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Integrated systems for the production of organic greenhouse vegetables,  
A.P. Papadopoulos, X. Hao, D. Ehret, W. Lin, S.Khosla, Madhiyazhagan.R. 

 
EXECUTIVE SUMMARY (FINAL REPORT) 

The choice of growing media and the strategy of application of organic fertilizers are considered 
major challenges in the development of systems for the production of organic greenhouse vegetable 
production. The main objectives of this project have been to identify commercially available organic 
media, to formulate new organic media, and to evaluate both as substrates for the production of 
greenhouse vegetables, and to develop appropriate nutrient feedings based on commercially available 
organic liquid fertilizers for tomato (Lycopersicon esculentum L.), cucumber (Cucumis sativus L.), and 
sweet pepper (Capsicum annum ) production. Four liquid feeds: Inorganic (IF1), Agrowchem (OF2), 
Pure Blend (OF3), and Agrogreen (OF4), and four media: Rockwool (M1), Coir (OM2), Organic 
mix-1 (OM3: Peat+20 L soy meal) and Organic mix-2 (OM4: Peat+40 L soy meal) were tested. 
 
1. Research work at the GPCRC (Harrow) 
 
New media for organic greenhouse vegetables 

Crop performance results in the year 2006, 2007, and 2008 demonstrated the effectiveness of 
the in-house formulated organic media (Peat-based+ Soymeal) for organic tomato, cucumber, and 
sweet pepper production. The pH and EC values in OM3 and OM4 were between 5.6- 6.1, 2.5-3.0 
mS cm-1, 5.8-5.9, 1.8-2.0 mS cm-1, and 6.4-7.4, 1.7-2.6 mS cm-1 for tomato, cucumber and sweet 
pepper respectively; well within recommended ranges. Furthermore, the nutritional status of plants 
grown on the organic media OM3 and OM4 resembled closely the nutritional status of plants grown 
on rockwool (M1) and Coco (OM2), as evidenced by leaf tissue analysis results on N, K, Ca, Fe, Cu, 
Zn and B.   
 
Tomato productivity 

In spring 2006 two organic liquid fertilizers and four levels of organic media were tested, 
whereas in spring 2007, four liquid fertilizers (three organic liquid and standard (rock wool) feed and 
four media (two organic and one inorganic (rock wool) and one organic (coco coir) control were 
tested on tomato. The highest marketable yields achieved with the best combinations of organic 
liquid fertilizers and organic media were 23.6, 21.6 and 21.2 kg m-2; these yields represented 
92.2, 84.4 and 82.3 % of the corresponding rockwool (inorganic control), or 95.2, 87.1 and 85.5 
% of the coco coir (organic control) yields. For the fruit yields of S2007 total cost per kg of tomato 
with the inorganic production methods was $0.97/kg while it was $1.67 for the best organic 
production system (i.e. Agrowchem with OM4). The production cost for the organic tomatoes was 
about 72% higher than that of conventional greenhouse tomato production. 
 
Cucumber productivity 

In Fall 2006, the most promising combination of medium and feed for organic cucumber 
production was that of organic mix OM4 (Peat + 40 L soymeal) and liquid feed OF3 (17.1 no m-2). 
However, the results of this experiment should be treated as inconclusive because of a heavy 
powdery mildew infestation of the crop, which resulted in greatly reduced fruit production rates 
across all treatments.  
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In Fall 2007, Organic liquid feed × media interactions had a significant impact on marketable yield. 
The highest seasonal marketable yields achieved with the best combinations or organic liquid feeds 
with organic media were 22.1 and 20.2 cucumbers m-2 for the combinations OF3 × OM3 and OF2 
× OM3, respectively; these yields represented 80.1 and 72.8 % of the rockwool (inorganic control), 
or 100 and 90.9 % of the coco peat (organic control, but with an inorganic feed) marketable yields.  
 

Sweet pepper productivity 

To develop an integrated organic production system for greenhouse sweet pepper a one year 
study was conducted during spring 2008. Four liquid fertilizer feeds: three organic combinations of 
Agrowchem (organic liquid feed) and the standard rockwool feed, and four media (two organic and 
one inorganic (rockwool) and one organic (coco coir) control were tested on sweet Pepper 
(Capsicum annuum., Cultivar Facinato). The highest total and marketable yields achieved with the 
best combinations or organic liquid fertilizers with organic media were 16.7, 15.4, and 14.6 Kg m-2, 
for the combinations of organic liquid fertilizers: Agrowchem I, Agrowchem II and Agrowchem III, 
with the in-house Organic mix-1 (i.e. Peat+20 L soy meal) [or, Organic mix-2 (i.e. Peat+40 L soy 
meal) media; these yields represented 97.0, 89.0, and 83.0 % of the corresponding rockwool 
(inorganic control) yields, or 97.0, 89.0 and 84.9 % of the coco coir (organic control) yields.  

The most economically feasible organic system in the 2008 sweet pepper experiment was 
the Soymeal 20 or 40 (in-house made organic media) with OF2. These two treatments achieved 
95% of the marketable yield or close to 90% of the Extra Large Equivalent fruit yield of the 
conventional rockwool (inorganic control). The production cost per kg of sweet pepper for these 
2 treatments was about 65% higher than the conventional rockwool (inorganic control). If the 
organic produce could sell at 65% higher marketable price than the inorganic produce, these 
treatments will be as economically feasible as the current inorganic greenhouse sweet pepper 
production system. 
 
2. Research work at PARC (Agassiz) 

Trials with sawdust – Two trials were conducted with the tomato cultivar Rapsodie. The first 
compared a standard hydroponic feed with two organic liquid feeds consisting of, in part, (a) 
Pacific Naturals plus FishPlus and (b) MetaNaturals products. In a fourth treatment, the 
MetaNaturals feed was treated with chlorine dioxide to evaluate effects on biofilm accumulation. 
A second trial focussed on recirculation. Here, a standard feed was compared with an organic 
liquid feed (this time using, in part, Technaflora products). In a third treatment, the organic feed 
was administered to plants growing in a sawdust/Agassiz compost (80:20) mix. All three feed 
treatments were subdivided into drain-to-waste and recirculating treatments for a total of 6 
treatments. In both trials, plants grown in sawdust and fed with organic liquid feeds showed 
reduced production compared to the standard hydroponic feed. On a fruit weight basis, this 
reduction varied from 25 to 33% in Trial 1 and from 18% (drain-to-waste treatments) to 25% 
(recirculation treatments) in Trial 2. Chloride dioxide did not affect total fruit weight, number or 
size compared to the organic treatment without chorine dioxide. The data also shows that 
recirculation reduced yield in both standard and organic treatments, but had a greater effect in the 
organic treatments. The treatment with compost plus organic liquid feed did not show significant 
yield differences compared with the standard feed in drain-to-waste treatments, but yield was still 
20% less in recirculation. 
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Biofilm control - Biofilm development was observed in irrigation lines in both hydroponic and 
organic all treatments. There were often no differences between the standard hydroponic and 
organic treatments, but occasionally organic treatments showed enhanced biofilm accumulation. 
Chlorine dioxide significantly reduced the build-up of biofilm in irrigation lines of organic 
treatments. Similarly, organic and standard fertilizer treatments often did not show differences in 
the incidence of dripper plugging, although drippers in high liquid organic feed concentrations 
were more prone to plugging. Chlorine dioxide was effective in improving dripper volumes with 
organic feeds, but results were not always consistent. Recirculation of organic liquid feeds did 
not negatively affect dripper volume output. Aeration of the feed solution also reduced the 
amount of suspended solids which could help in preventing dripper plugging. 

 

Trials with composts - Organic fertilizers consisting of combinations of composts (yard waste, 
swine manure, or spent mushroom substrate) and liquid fertilizers (fish or plant-based) were 
evaluated against conventional hydroponic fertilizers in two experiments with greenhouse 
tomatoes grown in peat-based substrate. Crops (tomato cultivar Clarance) grown in 20-40% 
compost (yard waste or yard waste plus swine manure) plus a continuously-applied liquid source 
of organic K, Ca, Mg and SO4 could not be sustained more than one month before nutrient 
deficiencies became visible. A supplemental fish-based or plant-based liquid feed containing N 
and P was necessary for adequate growth of a long term crop. Supplementation at the point when 
plant deficiencies became apparent subsequently produced yields about 80% that of the 
hydroponic control. In a second experiment, the proportion of mushroom or yard waste compost 
was increased to 50% of the mix, and liquid delivery of K, Ca, Mg and SO4 plus either plant-
based or fish-based N- and P-containing liquid feeds was started at the date of transplanting. In 
this case, organic yields equal to that of the hydroponic control were observed in some 
treatments. The most productive organic treatment was the mushroom compost supplemented 
with a low concentration of the plant-based liquid fertilizer. In general, organic tomatoes had a 
lower postharvest decay index (better shelf-life) than did the hydroponic controls, possibly as an 
indirect consequence of overall reduced yield in those treatments. High concentrations of both 
organic liquid feeds resulted in lower yields as a result of treatment-induced Fusarium crown and 
root rot. Addition of zeolite to the peat/compost substrates improved production and fruit quality. 

In Conclusion: 

These studies have indicated that the production of organic greenhouse tomato, and sweet 
pepper is a viable alternative for greenhouse growers who are looking for a transition under 
the present marketing conditions. This conclusion is based on our research findings: 1) the 
organic methods we developed would deliver up to 23.6 Kg m-2 of marketable fruit  in a long 
season tomato crop (i.e. 92.2 or 95.2% of the rockwool or coco yield, respectively), and,  2) 
the organic methods we developed would deliver up to 16.7 Kg m-2 of marketable fruit  in a 
long season pepper crop (i.e. 97% of the rockwool or coco peat yield). However, our 
recommendation for the commercial application of our experimental methods for the 
production of organic tomatoes and peppers is conditional on the assumption that the 
organic tomatoes and peppers will sell, at least, at  72 or 65% higher prices than the 
corresponding prices of inorganic produce, or that the cost of the liquid organic fertilizers 
will drop to more reasonable levels. 
On the other hand, our results on the organic production of cucumbers do not allow us to 
recommend the application of our experimental methods to commercial production. 
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Plate 1. Organic Media making and sweet pepper experimental setup, spring 2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 2. Organic sweet pepper crop at an early stage growth, spring 2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        Plate 3. Organic sweet pepper crop at Fruiting stage, spring 2008.
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PREAMBLE 

The present Third Interim Research Project Report for 2008/2009 fulfils part of our contractual 

obligations under the multiparty collaborative research and development agreement on 

‘Integrated Systems for the Production of Organic Greenhouse Vegetables’ signed by the parties 

on August 25, 2006; September 8, 2006, and September 18, 2006. 

The project has been possible thanks to the financial, material, and moral  support received from 

the Ontario Greenhouse Vegetable Growers, the BC Greenhouse Growers Association, 

AgrowChem Inc., CH2O, Agrogreen Canada Inc., and VGROVE Inc.; their contributions were 

matched through the Matching Investment Initiative program of Agriculture and Agri-Food 

Canada; all contributions are appreciated. 

To make the third Interim Research Report easier to reproduce and distribute, the number of 

colour graphs and photos has been kept to a minimum.  

The professional and technical contribution of a large number of colleagues within AAFC is 

acknowledged; more focused credit for their contributions will be given when the results of the 

research are published.  

 

A. P. Papadopoulos Ph.D., Project Leader 
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Introduction  
Organic vegetable production is the most dynamic and rapidly growing agricultural sector 

particularly in Canada, where sale of organic food reached $1.3 billion in 2007 and of those, 

Sweet pepper sales comprised <2% of the total Canadian market share. Consumer interest has 

also increased dramatically, both for health and environmental reasons. Lack of dependable 

supply of certified organically grown Sweet pepper limits the increasing market share of organic 

products. The majority of the organic fresh markets sweet pepper are small by conventional 

standard. As a result of these factors, conventional greenhouse growers are considering organic 

production methods in the face of increasing difficulties in the marketing of the common 

greenhouse Sweet pepper. The development of methods for the production of organic greenhouse 

crops has taken a new urgency in the minds of many growers. Certifying organically produced 

sweet pepper under greenhouse environment is complex and virtually no technical information is 

available for the Canadian environment.  

The main objectives of this project have been to identify commercially available organic media, 

formulate new organic media, and evaluate both as substrates for the production of greenhouse 

vegetables, and to develop appropriate nutrient feedings based on commercially available organic 

liquid fertilizers. Ultimately, the goal is to develop complete (integrated) methods for the organic 

production of vegetables in greenhouses, to assess the commercial feasibility of organically 

grown greenhouse vegetables and to provide appropriate detailed recommendations to the 

greenhouse industry. In years 2006 and 2007, the project consolidated the technology packages 

for composting media and strengthened the reliability and sustainability of those media as the 

main source of nutrients for long season organic greenhouse tomato and cucumber production. 

To achieve the goals of this project a new experiment on Sweet pepper was conducted during 

spring 2008 (one year) to compare the growth and productivity of sweet pepper crop on organic 

media of varying composition, and with the use of commercially available liquid organic 

fertilizers. This report summarizes the findings of experiments conducted during spring of 2008 

on Sweet pepper. 
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A. Research Work at GPCRC (Harrow) 
 

1. Spring 2008 sweet pepper crop  
 

1.2. Materials and methods  

1.2.1. General crop information 

Seed of Sweet pepper (Capsicum annuum. cultivar Facinato) was sown on Dec. 20, 2007 directly 

in kiemplug/288 cell trays. On January 9, 2008, the seedlings were transplanted in 4 inch peat 

pots filled with an organic medium (OM3) as well as in 2.6×3.9×3.9” (7.5x10x10cm3) rockwool 

blocks. For the first week, seedlings were watered every other day with tap water. Transplants in 

rockwool blocks were fed with a standard transplant nutrient solution, whereas, transplants in 

fibre pots were fed with tap water.  

Transplants were raised on benches at a density of 12 plants /m2 until their final planting in the 

greenhouse. During the transplant raising phase the heating temperature was set at 18°C, whereas 

the ventilation/cooling set point was at 20°C. Day/night air humidity was set at 60%/55%. 

Carbon dioxide concentration was maintained at 1000 ppm with liquid carbon dioxide when the 

light intensity was greater than 75 Wm2 and the greenhouse was not ventilated. sweet pepper 

seedlings were transplanted into the greenhouses (245 m2) on 13  Feb. 2008 (Figure 1.) at a 

density of 3.1plants/m2. Plants were trained to a vertical system with two stems per plant. The 

stems were twisted around separate strings extended from overhead crop wires. Older and dead 

leaves were removed as needed. Cultural practices resembled those of commercial production. 

The crop was scouted weekly for pest and diseases, and beneficial insects. Pest control was 

managed by the use of biological measures only. Biological control of insect pests included the 

use of parasitoid Eretmocerus eremicus [for the control of whitefly (Trialeurodes vaporariorum; 

Bemisia tabaci)], predatory mite Amblyseius cucumeris [for the control of thrips (Frankliniella 

occidentalis)], and releases of parasitoid Apidius colemani [for the control of aphid]. Twice 

during the season, elemental sulphur application was used to control powdery mildew (Oidium 

neolycopersici).  
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Plants were fertigated using 4 L.h-1 emitters. The frequency and duration of the fertigation events 

were controlled by an automated system by time clocks. The volume of irrigation solution was 

changed with plant growth and solar radiation levels. The pH, EC, and volume of feeding nutrient 

solutions received by the plants (through drippers delivering 2 L.h-1) were monitored regularly 

five times weekly by keeping an extra dripper in a 4 L collection beaker for each treatment. The 

same observations were also made daily on the leached-out solution or extracted samples from 

the growing media. Fine adjustments of the feed formula on the basis of the measured values of 

EC and pH (of both feeding nutrient and extracted solution) and the leach fraction were made.  

Greenhouse environment was controlled with an Argus control ® system. Day/night temperature 

during the first two weeks after transplanting were kept at 23/20°C, and then reduced to 20.5/18.5 

°C. The seasonal mean temperature inside the greenhouse was 21.7°C. Day/night relative 

humidity (RH) was set at 75%/65%, but seasonal mean relative humidity was 65.8%. Carbon 

dioxide concentration in the greenhouse was maintained at 1000 ppm with liquid carbon dioxide 

when the light intensity was greater than 75 Wm2 and the greenhouse was not ventilated.  

Fruit harvest was from April 24 to December 24, 2008. The crop was terminated on December 

30, 2008. 

1.2.2. Organic media and organic liquid feeds 

Four media were used: Rockwool (M1), coir (OM2), organic mix-1 (OM3: Peat+20 L soy meal) 

and organic mix-2 (OM4: Peat+40 L soy meal). Organic mix-1 (OM3) was prepared by blending 

0.66 m3 (6 bags) of peat moss with 0.33 m3, (3 bags) of vermiculite, 3 kg of limestone 

(pulverized FF calcitic 40% Ca), 3 kg of ground limestone (dolomitic, 21% Ca + 12% Mg), 600 

grams of potassium sulphate, and 20 L of soymeal. OM4 was the same as OM3 except for the 

soymeal content, which was doubled to 40 L (Table 1). 

Organic liquid feeds by Agrowchem at three different combinations were compared with 

inorganic control. One of the organic liquid feeds combination was  Agrowchem-I (standard 

Agrowcehm feed:OF2), which was a blend of Hydrolysate (5-0-0), Liquid Bone Meal 

(Phosphorus) (0-2-0), Spurt (2-0-1), Agro Kelp(Potassium) (0-0-5) and Organo Guano (0-2-0) 

(all products of Agrowchem  Inc., Kingston, Ontario). Hydrolysate is derived from plant protein 

and contains amino acids and polypeptides. Liquid Bone Meal is derived from bone meal and 
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organic acid. Spurt is derived from sea weed extract (kelp) and amino acids (protein hydrolysate 

and potassium hydroxide). Agro Kelp contains a combination of seaweed extracts (kelp). Organo 

Guano contains liquid form of phosphorus derived from fruit eating bats.  

The second organic liquid Agrowchem combination feed used was Agrowcehm-II (OF3). Source 

of nitrogen was a combination of protein hydrolysate powder (10-1-3) and hydrolysate (5-0-0). 

Phosphorus is from Phytic acid degradation by phytase (0-32-0). Nitro Organo (Nitrogen) (5-0-0) 

and Agro Kelp (Potassium) (0-0-5) were same sources as in Agrowchem-I (OF2). The third 

organic liquid feed Agrowchem-III combination feed was same as Agrowchem-II (OF2) except 

for Liquid Bone Meal (Phosphorus: 0-2-0). All products for Agrowchem-I, II and III of 

Agrowchem Inc., Kingston, Ontario. The fourth one was an inorganic control (IF1), i.e. a 

standard nutrient solution for a rock wool-grown spring sweet pepper crop (Table 3). 

1.2.3. Experimental design 

The experiment was laid out as a split-plot design.  The main plot consisted of 4 liquid feeds: 

Inorganic (IF1), Agrowchem-I (OF2), Agrowchem-II (OF3), and Agrowchem-III; and, each main 

plot was split into 4 sub-plots to accommodate 4 media: Rockwool (M1), coir (OM2), organic 

mix-1 (OM3) and organic mix-2 (OM4). There were 16 treatment combinations replicated four 

times; this comprised a 64-plot experiment.  Each plot consisted of 5 plants grown individually in 

20 L plastic pots for the treatments OM3 and OM4 or two on each slab for M1 and OM2. 

There were 16 treatment combinations and each treatment was replicated in 4 blocks. This 

comprised a 64-plot experiment and the four blocks were placed in eight rows; each block 

consisted of two rows; five plants formed an experimental unit. Organic media sweet pepper 

plants were grown in 20-L plastic pots, one plant per pot. The standard media treatment sweet 

pepper plants were grown in two slabs (rock wool or coir): rock wool (FIBRgro™ Horticultural 

Products (Fibrex.Insulations, Sarnia, Ontario, Canada) and coco coir (Vgrove Millennium soil 

Coir, St.Catharines, Ontario, Canada). There was a sufficient number row of guard plots 

surrounding the 16 treatment blocks. In addition, there were guard plants in row for adequate 

separation of the two adjoining plots. 
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Figure 1. Split plot experimental design of organic sweet pepper production. Spring 2008. 
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Figure 2.  Air temperature and relative humidity conditions in the greenhouse, sweet pepper Crop,  

Spring 2008 (February 13 – December 24, 2008). 
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Table 1. Media used as substrates in the sweet pepper Spring 2008 experiment. 

 Ingredients Substrates  Code
Rockwool   M1  
   
Coco coir M2

rganic mix-1 M3 

ic, 21% Ca + 12% Mg) 
ssium sulphate 

0 L of Soymeal 

rganic mix-2 M4 

ic, 21% Ca + 12% Mg) 
ssium sulphate 

 

O  
 

 
  
O O 6 bags (0.11 cubic metres, each) of peat moss 
  3 bags (0.11 cubic metres, each) of vermiculite 
  3 kg of limestone (pulverized FF calcitic 40% Ca) 
  3 kg of ground limestone (dolomit
  600 grams of pota
  2
   
O O 6 bags (0.11 cubic metres, each) of peat moss 
  3 bags (0.11 cubic metres, each) of vermiculite 
  3 kg of limestone (pulverized FF calcitic 40% Ca) 
  3 kg of ground limestone (dolomit
  600 grams of pota

 40 L of Soymeal 

Table 2. Organic liquid feeds, Spring 2008, sweet pepper experiment. 

tment Dilution Liquid feed trea Supplier Fertili (N P K) zer 
 

IF1 (Inorganic)
 

1 per ule for rockwool grown crops 

F2 (Agrowchem-I)2 growchem  Inc. 

 meal) 

F3 (Agrowchem-II)3 growchem Inc. wder 

  

F4 (Agrowchem-III)4 growchem Inc. wder 

  

hosphorus (Liquid bone meal) 0-2-0 1:300 

 

Standard sweet pep
 

 fertigation sched
   

O A Organo Guano 0-2-0 
5-0-0 

1:400 
1:800  

 
 
 

Nitrogen (Hydrolysate) 
Phosphorus (Liquid bone 0-2-0 1:400 

  Potassium (Agrokelp) 
Spurt  

0-0-5 1:400 
1:400  

O
 
A

2-0-1 
Protein Hydrolysate Po 10-1-3 1:800 

  Potassium (Agrokelp) 
hytic  

0-0-5 
0-32-0 

1:400 
 1:2 00 

 
 
 

P
N

5
itrogen (Hydrolysate) 

 
5-0-0 

 
1:800 

  
O

 
A Protein Hydrolysate Po 10-1-3 1:800 

  Potassium (Agrokelp) 
 

0-0-5 
0-32-0 

1:400 
 1:5000  Phytic 

itrogen (Hydrolysate)   N 5-0-0 1:800 

  P
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1IF 1 (Inorganic) - Standard Spring sweet pepper crop fertigation schedule for rock wool grown crops; 2 OF2 (Agrowchem-I:  N P K Ca: 112.5, 

150, 150 and 17);; OF3: (Arowchem-II: N P K: 187.5, 140.5, and 162.5); and OF4 (Agrowchem-III: N P K Ca: 187.5, 151.5, 162.5 and 25.5) 

Table 3. Standard nutrient solution for sw  pe r c
 

N N-NH4

 

eet ppe rop. 

Days from 
Planting -N03 P K Ca Mg Fe Mn Zn Cu B Mo 

             
Wetting of Slabs 200 10 50 253 247 75 0.8 0.6 0.33 0.05 0.50 0.05 
             
1-27 200 

180 
10 
10 

50 
50 

253 
370 

190 
190 

75 
75 

0.8 
0.8 

0.6 
0.5 

0.33 
0.33 

0.05 0.50 0.05 
0.05 28-41 0.05 0.50

42-55 190 22 50 370 190 65 0.8 0.6 0.33 0.05 0.50 0.05 
55- End  210 22 50 370 280 75 0.8 0.5 0.33 0.05 0.50 0.05 

1.2.4. Liquid feed and media nutrient content, pH and EC 

Media samples were collected on February 13, 2008 (at planting time), May 30, 2008 (90 

d to Stratford Agri Analysis to 

monitor the nutritional status. 

and leachate measurement 

 volume, EC and pH were recorded daily, for each of the liquid 

feed treatments. 

ct 21, 2008 (255 DAP) and Dec 19, 2008 (314 DAP) submitted 

to Stratford Agri Analysis to monitor the nutritional status of the plants. 

est leaf from the apex. 

Growth measurements were measured and recorded three times during cropping season on Apr 3, 

2008 (50 DAP), May 28 (115 DAP) and July 10 (158 DAP), respectively. 

DAP) and December 24, 2008 (202 DAP) and submitte

1.2.5. Nutrient solution 

Nutrient solution and leachate

1.2.6. Leaf tissue analysis 

Leaf samples were collected on O

1.2.7. Growth measurements 

Plant growth measurements included measurement on plant height, leaf number (longer than 10 

cm in length), and fruit and flower number of each test plant. Length (from lamina tip to the point 

of intersection of the lamina and petiole) and width of the fifth youngest leaf from the apex was 

measured for estimating the leaf area of the plants. A leaf chlorophyll reading was recorded using 

SPAD 502 chlorophyll meter (Minolta, Osaka, Japan) for the fifth young
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1.2.8. Fruit yield 

Thirty eight harvests were performed from April 24 to December 24, 2008. Fruit from each plot 

(five plants or 10 stems /plot) was harvested twice a week graded according to Ontario 

commercial standards (Ontario Ministry of Agriculture, Food and Rural Affairs1987) and the 

number and weight of fruit in each grade recorded. Marketable sweet pepper had six different 

size grades: XXXL, XXL, XL, large, medium and small, with fruit weight range of 295-364, 247-

295, 189-247, 159-189, 138-159 and 110-138 grams, respectively. In addition, there was a No. 2 

grade in marketable sweet pepper. Unmarketable sweet pepper fruits were graded into two 

principal classes such as blossom end- rot and the unmarketable fruit.  

1.2.9. Fruit quality: Fruit soluble solids (TSS), pH and EC 

At 243 days after planting, various fruit quality attributes, namely: fruit soluble solids content, 

pH, EC were determined. The homogenized fruit juice was used to determine pH and EC (Hanna 

pHep®4 meters; Hanna Instruments, Laval, Quebec, Canada), and its soluble solids content was 

determined by a portable digital refractometer (model PR-101, Atago Co., Tokyo, Japan). 

1.2.10. Statistical analysis 

The data were analysed using the General Linear Model (GLM) (SAS Institute, Cary, NC, USA). 

Significance of main factors and interactions were tested with an F-test at the 0.95 level of 

confidence. 
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1.3. Results and discussion  

1.3.1. Substrate nutrient content, pH and EC  

The nutrient content, pH and EC of the media at planting time and of liquid feed and media at 

mid-season are presented in Tables 4.1, and 4.2.  

The pH values in OM3 (Peat+20 L soymeal) and OM4 (Peat + 40 L soymeal) were between 5.5- 

6.1, well within recommended ranges for greenhouse sweet pepper production at planting and 

mid-season sampling times (Tables 4.1 and 4.2). Electrical conductivity (EC) of the organic 

media OM3 and OM4 at planting was within the accepted range (2.3; Table 4.1). Organic 

medium OM3 and OM4 had higher EC values (4.2- 5.1) at mid-season sampling (Table 4.2). 

At planting, all the N content in OM3 and OM4 was in the nitrate (NO3
-) form (Table 4.1). At 

mid-season, sampling OM3 had high level of N compared to OM4, which might indicate that 

nitrification was possibly hindered by too high of an ammonia concentration (Table 4.2); 

Furthermore, organic control (OM2) coir had very low level of nitrogen which affected growth of 

the plant. Our in-house organic media (OM3 and OM4) and our composting process achieved 

rich supplies of nitrogen for a long season organic sweet pepper crop. Organic medium OM3 at 

planting time had low levels of phosphorus (P), whereas, OM4 had acceptable level of P for a 

sweet pepper crop (Table 4.1). At mid-season, both media had high level of P (Table 4.2). This 

was mainly attributed to the organic liquid feeds.  

Potassium levels in organic medium OM3 and OM4 was optimal at planting time. At mid-season 

sampling OM3 and OM4 had adequate level of potassium (251-299; Table 4.2). Ca, Mg levels in 

OM3 and OM4 were comparable at planting time. However, at mid-season, OM3 had higher 

values compared to OM4. Furthermore, Ca, Mg levels in OM3 and OM4 were always available 

at optimal concentrations.  

In general our in-house blends of organic media had acceptable substrate qualities for organic 

greenhouse sweet pepper production throughout the growing season.
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Table 4.1.  Organic media nutrient content (ppm), pH and EC (mScm-1) – Planting time, February 13, 2008, sweet pepper experiment. 

Organic 
Media1 N-NO3 N-NH4 P K Ca Mg Fe Mn Cu Zn B Mo Na pH EC 

OM 3 191±4.3 3±0.4 16±0.2 182±0.6 125±4.2 128±0.6 0.7±0.1 0.1±0.0 0.01±0.0 0.03±0.0 0.07±0.0 0.03±0.0 19±0.6 5.7±0.0 2.3±0.00 

OM 4 162±1.7 4±0.1 68±1.7 295±6.1 124±1.5 117±2.1 1.6±0.1 0.7±0.0 0.02±0.0 0.07±0.0 0.20±0.0 0.03±0.0 23±0.8 5.8±0.0 2.3±0.03 

                

 
1 OM3= Organic mix-1(20 L Soymeal added), OM4= Organic mix-2 (40 L Soymeal added)  
 2 Data presented are the means of three observations ± SE. 
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Table 4.2. Liquid feed and organic media effects on  nutrient content (ppm), pH and EC (mS cm-1) Mid-season analysis – May 30, 2008, 

 

1 IF1= Inorganic, OF growchem I: N P 112. 50, 150 a d 17; OF3 = Agro   K: 187 .5, a 2.5; F4 = hem N P K 87.5, , 
162.5     and 25.5. 

2 = A K Ca: 5, 1 n wchem II: N P .5, 140 nd 16  and O Agrowc  III:  Ca: 1  151.5

Treatments N-NO3 N-NH4 P K Ca Mg Fe Mn Cu Zn B Mo Na pH EC 
Liquid Feed1                
  IF 1 214 a3  2  b 54  b 569 a 349 a 360 a 2.8 a 0.32 a 0.16  0.27 0.32 a 0.06 a 102 b 5.9 a 5.1 a 
OF 2   74 b 5  a 108 ab 110 b 157 b 159 b 2.7 a 0.31 a 0.14  0.20 0.15 b 0.03 b 240 a 6.1 a 3.0 b 
OF 3 122 b 7  a 165  a 119 b 166 b 167 b 2.3 a 0.41 a 0.04  0.17 0.16 b 0.04 ab 247 a 5.3 b 3.1 b 
OF 4 106 b 7  a 125  a 98   b 166 b 156 b 2.6 a 0.35 a 0.10  0.18 0.16 b 0.02 b 234 a 5.4 b 2.9 b 
                
Media2                
   M 1 -  -  -  -  - - - - -  - - - - - - 
OM 2 12   c 1 c 53    a 122 c 40   c 36   c 0.8  c 0.11 c 0.10  0.16  0.12 b 0.01 b 124  c 5.9  a 1.3 c 
OM 3 227 a 7 b 135  a 251 b 347 b 332 a 2.8  b 0.33 b 0.11  0.22  0.22 b 0.01 a 273  a 5.5  b 5.1 a 
OM 4 148 b 7 a 151  a 299 a 242 a 265 b 4.2  a 0.61 a 0.11  0.23  0.25 a 0.05 a 222  b 5.6  b 4.2 b 
                
F-test4                
Liquid Feed (LF) ** ** ** ** ** ** 0.800 0.143 0.306 0.199 ** * ** ** ** 
Media (M) ** ** ** ** ** ** ** ** 0.936 0.057 ** ** ** ** ** 
LF x M ** * 0.191 * * * 0.552 * 0.817 0.340 0.079 0.414 ** ** 0.45 

2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L Soymeal added) 
3 Means within organic liquid feed and media that are followed by different letters are significantly different (P < 0.05) according to Duncan’s multiple range test 
4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively.  

 

 

23 



 

1.3.2. Fertigation and leachate solution EC and pH  

The fertigation and leachate solution EC and pH values over the entire cropping season, as 

affected by the organic feed treatments, are depicted on Figure 3 and 4, by week. 

(b) Pepper-Spring 2008-2009  Leachate

Weeks After Transplanting
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(a) Pepper-Spring 2008-2009 Fertigation
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Figure 3. Fertigation and Leachate solution EC of the four liquid feed treatments during 

the Spring 2008 sweet pepper crop. (February 13 – December 24, 2008). 
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The seasonal weekly fertigation had low EC values for all organic liquid feeds compared to 

the inorganic liquid feed (IF1) throughout the cropping season (Figure 3). The pH values for 

all organic liquid feeds: OF2, OF3 and OF4 were higher (6.00-7.50) compared to the 

inorganic control IF1 (5.3-6.7; Figure 4).  

  (a) Pepper-Spring 2008 Fertigation
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Figure 4. Fertigation and Leachate solution pH of the four liquid feeds during the 

Spring 2008 sweet pepper crop. (February 13 – December 24, 2008).  
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The seasonal EC values of leachate solutions for the media receiving organic liquid feeds 

OF2, OF3 and OF4 were 1.68, 2.56 and 2.09 respectively (Figure 3). Liquid feed OF3 had EC 

values, which were closer to the optimal range (2.5) for sweet pepper greenhouse production. 

The inorganic liquid feed (IF1) had high EC values (around 4.8 mS cm-1; except for weeks 

17-25, when it peeked to 5.08-6.18). In general all the three organic liquid feeds tested in this 

experiment showed promise for organic greenhouse sweet pepper production. 

Throughout the experiment, the leachate pH seasonal mean values were higher (6.4-7.4) than 

normal (5.5-6.5) for sweet pepper production. Media receiving OF2 had high pH values (7.4-

7.8) throughout the season. However, media receiving OF3 and OF4 followed closely the 

trend of leachate pH of the inorganic control IF1 up to 33 weeks after planting (Figure 4). 

1.3.3. Nutritional status 

 

The nutritional status of plants as affected by the liquid feed treatments (IF1, OF2, OF3 and 

OF4) and the media treatments (M1, OM2, OM3 and OM4) at mid-(71 DAP) and late-season 

(195 DAP) were collected.  Overall in this study N concentration in leaf tissue was at 

adequate level when the OF2, OF3 and OF4  organic liquid feed was used in combination 

with the OM3 and OM4 media; whereas, with the OM2 the N level was deficient. Organic 

liquid feed with media OM2 resulted in deficient levels of Calcium throughout the cropping 

season. Overall organic liquid feed (OF2) and organic media treatment combinations resulted 

in most nutrients being in sufficient supply. 
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1.3.4. Visual growth score 

Tables, 5, show visual ratings of Growth Vigour Score, Nutrient Deficiency and Leaf-

Characters at 38 DAP. 

Early in the season (38 DAP), the effects of liquid feed and media on visual ratings (Nutrient 

Deficiency, Leaf-Characters: size, colour) were significant; Organic Liquid feeds OF3 and OF4 

received higher ratings (score of 4.3- 4.4; Table 5). Organic media OM3 and OM4 also received 

high ratings (score of 4.8- 5.0) which were significantly higher than those of the controls (M1-

rockwool; OM2-coco coir). Medium OM2 received low ratings (3.1-3.4) for growth vigour. 

Overall the Organic media (OM3 and OM4) combined with organic liquid feed (OF4, OF3 and 

OF2) resulted in plants with visual growth ratings higher than those of plants growth with  

standard liquid feed (IFC) ×Media (M1). 

 

 

 

 

 

 

 

 

 

Figure 5. Visual growth difference between organic Control (Left: OM2×OF2) and 

organically grown plants (Right: OM4×OF2) at 100 DAP. 
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Table 5. Effect of organic liquid feed and media treatments on visual ratings. sweet pepper 

experiment Spring 2008. 

Treatments Visual3 Nutrient 3 Leaf3 Leaf 3
 Growth Score Deficiency Size Colour 
Liquid Feed1     
 IF 1 4.3 4.5 a3 4.1 4.6 a 
OF 2 3.9 3.8 b 3.9 3.8 a 
OF3 4.2 4.3 a 4.0 4.4 a 
OF4 4.3 4.3 a 3.9 4.3 a 
LSD (P=0.05) 0.39 0.29 0.32 0.30 
     
Media2     
   M 1 3.6 b 3.7 b 3.1 3.8 b 
OM 2 3.4 b 3.2 c 3.1 3.5 b 
OM 3 4.9 a 5.0 a 4.9 4.9 a 
OM 4 4.8 a 5.0 a 4.8 4.9 a 
LSD (P=0.05) 0.22 0.27 0.27 0.32 
     
F-test4     
Liquid Feed(LF) 0.1238 <0.0001** 0.3615 0.0002 ** 
Media (M) <0.0001** <0.0001** <0.0001** <0.0001** 
LF X M 0.0095 0.0032 0.0189 0.0097 ** 

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5,  
 and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5. 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L 
Soymeal added). 
3 Plants were rated on a 1-5 scale (5=excellent; 4=great; 3=average; 2=fair; 1=poor) for characteristics of Visual 
Growth, Nutrient deficiency, Leaf-Characters (size and colour) with a score of 5 as having no deficiency. Leaf 
characters were measured as the degree of colour and size with a score of 5 as dark green leaves with normal size. 
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1.3.5. Growth measurements 

Tables 6, 7 and 8 show averages of plant height, leaf number and chlorophyll content at 50, 

115, and 158 DAP. 

1.3.5.1. Main Stem height 

Analysis of variance for main stem height (base of the plant to the split of the plant) showed 

no significant differences due to liquid feed at 50 DAP (Table 6); However, a significant 

effect of organic media on main stem height was observed. The media OM3 and OM4 

showed significant difference over standard rock wool media (M1). 

1.3.5.2. Plant Height 

The effects of organic media and organic liquid feed on plant height were significant at all 

three sampling dates (p< 0.0001). Plants were the highest with inorganic liquid feed IF1 and 

consistently lowest at all three samplings with organic liquid feeds (OF2, OF3 and OF4) 

(Table 6). However, at 50, 115 and 158 DAP plants were significantly taller on OM3 and 

OM4 than on M1 and OM2. At 158 DAP, plant height showed significant differences due to 

Organic media OM3 (Table 6); it was the greatest (369 cm) with OM3 and the least with 

OM2 (265.9 cm). Liquid feed and media interaction was significant (P =<0.0001) for plant 

height at all sampling dates. 

1.3.5.4. Leaf number 

Main stem leaf number from base of the plant to the split of the double stem, recorded at 50 

DAP showed no significant effect due to liquid feed (P=0.2710) or media (P=0.2363) (Table 

7). At 50, 115 and 158 DAP, plant leaf number showed significant differences due to liquid 

feed; it was significantly higher with liquid feed IF1, compared to OF2, OF3 and OF4 at all 

sampling dates (Table 7). Furthermore, Organic media OM3 and OM4 resulted in the highest 

mean leaf number (average values of 26.7, 61.7 and 106.6, for OM3 and OM4, at 50, 115 and 

158 DAP, respectively,) compared with standard rock wool media (M1) at all sampling dates 

(Table 7). 
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1.3.5.5. Leaf Chlorophyll  

Leaf chlorophyll measurements at 50,115, and 158 DAP showed significant differences due to 

liquid feed. Organic liquid feeds OF3 and OF4 showed significantly higher leaf Chlorophyll 

content compared to OF2 and IF1 at all sampling dates. Leaf chlorophyll content recordings 

at all sampling dates revealed no significant difference due to media treatments.
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Table 6. Plant height of sweet pepper Crop as affected by the liquid feed and organic media 

treatments, during the cropping season, Spring, 2008(50,115 and 158 DAP). 

   
Treatments Main Stem 

Plant height(cm) 
Stem extension (main stem split  to top of longest of the 

two stems; cm) 
 

  50 (DAP) 115 (DAP) 158 (DAP) 
Liquid Feed1     
  IF 1 25.9  70.1 a3 202.1 a 400.6 a 
OF 2 26.8 61.6 b 152.3 bc   296.8 bc 
OF3 24.4 61.9 b       147.6 c 277.3 c 
OF4 26.1 63.1 b       160.4 b 307.6 b 
LSD (P=0.05) 2.18 5.1  10.5 22.5 
     
Media2     
   M 1  25.1 b 60.8 c 156.8 c 302.1 c 
OM 2  25.9 b 58.1 c 142.9 d 265.9 d 
OM 3  27.3 a 71.2 a 187.8 a 369.3 a 
OM 4  27.0 a 66.5 b 174.8 b 345.1 b 
LSD (P=0.05) 1.4 3.1 9.9 21.3 
     
F-test4     
Liquid Feed(LF) 0.7735    0.0134 * <0.0001** <0.0001** 
Media (M)   0.0112* <0.0001** <0.0001** <0.0001** 
LF X M   0.4478 <0.0001**   <0.0001**   <0.0001** 

 

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 
140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5. 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L  
   Soymeal added).  
3 Means within organic liquid feed and media that are followed by different letters are significantly different (P < 0.05) 
according to Duncan’s multiple range tests 
4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively. 
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Table 7. Plant leaf number of sweet pepper Crop as affected by the liquid feed and organic 

media treatments, during the cropping season, Spring, 2008(50,115 and 158 DAP). 

   
Treatments Main Stem 

Leaves(no) 
Total leaf number of longest stem of the two stems from 

main stem split to the top. (no.) 
 

  50 (DAP) 115 (DAP) 158 (DAP) 
Liquid Feed1     
  IF 1 9.8  26.7 a3 63.1 a 109.4 a 
OF 2 10.1 23.4 b 53.4 b  91.4 b 
OF3 9.3 23.3 b         52.9 b  90.6 b 
OF4 9.4 23.5 b         54.1 b  93.4 b 
LSD (P=0.05) 1.0 1.7 3.8  6.8 
     
Media2     
   M 1 9.7 22.3 b 51.6 b 89.0 b 
OM 2 10.1 21.3 b 48.3 b 82.1 c 
OM 3 9.5 27.3 a 63.4 a 109.6 a 
OM 4 9.3 26.1 a 60.1 a 104.1 a 
LSD (P=0.05) 0.8 1.8 3.7 6.3 
     
F-test4     
Liquid Feed(LF) 0.2710  <0.0001** <0.0001** <0.0001** 
Media (M) 0.2363 <0.0001** <0.0001** <0.0001** 
LF X M 0.1471 0.1346   0.0786   0.0852* 

 

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5, 
and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L  
   Soymeal added).  
3 Means within organic liquid feed and media that are followed by different letters are significantly different (P < 0.05) 
according to Duncan’s multiple range tests 
4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively. 
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Table 8. Leaf Chlorophyll content  of sweet pepper crop as affected by the liquid feed and 

organic media treatments, during the cropping season, Spring, 2008 (50,115 and 158 DAP). 

  
Treatments Leaf Chlorophyll content   

 50 (DAP) 115 (DAP) 158 (DAP) 
Liquid Feed1    
  IF 1   51.7 b3 53.6 b 52.3 
OF 2 48.7 c 53.5 b 49.4 
OF3 55.0 a 61.6 a 52.7 
OF4 54.9 a 56.6 b 52.6 
LSD (P=0.05) 2.1 4.4  2.6 
    
Media2    
   M 1 53.1 55.0 52.4 
OM 2 52.0 58.1 51.6 
OM 3 52.4 55.7 51.0 
OM 4 52.7 56.4 51.8 
LSD (P=0.05) 2.2 3.2 2.0 
    
F-test4    
Liquid Feed(LF)  <0.0001**     0.0084**     0.0066** 
Media (M) 0.8126 0.2453 0.6478 
LF X M 0.0032 0.4876 0.3313 

 

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5, 
and 162.5); and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L  
   Soymeal added).  
3 Means within organic liquid feed and media that are followed by different letters are significantly different (P < 0.05) 
according to Duncan’s multiple range tests 
4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively.
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1.3.6. sweet pepper Fruit yield 

The effects of organic liquid feed and media treatments on sweet pepper fruit yield were 

derived from the records of number and weight of marketable and unmarketable fruit. 

Statistical analysis of sweet pepper fruit yield and yield parameters, as affected by organic 

liquid feeds and media and their interactions are presented in Tables 9-16. 

1.3.6.1. Effects of the organic liquid feeds 

Average yield of marketable, unmarketable and total fruit for the entire season (38 harvests-

216 days) is presented in Tables 9 and 10. The effect of liquid feed on marketable fruit 

(weight and number) was significant. Liquid feeds OF2, OF4 and OF3 resulted in marketable 

yield of 14.1, 12.7, and 11.8 kg m-2, respectively; which, was -23, -31 and -36% with respect 

to the inorganic control (IF1;Table 9). Furthermore, liquid feeds IF1, OF2, OF4 and OF3 

recorded progressively decreasing numbers of marketable fruit (100.6, 82.4, 75.1, and 72.5 no 

m-2, respectively; Table 10). Furthermore, there were significant liquid feed × media 

interactions for marketable, unmarketable, and total fruit yield (both number and weight; 

Tables 11 and 12). 

Effects of liquid feed on grade distribution of marketable and unmarketable fruit (number and 

weight) are shown on Table 13 and Table 14. The percentage of XXXL, XXL, XL, Large, 

Medium, Small, and No.2  within the weight based marketable yield and across all liquid 

feeds ranged over 0.01-2.5%, 3.7-12.6%, 21.5-30.7%, 19.6-23.6%, 13.8-18.6%, 11.4-17.8%, 

and 8.1-18.1%, respectively. Liquid feeds IF1 increased the number and weight of XXXL and 

XXL fruit significantly with respect to OF2, OF3 and OF4 (Table 13). However, there was no 

significant difference between OF2, OF3 and OF4 with respect to the number and weight of 

XXXL and XXL grade fruit. Organic liquid feed OF2 recorded significantly larger number 

and weight of XL fruit compared to OF3. Furthermore, the organic liquid feeds OF3 and OF4 

produced significantly higher number and weight of small fruits compared with OF2 (Table 

14). Liquid feeds OF3 and OF4 had significant effect on unmarketable yield, resulting in 

maximal number and weight of  blossom-end rot fruit (Table 14).  

The effect of liquid feed on the seasonal average size of marketable fruit was significant 

(P=<0.0001) (Table 15). Liquid feed OF2 resulted in higher average fruit weight (170 g /fruit) 
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compared with OF3 (160.3 g /fruit), and OF4 (167.9 g /fruit).  Liquid feed OF2 resulted in 

average fruit weight which was -6.6% with respect to inorganic control (IF1).There were 

significant liquid feed × media interactions for seasonal average size of marketable fruit 

(Table 15). 

 

1.3.6.2. Effect of organic media 

The effect of organic media on marketable fruit (weight: P<0.0001 and number: P<0.0001) 

was significant. Organic media OM3, OM4 and OM2 recorded marketable yields (16.8, 16.2, 

and 11.4 kg m-2), which were +36%, +31% and -8% with respect to rockwool (M1), 

respectively; Also, OM3 and OM4 recorded the highest marketable and total yields (Table 

9). Furthermore, OM3, OM4, M1 and OM2 recorded progressively decreasing numbers of 

marketable fruit (96.4, 92.3, 72.6, and 69.2 no m-2, respectively; Table 10). The organic 

media effect on unmarketable yield (weight: P=0.0449 and number: P=0.0132) was 

significant. 

Effects of organic media on grade distribution of fruit (number and weight) are shown on 

Tables 13 and 14. The percentage of XXXL, XXL, XL, Large, Medium, Small, and No.2 

within the weight based marketable yield and across all liquid feeds ranged over 0.4-1.9%, 

5.0-9.0%, 22.5-30.2%, 19.0-26.1%, 15.6-16.8%, 12.5-17.5%, and 11.2-15.4 respectively (data 

not shown). Organic media OM3 and OM4 recorded significantly higher number and weight 

of XXL, XL, and Medium grade fruit compared to M1 and OM2. The number and weight of 

XXXL fruit from plants growing on standard rockwool medium M1 was significantly higher 

than those on OM2. Furthermore, media OM3 and OM4 recorded the highest number and 

weight of unmarketable fruit weight (Blossom-End Rot fruit) Table 14.  

Media effects on seasonal average size of marketable fruit were significant (P=<0.0001) 

(Table 15). The seasonal average fruit weight with the in-house blend organic media OM4 

and OM3 ranged over 174.7-175.3 g, which was 5.7 g higher than with rockwool (M1) (Table 

15).  
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1.3.6.3. Interactive effects 

Organic liquid feed × media interactions had a significant impact on marketable yield. The 

highest seasonal marketable yields achieved with the best combinations of organic liquid 

feeds with organic media were 16.7, 15.4 and 14.6 Kg m-2 for the combinations OF2 × OM3 

or OM4, OF3 × OM3 or OM4 and OF2 × OM3 or OM4, respectively; these yields 

represented 94.9, 87.2 and 83.0 of the rockwool (inorganic control), or 97.0, 89.0 and 84.9 % 

of the coco peat (organic control, but with an inorganic feed) marketable yields (Table11). 

The highest seasonal marketable fruit numbers achieved with the best combinations of 

organic liquid feeds with organic media were 96.4, 91.5 and 85.0 No m-2 for the combinations 

OF2 × OM3 or OM4, OF3 × OM3 or OM4 and OF2 × OM3 or OM4, respectively; these 

yields represented 102, 96.8 and 89.9 of the rockwool (inorganic control), or 98.1, 93.1 and 

86.6 % of the coco peat (organic control, but with an inorganic feed) marketable yields 

(Table12). The highest seasonal average size of marketable fruit weight achieved with 

Organic liquid feed OF2× OM3 or OM4, OF4 × OM4  ranged over 174.1- 174.7 g, which 

was 12.5 g lower than with  standard sweet pepper production method (IF1× M1) (Table 16).  
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Table 9. sweet pepper fruit yield (kg m-2) as affected by the organic liquid feed and media 

treatments, Spring 2008. 

Treatments Marketable Unmarketable Total Yield 
 (kg  m-2) (kg  m-2) (kg  m-2) 
Liquid Feed1    
 IF 1 18.3  ± 0.4 a3 1.9  ± 0.1 b 20.2 ± 0.3 a 
OF 2 14.1  ± 0.8 b 1.7  ± 0.2 b 15.7 ± 0.9 b 
OF3 11.8  ± 1.0 c 2.4  ± 0.1 a 14.1 ± 1.0 b 
OF4 12.7  ± 0.7 bc 2.6  ± 0.2 a 15.3 ± 0.8 b
LSD (P=0.05) 1.45 0.44 1.75
    
Media2    

   M 1 12.4 ± 0.9 b 2.0 ± 0.1 ab 14.4 ± 0.9 b 
OM 2 11.4 ± 1.0 b 1.9 ± 0.2 b 13.3 ± 1.0 c 
OM 3 16.8 ± 0.6 a 2.3 ± 0.2 ab 19.0 ± 0.6 a 
OM 4 16.2 ± 0.6 a 2.4 ± 0.2 a 18.6 ± 0.5 a 
LSD (P=0.05) 1.14 0.36 1.01 
    
F-test4    
Liquid feed(LF) <0.0001** 0.0029** <0.0001** 
Media(M) <0.0001** 0.0449 * <0.0001** 
LF x OM   0.0070** 0.0248*   0.0003** 
    
    

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 
140.5, and 162.5, and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 
 (40 L Soymeal added) 
3 Data presented are means ± SE; Means within organic liquid feed and media that are followed by different 
letters are significantly different (P < 0.05) according to Duncan’s multiple range test 
4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively. 
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Table 10. sweet pepper fruit yield (no m-2) as affected by the liquid feed and organic media 

treatments, Spring 2008. 

Treatments Marketable Unmarketable Total Fruit yield 
 (no m-2) (no m-2) (no m-2) 
Liquid Feed1    
 IF 1 100.6 ± 1.9 a3 19.6  ± 1.5 b 120.2  ± 2.0 a 
OF 2 82.4  ± 4.1 b 18.5  ± 1.8 b 100.9  ± 5.0 b 
OF 3 72.5  ± 5.5 c 24.9  ± 1.5 a 97.4    ± 5.7 b 
OF 4 75.1  ± 3.7 bc 28.9  ± 2.8 a 104.0  ± 5.5 b
LSD (P=0.05)      8.79      4.20      5.65 
    
Media2    

   M 1 72.6  ± 4.1 b 20.8  ± 1.3 b   93.4 ± 3.9 b 
OM 2 69.2  ± 5.0 b 20.5  ± 2.1 b   89.7 ± 5.1 b 
OM 3 96.4  ± 2.9 a 23.7  ± 1.8 ab  120.2 ± 3.0 a 
OM 4 92.3  ± 2.9 a 26.9  ± 3.0 a  119.2 ± 2.8 a 
LSD (P=0.05)      6.46      4.20      5.65 
F-test4    
Liquid feed(LF) <0.0001** 0.0039** <0.0001** 
Media(M) <0.0001** 0.0132* <0.0001** 
LF x OM   0.0084 ** 0.0077** <0.0001** 
    
    

 

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 
140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5 
 2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added), and OM4= Organic mix-2 
(40 L Soymeal added) 
3 Data presented are means ± SE; Means within organic liquid feed and media that are followed by different 
letters are significantly different (P < 0.05) according to Duncan’s multiple range test 

4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively. 
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Table 11.  Interactive effects of organic liquid feed and media treatments on marketable, 

unmarketable and total yield of sweet pepper fruit yield (kg m-2), Spring 2008.  

Liquid Feed1 Media Marketable Unmarketable Total Yield 
  (kg  m-2) (kg  m-2) (kg  m-2) 
     
IF 1 Rockwool 17.6 abc2 2.0 bc 19.6 abc 
 Coco Coir 17.2 bcd 2.1 bc 19.3 abc 
 Soymeal 20 L 19.8 a 1.6 cd 21.4 a 
 Soymeal 40 L 18.7 ab 1.8 cd 20.5 ab 
     
OF 2 Rockwool 11.1 f 1.6 cd 12.7 d 
 Coco Coir 11.6 f 1.1 d 12.7 d 
 Soymeal 20 L 16.8 bcde 2.3 bc 19.1 abc 
 Soymeal 40 L 16.8 bcde 1.6 cd 18.5 bc 
     
 OF 3 Rockwool 9.2 gf 2.2 bc 11.4 de 
 Coco Coir 7.2 g 2.3 bc 9.5 e 
 Soymeal 20 L 15.7 cde 2.3 bc 18.0 bc 
 Soymeal 40 L 15.0 cde 2.7 ab 17.7 c 
     
OF 4 Rockwool 11.7 f 2.2 bc 13.9 d 
 Coco Coir 9.8 f 2.1 bc 11.9 d 
 Soymeal 20 L 14.9 de 2.8 ab 17.7 c 
 Soymeal 40 L 14.3 e 3.3 a 17.7 c 
     

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 
140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5. 
2 Means within each column are followed by different letters are significantly different (P < 0.05) according to 
  Duncan’s multiple range test 
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Table 12. Interactive effects of organic liquid feed and media treatments on marketable, 

unmarketable and total yield of sweet pepper fruit yield (no m-2), Spring 2008.  

Liquid Feed1 Media Marketable Unmarketable Total Yield 
  (no m-2  ) (no m-2 ) (no m-2  ) 
     
IF 1 Rockwool 94.5 abc2 20.0 bcde 114.5 a 
 Coco Coir 98.2 ab 23.0 bcd 121.2 a 
 Soymeal 20 L 107.7 a 16.3 de 124.0 a 
 Soymeal 40 L 102.0 ab 19.0 cde 121.1 a 
     
OF 2 Rockwool 67.5 de 17.9 de 85.4 bc 
 Coco Coir 69.4 de 12.3 e 81.7 bc 
 Soymeal 20 L 96.4 abc 24.9 bcd 121.2 a 
 Soymeal 40 L 96.3 abc 19.1 cde 115.4 a 
     
 OF 3 Rockwool 59.3 ef 21.7 bcde 81.0 bc 
 Coco Coir 48.0 f 25.1 bcd 73.0 c 
 Soymeal 20 L 93.8 abc 23.8 bcd 117.6 a 
 Soymeal 40 L 89.1 bc 29.0 bc 118.1 a 
     
OF 4 Rockwool 69.3 de 23.6 bcd 92.9 b 
 Coco Coir 61.3 ef 21.6 bcde 82.9 bc 
 Soymeal 20 L 88.0 bc 30.0 b 117.9 a 
 Soymeal 40 L 82.0 cd 40.5 a 122.4 a 
     

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5, 
and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5. 
2 Means within each column are followed by different letters are significantly different (P < 0.05) according to 
  Duncan’s multiple range test 
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Table 13. Marketable yield components as affected by the organic liquid feed and media treatments -Spring 2008, sweet pepper experiment. 

Treatments Marketable Fruits  
 XXXL XXL XL Large 
 (no   m-2) (kg   m-2) (no   m-2) (kg   m-2) (no   m-2) (kg   m-2) (no   m-2) (kg   m-2) 
Liquid Feed1         
I F 1 1.4 a3 0.46 a 8.7 a 2.31 a 25.9 a 5.62 a 22.1 a 3.84 a 

OF 2 0.3 b  0.08 b 2.7 b 0.71 bc 18.2 b 3.89 b 19.2 a 3.34 a 

OF 3 0.1 b 0.01 b 1.7 b 0.44 c 11.9 d 2.54 c 14.4 b 2.49 b 

OF 4 0.2 b 0.05 b 3.0 b 0.79 b 15.4 c 3.33 b 14.4 b 2.49 b 

LSD (P=0.05) 0.97 0.31 1.35 0.35 2.60 0.56 3.60 0.63 

Media2         

   M 1 0.8 a 0.24 a 3.2 b 0.84 b 14.0 b 2.99 b 15.4 b 2.68 b 

OM 2 0.2 b 0.05 b 2.2 b 0.57 b 12.1 b 2.57 b 17.2 ab 2.97 ab 

OM 3 0.4 ab 0.14 ab 5.3 a 1.39 a 22.8 a 4.94 a 18.4 ab 3.19 ab 

OM 4  0.5 ab 0.17 ab 5.5 a 1.46 a 22.6 a 4.89 a 19.2 a        3.32 a 

LSD (P=0.05) 0.42 0.13 1.18 0.30 2.60 0.56 3.72 0.64 

F-test4    
      

Liquid feed (LF) 0.0182 * 0.0169 * <0.0001** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001** 

Media (M) 0.0390 * 0.0414 * <0.0001** <0.0001** <0.0001** <0.0001** 0.1642 0.1701 

LF x OM 0.0077 ** 0.0079 ** 0.3414 0.3199 0.1202 0.1403 0.0114* 0.0105* 
1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 
187.5, 151.5, 162.5 and 25.5. 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L Soymeal added)  
3 Means within organic liquid feed and media that are followed by different letters are significantly different (P < 0.05) according to Duncan’s multiple range test 
4 *, **   indicate significance of the F-test at the 0.05 and 0.01 level, respectively. 
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Table 14. Marketable yield components as affected by the organic liquid feed and media treatments -Spring 2008, sweet pepper experiment. 

Treatments Marketable Fruits  
 Medium Small No.2 UN (unmarketable fruits) 
 (no   m-2) (kg   m-2) (no   m-2) (kg   m-2) (no   m-2) (kg   m-2) (no   m-2) (kg   m-2) 
Liquid Feed1         
I F 1 16.9 a 2.52 a 16.6 a 2.09 a 8.9 c 1.48 c 19.5 b 1.85 b 

OF 2 17.6 a 2.63 a 14.7 b 1.86 b 9.6 bc 1.57  bc 18.5 b 1.66 b 

OF 3 13.7 ab 2.04 ab 16.9 a 2.10 a 13.8 a 2.13 a 24.9 a 2.36 a 

OF 4 12.8 b 1.90 b 17.7 a 2.20 a 11.7 ab 1.89 ab 28.9 a 2.60 a 

LSD (P=0.05) 3.9 0.59  1.64 0.20 2.12 0.35 5.00 0.44 

Media2         

   M 1 13.1 b 1.95 b 14.1 b 1.78 b 12.0 a 1.92 a 20.8 b 1.99 ab 

OM 2 12.8 b 1.91 b 15.9 b 2.00 b 8.8 b 1.36 b 20.5 b 1.90 b 

OM 3 18.1 a 2.71 a 19.5 a 2.44 a 11.9 a 1.98 a 23.7 ab 2.25 ab 

OM 4  17.0 a 2.53 a 16.3 b 2.03 b 11.2 a 1.82 a 26.9 a 2.35 a 

LSD (P=0.05) 2.59 0.38 2.68 0.34 2.24 0.38 4.23 0.36 

F-test4    
      

Liquid feed (LF) 0.0326 * 0.0304* 0.1282 0.1718 0.0001 ** 0.0027 ** 0.0039 ** 0.0029 ** 

Media (M) 0.0001 ** 0.0001** 0.0007** 0.0010** 0.0152 * 0.0057 ** 0.0132 * 0.0549 

LF x OM 0.2975 0.3125 0.0331 * 0.0444* 0.0021 ** 0.0025 ** 0.0077 ** 0.0248 * 
1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 
187.5, 151.5, 162.5 and 25.5. 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L Soymeal added)  
3 Means within organic liquid feed and media that are followed by different letters are significantly different (P < 0.05) according to Duncan’s multiple range test  
4 *, **   indicate significance of the F-test at the 0.05 and 0.01 level, respectively. 
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Table 15. Average weight of marketable fruit (g /fruit) as affected by the organic liquid 

feed and media treatments. sweet pepper experiment, Spring 2008. 

Treatments Marketable fruit weight (g/fruit) 
Liquid Feed1  
  IF 1 182.3 ± 1.6 a 

170.1 ± 1.6 b OF 2 
OF 3 160.3 ± 2.3 c 
OF 4 167.9 ± 4.1 b 
LSD (P=0.05) 3.44 
  
Media2  
   M 1  168.8 ± 3.3 b 
OM 2 162.9 ± 2.4 c 
OM 3 173.7 ± 1.9 a 
OM 4  175.3 ± 1.6 a 

LSD (P=0.05) 3.23 
  
F-test4  
Liquid Feed(LF) <0.0001** 
Media (M) <0.0001** 
LF X M    0.0033** 

  
1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 
140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5. 
2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L  
  Soymeal added) 
3 Data presented are means ± SE; Means within organic liquid feed and media that are followed by different letters   
  are significantly different (P < 0.05) according to Duncan’s multiple range test  
4 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively.
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Table 16.  Interactive effects of organic liquid feed and media treatments on Marketable 

fruit weight (g/fruit) of sweet pepper fruit crop: Spring 2008.  

Liquid Feed1 Media Marketable fruit weight  
  (g/fruit) 
   
IF 1 Rockwool 186.9  a2 

 Coco Coir 175.1  b 
 Soymeal 20 L 183.4  a 
 Soymeal 40 L 183.5  a 
   
OF 2 Rockwool 164.9  de 
 Coco Coir 166.7  d 
 Soymeal 20 L 174.1  bc 
 Soymeal 40 L 174.7   bc 
   
 OF 3 Rockwool 154.8  gf 
 Coco Coir 150.1  g 
 Soymeal 20 L 167.5  cd 
 Soymeal 40 L 168.5  bcd 
   
OF 4 Rockwool 168.4  bcd 
 Coco Coir 159.4  ef 
 Soymeal 20 L 169.6  bcd 
 Soymeal 40 L 174.4  bc 
   

1 IF1= Inorganic, OF2 = Agrowchem I: N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 140.5, 
and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5. 
2 Means within each column are followed by different letters are significantly different (P < 0.05) according to 
  Duncan’s multiple range test 
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1.3.7. Fruit Quality: Fruit Total soluble solids (TSS), pH, and EC 

Total soluble solids (TSS), pH and EC are the important factors for determination of sweet 

peppers quality. The results of the quality analysis are presented in Table 17. Analysis 

variance for liquid fertilizer was not significant. Organically produced sweet pepper fruit’s 

total sugar values were comparable to those in inorganically produced sweet peppers. The 

organic liquid fertilizers OF3 and OF4 had slightly higher values compare with OF2. But this 

difference was small and not significant. Organic media OM3 and OM4 resulted in 

significantly lower values for total sugars.  

Sweet peppers fruit pH values were significantly higher for inorganic feed compared to 

organic fertilizers OF2, OF3 and OF4. However, there was no significant difference for 

organic media. The EC values of organically and inorganically produced sweet peppers were 

similar. 
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Table 17. Fruit quality attributes of organic and inorganically grown sweet pepper 

during Spring 2008 season. 

Treatments TSS pH EC 
 (o  Brix)   
Liquid Feed1    
 IF 1 7.14 5.02 a 4.12 
OF 2 6.74 4.92 b 4.14 
OF 3 7.00 4.86 b 3.89 
OF 4 7.18 4.92 b 4.06 
    
LSD (P=0.05) 0.35 0.08 0.23 
    
Media2    

   M 1 7.13 a 4.92 4.05 
OM 2 7.17 a 4.93 4.11 
OM 3 6.88 b 4.94 4.05 
OM 4 6.88 b 4.93 4.00 
    
LSD (P=0.05) 0.24 0.05 0.22 
    
F-test3    
Liquid Feed(LF)   0.0731      0.0077**          0.0791 
Media (M)   0.0204* 0.7157 0.7501 
LF X M 0.0780 0.7657   0.0215* 
    

1 IF1= Inorganic, OF2 = Agrowchem I N P K Ca: 112.5, 150, 150 and 17; OF3 = Agrowchem II: N P K: 187.5, 
140.5, and 162.5; and OF4 = Agrowchem III: N P K Ca: 187.5, 151.5, 162.5 and 25.5 

2 M1= Rockwool, OM2= Coco Coir, OM3= Organic mix-1(20 L Soymeal added) and OM4= Organic mix-2 (40 L 
Soymeal added) 

3 *, ** indicate significance of the F-test at the 0.05 and 0.01 level, respectively.
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1.4. Conclusions 

Results from this experiment confirmed the effectiveness of the in-house formulated organic 

media (peat-based+ Soymeal) for organic sweet pepper production. The pH and EC values in 

OM3 (Peat+ 20L Soymeal) and OM4 (Peat + 40L Soymeal) were between 5.6- 6.1, 2.3-3.0, 

respectively; well within recommended ranges for greenhouse sweet pepper production. 

During planting and mid-season, organic media OM3 and OM4 had optimum levels of 

Nitrogen. Our in-house formulated organic media (Peat + 20 or 40 L soymeal) and our 

composting process achieved rich supplies of nitrogen for a long season sweet pepper crop. 

Furthermore, the organic media OM3 and OM4 resembled closely the conventional rockwool 

(M1) and Coco (OM2) in terms of leaf tissue analysis. 

On the average, the liquid feed effect on marketable fruit weight was significant. Liquid feeds 

OF2, OF4 and OF3 resulted in marketable yield of 14.1, 12.7, and 11.8 kg m-2, respectively; 

which, was -23, -31 and -36% with respect to the inorganic control (IF1). Also, Organic media 

OM3, OM4 and OM2 recorded marketable yields (16.8, 16.2, and 11.4 kg m-2), which were 

+36%, +31% and -8% with respect to rockwool (M1), respectively; Overall organic media 

OM3 and OM4 recorded the highest marketable and total yields. 

Organic liquid feed × media interactions had a significant impact on marketable yield. The 

highest seasonal marketable yields achieved with the best combinations of organic liquid 

feeds with organic media were 16.7, 15.4 and 14.6 Kg m-2 for the combinations OF2 × OM3 

or OM4, OF3 × OM3 or OM4 and OF4 × OM3 or OM4, respectively; these yields represented 

94.9, 87.2 and 83.0 of the rockwool (inorganic control), or 97.0, 89.0 and 84.9 % of the coco 

peat (organic control, but with an inorganic feed) marketable yields; The highest seasonal 

marketable fruit numbers achieved with the best combinations of organic liquid feeds with 

organic media were 96.4, 91.5 and 85.0 No m-2 for the combinations OF2 × OM3 or OM4, 

OF3 × OM3 or OM4 and OF2 × OM3or OM4, respectively; these yields represented 102, 96.8 

and 89.9 of the rockwool (inorganic control), or 98.1, 93.1 and 86.6 % of the coco peat 

(organic control, but with an inorganic feed) marketable yields. The highest seasonal average 

size of marketable fruit weight was achieved with Organic liquid feed OF2× OM3 or OM4, 

OF4 × OM4  ranged over 174.1- 174.7 g, which was 12.5 g lower than with  standard sweet 

pepper production method (IF1× M1). 
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From the results of this study on sweet pepper, it can be concluded that the most promising 

combination of media and feeds for organic sweet pepper production were the combinations 

of organic mix OM3 or OM4 (Peat+ Soy meal 20 or 40 L) with liquid feed: OF2. 
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1.5 Economic Analysis - Organic Greenhouse sweet Pepper Production – Xiuming Hao 

 

This economical analysis was performed based on the results from the first organic sweet 

pepper experiment conducted at the GPCRC from Jan. to Dec. 2008. An impressive fruit yield 

was achieved in this experiment. It is expected the crop performance and economical 

feasibility of the organic production system would improve with further experimentation since 

this is the first trial on sweet peppers. Therefore, the results from this economical analysis are 

still preliminary. Nonetheless, the economic analysis could provide important information in 

identifying key factors determining the economical feasibility and the potential area of 

research for further improving the organic production system.  

 

Conditions and Assumptions for Economic Analysis 

 

Economical feasibility of a certain production system is affected by many factors such as the 

cost of materials, energy, fertilizers, and fruit yield.  Those factors could change very fast. 

Therefore, the explanation of the economic analysis results can not be separated from the 

conditions or assumptions used in the analysis (i.e. the validity or scope of the application of 

the economical analysis is limited to the specific conditions used in the analysis).  Because 

the fixed costs (greenhouse construction, interest on mortgage and marketing) are the same for 

both organic and conventional systems, they were not included in the analysis. 

 

A. The following is a list of the main conditions and assumptions used in the economical 

analysis: 

 

1) The organic fertilizer usage data from the first organic sweet pepper experiment 
conducted at the GPCRC from Jan. to Dec. 2008 were used for estimating organic 
fertilizer costs (Table 1). The labour cost for preparing the in-house-made organic 
media was not included in the cost for organic growth media. It is expected the 
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discount in the price of the organic materials with a large volume of purchase in 
commercial production should be sufficient to compensate the commercial operation 
for the labour cost in medium preparation.     

2) The costs and yield data for the conventional production system are extracted from the 
commercial greenhouse sweet pepper production in Ontario and are based on current 
production and market conditions for a rockwool production system. The energy cost 
was calculated by assuming the price of natural gas as $8 per GJ (burning tip).  

3) All the costs for organic production systems except for the growth media, pots, and 
organic fertilizers, were assumed to be the same as the conventional rockwool system.  

4) For commercial sweet pepper production, a fruit yield of 25 kg m-2 was assumed/used 
in the economical analysis.  

 

B. Eight (scenarios) were analyzed in the economical analysis. Since the fruit grades (size) 

have a major influence on the market price of greenhouse sweet peppers, the fruit yield 

distribution in various fruit grades was taken into  account in the economical analysis by using 

weighting factors based on the market prices in 2008 to calculate Extra Large Equivalent fruit 

yield.   

• Case 1 – Based on the actual marketable yield and grades achieved (The Extra Large 
Equivalent fruit yield) in the first experiment conducted at the GPCRC from Jan. to 
Dec. 2008.  

• Case 2 – Assumed the organic production system achieved the same fruit grades (but 
still different fruit yield) as the conventional rockwool; other assumptions were the 
same as in case 1. 

• Case 3 – Assumed the organic production system achieved the same marketable fruit 
yield (but still different fruit grades) as the conventional rockwool; other assumptions 
were the same as in case 1. 

• Case 4 – Assumed the organic production system achieved the same yield and fruit 
grades as the conventional rockwool; other assumptions were the same as in case 1. 

• Case 5 – Assumed the liquid organic fertilizer cost is reduced by 30% and based on the 
actual marketable yield and grades achieved (The Extra Large Equivalent fruit yield). 
The fruit yield of conventional rockwool was assumed to be 25 kg m-2. 

• Case 6 – Assumed the organic production system achieved the same fruit yield (but 
still different fruit grades) as the conventional rockwool; other assumptions were the 
same as in case 4. 

• Case 7 – Assumed the organic production system achieved the same fruit grades (but 
still different fruit yield) as the conventional rockwool; other assumptions were the 
same as in case 4. 

• Case 8 - Assumed the organic production system achieved the same fruit yield and 
grades as the conventional rockwool; other assumptions were the same as in case 4. 
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Because the treatments on rockwool with organic fertilizer feeds are not an organic production 

system, they were not included in the analysis for organic production system. Also, fruit yield 

for treatments on Coco Coir with organic fertilizer feeds was very low in the experiment. It 

would not be practical/realistic to assume these treatments could achieve the same yield & 

quality as the conventional rockwool. These treatments were also excluded in some of the case 

analysis.    

 

 

Results and Discussion 

 

The organic fertilizers were a major cost in organic sweet pepper production. The costs for 

OF2, OF3 and OF4 in this study were $20.92, $15.33 and $21.47 per m2 year-1, respectively, 

which was similar or higher than the energy costs (Tables 1, 3-5). Therefore, reducing the 

input costs of organic fertilizers is a major area of research in the future for improving the 

economical viability of the organic sweet pepper production system. The in-house made 

organic growth media (Soymeal 20 and Soymeal 40) significantly improved the fruit yield and 

grades (Table 6), and it only marginally increased the production cost since it was a small 

component in the total production cost (Tables 2-5). Therefore, the in-house made organic 

growth media is a major development/finding or advantage with this organic production 

system.  

 

The most economically feasible organic system in the 2008 sweet pepper experiment was the 

Soymeal 20 or 40 (in-house made organic media) with OF2 (Tables 7 and 8). These two 

treatments achieved 95% of the marketable yield or close to 90% of the Extra Large 

Equivalent fruit yield of the conventional rockwool (inorganic control). The production cost 

per kg of sweet pepper for these 2 treatments was about 65% higher than the conventional 

rockwool (inorganic control). If the organic produce could sell at 65% higher marketable price 

than the inorganic produce, these treatments will be as economically feasible as the current 
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inorganic greenhouse sweet pepper production system. Since the fruit yield for these 2 

treatments was already quite higher, achieving the same fruit grades will be more effective 

than achieving the same fruit yield as the conventional rockwool (Table 7) for improving the 

economical feasibility. Reducing organic fertilizer cost by 30% can also be as effective as 

increasing fruit grades (size) (Table 8). With the same fruit yield and grades and 30% 

reduction in organic fertilizer costs, the production cost per kg of sweet peppers will only be 

about 35% higher than conventional rockwool, which could be quite economically viable. 

 

The two treatments with OF3 and Soymeal 20 or 40 had the second lowest production cost per 

kg among the organic treatments (Table 7), which was about 75 to 80% higher than the 

conventional rockwool. These 2 treatments achieved 85-89% of the marketable yield or 76-

78% of the Extra Large Equivalent fruit yield of the conventional rockwool (inorganic 

control). The fruit yield and grades of these two treatments were similar to the two treatments 

with OF4 and Soymeal 20 or 40. However, because of their low organic fertilizer costs, the 

production cost per kg of sweet pepper was much lower than the two treatments with OF4, 

which illustrates the large impact of organic fertilizer costs on the economical feasibility of 

the organic production systems. 

 

For the 4 treatments with OF3 or OF4 and Soymeal 20 or 40, increasing fruit yield is more 

important or at least as important as improving fruit grades (size) since their yield was more 

than 10% lower than the conventional rockwool (inorganic control). 

 

In summary, further research for improving organic production system should be focused on 

reducing the costs of input organic fertilizers, and improving fruit grades (size) and yield. 
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Table 1. Organic fertilizer usage and costs for the sweet pepper experiment conducted at the GPCRC from Jan. to Dec. 2008. 
 

Total usage (104 plants) 

Organic 
fertilizer feed Organic fertilizer 

Formulation 

(N-P-K) Amount (L or kg) 
Price 

 ($ L-1 or kg-1) 

Cost ($ m-2) 

Total cost ($) (3.1 plants m-2) 

Bat Guano 0-4-0 64.63 1.35 87.25 2.60 

Nitrogen 5-0-0 40.87 2.52 103.00 3.07 

Phosphorus 0-2-0 72.80 2.52 183.50 5.47 

Potassium 0-0-5 70.95 2.52 178.82 5.33 

Spurt 2-0-1 49.38 3.02 149.36 4.45 

OF2 

Sub-total  298.61  701.93 20.92 

Hydrolysate Powder 10-1-3 27.78 7.00 194.43 5.80 

Nitrogen 5-0-0 28.56 2.52 72.00 2.15 

Phytic Acid 0-32-0 9.44 11.00 103.88 3.10 

Potassium  0-0-5 57.13 2.52 143.99 4.29 

OF3 

Sub-total  122.91  514.30 15.33 

Hydrolysate Powder 10-1-3 30.90 7.00 216.30 6.45 

Nitrogen 5-0-0 31.38 2.52 79.10 2.36 

Phosphorus 0-2-0 83.68 2.52 210.93 6.29 

Phytic Acid 0-32-0 5.08 11.00 55.89 1.67 

Potassium 0-0-5 62.76 2.52 158.20 4.72 

OF4 

Sub-total  213.81  720.42 21.47 
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Table 2. The cost components of sweet pepper production for conventional rockwool (IF1+ Rockwool) and other three treatments with inorganic fertilizer feed and 
organic growth media based on the sweet pepper experiment conducted at GPCRC in 2008 

 

Conventional rockwool  IF1 + Coco Coir IF1 + Soymeal 20 IF1 + Soymeal 40 

Cost Component 

$ Acre-1 $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total 

Heating   70000 17.30 33.6 17.30 33.6 17.30 30.1 17.30 29.9 

Labour  60000 14.83 28.8 14.83 28.8 14.83 25.8 14.83 25.6 

Growing Growth media* 10000 2.47 4.8 2.47 4.8 6.01 10.4 6.40 11.0 

 Blocks 2970 0.73 1.4 0.73 1.4 0.73 1.3 0.73 1.3 

 Plugs 720 0.18 0.3 0.18 0.3 0.18 0.3 0.18 0.3 

 Seeds 4080 1.01 2.0 1.01 2.0 1.01 1.8 1.01 1.7 

 Vermiculite or Pot* 16 0.00 0.0 0.00 0.0 2.48 4.3 2.48 4.3 

 Fertilizers 10000 2.47 4.8 2.47 4.8 2.47 4.3 2.47 4.3 

 Biological Control 12000 2.97 5.8 2.97 5.8 2.97 5.2 2.97 5.1 

 Chemical Control 4000 0.99 1.9 0.99 1.9 0.99 1.7 0.99 1.7 

 CO2 enrichment 7500 1.85 3.6 1.85 3.6 1.85 3.2 1.85 3.2 

Others – Operating** 27200 6.72 13.0 6.72 13.0 6.72 11.7 6.72 11.6 

Production – Total*** 208486 51.52 100.0 51.52 100.0 57.53 100.0 57.92 100.0 

* The labour cost for preparing the organic media was not included in the calculation; pot cost was calculated at $0.8 each (per plant). 

**Other operating costs – includes utility, repairs, property tax and local trucking.  

** The costs on greenhouse construction, interest on mortgage and marketing are not included since they are the same for both organic and conventional systems. 
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Table 3. The cost components of sweet pepper production for the four treatments with OF2 organic liquid fertilizer feed and different growth media based on the 
sweet pepper experiment conducted at GPCRC in 2008 

 

OF2 + Rockwool OF2 + Coco Coir OF2 + Soymeal 20 OF2 + Soymeal 40 

Cost Component 

$ Acre-1 $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total 

Heating   70000 17.30 24.7 17.30 24.7 17.30 22.8 17.30 22.6 

Labour  60000 14.83 21.2 14.83 21.2 14.83 19.5 14.83 19.4 

Growing Growth media* 10000 2.47 3.5 2.47 3.5 6.01 7.9 6.40 8.4 

 Blocks 2970 0.73 1.0 0.73 1.0 0.73 1.0 0.73 1.0 

 Plugs 720 0.18 0.3 0.18 0.3 0.18 0.2 0.18 0.2 

 Seeds 4080 1.01 1.4 1.01 1.4 1.01 1.3 1.01 1.3 

 Vermiculite/Pot* 16 0.00 0.0 0.00 0.0 2.48 3.3 2.48 3.2 

 Fertilizers 84663 20.92 29.9 20.92 29.9 20.92 27.5 20.92 27.4 

 Biological Control 12000 2.97 4.2 2.97 4.2 2.97 3.9 2.97 3.9 

 Chemical Control 4000 0.99 1.4 0.99 1.4 0.99 1.3 0.99 1.3 

 CO2 enrichment 7500 1.85 2.6 1.85 2.6 1.85 2.4 1.85 2.4 

Others – Operating** 27200 6.72 9.6 6.72 9.6 6.72 8.8 6.72 8.8 

Production – Total*** 283149 69.97 100.0 69.97 100.0 75.98 100.0 76.37 100.0 

* The labour cost for preparing the organic media was not included in the calculation; pot cost was calculated at $0.8 each (per plant). 

**Other operating costs – includes utility, repairs, property tax and local trucking.  

** The costs on greenhouse construction, interest on mortgage and marketing are not included since they are the same for both organic and conventional systems. 
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Table 4. The cost components of sweet pepper production for the four treatments with OF3 organic liquid fertilizer feed and different growth media based on the 
sweet pepper experiment conducted at GPCRC in 2008 

 

OF3 + Rockwool OF3 + Coco Coir OF3 + Soymeal 20 OF3 + Soymeal 40 

Cost Component 

$ Acre-1 $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total 

Heating   70000 17.30 26.9 17.30 26.9 17.30 24.6 17.30 24.4 

Labour  60000 14.83 23.0 14.83 23.0 14.83 21.1 14.83 20.9 

Growing Growth media* 10000 2.47 3.8 2.47 3.8 6.01 8.5 6.40 9.0 

 Blocks 2970 0.73 1.1 0.73 1.1 0.73 1.0 0.73 1.0 

 Plugs 720 0.18 0.3 0.18 0.3 0.18 0.3 0.18 0.3 

 Seeds 4080 1.01 1.6 1.01 1.6 1.01 1.4 1.01 1.4 

 Vermiculite/Pot* 16 0.00 0.0 0.00 0.0 2.48 3.5 2.48 3.5 

 Fertilizers 62041 15.33 23.8 15.33 23.8 15.33 21.8 15.33 21.7 

 Biological Control 12000 2.97 4.6 2.97 4.6 2.97 4.2 2.97 4.2 

 Chemical Control 4000 0.99 1.5 0.99 1.5 0.99 1.4 0.99 1.4 

 CO2 enrichment 7500 1.85 2.9 1.85 2.9 1.85 2.6 1.85 2.6 

Others – Operating** 27200 6.72 10.4 6.72 10.4 6.72 9.5 6.72 9.5 

Production – Total*** 260527 64.38 100.0 64.38 100.0 70.39 100.0 70.78 100.0 

* The labour cost for preparing the organic media was not included in the calculation; pot cost was calculated at $0.8 each (per plant). 

**Other operating costs – includes utility, repairs, property tax and local trucking.  

*** The costs on greenhouse construction, interest on mortgage and marketing are not included since they are the same for both organic and conventional systems. 
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Table 5. The cost components of sweet pepper production for the four treatments with OF4 organic liquid fertilizer feed and different growth media based on the 
sweet pepper experiment conducted at GPCRC in 2008 

 

OF4 + Rockwool OF4 + Coco Coir OF4 + Soymeal 20 OF4 + Soymeal 40 

Cost Component 

$ Acre-1 $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total $ m-2 

% as of  

the total 

Heating   70000 17.30 24.5 17.30 24.5 17.30 22.6 17.30 22.5 

Labour  60000 14.83 21.0 14.83 21.0 14.83 19.4 14.83 19.3 

Growing Growth media* 10000 2.47 3.5 2.47 3.5 6.01 7.9 6.40 8.3 

 Blocks 2970 0.73 1.0 0.73 1.0 0.73 1.0 0.73 1.0 

 Plugs 720 0.18 0.3 0.18 0.3 0.18 0.2 0.18 0.2 

 Seeds 4080 1.01 1.4 1.01 1.4 1.01 1.3 1.01 1.3 

 Vermiculite/Pot* 16 0.00 0.0 0.00 0.0 2.48 3.2 2.48 3.2 

 Fertilizers 86889 21.47 30.4 21.47 30.4 21.47 28.1 21.47 27.9 

 Biological Control 12000 2.97 4.2 2.97 4.2 2.97 3.9 2.97 3.9 

 Chemical Control 4000 0.99 1.4 0.99 1.4 0.99 1.3 0.99 1.3 

 CO2 enrichment 7500 1.85 2.6 1.85 2.6 1.85 2.4 1.85 2.4 

Others – Operating** 27200 6.72 9.5 6.72 9.5 6.72 8.8 6.72 8.7 

Production – Total*** 285375 70.52 100.0 70.52 100.0 76.53 100.0 76.92 100.0 

* The labour cost for preparing the organic media was not included in the calculation; pot cost was calculated at $0.8 each (per plant). 

**Other operating costs – includes utility, repairs, property tax and local trucking.  

** The costs on greenhouse construction, interest on mortgage and marketing are not included since they are the same for both organic and conventional systems. 
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Table 6. Marketable fruit yield distribution and Extra Large Equivalent (ELE) fruit yield of the 16 treatments for the sweet pepper experiment conducted at GPCRC in 
2008.  

kg m-2 % as of  IF1+Rockwool XL equivalent* 
Fertilizer 

feed 
Growth media X to 

XXX 
large 

Large Medium Small & 
No2 Total 

X to 
XXX 
large 

Large Medium Small & 
No2 Total kg m-2 

% as of 
the 

control 

IF 1 Rockwool 8.13 4.17 2.05 3.29 17.64 46.1 23.6 11.6 18.7 100.0 14.07 100.0 

 Coco Coir 6.42 4.19 2.48 4.1 17.19 36.4 23.8 14.1 23.2 97.4 12.92 91.8 

 Soymeal 20 9.3 3.93 2.62 3.94 19.79 52.7 22.3 14.9 22.3 112.2 15.59 110.8 

 Soymeal 40 9.74 3.1 2.94 2.95 18.73 55.2 17.6 16.7 16.7 106.2 15.10 107.3 

OF 2 Rockwool 3.32 2.03 2.35 3.42 11.12 18.8 11.5 13.3 19.4 63.0 7.62 54.2 

 Coco Coir 3.25 3.72 2.26 2.35 11.58 18.4 21.1 12.8 13.3 65.6 8.56 60.8 

 Soymeal 20 6.11 3.29 3.03 4.38 16.81 34.6 18.7 17.2 24.8 95.3 12.23 86.9 

 Soymeal 40 6.05 4.32 2.87 3.58 16.82 34.3 24.5 16.3 20.3 95.4 12.67 90.0 

OF 3 Rockwool 1.41 1.94 1.66 4.17 9.18 8.0 11.0 9.4 23.6 52.0 5.56 39.5 

 Coco Coir 0.72 1.75 1.21 3.53 7.21 4.1 9.9 6.9 20.0 40.9 4.22 30.0 

 Soymeal 20 5.14 2.87 2.88 4.79 15.68 29.1 16.3 16.3 27.2 88.9 10.97 78.0 

 Soymeal 40 4.71 3.4 2.45 4.46 15.02 26.7 19.3 13.9 25.3 85.1 10.65 75.7 

OF 4 Rockwool 3.44 2.57 1.73 3.9 11.64 19.5 14.6 9.8 22.1 66.0 8.06 57.3 

 Coco Coir 2.38 2.23 1.69 3.47 9.77 13.5 12.6 9.6 19.7 55.4 6.53 46.4 

 Soymeal 20 5.33 2.68 2.31 4.59 14.91 30.2 15.2 13.1 26.0 84.5 10.62 75.5 

 Soymeal 40 5.55 2.48 1.88 4.4 14.31 31.5 14.1 10.7 24.9 81.1 73.7 10.37 

* The Extra Large Equivalent (ELE) fruit yield was calculated using weighting factors based on the market prices for different grades of greenhouse sweet peppers in 
2008 (The weighting factors for X to XXX large, Large, Medium, Small & No2 are 1, 0.865, 0.527, 0.382, respectively).
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Table 7. Economical analysis for conventional rockwool and organic greenhouse sweet pepper production based on the sweet pepper  experiment conducted at 
GPCRC in 2008* 

Marketable fruit yield 

/Control yield (%) 
Case 1 -Actual Case 2 – Same 

grades 

Case 3 – Same 
yield 

Case 4 – Same yield 
and grades 

Liquid 
fertilizer  Growth media 

Not 
weighted XL equivalent 

Production 
cost  

($ m-2) 
$ m-2 %  $ m-2 %  $ m-2 %  $ m-2 %  

IF 1 Rockwool 1.00 1.00 51.52 2.06 100.0 2.06  2.06  2.06  

 Coco Coir 0.97 0.92 51.52 2.11 109.0 2.11  2.19  2.06  

 Soymeal 20 1.12 1.11 57.53 2.05 100.8 2.05  2.33  2.30  

 Soymeal 40 1.06 1.07 57.92 2.18 104.8 2.18  2.29  2.32  

OF 2 Rockwool 0.63 0.54 69.97 4.44 250.8 4.44  3.26  2.80  

 Coco Coir 0.66 0.61 69.97 4.26 223.4 4.26  3.02  2.80  

 Soymeal 20 0.95 0.87 75.98 3.19 169.8 3.19 154.8 3.33 161.74 3.04 147.5 

 Soymeal 40 0.95 0.90 76.37 3.20 164.7 3.20 155.5 3.24 157.00 3.05 148.3 

OF 3 Rockwool 0.52 0.39 64.38 4.95 316.6 4.95  3.39  2.58  

 Coco Coir 0.41 0.30 64.38 6.30 416.8 6.30  3.51  2.58  

 Soymeal 20 0.89 0.78 70.39 3.17 175.3 3.17 153.7 3.21 155.76 2.82 136.7 

 Soymeal 40 0.85 0.76 70.38 3.31 180.6 3.31 160.4 3.17 153.73 2.82 136.7 

OF 4 Rockwool 0.66 0.57 70.52 4.27 238.9 4.27  3.25  2.82  

 Coco Coir 0.55 0.46 70.52 5.09 295.3 5.09  3.37  2.82  

 Soymeal 20 0.85 0.75 76.52 3.62 196.9 3.62 175.7 3.43 166.34 3.06 148.6 

 Soymeal 40 0.81 0.74 76.92 3.79 202.7 3.79 184.0 3.39 164.38 149.4 3.08 

* Total production cost does not include the costs on greenhouse construction, interest on mortgage and marketing since they are the same for both organic and 
conventional systems; % - as the percentage of the conventional rockwool (IF1 & Rockwool). 
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Table 8. Economical analysis for conventional rockwool and organic greenhouse sweet pepper production based on the sweet pepper  experiment conducted at 
GPCRC in 2008* 

With 30% decrease in organic fertilizer usage 

Case 5-Actual yield and 
grades Case 6 – Same yield Case 7 – Same grades Case 8 – Same yield & 

grades 
Liquid 

fertilizer 
feeding 

Production 
cost  

($ m-2) $ m-2 %  $ m-2 %  $ m-2 %  

Growth media 

$ m-2 %  

IF 1 Rockwool 51.52 2.06  2.06  2.06  2.06  

 Coco Coir 51.52 2.24  2.19  2.11  2.06  

 Soymeal 20 57.53 2.08  2.33  2.05  2.30  

 Soymeal 40 57.92 2.16  2.29  2.18  2.32  

OF 2 Rockwool 63.69 4.70  2.97  4.04  2.55  

 Coco Coir 63.69 4.19  2.75  3.88  2.55  

 Soymeal 20 69.70 3.21 155.7 3.06 148.4 2.93 142.0 2.79 135.3 

 Soymeal 40 70.09 3.11 151.1 2.97 144.1 2.94 142.7 2.80 136.0 

OF 3 Rockwool 59.78 6.06  3.15  4.59  2.39  

 Coco Coir 59.78 7.97  3.26  5.85  2.39  

 Soymeal 20 65.79 3.38 163.8 3.00 145.6 2.96 143.7 2.63 127.7 

 Soymeal 40 65.78 3.48 168.7 2.96 143.7 3.09 150.0 2.63 127.7 

OF 4 Rockwool 64.08 4.47  2.95  3.88  2.56  

 Coco Coir 64.08 5.53  3.06  4.63  2.56  

 Soymeal 20 70.08 3.71 180.2 3.14 152.3 3.32 160.9 2.80 136.0 

 Soymeal 40 70.48 3.83 185.7 3.10 150.6 3.48 168.6 136.8 2.82 

* Total production cost does not include the costs on greenhouse construction, interest on mortgage and marketing since they are the same for both 

 organic and conventional systems; % - as the percentage of the conventional rockwool (IF1 & Rockwool).  
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B. Research work at PARC (Agassiz) 

Experiment 1 – effects of two composts and late addition of supplemental liquid feed 

Set-up 

Seeds of the beefsteak cultivar Rapsodie, and the rootstock, Maxifort, were sown on January 

2 into 10 cm pots filled with a peat/perlite (4:1 ratio by volume) mixture. Grafting took place from 

January 22 to 25. Plants were transplanted into 15L pots (one plant per pot) on February 26 in the 

experimental greenhouse compartment.  

Two composts were compared in this experiment: Yard waste (YW) compost and swine (Sw) 

compost. Yard waste compost was produced by the City of Vancouver Green Waste Recycling 

Program. It is a Class A compost, produced according to British Columbia’s Organic Matter 

Recycling Regulation using feedstocks consisting solely of yard waste and lawn clippings. Certified 

organic swine compost was obtained from Gelderman Farms, Abbotsford, BC. Mineral analysis of 

the composts is detailed in Table1. Four substrates or combinations of substrate were compared, all 

with a base of peat/perlite: (1) peat/perlite (control), (2) 20% yard waste compost, (3) 40% yard 

waste compost, (4) 20% swine compost plus 20% yard waste compost. All mixes were blended on a 

volume/volume basis. The peat was OMRI-certified. 

Three liquid feeds were also tested: (1) a standard hydroponic tomato feed, (2) organic feed A 

consisting of K, Ca, Mg, and SO4 derived from organic potash, calpril and dolopril at concentrations 

similar to the standard hydroponic feed, and (3) organic feed B, consisting of organic feed A 

supplemented with a blend of commercially-available liquid products, certified by OMRI, as a 

source of N (Table 2). The blend consisted of PuraVida Grow (6-4-4), PuraVida Bloom (2-6-6) and 

Thrive-Alive (1-1-1), all plant-based products from Technaflora Plant Products Ltd. (Port Coquitlam, 

BC). These three products were added in a ratio of 3.0:0.35:0.50 (Grow:Bloom:Thrive Alive) in 

order to supply organic N at concentrations similar to that of the inorganic N (target NO3 plus NH4 of 

190 mg L-1)  in the standard hydroponic feed. Note that organic feed A did not include a nitrogen 

source; this allowed us to determine how long the composts would supply N to the plant before 

becoming depleted while providing most other essential nutrients. Leaching of nutrients from the 

pots was minimized by allowing only minimal overdrain, and by
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Table 1. Chemical characteristics of the composts used in the experiments.  

Characteristicz Units Yard Waste Swine Mushroom 

EC mS cm-1 2.78 13.4 2.92 

pH  7.6 5.7 7.36 

Nitrogen % Total 1.97 2.38 2.31 

Phosphorus % Total 0.26 1.09 0.93 

Total Carbon % Total 18.3 31.1 29.4 

C/N  9:1 13:1 14:1 

Potassium % Total 0.97 3.27 1.4 

Calcium % Total 1.73 1.3 11.02 

Magnesium % Total 0.41 0.48 0.53 

Sodium % Total 0.05 0.84 0.24 

Ammonium ppm 362 268 679 

Iron ppm 9756 624 1204 

Zinc ppm 148 372 191 

Copper ppm 51 43 139 

Molybdenum ppm < 2 < 2 3.85 

z Values were obtained from dried compost before mixing into the substrate blends. 

 

collecting the excess using saucers for the first 46 days of the experiment. Plants receiving 

organic feed B initially received organic feed A until the early stages of N deficiencies were 

evident based on visual observation (March 26, 2008), at which time they were switched. 

Using this approach, the plants would rely on composts as a source of N for as long as 

possible before it became necessary to supplement with liquid sources of N. Proprietary liquid 

organic fertilizers are relatively expensive and will potentially  
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Table 2. Composition of the liquid feeds used in the experiments. 

Mineral Units Standard Feed A Feed Bz Feed B Feed C Feed C  

  Experiment 

  1 and 2 1 and 3 1 and 2 2 2 2 

    Concentration 

    Low High  Low  High  

Calculated        

N mg/L 190 0 192 368 192 370 

P mg/L 65 0 64 201 127 244 

K mg/L 299 208 299 427 300 426 

Ca mg/L 145 144 144 144 145 144 

Mg mg/L 25 25 25 25 25 25 

Measured        

Total N mg/L NAy NA 166 371 212 423 

Organic N mg/L NA NA 157 317 187 387 

NO3 mg/L 162 0.1 <0.01 0.5 0.09 0.16 

NH4 mg/L 5 NA 8.8 54 25.4 36.1 

P mg/L 41 0.05 46.6 133 134 241 

K mg/L 263 109 346 388 318 454 

Ca mg/L 154 80 125 123 114 119 

Mg mg/L 31 2.7 27.9 52.7 10.8 12.5 
z Used in Experiment 1 and as the feed B low concentration treatment in experiment 2.  

y Not available. 

 

plug drippers so it is practical to delay their use. There were a total of 7 treatments (Table 3). 

The pH of all treatments was adjusted to 6.5 with citric acid. The experiment was laid out in a 

randomized complete block design, with 5 experimental units (plants) of each treatment in 

each of two blocks (total of 70 plants). 
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Table 3. Compost and liquid feed treatments in Experiment 1. 

Treatment abbreviation Substrate Liquid feed 

Control 80% peatmoss, 20% perlite Hydroponic 

20YW-FeedA 20% Yard waste compostz  Organic feed Ax 

20YW-FeedB 20% Yard waste compostz Organic feed Bw 

20Sw20YW-FeedA 20% Swine compost, 20% Yard waste composty Organic feed A 

20Sw20YW-FeedB 20% Swine compost, 20% Yard waste composty Organic feed B 

40YW-FeedA 40% Yard waste composty Organic feed A 

40YW-FeedB 40% Yard waste composty Organic feed B 
z In 60% peatmoss and 20% perlite 
y In 40% peatmoss and 20% perlite 
x Feed consisted of K2SO4, calpril, dolopril 
w Feed consisted of K2SO4, calpril, dolopril, Technaflora products 

 

Fruit harvest started on May 1 and continued to June 1, at which time the experiment 

was terminated (total of 3 mature trusses plus all remaining immature fruit). Fruit from each 

plant were weighed at harvest and graded individually to maxi-extra large, extra large, large, 

medium, and small (> 8.9 > 7.0 > 6.4 > 5.7 > 5.1 cm in diameter, respectively). Unmarketable 

fruit equal to or less than 5.1 cm in diameter or with obvious blemishes, cuticle cracking, 

splitting, blossom-end rot or irregular shape were treated as culls.  

Results 

Treatments had significant effects on yield (Table 4). The conventional hydroponic treatment 

resulted in significantly higher yield (marketable and total) than any of the organic treatments. 

The organic treatment showing yield closest to the hydroponic control was 40Van-FeedB at 

82% of the control. Within the organic treatments, yields (marketable and total) in descending 

order were 40Van-FeedB = 20Van-FeedB > 20Sw20Van-FeedB = 20Sw20Van-FeedA > 

40Van-FeedA = 20Van-FeedA. The organic treatment showing the lowest yield was 18% of 

that of the hydroponic control. Organic feed B generally resulted in significantly higher yield 

(marketable, unmarketable and total) than did Feed A which had no N or P.  

Table 4. Treatment effects on yield in Experiment 1. 
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Treatment Yield 

(kg plant-1) 

 Marketable Unmarketable Total 

Control 5.59 a z 0.21 b 5.80 a 

20YW-FeedA 0.97 d 0.07 c 1.03 d 

20YW-FeedB 4.14 b 0.26 b 4.40 b 

20Sw20YW-FeedA 2.31 c 0.23 b 2.54 c 

20Sw20YW-FeedB 2.46 c 0.53 a 2.99 c 

40YW-FeedA 1.44 d 0.05 c 1.49 d 

40YW-FeedB 4.49 b 0.25 b 4.74 b 

Significance of selected a priori contrasts of treatment effects: 

Control vs organic *** NS *** 

Feed A vs Feed B *** *** *** 

20YW vs 20YW20Sw NS y *** NS 

20YW vs 40YW NS NS NS 

20YW20Sw vs 40YW ** *** NS 
z Means within each column that are followed by different letters are significantly different (P 
< 0.05) according to Duncan’s multiple range test. 
  
y  NS, *,**,***: Non-significant or significant at P≤ 0.05, P≤ 0.01 or P 0.001 ≤

 

  

Discussion  

The hydroponic control had a higher yield than any of the organic treatments. The highest-

yielding organic treatment (40YW-FeedB) in the first experiment had a total yield which was 

82% of the hydroponic control.  

Growing greenhouse organic tomatoes in a substrate such as peat would ideally rely 

only on the addition of “dry’ ingredients such as compost and gypsum, without the need for 

supplemental liquid nutrition. One disadvantage of organic liquid fertilizers is that they can be 

much more expensive than conventional fertilizers, and therefore may be prohibitively 
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expensive for some greenhouse operations. They are also difficult to administer because of 

issues such as plugging of drippers, so a greater reliance on the dry components is preferable. 

However, a typical North American greenhouse tomato crop is 10 months in duration and it is 

important to determine how long the compost can sustain growth. Hence, the purpose of the 

first experiment was to evaluate the longevity of various composts in supplying two key (and 

often limiting and expensive) minerals, N and P. In the first experiment, organic feed B 

produced significantly higher yield than did organic feed A. This is because organic feed A 

was comprised only of K, Ca, Mg, and SO4, with no N, P or micronutrients. The plants were 

therefore dependent on the composts as sources of these missing elements. However, 

composts generally are not high in total nutrients and they are only slowly released. The data 

show that none of the composts, in combination or incorporated at concentrations of up to 

40%, were sufficient to supply plant demands for these elements over the three-month 

experiment.  

The high EC of the swine compost (likely due to high K and Na), even when mixed at 

the relatively low concentration of 20%, may have influenced the plants, which showed 

curling in the upper leaves possibly due to salinity stress. 

 

Experiment 2 – effects of three composts and early addition of supplemental liquid feed 

Set-up 

Seeds of the cluster cultivar Clarance were sown on April 29 and transplanted to the 

experimental greenhouse compartment on June 10.  Three substrates were used, all with a base 

of peat/perlite: (1) peat/perlite (control), (2) 50% YW compost (described in Experiment 1), 

and (3) 50% mushroom (Mush) compost. All mixes were blended on a volume/volume basis. 

Mushroom compost was obtained from All Seasons Mushrooms (Abbotsford, BC). The raw 

material was composed of 58% wheat straw (0.35% nitrogen on a dry weight basis and 12% 

moisture), 38% dry poultry waste (3.6% nitrogen on a dry weight basis and 25% moisture), 

and 4% gypsum (10% moisture).  The mineral analysis of the spent mushroom compost is 

detailed in Table 1. In addition, three liquid feeds were tested: standard hydroponic feed 

(control), organic feed B originally used in Experiment 1 but now at two concentrations (the 
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low concentration of application used the same ratio of Grow, Bloom and Thrive Alive as that 

of Experiment 1, and the high concentration used a ratio of 4.55:4.50:0.50 of Grow, Bloom 

and Thrive Alive, respectively), and a fish-based organic feed (organic feed C), also at two 

concentrations (Table 2). The fish product was OMRI-certified Pacific Natural (2-3-0.3) from 

Great Pacific BioProducts Ltd. (Delta, BC). All liquid fertilizer treatments commenced on the 

day of transplanting. The treatments for Experiment 2 are summarized in Table 5. A 

randomized complete block design with two blocks was used, with 7 experimental units 

(plants) of each treatment per block (total of 126 plants).  

 

Table 5. Compost and liquid feed treatments in Experiment 2. 

Treatment abbreviation Substrate Liquid feed 

Control 80% peatmoss, 20% perlite Hydroponics 

50YW-Feed C High 50% Yard waste compostz Organic feed C High y 

50YW-Feed B High 50% Yard waste compostz  Organic feed B High x 

50YW-Feed B Low 50% Yard waste compostz Organic feed B Low w 

50YW-Feed C Low 50% Yard waste compostz Organic feed C Low v 

50Mush–Feed C High 50% Mushroom compostz Organic feed C High 

50Mush–Feed B High 50% Mushroom compostz Organic feed B High 

50Mush–Feed B Low 50% Mushroom compostz Organic feed B Low 

50Mush–Feed C Low 50% Mushroom compostz Organic feed C Low 
z In 30% peatmoss and 20% perlite 
y Feed consisted of K2SO4, calpril, dolopril, and Pacific Natural products (fish-based organic) 
at high concentration 
x Feed consisted of K2SO4, calpril, dolopril, and Technaflora products at high concentration 
w Feed consisted of K2SO4, calpril, dolopril, and Pacific Natural products (fish-based organic) 
at low concentration 
v Feed consisted of K2SO4, calpril, dolopril, and Technaflora products at low concentration 

 

Fruit harvest was from August 7 to October 22 at which time the experiment was 

terminated (total of 9 mature trusses plus all remaining immature fruit). Since a cluster variety 

was used, fruit were weighed by truss rather than individually. A cluster was harvested when 

half the fruit had reached breaker stage. Cluster weight and fruit number were recorded. Culls 
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(unmarketable fruit with blossom end rot, severe cuticle cracking, or non-uniform shape) were 

then removed, and their weight and number recorded. Finally, Grade 2 fruit (still marketable 

fruit with skin blemishes, scars, or small cracks), were then removed and weighed.  

Postharvest analysis of fruit quality was conducted only in Experiment 2. Fruit were 

obtained from two harvests, on September 19 and on October 5, 2008. At each harvest, 10 

fruit of each treatment were randomly selected for postharvest quality evaluation. Fruit were 

stored for 3 weeks in a cooler with an air temperature of 10 oC (with fluctuation of 0.5 oC) and 

RH of about 80%. Each fruit was visually evaluated individually on the day of harvest and 

three times a week thereafter. Scores of decay index were:  0 -no sign of decay, still firm, 1 - 

first sign of decay on fruit surface or stem, still firm, 2 - decay on <10% of fruit surface with 

no lesions, still firm enough to market, 3 - first lesion or too soft to be considered marketable, 

end of shelf-life, 4 - multiple lesions, or severe desiccation and soft, and 5 -severe decay with 

fluid leakage, and/or very soft with severe desiccation, not consumable. Only the decay index 

at the end of 21 days is reported here. The data of the two harvests were combined. 

Fusarium crown and root rot was found in some treatments in the second experiment.  

On two sample dates, September 15 and November 4, plants were scored as being diseased on 

the basis of visible symptoms of crown rot and wilting.  

Mineral analysis. For the first experiment, three recently expanded leaves from the top of each 

plant were collected on March 26, with 10 plants per treatment. All leaflets per treatment were 

pooled together. On October 20, 2008, three fully expanded leaves from the top of each plant 

were colleted for the second experiment. Samples from each of two plants were randomly 

combined for a total of 4 samples per treatment.  

Substrate sampling was conducted after the last tomato harvest in experiment 2 on 

October 28, 2008. Samples of approximately 1 kg of substrate were taken from 8 randomly-

selected pots in each treatment, and combined in pairs for a total of 4 samples. Samples were 

oven-dried for 3 days at 60 oC. The leaf and substrate samples were submitted to A & L 

Canada Laboratories Inc. (Winnipeg, MB) for mineral analysis.  
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Results 

Treatments had significant effects on yield (Table 6). Organic treatments 50Mush–

Feed B Low and 50YW-Feed B Low resulted in comparable yield (marketable and total) to 

the hydroponic control. Within the organic treatments, yields (total) in descending order were 

50Mush–Feed B Low = 50YW-Feed B Low > 50Mush–Feed C Low = 50YW-Feed C Low > 

50YW-Feed B High = 50Mush–Feed B High = 50YW-Feed  

Table 6. Treatment effects on yield and postharvest decay in Experiment 2. 
 

Yield (kg plant-1) Treatment 

Marketable Unmarketable Total 
Decay index 
after 21 days 

Control 8.21 az 0.28 def 8.49 a 4.7 ab 

50YW-Feed C High 2.68 cd 0.67 b 3.35 de 3.6 cde 

50YW-Feed B High 3.24 c 1.09 a 4.34 c 3.0 e 

50YW-Feed B Low 7.82 a 0.46 bcd 8.28 a 3.9 cd 

50YW-Feed C Low 6.18 b 0.59 bc 6.77 b 4.1 bc 

50Mush–Feed C High 2.25 d 0.40 cde 2.65 e 3.4 de 

50Mush–Feed B High 3.37 c 0.20 ef 3.57 cd 3.6 cde 

50Mush–Feed B Low 8.42 a 0.10 f 8.52 a 4.8 a 

50Mush–Feed C Low 6.64 b 0.35 cdef 6.99 b 4.7 ab 

Significance of selected contrasts of treatment effects: 

Control vs organic *** * *** * 

High vs Low  *** *** *** * 

Feed B vs C *** NS *** NS 

YW vs Mush NS *** NS * 
z Means within each column that are followed by different letters are significantly different (P 
< 0.05) according to Duncan’s multiple range test. 
NS, *,**,*** Non-significant or significant at P≤ 0.05, P≤ 0.01 or P≤ 0.001 

C High = 50Mush–Feed C High. Note that 50YW-Feed B High was greater than 50YW-Feed 

C High and 50Mush–Feed C High, and that 50Mush–Feed B High was greater than 50Mush-

Feed C High. From the contrast analyses, the control treatment was generally significantly 

higher than the organic treatments. Low concentrations of organic feed resulted in 

significantly higher yield (marketable, unmarketable and total) compared with higher 
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concentrations of organic feed. Organic feed B generally resulted in significantly higher yield 

(marketable and total) than did Feed C. There was no significant difference in yield 

(marketable and total) resulting from the different composts. However, yard waste compost 

produced more unmarketable fruit than did the mushroom compost.  

The analysis of postharvest data is shown in Table 6. Overall, the hydroponic control 

was inferior in postharvest quality to the 8 organic treatments, having a high decay index of 

4.7 (P = 0.003). In order of decreasing postharvest quality, treatments could be arranged as 

50YW-Feed B High, 50Mush-Feed C High, 50Mush-Feed B High, 50YW-Feed C High, 

50YW-Feed B Low, 50YW-Feed C Low, 50Mush-Feed C Low, 50Mush-FeedB Low and 

Control. Generally, contrast analysis showed no difference between the two types of liquid 

organic fertilizer. Yard waste compost was superior (low decay index) to mushroom compost 

and the high concentration of liquid organic fertilizer was superior (low decay index) to the 

low concentration. There was a positive relationship between yield and post-harvest decay (y 

= -7.8 + 3.3x, R2=0.72, P=0.004).  

The high concentration of organic Feed C induced a high incidence of Fusarium crown 

and root rot. On September 15, other than one plant in the low concentration of organic feed 

B, plants receiving high organic feed C concentrations were the only ones to show symptoms 

of Fusarium infection, with 39% of the plants showing symptoms. By November 4 (Table 8), 

61% of all plants receiving the high concentration of organic feed C (both compost treatments 

combined) had symptoms of Fusarium crown rot, and 18% of all plants receiving the high 

concentration of organic feed B had symptoms of Fusarium crown rot. In all, 24 plants out of 

126 (19%) developed symptoms of Fusarium crown and root rot.  

Substrate mineral content measured at the end of the experiment is presented in Table 

7. To summarize, contrast analysis showed that the 8 organic treatments were significantly 

different from the hydroponic treatment in having higher N, S, P, K, Ca, B, Zn, Mn, Fe, and 

Cu. Substrate EC and saturated pH values were also higher in the organic treatments than in 

the hydroponic control. This was corroborated by measurements of leachate EC and pH 

collected on four occasions during the experiment (data not presented; leachate pH values 

were generally higher than the saturated pH values in all treatments). The high feed 

concentrations tended to have the greatest
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Table 7. Mineral content of substrates used in Experiment 2. 

Treatment N 

% 

S 

ppm 

P 

% 

K 

% 

Mg 

% 

Ca 

% 

Na 

% 

B 

ppm 

Zn 

ppm 

Mn 

ppm 

Fe 

ppm 

Cu 

ppm 

C 

 

% 

Organic 

Matter 

% 

C/N EC 

 

mS cm-1 

pH 

 

saturated 

Control 1.11 e 3347 b 0.07 f 0.34 d 0.16 1.34 c 0.05 7.56 d 15 c 51 e 1864 c 10 e 44.47 a 80.0 a 41.5 a 1.34 c 4.43 f 

50YW-Feed C High 2.10 a 3975 b 0.87 cd 0.55 abc 0.27 2.04 c 0.08 7.40 d 124 b 187 d 8706 b 47 de 30.49 d 54.9 d 14.5 d 3.43 a 4.93 de 

50YW-Feed B High 1.81 cd 3190 b 0.38 ef 0.61 a 0.42 1.43 c 0.07 39.75 b 225 a 360 b 9710 a 162 b 26.84 e 48.3 e 15.0 d 3.14 b 5.13 cd 

50YW-Feed B Low 1.77 d 3550 b 0.26 f 0.41 cd 0.32 1.66 c 0.06 24.34 c 215 a 387 b 8847 b 153 b 30.93 d 55.7 d 17.5 bc 2.39 a 5.20 c 

50YW-Feed C Low 1.68 d 3716 b 0.63 de 0.44 bcd 0.28 1.97 c 0.08 10.81 cd 109 b 183 d 9189 ab 39 de 30.42 d 54.8 d 18.0 bc 2.27 b 4.85 e 

50Mush–Feed C High 2.12 a 6677 a 2.86 a 0.61 a 0.62 6.18 a 0.76 12.30 cd 147 b 248 c 1947 c 86 cd 35.57 bc 64.0 bc 16.8 c 2.30 b 5.56 b 

50Mush–Feed B High 1.96 abc 6915 a 1.03 c 0.57 ab 0.29 6.15 a 0.09 73.65 a 249 a 392 b 2261 c 223 a 35.49 bc 63.9 bc 18.0 bc 3.40 a 6.25 a 

50Mush-Feed B Low 2.01 ab 6559 a 0.69 cde 0.42 cd 0.25 5.54 a 0.08 52.68 b 263 a 454 a 2406 c 228 a 37.23 b 67.0 b 18.8 b 2.57 b 6.38 a 

50Mush–Feed C Low 1.93 bc 7577 a 1.73 b 0.43 cd 0.21 4.12 b 0.12 14.59 cd 145 b 275 c 2061 c 111 bc 33.37 c 60.1 c 17.0 bc 2.57 b 6.18 a 

Significance of selected contrasts of treatment effects: 

 

Control vs organic *** *** *** ** NS *** NS *** *** *** *** *** *** *** *** *** *** 

High vs Low *** NS *** *** NS NS NS * NS * NS NS NS NS *** *** * 

Feed B vs C NS NS *** NS NS NS NS *** *** *** NS *** NS NS NS NS *** 

YW vs Mush *** *** *** NS NS *** NS *** * *** *** *** *** *** ** NS *** 

z Means within each column that are followed by different letters are significantly different (P < 0.05) according to Duncan’s multiple range test. 

NS, *,**,*** Non-significant or significant at P 0.05, P≤ ≤ 0.01 or P≤ 0.001
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substrate EC values; the exception was 50Mush-Feed C High which had an EC value similar 

to the low feed concentrations. Percent organic matter and substrate C/N ratio were lower in 

the organic treatments than in the hydroponic control. The low feed concentration had 

significantly lower N, P, K, B, and higher Mn than the high feed treatments; the C/N ratio and 

pH were higher but the EC was lower. Feed B showed lower P but higher B, Zn, Mn and Cu 

than did Feed C, and its pH was also higher. In terms of the two composts, yard waste 

compost had lower N, S, P, Ca, B, Zn, Mn, and Cu and higher Fe. Percent carbon, organic 

matter, C/N, and pH were also lower in the yard waste compost. 

In terms of foliar mineral content, contrast analysis showed that the only elements 

which were significantly different between the control and the organic treatments were S, P, 

Ca, B, Mn and Cu (Table 8). The leaf tissue content of S, P, Mg, Ca, B, Mn and Cu were 

significantly higher in the leaves from the feed B treatments than in those from feed C; only 

the Fe content was significantly higher in the leaves from the feed C treatments. The high 

concentration of organic feed resulted in higher S, P, Mg, B, Mn and Fe and less Ca in leaves 

than did the low concentration. Mushroom compost resulted in significantly higher foliar Ca 

and Cu but less B, Mn and Fe than did the yard waste compost. 

 

Discussion 

The combination of 50% compost with a low concentration of organic feed resulted in yield 

ranging from 80 to 100% that of the hydroponic control. The relatively higher organic yield in 

the second experiment may have been associated with the higher concentrations of composts 

used as well as the fact that liquid feed treatments started at transplanting rather than one 

month later, as in experiment 1. In the second experiment, organic feed B produced 

significantly higher yield than did organic feed C. The reason for this is unknown; the two 

feeds originated from different sources (plant versus fish) and although mineral composition 

of the two was as similar as we could manage, there were inevitably some differences both in 

minerals as well as organic materials. The bulk density (but not water holding capacity) was 

also somewhat higher in the feed C treatment. The difference in yield deserves further 

investigation
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Table 8. Mineral content of recently fully expanded leaves from plants in experiment 2. 

 

Treatment 
N 

% 

S 

% 

P 

% 

K 

% 

Mg 

% 

Ca 

% 

Na 

% 

B 

ppm 

Zn 

ppm 

Mn 

ppm 

Fe 

ppm 

Cu 

ppm 

Control 5.22 1.12 c 0.61 bc 5.53 0.33 c 2.77 a 0.06 42.50 de 35.25 135.00 d 78.75 bcde 6.25 f 

50YW-Feed C High 5.85 1.28 bc 0.85 a 5.16 0.24 d 1.55 de 0.16 41.00 de 43.30 165.75 d 120.00 a 7.00 f 

50YW-Feed B High 5.61 1.71 a 0.71 b 5.43 0.46 a 1.50 e 0.13 166.00 a 52.00 328.00 a 95.25 b 9.25 def 

50YW-Feed B Low 5.53 1.27 bc 0.66 bc 5.58 0.32 c 2.23 bc 0.07 63.00 c 51.75 279.75 b 76.25 cde 11.50 de 

50YW-Feed C Low 5.61 1.31 b 0.66 bc 5.33 0.21 d 1.97 cd 0.15 33.00 e 36.25 210.25 c 88.00 bcd 7.50 ef 

50Mush–Feed C High 5.66 1.24 bc 0.83 a 4.99 0.19 d 1.38 e 0.17 37.50 e 54.50 157.25 d 93.25 bc 12.75 cd 

50Mush–Feed B High 5.61 1.63 a 0.64 bc 5.38 0.40 b 2.76 a 0.10 113.75 b 69.50 330.50 a 79.75 bcde 20.25 a 

50Mush–Feed B Low 5.43 1.30 bc 0.60 c 5.31 0.31 c 2.71 a 0.18 56.75 cd 54.75 173.00 cd 67.75 e 18.50 ab 

50Mush–Feed C Low 5.40 1.40 b 0.67 bc 5.45 0.24 d 2.63 ab 0.14 30.50 e 60.50 150.75 d 73.75 de 16.00 bc 

Significance of selected contrasts of treatment effects: 

Control vs organic NS *** * NS NS *** NS *** NS *** NS *** 

High vs Low NS ** *** NS ** *** NS *** NS *** *** NS 

Feed B vs C NS *** *** NS *** *** NS *** NS *** ** *** 

YW vs Mush NS NS NS NS NS *** NS *** NS *** *** *** 

z Means within each column that are followed by different letters are significantly different (P < 0.05) according to Duncan’s multiple range test. 

NS, *,**,*** Non-significant or significant at P 0.05, P≤ ≤ 0.01 or P≤ 0.001
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In the second experiment, as in the first, the type of compost had no effect on total 

yield.  It is likely that both composts became equally depleted in minerals over the long term. 

Although compost type had no effect on marketable or total yield in the second experiment, 

mushroom compost did produce a lower weight of unmarketable fruit than did the yard waste 

compost treatment. Since most of the unmarketable fruit were downgraded due to blossom end 

rot, this difference could be due to the higher Ca levels found in the mushroom compost 

treatment. As pointed out earlier, mushroom substrate contains gypsum, and therefore may be 

a convenient medium with which to supplement organic substrates with Ca. 

The high concentration of both organic feeds did not produce a corresponding increase 

in yield (marketable or total) compared to the low concentration. In fact yields were lower, 

most likely due to the high incidence of Fusarium crown and root rot almost exclusively found 

in those treatments (92% of all diseased plants). The incidence of disease was not associated 

with any particular compost or type of nutrient feed, indicating that these materials were not 

the source of inoculum. Solutions to the problem of Fusarium in organic systems include 

grafting onto Fusarium- resistant rootstock (as was done in our first experiment) or, since yield 

was optimized at a much lower nutrient feed concentration, avoiding high nutrient 

concentrations and high substrate EC values. 

 The fruit from the hydroponic control had a higher decay index than those of the organic 

treatments indicating a generally better shelf life in the organic tomatoes. However, there was 

a positive relationship between decay index and yield when data from all treatments were 

combined. This indicates a negative relationship between fruit yield and fruit quality, a 

commonly-observed phenomenon. Hence, the higher quality (lower post-harvest decay) in 

organic treatments could be due to reduced yield, rather than to some direct effect of organic 

growing. 

The EC of the substrates measured before, during and after the experiment was not 

excessive. Nevertheless, higher EC may have contributed marginally to the lower yields of the 

organic compared to the hydroponic treatment and to the lower yields of the high compared to 

the low feed concentrations, perhaps by predisposing the plants to Fusarium crown and root 

rot.  
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Although the fish-based feed (feed C) contributed substantially more P to the substrate 

than did the plant-based feed (feed B) over time, the effects on plant P status (as measured in 

leaves) were not as great and likely not to affect yields. However, high P values in the 

substrate could perhaps limit Ca availability through precipitation reactions. The sustainability 

of long-term (yearly) additions of high-P feeds could not be determined in this study. Boron 

and Mn were two of the more variable mineral elements in both substrate and leaf tissue, but 

no symptoms of deficiency or toxicity were observed in any of the treatments. 

 

Experiment 3 – effects of clay and zeolite amendments 

Set-up 

This experiment was carried out to discover the effect of clay and zeolite amendments 

on tomato production. Seeds of cultivar Idool (Seminis Seeds, USA) were sown on February 6 

and transplanted March 12 into 15 L pots. Treatments consisted of a glacial marine clay 

(Ironwood Clay, Richmond, BC) and zeolite (BRZ, Alberta). The base substrate consisted of 

30-50% peatmoss (depending on the treatment), 10% perlite, 20% Vancouver compost and 

20% Swine compost. The substrate was amended with 10 or 20% clay, 10 or 20% zeolite, and 

10% clay plus 10% zeolite. Organic feed A (described previously) was used. The experiment 

was laid out in a randomized complete block design, with 5 experimental units (pots) of each 

treatment in each of two blocks. All fruit were harvested on April 29, 2008. 

 

Results 

The 10% zeolite treatment increased total yield and the 20% clay concentration reduced total 

yield compared to the unamended control (Table 9). There were no significant differences in 

yield between the 10% and 20% clay or between the 10% and 20% zeolite concentrations. 

Treatments had no effect on the marketable yield, but had a significant effect on the number of 

unmarketable fruits, mainly because of blossom-end rot. The media amended with zeolite had 

no fruit with blossom-end rot whereas 10% and 20% clay treatments resulted in significantly 

more fruit with blossom-end rot, approximately twice of that of the hydroponic control.  
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Table 9. Effect of clay amendments and liquid feed treatment on tomato yield. 

Treatment Yield 
(g plant-1) 

Marketable 
(num plant-1) 

Unmarketable 
(num plant-1) 

Unmarketable 
 (%) 

Control 603.8 b 17.5 1.6 b 8.4
10 Clay 581.6 bc 16.2 3.4 a 17.3
20 Clay 514.8 c 16.0 2.7 ab 14.4
10 Zeolite 694.1 a 18.6 0 c 0
20 Zeolite 634.4 ab 17.5 0 c 0
10 Clay-10 Zeolite 607.3 b 18.1 0 c 0

*Means within each column that are followed by different letters are significantly different (P 
< 0.05) according to Duncan’s multiple range test. 

 

Discussion 

Zeolite shows promise as an amendment to organic substrates, particularly in terms of 

improving fruit quality (that is, reduced blossom-end rot), and studies will be continued. 

Conclusions 

Compost derived from either yard waste or swine manure, along with supplemental organic 

Ca, K, Mg and SO4, in a peat-based organic mix was insufficient to maintain a greenhouse 

tomato crop for more than one month without showing visible tissue nutrient deficiencies and 

reduced yield. A supplemental fish-based or plant-based liquid feed containing N was 

necessary for adequate growth of a long term crop. The best organic combination for 

maximum yield was 50% compost from either yard waste or mushroom substrate in 

combination with a low concentration of liquid feed derived from plant sources. Those yields 

were as high as those obtained from a conventional hydroponic regimen. In terms of post-

harvest fruit quality, the decay index was generally lower in the organic treatments than in the 

hydroponic control, but this could have been due to an overall lower yield in the organic 

treatments. Interestingly, a higher concentration of either fish-based or plant-based liquid 

organic feed caused proliferation of Fusarium crown and root rot, which severely reduced 

yield. Addition of zeolite to the substrate improved production and fruit quality.  
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