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Abstract 

The nitrification inhibitor dicyandiamide (DCD) has had variable success in reducing 

nitrate (NO3
-
) leaching and nitrous oxide (N2O) emissions from soils receiving 

nitrogen (N) fertilisers. Factors such as soil type, temperature and moisture have been 

linked to the variable efficacy of DCD. Since DCD is water soluble it can be leached 

from the rooting zone where it is intended to inhibit nitrification. Intact soil columns 

(15 cm diameter by 35 cm long) were taken from luvic gleysol and haplic cambisol 

grassland sites and placed in growth chambers. DCD was applied at 15 or 30 kg DCD 

ha
-1

, with high or low precipitation. Leaching of DCD, mineral N and the residual soil 

DCD concentrations were determined over eight weeks High precipitation increased 

DCD in leachate and decreased recovery in soil. A soil x DCD rate interaction was 

detected for the DCD unaccounted (proxy for degraded DCD).  In the cambisol 

degradation of DCD was high (circa 81%) and unaffected by DCD rate. In contrast 

DCD degradation in the gleysol was lower and differentially affected by rate, 67 and 

46% for the 15 and 30 kg ha
-1

 treatments, respectively. Differences DCD degradation 

rates between soils may be related to differences in organic matter content and 

associated microbiological activity. Variable degradation rates of DCD in soil, 

unrelated to temperature or moisture, may contribute to varying DCD efficacy. Soil 

properties should be considered when tailoring DCD strategies for improving nitrogen 

use efficiency and crop yields, through the reduction of reactive nitrogen loss.  

 

Keywords: nitrification inhibitor, nitrate, dicyandiamide, nitrogen use efficiency, 

leaching, grassland soils
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Introduction  

Application of dicyandiamide (DCD) has been reported to reduce nitrate (NO3
-
) 

leaching from urine treated grassland lysimeters by 10 to 76 % (Di & Cameron, 2004; 

Dennis et al., 2012; Zaman & Blennerhassett, 2010) and nitrous oxide (N2O) 

emissions by 25 to 70% (Di & Cameron, 2007; Smith et al., 2008, Zaman & 

Blennerhassett, 2010). This is due to reduced nitrification rates and thus a reduced 

quantity of NO3
-
-N in the soil profile which is available for leaching or denitrification. 

We would therefore view DCD as a possible mitigation strategy to improve N 

efficiency in Irish soils over the autumn and winter period, either during extended 

grazing or slurry spreading.  

Although substantial improvements in N recovery through the use of DCD have been 

observed (Di & Cameron, 2004; Smith et al., 2008; Singh et al., 2009), the range of 

improvements varies significantly. Some studies have shown relatively small yield 

and/or environmental benefits of using DCD (Misselbrook et al., 1996; Pain et al., 

1994; Monaghan et al., 2009; Cahalan et al., 2014). This raises the question of why 

DCD is more effective in some studies than in others. 

DCD degradation in soil is affected by soil temperature, soil moisture and clay 

content (Hallinger et al., 1990). Soil texture and carbon content have also been shown 

to affect DCD efficacy (McCarty & Bremner, 1989). DCD is subject to microbial 

decay in soils, where it can be rapidly metabolised provided that certain species of 

bacteria are present (Hallinger et al., 1990; Schwarzer et al., 1991; Estermaier et al., 

1992). Degradation of DCD has been reported to be correlated with soil temperature, 

with half-life ranging from 6-15 days at 25°C (Kelliher et al., 2008). Rajbanshi et al., 

(1992) found that a temperature increase of 10°C doubled the degradation rate of 

DCD in soil, suggesting that a metabolic rather than chemical process degrades DCD. 
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Increasing soil temperature with increasing moisture contents has also shown to 

linearly reduce the half-life of DCD in soil (Singh et al., 2008). Bock et al., (1981) 

suggested that DCD may be lost by leaching, as DCD is relatively soluble in water 

(23g L
-1

 at 13°C) and is therefore at risk of being separated from ammonium-N.  

 

Leaching of DCD has been observed to be related to soil type and precipitation, with 

higher DCD leaching occurring under higher precipitation on free draining soils. 

Teske & Matzel (1988) found that in a sandy soil 50 - 80% of DCD could be leached 

as a result of irrigation. Menneer et al., (2008) found that 58% of applied DCD was 

leached over a period of 192 days from free-draining soil lysimeters kept under field 

conditions. Shepherd et al., (2012) found that both precipitation and soil type 

significantly affected DCD leaching, with 12-45% of applied DCD leached during the 

experiment. Thus there are a number of important factors controlling DCD 

concentration and efficacy in soils. This contributes to the uncertainty involved in 

determining the effectiveness of DCD applications to different agricultural soils.  

 

Grasslands in Ireland, receive 800 - 1200 mm precipitation per year (Met Eireann, 

2010). Temperate soils are thus subjected to high levels of leaching pressure. Autumn 

field conditions in Ireland usually consist of high precipitation coupled with relatively 

high soil temperatures (12-14°C), which are conditions conducive for leaching to 

occur.  

The use of DCD is a recognised measure to mitigate both NO3
-
 leaching and N2O 

emissions. However, under high levels of precipitation (such as in Ireland), where 

reductions in soil NO3
-
 concentrations are required, DCD has greater susceptibility to 

leaching from the soil profile. The efficacy of DCD has been shown to be greater at 
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drier soil moisture contents (Hallinger et al., 1990). We investigated the effect of 

simulated precipitation and DCD application rate on two contrasting temperate 

grassland soils under controlled conditions with the objective of establishing whether 

DCD degradation is potentially affected by soil factors that might explain the varying 

effects of DCD on yield and environmental parameters, which have been reported in 

the literature.    

 

Materials and Methods  

 

Intact soil columns were taken from two contrasting soils and placed in a growth 

chamber where environmental parameters such as temperature and moisture could be 

manipulated to coincide with Irish autumn conditions, a period when DCD usage 

would be potentially of greatest benefit. 

 

Soil Column Preparation  

 

Soil columns were in Ireland. The world reference base classifications for the soils 

collected from two contrasting grassland sites were a luvic gleysol (gleysol) at 

Johnstown Castle (52°18’N; 6° 30’W) and a haplic cambisol (cambisol) at Moorepark 

(52°17’N; 8°23’W) (for soil properties see, Table 1). Although similar in texture at the 

surface, the gleysol demonstrates a clay content increase with depth whereas for the 

cambisol the clay content decreased with depth (Kramers et al., 2009). Both soils 

were selected as they were part of a larger experiment investigating the efficacy of 

DCD in reducing reactive nitrogen losses from dairy farming. Historically the soils 

were both intensively managed but to minimize variability had received no slurry or 
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fertiliser and were ungrazed for two years prior to cores being collected. Both soils 

had similar mineral N concentrations before the experiment began. Intact soil columns 

were used so that simulated precipitation would percolate downwards through the soil 

profile. The soil columns were collected in cylindrical PVC drainage pipes with an 

internal diameter of 152 mm and length of 350 mm. Grass on top of the soil columns 

was cut to 3 mm high, to minimise the influence of herbage growth on the experiment, 

as both sites may have differed in herbage production, potentially increasing the 

variability of the results. A steel cutting ring was placed over the PVC pipes to extract 

the soil columns. The cutting ring was gradually pushed into the ground using a 

mechanical excavator and then soil was removed gradually from the base of the 

cutting ring as the pipe was lowered into the soil. The bottom 5 cm of soil from the 

soil columns was then removed and fine gravel was added in its place to aid drainage. 

Heated petrolatum was poured down the space between the soil columns and the edge 

of the PVC pipe, to prevent edge flow effects (Cameron et al., 1992). The base of 

each soil column was sealed using a stop-end cap, with a 5mm wide drainage outlet 

pipe. Leachate was accumulated in 1Lpolyethylene collection flasks, which were 

placed under each soil column. Each soil column was saturated before the initiation of 

the experiment and then left to drain for 48 hours until a drained upper limit of water 

content was reached.  

.  

Experimental Design 

Each soil column was randomly assigned to a 2 × 3 × 2 (soil × DCD rate × 

precipitation) factorial arrangement, within an environmental control chamber, with 

four replicates per treatment. Each column was randomly assigned into a block of four 

replicates. Environmental conditions within the chamber were set to a typical Irish 
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autumn regime of 12°C during the day, 8°C at night and a constant humidity (85%) 

(Met Eireann, 2010). Daylight was set to 12 hours each day (typical for autumn) and 

the soil columns were placed in the growth chamber for two weeks before treatments 

were applied to allow for acclimation of the soil. During this period each soil column 

was kept watered to offset any potential evaporation losses. There were two 

precipitation treatments used in this experiment, low (30 year average) and high 

(twice the 30 year average). The total volume of simulated rainfall was the equivalent 

of 179 mm and 358 mm for the low and high precipitation treatments, respectively. 

Precipitation was manually applied using a polypropylene syringe fitted with a spray 

nozzle attachment at all times. On the sixth day of each week 20 mm (low 

precipitation) or 40 mm (high precipitation) of water was applied to simulate 

precipitation events, which are typical daily figures for high rainfall days in Ireland. 

Water was applied in 4 splits over a 24 hour period to ensure excessive volumes of 

water were not applied at once as this would not occur naturally and could lead to 

surface ponding (Sigua et al., 1993). Maintenance precipitation of 2 mm was applied 

every two days to maintain soil moisture status and offset any potential losses through 

evaporation.  

List of experimental treatments 

(1) 0 DCD, low precipitation  

(2) 15 kg DCD ha
-1

, low precipitation  

(3) 30 kg DCD ha
-1

, low precipitation  

(4) 0 DCD, high precipitation  

(5) 15 kg DCD ha
-1

, high precipitation  

(6) 30 kg DCD ha
-1

, high precipitation  
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Treatments 1 - 6 were applied to both the Johnstown Castle (gleysol) and Moorepark 

(cambisol) soil columns and all treatments received (NH4)2SO4 applied at a rate of 60 

kg N ha
-1

. The N rate was chosen to reflect the average inorganic N application rate 

associated with landspreading cattle slurry on grassland in Ireland. Cattle slurry can 

be spread onto to grassland fields in Ireland up until 15
th

 October each year. The DCD 

rate of 15 kg ha
-1

 was chosen as this was the recommended rate used in New Zealand 

where DCD was found to be effective. 

 

DCD was mixed with deionised water before application. Soil columns not receiving 

DCD had an equivalent volume (50 ml) of water applied. The DCD and N treatments 

were combined and applied to each of the corresponding soil columns in a solution 

using a polypropylene syringe with a cone shaped nozzle attachment. Leachate was 

taken from the collection jar at the base of each soil column on the seventh day of 

each week (24h after precipitation event) for eight weeks and stored at 4°C until 

analysis commenced.  

 

Sampling and Chemical Analysis 

 

The total drainage volume was recorded from each core after each precipitation event. 

Three sub-samples were transferred to 50 ml centrifuge tubes. The 1L polyethylene 

containers were emptied, cleaned and replaced under each corresponding core for the 

following precipitation event. Samples requiring DCD analysis were filtered through a 

0.45 µm membrane filter to remove most physical contaminants prior to analysis.  
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When the leaching period of the experiment was complete, each core was 

destructively sampled ten weeks post treatment application. Soil samples were taken 

at 0-10, 10-20, and 20-30 cm layers. Each soil layer was extracted using 2M KCl to 

determine DCD, NO3
-
-N and NH4

+
-N contents. Leachate and soil extract NO3

-
-N and 

NH4
+
-N concentrations were analysed colorimetrically (HMSO, 1982; Kopp & 

McKee, 1983) using a KONE Aquakem Analyser (600A Module, Labmedics 

Analytical Solutions). DCD was analysed by reverse-phase HPLC analysis (Waters 

Alliance 2695) and UV-visible detection (Turowski & Deshmukh, 2004) at 215 nm 

with a photodiode array detector (Waters 996). Method detection limits (mg L
-1

), of 

each analyte were as follows - DCD 0.005; NO3-N 0.25; and NH4
+
-N 0.09. The DCD 

extraction efficiency using KCl was 95.6% for the gleysol and 95.3% for the 

cambisol. This was tested by adding a known quantity of DCD to a test soil and 

analysing the extracted material. 

 

Calculations and Statistics 

Concentrations of DCD and N were converted from mg L
-1 

to
 
kg ha

-1 
by multiplying 

soil column drainage volume and leachate concentration and then using soil column 

surface area, to scale up to a per hectare basis. Treatment effects on the response 

variables measured using the GLIMMIX procedure of SAS 9.3 (© 2002-2010, SAS 

Institute Inc., Cary, NC, USA). Mean separation was by Tukey’s mean comparison 

test.  The control (no DCD) treatment was excluded from the analysis as it contained 

no DCD.  

 

Results 
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Cumulative drainage from each treatment 

 

Between 56 – 100 % of applied precipitation (179 mm and 358 mm for the low and 

high precipitation treatments, respectively) was recovered from each core 24 h after 

each precipitation event was completed.   

 

 DCD recovery in leachate 

 

The concentration of DCD in leachate ranged from 6 to 21% of DCD applied in the 

gleysol and 6 to 18% of DCD applied in the cambisol (Figure 1). There was a highly 

significant effect (P<0.001) of precipitation on the percentage of DCD recovered in 

leachate (Table 2). Recovery of DCD was significantly greater in the high 

precipitation treatments (18%), compared with low precipitation treatments where 7% 

of applied DCD was recovered in leachate (Table 3), when averaged over soil and 

DCD rate.  

 

 

Soil DCD recovery 

Recovery of DCD in soil varied from 3 to 57 % (Figure 1). There was a significant 

interaction between soil and DCD rate and a significant effect of precipitation on the 

recovery of DCD in soil at the end of the experiment (Table 2). The percentage of 

DCD recovered from the gleysol at the high DCD rate (43%) was greater than that 

from the low DCD rate (19%) (Table 3). However, for the cambisol the percentage of 

applied DCD was unaffected by DCD application rate. Recovery of  DCD was greatly 
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affected by the soil type, with the cambisol retaining significantly smaller DCD 

concentrations than the gleysol (Table 3). Precipitation was important for the 

percentage of applied DCD recovered in the soil at the end of the experiment. 

Significantly more DCD (26%) was recovered from soil under low precipitation 

compared with high precipitation, from which 12% of DCD was recovered. 

 

 

 

Unaccounted DCD  

Determination of the percentage of DCD that was not accounted for at the end of the 

experiment ranged from 35 to 87% and resulted in the detection of three significant 

interactions (Table 2). The interaction between soil x DCD rate was significant, Table 

3 outlines how the percentage of unaccounted DCD was greater for the cambisol and 

was unaffected by DCD application rate. The unaccounted DCD pool was smaller for  

the gleysol irrespective of DCD rate. However the percentage of DCD which was 

unaccounted for was significantly less at the 30 kg ha
-1

 DCD rate. Although a soil × 

precipitation interaction was detected (P = 0.03), a significantly greater percentage of 

DCD was not accounted for in the cambisol compared with the gleysol. This 

unaccounted for DCD pool was not affected differentially according to Tukey’s mean 

comparison test (Table 3). The DCD rate × precipitation effect was also significant. 

The percentage of DCD which was unaccounted for was not differentially affected by 

DCD rate but, as already stated, under the high precipitation regime a smaller 

percentage of DCD was unaccounted for at the 30 compared with the 15 kg ha
-1

 rate.    

 

Mineral N leaching 
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Two significant interactions were detected for cumulative NO3
-
-N leached, these were 

soil x DCD rate and soil x precipitation (Table 2). Mean NO3
-
-N leached varied from 

5.2 kg ha
-1

 (cambisol low precipitation at 15 kg DCD rate) to 44.4 kg ha
-1

 (gleysol 

low precipitation at 0 DCD) over the eight week rainfall period (Table 4). Cumulative 

NO3
-
-N leaching from the cambisol at low precipitation was 6.4 kg ha

-1
 which was 

significantly less than from the cambisol (18.6 kg ha
-1

) and both gleysol treatments 

(23.1 and 22.3 kg ha
-1

), where NO3
-
 leaching was unaffected by precipitation regime 

(Table 4). There was significantly more NO3
-
-N leaching from the gleysol at the 0 

DCD rate (37.7 kg ha
-1

) compared with the DCD treatments (Table 4). While NO3
-
 

leaching rates were smaller for the cambisol than the gleysol control, DCD application 

did not reduce NO3
-
 leaching in the former soil. There was no significant effect of 

DCD application rate on NO3
-
 leaching from the cambisol.    

Cumulative NH4
+
-N leaching ranged from 0.03 to 2.02 kg ha

-1
 on the cambisol low 

precipitation 15 kg DCD rate and gleysol high precipitation 30 kg DCD, respectively. 

Although losses were small, a significant interaction between soil and precipitation 

for NH4
+
 leaching was detected. Cumulative NH4

+
-N leaching was significantly 

greater in the gleysol high precipitation (1.76 kg ha
-1

) compared to the gleysol low 

precipitation (0.54 kg ha
-1

) and to both cambisol treatments (0.04 and 0.17 kg ha
-1 

for 

low and high precipitation, respectively). 

 

 

Discussion 

 

 

DCD leaching & recovery 
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A large percentage of this DCD that was unaccounted for in leachate or soil was most 

likely degraded to its end products of NH3, CO2 and H2O (Amberger, 1989). It has 

been reported that DCD can adsorb to organic matter (OM) or clay particles within 

the soil (Singh et al., 2008). The DCD extraction efficiencies using KCl for both soils 

were >95% and thus DCD adsorption is likely to be a minor issue in relation to the 

observed recoveries. DCD has been observed to degrade over time and at 12°C DCD 

has been found to degrade completely after 12 weeks in some soils (Amberger, 1989). 

This could explain why there were high rates of DCD degradation in the cambisol. 

The degradation rates of DCD in both the soils differed significantly, although both 

soils were incubated at the same temperature and had similar DCD leaching levels. In 

a meta-analysis, Kelliher et al. (2008) identified a negative relationship between DCD 

half-life and temperature. Using this relationship the predicted half-life of DCD in the 

current study was 73 days. However, over the duration of the study (63 days) 

degradation rates approaching 90% were observed in one soil. Both soils were 

incubated at the same temperature, thus controlling for the temperature effect on 

degradation rate which suggests that other factors are at play in driving differential 

DCD degradation rates across soils. DCD has been reported to degrade faster at high 

soil organic matter contents (Amberger & Vilsmeier, 1979; Puttana et al., 1991). 

Although both soils in this experiment were high in OM, the gleysol had a 30% 

smaller OM content than the cambisol, which could have contributed to the larger 

degradation rates in the cambisol, due to greater biological activity (Fontaine et al., 

2003). Our results are consistent with reports that DCD degradation is influenced by 

soil chemical and microbial properties in addition to temperature, although this 

hypothesis requires further testing in an experiment outside the scope of this study. 
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Ernfors et al., (2013) also reported significant differences in DCD degradation rates in 

3 soils incubated at 15°C and these soils had contrasting chemical and microbial 

properties. 

 

The results indicate that there is a negative relationship between the percentage of 

applied DCD retained in soil and precipitation. These findings are in agreement with 

Shepherd et al., (2012) who reported DCD leaching levels of 12 to 46% which 

increased with increasing precipitation. In addition Shepherd et al., (2014) observed 

that drainage volume influenced DCD efficacy with a 7% decrease in efficacy per 

100mm of extra drainage. However, DCD retention can also be affected by soil (Singh 

et al., 2008). Corre & Zwart (1995) found that only 7% of the DCD applied to a peat 

soil was leached to groundwater. In our study no significant effect of soilon DCD 

leaching was observed.  This is consistent with Shepherd et al., (2012) who observed 

that soil effects on DCD leaching were directly related to drainage volume, although 

we did not observe any significant effect of soil on drainage volume in our study.  

 

 

Mineral N leaching 

 

In the 0 DCD control treatments, there was significantly more NO3
-
 leaching from the 

gleysol than in the cambisol, suggesting a higher N mineralisation potential in this soil 

(Hoekstra et al., 2011). DCD was found to significantly reduce nitrate leaching in the 

gleysol by 64 and 55% for the 15 and 30 kg DCD ha
-1

 application rates, respectively. 

These reductions in leaching are in line with other findings (Dennis et al., 2012; Singh 

et al., 2009).   The lack of an effect of DCD on NO3
-
 leaching from the cambisol is 
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thought to be due to the rapid DCD degradation rates observed in this soil. In a field 

study on the same cambisol, O’Connor et al. (2012) observed that DCD had almost no 

effect on soil mineral N content which the authors attributed to DCD leaching. Our 

study highlights that the higher rates of DCD degradation on this cambisol is a more 

likely reason for the lack of nitrification inhibition observed in both studies.  

 

DCD did not affect NH4
+
-N level in leachate (Table 2), as has been reported 

previously (Singh et al., 2009). Loads of NH4
+
 leached were small in this experiment. 

Significantly greater rates of NH4
+
 leached from the gleysol at the high precipitation 

level compared to the low precipitation and from the cambisol at both precipitation 

levels. This could be due to 1. macropore leaching (Kramers et al., 2009) or 2. a 

higher rate of N mineralisation within the gleysol, or 3. greater inhibition of 

nitrification in the gleysol, which resulted in a greater pool of NH4
+
-N available for 

leaching or a combination of all of these factors. Increasing the DCD rate from 15 kg 

ha
-1

 up to 30 kg ha
-1

 did not impact on the cumulated NO3
-
-N and NH4

+
-N 

concentrations in the drainage water from either soil, suggesting that at moderate rates 

of N application (60 kg N ha
-1

), increasing the DCD application rate over 15 kg DCD 

ha
-1 

is not beneficial.  

 

Our study highlights the point that the efficacy of DCD and associated agronomic and 

or environmental benefits are likely to be soil specific and therefore requires optimal 

DCD application rates and strategies to be tailored by soil. The similar DCD leaching 

observed between soils is more than likely due to the similar total leachate drainage 

volumes which Shepherd et al., (2012 & 2014) found was strongly associated with 

DCD leaching. The main difference between the two soils that influenced DCD 
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efficacy was the significant difference in unaccounted for DCD which is expected to 

be a useful proxy for DCD degradation. 

 

Conclusion 

 

The efficacy of DCD in reducing nitrate leaching is soil dependent. Soil type was 

found to significantly affect total DCD recovery from soil and leachate, which varied 

from 31 to 65 % in the gleysol to 13 to 23% on the cambisol. Leaching of DCD was 

similar between the two soils and was not associated with DCD effects on nitrate 

leaching. The low DCD recovery on the cambisol was associated with no significant 

effect of DCD use on nitrate leaching on this soil. Our results suggest that increasing 

the rate of DCD above 15 kg ha
-1 

does not increase the efficacy of DCD on nitrate 

leaching in either of the soils tested. Greater precipitation had a negative impact on 

DCD retention in both soils, which has implications for using DCD in countries such 

as Ireland.  Soil properties are important factors to be considered when tailoring DCD 

management strategies for reduction of reactive nitrogen loss to the environment, 

improving nitrogen use efficiency and crop yields.  
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Table 1 

 

 

 

 

 

 

 

 

 

 

 

 

Property Unit 

Johnstown Castle (JC) 

 

Moorepark (MP) 

 

Location - 52°18’N; 6°30’W 52°17’N; 8°23’W 

Soil Type - (Luvic gleysol) (Haplic cambisol) 

Parent Material - Glacial Deposits Sandstone 

Sand  % 61 54 

Silt % 24 34 

Clay % 15 12 

Bulk Density g cm
-3 

1.38 1.01 

pH - 6.3 5.7 

Loss on ignition % 7.7 10.0 

TN % 0.27 0.42 

TC % 3.1 4.2 

C:N ratio - 11.3 10.0 

Olsen’s P mg L
-1

 18 29.7 
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Table 2 – Results of three-way ANOVA tests to evaluate the effect of soil, DCD rate, and precipitation regime on DCD  recovery (%) in leachate,  1 

soil, or unaccounted and cumulative drainage (mm), nitrate and ammonium leaching (kg N ha
-1

).  2 

  
      Source of variation Recovery of DCD (%)   Drainage Cumulative N leaching (kg N ha

-1
) 

  Leachate   Soil    Unaccounted 
 

(mm) Nitrate-N Ammonium-N 

Soil n.s. *** *** 
 

*** *** *** 

DCD rate n.s. ** ** 
 

n.s *** n.s. 

Precipitation *** ** n.s. 
 

*** *** *** 

Soil x DCD n.s. ** ** 
 

n.s. * n.s. 

Soil x Precipitation n.s. n.s. * 
 

* * ** 

DCD rate x Precipitation n.s. n.s. ** 
 

n.s. n.s. n.s. 

Soil x DCD rate x Precipitation n.s. n.s. n.s.   n.s. n.s. n.s. 

* Significant P<0.05 

      ** Significant P<0.01 

      *** Significant P<0.001  

       n.s., non-significant P>0.05 

       3 
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Table 3 The effect of soil by DCD rate, precipitation, soil by precipitation and DCD 4 

rate by precipitation on the recovery (%) of DCD in soil, leachate and unaccounted at 5 

the end of the experiment. 6 

Recovery of DCD in soil 

  DCD rate (kg ha
-1

) Soil recovery of DCD (%) 

Soil x DCD rate interaction 

Cambisol 15 6c† 

Cambisol 30 8bc 

Gleysol 15 19b 

Gleysol 30 43a 

 
Precipitation  

 

 
Low 26a 

 
High 12b 

   
Recovery of DCD in leachate 

 
Precipitation Leachate recovery of DCD (%) 

 
Low 7b 

 
High 18a 

      

Unaccounted for DCD 

 
DCD rate (kg ha

-1
) Unaccounted for DCD (%) 

Soil x DCD rate interaction 

Cambisol 15 82a 

Cambisol 30 81a 

Gleysol 15 67b 

Gleysol 30 46c 

Soil x Precipitation interaction 

Cambisol Low 84a 

Cambisol High 79a 

Gleysol Low 61b 

Gleysol High 52b 

DCD rate  by precipitation(kg ha
-1

) 

15 Low 78a 

15 High 71a 

30 Low 69ab 

30 High 58b 
† Mean separation by Tukey’s test, means followed by different letters are significantly different by Tukey’s test 

(p ≤ 0.05). 

  7 
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Table 4 The effect of soil by precipitation and soil by DCD rate on drainage volume 8 

(mm) and the cumulative load of nitrate leached (kg N ha
-1

). 9 

Drainage     

  Precipitation Drainage (mm) 

                                         Soil x Precipitation interaction 

Cambisol Low 129c 

Cambisol High 285a 

Gleysol Low 104d 

Gleysol High 274b 

      

Nitrate leaching  

                                           Soil x Precipitation interaction 

 
Precipitation Nitrate-N leaching (kg ha

-1
) 

Cambisol Low 6.4b 

Cambisol High 18.6a 

Gleysol Low 23.1a 

Gleysol High 22.3a 

                                         Soil x DCD rate interaction 

 

DCD rate (kg ha
-1

) Nitrate-N leaching (kg ha
-1

) 

Cambisol 0 14.7b 

Cambisol 15 11b 

Cambisol 30 11.8b 

Gleysol 0 37.7a 

Gleysol 15 13.4b 

Gleysol 30 17b 

   

  10 
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Figure 1a 11 

 12 

Figure 1b 13 

 14 


