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GROWER SUMMARY 

Headlines 

Improved understanding and monitoring of crop nutrition in container-grown hardy nursery 

stock offers the potential for savings in fertiliser costs, improvements in plant quality and 

future proofing against regulatory demands relating to nutrients in run-off from container 

beds. 

Background 

The production of container-grown hardy nursery stock plants requires the accurate 

application of appropriate levels of nutrition.  There is an increasing interest from growers to 

use fertilisers in a responsible way to enhance its image a ‘green industry’ and to minimise 

the sector’s environmental impact.  Optimising nutrient management is a particular challenge 

in the hardy nursery stock sector due to the large number of plant species grown, timescale 

over which the subjects are produced, the variation in characteristics of growing media and 

the diversity of production systems. 

 

Nutrition is a crucial part of crop production in containers and this project sets out to review 

current knowledge and research with the objective of outlining ways of improving nutrient 

management in container-grown hardy nursery stock.  The subject is gaining more impetus 

with the pressure on growers to move away from the use of peat in growing media, which 

will have nutritional implications and environmental concerns regarding nutrients in run-off 

water from production sites.  The latter factor is also a major concern in other parts of the 

European Union as member states respond to the Water Framework Directive.  

Summary 

In order to manage plant nutrition, growers must be able to match nutrient availability more 

closely to the requirement of crops.  This can only be achieved by understanding how plants 

take up nutrients and use them and how nutrients can be made available to plants when 

they are needed.  Such knowledge has the benefit of optimising nutrient use, with potential 

cost saving and quality improvement implications, whilst reducing wastage and potential 

pollution if unused nutrients pass into run-off water.  

 

Most nurseries no longer mix their own growing media and therefore have to specify the pH 

and the rate and type of base and controlled release fertiliser (CRF) in each mix that is 

purchased from the growing media manufacturer.  There is scope to use CRFs more 
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efficiently by dosing them into the pots at potting rather than them being incorporated into 

the mix, thus allowing greater flexibility and matching of individual crop requirements.  This 

‘dibbling’ technique also allows a slight reduction in the rate of CRF used. 

 

A wide range of options is now available to enable growers to carry out on-nursery analysis 

of nutrients in substrates and plant tissues.  Little independent assessment of these 

approaches has been undertaken on hardy nursery stock crops.  Such assessments can be 

carried out quite simply and provide guidelines for growers to adopt. 

 

Few nurseries have a scheme for routinely monitoring the nutrients in substrates and how 

they are being used by the crop.  Sampling of growing media or plant tissues is usually only 

undertaken to explain symptoms of poor growth or damage, rather than as a tool for 

monitoring nutrient status of the crop.  The adoption of routine nutrient monitoring on 

nurseries could optimise use of nutrients and help predict any problems before they reach 

damaging levels within a crop.  A number of options are available which growers can adopt 

to monitor crops and which would enable them to chart nutrient movements and predict 

shortfalls or excesses in nutrients.  The interpretation of these charts is based on trends 

rather than absolute values at the present time so will improve as more experience is 

gained.  

Financial Benefits 

In the current economic climate all aspects of business are under pressure from increasing 

costs, problematic sales and eroded margins.  Reviewing the cost of inputs is vital for 

maintaining business viability and nutrients (fertilisers) are a significant cost to most 

businesses and some nurseries could be using too much fertiliser.  There is scope to 

improve cost effectiveness in fertiliser use whilst maintaining or improving output and quality.  

 

For example, the typical cost of CRF is about £2.20/kg and base fertiliser about £1.20/kg 

and it is assumed that fertilisers account for 15% of the total cost of a nursery stock growing 

medium. A saving of £2.20/m3 can be made if the rate of CRF is reduced by 1 kg/m3 and a 

medium sized nursery producing around 150,000 plants per year in 3 litre pots, using about 

500 m3 of growing medium per year, could save about £1000 per year. The level of saving is 

dependent on the type and rate of fertiliser used.  

 

There would also be indirect savings if the higher fertiliser rate being used was leading to 

soft growth (hence more disease problems) and/or root damage (due to high EC at times).    
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Action Points 

 Crops should be grouped according to their nutritional requirements as much as 

possible. 

 

 Clear specifications relating to pH and fertiliser rates should be established for each 

crop group, considering growing media ingredients, the irrigation and growing 

system, crop vigour and stage of production.  The starting pH should take into 

account the bicarbonate content (hardness) of the irrigation water. 

 

 Growing media recipes should be reviewed regularly and updated to ensure crops 

are grouped together in terms of nutritional requirements and that the fertiliser 

regimes in place are appropriate.  For some nurseries the use of the ‘dibbling’ 

technique to dose controlled release fertilisers into the pot at the time of potting could 

allow more efficient use of these products and flexibility in adjusting the nutrition 

without changing the base recipe. 

 

 It is likely that a balanced supply of nutrients and especially an adequate supply of 

potassium is a prerequisite for frost and disease tolerance in container nursery stock. 

 Nutrient supply has an influence on plant resistance to environmental stress and 

disease, hence optimising nutritional regimes will help to reduce the effects of these. 

 The role of mycorrhizal fungi in phosphorus nutrition of container nursery stock is not 

fully understood but warrants further investigation. 

 For protected nursery stock there is scope for more use of liquid feeding to fine-tune 

the nutrition of crops. 

 Growers should objectively regularly review the use of fertilisers within their business, 

considering the types of products they use, application systems and impact on plant 

quality and business output. 

 It is essential that nurseries undertake nutrient monitoring to improve efficiency of 

nutrient use, improve plant quality and prepare to meet future regulatory guidelines 

for potential nutrient contamination of run-off from container beds. 

 The use of on-nursery meters to monitor the pH and electrical conductivity (EC) of 

growing media may be beneficial in addition to sampling for laboratory analysis. 
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 Leaf analysis has a role to play in monitoring nursery stock nutrition but a database is 

needed for better interpretation of results. 

 
 Nurseries carrying out regular leaf analyses for key species will be able to build up a 

useful database based on their own growing conditions. 

 
 Where reduced peat and peat-free media which are based on bark or wood fibre are 

used adjustment of the nutrition is needed to ensure nitrogen immobilisation by 

microbes breaking these down does not cause temporary nitrogen deficiency. 

SCIENCE SECTION 

Foundations of Plant Nutrition in Container Grown Hardy Nursery Stock 

Introduction 

In order to understand how to provide nursery stock crops with optimum levels of the various 

plant nutrients it is important to consider the following factors, which will be explored in more 

detail in this chapter: 

 

 Which nutrients are needed by plants and their function within the plant. 

 How plants take up nutrients. 

 How nutrient supply affects plant growth. 

 The interaction of nutrition with other factors such as disease and environmental 

conditions. 

 

Plants require adequate levels of light, temperature and carbon dioxide in the aerial 

environment and water, air and mineral nutrients with the medium in which they grow to 

enable healthy growth and development to take place. Some 16 elements are known to be 

essential for plant growth. Of these, three, carbon (C), hydrogen (H) and oxygen (O), are 

obtained from the air by leaves and water by roots. The remainder, nitrogen (N), phosphorus 

(P), potassium (K), sulphur (S), calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn), 

copper (Cu), zinc (Zn), boron (B), molybdenum (Mo) and chlorine (Cl) are obtained primarily 

by roots from the medium in which the plants grow – soil or other substrate. Other elements 

like silicon (Si), sodium (Na) and cobalt (Co) may be beneficial under some circumstances. 

 

The leaf and stem tissue of a typical pot plant consists of 90% water and 10% solids (dry 

matter) which varies only slightly depending on the species, environment in which the plant 

grows and its age (Bunt,1988). The dry matter can be divided into organic and inorganic 
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parts and consists of 90% organic compounds (such as cellulose, sugars, and proteins) with 

the remaining 10% being mineral elements such as calcium, potassium, magnesium, 

phosphorus and micronutrients. 

 

 

 

 

 

 

 

Table 1: Typical proportion of nutrients in an average pot plant (Bunt, 1988): 

Nutrients        % 

Nitrogen 3.0 - 4.5 

Phosphorus 0.3 – 0.6 

Potassium 3.0 – 4.5 

Calcium 1.0 – 2.0 

Magnesium 0.2 – 0.5 

       

Plants absorb nutrients in the form of cations (positively charged particles) and anions 

(negatively charged particles) from the growing medium solution through their root hairs. 

Roots do not intentionally grow towards a nutrient source. For nutrient uptake to occur, the 

individual nutrient ion must be in position adjacent to the root. Positioning of the nutrient ion 

can occur by one or more of three processes (root interception, mass flow and diffusion): 

 

The root can "bump into" the ion as it grows through the soil. This mechanism is called root 

interception. Work by Barber et al 1963, estimate that perhaps one percent of the nutrients 

in a maize plant come from the root interception process.  

 

The soluble fraction of nutrients present in soil solution (water) and not held on the soil 

fractions flow to the root as water is taken up. This process is called mass flow. Nutrients 

such as nitrate-N, calcium and sulphur are normally supplied by mass flow.  

 

Nutrients such as phosphorus and potassium are absorbed strongly by soils and are only 

present in small quantities in the soil solution. These nutrients move to the root by diffusion. 

As uptake of these nutrients occurs at the root, the concentration in the soil solution in close 

proximity to the root decreases. This creates a gradient for the nutrient to diffuse through the 

soil solution from a zone of high concentration to the depleted solution adjacent to the root. 
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Diffusion is responsible for the majority of the phosphorus, potassium and zinc moving to the 

root for uptake. Table 2 gives an indication of the relative importance of each mechanism in 

positioning nutrients adjacent to plant roots for uptake. 

 

 

 

 

 

 

 

Table 2: Nutrients taken up by crop plants (e.g. maize) % of uptake possible: 

Nutrient uptake by plants 

Nutrient absorption is an energy consuming process with sugars manufactured in the leaves 

(from photosynthesis) being transported to the roots where they are used to provide the 

energy for root respiration and nutrient uptake. The nutrients are absorbed selectively and 

independently by the plant. The rate at which absorption occurs depends on a number of 

factors including the concentration in the soil solution.  A low supply of sugars, low substrate 

temperature and low water or oxygen supply in the substrate can all reduce the rate of 

absorption.  

 

Frequently plant growth can be increased by increasing the supply of fertiliser available in 

the substrate but it is crucial that a correct balance between nutrients is maintained. For 

example if nitrogen, phosphate and potassium levels are increased, it is possible 

magnesium deficiency may be seen partly because of the higher growth rate of the plant and 

greater demand for magnesium and partly because of the antagonism which exists between 

potassium – higher potassium levels making magnesium less available.  Whilst increasing 

nutrients will often give increased growth rates nutrient levels that are too high (high ‘salt’ 

Nutrients  Root Interception Mass Flow Diffusion 

Nitrogen       <1        80        19 

Phosphorus         2          5        93 

Potassium         2        18        80 

Calcium     150      375          0 

Magnesium       33      600          0 

Sulphur         5      300          0 
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levels) can damage roots, particularly for young plants and/or salt sensitive species such as 

ericaceous shrubs. 

 

When considering nutrient programmes for crops it is important to hold the concept of 

balanced nutrition in mind.  There is considerable interaction between nutrients which 

influences their respective availability to the plant. In many crops, nutrient ratio is used as a 

guide to optimise nutrient use and plant quality.  

 

 

 

Plant growth and nutrient uptake 

Effective nutrient management strategy is dependent on understanding the interactions of 

substrate type, pH, fertilisation, and irrigation systems.  There is a real need to quantify 

nutrient use, leaching, and loss from intensive plant-production systems. The first step in 

managing nutrients and potentially reducing nutrient use in containerised production is a 

better understanding of plant nutrient requirements over the growing cycle. Although there 

are exhaustive numbers of journal papers that deal with optimising plant growth with 

increasing nutrient addition, very few studies in the ornamental literature quantify nutrient 

application, leaching, and plant uptake efficiency to understand the interaction of these 

variables and optimise efficiency.  

 

While more research is needed to quantify the water and nutrient requirements for many 

plant species, information from a few well-studied species can be used as a basis for current 

irrigation and nutrient application recommendations. Rates of nutrient use are frequently 

based on a goal of maximum growth rate rather than that of maximising plant quality, 

nutrient uptake efficiency and minimising nutrient loss.  

 

Some examples of recent research on nutrition of ornamental species are summarised 

below: 

Ristvey et al. (2007) compared three different nitrogen and phosphate levels and found that 

in azalea, uptake efficiency was maximized at 100mg N and 5mg P per plant per week.  

Handreck & Black (2010) refers to matching nutrient supply to demand. Table 3 highlights 

the different nitrogen requirements of various species.  Nutrient application above minimally 

sufficient levels may lead to higher plant uptake but also causes higher levels of leachate 

and decreased uptake efficiency, with no significant increase in growth.  
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Table 3:  Weekly nitrogen requirements of selected ornamental container grown plants 

(mg/plant): 

Species mg N per week 

Euonymous alatus      5 – 12 

Rhododendron    12 – 35 

Woody shrubs    30- 50 

Weigelia floribunda    35 – 50 

Roses    40- 50 

Prunus  112 

Betula  131 

  

              (After Handreck and Black 2010) 

 

Fine, et.al (2013) studied absorption and transport around the plant of nitrogen, phosphorus  

and potassium for Cercis canadensis L. using a factorial combination of urea rate and 

growth stage. Urea application increased leaf N concentration when sampled at bud break, 

but not at other sample times. Phosphorus and K concentrations were not affected by N 

treatment. Their work indicated that Cercis plants rely primarily on current year's absorption 

of these nutrients rather than stored nutrients within the tree and suggest that for Cercis tree 

growth at any one time is strongly correlated with available nutrients. 

 

Scagel et al (2008) looked at nitrogen nutrition of one year old evergreen Rhododendron 

and deciduous Azalea.  They were grown with or without N from May to September to 

determine the effects of N-availability on uptake, demand, and allocation of other mineral 

nutrients. A 7-fold increase in N uptake by Rhododendron was associated with a 3 to 4-fold 

increase in the uptake rate of P, K, and S and ~2-fold increase in the uptake rate of 

magnesium and calcium. A 6-fold increase in N uptake by Azalea was associated with a 3 to 

4-fold increase in uptake rate of K, Mg, and Ca uptake and ~3-fold increase in the uptake 

rate of P and S. This suggests when altering nutrient management strategies to optimise N 

uptake, proportional changes in other nutrients may not be required. N-deficiency was also 

associated with deficiencies in P, K, S and manganese (Mn) for Rhododendron and P, K, S, 

Ca, and Mg for Azalea. This suggests that N-deficiency decreases the ability of the plant to 

take up these nutrients; therefore, when altering nutrient management strategies to decrease 

N fertiliser use, the influence of lower N rates on the ability of plants to take up other 

nutrients should be considered.   
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Working with the same plants species, the research team assessed the influence of 

substrate N applications during the growing season, and foliar applications of urea in the 

autumn, on N uptake and accumulation, and plant growth in the following spring (Bi, 

et.al.2007). N uptake efficiency declined during the first growing season with an increasing 

rate of N fertilisation. For both cultivars, foliar urea application in the autumn significantly 

increased plant N content without affecting plant size, regardless of plant N status. Leaves of 

Rhododendron accumulated more N than other plant structures. Plants sprayed with foliar 

urea in the autumn had more new growth the following spring than plants receiving no urea, 

regardless of whether the plants received fertiliser in the spring.  

 

The results suggest that combining optimum N applications during the growing season with 

foliar application of urea in the autumn can improve N uptake efficiency, increase N storage, 

and optimise growth in Rhododendron but would need validating under UK growing systems. 

Timing of Nutrient Applications 

Propagation: 

It is important to have appropriate levels of nutrients available once roots have emerged 

during the propagation stage. Work at Efford EHS on nursery stock and elsewhere on 

vegetable transplants has shown that nutrients applied to plants in the propagation phase 

can be used to enhance plant quality and control development. 

Active plant growth phases (Spring and Summer): 

Nutrient applications may be more effective when timed at certain phases in the growth of 

plants, especially in species with distinct “flushing” patterns. Research has shown that this 

response is often more accurately correlated to the phase of root elongation associated with 

shoot growth flushes. In theory liquid feeding could be used to help optimise nutrient 

availability during key phases of plant growth. Reliance on CRFs alone has recently been 

questioned for two principle reasons. Firstly, changing weather patterns can cause 

temperature extremes which result in nutrient releases from CRFs at times which may not 

correlate with the plants demand or ability to utilise nutrients (which could result in excessive 

nutrient losses in leachate or crop damage from high salt levels in the substrate). Secondly, 

use of CRFs alone does not allow for fine tuning of nutrition because the ratios of nutrients 

are limited and the longevity of product used has to be decided at potting. 

Autumn application:  
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Late summer and autumn applications of high nitrogen fertiliser to container grown nursery 

stock can have an impact on winter hardiness, initiation of flower bud and growth in the 

following spring. It has generally been accepted that high nutrient levels going into the 

autumn predispose plants to winter injury and disease because soft growth is encouraged. 

Results of research indicate that this is not universally true and that data is conflicting. High 

nitrogen resulted in slightly higher cold damage in Forsythia in some studies and Cornus and 

Forsythia both had lower damage with lower phosphate levels. Studies in USA led to the 

conclusion that, at most, a 2 or 3°C difference in cold acclimatisation might be achieved by 

manipulation of nutrient levels in plant tissues. Potassium has been implicated in induced 

tolerance to cold, although results have been inconsistent across studies. It is postulated 

that potassium levels contribute to increased sugars and total solids in plant tissues thereby 

creating a lower freezing point. Whilst there is evidence that potassium has an effect in 

increasing cold hardiness it is not a simple relationship where the higher the level of potash 

the greater the level of cold hardiness. 

 

Most studies on nutrition in relation to cold hardiness have been restricted to N, P, and K but 

a few have investigated other nutrients. Cold resistance in Eucalyptus was enhanced by 

application of boron whilst magnesium deficiency resulted in increased frost damage in 

Pinus and Picea. 

Nutrient Deficiencies  

Nutrient deficiency occurs when nutrients are either in a form not readily available to the 

plant (often related to the substrate pH) or present in levels too low to meet the plants 

requirements. Low levels can occur as a result of plant uptake or leaching form the 

substrate.  

 

Nutrient availability is strongly influenced by Cation Exchange Capacity (CEC) which is a 

measure of the ability of the substrate ingredients to hold and release cations (positively 

charged nutrient ions).  

 

Early recognition of nutrient deficiency symptoms can prevent crop losses through quality 

reductions and unsatisfactory growth rates. Symptoms of nutrient deficiencies are detailed in 

the HDC Crop Walkers Guide. 

Nutrient Toxicity 

Common causes of nutrient toxicity include excessive application of fertilisers, including 

trace elements, rapid nutrient release by CRFs (triggered by high temperatures), enhanced 
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availability under acid or anaerobic conditions or the use of water or substrate ingredients 

containing high salts, heavy metals or other contaminants. The damaging effect of low pH is 

mainly due to elements such as aluminium and trace elements becoming too available and 

hence toxic to plants. Early recognition can help reduce crop losses. Symptoms of nutrient 

toxicity are given in Appendix 6. 

Bionomics for container grown nursery stock 

Increasingly work on the biology of soils and substrates is demonstrating that benefits can 

be obtained in terms of crop growth and plant health from the use of appropriate organic 

compounds and organisms in addition to mineral nutrients such as nitrogen and phosphate 

(Eigenram 2006). This approach is poorly understood in container crop production although 

some growers using compost teas in Europe and North America are seeing beneficial effects 

from both foliar applications and drenches. 

 

Plant-associated microorganisms fulfill important functions for plant growth and health. Direct 

plant growth promotion by microbes is based on improved nutrient availability and hormonal 

stimulation. Diverse mechanisms are involved in the suppression of plant pathogens, which 

is often indirectly connected with plant growth. Whereas members of the bacterial 

genera Azospirillum and Rhizobiumare are well-studied examples for plant growth 

promotion, Bacillus, Pseudomonas, Serratia, Stenotrophomonas, and Streptomyces and the 

fungal genera Ampelomyces, Coniothyrium, and Trichoderma are also known to influence 

plant health. Based on these beneficial plant–microbe interactions, it is possible to develop 

microbial inoculants. Dependent on their mode of action and effects, these products can be 

used as biofertilisers, plant strengtheners, phytostimulators, and biopesticides. There is a 

strong growing market for microbial inoculants worldwide with an annual growth rate of 

approximately 10%. (Berg,2009). Whilst the use of microorganisms and the exploitation of 

beneficial plant–microbe interactions offer promising and environmentally friendly strategies 

crop production, with the exception of mycorrhiza, they have rarely been studied for 

container grown nursery stock. 

 

In the past the use of mycorrhizal fungi to enhance phosphate availability to plants has been 

investigated in various crop production systems (Maronek et al 1981). Reviewing the 

situation in nursery crops, Lanthier (2006) draws attention to the endomycorrihizal fungi 

associated with ericaceous plants (such as Rhododendron and Vaccinium) and other shrubs 

such as Viburnum and the ectomycorrhizal fungi associated with conifers Picea and Pinus 

and hardwoods such as Betula, Carya, Fagus and Quercus. Some plants are capable of 

forming associations with both endomycorrihizal and ectomycorrhizal fungi as in the case of 
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Chamaecyparis, Juglans, Salix and Tilia.  Mycorrhizal fungi can in some situations increase 

disease resistance in plants especially to wilt, root and stem diseases. This may be achieved 

simply by them forming a physical barrier to diseases or be due to more complex 

competition effects. Mycorrhizal fungi can also help infected plants withstand other forms of 

stress.  

 

Growth response to mycorrhiza infection is dependent on the host and the mycorrhiza 

species, nature of host plant root system, substrate environment and fertility regime. The 

reaction of mycorrhiza/host plant interaction in soil may not be the same as their interaction 

in substrates of different components. There are however a wide range of species within 

each mycorrhizal group and many have specialist associations with a limited range of plant 

species, making the development of mycorrhizal treatments to aid plant growth time 

consuming and costly. Changes in technology for producing these fungi on a commercial 

scale may enable this limitation to be overcome.  

 

There are commercial preparations of mycorrhiza available in Europe and North America 

which could form the basis of further development work.  Effective exploitation of mycorrhiza 

may provide opportunities to reduce levels of some nutrients used (particularly P) in growing 

media.  

Nutrition and plant health  

There is research evidence that nutrients can influence susceptibility of plants to disease 

and to some extent mitigate effects of infection (Dordas 2009).  Responses vary with 

nutrient, disease and crop. The effect of nitrogen can be quite variable (Table 4). Potassium 

decreases susceptibility up to the optimum level for growth beyond which no further increase 

in resistance is observed (Table 5). Phosphorus effects are variable but it does appear to 

have a beneficial effect in control of root pathogens and a number of studies have shown it 

can reduce bacterial blight in rice, downy mildew, Botrytis and leaf curl virus in tobacco as 

well as in other cropping situations. Calcium has been used for many years to help 

overcome certain physiological disorders in crops. It can help plant resistance to disease by 

strengthening cell structure and in some cases binding with oxalic acid within the plant to 

provide protection.  

 

Table 4: Effect of nitrogen level on disease severity of several diseases: 

Pathogen or 

disease 

Low N High N References 
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Pathogen or 

disease 

Low N High N References 

Puccinia graminis Decrease Increase Howard et al. (1994) 

Erysiphe graminis Decrease Increase Büschbell and 

Hoffmann (1992) 

Oidium lycopersicum Decrease Increase Hoffland et al.(2000) 

Plasmodiophora 

brassicae 

Decrease Increase Kiraly (1976) 

Tobacco mosaic 

virus 

Decrease Increase Singh (1970) 

 

Pseudomonas 

syringae 

Decrease Increase Hoffland et al.(2000) 

Xanthomonas 

vesicatoria 

Increase Decrease Chase (1989) 

 

Alternaria solani Increase Decrease Blachinski et 

al.(1996) 

Fusarium oxysporum Increase Decrease Woltz and Engelhar 

(1973) 

 

Table 5: Effect of potassium level on disease severity of several diseases: 

Pathogen or 

disease 

Low K High K References 

Puccinia graminae Increase Decrease Lam and 

Lewis(1982) 

Erysiphe graminis Increase Decrease Menzies et al. (1992) 

Tobacco mosaic 

virus 

Increase Decrease Ohashi and 

Matsuoka (1987) 

Pyrenophora tritici-

repentis 

Increase Decrease Sharma et al.(2005) 

Xanthomonas 

oryzae 

Increase Decrease Chase (1989) 

 

Alternaria solani Increase Decrease Blachinski et 

al.(1996) 

Fusarium oxysporum Increase Decrease Srihuttanum and 

Sivasithamparam 

(1991) 
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The role of micronutrients in reducing disease severity can be attributed to their involvement 

with the biochemistry and physiology of the plant. Indirect effects of micronutrients can result 

from nutrient deficient plants showing impaired defense responses.  

 

Many studies have demonstrated the efficacy of silicon based compounds in managing 

fungus diseases on several crops. When silicon is added to soil, plants low in soluble silicon 

show improved growth, higher yield, reduced mineral toxicities and better disease 

resistance. Poinsettia treated with 250 or 500 ppm of potassium silicate or calcium silicate 

had significantly lower disease incidence and severity than the control and the plants 

receiving 125 ppm (Losenge et al 2011). 

 

The induction of resistance reactions of plants against pathogens is a well-known 

phenomenon in plant pathology. It is called Systemic Acquired Resistance (SAR) if the 

resistance is systemically distributed within the plant. One of the effects of micronutrients 

may include stimulating SAR. It can be induced by virulent pathogens but also by chemical 

compounds such as salicylic acid, which is involved in the signal transduction pathway 

leading to SAR (Mauch-Mani, et.al. 1998). Structural analogues of salicylic acid can also 

induce SAR. This resistance is related to the formation of structural barriers such as 

lignification, induction of pathogenesis-related proteins and conditioning of the plants. 

Systemic Induced Resistance (SIR) has been found to be induced by foliar sprays of 

nutrients such as phosphates, phosphites, potassium and nitrogen. Silicon can alleviate 

abiotic and biotic stresses, and increases the resistance of plants to pathogenic fungi 

(Fauteux, et.al.2005). 

 

These effects have rarely been investigated in hardy nursery stock and could form a useful 

component of research into nutrition of container grown stock. Whilst in many cases the 

effects of nutrients to control plant diseases cannot be considered as powerful as 

conventional pesticides, when part of an appropriate nutritional programme they offer a 

useful additional benefit to growers and complement biological control and IPM approaches 

to crop production. 

Conclusions 

It is most likely that a balanced ratio of nutrients and especially an adequate supply of 

available potassium are the prerequisite for frost tolerance in container nursery stock. 
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It is unclear whether supra optimal levels of nutrients can have a beneficial effect in many 

cases. 

Nutrient supply has an influence on plant resistance to environmental stress and disease, 

hence optimising nutritional regimes will help to reduce the effects of these. 

The role of mycorrhizal fungi in phosphorus nutrition of container nursery stock is not fully 

understood but warrants further investigation. 
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Container Grown Hardy Nursery Stock Nutritional Research in UK 

There was a significant amount of research on nursery stock nutrition carried out at Efford 

during the 1980s and 90s under the jurisdiction of Margaret Scott. Particular topics were the 

use of CRFs (HNS 43 series of projects), the nutrition of rooted cuttings (HNS 90), additional 

nitrogen requirements with media containing bark and phosphate sensitivity of some nursery 

stock species. 

 

The key findings of the various studies are outlined below: 

 

Bark use in growing media and nitrogen requirements (1981-1985), Location: Efford and 

ADAS Wye, Kent 

A series of experiments were carried out to investigate how to compensate for the nitrogen 

immobilisation that occurs when bark is used in growing media because microbes use 

nitrogen when decomposing the bark. It had been established that even ‘matured’ bark 

would immobilise nitrogen and this could cause temporary nitrogen deficiency in the plants 

grown.  Trials were carried out using a range of treatments to supply additional nitrogen 

including incorporation of ammonium nitrate, urea or additional CRF.  Ammonium nitrate 

(34.5% N) is no longer readily available to growers therefore alternative products are used 

(note that if using a product with a lower N content a higher rate is needed, e.g. for a mix 

containing 20% bark if a 14% N product is used then 400g/m3  of this base fertiliser, rather 

than 200g/m3 of ammonium nitrate, is required). 

 

Key points: 

 The addition of granulated pine bark to peat was found to give great benefits to the 

structure of the mix and hence reduced waterlogging over winter but extra nitrogen 

was needed to compensate for N ‘lock up’ by the bark. 

 The trials indicated that 100g/m3 of ammonium nitrate per 10% bark addition was a 

suitable rate for mixes containing up to 30% bark. 

 The trials also demonstrated the potential for using bark to buffer against high salt 

levels in the growing medium, particularly relevant for sensitive species and 

cuttings/young plants. 

 When using bark in propagation media with peat (50/50), 1.0 kg/m3 of a 12-14 month 

CRF was found to be adequate in spring/summer under mist and 0.75 kg/m3 in 

autumn/winter under polythene covers. (Scott, 1986b). 
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Phosphate sensitivity – the role of phosphate in the production of quality container-grown 

nursery stock (1979-1981), Location: Efford 

In the 1970s it was common practice to add large amounts of phosphate in the base fertiliser 

for nursery stock crops to last for the life of the crop. Trials at Efford then discovered that 

high P levels could cause a loss of plant quality, particularly in some groups of plants which 

were more sensitive to phosphate, probably because they are adapted to grow on soils low 

in P, relying on mycorrhizal associations in order to obtain sufficient P. The harmful effects of 

excess P were seen as paler or chlorotic foliage (due to induced iron deficiency).  As P 

levels and the pH were increased, symptoms became worse.  

 

Key points: 

• Many of the important groups of nursery stock were found to be P sensitive, 

including Cytisus, Azalea, Magnolia, Senecio, Skimmia, Elaeagnus, Hydrangea, 

Camellia, Viburnum and Chamaecyparis. 

•  Species that were P sensitive took up increasing amounts of P into the foliage as P 

supply was increased which could then reach toxic levels. Tolerant species did not 

have this feature. 

Container grown Hardy Nursery Stock nutritional research by HDC  

A number of research projects on nursery stock nutrition were carried out between 1991 and 

2004, mostly at the Efford research station but with some trials on commercial nurseries. 

These projects were mostly focussed on the use of controlled release fertilisers which had 

become established as the basis of crop nutrition during the 1980s.  The early studies were 

part-funded by some of the manufacturers of CRF products and these compared the 

performance of different formulations and longevities of CRF for different crop sectors. There 

was quite a wide range of products on the market at the time and growers were seeking 

guidance when selecting products. A higher proportion of nursery stock was grown outdoors 

at this time and few nurseries were equipped to use liquid feed systems, hence CRFs 

quickly become adopted as a very good practical way of supplying long term nutrients to 

crops grown for 6-18 months in the same pot.  Over time there has been an increase in the 

nursery stock area under glass or polythene and individual nurseries have specialised more 

in certain crop groups and/or stages of production.  

 

This has resulted in more interest in fine-tuning of nutrition for key crop groups and there 

have been issues with managing nutrition under protection where CRFs are used and 

temperature peaks (particularly in early spring or in the autumn for newly potted plants) have 
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caused excess nutrient release from CRF products.  Growers in the 1990s were also 

interested in optimising the rates of use of CRFs (often those used on nurseries were much 

lower than manufacturers recommendations). 

 

Many of the trials on CRFs in the 1970s and 1980s were carried out at Efford research 

station on the south coast so trial location needs to be considered when interpreting results 

and also the weather conditions in the trial season.  

 

Key points: 

•   Rooted cuttings of salt sensitive species are better potted in the spring rather than 

the autumn to reduce the risk of nutrient accumulation from CRFs when growth rates 

are slow. 

 

•   The studies highlighted the potential for use of lower rates of extended release 

CRFs in conjunction with liquid feeding to boost nutrient supply in the first season. 

 

•   Results from the use of the ‘fast-start’ fertiliser were variable depending on the 

CRF formulation used. In the south they were only beneficial where lower rates of 

CRF were used. It was demonstrated that the same results could be obtained with a 

slightly lower rate of CRF (1-2 kg/m3 lower) plus fast-start fertiliser, compared to a 

higher rate of CRF alone. This represented a cost saving for growers and has been 

widely adopted by the industry. 

 

•   HNS 90 (2001-2003) demonstrated that cuttings could be held back by omitting 

the phosphate from the liquid feed (just feeding 50 mg/l N and 50 mg/l K2O once a 

week).  P (at 100ppm) then applied about 6 weeks before potting the cuttings on 

triggered active growth again in most species (although Azalea had chlorosis). 

 

•   Using CRF mini granules (0.5 kg/m3) in the growing medium for rooted cuttings 

produced a flush of early growth, however the mini granules available at this time 

only had a longevity of 3-4 months so the plant ran out of nutrients after this time. 

Standard CRF products had a longer release pattern but were more difficult to 

incorporate evenly into small modules than the mini granules. 

 

•   For holding rooted cuttings in modules without CRF, fortnightly applications of a 

feed with 50ppm N, 25 ppm P2O5 (= 11 ppm P) and 50 ppm K2O (= 25 ppm K) can 

greatly enhance quality after potting and growing on. 
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•   HNS 96a showed that a CRF rate of 1.5 kg/m3 was concluded as being suitable 

for a range of heathers grown either outdoors or under protection. 

International research on nutrition of container grown hardy nursery stock 

European research on nutrition of ornamental nursery stock has been much reduced and the 

work has been directed to studies of water relations and leachates from growing media and 

limiting this in order to protect ground waters. In Belgium the PCS research station in 

Destelbergen is carrying out near market research on nursery stock production, funded 

partly by government and partly by grower and commercial company  ‘members’.  The 

research programme includes work on substrates, nutrition and their interaction with 

irrigation systems, however results of the experimental work are only available to members.  

Addressing issues of risks from run-off in container production is a key aspect (Gobin, 2012 

pers.comm.) and has concentrated on the characteristics of CRFs and their behaviour under 

different conditions. This work is aimed at assessing and reducing contamination risks, in 

addition to optimising nutrient and water use. 

 

In the Netherlands government funding of research has reduced and the PPO research 

station at Boskoop is only carrying out a fraction of the work it was in the 1990s.  The current 

research includes recycling run-off from container beds and reed-beds to remove excessive 

nutrients. (Dolmans, et al pers.comm.) 

 

North American R&D appears to have focused on irrigation, the substrates and particularly 

the use of products of waste streams in growing media for container nursery stock plus 

simple rate trials of CRF products.  The use of biosolids (sewage compost) in growing media 

is not permitted in the UK. 
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Monitoring Nutrition in Container Grown Hardy Nursery Stock 

Introduction 

High quality nursery stock crops are dependent on monitoring of their nutritional status in 

order to fine-tune nutrition and/or detect any problems. It is particularly important to monitor 

high value crops and following changes to the growing medium recipe use. It is just as 

important to know the nutritional status of a crop that performed well as that of one with 

problems so that continuous improvements can be made.  

 

Nutritional monitoring is also very useful during periods of extreme or ‘unusual’ weather 

conditions (such as high temperatures or for outdoor crops, very wet periods) because these 

will influence nutrient supply and crop growth. Often by the time problems are seen in the 

crop, it is too late to rectify the situation. This chapter discusses: 

 

 Parameters to monitor 

 Growing media analysis 

 Leaf analysis 

 Sap analysis  

 Nutrient charting 

Nutrient levels in growing media 

Crops grown with CRFs need to be monitored because nutrient release is governed by 

temperature and if rapid release of nutrients occurs at a stage of growth when the plants are 

not able to utilise them (for example newly potted young plants under glass) there is a 

danger that salts will accumulate and root damage will occur.  Equally, prolonged rainfall in 

the summer when CRFs are releasing nutrients can result in them being flushed out of the 

growing medium before crops have a chance to take them up.  If this is not detected until 

plants start to show obvious nutrient deficiency it is likely that quality will suffer as it takes 

time to build up nutrient levels again once they have become severely depleted. 

 

The two most important parameters to monitor are: 

 pH 

 Electrical Conductivity (EC) 

 

The pH of the growing medium determines how available nutrients are to the plant. The 

Electrical Conductivity (EC) is measurement of the total soluble salts content of the sample 
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(the solution conducts electrical charge more effectively when more salts are present) so is a 

guide to overall nutrient status. 

 

The EC doesn’t indicate which salts are present however so it is possible to have a high EC 

with low ‘useful’ salts like nitrate and potassium but high levels of chloride and sulphate 

which the plants are not taking up, for example as can occur in re-circulated nutrients 

systems. This is why a full growing media analysis is can be useful too.  

Sampling for analysis 

There are several tools for monitoring the nutrition of container grown plants. The most 

common are growing media analysis and leaf analysis.  In general, growing media analysis 

is most useful for checking the pH and major nutrient levels and foliage analysis for 

diagnosing trace element (minor nutrient) problems. Whichever type of analysis is carried 

out it is important that sampling is done correctly, so that the sample is representative, the 

right analytical method is used and that the results can be interpreted.   

Growing media analysis 

Laboratory analysis is the most accurate system but there is inevitably a delay between 

sampling and receiving the results. On-nursery systems are not well developed but could be 

the way forward in the future, particularly for measurement of the basic parameters such as 

the pH and EC of the growing medium.  These can be measured easily on solutions (such 

as liquid feed solutions or run-off/squeeze samples from pots) but growing media samples 

need to be extracted with water before a reading can be taken.  When taking a growing 

media sample from a growing crop either small sub-samples are taken from a number of 

plants or for small pots it may be easier to take whole pots. The sample should be mixed 

thoroughly before sub-sampling to send to the laboratory. If the CRF has been ‘dibbled’ 

rather than evenly incorporated then whole pots should be emptied, the sample mixed well 

and then sub-sampled. 

 

The European (CEN) method for growing media analysis uses a ratio of 1:5 (sample:distilled 

water) and this method is used by most UK laboratories.  Some Dutch laboratories still use 

1:1.5 extraction so it is not possible to equate results to those from the UK.  In addition Dutch 

results are often quoted in millimoles/l rather than mg/l. To convert from milimoles to 

milligrams you have to multiply by the atomic weight of the element (for example potassium’s 

atomic weight is 39 so 3 millimoles/l K = 117 mg/l K).      
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In the UK there are two main types of analysis used for growing media, both using a water 

extraction method (the sample is shaken with distilled water): 

 

Available (water soluble) nutrients = snapshot of water soluble nutrients at the time of 

sampling. 

 

Total water soluble nutrients – the sample is ground up first to release nutrients from 

CRF granules and extracted with water as for available nutrients analysis = nutrients 

already released and present in growing medium solution plus nutrients left in the 

CRF granules (gives an estimate of how much reserve is left in CRF granules). 

 

Water extraction works well for nutrients that are not held very strongly by the substrate (e.g. 

for the major nutrients in organic materials like peat and coir) but will tend to under-estimate 

nutrient availability for nutrients held in more complex ways (e.g. trace elements and 

nutrients in materials such as loam and green compost. Where a large proportion of these 

type of materials are included in the medium (more than 30%) an alternative type of more 

vigorous extraction may be more appropriate than ordinary water extraction.  

 

When interpreting analysis of a sample from a plant grown with CRF, trends are more useful 

than one-off analyses because available nutrients may be fairly low due to a balance 

between nutrient release from the granules and uptake by the plant. 

 

The units of measurement in the UK are: 

 pH – pH units (negative log of the hydrogen ion concentration) 

 Electrical Conductivity (EC) – micro-Siemens/cm (µS/cm), or on many hand-held EC 

meters milli-Siemens (micro Siemens/cm x 1000) 

 Nutrients – mg/l 

Interpretation of growing media analysis 

The crop type and stage of growth must be borne in mind when interpreting growing media 

analyses (and also the type of growing medium).  There are no definitive recommended 

levels of nutrients for every nursery stock species but there are general guidelines, 

developed by ADAS on pH, ammonium nitrogen levels and EC: 

 

pH – 5.5 – 6.0 is optimum for many nursery stock species but individual crops have slightly 

different requirements. A typical target for ericaceous crops is 4.5 – 5.0. If untreated hard 

water is being used for irrigation (and the pH is therefore likely to rise over time) it is 
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standard practice to have a pH at the lower end of the optimum range at potting to allow for 

this. In media containing green compost it should be noted that the pH can be much higher 

without adverse effect because of their different chemical characteristics. 

 

Ammonium-N – this may initially be quite high for freshly mixed growing media but should be 

very low (<10 mg/l) during use. Levels above 100 mg/l after potting can be damaging to 

young plants and suggest over-fertilisation. Some plant species do prefer more nitrogen in 

the ammonium form rather than the nitrate form (e.g. Vaccineum). 

 

EC – As a general guide for an available nutrients growing media analysis, an EC of above 

400 µS/cm is high and may suggest over-supply of nutrients but the plant species and 

growth stage should be considered. For young plants and ericaceous species it should not 

exceed 300 µS/cm. An EC of below 100 µS/cm may indicate depletion of nutrients in the 

medium. 

On-nursery ‘Pour Through Method’ for growing media 

The ‘Pour Through Method’ has been developed in the USA and estimates the pH and EC of 

the growing medium by measuring that of leachate draining from containers.  The aim is to 

collect approximately 50 ml of leachate from each container by waiting 30 minutes to 2 hours 

after an irrigation event to container capacity and then applying 120 ml of irrigation water 

over the surface of a 4 litre container (more water is needed for larger containers).  The 

recommended sampling technique is to take three to five plants in an X pattern over a block 

of plants (or more for larger blocks) and to use the same containers each time samples are 

taken by marking them with a flag. The pH and EC of the leachate are measured using a 

portable meter.  The ‘background’ EC of the water used to pour through needs to be 

deducted from the reading on the leachate.   

 

The guideline range for the EC during periods of active growth of nursery stock is 500 – 

2000 µS/cm (note that this is not directly comparable with a growing media analysis by a UK 

laboratory which uses a 1:5 ratio of growing medium to water for the test but would be 

equivalent to approximately 100 – 400 µS/cm allowing for the 1:5 dilution).  Growers using 

this method for monitoring in the USA are recommended to send leachate samples to a 

laboratory for nutrient analysis at least once in the growing season to compare actual 

nutrient levels in the leachate with EC and pH data. 
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Monitoring Substrate Bionomics 

The influence of microbes on nutrient availability and satisfactory growth of plants is often 

overlooked but can be vital to quality production. Monitoring the level and activity of 

microbes in production media is rarely undertaken on nurseries. A number of methods are 

available although none is entirely satisfactory. Soil respiration rate via carbon dioxide 

measurement can give a measure of total activity. The Solvita Soil Quality test kit offers a 

way of doing this effectively. Other methods involve enzyme analysis which can be relatively 

simple and gives an estimate of general microbial activity. Soil Food Web Analysis is 

favoured by some growers but can be costly if used regularly for monitoring, Laverstoke 

Laboratory operates a service in Europe and services are available in the Netherlands. 

Leaf analysis 

Leaf analysis is useful for diagnosing some nutritional problems and may help to pinpoint 

problems of poor uptake rather than an actual lack of a nutrient (for example where nutrients 

are not readily available due to a high substrate pH). There are so many species of nursery 

stock grown that leaf analysis standards do not exist except for some of the more widely 

grown species/cultivars, however nurseries can build up their own databases for a few key 

high-value crops.  

 

Leaf analysis is particularly helpful for diagnosing either deficiencies or toxicities of minor 

nutrients (except iron, for which neither growing media nor leaf analysis is reliable but the 

symptoms are easily recognisable).   

 

Data from countries using different analytical techniques may not be directly comparable. 

The standard UK system of sampling is to take the youngest fully expanded leaves.   A 

sample usually comprises 20-100 leaves, depending on the leaf size. 

Interpretation of leaf analysis 

There are few definitive standards available because of the huge range of hardy plants 

grown. However there are data from studies in the USA, work by the Forestry Commission 

and some information from Boskoop Research Station in The Netherlands (see 

Appendices). 

 

In the USA there are some general guidelines on nutrient levels in leaves from the work of 

Ted Bilderbank and these are listed in Table 6. 
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Table 6:  Plant tissue parameters in woody ornamental crop production: 

Nutrient Desired level 

N 2.0 – 3.5% 

P 0.2 – 0.5% 

K 1.1 – 2.0% 

Ca 1.0 – 2.0% 

Mg 0.3 – 0.8% 

S 0.2 – 0.7% 

Fe 35 – 250 ppm 

Mn 50 – 200 ppm 

Zn 20 – 200 ppm 

Cu 6 – 25 ppm 

B 6 – 75 ppm 

Mo 0.1 – 2.0 ppm 

             (Ted Bilderback, North Carolina State University): 

The satisfactory ranges for major nutrients given in the USA data are in broad agreement 

with the more species specific data in tables 7 and 8 showing data from Theo Aendekerk’s 

work in the Netherlands: 

 

Table 7: Recommended leaf nutrient levels (% in dry matter) during the growing season:  

Crop N P K Mg Ca 

Chamaecyparis 

lawsoniana ‘Columnaris’ 

2.0-2.5 0.4–0.5 2.2–2.5 0.35–0.45 1.0-1.2 

Chamaecyparis 

lawsoniana ‘Elwoodii’ 

2.5-3.5 0.45-0.55 2.0-2.4 0.3-0.4 0.80-1.00 

Cupressus macrocarpa 

‘Goldcrest’ 

2.5-3.5 0.40-0.45 2.0-2.3 0.38-0.42 1.0-1.4 

Photinia fraseri ‘Red 

Robin’ 

1.8-2.1 0.3-0.5 1.7-2.0 0.20-0.25 0.7-0.9 

Pieris japonica ‘Dorothy 

Wickoff’ 

2.4-2.8 0.23-0.25 1.3-1.6 0.20-0.22 0.4-0.5 

Prunus glandulosa 

‘Alboplena’ 

2.3-2.8 0.4-0.5 2.0-2.5 0.60-0.80 1.5-1.7 

Pseudotsuga menziesii 1.3-1.6 0.4-0.6 0.9-1.0 0.19-0.21 0.3-0.4 

Rhododendron 

‘Moederkesdag’ 

2.0-2.5 0.28-0.32 1.6-2.0 0.25-0.35 0.9-1.2 
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Skimmia japonica 

 

3.5-4.5 0.3-0.4 2.4-2.8 0.35-0.40 1.3-1.7 

(Aendekerk 1997) 

Table 8: Optimum leaf nutrient levels (% in dry matter) grown under glass:   

Crop N P K Mg Ca 

Calluna vulgaris  

‘Carmen’ 

1.7 0.2 1.1 0.2 0.5 

Chamaecyparis 

lawsoniana 

‘Columnaris’  

2.5 0.35 1.5 0.2 0.7 

Chamaecyparis 

lawsoniana  

‘Elwoodii’ 

2.9 0.5 2.3 0.4 0.7 

Cupressocyparis 

leylandii 

2.5 0.4 1.5 0.3 0.7 

Cupressus 

macrocarpa 

‘Goldcrest’ 

3.0 0.45 2.3 0.4 1.0 

Magnolia 

Stellata 

2.4 0.25 2.0 0.6 1.8 

Pieris japonica 

‘Dorothy Wickoff’ 

2.6 0.25 1.5 0.25 0.5 

Prunus glandulosa 

‘Alboplena’ 

2.6 0.45 2.2 0.6 1.5 

Prunus 

laurocerasus ‘Otto 

Luyken’ 

2.3 0.45 1.6 0.35 1.9 

Prunus tribola 3.0 0.35 2.2 0.6 1.4 

Rhododendron 

‘Moederkenadag’ 

2.3 0.35 1.8 0.3 1.0 

Skimmia japonica 

‘Keessen’ 

3.5 0.35 2.6 0.4 1.6 

Skimmia japonica 

‘Rubella’ 

3.4 0.45 1.2 0.4 1.4 

(Aendekerk 1997) 
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General guidance on micro-nutrient levels in ornamental plant leaves was published in 

‘Media and Mixes for Container Grown Plants’, by A C Bunt and this has not been updated 

for nursery stock. Specific species have particular preferences however, for example roses 

can tolerate up to 500 mg/l of boron in the leaf. 

 

Table 9: Micronutrient levels in ornamental plant leaves (mg/l in dry matter: 

 Boron Manganese Copper Molybdenum Zinc 

Deficient <20 <20 <5 <0.1 <15 

Normal 30-80 30-200 10-25 0.1-3.0 30-50 

Excessive >150 >800 >70 >70 >200 

(Bunt 1988) 

 

For phosphate sensitive species, leaf P levels can be particularly useful and Table 10 

provides interpretation of leaf phosphate levels for some species known to be sensitive.   

 

Table 10: Leaf phosphate levels for phosphate sensitive plants (mg/l in dry matter): 

 Good growth Probably 

deficient 

Probably 

toxic 

Calluna vulgaris ‘Sunset’ 0.13-0.19   

Erica carnea ‘Springwood White’  <0.1 >0.25 

Camellia ‘Kramers Supreme’ 0.25  >0.44 

Elaeagnus pungens ‘Maculata’ 0.25-0.65  >0.7 

Skimmia japonica ‘Foremanii’ 0.2-0.4 <0.16 >0.45 

Hydrangea ‘Mme J de Schmidt’ Up to 0.45 <0.1 >0.5 

Viburnum burkwoodii 0.15-0.22  >0.3 

Cytisus x praecox 0.17-0.4  >0.45 

Chamaecyparis lawsoniana ‘Allumii’ 0.19-0.25   

Chamaecyparis lawsoniana ‘Ellwoods Gold’   >0.35 

Azalea ‘Blue Danube’  <0.16 >0.34 

         (M Scott 1986) 

Leaf petiole or sap analysis 

Analysis of plant sap measures mobile nutrients in the plant system, thus providing a 

different view of plant nutrition than the traditional dry tissue analysis. Some researchers 

suggest that sap testing is more sensitive and therefore can detect minor or temporary 

deficiencies more easily. An accurate diagnosis of plant stress is possible and thus effective 

management decisions to correct nutrient imbalances or deficiencies can be made. 
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Sap testing is useful for monitoring the effectiveness of fertiliser application. Temperature 

and time of the day are known to influence plant sap nitrate content. Taking readings 

consistently between 0900 and 1600 hours has been found to give the most consistent 

results (Hochmuth, 2003). Sap samples are usually taken from petioles of the most recently 

matured leaves. Although three or four petioles may produce a sufficient amount of sap for 

testing, additional plants must be sampled to ensure that the sap sample is representative of 

the field or area being tested. In a uniform field, about 20 leaves should be sampled to 

adequately represent a 5 to 10 acre area. The petioles should be chopped and mixed, and a 

subsample used to press out the sap (Hochmuth, 2003). There are some data on vegetable 

crops however a lack of generally available standards and guidelines for other crops makes 

interpretation of the results difficult initially.  

 

A rapid method of analysis of nitrate-N in plant sap using Merck test strips was evaluated by 

Prasad and Spiers (1984). Accuracy and precision of the strips was found to be acceptable 

in a test in which aqueous samples were tested by four operators. Nitrate-N was measured 

in five vegetable crops at two stages of growth by two methods: squeezing sap from fresh 

petiole or stem tissue with nitrate-N determination by Merck test strip; and acetic acid 

extraction from dried petiole or stem tissue with determination by autoanalyser. The 

relationship between the two methods was found to be highly significant. When the strip 

results were corrected for moisture content the relationship with the laboratory method 

improved in most cases.  

 

Some systems of sap analysis use laboratory based analytical equipment in a similar way to 

standard leaf analysis and need to be supported by an extensive database of information. At 

least two laboratories offer this service in the UK, Omex and Fast Ltd (who have access to a 

proprietary Australian system including an extensive database of results). Alternatively “in 

field” analysis of sap is possible which uses indicator test strips or nutrient meters to analyse 

the sap. In practice whilst these can be used on the farm or nursery they would be difficult to 

use actually in a cropping situation. (Appendix 1) 

 

In some countries and cropping situations analysis of expressed sap has been tested using 

Hanna Horiba type ion meters which are relatively fast, direct reading, robust instruments 

with a good range of nutrient concentrations covered. They are relatively cheap in the long 

term and good for field tests. At low nutrient concentrations they can give erratic readings 

and can suffer from interference from other ions in solution. Calibration can be a problem. 

This approach has been used by advisers in the Netherlands on nursery stock and 

strawberry crops. 
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Nutrient Charting 

Nutrient charting involves taking regular samples for analysis and plotting results so that 

trends can be identified. Nutrient charting is a way of obtaining early warning signs of 

nutritional disorders and was developed and promoted in Australia for the nursery industry 

(Stephens, 2003). It can be used to anticipate nutrient deficiencies and toxicities so that they 

can be corrected before they become chronic, check how adequate a fertiliser programme 

is, guide the development of a new programme and indicate when a crop needs 

supplementary feed by foliar feeding, fertigation or top dressing. The procedures are quick, 

inexpensive and can be done on the nursery. Interpretation of results is intuitive making the 

user less dependent on outside advice. Nutrient charting differs from other plant and media 

testing in using trends in measurements to anticipate potential problems and allow action to 

be taken. It is not dependent on published standards as nutrient trends are as important as 

the actual values for interpretation. The procedure is uncomplicated and can be based on 

inexpensive tests (quick tests), using meters and strip tests, that can be carried out on the 

nursery. Results of tests are on recorded on a graph (kept manually or on a computer 

spreadsheet).   

 

Conclusions: 

 Regular sampling of growing media and/or leaves allows monitoring of trends 

in nutrition over time, which may be more valuable than ‘one-off’ sampling, 

especially for longer term crops. 

 The Pour Though Method is quite laborious and development of systems 

using a portable EC meter may be of more interest on UK nurseries. 

 Leaf analysis has a role to play in monitoring nursery stock nutrition.  

 Nurseries carrying out regular leaf analyses for key species will be able to 

build up a useful database based on their own growing conditions. 

 Sap analysis has potential for use in monitoring of nursery stock nutrition but 

there is not yet a UK database of results for easy interpretation of readings. 
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Nutrient Use and Management in Container Grown Hardy Nursery Stock  

Introduction 

The principles covered in the previous sections need to be applied to the practical aspects of 

managing nutrition on the nursery.  Factors such as the type of growing medium used, the 

irrigation system and type of fertiliser system being used need to be considered. 

Peat-based growing media 

The traditional nursery stock growing medium in the UK over the last 40 years has been 

based on peat (although 20-25% bark is common in ericaceous and liner mixes), using a 

blend of coarse and medium peats to obtain a satisfactory air-filled porosity for the crop type 

and growing system.  The addition of bark to peat improves the drainage (as even coarse 

peats can slump over winter) and increases the chemical ‘buffering’ of the mix (its ability to 

hold and release nutrients).  Most of the fertilisers available have been designed for high 

peat mixes and some adjustments may be needed as the proportion of other materials in the 

mix increases due to pressure to reduce the peat content. 

Nutrition in low peat and peat-free growing media 

Many nursery stock growers have been using reduced peat growing media for a long time, 

materials such as granulated pine bark being added to mixes to improve drainage and 

increase the nutrient buffering characteristics of the substrate. Organic amendments such as 

bark and green compost also contain microbes and can give useful disease suppressive 

effects.  A growing medium with more microbial life in it will behave less like an inert 

substrate and more like a natural soil because micro-organisms are involved in the cycling of 

nutrients from unavailable to plant available forms.  Materials with a higher Cation Exchange 

Capacity (CEC) than peat will hold on to cations (positively charged ions such as K+) better 

and such materials give ‘nutrient buffering’ so that nutrient levels are less likely to become 

very high or very low. This is another benefit of adding materials such as bark, green 

compost or loam to a growing medium as they have a higher CEC than peat. Media 

containing higher percentages of bark or woodfibre that are more free-draining may be 

associated with greater leaching of nutrients hence monitoring of the nutrient status is 

particularly important. 

Nitrogen 

The microbes associated with materials such as bark, wood waste and woodfibre will use 

nitrogen as they break down woody particles.  This is why temporary nitrogen deficiency can 

occur when materials such as bark are added to the growing medium. Work in the 1970s by 
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Margaret Scott identified the additional requirements for soluble nitrogen when incorporating 

bark with peat media; wood-fibres and woody green composts can have similar issues.  

Traditionally ammonium nitrate was used as the source of soluble nitrogen but this is less 

available to growers and growing media manufacturers due to legislative restrictions on 

ammonium nitrate fertiliser.  Other sources of nitrogen may be used, such as slower release 

nitrogen fertiliser or extra NPK base fertiliser to supply the additional nitrogen requirement.  

Mixes containing bark or woodfibre are more free-draining than 100% peat mixes and 

therefore an additional factor may be increased leaching of soluble nutrients if 

irrigation/rainfall is excessive. 

Nitrogen Drawdown Index (NDI) 

The NDI is a measure of how much soluble nitrogen is immobilised by micro-organisms in a 

growing medium. The rate of disappearance of nitrate-N added to the mix from a solution 

containing either 75 or 150 mg/l N is measured to give drawdown indices NDI75 and NDI150.  

If all the added nitrogen is still there after 4 days of incubation the mix has an NDI of 1. If 

there is none left it has an NDI of 0.  

Potassium 

Some non-peat materials (for example coir and green compost) have inherently high levels 

of potassium. The effect this has on fertiliser additions to the substrate depends on how 

available this K is. With coir it is usually fairly soluble and levels drop off quite quickly in use 

so adjustments to the fertiliser regime may not be necessary. Green compost tends to 

supply more both water soluble and slower release K and therefore reductions in the amount 

added in the fertiliser may be possible. 

pH 

The addition of other materials may affect the pH of the growing medium as most peat 

alternatives have a naturally higher pH than peat.  The lime content of the mix may need to 

be adjusted or omitted which may have implications for the supply of calcium and 

magnesium which would are normally added via the lime. Alternative sources may be 

needed for some materials such as coir.   

 

The optimum pH range for plants is different in different media because of variations in 

nutrient availability. For example pH 5.5 – 6.0 is a typical specified range in a peat or 

peat/bark mix but a growing medium containing green compost could have a pH of 7.0 with 

no adverse effect on nutrient availability. 
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Trace elements 

Some materials, such as green compost, supply useful amounts of trace elements, such as 

iron, which may reduce the amount needed from fertiliser additions. 

Irrigation and growing systems and nutrition 

A wide range of irrigation and growing systems are used for hardy nursery stock.  Outdoor 

crops are mostly grown on gravel or Mypex covered beds with water applied either by 

overhead sprinklers or drippers.  Some nurseries use sand beds with sub-irrigation for 

specific crops (e.g. Hebe) which are prone to leaf diseases unless the foliage is kept dry.  

Protected crops often have overhead irrigation too but there are some sub-irrigation 

systems. Where CRFs are the main nutrient source the rate used will depend on the 

irrigation system (and also geographical location of the nursery) because the amount of 

leaching by irrigation and rainfall must be taken into account.  Conversely, with sand beds 

(particularly under protection) there is a risk of salt accumulation if excess nutrients are 

applied. 

 

Where CRFs are used there is a very low risk of nutrient loss to the environment, even with 

overhead watering or high rainfall because nutrient release is gradual and related to 

temperature. However if overhead liquid feeding is used for outdoor crops there is a risk of 

pollution if run-off from beds is not collected. Dripper systems are preferable to overhead 

irrigation because the water, and hence nutrient, application is much more accurate. 

 

Nursery stock grown under protection is not subject to rainfall which washes salts out of the 

growing medium and helps to avoid build-up of unwanted salts, such as chloride and 

sulphate. It is therefore important to reduce fertiliser rates under glass and polythene, 

particularly for young plants and/or salt sensitive plants. High risk situations are newly potted 

sensitive species when temperatures are high. Damage due to high fertiliser rates and 

hence high EC is common when unexpectedly high temperatures occur in autumn or early 

spring and shading and/or ventilation are not sufficient to lower the temperature. Such 

occurrences seem to be more common in recent years with climate change.  If in doubt it is 

safer to use a lower rate of CRF and top up with liquid feed. 

 

There is little use of closed systems with recirculated water/nutrient solution in the UK, 

mainly because of the capital cost of such systems. Closed systems are the most 

environmentally friendly as there is no run-off to the environment however the nutrition of 

crops must be even more carefully monitored to avoid accumulation of undesirable salts, 
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such as chloride and sulphate. Every so often it is necessary to dispose of the nutrient 

solution (onto a growing field crop) and start with plain water again, however in theory liquid 

feeding in such a way allows more control over the growth of the crop than use of a CRF 

system.  

Methods of nutrient supply 

The two main systems of nutrient supply for hardy nursery stock in the UK are: 

 

Base fertiliser + controlled release fertiliser (CRF) 

Base fertiliser + liquid feeding 

CRF system 

Most UK container nursery stock growers use CRFs because they provide nutrients for the 

life of the crop (plus some shelf-life usually), they are environmentally friendly and many 

nurseries have limited ability to use liquid feeding. Products with different longevities and 

release patterns are available to suit the vigour of the crop, the time of potting and the 

growing system.  As demonstrated by past HDC work, the CRF system works well with a low 

rate of base fertiliser to provide quickly available nutrients for the first 4-6 weeks. If the CRF 

starts to run out of nutrients too early, additional nutrients can be applied either by liquid 

feeding or top-dressing with a granular fertiliser. 

 

CRFs can either be mixed into the growing medium at manufacture or alternatively the 

required dose per pot can be ‘dibbled’ in at the base of the planting hole at potting. Where 

the latter technique is used the rate of CRF can be reduced slightly and there is more 

flexibility to alter the rate of use during potting to suit different crops. This then allows the 

same base mix to be used for a large number of crops, saves ordering of large numbers of 

different mixes and cleaning out potting machines between crops if the mix needs to be 

changed.   

Liquid feeding 

The efficacy of a liquid feeding programme depends on good monitoring of the crop 

requirements and of the feed being applied.   

 

Liquid feeding is used to supply major nutrients and trace elements. Sufficient Ca and Mg 

are usually obtained from the lime added to the growing medium but they can also be added 

in liquid feeds. Magnesium sometimes needs to be included in the feed to ensure a 

satisfactory K:Mg ratio is maintained. 
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Nutrients applied are usually expressed as mg/l (= parts per million) e.g. 200 mg/l or 200ppm 

nitrogen.  The actual amount of nutrient available to a plant will depend on the volume of 

liquid applied, hence you need to get a whole litre of liquid into a pot to apply 200 mg N if 

using a 200 mg/l N feed.  In small pots or plugs the volume of water with the feed dissolved 

in it going into each cell is small so maintaining nutrient levels is more difficult and a constant 

dilute feed system is preferable to feeding once a week with a more concentrated feed. 

 

The ratio of nutrients applied in the liquid feed should match the plant requirements 

otherwise deficiencies or toxicities can occur.  Over application of one nutrient could reduce 

availability of another.  Over application of nutrients is also wasteful if the run-off from 

watering/feeding is not collected and could cause pollution.  

 

Water high in bicarbonate may need acidifying before adding liquid feed (allow for extra N 

applied in the acid), otherwise nutrients such as P are less available. If the water is only 

moderately hard (170-250 mg/l bicarbonate) liquid feed containing urea phosphate can be 

used to acidify it and maintain P availability. 

Making up liquid feeds 

The standard system for making up liquid feeds is to dissolve fertilisers in a smaller volume 

of water first to make a ‘stock solution’.  This is then applied through a dilutor to the crop, 

e.g. at 1% = 1 part stock solution in 100 parts water.   

 

In summer a more dilute feed (e.g. 1 in 200) may be used because the crop needs larger 

volumes of water but in winter less water can be applied otherwise the plants will become 

waterlogged so a 1 in 100 feed may be better.  Strong feeds must be rinsed off the foliage 

with plain water to prevent leaf scorch. 

 

Most growers use proprietary soluble fertilisers to make up liquid feeds. A wide range are 

available with varying ratios of N:P:K.  Specialised feeds for hard or soft water are also 

available, soft water requiring additional calcium and hard water feeds containing phosphate 

in forms with better availability at high pH.  The advantages of proprietary fertilisers is they 

are formulated to be easier to dissolve and they avoid the need for weighing out a number of 

different fertilisers. They are more expensive however and it is possible to make up liquid 

feed stock solutions from ‘straight’ fertilisers. 
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Equation for calculating fertiliser requirements for stock solution: 

 

g/litre fertiliser in stock solution   

=   

Target mg/l of element in final feed x dilution factor x 

100 

 1000 x % of element in fertiliser 

 

( = dilution that stock solution is applied at, e.g. if 1 in 100 this figure is 100) 

Therefore for the above example to apply 100 mg/l N in the feed using potassium nitrate 

(14% N, 38% K) and a 1 in 100 dilution: 

 

g/litre in stock solution = 100 x 100 x 100  

                                        1000 x 14 

 

                                    = 71.4 g/l potassium nitrate 

 

The potassium nitrate is 38% K so would also supply potassium which can be calculated: 

 

 38  x  71.4 g of K in the stock solution =  27.1 g K  in the stock solution before dilution 

100 

 

27g =27,000 mg of K, therefore once diluted 1 in 100 this supplies 270 mg/l K in the actual 

feed. 

  

This equation can also be used for mixtures of fertilisers, for example using the main 

‘straight’ fertilisers – ammonium nitrate (34.5% N), potassium nitrate (14% N, 38% K) and 

mono ammonium phosphate, MAP, (12% N, 24.5% P) 

Supplementary fertilisation 

For outdoor crops where there is no facility to liquid feed the only way of supplying 

supplementary nutrients (for example where the CRF used has run out) is to top-dress with 

granular fertiliser or extra CRF.  Plugs of CRF are available which allow more convenient 

application, using the appropriate number for the size of the container. Top-dressing needs 

to be carried out in good time (e.g. late winter/early spring for an over-wintered crop) 

because it takes time for the nutrients to move down into the growing medium. Granular 

fertilisers are now available which are ‘sticky’ so do not roll off the pot surface so easily. 
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Foliar feeding 

In certain situations where uptake of nutrients by the plant roots is inadequate (for example 

due to high pH or root damage) small amounts of nutrient can be applied in foliar form.  

Foliar feeds are particularly useful for correction of magnesium, iron or manganese 

deficiencies and can give a rapid response, however repeat applications are usually needed 

and they can cause scorch if applied in hot, sunny conditions.  For Mg application ‘Epsom 

Salts’ (magnesium sulphate) can be used; for Fe or Mn the chelated forms are usually 

recommended.   

 

Calcium nitrate can be used as a foliar feed but must be applied as a preventative treatment 

before calcium deficiency symptoms are seen to be effective. Calcium deficiency is best 

avoided if possible by optimising the crop environment (keeping humidity low to maximise 

transpiration and hence the flow of calcium through the plants). 

 

Conclusions 

 There is scope for more studies on the use of lower rates of CRF, combined with liquid 

feeding, particularly for nursery stock crops under protection. 

 Consider the type of growing medium and growing system used to decide which is the 

best nutritional programme. 

 When using mixes containing bark and/or woodfibre be aware that extra N may be 

needed to counteract immobilisation. 

 If adjustments are required after potting consider the best way to apply extra nutrients in 

practice. 
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Best practice for nutrition management in container grown hardy 

nursery stock 

Introduction 

The main aspects of best practice to consider and are covered within this chapter are: 

 Grouping by crop and growing system. 

 Specification of fertiliser use in the growing medium. 

 Monitoring of crop growth and nutrition for the most efficient use of nutrients and to 

minimise loss of nutrients to the environment. 

 Adjustment of nutrition according to crop growth. 

Crop groups 

Nutritional management has to be tailored to the crops grown, growing medium used, 

growing environment and stage of growth. For a nursery growing a wide range of hardy 

ornamental species the growing medium and nutritional regime used will have to be a 

compromise as it is not practical to have a separate mix and feeding programme for each 

crop grown. More specialist growers, such as many of those in the Netherlands, who only 

grow a narrow range of species, have a much greater opportunity to fine-tune nutrition.  For 

the more typical UK nursery stock grower the best option is to categorise species into broad 

groups, stage of growth (if young plants are also produced) and growing system (for 

example outdoor crops and protected crops).   

 

Drawing together data for this exercise proved difficult as optimum ranges for few species 

are available. It is likely that the groupings proposed are too broad in scope and sub-groups 

would need to be developed. A major restraint proved to be the lack of published data upon 

which to base the group guidelines. Collation of industry data would improve the definition of 

groupings and the guidelines. This could be achieved through a database system. 

 

The main groupings within UK nursery stock are: 

 Deciduous shrubs  

 Evergreen shrubs 

 Conifers 

 Ericaceous species 

 Deciduous fruit trees 

 Deciduous trees 

 Herbaceous Plants 
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A preliminary table of satisfactory range of nutrient levels within leaf samples is presented in 

Table 11. This is based on interpretation of published leaf nutrient levels in numerous printed 

sources. Nearly all these sources are reporting nutrient levels commonly found during 

analysis and do not include any attempt to determine the optimum range nor the levels at 

which deficiencies or toxicity are seen. This table is presented as a starting point for building 

a more complete set of guidelines and is based upon spreadsheets containing published 

information which can form the basis of the proposed database. It is NOT in a form that is 

immediately usable by growers. It is proposed that this guideline structure is refined as 

further information is added and, where possible, the main groups are sub-divided to 

improve accuracy. 

 

Table 11: Preliminary suggested range of satisfactory nutrient levels - leaf analysis for hardy 

ornamental nursery stock:  

    Plant     %         ppm     
    
Groupings N P K Ca Mg Mn Fe Cu Zn Mo 

                      
Deciduous 
Trees 

1.5-
4.2 

0.22-
0.50 

0.60-
2.50 

0.80-
2.80 

0.20-
0.70 

0.25-
300 

70-
600 

10.0-
18.0 

15-
45 

0.3-
4.5 

                     
Conifers 1.6-

2.5 
0.20-
0.45 

0.60-
1.75 

0.30-
1.50 

0.10-
0.30 

100-
250 

100-
170 

10.0 - 
20.0 

32 - 
50 

0.3-
1.9 

                      
Deciduous 
Fruit Trees 

2.0-
2.8 

0.15-
0.25 

1.50-
2.00 

0.80-
1.40 

0.20-
0.25 

30-
100 

45-
250 

7.0-
15.0 

15-
30 

0.9-
2.5 

                      
Deciduous 
Shrubs 

1.5-
2.5 

0.20-
0.60 

0.60-
2.00 

0.70--
2.00 

0.10-
0.50 

30- 
170 

100-
250 

10.0-
25.0 

25-
40 

0.7-
2.5 

                      
Evergreen 
Shrubs 

1.6--
2.6 

0.15-
0.30 

0.60-
2.00 

0.75-
2.50 

0.10-
0.50 

25-
300 

85-
300 

10.0-
30.0 

28-
90 

1.0-
10.0 

                      
Ericaceous 
Plants 

1.8-
2.0 

0.20-
0.40 

0.40-
0.80 

0.60 -
1.40 

0.15-
0.30 

600-
1500 

93-
245 

1.0-
3.0 

21-
37 

0.8-
1.4 

                      
Herbaceous 
Plants 

3.0-
5.0 

0.20-
0.50 

2.00-
5.00 

1.00-
1.50 

0.20-
0.50 

25-
300 

50-
300 

8.0-
25.0 

20-
200 

0.2-
0.5 

                     

                      

 

Whilst there are concerns about the usefulness of the guidelines presented here, they are 

offered as an example of what may be achieved from more detailed work in collating industry 

data. 
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Specification for the growing medium 

For each crop group the growing medium specification should be agreed with the supplier. 

This will include the physical ingredients in the mix (e.g. 75% peat (and breakdown of peat 

grades), 25% pine bark), the target pH when the mix is in use (the initial pH at manufacture 

will probably be slightly lower), the rate and type of base fertiliser (e.g. 1.2 kg/m3 PG Mix 

12:14:24) and, if being incorporated, the rate and type of CRF (e.g. 4.5 kg/m3 Osmocote 

Exact 12-14 month). Any additional ingredients, such as supplementary nitrogen fertiliser, 

wetting agent etc. should also be specified.  When a batch of growing medium is delivered, a 

1 litre sample of the unused mix should be taken, labeled and kept in a cool place until the 

crop has been sold as a record of the original mix. 

Monitoring 

The nutritional status of the crop should be monitored by observing the crop appearance 

(rate of growth, leaf colour etc.) as described in this report. A suggested monitoring regime 

would be: 

 

Irrigation water – sample twice a year for full analysis including bicarbonate 

(alkalinity). 

 

Growing medium – sample key crops during the growing season, for example 

monthly laboratory analysis of pH, EC and available nutrients for high value crops 

and if necessary an analysis in January/February to check nutrient reserves for 

spring growth.   

 

Plant tissue – take leaf samples from crops if/when nutritional problems are 

suspected. 

Adjustment of nutrition 

Where monitoring samples indicate excess nutrient levels, use plain water only on the crop 

to flush out excess salts. If high EC is related to high temperatures under protection consider 

shading to reduce the temperature. If necessary adjust the fertiliser rate for subsequent 

crops. 

 

If monitoring shows that nutrient supply is not keeping pace with crop demand consider 

using supplementary feeding where possible to top up nutrient levels. When using liquid 

feeding on outdoor beds ensure that it is applied accurately to avoid run-off to drains and 

water courses.  
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Conclusions: 

 Nurseries should have clear specifications for all mixes, including the pH, base fertiliser 

rate and the type and rate of CRF. 

 Group species grown into crop groups with similar requirements in terms of the physical 

characteristics of the growing medium and nutrient regime. 

 Keep a quality control sample of each batch of growing medium in a cold store as a 

reference if needed later. 

 Monitor nutrient levels and crop appearance through a monitoring regime which tests 

irrigation water, growing media and plant tissue at appropriate intervals. 

 Take steps to adjust nutrient status if necessary, e.g. by applying liquid feed or top-

dressing if the nutrient supply is inadequate or flushing through with water if salt levels 

are too high. 
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Future Research and Development 

Nutrients are a major component of container grown production of nursery stock but, if not 

used efficiently at sub-optimal levels, can seriously limit production and plant quality. Supra-

optimal nutrient levels risk crop damage and reduced quality but also risk causing 

environmental pollution with nutrients in run-off being dispersed within the environment, in 

addition to being costly. Both under and over dosing of nutrients have a considerable impact 

on production costs and profitability. The lack of nutritional research and development 

throughout the world over recent years has left significant gaps in knowledge which threaten 

the resilience of nursery stock production.  A series of research and knowledge transfer 

priorities have been identified as listed below: 

 

1. Improving understanding of nutrient flow within production systems and the influence of 

climatic factors on nutrient availability and plants ability to take up and utilise nutrients. 

 

1a. Definition of critical nutrient thresholds in hardy ornamental nursery stock. This data is 

available for many glasshouse ornamental species but sadly lacking for HONS crops.  

 

2. Utilising CRF fertilisers more efficiently.  

Investigation of lower CRF rates and their interaction with fertigation and foliar feed regimes 

to optimise plant productivity, quality and nutrient use offers cost saving and quality 

improvements. Developing the use of day degree/thermal time models to predict CRF 

release based on recording substrate and air temperatures could help achieve better 

understanding and enable prediction of when additional nutrients will be needed by crops. 

 

3. Research on the use of lower phosphate regimes for container nursery stock.  

Phosphorus is likely to become more costly and plants respond both positively and 

negatively to this nutrient. Extending the range of knowledge on phosphate sensitivity would 

help limit adverse effects. The use of phosphates may be useful in stimulating root activity 

and utilisation of the activity phosphites can have in disease control, may have a dual 

benefit.  

 

4. Managing nutrition in reduced peat/peat-free media, including supplementary nitrogen for 

high proportion woodfibre substrates. 

Moves towards peat free substrates in container production can only be successful if the 

nutrition characteristics and interactions with potential components are better understood. It 
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is essential that nutritional studies form part of any R&D which is undertaken on substitutes 

for peat in growing media. 

 

5. The use of foliar feeds for disease prevention and improved winter hardiness and to rectify 

nutrient deficiencies. 

There is evidence that timing of nutrient availability can help combat stress and 

demonstrating these effects would be timely for growers to maximise their assets in 

maintaining quality plant production. 

 

6. Bionomics for production of woody and herbaceous plants in containers to facilitate 

nutrient uptake and plant health. 

The use of specially formulated ‘humic’ composts in growing media (not as a peat 

replacement but to help optimise nutrient availability) and provide some disease suppression 

should be investigated. The use of biostimulants to enable nutrient levels to be reduced in 

container grown nursery stock and manage abiotic and biotic stress situations is poorly 

understood. 

 

7. Minimising nutrients levels in leachate run-off from container beds including use of CRFs, 

fertigation and foliar feeds. 

Collaboration with R&D workers in other parts of Europe could help UK growers to be in a 

position to meet the future demands likely to be imposed in EU water and environmental 

directives whilst making better use of CRFs. Monitoring run-off from container beds in 

relation to the fertiliser regime used could be used to verify which systems have the lowest 

risk of nutrient loss to the environment. 

 

8. Development of database for leaf analysis data for key high-value crop groups. 

Initial data could be loaded from Smith (1978); Proe (1994); Aendekerk (1996) and other 

published sources to form the basis of an online system with other information being 

contributed by the industry as individual growers become more proficient at monitoring 

nutrients on their nursery. A limited volume of analysis commissioned by HDC over a three 

year period would ensure momentum is maintained to produce a credible resource as 

quickly as possible. The development database should also allow for leaf petiole analysis 

data for container grown nursery stock to be integrated with other data. 

 

9. A requirement, to be placed on all contractors, for all future studies funded by HDC on 

crop nutrition, and other work where nutrient analyses are carried out, should be the 

publication of the results of analysis substrates and plant tissues as an appendix to the final 
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report. The information gained in this way could them be added to a nutrient database to 

increase information available for growers.  

 

10. Establishment of Centre of Excellence for nursery stock research and development. 

It is recommended that a centre of excellence is created to provide a focus for both R&D in 

UK and interaction with research workers elsewhere. A number of options are possible, 

including using the HDC Cut Flower Centre, with a commercial base, negotiating with an 

existing research centre such as EMR to utilise existing facilities or a “virtual centre” where a 

nominated leader clusters a network of researchers to collaborate. 

 

11. Improving interaction with European Research on nutrition of container grown hardy 

nursery stock.  

The UK has little involvement in European collaborative research on nutrition of horticultural 

crops yet such interaction offers access to knowledge and experience whilst being a route to 

EU funding opportunities. A hindrance to the development of these links and progressing the 

studies mentioned above is the lack of a recognised centre undertaking this type of work in 

the UK.  
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Knowledge and Technology Transfer 

Much of the information on managing nutrition of nursery stock crops has been available for 

many years but it has not always been put into practice on nurseries. Improvements on 

some nurseries could be achieved by actions such as having clear specifications for growing 

media in terms of pH and fertiliser type and rate and carrying out more monitoring of the 

nutrient status of crops. 

 

The actions most likely to offer real improvements in nutrition management on individual’s 

nurseries quickly are suggested. They utilise existing information, techniques and readily 

available equipment and products. 

 

1. Development of on-nursery nutritional monitoring systems. 

The ability to monitor efficiently the nutrient demand and use in crops provides the basis for 

effective nutrient usage and avoidance of waste and risks associated with run-off, high EC 

and toxicities. This work would involve evaluation and demonstration of quick tests for 

determining nutrients and nutrient charting to aid management and predicting demand and 

need for further nutrients. Approaches being used in other countries would be included to 

test the appropriateness of them in the UK. Initially a protocol would be established and used 

on two development nurseries which would provide experience in how the system operates 

and form the basis for promotional workshops, whilst providing useful data. 

 

2. Nutrition Workshop(s) explaining on-nursery nutritional monitoring in general – sampling, 

use of hand-held meters, Pour-through method, interpretation of analyses and specifications 

for mixes, solutions for nutrient problems and high EC and using the experience from the 

development nursery’s to explain the HDC scheme. 

 

3. Fact sheet: Liquid feeding nursery stock, including use of two tank system. Whilst 

frequently used in mainland Europe these systems are much less common in UK yet offer 

the opportunity of greater control over nutrients and plant growth. Information may 

encourage growers to investigate this approach. 

 

4. Fact sheet: Effective foliar feeds. 

The range and approaches to foliar feeds are not widely appreciated and information on 

these would explore how best to use make use of them within a crop programme. 

 

5. Facts sheets on nutrient deficiency recognition and treatment. 
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Glossary 

Alkalinity: Alkalinity and pH are not the same thing.  Total alkalinity is a measure of the amount 

of lime present in the form of carbonates and bicarbonates.  Consider two samples of water. If 

they have very different proportions of the ions calcium, magnesium, sodium, chloride, 

bicarbonate and carbonate they can still have the same measured pH but radically different total 

alkalinity. The ideal irrigation water for nurseries has enough total alkalinity, e.g. 50 to 80 mg/l to 

counter act acidity from fertilisers and to supply some calcium and magnesium. In areas of the 

country where irrigation water has a low total alkalinity (‘soft water’) the lime added to the growing 

medium must supply the majority of the calcium and magnesium needed by the plants.   Water 

with high alkalinity (‘hard water’) can cause a gradual rise in the pH of the growing medium over 

time and can also cause problems such as blocking of irrigation nozzles and chalk marking on the 

leaves.   

Air-Filled Porosity (AFP): The volume percentage of a growing media, filled with air when just 

drained against gravity.   A low AFP will make container grown plants susceptible to water-

logging.  Conversely, a high AFP, e.g. 25%, will provide plants roots with plenty of air, but will 

require frequent watering.  For most purposes, AFP levels between 10 and 20% are desirable.    

Anions: Negatively charged ions - which include sulphate, nitrate, bicarbonate and phosphate. 

Available nutrients: Nutrients available for plant uptake.  

Buffering capacity: This is ability of growing media to resist changes to the pH and is closely 

linked to its Cation Exchange Capacity (CEC). Growing media with high cation exchange 

capacities – those with much clay/colloids and especially humus – have the greatest ability to 

withstand a pH change. 

Bulk density: This is the bulk density of a moist growing media usually seen in laboratory 

analysis reports in grams per litre (g/l) or kilograms per cubic metre (kg/m3). Growing media is 

commonly in the range of 250 to 500 g/l dependant on moisture content.   

Cation: A positively charged ion – which includes hydrogen, potassium, calcium, magnesium, 

copper and ammonium  

Calcium: Plants need calcium for normal cell division, as a component of cell walls, as part of the 

salts inside the cells and as part of their genetic coding materials. It is also needed by Rhizobium 

bacteria to form nodules on legumes roots.   High humidity can cause calcium deficiency because 

it reduces the uptake of calcium in the xylem.   

Cation Exchange Capacity (CEC): The CEC value is an indication of the ability of growing 

media to resist and retain essential nutrients which can be lost by leaching.  It is defined as the 

total amount of exchangeable cations, e.g .potassium, calcium and magnesium ions that a 

growing media a can absorb per unit weight or volume, expressed as millequivalents per 100 

grams (meq/100g). Most of the important plant nutrients in a growing media are held on the 

colloids - the clay and humus fraction.   
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Compost: The product of the composting process.  Compost produced from green material, such 

as landscape waste, is sometimes referred to as ‘green compost’.  

Controlled Release Fertilisers (CRFs): These are NPK fertilisers (usually with trace elements 

too) coated with resin or polymer. The coating allows the gradual release of nutrients into the 

growing media, the rate of release being dependent on the temperature.  The advantages of 

CRFs are reduction in leaching of the nutrients and the additional ‘coating’ allows a higher rate of 

fertiliser to be added at potting to provide nutrients to the plant roots through the growing period 

of the crop.   There are many different products of different longevities from 3 - 4 months to 16 - 

18 months. 

Electrical Conductivity (EC): A measure of the soluble salt or ion content of a material 

expressed most commonly as microsiemens per centimetre (µS/cm). Soluble salts, or ions, carry 

an electrical charge. The higher the quantity of charges, the greater will be the electrical 

conductance of the growing media /water availability to the crop /plant. The recorded measure of 

EC does not give any indication of which nutrient ions are present, nor any information about 

undissolved nutrients but it gives a useful measure of the overall available nutrient levels. Typical 

EC levels for growing media are 100 to 600 µS/cm.  

Ericaceous: A term describing plants belonging to the family Ericaceae, many of which are lime-

haters, i.e. intolerant of alkaline conditions. They are often intolerant of high soluble salt levels in 

either the soil or growing media. The term is also used to describe growing media which is 

suitable for growing plants, such as the Ericaceace, which require a low pH and low nutrient 

levels. 

Ion: An electrically charged particle into which the atoms or molecules of some chemicals 

dissociate when dissolved in water. The water in which they dissolve becomes a conductor of 

electricity. 

Leaching: The loss of nutrients from a growing media caused by the downward movement of 

irrigation /rainfall water; nutrients will be more easily leached from some materials than others.  

Liquid feeding: The application of nutrients dissolved in water to a growing media around the 

roots of the crop /plant. 

Magnesium: Every chlorophyll molecule has a magnesium atom at its centre.  Magnesium is 

therefore essential for photosynythesis. 

Nitrogen: N is present in many hundreds of compounds found in plants.  The most important 

ones are amino acids the building blocks of proteins, together with enzymes, chlorophyll and the 

genes.  Nitrogen is needed in the highest concentrations in plant parts that are actively growing - 

the young leaves, fruit and root tips.    

pH: A measure of acidity within a material, defined as the negative logarithm of the hydrogen ion 

concentration. The pH scale measures from 1 to 14, 7 being neutral, below 7 being acid and 

above 7 being alkaline. Because it is logarithmic scale, an increase in 1 unit of pH represents a 
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ten- fold decrease in the level of acidity. pH is an important feature of a growing media as it is has 

a strong influence on the availability of nutrients.  In loam-less growing media a pH of 5.5 is 

considered to be the level at which there is maximum availability of nutrients.  

Phosphorus: P is essential for photosynthesis and the making of protein and new cells.  It is 

therefore vital for rapid extension of shoots and roots.  Deficiency causes stunting of growth.   

Increasing applications of P lead to proportionate reductions  in the ability of plants to use iron 

leading in sensitive plants to iron deficiency (new leaves) as well as to P toxicity symptoms (old 

leaves). Many species of ornamental plants have inferior quality and/or reduced growth when 

grown with even moderately elevated levels of phosphorus.  Examples of species known to be 

affected are from the genera Rhododendron, Calluna, Camellia, Erica, Magnolia, Elaeagnus, 

Skimmia and Viburnum. 

Potassium: Potassium is needed by plants to control water movements between cells. In 

particular an adequate supply is necessary for the guard cells of stomata to minimise 

transpirational water losses.  It promotes thickening of cell walls, so helping to protect plants from 

disease.  

Soluble salts: A term used to describe the soluble fraction of fertilisers and soil nutrients. The 

total salt level in a growing media is measured by electrical conductivity.  Soluble salts levels are 

an important indication of available nutrient levels   If the level is too low the growth of the plant 

will be reduced. However, plant growth can also be inhibited if the levels of soluble salt are too 

high, due to toxicity caused by a specific ion, or as a result of the interference to water uptake that 

high soluble salt levels can cause.   

Salt sensitive plants: A term used to describe plants which are intolerant of high levels of 

available fertiliser within the growing media.  Examples are Rhododendron ,Azalea, Pieris, Erica 

and Calluna.     

Trace element: The term is used to describe nutrients essential for successful plant growth but 

which are only required in very small amounts, sometimes known as minor nutrients or micro-

elements. 

 

 



 Agriculture and Horticulture Development Board 2014. All rights reserved 4 

References 

Aendekerk, T. (1997). Fertilization Guide for Nursery Crops. Research Station for Nursery Crops. 

Research Station for Nursery Stock, Boskoop, Netherlands. 

 

Bertoldi, M; Ferranti, M.P; L’Hermite, P; Zucconi, F. (1987). Compost Production, Quality and 

Use. Elsevier, London, 853pp. 

 

Bi, G; Scagel, G.F: L.H. Fuchigami, L.H.; Regan, R.P. (2007). Rate of nitrogen application during 

the growing season alters the response of container-grown rhododendron and azalea to foliar 

application of urea in the Autumn. Journal of Horticultural Science & Biotechnology 82 (5) 753–

763 

 

Bragg N C & Whiteley G M. (1995). Nitrogen draw-down index (NDI) tests used with various peat 

alternatives in relation to plant growth observations. Acta Horticulturae 401, pp 309-317. 

 

Bunt, A.C. (1988). Media and Mixes for Container Grown Plants. Second edition, Unwin Hyman. 

309pp 

 

Cresswell, G.C; Weir, R.G. (1997). Plant Nutrient Disorders: Ornamental Plants and Shrubs. 

Inkata Press, NSW Agriculture. 233pp 

 

Defra (2010) Fertiliser Manual (RB209), 8th Edition, TSO. 

 

Dordas, C. (2008). Role of nutrients in controlling plant diseases in sustainable agriculture. In 

E.Lichtfouse et al (eds) Sustainable Agriculture. 

 

Eigenram, K. (2006). Bionomics for woody and herbaceous plant production. Combined 

Proceedings IPPS 56:208-212 

 

Eymar, E; Cadahia, C; Sanchez, A; Lopez-Vela, D. (2000). Nutritional diagnosis based on sap 

analysis for Cupressus glaba and Cypressocyparis leylandii with fertigation systems. 

Communications in Soil Science and Plant Analysis 31(9-10)1225-1248. 

 

Fauteux, F.; Wilfried Rémus-Borel, W.; Menzies, J.G. :Bélanger, R.R. (2005). Silicon and plant 
disease resistance against pathogenic fungi. FEMS Microbiology Letters, 249, (1), 1–6. 
 



 Agriculture and Horticulture Development Board 2014. All rights reserved 5 

Fine, K. E; Smith, M.W; Cole, J.C. (2013). Partitioning of nitrogen, phosphorus, and potassium in 

redbud trees. Scientia Horticulturae  152, 1–8 

 

Gils J, Chong C & Lumis G. (2004). Container nursery stock response to recirculated nutrients. 

Acta Horticulturae 630, ISHS. 

 

Handreck K & Black N. (2010). Growing media for ornamental plants and turf. University of New 

South Wales Press Ltd, 4th edition. 

 

Hochmuth, G. (2003). Plant petiole sap testing of vegetable crops. University of Florida, Inst.Food 

Agri.Sci, Coop Ext.Service, Dept Hort Sci. Exten Circ 144. 

 

Ignacio, Martın; Nieves, A; Lopez, M.C; Prieto, M; Cadahıa, M; Eymar, E. (2007). Estimation of 

Leaf, Root, and Sap Nitrogen Status using the SPAD-502 Chlorophyll Meter for Ornamental 

Shrubs. Communications in Soil Science and Plant Analysis, 38: 1785–1803. 

 

Jones, J.B. (1985). Soil testing and plant analysis guides to the fertilization of horticultural crops. 

Horticultural Reviews 7:1-68. 

 

Lanthier, M. (2006). Mycorrhizal fungi: Impact of commercial products in nursery propagation. 

Combined Proceedings IPPS 56:496-508 

 

LeBude A V & Bilderback TE. (2009). ‘The pour through extraction procedure’. North Carolina 

State University publication. 

 

Losenge, T; Faust, J.E: Jeffers, S.N; Dole, J. (2011). Supplementary nitrogen with calcium and 

potassium silicate to manage Botrytis cinerea on poinsettia. Special Research Report 450. 

Amercian Floral Endowment. 

 

Maher M J & Kirkland C. (1998). Effect of peat grade, irrigation system and nutrition on the 

production of nursery stock in closed systems. Kinsealy Research Centre paper 4077. 

 

Majsztrik J C, Ristvey A G & Lea-Cox J D. (2011). Water and nutrient management in the 

production of container-grown ornamentals. Horticultural Reviews, Volume 38. Edited by Jules 

Jannick. 

 



 Agriculture and Horticulture Development Board 2014. All rights reserved 6 

Marchant-Smith, D.L; Ozanne, C.N. (1995). Monitoring the nutrition of clematis using sap 

analysis. Acta Horticulturae 401:389-392 

 

Maronek, D.M; Hendrix, J.W; Kieran, J. (1981). Mycorrhizal Fungi and their importance in 

horticultural crops, in Janick, J. (ed) Horticultural Reviews 3:172-213 

 

Martín-Mexa, R.: Villanueva-Couohb, E.: Herrera-Camposb, T.; Larqué-Saavedraa, A. (2005).  

Positive effect of salicylates on the flowering of African violet. Scientia Horticulturae, 103, (4), 

499–502 

 

Marschner, P. (2012). Marcheners Mineral Nutrition of Higher Plants. Third Edition. Academic 

Press. 

 

Mathers, H. (1999). Common Toxicities of Woody Ornamentals. Ohio Agricultural Research and 

Development Center, Ohio State University Extension, Department of Horticulture and Crop 

Science, The Ohio State University. 

 

Mauch-Mani, B ; Métraux, J-P. (1998). Salicylic Acid and Systemic Acquired Resistance to 
Pathogen Attack. Annals of Botany 82 (5): 535-540. 
 

Maynard, D.N; Lorenze, O. A. (1979). Controlled released fertilisers for horticultural crops, in 

Janick, J (ed) Horticultural Reviews 1:79-140 

 

Monaghan, J. (2004). Establishing optimal rates of CRF nutrition. HDC Final Report HNS43f. 

 

Prasad, M; Spiers, T.M. (1984). Evaluation of a rapid method for plant sap nitrate analysis. 

Communications in Soil Science and Plant Analysis, 15(6): 673-679. 

 

Pellet, H. M; Carter, J.V. (1981). Effect of nutritional factors on cold hardiness of plants, in Janick, 

J (ed) Horticultural Reviews 3:144-171 

 

Proe, M. F. (1994). Plant Nutrition. In Forest Practice. Bulletin 111. Forestry Commission 4:37 – 

65. 

 

Ristvey, A.G; Lea-Cox, J.D; Ross, D.S. (2007). Nitrogen and phosphate uptake efficiency and 

partitioning of container grown azalea during spring growth. J.Amer.Soc.Hort.Sci. 132:563-572 

 

http://www.sciencedirect.com/science/article/pii/S0304423804001268##
http://www.sciencedirect.com/science/article/pii/S0304423804001268##
http://www.sciencedirect.com/science/article/pii/S0304423804001268##
http://www.sciencedirect.com/science/article/pii/S0304423804001268##
http://www.sciencedirect.com/science/article/pii/S0304423804001268##
http://www.sciencedirect.com/science/article/pii/S0304423804001268##


 Agriculture and Horticulture Development Board 2014. All rights reserved 7 

Santos, K.M; Fisher, P.R; Argo, W.R. (2011). Survey of Tissue Nutrient Levels in Vegetative 

Cuttings. Communications in Soil Science and Plant Analysis, 42:669-693. 

 

Scagel, C.F; Bi, G; Fuchigami, L.H.; Regan, R.P. (2008). Nitrogen Availability Alters Mineral 

Nutrient Uptake and Demand in Container-grown Deciduous and Evergreen Rhododendron. J. 

Environ. Hort. 26(3):177–187.  

 

Schenk, M.K. (1988). N-status of pot plants as evaluated by measurement of substrate and plant 

sap nitrate. Acta Horticulturae 221 – 260 

 

Scott, M.A. (1986a). The role of phosphate in the production of quality container-grown nursery 

stock. Efford EHS Leaflet No. 2. 

 

Scott, M.A (1986b), The use of bark in composts. Efford EHS Leaflet no. 4. 

 

Shear, C.B; Faust, M. (1980). Nutritional ranges in deciduous tree fruits and nuts. in Janick, J (ed) 

Horticultural Reviews 2:142-163. 

 

Smith, E. M. (1978). Foliar analysis survey of woody ornamentals. Ohio Agricultural Research 

Center Circular 236, 30-34. 

 

Stephens, R ed. (2003). Nutrient Charting. The Nursery Papers, No.2003/03, NGIA, Horticulture 

Australia. ISSN@1326-1495 

   

Sterling, C. (1996). Literature review of critical nutrient thresholds and wider aspects of nursery 

stock nutrition. HDC Final Report project HNS 57. 

 

Wright, R.D; Niemiera, A.X. (1987). Nutrition of container grown woody nursery crops, in Janick, J 

(ed) Horticultural Reviews 9:75-101 

 



 Agriculture and Horticulture Development Board 2014. All rights reserved 8 

APPENDICES 

Appendix 1 Plant leaf petiole sap analysis on nurseries 

 

Plant petioles sap analysis offers the opportunity for nurseries to carry out routine nutrient 

analysis on the nursery by their own staff or advisor to provide a rapid view of crop condition and 

build up, over time, trends of have crops are developing and make most effect use of nutrients 

with potential savings in fertilizer and reductions in nutrient leaching. 

 

1. Test strips for sap nutrients 

Merck Reflectoquant and MQuant test strips,  Hach Aquacheck test strips (with the associated 

Test Strip reader) and Macherey-Nagel, Quantofix test strips are some of the commercially 

available products. These are quick to use and relatively cheap in the short term. They give a 

direct result although can be difficult to read for some people distinguishing between colour 

gradations. They are useful for processing a few samples at a time. These strips can prove 

expensive in the long term and need exact dilution sometimes to fit within the reading range of 

the test paper and, depending upon the operator, can give high variability and low accuracy. The 

use of meters to read the test strips, such as the Reflectoquant reader and Aquacheck Test Strip 

reader can help improve accuracy. This type of test strip system is widely used for testing water 

and pool water quality. 

 

2. Colormetric measurement 

LaMotte Smart Colorimeter and test solutions are fast for a few samples with good accuracy at 

low nitrate concentrations. The costs can be high and needs the use of poisonous reagents with 

exact dilution protocol. They are practical only in situations where a nursery has an on-site 

designated interior “field laboratory” area. 

 

3. Ion meters 

Hanna Horiba type meters are fast, direct reading with a good range of concentrations covered. 

They are relatively cheap in the long term and good for field tests. At low nutrient concentrations 

they can give erratic readings and suffer from interference from other ions in solution. Calibration 

can be a problem. There a limited range of nutrients that can be measured by these meters. This 

approach is being used by some crop advisors in Europe and North America. 

 

4. Ion selective electrodes 

These offer cheap long term use with very accurate reading in range. No dilution of the test 

sample is required and many samples can be processed quickly. This system can be time 

consuming for a few samples and needs a calibration curve, however manufacturers are now 
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providing a greater level of support information. A limited range of ion selective probes are 

available but the range is increasing.  

 

In addition to direct measurements of nutrients the sap is also tested for pH and EC with some 

protocols also suggesting the measurement of brix levels (total soluble solids). These tests can 

also be used on leachate from pots and container bed run-off to provide more information on 

nutrient use. 
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Appendix 2a Nutrient values of woody ornamentals –deciduous trees  (Smith 1978)  
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Appendix 2b Nutrient values of woody ornamentals – deciduous shrubs (Smith 1978)  
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Appendix 2c Nutrient values of woody ornamentals – narrow leaf evergreens (Smith 1978)  

 

Appendix 2d Nutrient values of woody ornamentals –broad leaf evergreens (Smith 1978)  
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Appendix 3 Leaf analysis data HRI Efford (after Stirling 1996) 
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Appendix 4 Leaf analysis data for forestry species 

Marginal range of nutrient concentrations in forest nursery stock (% dry weight, current shoots 

late autumn for conifers and mid-summer foliage for broadleaved species): 

Crop N P K Ca Mg S 

Pines 1.5-1.8 0.16-0.18 0.6-0.7 0.06-0.10 0.07-0.10 0.15-0.20 

Spruces 1.2-1.6 0.16-0.18 0.5-0.7 0.10-0.15 0.06-0.08 0.13-0.18 

Larches 2.0-2.5 0.20-0.25 1.0-1.2 0.20-0.25 0.10-0.12 0.16-0.20 

Other conifers 1.6-1.8 0.18-0.25 0.7-0.8 0.15-0.20 0.10-0.12 0.16-0.18 

Alder, Lime,  

Birch, Sycamore, 

Cherry, , Maple 

2.3-2.8 0.18-0.25 1.0-1.2 0.15-0.20 0.10-0.15 0.14-0.20 

Other 

broadleaves 

1.7-2.3 0.14-0.20 0.7-1.0 0.20-0.30 0.15-0.20 0.16-0.20 

   (Proe 1994, Forestry Authority, Forest Nursery Practice Bulletin 111, 1994): 

 

 

Marginal range of trace element concentrations in forest nursery stock (% dry weight, current 

shoots late autumn for conifers and mid-summer foliage for broadleaved species): 

                                                       Trace Elements                   µg/g 

 Cu Fe Mn B 

Pines and Spruces 3 – 5 20 – 40 20 – 40 15 - 30 

Other Conifers 3 – 5 40 – 60 30 - 80 20 – 40 

Broadleaves 3 – 5 30 - 80 30 - 80 20 – 40 

      (Proe 1994, Forestry Authority, Forest Nursery Practice Bulletin 111, 1994) 

 

The desirable ratio of N:P:K for a wide range of forest species appears to show certain trends. 

The optimum N:P:K ratio varies from 6:1:5 to 11:1:5 depending on the species.  
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Appendix 5a Leaf analysis of container grown plants at two sites with and without CRF.  

Spring-potted, raised outside. (Monaghan, 2004)  

a) Chamaecyparis lawsoniana ‘Ellwoodii’ 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

6 kg/m³ 

 Autumn Spring Autumn Spring 

 Eff. Whx. Eff. Whx. Eff. Whx. Eff. Whx. 

Nitrogen (%) 0.66 1.00 0.45 0.82 1.25 1.73 1.02 1.22 

Phosphorus (%) 0.09 0.11 0.08 0.08 0.20 0.29 0.15 0.17 

Potassium (%) 1.30 1.33 0.75 0.79 2.09 2.38 1.28 1.27 

Calcium (%) 1.25 2.02 1.17 1.17 0.92 1.65 0.90 1.05 

Magnesium (%) 0.22 0.32 0.15 0.21 0.20 0.31 0.14 0.19 

Manganese (mg/kg) 311.83 482.61 233.88 251.5 134.80 341.88 31.50 113.24 

b) Cytisus x praecox 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

 Eff. Whx. Eff. Whx. Eff. Whx. Eff. Whx. 

Nitrogen (%) 1.34 1.73 1.84 1.95 1.56 1.75 1.91 2.64 

Phosphorus (%) 0.14 0.10 0.11 0.10 0.22 0.19 0.15 0.25 

Potassium (%) 0.88 0.89 0.70 1.18 1.46 1.27 1.45 1.47 

Calcium (%) 0.77 0.64 0.63 0.87 0.28 0.35 0.41 0.79 

Magnesium (%) 0.49 0.41 0.35 0.44 0.19 0.27 0.18 0.37 

Manganese (mg/kg) 947.14 1190.2 212.19 738.64 151.76 161.29 65.00 72.75 

c) Photinia x fraseri ‘Red Robin’ 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

 Eff. Whx. Eff. Whx. Eff. Whx. Eff. Whx. 

Nitrogen (%) 0.93 1.00 0.78 1.03 1.28 1.38 1.11 135 

Phosphorus (%) 0.09 0.09 0.09 0.09 0.14 0.14 0.14 0.18 

Potassium (%) 2.22 1.46 1.81 1.08 2.43 1.62 2.15 1.47 

Calcium (%) 1.45 1.47 1.90 2.06 1.42 1.38 1.83 2.42 

Magnesium (%) 0.34 0.36 0.39 0.49 0.26 0.27 0.31 0.43 

Manganese (mg/kg) 50.58 26.46 48.78 36.13 48.09 30.37 38.83 51.33 
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d) Viburnum tinus ‘Eve Price’ 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

 Eff. Whx. Eff. Whx. Eff. Whx. Eff. Whx. 

Nitrogen (%) 0.68 0.76 0.48 0.70 1.30 1.04 0.67 0.82 

Phosphorus (%) 0.07 0.08 0.20 0.06 0.11 0.12 0.07 0.08 

Potassium (%) 0.80 0.71 0.70 0.72 1.58 1.53 1.05 1.02 

Calcium (%) 1.00 1.23 0.97 1.08 1.06 0.88 0.90 0.99 

Magnesium (%) 0.42 0.53 0.42 0.47 0.39 0.41 0.33 0.41 

Manganese (mg/kg) 143.64 143.34 173.05 147.09 133.47 109.66 115.45 107.28 

 

 

e) Weigela ‘Red Prince’  

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³at Eff.  6 kg/m³ at Whx. 

 Autumn Spring Autumn Spring 

 Eff. Whx. Eff. Whx. Eff. Whx. Eff. Whx. 

Nitrogen (%) 0.63 1.10 1.00 1.22 0.81 1.00 0.92 1.55 

Phosphorus (%) 0.08 0.15 0.14 0.14 0.11 0.12 0.14 0.19 

Potassium (%) 0.48 1.28 1.69 1.58 0.85 0.78 1.26 2.56 

Calcium (%) 2.18 1.60 1.70 0.95 1.64 1.26 1.23 1.00 

Magnesium (%) 0.99 0.69 0.45 0.49 0.73 0.69 0.39 0.40 

Manganese (mg/kg) 124.57 95.84 64.97 61.91 91.94 53.94 43.44 46.73 
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Appendix 5b Leaf analysis of container grown plants with and without CRF.  

 

Spring-potted, raised in plastic tunnels - Efford  (Monaghan, 2004)  

a) Ceanothus impressus ‘Autumnal Blue’ 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

Nitrogen (%) 0.63 0.98 1.34 1.18 

Phosphorus (%) 0.08 0.11 0.10 0.12 

Potassium (%) 0.96 1.36 1.92 1.97 

Calcium (%) 1.88 1.94 1.26 1.22 

Magnesium (%) 0.31 0.32 0.19 0.19 

Manganese (mg/kg) 399.26 332.62 230.93 71.39 

     

 

b) Choisya ternata 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

Nitrogen (%) 0.94 0.82 1.11 1.18 

Phosphorus (%) 0.12 0.12 0.14 0.16 

Potassium (%) 0.89 0.91 1.00 1.16 

Calcium (%) 2.91 3.20 1.54 2.57 

Magnesium (%) 0.63 0.62 0.48 0.52 

Manganese (mg/kg) 82.90 103.20 65.77 106.20 

 

c) Jasminum nudiflorum 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

Nitrogen (%) 0.95 1.67 1.00 2.12 

Phosphorus (%) 0.11 0.23 0.13 0.34 

Potassium (%) 1.43 2.79 1.71 3.79 

Calcium (%) 1.57 0.85 0.78 1.11 

Magnesium (%) 0.55 0.37 0.29 0.33 

Manganese (mg/kg) 189.90 114.01 55.83 102.49 
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d) Photinia x fraseri ‘Red Robin’ 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

Nitrogen (%) 0.83 0.79 1.26 1.01 

Phosphorus (%) 0.10 0.09 0.13 0.15 

Potassium (%) 2.03 1.71 2.12 1.95 

Calcium (%) 1.78 2.07 1.62 1.56 

Magnesium (%) 0.36 0.42 0.27 0.25 

Manganese (mg/kg) 58.46 76.25 50.76 44.50 

 

e) Pieris ‘Forest Flame’ 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

 Autumn Spring Autumn Spring 

Nitrogen (%) 0.78 0.72 1.53 1.20 

Phosphorus (%) 0.08 0.07 0.20 0.16 

Potassium (%) 1.28 0.86 2.92 1.93 

Calcium (%) 1.14 1.24 0.94 1.26 

Magnesium (%) 0.23 0.25 0.23 0.23 

Manganese (mg/kg) 758.84 795.48 385.91 461.39 
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Appendix 5c Leaf analysis of container grown plants with and without CRF.  

 

Autumn-potted, raised in unheated glasshouse Efford (Monaghan, 2004)  

a) Cistus ‘Silver Pink’ 

 Spring 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

2 kg/m³ 

Nitrogen (%) 0.68 1.08 

Phosphorus (%) 0.06 0.09 

Potassium (%) 0.75 1.15 

Calcium (%) 1.30 1.09 

Magnesium (%) 0.34 0.28 

Manganese (mg/kg) 401.95 137.45 

 

b) Hebe ‘Red Edge’ 

 Spring 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

2 kg/m³ 

Nitrogen (%) 1.17 2.04 

Phosphorus (%) 0.06 0.17 

Potassium (%) 0.89 1.99 

Calcium (%) 1.21 1.28 

Magnesium (%) 0.57 0.65 

Manganese (mg/kg) 138.20 135.17 
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c) Lavandula angustifolia ‘Hidcote’ 

 Spring 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

2 kg/m³ 

Nitrogen (%) 1.37 1.41 

Phosphorus (%) 0.24 0.22 

Potassium (%) 3.05 3.12 

Calcium (%) 1.18 0.98 

Magnesium (%) 0.78 0.67 

Manganese (mg/kg) 101.01 74.33 

 

d) Euonymous japonicus ‘Ovatus Aureus’ 

 Spring 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

2 kg/m³ 

Nitrogen (%) 1.11 1.70 

Phosphorus (%) 0.13 0.21 

Potassium (%) 1.39 1.56 

Calcium (%) 1.16 0.88 

Magnesium (%) 0.22 0.23 

Manganese (mg/kg) 26.12 27.03 

 

e) Lavatera ‘Rosea’ 

 Spring 

 Nutrient starved 

0 kg/m³ 

Optimal nutrition 

4 kg/m³ 

Nitrogen (%) 1.41 1.94 

Phosphorus (%) 0.15 0.19 

Potassium (%) 2.17 3.20 

Calcium (%) 2.38 1.41 

Magnesium (%) 1.06 0.73 

Manganese (mg/kg) 180.88 109.11 
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Appendix 6 Symptoms of nutrient toxicity woody plants and principle functions in the plant. 

 Element   Toxicity symptoms  Principal roles  

Nitrogen (N)  Stunted growth and dark green 

foliage, marginal necrosis of leaves 

may occur. 

Synthesis of amino acids 

and in chlorophyll.  

Phosphorous (P)  Excess P can induce deficiencies of 

copper, Iron, Zinc and Calcium.  

Formation of nucleic acids, 

enzymes,  ADP and ATP.  

Potassium (K)  K excess would lead to symptoms of 

osmotic stress such as: chlorosis and 

marginal leaf necrosis, root loss and 

wilting of young shoots.  

Sugar translocation, guard 

cell movement, impedes 

disease.  

Calcium (Ca)  Excessive Ca levels will adversely 

affect the availability of other essential 

elements e.g. Fe.  

Cell wall constituent, Ca 

pectate holds cells 

together in middle lamella.  

Sulphur (S)  Excess S leads to osmotic stress 

symptoms such as: chlorosis and 

marginal leaf necrosis, root loss and 

wilting of young shoots.  

Constituent of amino acids, 

plant hormones and 

certain oils.  

Iron (Fe)  Excess Iron levels may cause 

deficiency symptoms of Cu, Mn or Zn.  

Involved in chlorophyll 

formation.  

Manganese (Mn)  Chlorosis and crinkling of leaves, with 

marginal cupping.  

A catalyst in oxidation-

reductions, and involved in 

chlorophyll formation.  

 (Mathers 1999) 


