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ABSTRACT: Perished fruits and vegetables, and fruit and vegetable preparation trimming 
residues from grocery stores are usually landfilled or incinerated in Quebec, Canada. 
However, the use of decaying plant wastes to produce compost and return it to the soil will 
be a way to achieve zero waste; food lost would be recycled into compost and reused as 
carbon soil amendment. Newly, some grocery stores deliver their source-separated 
organics to the neighbourhood farm to produce compost as a soil amendment. To favour 
sustainability, this waste is transported and composted on neighbourhood farm. However, 
this avenue needs to be investigated taking into account the farmers requested high 
quality compost to be used as a soil carbon amendment and that grocery stores requested 
that containers need to be emptied regularly. Surprisingly, very few studies addressed on-
farm composting with periodical decaying plant waste additions.  

Even though several studies have addressed food waste composting, information is 
scarce on the effect of feedstock additions to maintain the composting volume, an 
important factor under cold weather conditions. Also, since this waste is rich in water, it 
generates leachate and environmental regulations need to be followed. Finally, the quality 
of these sources-separated organic composts needs to be determined. Therefore, on-farm 
composting of this organic waste was studied under cold climate conditions of Eastern 
Canada using bark or straw as bulking material. Feedstock was added at two-week 
intervals for the first six weeks, and the compost recipes readjusted to give about 65% 
water content and a C/N ratio of 30 after each feedstock addition. Two 32 m3 replicate 
recipes with bark and two with straw were studied from February to July. Under these 
conditions, compost temperatures ranged from 40 to 55 ° C and the volume of the 
composting piles decreased. In mature composts, the moisture content, bulk density and 
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trace elements were similar between recipes, but differed in their temperature, C/N ratio, 
pH, soluble salts, N, P, K contents, and particle sizes. The bark compost had long and thin 
particles that limited airspace and trapped more heat. The straw recipe had fine particles 
that presumably gave more airspace, allowing more heat loss, but more N, P and K 
retention. The mature composts, obtained after several weeks of composting, had 
adequate physicochemical properties and were free of E. coli. On farm composting of fruit 
and vegetable waste with bulking material can be done under Canadian cold conditions 
and can be a sustainable strategy to manage source-separated organics of grocery stores. 
However, these composts should be screened to retrieve foreign matter before their use 
as soil organic matter amendment. 
 
KEYWORDS: Food scraps compost bark straw 
 
1. INTRODUCTION 
 
In Quebec (Canada), 1.3 million tons of green and food waste are produced annually and most 
are simply landfilled or incinerated, and less than 12% is recycled (Recyc-Québec, 2013). 
However, Quebec, as most other legislatures, encourages the recycling of organic waste and 
production of compost from decaying plant wastes, which could be a sustainable alternative. 
Compost is an exothermic process where raw organic matter is transformed by living organisms 
under controlled aerobic conditions in a stabilized organic matter, called humus (Maheshwari, 
2014; Diaz et al., 2007).  

Farm composting is viewed as an option for urban grocery stores to manage their fruit and 
vegetable waste, but requires the adoption of recycling and source-separation programs to 
avoid the presence of wood, cardboard, metals, paper, plastic, glass, meat products, and 
unsorted garbage bags (Norrie et al., 1997). Nowadays, several recycling programs are in 
place, and newly, employees have been trained to remove foreign matter, such as wrapping 
and bagging materials, and to separate perished fruits and vegetables, and food preparation 
trimming residues in a well-identified container for organic matter only. To favour sustainability, 
composting on-farm of organic waste of neighbourhood grocery stores is an avenue that needs 
to be investigated to reduce transport and to regularly empty their containers. Surprisingly, to 
our knowledge, this is the first study that addressed on-farm composting with feedstock 
additions. 

Under the weather conditions of Eastern Canada with only 5 months of temperature above 0 
° C, the compost is traditionally produced with low composting technology and can take a 
couple of years. Therefore, the composting methods need to be adjusted to the cold climatic 
conditions (Brouillette et al., 1996). The compost is mainly applied before the first frost in mid-
September or after the last frost by the end of May as an organic soil amendment to increase 
organic matter, fertility and productivity. In Quebec and on horticultural farms, soil degradation 
and erosion have been related to the loss of organic matter, especially in sandy soils under 
monoculture (Tabi et al., 1990). Therefore, these farmers are interested in producing their own 
compost for use as an organic soil conditioner. 

Using fruit and vegetable waste as the only compost feedstock is difficult, since their moisture 
content is above 80% and their porosity is rapidly lost (Sundberg et al., 2012; Chang and Chen, 
2010; Iqbal et al.,  2010). Over time, fruits and vegetables are crushed by their own weight, and 
plant cells that give the structural strength and rigidity are broken, filling pores with their water 
content. Under these anaerobic conditions, plant cells decay rapidly by microbial action and the 



SUM2016 
Third Symposium on Urban Mining and Circular Economy 

 

 

pH decrease, inhibiting the well-functioning composting microbes and reducing the composting 
efficiency (Sundberg et al., 2012). To overcome these limitations, the physical characteristics of 
the composting recipes need to be adjusted (Awasthi et al., 2014; Cabeza et al., 2013; Diaz et 
al., 2007). The best compost moisture content that induces optimal temperature and good 
microbial activity should be between 50 to 70%, since above 70%, gas exchange and air 
diffusion are limited (Iqbal et al., 2010). Indeed, the addition of a bulking agent controlled 
moisture content of compost recipe and allowed better porosity, favouring microbial activity 
(Kazemi et al., 2014; Iqbal et al., 2010; Adhikari et al., 2008). However, the size and shape, the 
structural strength over time and the lignin content of the different bulking agents are some of 
the factors influencing compost recipe, moisture content, C/N ratio and porosity, thus affecting 
the biodegradation kinetics and the composting time (Cabeza et al., 2013; Chang and Chen, 
2010; Diaz et al., 2007). 

The hypothesis of the present study is that it is possible under the cold weather conditions of 
Eastern Canada to produce, on the farm, good quality compost by adding fruit and vegetable 
waste from groceries every two weeks for six weeks, in combination with a bulking agent and 
farm waste. For this purpose, source-separated fruit and vegetable waste from grocery stores 
were composted with farm waste and, bark or straw bulking agents. The temperature and 
physicochemical characteristics of the composting material were monitored after the additions of 
wastes at two-week intervals for the first six weeks, and on mature composts. 

2. MATERIALS AND METHODS 

2.1 Composting site and raw materials 

The experiment was conducted on a horticultural farm close to Quebec City in Eastern Canada 
(Quebec, Canada; 46 ° 42'09.79 '' N, 71 ° 37'53.64 '' O, altitude 61 m) with a yearly average 
temperature of 4.2 °C, and extreme maximum and minimum of 35.6 °C in July and -36.1 °C in 
February, respectively (Environment Canada, 2015). The farm complied with environmental 
regulations, and was equipped with three concrete cells for raw-young (0- to 6-week-old) and 
stabilizing (6- to 12-week-old) composts. The cells were open to ambient environment at their 
front and faced south. A metal roof protected the compost from the 900 mm of summer rainfall 
and 303 cm of winter snowfall. Each cell was 213 cm high, 366 cm wide and 414 cm deep for a 
volume of 32 m3 with perforated concrete floors at the inner back, forcing aeration. Two cells, 
named raw-composting cells, received the fruit and vegetable waste every two-weeks for six 
weeks with on-going management. The last cell named stabilization cell received six-week-old 
composting material for an additional six weeks with reduced management. Then, the 
stabilization cell was emptied and 12-week-old compost was placed on soil to complete 
maturation for an additional 16 weeks.  

The feedstock materials were fruit and vegetable waste from grocery stores, farm waste, bark 
or straw, and young (six-week-old) compost. They were sampled at random on a concrete 
platform at sampling points at about 1 m around the piles (BNQ, 2005). The fruit and vegetable 
waste came from 10 to 12 stores located at less than 50 km from the farm. The waste was kept 
at the grocery stores for one or two weeks, before their transport to the farm. Mainly perished 
fruits and vegetables and preparation trimming residues composed the delivery waste, but 
packaging materials were also noted. The farm waste was, in the summer and fall, 
unmarketable and unsold vegetables, and in the spring and summer, unsold greenhouse plants 
and their substrates. The farm waste was added to the compost pile, as required. The birch bark 
(Betula sp.) was from sawmill and this waste had particle sizes that varied in length, up to 30 cm 
long by 3-15 cm width, and 0.1 to 6.0 mm deep. The soybean (Glycine max L.) straw came from 
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a neighboring farm and was chopped to 15 cm length before use. These two bulking materials 
are among the most common materials easily available and considered inexpensive by farmers.  

2.2 Compost recipes 

For farmers, compost recipes should be simple and easy to use; therefore, the spreadsheet of 
Cornell University was used with targeted moisture content of 65%, and C/N ratio of 30 (Cornell 
Waste Management Institute, 1996). It is the amount of fruit and vegetable waste delivered that 
determined the amount of bark or straw to be added in order to absorb the leachate from the 
fruit and vegetable waste. The recipes were made one after the other and started in February 
and ended in July.  At week 0, 8 m3 of young (six-week-old) compost and farm waste (less than 
1 m3) was spread over the concrete platform (Figure 1). Then, 3 to 9 m3 of fruit and vegetable 
waste were spread over these layers, and mixed with farm waste and 3 to 7 m3 of bark or 
chopped soybean straw. The compost recipe was mixed using a front-end loader, and then, 
placed in the raw composting cell. Each week, each raw composting cell was cut in two, its 
temperature checked and the exposed side was sampled at three heights and three depths, i.e., 
nine sampling points. Thereafter, the cell was emptied and this young compost was mixed, 
every two-week for six weeks, with additional farm, fruit and vegetable wastes, and bark or 
straw. After six weeks, part of the compost was spread on the concrete platform to start a new 
recipe. The other part was transferred into the stabilization cell to allow microbes to complete 
the decomposition of easily available carbon. In the stabilization cell, the compost temperature 
gradually decreased, indicating lower microbial activities and lower nutrient availability. When 
the compost temperature reached the ambient temperature, it was moved to the maturation 
area, outside and exposed to the weather conditions. However, as often reported, when these 
compost piles were moved, the temperature increased and reached again thermophilic 
conditions (68 °C). These piles were turned once in a while, and their temperatures were 
followed. After 28 weeks of composting and no temperature rise after turning the piles, the 
composts were sampled and their maturity and quality determined.  
 

Week	  0 Week	  4 Stabilizing	  Cell 

Week	  6 Week	  12 
Maturation	  on	  soil 

Week	  2 Week	  0 Week	  4 Week	  6 

1/2 

Week	  28 
Mature	  compost 

1/2 
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Figure 1. At week 0, young (six-week-old) compost and farm waste was spread over the concrete 
platform. Then, bark or straw, and fruit and vegetable waste were spread over these layers, and mixed. 
The compost recipe was mixed using a front-end loader, and then, placed in the raw composting cell.  At 
weeks 2 and 4, the material in the cell was spread over the concrete platform. Then, bark or straw, and 
fruit and vegetable waste were spread over these layers, mixed and placed in the raw composting cell. At 
week 6, half of the raw composting cell was spread over the concrete platform to start a new recipe and 
the other half was placed in the stabilization cell for another six weeks with reduced management. Then, 
the stabilization cell was emptied and 12-week-old compost was placed on soil to complete maturation 
for an additional 16 weeks. 

2.3 Physicochemical analyses of the feedstock and mature compost 

The fruit and vegetable waste, bulking agent, young (six-week-old) and mature composts 
were dried at 65 ° C to constant weight (TMECC, 2002). The dry samples were ground to 2 mm 
and used for chemical analyses. The samples were placed in crucible in a muffle furnace and 
ashed at 550 °C for 16 hours to determine the organic matter (OM) content using the formula: 
OM (%) = ((dry weight - mass of ash)/dry weight) * 100 (CPVQ, 1998). The percent carbon was 
calculated by dividing the OM (%) by 1.724 (CPVQ, 1998). The nitrogen was measured by 
Kjeldahl method on a sample of 0.25 g of 2 mm milled dry compost (Nkonge and Ballance, 
1982). The other total elements were acid extracted and measured by colorimetry, flame atomic 
emission or ICP Plasma (TMECC, 2002;  CPVQ, 1998). The C/N ratio was calculated. The pH 
in water (1:2 w:v) and the electrical conductivity (1:5) were measured with a pH and conductivity 
meter (TMECC, 2002). The physicochemical characteristics of feedstock materials and their 
trace element concentrations are presented in Tables 1 and 2.  

Table 1. Selected initial characteristics of the feedstock used in the compost recipes, and mature 
composts (dry weight basis).  

 
Feedstock 
and  
mature compost 

Moisture 
content 

(%) 

Bulk 
density 
(kg/m3) 

Water absorption 
capacity (kg water/ 

kg ingredient) 

pH Soluble 
salts 

(µS/cm) 

C 
(%) 

C/N N 
----- 

P 
----- 

K 
----- 

Ca 
mg/g 

Mg 
----- 

Na 
----- 

Fruit and Vegetable Waste 88.0 544.2 ND* 4.0 1.4 53.5 32 16.5 2.8 24.3 2.5 1.0 ND 

Bark 36.1 203.7 0.5 6.0 1.6 56.5 149 3.8 2.0 1.2 7.8 0.5 ND 

Straw 7.1 58.4 3.3 6.0 1.8 55.4 104 5.3 1.2 1.3 9.5 1.0 ND 

Young Compost (6-week-old) 63.0 672.5 0.2 7.1 1.7 49.9 25 19.8 3.1 10.5 20.2 2.1 ND 

Mature Bark Compost 53.4 489.3 ND 7.1 1.6 49.0 20 14.5 4.5 9.5 21.7 2.7 0.8 

Mature Straw Compost 32.8 438.2 ND 7.5 1.8 30.0 19 9.1 3.3 6.3 14.6 2.1 0.5 

Values are means of three composite samples for fruit and vegetable waste, bark, straw, and young compost, and two 
replicates for mature composts. *ND = Not Determined 

 

Table 2. Metallic trace element concentrations of the feedstock, mature composts and national standard 
of Canada for organic soil conditioners-compost (dry weight basis). 

 
Trace 
element 

Fruit and 
Vegetable 

Waste 

Bark Straw Young (6-week-old) 
Compost 

Mature Bark 
Compost 

Mature Straw 
Compost 

National Standard of 
Canada for Organic Soil 
Conditioners-Composts 
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Values are means of three composite samples for fruit and vegetable waste, bark, straw, and young compost, and two 
replicates for mature composts. *ND = Not Determined 
 
 
 

The composting piles were sampled at two-week intervals using a systematic design 
(USEPA, 1992) after half of the pile was removed from the cell, exposing half of the composting 
material. The remaining half was divided in three heights (top, middle and bottom) and three 
depths (front, center and inner back; Figure 2). The top and bottom layers were sampled at 
about 30 cm depth. For each sample, a representative composite sample was taken to fill four-
liter pots (TMECC, 2002; USEPA, 1992). Compost temperature was measured in situ at these 
nine points at every sampling time with a manual thermometer (YSI model 42S, Simpson 
Electric Co, Chicago II). The composting materials were analyzed for the wet bulk density and 
moisture content, total organic material, and the total N, P, K (TMEEC, 2002; CPVQ, 1998). The 
free air space (FAS) was determined by the TMECC method 03.01-C with well-saturated 
compost (TMECC, 2002). The particle sizes were evaluated on dry material to prevent screen 
clogging. The dried compost samples were sieved using a sieve series of 19.0, 9.0, 6.0, 4.0 and 
2.0 mm. The weight of each particle size was determined and expressed in percentage of the 
total weight. 

 
 
Figure 2. The composting piles were sampled using a systematic design after half of the pile was 
removed from the cell. The exposed composting material was divided in three heights (top, middle and 
bottom) and three depths (front, center and back).  
 
 

The mature composts were sampled to determine their quality and maturity. The visible 
physical contaminant, such as glass, plastic, metal, rubber, etc., was determined and named 
foreign matter. The Colilert test was performed to detect the presence of coliform and E. coli 

 -------------------------------------------------------------------------mg/kg-------------------------------------------------------------------- 
As < 5 < 5 < 5 < 5 < 5 < 5 13 
Cd 0.3 0.6 0.6 0.8 ND* ND 3 
Co < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 34 
Cr 3.1 4.6 3.8 7.1 ND ND 210 
Cu 8.2 4.0 6.0 18.9 22 16 400 
Mo < 0.8 < 0.8 < 0.8 < 0.8 < 0.8 < 0.8 5 
Ni 0.3 1.5 1.0 5 ND ND 62 
Pb < 4 < 4 < 4 < 4 < 4 < 4 150 
Se < 7 < 7 < 7 < 7 < 7 < 7 2 
Zn 12 154 41 141 208 152 700 

 

Depth 1: Back Depth 2: Center Depth 3: Front 

Height 1: 
Top 

Height 2: Middle 

Height 3: Bottom 
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(Idexx Laboratories, Inc., Maine, USA). The cress germination rate and index, and root 
elongation (Chang and Chen, 2010), self-heat and the Solvita-tests for qualitatively measuring 
the volatile CO2 and NH3 were effected as described in TMECC methods 05.08-D and 05.08-E 
(Diaz et al, 2007; TMECC, 2002; Solvita and Woods End Laboratories, Maine, USA). These 
tests gave color charts from 1 (very high ammonia) to 5 (very low to no ammonia) for ammonia, 
and 1 (>13% CO2) to 8 (<0.4% CO2) for carbon dioxide, and then combined in the two-way table 
of compost maturity index calculator; these numbers identified the maturity index from 1 to 8. 
Finally, the mineral nutrients and trace elements were determined as previously described 
(TMECC, 2002; CPVQ, 1998). 

2.4 Statistical analysis 

For the first six weeks of composting, the experimental design was a randomized complete 
block with two replicates (block; Figure 3). The effects of two bulking agents (recipe), three 
compost heights (height) and three compost depths (depth), over the first six weeks of 
composting (time) were studied giving multifactor ANOVA; Block*Recipe*Height*Depth*Time. 
However, the time factor was not significant and the average over time was used for the 
statistical analyses. The homogeneity of variance was verified using the graph generated by the 
PLOT procedure of SAS (SAS, 2012). The normal distribution of the experimental error was 
tested using the coefficients of Skewness/Kurtosis and Shapiro-Wilk generated by the 
UNIVARIATE procedure (SAS, 2012). The MIXED model of SAS was used with three fixed 
factors (Recipe*Height*Depth) and random block effect. Then, the LSD test was used to 
separate the means of significant factors.  

For mature compost, a completely randomized block design was used with two replicates per 
recipe. The compost piles were divided into zones and composite samples from the top, middle 
and bottom were mixed for chemical analyses. For chemical analyses, the means are presented 
in Tables 1 and 2. The MIXED model of SAS was used with one fixed factor (Recipe) and 
random block effect.  

 

  
 
Figure 3. The experimental design was a randomized complete block design comprising two replicates 
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(block). 

3. RESULTS AND DISCUSSION 

3.1 First six weeks of composting with fruit and vegetable waste additions 
The additions of feedstock in composting piles have rarely been studied, since the addition of 
raw materials in compost piles can unbalance the recipe and delay the composting process. 
Interestingly, this study points out that when the compost recipes were readjusted to a moisture 
content ranging from 50 to 70% and C/N ratio ranging from 30 to 35, the compost process was 
maintained in the thermophilic stage, averaged over the nine sampling points of the pile and 
over time (Figure 4).  

 

Figure 4. Change in moisture content, C/N ratio and temperature of bark and straw composts for the first 
six weeks of composting, with addition of wastes once every two weeks. Values are means of 2 
replicates averaged over the three heights and three depths of compost (Height*Depth combinations; 9 
points). 

The additions of raw feedstock materials fed the microorganisms responsible for the compost 
temperature increase. Under cold conditions, keeping the thermophilic stage allowed warm 
temperature in the middle of the composting pile and kept the frost in the top and outside layers 
of the composting pile, especially during wintertime, when extreme minimum temperatures were 
encountered. This two-week interval allowed the decomposition of fruit and vegetable 
structures, reducing the volume of composting fruits and vegetable waste by more than 50%. 
Therefore, to fill a composting cell, 6 weeks were required, and additions of feedstock were 
appropriate, especially under space-limited conditions. Also, it avoided the construction of an 
area to store the fruit and vegetable waste and decreased the area required for material 
retention.  

The time factor was not significant since feedstock additions could be considered as 
replenished bioavailable organic matter and oxygen in the compost piles. Therefore, means 
presented in tables 3 and 4 are average values of the six weeks measurements. The bark 
recipe accumulated more heat than the straw recipe (Figure 1 and Table 3). Both compost 
recipes accumulated more heat in their middle-center than in the top-outside layer of the pile. In 
composting, the heat production is associated with the microbial activity and heat accumulation 
in the heart of the pile is usual (Diaz et al., 2007). The heat could accumulate in the composting 
material, such as water and organic matter (Ahn et al., 2009). During composting, compost 
water content affected the temperature. In this study, the compost bulk density and moisture 
content did not differ between bark and straw recipes, but they significantly increased from the 
top to the lower part of the pile, and from the front to the back of the pile (Table 3). The additions 



SUM2016 
Third Symposium on Urban Mining and Circular Economy 

 

 

of fruit and vegetable waste at each two-week interval added water to the mixture, and since a 
bulking agent was added, this allowed overall similar moisture content in both compost recipes. 
However, the bark recipe had a higher organic matter content that the straw recipe (Table 3), 
suggesting that, in this study, heat accumulated in organic matter. The heat is lost through air 
spaces that allowed the exchange of gas and the loss of water vapor in the air at the outside 
layer. As the straw recipe had a significantly higher water absorption capacity than the bark 
recipe, and the highest proportions of 9 to 2 mm particle size compared with the bark recipe 
(Table 3), our data provided an indication of heat loss through air pore space when straw was 
used. Also, the water absorption capacity significantly decreased from the top of the pile to the 
middle to the bottom; the mix being compressed by its own weight, but no significant difference 
between recipes was noticed (Table 3).  

 

Table 3. Selected physical and chemical parameters averaged over the first six weeks of composting as 
affected by bulking agent, height and depth of compost 

Recipe Height Depth Temperature Water Organic Bulk Moisture pH Soluble Particle Size 
(Bulking    Capacity Matter Density Content  Salts 19 mm 9 mm 6 mm 4 mm 2 mm 
Agent)   ° C (%) (%) kg/m3 (%)  (mS/cm) (%) (%) (%) (%) (%) 

Bark   41.2 A 30.3 A 77.1 A 663.3 59.3 6.5 A 1.8 A 74.8 A 9.0 A 8.8 A 3.4 A 12.1 A 

Straw   37.6 B 36.4 B 73.7 B 635.6 58.6 6.1 B 2.4 B 36.1 B 23.8 B 11.5 B 6.0 B 17.9 B 

 Top  42.8 a 35.1 a 74.1 554.3 a 54.8 a 7.0 a 1.6 a 53.9 a 15.7 8.6 4.8 a 13.5 

 Middle  43.1 a 34.3 b 76.4 688.6 b 60.9 b 5.9 b 2.2 b 54.4 a 17.8 8.3 4.4 a 13.0 

 Bottom  32.4 b 30.8 b 75.5 705.4 c 61.3 b 6.5 b 2.3b 58.1 b 15.7 8.8 3.4 b 12.1 

  Front 59.7 A 31.7 74.7 637.1 60.1 6.3 2.2 51.9 A 13.1 7.5 A 4.4 A 19.6 A 

  Center 48.4 B 34.7 75.9 663.4 50.5 6.1 2.1 53.6 AB 16.5 10.1 B 4.7 A 10.2 B 

  Back 47.0 C 34.2 75.4 647.9 51.8 6.6 1.9 58.9 B 19.6 8.0 A 3.4 B 8.8 B 
Only significant sources of variation are presented. Values are means of 2 replicates, for the treatment combinations 
Recipe*Height*Depth, averaged over the first 6 weeks of composting. Temperature, Water Capacity, Organic Matter, pH, 
Soluble Salts, and all Particle Size variables were significant at the 5% level or less for Recipe; Temperature, Water 
Capacity, Bulk Density, Moisture Content, pH, Soluble Salts, and 19 and 4 mm Particle Size variables were significant at 
the 5% level or less for Height; Temperature, and 19, 6, 4 and 2 mm Particle Size variables were significant at the 5% level 
or less for Depth; Time was not significant; no interaction was significant. For the same parameter, the means within the 
bulking agent, height or depth were similar according to the LSD test when the letter and its case are the same at 5% level 
of significance. 

Table 4. Effects of bulking agents and height of compost on total N, C/N, P and K contents averaged over 
the first six weeks of composting and three compost depths 

Recipe (Bulking agent) Height C/N N P K 

Bark  35.11 a 1.29 a 0.22 a 0.77 a 

Straw  31.54 b 1.56 b 0.30 b 0.92 b 

 Top 29.73 1.47 0.27 0.99 A 

 Middle 32.24 1.43 0.25 0.80 B 
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 Bottom 32.64 1.39 0.27 0.80 B 

Only significant sources of variation are presented. Values are means of 2 replicates, for the treatment combinations 
Recipe*Height, averaged over the depths and first 6 weeks of composting. All variables were significant at the 5% level or 
less for Recipe, and not significant for Depth and Time; K content was also significant at the 5% level or less for Height; no 
interaction was significant. For the same parameter, the means within the bulking agent or height were similar according to 
the LSD test when the letter and its case are the same at 5% level of significance. 

 
On average for the first six weeks of composting, the pH and soluble salts were significantly 

different between recipes (Table 3), where the bark recipe had a pH less acidic and soluble 
salts less conductive than the straw recipe. Adhikari et al. (2008) also demonstrated acidic 
compost when straw was used as a bulking agent. Also, the pH and soluble salts of the 
compost top layer were significantly higher from the other layers (Table 3). According to Choy et 
al. (2015), this pH could be indicative of K+ reacting with carbonic acids (HCO3

-/CO3
-2). 

Interestingly, the potassium content followed the pH values, and could be related to greater 
water evaporation with higher temperature and a whitish salt precipitation on the top layer of the 
compost. For the middle and bottom composting layers, where the water absorption capacity 
was reduced, our results are in agreement with previous reports showing that low pH values are 
indicative of anaerobic microbial activities, and carbonic acids (Sundberg et al., 2013). The very 
acidic pH and the presence of organic acids inhibited microbial activities, which reduced the 
decomposition and the efficiency of composting. Adding new feedstock, remixing and turning 
the composting piles probably prevented the development of these very acidic conditions. Also, 
Sanchez-Monedero et al. (2001) mentioned that nitrification could be responsible for the falling 
of pH and the increased electrical conductivity, both parameters that correlated with N content, 
pH and electrical conductivity. In this study, these trends in pH and EC were also present. The 
oxidation of ammonium to nitrate liberating H+ in the compost could also be involved due to the 
lower composting temperature of the straw recipe. Nitrogen was higher in straw compost (Table 
4) where the pH diminished and the EC increased. On the other hand, in bark compost that 
contained less N, the pH increased whereas the EC decreased. Also, more intense 
decomposition and proteolysis could generate nitrogen compounds and other dissolved cations 
and anions, and could increase soluble salts (Soares et al., 2013; Pagans et al., 2006). The 
straw recipe had higher soluble salt contents than bark recipe, indicating more dissolved cations 
and anions, and a greater ability to absorb water. Also, leaching from the top layer to the lower 
layers of compost piles could favor nutrient movement throughout the lower layers, and 
eventually their loss in the leachate.  

For the first six weeks of composting, the total C, N, P and K contents and C/N differed 
significantly between recipes (Tables 3 and 4). The bark recipe was rich in C, since more bark 
needs to be added to reach the 65% moisture content resulting in C/N ratio close to 35. 
Composting is generally optimal at ratio of C/N of 25 to 30, but at a higher C/N ratio, the rate of 
C degradation is often decreased. In this study, the bark contained about 50% lignin compared 
to soybean straw at 21% (Krutul et al., 2011; Gupta et al., 1972), and the high lignin content 
presumably decreased the rate of C biodegratation since lignin is less bioavailable than most 
other C sources in the raw material. The straw recipe was richer than bark recipe in N, P and K, 
and had a C/N ratio close to 30. The difference in N could be explained by the composting 
conditions, but also the difference in the feedstock. However, this fits well with the straw 
analyses that showed its richness in N, P and K, and since straw had better water holding 
capacities (Table 1); it presumably retained more leachate and dissolved N, P and K from the 
fruit and vegetable waste. The difference noticed on composting performance could result from 
the material size and shape (Diaz et al., 2007). The small particle size favored microbial activity 
and decomposition of organic matter. Comparing the effectiveness of three bulking agents for 
food waste composting, Adhikari et al. (2009) concluded that chopped wheat straw and 
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chopped hay optimized the composting and maturation processes compared to wood shavings. 
They also considered that the chemical nature of the straw, i.e., pH, soluble salts and mineral 
nutrients favored the microbial activity, as well as it gave greater free air spaces. Similarly, 
Barrington et al. (2002) found that wheat straw retained more water and gave a better structure 
than hay and wood chips for manure composting. 

 
4.2 Mature compost 
 

The mature composts had a brownish color with small granular particles, and had an earthy 
smell. The original appearance of the fruit and vegetable waste was lost, but the bark and straw 
were sometimes recognizable. Small foreign matter, such as plastic bags, fruit and vegetable 
labels, gloves, and elastic bands, was visible in the compost samples despite the sorting effort 
at the grocery stores. These composts should be screened to remove small foreign matter.  

The germination rates, root elongation and germination index of cress were similar between 
the bark and straw composts (Table 5). According to the germination index, both composts were 
not phytotoxic to plant growth (Awasthi et al., 2015; Chand and Chen, 2010; Diaz et al., 2007). 

Table 5: Cress germination rate, root elongation and germination index of mature composts 
Variable Mature Bark Compost Mature Straw Compost 
Germination rate (%) 98  97  

Root elongation (%) 107  126  

Germination index (%) 105  122  

Ammonia test 5; Very low to no ammonia 5; Very low to no ammonia 

Carbon dioxide test 6; <1.2 % CO2 produced 8; <0.4 % CO2 produced 

Maturity Index Calculator 5.6 5.8 

Maturity Index 8; mature 8; mature 

Values are means of three composite samples over the two replications. The means between composts were similar 
according to the ANOVA. 

 
For the self-heating test, from a temperature of 22.0 °C, the straw compost gave a maximum 

temperature of 22.4 °C and the bark compost 24.6 °C. Thus, the rise in temperature was less 
than 10 °C, confirming the advanced degrees of decomposition and mature composting 
process. There was very low to no ammonia and the carbon dioxide produced was less than 
1.2% for the bark compost and 0.4% for the straw compost (Table 5). The bark compost gave a 
maturity index of 5/6 while the straw compost had an index of 5/8, indicating mature compost 
(Table 5). Earlier measurements were made in 6- and 12-weeks-old composts that qualified as  
“very active” composts, that correlated well to measured thermophilic temperatures in the 
compost piles (data not shown). These tests could be easily used on farm when the pile 
temperature does not raise anymore. 

The mature composts had a C/N ratio of 20 or less, pH close to neutrality and adequate 
soluble salts for plant growth. The electrical conductivities were less than 2 mS/cm, where the 
threshold limit is usually less than 4 mS/cm for most plants (Awasthi et al., 2015). Both bulking 
agents had different lignin content, a refractory organic molecule to microbial attack, which 
slowed down the composting performance compared to other studies that composted fruit and 
vegetable waste within a few weeks. However, this longer time for composting is compensated 
by its helpful soil humus replenishing ability, since lignin is very difficult to break down by 
microbes. Finally, plant mineral nutrients, such as N, P, K, Ca, and Mg, were similar in both 
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mature composts (Tables 1 and 2). Coliform and E. coli were absent in the mature compost. 
These composts complied with the national standard of Canada for Organic Soil Conditioners-
Composts about their trace element content and the absence of coliform (Table 2; BNQ, 2005).  

5. CONCLUSIONS 

Newly, this study presented that food waste from grocery stores could be composted on local 
farms, a winning situation for small and isolated towns. The additions of feedstock, once every 
two weeks for six weeks, with bulking agents, bark or straw, dried the compost recipes, ensured 
nutrient retention, and structured the compost piles, allowing the development of thermophilic 
conditions and volume decreases that maximized space usable. In six-week-old composting 
materials, the bark recipe gave the highest temperature compared to the straw recipe, an 
important factor under the cold weather conditions. Both mature composts were similar with 
neutral pH, low C/N ratio and trace element contents, and the absence of E. coli. It took several 
weeks to get mature compost, but they were ready for the land application in the fall and spring. 
The compost being produced on the farm was well accepted by the farmer as a soil organic 
amendment. However, this compost needs to be screened before use to remove foreign matter, 
such as plastics, labels, gloves, or elastic bands.  

On farm composting of fruit and vegetable waste with bulking material can be done under 
Canadian cold conditions and can be a sustainable strategy to limit waste transport and to 
return source-separated organics from urban areas to farm soils. 
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