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An analysis of environmental and economic implications of nil and
restricted grazing systems designed to reduce nitrate leaching from
New Zealand dairy farms. II. Pasture production and cost/benefit
analysis

C. A. M. de KLEIN
AgResearch Invermay
Private Bag 50 034
Mosgiel, New Zealand

Abstract Nitrate leaching from animal urine is
perceived to be a serious consequence of dairy
farming. Previous results suggested that nil and
restricted grazing systems could reduce nitrate
leaching by up to 50%. It is likely that such systems
may also increase pasture production. However,
potential disadvantages include reduction in the
clover content of pastures and increase in capital
and/or operating costs. This paper examines the
economic implications of nil and restricted grazing
systems based on data from an average New
Zealand dairy farm and from a long-term farmlet
study. The analyses suggested that pasture
production increased by about 20% and 2-8%,
respectively, compared with a conventional grazing
system. Based on the average New Zealand dairy
farm, the costs/benefit analysis of the nil grazing
system suggested a negative return on capital of
about -10%. For the restricted grazing system, the
average return on capital was about 9% (range: -4
to 25%) and depended largely on the efficiency of
animal excreta use. On farms where an effluent
application system is already in place, the average
return on capital was 17% (range: 2 to 50%). Based
on the farmlet study, the cost/benefit analysis of
both grazing systems suggested a small negative
return on capital, except when the costs of an
effluent application system were excluded. It is
concluded that a restricted grazing system for the
average New Zealand dairy farm is likely to be
economically viable, on farms where an effluent
application system or a feed pad is already in place.
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INTRODUCTION

The deposition of nitrogen in small concentrated
urine and dung patches by grazing cows is
considered to be the main cause of nitrate leaching
from dairy farms (Burden 1982; Jarvis 1992). The
quantities of N that are deposited greatly exceed
the immediate plant requirements in the area of the
urine patch, leaving the excess N subject to leaching
losses, de Klein & Ledgard (2001) showed that
management systems in which grazing is avoided
throughout the year (nil grazing), or during autumn/
winter when the risk of nitrate leaching is highest
(restricted grazing), have the potential to reduce
nitrate leaching by 50-60%. However, since in both
systems the animal excreta collected from the shed
or feed pad were evenly returned to the pasture by
surface spreading, these grazing management
systems are also likely to affect pasture production.
In conventional year-round grazing systems, up to
70% of the pasture gets no recycled nutrient in any
one year (Haynes & Williams 1993), which means
that the production in these areas may be below
potential. In addition, pasture production can be
reduced as a result of sward damage and soil
compaction by animal treading, particularly in wet
weather and on susceptible soils (Campbell 1966;
Climo & Richardson 1984). In nil or restricted
grazing systems, excretal nutrients are returned
more evenly to the soil and the nutrient use
efficiency of excreta is likely to increase, while
sward and soil damage through animal treading is
avoided or reduced. Results of a study by Titchen
et al. (1989) suggested that shortening the grazing
season could increase pasture production. The DM
yield of perennial ryegrass plots receiving 300 kg
N ha"1 yr~' and grazed from spring to late autumn,
or from spring to late summer and cut from late
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summer to late autumn, was 12.2 and 13.7 t DM
ha"1, respectively. Cutting from late summer
onwards increased the average seasonal DM
production by 12%.

There are, however, potential disadvantages of
nil or restricted grazing systems. Firstly, the
increased use of farm equipment could outweigh
some of the advantages of avoiding animal treading
in wet weather and on susceptible soils. Secondly,
clover relies on areas in the pasture with low N
status (non-urine and dung patches) to maintain
itself (Brock & Hay 1996) and the even return of
excreta to the soil may result in a reduction in the
clover content of pastures. As clover is an integral
part of New Zealand's low cost pastoral systems,
this could have major implications for the viability
of our systems. Thirdly, an increase in gaseous
losses (e.g., CH4, N2O, N2, NH3) from the housed
animals and the stored and recycled effluent can be
expected (Jarvis 1993; Bussink & Oenema 1998;
Pain et al. 1998). Analyses of the N losses of nil
and restricted grazing systems indeed suggested that
NH3 volatilisation increased by, on average, 5- and
3-fold, respectively (de Klein & Ledgard 2001).
Finally, nil and restricted grazing systems could
increase capital and animal health costs and labour/
energy requirements. The increase in capital costs
could be particularly high as most New Zealand
dairy pastures are grazed all year round so that
animal housing and effluent storage facilities are
minimal. The economic sustainability of nil and
restricted grazing systems will, therefore, mainly
depend on whether an increase in income due to
increased pasture (and thus milk solids) production
can outweigh the increased costs of these systems.

Nil or restricted grazing systems have been
evaluated in the past (e.g., McQueen 1963, 1970;
Veldkamp 1976; Voigtlander 1976; Avenriep 1977)
and have generally been found not to have an
economic advantage over conventional grazing.
However, the restricted grazing systems invest-
igated in New Zealand studies (McQueen 1963,
1970) focused solely on the effect of grazing on
soil pugging and pasture damage during wet
periods. Since the excreta collected from the feeding
platforms or in the milking shed were not returned
to the pasture, any potential fertiliser effect of the
effluent was not taken into account. In addition, with
increasing concerns about the effects of dairy
farming on the environment, this aspect is becoming
more important, and ultimately, the success of any
grazing system will depend on both economic and
environmental sustainability. The environmental

implications of nil and restricted grazing systems
in which effluent is returned to pasture were
presented by de Klein & Ledgard (2001). The
present paper examines the economic implications
of these systems by i) reviewing existing knowledge
on the effects of excreta return and animal treading
on pasture production, ii) estimating pasture
production for nil and restricted grazing systems
based on this existing knowledge, and iii) calcu-
lating a cost/benefit analysis of these systems.

GRAZING MANAGEMENT SYSTEMS

The three management systems included in this
review are conventional grazing, nil grazing, and
restricted grazing. A detailed description of each
management system is given in de Klein & Ledgard
(2001). Briefly, conventional grazing is year-round
grazing of clover-based pasture, nil grazing is a
system in which the cows are kept off the paddocks,
the pasture is harvested and fed to the animals on
feeding pads, and the animal excreta are evenly
returned to the pasture via surface spreading, and
restricted grazing is a conventional grazing regime
from September to March with nil grazing during
the five autumn/winter months (April to August).

For the conventional system, detailed inform-
ation on pasture and milk solids production was
obtained from a long-term farmlet study at the
Dairying Research Corporation No. 2 dairy near
Hamilton (Penno et al. 1996; Ledgard et al. 1999,
2001). The farmlet was stocked at 3.3 cows ha"1,
received no fertiliser N, and had a dry matter
production of 16.41 ha"1 y r 1 (Table 1). The farmlet
did not receive any additional input of N via
effluent, as the excreta collected in the shed were
pumped off-site for processing (Ledgard et al.
1999). Analyses were also carried out for an average
New Zealand farm with 80 ha of land and 200 cows
(i.e., 2.5 cows ha"1), a milk solids production of
300 kg cow~] y r 1 or 750 kg ha"1 y r 1 (LIC 1996),
and a DM production of about 13 t ha"1 yr"1

(Table 1).
The effect of these grazing management systems

on pasture production is two-fold: (i) the uneven
return of excreta to pasture in concentrated urine
or dung patches, and (ii) sward damage and soil
compaction from animal treading, particularly in
wet weather and on susceptible soils. Although it
is difficult to distinguish between the two effects,
as eliminating the patchy return of excreta by
removing the stock from the pasture also eliminates
the treading effect, they are discussed separately.


