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Abstract

The soils of North Canterbury occur mainly on
steep land (31%), hilly land (28%), rolling downs
and downlands (11%) and terraces and floodplains
(30%). Most soils are predominantly formed from
greywacke and tertiary sediments and some 85%
comprise yellow-grey earth, yellow-grey earth to
yellow-brown earth intergrade, yellow-brown earth
and recent soil groups. In terms of the relationship
between pasture production and fertiliser nutrient
use these major soil groups are considered as a
single entity, namely “sedimentary” soils (a
reference to their derivation from sedimentary
rocks). The relationships (production functions)
between pasture production and soil test level for
sulphur (S), phosphorus (P) and potassium (K)
are shown to be of the “diminishing returns’ type
for the sedimentary soils and the point at which
near-maximum production (97%) occursis defined
as the “biological optimum” soil test level.
Biological optimum sulphate-S and organic-S
_levels_are_10 and 15 respectively, for Olsen P is

optimum soil test levels have been attained then
maintenance fertiliser nutrient rates are appro-
prige. In order to correct S deficiency  sedimentary
soils require an average of 35 kg S/ha. To move
up the pasture production curve an average of 5
kg P/ha above maintenance will increase Olsen P
by 1 unit. Potassium requirements depend on soil
group within the sedimentary soils.

-Keywords: biological-optimum, North Canterbury,
nutrient requirements, phosphorus, potassium,
sedimentary soils, sulphur

Introduction

Soils are formed by a number of factors, including
paent maerid, climate, time, topography, soil-living
organisms  (Jenny  1941) and the modifying  influence
of human activity. Soil processes (e.g. leaching,
podzolisation, gleying, humification and biological
didurbance) acting in conjunction with the soil-forming
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factorsresult in the soil mantle which is one of the
fundamentd  resources  avallable to  fames  The firg
section of this paper describes the digtribution of these
resources in North Canterbury, their physical
characterigics and land  use

While the siils ae the growing media for pasture,
in their naturd dtate they may be deficient in one or
more of the essentid eements required for maximum
grasslegume  productivity. If a farmer’'s objective is to
produce as much pasture a possble then these nutrient
deficiencies will need to be corrected. The assessment
of il fertility, on fam, is currently most often made
usng a combinaion of oil teding and pest fertiliser
history and then deciding on nutrient requirements
accordingly. One formad method of determining nutrient
requirements is the CFAS approach (Cornforth &
Snclar 1984) dthough this is essentidly a maintenance
modd, ie, the nutrient requirement is caculated to
replace the annud losses of S, P and K and does not
fully cover the spectrum from farm development
through to true maintenance Situgtions.

Recently, over 3000 datasets oOerived from archiva
and recent soil fertility trials conducted by MAF/

electronic database and analysis of this information
has endbled the reaionships (production  functions)
between relative pasture production and the soil tedts
for S, Pand K to be defined for sedimentary soils.
Previoudy, only limited data relating soil test (primarily
Olssn P) and pasture production have been published
(Grigg 1977, Saunders e d. 1987). The relaionships
and practicd information to  hep formulate  fertiliser
policies arising from the database information are
presented and discussed in the second  section of this

paper.
Soils of North Canterbury

In this paper, North Canterbury is defined as the land
aea bounded by the Clarence river in the north, the
Waimakariri fiver to the south, the coast to the east
and the Southen Alps to the west. A summay of soil
dasdfication and soil aeass for North Canterbury ae
presented in Table 1. The soils in this area occur on
four mgor landforms




Table 1 Soil groups of North Canterbury.

Soil Group ‘ Physiographic unit Area’ (1000 ha) Area (%)

Yellow-grey earth Rolling land with deep loess 44 6.5
Hilly land from Tertiary —sediments ab 12.5
Steep land from greywacke 74 11

Yellow-brown  stony  soils Terraces from greywacke 48 7

Yellow-grey to yellow-brown intergrades Rolling land with deep loess 28 4
Hilly land from Tertiary sediments 75 11
Terraces from greywacke 45 7

Yellow-brown earth Terraces and fans from greywacke 6 |
Steep land from greywacke 137 20

Yellow-brown sands Coastal dunes 7

Rendzinas Mainly hilly land from Tertiary ~sediments 24 35

Brown granular clays Mainly hilly land from Tertiary sediments 8

Gley soils Terraces and flood plains from greywacke 20 3

Recent soils Terraces and flood plains from greywacke 79 12

* From Long (1966)

(a) Steep land (31 percent of fotal area)
Extensve aess of steep land occur in two main bdts

(i) A long belt of seep land occurs as a trangtion to
the high country, 30 to 50 km from the coadt. This
land mainly contans yelow-brown earths (Hurunui
wils) but lage aess of yelow-grey eaths (Haldon
sils) occur on the drier eagtern side, particulaly in
the north.

(i) Lage aess of dy depland yelow-grey eaths
(Haldon soil9) occur within 30 km of the coest with
the Lowry Pesk Range making up the bulk of the
aea North of the Waiau River the climate is humid
and the woils are classfied as yelow-brown earths.

The Hurunui soils occur under a humid climate
They are friable soils predominantly of dony slt loam
texture and of vaidble depth and ae wel aited to
pastord and forestry uses.

The Haldon oils occur under a 600-850 mm rainfall
and suffer severe droughtiness. Y ellow-grey earth
festures are only weekly expressed due to reuvenation
on deep dopes and to high stone contents in  subsoil
horizons. Soils ae predominantly shdlow gravelly st
loams with angular fragments of greywacke Numerous
outcrops  of greywacke occur. Thee soils ae admogst
exclusively used for extensive grazing as severe
droughtiness  limits ~ production  potential.

(b) Hilly land (28 percent of total area)

Hilly land is mainly confined to within 30 km of the
coad and condsts manly of yelow-grey earths (formed
from deep loess or fine colluwium) and yelow-grey to
yellow-brown eath intergrades (formed on old grave
beds). Smdler aeas contain rendzines (from limestong)
and brown granular clays (from volcanic rock). Hilly
land is mainly confined to within 30 km of the coas.
Soils are highly varigble in depth and texture due to
different textures of parent materials and varying
amounts of loess in soil profiles. Consequently, a large
number of soils are didtinguished. In the subhumid aea
soils ae mapped as Ambeley, Glenmark, Tako and
Tipapa s, in the intermediate ranfdl aea as Glendhu,
Gower, Leader, Makerikeri, Stonyhurd sets and in wetter
aess o Kahutara, Hunddee and Onepunga Sets.
Rendzinas, formed from limestone, and brown
granular clays, formed from basaltic tuffs occupy
rdatively smal aeas in the Wakai Basin, near Waiau,
and nexr the coat between the Hurunui and Waipara
rives. These soils generdly have dak, organic-rich
topsoils and frigble, strongly structured  subsoils.

(c) Rolling downs and downland margins (11 percent
of total area)

Soils on rolling downs and downland margins are formed
from loess, or loess and collwium, from greywacke




and other sliceous maerid such as sandstone In generd
the iils ae ydlow-grey eath or ydlow-grey eath
yelow-brovn eath integrades and have dak dlit loam
topsoils over olivebrown subsoils with an  underlying
fragipan (@ dense horizon which limits root growth and
has dow permeshility). Thee woils form a sequence of
soils with increasing rainfall of Waipara, Ashley,
Cheviot and Oxford sdts  Soils  become  increasingly
acid with rainfall and more poorly drained with
increesng rainfal or with decressng dope angle These
lands are mostly suited to pastoral use and have
limitations of droughty summers and waterlogging in
winter/early  spring. Soils on  the downlands margin
(Mairaki, Domett, Wakanui) ae aso used for cropping.

(d) Terraces and flood plains (30percent of total area)
Teraces and flood plans ae composed of:

() Sdlowv and dony soils on older surfaces in the
Amuri and Wakai Basns and on the extensve
outwash surface to the north of the Waimakariri
River.

Thee soils (mainly represented by  Lismore,
Balmoral ad Chetsy ils) ae manly used for
grazing, dthough a sgnificat aea & Balmoral and
Eyrevdl ae usd for Pinus Radiga plantations.
Shallow and stony soils are prone to severe
droughtiness. They ae used for intensive grazing
under border dyke irrigation in the Amuri Plains.

(i) Deep to very dony soils on younger surfaces in

Hurunui and Waiau Rivers.

These soils have variable potential largely
dependent upon their depth of fine textured materia
and avallability of irrigation. Templeton soils and
the deeper phases of the Waimakairi soils are used
for cropping and  horticulture.

(ii)A relatively small but significant area of poorly
drained gley soils in the south around Rangiora and
Kaapoi.

These soils are used for grazing and have
traditionally been used for dairying.

Sulphur, phosphorus and potassium require-
ments for North Canterbury soils

Collectively, the soil groups yellow-grey earth, yellow-
brown earth, yellow-grey to yellow-brown earth
intergrades and recent soils occupy 85% of North
Canterbury. For the purposes of establishing the

association with'the Eyre;-Ashley; Kowai;-Waitohi;——

reationship  between reldtive pasture  production  and
il test (production function), relevant trids conducted
on these four soil groups throughout the lower hdf of
the North Idand and the whole South Idand have been
grouped  together.

This approach is vaid for the following reasons (a
the «ils ae dl deived from smilar paent materids
and therefore their chemidry with respect to S, P and K
will be similar. Thus, the production functions are
expected to be gmilar; (b) data from individud trids
ae often vaidlle Combining daa from a number of
stes (in efect tredting trids as replicaes) or smilar
soils reduces the variability (see Sinclar & al. 1994)
and enables meaningful average relationshps to be
developed; (c) these reldionships have a useful practicd
meaning and application & the fam leve, given the
precison required in meking feriliser  recommendations.

The production functions have been developed
using spline functions (Upsdell 1985) and the 95%
confidence intervals for the average relationship are
d shown. In generd, the production functions are
curvilinear in nature. The “biological optimum”  soil
tet levd has been defined as that a which 97% of
rdaive pasture production is achieved. The 97% has
been abitrarily chosen because that levdl is close to
near-maximum  pasture  production and, by  definition,
diminishing retuns curves of the Mitscherlich  type
will reach 100% only & infinity.

Sulphur

There are two soil tests used for determining the S
status-of-soils;-namely-the-sulphate-S_test (Saunders_ez
al. 1981) used to messure immediatdy avalable S and
the extractable organic-S tet (Watkinson e al. 1991)
which messures more dowly available S. The hiologica
optimum sulphate-S test is 10 (Fig. 1) while for organic-
Sitis 15 (Fig. 2). However, quoting single soil test
vaues dftributes too much precison to oil testing and
SO atarget range is given which indicates a high
probability of sustaining near maximum pasture
production. The target range for sulphate-S is 10-12
and for organic-S is 15-20 for sedimentay oils.

T h e
together. Low levels for both tedts indicte a need for
capital application of S fertiliser while high levels
indicate maintenance S is required.

Fied trid results show that S deficiencies may be
overcome with moderate inputs, provided the form of
S (dther sulphate or dementd-s) epproprite to the
individua farm stuation is applied. For sedimentary
ils, the average amount of S required to completdy
overcome a defidency is 35 kgha (range 30-40).

sulphate-S-and-organic-S-tests-should-be-use
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Figure 1 The relationship between relative pasture production
and soil sulphate for sedimentary soils.

Figure 2 The relationship between relative pasture production
and organic S for sedimentary soils.

Pasture Growth (% of Maximum)

Sulphate S

Pasture Growth (% of Maximum)

Organic S

Figure 3 The relationship between relaive pasture production
ad Osn P ted for simentay oils

Figure 4 The relationship between relative pasture production
ad ol ted K for sdimentay ois
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Phosphate

The predominant soil tet used for assessing the P
daus of soils in New Zedand is the Olsen tes (Olsen
e d. 1954). The biologicd optimum Olsen P test for
sdimentary soils is 20 (Fig. 3) and the target range for
Olsen P which will sustain near maximum pasture
production is 20-25.

If the Olen P daus of sedimentay soils is low,
large capital inputs of P fertiliser are required for a
repid increase to occur. It is much more effective to
qply a high rae of P over | or 2 yeas than to gpply
the same amount of P over sverd years Fdd trids
have indicaed that on average 5 kg Pha (range 4-7),
over and above those required to replace the annud
losses from the farm, will be required to rase Olsn P

Pasture Growth (% of Max

Soil Test K

by 1 unit. Thus, to raise the Olsen P status of a
sedimentary soil from 15 to 25, i.e, 10 Olsen P units,
some 50 kg Pha of capitd feriliser will be required.

Potassium

Two ol tests are used to asess the potassum fertility
of soils Thee ae the quick tet K (Cornforth 1980)
and the tetraphenylboron ~ extractable K (TBK) ol
tes (Jackson 1985). The reationship between pesture
production and quick test K shows that the hiologica
optimum is 6 (Fg. 4) and the target range to sudtain
nexr maximum pagiure production is 5-8.

Some sedimentary  oils, particularly  recent  aluvid
and ydlow-grey eath soils of the South Idand provide
considerable amounts of K for plant growth. This K is
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provided by continud weahering of soil clay minerds
and plant-available (but non-exchangeable) K held in
the soil but which is not measured by the standard
quick test procedure. An assessment of this “reserve”
K is given by the TBK test. Currently, there is little
interpretive data available for use with the TBK test.
However, data from a limited range of field experiments
(eg. Risk, W.H. unpubl; Smith, RG. unpubl.) suggest
that near maximum pasture production was obtained
over a value of about 0.8 me%.

Within the sedimentary soil group, yellow grey
earth and recent soils are unlikely to require capital
doplications of K and may not even require maintenance
K applications where reserve K levels are high. Yellow-
brown earths may require K and the reserve K levels
should be estimated using the TBK test.

Maintaining soil fertility

Once the biologica optimum soil test or target range is
reached, maintenance rates of fetiliser nutrients apply.
At maintenance, nutrient requirements are simply the
amounts needed to replace the losses of nutrients from
livestock or their products leaving the farm, dung and
urine deposited in gateways and stock camps and the
inevitable losses of nutrients which occur in soils. Thus,
nutrient losses a maintenance vary predominantly as a

Table 2 Maintenance nutrient requirements (kg/ha) in relation

to docking rae for heepbeef fanning.

—S8tocking-rate— Maintenance-rate

{SU/ha) S P
7 6-13 6-12 17-21
10 8-19 10-16 22-28
13 10-23 15-22 27-35
16 13-217 21-28 32-41
19 15-31 28-35 37-48
22 17-35 34-44 42-54

Maintenance K for grazed pasture is only required on soils
with low K reserves.

Table 3 Maintenance nutrient requirements (kg/ha) in relation

to docking rate for dairying.

Stocking rate Maintenance rate

(cows/ha)’ P K S
2 20-23 20-30 20-30
25 27-30 30-40 23-27
3 34-37 40-50 27-32
35 43-46 50-60 32-37
4 54-57 60-70 37-42

' | cow at 350 kg liveweight producing 290 kg milksolids
" K requirements with soils of low TBK reserves (TBK<1.0)
Requirements will be less at higher TBK levels

function of stocking rate and soil properties. Typical
maintenance nutrient requirements for the sedimentary
soils, such as those of North Canterbury, are shown in
Tables 2 and 3.

Economic versus biological optimum soil test
levels

The biological optimum soil test and target range values
assume that a farmer’s objective is to grow near
maximum pasture production. The economically
optimum soil test levels will depend on the individual
farm situation in terms of both physical and financial

factors. Generally, as gross farm income increases so
the economic optimum soil test level will approach
closer to the biological optimum. For example, at
current costs and prices intensive dairy farmers on the
terraces and floodplains around Rangiora and Kaiapoi
could justifiably have an objective to raise soil fertility
status to the target range for near maximum pasture
production (thereby embracing the biological optimum).
In contrast, extensive sheep and beef farmers in the
foothills of the Southern Alps may find that appropriate
soil test levels for their farm situation are well short of
the biological  optimum.

Summary

One of the lynch-pins of grassland production is the
soil resource. In order to achieve the production goals
and economic outcomes desired, farmers need to utilise
and enhance the chemical, physical and biological

——attributes-of-the-soils-on-their_properties._In_order_to

meet the nutrient requirements of the major livestock
feedstuff, perennial grass/legume pastures, farmers or
their advisors need to identify the soils they are dedling
with and the principles governing the relationship
between pasture growth and soil fertility status. This
paper has endeavoured to provide this information.
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