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DISSIPATION OF TOPRAMEZONE IN MAIZE GROWING SOILS OF TELANGANA STATE
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ABSTRACT 

	Persistence and dissipation of topramezone were quantified in two contrasting Telangana soils - red sandy loam (Alfisol) and black clay (Vertisol)—to inform leaching risk and rotation safety under tropical conditions. Composite surface soils were characterized (pH, EC, organic carbon and CEC) and incubated at 27 ± 0.2 °C after fortification to 0.2 mg kg⁻¹. Residues were measured at 0–135 days using validated HPLC–UV (LOD 0.007 mg kg⁻¹; LOQ 0.020 mg kg⁻¹; recoveries 84.8–91.2%). Initial detected amount (2 h after application) was 90.61 µg 10 g⁻¹ in the red soil and 92.12 µg 10 g⁻¹ in the black soil. Concentrations declined to 40.21 and 38.65 µg 10 g⁻¹, respectively, by 135 days. Among linear, polynomial, logarithmic and exponential models, first-order kinetics best described dissipation with excellent fits (R² > 0.97). Rate constants (k) ranged 0.0057–0.0069 day⁻¹, giving DT₅₀ values of 121.6 days (red) and 100.4 days (black). When interpreted alongside sorption behaviour (weak-acid pKa = 4.06; moderate–low sorption that decreases with increasing pH), the data indicate a high leaching potential, especially in neutral–alkaline, higher-pH settings. Overall, soil type and moisture regime exert first-order control on topramezone persistence and, by extension, on leaching risk under semi-arid Indian conditions.
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1. INTRODUCTION
Persistence and dissipation of herbicides in soil are critical factors determining their biological performance, residual toxicity, and ecological impact. Dissipation processes encompassing microbial degradation, chemical transformation, photolysis, and leaching govern the residence time and ultimate environmental fate of herbicides. Excessive persistence can result in carryover injury to succeeding crops and contamination of soil and groundwater, while too rapid dissipation may reduce weed control efficacy (Walker, 1974; Mervosh et al., 2016). Understanding the kinetics and mechanisms of herbicide degradation under region-specific soil and climatic conditions is essential for optimizing application schedules and mitigating environmental risk.
Topramezone, belonging to the phenyl pyrazolyl ketone group, is a post-emergence, systemic herbicide widely used in maize crop (Madhavi et al., 2013). It inhibits 4-hydroxyphenylpyruvate dioxygenase (4-HPPD), disrupting carotenoid biosynthesis and resulting in chlorosis and bleaching of weeds (Mitchell et al., 2001). Topramezone is a weak acid (pKa = 4.06) whose dissociation and reactivity are strongly pH-dependent, existing mainly as an anion in neutral to alkaline soils (APVMA, 2019). It is highly soluble in water and exhibits moderate to low sorption, characteristics that favour persistence and potential mobility. Laboratory and field studies conducted under temperate conditions have shown that topramezone degrades slowly, with half-lives of 125–365 days (EFSA, 2014; US EPA, 2013), although its breakdown rate is influenced by soil type, temperature, and moisture (Baumann et al., 2014; Hollaway et al., 2013, Rao et al., 2017).
In tropical environments, dissipation of weak acid herbicides like topramezone is often slower under dry or alkaline conditions, due to reduced microbial activity and limited hydrolysis (Pusino et al., 2010; Zanella et al., 2011). Soil moisture exerts a strong influence, as microbial degradation is generally the dominant pathway under aerobic conditions. Consequently, persistence and carryover potential may be higher under moisture-deficient situations.
Leaching forms an important component of the dissipation process and is closely linked with persistence and sorption characteristics. Although degradation reduces parent compound concentration, the transformation products of topramezone can be relatively more mobile, thereby influencing the overall leaching risk. The Groundwater Ubiquity Score (GUS) index (Gustafson, 1989), which integrates degradation half-life (DT₅₀) and organic carbon–normalized sorption coefficient (Koc), is widely used to classify the leaching potential of herbicides under field conditions.
Despite its widespread use in maize cultivation, information on the dissipation dynamics and leaching potential of topramezone under Indian tropical conditions is lacking. Telangana’s two major soil types red sandy loam (Alfisol) and black clay (Vertisol) exhibit wide contrasts in texture, pH, organic matter, and water-holding capacity, all of which can significantly influence persistence and downward mobility of herbicides. Hence, this study was undertaken to quantify the dissipation kinetics of topramezone under controlled laboratory conditions in red and black soils at two moisture regimes (field capacity and 50% field capacity), determine the degradation rate constants (k), half-lives (DT₅₀) using first-order kinetic models, and assess the potential leachability of the compound through GUS index estimation using experimentally determined degradation and sorption data. The findings will contribute to a better understanding of topramezone persistence and movement in Indian soils and help refine herbicide use strategies to minimize environmental and crop-rotation risks in maize-based systems.
2. material and methods 

Soil sampling and characterization
Composite soil samples representing red sandy loam (Alfisol) and black soil (Vertisol) were collected from maize-growing fields in Telangana, India. After collection, the soils were air-dried in shade, lightly crushed, and passed through a 2 mm sieve before further analysis. Soil pH and electrical conductivity (EC) were measured in a 1:2.5 soil-to-water suspension using a digital pH meter and conductivity bridge. Organic carbon content was determined by the Walkley and Black, 1934 wet oxidation method. The cation exchange capacity (CEC) was estimated according to Richards et al., 1954.
Dissipation studies
The dissipation behaviour of topramezone in soil was studied under controlled laboratory conditions simulating tropical field temperature. Air-dried, sieved soil (2 mm) was treated uniformly with analytical-grade topramezone to achieve an initial concentration equivalent to recommended field application rates (approximately 0.2 mg kg⁻¹ soil). The herbicide was applied in methanol solution, mixed thoroughly to ensure homogeneous distribution, and the solvent was allowed to evaporate under ambient conditions before incubation. The samples were sealed in polythene bags to minimise moisture loss and incubated at 27 ± 0.2 °C. Duplicate control samples without herbicide were maintained under identical conditions. Soil subsamples were collected at 0, 7, 15, 30, 45, 60, 90, and 120 days after treatment for residue analysis.
Residues were extracted using a methanol: water (80: 20, v/v) mixture acidified to pH 2.5 with 0.1 % H₃PO₄, shaken for 30 min, centrifuged, and the supernatant cleaned using C18 solid-phase extraction (SPE) cartridges preconditioned with methanol and water. The eluate was concentrated to dryness under nitrogen and reconstituted in the HPLC mobile phase prior to quantification. The HPLC-UV conditions were identical to those described above. The limit of detection (LOD) and limit of quantification (LOQ) were 0.007 mg kg⁻¹ and 0.020 mg kg⁻¹, respectively, and mean recoveries ranged from 84.8 % to 91.2 % across both soils, confirming method reliability.
Kinetic analysis
The dissipation kinetics of topramezone were analysed assuming a first-order rate equation:
Ct=C0 . e−kt
where C₀ and Cₜ are the initial and residual concentrations (mg kg⁻¹) at time t (days), and k is the first-order rate constant (day⁻¹). The equation was linearized as
log Ct = log C0 − (kt /2.303)​
and regression analysis of log Cₜ versus t was used to derive k and the half-life (DT₅₀ = 0.693 / k). The coefficient of determination (R²) was used to assess model fit, and only regressions with R² > 0.90 were accepted. Comparative evaluation of dissipation constants across soil types provided insights into the influence of soil texture, organic matter, and aeration on the degradation of topramezone.

3. results and discussion

The red and black soils of Telangana differed distinctly in their physico-chemical characteristics, influencing the sorption behaviour of topramezone. The red soil was neutral in reaction (pH 6.62), sandy loam in texture, with medium organic carbon (0.56%) and a cation exchange capacity (CEC) of 16.21 cmol(p⁺) kg⁻¹, whereas the black soil was slightly alkaline (pH 8.12), clayey in texture, with low organic carbon (0.49%) and higher CEC (28.65 cmol(p⁺) kg⁻¹). 
Table : 1. Physico-chemical properties of the selected soil samples
	Adsorption parameter
	Red soil
	Black soil

	pH
	6.62
	8.12

	CEC (C mol (p+)/kg)
	16.21
	28.65

	Organic carbon (%)
	0.56
	0.49

	Clay (%)
	24.5
	36.2

	Silt (%)
	12.8
	16.9

	Sand (%)
	62.7
	46.9



Dissipation studies
The dissipation of topramezone in the red (Alfisol) and black (Vertisol) soils of Telangana followed a gradual decline with time, and the pattern was well described by a first-order exponential decay model, indicating that the rate of degradation was directly proportional to the amount of herbicide remaining in the soil. The initial detected amount (IDA) of topramezone, measured 2 hours after application, ranged from 90.61 in red soil and 92.12 in black soil, respectively. The residue levels declined progressively with incubation time, and after 135 days, detectable residues were 40.21 µg 10 g⁻¹ in red soil and 38.65 µg 10 g⁻¹ in black soil.
Table :  2 Amount of extractable pyrithiobac sodium at different day intervals in red and black soil samples
	Days
	Red soil
(µg /10 g soil)
	Black soil
(µg /10 g soil)

	0
	90.61
	92.12

	15
	80.12
	84.25

	30
	69.54
	73.65

	45
	60.23
	65.25

	60
	56.12
	58.65

	90
	50.74
	53.26

	120
	44.25
	46.54

	135
	40.21
	38.65


The dissipation curves generated from these data fitted best to an exponential decay model compared to linear, logarithmic, or polynomial models, with R² values exceeding 0.97 across treatments, confirming a first-order kinetic relationship as expressed by the equation
C = C₀e⁻ᵏᵗ. 
	
	

	Fig.1. Dissipation of topramezone in red and black soils






Regression of log(Cₜ/C₀) versus time yielded highly significant fits (R² >0.97) for all treatments. The dissipation equations derived for the four conditions were as follows:
Red soil (FC):   y = 87.31 e⁻⁰·⁰⁰⁵⁷x  (R² = 0.964)

Black soil (FC):  y = 89.62 e⁻⁰·⁰⁰⁶⁹x  (R² = 0.935)

The derived dissipation rate constants (k) varied between 0.0057–0.0069 day⁻¹ depending on soil type. The calculated half-lives (DT₅₀) revealed that persistence was relatively higher in red soil (DT₅₀ = 121.6 days) compared with black soil (DT₅₀ = 100.4 days). The longer DT₅₀ values under low moisture levels present in red soils indicate that microbial degradation, the dominant dissipation pathway for topramezone (US EPA, 2013), was limited under drier conditions due to reduced microbial activity.
The higher persistence in red soil compared with black soil may be attributed to its lower clay and organic carbon content, which limits microbial colonization and enzymatic degradation potential, even though sorption was relatively stronger. In contrast, the slightly higher clay in black soil may enhance microbial proliferation, promoting faster degradation. Similar soil-type effects on dissipation of HPPD-inhibiting herbicides have been reported for mesotrione and tembotrione by Pusino et al., 2010 and Hollaway et al., 2013, who observed slower degradation under dry or low-temperature conditions and more rapid loss under moist, aerobic environments.
Topramezone’s relatively prolonged persistence observed in this study is consistent with earlier reports from temperate regions, where aerobic soil half-lives ranged from 125 to 365 days depending on soil texture and organic matter (EFSA, 2014; Ramanatham et al, 2022). The persistence values obtained under Telangana conditions thus confirm its potential for carryover and residual phytotoxicity, especially in rotational crops such as pearl millet and sorghum. The findings reinforce that environmental variables, particularly soil moisture and temperature, strongly influence degradation kinetics of weakly acidic, HPPD-inhibiting herbicides (Zanella et al., 2011; Mervosh et al., 2016). Consequently, management strategies involving proper irrigation scheduling and rotation planning are essential to minimize the risk of residual injury from topramezone residues in tropical agroecosystems.
4. Conclusion

Topramezone dissipated according to first-order kinetics in both Telangana soils, with high model fit (R² > 0.97), k = 0.0057–0.0069 day⁻¹, DT₅₀ ≈ 122 days (red) and 100 days (black), and DT₉₀ ≈ 404 and 334 days, respectively. Greater persistence in the red soil indicates moisture-limited microbial degradation, whereas the black soil’s shorter half-life values reflect more favourable biodegradation conditions. Coupled with weak-acid behaviour and reduced sorption at higher pH, this kinetics imply meaningful leaching potential in neutral–alkaline soils. Management should prioritise irrigation scheduling, conservative rotation intervals for sensitive crops, and residue surveillance. GUS screening using measured DT₅₀ and Koc offers a practical, soil-specific basis for leachability risk assessment
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Red soil

Field Capacity	y = 87.316e-0.0057x
R² = 0.9709
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Black soil

Field Capacity	y = 89.262e-0.0069x
R² = 0.9778
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