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Abstract. The nutrition of six species of plants was examined using peat: 
perlite (1:1) mixes and slow-release fertilisers in factorial experiments. Most 
plants responded strongly to nitrogen while there was little response to phos­
phorus. Medium phosphorus levels proved fatal for Protea repens and depressed 
the growth of Grevillea rosmarinifolia particularly when accompanied by high 
nitrogen. Tomatoes responded to very much higher fertiliser levels than pro­
teaceoks . and other shrubs and there was a very strong N x K interaction with 
tomatoes even though they were grown in winter. 

REVIEW OF LITERATURE 

Gardeners and nurserymen alike have often found plants in 
the Proteaceae difficult to grow unless certain requirements are 
met. Plants may die early and can be particularly difficult to 
grow in containers; a comparison of their growth response with 
other nursery plants like camellia, erica and tomato will give an 
insight into their relative nutritional requirements. 

Various reasons have been put forward for losses of pro­
teaceous plants inCluding disease and faults vyith general culture. 
Hewett (18) states that attack by the fungus Phytophthora 
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cinnamomi is perhaps the greatest destroyer of plants in the Pro­
teaceae and that it is spread through infected nursery plants or 
soil. 

Many proteaceous plants prefer acid soils and high levels of 
calcium may result in toxicity (24). Higgs (19) found that the 
planting depth in containers is important and that the survival of 
Grevillea rosmarinifolia rooted cuttings was severely reduced by 
planting at 5 cm. depth rather than 1 cm. Plant size and the aerial 
environment such as temperature regime, relative humidity, and 
air circulation may also influence plant losses in nurseries. 

Nutrition and fertiliser problems are probably the greatest 
single cause of difficulties in the nursery culture of the Proteaceae. 
Many of the cultivated Proteaceae come from the Australian 
Heathlands and the slopes of the coastal mountains of South Af­
rica. The growth of proteaceous plants in their native habitat gives 
a good indication of their cultural requirements. The distribution 
and evolution along with cultural implications was reviewed by 
Hocking and Thomas (2). Soil fertility is a key aspect in the dis­
tribution of proteaceous plants in Australia. The plants grow in 
moist coastal areas on extremely impoverished acid to neutral' 
soils which are very low in P,N,K and Ca, and many trace ele­
ments (34, 37,41). Phosphate has been shown to be the key factor 
since it influences organic matter levels and protects the health­
land species against invasion by competitive plants which. need 
more fertile soils than the Proteaceae (41). Proteaceous plants have 
adapted to a low P and N requirement (5, 7, 24, 33); for example, 
some can take up phosphate in the spring and store it until it is 
required in the growing season (35). Proteoid roots are a further 
adaptation and are dense clusters of rootlets of limited growth 
along a lateral root (32) and have been found on a wide range or 
proteaceous species from Australia (23, 24, 25, 26, 32) and South 
African species (2), Proteoid roots do not appear to be mycorrhizal 
(4, 33) and are primarily an adaptation to low fertility soils (6). 

Hodge (22) reported that fertilisers high in phosphate have 
been responsible for the death of many grevilleas. Iron chelates 
and sulphate of ammonia were recommended to correct chlorosis. 
Higgs (19) in nursery container trials found that Grevillea 
rosmarinifolia developed chlorotic foliage with full strength fer­
tiliser treatments at normal depths of planting. He found that as 
time passed growth was inhibited and the lack of vigour became 
noticeable compared with the healthy appearance of plants grown 
in the half strength and nil fertiliser treatments. Hockings (21) 
states that, in general, grevilleas prefer a soil with definite acid 
reaction but that there are two quite well known exceptions, 
namely GrevilleQ robusta and G. striata, both of which can thrive 
in alkaline soils. Grevillea robusta grown in containers will re-
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spond to increasing levels of nitrogen especially at high levels of 
potassium (27, 28). 

Van Staden (38) and Parvin, et al (31) observed and described 
deficiency symptoms in proteas and found that nitrogen defi­
ciency in Protea cynaroides will reduce the dry weight yield of 
leaves and roots, while potassium and calcium defic,iencies will 
give a general reduction of growth. Low levels of N, K, Ca, Fe in 
the potting mix will reduce the level of iron in the plant and lead 
to foliar chlorosis (38). Vogts (39) warned against the use of man­
ure for proteas while Stevens (36), in contrast, recommended lib­
eral applications. Watson and Parvin (40) state that the premature 
death of pro teas is common at any age and most common at the 
end of ,a dry season or after over-watering and they attribute this 
to a serious outbreak of soil-borne fungi. They point out that ob­
servations indicate that pro teas respond to standard fertiliser pro­
grammes. 

Camellias respond to supplementary nitrogen feeding when 
grown in John Innes and U.C. mixes (3). Nitrogen is the major 
nutrient that needs to be added to sustain growth of camellias (8, 
13, 14, 29) while phosphorus, potassium and sulphur are needed 
in lesser amounts (8, 29). An N. P. K. ratio of 3:2:3 appeared to 
give optimum growth (13, 14). 

Gray (16) reports that light-weight soil-less media are of value 
for the production of container-grown ericaceous plants and that 
these plants should be induced to make growth early in the sea­
son. Alvey (1) recommended that "flowers of sulphur" should be 
substituted for chalk in John Innes mixes in order to improve 
growth and overcome chlorosis which occurs due to lime-induced 
iron deficiency. Potting mix and feeding trials on Erica carnea 
'Springwood White' in England showed that this plant established 
poorly in loamless mixes, appeared chlorotic and was a poorer 
quality as fertiliser rates increased (2, 11). It was found that these 
plants grew better in JIP II and were much larger than those in 
loamless mixes and concluded that a low rate of feeding is needed 
with loamless mixes. 

High fertiliser levels can reduce the growth of container 
grown tomatoes in winter when light levels are low in Europe (10, 
42). This was most severe where high rates of Nand Ca were 
combined with low rates of P (10). It was also found that the 
peat/sand mixture was deficient in available nitrogen but that in­
creased N levels were more likely to reduce growth in peat/sand in 
winter than when a loam mix is used. In summer the position was 
reversed and there was a positive response to each increment of N 
in the peat-sand mix and growth was significantly better than the 
growth of tomatoes grown in a loam compost. 
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MATERIALS AND METHODS 

This article reports on the first six of a series of separate trials 
carred out at various times with different nursery plants in con­
tainers. The intention was to standardize material~ and methods as 
much as possible and follow New Zealand commercial practice 
while still retaining an adequate level of scientific "technique." 
All trials were based on a N. P. K. 23 factorial using randomised 
blocks and analysed for analysis of variance and Duncan's Test. 
The physical part of the mix was peat-lite mix B (9) which has the 
advantage of being relatively inert and chemically uniform (30) 
and is used by commercial nurserymen. Slow release fertilisers are 
used where possible. 

A1l trials were based on the following: 
Physical Ingredients: 50% Dipton sphagnum peat; 50% horticul­
tural grade perlite (Perloam) 
Chemical Ingredients: 

A base of:-

plus:-

Fertiliser 
kglm3 Iblyd3 
0.25 0.42 

4.5 
1.5 

0.075 
0.150 

6.74 
2.53 

0.136 
0.253 

Osmocote 
NPK 181 
2.6/10 

dolomite lime 
carbonate of lime 

Nutrients g/m3 , 
N P K 
45 30 25 

iron chelate (Sequestrene NafFe) 
Trace element mix 
(Sporumix) - approx. 10% Mg. 
1% Cu. 1% Bo. 5% Mn. 0.1% Mo) 

(Note the above 5 ingredients constitutes treatment 1 in all 6 trials) 

Further treatments were made up by adding some or all of 
three fertilisers; for example, with treatment 8 in all the trials: 

Fertiliser Nutrients glm3 
kg/m3 Iblyd3 N P K 

Osmocote 26%N 1.558 2,63 405 
Superphosphate 9%P 3,000 5.06 270 
Sulphate of potash 39%K 0,577 0,97 225 
pJ us base fertilisers 45 30 25 

Total NPK nutrients 450 : 300 : 250 

No soil disinfection was carried out and black plastic PB5 (3 
litres approx. capacity) planter bags were used in each case. 
Yields were assessed by cutting off the above ground parts of the 
plant at soil level and then obtaining the oven-dry weight of each 
foliage sample. Statistical analyses including F Test and analysis 
of variance; factor interactions and Duncan's test on the data were 
obtained by computer analysis. Visual ratings were carried out 
during the running of the trials and statistically analysed in the 
same manner as dry weights (Results of ratings are not shown). 

The 13 treatments (Fig. 1) were the same in each trial, except that 
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Figure 1. The dry weight growth response of the various species to different 
levels of N. P. and K. (Levels of significance can only be compared 
within one species - with small letters in common above the col. 
umns there is no significant difference at the 5% level using Duncan's 
test). 
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with Grevillea robusta and Protea repens, the last 5 treatments 
were omitted. The trials were based on two levels of each of N. P. 
& K.; i.e. at 23 factorial plus five additional treatments (except Pro­
tea repens and Grevillea robusta expts.). All were carried out in a 
heated glasshouse equipped with automatic fan ventilation. 

Table 1: Details of Individual Trials 

No. of Reps. plants 
treat- (plants grown Date Date 

Plant species lifted ments per treat.) from Bagged Lifted 

Grevillea rosmar- 13 24 cuttings 22.9:72 2.5.73 
inifolia 

Grevillea robusta 8 10 seed 14.12.73 6.8.74 
Pro tea repens 8 15 cuttings 26.3.73 10.6.74 
Camellia japonica 13 25 seed 25.9.72 25.9.73 
Erica carnea 13 25 cuttings 27.12.72 24.10.73 
'Springwood White' 
Lycoperscion 13 15 seed 14.6.73 24.8.73 
esculentum 'Best of 
All' (Tomato) 

RESULTS 
Grevillea rosmarinifolia Experiments: Visual ratings during 

the early stages (data not given), showed that mild toxicity oc­
curred in varying amounts in treatments 7-12. Analysis of the in­
teractions (not shown) revealed that there was a significant N x P 
interaction; i.e. these two elements acted to depress growth more 
than if either one was at high levels on its own. 

The dry weights (Fig. 1) indicated the prominent influence 
of nitrogen in the growth response. Additional potassium was 
not beneficial while additional phosphate significantly depressed 
yields 

Figure 3 is designed to illustrate the interactions between any 
two elements. Relative dry weight figures are plotted on a square 
base and shown by the vertical height above each of the four 
points. In the N.K. figure for Grevillea rosmarinifolia, the lowest 
point of the box design is low N + low K and the greatest yield is 
at N + low K. An alternative way to show this second diagram 
would be as vertical columns representing the yield in g of dry 
weight (Fig. 2): 

HtghN LowN&P H'ghP H'ghN&r 
Low P LowN 

Figure 2. Interactions between any two elements. 

318 



Comparisons can only be made within one box using the least 
significant difference figure (5%); i.e. differences are only signific­
ant if greater than the LSD figure. 

G. rosmarinifolia in Figure 3 illustrates the significant interac­
tions of N with P and N with K and to a lesser extent P with K 
where growth was depressed. The main response was to nitrogen 
while there was a very small response to P and K on their own. 

Grevillea robusta Experiments. There were no visual ratings 
and in Figure 1 the results divide between those treatments where 
plants grew vigorously with nitrogen and those with small yields 
due to having only 45 g of N/m3 supplied. Figure 3 shows that 
there was a N x K interaction but no N x P or P x K interadions. 
Plants responded strongly to the main effect of N. 

Grevillea rosmarinifolia 

229 

High N Low N&K High K High N&K 
Low K Low N 

209 

Figure 3. Three dimensional figures depicting the growth response (Dry wt. tops 
in g.) of container - grown shrubs to N.P.K. and the interactions in­
volved. 
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Camellia japonica 
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High N 
Low K 

lycopersicon esculentum "Best of AI'" (Tomato) 

31 

Figure 3 (cant.) 
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Protea repens Experiments. Visual ratings indicated a steady 
decline in those plants with 300g P/m3 and there was a significant 
N x P interaction. The highest dry weight (Figure 1) was found in 
those plants supplied with 450:30:25 g/m3 of N:P:K. respectively 
while the N.K. (6) and the low NPK (1) treatments were next high­
est. 

Toxic effects of medium and high phosphate show clearly in 
Figure 3. Growth was mildly depressed by the N x K interaction. 
There was a mild response to nitrogen and a small depression of 
growth with high K levels. Plants were observed to show light to 
strong N toxicity symptoms (treatments 5. and 6) in the early 
stages of the experiment. 

Camellia japonica Experiment. Plants with medium N (5), 
medium NK (6) and medium P (3) were significantly larger than 
those with other treatments (Figure 1). The next highest treat­
ments were those with NP (7), NPK (8), PK (4) and K (2). 

The interaction of N x P involved a slight depression in 
growth and the only other significant effect illustrated in Figure 3 
was a fairly strong N response (left-hand diagram). 

Erica carnea 'Springwood White' Experiment. There was a 
strong and significant response to nitrogen shown by treatments of 
6 to 9. The latter was at a high rate of N plus medium P and K 
(900:300:250 g of NPK per m3). The dominant main effect of nit­
rogen was shown in Figure 3 while there were no significant in­
teractions or response to P or K. 

Lycoperscion esculentum 'Best of All' (tomato) Experiment. 
All treatments with 450 and 900 g N/m3 were significantly above 
all others (Figure 1). Treatment 11 and 10 with NPK in g/m3 of 
450/300/500 and 450/600/250 were the largest plants while treat­
ment 6 with 450/30/250 were not significantly different from the 
latter. 

The extremely strong N x K interaction is clearly shown in 
figure 3 where relative plant response at medium N and low K is 
doubled by having medium levels of Nand K together. There was 
a slight depression with the N x P interaction and a strong re­
sponse to the main effect of Nand K. 

DISCUSSION 

The response to nitrogen was a common and major factor· in 
the growth of all six groups of plants tested and, in all but to­
matoes, treatment 5 with a N:P:K of 450:30:25 grew plants which 
were the largest in the trials (or not significantly different from the 
largest). It is indeed surprising that medium to high levels of N 
and other nutrients plus only very small levels of P and K grew 
good quality ericas, camellias and proteaceous shrubs. . 

321 



~ I QSm(1I!11.fOh.1 

Lycopcrslcon esculontum 8(' sl 01 All 

Figure 4, The comparative growth response of the test species with three different 
treatments, giving some indication of the N,P" N,K. , and P,K, interac­
tions, 

High High High 
Left to right N&P N&K P&K 
g/m3 of N 450 450 45 
potting P 300 30 300 
mix K 25 250 250 
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High phosphate levels have been observed to cause severe 
losses with commercially grown nursery plants in the Proteaceae. 
In this work Protea rep ens did not survive in mixes with 300 g 
P/m3 (approx. 3 kg/m3 or 5 lb/yd3 superphosphate) while growth of 
Grevillea rosmarinifolia was significantly reduced by similar P 
levels (Figure 4). The growth of the camellias and tomatoes was 
also significantly reduced as a result of an unfavourable N x P in­
teraction. Therefore, with four species the response to nitrogen 
was depressed by the presence of medium levels of phosphate. In 
contrast, Grevillea robusta and the Erica 'Springwood White' grew 
well in mixes with NPK's of 450:300:25 g/m3 • G. robusta is native 
to the moist forested areas of Queensland while G. rosmarinifolia 
comes from the low fertility soils of the heathlands of Australia. 
The difference in habctat and soils probably accounts for the dif­
fering response of these two species and the fact that phosphate 
toxicity occurred with G. rosmarinifolia but not G. robusta. Other 
proteaceous plants may also tolerate medium phosphate levels; for 
example, macadamia is reported to respond to phosphate side 
dressings (12). 

The difference in nutritional requirements between the two 
grevilleas is also shown by the fact that there was an unfavourable 
N x K interaction for G. rosmarinifolia while G. robusta responded 
where Nand K were high together. The N x K interaction was a 
dominant feature in the nutritional response of tomatoes and the 
largest plants were those in treatment 12 with an N.P.K. of 
900:600:500 g/m3 • 

The pro teas and, to a lesser extent, camellias were those 
plants which grew reasonably well at low and nil rates of N.P.K., 
probably because of their relatively slow growth rates. Standard 
fertiliser rates for proteas, suggested by Watson and Parvin (40), 
would appear to be undesirable because phosphate levels should 
be low. Proteas may be a low fertility plant but the two grevilleas 
responded strongly to nitrogen and grew poorly with low levels of 
this element. Although the G. rosmarinifolia is distributed on low 
fertility soils in its native habitat it appeared to have an even grea­
ter requirement for nitrogen than camellia. This may be due to the 
high potential for rapid growth of G. rosmarinifolia. 

The tomato trial was started in mid-winter but this plant grew 
extremely rapidly and responded to medium N coupled with high 
K and also high P (Figure 1). This is in contrast to the growth 
supression with high nutrient level reported from England by 
Woods, et al (42) and Bunt (10). Higher light levels in winter in 
New Zealand than England may acc~t for the difference in find­
ings and point to the need for caution when considering Northern 
hemisphere research in New Zealand. 

There appears to be quite widely differing nutritional re­
quirements both within the Proteaceae and between other plants. 
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It can be concluded that nurserymen should maintain at least 
medium levels of nitrogen with these types of plants grown in 
soil-less media, while phosphate levels should be minimised for 
certain Proteaceae, particularly while plants are young (17). This 
work re-enforces Furuta's (15) comments concerning the impor­
tance of quantitative research on such aspects as potting media 
and the prime importance of interactions when examining the 
nutrition of container-grown nursery stock. 

LITERA TURE CITED 

1. Alvey N.G. 1955. Adapting John Innes Composts to grow ericas. ]. Roy. Hort. 
Soc. 80: 376-381. 

2. Anon, 1971. Container grown shrubs. Luddington Expt. Hart. St. Lft. 3 p. 
3. Bates P.M. 1971. Composts for camellias. NZ. Cam. Bull. VII (1): 25-8 
4. Baylis G.T.S. 1972. Fungi. phosphorus and the evolution of root systems. 

Search 3 (7): 257-9. 
5. Beadle N.C.W. 1954. Soil phosphate and the delimitation of plant communities 

in Eastern Australia. I Ecol. 35: 370-375. 
6. Beadle N.C.W. 1962. Soil phosphate and the delimitation of plant communities 

in Eastern Australia II. Ecol. 43: 281-288. 
7. Beadle, N.C.W. 1968. Some aspects of the ecology and physiology of Au­

stralian exeromorphic plants. Aust. J. Sci. 30: 348-355. 
8. Bonner J. & Honda S. 1950. Experiments on camellia nutrition. Cam. Res. (Soc. 

Calif. Cam. Soc.) 15-21. 
9. Boodley J. W. & Sheldrake R. 1963. Artificial soils for commercial plant 

growing. Cornell Ext. Bull. 1104 IIp. ' 
10. Bunt A.C. 1969. Peat sand substrates for plants grown in containers. Pl. & Soil 

XXX (1): 97-110. 
11. Carter A.R. 1972. The effect of nitrogen on container grown shrubs in peat 

based substrates. Act. Hart. (26): 113-8 
12. Cooi! B.J., et aI, 1966. Relationships of phosphorus supply to growth, yield and 

leaf composition in Macadamia. Hawaii Ag. Expt. St. Tech. Bull. 66,71 p . 
. 13. Furuta T. 1954. Analysis and rates of fertilisers on the growth of camellia 

plants in two Alabama soils. Am. Cam. Yearbook: 136-137. 
14. Furuta T. et al 1954. Influence of rate and analysis of fertiliser on the growth 

and survival of three camellia varieties. Am. Cam. Yr. Bk. 138-40. 
15. Furuta T. 1969. Operations research and ornamental horticulture. Acta Hart. 15 

: 47-51. 
16. Gray H. 1971. Light weight media for container growing of ericaceous plants. 

Proc. Int. PI. Prop. Soc. 21: 416-419. 
17. Grundon N.J. 1972. Mineral nutrition of some Queensland heath plants.]. Ecol. 

60: 171-181. 
18. Hewett H.M. 1972. A discussion of plant collapse. Aust. pl. 6: 359-366 
19. Higgs A.L. 1970. The effect of planting depth and fertilizer on survival and 

growth of Grevillea and Leptospermum rooted cuttings. Aust. Pl. 6: 23-25. 
20. Hocking P. & Thomas M.B. 1974. Evolution of the Proteaceae with cultural 

implications. RNZIH Ann. ]. 2: 18-25. 
21. Hockings F.D. 1970. Culture of grevillea. Aust. Pl. 6 (Dec): 10-13. 
22. Hodge M.W. 1970. Growing grevillea. Aust. Pl. 6 (Dec): 2, 27; 28,43. 
23. Jeffrey D.W. 1964. The formation of polyphosphate in Banksia ornata, an Au­

stralian heathplant. Aust. ]. BioI. Sci. 17: 845-854. 
24. Jeffrey D.W. 1967. Phosphate nutrition of Australian heath plants I. The impor­

tance of proteoid roots in Banksia (Proteaceae). Aust. J. Bot. 15: 403-411. 

324 



25. Lamont B. 1972. The effect of soil nutri"ents on the production of proteoid roots 
by Hakea species. Aust. J. Bot. 20: 27-40. 

26. Lamont B. 1972. The morphology and anatomy of proteoid roots in the genus 
Hakea. Aust. J. Bot. 20: 155-174. 

27. Moore C.W.E. 1966. Nutrition of Grevillea robusta. Aust. PI. 4: 39-47. 
28. Moore C.W.E. & Keratis K. 1966. Nutrition of Grevillea robusta Aust. J. Bot. 14: 

151-163. 
29. North C.P. & Wallace 1966. Planting mixtures, fertilisers and camellia culture 

N.Z. Cam. Bull. IV 5: 20-31. 
30. Nuffer D. 1963. Peat-perlite mixtures in container growing. Proc. Int. PI. Prop. 

Soc. 13: 286-287. 
31. Parvin P.E. et al 1973. Proteas: developmental research for a new cut flower 

crop. Hart. Sci. 8(4): 299-303 
32. PurnellH.M. 1960. Studies in the family Proteaceae I. Anatomy and morphol­

ogy of the roots of some Victorian species. Aust. J. Bot. 8: 38-50. 

33. Rao C.V. 1971. Proteaceae Bot. Mono. (6) Counc. Sci. Ind. Res. New Delhi 208 
p 

34. Specht R.L. 1963. Dark Island heath (Ninety Mile Plain, South Australia) VII. 
The effect of fertilisers on composition and growth, 1950-60. Aust. J. Bot. 11: 
67-94. 

35. Specht R.L. & Groves R.H. 1966. A comparison of the phosphate nutrition of 
Australian heath plants and introduced economic plants. Aust. J. Bot. 14: 
201-221. 

36. Stevens W. R. 1965. Growing South African Proteaceae in New Zealand. J. Soc. 
S. Bot. Afr. 51: 19-21. 

37. Stewart T.G.A. 1959. Some aspects of soil ecology p 303-314. In Biogeography 
and ecology in Australia. W. Junk, The Hague. 

38. Van Staden J. 1967. Deficiences of major nutrient elements in Protea 
cynaroides Linn., grown in sand culture. I Foliar symptoms of deficiences. J. S. 
Afr. Bot. Soc 33: 59-64. 

39. Vogts M.M. 1954. Growing Proteaceae in the summer-rainfall area. J. Bot. Soc. 
S. Afr. 40: 18-21. 

40. Watson D.P. & Parvin P.E. 1970. Culture of ornamental proteas. Hawaii Ag. 
Expt. St. Res. Bul. 147 24p. 

41. Wood J.C. 1959. The phytogeography of Australia (in relation to radiation of 
Eucalyptus, Acacia etc) p 291-302. In Biogeography and ecology in Australia. 
W. Junk, The Hague. 

42. Woods M.J. et al 1969. The effect of potassium and phosphorus fertiliser on 
tomatoes propagated in peat. Acta Hort. 8: 13-22 

ACKNOWLEDGEMENTS 

I wish to acknowledge the financial support of N.Z. Perlite Ltd. and the N.Z. 
Nurserymen's Association and technical assistance from B. Conaglen, M. Spurway 
and Mrs; P. Moon. Thanks go to Duncan and Davies Ltd. for donating plants. 

325 


