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A climate-driven, soil fertility dependent, pasture production model
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Abstract Field trial data relating pasture growth
to measures of soil fertility are confounded by many
site-specific environmental factors, particularly the
weather. One approach to accommodate this is to
express fertiliser responses in terms of relative
rather than absolute yields, but this approach places
constraints on trial design and is unhelpful when
attempting to extrapolate data to estimate actual
yields at other sites or in other years. We suggest
an alternative approach that includes the soil
moisture, and so the effect of climate, as it
influences evapotranspiration. The model assumes
that pasture growth is proportional to evapo-
transpiration, and that the proportionality constant
(k) depends on soil fertility. Evapotranspiration is
calculated from a simple daily soil water balance.
Values for k varied from 11 to 19 kg DM ha~' mnr1

of evaporation. The greatest divergence between the
measured and modelled production occurred during
a prolonged dry period. Possible reasons for this
are discussed. With simulated weather data, the
model can be used to generate probability-density
functions of pasture production. The advantage of
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the approach is that prediction of "actual" yield is
a very helpful measurement for producers, and more
valuable to scientists than relative yield when
modelling nutrient cycling. This modelling
approach also has potential applications in farm risk
management and feed budgeting.
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INTRODUCTION

Gandar & Kerr (1980) examined 100 papers
reporting on agronomic field trials in New Zealand,
and reported that "climatic data were rarely used to
aid interpretation of results". There is little evidence
in scientific literature to suggest that the situation
has changed much in the last 20 years. This applies
particularly to the analysis of field trials assessing
the relationship between pasture growth and
measures of soil fertility status conducted at
different sites and in different years (Sinclair et al.
1997). Rather than the effects of site- or time-
specific environmental factors, particularly the
weather, being examined explicitly, they are
masked. This is done by expressing fertiliser
responses in relative, rather than absolute yield
terms. Percentage yields relative to the site
maximum yield are then pooled and relative yields
from all sites (or seasons) graphed against the soil
fertility index under investigation. This approach
requires some treatments to achieve near maximum
yields, which places constraints on trial design and
is particularly unhelpful when attempting to
extrapolate data to estimate actual yields at other
sites or in other years.

For example, Sinclair et al. (1997) found that
the fitted curve for the relationship between Olsen
P and relative yield for 17 field trials measuring
long-term (6-year) pasture growth response to
phosphatic fertilisers explained less than 28% of
the yield variation. Sinclair et al. (1997) noted that
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considerable error was involved in calculating
relative yield, mostly due to the difficulty of
predicting maximum yields at each site. In fact, 28
of the 72 data sets considered by Sinclair et al.
(1997) had to be excluded because of unacceptable
error (>10%) in predicting maximum yields. Of the
remaining data sets for which relationships between
relative yield and Olsen P were evaluated, most of
the variation in relative yield unexplained by Olsen
P was due to inconsistent response patterns at each
site, both within and across years. The inconsistency
suggests that climate variation was one of the major
sources of variation influencing the shape of the
pasture response function.

Moir et al. (1997) used data from a series of
field sites varying from high (Olsen P 33^47 (j.g P
g~') to low (Olsen P 10-12 fig P g~') fertility, across
three rainfall zones (<750 to 1500 mm yr 1 ) , to
demonstrate that as rainfall increased, the size of
the pasture response to a unit of Olsen P also
increased (Fig. 1). For example, at the Mauriceville
sites (Fig. 1A), under high rainfall(1500 mm yr"1),
the high fertility (HF) site (Olsen 47 fig P g 1 )
yielded approximately four times that of the low P
site (Olsen P 10 fig P g~'). In comparison, at
Whareama (rainfall <750 mm yr 1 ; Fig. IB) the
difference between the low and high fertility sites
was only two-fold. Pasture growth stopped when
the soil volumetric water content (0-7.5-cm soil
depth) dropped to 0.20 (Moir 1994). It is apparent
that both rainfall and soil fertility status at the
measured sites strongly influenced annual pasture
yield.

The interaction between Olsen P and rainfall is
further illustrated if the relationship between Olsen
P and pasture growth when moisture is not limiting
in the spring is compared with annual production,
which includes periods when soil moisture limits
growth at some sites. Moir et al. (1997) found that
pasture yield was strongly related to soil Olsen P
status during periods when soil moisture was not
limiting plant growth (Fig. 2). Under these
conditions (spring climate) Olsen P was a good
indicator of fertility between field sites. However,
when the relationship between annual yield and
Olsen P at the same sites are plotted (Fig. 3), the
yield data fall into two groups based largely on
rainfall. Coastal dry sites had measurable yield
maxima, allowing a relative yield to be calculated.
However, the high rainfall sites diverged from the
low rainfall sites and showed a linear relationship
with increasing Olsen P, with no apparent maxima
over the range studied. The variation caused by
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Fig. 1 Cumulative pasture yield (solid lines) and 0-75
mm depth soil volumetric water content (9, broken line)
at high fertility (HF) and low fertility (LF) sites from
August 1993 to April 1994 at A, Mauriceville and B,
Whareama.

climate (rainfall) limits the portability of data to
other sites for developing generalised relationships.

As a step towards solving the problems outlined
above, this paper describes and tests a simple
pasture production model that explicitly takes into
account the effect of climate as it influences soil
moisture and evapotranspiration, in addition to the
effect of soil fertility. Pasture growth is computed
using a spreadsheet, and is based on calculations
of soil water balance. We suggest running the model
alongside fertility trials to aid interpretation and
extrapolation of the results, and we demonstrate
how this might be done.

MODEL DEVELOPMENT

The basic model is described here, and is justified
in a later section. Pasture growth (G) is calculated


