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Abstract. A range of proteaceous shrubs and other nursery plants were
grown in containers with soilless media and various N levels primarily
supplied from Osmocote (26 percent N). Plants demonstrated a range of re-
sponsiveness. Grevillea robusta was the most responsive but required an op-
timum near to 120g N/m3/month; two Eucalyptus species showed a smaller re-
sponse than G. robusta but required an N optimum of 97g N/m3month.
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Camellia japonica and Erica herbacea {Syn.: E. carnea) ‘Springwood White’
responded best to the range 57 to 121 g N/m3/month. G. rosmarinifolia and
Leucadendron adscendens were the next most responsive species, then Hakea
laurina and Dryandra formosa. Leucospermum candicans, Protea repens, P.
scolymocephala could grow satisfactorily on very low N levels, amounting to
just over 5g N/m3/month from Osmocote 18/2.6/10. Optimum N rates for all
these species are discussed.

REVIEW OF LITERATURE

~ Optimum growth of container plants requires a fairly uni-
form and continuous supply of N but with slightly greater
levels in spring (7). Bunt (3) stressed the relatively greater im-
portance of a continuous N supply for pot plants grown in
loamless composts compared with crops grown in borders or
the open ground. This was because of inherently low levels of
available N, roots restricted to a relatively small volume, and
the need for frequent watering of plants in containers. Soilless
media rich in N would be unsuitable because of difficulties of
standardization, and the need to continually monitor N levels to
maintain an optimum N supply. The total N requirement and
the rate at which it is required depends on the vigour of the
species and the manner in which the plant is grown. Tempera-
ture, light, water availability, and size of container are the most
important factors controlling the rate and amount of growth.

Boyd and Needham (2) discussed different approaches to
the interpretation of data from N experiments and emphasized
the value of multi-level tests with from 6 to 9, rather than only
2 to 4, N levels. They also stated their preference for the use of
linear segments to describe the quadratic N response rather than
a smooth curve, since a curve was said to often encourage an
over-estimation of crop requirements due to the economic op-
timum being placed on the crest of the curve rather than on a
flat plateau.

Knowledge of the desirable N rate is important. Lack of nit-
rogen will give rise to plants with low growth rates and often a
spindly weak foliage growth, while excessive levels can yield
hard stunted plants (3). The use of nitrogen in container mixes
was reviewed by Thomas and Spurway (19). It is clearly the
single most important factor to consider when examining the
nutrition of container grown plants since a continuous supply
is required. The rate of supply has a dominant control over
plant growth and is influenced by many factors such as fer-
tilizer type, N losses and growing conditions. Furuta (7) indi-
cated that a theoretical requirement of 3g of 14 month Osmo-
cote is required to raise a marketable plant in a one gallon con-
tainer. In practice this becomes a 9g basal application because
of severe N leaching losses over the production time. Immobili-
zation of N and denitrification can also account for poor N re-
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covery rates with container-grown plants (8,9).

Potted chrysanthemums were shown to have an N uptake
rate, and total N demand, over 10 weeks in summer which
greatly exceeded the requirements of cyclamen over one year
(3). This illustrates the importance of comparative nutrition
and, in previous work (19,20), N requirements have often been
shown to contrast strongly among species. The objective of the
experiences discussed here is to examine several different
species (many in the Proteaceae) and to compare their responses
to a range of N levels and, in one case, to compare different fer-
tilizer sources, with other inputs being kept relatively constant.

MATERIALS AND METHODS

Plant Species and Growing Conditions. Six experiments
were run with 1 to 5 species in each experiment as follows:

Experiment A. Grevillea rosmarinifolia and Protea scolymocephala bag-
ged on 4.10.73 and lifted on 16.9.74.
Experiment B. Camellia japonica, Erica herbacea (E. carnea) ‘Springwood

White’ and Hakea laurina bagged on 8.10.73 and lifted on
2.12.74 and 23.9.74 for latter two.

Experiment C, Grevillea ‘Olympic Flame’ and Dryandra formosa bagged
on 9.10.73 and lifted 10.6.76.

Experiment D. Grevillea robusta bagged on 28.1.74 and lifted 12.8.74.

Experiment E. Grevillea robusta, G. rosmarinifolia, Leucadendron
adscendens, Leucospermum candicans, Protea repens and
P. scolymocephala bagged on 28.1.74 and lifted on 28.1.75.

Experiment F. Eucalyptus nicholii and E. notabilis bagged on 13.6.74 and
lifted on 20.11.74.

All plants were seedlings with the exception of G. ros-
marinifolia (Experiment A), E. herbacea Springwood White’, G.
‘Olympic Flame’ and Leucopsermum candicans, which were
propagated by semi-ripe tip cuttings under mist.

Rooted cuttings or young seedlings were potted up indi-
vidually into tubes containing a medium with little or no nut-
rients. All experiments (except B} were run in a heated glas-
shouse equipped with automatic fan ventilation. The minimum
glasshouse temperature was 15°C while the maximum was close
to 5°C above ambient temperature. Experiment B was carried
out in a shadehouse covered with 50% polypropylene shade-
cloth (Sarlon). Hand watering was done when required and no
additional fertilizer application was made following laying-
down.

Experimental Design. Experiments A, B, D, E, and F were
simple designs based on several levels of nitrogen for a range of
species which were mostly in the Proteaceae. Experiment C was
the only one with a factorial design and involved 2 N levels X
2 N sources {Uramite and Osmocote 26% N). All were ran-
domized block designs.
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Data Collection and Analysis. Visual ratings were used
with a score of 0 = dead, to 5 = very vigorous, high quality
plants. On completion of each experiment the plants were cut
off just above the top of the medium and the foliage was oven
dried. All ratings and dry weights were statistically examined
using the Teddybear (now Crypto/Teddybear) computer pro-
gramme for analysis of variance and F test.

Media and Fertilizers. The medium for all experiments was
equal parts (1:1, vv) Mataura sphagnum peat and fine grade per-
lite. The physical and chemical properties of Mataura peat were
described by Goh and Haynes (9) and perlite by Morrison et al.
(16).

The levels of nitrogen in the media varied from 0 to 900g
N/m?3 (Tables 2 to 5) and were supplied predominantly from
Osmocote (26% N). A basal dressing of 8-9 months Osmocote
(18/2.6/10) supplying 45g N/m?® was used in all experiments ex-
cept those with nil N treatments. Total N was then made up
from 3-4 month Osmocote (26% N) except for half the treat-
ments in Experiment C, where Uramite (38% N) was used. Base
dressings of Osmocote 18/2.6/10 supplied 6.5g of P/m3 and this
was supplemented with superphosphate (9% P) to give a total
of 30g P/m? in Expts. A and B and 60g P/m3 for F. All other
experiments were at the base level of 6.5g P/m3 from Osmocote
18/2.6/10, or supplied from superphosphate in the nil N treat-
ments. The 8-9 month Osmocote yielded 25g K/m? and this was
made up to 125g K/m? in all trials, except Experiment C, with
sulphate of potash (39% K).

The levels of P and K were therefore as follows:

P K
Experiments A &B 30 g/m3 125 g/m?3
C 6.5 25
D&E 6.5 125
F 60 125

A base dressing of the following was also used in all exper-
iments: 4.5 kg/m?® dolomite lime, 1.5 kg/m3 agricultural lime
(CaCO,;), 75g/m?® ‘Sequestrene’ iron chelate {Na EDTA Fe with
12% iron) and ‘Sporumix A’ (150 g/m3 containing 1.14% B,
0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo. 0.05% Co. 9.78%
Mg). The media and fertilizers were well mixed and then trans-
ferred to PB5 (2%1) ‘Plantabags’ just prior to potting.

RESULTS

Experiment A. Lack of added N had no unfavorable effect
compared with other treatments on the growth of Grevillea
rosmarinifolia and Protea scolymocephala 3 months after bag-
ging of the plants (Figures 1 and 2). However 340-450g N/m3
appeared to be the upper limit for both species and very severe
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Figure 1. (below): Expt. A. The influence of N levels on foliage growth of
Grevillea rosmarinifolia plants. Visual ratings and dry weight (g/

pit.).
Figure 2. (above): Expt. A. The influence of N levels on foliage growth of Pro-
tea scolymocephala plants. Visual ratings and dry weight (g/plt.).
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Figure 3. Influence of N levels on growth of Protea scolymocephala plants.
Left to right: 0, 225, 450, 675, 900 g N/m3. Photo taken just before
completion of experiment.



damage was evident after 3 months and death of most plants by
harvest time in the 2 highest N treatments. Optimum N levels
could not be accurately evaluated in these experiments because
N was predominantly applied as 3-4 month Osmocote for an
experiment which was run for nearly a year. It was noticeable,
however, that a total of 225g N/m3 for grevillea and 100g N/m3
for protea appeared to be the optimum N level. These rates
would amount to an optimum theoretical release rate of 57 and
24g N/m?® per month respectively with only 5.5 g N/m3/month
supplied from the 8-9 month Osmocote after 3%z months. Protea
was therefore more sensitive than grevillea to increasing N
levels although there was a strong similarity in the response of
the 2 species to added N and the onset of toxicity at 3 months.
This is shown in a comparison between Figures 1 and 2. Figure
3 illustrates the importance of the correct level of N fertiliza-
tion, with severe deficiency symptoms at nil N and death of the
plant at 900gN/m3.

Experiment B. Foliage of plants in the three species in this
experiment was visually, rated at approximately 2, 7 and 11
months. There was no apparent response to increasing N levels
after 2 months but at 7 months Camellia japonica in the nil and
45g N/m? treatments were showing N deficiency and there was
a similar effect in Erica herbacea ‘Springwood White’ and in
Hakea laurina, but only with nil N. The growth responses for
the 3 species are depicted in Figures 4, 5 and 6.
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Figure 4. Expt. B. The influence of N levels on foliage growth of Camellia
japonica plants. Visual ratings and dry weight (g/plt.).
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Figure 5. Expt. B. The influence of N levels on foliage growth of Erica her-
bacea ‘Springwood White’ plants. Visual ratings and dry weight
(g/plt.).
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There was little N toxicity apparent and in fact the camel-
lias and ericas showed no significant growth depression at any
stage even with the highest level of 900 g N/m?3 (theoretically
amounting to 250g N/m3¥month for the first 332 months). Some
growth depression would have been expected for camellia and
erica, however hakea showed severe toxicity symptoms at 11%:
months. In all 3 species a total level of between 225 to 450g
N/m? appeared to be the most desirable. This would amount to
between 57g N/m3/months for hakea and 121g N/m3*month for
the other 2 species for the first 3% months. Figure 7 shows the
growth response of Hakea laurina to a range of N levels. This
plant appeared quite tolerant of very low N rates while growth
suppression was apparent at high levels.

Figure 7. Influence of N levels on growth of Hakea Lurina plants. Left to
right: 0, 45, 110, 225, 340, 450, 675, 900 gN/M3. Photo taken just
before completion of experiment.

Experiment C. This experiment involved Grevillea ‘Olym-
pic Flame’ and Dryandra formosa plants supplied with nitrogen
at two rates combined in a factorial design with Uramite and
Osmocote. The lower rate of nitrogen appeared quite adequate
for Dryandra (Table 1) and growth of this species in the 225g
N/m3 rate was almost significantly (P = 0.07) higher than in 450
g N/m3® when measured by visual ratings. Uramite produced
higher dry weight yield than Osmocote for Dryandra.

The Grevillea plants responded quite strongly to varied N
rates and to the type of fertilizer. Osmocote at 450g N/m? was
superior to the lower rate and to both levels of Uramite (Table
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Table 1. Experiment C — Effects of N levels and type of fer-
tilizer on the foliage growth (visual ratings and dry
weight) of two container-grown nursery plants.

Dryandra formosa Grevillea ‘Olympic Flame’
N levels (N} Visual ratings Dry Wt. Visual ratings Dry Wt.
{g/m3) 2 months 7 months (g/plt.) 2 months 7 months (g/plt.)
225 4.0 # 4.0 # 15.1 — 3.8 — 3.9* 14.4 ***
450 3.7 3.7 14.3 4.0 4.3 22.2
Fertilizer (F)
Uramite 4.3 *¥** 4.3 *** 19.6 *** 3.9 — 3.8 *** 15.0 ***
Osmocote 3.4 3.4 9.8 3.9 4.4 21.6
LSD (5%) 0.3 0.3 4.0 0.4 0.4 3.3
{P) Significant Interactions
NF - - — — ~ .
CV (%) 11 11 42 18 14 28

2). This was probably because Uramite can have an N minerali-
zation rate of less than 60% of 3-4 month Osmocote (3) and thus
the high N requirements of grevillea compared with hakea
could not be met with that fertilizer.

Table 2. Experiment G — Interaction of nitrogen rate and type of fertilizer on
the foliage growth {dry weights) of Grevillea ‘Olympic Flame’.

Uramite Osmocote
N g/m?
225 14.0 14.9
450 .16.0 28.3
LSD (5%) 4.6

Experiment D. The experiment with Grevillea robusta was
similar to Experiments A, B and F in that it involved several
levels of nitrogen. The nil and 45g N/m? treatments quickly be-
came inadequate as shown by visual ratings at 3% months (Fig-
ure 8) while the 110g N/m? rate was inferior to the highest level
of 675g N/m? at 3% months. The optimum rate appeared to be
close to 450g N/m? or 120g N/m?3 per month.

Experiment E. A very low, plus two medium rates, of N
addition were used for six proteaceous shrubs (Table 3). The
foliage growth of Grevillea robusta plants in the 45g N/m3
showed the effect of insufficient N after 3% and 8 months and
in final dry weights. Leucadendron adscendens was the only
other species with a depression in yield with the 45g N/m?3 rate.
This occurred only for foliar dry weights and it is noticeable
that the other four species showed no ill effects or deficiency
symptoms when receiving 0.25 kg/m? of 8-9 month Osmocote. A
rate of 45g N/m?® would amount to only slightly over 5g N/m3/
month. The 450g N/m?3 rate appeared toxic on G. rosmarinifolia
at 3% months and Protea scolymocephala at 8 months while
Leucospermum candicans and P. repens were similarly unaf-
fected by increasing N levels. This indicates that no serious de-
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Figure 8. Expt. D. The influence of N levels on foliage growth of Grevillea
robusta plants. Visual rating and dry weight (g/plt.).

ficiency was occurring. A lack of N response was most apparent
with the proteas where the 45g N/m3 treatment for P.
scolymocephala rated significantly higher than the other treat-
ments after 8 months. In addition, the dry weights for P.
scolymocephala plants at the very low N treatment were high,
although not significantly greater than others probably because
of the high variability (CV = 110%).

The optimum levels of N for G. robusta and L. adscendens
appeared higher than those for other species at between 225
and 450g N/m3. The protea species and leucospermum appeared
least demanding, requiring only 45g N/m3 (from slow release
Osmocote only). G. rosmarinifolia from this work and from Ex-
periment A would probably be intermediate between the two
groups.
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Table 3. Experiment E — Effects of 3 levels of N on the foliage growth (visual
ratings and dry weights) of six container grown nursery plants.

N Levels Visual ratings Dry Wt.
Species (g/m3) 3% months 8 months (g/plt.)
Grevillea robusta 45 28 B b 2.9B b 24.7Bb
225 4.2 ABa 46 A a 61.6Aa
450 4.6 A a 4.2ABa 55.3Aa
(P) * * *
CV(%) 22 17 27
Grevillea rosmarinifolia 45 4.2 A a 4.2a 16.6a
225 3.8 A a 3.2a 17.8a
450 30A b 3.4a 18.8a
(P 0.10 - -
CV(%) 21 22 41
Leucadendron adscendens 45 3.4 a 3.2a 14.6Ab
225 3.8 a 3.8a 20.2Aab
450 4.4 g 4.0a 23.2Aa
(P) - - 0.06
CV(%) 28 42 25
Leucospermum candicans 45 4.0 a 4.6a 31.9a
225 34 a 3.8a 25.2a
450 4.4 a 4.0a 32.6a
P) - - -
CV (%) 26 33 53
Protea repens 45 3.8a 4.6a 15.1a «
225 3.4a 3.0a 18.5a
450 3.2a 2.0a 11.5a
(P - - -
CV (%)37 60 118
Protea scolymocephala 45 4.2a 4.4Aa 23.5a
225 4.0a 1.0Ab 6.3a
450 4.0a 0.8Ab 8.1a
P - * -
CV (%)19 80 110

Experiment F. Plants of two eucalyptus species were grown
in media with a range of N levels. There was little difference
among plants in all treatments after 2% months except that
plants without added N were noticeably deficient (Table 4). The
highest dry weights in plants of both species occurred with the
340 to 675g N/m? treatments. The 110g N/m? treatment was in-

Table 4. Experiment F — Effects of a range of N levels on the foliage growth
(visual ratings and dry weights) of two container grown nursery

plants.
Eucalyptus nicholii Eucalyptus notabilis
N Levels Visual ratings Dry Wt. Visual ratings Dry Wt.
{g/m3) 21, months (g/plt.) 2% months (g/plt.)
0 2.2Bb 1.8Ac 1.5Bb 0.6Bc
110 3.2ABa 11.4Ab 2.9Aa 11.6Bb
225 3.7A a 17.4Aab - -
340 3.7A a 20.8Aa 3.1Aa 30.0Aa
450 3.4ABa 21.4Aa - -
675 3.5A a 21.3Aa 2.9Aa 31.5Aa
(P) * * Kk Kk * Kk * X &
CV (%) 30 50 40 65
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ferior to these. There was no apparent toxicity and the optimum
rate appeared to be fairly close to 340g N/m? for both species.
This would be equivalent to 97g N/m3 per month from 3-4
month Osmocote.

DISCUSSION

Higgs (10) noted that G. rosmarinifolia could be damaged
by high fertilizer rates that did not affect other plants and this
was also noted in Experiment A where foliage growth was se-
verely depressed in N additions above 450g N/m3 (Figure 1). A
linear response to N rates from split applications of N has been
found in other work (20) using a maximum application of 86g
N/m3month. The work reported here indicates that 121g N/m3/
month may be too high for G. rosmarinifolia. The optimum is
therefore about 100g N/m3/month. G. robusta responded well up
to 450g N/m?3 and since this appears to be a robust rapid grow-
ing species it is reasonable to assume that the optimum is
higher than for G. rosmarinifolia and could be placed at 120g
N/m3¥month. ,

Proteas can tolerate very low nutrient levels (8) as found in
Experiments A and E. These findings indicate that proteas re-
quire only low N rates and probably 5 to 60g N/m3/month
would be quite adequate, particularly if a soil mix was used. In-
itial propagation would probably need to be done without
added fertilizers and using a mix such as equal parts peat and
soil. Experiment E indicated that leucospermums are likely to
have a similar treatment.

Leucadendron adscendens (Experiment E) Dryanda formosa
(Experiment C) and Hakea laurina (Experiment B) plants appear
to require N levels which are intermediate between proteas and
Grevillea rosmarinifolia for optimum growth. Hakea was more
sensitive to high N levels than G. rosmarinifolia, camellia and
erica (Experiment B). A rate of 80g N/m3/month is probably the
upper limit for plants of the former three species.

Camellias have a relatively slow growth rate and respond
unfavorably to moderate salinity levels (6) or high fertilizer
rates (17,21). Earlier work (20) indicated that Camellia has not
more than medium N requirements. In Experiment B, Camellia
and Erica responded similarly and both responded to higher N
levels than hakea. Carter (4) stated that ericas only require low
liquid feed rates and others have found them subject to
chlorosis with certain fertilizers (15) or media (1). Klougart and
Bragge Olsen (12) stated that plants in the Ericaceae and
Theaceae are very sensitive to salt damage. It appears from Ex-
periment B and earlier work on erica (20) that a level of approx-
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imately 80g N/m3*month would appear to be a suitable general
optimum for both genera.

Young eucalypts can respond strongly to N and P sidedres-
sings in the open ground (5,13) and these elements are impor-
tant for their container culture (11). A strong nitrogen response
was noted in Experiment F up to a level of 340g N/m3. They
were tolerant of 675g N/m? (185g N/m3/month) and because
wide variations in nutrient response have been noted between
species (14) broad optimum range of 90 to 130g N/m3/month is
suggested to allow for individual species’ requirements. In gen-
eral they respond similarly to Grevillea robusta and 120g/
Nm?3month should be adequate.

CONCLUSIONS

The differing N requirements of plants in a group of species
was demonstrated. The range within the Proteaceae was very
wide and native habitat was probably the dominant governing
factor influencing the N responses. Grevillea robusta showed @
high requirement (120g N/m3/month) and Protea spp. low N
needs (50g N/m?*month).

Nitrogen was supplied from different fertilizer sources and
it was concluded that Uramite, which is a relatively poor N
source in a soilless mix, was more suitable for Dryandra for-
mosa than G. ‘Olympic Flame’, while Osmocote (26 percent N)
was the better fertilizer source for Grevillea. This was because
Dryandra is similar to protea in having a low N requirement
and therefore a poor fertilizer source or a low rate of a more ef-
ficient fertilizer than Uramite is desirable.

Plants of Hakea laurina appeared similar to those of D.
formosa and had a lower N requirement than camellia and
erica. Leucadendron adscendens plants had similar N require-
ments to those of G. rosmarinifolia but Leucospermum candi-
cans plants would appear to grow best with N levels that are
intermediate between the optimum for G. rosmarinifolia and
Protea spp.

Camellia japonica and Erica herbacea ‘Springwood White’
are temperate species which were found to have low to medium
N requirements with an optimum of approximately 80g N/m3/
month. Camellia japonica comes from temperate forests which
may not be very fertile and this would partly explain this
camellia’s low to medium N requirement. Growth rate may also
be an important factor influencing the nutritional requirements
of camellia and erica. They contrast with eucalypts which have
a rapid growth rate and were found to grow strongly in re-
sponse to 90g N/m3/month. However, habitat is usually impli-
cated and other workers have shown that habitat can influence
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N utilization in eucalypts (14).
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