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ABSTRACT

Use of the nitrification inhibitor dicyandiamide (DCD) on New Zealand
dairy farms is increasing in an attempt to minimise nitrate losses to
ground water from urine patches. To study the impact of DCD on
soil nematodes, samples were collected from a field trial in Waikato
where 2.7 kg/ha was applied on 11 occasions over 12 months, and total
nematodes and the nematode community analysed. Of the nematode
families, genera and indices calculated, only populations of plant-
feeding Pratylenchus (lesion) nematodes were significantly different
between DCD treated and untreated plots. These results suggest
that frequent, small applications of DCD over a single year had no
major effect on the nematode community from bulk soil.

Keywords: Nematode fauna, maturity index, enrichment index, structure
index, Pratylenchus.

INTRODUCTION

Dairy farming is an important part of New Zealand’s agricultural landscape with the
increases in dairy cattle numbers and land area in milk production forecast to continue
(MAF 2007). Nitrate leaching from agricultural land into groundwater and waterways
is a growing environmental concern (Di & Cameron 2002a), and nitrogen deposited by
animal urine patches is a major source for nitrate leaching in grazed pasture systems
(Ledgard et al. 1999; Di & Cameron 2002a; Di et al. 2002).

The use of nitrification inhibitors such as dicyandiamide (DCD) is one management tool
currently available that has been shown to reduce nitrate loss to groundwater (Cookson
& Cornforth 2002; Di & Cameron 2002b, 2005). DCD works by inhibiting the oxidation
of ammonium by ammonium oxidising bacteria (AOB) (Amberger 1989). Ammonium
is less prone to leaching, being more readily bound to soil particles and is also available
for plant uptake. DCD applied at 7.5 or 10 kg/ha has resulted in dry matter increases of
approximately 30% (Di & Cameron 2002b; Moir et al. 2007).

The effect of DCD on soil biota other than AOB has been little studied. Soil nematode
community structure has been utilised as an effective indicator of environmental change
(Yeates et al. 1993; Bongers & Ferris 1999) and this paper investigates the impact of
DCD application on soil nematodes.

METHODS

Samples were taken from an established grazed field trial being conducted at an
experimental dairy farm near Hamilton on Horotiu sandy loam (Watkins 2007). The
trial consisted of two treatments, control and DCD, with ten replicates of each in a
randomised plot design. The twenty 4 x 4 m plots were in two rows of ten with guard
strips of 0.5 m between plots and a 1 m guard strip between rows. DCD was applied by
a knap-sack sprayer 3 days after grazing, or at approximately 3 week intervals during
periods of longer grazing rotations, from January to November 2006 at a rate of 2.7 kg
DCD/ha. Further details can be found in Watkins (2007).
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Composite soil samples (2.5 cm diameter to 75 mm depth) were collected from each
plot on 1 December 2006, 6 days after the last DCD application. Nematodes were
extracted from a 100 g field moist sub-sample using a modified White and Hemming
tray method over 72 h (Bell & Watson 2001). Total nematode numbers were estimated
using a Doncaster dish (Doncaster 1962), and they were then preserved in 4% boiling
formaldehyde solution before a sub-sample (ca 100 nematodes) was taken to determine
nematode community structure. This sub-sample was transferred to a 76 x 50 mm glass
slide using an Eppendorf pipette (with the tip cut so that the internal diameter of the tip
was ca 3 mm), and sealed under a 45 x 45 mm coverslip using wax. Nematodes were
identified using a microscope with interference contrast lighting at 400x magnification.
Four nematode community indices, Bacterial/Bacterial+Fungal (Yeates & Bird 1994),
2MI (sum of maturity and plant parasite index) (Yeates 1994), enrichment index and
structure index (Ferris et al. 2001), were calculated. The latter three indices include the
use of a coloniser-persistor scale (1-5) to classify the life-history of nematode families.
Nematodes in c-p 1 have traits consistent with very short life cycles and resistant stages
(colonisers), while c-p 5 are longer-lived and are susceptible to environmental disturbance
(persistors) (Bongers & Bongers 1998).

For all nematode taxa and indices, the standard error and significance of the

difference between control and DCD plots were determined using ANOVA on
untransformed data.

RESULTS AND DISCUSSION

There were no significant differences between the control and DCD treatments for
the taxa analysed in this study, with the exception of Pratylenchus (P<0.05; Table 1).
Nitrogen amendments, and more specifically their ammonia breakdown products, have
been shown to reduce plant parasitic nematode numbers either by direct nematicidal
effect (Rodriguez Kabana 1986) or by enhancing naturally occurring biological controls,
such as nematode-trapping fungi (Stirling 1991; Stirling et al. 2005), but the quantities
required tend to be phytotoxic. Given that DCD had no effect on any of the other taxa,
it is not clear why there were significantly lower numbers of Pratylenchus present in
the DCD treatment. The lack of effect on bacterial feeders appears to reflect the lack of
significant differences in AOB, DCD utilising bacteria or total culturable bacteria between
treatments from the same soil (U. Sarathchandra, unpubl. data), although DCD is also
a source of N (67%) (Rodgers et al. 1985) that could be used by soil micro-organisms
(Hauser & Haselwandter 1990; Schwarzer et al. 1998).

The =ZMI was lower (P<0.10; Table 1) for the DCD treatment than for the control.
Values for this index decrease with decreasing environmental stability such as caused by
soil disturbance or enrichment (Bongers 1999). The increased enrichment index value
in DCD plots, although not significant, is also suggestive of soil enrichment. Cheng et
al. (2008) found that the XMI was lower and the enrichment index higher in turf grass
amended with increased nitrogen inputs. The other two indices calculated did not differ
between DCD and control.

Watkins (2007) found that DCD in the soil sampled here had a half life of 2.9 days and
had completely disappeared by 19 days post application. This could be due to microbial
breakdown or leaching or a combination of both. There were significantly higher levels
of ammonium and lower levels of nitrate in the DCD treatment when pooled across the
duration of the trial (+14 and -17% respectively), but no significant differences in these
levels for the individual November and December samplings (Watkins 2007). This
suggests that small differences in ammonium and nitrate in the DCD plots at sampling
did not result in observable differences in bacterial populations or nematode community
composition. In one of the few studies examining the effect of DCD on nematodes,
Magesan et al. (2000) found that the addition of DCD to municipal wastewater applied
to soil cores did not have a significant effect on nematode populations. Similarly, Hua et
al. (2006) found no significant effect on nematode communities when a slow release urea
amended with DCD and a urease inhibitor was applied to soil. In this study, the bulking of

© 2008 New Zealand Plant Protection Society (Inc.) www.nzpps.org  Refer to http://www.nzpps.org/terms_of_use.html0



Pasture Ecosystems 245

TABLE 1: Mean abundance of feeding groups of nematodes, per 100 g of field
moist soil, and indices calculated for the nematode community in soil
from control and DCD plots.

Feeding Group Family or Genera c-p'  Control DCD SED?
Plant Helicotylenchus 3 68 42 26.1
Heterodera 3 50 40 18.3
Meloidogyne 3 30 23 14.8
Paratylenchus 2 638 724 265.8
Pratylenchus 3 268 133 58.2%
Plant associated ~ Tylenchidae 2 738 773 1458
Fungal Aphelenchus 2 89 39 345
Aphelencoides 2 376 421 532
Diphtherophora 3 4 9 6.8
Tylencholaimus 4 43 20 16.2
Bacterial Cephalobidae 2 928 786 118.6
Rhabditidae 1 904 1073 270.3
Prismatolaimus 3 32 30 20.8
Omnivore Dorylaimidae 4 45 48 20.5
Total nematodes 4262 4190 388.2
Indices Bacterial/Bacterial+Fungal 0.783 0.786  0.032
IMI 398 3.78 0.107F
Enrichment Index 704 774 5.19
Structural Index 23.3 214 5.33

'Coloniser-persister value (Bongers & Bongers 1998).
Z and 1 denote P<0.05 and P<0.10 respectively.

soil samples within plots may have also masked any spatial effects of urine patches where
DCD is likely to be having its greatest effect on soil chemical and biological properties.
Ritz et al. (2004) found nitrogen patches had a significantly positive effect on microbial
biomass but a significantly negative effect on microbial functional diversity.

In laboratory experiments, it has been found that the DCD utilising bacterium, identified
as Arthrobacter sp., could completely metabolise DCD, in the presence of urine, in
soil within 4 days at 20°C (U. Sarathchandra, unpubl. data). Mean soil temperatures
measured at 10 cm depth in the field from which the current samples were taken were
approximately 16°C in November and December. It is possible, then, that the DCD
was largely metabolised by the time the current samples were taken, 6 days after DCD
application. Although this may explain the lack of significant differences in bacterial
numbers between DCD and control plots (U. Sarathchandra, unpubl. data), if nematodes
were feeding on DCD-metabolising bacteria there would be a time lag before the number
of nematodes increased in response to the increase in bacteria.

Whether or not this trial was sampled too early to observe an effect of the November
application of DCD on nematodes, the fact that there were no significant differences
between DCD and the control suggests that repeated applications of DCD over a one
year period did not cause an effect in bulk soil samples on the nematode taxa other than
Pratylenchus analysed in this study. A pot trial is currently under way to examine the
temporal effects of DCD in urine patches by measuring soil chemical and biological
properties in urine-amended or untreated soil.
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