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Abstract: Herbicides application in agriculture has increased over the last 30 years, triggered by the 

persistence and emerging new invasive weeds. Glyphosate, the most widely used herbicide in the 

world, is often used to control invasive weeds. In this study, we analyzed glyphosate effects on 

agricultural soil properties when it was applied to control the invasive grass giant reed (Arundo 

donax L.). The study was conducted in four areas in Spain. Glyphosate was applied at 10 L/ha. Pre-

liminary sampling was conducted in order to determine the initial soil properties and six months 

after, soil samples were taken to determine the changes in the structural and chemical properties 

(mg HCO3/kg, mg CO3/kg, Kjeldahl nitrogen, organic and ammoniacal nitrogen, soil texture, pH, 

conductivity, dissolved oxygen and total K, Mg, Na, P), including glyphosate soil concentration. 

The results showed that there were not significant changes in the physical and chemical soil pa-

rameters which would influence the composition of these environments. However, it is necessary 

to study in deep other areas of the pesticide’s evaluation, in order to safeguard that its application 

does not pose an unacceptable risk to human or animal health or the environment, as established in 

the European regulation for the authorization of plant protection products (Regulation (EC) nº 

1107/2009) and the Directive of Sustainable Use of Pesticides (Directive 2009/128/EC). 
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1. Introduction 

Glyphosate is a derivative of the amino acid glycine, with phosphoric acid attached 

to the radical amino. It is an acid and is used in the form of salt (isopropylamine). It is a 

non-selective herbicide, wide spectrum, post-emerging nature (post birth). Glyphosate is 

absorbed by the foliage and from there it is translocated to the entire plant, roots and 

leaves. Its non-selective nature is due to the fact that most plants either metabolize it very 

slowly or do not degrade it [1]. It works by inhibiting the enzyme 

3-enolpyruvyl-shechymate-5 phosphate synthetase (EPSPS), the psychic acid pathway, 

which causes the accumulation of psychic acid and its derivatives (only in plant cells). 

The inhibition of this enzyme also affects protein synthesis, affecting growth, resistance 

to diseases. 

The inactivation of glyphosate in the soil is done in two ways, adsorption and min-
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eralization. Mineralization is the main dissipation mechanism of the herbicide in the soil. 

Glyphosate is rapidly adsorbed to soil particles where its activity is limited, while free 

glyphosate is rapidly degraded by microorganisms. 

The main breakdown metabolite of glyphosate is aminomethylphosphoric acid 

(AMPA) (Fig. 1). Once in the soil, the AMPA is adsorbed. Eventually AMPA breaks down 

to water, carbon dioxide, ammonium, and phosphate. 

 

  

Figure 1. Glyphosate molecular structure and its main metabolites.  

The following information regarding its persistence and degradability in the soil is 

extracted from the safety data sheet for glyphosate: 1. Microbial biodegradation is com-

plete, forming natural compounds: CO2, H2O, N and phosphates, and 2. It is strongly 

adsorbed in the soil, so it does not leach, its half-life being more than 60 days. 

High adsorption means low mobility and low persistence, the period of activity of 

glyphosate in the medium is relatively low. Its persistence in the soil, according to stud-

ies, is up to 60 days; in sediment it is somewhat older, about 120 days. Glyphosate is a 

highly polar herbicide, very soluble in water and insoluble in most organic solvents. 

Once in the soil, its degradation is essentially microbial. Between pH 7 and 9, the 

glyphosate molecule has two negative charges. It has a great capacity to form very stable 

complexes with trivalent metal ions such as ferric iron and aluminum, but also with di-

valent ions such as copper and zinc and to a lesser extent with calcium and magnesium.  

The purpose of this study is to characterize the previous state of the soil in terms of 

the composition and the physico-chemical characteristics of those plots under study, 

where the chemical treatment with glyphosate has been applied to control the invasive 

plant Arundo donax L. (Giant reed) [2,3], as well as the characterization after its applica-

tion with in order to study the possible short-term effects, establishing a pattern of be-

havior of the herbicide in the soil through the interactions that could occur between 

glyphosate with the elements present in it. 

2. Materials and Methods 

2.1. Samplig and Data collected: 

Glyphosate was applied at 10 L/ha. Preliminary sampling was conducted in order to 

determine the initial soil properties and six months after, soil samples were taken to de-

termine the changes in the structural and chemical properties (mg HCO3/kg, mg CO3/kg, 

Kjeldahl nitrogen, organic and ammoniacal nitrogen, soil texture, pH, conductivity, dis-

solved oxygen and total K, Mg, Na, P), including glyphosate soil concentration. Soil and 

sediment sampling was carried out according to the following guidelines and standards 

described in the Norma EN‐ISO 5667‐12 (1995). “GUIDANCE ON SAMPLING OF 

BOTTOM SEDIMENTS”, ISO 5667‐15 (1999): Guidance on preservation and handling of 

sludge and sediment samples, ISO/AWI 5667‐15: Guidance on preservation and handling 

of sludge and sediment samples, Methods Manual for Bottom Sediment Sample Collec-

tion (Palmer:1985), Sediment sampling quality assurance. User’s Guide (Barth and Starks: 

1985) and EPA (1994): “COMPLIANCE INSPECTION MANUAL”. 
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Soil and sediment data collected: Basic physical/chemical properties of soils and 

sediments: granulometry, pH and conductivity. Organic matter: the organic load of the 

soil / sediment were analyzed. Kjeldahl Nitrogen (NKT), Total Phosphorus (PT): basic 

forms of nutrients. Only on the soil: Sodium (Na), Potassium (K) and Magnesium (Mg): 

the basic ions for plant growth were analyzed, as they are micronutrients. Carbonates 

and bicarbonates were analyzed to know the hardness of the soil. Glyphosate was ana-

lyzed by Gas Chromatography and Mass Spectrometry (CG-MS). The Gas Chromatog-

raphy - Mass Spectrometry (CG-MS) coupling is a powerful tool for the analysis of com-

plex samples since it is based on the possibility of separating molecular species according 

to their mass. 

2.2. Study area: 

The study was conducted in four areas in Spain located in the East (Fig. 2), con-

cretely in soils close to riparian zones due to the species A. donax invades mainly this kind 

of fluvial ecosystems. 

 

 
 

Figure 2. Location of the areas studied in the East of Spain. 

3. Results 

3.1. Characterization of the medium before the herbicide application 

After analyzing the physical-chemical parameters stipulated according to the nature 

of the samples, whether soil or sediment, the results obtained in campaign 1 are pre-

sented below (Table 1): 

Table 1. Results of the physic-chemical analyzes carried out on the soil and sediments of the studied sections, before the 

herbicide application. 

 

 

Parameter 

 

 

Unit 

 

Location Río Ber-

nisa‐Palma 

de Gandia 

 

Location Río Cañoles ‐ 

Montesa 

 

Location Río Cañoles‐ 

Xàtiva 

 

Location Río Mijares‐ 

Espadilla 

Soil Sediment Soil Sediment Soil Sediment Soil Sediment 

Bicarbonate mg HCO3/Kg 500 ‐ 51320 ‐ 33230 ‐ 1630 1340 

Carbonate mg CO3/Kg 1300 ‐ 255000 ‐ 198000 ‐ 3000 2000 

Conductivity 25ºC microS/cm 115 210 186 689 222 242 413 506 

Total phosphorus mg/Kg 8127 5030 285 415 231 257 422 141 

Total magnesium mg/Kg 26080 ‐ 19740 ‐ 22160 ‐ 15480 10170 

Organic material % 3,1 3,8 5,9 8,4 5,0 3,8 3,3 1,3 

Kjeldahl Nitrogen mgN/Kg 500 703 2023 2067 1781 903 1525 31114 

pH ud. pH 8,8 8,0 7,6 8,4 8,5 8,6 7,4 9,5 
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Total potassium mg/Kg 4982 ‐ 7323 ‐ 9097 ‐ 7542 2458 

 
Total sodium 

 
mg/Kg 

 
905 

 
‐ 

 
923 

 
‐ 

 
703 

 
‐ 

 
831 

 
421 

Results obtained for the physical-chemical parameters analyzed for each of the 

points studied before (C1) and after glyphosate application (C3), as well as the percent-

age of variation between campaigns: 

Table 2. Results of the physic-chemical analyzes carried out on the soil and sediments on Río Bernisa‐Palma de Gandia. 

 

Parameters 

 

Units 

Location: Río Bernisa‐Palma 

de Gandia 

Soil Sediment 

C1 C3 % variation C1 C3 % variation 

Bicarbonate gHCO3/Kg 0,5 38,4 >100 ‐ ‐  

Carbonate gCO3/Kg 1,3 175 >100 ‐ ‐  

Conductivity 25ºC mS/cm 0,115 1,29 >100 0,21 1,14 >100 

Total phosphorus g/Kg 8,127 0,239 ‐97,1 5,03 0,227 ‐95,5 

Total magnesium % 3,1 4 29,0 3,8 12,5 >100 

Organic material gN/Kg 0,5 4,195 >100 0,703 7,324 >100 

Kjeldahl Nitrogen ud. pH 8,8 7,0 ‐20,5 8,0 7,5 ‐6,3 

pH mg/Kg 4982 4892 ‐1,8 ‐ ‐  

Total potassium mg/Kg 905 546 ‐39,7 ‐ ‐  

 

Total sodium 

mg/Kg 26080 25260 ‐3,1 ‐ ‐ 
 

Table 3. Results of the physic-chemical analyzes carried out on the soil and sediments on Cañoles ‐ Montesa. 

 

Parameters 

 

Units 

Location: Cañoles ‐ Montesa 

Soil Sediment 

C1 C3 % variation C1 C3 % variation 

Bicarbonate g HCO3/Kg 51,32 52,1 1,5 ‐ ‐  

Carbonate g CO3/Kg 255 166 ‐34,9 ‐ ‐  

Conductivity 25ºC mS/cm 0,186 1,758 >100 0,689 1,449 >100 

Total phosphorus g/Kg 0,285 0,168 ‐41,1 0,415 0,289 ‐30,4 

Organic material % 5,9 2,8 ‐52,5 8,4 3,4 ‐59,5 

Kjeldahl Nitrogen gN/Kg 2,023 3,412 68,7 2,067 7,59 >100 

pH ud. pH 7,6 7,3 ‐3,9 8,4 7,6 ‐9,5 

Total potassium mg/Kg 7323 3358 ‐54,1 ‐ ‐  

Total sodium mg/Kg 923 556 ‐39,8 ‐ ‐  

Total magnesium mg/Kg 19740 19330 ‐2,1 ‐ ‐  

Table 4. Results of the physic-chemical analyzes carried out on the soil and sediments on Cañoles ‐ Xátiva. 

 

Parameters 

 

Units 

Location: Cañoles‐ Xàtiva 

Soil Sediment 

C1 C3 % variation C1 C3 % variation 

Bicarbonate g HCO3/Kg 33,23 42,5 27,9 ‐ ‐  

Carbonate g CO3/Kg 198 182 ‐8,1 ‐ ‐ 
 

Conductivity 25ºC mS/cm 0,222 1,625 632,0 0,242 1,15 375,2 

Total phosphorus g/Kg 0,231 0,337 45,9 0,257 0,28 8,9 

Organic material % 5,0 3,8 ‐24,0 3,8 < 2 ‐ 

Kjeldahl Nitrogen gN/Kg 1,781 3,921 120,2 0,903 5,95 558,9 
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pH ud. pH 8,5 6,8 ‐20,0 8,6 7,2 ‐16,3 

Total potassium mg/Kg 9097 8039 ‐11,6 ‐ ‐  

Total sodium mg/Kg 703 657 ‐6,5 ‐ ‐  

Total magnesium mg/Kg 22160 19930 ‐10,1 ‐ ‐  

Table 5. Results of the physic-chemical analyzes carried out on the soil and sediments on Río Mijares-Espadilla. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the concentration of glyphosate present in the soil and sediment, after 6 

months of the application, the results obtained are presented in the table 6. Glyphosate 

concentration was the same before and after pesticide application. 

Table 6. Results of the analysis of glyphosate concentration in soils and sediments. 

Before glyphosate application After glyphosate application 

 

Soil Sediment 
 

Soil Sediment 

Glyphosate concentration (mg/Kg) 
Glyphosate concentration 

(mg/Kg) 

Glyphosate concentration 

(mg/Kg) 

Glyphosate concentration 

(mg/Kg) 

< 0,025 < 0,025 < 0,025 < 0,025 

4. Discussion and conclusions 

We can conclude that both in the soil and sediment, values of glyphosate were be-

low the detection limit. Regarding the magnitude of the effect on the glyphosate appli-

cation, no considerable changes were observed that could imply an affection or a varia-

tion in the structural characteristics and the physical-chemical properties on soils or 

sediments analyzed. It has been found that the trend of the results obtained between the 

two campaigns (before and after pesticide application) is consistent with the theoretical 

principles in reference to the properties of glyphosate [1,4]. Expected variations of the 

analyzed parameters have occurred in terms of the physical-chemical changes that oc-

curred in response to the application of glyphosate in the medium due to its high ad-

sorption attracted by the electrical charges of the soil particles. As explained, glyphosate 

has a high solubility in water. In the case of reaching the river water with sediments, it 

will be easily adsorbed by these and degraded by microbial action. This solubility in 

water makes it very sensitive to washing by rain, so the absence of precipitation in the 

Parameters 
 

Units 

Location: Río Mijares‐ Es-

padilla 

Soil Sediment 

C1 C3 % variation C1 C3 % variation 

Bicarbonate g HCO3/Kg 1,63 0,91 ‐44,2 1340 ‐ ‐ 

Carbonate g CO3/Kg 3 281 9266,7 2000 ‐ ‐ 

Conductivity 25ºC mS/cm 0,413 0,101 ‐75,5 0,506 0,1018 ‐79,9 

Total phosphorus g/Kg 0,422 0,212 ‐49,8 0,141 0,109 ‐22,7 

Organic material % 3,3 4 21,2 1,3 <2 ‐ 

Kjeldahl Nitrogen gN/Kg 1,525 3,425 124,6 31,114 0,72 ‐97,7 

pH ud. pH 7,4 7,1 ‐4,1 9,5 6,8 ‐28,4 

Total potassium mg/Kg 7542 4873 ‐35,4 2458 ‐ ‐ 

Total sodium mg/Kg 831 510 ‐38,6 421 ‐ ‐ 

Total magnesium mg/Kg 15480 9080 ‐41,3 10170 ‐ ‐ 
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12-24 hours following the treatment is essential to ensure its effectiveness and avoid the 

occurrence of a washing by leaching into the soil, precaution that must be taken into ac-

count considering the composition of the sampled soils and their behavior: mainly sandy 

soils that do not retain water. Despite this, it has been found 6 months after the applica-

tion presence of glyphosate in the soil or sediment is practically absent. 
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