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Introduction

Widespread application of herbicides to control weeds during the past few decades has resulted in serious
ecological and environmental problems, such as resistance and shifts in weed populations. Sulfonylurea
herbicides are acetoacetate synthase inhibitors. These herbicides will be used effectively to control a wide range
of grassy and broad leaf weeds. Nicosulfuron is one of the main ALS inhibitors that was registered for corn in
Iran. Under certain conditions some sulfonylurea herbicides can persist at phytotoxic concentrations in soils long
enough to affect sensitive crops in the following season. There are many factors affecting persistence of
herbicides, included soil type, soil organic matter, soil pH, soil temperature and moisture. Bioassay and HPLC
methods are the most common methods for determining herbicide residues in soil. HPLC methods is a time-
consuming, costly, and expensive. But bioassay method is a simple, fast, and inexpensive that uses sensitive
plants to detect low concentrations of residual in the soil. Several bioassay methods for sulfonylurea herbicides
have been reported using lentil (Lens culinaris L.), lettuce (Lactuca sativa L.), sunflower (Helianthus annuus
L.), corn (Zea mays L.) pea (pisum sativum L.), and lupin (Lupinus angustifolius L.). This study was aimed to
understanding the nicosulfuron persistence in soil using HPLC and bioassay methods.

Materials and Methods

In order to study the soil persistence of nicosulfuron using bioassay and HPLC, an experiment was carried
out as a factorial arrangement based on completely randomized block design with three replications in Research
Field of Ferdowsi University of Mashhad during 2014-2015. Treatments included of the application of organic
and bio-fertilizers in four different levels of cow manure (40 t ha'), vermicompost (10 t ha'), mycorrhiza (2.5 t
hat) fertilizers and control as first factor. The second factor was nicosulfuron doses (40 and 80 g a.i ha'), and
the third factor was the application of nicosulfuron with and without of Hydromax adjuvant. The herbicide was
applied at four leaf stages using an overhead trolley sprayer equipped with an 8002 flat fan nozzle tip delivering
200 L ha-1 at 2 bar spray pressure. To determine nicosulfuron residue in soil sampling was performed at
different periods of 0, 2, 5, 8, 16, 30, 60, 90 days after spraying from 0-15 cm depth of soil. The herbicide
residue was determined using HPLC and bioassay methods. Garden cress (Lepidium sativum L.) was the bio-
indicator in bioassay method.

Results and Discussion
Results showed by increasing of nicosulfuron dose, it’s soil residue increased, however; nicosulfuron half

time (DTso) was not affected. Application of Hydromax decreased nicosulfuron degradation rate (K) and
increased its half-life of nicosulfuron. However, the application of organic and biological fertilizers increased
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degradation rate and decreased its half-life of nicosulfuron. So that the highest nicosulfuron degradation rate was
indicated (0.066 and 0.073 ug kg soil) and the lowest DTso (10.5 and 9.50 days) were indicated in HPLC and
bioassay methods respectively, when nicosulfuron applied in the dose of 40 g a.i ha~ + cow manure mixed in
soil. Based on the results, significant positive correlation (r?> = 0.97) was observed between HPLC and bioassay
methods in degradation rates and half-life of nicosulfuron herbicide. According to bioassay method, garden cress
is high sensitive to nicosulfuron residue in soil. Therefore, garden cress especially it’s root bioassay is
recommended as an acceptable method for nicosulfuron soil residue detection and can be used as desirable bio-
indicator for tracing of nicosulfuron persistence and soil residue.

Conclusion

The application Hydromax decreased nicosulfuron degradation rate and increased DT50 of nicosulfuron. But
organic fertilizers increased nicosulfuron degradation rate and decreased DT50. Based on this sudy results
garden cress is desirable bio-indicator for tracing of nicosulfuron persistence in soil.
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5- Brassica napus L.
6- Hordeum vulgare L.
7- Triticum aestivum L.
8- Brassica alba L.

9- Lepidium sativum L.
10- Avena fatua L.

11- Beta vulgaris L.
12- Lens culinaris L.
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Organic mater Nic. Hyd. K- Co DTso DT
(g ai’ha) (na/kg soil) (ng/kg soil) (day) (day)
20 - 0.073(0.002)° 25 (0.48) 9.50 31.54 0.99
&5 558 Hyd. 0.071(0.071)® 25 (0.47) 9.76 32.43 0.99
CM 80 - 0.071(.001)¢ 50 (0.95) 9.76 32.43 0.99
Hyd. 0.069 (0.001)¢ 50 (0.94) 10.05 33.37 0.99
40 - 0.066 (001) @  25(0.47) 10.50 34.89 0.99
CasgeaS ooys Hyd. 0.064 (0.011)% 25 (0.46) 10.83 35.98 0.99
Ver 80 - 0.063 (0.001)¢ 50 (0.94) 11.00 36.55 0.99
Hyd. 0.061 (0.001)f 50 (0.94) 11.36 37.75 0.99
20 - 0.06 (0.001)¢ 25 (0.46) 11.55 38.38 0.99
15555lo Hyd. 0.059 (0.001) f 24 (0.45) 11.75 39.03 0.99
Myc 80 - 0.058 (0.001)f 50 (0.93) 11.95 39.70 0.99
Hyd. 0.056 (001)¢ 50 (0.94) 12.38 41.12 0.99
40 - 0.04 (0009)" 25 (0.46) 17.33 57.56 0.99
wls Hyd. h039 (0.0009) 25 (0.45) 17.77 59.04 0.99
Con 80 - 0.039 (0.0009)" 50 (0.90) 17.77 59.05 0.99
Hyd. 0.038 (.0009) 49 (0.90) 18.24 60.59 0.99

ol 233kl sllad 5L 3l 3 slael o aSdale gl cdale Co ¢ 4555 Copo K (iSlale o )3 Qe 0+ 4355 (gl p5Y loj Cide i3 4 DTo0 g DTs0

Canl Do yd iy o )3 3 pixe BB pae (Sl (gt b wliie By
DTso and DTeo are half time and the time that required for 90% degradation in of herbicide residue, K, coefficient of degradation,
and Co initial concentration, the numbers in parentheses indicate a standard error, means with the same letters in the same column are not
significantly different (P<0.05).
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Table 3- Effect of organic and bio-fertilizers, application rate of nicosulfuron and Hydromax on degradation rate and it’s

half-life
. dlre¥ ol Gle e ol
SJlole  OERS g e T Pl @”C"‘H‘ 200 i Mo e wpd o
Organic mater @ gilfha) Hyd. (ug/kg soil) (ug /kgosoil)) DTso DToo
(day) (day)

40 - 0.066 (0.001)? 25.76 (0.26) 10.50 34.89 0.99
&5 555 Hyd. 0.062 (0.001)>  24.77 (0.25) 11.18 37.14 0.99
CcM 80 - 0.061 (0.001) " 49.54 (0.51) 11.36 37.75 0.99
Hyd. 0.057 (0.001) ¢ 49.47 (0.50) 12.16 40.39 0.99
40 - 0.06 (0.001)¢  24.77 (0.25) 11.55 38.38 0.99
CowgeeS o9 Hyd. 0.057 (0.001)¢  24.78 (0.25) 12.16 40.40 0.99
Ver 80 - 0.056 (0.001) ®  49.57 (0.50) 12.38 41.12 0.99
Hyd. 0.053 (0.0008) T 49.59 (0.49) 13.08 43.44 0.99
40 - 0.055 (0.001) ¢  24.26 (0.24) 12.60 41.87 0.99
I ysale Hyd. 0.052 (0.009) ' 24.27 (0.24) 13.33 44.28 0.99
Myc 80 - 0.051 (0.009) ¢  48.55 (0.48) 13.59 45.15 0.99
Hyd. 0.048 (0.007) " 48.57 (0.47) 14.44 47.97 0.99
40 - 0.039 (0.001)"  25.95 (0.45) 17.77 59.05 0.99
Jals Hyd. 10.036 (0.001)  25.96 (0.95) 19.25 63.96 0.99
Con 80 - 0.037 (0.001) ' 51.90 (0.91) 18.73 62.23 0.99
Hyd. 0.034 (0.0004) ¥ 52.02 (0.10) 20.39 67.72 0.99

] Bkl (gllas (S5lss sl 30 slael ¢ aScale agl cdale Co ¢ 4555 o ps K e iSale 103 Qe 0+ 43555 (sl p3Y (loj e o5 4 DTao 4 DTso

Gl duoyd iy g 3 Jb e BB pae S0y o o 53 wliie gy
DTso and DToo are half time and the time that required for 90% degradation in of herbicide residue, K, coefficient of degradation,
and Co initial concentration, the numbers in parentheses indicate a standard error, means with the same letters in the same column are not
significantly different (P<0.05).
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2- Olbras® 88 EC

3- Atplus 60 EC

4- Adpros 85 SL (post- refined fatty acid)
5- Trend 90 EC

6- Ethoxylated isodecyl alcohol -surfactant
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Figure 2- Correlation of decomposition coefficients (A) and half-life (B) of nicosulfuron calculated by instrumental analysis
and bioassy method
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