic ecosystem management, effective concentration, pesticide contamination, relative
leaf area growth rate (RGR), toxicity assessment.

* Corresponding author: Ali Asghar Chitband, Email: a.a.chitband@gmail.com




