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ABSTRACT 
 

The present study aims to analyse the interaction of 2, 4-D and glyphosate under 
the influence of ¼ EC50, ½ EC50 and EC50 doses. EC50 doses of herbicides were 
estimated by the mortality percentage of fungal cells as colony forming unit (CFU g-1) 
counted after supplementing Potato Dextrose Agar (PDA) medium with different 
concentrations of 2, 4-D and glyphosate, PDA was also supplemented with 
streptomycin to suppress the bacterial activity.   Microbial activity was measured in 
terms of microbial biomass carbon, phosphorus and acid phosphatase. The results 
showed that 2, 4-D administration   greatly reduced microbial carbon by about -
8.51% (¼ EC50), -15.95% (½ EC50) and -36.17% (EC50) respectively. Whereas 
microbial phosphorus (-8.03%, -23.17% and -30.94%) acid phosphatase (-3.86%, -
15.63% and -44.59%) and alkaline phosphatase (-15.19%, -15.20% and-20.79%) get 
reduced in order of ¼ EC50, ½ EC50 and EC50 respectively. In contrast to the 2, 4-D, 
glyphosate showed enhancement in all the three parameters. Here microbial carbon 
(+2.12%, +13.19% and +27.65%), microbial phosphorus (+7.79%, +36.57% and 
+67.32%) and acid phosphatase (+2.77%, +13.00% and +21.79%) get enhanced but 
alkaline phosphatase (-9.6%,-12.00% and -13.59%) showed reduction in order of ¼ 
EC50, ½ EC50 and EC50 respectively.         

Key Words : 2, 4-D, Glyphosate,  Soil microbial carbon, Phosphorus, Acid 
phosphatase enzyme. 

 
INTRODUCTION 

The use of chemicals, including 
pesticides, has become an integral and 
economically essential part of modern 
agriculture. Pesticides are often applied 
several times during one growing season and 

a part of the materials applied always reaches 
to the soil. In the soil, pesticides may be 
involved in several processes such as 
retention, transformation and transport, the 
intensity of which could affect the potential 
activity of agrochemicals1. Furthermore, 
pesticides may influence more or less the 
biological activity of a soil, these may * Author for correspondence 
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involve influences on soil processes such as 
energy flow and nutrient cycling, influencing 
the fertility of the soil system 2. Soil enzymes 
are undoubtedly one of the main components 
in participating to and assuring the correct 
and integrated sequence of all the 
biochemical routes, presents in soil 
biogeochemical cycles3. Enzymes 
accumulated in soil are free enzymes such as 
exoenzymes released from living cells, 
endoenzymes released from disintegrated 
cells and enzymes bound to cell constituents4. 
Numerous studies have been published on 
use of enzyme activity as an index of soil 
productivity or microbial activity5-7.  

The purpose of the present study was to 
investigate the effect of 2, 4-D and 
glyphosate on the activity of phosphatase 
enzyme and biomass carbon and phosphorus 
in soil. Both herbicides are widely used as a 
weedicide to kill the unwanted grass. 
Phosphatase enzyme was chosen because it 
plays a key role in the phosphorus cycle and 
has great affinity with soil biomass. 

MATERIAL AND METHODS   
Soil and Site details 

The soil used in this experiment was 
sandy loam it was collected from cultivated 
land near Kanya Gurukul Mahavidhyalaya, 
Haridwar, (INDIA) Soil was not treated with 
any kind of herbicide. Soil was collected 
from the top 5 to 20cm. layers and sieved 
through a 0.5 mm. screen. For microbial 
respiration soil was air dried and placed in to 
plastic bags and wetted to 25% (w/v) 
moisture. The samples were kept for five 
days under aerobic, humid condition at room 
temperature. The soil temperature was 
measured using a mercury thermometer and 
found 28±2ºC. Soil pH and electrical 
conductivity were 7.60 and 0.057 mhos cm-1 
respectively measured in 1:5 ratio of soil, 
water extract after shaking for 30 min.  
Moisture content was 8% on a dry weight 
basis. Organic matter was8  found as 

1.5327%. We take three concentrations of 2, 
4-D as EC50 (effective concentration 50) 
(138), ½ EC50. (69), and ¼ EC50 (34) mg l-1 
Similar trend was performed for Glyphosate, 
concentrations were EC50 (219), ½ EC50 
(110), ¼ EC50 (55) mg l-1. EC50 dose of both 
herbicides were estimated by the mortality 
percentage of fungal cells as Colony 
Forming Unit (CFU g-1) counted after 
supplementing Potato Dextrose Agar (PDA) 
medium with different concentrations of 2,  
4-D and Glyphosate  PDA was also 
supplemented with streptomycin, to suppress 
the bacterial activity. EC50 was evaluated by 
the Probit method10. 

Biomass carbon 
Biomass carbon was measured by the 

fumigation incubation method 11. Briefly 
weighed portion of moist soil were put into a 
desiccator containing wet filter paper and 
alcohol free liquid chloroform (CHCl3). The 
desiccator containing CHCl3 was kept at 
25ºC for 18-24 hours until the fumigated soil 
was required for chemical analysis. Control, 
non-fumigated soil was treated similarly 
except that the desiccator containing no 
CHCl3 and was not evacuated. After 18-20 
hours the CHCl3 was subsequently removed 
the entire vapor from the fumigated soil. The 
biomass carbon was estimated by the 
subtracting CO2-C produced by un-fumigated 
soil from CO2-C produced by fumigated soil. 

Biomass phosphorus 
Microbial phosphorus was also measured 

using the fumigation-extraction technique12. 
After being fumigated with chloroform in the 
dark for 24 hour wet soil.  Microbial P was 
calculated as 2.5 x Ep,  

Ep = [(F/U) / (S/U)] x 25 
Where F is the extractable phosphate in 

fumigated soil, U is the extractable 
phosphate   in non-fumigated soil, and S is 
the extractable phosphate in non-fumigated 
soil with phosphate addition. 
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Acid and Alkaline  phosphatase enzyme 
Phosphatase activity was determined by 

using p- nitrophenyl phosphate disodium 
(PNPP, 0.1M). The amount of PNP was 
determined using a spectrophotometer at 398 
nm13. 

RESULTS AND DISCUSSION 
Soil pH: In general the value of soil pH 

was minimum in 2, 4-D and Glyphosate 
treatments as compared to control soil. In 2, 
4-D treatments a pH value was drastically 
inhibited by the dose applications, it may be 

due to acid property of 2, 4-D herbicide. 
From the result reported in Table 1 it is 
evident that the soil pH was drastically 
declined in the presence of both herbicides 
though to a different degree because of the 
different chemical nature and concentrations 
used. Infect the reduction in ¼ EC50 
treatment was minimum than ½ EC50 and 
EC50 doses in both the test conditions, pH 
recorded was 5.6 (¼ EC50), 5.5(½ EC50) and 
5.3 (EC50) in 2, 4-D treated samples, whereas 
glyphosate showed moderate acidic pH as 
6.8 ( ¼ EC50), 6.6 ( ½ EC50) and 6.4 (EC50). 

Table 1 : The values of pH in 2, 4-D and Glyphosate administered samples (The values 
are mean ± S.E.  For 3 observations each) 

Herbicides 
concentrations  (mg l-1) 

pH 
2, 4-D Glyphosate 

0 7.6±0.05 7.6±0.05 
¼ EC50 5.6±0.15 6.8±0.02 
½ EC50 5.5±0.05 6.6±0.08 

EC50 5.3±0.01 6.4±0.07 
 

Effect of 2, 4-D 
Soil microbial biomass carbon : The 

activity of biomass carbon was higher in 
control as compared to the 2, 4-D treatments. 
2, 4-D drastically inhibited microbial 
biomass carbon with respect to the control 
treatment.   It was evident from the Table 2 
that decrease in biomass carbon was directly 
proportional to the concentrations of 2, 4-D 
used. All the concentrations showed 
statistically significant decreases in biomass 
‘C’. It showed greater response (430 µg g-1) 
in ¼ EC50 treatments as compared to other 
treatments. While the treatments ½ EC50 and 
EC50 showed relatively lower values as 395 
µg g-1 and 300 µg g-1 respectively.  

Soil microbial phosphorus : Microbial 
phosphorus showed similar trend like the 
biomass ‘C’. As the concentrations of 2, 4-D 
increases the microbial phosphorus 

decreases. There was a significant reduction 
in microbial phosphorus in all the treatments 
Higher phosphorus (41.99 µg g-1) was in ¼ 
EC50 dose as compared to the other 2, 4-D 
treatments, but was slightly less to the 
control soil (45.66 µg g-1). Whereas 
treatments ½ EC50 and EC50 contributing 
35.08 µg g-1 and 31.53 µg g-1 microbial 
phosphorus.  

Acid and Alkaline phosphatase : Acid 
phosphatase activity was also inhibited in the 
presence of ¼ EC50, ½ EC50 and EC50 of 2, 4-
D .Acid phosphatase was maximum (144.27 
µg PNPP g-1) in control soil as compared to 
the 2, 4-D treatments. Whereas treatment  
¼ EC50 showed  the similar trend like the 
microbial carbon and phosphorus, it was less 
affects the phosphatase activity (138.69 µg 
PNPP g-1) as compared to the treatments  
½ EC50   (121.72 µg PNPP g-1) and EC50 
(79.94 µg PNPP  g-1). Alkaline phosphatase 
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activity was higher in control (41.66 µg 
PNPP g-1). 2, 4-D reduces the  alkaline 

phosphatase insignificantly, reduction was  
higher in EC50 (33.00 µg PNPP g-1). 

Table 2 : Values of Microbial Carbon, Phosphorus and phosphatase. 

Herbicides 
concentrations 

(mg l-1) 

Microbial 'C' 
(µg g-1) 

Microbial 'P' 
(µg g-1) 

Acid 
phosphatase 
(µg PNPP g1) 

Alkaline 
phosphatase 
(µg PNPP g1) 

2, 4-D (P<0.01) (P<0.01) (P<0.05) ns 

0 470.00 45.66 144.27 41.66 

¼ EC50 
430.00*** 
(-8.51%) 

41.99* 
(-8.03%) 

138.69ns 
(-3.86%) 

35.33 
(-15.19%) 

½ EC50 
395.00*** 
(-15.95%) 

35.08*** 
(-23.175) 

121.72* 
(-15.63%) 

35.00 
(-15.20%) 

EC50 
300.00*** 
(-36.17%) 

31.53*** 
(30.94%) 

79.94*** 
(-44.59%) 

33.00 
(-20.79and) 

Glyphosate (P<0.01) (P<0.01) (ns) (ns) 

¼ EC50 
480.00ns 

(+2.12%) 
49.22* 

(+7.79%) 
148.30 ns 

(+2.77%) 
37.66 

(-15.15%) 

½ EC50 
532.00*** 
(+13.19%) 

62.36*** 
(+36.575) 

163.03 ns 

(+13.00%) 
36.66 

(-12.00%) 

EC50 
600.00*** 
(27.65%) 

76.40*** 
(+67.32%) 

175.71 ns 

(21.79%) 
36.00 

(-13.59%) 

 *, **, *** Indicate least significant difference at 0.05%, 0.01% and 0.001% level.  
Effect of Glyphosate 

Soil microbial biomass carbon : In 
contrast with the 2, 4-D, glyphosate showed 
greater increases in microbial carbon as the 
concentrations of herbicide increases. 
Enhancement was +2.12%, +13.19% and 
+27.65% in order of ¼ EC50, ½ EC50 and 
EC50. Higher doses like EC50 (600 µg g-1) 
and ½ EC50 (532 µg g-1) were statistically 
significant, although ¼ EC50 (480 µg g-1) was 
found more than control but was not 
statistically significant.    

Soil microbial phosphorus : The 
glyphosate concentrations used were induces 
the microbial phosphorus. It was evident 
from the Table 2 that EC50 accounting 76.40 

µg g-1 of phosphorus, ½ EC50 (62.36µg g-1) 
which were found statistically significant. 
Although ¼ EC50 (49 µg g-1) also showed 
higher content of microbial phosphorus than 
control, this differences was not significant.  

Acid and Alkaline phosphatase : In the 
present study it was noticed that phosphatase 
activity was directly proportional to the 
concentrations of glyphosate used.  Each 
concentration showed different impact on 
acid phosphatase activity. Maximum 
increment in the activity was observed with 
EC50 (175 µg PNPP g-1) with +21.79%.  

Whereas the ½ EC50 and ¼ EC50 treatments 
contributing 163.03 (µg PNPP 137g-1) and 
143.30 (µg PNPP g-1) respectively, with an 
increment of +13.00% and +2.77%. In 
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contrast to the acid phosphatase, alkaline 
phosphatase showed reduction insignificantly 
which was different from the control. 
Reduction was more in EC50 (36 g PNPP g-1) 
and ½ EC50 (36.66 g PNPP g-1) than ¼ EC50 
(37.66 g PNPP g-1).    

RESULTS AND DISCUSSION 
The results of the present study shows 

that 2, 4-D  inhibit microbial indicator 
(Microbial C, Microbial P and phosphatase 
enzyme) though to a different degree because 
of different concentrations used. Whereas 
glyphosate highly induced microbial 
indicators except alkaline phosphatase due to 
the change in microbial activity. The one 
way ANOVA indicate that concentrations of 
both herbicides were significant and there 
was also a strong multiple correlation  
(r2 = 0.98 for 2, 4-D and r2 = 1.00 for 
glyphosate). This shows a strong relation 
between microbial biomass, phosphorus and 
acid phosphatase. Glyphosate significantly 
enhanced the microbial ‘C’, ‘P’, acid and 
alkaline phosphatase in all the treatments but 
was significantly reduced by 2, 4-D. Similar 
trend was also observed,  that 2, 4-D 
drastically reduce the microbial respiration 
but glyphosate enhanced the CO2 evolution 
in all the concentrations14. Microbial 
respiration is directly related to soil 
microbial population and plant roots15. 
Enhancement in enzymatic activity, 
microbial carbon and phosphorus represents 
the contribution of glyphosate to microbial 
respiration this response may influence the 
degradation of other chemicals. It was Also 
reported that glyphosate contributing large 
carbon mineralization in soil16. This 
enhancement signifies that glyphosate may 
act as nutrient source for soil microbes17. 
Whereas reduction in microbial activity by 
the 2, 4-D treatments revealed that 2, 4-D 
suppressed the microbial population. 
Glyphosate did not influence any of the 
microbial variables, whereas 2, 4-D 

significantly influenced all 18. Sources of 
enzymes in soil are primary the microbial 
biomass, although they can also originates 
from plant and animal residue 19. In the 
present study enzyme activity responses to 
the 2, 4-D and  glyphosate showed opposite 
trends. Reduction and enhancement of acid 
phosphatase was highly correlated with 
microbial carbon and phosphorus. 
Phosphatase activity was directly 
proportional to the   concentrations of 
herbicides. Enzymes like phosphatase and 
catalase are highly correlated with microbial 
activity because they show a close 
relationship with biomass20. Phosphatase and 
sulfatase activity are indicators of potential 
nutrient availability since these enzymes 
release phosphate and sulphate respectively 
from organic pools. From the Table 2 it 
appears evident that microbial phosphorus 
has a close relationship with phosphatase 
activity and it gets suppressed with 
enzymatic activity in 2, 4-D treatments, 
whereas shows enhancement in glyphosate 
treatments. Phosphatase activity in soil 
increases with increasing organic ‘C’ content 
but also affected by pH, moisture, 
temperature, and other factors. Phosphatase 
is an exocellular enzyme; it works as an 
excellent mineralization of organic 
phosphorus in culture media and is produced 
by a large number of soil microbes21. 

In the present study 2, 4-D and 
Glyphosate were applied at high rates in the 
field, which lowers the pH of soil than 
control samples and leads to change in the 
soil microbial population. Addition of 2, 4-D 
and glyphosate resulted a shift in pH 7.6 to 
5.5 and 6.4 respectively. It was reported that 
pH of 6 to 6.5 signifies maximum phosphate 
concentration and ions like H2PO4

2-, HPO42- 
and PO4

3- is dominant22. In the present study 
glyphosate EC50 showed greater enzymatic 
activity at 6.4 pH. Whereas 2, 4-D, lowers 
the pH and thus enzymatic activity. The 
lower enzymatic activity may be due to lag 
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phase of degradation under which microbes 
could not utilized 2, 4-D as a nutrient.  

CONCLUSION 
Although the results reported in the 

present study are generalized, it demonstrates 
that herbicides may exert some direct 
influence on the catalytic behavior of 
enzymes, which could stimulate unbound 
extracellular soil enzymes. It is well known 
that the measured activity of soil due to 
enzymes existing in several states and 
operating under different micro 
environmental conditions, thus it is very 
difficult to ascribe an observable effect, such 
as the increasing or decreasing enzymatic 
activity in the presence of an herbicide. 
Actually soil enzymatic activity is very 
sensitive to pollution. 
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