






5.3.3 Estimated annual N flux 

Table 5.1 illustrates the estimated N flux measured over the three week sampling 

period following LD-DFE application in Spring, Summer, and Autumn and a one week 

period in Winter. LD-DFE was not applied prior to the denitrification measurements 

made in Winter, because effluent was only applied between October and April. 

Estimates of annual denitrification and nitrification losses of N were calculated (as in 

Reijnen, 2002) by multiplying the quantity ofLD-DFE-N applied in each season by the 

percentage of N that was lost during the three week sampling period. Gaseous N losses 

over Winter were estimated by multiplying the number of weeks over Winter when LD­

DFE was not applied, by the flux measured for one week in Winter. 

With the removal of carbon from the waste stream, denitrification rates 

following the application of LD-DFE are much lower than those reported by Reijnen 

(2002) after lactose-rich DFE was applied to the soil. The LD-DFE 25 mm treatments 

averaged annual denitrification losses of 3.0 kg N ha-l. This compared to 44 kg N ha-l 

for the 25 mm treatment in the previous DFE study. "Paddock losses" following LD­

DFE land treatment were 7.4 kg N ha-l yr- l, while Reijnen (2002) reported 

denitrification losses of 62 kg N ha-l y{l for the comparative DFE treatment. 
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Table 5.1 Estimated annual N flux following the application of LD-DFE. Figures in brackets are comparative DFE treatments (Reijnen, 2002) (g-N ha-1). 

Season Control 25 LD-DFE 25 e5N 10%) LD-DFE 25 (15N 50%) LD-DFE 25 + Urine 

Lysimeter 25% Urine Coverage 

Total N flux Spring 3.09 934.40 272.50 3543.05 1338.35 

(146) (8722) (8722) (10957) (9281) 

Summer 2.28 32.00 38.10 575.50 178.93 

(52) (2592) (2592) (2874) (2663) 

Autumn 9.30 116.50 101.00 785.00 305.00 

(674) (1014) (1014) (4181) (1805) 

Winter 1.40 11.65 10.60 21.41 16.48 

(74) (267) (267) (2637) (859) 

Estimated annual N flux 64.30 4378.20 1688.80 19699.84 7355.04 

(3785) (44249) (44249) (117909) (62664) 
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Chapter 6: The Effect of LD-DFE and Cow 

Urine on Pasture Production 

6.1 Introduction 

A growing crop acts as a temporary sink for land-applied wastewater nutrients. 

The removal of such a crop therefore, reduces nutrient cycling within the soil-plant 

system and ultimately increases nutrient removal. The application of nutrients such as 

nitrogen contained in wastewater has been shown to increase herbage yields, 

particularly in pasture (Gregg and Currie, 1992). When calculating a nitrogen budget 

following eftluent application to land, it is therefore important to measure the removal 

of nitrogen in the pasture. 

Consequently, the objectives specific to this part ofthe study were: 

• To measure the amount of pasture yield following the application of LD-DFE and 

cow urine. 

• To compare differences in the amount of pasture nitrogen harvested under each 

treatment regime. 

• To evaluate differences between the two types of eftluent (DFE and LD-DFE) on 

pasture yield and pasture nitrogen uptake. 

• To calculate the amount of pasture nitrogen harvested from each treatment in order 

to develop a nitrogen budget for application ofLD-DFE to soil. 

6.2 Materials and Methods 

For details regarding the materials and methods implemented during pasture 

harvest and herbage analysis, the reader is referred to Chapter 3. 
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6.3 Results and Discussion 

6.3.1 Pasture Production 

Total annual dry matter production for all treatments during the two-year study 

is shown in Figure 6.1. Dry matter production from the treatment that received inputs of 

urine was significantly (P .::::: 0.01) greater than the corresponding Control and LD-DFE 

treatments in each year. 

Pasture production from the LD-DFE 25 treatments was significantly (P ,::::: 0.05) 

greater than that of the equivalent Control 25 treatment during both years. Similarly, 

LD-DFE 50 had significantly (P .::::: 0.05) higher total annual dry matter production than 

the corresponding Control 50 treatment. Pasture production for the LD-DFE 50 

treatment was between that ofLD-DFE 25, and LD-DFE 25 + Urine. 

Generally, dry matter production was higher during the second year of the 

experiment, except for the LD-DFE 25 + Urine treatment. 
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Figure 6.1 Pasture production during the 2 years of the LD-DFE experiment (error bars indicate ± 
one S.E.M.), and the 3 year average pasture production for corresponding DFE treatments (from 
Reijnen, 2002). 
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Mean annual pasture production during the two years was 4,648, 10,257, 10,828, 

and 15,600 kg DM ha-1 for Control 25, LD-DFE 25 + lSN(10%), LD-DFE 25 + 

lSN(50%), and LD-DFE 25 + Urine, respectively. This was lower than the mean annual 

pasture production figures of 8,452, 13,752, and 19,977 kg DM ha-1 for Control 25, 

DFE 25, and DFE 25 + Urine, respectively, from DFE reported by Reijnen (2002). As in 

the previous DFE experiment, the observed difference in pasture production can be 

attributed to the N and other nutrients contained in the LD-DFE (Cameron et aI., 2002) 

because the irrigation effect is already accounted for in both the Control treatments. 

The 50 mm treatments had mean annual pasture production of 5,723 and 14,046 

kg DM ha-1 for Control 50 and LD-DFE 50, respectively. Comparative pasture 

production figures from Reijnen (2002) were 11,946 and 12,913 kg DM ha-1 for Control 

50 and DFE 50, respectively (Figure 6.1). 

In the previous experiment, Cameron et al (2002) observed that pasture under 

the DFE 50 regime occasionally appeared yellow and wilted because of the DFE 

ponding on the soil surface of the lysimeters. This trend was not seen following the 

application of LD-DFE, as little, if any ponding occurred after the addition of the 

effiuent, and may explain the higher yield recorded in the LD-DFE 50 treatment. 

6.3.2 Pasture Nitrogen Harvested 

The trend in the amount of pasture N harvested on an annual basis is similar to 

that observed in dry matter production (section 6.3.1). Significantly (P ::;0.01) more 

pasture N was harvested from the treatment receiving urine than the corresponding 

Control and LD-DFE treatments. More pasture N was harvested from all treatments 

during the second year of the experiment. 

More pasture N was removed from each of the LD-DFE treatments than the 

equivalent Control treatment during the course of the experiment. There was 

significantly more pasture N harvested from the LD-DFE 50 treatment when compared 

to Control 50. 

Pasture N removed on an annual basis is shown below in Table 6.1. The average 

amount ofN removed during the experiment for each treatment was 153, 340, 352, and 

620 kg N ha-1yr-l for Control 25, LD-DFE 25 + lSN(10%), LD-DFE 25 + lSN(50%), and 

LD-DFE 25 + Urine, respectively. For the 50 mm treatments, average N removal was 

184 and 483 kg N ha-1 yr-1 for Control 50 and LD-DFE 50, respectively. 
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Table 6.1 Pasture N harvested from LD-DFE treatments & average DFE treatments (kg N ha- l yr-l ) 

(± one S.E.M.) 

Treatment Year One Year Two Average DFE average* 

Control 25 107 (7) 198 (46) 153 150 
LD-DFE 25 + 15N(10%) 280 (9) 400 (43) 340 304 
LD-DFE 25 + 15N(50%) 289 (15) 414 (22) 352 
LD-DFE 25 + Urine 610 (46) 629 (24) 620 489 

Control 50 129 (8) 238 (7) 184 263 
LD-DFE 50 + 15N(10%) 412 (20) 553 (39) 483 285 

* 3 year average pasture N removed from comparative DFE treatments (from Cameron 
et aI, 2002). 

The amount of pasture N harvested from Control 25 and LD-DFE 25 + 

15N(1O%) is comparable to that harvested following the application of DFE to land 

(Table 6.1). However, much more pasture N was harvested from the LD-DFE 25 + 

Urine treatment (620 kg N ha-1y{1) than the comparative DFE + Urine treatment 

(average 489 kg N ha-1y{1). Pasture N harvested from Control 50 (184 kg N ha-1yr-l) 

was lower than the average 263 kg N ha-1y{1 harvested by Reijnen (2002) from the 

equivalent treatment; however there appeared to be a similar wide range between each 

year of measurement. Almost 200 kg N ha-\r-1 more pasture N was harvested on 

average from LD-DFE 50 compared to DFE 50. 

The N concentration (%, wt N/wt DM) of individual herbage samples harvested 

during the course of the experiment is shown below in Figure 6.2. 
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The application of urine (LD-DFE 25 + Urine) resulted in a higher N 

concentration in the pasture (Figure 6.2a). During December of the first year of effluent 

and spring urine application, pasture N concentration peaked at 5.2%. Similarly, pasture 

N reached a high point of 5.1 % during December of the second year. 

The two 50 mm treatments exhibit similar trends in pasture N concentration 

during the course of the experiment. Herbage harvested from the LD-DFE 50 lysimeters 

had a higher N concentration than the Control 50, particularly during both summer and 

autumn periods (November - May) of effluent application. 

Reijnen (2002) reported limited results on pasture N concentration. During the 

first year of the experiment, pasture harvested from the DFE 50 treatments had a higher 

N concentration than other treatments. Similarly, pasture harvested from lysimeters 

receiving autumn-applied urine had higher N concentrations during the following winter 

compared to other treatments. 

72 



6.4 Conclusion 

Pasture production from the LD-DFE 25 treatments was significantly (P :s 0.05) 

greater than that of the equivalent Control 25 treatment during both years. Dry matter 

production from the 25 mm treatment that received inputs of urine was significantly (P 

:s 0.01) greater than the corresponding Control and LD-DFE treatments in each year. 

Similarly, LD-DFE 50 had significantly (P :s 0.05) higher total annual dry matter 

production than the corresponding Control 50 treatment. Control 25 had the lowest 

mean annual pasture production (4,648 kg DM ha-1yr-1), and LD-DFE 25 + Urine had 

the highest (19,977 kg DM ha-1y{1). 

Significantly more pasture N was harvested from the LD-DFE 25 + Urine 

treatment, than the corresponding Control 25, and LD-DFE 25 treatments. Similarly, 

there was significantly more pasture N harvested from LD-DFE 50 compared to Control 

50. Average N removal ranged from 153 kg N ha-1y{1 (Control 25) to 620 kg N ha-1yr-l 

(LD-DFE 25 + Urine). 

The application of effluent and urine (LD-DFE 25 + Urine) resulted in a higher 

N concentration in the pasture compared to both Control and LD-DFE treatments. 

In general, there was a greater amount of N removed by the pasture receiving 

LD-DFE compared with that reported by Reijnen (2002) for the lactose-rich DFE 

applications. This indicates that the LD-DFE application provides more available N for 

plant uptake compared with the previous lactose-rich DFE. 

73 



Chapter 7: The Effect of LD-DFE on the 

Immobilisation of Nitrogen in the Soil 

7.1 Introduction 

Experiments undertaken in the previous DFE study (Reijnen, 2002) to measure 

nitrogen losses by leaching, pasture harvest, denitrification, and ammonia volatilisation 

did not account for all of the DFE and urine nitrogen applied to the lysimeters. 

Consequently, it was hypothesised that a large proportion of the nitrogen unaccounted 

for was immobilised in the soil. Results showed that 52 - 64% of the mineral nitrogen 

released from the DFE was immobilised into the soil organic fraction (Cameron et aI., 

2002), and this was attributed to the high soluble carbon (lactose) content of the DFE. 

Now that lactose is removed from the waste stream, the degree to which the 

immobilisation ofLD-DFE nitrogen occurs is in question. 

Therefore, the objectives specific to this part ofthe study were: 

• To identify the fate of nitrogen that remained unaccounted for following the 

application ofLD-DFE. 

• To measure the amount of LD-DFE nitrogen that accumulated in the soil under the 

different treatments. 

• To compare differences in the amount of soil-accumulated LD-DFE nitrogen under 

the different treatment regimes. 

• To compare the results from this study with those of the previous lactose-rich DFE 

experiment (Reijnen, 2002). 

7.2 Materials and Methods 

The accumulation of LD-DFE nitrogen in the soil system was measured by 

labelling the LD-DFE with 15N prior to each effluent application. For details on 

materials and methods, the reader is referred to Chapter 3. 

74 



7.3 Results 

7.3.1 Total Nitrogen 

Table 7.1 shows the average nitrogen content (on a per square metre basis) of the 

various nitrogen pools in the soil for two soil depths comparable to those reported by 

Reijnen (2002), and as a total in the top 20 cm of soil. Measurements were taken 

directly from lysimeters with a two year history ofLD-DFE application. 

Table 7.1 Total nitrogen in the different soil pools (g N m2) (± one S.E.M.) 

Treatment Depth (cm) Soil (total) Roots 

LD-DFE +15N(10%) 0-10 184 (3) 
25mm 10-20 133 (4) 
Total 0-20 317 (7) 4.5 (0.6) 

LD-DFE +15N(10%) 0-10 193 (2) 
50mm 10-20 166 (2) 
Total 0-20 359 (4) 5.2 (0.8) 

Microbial Biomass 

2.7 (1.0) 
2.4 (0.7) 
5.1 (1.7) 

3.1 (1.2) 
3.0 (1.0) 
6.1 (2.2) 

The top 10 cm of soil contained more nitrogen than the 10-20 cm layer in both 

LD-DFE treatments. This follows a similar trend observed by Reijnen (2002) - although 

in this previous study the two measurement depths were 0-7.5 cm, and 7.5-15 cm. 

Significantly (P~O.Ol) more soil nitrogen was measured in the top 10 cm receiving LD­

DFE at 50 mm (359 g N m-2) than the LD-DFE 25 mm treatment (317 g N m-2). 

7.3.2 15N Recovery 

Table 7.2 shows 15N recovery from soils with a two year history of LD-DFE 

application, six months after the final 15N-Iabelled LD-DFE application. 15N was 

calculated from the various pools of nitrogen in the soil for two depths - again, 

comparable to those reported by Reijnen (2002) - and as a total in the top 20 cm of soil. 

Table 7.2 15N recovery from various pools of nitrogen in the soil (%) (± one S.E.M.) 

Treatment Depth (cm) Soil (total) Roots 

LD-DFE +15N(10%) 0-10 
25 mm 10-20 
Total 0-20 

LD-DFE +15N(10%) 0-10 
50 mm 10-20 
Total 0-20 

15.8 (1.3) 
11.2 (1.2) 
27.0 (2.5) 

14.1 (0.9) 
10.8 (0.8) 
24.9 (1.7) 

2.4 (0.1) 

0.9(0.1) 

Microbial Biomass 

6.2 (0.4) 
1.8 (0.9) 
8.0 (1.3) 

5.9 (0.3) 
1.2 (0.4) 
7.1 (0.7) 
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As in the previous DFE study, more 15N was recovered in the top soil depth (0-

10 cm) sampled. The lower depth (10-20 cm) is generally regarded as less biologically 

active. There was no significant difference (P~0.05) between total 15N recovery from 

LD-DFE 25 mm and LD-DFE 50 mm. Unfortunately, neither Control 25 mm or Control 

50 mm were sampled in order to compare these treatments against the LD-DFE, or the 

previous DFE study (Reijnen, 2002). 

A significantly (P,:::O.Ol) larger amount of 15N was recovered from the root 

nitrogen pool in the LD-DFE 25 mm treatment (2.4%) when compared to the LD-DFE 

50 mm treatment (0.9%). This follows a similar trend observed by Reijnen (2002) 

where 3.1 % of 15N was recovered in the root nitrogen pool of the DFE 25 mm 

treatment, and only 1.6% from the DFE 50 mm treatment. 

There was no significant difference (P~0.05) observed between 15N recovery 

from the microbial biomass nitrogen pools in the two LD-DFE treatment regimes. 

Overall, the microbial biomass results are lower in this instance when compared to 

Reijnen (2002) - 10.7 and 10.3% in DFE 25 and DFE 50 respectively. The hypothesis 

that additions of carbon stimulated microbial activity, and therefore increased recovery 

in the previous DFE study are supported in this instance by lower recovery rates after 

the addition ofLD-DFE. 

7.3.3 Root Mass Nitrogen 

Root mass samples were collected from 0-20 cm in order to obtain enough roots 

to undertake analysis. Unlike the DFE study (Reijnen, 2002), root mass density (oven 

dried) did not differ significantly (P,:::O.Ol) between the LD-DFE 25 mm treatment (816 

g m-2) and LD-DFE 50 mm (827 g m-2). Pasture harvest differences on the scale 

reported by Reijnen (2002) were not observed in this present study, and so large 

differences in root mass density would not be expected. 

The analysis of root nitrogen showed little difference in the nitrogen 

concentration of roots collected from the LD-DFE 25 mm treatment - 0.57% (c.f. 

0.81% for DFE 25), and the LD-DFE 50 mm treatment - 0.56% (c.f. 0.77% for DFE 

50). 
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7.3.4 Microbial Biomass Nitrogen 

Total microbial biomass nitrogen in the 0-20 cm soil layer did not vary between 

the two different treatments. There was no significant (P:S0.01) increase in microbial 

biomass nitrogen in the LD-DFE 50 mm treatment when compared to the LD-DFE 25 

mm treatment. 

Microbial biomass nitrogen represented 1.6 and 1.7% of total soil nitrogen in the 

top 20 cm of the soil for LD-DFE 25 mm and LD-DFE 50 mm, respectively. This is 

similar to the 1.79% for DFE 25 mm reported by Reijnen (2002), and predictably lower 

than the 2.54% for DFE 50 mm. 

7.4 Conclusion 

This investigation has shown that 29.4% and 25.8% of nitrogen applied in the 

LD-DFE treatments was immobilised in the soil system following application rates of 

25 mm and 50 mm, respectively. This compared to 38.5% and 32.3%, respectively, from 

the lactose-rich DFE study (Reijnen, 2002). 

In the LD-DFE 25 mm treatment 27% of the applied nitrogen was recovered in 

the soil fraction, and 2.4% was recovered in the root fraction. In the LD-DFE 50 mm 

treatment 24.9% of the applied nitrogen was recovered in the soil fraction, and 0.9% 

was recovered in the root fraction. 
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Chapter 8: Nitrogen Budget 

8.1 Introduction 

The aim of this study was to determine the fate of nitrogen from LD-DFE and 

dairy cow urine irrigated onto land. This has enabled both the identification of 

environmental effects following the implementation of this effluent disposal method, 

and allowed the comparison between the results obtained in this experiment, and those 

in the previous lactose-rich DFE study. A Templeton fine sandy loam soil subjected to a 

typical New Zealand pasture management regime was used in a lysimeter study to 

examine the various processes that affect nitrogen cycling following LD-DFE 

application to land. 

Measurements were taken that provided data which enabled the generation of a 

nitrogen budget for each treatment. These included: 

• Nitrogen leached out of the soil (Chapter 4). 

• Denitrification losses of nitrogen (Chapter 5). 

• Nitrogen removed following pasture harvest (Chapter 6). 

• Nitrogen accumulation in the soil system (Chapter 7). 

These detailed measurements and the use of 15N isotope technology allows the 

calculation of a complete nitrogen balance, and this is the focus of this particular 

chapter. 
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8.2 Nitrogen Budget 

Measurements taken during the course of this study have enabled the generation 

of a nitrogen budget (Table 8.1) which illustrates "The Fate of Nitrogen in Lactose­

Depleted Dairy Factory Effluent Irrigated onto Land". 

In order to accurately compare the results of this study with those of the 

previous lactose-rich DFE experiment (Reijnen, 2002), both inputs and losses of 

nitrogen have either been duplicated (e.g. values for nitrogen fixation and atmospheric 

deposition), or measured directly using parallel methodology. Inputs of LD-DFE and 

urine nitrogen were measured directly. Values for both atmospheric deposition and 

nitrogen fixation were identical to those used by Reijnen (2002), having been estimated 

from the literature. Leaching losses of nitrogen, and pasture nitrogen harvested were 

measured directly during the course of the experiment. Denitrification was measured 

periodically, and annual denitrification losses were interpolated for periods between 

each seasonal measurement. Annual net immobilisation of LD-DFE nitrogen was 

calculated from measurements taken from lysimeters with a two year history of LD­

DFE application, preceded by three years of lactose-rich DFE. 
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Table 8.1 Nitrogen Budget for each treatment under investigation (kg N ha-1 yr-1) 

Inputs 
LD-DFE nitrogen 
Urine nitrogen 
N fixation 
Atmospheric Deposition 
Losses 
Leaching 
Pasture Harvest 
Denitrification 
Accumulation in Soil 
Immobilisation 
% Accounted for 

Inputs 
LD-DFE nitrogen 
Urine nitrogen 
N fixation 
Atmospheric Deposition 
Losses 
Leaching 
Pasture Harvest 
Accumulation in Soil 
Immobilisation 
% Accounted for 

Control 25 
Year 1 Year 2 

0 0 
0 0 
200 200 
15 15 

2 2 
107 198 

0.06 

Control 50 
Year 1 Year 2 

o 
o 
200 
15 

11 
129 

o 
o 
200 
15 

3 
238 

LD-DFE 25 + 15N(10%) LD-DFE 25 + 15N (50%) 
Year 1 

353 
0 
150 
15 

23 
280 

Year 2 

315 
0 
150 
15 

18 
400 
4.4 

134 
86 

Year 1 

353 
0 
150 
15 

18 
289 

LD-DFE 50 + 1~(10%) 
Year 1 Year 2 

635 
o 
75 
15 

65 
412 

592 
o 
75 
15 

51 
553 

152 
111 

Year 2 

315 
0 
150 
15 

21 
414 
1.69 

LD-DFE 25 + Urine LD-DFE 25 (paddock losses) 

Year 1 Year 2 Year 1 Year 2 

353 315 353 315 
1000 1000 250 250 
40 40 122.5 122.5 
15 15 15 15 

369 280 108 84 
610 629 515 457 

19.7 7.4 
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8.3 Summary 

An approximate nitrogen mass balance detailing the fate of nitrogen following 

lactose-rich DFE application in non-urine treated soils is illustrated in Cameron et aI., 

(2002). It shows that leaching of nitrogen accounted for <1 % of nitrogen applied in 

DFE, plant uptake accounted for 4-51 %, denitrification accounted for 8-12%, 

volatilisation accounted for <1 %, and immobilisation accounted for 52-64% of the N 

applied. 

Table 8.1 above, shows that the average nitrogen leaching losses ranged from 18 

- 23 kg N ha-1 y{l in the LD-DFE 25 mm treatments, and 51 - 65 kg N ha-1 y{l in the 

LD-DFE 50 mm treatment. When corrected for leaching losses in each of the 

corresponding Control treatments, these nitrogen losses represent up to 17% of applied 

LD-DFE nitrogen. This compares to corrected leaching losses of only 0.7% of DFE 

nitrogen applied. Leaching losses in the LD-DFE + Urine treatment (and the 

calculated "paddock losses") were greater both in terms of total and percentage losses. 

Nitrogen in pasture harvested from LD-DFE 25 mm ranged from 280 - 414 kg 

N ha-1 yr-l, and the LD-DFE 50 mm treatment ranged from 412 - 553 kg N ha-1 y{l. 

When corrected for the corresponding Control treatments this was equivalent to an 

average of 43% (LD-DFE 25 mm), and 37% (LD-DFE 50 mm) of applied LD-DFE 

nitrogen. Year One losses from the LD-DFE 25 + Urine treatment were 610 kg N ha-1 

y{l, and this rose slightly to 629 kg N ha-1 y{l in Year Two. "Paddock losses" of 

nitrogen that resulted from the harvest of pasture was equivalent to 515 and 457 kg N 

ha-1 y{l in Years One and Two, respectively for the LD-DFE 25 + Urine treatment. 

This value represents 31 % of applied LD-DFE and urinary nitrogen in the LD-DFE 25 

+ Urine (corrected) treatment. 

Approximate annual denitrification losses averaged 3.0 kg N ha-1 y{l of applied 

LD-DFE nitrogen in the LD-DFE 25 mm treatments. Apparent denitrification losses 

for the LD-DFE 25 + Urine treatment (corrected for urine coverage of 25%) represent 

7.4 kg N ha-1 yr-l of applied LD-DFE and urinary nitrogen. 

By utilising 15N labelled LD-DFE it was calculated that 29.4 and 25.8% of 

applied 15N remained in the soil (excluding the roots) after six months for the LD-DFE 

25 mm and LD-DFE 50 mm treatment, respectively. 

As in the DFE study (Reijnen, 2002), the results detailed above could not be 

calculated from total nitrogen inputs because nitrogen fixation was not measured. 
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These results do however; provide a reasonable indication of the fate of nitrogen from 

LD-DFE and cow urine irrigated onto land. 
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Chapter 9: Conclusions 

9.1 Introduction 

This chapter details the conclusions that can be drawn from this LD-DFE 

research. 

9.2 Main Conclusions 

A review of the literature (Chapter 2) highlighted the fact that there is no 

published data on the environmental impacts of applying LD-DFE to land. The results 

of this study set out to compare nitrogen losses following LD-DFE application with that 

found after applying lactose-rich DFE (Reijnen, 2002). 

As in the previous lactose-rich DFE study (Reijnen, 2002), comparisons with the 

two Control treatments showed that the effect of LD-DFE on each of the soil processes 

measured was a result of the waste components (mainly nitrogen and carbon) as 

opposed to an irrigation effect. 

Results from this two year investigation reiterated findings from other studies 

(including the previous lactose-rich DFE study) that the input of urine from grazing 

animals caused a significant increase in leaching and denitrification losses of nitrogen 

from pastoral soils. Generally, there was a greater amount of nitrogen removed by the 

pasture receiving LD-DFE compared with that reported by Reijnen (2002) for the 

lactose-rich DFE applications. This indicates that the LD-DFE application provides 

more available N for plant uptake compared with the previous lactose-rich DFE. 
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9.3 Recommendations for Future Research 

Recommendations for future research into the fate of lactose depleted dairy 

factory effluent include: 

• Investigating the fate of nitrogen following the application of LD-DFE to 

different soil types that may be used for the disposal of such wastes. 

• Utilising the two desirable loss pathways - dinitrogen emissions and plant 

uptake - in order to reduce the impact of both LD-DFE and cow urine on 

the wider environment. 

• Investigating the use of recent technology involving nitrification inhibitors, 

and their effect on waste streams such as LD-DFE. 

• Accounting for the long term application of LD-DFE nitrogen, and how this 

might impact on soil nitrogen immobilisation. 
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Appendices 

Appendix A 

LD-DFE Analyses 2002/03 

Date Kjeldahl- N03-N N02-N NH4-N Total-N N Total-IC Total- Total-C C C:N 
N applied OC Applied Ratio 

(ug mr') (ug mr') (ug mr') (ug mr') (ug mr') (mg) (ug mr') (ug mr') (ug mr') (mg) 
16/10/2002 113.97 47.27 10.95 3.26 172.19 861 28.60 1793.00 1822.00 9110 10.6 
7/11/2002 81.37 18.65 0.56 4.88 100.58 503 52.00 1797.00 1849.00 9245 18.4 
3/12/2002 87.93 164.93 0.01 6.60 252.87 1264 16.90 944.00 961.00 4805 3.8 

15/01/2003 106.25 7.57 1.39 8.34 115.21 576 81.20 1277.50 1358.70 6794 11.8 
13/02/2003 83.44 51.55 6.43 0.83 136.14 681 12.80 1399.00 1412.00 7060 10.4 
5/03/2003 149.00 0.00 9.94 18.23 158.94 795 13.28 1293.72 1307.00 6535 8.2 

26/03/2003 229.96 49.41 0.19 8.08 279.56 1398 35.23 2982.00 3018.00 15090 10.8 
16/04/2003 97.50 55.36 16.86 0.87 169.72 849 36.57 938.00 975.00 4875 5.7 

TOTAL 6926 63514 
Means 118.68 49.34 5.79 6.39 173.15 866 34.57 1553.03 1587.84 7939 10.0 



LO-OFE Analyses 2003/04 

Date Kjeldahl- N03-N N02-N NH4-N Total-N N Total-IC Total- Total-C C C:N 
N applied OC Applied Ratio 

(ug mr') (ug mr') (ug mr') (ug mr') (ug mr') (mg) (ug mr') (ug mr') (ug mr') (mg) 

1/10/2003 170.00 37.05 53.64 3.49 260.68 1303 3.62 1765.60 1769.30 8847 6.8 
22/10/2003 124.56 4.96 36.39 3.63 165.91 830 5.43 3070.10 3075.50 15378 18.5 
12/11/2003 103.75 0.25 0.15 83.85 104.15 521 0.00 1196.40 1196.40 5982 11.5 
3/12/2003 67.84 26.45 10.12 3.96 104.40 522 13.64 742.00 755.60 3778 7.2 

14/01/2004 81.69 N/A N/A 89.30 81.69 408 54.57 788.30 842.90 4215 10.3 
4/02/2004 86.11 43.93 6.11 7.09 136.16 681 6.52 852.60 859.10 4296 6.3 

25/02/2004 181.63 36.11 6.76 4.97 224.50 1123 23.62 1912.40 1936.00 9680 8.6 
17/03/2004 100.00 58.29 N/A 5.23 158.29 791 27.97 1380.40 1408.40 7042 8.9 
TOTAL 6179 59216 
Means 114.45 29.58 18.86 25.19 154.47 772 19.34 1463.48 1480.40 7402 9.8 



LO-OFE Analyses 2003/04 continued 

pH Na+ K+ Mg"+ Ca"+ cr Sr- P04-P 504-5 I 

(ug mr') (ug mr') (ug mr') (ug mr') (ug mr') (ug mr') (ug mr') (ug mr') , 

1/10/2003 5.22 374 80.98 14.39 72.53 95.62 1.60 35.92 31.52 
22/10/2003 5.69 373 201.00 11.51 73.47 216.12 4.20 62.04 39.31 
12/11/2003 5.69 421 115.00 9.56 81.83 128.34 N/A 2.59 22.70 
3/12/2003 9.18 206 29.25 4.37 26.31 40.08 0.32 9.45 11.33 

14/01/2004 5.92 271 74.35 6.55 41.88 70.33 N/A N/A 0.15 
4/0212004 4.11 509 50.72 5.59 46.49 546.11 N/A 15.12 26.18 

25/02/2004 5.16 279 93.89 6.21 36.47 128.14 N/A 16.51 39.95 
17/03/2004 11.18 567 79.87 5.43 37.93 360.37 N/A 12.98 54.49 

Means 6.52 375 90.63 7.95 52.11 198.14 2.04 22.09 28.21 




