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Media Summary  
This project focussed on the macronutrition of the comparatively new garden, 
landscape and cut flower native Australian species, Ptilotus nobilis (commonly 
known as mulla mulla). Ptilotus species are increasing in popularity due to their 
distinctive flower forms and colours, but not much is known about the nutritional 
requirements to grow them successfully. This project addresses this knowledge gap by 
studying the nutritional requirements of two Outback Princess series Ptilotus nobilis 
cultivars, ‘Passion’ and ‘Purity’. A key outcome of this project is that nitrogen 
deficiency can occur comparatively readily, but the symptoms expressed vary for 
different varieties: ‘Passion’ shows pale green leaves, whilst ‘Purity’ develops red leaf 
tips or margins. The roles of potassium and phosphorus are not so critical to the 
successful growing of Ptilotus. The project highlighted that by maintaining a regular 
supply of nitrogen to the plants, plant losses following pruning to remove spent 
flowers can be reduced. The significance of this to industry is that Ptilotus losses in 
production, after cutting back, in the garden and landscape can be significantly 
reduced. The impact of these findings will be seen in the near future as there are 
several forms of Ptilotus likely to be introduced to the marketplace in the coming 
years. Future R & D could focus on the nutritional requirements of other related, and 
comparatively new, colourful betalain-pigmented Australian native plant species. 
Understanding the key nutritional requirements of these species will assist in 
successfully cultivating future varieties. Many of these species are drought hardy and 
have comparatively low maintenance. As water use is becoming a more prominent 
issue, betalain-pigmented plants illustrate that you can have flower colour in the 
garden and landscape even during periods of drought – aesthetically pleasing but also 
providing diversity of flora. 
 
Technical Summary  
Ptilotus nobilis plants, with showy large fluffy cream to pink inflorescences, have 
recognised ornamental horticulture potential for use as potted colour, landscape and 
cut flowers. Their long and slender stems have excellent postharvest longevity, adding 
to their cut flower appeal. P. nobilis plants can be maintained as perennials in 
cultivation if, after their prolific flowering, the plants are pruned back hard and 
fertilised. Failure to follow this process results in strong red pigmentation in their 
leaves and stems, and loss of vigour and sometimes plant death. The aim of this 
research was to determine the role/s that the three plant macronutrients nitrogen (N), 
phosphorous (P) and potassium (K) play in P. nobilis plant health during tissue 
culture production and cultivation. The strategy involved nutrient deletion and 
depletion experiments on P. nobilis cvs. ‘Passion’ and ‘Purity’ in tissue culture, and 
on mature plants in pots. For pot culture the key finding was that to minimise post-
peak flowering plant losses and optimise plant quality and cut-stem yields, especially 
in the second flower flush after pruning, N was the most important of the three 
macronutrients. The most critical time at which N deficiency can occur in cultivation 
is when the first flowers begin to open. The key early symptoms are pale green leaves 
in cv. ‘Passion’, or red leaf tips or margins in cv. ‘Purity’. Plants should be given 
adequate N to maintain green foliage at this stage, and again at cut-back and during 
regrowth. Leaf tissue N concentrations should be ≥3.6-4.4% DW, while chronic N 
deficiency occurred at ~1.5% DW. P and K deficiencies are unlikely to arise in 
cultivation provided that these elements are supplied to plants at the rates 
recommended for ornamentals by commercial fertiliser manufacturers. Optimal K leaf 
tissue concentrations were ~3.6% DW for both P. nobilis cultivars. The ‘Passion’ 
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cultivar typically had leaf P levels within 0.14 - 0.79% DW and Purity 0.3-2.1% DW. 
In tissue culture propagation of P. nobilis, the key findings were that reddening and 
yellowing of plantlets was associated with macronutrient depletion and was quantified 
by increased betalain pigment concentrations when compared to green-coloured, non-
depleted plantlets. A CD-ROM manual has been developed which provides written 
and pictorial descriptions of N, P and K deficiency symptoms for P. nobilis cvs. 
‘Passion’ and ‘Purity’. The on-line version can be viewed and downloaded from the 
Centre for Native Floriculture website 
(http://www.uq.edu.au/lcafs/index.html?page=53523). This diagnostic tool will assist 
managers of P. nobilis propagation and growing facilities to maintain plant health. 
 
To ensure success when growing Ptilotus nobilis the following key recommendations 
from this project should be followed:  
 
Potted crops 
Ptilotus nobilis like many Australian native plants can be grown successfully with 
little phosphorus. 
 
Cut Flower 
To encourage regrowth and subsequent flower development following harvesting of 
flower stems, regularly apply a nitrogen based liquid feed. If signs of pale green 
foliage (‘Passion’) or red leaf tips or margins (‘Purity’) are visible, plants are likely to 
be lacking in nitrogen. Regular liquid feeding with nitrogen will promote healthier 
growth and should prevent symptoms from occurring in the first place. However, if 
symptoms persist, the plants may be suffering other stresses. 
 
Garden and landscape 
Post peak flowering losses of Ptilotus nobilis in the landscape or garden can be 
minimised by the timely removal of old flowers and applying a nitrogen based 
fertiliser to encourage regrowth. Following these procedures allows Ptilotus nobilis to 
be successfully grown as a perennial. 
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Introduction  
Growth of the nursery and cut-flower industries is driven largely by release of new 
plant species and novel cultivars. The endemic herbaceous Australian genus Ptilotus 
has recognised ornamental horticulture potential and inherent genetic diversity (viz. 
>100 species) that presents a broad range of attractive plant forms and interesting 
flower shapes and colours. In the context of drier climates and being indigenous to 
semi arid regions, Ptilotus also has desirable low water requirements. P. nobilis 
(cream to pink flowers) and P. exaltatus (pink to purple flowers) are two closely 
related species with large showy inflorescences (10–20 cm long) (Lee et al., 2007). 
Their long and slender stems (e.g. ≤70 cm) have excellent postharvest longevity and 
their cut flower potential has been demonstrated through market research conducted 
in Japan by Lily Lim-Camacho for the Centre for Native Floriculture. The CNF 
conducts commercially focused breeding and allied research on Australian native 
plants for the floriculture industries. In September 2007, Aussie Colours, working 
with the CNF, test marketed three new P. nobilis ‘Purity’, Poise and ‘Passion’ potted 
colour cultivars to consumers in south-east Queensland. These ‘Outback Princess’ 
cultivars, which rapidly sold out, were selected by the CNF, tissue cultured by IQ 
Plants Ltd., and sold (~68,000 plants to date) to wholesale nurseries throughout 
Australia. The plants were successfully retailed through Big W, Bunnings and retail 
nurseries in Qld and NSW. The market potential of Ptilotus as an ornamental plant is 
further demonstrated by the recent release of a Ptilotus exaltatus cultivar being 
produced in the USA, Canada, Europe and Australia. Ptilotus nobilis plants are also 
being trialed in the USA as a pot/landscape plant. Aussie Colours also currently has a 
commercial cut-flower grower trialing P. nobilis Outback Princess cultivars, with the 
cut-stems to be harvested and exported to Japan. Aussie Colours sees the Ptilotus 
products to be of significant market value and is committed to its ongoing 
development and release both in Australia and internationally. While wholesale 
nurseries and retailers are happy with the product, they are experiencing some losses 
due to a lack of production (agronomic) knowledge. 

P. nobilis and P. exaltatus plants in nature are normally annual to weakly 
perennial. They can be maintained as perennials in cultivation if, after their prolific 
flowering, the plants are pruned back hard and fertilised. Failure to follow this process 
results in loss of vigour and the plants may die back. During senescence Ptilotus 
plants exhibit strong red pigmentation in their leaves and stems. This symptomology 
is also evident when plants are stressed, such as when tissue-culture plantlets are not 
regularly sub-cultured to fresh media and when plants are inadequately fertilised 
during growing on in pots. Red pigmentation of vegetative tissue is a typical plant 
stress response to macronutrient (e.g. P) deficiencies, and generally results from 
increased production of anthocyanins. Ptilotus, however, does not synthesise 
anthocyanin pigments. Instead, Ptilotus species produce betalain pigments. These 
relatively rare pigments are confined to just 13 families in the order Caryophyllales, 
which includes the family Amaranthaceae that contains Ptilotus (Chalker-Scott, 
1999). There are two basic types of betalains, red/purple betacyanins and yellow 
betaxanthins. Compared to anthocyanins, little is known about betalain pigments. 
Nonetheless, as has been proposed for anthocyanin pigments, it is thought that they 
play a protective role in plant stress responses (Chalker-Scott, 1999). It appears that 
senescence of Ptilotus plants after peak flowering and coincident red leaf 
pigmentation is closely linked to plant nutritional status. Knowledge of the nutritional 
requirements of Ptilotus spp. in general and P. nobilis in particular is essentially 
absent. Limited studies on the nutritional requirements of P. exaltatus have been 
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reported (Bennell and Williams, 1992; Brennan et al., 2000). However, diagnostic 
symptoms of nutrient deficiency were not documented. Plant losses at peak- and post-
flowering can be devastating to consumer/customer confidence and thus, given co-
incident foliar discolouration (i.e. changes in pigmentation suggestive of nutritional 
problems), it is vitally important to understand the role of macronutrients in plant 
survival through this seemingly critical developmental stage. With a view to 
managing post peak flowering plant losses, this project aimed to analyse 
macronutrient levels and individually document N, P and K deficiency symptoms in 
Ptilotus nobilis during the different stages of commercial production. Outcomes form 
this project will inform plant nutrition management of this attractive Australian native 
ornamental species in support of its multiple cut flower, potted colour, and landscape 
applications. 
 
Materials & Methods 
The macronutrient deficiency symptoms for P. nobilis cvs.‘Passion’ and ‘Purity’ were 
documented during tissue culture propagation (Part 1) and though growing-on in pot 
cultivation (Part 2). 
 
Part 1: N, P & K deficiency during tissue-culture production. 
Experiment 1A was designed to document the timing of N, P and K deficiency 
symptom expression in tissue cultured plantlets and established the link between plant 
pigmentation and macronutrient deficiency in vitro. A completely randomised block 
experiment was conducted using P. nobilis cvs. ‘Passion’ and ‘Purity’, and four 
nutrient treatments. The control treatment (full +N+P+K) utilised tissue culture media 
containing Murashige and Skoog (MS) macronutrients (Murashige and Skog, 1962) 
and De Fossard’s micronutrients and vitamins (De Fossard, 1974). The remaining 
three treatments had the same nutrient composition as the control, except for the 
omission of the respective N, P or K macronutrient (Appendix 1). Each treatment was 
replicated three times (viz. three containers each with three plantlets). Tissue culture 
plantlets were purchased from IQ Plants Ltd. and subcultured to the Control medium 
for two subculture cycles prior to their transfer to treatment media. These plantlets 
were subcultured to fresh media every 2 weeks for the duration of the experiment. 
Treatment effects were evaluated every 2 or 3 days in order to document onset and 
progression of expression of nutrient deficiency symptoms. The fresh weight of 
plantlets was recorded and betalain pigments extracted upon termination of the 
experiment, when nutrient deficiency symptoms were very clearly discernable, and 
quantified using a spectrophotometer (Kugler et al. 2007). 
 
Experiment 1B was designed to corroborate and correlate the onset of N, P and K 
deficiency symptoms with plant pigment levels and macronutrient levels in tissue 
cultured plantlets. The experimental design was similar to Experiment 1A, except 
using six replicates with five plantlets per replicate to provide enough tissue to enable 
measurement both of pigment content and total N, P and K levels when nutrient 
deficiency symptoms were obvious. For plant pigment analysis, one tissue culture 
plantlet per replicate container was sampled. The remaining five plantlets from the 
three replicates were pooled and freeze-dried for N, P and K analysis. N analysis was 
performed using an Elementar CHNS analyser. P and K analyses were performed by 
Inductively Coupled Plasma (ICP) analysis of nitric/perchloric acid digested dried 
tissue samples. 
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Part 2: N, P & K deficiency during pot culture.  
Part 2 of the project involved separate randomised block, split-plot design pot trials 
that investigated N, P and K deficiency for P. nobilis cvs. ‘Passion’ and ‘Purity’. Each 
trial included a Control treatment (i.e. full +N+P+K) as ½ strength Hoagland’s 
solution (Hoagland and Arnon, 1950) and three deficiency level treatments where N, 
P or K nutrient supply was reduced to 50, 25 and 0% of the Control level, 
respectively. All nutrients other than the target were supplied at full strength (i.e. 
100% = ½ strength Hoagland’s). Full nutrient compositions for each treatment are 
summarised in Appendix 2. Treatments were replicated (individual pots) six times for 
each experiment. Trial plants were grown-on from commercially tissue-culture 
propagated plantlets purchased from the IQ Plants Ltd. nursery based at The 
University of Queensland, Gatton Campus, Gatton Australia. Rooted young plants 
were transplanted on the 5th of February 2009 into 140 mm diameter pots containing 
pasteurised washed river sand. All plants were watered during establishment and 
grown to flowering with ½ strength Hoagland’s nutrient solution administered on 
Monday, Wednesday and Friday mornings. Rain water for root zone flushing was 
applied on Tuesday, Thursday and Saturday mornings. The pH and electrical 
conductivity were maintained at 5-6 and 1.0-1.4 dSm-1, respectively, for all nutrient 
solutions. Sodium hydroxide (NaOH) increased pH to the desired level (Huett, 1993). 
Plants were drip irrigated on weekends twice per day, for 5 minutes each time, with 
rainwater. Treatments commenced 2 months after establishment at first flowering (i.e. 
9th April 2009), which corresponded to the first floret opening on the maturing 
inflorescences. Plants of cv. ‘Purity’ were slightly more mature than for cv. ‘Passion’ 
at this stage. Desired nutrition treatments were maintained for the course of the 
experiment by watering with relevant nutrient treatment solutions using the same 
schedule as outlined for the establishment phase. After the first flush of flowers, 
plants were pruned to 15 cm above the media surface. This occurred on 11th June 
2009, ~4 months after establishment and 2 months after nutritional treatments were 
imposed. Plants were then allowed to regrow and produce a second flush of flowers, 
at which point they were destructively harvested and root and shoot tissues collected 
separately and dried. This occurred on the 9th of October, ~4 months after the first 
flower flush harvest. Trial plants were visually evaluated on a weekly basis for 
nutrient deficiency symptoms. Measurements for plant height (pot surface to the tip of 
the tallest inflorescence), stem length (base of stem to tip of the inflorescence for 
harvestable stems with open florets), number of flowering stems (flowering stems 
with open florets) were recorded on a monthly basis. Plant dry weights were recorded 
for roots and shoots on termination of the experiment. Total N, P and K levels in leaf 
tissue collected from the first pruning were determined for individual plants from 
three replicate blocks per treatment/cultivar. Macronutrient analyses were performed 
as described in Part 1B. Statistical analysis was carried out using Minitab Version 15 
(Minitab Inc., USA). Analysis of variance (ANOVA) was applied to compare 
phenotypic traits for the two cultivars and four treatment levels within each 
macronutrient trial at first and second flowering separately. Transformations did not 
improve residuals. Treatment means were separated by Least Significant Difference at 
5% level of significance. 
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Results 
Part 1: N, P & K deficiency during tissue-culture production 
In experiment 1A the onset of N, P and K deficiency symptom expression with 0% N, 
P and K in the media, respectively, for tissue culture plantlets, documented 
associations between visible pigmentation and macronutrient deficiency in vitro. For 
example, red and yellow pigmentation was induced in plantlets to which no N, P or K 
was supplied in their media, particularly for cv. ‘Passion’. The onset of symptom 
expression was ~1 week after plantlets were placed onto the nutrient deficient media 
and evident as pinkish colouration of extremities on one or two leaves of most 
plantlets. Three weeks later, almost all stems and leaves were dark red and/or yellow 
in colour. This red and yellow pigmentation was more evident on –N and –P plantlets 
than on –K plantlets (Fig. 1). Control (100% NPK) plantlets remained almost entirely 
asymptomatic, with healthy green foliage. 
 
Experiment 1B quantified that N, P and K deficiency treatments resulted in 
macronutrient deficiency in the tissue culture plantlets (Table 1). For example, for cv. 
‘Passion’, –N plantlets had 1.98-2.92% N in their tissues compared to 4.56-7.05% for 
Control, -P and –K plantlets. In both experiments (1A and 2B), total betalain pigment 
contents were positively correlated with the visual symptom expression. Severely 
symptomatic plants showed deep red and/or yellow colouration of stems and leaves 
(Fig. 1). They had the highest betalain content (Table 1). For example, total betalain 
concentrations were three to five times higher in N, P or K depleted cv. ‘Passion’ 
plantlets than for the Control (Table 1). Overall, betalain pigment content was highest 
in –P plantlets of both cultivars, followed by –N and –K, with Control plantlets 
having the lowest betalain content. Visually, plantlets from the –N treatment appear 
redder than those from the –P or –K treatments (Fig. 1). However, this is likely due to 
the degradation of chlorophyll, which is typically associated with N deficiency 
(Epstein and Bloom, 2004). Chlorophyll degradation, as in –N treated plantlets, would 
make the plants appear less green and more red, without an associated increase in 
betalain pigment content. Plantlets grown under macronutrient deficiency were 
smaller in both experiments. 
 
 

 

C - N - P - K 

Figure 1. Visual symptoms of macronutrient 
deficiency for P. nobilis ‘Passion’ at 18 days 
after subculture onto treatment media 
(Experiment 1A). Plantlets were grown on a 
full nutrient media (Control, 100% NPK) or 
with N (-N), P (-P) or K (-K) withheld from the 
media. 
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Table 1. N, P and K contents (percentage of dry weight), and total betalain pigment contents (mg/g 
fresh weight) for P. nobilis cv. ‘Passion’ and ‘Purity’ tissue culture plantlets grown on a full nutrient 
media (Control, 100% NPK) or with N (-N), P (-P) or K (-K) withheld from the media. Plantlets were 
harvested at 24 days (‘Passion’) or 37 days (‘Purity’) after subculture onto treatment media 
(Experiment 1B). 
 

Cultivar Treatment N (%) P (%) K (%) 
Total betalain content 

(mg/g FW) 
Control 5.53-7.05 0.45-0.81 1.99-4.67 16.06 ± 2.79 
-N 1.98-2.92 0.50-0.55 1.93-3.18 76.68 ± 3.08 
-P 5.07-5.66 0.15-0.22 2.14-2.89 109.70 ±13.10 

‘Passion’ 

-K 4.56-5.44 0.32-0.47 0.88-1.31 62.80 ± 8.58 
Control 4.87-6.76 0.34-0.67 2.53-4.06 13.35 ± 3.51 
-N 2.35-2.84 0.46-0.69 3.13-3.15 19.42 ± 2.29 
-P 5.56-6.39 0.17-0.18 2.96-3.32 32.64 ± 1.37 

‘Purity’ 

-K 5.86-6.48 0.46-0.51 0.64-0.65 22.29 ± 0.55 
 
Part 2: N, P & K deficiency during pot culture 
Macronutrient deficiency symptoms 
N, P and K macronutrient deficiency symptoms were classified into three categories: 
first, advanced and chronic symptoms. The symptoms and their time to expression are 
summarised in Tables 2 and 3 for cvs. ‘Passion’ and ‘Purity’, respectively, and in Fig. 
2. For detailed descriptions and photographs, please see the supplementary CD-ROM 
‘Macronutrient Deficiency Diagnosis in Ptilotus nobilis cv. ‘Passion’ and ‘Purity’. A 
photographic manual’ (Kochanek et al., 2009). 
 

 
 
Figure 2. The effects of N (A, D), K (B, E) and P (C, F) depletion during pot culture on Ptilotus nobilis 
cv. ‘Passion’ (A-C) and ‘Purity’ (D-F) plants at the second flowering flush. In each photo, from left to 
right, plants were treated with 0, 25, 50 and 100% of each respective macronutrient (see material and 
methods for details). 
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Table 2. Timing and symptomology of N, P and K deficiencies in Ptilotus nobilis cv. ‘Passion’ in pot 
culture. 
 
Ptilotus nobilis ‘Passion’  Months to appearance of 

symptoms at each nutritional 
treatment level 

Nitrogen (N) deficiency  0% N 25% N 50% N 
100% 

N 

First 
symptoms 

Pale green coloured foliage with basal leaf yellowing. 
0.5 1 4 4 

Onset 
symptoms 

Lower leaves pale to yellow. 
Upper leaves on the flowering stem showing red tips. 
Stems may be red, striped red or green. 

1 2-3 4-5 4-5 

Advanced 
symptoms 

Lower leaves yellow to orange, starting to turn red, 
may have red leaf margins.  
Many upper leaves on upper flowering stems entirely 
or partly red (red tips). Stems may be red, striped red 
or green. 

1 4 5 5 

Chronic 
symptoms 

Upper and lower leaves red. 
Older red leaves dried up and dead. 
Stems deep red. Plants unmarketable. 

2 5 - - 

Regrowth 1 Upper and lower leaves red. Older red leaves are 
dried up and dead. 
Stems deep red. 

3 - - - 

Regrowth 2 Older leaves dead (previously red), surviving growth 
yellow to red. Stems bright red.  
Buds are stunted/dying/deformed.  
New emerging growth producing tiny leaves and 
buds. Red leaf margins on new leaf growth, turning 
entirely red with time. 

4 - - - 

Phosphorus (P) deficiency 0% P 25% P 50% P 100% P 

First 
symptoms 

Faint red leaf margins on newest leaves on upper 
parts of flowering stems. No leaf yellowing. 

3 5 - - 

Advanced 
symptoms 

Most leaves on the upper part of flowering stems are 
red margined to entirely purple-red. Reddening 
usually begins at the leaf tips. No leaf yellowing. 

4 5 - - 

Chronic 
symptoms 

Leaf purpling spreading down to lower leaves. Lower 
leaves with purple-red margins, beginning to colour 
entirely. Upper leaves that were purple-red beginning 
to burn and die. 

5 - - - 

Potassium (K) deficiency 0% K 25% K 50% K 
100% 

K 

First 
symptoms: 
at flowering 

Some leaves on upper flowering stems begin to dry 
up and die, usually beginning at the leaf tip. 2 5 - - 

Onset 
symptoms 
on regrowth 

Several leaves on emerging young growth are brown 
at the tips.  
Necrosis also appears as black to brown 
spots/flecks/lesions on leaf surfaces. Slight reddening 
may surround the necrotic regions. 
Leaves on young buds may appear wilted. 

3 - - - 

Advanced 
symptoms 
on regrowth 

Leaves and stems yellowing and leaves appear shiny. 
Many leaves with black to brown spots/lesions and 
burn. Tip burn on older leaves.  

4 - - - 

Chronic 
symptoms 

Most leaves are yellow and/or burnt. Flowering stems 
may be yellow or burnt brown, appear dry and brittle, 
may snap. Many maturing flowers and buds die. 

5 - - - 

(-) represents absence of symptoms. 



10 

Table 3.  Timing and symptomology of N, P and K deficiencies in Ptilotus nobilis cv. ‘Purity’ plants in 
pot culture. 
 
Ptilotus nobilis ‘Purity’   Months to appearance of 

symptoms at each nutritional 
treatment level 

Nitrogen (N) deficiency  0% N 25% N 50% N 
100% 

N 

First 
symptoms 

Some older leaves with red leaf margins and a green 
centre. 

0.5 0.5-2 
some

5 
- 

Onset 
symptoms 

Lower leaves with red leaf margins, beginning to turn 
entirely yellow to orange or red. Stems may be red to 
green. 

0.5-1 2-5 
some

5 
- 

Advanced 
symptoms 

Upper leaves pale. Many lower leaves entirely yellow 
to red. Many lower leaves (previously red) beginning 
to dry out and die. Some new buds burning off and 
dying. Stems deep pink to red, some remain green.  

1-2 - - - 

Regrowth 1 Most older leaves reddening, red or dead. Stems pink 
to red. 
New growth may emerge with red leaf margins.  

3-4 - - - 

Regrowth 2 Most older leaves dead. New growth develops stunted 
to deformed buds. Leaves on new growth are stunted, 
may be entirely red or have red leaf margins. 
On some plants all leaves entirely dried up and dead, 
no new growth. 

5 - - - 

Phosphorus (P) deficiency 0% P 25% P 50% P 100% P 

First 
symptoms 

Older foliage with purple leaf margins, may spread so 
entire leaf surface is purple.  

5 - - - 

Potassium (K) deficiency 0% K 25% K 50% K 
100% 

K 

First 
symptoms 
at flowering 

Stem may turn brown to reddish in colour. 
Some leaves on young growth with yellow or red leaf 
margins. 

1-2 n/a n/a n/a 

Onset 
symptoms 
on regrowth 

Leaves on new growth (producing buds) yellowing. 
Some leaves on flowering stems and lower leaves 
yellowing, some with marginal and/or tip burn. 

2 5 - - 

Advanced 
symptoms 

Leaves on new growth (producing buds) is 
necrotic/burnt at the tips, has severe yellowing 
between veins, can exhibit red leaf margins, may 
appear shiny. Old leaves may be burnt. Rarely, new 
growth may be deformed and ‘bunched’. 

3-4 - - - 

Chronic 
symptoms 

Many old leaves entirely burnt and dead. Upper 
leaves on flowering stems very yellow and with 
severe tip burn, some entirely burnt. 

4-5 - - - 

(-) represents absence of symptoms. 
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Effects of macronutrient deficiency on plant growth 
Effects of the various macronutrient deficiency treatments on flower stem number, 
stem length and plant biomass at the first and second flower flush are presented in 
Figs.3, 4 and 5 for N, P and K trials, respectively. In general, for both cultivars, the 
effect of the macronutrient deficiency treatments was more noticeable in the second 
flower flush compared with the first flush, which was attributed to adequate or greater 
nutrition being provided during the establishment phase of the experiment and 
subsequently in the lead up to the first flower flush. 
 

 
Figure 3. Effects of N deficiency on Ptilotus nobilis ‘Passion’ (●) and ‘Purity’ (○) plant growth. The 
number of flowering stems (A,B; flowering stems with open florets), stem length (C,D; base of stem to 
tip of the inflorescence for harvestable stems with open florets) and shoot dry weights (E,F) are for the 
first and second flowering flush. Root dry weights and root:shoot ratios are for the second flowering 
flush.  NS and P values show non-significant and significant differences, respectively, between 
cultivars (Cv.), nutrient treatment levels (Level) and their interaction (Level × Cv.). Data points with 
different letters are statistically significant at the5% level within each cultivar. Bars show mean 
standard error. 
 
 
 
 



12 

 

 
 
Figure 4. Effects of P deficiency on Ptilotus nobilis ‘Passion’ (●) and  (○) plant growth. The number 
of flowering stems (A,B; flowering stems with open florets), stem length (C,D; base of stem to tip of 
the inflorescence for harvestable stems with open florets) and shoot dry weights (E,F) are for the first 
and second flowering flush. Root dry weights and root:shoot ratios are for the second flowering flush. 
NS and P values show non-significant and significant differences, respectively, between cultivars 
(Cv.), nutrient treatment levels (Level) and their interaction (Level × Cv.). Data points with different 
letters are statistically significant at the 5% level within each cultivar. Bars show mean standard error. 
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Figure 5. Effects of K deficiency on Ptilotus nobilis ‘Passion’ (●) and ‘Purity’ (○) plant growth. The 
number of flowering stems (A,B; flowering stems with open florets), stem length (C,D; base of stem to 
tip of the inflorescence for harvestable stems with open florets) and shoot dry weights (E,F) are for the 
first and second flowering flush. Root dry weights and root:shoot ratios are for the second flowering 
flush. NS and P values show non-significant and significant differences, respectively, between cultivars 
(Cv.), nutrient treatment levels (Level) and their interaction (Level × Cv.). Data points with different 
letters are statistically significant at the 5% level within each cultivar. Bars show mean standard error. 



14 

Nitrogen deficiency 
For both cultivars, there was a significant increase in flower stem number as N 
nutrition levels increased (Fig. 3 A, B). For example, at the first flower flush, the 
number of flowering stems per plant was about 1.5 to 2-fold greater for the 100% N 
versus the 0% N treatment. At the second flower flush, the flower stem number for 
‘Passion’ plants was 30-fold greater for the 100% N versus the 0% N treatment, 
whereas the difference was more modest for cv. ‘Purity’ plants. On average, cv. 
‘Passion’ plants given the 100% N treatment produced 32 flowering stems at the 
second flowering flush, which declined to ~ 22 stems when N nutrition was reduced 
to 50 and 25%, and ~ 1 stem per plant in the 0% N treatment. ‘Purity’ plants at the 
second flower flush produced only one or two stems per plant for the 0% N treatment 
compared to ~11 stems per plant for treatments with ≥ 25% N. Nitrogen deficient 
treatments also resulted in reduced stem lengths for both cvs. ‘Passion’ and ‘Purity’, 
which was apparent at the at the second flower flush (Fig. 3D). For example, the 
length of cut stems was more than double for the 100% N versus 0% N treatment. For 
both cultivars, there was linear trend between the level of N supplied to the plants, the 
total N content in leaves (Table 1 in Appendix 3), and the root and shoot biomass 
(Fig. 3 E to H). 
 
Phosphorous deficiency 
The phosphorus depletion treatments did not significantly influence stem length or 
number at either the first or second flower flush (Fig. 4 A to D). In fact, the only 
measurable effect of P depletion was on shoot biomass at the second flower flush 
(Fig. 4 F, H), and only for only the 0% P treatment where shoot dry weight was about 
20 to 25% lower than the +P treatments. Phosphorous content in leaf tissues 
correlated with the P nutritional regime. For example, cv. ‘Purity’ leaf tissue P levels 
increased from 0.3% dry weight for 0% P treatment, up to 1.1% dry weight for the 
100% P treatment. Interestingly, cv. ‘Purity’ plants accumulated almost three times as 
much P in leaf tissue compared to ‘Passion’ plants (Table 2 in Appendix 3). 
 
Potassium deficiency 
For the four different potassium nutrition treatments administered, there were no 
measurable effects on stem number, stem length or shoot biomass at the first flower 
flush (Figs 5 A, C, E). By contrast, at the second flower flush, plants that had received 
the 0% K treatment had 30% fewer flowering stems, 25% shorter stems, and about a 
70% reduction in dry weight biomass compared to +K treatments (Figs B, D, F-H).  
These measured field differences coincided with K percentage (DW) in leaf tissues: K 
content in leaf tissue was ~3.6% DW for +K treatments and ~2% DW for the 0% K 
treatment (Table 3 in Appendix 3). 
 
Discussion 
The aim of this research was to determine the roles that the three plant macronutrients 
nitrogen (N), phosphorus (P) and potassium (K) play in P. nobilis plant health and to 
understand the relationships between the macronutrients and associated symptoms of 
their deficiency and the relevant tissue nutrient levels. These three macronutrients are 
essential for normal plant development and functioning (Epstein and Bloom, 2004). 
For example N and P make up proteins and nucleic acids within plant cells, while K 
functions as an osmoregulator, maintains electrochemical equilibria in cells and 
regulates the activity of enzymes (Marschner, 1995). In this study nutrient depletion 
plant nutrition experiments were conducted on plantlets in tissue culture and plants 
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grown in pots. A typical stress response to macronutrient deficiencies in plants is red-
purple pigmentation of vegetative tissue, typically resulting from increased production 
of anthocyanin pigments for most species (Chalker-Scott, 1999). However, Ptilotus 
plants do not produce anthocyanin pigments, but, instead, have betalain pigments. In 
this study we were able to demonstrate in vitro and in pot culture that the P. nobilis 
cvs. ‘Purity’ and ‘Passion’ also display red and yellow pigmentation of vegetative 
tissues in response to macronutrient deficiency. These symptoms have been illustrated 
in a supplementary manual (Kochanek et al, 2009) to provide a practical guide for 
commercial production and growing on of Ptilotus nobilis, and the early detection of 
nutrient deficiency. 
 
Macronutrient deficiency in tissue culture 
Macronutrient deficiency during tissue culture propagation of P. nobilis cvs. ‘Passion’ 
and ‘Purity’ correlated with increased betalain pigment concentrations in plantlets, 
with the response much more noticeable in ‘Passion’ than ‘Purity’. These symptoms 
were clearly distinguishable as a general increase in the red and yellow colouring of 
the leaves, and also necrosis of the leaf tips (tip burn) for P and K deficiency, and 
chlorosis for N deficiency. 
 
Macronutrient deficiency in pot culture 
The sensitivity of a plant to the deficiency of a particular element typically can be 
inferred from how quickly symptoms of the nutrient deficiency appear (Gibson et al, 
2007). This study clearly showed that for Ptilotus nobilis, N was the most important 
of the three macronutrients studied in terms of its effects on plant quality, health and 
yield. Ptilotus nobilis cvs. ‘Passion’ and ‘Purity’ both have a relatively high N 
requirement to maximise flowering stem length and number, for general plant growth 
and development, and to promote pereniality; especially after the fresh or spent flower 
stems are pruned off. This was particularly the case for the ‘Passion’ cultivar, which 
benefited more from the higher rates of N nutrition than did ‘Purity’. Symptoms of N 
deficiency in this study were clearly visible and measurable, emerging as early as 2 
weeks after the onset of N depletion in pot culture. First N deficiency symptoms 
largely manifested as a change in leaf colour, from green to pale-green in cv. 
‘Passion’, or atypical red leaf margins/tips in cv. ‘Purity’. Ptilotus nobilis N leaf 
concentrations ranged from ~1.5% DW for plants fed 0% N to ~3.6-4.4% DW for 
those given 100% N (Appendix 3). These levels fall within the normal range for crop 
plants (0.5-6% DW; Epstein and Bloom, 2004).  
 
When supplied the highest N nutrition level, ‘Passion’ plants exhibited the same 
quality and length of flowering stems as ‘Purity’, but produced almost three times the 
number of harvestable flowering stems in the second flush of flowering as did 
‘Purity’. From a cut flower grower perspective, this means that ‘Passion’ is the 
cultivar of choice if high flowering stem yields are required; provided that enough N 
to maintain green foliage is given to plants, particularly after cut-back and into later 
growing seasons. Thus, a highly floriferous habit through sustained flower production 
can be maintained especially for ‘Passion’ plants if high N levels are ensured 
throughout growth. This floriferous habit is optimal for nursery and potted colour 
producers and home gardeners. 
 
In terms of P nutrition, Ptilotus nobilis cvs. ‘Passion’ and ‘Purity’ plants appeared to 
use stored P after they were heavily pruned: even with little or no additional P 
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fertiliser, there was little affect on plant growth and development. Thus, P. nobilis 
appears to have a very low P requirement for normal growth and development. Other 
Ptilotus species are known to hyper-accumulate P when this element is supplied at 
luxury levels. Hyperaccumulation may (e.g. P. exaltatus) or may not (e.g. P. 
macrocephalus, P. polystachyus) result in P toxicity (Islam et al 1999; Ryan et al 
2009). Similarly, P. polystachyus was able to grow well even when no P was supplied 
for 4-5 weeks in pot culture. Further, P. polystachyus plants accumulated up to 4% P 
in leaf tissues when P was supplied (300 mg P pot-1; Ryan et al 2009). The adequate 
range of P in most crop species is considered to be 0.15-0.5% (dry-weight basis; 
Epstein and Bloom, 2004). In this study, the ‘Passion’ cultivar typically had leaf P 
levels within this range (0.14 - 0.79%) (Table 2 in Appendix 3). However, P levels in 
leaf tissues of ‘Purity’ plants that received the 100% P treatment were between 1 and 
2% P. Thus, cv. ‘Purity’ is likely to be hyper-accumulating P within its leaf tissues, 
while ‘Passion’ appears to behave more as a ‘typical’ crop species. From a cut flower, 
nursery and potted colour growers perspective, these results mean that P deficiency is 
unlikely to arise provided that P is supplied to plants at the recommended rates for 
ornamentals by commercial fertiliser manufacturers. 
 
In this study, potassium was important in terms of plant quality, health and yield of P. 
nobilis plants, but measurable reductions in growth became evident only after plants 
were pruned back and regrown in the absence of any additional K fertiliser. Minor 
visible symptoms of K deficiency were observed on ‘Passion’ and ‘Purity’ plants at 1-
2 months after K deletion (0% K) from their nutritional regime. Leaf tissue analysis of 
K content indicated that P. nobilis plants did not hyper-accumulate K, but instead may 
reduce K uptake when levels reach ~3.6% DW. In other crops 1% K dry weight in 
leaf tissues is considered adequate, and the normal range of K is 0.8-8% (Epstein and 
Bloom, 2004). Thus P. nobilis K leaf concentrations fall within this ‘normal’ range 
and appear to be optimal at ~3.6% DW. From a cut flower, nursery and potted colour 
grower perspective, these results suggest that K deficiency is unlikely to cause 
reductions in plant quality or yield for P. nobilis plants provided that K is supplied to 
plants within the recommended rates for ornamentals by commercial fertiliser 
manufacturers. 
 
The visual symptoms of N, P and K deficiency in pot culture 
For detailed information, growers and producers can consult the allied output, 
‘Macronutrient deficiency diagnosis in Ptilotus nobilis cv. ‘Passion’ and ‘Purity’. A 
photographic manual’ (Kochanek et al, 2009). It can be obtained on the Centre for 
Native Floriculture web-site (http://www.uq.edu.au/lcafs/index.html?page=53523) or 
as a CD-ROM from Aussie Colours Pty Ltd. This comprehensive pictorial document 
provides detailed descriptions and photographic images of progressive visual 
deficiency symptom expression over time and according to cultivar and the particular 
macronutrient being depleted. Characteristic symptoms of macronutrient deficiency in 
pot culture for Ptilotus nobilis are:  
Nitrogen (N) deficiency: An initial pale-green colour in foliage for cv. ‘Passion’ 
plants or reddening of leaf margins for cv. ‘Purity’ plants, followed by a yellowing of 
lower leaves, which eventually turn orange to red, dry up and die. Leaves on the upper 
part of stems turn bright red for cv. ‘Passion’ plants. 
Phosphorus (P) deficiency: For cv. ‘Passion’, purple-reddening of leaf margins 
eventually covers entire leaves, this purpling begins on upper stem leaves and spreads 
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to lower leaves. For cv. ‘Purity’, lower leaves turn entirely purple, beginning at leaf 
margins. 
Potassium (K) deficiency: Necrotic spots on cv. ‘Passion’ and burn and yellowing of 
young growth for cv. ‘Purity’ progress until most leaves and stems became burnt and 
brittle. 
 
If the two cultivars were to be grown simultaneously in pot or tissue culture, ‘Passion’ 
could likely be used as the indicator for macronutrient deficiency because symptoms 
tend to occur sooner and over a wider range of nutrient levels than those of ‘Purity’. 
This was particularly true for N and P, because the first symptoms of deficiency for 
‘Passion’ plants occurred sooner than for cv. ‘Purity’ plants. Moreover, deficiency 
symptoms tended to occur both at 0% and at higher levels of the macronutrient, such 
as 25% and sometimes 50% and 100% in pot culture. For cv. ‘Purity’, deficiency 
symptoms tended to only be distinct when these macronutrients were completely 
deleted from its nutritional regime. 
 
Summary 
With a view to managing post peak flowering plant losses for Ptilotus nobilis cvs. 
‘Passion’ and ‘Purity’ and maintaining plant quality and yields after pruning of 
flowering stems, N, P and K macronutrient deficiency symptoms during plant 
development in tissue and pot culture have been documented and summarised in a 
supplementary manual as a reference for growers. Overall, macronutrient depletion 
during tissue culture propagation of P. nobilis resulted in a visible reddening and 
yellowing of plantlets, quantified by increased betalain pigment concentrations 
compared to Control plantlets. In pot culture, N was the most important of the three 
macronutrients studied in terms of its effects on plant quality, health and yield. The 
most critical time at which N deficiency can occur in pot culture is when flowers first 
begin to open on the stem. The key symptoms to be aware of are pale-green leaves in 
cv. ‘Passion’, or red leaf tips or margins in cv. ‘Purity’. Plants should be given 
adequate N at this stage, at cut-back and during regrowth to minimise plant losses and 
to maintain plant quality and yields after pruning. Leaf tissue N concentrations should 
be ≥3.6-4.4% DW, while chronic N deficiency occurred at ~1.5% DW. P and K 
deficiencies are unlikely to arise in cultivation provided that these elements are 
supplied to plants at the rates recommended for ornamentals by commercial fertiliser 
manufacturers. Optimal K leaf tissue concentrations are ~3.6% DW for both P. 
nobilis cultivars. The ‘Passion’ cultivar typically had leaf P levels within 0.14 - 0.79% 
DW and Purity 0.3-2.1% DW. 
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Technology Transfer 
 
March 2009: 
Kochanek, J, Harrison, D, Joyce, D (2009) Understanding betalain pigmentation and 
nutrition in Australian native plants. Presented to the CNF Management Advisory 
Board consisting of cut flower growers, Queensland government representatives, 
marketing managers and university personnel. 
July 2009: 
Field day and farm visit to cut flower producers of Ptilotus nobilis. Hosted by Lionel 
Sach (CEO, Aussie Colours, Pty Ltd) and Brian Sundin (grower of P. nobilis, Sandyn 
Manor, northern NSW). 
Presentation of key nutrient deficiency symptoms to cut flower growers and cut 
flower nutrient solution preparatory. 
August 2009: 
Kochanek, J, Harrison, D, Joyce, D (2009) The role of plant nutrition for Ptilotus 
nobilis plant performance. Guest lecture to Masters students studying Horticultural 
Science, The University of Queensland. 
Visual display presenting ‘The role of plant nutrition for Ptilotus nobilis plant 
performance’ at the University of Queensland Gatton Campus Open day, Semester 2, 
2009. 
September 2009: 
Kochanek, J, Harrison, D, Joyce, D (2009) Research at the CNF: 
Now and into the Future. Presented to the CNF Management Advisory Board to 
showcase this research program and its application. The board consisted of cut flower 
growers, Queensland government representatives, marketing managers and university 
personnel. 
Kochanek, J, Harrison, D, Joyce, D (2009) Research and Development 
 at the CNF. Presented at the CNF open day to showcase this research program and its 
application to cut flower, potted colour and nursery producers and to the general 
public. 
November 2009: 
Kochanek, J, Harrison, D, Joyce, D (2009) ‘Macronutrient deficiency diagnosis in 
Ptilotus nobilis ‘Passion’ and ‘Purity’.  
A photographic manual’. CD-Rom manual to coincide with this document: obtained 
on the CNF web-site or as a CD-ROM from Aussie Colours Pty Ltd. 
Others throughout 2009: 
Presentation of experimental work and outcomes to UQ visitors: high school groups 
(April, May 2009), visiting delegation from Japan (October 2009), visiting growers 
(many occasions), UQ undergraduate and postgraduate students etc. 
Future: 
Upcoming talk at Siemens Plant Science Talk for secondary school students (January, 
2010). 
At least one popular article and one technical paper will be published in 2010 
(currently in draft form). 
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Recommendations – scientific and industry 
For Ptilotus nobilis cvs. ‘Passion’ and ‘Purity’ grown in pot culture, nitrogen (N) is 
the most important of the three macronutrients studied to minimise post peak 
flowering plant losses and to maintain plant quality and yields after pruning of 
flowering stems. The most critical time at which N deficiency can occur in pot culture 
is when flowers first begin to open on the stem. The key symptoms to be aware of are 
pale-green leaves in cv. ‘Passion’, or red leaf tips or margins in cv. ‘Purity’. Plants 
should be given adequate N at this stage, at cut-back and during regrowth to minimise 
plant losses and to maintain plant quality and yields after pruning. Phosphorus (P) and 
potassium (K) deficiency is unlikely to arise in pot culture of P. nobilis provided that 
these elements are supplied to plants at the recommended rates for ornamentals by 
commercial fertiliser manufacturers. Leaf tissue N concentrations should be ≥3.6-
4.4% DW, while chronic N deficiency occurred at ~1.5% DW. Optimal K leaf tissue 
concentrations were ~3.6% DW for both P. nobilis cultivars. The ‘Passion’ cultivar 
typically had leaf P levels within 0.14 - 0.79% DW and ‘Purity’ 0.3-2.1% DW. 
Nitrogen, phosphorus and potassium macronutrient deficiency symptoms during plant 
development have been documented and summarised in a supplementary manual as a 
reference for growers which can be obtained on the Centre for Native Floriculture 
web-site (http://www.uq.edu.au/lcafs/index.html?page=53523) or as a CD-ROM from 
Aussie Colours Pty Ltd (http://www.aussiecolours.com.au/). 
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Appendix 1 
 
 

Table 1. The concentrations (mM) of macronutrients and their source salts supplied to P. nobilis 
plants during tissue culture propagation. The control treatment (full +N+P+K) utilised tissue culture 
media containing Murashige and Skoog (MS) macronutrients (Murashige and Skog, 1962) and De 
Fossard’s micronutrients and vitamins (De Fossard, 1974). The remaining three treatments had the 
same nutrient composition as the control, except for the omission of the respective N, P or K 
macronutrient. 

 

Salts/acid used 
Control 
(mM) 

-N 
(mM) 

-P 
(mM) 

-K 
(mM) 

KNO3 18.8 - 18.8 - 
NH4NO3 20.6 - 20.6 20.6 
Ca(NO3)2.4H2O - - - 2.5 
CaCl2.2H2O 3.0 3.0 3.0 - 
MgSO4.7H2O 1.5 1.5 1.5 1.5 
KH2PO4 1.3 1.2 - - 
KCl - 18.8 2.28 - 
Mg(NO3)2 - - - 4.4 
NaH2PO2.H20 - - - 1.2 

Elements 
Control 
(mM) 

-N 
(mM) 

-P 
(mM) 

-K 
(mM) 

N 60.0 - 60.0 55.0 
P 1.3 1.2 - 1.2 
K 20.1 20.1 21.1 - 
Ca 3.0 3.0 3.0 2.5 
Mg 1.5 1.5 1.5 5.9 
S 1.5 1.2 1.5 1.5 
Cl 6.0 24.8 8.28 - 
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Appendix 2 
 

Table 1. The concentrations (µM) of macronutrients and their source salts supplied to P. nobilis plants 
during hydroponic pot culture. Nutrients were supplied either as a Control treatment (full +N+P+K) as 
½ strength modified Hoagland’s solution* or as deficiency level treatments where N, P or K nutrient 
supply was reduced to 50, 25 and 0% of the Control, respectively. 

 
Nitrogen trial (µM) Phosphorus trial (µM) Potassium trial (µM) 

Salts/acid used 
Control 

(µM) 50% N 25% N 0% N 50% P 25% P 0% P 50% K 25% K 0% K 

Ca(NO3)2.4H2O 2000 - - - 2000 2000 2000 1500 1500 1500 
KNO3 2000 3000 1500 - 2000 2000 2000 2000 1000 - 
NH4NO3 1500 750 375 - 1500 1500 1500 2000 2500 3000 
KH2PO4 1000 1000 1000 1000 500 250 - - - - 
MgSO4.7H2O 500 500 500 500 500 500 500 500 500 500 
K2SO4 500 - 750 1500 750 875 1000 - - - 
CaCl2.2H2O - 2000 2000 2000 - - - 500 500 500 
H3PO4 - - - - - - - 1000 1000 1000 

Elements Control 50% N 25% N 0% N 50% P 25% P 0% P 50% K 25% K 0% K 

N 9000 4500 2250 0 9000 9000 9000 9000 9000 9000 
P 1000 1000 1000 1000 500 250 0 1000 1000 1000 
K 4000 4000 4000 4000 4000 4000 4000 2000 1000 0 
Ca 2000 2000 2000 2000 2000 2000 2000 2000 2000 2000 
Mg 500 500 500 500 500 500 500 500 500 500 
S 1000 500 1250 2000 1250 1375 1500 500 500 500 
Cl 0 4000 4000 4000 0 0 2000 1000 1000 1000 

 
Table 2. The concentrations (µM) of micronutrients and their source salts supplied to P. nobilis plants 
during hydroponic pot culture as ½ strength modified Hoagland’s solution*. All micronutrients were 
supplied for all treatments, except for the K deficiency trials where KCl was omitted from the 0, 25 
and 50% K treatments. 
 

Salts/acid used Concentrations (µM) Element Concentrations (µM) 

KCl 25 Cl 25 

H3BO3 12.5 B 12.5 
MnSO4.H2O 1.0 Mn 1.0 
ZnSO4.7H2O 1.0 Zn 1.0 

CuSO4.5H2O 0.25 Cu 0.25 
Na2MoO4.2H2O 0.25 Mo 0.25 
NiSO4.6H2O 0.25 Ni 0.25 

 Fe EDTA (10.5% Fe) - Fe 18 
 

* Sources: Hoagland and Arnon (1950), Mattson and Lieth (2008), Epstein and Bloom (2004). 
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Appendix 3 
 

Table 1. Nitrogen deficiency trial. Data are N, P & K content in leaves expressed as a % dry weight sampled at the first flowering 
flush. 

 
‘PASSION’ ‘PURITY’ 

Element 
0% N 25% N 50% N 100% N 0% N 25% N 50% N 100% N 

se ANOVA* 

N 1.48a 2.58b 3.19c 3.63d 1.55a 2.71b 3.19c 3.84d 0.114 
Cv 
L 
Cv×L 

NS 
P < 0.001 

NS 

P 0.79a 0.57b 0.40bc 0.35c 2.13a 1.42b 1.10c 0.98c 0.058 
Cv 
L 
Cv×L 

P < 0.001 
P < 0.001 
P < 0.001 

K 3.60 3.62 3.77 3.74 3.70 3.00 3.60 3.79 0.364 
Cv 
L 
Cv×L 

NS 
NS 
NS 

 
 
Table 2. Phosphorus deficiency trial. Data are N, P & K content in leaves expressed as a % dry weight, sampled at the first flowering 
flush.  
 

‘PASSION’ ‘PURITY’ 
Element 

0% P 25% P 50% P 100% P 0% P 25% P 50% P 100% P 
se ANOVA* 

N 3.94 4.00 3.83 3.82 4.29 4.30 4.14 4.05 0.132 
Cv 
L 
Cv×L 

P = 0.006 
NS 
NS 

P 0.14a 0.18ab 0.26bc 0.36c 0.30a 0.51b 0.69c 1.09d 0.045 
Cv 
L 
Cv×L 

P < 0.001 
P < 0.001 
P < 0.001 

K 3.39 3.41 3.48 3.39 4.08 3.71 3.66 3.60 0.267 
Cv 
L 
Cv×L 

NS 
NS 
NS 

 
Table 3. Potassium deficiency trial. Data are N, P & K content in leaves expressed as a % dry weight, sampled at the first flowering 
flush.  
 

‘PASSION’ ‘PURITY’ 
Element 

0% K 25% K 50% K 100% K 0% K 25% K 50% K 100% K 
se ANOVA* 

N 4.00 4.10 4.00 3.70 4.40 4.40 4.40 4.40 0.134 
Cv 
L 
Cv×L 

P < 0.001 
 NS 
NS 

P 0.70a 0.60ab 0.50b 0.30c 1.30a 1.20a 1.20a 1.00b 0.049 
Cv 
L 
Cv×L 

P < 0.001 
P < 0.001 

NS 

K 2.10a 3.50b 3.50b 3.60b 1.80a 2.70b 3.60c 3.50c 0.256 
Cv 
L 
Cv×L 

NS 
P < 0.001 

NS 
 
*NS and P values show non-significant and significant differences, respectively, between cultivars 
(Cv.), nutrient treatment levels (Level) and their interaction (Level × Cv.). Values with different letters 
are different at 5% within each cultivar. Se = standard error. 
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What is this manual?
• A written and pictorial depiction of nitrogen (N), 

phosphorus (P) and potassium (K) deficiency symptoms 
in Ptilotus nobilis plants at various production stages.

Purpose of this manual:
• A tool to allow managers of  P. nobilis  propagation and 

growing facilities to maintain plant health and help 
overcome plant losses.

• An aide in deficiency diagnosis, allowing recognition of 
symptoms and early intervention. 

Scope of this manual:
• N, P and K deficiency symptoms are presented for:

– Two P. nobilis cultivars, ‘Passion’ and ‘Purity’
– Tissue culture and young plant production
– Early to adult pot grown plant production, before and 

after pruning (cut-back) of flowering stems

Relevance of this manual:
• Tissue culture, nursery, cut flower, potted colour and 

garden plant production. 

Ptilotus nobilis
‘Passion’

Ptilotus nobilis
‘Purity’
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Shown are the macronutrient deficiency symptoms observed in tissue 
culture and young plantlet/plug production for Ptilotus nobilis. These 
symptoms are common to ‘Passion’ and ‘Purity’ cultivars.

Healthy 
plantlets

Nitrogen 
deficiency

Phosphorus 
deficiency

Potassium 
deficiency

Tissue culture and plug propagation
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Ptilotus nobilis
cv. ‘Passion’
in pot culture 
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No 
nitrogen

Optimum 
nitrogen

Nitrogen deficiency in Ptilotus nobilis
‘Passion’

Nitrogen is the most important of the three macronutrients in terms of plant 
quality, health and yield in pot culture. Leaf tissue N concentrations should 
be ≥3.6-4.4% DW, while chronic N deficiency occurs at ~1.5% DW. 

By ensuring that your ‘Passion’
plants are not nitrogen 
deficient you will:

1. Improve plant health
2. Increase stem yields
3. Increase stem length

Nitrogen is particularly vital 
after pruning of stems and 
at flowering
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Nitrogen deficiency
First symptoms 

Pale-green plant Green plant

Pale green-coloured foliage with basal 
leaf yellowing.

Ptilotus nobilis ‘Passion’
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Lower leaves pale green to yellow.
Upper leaves on the flowering stem showing red tips.
Stems may be red, striped red or green.

Nitrogen deficiency
Onset symptoms 

Ptilotus nobilis ‘Passion’
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Lower leaves yellow to orange, starting to turn red, may have red leaf margins.
Many upper leaves on flowering stems entirely or partly red (red tips).
Stems may be red, striped red or green.

Nitrogen deficiency
Advanced symptoms 

Ptilotus nobilis ‘Passion’
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Deficient Healthy 

Nitrogen deficiency
Chronic symptoms 

Upper and lower leaves red. 
Older red leaves dried up and dead.
Stems deep red. Plants unmarketable.

Ptilotus nobilis ‘Passion’
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Nitrogen deficiency
Symptoms after cut-

back and with regrowth

Deficient Healthy 

Upper and lower leaves red. Older 
red leaves dried up and dead.
Stems deep red.

Ptilotus nobilis ‘Passion’
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Nitrogen deficiency
Symptoms after cut-back 

and with regrowth

Older leaves dead (previously red), surviving growth yellow to red. Stems bright red. 
Buds stunted/dying/deformed. New growth emerging producing tiny leaves and buds. 
Red leaf margins on new leaf growth, turning entirely red with time.

Deficient

Healthy 

Ptilotus nobilis ‘Passion’
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Older leaves dead (previously red), surviving growth yellow to red. Stems 
bright red. 
Buds are stunted/dying/deformed. 
New emerging growth producing tiny leaves and buds. Red leaf margins on 
new leaf growth, turning entirely red with time.

Regrowth 2

Upper and lower leaves red. Older red leaves are dried up and dead.
Stems deep red.

Regrowth 1

Upper and lower leaves red. 
Older red leaves dried up and dead.
Stems deep red. Plants unmarketable.

Chronic 
symptoms

Lower leaves yellow to orange, starting to turn red, may have red leaf 
margins. 
Many upper leaves on upper flowering stems entirely or partly red (red tips). 
Stems may be red, striped red or green.

Advanced 
symptoms

Lower leaves pale to yellow.
Upper leaves on the flowering stem showing red tips.
Stems may be red, striped red or green.

Onset
symptoms

Pale green coloured foliage with basal leaf yellowing.First 
symptoms

Summary of nitrogen (N) deficiency symptoms in Ptilotus nobilis ‘Passion’

Ptilotus nobilis ‘Passion’
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No 
potassium

Increasing 
potassium

Potassium deficiency in Ptilotus nobilis
‘Passion’

Optimal K nutrition becomes particularly important after pruning of flowering stems 
and at flowering. Potassium (K) deficiency is unlikely to arise if supplied to plants at 
the recommended rates for ornamentals by commercial fertiliser manufacturers. 

By ensuring that your ‘Passion’
plants are not potassium 
deficient you will:

1. Improve plant health
2. Increase stem yields
3. Increase stem length

Optimal K leaf tissue 
concentrations were ~3.6% 
DW. 
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Potassium deficiency
Onset symptoms 

Some leaves on upper flowering stems begin to dry up and 
die, usually beginning at the leaf tip.

Ptilotus nobilis ‘Passion’
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Potassium deficiency
Symptoms after cut-back and 

with regrowth

Several leaves on emerging 
young growth are brown at the 
tips. 
Necrosis also appears as black to 
brown spots/flecks/lesions on leaf 
surfaces. 
Slight reddening may surround 
the necrotic regions.
Leaves on young buds may 
appear wilted.

Ptilotus nobilis ‘Passion’
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Potassium deficiency
Advanced symptoms 

Leaves and stems yellowing and leaves appear shiny. 
Many leaves with black to brown spots/lesions and burn. 
Tip burn on older leaves. 

Ptilotus nobilis ‘Passion’
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Potassium deficiency
Chronic symptoms 

Ptilotus nobilis ‘Passion’

Most leaves are yellow and/or burnt. Flowering stems may be yellow or burnt 
brown, appear dry and brittle, may snap. Many maturing flowers and buds die.
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Most leaves are yellow and/or burnt. Flowering stems may be 
yellow or burnt brown, appear dry and brittle, may snap. Many 
maturing flowers and buds die.

Chronic 
symptoms

Leaves and stems yellowing and leaves appear shiny. Many leaves 
with black to brown spots/lesions and burn. Tip burn on older 
leaves. 

Advanced 
symptoms: 
regrowth

Several leaves on emerging young growth are brown at the tips. 
Necrosis also appears as black to brown spots/flecks/lesions on 
leaf surfaces. Slight reddening may surround the necrotic regions.
Leaves on young buds may appear wilted.

Onset 
symptoms: 
regrowth

Some leaves on upper flowering stems begin to dry up and die, 
usually beginning at the leaf tip.

First 
symptoms: 
flowering

Summary of potassium (K) deficiency symptoms in Ptilotus nobilis 
‘Passion’

Ptilotus nobilis ‘Passion’
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Phosphorus (P) deficiency in Ptilotus nobilis
‘Passion’

No 
phosphorus

Increasing 
phosphorus

Ptilotus nobilis has a minimal P requirement for normal growth and development. 
Phosphorus deficiency is unlikely to arise if supplied to plants at the 
recommended rates for ornamentals by commercial fertiliser manufacturers. 

By ensuring that your ‘Passion’
plants are not phosphorus 
deficient you will:

1. Improve plant health
2. Increase plant biomass 

production
3. Improve the visual 

appearance of plants

Typical leaf P levels were 
within 0.14 - 0.79 % DW. 
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Phosphorus deficiency
First symptoms

Ptilotus nobilis ‘Passion’

Faint red leaf margins on 
newest leaves on upper parts 
of flowering stems.
No leaf yellowing.
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Phosphorus deficiency
Advanced symptoms

Most leaves on the upper part of flowering stems are red margined to entirely 
purple-red. Reddening usually begins at the leaf tips. No leaf yellowing.

Ptilotus nobilis ‘Passion’
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Phosphorus deficiency
Chronic symptoms

Ptilotus nobilis ‘Passion’

Leaf purpling spreading down to lower leaves. Lower leaves with purple-red 
margins, beginning to colour entirely. Upper leaves that were purple-red 
beginning to burn and die.
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Leaf purpling spreading down to lower leaves. 
Lower leaves with purple-red margins, beginning 
to colour entirely. Upper leaves that were purple-
red beginning to burn and die.

Chronic 
symptoms

Most leaves on the upper part of flowering stems 
are red margined to entirely purple-red. 
Reddening usually begins at the leaf tips. No leaf 
yellowing.

Advanced 
symptoms 

Faint red leaf margins on newest leaves on upper 
parts of flowering stems. No leaf yellowing.

First symptoms 

Summary of phosphorus (P) deficiency symptoms in Ptilotus 
nobilis ‘Passion’

Ptilotus nobilis ‘Passion’
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Ptilotus nobilis
cv. ‘Purity’
in pot culture 
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Zero 
nitrogen

Increasing 
nitrogen

Nitrogen deficiency in Ptilotus nobilis ‘Purity’

By ensuring that your ‘Purity’
plants are not nitrogen 
deficient you will:

1. Improve plant health
2. Increase stem yields
3. Increase stem length

Nitrogen is particularly vital 
after pruning of stems and 
at flowering

Nitrogen is the most important of the three macronutrients in terms of plant 
quality, health and yield in pot culture. Leaf tissue N concentrations should 
be ≥3.6-4.4% DW, while chronic N deficiency occurred at ~1.5% DW. 
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Nitrogen deficiency
First symptoms

Ptilotus nobilis ‘Purity’

Some older leaves 
with red leaf margins 
and a green centre.
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Ptilotus nobilis ‘Purity’ Nitrogen deficiency
Onset symptoms

Lower leaves with red leaf 
margins, beginning to turn 
entirely yellow to orange or 
red. Stems may be red to 
green.
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Ptilotus nobilis ‘Purity’

Upper leaves pale. Many lower leaves entirely yellow to red. Many lower leaves 
(previously red) beginning to dry out and die. Some new buds burning off and 
dying. Stems deep pink to red, some remain green. 

Nitrogen deficiency
Advanced symptoms
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Deficient Healthy 

Ptilotus nobilis ‘Purity’ Nitrogen deficiency
Symptoms after cut-back 

and with regrowth

Most older leaves reddening, red or dead. Stems pink to red.
New growth may emerge with red leaf margins. 
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Nitrogen deficiency
Symptoms after cut-back 

and with regrowth

Ptilotus nobilis ‘Purity’

Most older leaves dead. New growth develops stunted to deformed buds. 
Leaves on new growth are stunted, may be entirely red or have red leaf margins.
On some plants all leaves entirely dried up and dead, no new growth.
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Most older leaves dead. New growth develops stunted to deformed 
buds. Leaves on new growth are stunted, may be entirely red or have 
red leaf margins.
On some plants all leaves entirely dried up and dead, no new growth.

Regrowth 2

Most older leaves reddening, red or dead. Stems pink to red.
New growth may emerge with red leaf margins. 

Regrowth 1

Upper leaves pale. Many lower leaves entirely yellow to red. Many 
lower leaves (previously red) beginning to dry out and die. Some new 
buds burning off and dying. Stems deep pink to red, some remain 
green. 

Advanced 
symptoms

Lower leaves with red leaf margins, beginning to turn entirely yellow 
to orange or red. Stems may be red to green.

Onset
symptoms

Some older leaves with red leaf margins and a green centre.First 
symptoms

Summary of nitrogen (N) deficiency symptoms in Ptilotus nobilis ‘Purity’

Ptilotus nobilis ‘Purity’
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Zero 
potassium

Increasing 
potassium

Potassium deficiency in Ptilotus nobilis
‘Purity’

Optimal K nutrition becomes particularly important after pruning of flowering stems 
and at flowering. Potassium deficiency is unlikely to arise if supplied to plants at the 
recommended rates for ornamentals by commercial fertiliser manufacturers. 

By ensuring that your ‘Passion’
plants are not potassium 
deficient you will:

1. Improve plant health
2. Increase stem yields
3. Increase stem length

Optimal K leaf tissue 
concentrations were ~3.6% 
DW. 
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Ptilotus nobilis ‘Purity’ Potassium deficiency
First symptoms

Stem may turn brown to reddish in colour.
Some leaves on young growth with yellow or red leaf margins.
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Ptilotus nobilis ‘Purity’ Potassium deficiency
Onset symptoms

on regrowth

Leaves on new growth (producing buds) yellowing. Some leaves on flowering 
stems and lower leaves yellowing, some with marginal and/or tip burn.



35 Deficient Healthy 

Yellow leaf on 
deficient plant

Ptilotus nobilis ‘Purity’ Potassium deficiency
Advanced symptoms

Leaves on new growth (producing buds) is necrotic/burnt at the tips, has severe 
yellowing between veins,  can exhibit red leaf margins, may appear shiny.
Old leaves may be burnt. Rarely, new growth may be deformed and ‘bunched’.

Green leaf on 
healthy plant

Deficient Healthy 
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Ptilotus nobilis ‘Purity’

Many old leaves entirely burnt and dead. Upper leaves on flowering stems very 
yellow and with severe tip burn, some entirely burnt.

Potassium deficiency
Chronic symptoms

Deficient Healthy 
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Many old leaves entirely burnt and dead. Upper leaves on flowering 
stems very yellow and with severe tip burn, some entirely burnt.

Chronic 
symptoms

Leaves on new growth (producing buds) is necrotic/burnt at the 
tips, has severe yellowing between veins, can exhibit red leaf 
margins, may appear shiny. Old leaves may be burnt. Rarely, new 
growth may be deformed and ‘bunched’.

Advanced 
symptoms 

Leaves on new growth (producing buds) yellowing. Some leaves on 
flowering stems and lower leaves yellowing, some with marginal 
and/or tip burn.

Onset 
symptoms: 
regrowth

Stem may turn brown to reddish in colour.
Some leaves on young growth with yellow or red leaf margins.

First 
symptoms: 
flowering

Summary of potassium (K) deficiency symptoms in Ptilotus nobilis ‘Purity’

Ptilotus nobilis ‘Purity’
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Zero 
phosphorus

Increasing 
phosphorus

Phosphorus deficiency in Ptilotus nobilis
‘Purity’

Ptilotus nobilis has a minimal P requirement for normal growth and development. 
Phosphorus deficiency is unlikely to arise if supplied to plants at the 
recommended rates for ornamentals by commercial fertiliser manufacturers. 

By ensuring that your ‘Purity’
plants are not phosphorus 
deficient you will:

1. Improve plant health
2. Increase plant biomass 

production
3. Improve the visual 

appearance of plants

Typical leaf P levels were
0.3 - 2.1% DW in plants 
with no symptoms. 
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Older foliage with purple leaf margins, may spread so entire 
leaf surface is purple. 

Deficient Healthy 

Ptilotus nobilis ‘Purity’ Phosphorus deficiency
Onset symptoms 

Marginal purpling >

Entire leaf 
purpling
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Older foliage with purple leaf margins, may spread so entire 
leaf surface is purple. 

First 
symptoms

Summary of phosphorus (P) deficiency symptoms in Ptilotus nobilis 
‘Purity’

Ptilotus nobilis ‘Purity’
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Timeline of
experimental 

events

OctoberSeptemberAugustJulyJuneMayAprilMarchFebruary

5th Feb
Plants placed 
into position

9th April
Trials begin. NPK treatments 

applied to plants.

11th June
First cut-back 
of flowering 

stems

9th October
The final cut-back of 

flowering stems. 
Completion of trials.

N 
deficiency

both 
cultivars

K deficiency
both cultivars

P deficiency
PASSION

P deficiency
PURITY
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