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INTRODUCTION

Glyphosate (N-(phosphonomethyl) gly-
cine), is the active ingredient in herbicide for-
mulations containing it [Zhang et al., 2015]. 
Indeed, glyphosate or glyphosate formulations 
are able to kill weeds without killing their crops, 
especially annual broadleaf weeds and grass-
es known to compete with commercial crops 
grown around the globe by interfering with the 
synthesis of the aromatic amino acids [Kier and 
Kirkland, 2013; Al Rajabi and Hakami, 2014]. 
Furthermore, glyphosate formulations are cur-
rently marketed in the worldwide by many agro-
chemical companies, such as Bayer, Dow Agro 
Sciences, Syngenta, and Monsanto in different 
solution strengths and with various surfactants 
and adjuvants [Zhang et al., 2015]. Several stud-
ies have reported that the toxicity glyphosate-
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ABSTRACT
The aim of study was to determine the influence of NaCl and glyphosate-based herbi-
cide Avans Premium 360 SL on acid and alkaline phosphomonoesterase activities in 
sandy loam. The experiment was carried out in laboratory conditions on sandy loam 
with Corg content 10.90 g/kg. Soil was divided into half kilogram samples and adjusted 
to 60% of maximum water holding capacity. In the experiment dependent variables 
were: I – dosages of Avans Premium 360 SL (0, a recommended field dosage – FD, a 
tenfold higher dosage – 10 FD and hundredfold higher dosage – 100 FD), II – amount 
of NaCl (0, 3% and 6%), III – day of experiment (1, 7, 14, 28 and 56). On days of ex-
periment the activity of alkaline and acid phosphomonoesterase activity was assayed 
spectrophotometrically. The obtained result showed that the application of Avans Pre-
mium 360 SL decreased in acid and alkaline phosphomonoesterase activity in clay 
soil. Significant interaction effect between the dosage of Avans Premium 360 SL, NaCl 
amount and day of experiment was reported in the experiment. The inhibitory effect of 
Avans Premium 360 SL was the highest in soil with NaCl at the amount of 6%.
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based herbicides to environment is largely due 
to surfactants in the mixture [Moore et al., 2012; 
Uren-Webster et al., 2014].

Glyphosate is applied foliarly, but a signifi-
cant amount of this herbicide may reach the soil 
[Lane at al., 2012]. Mostly significant route of 
glyphosate degradation is decomposition of C-P 
bond, catalyzed by microbial enzymes: C-P lyase, 
phosphatases [Forlani et al., 1999].

Saline soils contain a high amount of solu-
ble salts, primarily Ca2+, Mg2+, K+, and Na+ salt 
of Cl–, NO3

–, SO4
2– and CO3

2– [Siddikee et al., 
2011]. Salts in soil have a negative impact on 
soil physical, chemical, and biological proper-
ties and can ultimately deteriorate soil quality in 
both ecological and agricultural aspects. Salinity 
detrimentally affects microbial communities and 
their activity in soils, which are important in recy-
cling of nutrients in soil, increase the fertility and 
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maintain ecological functions [Rietz and Haynes, 
2003, Telesiński et al., 2015].

The aim of study was to determine com-
bined effect of salinity and Avans Premium 360 
SL (containing ammonium salt of glyphosate in 
amounts 360 g/dm3) on soil acid and alkaline 
phosphomonoesterase activities.

MATERIAL AND METHODS

Top soil (up to 20 cm depth) samples were 
collected from Gumieniecka Plain (53°24’ N and 
14°28’ E). This field remained under convention-
al farming practices and no history of glyphosate 
application in the last 3 years The soil samples 
were sieved through a 2.0 mm mesh size to re-
move stones and plant debris. The soil was clas-
sified as sandy loam (43% fraction 1.0–0.1 mm, 
30% fraction 0.1–0.02 mm, 27% fraction < 0,02 
mm) with organic C and total N content 10.91 and 
1.39 g/kg, respectively. 

Sallow components were divided into half ki-
logram samples and adjusted to 60% maximum 
water holding capacity. In the experiment depen-
dent variables were: I – dosages of Avans Premi-
um 360 SL (0, a recommended field dosage – FD, 
a tenfold higher dosage – 10 FD and hundredfold 
higher dosage – 100 FD), II – amount of NaCl (0, 
3% and 6%), III – day of experiment (1, 7, 14, 28 
and 56). The amounts of Avans Premium 360 SL 

and ammonium salt of glyphosate added into soil 
are presented in Table 1.

Soil samples were precisely stirred and stored 
in hermetic polyethylene bags at the temperature 
of 20°C and in a dark place. On the days of exper-
iment activities of alkaline [EC 3.1.3.1] and acid 
[EC 3.1.3.2] phosphomonoesterase were assayed 
spectrophotometrically, according to the method 
of Tabatabai and Bremner (1969) in Margesin 
(1996) modification. The analyses were carried 
out using spectrophotometer UV-1800 produced 
by Shimadzu.

The effects of adding different dosages of 
Avans Premium 360 SL, different amounts of 
NaCl and day of experiment on soil phospho-
monoestserase activities was analyzed by three-
way ANOVA. To assess least significant differ-
ences (LSD), Tukey’s test was used. Differences 
with a P value of <0.05 were considered signifi-
cant. All statistics were done using Statistica 10.0 
(StatSoft).

RESULTS AND DISCUSSION

Sandy loam treatments with herbicide Avans 
Premium 360 SL and NaCl caused different 
changes of acid and alkaline phosphomonoester-
ase activities. The observed effect depended on 
herbicide dosage, amount of NaCl and day of ex-
periment (Figures 1, 2). 

Table 1. Amounts of Avans Premium 360 SL and ammonium salt of glyphosate added into sandy loam

Dosage Amount of Avans Premium 360 SL [mm3/kg] Amount of ammonium salt of glyphosate [mg/kg]

1 FD 2.60 0.94

10 FD 26.00 9.40

100 FD 260.00 94.00

Figure 1. Acid phosphomonoesterase activity (mg p-NP/kg dm/h) in sandy loam treated with herbicide 
Avans Premium 360 SL and NaCl
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A three-way ANOVA showed a significant ef-
fect of all treatments on acid and alkaline phos-
phomonoesterases at P<0.05 (Table 2). After the 
application of Avans Premium 360 SL the inhi-
bition of acid and alkaline phosphomonoesterase 
was reported. This effect increased with increase 
of herbicide decrease (Table 3). Inhibitory effect 
of glyphosate-based formulations on enzymes 
involved in phosphorus metabolism in soil was 
noted in previous studies [Sannino and Gianfre-
da, 2001; Płatkowski and Telesiński, 2015a; 
Płatkowski and Telesiński, 2015b]. Speir and 

Ross [1978] indicate that inhibition of phospho-
monoesterases due to the presence in the glypho-
sate molecule phosphonate group. Moreover, 
according Ying et al. [2011] acid phosphomono-
esterase activity could be used as an indicator of 
microbial glyphosate biodegradation. However, 
stimulation of phosphomonoesterases in soil with 
glyphosate was also observed by Nakatani at al. 
[2014] and Cherni et al. [2015].

Treatments with sodium chloride in amount 
of 6% decreased activity of phosphomonoes-
terases (Table 3). Other researchers also indi-

Figure 2. Alkaline phosphomonoesterase activity (mg p-NP/kg dm/h) in sandy loam treated with herbicide 
Avans Premium 360 SL and NaCl

Table 2. F-statistics of three-way ANOVA of the effects of Avans Premium 360 SL, NaCl and day of experiment 
on phosphomonoesterase activities in sandy loam

Source of variation DF MS F

Acid phosphomonoesterase

Dosage of herbicide (A) 3 1554.07 117.18*

Amount of NaCl (B) 2 2404.36 181.30*

Day of experiment (C) 4 6895.72 519.97*

A × B 6 324.84 24.48*

A × C 12 192.84 14.54*

B × C 8 726.35 54.77*

A × B × C 24 104.18 7.86*

Error 120 13.26 –

Alkaline phosphomonoesterase

Dosage of herbicide (A) 3 5321.16 58.83*

Amount of NaCl (B) 2 14571.95 161.10*

Day of experiment (C) 4 4180.13 46.21*

A × B 6 294.34 3.25*

A × C 12 3237.53 35.79*

B × C 8 2079.09 22.00*

A × B × C 24 670.84 7.42*

Error 120 90.45 –

* significant at P<0.05.
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cated, that under laboratory conditions, salinity 
negatively influenced enzyme activity in soil, al-
though the level of inhibition varied depending 
on the kind of analyzed enzyme and soil type 
[Ahmad and Khan, 1988; Rietz and Haynes, 
2003; Telesiński 2012]. Inhibition of enzyme 
activity in saline soils could be due to the os-
motic dehydration of the microbial cells that 
liberate intracellular enzymes, which become 
vulnerable to the attack by soil proteases, with 
a consequent decrease in enzyme activity. The 
salting-out effect modifies the ionic conforma-
tion of the protein-enzyme active site, and spe-
cific ionic toxicity causes nutritional imbalance 
for microbial growth and subsequent enzyme 
synthesis [Telesiński et al. 2015]. However, the 
application of NaCl in the amount of 3% caused 
a significant increase of acid phosphomonoes-
terase activity in soil (Table 3).

These findings were also expressed by a sig-
nificant interaction effect of dosage of Avans 
Premium 360 SL vs. NaCl amount. Further, 
there was a significant interaction effect between 
herbicide dosages and salinity vs. day of experi-
ment (Table 2). In soil with NaCl, especially 
at amounts of 6% the decrease effect of Avans 
Premium 360 SL on phosphomonoesterases was 
mainly higher than in soil without salt. Telesiński 
et al. [2015] found that soil salinity intensified the 
negative effect of cadmium on phosphomonoes-
terases activity in the sandy loam.

Table 3. Mean activity of phosphomonosterases in sandy loam treated with Avans Premium 360 SL and NaCl

Factor Acid phosphomonoesterase 
[mg p-NP/kg dm/h]

Alkaline phosphomonoesterase
[mg p-NP/kg dm/h]

Dosage of Avans Premium SL

0 101.50 d 332.07 c

1 FD 97.11 c 325.58 b

10 FD 92.74 b 321.70 b

100 FD 87.80 a 306.46 a

Amount of NaCl

0 97.26 b 329.00 b

3% 99.51 c 331.83 b

6% 87.95 a 303.53 a

Day of experiment

1 77.93 a 330.14 c

7 85.81 b 330.96 c

14 114.02 e 304.88 a

28 95.86 c 317.29 b

56 100.31 d 323.99 c

Values denoted by the same letters within a column do not differ statistically.

CONCLUSIONS

1.	 Application of glyphosate-based herbicide 
Avans Premium 360 SL decreased acid and al-
kaline phosphomonoesterase activity in sandy 
loam.

2.	 Significant interaction effect between the dos-
age of Avans Premium 360 SL, NaCl amount 
and day of experiment was reported in the ex-
periment. Application of NaCl in the amount 
of 3% increased acid phosphomonoesterase 
activity. The effect of the day of experiment 
was unclear.

3.	 The inhibitory effect of Avans Premium 360 
SL was the highest in soil with NaCl at the 
amount of 6%.
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