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DISCLAIMER 

 

While the Agriculture and Horticulture Development Board seeks to ensure that the 

information contained within this document is accurate at the time of printing, no warranty is 

given in respect thereof and, to the maximum extent permitted by law the Agriculture and 

Horticulture Development Board accepts no liability for loss, damage or injury howsoever 

caused (including that caused by negligence) or suffered directly or indirectly in relation to 

information and opinions contained in or omitted from this document.  

 

© Agriculture and Horticulture Development Board 2022. No part of this publication may be 

reproduced in any material form (including by photocopy or storage in any medium by 

electronic mean) or any copy or adaptation stored, published or distributed (by physical, 

electronic or other means) without prior permission in writing of the Agriculture and 

Horticulture Development Board, other than by reproduction in an unmodified form for the 

sole purpose of use as an information resource when the Agriculture and Horticulture 

Development Board or AHDB Horticulture is clearly acknowledged as the source, or in 

accordance with the provisions of the Copyright, Designs and Patents Act 1988. All rights 

reserved. 

 

All other trademarks, logos and brand names contained in this publication are the trademarks 

of their respective holders. No rights are granted without the prior written permission of the 

relevant owners.  
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GROWER SUMMARY 

Headline 

Using best practice growing methods is as important as the type of feed applied; monitoring 

growing media and water, as well as plant growth are vital in avoiding nutrient deficiency, 

toxicity, and unnecessary waste of feeds. 

Application of liquid feed through overhead irrigation has the benefit of foliar uptake of 

nutrients but in periods of low water use, better results are achieved with a controlled release 

fertiliser (CRF). 

Financial savings can be made using capillary matting as part of the irrigation system but 

monitor for unwanted salts. 

Marginal leaf necrosis in primula has multiple causes, but calcium (Ca) nutrition can be 

improved by adapting the growing environment and application of foliar calcium nitrate 

(Ca(NO3)2). 

Application of nitrogen (N) to field grown narcissus at leaf emergence has no benefit over 

later application. 

Application of N at a rate of 80 kg/ha increases harvest bulb weight in field grown narcissus 

but does not increase incidence of basal rot (Fusarium oxysporum f.sp. narcissi (FON)).  

Application of N at rates of 50 kg/ha or lower have no impact on harvest bulb weight. 

Background 

The target of this project is to make nutritional recommendations for key crops in the protected 

ornamental, bulb and outdoor cut flower industry which could form part of the guidance 

available in RB209. When making nutritional recommendations it is important to understand 

the nutritional requirements of the plants and also how the different variables in the production 

system will alter the availability of different nutrients.  

A key area of investigation was to see how peat-reduced growing media mixes containing 

different components interacted with liquid feed applied via different irrigation methods, and 

to different crops at different times of year. The aim was to provide best practice advice on 

the use of liquid feed in protected ornamental crops, and how to make changes in feed 

regimes in response to changes in growing media as peat is phased out of use.  

Specific nutrient problems were identified in the project outline and in the scoping study; 

investigations were undertaken to improve primula nutrition for avoidance of leaf edge scorch 

and to tackle iron (Fe) deficiency in pH sensitive crops.  
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In a 3 year study on N nutrition in field-grown narcissus carried out at the trial sites in Cornwall 

and Lincolnshire, the aim was to review the current advice available in RB209 and to also 

look at the potential link between N application and incidence of basal rot. 

Summary 

Experimental investigations were carried out over a 4-year period, with trials undertaken at 

NIAB’s Cambridge site for glasshouse work, and in Lincolnshire and Cornwall for the field-

based narcissus trials. In Cambridge a bespoke set up of tabletop benches and irrigations 

systems were used to compare liquid feed application to bedding crops through different 

irrigation methods, a total of 5 trials were completed. The trial compared the results for plants 

grown in peat reduced growing medias, which were 70:30 peat perlite mix, 70:30 peat wood 

fibre mix, and 70:30 peat coir mix. A standard balanced feed was used, this was OMEX Adjust 

range, O-Mix 21-7-21 + 1.6 MgO + TE. In trials growing pansy in autumn/winter, the liquid 

feed was compared with a CRF with NPK ratio of 12-7-18 + TE, and a release time of 2 to 3 

months (Osmocote Bloom), at a rate of 3 g per l. 

Monitoring was carried out on growing media pH and electrical conductivity (EC) by saturated 

media extraction (SME), irrigation water and run off pH and EC, and nutrient content of 

growing media and leaf tissue by laboratory analysis.   

The trial results showed that in spring/summer where water use was high, the 3 irrigation 

systems investigated (ebb and flow, overhead and drip irrigation with capillary matting) all 

produced a saleable crop. Plants grown under the ebb and flow irrigation system had the 

highest fresh weight, except where the growing media mix contained 30% wood fibre.  

 

Figure 1. Results for spring/summer trial of petunia showing fresh weight (g) of above ground growth 

observations dated 07/08/2019. 

Use of overhead irrigation proved very effective where water use was moderate to high, and 

in some trials this produced a fresh weight that was equal or higher than those grown with 
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ebb and flow irrigation. As the feed concentration is the same this is likely a result of the 

added action as a foliar feed. As overhead irrigation used less water in the trials than ebb and 

flow, this can be regarded as more efficient use of water and feed.  

Use of overhead irrigation with hard water did result in the greatest increases in growing 

media pH over the duration of the trial, which is a concern for pH sensitive crops and resulted 

in bicarbonate induced chlorosis in petunia.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. pH over duration of trial in peat and coir mix growing media treatments, from spring/summer 

trial of petunia 2019 trial. 

  

In the winter where water use was very low, moving from liquid feed to a CRF produced the 

highest fresh weight. This was the case even when using an irrigation system with capillary 

matting with which liquid feed produced very low weight plants. 

Figure 3. Results for winter trial of pansy showing fresh weight of above ground growth displayed 

according to irrigation method and ranked for weight (g), observations dated 06/01/2022. 

 

The results in figure 3 also show that when watering was increased in the overhead irrigation 

(high rate vs targeted), there was no positive effect. Demonstrating that if plants do not require 
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additional water, they will not take up additional liquid feed. Increasing the feed:water ratio is 

a better option, which will help to avoid waterlogging and anaerobic growing media conditions.     

Results showed that with 70% peat and 30% wood fibre growing media mix, plants had the 

lowest fresh weight in every combination of feed and irrigation, indicating that mixes high in 

this substrate would benefit from an increased concentration of feed. The growing media 

mixes containing 30% coir had consistently higher potassium (K) levels, due to properties of 

the substrate. Mixes high in coir should be checked for high levels of K and choose a feed 

which accounts for this to avoid inhibition of N and Ca uptake.  

Investigations into leaf edge scorch in primula indicated that there are multiple causes of leaf 

necrotic tissue. Work over 4 trials at NIAB and a comparison with a commercial nursery 

indicate that causes can be diverse, as shown in figure 4. 

Figure 4. Comparison of different possible causes of necrotic leaf margins, (from left to right) potential 

nutrient toxicity (possibly Na), thermal stress and potential nutrient deficiency (Ca). 

Nutrition can be improved by altering environmental factors that affect movement of Ca in the 

plant, such as reducing humidity at crop leaf height, or avoiding water stress which also has 

the benefit of reducing the risk of thermal stress. Leaf necrosis in both cases is related to 

problems with lack of transpiration in the plant. 

Ca nutrition was also seen to improve with foliar application of Ca(NO3)2, but not at rates lower 

than 1:250 of a compound containing 22.5% Ca, 15% N. 

Primula is pH sensitive and prone to bicarbonate induced chlorosis due to Iron (Fe) deficiency, 

in trial conditions this was reversed by foliar applications of a 2% sequestered Fe product at 

5 ml in 1 l water at weekly intervals for 4 weeks. 

As growing media pH is a key factor in nutrient availability it was a reoccurring theme in the 

work. Changing the NH4 (ammonium) to NO3 (nitrate) ratio to influence pH is well documented 

in other studies, and where NH4 is present as a greater part of the ratio in liquid feeds and 

base fertilisers it will have an acidifying effect. The opposite effect is seen when NO3 is 

greater. For growers transitioning from peat-based growing media to peat-reduced and peat-
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free mixes, the ability to influence pH using different forms of N could be of increasing 

relevance. Water retention in peat-reduced and peat-free mixes can be an issue, leading to 

more frequent or higher volume irrigation. If using water high in bicarbonate (HCO3
 -), the 

increase in pH seen over time could be greater than using a 100% peat media. 

The N nutrition study in field grown narcissus showed that after 2 years of N application, there 

was an increase in harvested bulb weight with an increase in rate of N, but this was not 

reflected in stem length or the number of stems produced. The results suggest that the 

influence from the year (environment), has a greater effect for stem length than N application, 

and bulb age is a greater factor for number of flowers. 

The weight of bulbs harvested at the end of the trial was higher with the application of N at a 

rate of 80 kg/ha from between 9% and 21% in the varieties tested, but not at lower rates. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Treatment details and results for weight of harvest bulbs per m from Lincolnshire trial, 

observations dated 15/06/2022 

The results do not support that it would be beneficial for application of N to take place at an 

earlier stage of the crop, i.e. at leaf emergence when that falls within the Nitrate Vulnerable 

Zone (NVZ) closed period. No improvement was seen over later application at the same site. 

This means that N applied during this period where NVZ restrictions do not apply, is likely to 

be less effective than if it is applied later in the growth stage of the plant.  

The study has generated very little data in relation to a link between N fertility and basal rot. 

Currently there is no evidence to suggest application of N at rates of up to and including 80 

kg/ha increased the rate of infection, but this may be a result of the trial design rather than 

there being no link.  
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Financial Benefits 

By adapting irrigation methods to time of year, savings on fertiliser use can be made. Results 

indicate that during summer a reduction in fertiliser cost of 44% could be made using capillary 

matting.   

The cost implication of changing from a liquid feed regime to CRF ranges from a 3 fold 

increase to potentially cost neutral. Cost saving is dependent on the efficiency of the watering 

system and therefore the amount of liquid feed wasted. Use of liquid feed maybe cheaper, 

however use of CRF has lower equipment cost and staff time input. 

Symptoms of Fe deficiency in primula can be reversed by foliar application of liquid 

sequestered Fe at a cost of 30 pence* per 1000 plants, saving around 10% of the crop from 

any deficiency. 

Routine Saturated Media Extraction (SME) testing can be completed at minimal cost*, initial 

outlay for EC/pH Meter – ExTech II - £150 and 2 x 500ml jugs - £10, plus price per test of 20 

pence for distilled water and coffee filters. 

Save fertiliser costs by avoiding early application of N (at leaf emergence) for field grown 

narcissus as it has no impact on stem length or flower number. 

*Prices are correct as of submission date of report – December 2022. 

Action Points 

• In periods of low transpiration be vigilant of overwatering and accumulation of salts 

(nutrients) in irrigations systems using capillary matting. 

• Reduce humidity in the glasshouse to improve Ca content in plants, and avoid water 

stress (drought) to reduce the risk of scorch symptoms 

• Electrical conductivity (EC) is only a method for measuring total ions. Undertake 

sampling and laboratory testing of irrigation water to get a clear understanding of the 

amount and type of nutrient ions that are present in the water supply. This can prevent 

unnecessary fertiliser use and avoid potential nutrient toxicity.  

• Regularly monitor the growing media EC to identify both inadequate and excessive 

levels, particularly in low water use periods.  

• Use controlled release fertilisers (CRF) or increase the feed/water ratio for winter 

crops where irrigation can be low in response to weather conditions.  

• In spring and summer Primula crops, reduce humidity in the glasshouse to improve 

Ca content in plants. This should reduce scorch symptoms.  

• Apply N as a top dressing to increase harvested bulb weight at rate of 80 kg/ha but 

avoid early application as it has no impact. 
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SCIENCE SECTION 

Introduction 

The target of this project is to make nutritional recommendations for key crops in the protected 

ornamental, bulb and outdoor cut flower industry which were planned to form part of the 

guidance available in RB209. The project was split into different areas of work which were 

identified in the scoping study described in POBOF 003 year 1 annual report. This identified 

the key crops, the common problems experienced in those crops and the conditions in which 

they were most frequently grown.  

Outside of the crop specific goals for the project, two other significant aims were identified. 

Firstly, it was to increase understanding of the impact on plant nutrition when the peat content 

of growing media is reduced. As reported in year 1, significant work has been carried out on 

some aspects of crop nutrition with direct relevance to the pot plants and bedding sector 

(Johnson et al 2013). Good understanding on the interaction between plants, substrate and 

composition of water-soluble fertiliser exists, including some tested models for prediction of 

effect on substrate pH (Fisher et al 2014b). However, much of this work relates to 100% peat 

based growing media and knowledge needs to be expanded to cope with the changes taking 

place in response to the UK government aims of net zero carbon emissions. Secondly it was 

to provide a resource for training, as a knowledge gap was identified during discussions with 

the industry. There are few resources available to train staff other than formal qualifications 

such as FACTS or as part of a college horticultural qualification.    

A program of work was designed to try and achieve all these aims, this work was carried out 

over a four-year period; in this final report the areas of study are reported on as separate 

sections but there are areas of commonality which are drawn together in the grower summary 

of this report. 

During the period of the project the UK and other parts of the world were subject to restrictions 

in response to the Coronavirus COVID-19 pandemic, this limited opportunities for in person 

meeting, Knowledge Exchange (KE) and nursery-based trials. Before restrictions were lifted 

the industry had voted to end the levy funding AHDB activities which has further limited the 

KE opportunities for this work, and the opportunities for project work to further explore the 

findings.   

  

https://archive.ahdb.org.uk/po-bof-003-nutrient-management-for-protected-ornamentals-bulbs-and-outdoor-flowers
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Introduction – Section 1. Interactions between irrigation type, 

growing media type and pot size with relation to the delivery of 

liquid feed to different plant species 

In this section of the project, work was carried out examining the interaction of irrigation, liquid 

feed and peat reduced growing media mixes. In the peat reduced growing media mixes, 3 

different types of alternative materials with different properties were used, with the rate of 

replacement material used at 30% of the overall mix. In the move to meet government targets 

for net zero carbon emissions, and the goal of parts of the industry to be more environmentally 

sustainable, growing media is moving to a minimum of 40% peat replacement and entirely 

peat free professional mixes are more common. During this project the requirements for peat-

free growing media have moved on and deadline for a UK ban on retail peat growing media 

is confirmed for 2024, and for the professional user this is expected for 2028 - 2030. By 

looking at three components with different chemical properties it is hoped that understanding 

of the interactions between them and water-soluble fertiliser can be developed to support the 

industry in this move.  

However, it is important to note that the source of components and processing methods has 

changed over the period of the project, and that is expected to continue as the growing media 

industry evolves their products. Wood fibre, coir and peat will have changed source and/or 

processing method, and this will have to some extent changed the properties of the growing 

media that is made from them. This could include ability to retain water, buffering capacity, 

natural content of ions and biological activity; all of these will impact in the requirement for 

application of nutrition for the plants that are grown in them. The project is reflecting the 

situation that growers themselves face and will continue to face in the coming years as all 

peat is phased out from use, and growing media manufactures develop mixes with new 

components to meet industry demand for the peat-free product. This highlights the need for 

understanding of the properties of the media and the interaction with irrigation and nutrient, 

as well as the necessity of regular monitoring and testing by the grower. 

A total of 5 trials were carried out in the period from 2019 to 2022. The work on the 2 trials 

carried out in 2019 is described in the document POBOF 003 annual report 2019, and the 

work on the 2 trials completed in 2020 is described in the document POBOF 003 annual 

report 2020.  

In the final year of the experimental work, investigations continued into the most effective 

route for application of liquid feed into bedding crops grown under protected environments, 

with the addition of further investigation into the use of controlled release fertilisers (CRFs) 

as an alternative method of nutrient delivery.  

https://projectbluearchive.blob.core.windows.net/media/Default/Research%20Papers/Horticulture/POBOF%20003_Annual%20report_2019.pdf
https://projectbluearchive.blob.core.windows.net/media/Default/Horticulture/Publications/Research%20Reports/POBOF%20003_Annual%20report%202020_05.02.21.pdf
https://projectbluearchive.blob.core.windows.net/media/Default/Horticulture/Publications/Research%20Reports/POBOF%20003_Annual%20report%202020_05.02.21.pdf


 

 © Agriculture and Horticulture Development Board 2023. All rights reserved  14 

Materials and methods 

In autumn/winter 2021 to 2022 an investigation was undertaken to see if the results obtained 

in the same period in 2020 were repeated. The trial was grown in a glasshouse at NIAB’s 

Cambridge trial site. The glasshouse was set to maintain a minimum temperature of 10oC, no 

supplementary lighting was provided, and no shade screens were utilised. The trial was 

carried out on a tabletop bench fitted with Stal & Plast liners. Each table was L 383cm x W 

63cm x H 75cm with its own individual irrigation method incorporated. 

The test plant was Pansy ‘Carneval® Yellow with Blotch’, these were obtained from Volmary 

as plug plants and were received on 04/10/2021. On 05/11/2021 the plugs were transplanted 

into H. Smith Plastic 12 cell bedding pack. (D – 23.0 cm, W – 17.5 cm, H – 6.5 cm, Volume: 

0.104 lt.) using three different peat reduced growing media mixes. The mixes were 70:30 peat 

and perlite mix, 70:30 peat and wood fibre mix and 70:30 peat and coir mix. 

No wetter or base feed was incorporated into the substrate, and the pH was adjusted to 

between 5.5 – 6. The peat used was the same for all mixes and was 0-10mm grade, the 

perlite was 0-6mm grade. 

The irrigation was applied by 2 different methods, either overhead manual irrigation or drip 

irrigation with capillary matting. The overhead irrigation was applied at 2 different rates to see 

if there was any difference between the plants produced under a high water rate or the more 

targeted manual irrigation as used in 2019 and 2020 trials. 

Irrigation events were determined by the requirements of the plants and all systems were 

allowed to drain freely following irrigation events, with no water recycling. The water supply 

used was mains supply for the area (hard water) with no other treatment. 

 

Table 1. Results of chemical analysis for the irrigation water at the Cambridge site. 

*pH and conductivity measurements made at 20 oC. 

The trial contained 2 different feed regimes, these were the same as used in the 2020 trials. 

The feeds used in the different treatments were as follows: 

1) A liquid feed (L) from the OMEX Adjust range, O-Mix 21-7-21 + 1.6 MgO + TE which 

was made up to a stock solution of 1 kg/10 l which was diluted 1:200 using a Dosotron 
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D3 Green Line injector. The resulting feed supplied 105 ppm of N in the form of 1.6% 

NH4 N, 3.4% NO3 N, 16% Ureic N.  

2) A controlled release fertiliser (CRF) with NPK ratio of 12-7-18 + TE, and a release 

time of 2 to 3 months (Osmocote Bloom), incorporated at a rate of 3 g per l of growing 

media. As no base feed is present in the growing media an initial liquid feed will be 

applied to provide nutrition while the product activated.  

 
Table 2. Abbreviation codes used in data collection and statistical analysis. 

Variable Code Types 

Feed L Liquid 

 

CRF Controlled release fertiliser 

Irrigation type code IAi 
Manual Overhead – targeted watering (6-8 l per irrigation 

event) 

 

IAii 
Manual Overhead – high rate watering (10-12 l per 

irrigation event) 

 

IC Capillary with trickle tape 

Growing media type 

code 
SA 

Peat and perlite mix  

 

SB Peat and wood fibre mix  

  SC Peat and coir mix 

 
 
Table 3. Treatment descriptions and codes used in the trial. 
 

Bench no. 3 3 3 4 4 4 1 1 1 2 2 2 

Treatment 
no. 

1 2 3 4 5 6 7 8 9 10 11 12 

Feed L L L L L L L L L CRF CRF CRF 

Irrigation 
code 

IAi IAi IAi IAii IAii IAii IC IC IC IC IC IC 

Substrate 
code 

SA SB SC SA SB SC SA SB SC SA SB SC 

 

The trial contains 12 treatments arranged on 4 benches arranged in a split split plot design, 

with 6 cell packs (each containing 12 plants) per treatment per species. 
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Assessments were made 9 weeks after potting, this consisted of plant height measured in 

centimetres (cm), a count of the number of flowers and the fresh weight of the above ground 

growth in grams (g), along with photographs of plant and roots from each of the treatments.  

The data from the trial was statistically analysed using analysis of variance (ANOVA) in order 

to determine the difference between treatments.  

Weekly observations on growing media electrical conductivity (EC) and pH were made from 

saturated media extraction (SME) using EXTECH ExStik II meter.  

A sample of plant tissue and growing media from each treatment was also sent for laboratory 

analysis at the end of the trial. The material sent was a bulk sample taken from at least 10 

randomly selected plants. 

Results 

In previous years the results for fresh weight proved to be the most illustrative indicator of 

performance so these have been used again in 2022 to illustrate the outcome of the trial. See 

Tables 1, 2 and 3, in Appendix 1 for all plant observations and statistical analysis. 

The significant difference quoted have been seen at 95% confidence interval. 

Table 4. Results of plant observations dated 06/01/2022.  

Feed code L L L L L L L L L CRF CRF CRF 
Growing 
media type 
code SA  SB  SC  SA  SB  SC  SA SB  SC  SA SB  SC  

Irrigation 
type code IAi IAi IAi IAii IAii IAii IC IC IC IC IC IC 

Treatment no. 1 2 3 4 5 6 7 8 9 10 11 12 

             

Average results for plant observations         
Height (cm) 
(L.S.D. 
0.6866) 4.6 3.7 4.3 4.6 4.1 3.8 3.9 3.6 3.6 6.8 6.4 6.9 

Number of 
flowers 
(L.S.D 1.525) 1.2 0.8 1.5 1.5 0.3 1.2 0.3 0.2 0.2 6.3 5.0 5.7 
Fresh weight 
of above 
ground 
growth (g) 
(L.S.D 1.601) 8.5 6.3 8.3 8.1 6.2 7.8 4.8 4.0 4.3 16.1 13.3 15.0 

             

 

For plant height no significant difference was observed between treatments 2, 6, 7, 8, and 9. 

Treatments 1, 3, and 4 are significantly taller than the observation for the smallest treatments. 

All treatments grown using CRF are significantly taller than those grown with liquid feed, 
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irrespective of the other variables in the trial. No significant difference was observed between 

the different growing media mixes where the CRF is used. 

No significant difference was observed between treatments 1 to 9 in the number of flowers. 

Treatments grown using CRF all have significantly more flowers than those fed with liquid 

feed. As with plant height no significant difference was observed between the different 

growing media mixes where the CRF is used.  

 

Figure 1. Results for fresh weight of above ground growth displayed according to irrigation method and 

ranked for weight (g). 

The lowest fresh weights are observed in the treatments with drip irrigation and capillary 

matting with liquid feed, and the highest in the drip irrigation and capillary matting with CRF.  

When comparing the two overhead irrigation benches, those that were watered in a targeted 

manner are slightly heavier than those with the higher rate watering regime, however the 

difference between the plants grown under the 2 rates is not significant in this respect. 

Within the different watering and feed regimes there are significant differences between the 

growing media types. With both overhead irrigation and the drip, and capillary with CRF, the 

growing media blend with wood fibre gives a significantly lower fresh weight than peat and 

coir, or peat and perlite. There is no significant difference between the fresh weight for the 

plants grown in the peat and coir, or peat and perlite mixes within the combinations of feed 

and irrigation method. 

The results for higher fresh weight with CRF are reflected also in the results for the leaf tissue 

analysis, the highest values for total nitrogen (N) in leaf tissue is seen where CRF is used 

with the impact greater for nitrate (NO3) form than ammoniacal (NH4) form. The growing media 

analysis shows the greater availability of N in these treatments. 
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Table 5. Results of leaf tissue (SAP) and growing media analysis for NH4, NO3, phosphorus (P) and 
potassium (K), samples dated 06/01/2022.  

Feed code L L L L L L L L L CRF CRF CRF 
Growing 
media type 
code SA  SB  SC  SA  SB  SC  SA SB  SC  SA SB  SC  

Irrigation 
type code IAi IAi IAi IAii IAii IAii IC IC IC IC IC IC 

Treatment no. 1 2 3 4 5 6 7 8 9 10 11 12 

         

Leaf tissue analysis (results in mg/l)         

NH4 43.5 8.3 47.3 45.5 39.3 42.9 28.3 29.5 32.0 55.4 47.2 45.7 

NO3 6.7 26.8 67.7 7.5 0.9 7.2 4.1 3.2 1.2 339.7 141.4 224.1 

P 457 470 662 443 365 621 153 217 372 477 339 439 

K 3597 4736 5299 3609 4099 5347 3670 4265 5073 5338 4785 5343 

             

Growing media analysis          

pH 5.3 5 5.9 5.3 4.9 6 5.2 4.9 5.7 4.8 4.5 5.1 

EC @20c 
(µS/cm) 36 39 70 29 34 61 58 49 112 265 255 276 

Total sol N 
(mg/l) 2.8 2 2 1.8 1.5 1.7 1.6 1.5 1.9 40.3 35 34.9 

P (mg/l) 0 0 0 0 0 0 0 0 1 5.6 4 5.2 

K (mg/l) 3 3.3 54 2 2.6 41.6 3.8 2.9 80 59 52.8 153.1 

 

The full results of the leaf tissue and growing media analysis can be found in Tables 1 and 2 

in Appendix 2. 

In the leaf tissue analysis, the results for K are highest in the peat coir mixes, or where CRF 

is used. The lowest levels are observed in the peat and perlite growing media mix and with 

the liquid feed. P levels have been less obviously affected by the form of feed used, it is 

lowest in the drip irrigation with capillary matting and liquid feed combination, the images 

below in Figure 2 show purpling of leaves in these treatments which is associated with the 

symptoms of P deficiency. In pansy, purple margins can also be a symptom of zinc (Zn) 

deficiency, however in this instance the results of the leaf tissue analysis show treatments 7, 

8, and 9 to have values for Zn within the range of all other treatments.  
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Treatment 1 Treatment 2 Treatment 3 

 
 

 

Treatment 4 Treatment 5 Treatment 6 

 
 

 

Treatment 7 Treatment 8 Treatment 9 

 
  

Treatment 10 Treatment 11 Treatment12 

Figure 2. Images of plants at final assessment, dated 06/01/2022. 

Further images from the trial can be found in Appendix 3 of the report. 

The leaf tissue analysis also shows high magnesium (Mg) and calcium (Ca) in the perlite 

mixes, the cause for this is not entirely clear. 

We also observed very high levels of leaf tissue sodium (Na) compared with previous year, 

in general terms these were x10 of the 2021 results. The increase was particularly high in the 
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combination of drip irrigation and capillary matting with liquid feed. The experimental design 

does not give an obvious source of the high levels, but it is possible that these contribute to 

the poor plant growth.  

 

 

 

 

 

 

 

 

 

Figure 3. Results of growing media analysis for N, P, and K (mg/l) from samples dated 06/01/2022. 

 

The results for growing media analysis show that the highest EC and total soluble N are found 

in the treatments that contain CRF. 

Within each of the different combinations of irrigation and feed regime, the peat coir mix has 

the highest EC, with little difference between peat and wood fibre and peat and perlite mixes. 

Treatment 9 the capillary irrigation, liquid feed and peat and coir mixture has the highest EC 

of the non-CRF treatments, but the plant material is very small with the second lowest fresh 

weight. In this treatment high levels of chloride (Cl) in the growing media maybe contributing 

to the high EC, potentially accumulated due to the irrigation method. This also demonstrates 

that the level of EC is not a good indicator of nutrient availability when used on its own. The 

levels of P are also highest in treatments grown with CRF feed, in other treatments there are 

negligible amount of P available in the growing media at this stage, but this has had no 

observable impact in the levels in the leaf tissue. The results for K are highest in the 

treatments with peat and coir growing media mixes even when no CRF is used, this mirrors 

the leaf tissue analysis results. 

The laboratory analysis results show that all treatments have growing media pH values at 6 

or below. All pH values for wood fibre mixes are below 5 which are the lowest values observed 

for the different growing media mixes. For each of the irrigation and feed treatment 

combinations the highest values are seen in the peat and coir mixes, and the lowest in the 

peat and wood fibre mixes.  
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When looking at the pH values obtained by SME during the trial the pH follows the same 

pattern for each growing media under the different combination of irrigation method and feed 

regimes, with the coir mix having the highest pH, followed by perlite and lowest is wood fibre. 

This order is not the same as seen in previous years.  

 

 

 

 

 

 

 

 

Figure 4. Observations for growing media pH obtained by SME for treatments grown with overhead 

irrigation. 

Full results of the pH and EC values obtained by SME can be found in Tables 3 and 4, 

Appendix 2 of the report. 

 

 

 

 

 

 

 

 

Figure 5. Observations for growing media pH obtained by SME for treatments grown with drip irrigation 

and capillary matting. 

The trend for growing media pH is for it to rise over the duration of the trial, all treatments 

have higher final pH compared with the starting value. The highest values are seen in samples 

dated 08/12/2022, 5 weeks after potting, where treatments with overhead irrigation have the 
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highest values. Highest value overall was seen in treatment 6, followed by 3, both are coir 

mixes with overhead irrigation.  

 

 

 

 

 

 

 

 

Figure 6. Observations for growing media EC obtained by SME for treatments grown with overhead 

irrigation. 

The EC value for the growing media obtained during the trial show that all treatments 

receiving liquid feed through overhead irrigation had stable but low EC. The EC for the 

treatments with growing media mix with peat and coir were higher, but this is as expected as 

the starting EC of this mix was higher due to the properties of the coir, than the peat and 

perlite mix, and the peat and wood fibre mix.  

The results show that there was no positive impact on the level of EC from the additional 

water rate and consequently greater quantity of feed. When considering the final EC of the 

same growing media mixes under the 2 watering regimes, those under the higher watering 

rate have a lower or equal EC compared with the targeted watering. 
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Figure 7. Observations for growing media EC obtained by SME for treatments grown with drip irrigation 

and capillary matting 

Where treatments included drip irrigation with capillary matting the EC levels varied more 

over the duration of the trial, and in the case of the treatments with CRF the levels were 

consistently higher. 

Discussion 

From 2 years of data for the trials of autumn/winter grown pansy we have observed a repeat 

in the following results: 

• The plants grown in the growing media mix with 30% perlite had the highest fresh 

weight in all combinations of feed and irrigation. 

• Where feed was applied only in liquid form, the plants grown using overhead irrigation 

had the highest fresh weights. 

• The highest fresh weights for all growing media mixes were observed where CRF was 

used. 

• The combination of CRF and 30% perlite growing media had the highest fresh weight 

of all treatments, but flower number was not significantly higher than other growing 

media mixes with the same fertiliser. 

• In each irrigation and feed combination the 30% wood fibre growing media mix had 

the lowest fresh weights and flower numbers. 

• The lowest fresh weight in the trial was observed in the combination of drip irrigation 

and capillary matting with the liquid feed, with the plants grown in 30% wood fibre 

growing media mix having the lowest of all of these. 

The impact of the growing media components on the pH seen in the first year has not been 

repeated. Based on the previous results it had been anticipated that there would be the 

greatest increase in growing media pH in the treatments containing wood fibre, this was not 

the case. The wood fibre mix had the lowest pH over the duration of the trial and the coir mix 

had the highest, but the non-peat component is only influencing the trend for pH to a certain 

degree. Other factors influence pH, and in previous reports the impact of bicarbonate (HCO3
 

-) levels in water have been discussed in relation to increase of pH over time. In the 2021/2022 

autumn winter trial, water use was very low due to environmental factors, i.e., low light and 

low temperature, and lower watering will have reduced the potential for HCO3
 – to accumulate 

in the growing media and cause an increase in pH. Had the water levels been comparable 

we would have expected to see the same results for pH increase as in 2021/2022 trial. 
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The temperature during this trial was also lower than in previous years and temperature does 

have an impact on pH; during monitoring, pH decreases with increase in ambient temperature 

due to increased ability of water to produce hydrogen ions, lowering pH. As the temperature 

was lower than the previous year this can be excluded as a reason why the pH may have 

been observed as lower. 

The difference in the components does also need to be taken into consideration. In the 

introduction to this section the comment was made that over a relatively short period of time 

the composition of growing media, the source of components and the method of preparing 

those components will have changed. The perlite used should have remained constant in its 

properties as it is inert, but the source of peat has changed due to the ban on extraction in 

Republic of Ireland (now often of Scottish and Baltic origin), and the source and processing 

method of wood fibre has also changed. This could result in changes in air filled porosity 

(AFP), cation exchange capacity (CEC) and water retention properties of the growing media, 

all of these will affect the ability of the media to bind nutrients and make them available to the 

plants. It is likely that this is the cause of some of the differences in leaf tissue and growing 

media analysis results over the years.  

Use of capillary matting in instances of low water demand by plants has the potential to 

exacerbate nutrient problems. If liquid feed is used as the nutrient source, the retention of 

water in the capillary matting reduces the water requirement and consequently the application 

of feed. Results from previous years show that increasing the feed:water ratio has a positive 

impact on growth but is not as effective as using overhead irrigation. The holding of water in 

the capillary matting also has the potential to accumulate unwanted levels of some ions. In 

Figure 8 below the Cl content of growing media can be seen to be highest in treatment 9, 

which is more than double the amount of the next highest treatment. High Cl can cause issues 

with toxicity, with symptoms of yellow halo on the leaf edges, with necrosis effecting the leaf 

tip initially and then spreading down the leaf, but also incompatibility with other nutrients. 

Where Cl is high it would be expected that leaf tissue NO3 is lower, as Cl is considered to limit 

NO3 uptake and accumulation in plant tissue. 
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Figure 8. Results for Cl content in growing media in samples dated 06/01/2022. 

The data over years shows a trend for higher Cl levels in growing media where capillary 

matting is used as part of the irrigation system, and in particular the combination of a growing 

media mixes containing coir and using capillary matting. 

Although Cl has been considered a negative factor in N nutrition in plants, and the work in 

this project appears to demonstrate that, recent studies in tomato and other crop species 

(Neocleous. D et al, 2021, and Rosales Miguel A. et al, 2020) conclude that Cl has an 

important role in nitrate use efficiency (NUE) and should be considered as a plant 

macronutrient. The work does not dismiss the toxic effects of Cl but indicates it is an important 

nutrient in the assimilation of NO3 in the plant, and in water use efficiency (WUE) in its own 

right. 

Work from this project reported on in 2019 and 2020 on spring/summer grown petunia looked 

at plants growing during periods of higher water requirement, the results from these trials 

showed the plants with the greatest fresh weight were those grown under an ebb and flow 

irrigation system, followed by overhead irrigation and the lowest was seen in plants grown 

using drip irrigation and capillary matting. The records taken on irrigation events and volumes 

of water used, show that the benches watered with ebb and flood irrigation used more water 

overall but in fewer irrigation events. With overhead watering the volumes of water and 

consequently of feed were lower, but visually the plants were comparable in both watering 

regimes, and where the feed concentration was reduced there was no impact on the fresh 

weight of the overhead irrigated plants.  

In previous reports we hypothesised that absorption of nutrient ions through foliar application 

could be increasing total nutrient uptake, this would still appear to be a valid conclusion to 

draw. Fertiliser can contain N in up to 3 forms, inorganic in the form of NH4 and NO3 and an 
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organic form, urea (CH4N2O). Unlike the inorganic forms the CH4N2O must be hydrolysed into 

NH4 by the enzyme urease (Mekonnen et al, 2021), before it can be utilised by the plant. 

Plants can take up NH4 and NO3 through the roots and foliage, CH4N2O can also be absorbed 

by both plant organs (Bowman and Paul, 1992). Absorption of N by the foliage is the likely 

reason for the results we have seen for improved efficiency of fertiliser use with overhead 

irrigation when compared with where feed has been introduced via the roots only.  

The conversion process of CH4N2O into forms of N the plants can use relies on urease, and  

urease requires nickel (Ni). A lack of Ni can lead CH4N2O to build up to toxic levels in tissues, 

which shows as necrosis in foliage if it is applied as a foliar fertiliser. Ni is not classed as 

essential to the plant like copper (Cu), Zn, iron (Fe), boron (B), manganese (Mn) and 

molybdenum (Mo), but its requirement is essential to the hydrolysis of CH4N2O which is 

arguably the major form of N used in off-the-shelf compound fertilisers.  

Urease is found in soil either intracellularly (inside soil microbes) or extracellularly (emitted 

from cells) and is used to convert urea to NH4 and carbon dioxide. This process is described 

as ammonification (mineralisation), and it is vital in making N available to plants and 

demonstrates the importance of microbial activity within growing media, particularly when 

using CH4N2O.  

Growing media mixes now contain a variety of substrates that do not act the way peat does, 

wood fibre and coir are both re-purposed waste products and the processing method results 

in them having very few microbes within them. If there is insufficient microbial activity in the 

growing media urea could leach before it is converted, and in the case of these trials this 

would result in the loss of most of the N (in 21% N content, 16% was CH4N2O). It is difficult 

to draw conclusion around CH4N2O content in the trials as it is not part of a standardised test 

and the resulting NH4 and NO3 produced by urea hydrolysis are the results of biological 

activity which again is rarely tested for. 

To look at microbial activity a brief study was undertaken comparing samples from a newly 

opened bag of peat with 20% wood fibre growing media mix, with one from the glasshouse 

that had been used for 9 weeks for growing a brassica crop, using standard laboratory 

methods on 6 different agar plates. The results showed that overall, there was more microbial 

activity at 9 weeks than there was in the unused media, an example of one of the plates is 

shown in Figure 9. Method of testing and results of all the plates are in Tables 1 and 2 of 

Appendix 4 of the report. 
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Figure 9. Comparison of microbial activity after 2 days on agar plates from unused (left) and 9 week-old 

growing media (right), with more bacterial present on used growing media 

This shows that there is a real risk of CH4N2O leaching from the growing media in the early 

stages of a crop. 

Conclusions 

• There is a need to consider different strategies for applying feed according to different 

levels of water demand, this could either relate to crop type or weather conditions. 

• Where water use is high to moderate, overhead irrigation provides the most efficient 

delivery of liquid feed with both crops examined. The fresh weight is not as great as 

with ebb and flow irrigation under the same conditions, but the feed concentration can 

be reduced with no impact on the finished plants. 

• Using a liquid feed at every irrigation with NPK ratio of 21-7-21 + 1.6 MgO + TE made 

up to a stock solution of 1 kg/10 l and diluted 1:200, is a successful delivery method 

for spring/summer petunia production. The same feed applied to autumn pansy 

production is successful where water demand is consistently high. 

• Where water use is low to very low the feed to water ratio must be increased to ensure 

adequate supply of feed, but a more successful strategy is to use a CRF to eliminate 

the need to apply water to supply feed. This will enable growers to apply best practice 

to watering to avoid problems such as botrytis, root diseases.  

• A CRF used in combination with perlite is particularly effective as the perlite has the 

effect of increasing the AFP of the mix, but also allowing efficient uptake of water by 

enhanced capillary action (Bragg, 1995).   

• Using a CRF with NPK ratio of 12-7-18 + TE, and a release time of 2 to 3 months, 

incorporated at a rate of 3 g per l of growing media, is a successful delivery method 

for autumn winter pansy production. 
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• Mixes with wood fibre as the main non-peat component have a greater feed 

requirement than those with an inert material or coir. 

• Natural properties of coir mean that growing media mixes high in coir can be higher 

in K, this should be accounted for in the quantity of K in any feed applied used to avoid 

problem associated with excess K particularly N deficiency.   

• Weekly monitoring of growing media pH and EC should be undertaken to allow for 

modification of feed regimes in response to changes in these levels, it is important to 

be consistent in the timing of SME tests in relation to feed applications.  

• In hard water areas look out for increasing growing media pH over time as this is a 

problem, particularly with high use of overhead irrigation. This can cause issue with 

Fe deficiency, due to HCO3
 - induced chlorosis. 

• Where capillary matting is used, high growing media EC levels can indicate problems 

with excess nutrients and indicate potential toxicity, or conditions leading to root 

damage.  

• Testing of irrigation water for nutrient content is important as liquid feeds can be 

tailored to the water quality for optimal efficiency. It can also identify high levels of 

nutrients that may lead to toxicities such as Cl should they build up in the crop. Be 

particularly vigilant when changing water sources such as from stored to mains water.  
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Knowledge and Technology Transfer 

ICL Hortscience online event 2021 – video presentation – Impact of irrigation systems on 

delivery of liquid feed. 

AHDB Knowledge Library pages:  

How to monitor for nutrient management in glasshouse crops 

Interactions between irrigation method and liquid feed 

Interactions between growing media and liquid feed 

Effective application of liquid fertiliser to bedding crops 

When using a CRF may be a better option 

Iron nutrition in bedding crops 

Glossary 

Air Filled Porosity (AFP) is the growing media’s ability to hold “air” which is recorded as a 

percentage. Oxygen, as a part of the air is essential for plant roots which require an aerobic 

environment to thrive.   

Ban on peat extraction in Republic of Ireland - Commercial peat harvesting was effectively 

banned by the Irish High Court in 2019, which found large-scale harvesting required planning 

permission as well as a licence from the EPA, and detailed environmental impact 

assessments, required under EU law. 

Cation Exchange Capacity (CEC) is a property of growing media or soil that describes its 

ability to supply positively charged nutrient ions such as K+, Ca+, Mg+ (cations) to the soil 

solution for plant to absorb. 

A controlled release fertiliser (CRF) uses water, temperature, and microbial activity to slowly 

breakdown over and release nutrients over a specific period of time, often a number of 

months.  

Electrical conductivity or EC is the ability of a solution to conduct an electrical current. In 

solution cations and anions can hold a current which can be measured in microsiemens (us/sq 

cm) or milli Siemens (ms/sq cm).  

Nitrate Use Efficiency (NUE) is a measure of the vegetative or reproductive biomass yield per 

unit of N available in the soil.  

The abbreviation pH denotes the potential of hydrogen or the power of hydrogen. pH is a 

measure of acidity or alkalinity, depending on how many hydrogen or hydroxyl ions there are. 

The more hydrogen ions the more acidic, the more hydroxyl ions the more alkaline. The pH 

https://archive.ahdb.org.uk/knowledge-library/how-to-monitor-nutrient-management-in-glasshouse-crops
https://archive.ahdb.org.uk/knowledge-library/interactions-between-irrigation-method-and-liquid-feed-in-bedding-crops
https://archive.ahdb.org.uk/knowledge-library/interactions-between-growing-media-and-liquid-feed
https://archive.ahdb.org.uk/knowledge-library/effective-application-of-liquid-feed-to-bedding-crops
https://archive.ahdb.org.uk/knowledge-library/when-using-a-controlled-release-fertiliser-may-be-a-better-option
https://archive.ahdb.org.uk/knowledge-library/iron-nutrition-in-bedding-crops
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scale runs from 1 to 14 with seven being neutral. The scale is logarithmic, meaning pH-4 is 

10 times as acidic as pH-5 and 100 times more acidic than pH-6. 

Saturated media extraction (SME) is where a soil/substrate sample is diluted down using 

distilled water (2:1 ratio – distilled water: soil/substrate) and passed through a filter to extract 

a solution, this can be tested for EC & pH.  

Water Use Efficiency (WUE) is defined as the amount of carbon assimilated as biomass 

produced per unit of water used by the crop. 

Urease is an enzyme found in soil either intracellularly (inside soil microbes) or extracellularly 

(emitted from cells) and converts urea to ammonium and carbon dioxide. This process, which 

is part of the nitrogen cycle is described as ammonification (mineralisation).   

Ammonification (mineralisation) - In soil /substrate urease converts urea (CH4N2O), an 

organic source of N into ammonia NH4+ and carbonic acid. Urea hydrolysis relies on 

soil/substrate microbes to aid in this process.  
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Appendices 

Appendix 1. 2021/2022 autumn winter trial data 

 
Table 1. Plant height 
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Table 2. Number of flowers 
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Table 3. Above ground fresh weight 
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Appendix 2. 2021/2022 autumn winter leaf tissue and growing media laboratory analysis 
 
Table 1. Pansy leaf tissue SAP analysis sampled 06/01/2022 

 
Table 2. Growing media analysis, sampled 06/01/2022 

 
Table 3. Growing media analysis for EC 

 
Table 4. Growing media analysis for pH 
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Appendix 3. 2020/2021 autumn winter trial images 
 
Images dated 06/01/2022 
 

 

 

Treatment 1 Treatment 2 

 
 

Treatment 3 Treatment 4 

 

 

Treatment 5 Treatment 6 

 
 

Treatment 7 Treatment 8 
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Treatment 9 Treatment 10 

 
 

Treatment 11 Treatment 12 
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Appendix 4. Results of microbial activity assay on growing media 
 
Table 1. Media description and ingredients 
 
 

Agar code A F G H I N Z 

description 

Potato 
dextrose 
agar 

Psuedomon
as F agar + 
additives  

Sucrose 
Nutrient 
Agar with 
additives 
(SNA + A) mCS20ABN FS agar 

Malt agar 
with 
streptomycin 

Potato 
dextrose 
agar 

Ingredients 
Distilled 
water 

Distilled 
water 

Distilled 
water 

Distilled 
Water 

Distilled 
Water 

Distilled 
water 

Distilled 
water 

 PDA powder  
Pseudomon
as F agar Nutrient agar 

Soya 
Peptone K2HPO4 

Oxoid 
technical 
agar PDA powder  

  Glycerol Sucrose Tryptone KH2PO4 

Holland & 
Barrett malt 
extract  

  

Cephalexin 
stock 
solution 
(8g/L) 

Cephalexin 
stock 
solution 
(8g/L) KH2PO4 KNO3 

Streptomycin 
solution  

  

Boric acid 
stock 
solution 
(37.5g/L) 

Boric acid 
stock 
solution 
(37.5g/L) (NH4)2HPO4 

MgSO47H2
O   

    MgSO47H2O 
Yeast 
Extract   

    L-Glutamine 
Soluble 
starch   

    L-Histadine Agar Agar   

    
Soluble 
starch 

Methyl 
Green 1% 
aqueous 
solution   

    Agar Agar 

Nystatin Soln 
(100mg in 
10ml 50% 
ethanol)   

    

Neomycin 
Soln (200mg 
in 10ml 
sterile 
distilled 
water) 

D-
Methionine 
Soln (10mg 
in 10ml 50% 
ethanol)   

    

Bacitracin 
Soln (500mg 
in 10ml 50% 
ethanol) 

Pyriodoxine 
HCl Soln 

(10mg in 
10ml 50% 
ethanol)   

    

Nystatin Soln 
(100mg in 
10ml 50% 
ethanol) 

Cephalexin 
Soln (200mg 
in 10ml 50% 
ethanol)   

     

Trimethropri
m Soln 

(100mg in 
10ml 70% 
ethanol)   

  



 

 © Agriculture and Horticulture Development Board 2023. All rights reserved  39 

Table 2. Images of plates 48 hours after inoculation at 28 oC, all images showing plates of 
unused growing media (left) compared with 9 week-old growing media (right). 
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Introduction – Section 2. Improved Primula nutrition to reduce leaf 

edge scorch 

Primula is a crop that is susceptible to marginal leaf necrosis which is frequently referred to 

as “leaf edge scorch”. The cause of this is suspected to be related to nutrition but no evidence-

based knowledge currently exists in the UK industry. 

During the project scoping study little directly relevant investigation on this crop was found, 

although analogous work was identified on lettuce (Collier, G.F & Tibbitts, T.W. 1984) (and 

other leafy vegetables) and in poinsettia (Bierman et al 1990), both of which identify Ca as a 

factor in leaf edge burn/scorch. Work on B (Hu, H. & Brown, P.H. 1997, Brown, P.H. & Shelp, 

B.J. 1997) also demonstrates young leaf necrosis as a symptom of deficiency, and necrosis 

of the mature leaf margin as a symptom of toxicity.  

Absorption and movement of both Ca and B in the plant are affected by transpiration rates, 

with low levels being transported to areas of low transpiration. Uptake is also affected by the 

pH of the substrate, with high pH associated with B deficiency.  

Experimental work was designed and carried out to look at B and Ca in conjunction with 

glasshouse environmental conditions, to see if either of these nutrients were the cause of the 

symptoms, and if control of humidity could alleviate symptoms.  

A total of 4 trials were carried out in the period from 2019 to 2022. The trial work carried out 

in 2019/2020 winter is described in the document POBOF 003 annual report 2019, and work 

completed in summer of 2020 is described in the document POBOF 003 annual report 2020. 

In this work Ca was identified as a more likely cause, and work on how to improve Ca nutrition 

continued in the later trials. 

Materials and methods 

Between September 2020 and January 2021 an investigation was undertaken to see if the 

results obtained in summer 2020 were repeated under different seasonal conditions. The trial 

was grown in a glasshouse at NIAB’s Cambridge trial site. The glasshouse was set to 

maintain a minimum temperature of 10 oC, no supplementary lighting was provided, and no 

shade screens were utilised. The trial was carried out on a tabletop bench fitted with Stal & 

Plast liners.  

The test plant was Primula ‘Cresendo® Orange’, these were obtained from Ball Colegrave as 

plug plants and were received on 18/09/2020. Four days after receipt the plants were 

transplanted into Aeroplas 9 cm Low 5 deg. Pots using a standard peat based growing media 

mix, the specification of which can be found in Table 6. 

https://projectbluearchive.blob.core.windows.net/media/Default/Research%20Papers/Horticulture/POBOF%20003_Annual%20report_2019.pdf
https://projectbluearchive.blob.core.windows.net/media/Default/Horticulture/Publications/Research%20Reports/POBOF%20003_Annual%20report%202020_05.02.21.pdf
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Table 6. Growing media specification. 

Brand ICL M2 

pH range 5.3-6.0 

Particle size 0-10 mm 

Conductivity 228-414 μs 

Nutrient added 192N 98P 319K 

 

Ca was supplied from high levels in the irrigation water and from the liming material used in 

the growing media. Additional Ca was added to eight treatments in the form of foliar 

applications of calcium nitrate (Ca(NO3)2). A liquid formulation of the compound containing 

22.5% Ca, 15% N with no other micro or macronutrients was used and applied as a foliar 

feed at weekly intervals from 28/10/2020 at two rates, 1:500 (0.2%) & 1:1000 (0.1%). 

To maintain all other nutrients to an acceptable level all plants were fed once per week with 

Omex feed O-Mix 21-7-21 + 1.6 MgO + TE (diluted into stock then 1:200) 5 ml diluted feed 

once a week. 

Additional applications of the product ‘Maxicrop plus Iron’ (seaweed extract base with 2% 

sequestered iron) to combat Fe deficiency were made following the development of deficiency 

symptoms early in the trial. These were applied weekly to all treatments, for 4 weeks from 

30/10/2020 at 5 ml in 1 l water.  

Irrigation to the trial was applied manually overhead using a lance. The water supply used 

was mains supply for the area (hard water). The two water regimes used in the summer trial 

2020 were repeated as detailed in Table 7. 

 

Table 7. Results of chemical analysis for the irrigation water at the Cambridge site. 

 

*pH and conductivity measurements made at 20 oC. 

All plants were allowed to drain freely following irrigation events, with no water recycling. 
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Table 8. Treatment list for 2020/2021 autumn/winter primula trial. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Overview of trial set up; image dated 22/01/2021. 

49 plants for each treatment were grown and arranged in single blocks, without any 

randomisation of the treatments. Plants were arranged in seven-by-seven row block, in a 

staggered arrangement, the edge plants of each block were excluded from the assessments.  

The two humidity levels were created using different plant spacing regimes, these are detailed 

in Figure 11 below.  

 
Low humidity High humidity Low humidity High humidity 

Figure 11. Illustration of plant spacing to create humidity treatments in trial design (not to scale) 
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The temperature and humidity were monitored at crop leaf height using Blue Maestro Tempo 

Disc™ 3 in 1 Bluetooth environmental monitors.  

Observations were made throughout the trial on the incidence of deficiency symptoms, and 

where ‘Leaf-edge scorch’ was observed the number of plants showing symptoms and the 

percentage of each plants affected were recorded and photographed. 

Assessment of plant width in millimetres (mm) was made on two occasions during the trial, 

and at the final assessment there was a count of the number of flowers, and measurement of 

the fresh weight of above ground growth in g. 

A sample of plant tissue and growing media from each treatment was also sent for laboratory 

analysis at the end of the trial. The material sent was a bulk sample taken from at least 10 

randomly selected plants. 

Between September 2021 and February 2022 this trial was repeated according to the same 

method to see if the results repeated. The trial set up, irrigation, and feed regime was the 

same but with additional treatments that provided an increased concentration of the foliar 

applications of Ca(NO3)2 at a dilution of 1:250. This resulted in a total of 16 treatments with all 

combinations of water rate, humidity level, and foliar feed rate, as shown in Table 9 below.  

Table 9. Treatment list for 2021/2022 autumn/winter Primula trial. 

In this trial the test plant was Primula ‘Cresendo® Orange’, these were obtained from Volmary 

Ltd as plug plants and were received on 06/10/2021. On 13/10/2021 the plants were 

transplanted into Aeroplas 9 cm Low 5 deg. Pots using a peat reduced growing media mix 

which contained 20% wood fibre. The change to peat reduced growing media is in line with 

changes experienced by growers.  

The trial design was unchanged apart from the inclusion of additional treatments, and the 

observations remained the same, but plant width was only observed at the end of the trial. 
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Figure 12. Overview of trial set up; image dated 09/12/2021. 

For both trials no chemical pest or disease treatment was undertaken, control of pests was 

via a program of biological control agents. 

No plant growth regulator was applied during the trial. 

Results 

In the trial carried over winter 2020/2021 no symptoms of leaf edge scorch were observed in 

any of the treatments. All combinations of humidity, water, and feed treatment resulted in 

healthy plants. However, it was noticeable that under the higher humidity the plants produced 

had elongated, stretched leaves that were visually less appealing. This can be seen in Figure 

13 below. Other trial images can be found in Appendix 7 and Appendix 11 of this report. 

 

 

Treatment 1 Treatment 2 
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Treatment 3 Treatment 4 

 
 

Treatment 5 Treatment 6 

  

Treatment 7 Treatment 8 

  

Treatment 9 Treatment 10 
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Treatment 11 Treatment 12 

Figure 13. Images of 3 typical plants from each treatment at final assessment, dated 25/01/2021. 

Although not the main aspect of the investigation it was noted from the results for the leaf 

tissue analysis that rates of N in the leaf tissue were lower in the higher humidity treatments, 

which correlates to the elongated, stretched leaves which in addition were observed to be 

paler green.  

The results for plant fresh weight split the treatments according to water rate, with the lowest 

fresh weight results for the treatments with low water rates, and the higher water rate giving 

the heavier plants. Where water rate was high the level of humidity did not impact on the fresh 

weight, but where water rate was low, those plants grown under the low humidity were the 

lowest results for fresh weight.  

 

Figure 14. Graph with results for fresh weight of above ground growth (g) at final assessment (in treatment 

order 1 to 12 from left to right), observations dated 25/01/2021. 
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The application of Ca(NO3)2 did not have any impact on the fresh weight of the plant. The full 

results for other observations on the trial can be found in tables 1,2,3, and 4 of Appendix 5 of 

this report. 

As the application of routine liquid fertiliser was the same for all treatments irrespective of the 

water rate, we can conclude that the difference is not due to the amount of nutrient applied. 

This is confirmed by the results of the growing media analysis, as shown in Table 10 below, 

the treatments with low water rate have higher NO3 content at the end of the trial than those 

with the higher water rate. The full results for growing media analysis can be found in Table 

1 of Appendix 6 of this report.  
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Table 10. Results of leaf tissue and growing media analysis for Ca, NH4, and NO3 content and Ph, samples 

taken on 25/01/2021 

Treatment  1 2 3 4 5 6 7 8 9 10 11 12 

Water rate High High Low Low High High Low Low High High Low Low 
Humidity 
level 

low high low high low high low high low high low high 

Ca(NO3)2  
foliar feed 

No No No No Yes Yes Yes Yes Yes Yes Yes Yes 

Foliar feed 
rate 

- - - - 1:500 1:500 1:500 1:500 1:1000 1:1000 1:1000 1:1000 

Leaf tissue analysis (mg/l)           
Ca  348 523 282 424 326 367 234 379 302 274 196 423 

             
Growing media analysis (mg/l)          

Ph 6.1 5.9 5.3 5.6 5.8 6 5.3 5.5 5.7 5.9 5.4 5.5 

Ca 18 13.7 50.4 26.7 25.7 12 85.3 41.3 29.4 12.6 52.6 26.8 

NH4 1.1 1.4 1.1 0 1.2 1.5 1.4 2.8 1.1 1.1 0 1.2 

NO3 1.3 9.1 37.5 14.2 2.4 8.7 62.5 42.4 5.4 10 21.7 16.1 

 

The full results for leaf tissue analysis can be found in Table 2 of Appendix 6 of this report. 

When comparing the results for Ca content of the leaf tissue the analysis shows that the 

combination of low water and low humidity all produce tissue with  low levels of Ca. Whereas 

the high humidity and high water rates are inconsistent in the Ca content of the leaf, with both 

high and low levels being observed. 

 

Figure 15. Results for Ca content of leaf tissue from samples dated 25/01/2021, grouped according to 

treatment variables of water rate and humidity. 

The low humidity and low water combination of humidity and water all have low Ca content in 

the leaf, whereas the low humidity and high water are consistently in the mid-range for Ca. 

This is also true for the high humidity and low water rate, irrespective of the use of foliar feed. 

In relation to the use of Ca(NO3)2 as a foliar feed treatment in this trial, the results indicate 
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that there was no positive effect of using it at these concentrations. The results do appear to 

indicate that there was a negative impact from the lowest rate of Ca(NO3)2 foliar feed on the 

Ca levels in the leaf tissue, as in all cases these were lower than in the comparable 

low/humidity treatments where no foliar feed was applied.  

 

Figure 16. Results for Ca content of leaf tissue and growing media from samples dated 25/01/2021, ranked 

according to growing media levels. 

When looking at the content of Ca in the growing media a clearer pattern is visible, the low 

water, low humidity treatments have the highest level of Ca remaining in the media and the 

high water, high humidity treatments have the lowest level of Ca remaining in the media. 

Although the same pattern is not identical in the leaf tissue analysis this would suggest that 

the plants are taking up more Ca in the high water, high humidity treatments, particularly as 

the high water treatments should have more Ca in the growing media from the hard water as 

it is applied in greater amounts. 

There were no symptoms of leaf edge scorch observed in the winter 2021/2022 trial.  The 

results for plant above ground fresh weight (g) as shown in Figure 17 gave results that mirror 

those seen in the previous trial. The low water, low humidity combination resulted in plants 

with the lowest fresh weight, and where no foliar Ca(NO3)2 was applied the highest fresh 

weight was in the plants with the high water, low humidity treatments. Overall, the application 

rate of the foliar Ca(NO3)2 has not impacted greatly on the final fresh weight of the plant, but 

in the high water treatments those plants subjected to high humidity conditions with foliar 

Ca(NO3)2 do appear to have higher fresh weight than the corresponding low humidity 

treatments.     
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Figure 17. The results for fresh weight of above ground growth (g) at final assessment, observations dated 

06/01/2022. 

The details of all trial observations can be found in Tables 1, 2, and 3 of Appendix 9 of the 

report. 

When comparing results of the fresh weight of above ground growth with the N content of the 

leaf from the SAP analysis, in the high humidity conditions the total soluble N is at the highest 

levels, and it is at its highest where the foliar application of Ca(NO3)2 has been applied at the 

1:250 dilution rate. As shown in Table 11, in all cases most of the N present is in the form of 

NO3.  
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Table 11. Results of plant observations and leaf tissue analysis from samples taken on 06/01/2022. 

Treatment  
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 

Water rate High High Low Low High High Low Low High High Low Low High High Low Low 

Humidity 
level 

low high low high low high low high low high low high low high low high 

Ca(NO3)2  
foliar feed 

No No No No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Foliar feed 
rate 

- - - - 

1:250 1:250 1:250 1:250 1:500 1:500 1:500 1:500 1:1000 1:1000 1:1000 1:1000 

Plant observations             

Average 
width (cm) 21.64 20.06 14.92 17.32 17.74 20.5 15.68 19.14 18.24 19.82 16.34 19.84 17.32 20.2 18.5 22.24 

Average no. 
flowers 

1.24 0.64 0.44 0.64 1.24 1.042 0.52 0.44 1.2 1.08 0.44 0.76 0.72 0.76 0.64 0.76 

Average 
weight (g) 22.82 19.82 10.69 15.47 17.83 22.15 12.4 17.68 16.73 20.65 14.47 21.16 16.99 20.97 14.96 22.42 

Tissue analysis(mg/l)       
 

Ca  423 370 595 444 423 361 704 545 432 349 626 422 394 453 534 301 

NH4 28.26 32.1 36.08 46.25 45.96 37.36 42.02 48.65 47.53 38.78 59.09 49.71 67.03 68.36 75.03 62.54 

NO3 121.2 251.9 51.82 396.2 179.9 245.2 128.4 504.7 100.4 169.5 114.2 419.1 80.34 247.1 225 360.42 

Total sol.  N 149.4 284 87.9 442.4 225.8 282.6 170.4 553.4 147.9 208.3 173.3 468.8 147.4 315.5 300 422.96 

 

The full results from the leaf tissue analysis are contained in Appendix 10 of the report. 

The analysis results for Ca content of the leaf tissue show that all treatments have acceptable 

levels present. The highest levels are found in the low water, low humidity treatments, and 

the highest level overall is in this combination with the Ca(NO3)2 foliar feed at the 1:250 dilution 

rate. The lowest levels of Ca are seen in the treatment with low water and high humidity, 

followed by high water and high humidity. 

When considering the impact of the foliar application of Ca(NO3)2, where there is high water 

rate and low humidity, additional foliar feeding has little impact on the level of Ca in the leaf 

tissue. Where the water rate is lower, the Ca(NO3)2 foliar application does appear to have an 

impact but only at the highest concentration, the lower concentrations of 1:500 and 1:1000 

have no impact on the Ca level in the leaf tissue. 
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Figure 18. Results for Ca in leaf tissue from SAP analysis (mg/l), samples taken 06/01/2022.  

The response to the lower rates of foliar application of Ca(NO3)2 has not been consistent in 

one instance, under the high water, high humidity conditions the 1:1000 dilution rate has the 

greatest amount of Ca in the leaf tissue. In the other rates in this treatment combination of 

water and humidity, the pattern of response to application of Ca(NO3)2  has been the same 

as the other combinations. 

In both the 2020 and 2021 trials symptoms of Fe deficiency were observed. Whilst not the 

main part of this study the application of foliar sequestered Fe, as described in the method, 

was successful in removing the symptoms of this deficiency. 

 

Discussion 

As there have been no symptoms of leaf edge scorch observed over the 2 years of trials in 

2020 and 2021, it would suggest that all the levels of Ca in the trial have been sufficient to 

fulfil the plant requirement in the cell walls of the leaf margins and growing points.   

The results of the leaf tissue analysis for Ca over the 2 years of winter trials described in the 

results are in some respects contradictory, when considering the levels relative to the 

humidity level and water rate combinations. As shown in the graph in Figure 18, the 

combination of low water and low humidity had the lowest levels of Ca in the 2020 trial and 

conversely the highest levels in the 2021 trial. Although the 2 trials were grown at the same 

period of the year, the values for temperature and humidity in the glasshouses will not have 

been exactly the same. The average temperature and humidity in all treatments were lower 
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in the 2021 trial than in 2020 trial, see Appendix 8 and Appendix 12 for data, and this is a 

potential cause of the differences. It can be hypothesised that there is a greater benefit in 

reducing humidity when temperatures are lower to compensate for the lower transpiration 

rate and consequently lower movement of Ca, but further work would be needed to confirm 

this.  

 

 

Figure 19. Comparison of Ca content of leaf tissue over 2 years of trial, from samples dated 25/01/2021 

and 06/01/2022. 

What is more consistent is the response to the low rate application of Ca(NO3)2. At worst 

these appear to have a negative impact on the on the Ca level in the leaf, and generally they 

have no impact at all. As only one year of data exists for the increase dilution rate of 1:250, it 

is not possible to make a recommendation for its use in the situation but there does appear 

to be a beneficial impact at this concentration.  

During the 2020 trial year samples of growing media and leaf tissue were taken from a nursery 

growing primula on the south coast of England, these samples were from a grower who had 

seen issues with Leaf Edge Scorch on their crop. Tabulated below are a comparison of the 

results of the analysis with the average values obtained from the trial at NIAB where no 

symptoms had been observed.  
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Table 12. Comparison of growing media analysis from nursery with symptomatic plants and 2020 winter 

trial average. 

 

Some differences were observed in pH, Ca, sodium (Na), Cl, and K, but the latter is not 

unexpected as the nursery adopts a high K feed in the later stages of the crop. However, 

none of the values from the nursery sample are of particular concern. 

When values from the leaf tissue analysis are compared there are greater differences 

between NIAB grown material and the grower samples. The level of Ca in the leaf tissue from 

the nursery sample is higher than in the trials, so it would seem unlikely that the cause of the 

necrotic leaf tissue is a deficiency of Ca. While the Na in the nursery growing media sample 

was slightly elevated in comparison with the trial, the Na level in the leaf tissue is substantially 

higher in the nursery sample by over 900 mg/l. The same order of difference was observed 

in the values for Cl in the growing media, however standard tissue analysis does not give 

results for Cl so we do not know if this has also accumulated in the leaf tissue.  

Table 18. Comparison of leaf tissue analysis from nursery with symptomatic plants and 2020 winter trial 

average. 

 

The other difference of note is the level of K which is over 2000 mg/l higher in the nursery 

sample which could be because of the high proportion of coir in the growing media used which 

is 70% mix, as well as the high K feed. Also, the difference in the NH4:NO3 ratio where the 

nursery sample has a much higher proportion of NH4. An excessive amount of K does not 

appear to have toxic effects, other than to limit the uptake of other nutrient most notably N, 

and Ca which in this situation would also be a concern. Although K is high in this nursery 

sample the N and Ca appear unaffected suggesting the levels of K are not detrimental. 

It is likely from these results that the cause of the leaf tissue necrosis is not the same as had 

observed in the experimental trials where symptoms have been seen. The leaf tissue analysis 

from the grower suggest that this is the result of nutrient toxicity rather than a deficiency; Na 

is known for its toxic effects and the symptoms are chlorosis of the leaf margin which 
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progresses to necrosis which is the same symptoms that have been investigated in the trial, 

but also this has similarities to Fe deficiency in its early stages. At no point in our investigation 

have we observed level of Na that are comparable to those from the leaf tissue at the nursery 

even where symptoms have been observed, so it can be concluded that these are from 

different sources. 

A potential source of issues is the irrigation water, at the nursery this is stored collect water 

in winter and spring, and blended mains and stored collected water during summer and 

autumn. 

In Table 14. there is a comparison of water samples taken at NIAB over several years of trial 

work, and a sample of irrigation water from the nursery taken in May 2018. 

Table 14. Comparison of analysis of NIAB irrigation water samples and a nursery irrigation sample. 

  

The analysis gives no obvious cause for the very high levels of Na in the leaf tissue at the 

nursery site. Other nutrients fall within a similar range to the values at NIAB or are slightly 

lower which is not unexpected as the nursery uses collected rainwater. This is the likely 

reason for lower Ca and hardness in the nursery water sample, but when looking at the leaf 

tissue analysis low Ca was not identified as being deficient. 

The two trials reported on here have been carried out over winter, but the trial earlier in 2020 

was during the summer to replicate primula production for the early autumn market. The 

nursery which supplied material for analysis had described symptoms of leaf edge scorch 

during summer, so it is also important to consider if the symptoms were from other 

environmental conditions. In investigating Ca nutrition, the rate of water application has been 

considered in relation to root pressure as well as the role of transpiration, both of which effect 

nutrient movement. Transpiration has other functions; one is to reduce leaf temperature by 

the vaporisation of water at the leaf cell level. The leaf temperature is raised by solar radiation 
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and if too high this can impair photosynthesis; where light and sufficient water is available the 

loss of water through the leaf stomata will cool the leaf tissue. Where plants are under stress 

from drought, leaf stomata close and transpiration stops, so plants that suffer from a lack of 

water often exhibit symptoms of thermal stress due to the high leaf temperature the symptoms 

of which can be necrosis of leaf tissue. 

  

Figure 20. Comparison of different possible causes of necrotic leaf margins, (from left to right) potential 

nutrient toxicity (possibly Na), thermal stress and potential nutrient deficiency (Ca). 

It is possible then that “Leaf Edge Scorch” as described by growers has multiple causes, not 

just one and in trying to resolve the issue the whole growing environment needs to be 

considered taking into consideration nutrition, water supply and environment.       

Conclusions 

• Multiple causes of leaf necrotic tissue have been identified, not all appear to be related 

to Ca nutrition. 

• Reduction of humidity at crop height can increase Ca in leaf tissue, the response is 

not always consistent but reduction in humidity should be considered as part of a best 

practice approach to water management and the reduction of disease in a crop. 

• Foliar applications at weekly interval of Ca(NO3)2 at a dilution rate of 1:250 appear to 

be a beneficial for increasing Ca levels in leaf tissue during winter months. 

• Water stress can reduce levels of Ca in the plant but can also be the cause of drought 

induced thermal stress resulting in necrotic leaf tissue. 

• Using a liquid feed once a week with NPK ratio of 21-7-21 + 1.6 MgO + TE made up 

to a stock solution of 1 kg/10 l and diluted 1:200, is a successful delivery method for 

autumn winter production. 

• To reverse the symptoms of Fe deficiency in the leaves of Primula, apply foliar 

applications of Fe in the form of a 2% sequestered product at 5 ml in 1 l water at 

weekly intervals for 4 weeks. 
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Knowledge and Technology Transfer 

ICL Hortscience online event 2021 – video presentation – The effect of calcium nutrition in 

leaf edge scorch 

AHDB Knowledge Library pages: 

  Leaf edge scorch in Primula 

 How to prevent leaf edge scorch in Primula 

 The possible causes of iron deficiency in petunia and primula 

Glossary 

Macronutrient are types of elements found in fertilisers that a plant requires in large amounts 

(compared to others) for normal growth. Macronutrients are N, P, K, Mg, Ca & S.  

Micronutrients or trace elements are essential elements that are required in smaller amounts 

than that of macronutrients. Micronutrients are Fe, Mn, B, Mo, Cu & Zn.  

Photosynthesis is the process by which green plants, algae and some microbes convert light 

energy, carbon dioxide and water into energy (glucose) and oxygen. Photosynthesis occurs 

within the cells chloroplasts and is directly affected by light intensity, carbon dioxide 

concentration, available water, temperature and the availability of essential nutrients like Mg.  
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Appendices 

Appendix 5. 2020/2021 autumn winter trial data 
 
Table 1. Plant width at trial mid-point 

 
 
Table 2. Plant width at final assessment 
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Table 3. Flower number  

 
 
Table 4. Fresh weight of above ground growth  
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Appendix 6. 2020/2021 autumn winter leaf tissue and growing media laboratory analysis 
 
Table 1. Growing media analysis, sampled 25/01/2021 

 
 
 
 
Table 2. Primula leaf tissue SAP analysis sampled 25/01/2021 
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Appendix 7. 2020/2021 autumn winter trial images 
 
Images dated 27/10/2020 

 
 

 

Treatment 1 Treatment 2 Treatment 3 

 

  

Treatment 4 Treatment 5 Treatment 6 

   

Treatment 7 Treatment 8 Treatment 9 
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Treatment 10 Treatment 11 Treatment12 

 

 
Appendix 8. 2020/2021 autumn winter environmental data monitored at crop leaf height 
using Blue Maestro Tempo Disc™ 3 in 1 Bluetooth environmental monitors 
 

  Low water Low water High water High water 

  
Low 
humidity 

High 
humidity 

Low 
humidity 

High 
humidity 

Average temperature oC 11.5 10.9 11.0 13.9 

Average humidity % 59.1 67.7 64.7 90.3 
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Appendix 9. 2021/2022 autumn winter trial data 
Table 1. Plant width 

 

 
 
Table 2. Number of Flowers 
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Table 3. Weight of above ground growth 

 

 
 
 
Appendix 10. 2021/2022 autumn winter leaf tissue laboratory analysis 
 
Table 1. Leaf tissue analysis, sampled 15/02/2022 
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Appendix 11. 2021/2022 autumn winter trial images 
 
Trial images dated 15/11/2021 

 
  

Treatment 1 Treatment 2 Treatment 3 

 

  

Treatment 4 Treatment 5 Treatment 6 

 
  

Treatment 7 Treatment 8 Treatment 9 
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Treatment 10 Treatment 11 Treatment12 

 
 

 

Treatment 13 Treatment 14 Treatment 15 

 

  

Treatment 16   
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Trial images dated 15/02/2022 

  

Treatment 1 Treatment 2 

  

Treatment 3 Treatment 4 

  

Treatment 5 Treatment 6 

 
 

Treatment 7 Treatment 8 

 
 

Treatment 9 Treatment 10 
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Treatment 11 Treatment 12 

  

Treatment 13 Treatment 14 

  

Treatment 15 Treatment 16 

 
Appendix 12. Environmental data. 
Table 1 2021/2022 autumn winter environmental data monitored at crop leaf height using Blue 
Maestro Tempo Disc™ 3 in 1 Bluetooth environmental monitors 

 

  Low water Low water High water High water 

  
Low 
humidity 

High 
humidity 

Low 
humidity 

High 
humidity 

Average temperature oC 7.8 7.8 8.0 8.7 

Average humidity % 47.1 60.0 48.2 79.3 
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Introduction – Section 3. Determine best practice for managing N 

application to field-grown narcissus in relation to stem length, 

base rot and Nitrate Vulnerable Zone (NVZ) restrictions 

Narcissus is a significant field crop in the UK for both cut flower and bulb production with 3808 

ha per annum (figures in 2019), the main areas of production in Cornwall, Lincolnshire and 

the Grampian region of Scotland. The nutrient management recommendations for bulbs and 

bulb flowers are contained within the 8th edition of RB209 (2010) and include revisions from 

the 7th edition based on industry consultation, these were in turn presented within the AHDB 

Horticultural Narcissus Manual (Hanks, 2013) along with the previous research on which the 

recommendations were based. Since then, the only research into nutrient management for 

this crop is the AHDB funded project CP 103 (Lillywhite, R. 2016) which looked at N 

fertilisation in narcissus but only made conclusions about placement, not rates. 

Declining prices for bulbs in recent years have changed grower practices, with more focus on 

longer cut flower production from a single planting of bulbs. Cut flower crops are now in the 

ground anywhere from 3 to 7 years depending on variety and sensitivity to basal rot (Fusarium 

oxysporum f.sp. narcissi (FON)), previously most cut flower crops will have been lifted after 3 

years for sale of bulbs.  

Most growers are planting crops into a rotation containing agricultural crops such as potato, 

brassica, barley and peas, and frequently no base dressing of N is applied. Currently the 

timing of application of N for this crop is limited by Nitrate Vulnerable Zone (NVZ) restrictions 

which cover about 55% of land in England, for which the closed period is 1st September to 

15th January. As narcissus is an early flowering crop, its winter growth is highly important to 

its flowering productivity. 

When consulted nearly 38% of the growers consulted reported that there was no application 

of N during the lifetime of the crop, so subsequently the same percentage of respondents 

said they would not benefit from a NVZ application exemption. The 60%+ that do apply N all 

felt they would benefit from being able to apply during the NVZ closed period. However, these 

growers did all also comment that they believed that they see a link between N application 

and FON or basal rot. FON is an important disease of this crop which causes loss in the field 

and in storage, high temperature in both soil and storage are known to exacerbate the 

development of the disease and crop management practices are designed to limit exposure. 

As investigated in other crops such as onion, increased N appears to give increased 

incidence of disease in narcissus which could be linked with increased softness of the bulb 

with excessive N fertility.  

https://archive.ahdb.org.uk/cp-103-the-application-of-precision-agronomy-to-uk-production-of-narcissus
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Figures gathered by the AHDB have shown that in the period May 2021 to May 2022, the 

price of UK-produced ammonium nitrate (NH4NO3) fertiliser in Great Britain had increased by 

152% and imported prices had increased by 171%. Targeted application of N to all crops is 

of paramount importance for financial viability, particularly where there is little scope for 

product price increases. 

The trials were designed to investigate the application of N as a top dressing in field grown 

narcissus, taking the current guidance into consideration but also looking at the effect on yield 

versus incidence of basal rot caused by FON. The trial also investigated if timing of 

applications can improve yield, with a specific aim to see if there was justification for 

application in the current NVZ closed period.  

Materials and methods 

Two sites were chosen from different growing areas to investigate application rates in different 

soil type, and different harvesting dates.  

Sites were chosen in Cornwall and Lincolnshire where the trials took place over 3 years on a 

single planting of bulbs at each site.  

Details of the two sites are as follows: 

1. Lincolnshire trial host: Jack Buck Farms 

• Location: Moulton, Spalding, Lincolnshire 

• Planting year: 2019  

• Variety: Tamsyn 

• Previous cropping: vining peas 

• Fertiliser: 0:100:300 kg/ha applied  

• Aspect: level 

• Soil: Loamy and clayey soils with naturally high groundwater 

 

 

 

 

 

 

       Figure 21. Lincolnshire trial site, image date 16/11/2020. 
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2. Cornwall trial host: Greenyard Flowers 

• Location: Trispen, Truro 

• Planting year: 2019 

• Variety: Karenza 

• Previous cropping:  Potatoes 

• Fertiliser: None applied 

• Aspect: gentle slope, north facing 

• Soil: Freely draining slightly acid loam 

 

 

 

 

 

 

 

 

 

        Figure 22. Cornwall trial site, image dated 06/01/2021. 

Full results from soil analysis carried out at the sites are included in Tables 1 and 2 of 

Appendix 13 of the report. 

At each site the trial consisted of 8 treatments replicated 4 times giving a total of 32 plots in 

randomised design which remained consistent over the 3 years. The plot size was 2 rows x 

12m with a buffer zone of 2 rows between plots to ensure that was no influence from the other 

plots. 

Prior to flowering in year 1, all treatment was according to the host grower’s normal agronomic 

practice. In year 2 and 3 the amount and timing of N application was varied according to the 

details in Table 15. The timing of application at leaf emergence was anticipated to be at 

different times at the two sites, reflecting the difference in flowering period for the two areas. 

For both areas it was anticipated that in a normal flowering year this would fall within the NVZ 

closed period. 

N was applied in the form of a liquid product, Efficie-N-t-28 (28-0-0), using a knapsack sprayer 

with water application rate 300l/ha.  
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In all other respects the trial area underwent the same agronomic practices as was standard 

for the grower, including harvesting and application of sprays.   

Table 15. Treatment list with application rate and timing 

Treatment Application 

rate of N 

Application 

timing 

Year 2 application dates Year 3 application dates 

   Cornwall Lincolnshire Cornwall Lincolnshire 

A 30 kg/ha  at leaf 

emergence 

06/01/21 16/11/20 05/01/22 25/11/21 

B 50 kg/ha  at leaf 

emergence 

06/01/21 16/11/20 05/01/22 25/11/21 

C 80 kg/ha  At leaf 

emergence 

06/01/21 16/11/20 05/01/22 25/11/21 

D 30 kg/ha  after 

15th January 

17/01/21 18/01/21 18/01/22 26/01/22 

E 50 kg/ha  after 

15th January 

17/01/21 18/01/21 18/01/22 26/01/22 

F 80 kg/ha  after 

15th January 

17/01/21 18/01/21 18/01/22 26/01/22 

G controlled 

release 

product * 

product 

recommended 

rate 

Delayed Delayed  n/a n/a 

H None       

 *Composition to be defined in discussion with industry partners. 

For treatment G an appropriate product was not identified and sourced in time for application 

in year 2, so the decision had to be made to remove the controlled release product form the 

scope of the trial. 

All observations were made at the time that picking would normally occur, but before picking 

commenced. In year 1, base line observations were taken to compare the data obtained in 

years 2 and 3. In years 1 and 2 observations were made on 25 bulbs per plot on stem length 

(measured from the point of emergence to base of the flower bud, at the stage the spathe 

starts to split), number of flower stems per bulb in the Lincolnshire trial. To assess flower yield 

in the Cornwall trial, observations were made on number of flowers per m length of plot and 
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expressed as a population. This was because of the work being carried out as a combined 

trial with other work at the same site in order to align observations. 

In addition to this in year 3, bulbs from a 2m section of a row were lifted from each plot and 

scored for symptoms of basal rot and measurement of fresh weight. In the Lincolnshire trial 

the extended period of dry weather experienced in 2022 made the lifting of bulbs by hand 

exceptionally difficult, due to this it was agreed that the destructive measurements would be 

carried out on a 1 m length of plot. In the Cornwall trial, rainfall in the spring meant that the 

assessments could still be carried out on the originally planned 2 m plot length.  

Results 

The results are presented for the 2 trial sites individually as there are different factors at both 

locations that may have influenced the outcome of the trials. The full data set and output of 

the statistical analysis are included in Tables 1 to 6 of Appendix 14 of the report.  

In the case of both the stem length and the population/stem number counts the base line 

records (year 1 data) for each of the plots has been included for visual comparison, but this 

is not part of the statistical analysis as there should be no treatment effect. In all cases both 

treatments G and H can be considered as control plots as the intended applications for G did 

not go ahead. 

 

Figure 23. Results of observations on stem length (mm) for Lincolnshire trial for year 1 (2020 baseline), 

year 2 (2021) and year 3 (2022), L.S.D between treatment 38.23 mm. 

No significant differences were observed between treatments in respect to stem length. In 

year 2 there is a slight increase in stem length with increase in rate of N application, but this 

is not significant, and this trend does not persist in year 3.  

There is a very big seasonal affect for stem length, with the length in year 3 being at least half 

of that observed in year 1 and 2, suggesting the environment is having a greater impact than 

the N application. 
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In year 2 there is a slight increase in length of stem when N is applied at leaf emergence 

compared to after the NVZ closed period, across all rates but again this is not statistically 

significant. 

 

Figure 24. Results of observations on number of stems per bulb for Lincolnshire trial for year 1 (2020 

baseline), year 2 (2021) and year 3 (2022). L.S.D between treatments 0.252. 

No significant differences were observed between treatments with respect to number of 

stems, and there seems little pattern in the response to N application on the number of stems 

produced per bulb, for example in year 2 treatment F is the lowest and in year 3 it is the 

highest. It is also of note that the results from the control plots fall within the range of 

expression for the treatment plots in both years. 

 

Figure 25. Results of fresh weight of bulb per 1 m section of plot for Lincolnshire trial, observations dated 

15/06/2022. L.S.D between treatments 65.12 g. 

The observations show that the average weight of bulbs does increase with increasing 

amount of N when it is applied at leaf emergence or after the NVZ closed period. However, 

application of N at 30 kg/ha or at 50 kg/ha rate does not significantly increase the weight of 

bulbs over no application in either period.  
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Application of N at 80 kg/ha rate does significantly increases the weight of bulbs over no 

application, at both leaf emergence and after the NVZ closed period, but there is no significant 

increase from the change in the timing of application from after the NVZ closed period to the 

point at which the leaves emerge, which was during the NVZ closed period.  

Although not significantly different from the bulb weight of the controls, there is a significant 

difference between the weight of bulbs in the treatments with N applied at 30 compared with 

the 50 kg/ha rate when applied at leaf emergence.  

As there are no significance in the number of bulbs between any treatment, we can be 

confident that it is an increase in the individual bulb size. 

The data obtained on incidence of disease in the Lincolnshire trial shows lower expression of 

FON than anticipated. 

Table 16. Counts of the number of bulbs expressing symptoms of FON, where score of 1 no disease 

symptoms on an individual bulb and 5 is a high level. 

Treatment code A B C D E F G H 

Application rate 30 
kg/ha 

50 
kg/ha 

80 
kg/ha 

30 
kg/ha 

50 
kg/ha 

80 
kg/ha 

None None 

Application period at leaf emergence after 15th January N/A 

Number of bulbs at 
disease score 

        

1 370 465 381 423 439 464 427 401 

2 1 2 4 6 4 1 3 2 

3 2 2 2 0 0 0 0 0 

4 1 0 0 0 0 1 1 1 

5 1 0 0 0 0 0 0 0 

 

On initial inspection the data seemed to suggest that the application of N at leaf emergence 

increased the rate of disease above that seen in the treatments with no N applied, or those 

with N applied later. However, the total number of affected bulbs is the same for both 

application periods, and there is minimal difference in the severity. There is also little 

difference between the plots where N is applied and the untreated control plots. The large 

number of null values obtained make for poor statistical analysis, so it is not possible to say 

if these minor differences have any significance.  

The Cornwall observations have been transformed from the original measurements in cm to 

mm to aid comparison with the Lincolnshire trials. 
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Figure 26. Results of observations on stem length (mm) for Cornwall trial for year 1 (2020 baseline), year 

2 (2021) and year 3 (2022). L.S.D between treatments 33.09 mm 

Very little variation is observed either between years or between treatments, and none of the 

variation seen represents significant differences. 

 

Figure 27. Results of observations on number of stems per 1 m of plot for Cornwall trial for year 1 (2020 

baseline), year 2 (2021) and year 3 (2022). L.S.D between treatments 10.649 

No significant differences between treatments in the number of stems observed per 1 m 

length of plot. The trend is for the number of stems to increase over the period of the trial, but 

the values obtained all move similarly suggesting that this is related more to the general 

environment or the age of the bulb.  

There is a slight suggestion for the number to be slightly higher when N is applied after the 

NVZ closed period than at leaf emergence, but to reiterate these differences are not 

significant. 
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Figure 28. Results of fresh weight of bulb per 2 m section of plot for Cornwall trial, observations dated 

26/05/2022. L.S.D between treatments 48.81 g. 

The results show that the average weight of bulbs does increase with increasing rate of N,  

but only where it is applied after the NVZ closed period, no increase with rate is seen when 

the application is at leaf emergence. 

The application of N at 30 kg/ha rate does not significantly increase the weight of bulbs over 

no application, either at leaf emergence or after the NVZ closed period. Application of N at 50 

kg/ha rate and at the 80 kg/ha rate does significantly increase the weight of bulbs over no 

application after the NVZ closed period, but not when applied at leaf emergence.  

Application of N at the 2 higher rates at leaf emergence has given rise to a significantly lower 

fresh weight of bulbs when compared with application after the NVZ closed period. At the 

lowest rate there is no significant difference. It is unclear why this might be the case as there 

is no significant incidence of basal rot in the trial to cause loss of bulbs in these treatments. 

Basal rot was in fact only seen in a single bulb in each of 4 plots, each of a different treatment. 

Discussion 

The investigation in this trial fell into 3 main aspects, timing of application, rate of application, 

and impact of rate on incidence of FON. In discussing the results, it is important to consider 

that the 2 trial sites were picked for their different geographical position, and in doing that 

different varieties have been used at each site due to availability of suitable host locations. 

As this is the case the response of the different varieties (genotypes or G) to the treatments 

in the different regions (environment or E) is a factor, referred to as the G x E interaction.    

The trials results provide no evidence to support that hypothesis that it would be beneficial 

for application of N to take place at an earlier stage of the crop, i.e. at leaf emergence when 

that falls within the NVZ closed period. From many perspectives this should be viewed as 

positive outcome of the trial - the NVZ closed period exists to protect the environment in 
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certain areas, preventing leaching of nitrates into surface water. If there is no benefit in 

applying during this period, then there is no value in risking N leaching into the water system. 

This also means that N applied during this period where NVZ restrictions do not apply, is likely 

to be less effective than if it is applied later in the growth stage of the plant.  

A rate response was observed in the results obtained for bulb weight, but not for stem length 

or for number of stems produced. The observations from the Lincolnshire trial suggest that 

the influence from the year (environment), is a greater influence for stem length than N 

application, but in the Cornwall trial little response to year or treatment was observed. This 

could either be a result of more similar environmental conditions over the 3-year period, or 

that the variety (Karenza) is not greatly influenced in the respect.  

The weight of bulbs harvested at the end of the trial was higher with the application of N at a 

rate of 80 kg/ha; the percentage increase varied with the trial site, in the Cornwall trial this 

was 9.6% higher than with the untreated plots and in the Lincolnshire trial this was 21% 

greater. Based on the data obtained it is not possible to say if the increase in yield is 

influenced by the variety response to the treatment as well as the trial location, but this seems 

possible. However, we must also consider the soil type, and aspect of the land in relation to 

the likelihood of NO3 being leached from the soil at different rates at the different locations. 

The soil type at the Lincolnshire site is a clayey loam with level aspect as opposed to free 

draining loam on a slope at the Cornwall site. 

Results from this study indicate that rates of N at 50 kg/ha or lower do not have any positive 

impact.    

Like the data obtained for stem length, the number of stems does not appear to have been 

positively influenced by the application of N in this study. At both trial sites the number of 

stems increased over the 3 years of the work, at this point the practice of both host farmers 

is to end flower production and harvest the bulbs. Due to this and the duration of the project 

it has not been possible to investigate the impact of increased bulb weight from application of 

N at the 80 kg/ha rate, on the longer term productive of the bulbs for flower production. As 

the scoping study highlighted, although ending production 3 years after planting is the practice 

on the host farms, the declining price for bulbs has resulted in some growers continuing cut 

flower production for up to 7 years.  Only further work would indicate if N application at this 

rate would have longer term benefit on stem production due to the greater bulb weight. 

In investigating the incidence of FON in relation to N application the study has generated little 

data relating to expression of the disease, so has not established the link between N fertility 

and FON infection which has been previously noted in project BOF 31 (Linfield and 

Hanks.,1994). 
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It is possible that the rates applied were sufficiently low to not given rise to the problem, or 

that the varieties had sufficient resistance to FON to make the infection rates too low. Variety 

resistance to FON is well studied (Bowes, S.A et al 1992) but the trial design had taken this 

into consideration, so it is not believed to be a factor. It could be that the experimental design 

did not take into consideration that bulbs may have rotted to the point where there is no 

observable trace after 3 years of the planting. As only the weight rate of planting is known 

and not the exact number of bulbs per m, we cannot say exact numbers lost. However, this 

is also possibly irrelevant as the bulbs will also have naturally multiplied vegetatively during 

this time, if conditions were favourable, which will have changed the observable and potential 

number that could have developed symptoms of FON infection. To assess the impact of N 

more accurately on the rate of infection, a larger scale trial would need to be designed which 

would allow more regular lifting of bulbs to assess for infection without being detrimental to 

the overall trial.  

Conclusions 

• N application at a rate of 80 kg/ha improved harvested bulb weight but had no impact 

on stem length or yield of flowers, when applied as a top dressing after leaf emergence 

in a 3-year production cycle (2 years of flower harvesting). 

• N application at rates of 50 kg/ha or lower had no impact on harvested bulb weight, 

stem length, or yield of flowers, when applied as a top dressing after leaf emergence 

in a 3-year production cycle (2 years of flower harvesting). 

• No evidence to suggest application of N at leaf emergence during the NVZ closed 

period has any advantage to the crop over later application, in terms of yield or stem 

length. 

• No evidence to suggest application of N at rates of up to and including 80 kg/ha, 

increased the rate of FON infection. 

  



 

 © Agriculture and Horticulture Development Board 2023. All rights reserved  80 

Knowledge and Technology Transfer 

Welsh Flower Network (Lantra) - Soil Health and how to unlock nutrients for flowers online 

event 

Glossary 

Genotype × Environment interaction is where expression of certain physical attributes of a 

plant such as size and yield are different depending on the response of genetic makeup to 

different environmental factors. 

Nitrate Vulnerable Zones (NVZs) - The European Commission (EC) nitrates directive requires 

areas of land that drain into waters polluted by nitrates to be designated as Nitrate Vulnerable 

Zones (NVZs). Farmers with land in NVZs must follow mandatory rules to tackle nitrate loss 

from agriculture. 
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Appendices 

Appendix 13. Soil nutrient analysis 

Table 1. Results from samples at Lincolnshire trial site, samples dated 19/02/2020 

 
 
 
Table 2. Results of soil nutrient analysis from samples at Cornwall trial site, samples dated 
17/09/2019 
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Appendix 14. Trial observations and statistical analysis 
 
Table 1. Lincolnshire trial data for stem length. 
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Table 2. Lincolnshire trial data for number of stems 
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Table 3. Lincolnshire trial data for number of bulbs, fresh weight of bulbs and incidence of 
basal rot. 
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Table 4. Cornwall trial data for stem length 
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Table 5. Cornwall trial data for population 
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Table 6. Cornwall trial data for number of bulbs, fresh weight of bulbs and incidence of basal 
rot. 
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Introduction – Section 4. The effects of NO3 versus NH4 based 

fertilisers / plant nutrients on plant growth and quality 

Plants are known to affect substrate pH due to differences in uptake of cation and anion 

nutrients (Haynes, 1990; Lea-Cox et al., 1996; Marschner, 1995), and work on protected 

ornamental species has examined the relationship between NO3/NH4 application ratio, 

anion/cation uptake ratio, rhizosphere pH and micronutrient solubility (Dikerson and Fisher, 

2017). As has the fact that the way plants alter the rhizosphere pH varies at the cultivar level 

in some crops (Froehlich and Fehr, 1981; Saxena and Sheldrake, 1980).  

Assimilation of NO3 into NH4 has to take place in plants and the process has a high energy 

requirement, so it is considered most energy efficient to supply N to plants in a mix of both 

NO3 and NH4. The aim of the work carried out in the study was to demonstrate the way pH 

changes in response to N when it is supplied as either NH4 or NO3, and how the impact is 

different in different plant species and how that might relate to the availability of other macro 

and micronutrients.  

Due to the amount of literature available on this topic, the conclusion from the scoping study 

was that it was unnecessary to carry out in depth investigations and unrealistic to develop 

detailed recommendations for N-form application, however the production of best practice 

advice backed by demonstration trials would be of benefit.  

The trial design took into consideration species which have differing imbalances in anion and 

cation uptake during growth and can subsequently suffer with different deficiencies due to 

changes in growing media pH, the current availability of commercial fertiliser formulations 

was also a consideration.  

Materials and methods 

The investigation was untaken between May and August of 2020, in a glasshouse at NIAB’s 

Cambridge trial site. The glasshouse was set to maintain a minimum temperature of 10 oC, 

no supplementary lighting was provided, and no shade screens were utilised. The trial was 

carried out on a tabletop bench fitted with Stal & Plast liners.  

Crops with different nutritional requirements were selected to investigate the difference in 

response. Cyclamen has a lower nutrient requirement, pansy has a higher nutrient 

requirement and causes pH to increase over time, and geranium which drives pH down over 

time.  

The test plants were as follows: 

• Pansy ‘Matrix® Blue Blotch’ – grown at the trial site from commercial supplied seed 
by Ball Colegrave 
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• Geranium zonal ‘Designer Scarlet Bright’ – obtained as plug plants from Ball 

Colegrave during week 20.  

• Cyclamen F1 ‘Metis® White’ – obtained as plug plants from Ball Colegrave during 

week 20. 

 

Figure 29. Overview of trial 3 set up, dated 12/08/2020. 

Plants were transplanted into Soparco Duo 13 cm 5 deg (1 l) pots using a standard peat 

based growing media mix, the specification of which can be found in Table 17. 

Table 17. Growing media specification. 

Brand ICL M2 

pH range 5.3-6.0 

Particle size 0-10 mm 

Conductivity 228-414 μs 

Nutrient added 192N 98P 319K 

 

Irrigation to the trial was applied manually overhead using a lance. The water supply used 

was main supply for the area (hard water). Plants were irrigated according to need, with 

excess irrigation water freely draining to avoid cross contamination between treatments.  
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Three feed treatments were applied to the trial each with a different ratio of NH4 and NO3, as 

shown in Table 18. All treatments provided 100 ppm N (NH4/NO3), 45 ppm P,125 ppm K, 8 

ppm Mg and trace elements. 

Table 18. Treatment list – ratio of N components used to achieve 100 ppm of N in feed. 

Treatment no. NH4 

 

NO3 

 
1 0 100 

2 20 80 

3 30 70 

 

The details of the feed components can be found in Tables 1 to 3 in Appendix 15 of the report.  

When fertiliser straights with sulphate e.g., magnesium sulphate (MgS) are used to create the 

stock solutions, the potential for an increase of the media pH can be expected. To achieve 

the required Mg levels in all three stock feeds both MgS and magnesium nitrate (MgN) were 

used.  

The three stock feeds were made up on 03/06/2020 and diluted at a rate of 5 ml to 1 l water 

(0.5% or 1:200).  

Feeding started one week after potting and then on a weekly basis. At each feeding event 10 

ml of the diluted solutions were applied manually by syringe to individual pots in the relevant 

treatments.  

The trial consisted of 66 plants per species, 22 per feed treatment. They were arranged in 

replicated blocks to assist with application of feed and with sampling of growing media.  

Observations were made throughout the trial on the incidence of deficiency symptoms, and 

those observed were noted and photographed. 

Assessments were made on two occasions during the trial, this consisted of plant height or 

width (depending on species) measure in mm, a count of the number of leaves (cyclamen 

only), a count of the number of flowers and the fresh weight of the above ground growth in g. 

Weekly observations on growing media EC and pH (SME) were made using EXTECH ExStik 

II meter. To maintain consistency, the SME sample was taken on the day that the feed was 

applied, but prior to its application.  

A sample of growing media and plant tissue from each treatment was sent for laboratory 

analysis at the mid-point of the trial based on 10 randomly selected plants, final samples were 

taken from the remaining 12 plants.  
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Results 

The trends resulting from the use of different N form ratios in this trial were not as clear as 

anticipated. Three crops with different nutritional requirements were selected to illustrate the 

way different species react, however the response was not as expected. 

Weekly observations of growing media pH for all species show an initial decline in value, 

followed by a general increasing trend in the final six weeks of the trial. The highest values 

for pH were observed in pansy, followed by geranium and the lowest was in cyclamen, with 

no overlap in values for the three different species. Within each species there is no consistent 

trend linking the pH value to the N-form ratio, so final pH does not appear to be lower with 

increasing or decreasing amounts of NH4 in the feed.  

Table 19. Results of observation on growing media pH over duration of the trial for all treatments. 

 

All observations of growing media pH and EC can be seen in Tables 1, 2, and 3 of Appendix 

16 of the report. 

The results of the leaf tissue analysis at the mid-point and the end of the trial show a greater 

difference between species in SAP pH than observed in the growing media analysis. As 

expected, geranium has a low pH value, in this case below 4. For pansy it was in the range 

of 5.4-6.0 and cyclamen 5.1-5.2.  
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Table 20. Summary of results for all treatments for plant fresh weight, growing media and leaf tissue 

analysis - samples taken 17/07/2020 for mid-point, 18/08/2020 for final observations. 

 

The full results from the growing media and leaf tissue analysis are contained in Tables 4 and 

5, Appendix 16 of the report. 

In all treatments the main (or only) form of N was NO3, however in Figure 30, very different 

ratios for the forms of N in the plant were seen. We would expect to find NH4 in the leaf tissue 

of all treatments even where N is only supplied as NO3 in the liquid feed (NH4 is present in the 

base feed) as reduction of NO3 to NH4 is an essential process.  

At the mid-point of the trial, pansy, and cyclamen both had more NO3 than NH4, and in 

geranium the opposite was observed. At the end point of the trial the trend was the same in 

cyclamen and geranium, but in pansy the values show virtually no NO3.  
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Figure 30. Results of leaf tissue analysis for NO3, NH4 and pH, samples from A) 17/07/2020 for mid-point 

observations, and B) 18/08/2020 for final observations. 

The reduction of NO3 to NH4 produces positively charged hydrogen molecules which reduce 

cell pH, due to this we would anticipate the leaf tissue pH to be lowest where the results show 

the highest ratio of NH4 to NO3. The results from the trial confirm this trend. 

The effect of pH on levels of micronutrient in the leaf tissue should show increased levels of 

molybdenum (Mo) with increasing pH and increasing Fe and Mn with decreasing pH as shown 

in Figure 31. The lower pH in geranium does show generally higher Fe and Mn; Mo is highest 

in pansy with the highest pH. However, the trend is not an exact correlation as pansy with the 

100% NO3 feed has the highest levels for all three nutrients and has the second highest pH. 

 

Figure 31. Leaf tissue analysis results for Fe, Mn and Mo in relation to pH, samples dated 17/07/2020.  
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Observations on plant size, number of flowers and fresh weight of above ground growth were 

taken during the trial. The data collected confirmed the visual conclusion that there was little 

impact on growth between the different treatments for each species, images from trial can be 

seen in Figure 32. In geranium, slightly greater plant height and fresh weight were observed 

in the 20:80 treatment, but no difference observed in flower stem number. In the three pansy 

treatments a slight increase in fresh weight was observed in the 0:100 treatment over the 

other two ratios, which was consistent with plant width observations at both the mid-point and 

end point of the trial. The full observation can be found in Tables 1, 2 and 3 of Appendix 17 

of the report.  

  

Figure 32. Trial images of all treatments dated 03/07/2020. 

Discussion 

The form that N is supplied to the plant in, either as a positively or negatively charged ion 

(NH4
+ vs. NO3

-), should influence the growing media pH as the plant exudes ions of the same 

charge during uptake. Feeds higher in positively charged NH4 ions should see declining 

growing media pH and those higher in negatively charged NO3 ions should see increasing 

pH. 
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In pansy the expected increase took place, but it was the same as in geranium, which was 

expected to have declining pH over the period of the trial. This should have been particularly 

obvious with the 30:70 treatment; the higher NH4 content should give a greater decline in pH 

as the geraniums exude positive charged ions as the NH4 is taken in.  

From monitoring growing media pH in the trials of this project, it appears likely that the upward 

trend in growing media from the use of overhead irrigation and the water source (which is 

high in bicarbonate), has cancelled out the effect of the varying N-form ratios.  

It is also possible that the ratios included in the trial are not sufficiently high in NH4 to cause 

a significant decline in pH under the trial conditions. These ratios were selected as they are 

accessible to growers in the form of ‘straights’ or as part of prepared feeds; a higher NH4 ratio 

may be detrimental in some crops but very unlikely to be used. 

In contrast to the growing media, very different values for leaf tissue pH were observed. This 

was a reflection of the differences between species in the assimilation of NO3 into NH4 as part 

of normal metabolic processes. The low pH of the geranium leaf tissue correlates to the higher 

ratio of NH4 to NO3, and the opposite is true in cyclamen and pansy (Marschner 1994).  

The impact of differences in ratio of NH4 to NO3 are more clearly demonstrated in other work 

carried out by NIAB in a separate commercial project, the results of which are reproduced 

here by kind permission of the customer. Plants of Petunia ‘Surfinia® Purple’ (Sunpurple) 

were grown in a range of commercially available and developmental peat-free growing 

medias. This was under the same glasshouse conditions as the experimental work for this 

project, using the same irrigation water, which is untreated mains water that is high in 

bicarbonate, no additional feed was applied. From the work in section 1 of this report looking 

at interactions between irrigation type in relation to the delivery of liquid feed,  in petunia, with 

overhead watering and hard water it is expected that pH will rise over time.   

Each of the growing medias in the trial was sampled and analysed in their unused condition 

and after 5 weeks of plant growth. Figure 33 below shows the values for pH at both points in 

the trial, and contrary to the expect trend, 2 treatments had a reduced pH level at the mid 

point of the trial. Treatments 13 and 14 showed a reduction of 1.2 and 1.4 respectively over 

the 5 week period. Treatment 18 did also have a reduction from 6.6 to 6.5 but in this context 

that was not considered of note as it would not have an impact of the availability of nutrients. 
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Figure 33. pH values obtained from laboratory analysis on a range of growing media products as unused 

material at the start of trial, samples dated 21/04/2021 and after 5 weeks of growth, samples dated 

28/05/2021. 

The extraction and analysis performed by NRM by adding a weight of sample equivalent to 

60 ml volume to 300 ml of deionised water (ref BSEN 13652:2001).  

When comparing these results with the values for N, these 2 growing media samples are the 

only ones that had a significantly higher proportion of NH4 to NO3 in the initial analysis, 3:1 in 

treatment 13, and in treatment 14 all N was in form of NH4.   

 

Figure 34. Results for N obtained from laboratory analysis on a range of growing media products as 

unused material at the start of trial, samples dated 21/04/2021. 

Neither treatment 13 nor 14 has the highest total amount of NH4 which highlights that it is the 

ratio that is of importance. 

While the experimental work carried out as part of this project did not demonstrate the change 

in growing media pH as intended, the principle of changing the NH4 to NO3 ratio to influence 

pH is well document in other studies referenced in this report. Where pH is an issue in crops 



 

 © Agriculture and Horticulture Development Board 2023. All rights reserved  104 

for nutrient availability, investigating the N-form ratio in liquid feeds and base fertilisers has 

value. For growers transitioning from peat-based growing media to peat-reduced and peat-

free mixes, the ability to influence pH via the use of different forms of N could be of increasing 

relevance. Water retention in peat-reduced and peat-free mixes can be an issue, leading to 

more frequent or higher volume irrigation. If using water high in HCO3
 -, the increase in pH 

seen over time, would be exacerbated if no remedial action was taken. Using fertilisers higher 

in NH4 or tailored to hard water (acidifying) are options to be considered to avoid problems 

with nutrient deficiency under high pH conditions. 

Conclusions 

• Readily available (in trade) fertiliser ratios of NH4 and NO3 are unlikely to impact on 

growing media pH in hard water areas when applied little and often.  

• High alkaline irrigation water can eliminate the drop in pH that can occur through use 

of acidic feed, or when growing ‘acidifying’ plants (e.g., geranium). 

• The addition of a base fertiliser in growing media with a higher proportion of NH4 can 

induce a drop in pH over the short term when growing plants which are natural inclined 

to increase pH (e.g., petunia). 

• Accumulation of higher NH4 levels when using capillary matting may make the use of 

high ratio NH4 feeds undesirable where crops species are inclined to reduced pH e.g., 

geranium. 

• Results for pH in leaf tissue analysis and in the growing media of the same crop can 

be very different. It is important to understand both to identify the potential for 

deficiency and toxicity in different species. 
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Knowledge and Technology Transfer 

How plants affect the rhizosphere during nutrient uptake – Talk by Hilary Papworth, AHDB 

event, Alternative growing media for ornamental plant production (10/07/2019) 

Glossary 

Cations (positive +ve) and anions (negative -ve) are charged particles. These ions are the 

‘form’ of the element that the plant is taking up. The ratio of the different cations and anions 

can alter the pH of growing media.  

The rhizosphere is the area (region) of soil/substrate directly around the root. It is the zone 

where plant, soil, nutrients, micro-organisms, water interact. The rhizosphere will differ slightly 

in terms of pH and EC, than the rest of the rootzone.  
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Appendices 

Appendix 15: Feed 

Table 1. Feed calculations for 0:100 treatment 

 

Table 2. Feed calculations for 20:80 treatment 

 

Table 3. Feed calculations for 30:70 treatment 
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Appendix 16. Leaf tissue and growing media analysis results 

Table 1. Observations on growing media pH and EC (SME) in cyclamen treatments.  

  

 

Table 2. Observations on growing media pH and EC (SME) in geranium treatments.  

  

 

Table 3. Observations on growing media pH and EC (SME) in pansy treatments.  
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Table 4. Laboratory analysis of growing media. 

The extraction is performed by adding a weight of sample equivalent to 60mls volume to 300mls of deionised 
water (ref BSEN 13652:2001).  

 

Table 5. Laboratory analysis of leaf tissue (SAP). 
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Appendix 17: Trial observations and data 

Table 1. Observations on geranium. 
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Table 2. Observations on cyclamen. 
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Table 3. Observations on pansy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


