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Dissipation of Pyrithiobac-Sodium at Different Soil Moisture regimes in cotton growing soils of Telangana State, India.
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ABSTRACT

	Pyrithiobac-sodium, a selective post-emergence herbicide used in cotton, is weakly acidic and highly water soluble, making its dissipation strongly dependent on soil type and moisture regime. The present study evaluated the degradation and dissipation of pyrithiobac-sodium under varying soil moisture levels in red and black soils of Telangana State, India. Representative red and black soils were collected, air-dried, and analysed for their physico-chemical properties. The red soil was neutral, sandy loam, low in organic carbon, and had a CEC of 15.91 cmol(p⁺) kg⁻¹, whereas the black soil was slightly alkaline, clayey, medium in organic carbon, and had a CEC of 24.2 cmol(p⁺) kg⁻¹. The dissipation study was conducted under controlled incubation at 27±0.2°C for 135 days at two moisture regimes, viz. field capacity (FC) and 50% field capacity (FC₅₀). Pyrithiobac-sodium was applied at a 10 µg/ml, and residues were quantified at periodic intervals using a validated high-performance liquid chromatography (HPLC–UV) method with analytical recovery of 85.2–90.6%. The initial detected amount (IDA) two hours after application ranged between 90.21 and 93.21 µg 10 g⁻¹ soil. Dissipation followed first-order kinetics with exponential decay (R² > 0.98). Half-lives (DT₅₀) were 46.2 and 53.3 days in red soil and 57.8 and 63.0 days in black soil at FC and FC₅₀, respectively. Dissipation was slower under low moisture and in black soil, indicating higher sorption and reduced bioavailability. Pyrithiobac-sodium exhibited moderate persistence, with soil moisture and texture as the primary controlling factors.
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1. INTRODUCTION
The fate of soil-applied herbicides has gained increasing research attention due to concerns about residual toxicity and persistence in agricultural ecosystems. Persistence determines not only the duration of herbicidal efficacy but also the potential for carryover effects on succeeding crops and the risk of environmental contamination. Conventional methods of assessing persistence through periodic residue analysis are largely empirical, time-consuming, and often inadequate to predict herbicide behaviour under diverse field conditions. In this context, the modelling approach developed by Walker (1974), based on laboratory incubation studies under defined temperature and moisture conditions, marked a significant advancement by enabling prediction of pesticide residue dynamics in field environments.
Chemically, pyrithiobac-sodium (sodium 2-chloro-6-[(4,6-dimethoxy-2-pyrimidinyl)thio]benzoate) belongs to the ALS-inhibiting group and is used to control broadleaf weeds in cotton. It is distinct in being applicable both pre- and post-emergence and was among the first highly selective herbicides permitted in India for post-emergence application for broad-leaf control in cotton. The period during which a herbicide remains biologically active is critical for achieving effective weed control while minimizing phytotoxicity to rotational crops and ecological hazards. The environmental fate of such herbicides depends upon processes governing their retention, transformation, and transport within the soil. Weakly adsorbed herbicides are particularly vulnerable to leaching and runoff losses, which can lead to groundwater contamination (Guerra et al., 2013).
The present study focuses on the persistence and dissipation behaviour of pyrithiobac-sodium, a selective post-emergence herbicide extensively used by cotton growers in Telangana state under varied soil and climatic conditions, for which limited literature is available under Indian situations. Pyrithiobac-sodium is a weak acidic herbicide (pKa 2.34) with very high aqueous solubility (705 g L⁻¹ at pH 7 and 264 g L⁻¹ at pH 5) and a molecular weight of 326.4 g mol⁻¹. At typical soil pH values above 5, it exists mainly as a singly charged anion, resulting in poor sorption on soil colloids. Due to this ionic nature and high solubility, sorption has little influence on its mobility in most cotton growing soils (Baskaran and Kennedy, 1999; Matocha et al., 1999).
Several studies have reported that pyrithiobac residues may persist and cause carryover injury to rotational crops in soils with higher clay content and lower pH, conditions that suppress microbial degradation (Webster and Shaw, 1996; Smith et al., 2005). As microbial degradation is the principal mechanism of dissipation, the herbicide tends to persist longer under low temperature and low moisture conditions that reduce microbial activity and enzymatic processes. Phytotoxic symptoms in sensitive crops such as maize, sorghum, and soybean have been observed in seasons following pyrithiobac use, particularly when applied as a pre-plant incorporation at excessive doses. Such carryover effects are more pronounced in fine-textured soils, where reduced aeration and strong binding of herbicide molecules limit biodegradation (Webster and Shaw, 1996).
Laboratory and field studies have demonstrated that the dissipation of pyrithiobac-sodium follows microbial degradation pathways, with reported half-lives (DT₅₀) ranging between 11 and 46 days, depending on temperature, soil type, and moisture regime (Singles et al., 2002). Sharma et al. (2016) reported that microbial metabolism of pyrithiobac-sodium generated several minor metabolites and results in up to 60% non-extractable residues, reflecting moderate persistence and rapid transformation in biologically active soils. Regulatory agencies, including the U.S. Environmental Protection Agency (2017) and the Australian Pesticides and Veterinary Medicines Authority (APVMA, 1996), classify pyrithiobac-sodium as slightly to moderately persistent but highly mobile, indicating its potential leaching risk in alkaline or low-organic-matter soils.
Despite its widespread use in Indian cotton systems, detailed studies on the degradation and dissipation behaviour of pyrithiobac-sodium in Indian soils are scarce, particularly under the contrasting soil and climatic conditions in which cotton is grown in Telangana State (Adare et al 2016). Dominant soils in Telangana include red soils (sandy loam, low in organic carbon and CEC) and black soils (high in smectitic clay, alkaline pH, and high CEC) exhibit significant differences in water-holding capacity, microbial activity, and sorption characteristics. These differences, coupled with the semi-arid climate marked by alternating wet and dry seasons, can substantially influence the persistence, bioavailability, and transport of pyrithiobac-sodium. Moreover, soil moisture plays a critical role in regulating both microbial and physicochemical transformation processes; however, systematic information on its influence on pyrithiobac behaviour Telangana cotton growing soils is lacking.
The present experiment was undertaken to study the effect of varying soil moisture levels on the rate of degradation and persistence of pyrithiobac-sodium in two contrasting soil types. The specific objectives were to (i) determine the dissipation kinetics of pyrithiobac-sodium under controlled moisture regimes, (ii) estimate the half-life (DT₅₀) and rate constants (k) under laboratory incubation, and (iii) examine the relationship between soil physico-chemical properties and dissipation behaviour. 

2. material and methods 

Soil Analysis for Physical, Chemical and Physico-Chemical Properties
The collected soil samples representing red and black soils were air-dried, gently crushed, and passed through a 2 mm sieve prior to analysis. The physico-chemical characterization of the soils was carried out to determine the soil properties influencing the adsorption and dissipation behaviour of pyrithiobac-sodium. The soil reaction (pH) and electrical conductivity (EC) were measured in a 1:2.5 soil–water suspension using standard procedures. The organic carbon content (%) of the soils was determined following the rapid titrimetric method proposed by Walkley and Black (1934).
CEC of the soils, was estimated following the procedure described by Richards et al. (1954) using ammonium acetate (1 N, pH 7.0). These baseline data were used to interpret the relationship between soil properties and the sorption–desorption behaviour and dissipation kinetics of pyrithiobac-sodium under varying soil environments.
Soil dissipation studies of Pyrithiobac sodium
The dissipation behaviour of pyrithiobac-sodium in soil was studied under controlled laboratory conditions using red and black soils representative of the cotton-growing regions of Telangana. Air-dried soil samples were ground gently, passed through a 2 mm sieve, and spread uniformly on clean polythene sheets prior to treatment. A standard stock solution of pyrithiobac-sodium (10 µg mL⁻¹) was prepared by dissolving the analytical-grade herbicide in methanol. A measured quantity of this solution (10 mL) was applied uniformly to each soil sample to achieve the desired initial herbicide concentration. The treated soil was thoroughly mixed to ensure homogenous distribution, and the methanol was allowed to evaporate completely under ambient conditions before incubation.
From the treated bulk soil, 10 g aliquots were weighed into individual polythene bags, which were subsequently adjusted to two different moisture regimes: field capacity 100% and 50% of field capacity by adding predetermined quantities of distilled water. The bags were then sealed to minimize moisture loss and incubated at a constant temperature of 27±0.2°C. Simultaneously, duplicate soil blanks (without herbicide application) were maintained under identical conditions to serve as controls.
Soil samples were withdrawn at regular intervals of 0, 15, 30, 45, 60, 75, 90, 120, and 135 days after treatment to determine the residual concentration of pyrithiobac-sodium. At each sampling, the herbicide residues were extracted and quantified following the high-performance liquid chromatography (HPLC–UV) method described by Sumpter and Peterson (1994). The analytical method exhibited a limit of detection (LOD) of 0.007 mg kg⁻¹ and a limit of quantification (LOQ) of 0.020 mg kg⁻¹. The mean recovery of pyrithiobac-sodium from soil samples spiked at known concentrations ranged from 85.2% to 90.6% in both red and black soils, confirming the reliability and reproducibility of the analytical procedure.
Kinetic Analysis of Dissipation Data
The degradation kinetics of pyrithiobac-sodium in soil were evaluated by fitting the residue data to a first-order kinetic model, which assumes that the rate of dissipation is directly proportional to the concentration of the herbicide remaining in the soil at a given time. The dissipation process was mathematically expressed by the equation:
Ct=C0e−kt
where C₀ is the initial concentration of pyrithiobac-sodium in the soil (mg kg⁻¹), Cₜ is the concentration remaining at time t (days), and k is the first-order rate constant (day⁻¹).
For linearization, the equation was transformed into logarithmic form as:
log Ct = log C0 − (kt /2.303)​
A plot of log(Cₜ) versus time (t) yielded a straight line, from which the slope (-k/2.303) was used to calculate the degradation rate constant (k). The half-life (DT₅₀), representing the time required for 50% dissipation of the initial concentration, was computed using the relationship:
DT50 = 0.693/k​
The goodness of fit of the model was evaluated using the coefficient of determination (R²), and only those regressions with R² values above 0.90 were considered statistically acceptable. Comparative evaluation of k and DT₅₀ values under different soil types (red and black) and moisture regimes (field capacity and 50% field capacity) provided insights into the influence of soil properties and moisture content on the dissipation dynamics of pyrithiobac-sodium.
3. results and discussion

The red soil was neutral in reaction (pH ~7.0) with sandy loam texture, low organic carbon content, and a cation exchange capacity (CEC) of 15.91 cmol(p⁺) kg⁻¹. In contrast, the black soil was slightly alkaline (pH ~7.8), with higher clay content, medium organic carbon status, and a CEC of 24.2 cmol(p⁺) kg⁻¹. These inherent variations in soil properties significantly influenced the extent of pyrithiobac-sodium dissipation.
Physico-chemical properties of the selected soil samples

	Adsorption parameter
	Red soil
	Black soil

	pH
	6.72
	7.58

	CEC (C mol (p+)/kg )
	17.82
	23.18

	Organic carbon (%)
	0.39
	0.44

	Clay (%)
	20.2
	34.5

	Silt (%)
	14.2
	18.5

	Sand (%)
	65.6
	47.0



Dissipation behaviour of Pyrithiobac-Sodium in Soils
The amount of pyrithiobac-sodium extractable from soil at different incubation periods is presented in Table 1 and 2. The initial detected amount (IDA) of pyrithiobac-sodium, estimated two hours after application, was 93.21 µg 10 g⁻¹ and 90.21 µg 10 g⁻¹ in red soil, and 91.12 µg 10 g⁻¹ and 92.21 µg 10 g⁻¹ in black soil, at field capacity (FC) and 50 % field capacity (FC₅₀), respectively. Dissipation of pyrithiobac-sodium was monitored up to 135 days after incubation (DAI). By the end of the incubation period, the extractable residues decreased substantially, with residual concentrations ranging from 15.21 µg 10 g⁻¹ and 14.32 µg 10 g⁻¹ in red soil and 15.87 µg 10 g⁻¹ and 14.54 µg 10 g⁻¹ in black soil at FC and FC₅₀, respectively.
Table 1. Amount of extractable pyrithiobac sodium at different day intervals,moisture 
levels µg /10 g soil in red soil sample 
	Days
	Field Capacity
	50% Field Capacity

	0
	93.21
	90.21

	15
	76.21
	70.54

	30
	60.21
	53.56

	45
	45.21
	44.12

	60
	37.12
	36.47

	90
	28.12
	25.11

	120
	17.45
	17.48

	135
	15.21
	14.32



Table 2. Amount of extractable pyrithiobac sodium at different day intervals, 
moisture levels µg/10 g soil in black soil sample
	Days
	Field Capacity
	50% Field Capacity

	0
	91.12
	92.21

	15
	75.12
	73.26

	30
	58.45
	54.21

	45
	44.55
	42.21

	60
	35.14
	32.25

	90
	24.33
	23.21

	120
	19.12
	16.54

	135
	15.87
	14.54


The pattern of pyrithiobac-sodium dissipation at different soil moisture regimes is illustrated in Figures. 1 and 2. Several mathematical models viz., linear, polynomial, logarithmic, and exponential were evaluated for fitting the dissipation data. Among them, the exponential model best described the decline in herbicide concentration over time in both soil types and moisture levels, as indicated by higher coefficients of determination (R² > 0.98). The dissipation of pyrithiobac-sodium followed a first-order kinetic model as mentioned below.
	
	

	Fig. 1. Persistence and dissipation pattern of pyrithiobac sodium in red soil


	
	

	Fig. 2.Persistence and dissipation pattern of pyrithiobac sodium in black soil


The best-fit exponential equations describing pyrithiobac-sodium dissipation were:
Red soil (FC):			y = 89.57 e⁻⁰·⁰¹⁵x (R² = 0.993)
Red soil (50 % FC):			y = 84.44 e⁻⁰·⁰¹³x (R² = 0.994)
Black soil (FC):			y = 85.48 e⁻⁰·⁰¹²x (R² = 0.985)
Black soil (50 % FC):		y = 83.91 e⁻⁰·⁰¹¹x (R² = 0.984)

The corresponding half-life (DT₅₀) and DT₉₀ values were computed using the relationship:
DT50 = 0.693/kd
Based on the calculated kd values, the DT₅₀ for red soil was 46.2 days at field capacity and 53.3 days at 50 % FC. For black soil, the DT₅₀ values were 57.8 days at field capacity and 63.0 days at 50 % FC. These results clearly indicate that dissipation was slower under reduced moisture regimes in both soils, highlighting the significance of soil water content in microbial degradation processes. The prolonged half-life under low moisture (50 % FC) conditions demonstrates the herbicide’s potential for carryover and persistence, posing a possible risk to rotational crops if residues exceed threshold levels (Webster and Shaw, 1996; Smith et al., 2005).
Influence of Soil Properties
The two experimental soils exhibited distinct physico-chemical properties influencing herbicide dissipation. The red soil was neutral in reaction, had sandy loam texture, low organic carbon content, and a cation exchange capacity (CEC) of 15.91 cmol(p⁺) kg⁻¹. In contrast, the black soil was slightly alkaline, contained higher clay, medium organic carbon, and higher CEC (24.2 cmol(p⁺) kg⁻¹). The water-holding capacity at field capacity and 50 % field capacity was 14 % and 7 %, respectively, in red soil and 20 % and 10 %, respectively, in black soil.
The slower degradation rate and longer persistence of pyrithiobac-sodium in black soil can be attributed to its higher clay content and greater CEC, which likely increased sorption and reduced the bioavailability of the herbicide to degrading microorganisms. Similar findings were reported by Baskaran and Kennedy (1999) and Matocha et al. (1999), who observed that pyrithiobac-sodium exhibited low adsorption coefficients (kd = 0.22–0.59 L kg⁻¹) but sorption increased with organic matter and smectitic clay content. Similar results were reported in tomato growing soils of Telangana state for dissipation of metribuzin (Saritha et al 2017). The higher persistence under lower moisture conditions corroborates the results of Singles et al. (2002) and Sharma et al. (2016), who reported that microbial degradation is the primary dissipation mechanism and is markedly slowed when soil moisture and temperature are sub-optimal.
Overall, the dissipation data confirm that pyrithiobac-sodium undergoes first-order degradation in both red and black soils, with moisture and soil type being key determinants of its persistence. Under the semi-arid climatic conditions of Telangana, low soil moisture and alkaline pH may prolong the environmental half-life of the herbicide, increasing the risk of residual carryover and necessitating judicious application scheduling in cotton-based cropping systems.
4. Conclusion

Pyrithiobac-sodium exhibited first-order dissipation kinetics in both red and black soils of Telangana, with persistence strongly influenced by soil type and moisture content. The herbicide dissipated more rapidly under field capacity moisture, while reduced moisture levels significantly prolonged its half-life. Black soil, with higher clay and cation exchange capacity, showed greater sorption and slower degradation than red soil. Overall, pyrithiobac-sodium displayed moderate persistence and low adsorption, suggesting potential mobility under coarse-textured conditions and possible carryover under dry conditions. These findings highlight the need for moisture-based management to ensure safe and effective herbicide use in cotton-based systems. 
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Red soil-Field Capacity
Field Capacity	y = 89.572e-0.015x
R² = 0.9935
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Black soil-FC
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Black soil -50% FC
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