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Abstract

Large differences in climatic, edaphic, and biotic variables were
recorded among four aspects of a hill in the Southern Ruahine
range over a twelve-month period. Productivity of the existing
sward appeared to be strongly influenced by available soil nitro-
gen levels, and soil moisture status during the summer/autumn
months. Pasture botanical composition was related to both these
factors and also to soil available phosphate status. Some practical
implications of the differences recorded are discussed with refer-
ence to farm subdivision, seeds mixtures and feriiiizer require-
ments .

INTRODUCTION

THE PASTURE ENVIRONMENT comprises soil, climate, animal, and
plant components which interact to give a particular state of pro-
ductivity and stability. In hill country the additional effects of
topography result in a unique pasture environment. Topography
has its influence through the effects of slope and aspect, both on
a micro- and a macro-scale. In this paper attention is focused on
aspect effects.

The major direct effects of aspect are climatic ones, namely,
on radiation and wind speed. Direct effects on rainfall may also
occur (A,ldridge,  1975). Indirect effects on other climatic factors,
and on the soil, animal and plant components, result from these
direct effects on climate.

EXPERIMENTAL AND RESULTS

Selected environmental variables were studied during 1972
on four aspects of a hill at Ballantrae,  the hill country research
station of Grasslands Division, DSIR.  The experimental area was
370 m above sea level and the soil type Whetakura hill soil
(Rijkse, 1974))  a yellow-brown earth derived from sandy silt-
stone, with a possible loess  influence (J. D. Cowie, pers. comm.)  .
As far as could be determined, the area had not been topdressed
since 1950, if at all. Annual rainfall in the years 1970-1975
ranged from 990 to 1350 mm.
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Climate measurements were made on an area of approximately
13” slope on each aspect. Pasture production and nitrogen
mineralization measurements were on 5 to 30”  slopes only, and
the remaining data were collected on a line transect basis over
all slope classes, the average slope being approximately 16”.

CLIMATX  FACTORS

Table 1 summarizes the climatic differences detected between
aspects. Rainfall measurements were also made but their relevance
is doubtful owing to the probable effects of wind on raingauge
catch (Yates, 1970) .

TABLE 1:  CLIMATIC DIFFERENCES AMONG FOUR ASPECTS AT
BALLANTRAE DURING 1972

West North
--___-- East South

Average wind speed  (km/h) . . . . 22.9 30.4
Frequ&cy  and severity of soil  moisture

deficits at 100mm (bar-days>2
bars) . . . 109

Net radiation (M  J/m’/day) :
Mar. ,_._  ,_._  _... ,.,.  ’
Jun . .,.. -...
Sep . .._. . . .
Dec. _. .

Potential evapotranspiration (mm H*O/day)  :
Mar. .,._ . . . . .
Jun . . . . . . . . . ..I.
Sep . __ __..  . . . ,...
Dec. _.. . _..

40 mm soli  temperature (QC)  .
Mar.-May .._. ,... 11.8
Jun. -Aug. . 6.2
Sep.-Nov. ,.,.  ,,  ,... 12.3
Dec.-Feb. . ., 16.6

298

6.7 4.6
1.3 -1.2
6.3 4.6

10.6 11.7

3.22 1.57
1.03 0.30
3.07 1.55
3.52 2.60

12.8 12.3 11.2
7.3 6.2 5.1

11.8 13.1 11.6
17.2 17.1 16.0

i4.7

93

1 2 . 7

1 2

The north aspect experienced much higher wind speeds than
the south aspect throughout the year, and higher radiation in-
puts during autumn, winter, and spring. During summer radia-
tion inputs were slightly higher for the south than for the north
aspect, but it is thought  that this may have been due in part to
the method of calculation used. The north aspect had higher
potential evapotranspiration rates than the south aspect during all
seasons, and over the November to April period experienced more
frequent and severe soil moisture deficits than did the south
aspect. The west and east aspects were intermediate to the north
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and south aspects in terms of wind speed and soil moisture status,
and would also have been intermediate in terms of radiation
(Geiger, 1965).

During the December to August period, the soil temperature
of the north aspect was highest and that of the south lowest,
the difference being greatest during winter. However, for the
remainder of the year, the east aspect was warmest and the tem-
peratures of the north and south aspects similar.

Average air temperatures were similar on all aspects although
large differences between aspects did occur on individual days.

AN I M A L F ACTORS

A cursory examination was made of one of the influences of
the grazing animal on the pasture environment, namely, dung
return to the sward. The other major animal influences, urine
return, grazing and treading, were not monitored. Table 2 lists
the relative amounts of dung deposited on each aspect by sheep
grazing the area during the period June to December.

I’ABLE 2: DUNG DEPOSITION BY SHEEP ON FOUR ASPECTS AT
BALLANTRAE

(All figures are adjusted to east= 100)

West North East South

Dung deposited . . . . .._ 27.1 19.7 100.0 98.1
SE .,  ,. _... 16.4 17.4 26.9

There was a greater amount of dung dropped on the east and
south aspects than on the north and west aspects, the amount for
the south being disproportionately large when compared with the
dry matter production iigures of Table 1.  Presumably this was
due to the tendency of the sheep to camp in the lee of the hill
in order to escape the prevailing W-NW wind.

Sorr,  FACTORS

Large differences were found to exist in the O-75 mm soil
nutrient status of the four faces studied. The most noticeable
features were the overall high status of the east aspect, high
available P and K levels of the north aspect, and low P and K
levels of the south aspect (Table 3).
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TABLE 3: SOIL CHEMICAL AND CLIMATIC CHARACTERISTICS
FOR FOUR ASPECTS AT BALLANTRAE

.___-____ ___~~--
Sig.

of differ-
West North Eust  S o u t h  ewes

_-- ---__-.__- -__
$Mineral  N status (ppm N
mineralized / day during
winter and spring incuba-
tions) 0.64 0.43 1.18 0.29 *

:{Available  P status (Truog
pm) 7.3 11.5 11.8 5.7 **

$Exchangeable  K status
(m.eq.  %) 1.42 1.31 1.42 0.77 **

$Orgaaic  matter (%) 10.3 11.4 13.1 9.1 **
$pH  (soil: 0.1 M CaCI,) 4.52 4.63 4.60 4.70 *
Average diurnal soil tem-
perature fluctuation ai
40mm (“C) 4.2 5.3 4.8 3.2 t
Average monthly soil mois-
ture tension fluctuation at
100 mm during Nov.-Apr.
(bars) 3.9 8.8 3.1 1.6 t

-__
$0.75 mm sample depth.
tsignificance  not tested.

Climate was probably the major influence in the formation of
the differences detected. Nutrient transfer between aspects does
not appear to have exerted a large influence on soil nutrient
status. For example, calculation shows a net input of 3 to 4 kg/
ha/yr  of P to the south aspect and a loss of l-2  kg/ha from the
east, north, and west aspects. However, the available P status of
the south aspect was low (Table 3). The west aspect showed
signs of having been ploughed and this may account for its over-
all low nutrient status, through burial of topsoil.

The data presented concur with Ross (1971) and, partially,
with Radcliffe (1968). However, the data presented here for
north and south faces are the converse of those given by Suck-
ling (1975).

PL,~NT  FACTORS

Extremely large differences existed among aspects in terms of
dry matter producion, and botanical composition measured by
point analysis (Tabie 4). The main differences in dry .matter  pro-
duction were the higher production on the south, compared with
the north and west aspects. over the summer/autumn period,
and the overall high production on the east aspect (Fig. 1) . The
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chief factor determining production by the existing sward ap-
peared to be N availability, soil moisture status also becoming
important over the drier months of the year. One of the greatest
limitations to pasture improvement would be the low available
P status of the soil.

JPIN-MAR APR - A”G AUG-NOV NOV-DEC

signl‘lcance  :at  50,” level E,S  1W.N E )N.S.W E > 8.W.N E > N.W.S

FIG. 1: Pasture productivity on four aspects a! Ballantrae dwing  1972.
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Botanical composition appeared to be influenced by available
soil nitrogen and phosphate status, and also by soil moisture
status over the summer and autumn. All aspects were similar
in terms of conlent of “low-fertility tolerant” grass species -
i.e., browntop  (Agrosti.s  ten&),  sweet vernal (Anthoxanthum
odoratum) , crested dogstail  (Cyzosurus  cristatus) , and Chewings
fescue (Festuca  rubra var. commutata)  (Table 4).

TABLE 4: BOTANICAL COMPOSITION AS MEASURED BY POINT
ANALYSIS (%)  AND PASTURE PRODUCTION (kg DM/ha/yr)  ON

FOUR ASPECTS AT BALLANTRAE
-.--~

Sig. of
West Norfh East South differences
__-

Annual pasture production 3095 2872 YYY8 3687 **
Dnn+Ln:o  UIILII”IIIII  ce,. 3.2 I<7 I>.# 4.1 17 *Ioyp. .
Other “low-fertility tolerant”

grasses 47.4 44.8 43.5 46.9 ns
“High-fertility respons ive”

grasses 5.9 3.9 22.7 9.2 **
Fla tweeds 22.7 20.2 16.7 19.6 *
Moss 11.2 6.2 4.4 11.8 *
White clover 5.7 3.4 3.9 3.9 *
Suckling clover 5.1 0.8 0.6 1.5 **
-

However, flatweeds (Plantago lanceolata, Hypochaeris radi-
cata, Crepis capillnris,  and Leontoclon  taraxacoides) and suckling
clover (Trifolium dubium) were most abundant on the low fer-
tility, relatively dry west face, danthonia (Notodanthonia  spp.)
on the drought-prone north face, and moss on the low P status
south and west faces. The “high-fertility response” grasses -
i.e., ryegrass  (Lolium pererznr) , cocksfoot (Dactylis gfomerata) ,
and Yorkshi re  fog  (Holcus  larzatus)  - were  mos t  abundan t
on the more fertile east face and the damper south face.
Although little white clover (7’rifofiurn  repens)  was present in
the sward it was most abundant on the west and least abundant
on the north aspect.

DISCUSSION

The data presented illustrate the large differences in pasture
environment which can exist among aspects in hill country. Dif-
ferences of the same or greater magnitude can occur on a micro-
topographical scale within a hillside owing to the terraced nature
of much hill country (Rumball, 1966; Radcliffe, 1968).
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THE PRACTICAL SIGNIFICANCE OF ASPECT DIFFERENCES

( 1) Farm Subdivision
Hill country fences are traditionally erected along ridges. A

further necessary sophistication is fencing to aspect. Lobb (1940)
remarked upon a farmer fencing off shady faces in order to
control feed better, and Suckling (1954, 1959, 1966, 1975) has
often preached this gospel as a result of his experiences at Te
Awa.

Faces of different aspect require differential grazing manage-
ment for a number of reasons:

(a) To allow exploitation of different seasonal growth patterns.
Southerly or shady faces grow more pasture than northerly
or sunny faces during the summer and autumn .(Fig.  1) and
less during the winter and spring (Suckling, 1959).

(b) Legume persistence on exposed faces is a problem in much
of New Zealand’s drier hill country, especially where
attempts are made to introduce improved legume varieties
and/or increase the legume content of the sward. Presum-
ably this lack of persistence is due to the frequent drought
conditions occurring on these areas (Table 1). Reduction in
stock numbers on sunny faces over the dry part of the year
may improve legume persistence.

(c) To reduce fertility transfer. The grazing animal tends to
graze and excrete differentially according to aspect. Suckling
(1954) notes difficulty in forcing animals to graze rank
shady faces where subdivision is not according to aspect,
as does Hercus (1961))  and the data of Table 2 illustrate
the biased excretal pattern which can exist among aspects
in hill country.

(d) Scrub weed control may be more of a problem on moist
shady faces, especially in the hill country to the west of the
North Island. These faces may require strategic grazing
management in order to suppress weed invasion.

(2) Pasture Seeds Mixtures
Environmental variation with aspect (Tables 1 and 3) and also

with microtopography (Rumball, 1966; Radcliffe, 1968) indi-
cates the potential for more complex seeds mixtures on hill
country than on flat land. This concept was advanced by Levy
and Cockayne in the 1930s  and still has merit since it is obviously
more difficult for a simple, as opposed to a more diverse, seed
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mixture to establish and form a productive sward over the range
.of habitats existing in hill country.

(3) Ferti!izer  Requirements
Radcliffe (1968), Saunders and Auld ( 1969) and the data

of Table 3 indicate lower available P and K levels on southerly
than on northerly faces. Results from Ballantrae (D. A. Grant,
unpubl.) indicate the same trend, although the effect is far less
pronounced than in the above data. Suckling (1975) presents re-
sults for Te Awa which show the converse situation.

Although the limited data available are at times contradictory,
the differences recorded in specific instances indicate that differ-
ential topdressing of aspects may be a desirable proposition. In
many cases this would be possible in practice, especially if carried
out in conjunction with avoidance of topdressing of ridge-top
stock camps, as suggested by Saunders and Auld (1969) and
Gillingham and During (1973), Feasibility would depend on
scale of country and aeroplane size. The decision to topdress
differentially and actual policy should only be made in conjunc-
tion with soil test figures or, preferably, field trial results.

CONCLUSIONS

Evidence as to the precise differences existing among aspects
is at times contradictory, and the differences probably vary with
geographical location, fertilizer input, and grazing management.
It is evident, however, that large differences in climate. soils,
pasture, and animal behaviour do exist and that judicious deci-
sions can turn these differences to advantage in some instances
and reduce the adverse effects in others.
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