
INTRODUCTION
Glyphosate [IUPAC: N-(fosfon-metil)-glicin] is nonselective herbicide from the class of phosphonate. Glyphosate is strong and specific inhibitor of enzyme 5-

enolpyruvylshikimate 3-phosphate (EPSP) synthase. Glyphosate is weak acid and has four acid dissociation constant: two for the phosphate groups (pKa1. pKa3), one for

amino group (pKa4) and one for carboxyl group (pKa2), where pKa2. pKa3 and pKa4 are values determined by various analytical methods such as potentiometric titration

(Madsen, et al., 1978. Barja and Dos Santos Afonso, 1998), nuclear magnetic resonance NMR (Appleton, et al., 1998) and infrared spectroscopy FTIR. The acidic constants of

dissolution are pKa1=2.22; pKa2=5.44 and pKa3=10.13 (Borggaard and Gimsing, 2008). Molecule of glyphosate at higher pH of water is mostly negatively charged. On the

other side, in most of the natural water there are ions with positive (cations) as well as with negative electrification (anions), and the most important ones are: calcium (Ca++),

magnesium (Mg++), sodium (Na+), sulfate (SO4
-), chloride (C1-) and bicarbonate bikarbonati (HCO3

-). Small amounts of potassium (K+), iron (Fe++, Fe+++), nitrate (NO3
-) or the

other ions can be present (Petroff, 2003). Hard water which contains high level of cations of Ca, Mg, Na or Fe can reduce the efficacy of some herbicides of weak acids such as

glyphosate, dicamba, 2.4-D (Hull et al.,1982). Ions Mg2+ whose concentration can be particularly high in the river water can have negative effect on the performance of

glyphosate (Thelen et al., 1995). Water that contains 200 mg/L CaCO3 can cause the problems if it is used to dissolve the pesticides. The higher level of hardness of water that

is used as herbicide solvent is 300 mg/L (McDougall, 2012). Water containing a lot of calcium and magnesium can decrease the efficacy of glyphosate. When AMS was

included in spray mixtures, no differences were observed at 600 mg CaCO3 L−1. compared with distilled water. Ammonium nitrate can increase the efficacy of the glyphosate at

many weed plants.

CONCLUSIONS

Results of the research confirmed that biological activity of glyphosate significantly depends on the characteristics of water. It is found that by increasing the concentration of magnesium

(Mg), carbonate hardness (CaCO3) and total water hardness it would be necessary to increase the concentration for glyphosate necessary to achieve the particular effect at the test plant. It all

points out that in practice the chemical characteristics of water which is used for solution of the herbicides of weak acids must be considered.
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MATERIALS AND METHODS

The effect of water on the effective concentration of glyphosate was examined by the method of bioassay. The herbicide glyphosate is used as commercial formulation

CLINIC, containing 480 g·L-1 of the isopropylamine salt of glyphosate and is formulated as soluble concentrate (SL). Variety of wheat BELIJA is used for the experiment. In

the paper, three types of water are used for making solution: spring water, tap water and distilled water (Table 1). The effect of the herbicide glyphosate on the mass of the

wheat seedlings is researched.

RESULTS

Table 1. Physical and chemical characteristics of water 

Parameter Unit
Measured values

SW1 SW2 SW3 TW DW

pH pH unit 7.15 7.15 7.12 7.19 7.12

Water electrical conductivity µS·cm-1 370 371 370 371 371

Calcium, Ca mg·L-1 109.3 148.5 81.6 78.3 1.6

Magnesium, Mg mg·L-1 15.5 5.8 34.8 14.5 <0.1

Carbonate hardness (CaCO3) mg·L-1 309.0 378.8 368.8 229.3 24.9

Total water hardness mg·L-1 334.6 393.4 341.8 252.8 3.6

Legend: SW1. SW2. SW3= spring water; TW= tap water; DW= distilled water

Glyphosate is used in the following volume concentrations of the formulation

Clinic: 0.00015; 0.00023; 0.00034; 0.00051; 0.00076 % that is in the mass

concentration of glyphosate from 720, 1080, 1620, 2430 and 3645 µg/L. The

weight of the seedlings is taken as the biometric indicator, separated on the weight

of root and weight of shoot. Wheat seeds are germinated on the filter paper in the

Petri dish in the dishes with the diameter of 95 mm. In each of the dishes there

were 30 grains of wheat and 5 mL of the working herbicide solution. Germination

is preceded in the thermal chamber on the temperature of 22˚C for six days. On

the sixth day, it was done the separation of the over ground part and root and the

remaining grains (seed coat and endosperm). After the final separation, the weight

of the shoot and the root is measured. The measurements are done on the technical

balance scale with the precision of 0.001 g.

During the short bioassay in five types of water, test plant is exposed to the doses of glyphosate from 720 µg/l to 3645 µg/l of water. The respond of test plant grown in five

different types of water to the effect of glyphosate was emphasized depending on both the concentration of glyphosate and the characteristics of water where glyphosate is

dissolved in. Regression dependence of weight of wheat shoot on logarithm of glyphosate mass concentration is shown in graph 1. Regression dependence of weight of wheat

seedlings on logarithm of glyphosate mass concentration is shown in graph 2. Indicators of the regression function and effective concentrations (EC) of glyphosate for the

weight of the shoot (SW) are shown in table 3. Indicators of the regression function and effective concentrations (EC) of glyphosate for the weight of roots (RW) are shown in

table 4.

Table 3. Effective concentration of glyphosate for shoot of wheat (ECShoot) and 

regression parameters

Water Effective concentration of glyphosate EC50Shoot (µg/L) (±SE) 

SW1 EC50Shoot(SW1)= 3085.99 µg/L (±350.24 µg/L)

SW2 EC50Shoot(SW2)= 2916.73 µg/L (±143.89 µg/L)

SW3 EC50Shoot(SW3)= 3114.83 µg/L (±328.44 µg/L)

TW EC50Shoot(TW)= 2571.97 µg/L (±102.08 µg/L)

DW EC50Shoot(DW)= 2251.99 µg/L (±294.42 µg/L)

EC50Shoot= Effective concentration of glyphosate on which the weight of the

shoot is reduced by 50%

Table 4. Effective concentration of glyphosate for root of wheat (ECRoot) and 

regression parameters

Water Effective concentration of glyphosate EC50Root (µg/L) (±SE) 

SW1 EC50Root(SW1)=2793.56 µg/L (±289.10 µg/L)

SW2 EC50Root(SW2)=1571.49 µg/L (±508.29 µg/L)

SW3 EC50Root(SW3)=2551.47 µg/L (±520.54 µg/L)

TW EC50Root(TW)=2209.73 µg/L (±353.41 µg/L)

DW EC50Root(DW)=1240.24 µg/L (±173.77 µg/L)

EC50Root= Effective concentration of glyphosate on which the weight of the

root is reduced by 50%

Percieving the influence of water on the effective concentration of glyphosate is done by linear correlation which is shown in table 5.

Table 5. Correlation matrix between effective concentration of glyphosate and chemical characteristics of water

Effective concentration (µg/L) Ca Mg Carbonate hardness (CaCO3) Total water hardness

EC50Shoot

r 0.759 0.694 0.922* 0.897*

p 0.137 0.193 0.026 0.039

EC10Shott

r 0.568 0.923* 0.856 0.808

p 0.318 0.025 0.067 0.098

EC50Root

r 0.373 0.777 0.577 0.296

p 0.537 0.123 0.309 0.296

EC10Root

r 0.095 0.892* 0.417 0.387

p 0.879 0.041 0.486 0.527

r= The linear correlation coefficient; *=statistical significance (p<0.05)

Effect of glyphosate on wheat seedlings depending on the 

characteristics of the water

Graph. 1. Regression dependence of weight of wheat shoot on 

logarithm of glyphosate concentration

Graph. 2. Regression dependence of weight of wheat root on the logarithm of 

glyphosate concentration
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