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SYNOPSIS 

Nutritional disorders in Pinus radiata stands in Waimea County 
are caused primarily by nitrogen or boron deficiency. Growth in 
nitrogen-deficient stands can be increased appreciably by nitrogen
ous fertilizers, but the improvement may be only temporary. 
Leguminous plants seem to offer an alternative means of supplying 
nitrogen, but the establishment of most species is difficult under 
local conditions and fertilizer applications are necessary to promote 
vigorous growth. Gorse (Ulex europaeus) is a common weed species 
in the district and will supply nitrogen to adjacent trees, provided 
adequate phosphorus, boron and other nutrients are available. 

Boron deficiency is widespread and symptoms often appear in 
stands treated with nitrogenous fertilizers. Foliar sprays and appli
cations of boron fertilizers correct the deficiency. Phosphorus is 
also a limiting factor on some sites and on others there are indi
cations of responses to magnesium. 

Many fertilizers cause severe mortality if in direct contact with 
the roots of seedling trees but are normally safe to use alongside 
the planting hole. The treatment of boron deficiency and the appli
cation of fertilizers at or soon after planting is now routine in 
some areas. 

INTRODUCTION 

Waimea County contains approximately 75,000 acres of exotic 
forest under various ownerships and this total is being increased 
by about 5,000 acres annually. Most of the forest area lies on 
Moutere Gravel soils between the Mqtupiko River and Tasman 
Bay, but forests have been planted also on the coastal sands 
and in the eastern hills. Large-scale afforestation has begun recently 
on granite soils in the northwest of the County. 

Soils of the region, particularly those near the coast in the north, 
are deeply weathered and low in plant nujtrients. Annual rainfall 
rises from 36 in. at Mapua in the north to over 50 in. in the south. 

Stunted scrub, chiefly manuka (Leptospermum scoparium and 
L. ericoides) and bracken ^Pteridium aquilinum var. esculentum), 
with pockets of beech (Nothofagus)forest covered the coastal 
Moutere hills when the first European settlers arrived in 1842. Early 
farming was not successful and pastures sown with introduced 
grasses and clovers deteriorated and reverted to indigenous scrub 
or were invaded by introduced weed species. Extensive apple and 

* Respectively Forest Research Officer, H. Baigent & Sons Ltd., Nelson, and Senior 
Forester, N.Z. Forest Service, Nelson. 
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FIG. 1: Pinus radiata regeneration on Moutere soils showing char
acteristic symptoms of nitrogen deficiency, short fine branching, 

thinly-needled crowns and stem cone development. 

Photo: T. Ransfield 
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pear orchards were planted from 1911 to 1916 but many were 
soon abandoned and replanted, together with adjacent land, in 
P. radiata. These early pine plantations were established success
fully on relatively clean and often cultivated land. Many areas 
were planted also on inland hills that had reverted to scrub, from 
pastures cleared by the early settlers out of the original beech 
forest. 

Generally the growth rate of first rotation P. radiata in Waimea 
County is very satisfactory, but over limited areas nutritional 
disorders are evident at an early age. These problem sites are 
found mainly on granitic Kaiteriteri soils and on Rosedale and 
Mapua soils of the Moutere Gravel formation (Chittenden, 1965). 
Elsewhere unthrifty trees are common on some ridge sites. As 
early as 1925 Dr J. P. S. Jamieson, a former Nelson medical prac
titioner and plantation owner, recorded decreased vigour and the 
occurrence of chlorotic foliage on one ridge in his 8-year-old P. 
radiata plantation at Braeburn (pers. comm.). 

Large-scale logging of P. radiata began during the period 1939-45 
and virtually all present-day second-rotation stands have been 
derived from natural regeneration following clearfelling. The stock
ing of regeneration is frequently high and 20,000 to 30,000 estab
lished seedlings per acre are not unusual. Few of the stands that 
regenerated on early cutover areas have received timely or adequate 
thinning. On many sites vigour is obviously inferior to that of first 
rotation stands of the same age. In part this is due to gross over
crowding, but a significant decrease in site productivity is also 
apparent. 

Nutritional disorders of P. radiata in Waimea County were first 
investigated in 1952, when unthrifty trees were unsuccessfully 
sprayed with zinc. Later trials with copper and phosphorus were 
also unsuccessful. In 1961 it was shown that chlorotic P. radiata 
responded to nitrogenous fertilizers (Stone and Will, 1965a) and 
in the following year a terminal dieback of pines was corrected by 
applications of boron (Will et al, 1963; Stone and Will, 1965b). Since 
that time, H. Baigent & Sons Ltd., the Nelson Conservancy of 
N.Z. Forest Service and the Forest Research Institute have co
operated closely in a programme of fertilizer trials and investi
gations into the nutritional disorders. 

FERTILIZER TRIALS ON MOUTERE SOILS 

Fine branching, short yellow-green needles, prolific stem cones 
and slow basal area development are characteristic of unthrifty 
P. radiata regeneration on Moutere soils (Fig. 1). In 1961, trials 
were established at Tasman (Mapua soils) in an 8-year-old stand 
which showed these symptoms and had been thinned at age 5 
years to 1,100 trees per acre. Sulphate of ammonia, urea and an 
NPK fertilizer (13:13:20) were applied to separate plots, each at 
1,1201b per acre. All three treatments quickly improved the colour 
and increased the length of the current year's needles, and in the 
following year produced a marked increase in basal area increment. 
Chemical analysis showed a higher nitrogen level in needles from 
fertilized plots compared with those from an untreated area (Table 
1 and Fig. 2). 
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TABLE 1: BASAL AREA GROWTH AFTER 
Eight-year-old Thinned Pinus radi 

Tasman. Mapua Soi 

Treatment 
Ib I acre Trees p.a. At Trea 

Urea: 1,120 

N.P.K. fertilizer (13:13:20): 1,120 

Sulph, ammon.: 1,120 

Untreated control 

1,240 

1,160 

1,120 

1,030 

47 

64 

72 

71 

Sulph 

NPK 

Urea 

Untrea 

20 GO 80 120 
—I 

Percentage Increase in Basal Area. 

FIG. 2: Percentage increase in basal area 
of nitrogenous fertilizers to 8-year-old 



Treatment 
Ib j acre Trees 

p.a. 
At t 

me 

Six-year-old thinned P. radiata regeneration. Tasman. Mapua soils. 

A. Untreated control 
B. Sulph, ammon.: 1,000 
C. Epsom-salt*: 1,000 
D. Sulph, ammon, and Epsom-salt*: each 

1,000 

Ten-year-old unthinned P. radiata regeneration. 

E. Untreated control 
F. Sulph, ammon.: 1,000 
G. Epsom-salt*: 1,000 
H. Sulph, ammon, and Epsom-salt*: each 

1,000 

Eleven-year-old thinned P. radiata regeneration. 

I. Untreated control 
J. Urea: 220 (per ann.) 
K. Urea and serpentinef: 220 and 500 (per 

ann.) , respectively 

Eleven-year-old thinned P. radiata regeneration. 

L. Untreated control 
M. Urea: 220 (per ann.) 
N. Urea and serpentinef: 220 and 500 (per 

ann.) , respectively 

2,120 
2,360 
2,280 

2,560 

Kainui. 

2,960 
2,400 
2,480 

1,760 

4 
3 
2 

2 

Rosedale s 

6 
7 
6 

3 

Tasman. Mapua 

775 
695 

805 

Kainui. 

740 
720 

805 

5 
5 

5 

Rosedale s 

6 
5 

6 

* Hydrous magnesium sulphate (10% MgO) 
f Hydrous magnesium silicate (43% MgO) 



FIG. 3 : Percentage increase in basal area growth after applications 
of nitrogen and magnesium to various stands of chlorotic P. radiata 

regeneration. 
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The short-term beneficial effects of nitrogenous fertilizers were 
again demonstrated in a further series of small plots treated with 
nitrogen and magnesium in 1962. Combined dressings of nitrogen 
and magnesium were superior to nitrogen alone. More extensive 
trials have been established to measure the long-term effects of 
nitrogen and magnesium fertilizers (Table 2 and Fig. 3). 

In densely-stocked regeneration on soils low in nitrogen, the 
diameter growth of potential final crop trees can be improved 
by heavy thinning. An additional response is obtained in growth 
and needle colour when nitrogenous fertilizers are added to the 
thinned stand (Table 3 and Fig. 4). 

Chlorosis associated with nitrogen deficiency usually occurs at 
an early age in P. radiata regeneration. To determine whether de
composition of heavy accumulations of logging slash aggravates 
low nitrogen availability, areas of recently cutover forest were 
cleared of all slash and tagged seedlings were measured and des
cribed annually within the cleared and comparable undisturbed 
areas. No differences in health or vigour were apparent during a 
3-year observation period. 

Scattered trees in regenerated stands show dieback of the leading 
shoot. There are two types of dieback: 

(1) The development of thinly-needled, spire-like crown and needle 
fusion is often followed by dieback of the leading shoot. This 
condition was thought to be due to phosphate deficiency be
cause of the similarity of the symptoms to those previously 
described on P. radiata in the Auckland area (Weston, 1956). 
But in Nelson, applications of up to 1,1201b per acre of super
phosphate have failed to bring about any recovery on sites 
low in nitrogen. In fact heavy doses of phosphorus in the 
absence of adequate nitrogen reduce basal area increment. 

(2) A comparatively sudden collapse of the new season's terminal 
and lateral shoots occurs in some areas. It is most prevalent 
in stands treated with nitrogenous fertilizers or in areas of 
vigorous gorse. Similar but more severe symptoms are com
mon in gorse-infested first rotation stands on Rosedale soils, 
where recurrent dieback of terminal and lateral growth is 
very noticeable during dry summers. The trees affected worst 
develop into stunted bushes. Trees planted at Waiwhero in 
1955, and showing severe dieback symptoms, were treated 
with borax in 1962. Borax (hydrous sodium borate, 37% B203), 
was applied as a powder to the surface of the ground at 100 Ib 
per acre and as a foliar spray at 33 Ib in 120 gal of water per 
acre. Both treatments prevented further dieback and average 
height was increased 10 ft between 1962 and 1965; whereas 
during the same period untreated trees grew only 5 ft and 
continued to show periodic dieback. 

Although P. radiata dieback on Rosedale soils is prevented by 
boron applications, growth rates are still unsatisfactory. In early 
trials some improvement was evident where molybdic superphos
phate ( l o z of sodium molybdate per cwt of superphosphate) was 
given to trees growing with gorse, but results were masked by 
dieback due to boron deficiency. Dressings of sulphate of ammonia 
alone failed to stimulate growth. Similar results were obtained 
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TABLE 3: BASAL AREA GROWTH OF 100 LARGEST T 
NITROGEN APPLIC 

Ten- to twelve-year-old Pinus Radiata Regenerat 

Trees 
p.a. 

2,530 

320 

308 

At T 
m 

1 Untreated control. Unthinned 

Thinned 

Thinned. Sulph, ammon.: 560 Ib/acre 

3 Thinn 

Thin 

Unth 

60 80 IOO 120 140 160 

Percentage increase in Basal Area: 

FIG. 4: A comparison of the percentage in 
on the 100 largest trees per acre in an 
plot and a thinned plot topdressed with n 

P. radiata regener 



by the Forest Research Institute in pot trials with Rosedale 
soils (Stone and Will, 1963). Pinus radiata seedling growth was 
slightly stimulated by additional phosphorus but was depressed 
by additional nitrogen; phosphorus and nitrogen combined pro
duced vigorous seedlings of the same species. A low fertility site 
which previously supported 12-year-old volunteer P. radiata with 
an average height of only 17 ft was cleared in 1962 and planted 
with 1-year P. radiata seedlings. The following fertilizer treatments 
were given: (1) 2oz of molybdic superphosphate plus 1/10oz of 
borax per tree; (2) 1/10oz of borax per tree; and (3) untreated 
control. By 1965 the average tree heights for the three treatments 
were 43, 21 and 24 in., respectively, and growth was noticeably 
better where trees which had received both phosphorus and boron 
were growing in close association with gorse. The latter was marked
ly stimulated by the combined fertilizers and developed into solid 
hedges along the rows of trees. Boron alone did not increase gorse 
vigour. 

Although varying degrees of response have been obtained on 
different sites, it is very evident from the fertilizer trials established 
so far that nitrogen, phosphorus, boron and magnesium are all 
in low supply in the Moutere soils and optimum growth is unlikely 
to be achieved by applying a single element. Attempts to do this 
usually lead to an unbalance of plant nutrients and the develop
ment of other growth disorders. 

FERTILIZER TRIALS ON GRANITE SOILS 

Pinus radiata growth on granite soils is extremely variable. On 
better sites a mean top height of 100 to 120 ft is attained in 25 
years but on the poorest sites trees are often stunted and grossly 
malformed, owing mainly to recurrent dieback caused by boron 
deficiency (Figs. 5 and 6). Annual observations have been made in 
a small block of P. radiata planted in 1961 in an area containing 
many unthrifty volunteer pines. Dieback began to occur during the 
second growing season and, by 1964, 54% of the planted trees were 
obviously boron deficient. A year later the incidence of dieback 
had increased to 70% and some of the trees had died. Seedlings 
in part of the area were treated in 1962 with a mixture of 1/10 oz 
of borax, 3 oz of superphosphate and 1 oz of sulphate of ammonia 
per tree. In three successive years the average height of the 
fertilized trees increased by 21, 16 and 31 in. compared with 9, 4 
and 12 in. for the untreated trees. Differences in needle length and 
crown density and spread were equally apparent (Fig. 7). Boron-
deficiency symptoms were not observed in the treated trees until 
1964 when two trees (4%) showed dieback. The total rose to 10% 
in the following year, but the symptoms were corrected by a 
further boron application. The original dressing of borax at 
1/10 oz per tree was equivalent, at a spacing of 8 x 8 ft, to an 
overall dressing of 4 Ib per acre. This low rate, combined with the 
large increase in crown volume induced by adding phosphorus and 
nitrogen, may have caused the renewed shortage of boron. 

Three other pine species were planted in 1961 on the same 
site as P. radiata and by 1965 dieback was evident on 9% of P. nigra 
(laricio), but both P. contorta and P. ponderosa showed no appar
ent boron deficiency symptoms. Although these species have a slower 
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growth rate than P. radiata, the volume of plant tissue when the 
observations were made exceeded that of P. radiata at the time 
when dieback of the latter species became severe. This suggests 
that the boron requirements of the three pines, and more especially 
P. contorta and P. ponderosa, may be lower than that of P. radiata 
and could have some practical significance. At least it indicates 
the desirability of testing other species on boron-deficient sites, 
and indeed on all sites low in available plant foods where costly 
fertilizer applications appear necessary at present. 

Confirmation of the effectiveness of boron in preventing dieback 
has been provided by other trials. For example, two adjoining 
tenth-acre plots were planted with 1-year P. radiata in 1962 at 6 x 
6 ft spacing. One plot was treated with borax at a rate of 1/10 oz 
per tree and so far no dieback has occurred. In the untreated plot, 
16% of the trees were markedly boron deficient in 1964 and 24% 
in 1965. Raising the level of boron on deficient sites prevented die
back but tree growth was still below that on other soils. Plant 
nutrients are in very short supply in granite soils but fertilizers 
have no appreciable effect on tree growth unless boron deficiency 
is corrected first. Comprehensive fertilizer trials were established 
in 1963 and most treated plots are clearly superior to untreated 
control plots. The various fertilizer regimes have not been evaluated, 
but magnesium ammonium phosphate with boron appears very 
promising. 

FIG. 5: A stunted P. radiata in volunteer growth on granite soils 
showing the effect of recurrent dieback caused by boron deficiency. 

PhoLo: T. Ransfield 
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FIG. 6: The tree illustrated in Fig. 5 but two years after an applica
tion of borax. 
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LEGUMES AS A SOURCE OF NITROGEN 

The economics of applying nitrogenous fertilizers on a large 
scale are doubtful, as it has yet to be shown that improved growth 
rates can be maintained without repeat dressings. As an alterna
tive method of increasing soil nitrogen available to the tree crop, 
attempts have been made to grow leguminous plants in association 
with P. radiata. 

The seed of various legumes has been broadcast in P. radiata 
stands of three different ages. In all trials, fertilizers and appro
priate inoculants were used. Phosphorus, potassium, boron, sulphur 

FIG. 7: Four-year-old P. radiata planted in 1961 on granite soils. The 
row of trees on the left received boron, nitrogen and phosphorus 

in 1962; the row of stunted trees on the right was not treated. 



and molybdenum were applied; pastoralists have found the last 
two necessary on Moutere soils for successful clover nodulation. 

On Rosedale soils legumes were sown simultaneously with the 
planting of the tree crop, on Mapua and Spooner soils legumes 
were introduced into recently cutover forest, and again on Mapua 
soils legumes were sown under heavily thinned 10-year-old natural 
regeneration. Red clover (Trifolium pratense), subterranean clover 
(T. subterraneum), white clover (T. repens), and blue and yellow 
lupins (Lupinus spp.) were used in new plantations and cutover 
forest, and tree lupin (Lupinus arboreus) only was sown under 
thinned regeneration. The clover seed was pelleted before sowing. 

In most trials patchy germination, low survival rates and severe 
hare and opossum damage reduced the legume crop to a few widely 
dispersed plants, which are unlikely to have any beneficial effects 
on the associated P. radiata. However a satisfactory crop of red 
clover and tree lupin, sown in 1964, has been established in cutover 
forest on Spooner soils. The legumes have flowered and reseeded. 
A similar sowing in cutover forest on Mapua soils, made in 1963, 
was successful initially, but after two years the sown legumes were 
suppressed by gorse which had been stimulated by the fertilizer 
treatment. The most successful trial was one in which tree lupins 
were sown under thinned regeneration in 1964. The comparatively 
dense lupin flowered profusely and reseeded during the second 
growing season, and attained a height of 3 ft. Root nodulation 
is well advanced and annual measurements of the P. radiata re
generation are being made to detect any response in growth rates. 

Two leguminous shrubs, namely gorse (Ulex europaeus) and 
broom (Cytisus scoparius), have been naturalized in the Nelson 
district for many years. Both species are widespread and gorse 
scrub is the dominant vegetation over much of the undeveloped 
land in the locality. Gorse, and broom to a much lesser extent, occur 
as weeds in many exotic plantations and regeneration areas. On 
some sites supporting vigorous gorse, P. radiata foliage is a darker 
green in colour than on similar gorse-free sites, but over large 
areas P. radiata does not appear to benefit from close association 
with this legume. In fact, on low-boron soils the presence of gorse 
appears to accentuate the terminal dieback of pines. Many gorse 
bushes show pale yellow-green spines and terminal dieback, a con
dition that foliage analysis indicates is due to boron deficiency. 
Dieback symptoms are found also on broom. On some sites gorse 
is greatly stimulated by phosphorus and boron dressings, and trees 
growing in close association then appear to benefit from the in
creased availability of nitrogen. Additional trials have been estab
lished to measure the effects of gorse on tree growth where ade
quate phosphorus and boron are available. 

Gorse is a common and troublesome weed in exotic forests. It 
frequently suppresses young P. radiata and is often present as an 
understorey when early tending operations are due. In fact suc
cessful establishment of plantations and natural regeneration in 
dense gorse areas is one of the most difficult problems facing 
local foresters. Gorse may prove to be an efficient nitrogen fixing 
agent, but the practical application of any such attribute may 
create even greater problems. Nevertheless, if foresters must live 
with gorse, why not learn to use it? Meanwhile the testing of 
other legumes is continuing. 
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FERTILIZER PLACEMENT 

Aerial topdressing is an effective and economical method of 
applying fertilizers to forest areas and has been used extensively 
over phosphate-deficient stands in Auckland province (Conway, 
1962). Ground application may be preferable under some condi
tions; for example, in newly-planted or young stands, fertilizers 
can be placed close to the trees and are not wasted in stimulating 
unwanted weed growth. Placing fertilizers in the planting hole is 
one convenient method of application which ensures that nutrients 
are available in the shortest possible time. But many fertilizers 
in direct contact with roots quickly kill young trees. 

TABLE 4: SEEDLING MORTALITY CAUSED BY FERTILIZERS IN 
THE PLANTING HOLE 

Fertilizer 

BORON COMPOUND: 

Borax powder 
Borax powder 
Borax glass (60% B203) 
Borax glass (60% B203) 
Crude anhydrous sod. borate (65% 

" B203) ' 
Crude anhydrous sod. borate (65% 

B203) ...., 
Calc. sod. borate (33% B203) 
Calc. sod. borate (33% B203) 
Colemanite* 
Colemanite* 
Boron frit (35% B203) 
Boron frit (35% B203) 

NITROGENOUS FERTILIZERS 

Granulated magn, ammon, phos. 
(8:40:0) 

Commercial preparation of urea 
formaldehyde 

Commercial preparation of urea 
formaldehyde 

Urea 
Urea 
Sulph, ammon. 

PHOSPHATIC FERTILIZERS 

Borated s'phosph.f 
Bor. serpentine s'phosph.rj: 
Ground mineral phosph. 

Rate of 
Applic. 

(oz/tree) 

0.1 
0.5 
0.1 
0.25 

0.1 

0.25 
0.25 
1.0 
0.1 
0.5 
0.1 
0.25 

2.0 

0.5 

2.0 
0.5 
2.0 
1.0 

1.0 
1.0 
1.0 

% Mor
tality 

45 
90 
80 
70 

65 

90 
88 

100 
40 
50 

100 
100 

30 

25 

95 
45 
95 
55 

100 
90 

Nil 

% Mor
tality of 
Untreated 

Trees 

5 
5 
5 
5 

5 

5 
15 
15 
15 
15 
10 
10 

5 

5 

5 
5 
5 
5 

10 
10 
10 

* Hydrous calc. borate (51% B203) 
f Contains 56 Ib of borate fertilizer (46% B203) per ton of superphosphate 
J 1 part of serpentine to 3 parts of superphosphate plus 56 Ib of borate 

fertilizer (46% B203) per ton of serpentine superphosphate. 
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Various fertilizers containing nitrogen, phosphorus and boron 
were tested for burning effects on the roots of P. radiata seedlings 
by recording tree mortality towards the end of the first growing 
season after planting. The results of these trials are shown in 
Table 4. 

Obviously very few of the fertilizers tried are safe to use in 
direct contact with tree roots. Many of the same materials were 
tried in separate holes about 3 to 4 in. away from the tree. 
Under these conditions, mortality did not significantly exceed the 
number of deaths among untreated trees, except where higher 
rates of urea were used. 

Plastic coated NPK fertilizers (36 : 0 : 0, 14 : 14 : 14, and 18 : 
9 : 9 ) were also tried in the planting hole, but mortality varied 
between 80 and 100%. In another trial, measured quantities of 
fertilizers were sealed in small plastic bags. Pin holes were pierced 
in the bags and the latter were placed at the bottom of planting 
holes. Mortality at the end of the first growing season is shown 
in Table 5. 

TABLE 5: SEEDLING MORTALITY CAUSED BY FERTILIZERS IN 
PLASTIC BAGS 

Fertilizer Rate of No. of Mortality 
Applic. Pinholes % 
(oz/tree) per Bag 

Untreated control — — 5 
Borax powder 0.5 2 12 
Borax powder 0.5 30 25 
Granulated magn, ammon, phosph. 

+ borax powder 3.0 0.2 2 10 
Granulated magn, ammon, phosph. 

+ borax powder 3.0 0.2 30 5 
Urea + borax powder 2.0 0.25 30 51 

Many untreated trees developed boron-deficiency symptoms within 
a few months of planting, but no similar symptoms were observed 
on treated trees. The average height of trees which received mag
nesium ammonium phosphate increased by 14 in. the first year, 
compared with 6 in. for untreated trees, and it is therefore assumed 
that nutrients were immediately available from the plastic bags. 
By adjusting application rates and the number of perforations, 
and by arranging prepackaging of fertilizers with supplying firms, 
the use of plastic bags could have a practical application on some 
sites. 

Attempts were made to increase the level of boron in P. radiata 
seedlings before planting on boron-deficient sites. One nursery 
bed was sprayed with a solution of a timber preservative, con
taining borax and boric acid, at 161b per acre 4 months before 
planting, a second bed was topdressed with borax at 1/10 oz per 
sq. yd, and seedlings were dipped in a puddle mixture containing 
4 oz of calcium sodium borate (33% B203) per gal of puddle. The 
treatments of stock in nursery beds did not prevent boron-deficiency 
symptoms developing within 2 years of planting, but 3 years after 
planting the boron puddled stock were all still healthy, although 
initial mortality (20%) was higher than normal. 
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LARGE-SCALE USE OF FERTILIZERS 

Trials established over the past 5 years have provided sufficient 
information to justify the use of fertilizers on a practical scale 
on some sites. From 1964 fertilizers have been applied manually 
and from the air over some 500 acres of young P. radiata planta
tions on low-fertility Moutere and granite soils. The fertilizers 
were used to correct deficiency symptoms already apparent and 
also to prevent unthrifty growth in known critical areas. Some 
typical treatments were as follows: 

(1) A commercial preparation of borax and boric acid was aerially 
sprayed at 12 Ib per acre over 160 acres of newly-planted P. 
radiata. The material was dissolved in water and added to 2,4,5-T 
hormone weedkiller with the object of simultaneously correct
ing boron deficiency and controlling gorse. 

(2) Nearly 200 acres of 10-year-old P. radiata in dense gorse on 
boron-deficient Rosedale soils were aerially topdressed with 
601b per acre of a borate fertilizer (46% B203). A fixed-wing 
aircraft completed the operation in VA hours flying time at a 
cost, including fertilizer, of £2 per acre. 

(3) On granite soils granulated magnesium ammonium phosphate 
(8:40:0) was applied over 12 acres of P. radiata at the time 
of planting. 2 oz of the fertilizer were placed in a hole close 
to each tree. Fertilizer application occupied 87 man hours for 
8,800 trees and cost £3 15s. per acre on day wages. The fertilizer 
cost £6 4s per acre. 

(4) Several areas of P. radiata have been treated with borated 
superphosphate, containing 561b of borate fertilizer (46% B203) 
per ton of superphosphate, soon after planting. The fertilizer 
was placed at the base of each tree and the operation was carried 
out manually at a walking pace. Eighty acres treated in this 
manner at contract rates and using 3 oz of fertilizer per 
tree (540 trees per acre) cost from 12s 6d to £1 per acre plus 
16s Od per acre for the fertilizer. 
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