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Impact of soil properties on persistence of herbicides: A 

review 

 
Bhawna Babal, MK Sharma, Hemali Bijani and VK Phogat 

 
Abstract 
Use of herbicides in modern agriculture is increasing due to scarcity of labour, options in time of 

application of herbicides and reliable control of weeds. But their excessive and repetitive use may lead to 

Phyto-toxicity in crops, residual effect on succeeding crops and health hazards to human and livestock 

populations, due to accumulation of residues in soil, crop produce and groundwater. Therefore, there is a 

need to monitor herbicide residues in crop produce to assess build-up, bio-magnification and bio-

accumulation to avoid their adverse effects. When a herbicide is applied to a soil, a number of processes 

immediately start to remove it. Its persistence, however, depends upon soil properties and climatic 

conditions. Among soil properties, pH, temperature, moisture, organic carbon content, microbes and 

texture play major role in degrading herbicides. The present review aims to provide a better insight on the 

effect of different soil properties on persistence of herbicides by examining the vast literature. 
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1. Introduction 

Understanding herbicides degradation in soils is a key for assessing their persistence and risks 

of their transfer in the environment. Usually, degradation studies carried out in the field are 

considered relevant for their integrating of the effects of the entire uncontrolled phenomena 

causing degradation of the applied herbicides in soil. After application, the herbicide may 

dissipate through volatilization (Stranberg and Scott-Fordsmand, 2004) [40], 

photodecomposition (Sondhia, 2012) [33], leaching and runoff (Weber et al., 2006; Kocarek et 

al., 2016) [42, 16]. The amount of herbicide which has not volatilized and photodecomposed 

degrades physically, chemically or get metabolized in soil or subject to leaching (Lee et al., 

2000). Mineralisation is considered as the last step of pesticide degradation leading to its 

complete removal from the soil.  

Under given climatic conditions, the persistence of herbicides in soil is affected by surface 

mulch, texture, organic matter content, pH, temperature, moisture, and types and abundance of 

microorganisms in soil. 

  

2. Effect of soil properties on persistence of herbicides 

The literature effect of soil properties and surface residues (mulch) on persistence of 

herbicides has been reviewed and presented under the following heads: 

 

2.1 Surface mulch: The crop residues on soil surface led to interception of applied herbicides, 

particularly, apolar or low polarity herbicides like pendimethalin (Zablotowicz et al., 2000) [43]. 

The interception may sometimes be negligible (Banks and Robinson, 1982) but more often 

ranges from 40 to 70% of the applied dose of pre-emergence herbicides depending on the 

amount and type of crop residues (Sadeghi and Isensee, 1997) [27]. Based on the nature of 

herbicide, this interception may generate photodegradation (Selim et al., 2003) [28]. Crop 

residues may also limit soil aeration slowing down the activities of microorganisms involved 

in herbicide degradation (Sorenson et al., 1991) [39]. Herbicide once intercepted by the mulch 

may be washed easily and reach the soil surface on first rainfall depending upon the intensity 

of rainfall (Alister et al., 2009) [1]. Therefore, the timing between herbicide application and first 

rainfall event strongly influences the quantity of herbicides reaching the soil surface under CA 

systems (Isensee and Sadeghi, 1994) [12].  

 

2.2 Texture: The soil texture largely influences organic matter, aeration, temperature, 

moisture and infiltration of soil. 
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The rate of degradation of herbicides decreases with increase 

in the fineness of soil texture (Dharumarajan et al., 2008) [6]. 

Coarse-textured soils promote leaching of the applied 

herbicides to deeper depths as compared to medium or fine-

textured depending upon the time and intensity of the rainfall 

received after their application (Sondhia, 2007) [34]. Freundlich 

and Langmuir adsorption isotherms found to describe the 

adsorption and desorption behaviour of pretilachlor in 

different textured soils (Kaur et al., 2016) [14]. They reported 

adsorption in the order of clay loam>sandy loam>loamy sand 

while it was reversed in case of desorption. It was found that 

adsorption is mainly governed by the clay content whereas 

desorption is largely controlled by organic matter content in 

soils. Similar results were also reported by Sondhia (2014a) 

[37]. They reported higher persistence of cyhalofop-butyl in 

clayey than sandy clay loam soil. Some of the herbicides have 

also been reported to leach under irrigation or higher intensity 

rainfall just after the application of the herbicide (Sondhia, 

2009) [36]. Heavier soil (clay loam) found to transmit 

metsulfuron to a deeper depth in the soil profile as compared 

to light textured soil (sandy loam) owing to better aggregation 

and consequently resulted in retention of applied herbicide for 

a longer period.  

  

2.3 Organic carbon content: In general, adsorption of most 

of the herbicides in soil increases with increase in clay and 

organic carbon contents but at the same time the organic 

matter also influences the microbial population in soil which 

play a major role in degradation of herbicides in soil (Gomez 

et al., 2014) [9]. The nature of organic matter fractions and 

their reactivity towards herbicides are influenced by the type 

of tillage (agricultural system) and nature of crop residues. 

Higher organic carbon in surface soil result in higher 

persistence of herbicides in surface as compared to lower 

depths in soil (Ulbrich et al., 2005) [41]. Fuscaldo et al. (2016) 

[8] identified soil organic matter as a major contributor to 

persistence of herbicide as compared to other properties of 

soil. Positive correlation has been reported between the 

organic matter content and persistence of herbicides in soil 

(Maheswari and Ramesh, 2007; Janaki et al., 2013; 

Rajasekharam and Ramesh 2015) [18, 13, 25]. However, addition 

of FYM at the rate of 10 t ha-1 decreased the half-lives of 

herbicides by 5.84 days (Sondhia, 2014b) [38]. 

 

2.4 Moisture content: Higher soil moisture content decreases 

the hydrophobicity of organic compounds and their access to 

sorption sites in soil resulting in decreased herbicide 

retention/ persistence (Ochsner et al., 2006; Dharumarajan et 

al., 2008; Sireesha, 2011) [20, 6, 32]. Higher moisture in soil has 

been reported to decrease the degradation of pendimethalin 

and oxyfluorfen in sandy loam soil of Chile (Alister et al., 

2009) [1]. Half-life of terbuthylazine found to decrease with 

increase in moisture to a certain level in mineral (50% of field 

capacity) as well as in organic soil (80% of field capacity) 

(Shahid and Teoh, 1994) [29]. Mobility and persistence of 2, 4-

D was also found to be dependent on soil water content 

(Gupta et al. 2012). Faster degradation of herbicides was 

reported under flooded anaerobic conditions than aerobic 

(Singh and Kulshrestha, 1995; Goyal and Phogat, 2003) [30, 10].  

 

2.5 Temperature: Persistence is, generally, inversely related 

to the soil temperature (Raut and Kulshrestha 1991) [26]. The 

degradation of pendimethalin found to increase with increase 

in soil temperature (Sireesha, 2011) [32]. Brar et al., (2006) [4] 

reported that the persistence of sulfosulfuron herbicide 

applied to sandy loam soil decreased with increase in 

temperature from 15 to 35 ºC. Pahwa and Bajaj (1997) [21] also 

found positive correlation between temperature and 

persistence of pendimethalin and trifluralin in soil. 

 

2.6 pH: There are controversial results on the effect of pH on 

persistence of herbicides. In some cases, higher pH was found 

to increase the persistence of herbicides. Brar et al. (2006) [4] 

reported higher persistence in sandy loam soil of Hisar having 

pH 8.1 as compared acid clay loam soil of Palampur (pH 5.1). 

Similarly, higher pH (>7.0) was found to slow down the 

degradation of sulfonylurea herbicides (Paporisch et al., 

2020) [22]. Singh and Kulshreshta (2006) [31] found the 

persistence of triasulfuron to be lower with increase in acidity 

of soil. The dissipation of metsulfuron-methyl was faster in 

acidic silty loam soil as compared to high pH soil (Paul et al., 

2009) [23]. In some other studies, the persistence of herbicides 

increased at lower pH values of the soil (Grey et al., 1997) [11]. 

The persistence of imidazolionone herbicides was higher 

under pH<7.0 (Neina, 2019) [19]. In general, herbicides having 

pH close to the pH of soil are strongly retained, not subjected 

to leaching. 

 

2.7 Soil microorganisms: A large portion of the applied 

herbicide accumulates in surface soil where most of the 

microbiological activities occur. The population of 

microorganisms (bacteria, fungi, actinomycetes) considered 

efficient in herbicide degradation, is also observed higher in 

the surface layer, particularly, under conservation agriculture 

systems than that under conventional agricultural systems, 

and their population increases as the degree of tillage is 

reduced (Kabir, 2005). Microorganisms degrade a variety of 

carbonaceous substances including the accumulated 

herbicides in soil and utilize them as a source of energy for 

metabolic activities and physiological processes (Bera et al., 

2013) [3], which inturn maximizes microbial population in 

rhizosphere. Some herbicides, like pendimethalin, serves as a 

good C and N source for soil microorganisms (Qiu et al., 

2009) [24]. Among microorganisms, actinomycetes have better 

ability to utilize pendimethalin under controlled conditions 

(Kocarek et al., 2016) [16]. Kulshreshta and Singh (2006) [17] 

evaluated the role of soil microbes in degradation of 

pendimethalin under both aerobic and anaerobic conditions. 

They found relatively higher degradation by microbes (t1/2: 

33.4 days) under anaerobic conditions as compared to aerobic 

conditions (t1/2: 52.2 days). Under sterilized conditions, the 

degradation of pendimethalin becomes slower under aerobic 

conditions than anaerobic. In a laboratory study, faster 

degradation of atrazine was reported in non-autoclaved soil 

than in the autoclaved (Ke-Bin et al., 2008) [15]. 

 

3. Conclusion 

The literature reviewed suggests that the persistence of 

herbicides is largely controlled by soil properties besides 

climatic factors. Among the soil properties, the degradation of 

herbicides decreases with increase in fineness of the texture 

and organic carbon content. Soil moisture and temperature 

play an important role. Higher moisture and temperature 

increase the degradation of the applied herbicides and hence 

decreases persistence. The soil pH may have both positive and 

negative effects on persistence depending upon the pH of the 
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herbicide. Most of the herbicides serve as substrate for 

microbial growth and hence are degraded or transformed into 

some other products by microorganisms present in the soil. In 

addition, the annual variability in climatic conditions may 

also cause variation in field studies hiding the effects 

governed by agricultural systems, and even lead to 

contradictory conclusions depending on the year. The 

literature emphasizes the importance of location specific field 

studies for better understanding of herbicide behavior and 

persistence in soil. 

 

4. References 

1. Alister AA, Gomez PA, Rojas S, Kogan M. 

Pendimethalin and oxyfluorfen degradation under two 

irrigation conditions over four years of application. 

Journal of Environmental Science and Health Part B: 

Pesticides, Food Contaminants, and Agricultural Wastes. 

2009;44:337-343. 

2. Alletto L, Coquet Y, Benoit D, Barriuso E. Tillage 

management effects on pesticides fate in soils. A review. 

Agronomy for Sustainable Development 2010; 30: 367-

400. 

3. Bera S, Ghosh RK. Soil microflora and weed 

management as influenced by atrazine 50% WP in 

sugarcane. Universal Journal of Agricultural Research 

2013;1:41-47. 

4. Brar AP, Punia SS, Yadav A, Malik RK. Effect of pH on 

degradation of sulfosulfuron in soil. Indian Journal of 

Weed Science. 2006;38:115-118. 

5. Dao TH. Field decay of wheat straw and its effects on 

metribuzin and S-ethyl metribuzin sorption and elution 

from crop residues. Journal of Environmental Quality. 

1991;20:203-208. 

6. Dharumarajan S, Sankar R, Basakar A, Kumar K. 

Persistence of pretilachlor in coastal rice ecosystem. 

Pesticide Research Journal. 2008;20:273-274. 

7. Farlin J, Gallé T, Pittois D, Braun C, Khabbaz HE, 

Lallement C, et al. Using the long-term memory effect of 

pesticide and metabolite soil residues to estimate field 

degradation half-life and test leaching predictions. 

Geoderma 2013;144:15-24. 

8. Fuscaldo F, Bedmar F, Monterubbianesi G. Persistence 

of atrazine, metribuzin and simazine herbicides in two 

soils. Pesquisa Agropecuaria Brasileira 2016;51:2037-

2044. 

9. Gomez I, Rodriguez-Morgado B, Parrado J, Garcia C, 

Hernandez T, Tejada M. Behavior of oxyfluorfen in soils 

amended with different sources of organic matter. Effects 

on soil biology. Journal of Hazardous Materials. 

2014;273:207-14. 

10. Goyal V, Madan VK, Phogat VK. Persistence of 

trifluralin in soils under intermittent and continuous 

ponding condition. Pesticide Research Journal. 

2003;15:181-184. 

11. Grey TL, Walker RH, Wehtje GRH, Hancock HG. 

Sulfentrazone adsorption and mobility as affected by soil 

and pH. Weed Science. 1997;45:733-738. 

12. Isensee AR, Sadeghi AM. Effects of tillage and rainfall 

on atrazine residue levels in soil. Weed Science. 

1994;42:462-467. 

13. Janaki P, Rathika S, Chinnusamy C, Prabhakaran NK. 

Field dissipation of metamitron in soil and sugar beet 

crop. Bulletin of Environmental Contamination and 

Toxicology. 2013;90:116-119. 

14. Kaur P, Kaur P, Singh K, Kaur M. Adsorption and 

desorption characteristics of pretilachlor in three soils of 

Punjab. Water, Air, & Soil Pollution. 2016;227:376-386. 

15. Ke-Bin LI, Cheng JT, Xiao-Fang WA, Ying ZH, Wei-

Ping LI. Degradation of herbicides atrazine and 

bentazone applied alone and in combination in soils. 

Pedosphere. 2008;18:265-72. 

16. Kocarek M, Artikov H, Vorisek K, Boruvka L. 

Pendimethalin degradation in soil and its ineration with 

soil microorganisms. Soil and Water Research. 

2016;11:213-219. 

17. Kulshreshta G, Singh SB. Influence of soil moisture and 

microbial activity on pendimethalin degradation. Bulletin 

of Environmental Contamination and Toxicology. 

2006;68:269-274. 

18. Maheswari ST, Ramesh A. Adsorption and degradation 

of sulfosulfuron in soils. Environmental Monitoring and 

Assessment. 2007;127:97-103. 

19. Neina D. The role of soil pH in plant nutrition and soil 

remediation. Applied and Environmental Soil Science. 

2019, 1-9.  

20. Ochsner TE, Stephens BM, Koskinen WC, Kookana RS. 

Sorption of a hydrophilic pesticide: effects of soil water 

content. Soil Science Society of America Journal. 

2006;70:1991-1997. 

21. Pahwa SK, Bajaj K. Persistence of trifluralin and 

pendimethalin in soils incubated at different temperature. 

Indian Journal of Weed Science. 1997;29:178-182. 

22. Paporisch A, Laor Y, Rubin B, Eizenberg H. Effect of 

repeated application of sulfonylurea herbicides on 

sulfosulfuron dissipation rate in soil. Agronomy. 

2020;10:1724.  

23. Paul R, Sharma R, Kulshrestha G, Singh SB. Analysis of 

metsulfuron-methyl residues in wheat field soil a 

comparison of HPLC and bioassay technique. Pest 

Management Science. 2009;65:963-968. 

24. Qiu Y, Pang H, Zhou Z, Zhang P, Feng Y, Sheng GD. 

Competitive biodegradation of dichlobenil and atrazine 

coexisting in soil amended with a char and citrate. 

Environmental Pollution. 2009;157:2964-2969. 

25. Rajasekharam C, Ramesh A. Sorption characteristics and 

persistence of herbicide bispyribac-sodium in different 

global soils. Chemosphere 2015;138:932-939. 

26. Raut AK, Kulshrestha G. Persistence of fluazifop-p-butyl 

in an inceptisol. Pesticide Research Journal. 1991;3:67-

72. 

27. Sadeghi AM, Isensee AR. Alachlor and cyanazine 

persistence in soil under different tillage and rainfall 

regimes. Soil Science. 1997;162:430-438. 

28. Selim H, Zhou L, Zhu H. Herbicide retention in soil as 

affected by sugarcane mulch residue. Journal of 

Environmental Quality 2003;32:1445-1454. 

29. Shahid IB, Teoh SS. Persistence of terbuthylazine in 

soils. Bulletin of Environmental Contamination and 

Toxicology. 1994;52:226-230. 

30. Singh SB, Kulshrestha G. Degradation of fluchloralin in 

soil under predominating anaerobic conditions. Journal of 

Environmental Science and Health Part B: Pesticides, 

Food Contaminants, and Agricultural Wastes 

1995;30:307-319. 

31. Singh SB, Kulshreshta G. Soil persistence of triasulfuron 

herbicide as affected by biotic and abiotic factors. Journal 

http://www.thepharmajournal.com/


 
 

~ 466 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
of Environmental Science and Health Part B: Pesticides, 

Food Contaminants, and Agricultural Wastes 

2006;41:635-645. 

32. Sireesha A, Rao PC, Rao PV, Swapna G, Ramalakshmi 

CS. Persistence of pendimethalin and oxyfluorfen at 

different temperature and moisture levels in an alfisol and 

vertisol. Indian Journal of Weed Science. 2011;43:181-

187. 

33. Sondhia S. Dissipation of pendimethalin in soil and its 

residues in chickpea (Cicer arietium L.) under field 

conditions. Bulletin of Environmental Contamination and 

Toxicology. 2012;89:1032-1036. 

34. Sondhia S. Evaluation of leaching potential of 

pendimethalin in clay loam soil. Pesticide Research 

Journal. 2007;19:119-121.  

35. Sondhia S. Herbicides residues in soil, water, plant and 

non-targetted organism and human health implications: 

An Indian perspective. Indian Journal of Weed Science. 

2014;46:66-85. 

36. Sondhia S. Leaching behaviour of metsulfuron in two 

texturally different soils. Environmental Monitoring and 

Assessment. 2009;154:111-115. 

37. Sondhia S. Soil adsorption studies of a rice herbicide, 

cyhalofop-butyl, in two texturally different soils of India. 

Environmental Monitoring and Assessment. 

2014a;186:5969-5976. 

38. Sondhia S. Herbicides residues in soil, water, plant and 

non-targetted organism and human health implications: 

An Indian perspective. Indian Journal of Weed Science. 

2014b;46:66-85. 

39. Sorenson BA, Shea PJ, Roeth FW. Effects of tillage, 

application time and rate on metribuzin dissipation. Weed 

Research. 1991;31:333-345. 

40. Stranberg M, Scott-Fordsmand JJ. Effects of 

pendimethalin at lower tropic levels-a review. 

Ecotoxicology and Environmental Safety. 2004;57:190-

201. 

41. Ulbrich AV, Souza JRP, Shaner D. Persistence and 

carryover effect of imazapic and imazapyr in Brazilian 

cropping systems. Weed Technology. 2005;19:986-991. 

42. Weber JB, Taylor KA, Wilkerson GG. Soil and herbicide 

properties influenced mobility of atrazine, metolachlor, 

and primisulfuron-methyl in field lysimeters. Agronomy 

Journal. 2006;98:8-18.  

43. Zablotowicz RM, Locke MA, Gaston LA, Bryson CT. 

Interactions of tillage and soil depth on fluometuron 

degradation in a Dundee silt loam soil. Soil and Tillage 

Research. 2000;57:61-68. 

http://www.thepharmajournal.com/

