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Abstract

The effect of liquid cow manure (LCM) on dimethenamid persistence was studied 
using amended soils with various stabilization times and LCM doses corresponding 
to specific field applications. Soils were amended with LCM doses equivalent to 
100,000, 200,000, and 300,000 L ha-1. Dimethenamid (2-chloro-N-(2, 4-dimethyl-
3-thienyl]-N-[2-methoxy-1-methylethyl) acetamide) was applied in a field dose. The 
study was conducted under controlled conditions using an Andisol without the prior 
application of the herbicide and LCM. Respiratory activity, fluorescein diacetate 
(FDA) activity, and residual dimethenamid were measured within a specific time 
period. The respiratory activity and FDA studies showed that LCM-amended soils 
were stabilized after 20 days in incubation and displayed no significant differences 
after applying dimethenamid. The half-life (t1/2) of dimethenamid in soil was 28 
days; however, in LCM-amended soils, the half-life ranged from 13 to 21 days. In 
the amended soil, the t1/2 decreased significantly to 13 days in soils that contained the 
highest levels of LCM at 10 days of pre-incubation. The results show that both the 
dose and stabilization time of LCM-amended soils change the half-life of dimethe-
namid. Larger LCM doses are not recommended for field application. Dimethema-
nid should be applied 20 days after the soil amendment to increase dimethenamid 
efficacy.

Keywords: dimethenamid, liquid cow manure, Andisol, microbial respiration, per-
sistence.
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1. Introduction 

The growing demand for products of animal origin has 
resulted in a higher dairy plant production of slurry or 
liquid cow manure (LCM), which consists of excre-
ment, urine, and washing water. LCM is generally stored 
in uncovered pits and is spread on pastures or soils that 
are subsequently used to sow maize for animal feed. 

The application of LCM to agricultural soil is con-
sidered effective waste management option because of 
nutrient recycling and the presence of organic matter 
(OM), which improves nutrient content, microbial bio-
mass, and soil enzyme activity (Perucci et al., 2000; 
Dungan et al., 2003; Said-Pullicino et al., 2004). Vari-
ous authors have reported on the effects of animal ma-
nure on the dissipation of herbicides (Sluszny et al., 
1999; Moorman et al., 2001; Farenhorst et al., 2006; 
Briceño et al., 2007). An increase in biological activity 
resulting from a high amount of both stable soil organic 
matter and dissolved organic matter could have various 
effects on degradation, adsorption, and leaching herbi-
cide processes (Topp et al., 1996; Perrin-Ganier et al., 
2001; Albarrán et al., 2004). 

In Southern Chile, LCM is applied to soils prior to 
planting the maize fodder crop (Salazar et al., 2003; 
Briceño et al., 2010) between August and October; 
however, the LCM that is applied is highly variable, 
containing up to 300,000 Lha-1. Moreover, the amount 
of time required between the most current application 
of LCM and herbicide application is unknown. This 
practice may be responsible for the decrease in weed 
control that has been observed in some fields (Briceño 
et al. 2008; Aguilera et al., 2009). The evaluation of 
microbial respiration and FDA activity has been use-
ful for evaluating the response of freshly amended 
soils after the application of pesticides (Perucci et al., 
2000; Dungan et al., 2003).

Dimethenamid (2-chloro-N-(2,4-dimethyl3-thieny 
l]-N-[2-methoxy-1-methylethyl) acetamide) is a pre-

plant and pre-emergence herbicide that was recently 
introduced in southern Chile as a gramineous and some 
dicot weed control in maize and soybean crops. This 
herbicide has a low persistence in soil, with a t1/2 of 20-
43 days, depending on weather and soil conditions. It is 
highly soluble in water (1174 mgL-1), is moderately ad-
sorbed in soils (Koc 155) and is classified as potentially 
leachable (FOOTPRINT database, 2011). Research 
on the environmental behaviour of dimethenamid is 
limited, although is available since 1992. Studies per-
formed by Crawford et al. (2002), show that a signifi-
cant amount of dimethenamid remains as soil-bound 
residue. Studies carried out by Hladik et al. (2008) at 
various rivers in the United States show that dimethe-
namid in water sampled during the spring ranged from 
2-67 ng L-1, with a 75% occurrence rate.

The objective of this study was to determine the ef-
fects of the LCM dose and stabilization time of amend-
ed soils on dimethenamid degradation under controlled 
conditions in a volcanic soil. This research will contrib-
ute to specific development strategies within agricul-
tural practices that aim to streamline LCM and herbi-
cide use and minimize environmental impacts. 

2. Materials and methods

The laboratory experiment was conducted in 2010. 
The soil used in this study was an Andisol with a sandy 
loam texture from Southern Chile, termed the Vilcún 
series (Pachic Melanudands), from the town of General 
Lopez (38º 41’ LS, 72º 21’ LW, 200 m.a.s.l.). The an-
nual rainfall is approximately 2,000 mm per year, and 
the average temperature is 15°C. The soil was collected 
from a superficial layer to a depth of 20 cm and sieved 
through a 2-mm mesh. It contained no prior applica-
tion of LCM or dimethenamid. The LCM was obtained 
from an open slurry pit located near the dairy plant. 
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Dimethenamid (99% purity) was supplied by Sigma-
Aldrich Chemical Company, St Louis, MO. In the labo-
ratory, 1.2 mg kg-1 dimethenamid was used, with the 
assumption that the herbicide is distributed at a depth of 
20 cm and that the soil density is 0.75 g mL-1. This dose 
correlates to a field application of 1.5 kg ha-1.

2.1. Chemical analysis of LCM and soils

The LCM analysis was performed according to the 
methodology of Peters et al. (2003) and with previ-
ous information from our research group (Briceño et 
al., 2008). Briefly, the pH and electrical conductivity 
(EC) were measured in non-diluted LCM. To estimate 
the dissolved organic carbon (DOC), the LCM was 
centrifuged and the supernatant was filtered, lyophi-
lized, and analysed as a total organic carbon (EURO 
EA 3000 Elemental Analyzer). Dry matter (DM) was 
determined through water evaporation of the LCM at 
70 ºC. Next, the OM content was estimated by find-
ing the mass difference between the LCM and ash 
mass. Several chemical LCM characteristics were 
identified: DM 53.0 g L-1, EC 5.9 dS m-1, OM 71.1 
mg kg-1, DOC 2140 mg L-1, pH 7.5, and N 28.6 g kg-1. 
Soil samples were characterized from Briceño et al. 
(2008) based on methods described by Sadzawka et 
al. (2006) and are included in Table 1.

2.2. Preparation of LCM-amended soils 

LCM was applied to soil in doses of 0, 70, 140, and 
200 mL kg-1, which are equivalent to field doses corre-
sponding to 0, (D0), 100,000 (D100), 200,000 (D200) 
and 300,000 (D300) L ha-1, respectively. The moisture 
of the non-amended and amended soils was adjusted 
to 70% of the field capacity and was also adjusted pe-
riodically by adding distilled water. Four kilograms of 
LCM-amended and non-amended soils were pre-in-
cubated in the absence of light at 20°C without herbi-
cide application in open polypropylene bags for each 
pre-incubation time (1, 10, 20, 30 and 60 days). For 
the CO2 evolution and FDA study, 500 g of each pre-
incubated soil was spiked with 12 ml of 50 mgL-1 of 
dimethenamid aqueous solution and then thoroughly 
mixed. In the degradation study, a fraction of 1.5 kg 
of each pre-incubated soil was contaminated with 36 
mL of the same dimethenamid solution. The dimethe-
namid dose corresponded to 1.2 mg kg-1, which was 
equivalent to the field dose. The studies were conduct-
ed three times, and values were measured with respect 
to the reference soil, which did not contain any herbi-
cide application.

After the corresponding pre-incubation time, the 
soil samples were chemically characterized (Table 1) 
according to Sadzawka et al. (2006).

 Table 1. Characterization of tested soil and LCM-amended soils at four pre-incubation times.

 
Day 1 Day 10 Day 20 Day 30
D0 D100 D200 D300 D100 D200 D300 D100 D200 D300 D100 D200 D300

pH 5.3 5.5 5.7 6.1 5.3 5.3 5.8 5.4 5.3 5.8 5.3 5.2 5.7
OM (%) 19 17 19 17 17 15 15 16 17 15 17 18 16
P (mg kg-1) 27 28 29 29 25 26 27 27 28 28 28 29 29
K (mg kg-1) 188 391 430 782 422 461 668 508 500 703 520 559 798
DOC (mg kg-1) 51 280 390 533 96 125 236 87 102 147 75 93 131
EC 1:5 (μS cm-1) 217 360 574 680 314 475 516 366 460 508 330 493 542
C/N ratio 16.5 16.1 15.3 13.3 16.8 17.6 15.8 17.6 16.8 16.3 15.8 16.2 16.3

LCM was applied on soil at equivalent doses of 0, 100,000, 200,000 and 300,000 L ha-1(D0, D100, D200, and 
D300,  respectively).
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2.3. Microbial respiration assay 

The respiration study was based on a method de-
scribed by Alef (1995). Sub-samples consisting of 50 
g of each soil were placed inside a 1 L sealed flask 
containing a vial with distilled water and a second 
vial with 10 mL of NaOH 0.5 M to capture the CO2 
released from the soil. The experiment was performed 
at 20°C in the absence of light. The vials containing 
the NaOH solution were sampled and replaced peri-
odically for 60 days. The CO2 in the vials was deter-
mined with 0.5 M HCl using titration. The data were 
expressed as C-CO2 μg g-1 soil. 

2.4. FDA assay

The FDA hydrolytic activity assay was performed by 
measuring the release of fluorescein as described by 
Adam and Duncan (2001). One gram of each soil was 
incubated in a 50 mL conical tube containing 7.5 mL 
of 0.06 M potassium phosphate buffer (pH 7.2). The 
reaction was initiated by adding 0.1 mL of 1 mg mL-1 

FDA solution, and then the solution was incubated at 
30°C and shaken at 100 rpm for 20 min. At this time, 
the reaction was stopped by adding 7.5 mL of chloro-
form/methanol (2:1 v/v). The samples were then cen-
trifuged for 10 min, and the absorbance was measured 
at 490 nm. The FDA activity was measured for 60 
days after the dimethenamid application. The fluores-
cein concentration was calculated using a calibration 
curve generated with known FDA concentrations, and 
the data were expressed as FDA μg g-1. 

2.5. Dimethenamid degradation assay

In the degradation study, a fraction of 50 g of each soil 
was taken for 60 days after the dimethenamid treat-
ment. The samples were stored at -20°C until the her-

bicide was extracted. The residual dimethenamid was 
determined for the HPLC analysis, and the herbicide 
concentration matched first-order kinetics (Nkedi-
Kizza and Brown, 1998). 

2.6. Residual dimethenamid analysis 

 Dimethenamid was extracted using a modified meth-
od proposed by Anderson et al. (2005). Ten grams 
of each soil sample was extracted with 10 mL of a 
mixture of methanol/water (95/5 v/v) and was then 
shaken at 200 rpm for 1 h at 20°C, followed by 30 
min in an ultrasonic bath. The supernatant was col-
lected, and this procedure was repeated three times. 
The combined supernatant extracts were centrifuged 
for 10 min and filtered through 0.45-μm membranes 
(Millipore). The liquid extract was concentrated at 
5 mL at 40°C in a rotary evaporator (Heidolph WV 
2000). These extracts were then liquid-liquid extract-
ed with 10 mL of hexane in a separating funnel, and 
this process was repeated 3 times. The hexane extract 
was dried in a rotary evaporator, and the sample was 
dissolved in 2 mL of methanol. The solution was fil-
tered through a 0.22-μm filter, and the residual herbi-
cide was measured by HPLC, based on a method es-
tablished by Crawford et al. (2002). The analysis was 
performed in HPLC (Merck Hitachi, model 3400) 
equipped with a UV detector at 210 nm on a Symme-
try C18 column (Waters, 5 µm, 250 mm x 4.6 mm). 
The mobile phase used acetonitrile/water (55- 45%) 
at a flow rate of 1 mL min–1, and the injection volume 
was 20 μL.

2.7. Data analysis

The data were subjected to statistical analyses of vari-
ance (ANOVA), and all mean separations were deter-
mined using the Tukey test (p ≤ 0.05).
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3. Results and discussion

3.1. Biological assessments
Figure 1 shows that the LCM amendment had substan-
tially increased the CO2 during the first day of incuba-
tion for soils that had been pre-incubated for one day. 
An increase in CO2 did not occur for other pre-incuba-
tion times that had the same impact; however, signifi-
cant increases were observed in the initial production 
of CO2. During the first day of pre-incubation, the CO2 
production was greater than 47 μg C-CO2 g

-1 d-1 in D0, 
and it increased 62, 128, and 232 μg C-CO2 g

-1 d-1 in 
D100, D200 and D300, respectively. After 30 days, 

CO2 evolution gradually decreased at 16 μg C-CO2 g
-1 

d-1, and the total production of C-CO2 was 440, 565, 
1249 and 1673 μg C-CO2 g

-1 in D0, D100, D200 and 
D300, respectively. The results show that an increase in 
the LCM dose will significantly increase CO2 produc-
tion, following the pattern D300>D200>D100>D0. 
Gradually, during 30 days of pre-incubation treatment, 
CO2 production decreased until there were similar soil 
respiration levels, with the exception of D300, which 
has a significantly greater value. There were no signifi-
cant observed differences in CO2 production with re-
spect to the controls when dimethenamid was applied 
in the LCM treatments.

Figure 1. Respiratory activity in soil (D0) and LCM-amended soils (D100, D200, D300) at four pre-incubation 
times. T: with dimethenamid, C: without dimethenamid. 
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Amended soils were characterized by a large amount 
of fresh organic matter available for micro-organisms, 
which increased with a greater LCM dose (Table 1). 
Figure 2 shows the relationship between the decreas-
ing dissolved organic carbon and respiration rate levels.

The initial CO2 increase is essentially a result of the 
rapid biodegradation of the available carbon (Rein-
ertsen et al., 1984; Ajwa and Tabatabai, 1994, Plaza 
et al., 2004.) 

Figure 2. Relation between respiration rates (RR) and dissolved organic carbon content (DOC) in soil (D0) and 
LCM-amended soils (D100, D200, D300) at four pre-incubation times. Error bars denote the S.E. of the mean (n=3). 

Enzymatic FDA activity is a sensitive and non-specif-
ic tool for representing the hydrolytic activity of soil 
micro-organisms. The FDA activity in each LCM-
amended soil at different pre-incubation periods is 
presented in Table 2. FDA hydrolysis indicated high 
variability in the time between treatments. A statisti-
cal analysis was performed for each pre-incubated 
soil at each evaluation time. No significant differ-
ences were found in the LCM-amended soils when 
dimethenamid was applied; however, the application 
of LCM significantly increased FDA activity, with 
the highest dose of LCM observed for pre-incubated 
soils at 1, 10 and 20 days. The average FDA activity 

of soil was approximately 440 μg g-1 fluorescein. For 
D300, in the pre-incubated amended soils for 1, 10, 
20 days, the FDA activity was approximately 460, 
510 and 580 μg g-1 fluorescein, respectively; howev-
er, decreased after 20 days. For the 30 pre-incubated 
soils, FDA activity did not show any significant dif-
ference among treatments, except for D300, which 
had an average of 490 μg g-1 fluorescein. Similar 
results have been obtained from other authors who 
have shown that an increase in enzyme activity is re-
lated to the organic manure application and amend-
ments (Perucci, 1992; Serra-Wittling et al. 1996).
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Table 2. FDA activity in soil and LCM-amended soils at four pre-incubation times.

Pre-in-
cubation
(days)

Time
(days) D0 D100 D200 D300 F 

ratio
P  

value

μg fluorescein g-1

Treatment Control Treatment Control Treatment Control Treatment Control Treatment Control Treatment

1

1 128 99 c 144 163 b 250 244 a 260 286 a 35 0.001
10 168 139 b 149 133 b 276 260 a 241 221 a 24 0.001
20 538 478 bc 497 434 c 525 504 b 608 640 a 5 0.001
30 525 467 a 536 497 a 495 523 a 508 546 a 0.8 0.64
60 514 462 bc 466 414 c 538 576 ab 644 610 a 7 0.001

10

1 147 124 c 150 131 c 299 277 a 238 215 b 33 0.001
10 608 553 b 546 508 b 635 571 ab 665 653 a 3 0.05
20 545 579 b 501 584 b 679 642 a 643 614 ab 3 0.05
30 504 506 b 591 542 b 544 552 b 595 626 a 4 0.05
60 406 489 ab 522 552 a 437 388 c 441 437 bc 5 0.01

20

1 550 524 b 504 516 b 658 611 a 672 629 a 4 0.05
10 502 566 b 558 521 b 625 627 a 661 607 ab 3 0.05
20 413 433 c 446 495 bc 500 537 ab 537 564 a 4 0.05
30 477 468 b 462 469 b 525 527 a 533 574 a 4 0.05
60 408 456 b 517 464 b 552 577 a 540 528 ab 4 0.05

30

1 682 640 ab 604 580 b 694 665 ab 741 720 a 4 0.05
10 526 501 a 518 485 a 532 484 a 578 527 a 1 0.45
20 440 493 a 428 437 a 514 471 a 568 509 a 2 0.30
30 425 363 c 334 384 bc 477 436 ab 509 495 a 7 0.001
60 396 426 a 423 391 a 297 329 b 267 225 c 14 0.001

LCM was applied on soil at equivalent doses of 0, 100,000, 200,000 and 300,000 L ha-1 (D0, D100, D200, and 
D300, respectively). Different letters indicate significantly different values in the same row; ANOVA with Tukey 
test (p<0.05).

Biological assays (microbiological respiration and 
FDA measurement) were used to determine the stabil-
isation of amended soils in comparison to non-amend-
ed soil. The results show that amended soils require 
more than 20 days to stabilise, which is the minimum 
time period required between LCM and herbicide ap-
plication. 

Both microbial respiration and enzymatic activity in-
dicated that dimethenamid application at the recom-
mended field dose did not display a significant differ-
ence among LCM treatments. This is most likely due 
to the dimethenamid is part of a family of herbicides 
that are not considered to be completely mineralisable 
(Stamper and Tuovinen, 1998; De Schrijver and De 
Mot, 1999).
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3.2. Dimethenamid degradation in LCM-amended 
soils

The results of this study are shown in Figure 3. For 
each evaluation period, the 1 day pre-incubated soils, 
D200 and D300, did not significantly differ in residual 
concentration of dimethenamid. For example, approx-
imately 60% of the dimethenamid was degraded at 10 
days and 90% was degraded at 60 days. For soils pre-

incubated for 10 days, D200 and D300 degrade at 92 
and 97% of dimethenamid, respectively. This explains 
the effect of LCM dose and pre-incubation time in di-
methenamid persistence compared to soil with 80% 
dimethenamid degradation. D100 amended soil has a 
behaviour similar to D0. After 20 days of pre-incuba-
tion, the degradation of dimethenamid is similar for 
all treatments at approximately 80%, except for D300, 
which undergoes 90% degradation. 

 

Fig. 3. Residual dimethenamid in soil (D0) and LCM-amended soils (D100, D200, D300) at four pre-incubation 
times. Error bars denote the S.E. of the mean (n=3). 

The t1/2 of dimethenamid was significantly smaller 
for D200 and D300 in pre-incubated amended soils 
from days 1-20 (Table 3) and ranged from 13 to 21 

days. For D0 and amended soils pre- incubated for 30 
days, the dimethenamid half-life was approximately 
27 days.
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Table 3. Dimethenamid half-life (t1/2) in soil and LCM-amended soils at four pre-incubation times.

Pre-incubation(days) Soil k (day-1) t ½ (day) R2

1 D0 0.025 28 a b 0.92
D100 0.028 25 a 0.79
D200 0.040 18 b 0.93
D300 0.035 20 b 0.84

10 D0 0.025 28 a 0.86
D100 0.029 24 ab 0.91
D200 0.038 18 b 0.98
D300 0.055 13 c 0.98

20 D0 0.025 28 a 0.95
D100 0.025 28 a 0.96
D200 0.028 25 a 0.91
D300 0.034 21 b 0.96

30 D0 0.025 28 a 0.93
D100 0.027 26 a 0.89
D200 0.025 28 a 0.86
D300 0.028 24 ab 0.91

 LCM was applied on soil at equivalent doses of 0, 100,000, 200,000 and 300,000 L ha-1, (D0, D100, D200, and 
D300, respectively). K, the degradation rate constant is based on first order degradation model. Different letters 
indicate significantly different values of each treatment; ANOVA with Tukey test (p<0.05).

4. Conclusions

Our results indicate that dimethenamid application to 
the soil must be after the liquid cow manure reaches 
the stabilization step. Furthermore, our results sug-
gest that dimethenamid degradation is significantly 
greater when larger liquid cow manure (LCM) doses 
are applied. This degradation is also affected by the 
period of pre-incubation time in amended soils due 
to microbial activity. Therefore, based on this study, 
dimethenamid application is recommended when the 
LCM-amended soils are stabilised microbiologically, 
which, as in non-amended soils, occurs at least after 
20 days from LCM application. 
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