
should be carried out on any particular burnt area will depend entirely 
on local conditions and the proportions of dry, sunny country on which 
forest regeneration is practically hopeless. 

In conclusion, forest protection would be greatly facilitated in 
regions of low or medium rainfall and where Danthonia is the most 
suitable pasture-grass, if all the natural forests were bounded by clean 
Danthonia pasture. For the forester such a vegetation adjoining the 
forests would mean much simpler and less costly protective rules than 
those followed in Nelson-Marlborough at present, where fern and dead 
timber are a menace. The advantage would be enhanced in such a 
large scattered district, where, as Danthonia is the predominant grass 
on practically all hill country, and becoming more so every year, 
it is necessary for the settler to use fire to a large extent every season. 
In many places Danthonia is already established and all that is neces
sary in these places is systematic burning ofl at the proper time. This 
will not only lessen the fern danger during the tire season, but will be 
the means of saving our forests from gradual destruction. Once a 
sward of Danthonia is obtained along the edge of a forest, with a little 
reasonable care this forest can be taken as permanently secure from 
a sweeping fire. 

Mr. Bruce Levy, in his article "Grasses and Clovers for Hill 
Country," (i) shows clearly why Danthonia should be used from the 
settlers point of view, and the purpose of this note is to show that, 
properly handled, it can be made useful to forest protection work in 
a region such as northern Nelson-Marlborough. 

References : 
(1) Levy, E. B. N.Z. Journal of Agriculture, XXXVI No. 5 (1928) 

(2) Ibid. XXXVII . No 4. 

(3) Ibid. loc. cit. supra. 

NORTHERLY AND SOUTHERLY ASPECTS AND THEIR 
RELATION TO SITE, GROUND COVER, AND GROWTH OF 
PINUS RADIATA AT GOLDEN DOWNS STATE FOREST. 

By E. B. MOORHOUSE. 

Introductory. 

Golden Downs State Forest comprises some 22,000 acres situated 
approximately midway between south latitudes 41° and 42°. I t 
varies in altitude from approximately 800 feet to over 2,300 feet, 
the greater part being hilly and composed of a series of well defined 
leading ridges and tributary spurs of a particularly regular nature. 
The leading ridges run largely in a general north-south direction so 
that their tributary spurs give rise to many faces of northerly and 
southerly aspect. The plantation is still in a comparatively early 
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stage, the first planting being done in 1927. Over 5,000 acres of 
hilly country have been planted with Pinus radiata. This species, 
being a fast grower, already gives an indication of its reaction to 
variation in site. In traversing most of the plantation it has been 
found that both ground cover and growth of Pinus radiata vary mark
edly between and on northerly and southerly aspects which themselves 
differ considerably in site quality. A series of comparative measure
ments and observations have revealed that, for young P. radiata up 
to 8 years planted age, growth and health are definitely and appre
ciably greater on northerly than on southerly aspects. 

In order to show the correlation between site, ground cover, and 
growth of P. radiata in their association with aspect, these will be 
discussed in turn in reference to northerly and southerly aspects v here
in lie the greatest differences. 

The Main Site Factors. 

For a given latitude the most potent site factors combining or re
acting with aspect to produce differences in site are (I) precipitation 
and moisture, (2) air currents and winds, (3) amount of direct sunlight, 
(4) variation in altitude and (5) variation in soil. The interaction of 
these with northerly and southerly aspects to produce differences in 
site at Golden Downs Forest are briefly as follows :— 

Precipitation and Moisture. Precipitation may be said to be 
similar in kind and amount for northerly and southerly aspects. 
Retained and available moisture is governed by such factors as winds, 
sunlight, altitude and will be discussed under these heads. 

Winds. The three most common winds at Golden Downs are 
the south-south-west (S.S.W.), the north-west (N.W.), and the north
east (N.E.) winds. Of these the S.S.W, is the prevailing wind : it 
often reaches high velocities and has been known to blow with short 
intervals of lull for a period of three weeks. Traversing a large tract 
of mountainous and hilly country before reaching Golden Downs, it 
is a cold and comparatively dry wind, seldom bringing rain and having 
a decidedly drying-out action on the country as a whole and the 
exposed southerly faces in particular. The N.W. wind is a warm 
wind that does not as a rule bring rain and occurring more in summer 
than in winter is a comparatively drying wind even though it does not 
usually reach the high velocities of the S.S.W, wind. The N.E. 
wind, if it blows for more than half a day usually brings rain and 
thus affects all aspects in a similar beneficial manner. The S.S.W. 
and N.W. winds w^ould appear to be the principal ones affecting 
site on northerly and southerly aspects. The former tends ro make 
the southerly aspects generally, and especially the higher exposed 
faces, of a considerably lower temperature than the northerly 
ones. At the same time it dries out the exposed southerly faces more 
than any others. The N.W. wind has a drying-out action more 
especially on northerly faces but also on the country as a whole. 
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Amount of Direct Sunlight. At Golden Downs northerly faces 
obtain much more direct and normally striking sunlight than do the 
southerly faces. This is most pronounced in the steeper country 
where in winter southerly aspects get very little direct and no normal 
sunlight. This results in the northerly faces acquiring considerably 
more warmth from the sun than do southerly faces and tends to greater 
drying out through evaporation from northerly than from southerly 
faces. 

Variation in Altitude. As the S.S.W, is the prevailing wind the 
main effect of altitudinal variation is that as altitude increases so the 
southerly faces become more exposed relatively to northerly faces. 

Soil. For the same latitude similar combinations of the above 
four site factors will produce on the same aspect the same general soil 
type. The surface soil produced by the interaction of the above site 
factors at Golden Downs on southerly faces would thus tend to be 
cold and sour whereas northerly face soil would be warmer and fresher 
•even though in places and at times it is drier and harder. The fact 
that it appears to be patchy as regards depth and hardness on similar 
aspects at similar altitudes may be due to different methods of de
forestation by different farmers, different intensities of grazing and 
•consequently different degrees of loss of surface soil through surface 
run-off of precipitation. Generally there is a layer of black stony 
loam not over 12 inches deep in the lower northerly and southerly 
faces near gully bottoms. This becomes less thick and moist and 
more stony with increase in altitude until on high exposed ridge and 
spur tops there is hard country with the stony clay subsoil showing 
bare in places. On the whole, the northerly faces tend to have warmer 
and drier surface soil than do the southerly faces on all but the most 
-exposed high localities. 

Existing Ground Cover. 

The following is a list of plants in approximate order of prevalence 
occurring typically on northerly aspects, and varying but little with 
.altitude between 900 feet and 2,300 feet. 

Pteridium esculentum (bracken fern), Coriaria sarmentosa, 
Leptospermum scoparium, Hebe angustifolia, Coprosma 
lucida, C. robusta, Rubus fruticosus (blackberry), Leucopogon 
fasciculatum, Gaultheria antipoda, Ulex europaeus (gorse), 
Rosa Eglanteria (sweet brier), Pittosporum tenuifolium, 
Olearia avicenniaefolia, Rubus australis (lawyer), tussock 
and other grasses. 

Except on very recently planted areas where in places tussock 
and grasses predominate, bracken fern is mostly dominating and the 
other plants present in varying proportions. Olearia and Rubus 
•australis are not common on the northerly faces. The bracken fern 
grows in rank profusion on the lower northerly faces and even high 
up in small tributary gullies—anywhere where there is sufficient 
moisture in the soil to support such a growth. 
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The following list is characteristic of the plants forming tlie 
southerly face community and is in approximate order of 
prevalence. 
Pteridium esculentum (bracken fern), Blechnum procerum 
(common hard fern), Cassinia Vauvilliersii, Phormium 
Colensoi (mountain nax), Leptospermum scoparium, L. 
ericoides, Coprosma rhamnoides, Rubus fruticosus (black
berry), Olearia avicenniaefolia, Hebe angustifolia, Rubus 
australis (lawyer), Gaultheria antipoda, Coprosma lucida r 

C. robusta, Celmisia coriacea, C. spectabilis, Lycopodium 
volubile, Leucopogon fasciculatum, low mosses, Coriaria 
sarmentosa, Nothopanax arboreum, Angelica montana, Heli-
chrysum-glomeratum, Fuchsia excorticata, Rosa Eglanteria. 

Of these the bracken fern predominates on the lower slopes but 
on high exposed southerly faces is stoutly challenged by flax, Cassinia.. 
common hard fern, stunted and young Leptospermum, Olearia, Hebe, 
Coprosma rhamnoides and Rubus australis. These last plants are less 
common on descending to lower southerly slopes and Celmisia spec
tabilis vanishes. Mosses are common on the damp sour soil surfaces 
of many of the southerly aspects, especially the lower, moister onei. 
The remaining species vary in their representation but Helichrysum 
and Nothopanax are probably rarest. 

To summarise, it may be said that on the comparatively sheltered 
and warm northerly aspects bracken fern predominates and on low 
slopes and in moister areas, such as tributary gullies, grows in rank 
and dense masses, the variation with altitudinal increase being not 
great, and the other species being entirely subsidiary. On the colder. 
sourer, southerly faces it is fairly vigorous on low, comparatively 
sheltered faces and is there markedly dominant. On higher faces 
exposed to the biting southerly wind of high velocity it is a much lower 
plant anci is challenged for supremacy of numbers by the other plants 
listed above. 

The Growth and Health of Young Pinus radiata. 

From the series of comparative measurements and observations 
in P. radiata stands on northerly and southerly aspects the following 
is evident. 

Height growth is uniformly greater on north than on south aspects. 
In the 4 year trees measured, the relation is 1.0 : 0.74, in the five 
year trees it is 1.0 : 0.67, and in the 8 year trees 1.0 : 0.77. The fact 
that some of the measurements on 5 year trees were in a higher locality 
and more exposed to the south than other south aspect measurements 
makes the difference in growth more pronounced for this age. How
ever, the equivalent north face measurements indicated better growth 
than was found in a lower north measurements for the same age of 
stand, showing that whereas altitude greatly affects growth on south 
aspects through more or less exposure to the S.S.W, wind, growth 
on north faces can be greater with increase of altitude and hence 
greater exposure. 
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Growth in D.B.H, is also greater on north than on south faces 
but to less extent, the relation being 1.0 : 0.82 for two comparative 
measurements in 8 year stands. Thus the form of north face trees 
is to date superior. 

Spring growth starts earlier on north faces and appears more 
robust. 

Percentage of survival is slightly greater on north than on south 
faces. 

Chermes infestation is more pronounced on south than on north 
faces in ratio of 2:1. 

Altitude and exposure. As on south faces the bracken fern be
comes smaller in size and less in numbers per unit of area with increase 
in altitude and consequent increase in exposure, so the size, health, 
and stocking of the P. radiata fall off on those faces. On north 
faces increase in altitude doea not show much, if any, falling off in 
growth, health and stocking. This effect on south faces is accentuated 
by increased steepness of slope. 

Summary of Conclusions. 

(1) At Golden Downs Forest topography and climate combine to 
produce different sites on northerly and southerly aspects. The 
south faces are distinctly colder through wind action as well as jack 
of sun. This effect is most marked at the higher altitudes. 

(2) The north and south aspects support plant communities of 
different constitution, this being more and more evident with increase 
in altitude, when, at heights of over 1,500 feet bracken fern, till then 
the dominant plant for both aspects, gives way in a large degree on 
south aspects to such plants as Phormium Colensoi, Cassinia Vau
villiersii, Coprosma rhamnoides, and Celmisia spectabilis, which can 
better grow on cold, sour soils. 

(3) Both bracken fern and Pinus radiata grow best on north 
aspects, less well on low sheltered south aspects, and least well on 
high exposed south aspects—especially steep faces. The relative 
size and abundance of bracken fern on hilly country, such as Golden 
Downs Forest, are indicators of the growth and health of P. radiata 
to be grown on such areas. 

(4) It is probable that (1) and (3) would apply to other New 
Zealand areas of hilly variable topography with prevailing cold south 
winds and a rainfall sufficient to support forest growth. 
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