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3. EXECUTIVE SUMMARY  
 
Objectives & Rationale 

Alternative waste management strategies for the South African wine industry’s solid waste need 

to be investigated, since the current ones (costly waste treatment companies, dumping in 

landfills and on site and unmonitored composting) are neither sustainable nor environmentally 

friendly. The aim of the study was to make compost of acceptable standard or quality using wine 

filter wastes derived from the use of mainly perlite and diatomaceous earth during the wine 

making processes, together with other grape and vineyard materials. The main objectives of the 

study were to (1) define substrates and process parameters for effective composting using wine 

filter waste materials as some of the composting materials, (2) determine the impact of wine filter 

material compost leachate on the soil environment and (3) assess the effect of using wine filter 

waste materials from different seasons for composting purposes. Thereafter draft scientifically 

based guidelines for making acceptable or high quality compost using wine filter waste materials 

as some of the composting materials. For this purpose, a four year (2011-2015) composting study 

was conducted in two phases (Phase 1 & Phase 2). Phase 1 (2011/12) was aimed at identifying 

treatments with volumes of wine filter wastes that would be best to use for composting purposes 

and could be improved on or used as a baseline for further composting. The objectives for 

Phase 1 were to (i) determine effects of using varying amounts of wine filter waste materials, 

together with other grape and vineyard materials on compost characteristics, (ii) determine the 

effects of turning and not turning compost heaps on compost characteristics and (iii) determine 

the effects of wine filter waste compost leachate on the soil environment or soil properties. 

Phases 2 (2012/13-2014/15) was aimed at improving on the treatments that were chosen as 

best for composting purposes from Phase 1 and investigate further if more wine filter wastes 

than used in Phase 1 could be used for composting purposes, thus being able to re-use more 

wine filter wastes at once. The objectives for Phases 2 were to (i) determine the effects of using 

varying amounts of wine filter waste materials, together with other grape and vineyard materials 

on compost characteristics, (ii) determine the effects of turning and not turning compost heaps 

on compost characteristics and (iii) determine the effects of lining and not lining compost heaps 

on compost characteristics.  
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Methods 

Composting field trials were conducted at the Agricultural Research Council (Nietvoorbij) in 

Stellenbosch. During Phase 1, 42x compost heaps (≈3m3), which represented 7 treatments that 

were replicated thrice and were laid out following a split plot random design. Each main 

treatment (T) could be described as follows: T0 [0% Wine Filter Waste-Perlite (WFWp) + 0% 

Wine Filter Waste-Diatomaceous earth (WFWde)] + 80% Pruning Canes (PC) + 10% Berry 

Stalks (BST) + 10% Berry Skins and Seeds (BSS)]; T1 [3.6% WFWp + 0.4% WFWde + 77% PC, 

9.6% BST+ 9.6% BSS], T2 [9% WFWp + 1% WFWde + 72% PC + 9% BST+ 9% BSS], T3 [18% 

WFWp + 2% WFWde + 64% PC + 8% BST + 8% BSS], T4 [27% WFWp + 3% WFWde + 56% 

PC + 7% BST + 7% BSS], T5 [36% WFWp + 4% WFWde + 48% PC + 6% BST + 6% BSS] and 

T6 [40% WFWp + 48% PC + 6% BST + 6% BSS]. The subplot factor was taken as the turning 

treatment of the compost heaps which was divided into two levels (i) No-turn, which involved 

compost heaps that were not turned but contained 4 small sized pipes with drilled holes that were 

vertically inserted on the four sides of the compost heaps (ii) Turn, which involved compost heaps 

that were turned once every second week. Upon removal of the compost heaps, soils where 

compost heaps were laid were sampled at 300 mm depth increments up to 900 mm.  

 

Phase 2 was conducted over three consecutive years, where the same trial was done using 

wine filter wastes (WFW) from 2012, 2013 and 2014 vintages. For this phase, 36x compost 

heaps (≈3m3) were laid out following a randomised block design and each treatment could be 

described as follows: T0 [0% WFWp+de + 80% PC + 10% BST + 10% BSS]; T1 [36% WFWp + 

4% WFWde + 48%PC +6% BST + 6% BSS) and T2 [45% WFWp + 5% WFWde + 40% PC, 5% 

BST + 5% BSS)]. The subplot factors were taken as the (a) turning and (b) lining treatments of 

the compost heaps which were each divided into two levels. The turning treatment was divided 

into (i) No-turn, which involved compost heaps that were not turned, but contained 3 medium 

sized pipes with drilled holes which were vertically inserted in the compost heaps and (ii) Turn, 

which involved compost heaps that were turned once a week. The lining treatment was divided 

into (i) No-lining, which involved compost heaps that were laid out on bare hardened soil 

surfaces and (ii) Lining, which involved compost heaps that were laid out on surfaces lined with 

a dam liner plastic. Temperatures were measured on a weekly basis during both Phase 1 and 

Phase 2 using a 1 m long temperature probe. Compost heaps were harvested and sampled after 

approximately 7 (2011/12) and 5 (2012/13), exactly 5 (2013/14) and 4 months (2014/15) and 

thereafter analysed for selected physical and chemical parameters.  
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Data from Phase 1 was analysed statistically on its own, while data from Phase 2 was analysed 

per season and collectively, making it possible to observe the effects of using WFW from 

different seasons on the composting process and the composition of the final composts.     

 

Key Results and Discussion 

During Phase 1, the use of wine filter wastes (WFW) increased mean temperatures over the 

entire composting period, where, T0 (19˚C) < T1 (21˚C) < T2-T4 (24˚C) < T5 and T6 (27˚C). The 

highest temperatures T5 and T6 reached during 15-day composting stages were about 36˚C 

and 37˚C, respectively. The increase in temperatures was a positive factor and was indicative of 

a release of heat as a result of microbial activities and active decomposition of materials during 

composting. Using WFW was therefore beneficial for composting purposes. Furthermore, the 

use of WFW for composting increased pH and EC values, as well as available N, P and K 

contents, Na, Fe, B and Cu concentrations, while decreasing C contents and Mn concentrations 

in final composts. This was mainly evident where higher amounts of WFW were used i.e. from 

T2 to T6. The treatment with the highest amount of both WFW types (T5), could be 

characterized as alkaline (pH≈9), with a high EC (≈700 mS/m), adequate N (≈1.8%), low but 

adequate P (0.2%), high K content (≈3%), Na (≈2800 mg/kg), Fe (961 mg/kg) and B (≈63 mg/kg) 

concentrations and adequate Cu (38 mg/kg), Mn (40 mg/kg) and Zn (25 mg/kg) concentrations.  

 

Turning of compost heaps increased temperatures during composting. Specifically, T5-Turn 

attained mean temperatures that were approximately higher by 3˚C than those of T5 No-turn 

during the entire composting period. Also, a temperature value of 52˚C was measured for T5-

Turn during the initial stage of the composting process. Furthermore, compost heaps that were 

turned were found with levels of pH, EC, P, K, Fe and B that were significantly higher than of 

those that were not turned, while levels of C, N, Ca, Mg, Cu and Zn were lower. Although EC 

values, Na and B concentrations for T5 were generally higher than desired for composts, it was 

the one selected from Phase 1 as the best treatment to investigate and improve further during 

Phase 2. T5 contained the highest amounts of both wine filter waste types, attained some of the 

highest temperatures and was generally characterised by an adequate chemical composition for 

compost production purposes. With regards to the impact of WFW leachate on the soil, the use 

of WFW during composting affected all soil parameters that were measured significantly to a 

certain extent. Specifically, WFW leachate increased pH values and T values, K contents, while 

decreasing resistance and exchangeable Mg levels of the soils.  
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During Phase 2, the 3 season’s combined data revealed that T1 reached temperatures that were 

significantly higher than those of T2 at the initial and towards the end of the composting period 

that was divided as 15-day composting stages. Furthermore, when the 3 season’s data were 

combined, the highest temperatures T1 and T2 reached were about 29˚C and 25˚C, respectively 

over a 15-day composting stage. During the individual seasons, higher temperatures were 

measured in composts, e.g. during the first year of Phase 2 (2012/13), T1 and T2 attained mean 

temperatures of about 39˚C and 52˚C, respectively during the initial 15- day composting stage. 

During the second year of Phase 2 (2013/14), T1 and T2 attained overall mean temperatures 

that were 28˚C and 25˚C, respectively. However, during the 15-day composting stages, T1 and 

T2 reached temperatures of 43˚C and 35˚C, respectively. During the third year of Phase 2 

(2014/15), both WFW composts attained similar overall mean temperatures (23˚C). However, 

during the 15-day composting stages, T1 and T2 reached temperatures of 39˚C and 41˚C, 

respectively.  

 

The chemical parameters for both WFW composts (T1 and T2) viewed in relation to general 

compost standards could be described as follows: high pH (≈9) and low resistance (≈65 Ohm) 

values, adequate N (2.15%) and P (0.26%) contents, excessively high K (≈4%) content and Na 

(3708 mg/kg) concentrations, low C/N ratio (8:1), adequate B (47 mg/kg), excessively high Fe 

(7990 mg/kg), adequate Mn (46 mg/kg), Zn (30 mg/kg) and Cu (17 mg/kg) concentrations. In 

addition, all wine filter waste composts produced during the 2014/15 and some during the 

2013/14 composting seasons were found with very low to negligible concentrations of heavy 

metals (Cd, Pb, Cr, As and Hg). Overall the 3-seasons of compost production, turning and lining 

of compost heaps significantly affected temperatures and some physical and chemical 

characteristics of the WFW composts, however, not both T1 and T2 were affected in the same 

manner. Turning of compost heaps significantly increased temperatures during composting. 

Also, turning of compost heaps significantly increased levels of pH, K, P, Fe, ash content, while 

decreasing resistance values, C and N contents, C/N ratios, Ca and Mg contents, Cu and B 

concentrations, density values and moisture contents in both final WFW composts. In addition, 

turning of compost heaps increased Mn concentrations significantly, while decreasing those of 

Zn, but for only T1. Lining of compost heaps during composting significantly increased 

temperatures. Moreover, lining of compost heaps significantly increased levels of pH, N, P, K, C, 

Ca, Mg, Na, B, and moisture content, while decreasing Cu and Fe levels as well as ash contents 

for both WFW composts. Also, lining of compost heaps significantly increased C/N ratios, while 

decreasing Cu levels, in one of the WFW compost.  
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The best WFW compost types produced were T1-LiningTurn (T1-LT) and T2-LiningTurn (T2-LT) 

which attained mean temperatures that varied between 25˚C and 32˚C as well as 24˚C and 

28˚C, respectively over eight 15-day composting stages overall the 3 composting seasons of 

Phase 2. During the 2012/13 composting season, T1-LT and T2-LT attained mean temperatures 

that ranged between 25˚C and 33˚C as well as between 25˚C and 41˚C, respectively over 15-

day composting stages. During 2013/14, T1-LT and T2-LT attained mean temperatures that 

ranged between 25˚C and 46˚C as well as 20˚C and 44˚C over 15-day temperature stages. 

During 2014/15, T1-LT and T2-LT reached temperatures that ranged between 22˚C and 38˚C as 

well as between 21˚C and 32˚C, respectively over 15-day composting stages. Both WFW 

composts could be characterised as being alkaline (pH = 9.8), which is a possible benefit for 

acidic soils and suggests that when using wine filter wastes for composting, there is no need to 

use additives that are aimed to increase pH as normally done when composting using mainly 

grape marc. Furthermore, the WFW composts were found with low resistance values (58 Ohm), 

which are an indication of a presence of large amounts of salts, which was also reflected by 

excessive Na levels (3665 mg/kg). Also, adequate N (2.44%), but low C: N ratios (8 :1), thus 

indicating that they may be quick to release N. Adequate to high P (0.34%) and high K (≈6%) 

point to WFW composts being potential good sources of these nutrients, however, high B (54 

mg/kg) levels are bothersome. Moreover, the WFW composts could be characterised as rich in 

Fe (5643 mg/kg). Some compost parameters of WFW varied significantly with seasons, 

however, the two composts types were not always affected in the same manner. Nitrogen 

contents and Cu concentrations differed significantly with seasons for both WFW compost types. 

Moreover, comparing WFW composts with some commercial composts, indicated that N, K, Na, 

B and Fe levels were always higher in WFW composts.   

 

Conclusions 

The substrates and process parameters for effective composting using wine filter waste materials 

can now be defined following the method of production of the two wine filter waste composts 

produced in this study. Wine filter wastes together with grapevine pruning canes and berry skins, 

seeds and stalks could be used to make compost. A compost pile that has about 40% to 50% of 

wine filter wastes would result in successful composting and in a final compost product of an 

acceptable chemical composition.  

 



R. Mulidzi       7 
 

Although using 50% wine filter wastes is more preferable as it results in the re-use of the most 

wine filter wastes at once, using 40% may be better, especially when seeking to attain higher 

temperatures during composting and to make compost heaps that would be easy to turn and 

irrigate. Composts made using wine filter wastes were found to be alkaline (high pH), potential 

good sources of K and N, but with a low C: N ratio, rich in Fe, but have excessive Na levels and B 

levels which should be monitored upon application. The high pH values of the wine filter waste 

composts suggest that when using wine filter wastes for composting, there is no need to use 

additives that are aimed to increase the pH. Turning of compost heaps increases temperatures 

which is a positive factor during composting. Compost leachate alters soil chemical parameters, 

therefore compost leachate should be collected during winery waste compost production. 

Furthermore, some compost parameters are likely to change from season to season as quantities 

of wine filter wastes generated seasonally vary. It is therefore important to have the wine filter 

wastes analysed chemically before composting. In addition, the use of more C rich material and 

inoculants could enhance the winery solid waste compost production process. It can therefore, be 

concluded that wine filter wastes can be used together with other vineyard and grape berry wastes 

to make compost of acceptable quality that could be improved if necessary. In order to be able to 

manage solid waste from the wine industry properly and complete the wine cycle, it is 

recommended that the South African wine industry invests in a composting plant or partner with 

already existing composting plants in various wine regions as this would ensure production of a 

compost product with a high agronomic value that could benefit not just the wine industry but the 

entire agricultural sector.  

 

4. PROBLEM IDENTIFICATION AND OBJECTIVES 

 
Problem: The disposal of winery solid wastes generated during wine making processes is 

becoming problematic for the wine industry world-wide. Solid wastes of most South African 

cellars consists mainly of grape waste (stalks, seeds and skins), lees and used filter material 

(Theron, 2013). None of this waste can be dumped in the environment as such, because its 

leachate contains residues that may be detrimental to the environment. However, there are 

cellars that dump some of their solid waste on their own land, while others use it as a sort of 

fertilizer in vineyards (Zingelwa-Masekwana, 2012). In addition, some wineries dump solid 

wastes in rented dumping sites and municipal landfills, while others send it off to waste 

treatment companies.  
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Currently, there are increasing limits with regards to the use of landfills, rising costs from waste 

treatment companies as well as local and global environmental related pressures for industries 

to manage their waste in an environmentally friendly manner. In a survey done on several 

wineries, waste generated through using filter powders (diatomaceous earth and perlite) during 

the wine making processes seemed to be the most challenging to manage (Zingelwa-

Masekwana, 2012). Although filter powders are naturally occurring materials, they go through 

manufacturing processes during preparation and it is presumed that once they are used in the 

wine making processes, they retain certain elements in quantities that may be toxic to the 

environment. It is preferred that bentonite lees and used filtration material is delivered for the 

recovery of alcohol and tartaric acid to prevent the leaching of the alcohol and acid, which can 

pollute the environment (Theron, 2013). However, where winery solid wastes are dumped in 

landfills and vineyards without proper treatment, it is a huge problem. Wineries are now being 

scrutinized by government bodies and compliance to legislature with regards to waste 

generation and management is assessed. Lack of proper management of solid wastes could 

therefore lead to serious problems for the wine industry at large and alternative waste 

management strategies need to be sought. Recycling is generally considered a better option 

than the use of landfills (Bonthuys, 2016). Recycling of wastes through composting is generally 

used as a management strategy of organic waste (Arvanitoyannis, Ladas, & Mavromatis, 2006). 

After composting, the final product normally comes out in a smaller volume and mass than the 

initial material and may have a high agronomic value. The ultimate aim of the project was to 

therefore, re-use winery solid wastes, especially spent wine filter materials (wine filter wastes or 

filter cake) through composting. 

 

The main objectives of the study were to (1) define substrates and process parameters for 

effective composting using wine filter waste materials as some of the composting materials, (2) 

determine the impact of wine filter material compost leachate on the soil environment and (3) 

assess the effect of using wine filter waste materials from different seasons for composting 

purposes. Thereafter draft scientifically based guidelines for making acceptable or high quality 

compost using wine filter waste materials as some of the composting materials. For this purpose, a 

four year (2011-2015) composting study was conducted in two phases (Phase 1 & Phase 2). 

Phase 1 (2011/12) was aimed at identifying treatments with volumes of wine filter waste that 

would be best to use for composting purposes and could be improved on or used as a 

foundation for further composting.  
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The objectives for Phase 1 were to (i) determine effects of using varying amounts of wine filter 

waste materials, together with other grape and vineyard materials on compost characteristics, (ii) 

determine the effects of turning and not turning compost heaps on compost characteristics and 

(iii) determine the effects of wine filter waste compost leachate on the soil environment or soil 

properties. Phases 2 (2012/13-2014/15) was aimed at improving on the treatments that were 

chosen as best for composting purposes from Phase 1 and investigate further if more wine filter 

waste than used in Phase 1 could be used for composting purposes, thus being able to re-use 

more wine filter wastes at once. The objectives for Phases 2 were to (i) determine the effects of 

using varying amounts of wine filter waste materials, together with other grape and vineyard 

materials on compost characteristics, (ii) determine the effects of turning and not turning 

compost heaps on compost characteristics and (iii) determine the effects of lining and not lining 

compost heaps on compost characteristics.  

 

5. DETAILED REPORT 

a. PERFOMANCE CHART (for the duration of the project) 

Milestone 
Target 
Date 

 

Extension 
Date 

Date 
completed 

1. (a) Investigation of the 
types of filtration materials 
used in the wine industry 
(visiting suppliers and some 
wineries) 
(b) Determination of how 
much wine filter waste is 
generally generated during 
wine production. 
(c) Determination of the 
physical and chemical 
composition of the wine filter 
waste and ratios it could be 
included in compost.   

2012  2012 

2. (a) Prepare composting 
site. 
(b) Gather composting 
materials. 
(c) Prepare compost heaps 
using different amounts of 
wine filter waste. 
(d) Monitoring of the 
composting process. 

2011/12, 
2012/13, 
2013/14 
and 
2014/15 

 

2011, 
2012, 2013  
and  
2014 

3. Sampling of compost 
heaps. 

2012, 
2013, 

 
2012, 
2013, 2014 
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2014 
and 
2015 

 and 2015 

4. Usage of a water meter- 
record water readings 
before and after irrigation. 

2012/13, 
2013/14 
and 
2014/15 

 

2012/13, 
2013/14 
and 
2014/15 

5.Soil samples before and 
after composting (analyses)  

2011 
and 
2015 

 
2011 and 
2015 

6. Journal publication(s)/ 
Publication of guidelines  

2016  In progress 

 

b. WORKPLAN (MATERIALS AND METHODS) 

 

RISK ASSESSMENT, LAND PREPARATION AND COLLECTION OF COMPOSTING 

MATERIALS (2011).  

During 2011, a risk assessment where information with regards to the amounts and chemical 

analyses of wine filter materials used and wine filter waste produced during the wine making 

processes was gathered from the suppliers of the wine filter materials to the wine industry and 

some wine makers. Furthermore, the land where the composting trial was to be conducted was 

prepared at the Nietvoorbij farm in Stellenbosch (−33.9168°S, 18.85988°E).  

Most of the compost making materials e.g. berry stalks, skins and seeds as well as pruning 

canes were brought to the composting site. Furthermore, Koelenhof and Douglas Green were 

identified as the wineries will supply wine filter wastes for the composting trial.    

 

PHASE 1 – ONSET OF COMPOSTING TRIAL USING WINERY SOLID WASTES (2011/12) 

COMPOSTING MATERIALS 

The composting materials were spent wine filter materials (wine filter wastes) from Koelenhof 

and Douglass Green wineries, chopped grapevine pruning canes, berry stalks, skins and seeds 

from Nietvoorbij farm and chemical composition of each material is indicated in Table 1. 

Koelenhof’s wine filter waste (WFWp) was a product of drum filtration that contained perlite and 

wine lees, dark brown in colour and part of wines that had received a sulphur treatment 

(Appendix 1). Chemically, Koelenhof’s wine filter waste was alkaline (high pH), with high P and 

exceptionally high K levels (Table 1).  
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Douglas Green’s wine filter waste (WFWde) was mainly made up of waste derived from the use 

of the filter powder, diatomaceous earth (DE), wine and spirits lees, yellow to yellowish brown in 

colour when fresh but would turn purplish when exposed to air and of a smaller volume, more 

clayey and appeared to have more of a cementing potential than WFWp (Appendix 1). 

Furthermore, Douglas Green’s wine filter waste obtained high pH and very high K levels as well 

(Table 1).  

 

PREPARATION OF COMPOST HEAPS  

In order to get to the amounts (kg) of wine filter waste materials and pruning canes together with 

grape stalks, skins and seeds for each treatment, the following calculations were done - using 

one of the treatments as an example, where 40% of the total heap volume (0.4 x 3 m3 = 1.2 m3) 

was to be occupied by spent wine filter materials and 60% of the total heap volume (0.6 x 3 m3 = 

1.8 m3) by other grapevine and berry materials (pruning canes, grape stalks, skins and seeds). 

With regards to the wine filter waste materials, 90% of wine filter materials’ volume (0.9 x 1.2 m3 

= 1.08 m3) was to be occupied by WFWp and 10% of total wine filter waste volume (0.1 x 1.2 m3 

= 0.12 m3) by WFWde, 80% of total volume of other grapevine and berry materials (0.8 x 1.8 m3 

= 1.44 m3) was to be occupied by pruning canes; 10% (0.1 x 1.8 m3 = 0.08 m3) by berry stalks 

and the last 10% by berry skins and seeds. In order to determine how much of each winery 

material to add in each treatment, densities of each ingredient were determined through 

weighing each material in a container of a known volume. Densities were found to be 604.45 

kg/m3 (WFWp), 791.40 kg/m3 (WFWde), 156 kg/m3 (Pruning canes), 102 kg/m3 (berry stalks) and 

578 kg/m3 (berry skins and seeds). Knowing the densities and the volumes to be occupied by 

each material for each treatment, the amounts of each material required per treatment could 

therefore be calculated. Compost heaps or piles that were prepared during Phase 1 were 42 in 

total, and ≈3m3 each in size, which represented 7 treatments that were replicated thrice (3 

blocks) and were laid out following a split plot random design. Each composting material was 

allocated a certain percentage per 3 m3 heap volume representing each treatment (Table 2). For 

economic reasons, the significance of turning and not turning compost piles on the composting 

process and final composition of composts whether through using a machine or personnel had 

to also be investigated.  
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Table 1.  Chemical parameters of winery and vineyard waste materials used for composting. 

Composting  
pH 

(KCl) 
C 

(%) 
P Bray II K Na K Ca Mg Cu Zn Mn B Fe 

material     mg/kg % mg/kg         

WFWp(1) 9,7 12,08 1396 52897 0,80 88,58 8,72 1,91 12,41 10,6 14,6 16,17 161 

WFWdg(2) 10,0 3,44 128 13636 2,77 86,83 7,57 2,83 4,78 5,3 7,3 6,46 263 

BSPS(3) 8,2 9.17 731 24820 0,71 71,86 18,7 8,72 8,54 18,0 18,0 16.80 384 

PC(4) 6,5 - 517 5331 2,72 26,70 43,2 27,4 4,75 40,0 45,0 4.77 131 

BS(5) 7,1 31.50 905 39863 1,95 69,37 17,9 10,8 7,62 32,0 46,0 10,00 80 
 (1)WFWp (Wine Filter Waste-Perlite derived); (2)WFWde (Wine Filter Waste-Diatomaceous earth derived); (3)Berry Skins and Seeds (BSS); (4)PC 

(Pruning Canes), (5)BS (Berry stalks)  

 

Table 2. Percentage (%) allocations of composting winery and vineyard waste materials making up various treatments for the 

2011/12 compost production period.   

Main treatment 
(% Wine filter wastes) 

Wine filter wastes  
 

Pruning canes  
 

Berry stalks 
 

Berry skins and 
seeds 

  

Perlite-derived 
(WFWp) 

 

Diatomaceous 
earth-derived 

(WFWde) 
   T0 (0%WFWp+de) 0 0 80 10 10 

T1 (4%WFWp+de) 3,6 0,4 77 9,6 9,6 

T2 (10%WFWp+de) 9 1 72 9 9 

T3 (20%WFWp+de) 18 2 64 8 8 

T4 (30%WFWp+de) 27 3 56 7 7 

T5 (40%WFWp+de) 36 4 48 6 6 

T6 (40%WFWp) 40 0 48 6 6 
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Consequently, a sub-plot factor which was the turning treatment of the compost heaps was 

included in the trial, and was divided into two levels (i) No-turn, which involved compost heaps 

that were not turned but contained 4 small and 1 big sized pipes with drilled holes that were 

vertically inserted on the four sides and middle of the compost heaps, respectively (ii) Turn, which 

involved compost heaps that were turned once every second week. Photos of all the compost 

heaps that were built up during Phase 1 are shown in Appendix 2.  

 

BUILDING UP OF COMPOST HEAPS 

Soil surfaces were levelled, and thereafter, the waste materials required for each heap were 

divided into 4 parts, but the pruning canes were divided into 5 parts and the compost heaps 

were typically built up as follows: layer 1 = pruning canes, layer 2 = WFWp, layer 3 = WFWde, 

layer 4 = berry skins and seeds, layer 5 = berry stalks (Appendix 2).  

 

MONITORING PROCESS 

Step 1: The turned compost heaps were wetted fully (saturated with water) while they were 

being turned. The unturned heaps were wetted fully until water started draining.  

Step 2: Compost heap temperatures were determined daily via the use of a temperature probe. 

Three measurements were taken at three points [side (at least 10 cm from the end of the heap), 

centre and side again] of each compost heap, making sure that the tip of the probe was half 

way the heap. The temperature measurements indicated that the middle value was the mostly 

reliable as the side values were influenced by wind, as a result a decision to take temperature 

measurements only in the middle of each heap was taken. The drop in temperatures was taken 

as a sign that the heaps needed aeration or to be turned. 

Step 3: In order to determine water requirements, for the not turned heaps, the moisture state 

was determined through inserting a hand on the sides and centre of each heap.  

For the turned heaps a small sample from the centre of the heap would be squeezed tightly by 

hand and if there was no water left on the hand and the sample was still in a ball like shape, 

then the moisture status was regarded as adequate, however, if the sample crumbled it was 

regarded as not, and the heaps would be irrigated.  

Water was applied through sprinklers, where each heap had its own tap to control the 

application of water. After 6 months of composting, the compost heaps were sampled. After 

removing the compost heaps, soils samples were taken at 300 mm, 600 mm and 900 mm depth 

increments.  
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PHASE 2 - COMPOSTING USING WINERY SOLID WASTES OVER THREE SEASONS 

(2012/13-2014/15).  

TRIAL LAYOUT AND COMPOSTING PROCEDURE 

Phase 2 was conducted over three consecutive seasons (2012/13-2014/15), where a similar 

trial to that of Phase 1 was done using wine filter waste (WFW) from 2012 to 2014 vintages. The 

treatment, T5 from Phase 1, was used as a basis for Phase 2 treatments. Since leachates from 

winery solid wastes need to be prevented from seeping downwards and having negative effects 

on soil and ground water (van Schoor, 2005), collection of leachate or its prevention from 

getting into the soil should be made possible when composting using winery waste materials. 

As a result, the effects of having lined composting surfaces (use of a dam liner) on the 

composting processes were investigated in this phase. During Phase 2, 36x compost heaps 

(≈3m3) were laid out following a randomised block design and each treatment could be 

described as indicated in Table 3. The sub-plot factors were taken as the (a) turning and (b) 

lining treatments of the compost heaps which were each divided into two levels. The turning 

treatment was divided into (i) No-turn, which involved compost heaps that were not turned, but 

contained 3 medium sized pipes with drilled holes which were vertically inserted in the heaps and 

(ii) Turn, which involved compost heaps that were turned once a week. The lining treatment was 

divided into (i) No-lining, which involved compost heaps that were laid out on bare hardened soil 

surfaces and (ii) Lining, which involved compost heaps that were laid out on surfaces lined with 

a dam liner plastic. Photos of the all the compost heaps that were built up during Phase 2 are 

shown in Appendices 3 and 4. Approximately 5400, 4216 and 4500 litres of dam water per ~3m3 

heap were used to irrigate the compost heaps during 2012/13, 2013/14 and 2014/15 

composting periods, respectively. However, since a sprinkler irrigation system was used, not all 

the water went into the compost heaps. Compost heaps were harvested and sampled after 

approximately 7 (2011/12) and 5 (2012/13), exactly 5 (2013/14) and 4 months (2014/15). The 

composting process generally took place between October and March in each season. 

Temperatures were measured on a weekly basis (at least 3 times) during all three composting 

seasons of Phase 2.  

 

DATA ANALYSES 

Compost samples from all treatments of Phase 1 were analysed for various chemical 

parameters, including available elements. Chemical analyses were also done on soil samples 

obtained from Phase 1. Three different types of commercial compost (CC1, CC2 and CC3) were 

analysed for chemical parameters and were used for comparison purposes. CC 1 was analysed 

for available and CC2 as well as CC3 for total elements.  
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Compost samples from each year making up Phase 2 were analysed for selected physical and 

chemical parameters (including total elements).  

 

Table 3. Percentage (%) allocations of winery and vineyard waste materials making up various 

treatments for the 2012/13 to 2014/15 compost production periods.  

 

Main treatment  
(% Wine filter wastes) 
 

Wine filter wastes 
  
 

Pruning 
canes 
 

Berry 
stalks  
 

Berry 
skins and 

seeds 

  
Perlite-derived 

(WFWp) 
 

Diatomaceous 
earth-derived 

(WFWde) 

      

T0 (0%WFWp+de) 0 0 80 10 10 

T1 (40%WFWp+de) 36 4 48 6 6 

T2 (50%WFWp+de) 45 5 40 5 5 

 

 Selected treatments and all treatments from the 2013/14 and 2014/15 compost production 

seasons, respectively were analysed for heavy metals. Different forms of N were also analysed 

for all treatments from the 2014/15 season. The temperature data obtained during each season 

in both Phase 1 and Phase 2 could be dived into 15-day composting stages, i.e. 0-15 days = 

Stage 15; 15-30 days = Stage 30; 30-45 days = Stage 45; 45-60 days = Stage 60; 60-75 days = 

Stage 75; 75-90 days = Stage 90; 90-105 days = Stage 105; 105-120 days = Stage 120; and 

120-135 days = Stage 135. However, where all 3-year Phase 2 data were combined, it was 

found that there was not enough temperature data for Stages 15, 30 and 45. Consequently, 

Stage 60 was considered as the initial composting stage. All data were analysed statistically 

and those of Phase 1 separately from those of Phase 2.  

 

c. RESULTS AND DISCUSSION 

 State results obtained and list any industry benefits.  If applicable, include a short discussion covering 

ALL accumulated results from the start of the project.  Limit to essential information only 

RISK MANAGEMENT 

Perlite and diatomaceous earth (DE) were found to be the filter materials mainly used in the 

wine industry. Different amounts of filter materials may be used to filter the same amount of 

juice lees and wine. Apparently 46 kg of wine filter waste may be expected from 20 tons of 

grapes crushed. Both perlite and DE waste are likely to be found mixed at the wineries. Perlite 

originates from volcanic rocks and is produced as a very fine and light material, while DE 

originates from the remains of microscopic one-celled ocean floating plants, made up of Si 

(85%), Al, Fe (2%), Na (5%), and many trace minerals such as Ti.  
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A chemical analysis of spent wine filter material or waste derived from the use of perlite during 

wine making was found to contain a pH (KCl) of 5.2, 15.5 kg/ton N, 2.0 kg/ton P, 40.2 kg/ton K 

and 1150 mg/kg Na. It was therefore, assumed that when making compost, lime (for pH 

adjustment) and N will have to be added and that K and Na levels would need to be monitored 

quite closely. Wineries were reported to dispose of spent wine filter materials through dumping 

onto municipality landfills, sending off to private companies for treatment, on site disposal and/ 

or reuse in vineyards or gardens as compost (Zingelwa-Masekwana, 2012).  

 

PHASE 1 – ONSET OF COMPOSTING TRIAL USING WINERY SOLID WASTES (2011/12) 

COMPOSTING PROCESS AND FINAL WINE FILTER WASTE COMPOST CHARACTERISTS  

(i) Temperature  

Real temperatures measured during the entire 2011/12 composting period for all treatments are 

shown in Figure 1 and they generally decreased as the composting process progressed. This 

was because during composting, microbial activities that occur generate heat, and once the 

more easily degradable compost materials have decomposed, the compost temperature falls to 

that of the environment and the process is stabilized (Nogueira, Nogueira, & Devenas, 1999). 

Additionally, overall the entire composting period, temperatures increased significantly with the 

use of wine filter wastes during composting, i.e. T0 (19˚C) < T1 (21˚C) < T2 and T3 (23˚C) < T4 

and T5 (24˚C) < T5 and T6 (27˚C) (P = 0.05). Furthermore, T4 to T5 attained the highest 

temperatures during most of the 15-day composting stages (Table 4). During these stages, T5 

attained mean temperatures that ranged between approximately 24˚C and 36˚C, and T6, those 

from about 24˚C to 37˚C. The spent wine filter waste derived from the use of perlite was already 

decomposing at its arrival and this could be the reason for the high temperatures, especially 

those of T5 and T6. Also, the increases in temperatures during composting are normally largely 

due to microbial activities which generate heat and allow evaporation of water (Bertran, Sort, 

Soliva, & Trillas, 2004). Furthermore, temperature evolution during composting highly depends 

on the material composted, the surrounding conditions and pile volumes.  
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Figure 1. Temperatures (˚C) of turned (Turn) and not turned (No-turn) winery solid wastes composts (sub-treatments) measured during the 2011/12 

composting period (Refer to Table 2 for descriptions of T0 to T6).  
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Table 4. Mean temperatures of various winery solid waste composts (main treatments) during 

different 15-day composting stages of the 2011/12 compost production period. 

(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each composting stage (P = 
0.05).  

 

(ii) Chemical parameters 

Chemical parameters measured on final winery solid waste composts containing various 

amounts of wine filter wastes produced during the 2011/12 period are indicated in Table 5. T0 

and T1 were found with the lowest pH values, which were similar and below 7, thus indicating 

acidic conditions. This was probably due to the presence of mostly pruning canes (80% of the 

composting materials), which was found with a pH value of 6.5 before composting (Table 1). T2, 

T3 and T4 were found with pH values that differed significantly, between 7 and 8, which were 

lower than those for T5 and T6, which were the highest (≈9) and indicative of alkaline 

conditions. Spent wine filter wastes were found with pH values that were between 9 and 10, 

while berry skins, seeds and berry stalks were between 7 and 8 (Table 1). The pH values of the 

final composts therefore, increased with the increases in the amounts of spent wine filter wastes 

used during composting. The finished composts generally have a neutral-alkaline pH because 

of ammonium which is produced by microbial organisms during protein decomposition that 

occurs at later stages of the composting process (Bertran et al., 2004). The commercial 

compost (CC1) was found with a pH value of 7.8 (Table 5), thus corresponding to the values of 

the winery solid waste composts. The desired pH range for compost is 6 to 7.5, however, this is 

dependent on the composted material. T0 and T1 were found with similar EC values, which 

were the lowest, while T6 with the highest (Table 5). Therefore, similarly to pH, EC values 

increased with the increases in amounts of spent wine filter wastes. The commercial compost 

was found with an EC value of 1042 mS/m, which was above those of all the winery waste 

material composts. The uses of the finished compost are generally more important than its EC 

value that is determined before its application, because when compost is used as an 

amendment, a diluting effect occurs when it is mixed with the soil.  

Composting stages Temperatures (˚C) 

     T0(1) T1(1) T2(1) T3(1) T4(1)   T5(1) T6(1) 

15 15,00c(2) 16,50c 16,67c 25,94b - 35,50a 22,33bc 
30 16,67d 20,81b 21,33b 20,11bc 18,00cd 19,20bcd 36,74a 
45 19,73d 19,57d 23,53c 26,28b 22,48c 31,19a 28,13b 
60 18,30d 19,38d 21,71c 23,13bc 27,81a 26,67a 24,64b 
75 18,48d 20,13c 21,88b 21,67b 23,77a 24,58a 25,21a 
90 18,94f 21,28e 23,27cd 22,77d 24,87ab 25,90a 24,17bc 
105 20,85c 21,43c 22,57b 22,77b 24,24a 24,87a 24,33a 
120 20,43d 24,33c 25,50b 24,71bc 25,00bc 24,17c 28,88a 
135 23,80c 24,52c 27,13b 26,53b 27,13b 27,22b 30,32a 
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C, N and C/N ratio 

The control (T0) and T1 were found with the highest C contents, while T5 with the lowest (Table 

5). This was probably largely due to the C content of berry stalks which was more than double 

that of the spent wine filter materials as well as the large amounts of pruning canes in T0 (Table 

1). The C contents, therefore decreased with the increases in the amounts of spent wine filter 

materials. T1 to T6 were found with N contents that were significantly higher than those of T0 

(Table 5). All the winery waste composts were found with N contents that were higher than 

those of CC1. The C/N ratios tended to decrease with the use of wine filter wastes and those of 

wine filter waste composts were found below those of CC1 and T0 (Table 5).  A C:N ratio of less 

than 25 as in the case with winery filter waste composts, indicates that N will be more and 

quickly available as a mineral.  

 

Macro elements 

T0 and T1 were found with similar P contents which were the lowest, while T6 with the highest 

(Table 5). The P contents of T1, T2 and T3 were similar, and those of T2 to T5 were also 

similar. Phosphorus levels, therefore increased as spent wine filter materials increased. Among 

the composting materials used, the spent wine filter waste derived from the use of DE was 

found with the lowest P content (Table1), however that derived from the use of perlite with the 

highest, which was similar to those of T0 and T1. The P content of CC1 was comparable to 

most of the winery waste composts. T0 and T1 were found with similar and lowest K contents, 

while T6 with the highest (Table 5). T4 had similar K levels to T5 and also to T3, T2. Potassium 

contents of all the wine filter wastes composts were above that of CC1. Wine filter waste 

material derived from the use of perlite which is a sodium, potassium aluminium silicate, was 

found with the highest K levels among the composting materials and may have allowed easier 

binding of K ions during wine and waste production. Using perlite derived spent wine filter 

material increased the K contents of composts, but also decreased those of the waste material 

itself, and this seems as a positive factor of composting i.e. reduction K levels in wine filter 

wastes through composting. The use of wine filter wastes generally increased Ca contents in 

composts, although T6 was found with the lowest (Table 5). Calcium contents of T3 and T5 

were comparable to those of CC1. T1 was found with higher Mg contents than T0 and T0 with 

similar ones to T2, however, the use of higher amounts of wine filter wastes (from T3 to T6) 

during composting resulted in a significant decrease in Mg levels in final composts (Table 5). T1 

to T5 had were found with Na concentrations that were excessively higher than those of T0, 

which generally increased with the amounts of wine filter waste materials used. However, Na 

concentrations of T1 were comparable to those of CC1 (Table 5).  
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Table 5. Chemical parameters of winery solid waste composts (main treatments) produced during the 2011/12 period and commercial compost. 
  

Parameters       Main treatments(1)     Commercial compost 

  T0  T1  T2 T3 T4 T5 T6 (CC1) 

pH (KCl) 6.38e(2) 6.53e 6.97d 7.63c 8.13b 8,89a 8,92a 7,8 

EC (mS/m) 205f 296ef 406de 434cd 544c 716b 897a 1042 

C (%) 32.87a 30.76ab 27.76bc 24.30cd 23.61d 18.87e 27.11c 19,58 

N (%) 1.39d 1.92bc 1.98b 1.94bc 2.03b 1.78c 2.65a 0,98 

C/N ratio 24 16 14 13 12 11 10 20 

P (%) 0.13d 0.15cd 0.19bc 0.19bc 0.20b 0.21b 0.29a 0,18 

K (%) 0.64e 1.24de 1.67cd 1.87cd 2.09bc 2.77b 4.58a 0,71 

Ca (%) 0.83c 0.96ab 0.88bc 1.04a 0.72d 1.00a 0.68d 1,63 

Mg (%) 0.28b 0.31a 0.26b 0.22c 0.20d 0.17e 0.20cd 0,21 

Na (mg/kg) 749d 1515c 1772c 1957bc 2293b 2764a 2911a 1261 

Mn (mg/kg) 82a 84a 57b 61b 44c 40c 44c 76 

Fe (mg/kg) 451d 493d 546d 660c 734c 961a 865b 1149 

Cu (mg/kg) 9.40e 14.27d 20.58c 31.29b 28.64b 38.14a 40.10a 16,09 

Zn (mg/kg) 48.11b 55.64a 39.64c 36,76cd 32,68de 24,87f 30.68e 78,65 

B (mg/kg) 47.53d 54.78cd 69.00b 60.43c 58.76c 62.78bc 82.56a 65,09 
(1)Refer to Table 2 
(2)Values within a row with different letters denote significant differences (P = 0.05, N = 6). 
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Micro-elements 

T1 were found with the highest Mn concentrations, which were similar to those of T0, while T4 

and T6 with the lowest which were below those of CC1 (Table 5). Therefore, the use of wine 

filter wastes (from T2 to T6) during composting resulted in a significant decrease in Mn levels in 

final composts. T0, T1 and T2 were found with the lowest Fe concentrations, while T5 with 

those that were more than double those of T0 and the highest (Table 5). In general, the use of 

wine filter wastes (from T3 to T6) during composting resulted in a significant increase in Fe 

levels in final composts. Berry skins and stems were found with the highest Fe concentrations 

among the composting materials used, followed by the spent wine filter materials (Table 1). T0 

were found with the lowest Cu concentrations, while T5 and T6 with similar and the highest 

ones, which were above by about 50% from those of CC1 (Table 5).  

The use of wine filter wastes during composting therefore, resulted in a significant increase in 

Cu concentrations in final composts. Spent wine filter waste derived from the use of perlite was 

found with the highest Cu concentrations among the composting materials used (Table 1). The 

use of wine filter materials, especially from T3 to T6 resulted in a decrease in Zn concentrations 

in final composts (Table 5). The winery waste composts were found with Zn concentrations that 

were below those of CC1. T0 and T1 were found with similar and lowest B concentrations, while 

T6 with the highest, which were above that of CC1 (Table 5). T1 obtained B levels that were 

similar to those of T3, T4 and T5, but higher than those of T0, and were comparable to that of 

CC1. Therefore, the use of wine filter wastes during composting resulted in an increase in B 

concentrations that was however, not linear.  

 

(iii) Physical and visual characteristics 

Colour change was observed with the increase in the amount of wine filter wastes used for 

composting. T1 and T2 were dark coloured, similarly to T0. This was attributed to high amounts 

of decomposable organic material which was mostly made up of grapevine and berry material 

(pruning canes, grape stalks, seeds and skins) and less spent wine filter wastes. T3 and T4 

were yellowish brown, while T5 was yellow brown. Differences in particle sizes were observed, 

especially in the turned compost heaps, as T1 and T2 had more of a coarse texture which was 

similar to that of the control. However, although T2 had a coarse texture it was less coarse in 

comparison to that of T1. This was probably due to a high presence of pruning canes and grape 

stalks which did not seem to decompose easily and were not grounded to finer particles. The 

presence of lignin in these materials may also have made decomposition difficult. T3 to T5 had 

a fine texture which became more clayey with the increase in wine filter wastes. The presence 

of higher amounts of spent wine filter wastes may have allowed homogenization of composting 
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materials as they were being turned and resulted in a reduction in sizes of materials and gave 

the compost a soil-like texture. Moisture status changed with amount of filter wastes and was 

affected by the turning and not turning action. T1 could retain less water and needed frequent, 

smaller irrigations than the treatments with more wine filter wastes. This behaviour was similar 

to that of the control and could correspond to textural classes of these treatments. T2 behaved 

similarly to T1, but better as it contained slightly higher amounts of wine filter wastes that aided 

it to retain water. T3 and T4 could hold water properly and the moisture status was often an 

appropriate one for composting purposes i.e. not too wet and not too dry. T5 could retain a lot of 

water, which was a disadvantage when it rained because the amount of water the heaps 

received was not controllable. The heaps should have perhaps been protected from the rain, as 

for composting purposes, it is best to work from dry to moist than from wet to moist.  

Not turning the heaps was a huge disadvantage when it came to the moisture status, as at most 

times and worse after the rain, they would be water logged which was not ideal for composting 

purposes. Also, the manner the composting materials had been layered perhaps did not favour 

the decomposition process as it would often seem that water would be trapped in some layers, 

especially those of spent wine filter materials especially in treatments with the highest amounts 

of wine filter wastes.  

 

EFFECTS OF TURNING AND NOT TURNING COMPOST HEAPS  

(i) Temperature 

The turning and not turning actions of compost piles affected composting temperatures 

significantly during the 2011/12 composting period. Specifically, overall the composting period, 

T5-Turn and T6-Turn attained mean temperatures that were 3˚C and 4˚C higher than those of 

T5 No-turn and T6 No-turn, respectively (data not shown). Furthermore, during the various 15-

day composting stages, temperatures were also affected by turning and not turning activities of 

compost heaps (Table 6). Specifically, for the treatments with the highest amounts of wine filter 

wastes, mean temperatures tended to be higher for T5-Turn than T5 No-turn during Stage 15, 

however, from Stages 90 to 125, the differences were significant, being around 2˚C to 13˚C 

(Table 6). T6-Turn attained mean temperatures that were significantly higher by about 2˚C to 11 

˚C than those of T6 No-turn in 7 out of the 9 composting stages. In addition, the highest real 

temperatures measured during the entire composting process were 52˚C and 56˚C for T5-Turn 

and T6-Turn, respectively (Figure 1). When turning takes place during composting, oxygen is 

made available to the microorganisms and heat is generated (Bertran et al., 2004). 

Furthermore, aeration is generally expected to increase temperatures during composting 

(Fraser & Lau, 2000). In addition, the turning action of compost heaps speeds up decay by 

improving aeration within the pile and correcting the moisture content (Raath & Fourie, 2006).  



R. Mulidzi   23 
 
 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

 

(ii) Chemical parameters 

Chemical parameters that were measured in the final winery waste composts as affected by the 

turning and not turning activities of the compost piles are indicated in Table 7. Specifically, for 

the treatments with the highest amounts of wine filter wastes, both T5-Turn and T6-Turn were 

found with pH and EC values, K contents, Fe and B concentrations that were significantly higher 

than those of T5 No-turn and T6 No-turn, respectively. T6-Turn were found with higher and 

lower, P and C contents, respectively than T6 No-turn (Table 7). T5-Turn was found with N and 

Ca contents that were significantly lower than those of T5 No-turn. T6-Turn was found with N 

and Ca contents as well as Cu concentrations that were significantly lower than those of T6 No-

turn. Carbon contents were probably higher in the not turned heaps because of a slower 

decomposition rate as the compost materials had not been turned and mixed and lower N 

contents in the turned heaps could be as a result of N leaching during turning and watering of 

heaps. Overall, turning of compost heaps resulted in increases of contents as well as 

concentrations of most elements and levels of pH and EC values, while decreases of some in 

final composts with the highest amounts of wine filter wastes.    

 
CHARACTERISTICS OF BEST TREATMENT 
 
The best treatment to investigate and improve further during Phase 2 should be T5, as it 

contains the highest amounts of both wine filter wastes, attained some of the highest 

temperatures during some composting stages e.g. above 40˚C reached by T5-Turn during 

Stage 15. Furthermore, although with high EC values, Na and B concentrations, T5 can be 

characterised as having an adequate chemical composition for compost production purposes, 

i.e. high pH value (≈9), N (≈1.8%) and P (0.2%), K (≈3%), Fe (961 mg/kg) and Cu (38 mg/kg), 

Mn (40 mg/kg) and Zn (25 mg/kg).  
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Table 6. Temperatures of turned (Turn) and not turned (No-turn) winery solid waste compost heaps (sub-treatments) produced during various stages 

of the 2011/12 period. 

(1)Refer to Table 2 
(2)Values within a row with different letters denote significant differences (P = 0.05). 

Composting 
stages 

                                                                                                                 Temperatures (˚C) 

  

  
T0(1) 

Turn  
T0  
No-turn  

T1(1)  
Turn  

T1  
No-turn  

T2(1)  
Turn  

T2 
 No-turn  

T3(1)  
Turn  

T3 
 No-turn  

T4(1)  
Turn  

T4  
No-turn  

T5(1)  
Turn  

T5  
No-turn  

T6(1)  
Turn  

T6  
No-turn  

15 15,00c 15,00c 16,33c 16,67c - 16,67c 22,75bc 32,33ab - - 41.00a 30,00ab  22,67bc 22,00bc 
30 17,33fg 16,00g 19,79def 21,83cd 19,17defg 23,50c 18,97defg 21,25cde 18,00efg 18,00efg 17,50fg 20,33cdef 42,24a 31,23b 
45 19,11h 20,35gh 19,50h 19,63h 23,91def 23,15efg 25,16def 27,39bcd 22,42fgh 22,54fgh 32,72a 29,67abc 30,03ab 26,23cde 
60 17,91g 18,70g 19,38fg 19,38fg 22,33de 21,08ef 22,36de 23,90cd 25,67bc 29,96a 26,73b 26,61b 25,59bc 23,69cd 
75 18,29g 18,67fg 20,74def 19,52efg 22,17cd 21,58de 20,84de 22,50cd 22,38cd 25,17ab 24,10bc 25,06ab 26,67a 23,75bc 
90 18,88i 19,00i 21,74gh 20,81h 24,70bcd 21,83fgh 23,15efg 22,39efg 26,22b 23,52cde 28,67a 23,13efg 25,00bc 23,33def 
105 21,07f 20,63f 21,60ef 21,27f 23,48cd 21,67ef 22,83de 22,71de 24,71bc 23,76cd 26,63a 23,11d 25,25b 23,42d 
120 20,39f 20,47f 24,33de 24,33de 26,33bc 24,67de 24,08de 25,33bcd 25,33bcd 24,67de 25,00cd 23,33e 31,27a 26,50b 
135 24,00gh 23,60h 24,93fg 24,11gh 28,67b 25,59ef 27,15cd 25,90def 28,17bc 26,08def 27,89bc 26,56de 32,50a 28,14bc 
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Table 7. Chemical parameters of turned (Turn) and not turned (No-turn) winery solid waste compost heaps (sub-treatments) produced during the 

2011/12 period.  

Parameters 
 

           Sub-treatments             

 
T0(1) T0  T1(1)  T1  T2(1)   T2  T3(1)   T3  T4(1)   T4  T5(1)  T5  T6(1)  T6  

  Turn  No-turn  Turn  No-turn  Turn No-turn  Turn No-turn  Turn No-turn  Turn  No-turn  Turn  No-turn  

pH(KCl) 6,47fg 6,30g 6,73ef 6,33g 7,17d 6,77ef 8,20c 7,07de 9,27b 7,00de 9,80a 7,95c 9,67a 8,17c 

EC(mS/m) 211f 199f 358def 233f 437cde 376def 578c 290ef 873b 214f 1137a 295ef 1265a 530cd 

C(%) 27,13cde 38,62a 29,23bcd 32,29b 24,93ef 30,60bc 25,60de 23,01efg 20,73fgh 26,48cde 19,06gh 18,68h 24,01ef 30,21bc 

N(%) 1,19g 1,58f 1,69ef 2,15bc 1,84de 2,12bc 1,84de 2,03c 1,77e 2,30b 1,57f 2,00cd 2,27b 3,03a 

C/N ratio 23 24 17 15 14 14 14 11 12 12 12 9 11 10 

P(%) 0,12g  0,14fg 0,17def 0,14fg 0,20cd 0,17def 0,23bc 0,15efg 0,25b 0,15fg 0,23bc 0,19cde 0,31a 0,26b 

K(%) 0,66de 0,61e 1,59cd 0,89de 1,94c 1,40cde 2,97b 0,78de 3,42b 0,75de 3,69b 1,85c 5,50a 3,67b 

Ca(%) 0,71fgh 0,94bc 090cd 1,02b 0,93bc 0,82de 0,74efg 1,26a 0,62h 0,75ef 0,74efg 1,23a 0,65gh 0,78ef 

Mg(%) 0,26c  0,30ab  0,30b 0,32a 0,27c  0,25c  0,22d 0,22d 0,19ef 0,21de 0,17f 0,17f 0,20de 0,21de 

Na(mg/kg) 653g 845fg 1351ef 1679de 1648de 1895cd 2258bc 1656de 2721ab 1865cde 2816a 2712ab 3017a 2806a 

Fe(mg/kg) 481ef 421f 505def 480ef 498def 593cd 532de 788b 827b 641c 1109a 812b 1063a 668c 

B(mg/kg) 49,27fg 45,78g 58,28def 51,28efg 68,56bc 69,44bc 69,87bc 50,99efg 67,09bcd 50,44efg 65,16bcd 60,40cde 90,34a 74,78b 

Cu(mg/kg) 9,24h  9,56h  13,23g  15,31fg 17,64f 23,52e 28,03d 34,55c 31,79c 25,49de 37,97b 38,31b 37,79b 42,40a 

Mn(mg/kg) 69,33bc 93,79a 81,39ab 85,75a 62,23cd 52,65def 64,46cd 56,70cde 43,13efg 45,54efg 42,80fg 37,95g 46,32efg 40,69fg 

Zn(mg/kg) 40,77c 55,45ab  50,23b 61,05a 39,38cd 39,89cd 39,37cd 34,15cde 33,32de 32,04ef 25,76fg 23,97g 29,58efg 31,78ef 
(1)Refer to Table 2 
(2)Values within a row with different letters denote significant differences (P = 0.05). 
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IMPACTS OF WINERY SOLID WASTE COMPOST LEACHATE ON SOIL PROPERTIES 

Soil parameters as affected by wine filter waste compost leachate from various treatments are 

indicated in Table 8. The use of wine filter wastes during composting significantly increased soil 

pH levels, shifting them from acidic to basic. Although soil pH increased with the use of wine 

filter wastes, soil from T1 was found with pH values that were similar to those of soil from T0, 

thus indicating that the smallest amounts of wine filter wastes did not affect soil pH conditions. 

Also, soil pH values did not increase further from T5 to T6 although waste amounts increased. 

This indicated that the soil pH levels did not differ when higher amounts of wine filter wastes 

were used. Resistance values significantly decreased with the use of wine filter wastes, but did 

not decrease further as more wine filter wastes were used (specifically T4 to T6), thus indicating 

that resistance levels were not affected by the use of higher amounts of wine filter wastes 

(Table 8). Soils from T0 were found with similar P levels to those from all treatments with the 

exception of T2 (Table 8). Therefore, the use of wine filter wastes only increased soil P levels in 

the case of T2. Soil K (Bray II) levels significantly increased with the use of wine filter wastes. 

However similarly to pH, where the smallest amounts of wine filter wastes were used, soil K 

levels from wine filter waste containing treatments were similar to those of soils from T0 (Table 

8). Furthermore, soils from T5 and T6 were found with the highest levels of K which were 

similar. Exchangeable Ca (Caex) levels of soils from T4 decreased significantly with the use of 

wine filter wastes, while those of soils from the rest of the treatments were similar to those of 

soils from T0 (Table 8). Exchangeable Mg (Mgex) levels decreased significantly with the use of 

wine filter wastes, but did not decrease further from soils of T4 to T6. Sodium (%) and C 

contents of soils generally decreased with the use of wine filter wastes. The T-values only 

increased significantly for soils from T3 to T6 and soils from T1 and T2 were found with similar 

values to those from T0 (Table 8). Therefore, all soil chemical parameters measured were 

significantly affected by wine filter waste compost leachate to a certain extent. 
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Table 8. Soil chemical parameters of soils exposed to winery solid waste compost leachate during the 2011/12 compost production period.   

Parameters Main treatments(1)   

 

T0 T1 T2 T3 T4 T5 T6 

pH 5,77e(2) 5,92e 6,47d 7,26c 7,58bc 8,38a 8,03ab 

Resistance(Ohm) 1561a 1071b 647c 459d 306de 233e 266e 

P-Bray II(mg/kg) 31,50b 37,11ab 47,06a 28,61b 31,22b 30,22b 36,17ab 

K-Bray II(mg/kg) 389e 601de 950cd 1225bc 1356b 2044a 1954a 

Kex(cmolc/kg) 1,00e 1,54de 2,43cd 3,13bc 3,47b 5,23a 5,00a 

Caex(cmolc/kg) 1,61a 1,52a 1,57a 1,40ab 1,20b 1,36ab 1,37ab 

Mgex(cmolc/kg) 0,80a 0,68b 0,66b 0,55c 0,47cd 0,44d 0,49cd 

Naex(cmolc/kg) 0,16a 0,16a 0,16a 0,15ab 0,12b 0,14ab 0,14ab 

K(%) 24,86e 35,71d 49,20c 56,87bc 64,28ab 71,30a 65,89ab 

Ca(%) 40,92a 38,77ab 33,39bc 28,95cd 24,04de 20,37e 21,58e 

Mg(%) 20,59a 16,62b 13,90c 10,76d 9,22de 6,38f 7,51ef 

Na(%) 4,09a 3,77ab 3,31bc 2,85cd 2,46de 1,95e 2,19de 

C(%) 0,54a 0,46abc 0,50ab 0,52ab 0,47abc 0,41c 0,45bc 

T-value 3,92d 4,31cd 4,83bcd 5,50b 5,26bc 7,26a 7,30a 
(1)Refer to Table 2 

(2)Values within each row with different letters denotes significant differences (P = 0.05, N = 18) 
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PHASE 2: COMPOSTING USING WINERY SOLID WASTES OVER THREE SEASONS 

(2012/13-2014/15)  

A. 2012/13 COMPOSTING PERIOD 

COMPOSTING PROCESS AND FINAL WINE FILTER WASTE COMPOST CHARACTERISTS  

(i)Temperatures  

Temperatures seemed to decrease with composting stages during the 2012/13 composting 

process of winery solid waste (Table 9 and Figure 2). Temperatures decreasing with time is a 

normal trend during composting, as microbial activities that occur during composting generate 

heat and once the more easily degradable materials have decomposed, the compost 

temperature falls to that of the environment and the process is stabilized. Highest temperatures 

were reached when the highest amounts of wine filter wastes (especially perlite derived waste) 

were used. T2 obtained temperatures that were significantly higher than T1 during several 

composting stages (Table 9), thus suggesting that temperatures increased significantly with the 

use of more wine filter wastes. Specifically, during Stage 15, T2 obtained temperatures that 

were significantly higher by 13°C than those of T1 (Table 9). During the composting process, 

micro-organisms use oxygen as they break down organic matter resulting in the production of 

carbon dioxide, water, heat and humus. Generally, heat drives the composting process and T1 

and T2 reached their highest temperatures of 39˚C and 52˚C, respectively during the initial 

stage of the composting period (Table 9). During composting, the optimum growth temperature 

ranges of mesophilic organisms that multiply rapidly acting on the readily available sugars and 

amino acids are 20°C to 45°C. These organisms generate heat by their own metabolism and 

raise the temperature to a point where their own activities become suppressed. The optimum 

growth temperature ranges for thermophilic fungi and several thermophilic bacteria which 

contribute to the rising of temperatures to a point where pathogens and weed seeds are 

destroyed are approximately 50°C to 70°C. 
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Table 9. Mean temperatures of various winery solid waste composts (main treatments) during 

different 15-day composting stages of the 2012/13 compost production period. 

 

Composting stages Temperature (˚C) 

  T0(1) T1(1) T2(1) 

15 - 39.43b(2) 52.43a 

30 25.41c 33.59b 43.10a 

45 22.26c 30.78b 35.80a 

60 25.10c 31.55a 27.44b 

75 22.62c 26.91b 29.69a 

90 22.94b 24.04a 22.07b 

105 16.93c 20.51b 22.26a 

120 18.68b 22.61a 22.26a 

135 19.06b 21.33a 21.60a 

150 19.07a 20.11a 17.78b 

165 16.28a 16.71a  - 
(1)Refer to Table 3, (2)Different letters within the same row denote significant differences during each 
composting stage (P = 0.05).  

 

Therefore, for winery solid waste composting purposes, taking the temperatures measured 

during 2012/13 into consideration, T2 instead of T1 may be the best treatment to adopt and 

improve, as it has the most wine filter wastes and can reach higher temperatures which are 

close to those that are desirable for composting purposes.  

 

(ii) Chemical and physical parameters 

Chemical and physical parameters of the final winery solid waste composts produced during the 

2012/13 period and commercial composts are indicated in Table 10. The pH values increased 

significantly with the use of wine filter wastes, shifting them from acidic (T0) to basic (T1 and 

T2). Although both alkaline, T2 was found with higher pH values than T1, but both treatments 

were found with pH values that were comparable to those of CC2 (Table 10). Resistance values 

decreased significantly with the use of wine filter wastes, and were similar for both T1 and T2. 

Macro-elements: Nitrogen, P and K contents and Na concentrations increased significantly with 

the use of wine filter wastes (Table 10). T2 was found with higher levels of P and K and Na 

concentrations than T1. In contrast, Ca and Mg contents as well as C/N ratios decreased 

significantly with the use of wine filter wastes and T2 was found with lower Ca as well as Mg 

contents than T1 (Table 10). T1 and T2 were found with P contents that were comparable to 

those of CC3. However, N, K, Ca and Mg contents as well as Na concentrations of T1 and T2 

were above those of both commercial composts. In contrast, C contents of T1 and T2 were 

slightly less than those of commercial composts (Table 10).  
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Figure 2. Mean temperatures (˚C) over 15-day composting stages of lined & turned (LiningTurn), not lined & turned (NoLiningTurn), lined & not turned 

(LiningNoturn) and not lined & not turned (NoLiningNoTurn) winery solid wastes compost heaps (sub-treatments) for the 2012/13 composting period 
(Refer to Table 3 for descriptions of T0 to T3).  
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Micro-elements: Total B concentrations increased significantly with the use of wine filter wastes. 

T2 was found with higher B concentrations than T1. In contrast, levels of Mn, Cu and Zn 

decreased significantly with the use of wine filter wastes. T2 was found with lower Zn 

concentrations than T1. Both T1 and T2 obtained Mn and Zn concentrations that were 

comparable to those of CC3. In contrast B, Fe and Cu concentrations were excessively above 

those of both commercial composts.  

 

Table 10. Chemical and physical parameters of winery solid waste composts (main treatments) 

produced during the 2012/13 period and commercial composts. 

 

Parameters Main treatments(1)  Commercial composts 

  T0 T1 T2 CC2 CC3 

pH 6.85c 8.97b 9.47a 8.2 5.7 

Resistance(Ohm) 268a 76b 68b 
- - 

C(%) 17a 14a 15a 19 20 

N(%) 1.98b 2.41a 2.43a 1.33 0.73 

C/N 8a 6b 6b 15 27 

P(%) 0.15c 0.30b 0.32a 0.53 0.12 

K(%) 0.92c 4.42b 5.62a 0.0034 0.0009 

Ca(%) 1.05a 0.63b 0.54c 0.0037 0.0023 

Mg(%) 0.29a 0.15b 0.12c 0.0017 0.0006 

Na(mg/kg) 918c 5018b 5455a 10 3 

B(mg/kg) 31.52c 44.57b 48.99a 10.96 3.95 

Fe(mg/kg) 5788a 6108a 5645a 485 463 

Cu(mg/kg) 42.48a 20.30b 20.87b 9.61 4.27 

Mn(mg/kg) 60.34a 53.95b 50.53b 197.39 66.50 

Zn(mg/kg) 60.68a 42.05b 31.52c 145.67 34.27 

Moisture(%) 67b 69a 68ab 
- - 

Density(kg/m3) 680b 849a 868a 
- - 

Ash(%) 31b 57a 59a 
- - 

(1)Refer to Table 3; (2)Different letters within the same row denote significant differences during each stage 
(P=0.05, N=12) 

 
Iron concentrations of winery solid waste composts were not affected by the use of wine filter 

wastes during composting, however, it is noteworthy that Fe levels of all treatments were 

approximately 12 times higher than those of commercial composts (Table 10). This highlights 

the nature of the chemical composition of vineyard and winery waste composts. Physical 

parameters: Moisture and ash contents as well as density levels increased significantly with the 

use of wine filter wastes, and T1 and T2 were found with similar values for all parameters (Table 

10).  
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During the 2012/13 compost production period, regardless of the differences in the amounts of 

wine filter waste used, T1 and T2 were found with similar resistance values, C contents, C/N 

ratios, Fe, Cu, Mn, moisture, density and ash contents. However, T2 were found with higher pH 

values, K, Na and B, and lower Ca, Mg and Zn levels than T1. Furthermore, only pH values, P, 

Mn and Zn levels of the winery solid waste composts were comparable to one or both 

commercial composts. Winery solid waste composts produced during the 2012/13 period could 

be characterised as follows: high pH and low resistance values, high N, adequate P, very high 

K, excessively high Na and Fe concentrations and with adequate B concentrations that should 

be closely monitored upon soil application. It is therefore, clear how the presence of wine filter 

wastes as some of the composting materials contributed to physical and chemical 

characteristics of final wine filter waste composts, in relation to commercial composts. It should 

however, be noted that composting materials used in commercial composts were different from 

those used in composting of winery solid wastes. Furthermore, the end use of compost is also 

important in determining the usefulness of compost, e.g. the alkalinity of the compost (as it is 

the case with the winery solid waste compost), may not be negative factor if the compost is 

used in acidic soils and it indicates that there is no need for additives for increasing pH when 

composting using winery filter wastes. When making compost using grape pomace, additives 

such as lime or feedstock have been indicated as necessary to  increase pH (Westover, 2006; 

Dillon, 2011). Furthermore, pH values greater than 6 are desired for optimum activity of 

compost microbes (Westover, 2006).  

 

EFFECTS OF TURNING AND NOT TURNING WINE FILTER WASTE COMPOST HEAPS 

(i)Temperatures  

Composting temperatures as affected by turning and not turning activities of compost heaps 

during the various composting stages over the 2012/13 period are indicated in Table 11. T1-

Turn attained mean temperatures that were significantly higher than those of T1 No-turn during 

Stages 45 to Stage 165, while T2-Turn reached temperatures that were higher than those of T2 

No-turn, from Stage 75 to Stage 150 (Table 11). Turning compost heaps generally speeds up 

decay of organic matter by improving aeration (bringing in oxygen) within the heap and 

correcting moisture content. Although there were no differences in temperatures due to turning 

and not turning activities of compost heaps during the initial stages of the composting process 

(where temperatures were the highest), turning of heaps seemed to be more advantageous in 

raising temperatures as the composting process progressed. Therefore, although involving 

labour (costs), turning heaps would be advantageous in generally raising compost heap 

temperatures, which is a critical factor during composting.  
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Temperature increases are a positive sign during composting as they are an indication of a 

presence of necessary microbial activities during the decomposition process (Raath & Fourie, 

2006).  

 

Table 11. Temperatures of turned (Turn) and not turned (No-turn) winery solid waste compost 

heaps (sub-treatments) produced during various stages of the 2012/13 period. 

Composting stages     Temperatures (˚C)     

  T0(1)-Turn T0 No-turn T1(1)—Turn T1 No-turn T2(1)--Turn T2 No-turn 

15 - - 39.43b(2) - 50.33a 54.53a 

30 27.46c 23.36d 34.92b 32.27b 43.49a 42.71a 

45 22.01c 22.50c 34.29a 27.27b 36.30a 35.39a 

60 26.36c 23.84d 33.65a 29.45b 27.34c 27.53c 

75 23.18de 22.06e 29.61b 24.21d 32.28a 27.10c 

90 24.08b 21.79c 25.91a 22.17c 23.87b 20.27d 

105 17.67d 16.20e 22.23b 18.80d 24.25a 20.26c 

120 20.26b 17.10c 26.21a 19.02b 25.42a 19.10b 

135 21.11b 17.02d 24.77a 17.90cd 24.45a 18.75c 

150 20.96b 17.19c 22.75a 17.47c 20.06b 15.37d 

165 17.21b 15.35c 19.28a 15.42c  -  - 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each stage (P=0.05) 

 

 (ii) Chemical and physical parameters 

Chemical and physical parameters of turned and not turned final winery solid waste composts 

produced during the 2012/13 period are indicated in Table 12. The pH and resistance values, C, 

N, C: N ratios, P and K contents, B, Fe and Mn concentrations as well as moisture, ash 

contents and density values for one or both final winery solid waste composts were significantly 

affected by turning and not turning activities of compost heaps during the 2012/13 period, while 

Ca, Mg, Na, Cu as well as Zn levels were not. The pH values for both T1-Turn and T2-Turn 

were higher than those of T1 No-turn and T2 No-turn, respectively (Table 12). T1-Turn obtained 

resistance values that were lower than those of T1 No-turn. Both T1-Turn and T2-Turn were 

found with C and N contents that were lower than those of T1 No-turn and T2 No-turn (Table 

12). T1-Turn was found with C: N ratios that were lower than those of T1 No-turn. The P and K 

contents for both T1-Turn and T2-Turn were higher than those of T1 No-turn and T2 No-turn 

(Table 12). T2-Turn was found with B concentrations that were lower than those of T2 No-turn. 

T1-Turn was found with Fe and Mn concentrations that were higher than those of T1 No-Turn, 

and similarly for T2-Turn and T2 No-Turn (Table 12). Furthermore, both T1-Turn and T2-Turn 

were found with moisture contents that were lower than those of T1 No-turn and T2 No-turn. T1-

Turn was found with density values that were lower than those of T1 No-turn (Table 12). Both 

T1-Turn and T2-Turn contained ash contents that were higher than those of T1 No-turn and T2 
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No-turn. Therefore, turning of compost heaps during the 2012/13 production period resulted in 

increased levels of pH, P, K, Fe and Mn and ash contents, and decreased resistance values, C 

and N contents, C: N ratio (T1 only), B (T2-Turn only), moisture contents and density values 

(T1-Turn only).  

 

Table 12. Chemical and physical parameters of turned (Turn) and not turned (No-turn) winery 

solid waste composts (sub-treatments) produced during the 2012/13 period. 

Parameters Sub-treatments 

  T0(1)-Turn T0 No-turn T1(1)-Turn T1 No-turn T2(1)-Turn T2 No-turn 

pH 6.83d(2) 6.86d 9.53ab 8.40c 9.87a 9.07b 

Resistance(Ohm) 220b 308a 65d 87c 60d 75cd 

C(%) 15ab 18a 12b 17a 12b 18a 

N(%) 1.86c 2.10bc 2.21b 2.61a 2.12b 2.75a 

C/N 8a 8a 5c 6b 6bc 6b 

P(%) 0.15d 0.14d 0.33a 0.27c 0.34a 0.30b 

K(%) 1.09d 0.75d 5.37b 3.28c 6.12a 4.86b 

Ca(%) 1.01b 1.09a 0.62cd 0.65c 0.51e 0.56de 

Mg(%) 0.27b 0.30a 0.15c 0.15c 0.12d 0.11d 

Na(mg/kg) 912c 923c 5156ab 4880b 5565a 5346a 

B(mg/kg) 30.09c 32.71c 44.68b 44.47b 45.97b 52.01a 

Fe(mg/kg) 6269ab 5308bc 6862a 5355bc 6905a 4385c 

Cu(mg/kg) 42.98a 41.83a 19.76b 20.84b 20.96b 20.79b 

Mn(mg/kg) 59.97a 60.71a 58.04a 49.85bc 54.68ab 46.39c 

Zn(mg/kg) 68.34a 53.02b 39.96cd 44.15c 29.89e 33.15de 

Moisture(%) 63.18c 71.14b 63.04c 73.93a 61.35c 73.82a 

Density(kg/m3) 656d 704d 766c 932a 840b 895ab 

Ash(%) 35.67c 25.95d 61.74a 51.40b 65.03a 52.73b 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=6, P=0.05).  

 
EFFECTS OF LINING AND NOT LINING COMPOST HEAP SURFACES 
(i) Temperatures  

Composting temperatures as affected by lining and not lining of compost heap surfaces during 

the various composting stages over the 2012/13 period are indicated in Table 13. T2 was 

affected significantly at only one stage by the use of a lining, while T1 was affected at several 

stages. T2-Lining attained temperatures that were lower by 6˚C than those of T2 No-lining 

during Stage 30 (Table 13). T1-Lining attained temperatures that were lower by 1˚C to 6˚C than 

those of T1 No-lining during Stages 30, 60, 90, 150 and 165, while higher by 1˚C during Stage 

105. Lining surfaces of compost heaps seemed to contribute to cooling the heaps, by probably 

retaining moisture in the heaps instead of it seeping into the soil as in the unlined heaps during 

the 2012/13 compost production season (especially for T1-Lining).  
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Furthermore, contact between compost heaps and soil may have been beneficial and allowed 

oxygen and more microbial activity in the unlined heaps, thus encouraging aeration and 

increasing temperatures. Therefore, during the 2012/13 compost production season, the use of 

a lining was a negative factor on mostly T1 temperatures. For T2, the higher amounts of wine 

filter wastes resulted in higher temperatures which probably marginalized the effect of lining 

composting surfaces on temperatures. According to these composting temperatures, it may be 

best to use T2 (T2-Lining) instead of T1 as its temperatures were not affected as much as those 

of T1 by the use of a lining. Therefore, T1 temperatures seemed more sensitive to the use of a 

lining during composting than those of T2 during the 2012/13 compost production season.  

 

Table 13. Temperatures of lined (Lining) and not lined (No-lining) winery solid waste composts 

(sub-treatments) during different composting stages of the 2012/13 period.   

Composting Stages Temperatures(˚C) 

 

T0-Lining T0 No-lining T1-Lining T1 No-lining T2-Lining T2 No-lining 

15 - - 39.43b - 50.93a 53.93a 

30 26.36e 24.46e 31.20d 35.99c 40.11b 46.09a 

45 21.96c 22.56c 30.55b 31.01b 36.19a 35.40a 

60 25.45d 24.76d 29.45b 33.66a 27.27c 27.61c 

75 22.13c 23.11c 27.55b 26.27b 29.84a 29.54a 

90 23.08b 22.80b 23.29b 24.80a 22.66bc 21.48c 

105 15.99d 17.87c 21.41a 19.61b 22.27a 22.24a 

120 19.54b 17.82c 22.71a 22.52a 22.09a 22.43a 

135 19.29bc 18.84c 21.72a 20.94a 22.35a 20.85ab 

150 19.12b 19.03bc 18.52bc 21.70a 17.81bc 17.62c 

165 15.82bc 16.73ab 15.60c 17.26a - - 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (P=0.05) 

 

(ii) Chemical and physical parameters 

Chemical and physical parameters of final winery solid waste composts from lined and not lined 

compost heap surfaces produced during the 2012/13 period are indicated in Table 14. The pH 

levels, C, N, C: N ratios, P, K, Ca, Mg, Na, B, Fe, Cu, moisture and ash contents for one or both 

final winery solid waste composts were significantly affected by the use of a lining during the 

2012/13 period, while resistance, Mn, Zn and density levels were not. T1-Lining were found with 

pH values that were higher than those of T1 No-lining (Table 14). Both T1-Lining and T2-Lining 

were found with C, N, P and K contents, as well as Na concentrations that were higher than 

those of T1-Lining and T2-Lining. T1-Lining was found with C: N ratios and Mg content that 

were higher than those of T1 No-Lining (Table 14). Calcium levels for T1-Lining were higher 

than those of T1 No-lining, and similarly those of T2-Lining were higher than those of T2 No-

lining. T2-Lining obtained moisture contents that were higher than those of T2 No-Lining (Table 

14).  
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Table 14. Chemical and physical parameters of lined (Lining) and not lined (No-lining) winery 

solid waste composts (sub-treatments) produced during the 2012/13 period. 

Characteristics Sub-treatments 

  
T0(1)-
Lining 

T0 No-
lining 

T1(1)-
Lining 

T1 No-
lining 

T2(1)-
Lining 

T2 No-
lining 

pH 6.85c(2) 6.84c 9.35a 8.58b 9.72a 9.22a 
Resistance(Ohm) 282a 257b 70cd 82c 63d 72cd 
C(%) 19.66a 13.41bc 17.24a 11.14c 16.77ab 13.04c 
N(%) 2.19b 1.76c 2.67a 2.14b 2.71a 2.15b 
C/N 9a 8ab 6bc 5d 6cd 6cd 
P(%) 0.16d 0.13e 0.35b 0.24c 0.39a 0.25c 
K(%) 0.95e 0.88e 6.46b 2.72d 7.60a 3.64c 
Ca(%) 1.16a 0.95b 0.69c 0.58d 0.60d 0.48e 
Mg(%) 0.32a 0.26b 0.17c 0.13d 0.13d 0.11d 
Na(mg/kg) 958d 877d 6037a 4000c 6458a 4453b 
B(mg/kg) 34.02d 29.44e 51.67b 37.48cd 56.40a 41.59c 
Fe(mg/kg) 4649b 6927a 4074b 8142a 4255b 7035a 
Cu(mg/kg) 43.25a 41.91a 17.24c 23.36b 20.03bc 21.72b 
Mn(mg/kg) 62.75a 57.94ab 54.03bc 53.86bc 49.90c 51.17c 
Zn(mg/kg) 74.37a 46.99b 42.21b 41.90b 33.51c 29.53c 
Moisture(%) 70.06a 64.08c 69.88ab 67.90b 69.80ab 65.37c 

Density(kg/m3) 668b 691b 841a 858a 853a 882a 
Ash(%) 23.37d 38.25c 51.99b 61.15a 55.63b 62.13a 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=6, P=0.05) 

 

Furthermore, Cu concentrations for T1-Lining were lower than those of T1 No-Lining. Iron 

concentrations and ash contents for both T1-Lining and T2-Lining were lower than those of T1 

No-lining and T2 No-lining. Therefore, the use of a lining on composting surfaces resulted in 

increased pH values, C and N contents, C: N ratios (T1-Lining only), P, K, Ca and Mg contents 

(T1-Lining only), Na and B concentrations, moisture contents and decreased Fe, Cu (T1-Lining 

only) and ash contents in final wine filter waste composts produced during the 2012/13 

composting period. 

 

LINED AND TURNED WINE FILTER WASTE COMPOSTS 

Wine filter waste composts produced during the 2012/13 composting period could be 

characterised as follows: T1-LiningTurn obtained mean temperatures that ranged between 21˚C 

and 39˚C, while T2-LiningTurn obtained those ranging between 20˚C and 49˚C during 15-day 

composting stages. Furthermore, T1-LiningTurn and T2-LiningTurn obtained high pH (9.9) and 

low resistance values (60 Ohm), low C contents (15%) and C/N ratio (6:1), adequate N (2.54%) 

and P (0.42%), but excessively high K contents (≈8%), Na (6680 mg/kg) and Fe (4561 mg/kg) 

concentrations, with adequate Ca (0.66%), Mg (0.16%), Mn (57 mg/kg) and Cu (19 mg/kg), low 

Zn (35%) and high B (56 mg/kg) concentrations. 
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B. 2013/14 COMPOSTING PERIOD 
 
COMPOSTING PROCESS AND FINAL WINE FILTER WASTE COMPOST CHARACTERISTS  

(i)Temperatures  

Temperatures seemed to decrease with composting stages during the 2013/14 composting 

process of winery solid waste (Table 15 and Figure 3). During the 2013/14 composting period, 

T1 attained temperatures that were significantly higher than those of T2 in 9 out of the 11 

composting stages, suggesting that temperatures did not increase significantly with the use of 

more wine filter wastes in this season. T2 and T1 reached their highest temperatures during 

Stage 15, with those of T1 being approximately 8°C higher than those of T2 (Table 15).  

 
Table 15. Mean temperatures of various winery solid waste composts (main treatments) during 

different 15-day composting stages of the 2013/14 compost production period. 

Composting stages                Temperature (˚C)  

      T0(1)    T1(1)    T2(1) 

15 19.93c(2) 43.19a 34.66b 

30 19.87b 33.96a 32.90a 

45 18.64c 34.11a 31.13b 

60 21.01c 32.34a 24.79b 

75 22.21c 27.51a 24.10b 

90 22.28b 26.89a 25.74a 

105 23.23c 26.94a 24.63b 

120 23.02b 24.78a 22.72b 

135 20.90c 23.17a 21.83b 

150 19.58b 21.27a 19.85b 

165 18.67b 19.88a 18.67b 
(1)Refer to Table 3,  
(2)Different letters within the same row denote significant differences during each composting stage (P = 
0.05) 

 
(ii) Chemical and physical parameters  

Chemical and physical parameters of the final winery solid waste composts produced during the 

2013/14 period and commercial composts are shown in Table 16. The pH values increased 

significantly with the use of wine filter wastes, shifting them from acidic (T0) to basic (T1 and 

T2), and both T1 and T2 obtained similar pH values which were comparable to those of CC2. 

Resistance values decreased significantly with the use of wine filter wastes, but were similar for 

both T1 and T2 (Table 16). Macro-elements: Nitrogen, P and K contents and Na concentrations 

increased significantly with the use of wine filter wastes (Table 16). T2 was found with higher N 

and P contents as well as Na concentrations than T1. In contrast, C contents, Ca and Mg 

contents as well as C/N ratios decreased significantly with the use of wine filter wastes (Table 

16).  
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Figure 3. Mean temperatures (˚C) over 15-day composting stages of lined & turned (LiningTurn), not lined & turned (NoLiningTurn), lined & not turned 

(LiningNoturn) and not lined & not turned (NoLiningNoTurn) winery solid wastes compost heaps (sub-treatments) for the 2013/14 composting period 
(Refer to Table 3 for descriptions of T0 to T3).  
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Table 16. Chemical and physical parameters of winery solid waste composts (main treatments) 

produced during the 2013/14 period and commercial composts. 

Characteristics             Main treatments(1) Commercial composts 

  T0 T1 T2 CC2 CC3 

pH 6.47b(2) 8.84a 8.99a 8.2 5.7 

Resistance(Ohm) 176a 59b 57b 
- - 

C(%) 24a 16b 15b 19 20 

N(%) 1.64c 1.88b 2.02a 1.33 0.73 

C/N 14a 9b 7c 15 27 

P(%) 0.09c 0.20b 0.23a 0.53 0.12 

K(%) 0.96b 3.10a 3.36a 0.0034 0.0009 

Ca(%) 0.75a 0.53b 0.48c 0.0037 0.0023 

Mg(%) 0.23a 0.13b 0.11c 0.0017 0.0006 

Na(mg/kg) 735c 2992b 3160a 10 3 

B(mg/kg) 30.18b 46.36a 44.73a 10.96 3.95 

Fe(mg/kg) 8377c 11781b 13670a 485 463 

Cu(mg/kg) 16.11a 17.63a 16.16a 9.61 4.27 

Mn(mg/kg) 47.04a 41.79b 39.09b 197.39 66.50 

Zn(mg/kg) 47.49a 26.11b 23.43b 145.67 34.27 

Moisture(%) 64a 62a 60b 
- - 

Density(kg/m3) 716b 888a 853a 
- - 

Ash(%) 29c 57b 60a 
- - 

(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=12, P=0.05) 

 

T2 was found with lower Ca and Mg contents as well as C: N ratios than T1. Furthermore, T1 

contained N contents that were comparable to that of CC2. However, P, K, Ca and Mg contents 

as well as Na concentrations of T1 and T2 were above those of both commercial composts. In 

contrast, C levels of T1 and T2 were below (slightly) those of commercial composts (Table 16).  

Micro-elements: Concentrations of B and Fe increased significantly with the use of wine filter 

wastes (Table 16). T2 was found with concentrations of Fe that were significantly higher than 

those of T1. Concentrations of Mn and Zn decreased significantly with the use of wine filter 

wastes, but did not increase further as amounts of wine filter wastes increased (Table 16). T1 

was found with Mn and Zn concentrations that could be considered comparable to those of 

CC3. In contrast B and Fe concentrations were excessively above those of both commercial 

composts (Table 16). Copper concentrations were not affected by the use of wine filter wastes 

during composting, and they could be considered comparable to those of CC2.  
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Physical parameters: Moisture contents decreased significantly with the use of wine filter 

wastes but only with regards to T2, while density values and ash contents increased with the 

use of wine filter wastes. Therefore, during the 2013/14 compost production period, regardless 

of the differences in the amounts of wine filter wastes used, T1 and T2 were found with similar 

pH and resistance values, C and K contents, concentrations of B, Cu, Mn and Zn as well as 

density values. However, T2 was found with N and P contents, Na and Fe concentrations as 

well as ash contents that were significantly higher than those of T1. Furthermore, T2 was found 

with C: N ratios, Ca and Mg contents as well as moisture levels that were significantly lower 

than those of T1. Only pH values, C, N and P contents, as well as Zn concentrations of the wine 

filter waste composts were comparable to those of one or both commercial composts. Winery 

solid waste composts produced during the 2013/14 period could be characterised as follows: 

high pH and low resistance values, adequate N and P, high K, excessively high Na and Fe 

concentrations and with adequate B concentrations that should be closely monitored upon 

application in the field.   

  
EFFECTS OF TURNING AND NOT TURNING WINE FILTER WASTE COMPOST HEAPS 

(i)Temperatures  

Composting temperatures as affected by turning and not turning activities of compost heaps 

during the various composting stages over the 2013/14 period are indicated in Table 17. T1-

Turn attained mean temperatures that were significantly lower than those of T1 No-turn during 

Stage 15, however from Stages 45 to 165, T1-Turn obtained temperatures that were higher by 

3˚C to 13˚C. During almost all the composting stages, T2-Turn obtained temperatures that were 

significantly higher by 1˚C to 17˚C than those of T2 No-turn (Table 17). Therefore, turning of 

heaps resulted in increased composting temperatures during most stages during the 2013/14 

compost production period.  

 
(ii) Chemical and physical parameters  

Chemical and physical parameters of turned and not turned final winery solid waste composts 

produced during the 2013/14 period are indicated in Table 18. The pH and resistance values, C, 

N, P, K, Ca and Mg contents, B, Fe, Cu and Mn concentrations as well as moisture and ash 

contents for one or both final wine filter solid waste composts produced during the 2013/14 

period were significantly affected by turning and not turning activities of compost heaps. 

However, C: N ratios, Na concentrations and density values were not affected by turning and 

not turning actions of compost heaps. 
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Table 17. Temperatures of turned (Turn) and not turned (No-turn) winery solid waste compost 

heaps (sub-treatments) produced during various stages of the 2013/14 period. 

Composting stages Temperatures (˚C) 

  T0(1)-Turn T0 No-turn T1-Turn T1 No-turn T2-Turn T2 No-turn 

15 19.93d(2) - 35.33b 51.05a 38.29b 27.39c 
30 22.11c 17.63d 33.51b 34.41b 40.67a 25.13c 
45 19.50d 17.78d 40.62a 27.60b 39.50a 22.75c 
60 22.98c 19.04d 39.09a 25.58b 27.79b 21.79c 
75 24.25c 20.18e 32.07a 22.96cd 26.93b 21.26de 
90 24.05c 20.51d 31.18a 22.61c 27.70b 23.78c 

105 25.28b 21.18d 30.65a 23.22c 25.65b 23.61c 
120 24.85b 21.17e 27.16a 22.40cd 23.48c 21.97de 
135 22.28b 19.53d 25.76a 20.59cd 22.67b 20.99c 
150 20.06b 19.10b 23.26a 19.28b 20.07b 19.63b 
165 18.78b 18.55b 21.28a 18.47b - 18.67b 

(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each stage (P=0.05) 

 

Turning of compost heaps during the 2013/14 production period resulted in increased levels of 

pH values, P and K (T2-Turn only) contents, Fe and Cu (T2-Turn) concentrations as well as ash 

contents. In contrast, decreased levels of resistance values, C and N (T1-Turn), Ca and Mg 

contents, B, Cu and Zn (T1-Turn) concentrations as well as moisture levels (Table 18).  

 

Table 18. Chemical and physical parameters of lined (Lining) and not lined (No-lining) winery 

solid waste composts (sub-treatments) produced during the 2013/14 period. 

Parameters Sub-treatments 

  T0-Turn T0 No-turn T1-Turn T1 No-turn T2-Turn T2 No-turn 

pH 6.57c 6.37c 9.42a 8.27b 9.75a 8.23b 

Resistance(Ohm) 163b 195a 52d 67c 52d 64c 

C(%) 22.47a 24.74a 14.53c 17.69b 14.03c 15.77bc 

N(%) 1.61c 1.66bc 1.78b 1.98a 1.98a 2.05a 

C/N 13.91a 14.87a 8.24bc 8.90b 7.18c 7.71bc 

P(%) 0.08c 0.09c 0.21b 0.19b 0.26a 0.20b 

K(%) 1.07d 0.84d 3.27b 2.95bc 4.14a 2.59c 

Ca(%) 0.63b 0.87a 0.48cd 0.58b 0.44d 0.51c 

Mg(%) 0.20b 0.25a 0.12de 0.14c 0.10e 0.12cd 

Na(mg/kg) 568d 902c 2890b 3094ab 3215a 3105ab 

B(mg/kg) 28.65c 31.70c 43.42b 49.29a 44.90b 44.57b 

Fe(mg/kg) 8869c 7884c 11411b 12151b 12094b 15246a 

Cu(mg/kg) 14.65c 17.57b 13.97c 21.29a 13.59c 18.73ab 

Mn(mg/kg) 43.40b 50.68a 40.78bc 42.63b 35.34c 42.85b 

Zn(mg/kg) 33.07b 64.80a 22.55d 29.68bc 21.24d 25.62cd 

Moisture(%) 59.40b 68.17a 55.22c 69.63a 53.22c 67.65a 

Density(kg/m3) 676c 755b 880a 896a 840a 865a 

Ash(%) 35.43d 23.34e 61.18a 52.27c 63.13a 56.20b 
(1)Refer to Table 3, (2)Different letters within the same row denote significant differences (N=6, P=0.05) 
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EFFECTS OF LINING AND NOT LINING COMPOST HEAP SURFACES 
(i) Temperatures  

Composting temperatures as affected by the use of a lining on compost heap surfaces during 

the various composting stages over the 2013/14 period are indicated in Table 19. T1-Lining 

attained temperatures that were significantly lower by about 4˚C and 2˚C than those of T1 No-

lining during 2 stages. However, during 4 Stages, T1-Lining attained temperatures that were 

significantly higher by about 2˚C to 8˚C than those of T1 No-lining (Table 19). T2-Lining attained 

temperatures that were lower by 11˚C than those of T2 No-lining during only one stage. 

However, T2-Lining attained temperatures that were significantly higher by between 2˚C and 

5˚C than T2 No-lining during 3 stages (Table 19). Therefore, temperatures were generally 

higher in lined compost heaps than the unlined compost heaps during most composting stages 

of the 2013/14 period and T1 seemed to be more sensitive to the use of a lining than T2. The 

environmental conditions and the combination of waste materials that made up T1 may have 

been more influential on composting temperatures than the presence of a lining during the 

2013/14 compost production period.    

 

Table 19. Temperatures of lined (Lining) and not lined (No-lining) winery solid waste composts 

(sub-treatments) during different composting stages of the 2013/14 period.   

Composting Stages 
  

Temperatures (˚C) 

T0(1)-Lining T0 No-lining T1-Lining T1 No-lining T2-Lining T2 No-lining 

15 19.93c(2) - - 43.19a 31.09b 41.79a 

30 18.57d 21.17d 32.10bc 35.82a 35.12ab 30.68c 

45 18.80d 18.48d 38.24a 29.98c 33.32b 28.93c 

60 21.57c 20.45c 33.06a 31.61a 24.01b 25.57b 

75 21.05d 23.37c 28.64a 26.38b 24.98bc 23.21c 

90 23.03de 21.52e 25.52bc 28.26a 26.72ab 24.76cd 

105 22.68c 23.78bc 26.86a 27.01a 24.58b 24.68b 

120 22.10d 23.93bc 25.21a 24.35ab 22.30d 23.15cd 

135 19.69c 22.12b 23.94a 22.41b 21.87b 21.79b 

150 19.56b 19.60b 22.08a 20.46b 19.58b 20.12b 

165  - 18.67 19.88a  -  - 18.67b 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (P=0.05).  
 

(ii) Chemical and physical parameters  

Chemical and physical parameters of final winery solid waste composts from lined and not lined 

compost heap surfaces produced during the 2013/14 period are indicated in Table 20. The pH 

levels, C, N, P, K, Ca and Mg contents, Na, B and Fe concentrations, moisture and ash 

contents for one or both final winery solid waste composts were significantly affected by the use 

of a lining during the 2013/14 composting period.  
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However, resistance values, C: N ratios, Cu, Mn and Zn concentrations as well as density levels 

were not affected by the of a lining on composting surfaces (Table 20). The use of a lining on 

composting surfaces resulted in increased pH levels (T2-Lining only), C (T1-Lining only), N, P, 

K, Ca (T1-Lining only) and Mg (T1-Lining only) contents, Na and B concentrations and moisture 

contents in final wine filter waste composts. In contrast, the use of a lining on composting 

surfaces resulted in decreased Fe concentrations (T2-Lining only) and ash contents in final wine 

filter waste composts produced during the composting period 2013/14 (Table 20). 

 

Table 20. Chemical and physical parameters of lined (Lining) and not lined (No-lining) winery 

solid waste composts (sub-treatments) produced during the 2013/14 period. 

Parameters Sub-treatments 

  T0-Lining T0 No-lining T1-Lining T1No-lining T2-Lining T2 No-lining 

pH 6.52c 6.42c 8.88ab 8.80b 9.23a 8.75b 

Resistance(Ohm) 166b 186a 58c 60c 57c 58c 

C(%) 25.49a 21.72b 18.24c 13.98d 15.21d 14.58d 

N(%) 1.73bc 1.55d 2.08a 1.68cd 2.21a 1.83b 

C/N 15a 14a 9b 8b 7c 8bc 

P(%) 0.09d 0.08d 0.23b 0.18c 0.27a 0.19c 

K(%) 1.01d 0.90d 3.43b 2.82c 4.01a 2.72c 

Ca(%) 0.80a 0.70b 0.59c 0.47d 0.51d 0.45d 

Mg(%) 0.24a 0.22b 0.15c 0.11d 0.12d 0.11d 

Na(mg/kg) 783d 688d 3351b 2633c 3678a 2642c 

B(mg/kg) 31.46c 28.89c 50.56a 42.15b 49.69a 39.78b 

Fe(mg/kg) 6603d 10151c 11109bc 12453b 11702bc 15639a 

Cu(mg/kg) 16.25a 15.97a 18.04a 17.21a 16.71a 15.61a 

Mn(mg/kg) 47.11a 46.97a 44.00ab 39.13bc 40.12bc 38.06c 

Zn(mg/kg) 58.27a 38.52b 29.22c 23.00cd 25.32cd 21.53d 

Moisture(%) 67.02a 60.55c 65.87ab 58.98cd 63.55b 57.32d 

Density(kg/m3) 748b 683c 892a 885a 863a 842a 

Ash(%) 23.26e 35.52d 53.89c 59.55ab 57.53bc 61.81a 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=6, P=0.05) 
 

LINED AND TURNED TREATMENTS AND COMMERCIAL COMPOSTS 

The best wine filter waste compost sub-treatments produced in 2013/14, i.e. T1-LiningTurn and 

T2-LiningTurn could be characterised as follows: T1-LiningTurn obtained mean temperatures 

that ranged between 21˚C and 46˚C over 15-day composting stages of the 2013/14 period. T2-

LiningTurn attained mean temperatures that ranged between 20˚C and 44˚C over 15-day 

composting stages of the 2013/14 composting season.  
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Also, both wine filter waste composts were alkaline (pH = 9.6), with low resistance values (52 

Ohm), C (16%) and C/N ratios (8:1), adequate N (2.05-2.31%) and P (0.28%), but high K (4-

5%) contents, excessively high Na (3475-3907 mg/kg) and Fe concentrations (10134 mg/kg), 

adequate Mn (41 mg/kg) and Cu (15 mg/kg), Zn (25%) concentrations, but high B (53 mg/kg) 

concentrations. Furthermore, selected wine filter waste composts produced during 2013/14 

were found with negligible concentrations of heavy metals (Hg, Cr, Pb, Ni, Cd), which ranged 

between 0.001 mg/kg and 0.83 mg/kg.  

 

C. 2014/15 COMPOSTING PERIOD 

COMPOSTING PROCESS AND FINAL WINE FILTER WASTE COMPOSTS  

(i)Temperatures  

Temperatures seemed to decrease with composting stages during the 2014/15 composting 

process of winery solid waste (Table 21 and Figure 4). T2 attained temperatures that were 

significantly higher by 1˚C and 4˚C than those of T1 during 2 composting stages. Also, T1 

attained temperatures that were significantly higher by 6˚C and 2˚C than those of T2 during 2 

composting stages (Table 21). T2 and T1 reached highest temperatures (≈40˚C), which were 

similar during Stage 15. Therefore, during the 2014/15 compost production season, 

temperatures measured during the various composting stages were not directly related to the 

amounts of wine filter wastes used and were mostly similar for both T1 and T2.  

 

Table 21. Mean temperatures of various winery solid waste composts (main treatments) during 

different 15-day composting stages of the 2014/15 compost production period. 

Composting stages Temperature (˚C) of main-treatments 

  T0 T1 T2 

15 - 38.76a 40.65a 

30 16.93c 31.80a 26.35b 

45 19.12b 23.51a 23.68a 

60 19.14c 22.81b 23.85a 

75 21.08c 23.23b 26.63a 

90 23.63b 25.31a 24.83a 

105 22.81b 24.23a 21.54c 

120 21.38a 20.44b 21.10ab 

135 20.10a 19.90a 20.04a 

150 20.72a 19.29b  - 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each stage (P=0.05) 
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Figure 4. Mean temperatures (˚C) over 15-day composting stages of lined & turned (LiningTurn), not lined & turned (NoLiningTurn), lined & not turned 

(LiningNoturn) and not lined & not turned (NoLiningNoTurn) winery solid wastes compost heaps (sub-treatments) for the 2014/15 composting period 
(Refer to Table 3 for descriptions of T0 to T3).  
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(ii) Chemical and physical parameters  

Chemical and physical parameters of the final winery solid waste composts produced during the 

2014/15 period and commercial composts are indicated in Table 22. The pH values increased 

significantly with the use of wine filter wastes, shifting them from acidic (T0) to basic (T1 and T2). 

Both p H values of T1 and T2 were comparable to those of CC2, however T2 those of T2 were 

higher than those of T1 (Table 22). Resistance values decreased significantly with the use of 

wine filter wastes, and T2 was found with lower values than T1. Macro-elements: Phosphorus 

and K contents and Na concentrations increased significantly with the use of wine filter wastes 

(Table 22). T2 was found with higher K, and lower P contents and Na concentrations than T1. 

The C, Ca and Mg contents as well as C/N ratios decreased significantly with the use of wine 

filter wastes (Table 22). T2 was found with lower Ca and Mg contents and a higher C: N ratio 

than T1.  

 

Table 22. Chemical and physical parameters of winery solid waste composts (main treatments) 

produced during the 2014/15 period and commercial composts. 

Characteristics Main treatments(1)  Commercial composts 

  T0 T1 T2 CC2 CC3 

pH 6.27c(2) 8.45b 9.36a 8.2 5.7 

Resistance(Ohm) 168a 70b 63c 
- - 

C(%) 24a 19b 18b 19 20 

N(%) 2.00b 2.25a 1.87c 1.33 0.73 

C/N 11a 8c 10b 15 27 

P(%) 0.11c 0.27a 0.24b 0.53 0.12 

K(%) 0.86c 3.03b 4.01a 0.0034 0.0009 

Ca(%) 0.78a 0.54b 0.49c 0.0037 0.0023 

Mg(%) 0.18a 0.05b 0.04c 0.0017 0.0006 

Na(mg/kg) 1154c 2905a 2657b 10 3 

B(mg/kg) 31.78b 46.64a 47.77a 10.96 3.95 

Fe(mg/kg) 4558b 5113ab 5622a 485 463 

Cu(mg/kg) 14.89a 11.07c 13.46b 9.61 4.27 

Mn(mg/kg) 50.38a 41.82b 45.24b 197.39 66.50 

Zn(mg/kg) 39.27a 28.05b 28.19b 145.67 34.27 

Moisture(%) 61b 64a 60b 
- - 

Density(kg/m3) 652c 834a 745b 
- - 

Ash(%) 27c 53b 59a 
- - 

(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each stage (P=0.05, N=12) 
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Carbon contents of both T1 and T2 were comparable to those of both commercial composts 

(Table 22). The P contents of both T1 and T2 were below and above those of CC1 and CC2, 

respectively. Potassium, Ca and Mg contents as well as Na concentrations of T1 and T2 were 

above those of both commercial composts (Table 22). Furthermore, the C: N ratio of T2 was 

comparable to that of CC1. Micro-elements: Concentrations of B increased significantly with the 

use of wine filter wastes and were similar for both T1 and T2 (Table 22). Iron concentrations also 

increased significantly with the use of wine filter wastes, but only with regards to T2, and were 

similar for both T1 and T2. Concentrations of Cu, Mn and Zn decreased significantly with the use 

of wine filter wastes. T2 was found with Cu concentrations that were significantly higher than 

those of T1 (Table 22). Both wine filter waste composts were found with Cu and Zn 

concentrations that were comparable to those of CC2 and CC3, respectively. Physical 

parameters: Moisture contents increased significantly with the use of wine filter wastes, but only 

for T1, and those of T2 were lower than those of T1 (Table 22). Density values increased 

significantly with the use of wine filter wastes, and those of T2 were lower than those of T1. 

Furthermore, ash contents increased significantly with the use of wine filter wastes, and those of 

T2 were higher than those of T1. 

 
Different forms of nitrogen analysed for 2014/15 composts only 

Overall, the use of the lowest amounts of wine filter wastes found in T1 significantly increased 

total N levels, while the use of the highest amounts (T2) resulted in a significant decrease. This 

was the first case in the project, where the use of wine filter wastes resulted in a decrease in N 

content of final composts (lower than that of the control). However, the N content of T2 was 

comparable to that of CC2 (Table 22). Furthermore, both T1 and T2 were found with total N 

levels that were adequate for compost. However, according to Raath and Schutte (2001), only 

50% of the total N in compost is available during the first year of application. These wine filter 

waste composts may therefore be inadequate when it comes to supplying N. There may 

therefore be a need to improve the nutrient supplying power of the wine filter wastes composts 

in order to enhance their agronomic effectiveness. Nitrate (NO3-N) concentrations significantly 

increased with the use of only the highest amounts of wine filter wastes (T0 = 11 mg/kg, T1 = 8 

mg/kg and T2 = 14.14 mg/kg). The NH4-N concentrations decreased with the use of wine filter 

wastes, but the use of more wine filter wastes (T2) did not cause a further decrease in the NH4-

N levels (T0 = 283 mg/kg, T1 = 73 mg/kg and T2 = 91 mg/kg).  
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Similarly to NO3-N, the NO2-N levels significantly increased with the use of only the highest 

amount of wine filter wastes (T0 = 0.93 mg/kg, T1 = 0.96 mg/kg and T2 = 1.60 mg/kg). This may 

be an undesirable quality for wine filter wastes compost as certain levels of NO2-N are not 

desirable in compost. The sum of NO3-N and NH4-N was found to be 81 and 105 mg/kg, for T1 

and T2, respectively and the values were within the required levels for compost. The total 

inorganic N (NO3-N and NH4-N), serves as an indication of the amount of N that is immediately 

available to the plant (Raath & Schutte, 2001). 

 

Heavy metals analysed for 2014/15 composts only 

Concentrations of Cd, Pb, Cr and As increased significantly with the use of wine filter wastes, 

but did not increase further as more waste was used during composting, while those of Hg did 

not vary. Mean concentrations of heavy metals found in both wine filter waste composts were as 

follows: Cd (T1 = 0.014 mg/kg and T2 = 0.012 mg/kg), Pb (T1 = 2.40 mg/kg and T2 = 2.30 

mg/kg), Cr (T1 = 8.28 mg/kg and T2 = 7.70 mg/kg) and As (T1 = 2.10 mg/kg and T2 = 1.98 

mg/kg).  

 

Sulphur analysed for 2014/15 composts only 

Overall, S levels significantly increased with the use of wine filter wastes and further increased 

with the use of more waste (T0 = 68 mg/kg, T1 = 287 mg/kg and T2= 411 mg/kg). This may be a 

negative quality for wine filter waste composts as sulphur is associated with H2S, which is a 

phytotoxic gas.  

 

During the 2014/15 compost production period, regardless of the differences in the amounts of 

wine filter wastes used, T1 and T2 were found with similar C contents and B, Fe, Mn and Zn 

concentrations. However, T2 was found with pH values, C: N ratios, K and ash contents that 

were significantly higher than those of T1. Also, T2 was found with resistance values, N, Ca and 

Mg contents, Na concentrations, moisture contents and density values that were lower than 

those of T1. Only pH values, C and N contents, C: N ratio of T2, Cu and Zinc concentrations 

were comparable to one or both commercial composts. Furthermore, winery solid waste 

composts produced during the 2014/15 period could be characterised as follows: high pH and 

low resistance values, adequate N and P, high K contents, excessively high Na and Fe 

concentrations and with adequate B concentrations that should be closely monitored upon 

application in the field.  
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In addition, wine filter waste compost produced during the 2014/15 composting season was 

found with adequate N (sum of NO3-N and NH4-N) levels, very low concentrations of various 

heavy metals and NO2-N and S levels (especially for T2) that may be problematic for 

composting purposes, and should perhaps be researched further.  

 

EFFECTS OF TURNING AND NOT TURNING WINE FILTER WASTE COMPOST HEAPS 

(i)Temperatures  

Composting temperatures as affected by turning and not turning activities of compost heaps 

during the various composting stages over the 2014/15 period are indicated in Table 23. T1-

Turn attained mean temperatures that were significantly higher by 1˚C to 10˚C than those of T1 

No-turn from Stages 45 to 165. T2-Turn obtained temperatures that were significantly higher by 

2˚C to 13˚C than those of T2 No-turn during Stages 30 and 45, and from Stages 75 to 150 

(Table 23). Therefore, turning of heaps resulted in increased temperatures in almost all the 

composting stages during the 2014/15 compost production season.  

 

Table 23. Temperatures of turned (Turn) and not turned (No-turn) winery solid waste compost 

heaps (sub-treatments) produced during various stages of the 2014/15 period. 

Composting stages Temperatures(˚C) 

  T0-Turn 
T0 No-
turn T1-Turn 

T1 No-
turn T2-Turn T2 No-turn 

30 - - 41.12ab 36.40bc 46.89a 34.40c 

45 18.80d 15.05e 36.64a 26.96b 27.36b 25.34c 

60 20.48c 17.76d 25.81a 21.21c 22.93b 24.43ab 

75 19.84d 18.45e 23.77ab 21.84c 24.76a 22.94bc 

90 22.59c 19.57e 25.04b 21.41d 29.94a 23.33c 

105 25.87b 21.40cd 28.58a 22.04c 29.18a 20.47d 

120 24.11b 21.51c 28.53a 19.93d 23.85b 19.23d 

135 22.28a 20.49b 22.04a 18.84c 22.73a 19.46bc 

150 20.39bc 19.81c 21.11a 18.69d 20.98ab 19.10d 

165 21.54a 19.90b 20.06b 18.51c  -  - 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each stage (P=0.05) 
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(ii) Chemical and physical parameters 

Chemical and physical parameters of turned and not turned final winery solid waste composts 

produced during the 2014/15 period are indicated in Table 24. Turning of compost heaps 

resulted in significant increases in pH levels, P and K contents, Fe concentrations and ash 

contents (Table 23). In contrast, turning of compost heaps resulted in significant decreases of 

resistance values (T1-Turn only), C and N contents, C: N ratios (T2-Turn only), Ca, Mg and 

moisture contents as well as density values during the 2014/15 production period. In addition, 

NH4-N was found in significantly higher concentrations in heaps that were not turned than those 

that were turned, but the opposite was found for NO2-N and NO3-N (data not shown). Sulphur 

levels were also found significantly higher in turned than not-turned heaps (data not shown). 

Concentrations of heavy metals, Cd and Hg were not affected in a significant manner by the 

turning and not turning actions of compost heaps, however, those of As, Pb and Cr were found 

significantly higher in turned than not-turned heaps (data not shown).  

 
Table 24. Chemical and physical parameters of turned (Turn) and not turned (No-turn) winery 

solid waste composts (sub-treatments) produced during the 2014/15 period. 

Characteristics Sub-treatments 

  T0(1)-Turn T0 No-turn T1(1)-Turn T1 No-turn T2(1)-Turn T2 No-turn 

pH 6.27e(2) 6.27e 9.35b 7.55d 9.77a 8.88c 
Resistance(Ohm) 154b 185a 60d 80c 60d 67d 
C(%) 23.25ab 24.01a 15.61d 21.79bc 15.89d 20.93c 
N(%) 1.92c 2.08b 1.94c 2.57a 1.75d 2.00bc 
C/N 12a 11a 8b 8b 9b 10a 
P(%) 0.12e 0.11e 0.31a 0.23c 0.28b 0.20d 
K(%) 0.95d 0.76d 3.60b 2.46c 4.70a 3.32b 
Ca(%) 0.77a 0.80a 0.49cd 0.59b 0.44d 0.53bc 
Mg(%) 0.153b 0.197a 0.032de 0.075c 0.027e 0.048d 
Na(mg/kg) 1021e 1287d 2949a 2869ab 2590c 2724bc 
B(mg/kg) 32.21c 31.35c 45.11b 47.92ab 45.78b 49.77a 
Fe(mg/kg) 5115bc 4002d 6157ab 4068cd 6485a 4759cd 
Cu(mg/kg) 14.78a 15.01a 10.51c 11.53c 13.42b 13.51b 
Mn(mg/kg) 47.94ab 52.83a 42.91bc 40.91c 46.55bc 43.93bc 
Zn(mg/kg) 39.01a 39.49a 28.22b 27.91b 28.54b 27.85b 
Moisture(%) 57.50d 64.50c 55.50d 72.17a 51.83e 68.00b 

Density(kg/m3) 625d 679c 778b 890a 706c 785b 
Ash(%) 28.45e 25.24f 60.92b 44.23d 64.25a 53.15c 
(1)Refer to Table 3, (2)Different letters within the same row denote significant differences (N=6, P=0.05) 

 
 
EFFECTS OF LINING AND NOT LINING COMPOST HEAP SURFACES 
(i) Temperatures  
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Composting temperatures as affected by the use of a lining on compost heap surfaces during 

the various composting stages over the 2014/15 period are indicated in Table 25. T1-Lining 

attained temperatures that were significantly higher by approximately 1˚C to 3˚C than those of 

T1 No-lining during 50% of the stages. T2-Lining attained temperatures that were significantly 

higher by 3˚C than those of T2 No-lining during Stage 90 (Table 25). Therefore, temperatures 

were generally higher in lined compost heaps than the unlined compost heaps during most 

composting stages in the 2014/15 period and T1’s temperatures were more sensitive to the use 

of a lining than those of T2.  

 

Table 25. Temperatures of lined (Lining) and not lined (No-lining) winery solid waste composts 

(sub-treatments) during different composting stages of the 2014/15 period.   

Composting stages Temperatures(˚C) 

  
T0(1)-
Lining 

T0  
No-lining 

T1(1)-
Lining 

T1  
No-lining 

T2(1)-
Lining 

T2  
No-lining 

30 - - 38.84a 38.67a 41.63a 39.66a 
45 16.78d 17.07d 33.41a 30.19b 27.01c 25.70c 
60 19.60b 18.64b 23.67a 23.35a 22.95a 24.41a 
75 19.49c 18.80c 23.03ab 22.58b 24.05a 23.66ab 
90 21.05e 21.11e 24.15c 22.30d 27.84a 25.42b 

105 23.67c 23.60c 26.46a 24.16bc 25.03b 24.63bc 
120 23.03b 22.59bc 25.54a 22.93b 21.48d 21.59cd 
135 21.96a 20.81bc 20.85bc 20.03c 20.88bc 21.31ab 
150 20.47a 19.73bc 20.22ab 19.58c 19.99abc 20.08abc 
165 21.30a 20.14b 19.59bc 18.98c  -  - 

(1)Refer to Table 3  
(2)Different letters within the same row denote significant differences (P=0.05) 

 

(ii) Chemical and physical parameters 

Chemical and physical parameters of final winery solid waste composts from lined and not lined 

compost heap surfaces produced during the 2014/15 period are indicated in Table 26. The use 

of a lining on composting surfaces resulted in increased pH levels, N contents, C: N ratios (T2-

Lining only), P, K, Ca, Mg contents, Na, B, Cu (T2-Lining only) concentrations and moisture 

levels final wine filter waste composts. Also, the use of a lining on composting surfaces resulted 

in decreased Fe concentrations and ash contents in final wine filter waste composts. 

Furthermore, for the different types of N, NH4-N and NO2-N were found in significantly higher 

concentrations in lined than not-lined compost piles, but the opposite was found for NO3-N (data 

not shown).  
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Similarly, S levels were found higher in lined than not-lined compost heaps (data not shown). 

Heavy metals, Cd and Hg were found in similar levels in both lined and not-lined heaps, while 

As, Pb and Cr were significantly higher in lined than not-lined heaps (data not shown).  

 

FINAL WINE FILTER WASTE COMPOSTS 

T1-LiningTurn obtained mean temperatures that ranged between 21˚C and 43˚C over 15-day 

composting stages of the 2014/15 composting season, while T2-LiningTurn those that ranged 

between 21˚C and 48˚C. Both wine filter waste composts could be characterised as having high 

pH (9.8) and low resistance values (60 Ohm), low C contents (20%) and C/N ratios (8:1 to 10:1), 

adequate N (1.96-2.33%) and high P levels (0.31-0.36%), but excessively high K (5-6%), Na 

(3028-3411 mg/kg) and Fe (5196 mg/kg) concentrations, adequate Mn (42-52 mg/kg) and Cu 

concentrations (11-15 mg/kg), low Zn (29%) and high B levels (53 mg/kg).  

 

Table 26. Chemical and physical parameters of winery solid waste composts from lined (Lining) 

and not lined (No-lining) compost heap surfaces (sub-treatments) produced during the 2014/15 

period. 

Parameters Sub-treatments 

  T0(1)-Lining T0 No-lining T1(1)Lining T1 No-lining T2(1)Lining T2 No-lining 

pH 6.27d(2) 6.27d 8.70b 8.20c 9.73a 8.92b 

Resistance(Ohm) 154b 185a 68c 72c 60d 67cd 

C(%) 25.34a 21.91b 21.11b 16.29c 21.24b 15.57c 

N(%) 2.18b 1.81d 2.49a 2.01c 2.06bc 1.69d 

C/N 11a 11a 9b 8b 10a 9b 

P(%) 0.12e 0.11e 0.30a 0.23c 0.27b 0.20d 

K(%) 1.00e 0.71e 3.87b 2.20d 5.12a 2.90c 

Ca(%) 0.85a 0.72b 0.59c 0.49de 0.54cd 0.43e 

Mg(%) 0.20a 0.15b 0.07c 0.04de 0.05cd 0.03e 

Na(mg/kg) 1235e 1073e 3229a 2516c 2979b 2335d 

B(mg/kg) 35.11c 28.45d 50.83a 41.61b 53.44a 42.11b 

Fe(mg/kg) 3455d 5661ab 4195cd 6030a 4828bc 6416a 

Cu(mg/kg) 15.94a 13.85b 10.78d 11.41cd 14.41b 12.52c 

Mn(mg/kg) 49.90a 50.86a 41.78b 41.86b 47.22ab 43.26b 

Zn(mg/kg) 41.26a 36.89a 28.04b 28.07b 28.97b 27.42b 

Moisture(%) 63.67b 58.33d 67.83a 59.83cd 61.83bc 58.00d 

Density(kg/m3) 612d 692c 836a 832a 746b 745b 

Ash(%) 19.72e 33.97d 47.84c 57.31b 54.76b 62.64a 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=6, P=0.05) 
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D. YEARS (2012/13-2014/15) COMBINED 
 
COMPOSTING PROCESS AND FINAL WINE FILTER WASTE COMPOSTS (2012/13-2014/15) 

(i)Temperatures  

Overall, temperatures seemed to decrease with composting stages and T1 attained mean 

temperatures that were significantly higher by 4˚C and 2˚C during composting stages 60 and 

120, respectively than those of T2 (Table 27). During the rest of the stages T1 and T2 were 

found with similar temperatures, and both T1 and T2 reached their highest temperatures during 

the initial composting stage (Table 27). Therefore, T1 reached higher mean temperatures than 

T2, in the beginning (29˚C vs. 25˚C) and towards the end stages (24˚C vs. 22 ˚C) of composting.  

Furthermore, with all 3-year Phase 2 temperature data combined, T1 and T2 attained average 

temperatures of 24.90˚C and 23.93˚C, respectively during an approximately 135-day composting 

period (data not shown). 

 

Table 27. Mean temperatures of various winery solid waste composts (main treatments) during 

different 15-day composting stages of the 2012/13-2014/15 compost production periods. 

Composting stages Temperature (˚C) of main-treatments(1) 

  T0 T1 T2 

60 21.74hij(2) 29.13a 25.30cd 

75 21.33j 25.74bc 25.88b 

90 22.10hi 24.72ef 24.82de 

105 21.27j 24.25fg 23.91g 

120 21.50j 23.88g 22.17h 

135 20.45k 21.65ij 21.51j 
(1)Refer to Table 3 
(2)Different letters within the same rows and columns denote significant differences (P=0.05) 

 
(ii)Chemical and physical parameters 

Chemical and physical parameters of final winery solid waste composts produced over three 

production seasons (2012/13 to 2014/15) and commercial composts are indicated in Table 28. 

Overall, pH values increased significantly with the use of wine filter wastes, shifting them from 

acidic (T0) to basic (T1 and T2), and T2 obtained higher values than T1. The pH values of both 

T1 and T2 were comparable to those of CC2 (Table 28). Resistance values decreased 

significantly with the use of wine filter wastes, and T2 was found with lower values than T1. 

Macro-elements: Nitrogen, P and Na contents increased significantly with the use of wine filter 

wastes and were similar in both T1 and T2 (Table 28).  
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Furthermore, K contents increased significantly with the use of wine filter wastes and T2 was 

found with higher levels than T1. In contrast, C contents, C/N ratios, Ca as well as Mg contents 

decreased significantly with the use of wine filter wastes (Table 28). The C contents, C/N ratios 

were similar for both T1 and T2, regardless of the differences in wine filter wastes. However, T2 

was found with lower Ca and Mg contents than T1 (Table 28). Nitrogen, K, Ca and Mg contents 

as well as Na concentrations of T1 and T2 were above those of both commercial composts 

(Table 28). The P levels of both T1 and T2 were below and above those of CC1 and CC2, 

respectively. However, C contents of both T1 and T2 were comparable to those of both 

commercial composts. 

 

Table 28. Chemical and physical parameters of winery solid waste composts (main treatments) 

produced over three seasons (2012/13-2014/15), commercial composts and compost standards.  

Characteristics Main treatments(1) Commercial composts 

  T0 T1 T2 CC2 CC3 

pH 6,52c(3) 8,75b 9,27a 8.2 5.7 

Resistance(Ohm) 185a 67b 62c - - 

C(%) 21,25a 16,33b 16,07b 19.40 19.92 

N(%) 1,86b 2,18a 2,11a 1.33 0.73 

C/N 11a 8b 8b  15 27 

P(%) 0,11b 0,26a 0,26a 0.53 0.12 

K(%) 0,91c 3,50b  4,25a 0.0034 0.0009 

Ca(%) 0,86a 0,57b 0,50c 0.0037 0.0023 

Mg(%) 0,23a 0,11b 0,09c 0.0017 0.0006 

Na(mg/kg) 935b 3659a 3757a 10.3 2.48 

B(mg/kg) 31,15b  45,83a 47,17a 10.96 3.95 

Fe(mg/kg) 6241c 7667b 8312a 485 463 

Cu(mg/kg) 21,59a 16,48b 16,83b  9.61 4.27 

Mn(mg/kg) 52,59a 46,09b 44,95b 197.39 66.50 

Zn(mg/kg) 48,79a 32,19b  27,71c  145.67 34.27 

Moisture(%) 63,78b  64,97a 62,64c - - 

Density(kg/m3) 682c 857a 822b - - 

Ash(%) 29,14c 55,29b 59,08a - - 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences during each stage (P=0.05, N = 36) 
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Micro-elements: Concentrations of B and Fe increased significantly with the use of wine filter 

wastes (Table 28). Concentrations of B were similar in both T1 and T2, while those of Fe were 

higher for T2 than T1. Concentrations of Cu, Mn and Zn decreased significantly with the use of 

wine filter wastes (Table 28). Concentrations of Cu and Mn were similar for both T1 and T2, 

while those of Zn were lower for T2 than T1. Concentrations of B and Fe for T1 and T2 were 

above those of commercial composts, but, those of Cu for T1 and T2, could be considered 

comparable to those CC2, while those of Mn and Zn to those of CC3.  Physical parameters: 

Moisture contents increased significantly with the use of wine filter wastes where T1 was used, 

while decreasing with regards to T2 (Table 28). Therefore, overall T2 contained a lower moisture 

content than T1. Density values and ash contents increased significantly with the use of wine 

filter wastes, but T1 was found with higher and lower, density values and ash contents than T2.  

 

Therefore, overall the 3 compost production seasons, regardless of the differences in the 

amounts of wine filter wastes used, T1 and T2 were found with similar C and N contents, C: N 

ratios and P contents as well as Na, B, Cu and Mn concentrations. However, T2 was found with 

pH values, K contents, Fe concentrations as well as ash contents that were significantly higher 

than those of T1. However, T2 was found with resistance values, Ca and Mg contents, Zn 

concentrations, moisture contents and density values that were lower than those of T1.  

Although, some chemical parameters of the wine filter waste composts were found in 

comparable levels to those of commercial composts, most were found in levels that exceeded 

those of commercial composts. Overall the wine filter wastes compost produced during Phase 2 

could be characterised as follows: high pH and low resistance values, adequate N and P, high K 

contents, excessively high Na and Fe concentrations and with adequate B concentrations that 

should be closely monitored if the compost is used in the field.  

 
EFFECTS OF TURNING AND NOT TURNING WINE FILTER WASTE COMPOST HEAPS 

(i)Temperatures  

Composting temperatures as affected by turning and not turning activities of compost heaps 

during the various composting stages over the 2014/15 period are indicated in Table 29. With all 

the 3-year data of Phase 2 combined, T1-Turn attained mean temperatures that were 

significantly higher by 5˚C to 8˚C than those of T1 No-turn in all identified composting stages.  
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T2-Turn reached temperatures that were significantly higher by 3˚C to 5˚C than those of T2 No-

turn in all composting stages. Turning of heaps therefore resulted in increased temperatures in 

almost all the composting stages during Phase 2.  

 

Table 29. Temperatures of turned (Turn) and not turned (No-turn) winery solid waste compost 

heaps (sub-treatments) produced during various composting stages of the 2012/13 to 2014/15 

period. 

Composting stages   Temperatures(˚C)       

  T0-Turn T0 No-turn T1-Turn T1 No-turn T2-Turn T2 No-turn 

60 23.27ij 20.21opq 32.85a 25.42f 26.02ef 24.58g 

75 22.42kl 20.23opq 28.48b 23.01jk 27.99bc 23.77hi 

90 23.58hij 20.62o 27.38cd 22.06lm 27.17d 22.50kl 

105 22.94jk 19.59qrs 27.15d 21.35n 26.36e 21.45mn 

120 23.07jk 19.93pq 27.30d 20.45op 24.25gh 20.10opq 

135 21.89lmn 19.01s 24.19gh 19.11rs 23.28ij 19.73qr 
(1)Refer to Table 3 
(2)Different letters within the same rows and columns denote significant differences during all stages 
(P=0.05) 

 

(ii) Chemical and physical parameters  

Chemical and physical parameters of turned and not turned final winery solid waste composts 

produced over a 3-year period (2012/13 to 2014/15) are indicated in Table 30. Overall, turning of 

compost heaps resulted in significant increases in levels of pH, P and K, concentrations of Fe 

and Mn (T1-Turn only) and ash contents, and decreases in resistance values, C contents, N, C: 

N ratios, Ca and Mg contents, concentrations of B, Cu, and Zn (T1-Turn only), moisture contents 

as well as density values (Table 30). Therefore, overall, with the exception of Na, all the 

chemical and physical parameters of one or both final wine filter waste composts were 

significantly affected by turning and not turning activities of compost heaps.  

 

EFFECTS OF LINING AND NOT LINING OF COMPOST HEAP SURFACES  

(i) Temperatures  

Composting temperatures as affected by the use of a lining on compost heap surfaces during 

the various composting stages over the 2012/13-2014/15 period are indicated in Table 31. T1-

Lining attained temperatures that were significantly lower by approximately 1˚C than those of T1 

No-lining during Stages 60 and 90.  
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Table 30. Chemical and physical parameters of turned (Turn) and not turned (No-turn) winery 

solid waste composts (sub-treatments) produced over three years (2012/13-2014/15).  

Characteristics Sub-treatments 

  T0(1)-Turn T0-No-turn T1(1)-Turn T1-No-turn T2(1)-Turn T2-No-turn 

pH 6.56e(2) 6.48e 9.43b 8.07d 9.79a 8.72c 

Resistance(Ohm) 178b 241a 59e 78c 57e 69d 

C(%) 20.17b 22.34a 13.94d 18.73bc 14.02d 18.12c 

N(%) 1.79d 1.94c 1.97c 2.39a 1.95c 2.26b 

C/N 10.99b 11.69a 7.14e 7.91cd 7.28de 8.20c 

P(%) 0.12c 0.11c 0.28a 0.23b 0.29a 0.23b 

K(%) 1.04e 0.78e 4.13b 2.87d 4.99a 3.43c 

Ca(%) 0.80b 0.92a 0.53d 0.61c 0.46e 0.53d 

Mg(%) 0.21b 0.25a 0.10d 0.012c 0.10d 0.08e 

Na(mg/kg) 834d 1037c 3707ab 3614b 3790a 3725ab 

B(mg/kg) 30.33d 31.92d 44.36c 47.23ab 45.55bc 48.78a 

Fe(mg/kg) 6751b 5731c 8143a 7191b 8495a 8130a 

Cu(mg/kg) 21.78a 21.40a 14.99c 17.89b 15.99c 17.68b 

Mn(mg/kg) 50.44b 54.74a 47.92bc 44.46d 45.52cd 44.39d 

Zn(mg/kg) 45.95b 51.63a 30.36d 33.91c 26.56e 28.87de 

Moisture(%) 60.03d 67.75c 57.62e 71.91a 55.47f 69.82b 

Density(kg/m3) 652e 713d 808c 906a 795c 848b 

Ash(%) 33.46e 24.82f 61.28b 49.30d 64.14a 54.03c 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=18, P=0.05) 

 

In contrast, during the rest of the stages T1-Lining attained temperatures that were higher by 1˚C 

than those of T1 No-lining. T2-Lining attained temperatures that were higher by 1˚C than those 

of T2 No-lining during Stage 60. However, T2-Lining attained temperatures that were higher by 

approximately 1˚C and 2˚C, during Stages 75 and 90, respectively. Therefore, overall 3 

composting seasons, temperatures were found generally higher in lined compost heaps than 

unlined compost heaps during most composting stages and T1 was generally more sensitive to 

the use of a lining than T2.  
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Table 31. Temperatures of lined (Lining) and not lined (No-lining) winery solid waste composts 

(sub-treatments) during different composting stages of the 2012/13-2014/15 period.  

Composting 
stages 

Temperatures(˚C) 

 
T0(1) 
-Lining 

T0 
 No-lining 

T1(1)  
-Lining 

T1  
No-lining 

T2(1) 
-Lining 

T2 
 No-lining 

60 22.21kl 21.28mnopq 28.73b 29.54a 24.74gh 25.86cd 
75 20.89nopq 21.76klmn 26.41c 25.08efg 26.29c 25.47def 
90 22.39k  21.81klmn 24.32hi 25.12efg 25.74cde 23.89ij 

105 20.78pqr 21.75klmn 24.91fgh 24.00j 23.96ij 23.85ij 
120 21.55lmno 21.45mnop 24.48ghi 23.27j  21.96klm 22.39k  
135 20.31r 20.59rq 22.17kl 21.13nopq 21.70klmn 21.32mnop 

(1)Refer to Table 3 
(2)Different letters within the same rows and columns denote significant differences during all stages 
(P=0.05) 

 

(ii) Chemical and physical parameters 

Chemical and physical parameters of final winery solid waste composts from lined and not lined 

compost heap surfaces produced during the 2012/13-2014/15 period are indicated in Table 32. 

Overall, the use of a lining on composting surfaces resulted in increased pH levels, C and N 

contents, C: N ratios (T1-Lining only), P, K, Ca and Mg contents, Na and B concentrations, 

moisture levels, and decreased Fe and Cu (T1-Lining only) concentrations and ash contents in 

final wine filter waste composts.  

 

CHARACTERISTICS OF LINED AND TURNED WINE FILTER WASTE COMPOSTS 

Wine filter waste compost sub-treatment, T1-LiningTurn obtained mean temperatures that 

ranged between 25˚C and 32˚C over 15-day composting stages of the 3 year composting 

seasons. Sub-treatment, T2-LiningTurn attained mean temperatures that ranged between 24˚C 

and 28˚C over 15-day composting stages of the 3 composting seasons. Furthermore, T1-

LiningTurn and T2-LiningTurn attained average temperatures of 28˚C and 26˚C, respectively 

during 135 days of composting during Phase 2 (P=0.05, N=54). Therefore, overall T1-LiningTurn 

could reach higher temperatures than T2-LiningTurn. Furthermore, T1-LiningTurn and T2-

LiningTurn were found with similar pH (9.77) and resistance values (57 Ohm) values, C 

(16.74%) and N (2.29%) contents, C/N ratios (8:1), P (0.34%), Na (4094 mg/kg), Fe (6630 

mg/kg), B (53 mg/kg), Mn (50 mg/kg), Zinc (30 mg/kg) concentrations and density values (786 

kg/m3). T2-LiningTurn contained higher K (5% vs. 6%), Cu (15 mg/kg vs. 17 mg/kg) and ash 

contents (56% vs. 59%) than T1-LiningTurn.  
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Table 32. Chemical and physical parameters of winery solid waste composts from lined (Lining) 

and not lined (No-lining) compost heap surfaces (sub-treatments) produced during 3 seasons 

(2012/13-2014/15).  

Parameters Sub-treatments 

  
T0(1) 

-Lining 
T0  
No-lining 

T1(1) 

-Lining 
T1  
No-lining 

T2(1) 

-Lining 
T2  
No-lining 

pH 6.54d(2) 6.49d 8.98b 8.53c 9.56a 8.96b 

Resistance(Ohm) 201b 214a 66cd 71c 60d 66cd 

C(%) 23.50a 19.01b 18.86b 13.80c 17.74b 14.40c 

N(%) 2.02b 1.70d 2.42a 1.94bc 2.32a 1.89c 

C/N 12a 11b 8c 7d 8cd 8cd 

P(%) 0.12c 0.11d 0.29a 0.22b 0.31a 0.22b 

K(%) 0.99e 0.83e 4.54b 2.58d 5.46a 3.05c 

Ca(%) 0.93a 0.79b 0.62c 0.51d 0.55d 0.45e 

Mg(%) 0.25a 0.21b 0.13c 0.09d 0.10d 0.08e 

Na(mg/kg) 992d 879d 4206b 3081c 4372a 3143c 

B(mg/kg) 33.50c 28.93d 51.02a 40.34b 53.17a 41.16b 

Fe(mg/kg) 4902d 7580b 6459c 8875a 6928bc 9697a 

Cu(mg/kg) 21.52a 21.66a 15.36c 17.67b 17.05b 16.62bc 

Mn(mg/kg) 53.25a 51.92a 46.61b 45.51b 45.75b 44.16b 

Zn(mg/kg) 56.92a 40.66b 33.16c 31.16cd 29.27de 26.16e 

Moisture(%) 66.73a 60.99cd 67.86a 61.91c 65.06b 60.23d 

Density(kg/m3) 676c 689c 856a 858a 821b 823b 

Ash(%) 22.26f 36.03e 51.24d 59.34b 55.97c 62.19a 
(1)Refer to Table 3 
(2)Different letters within the same row denote significant differences (N=18, P=0.05) 

 

However, T1-LiningTurn contained Ca (0.6% vs. 0.53%), Mg (0.11% vs. 0.09%) and moisture 

contents (62.23% vs. 59.90%) that were significantly higher than those of T2-LiningTurn. High 

pH values are desirable in compost, but the low resistance values are not, as they indicate that 

wine filter wastes composts contain large quantities of salts. Total K levels that are greater than 

0.5% as it is the case with both wine filter waste composts are considered high for composting 

(Raath & Schutte, 2001). Nonetheless, only when the amount of compost that needs to be 

applied is determined, can the amount of K that will be applied be known. It is possible that the 

wine filter waste compost could be beneficial for K deficient soils. Furthermore, wine filter waste 

composts, especially T2 contained higher K than N contents, which may be negative factor if not 

corrected during field application, as this may cause nutritional imbalance related problems with 

time (Raath & Schutte, 2001). Sodium is generally an undesirable salt as it contributes to soil 

sodicity. Therefore, it can be assumed that the high Na concentrations of the wine filter waste 
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composts may be a huge problem. In practice, though the amount of compost that is applied as 

well as the specific soil’s exchangeable Na percentage determines how much Na can be 

tolerated (Raath & Schutte, 2001). Furthermore, when compost is used as an amendment, Na 

levels could be reduced through the dilution effect of mixing the compost with soil and leaching. 

Optimal C: N ratios for a finished or ripe compost have been reported to be those between 13:1 

and 10:1 and the lower they are as in the case with the wine filter waste composts (8:1), the 

quicker the N mineral would be available during application. Levels of N, P and B were within the 

ranges required in compost (Raath & Schutte, 2001). However, a P supplement would be 

beneficial in practice and B levels would have to be monitored after application to avoid its 

accumulation.                                                                                                                     

 

E. EFFECTS OF SEASONS ON WINE FILTER WASTE COMPOSTING PROCESS AND 

CHARACTERISTICS OF FINAL COMPOST 

(i)Temperature 

The highest mean temperatures for both T1 and T2 were measured during 2013/14, while the 

lowest in 2014/15 (data not shown). Overall, T1 attained the highest and the lowest mean 

temperatures during the 2013/14 and 2014/15 compost production periods, and was therefore 

more sensitive to seasonal changes than T2, as T2 was not affected significantly by seasonal 

changes (data not shown). Weather conditions during composting seasons 2013/14 and 

2014/15, together with the combination of winery waste materials making up T1 probably 

resulted in increases in composting temperatures. 

   
(ii) Chemical and physical parameters 

Chemical and physical parameters of winery solid waste composts as affected by composting 

and waste production seasons are indicated in Table 33. The wine filter waste compost 

parameters that were mostly affected by the differences in composting seasons and waste 

production periods were C and N contents, C/N ratios, P, K and Mg contents, Na, Cu and Mn 

concentrations. T1 contained the lowest C contents in 2014/15 and highest in 2012/13. Both T1 

and T2 contained the highest N contents during 2012/13, but for T1 the second highest were 

those of 2014/15 while for T2 those of 2013/14 (Table 33). T2 was found with the lowest C/N 

ratios during 2012/13, while the highest in 2014/15. T1 was found with the highest P levels in 

2012/13 and the lowest in 2013/14. T2 obtained the highest K levels in 2012/13 and the lowest 

in 2013/14 (Table 33).  
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T1 contained Mg levels that were highest in 2012/13 and lowest in 2014/15 (Table 33). Sodium 

levels of T2 were the highest in 2012/13 and lowest in 2014/15. Copper levels of T1 were the 

highest in 2012/13 and lowest in 2014/15. Similarly, for T2, Cu levels were the highest in 

2012/13 and lowest in 2014/15. T2 was found with the highest Mn levels in 2012/13 and lowest 

in 2013/14. Therefore, most of the chemical and physical parameters of both T1 and T2 were 

affected significantly by weather variations during composting seasons, and probably also by the 

vintage period wine filter wastes were produced as well as quantities the wastes were produced 

as and this should be taken into consideration every time composting is done.  

 

Table 33. Effect composting and waste production period on chemical and physical parameters 

of final winery solid waste composts.  

 

Parameters T0(1) T1(1) T2(1) 

  2012/13 2013/14 2014/15 2012/13 2013/14 2014/15 2012/13 2013/14 2014/15 

pH 6,85d 6,47e 6,27e  8,97b   8,84b  8,45c 9,47a 8,99b 9,36a 

Resistance(Ohm) 268a 176b 168c 76d 59f 70de 68e 57f 63ef 

C(%) 16,53cd 23,60a 23,63a 14,19e 16,11d 18,70b 14,90de 14,90de 18,41bc 

N(%) 1,98cd 1,64e 2,00cd 2,41a 1,88d 2,25b 2,43a 2,02c 1,87d 

C/N 7,99de 14,39a 11,35b  5,75f 8,57d 8,25de 6,06f 7,44e 9,72c 

P(%) 0,15f 0,09h 0,11g 0,30b 0,20e 0,27c 0,32a 0,23d 0,24d  

K(%) 0,92e 0,96e 0,86e 4,42b 3,10d 3,03d 5,62a 3,36d 4,01c 

Ca(%) 1,05a 0,75b 0,78b 0,63c 0,53de 0,54d 0,54d 0,48f 0,49ef 

Mg(%) 0,29a 0,23b 0,18c 0,15d 0,13e 0,05g 0,12ef 0,11f 0,04h 

Na(mg/kg) 918g 735g 1154f 5018b 2992cd 2905d 5455a 3160c 2657e 

B(mg/kg) 31,52c 30,18c 31,78c 44,57b 46,36ab 46,64ab 48,99a 44,73b 47,77a 

Fe(mg/kg) 5788d 8377c 4558e 6108d 11781b 5113de 5645de 13670a 5622de 

Cu(mg/kg) 42,48a 16,11cd 14,89de 20,30b 17,63c 11,07f  20,87b  16,16cd 13,46e 

Mn(mg/kg) 60,34a 47,04cd 50,38bc 53,95b 41,79ef 41,82ef 50,53bc 39,09f 45,24de 

Zn(mg/kg) 60,68a 47,49b  39,27c 42,05c 26,11ef 28,05de 31,52d 23,43f 28,19de 

Moisture(%) 66,80b 63,78c 61,00de 68,98a 62,43cd 63,83c 67,58ab 60,43e 59,92e 

Density(kg/m) 680de 716cd 652e 849b 888a 834b 870ab 853ab 745c 

Ash(%) 30,81d 29,39d 26,85e 56,57b 56,72b 52,58c 58,88ab 59,67a 58,70ab  
(1)Refer to Table 3 
(2)Values  within the same row with different letters denote significant differences (P = 0.05, N = 36) 
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d. CONCLUSIONS  
 
The substrates and process parameters for effective composting using wine filter waste materials 

can now be defined following the method of production of the two wine filter waste composts 

produced in this study. Wine filter wastes together with grapevine pruning canes and berry skins, 

seeds and stalks could be used to make compost. A compost pile that has about 40% to 50% of 

wine filter wastes would result in successful composting and in a final compost product of an 

acceptable chemical composition. Although using 50% wine filter wastes is more preferable as it 

results in the re-use of the most wine filter wastes at once, using 40% may be better, especially 

when seeking to attain higher temperatures during composting and to make compost heaps that 

would be easy to turn and irrigate. Composts made using wine filter wastes were found to be 

alkaline (high pH), potential good sources of K and N, but with a low C: N ratio, very rich in Fe, but 

have excessive Na levels and high B levels which should be monitored upon application. The high 

pH values of the wine filter waste composts suggest that when using wine filter wastes for 

composting, there is no need to use additives that are aimed at increasing pH. Turning of 

compost heaps increases temperatures which is a positive factor during composting. Compost 

leachate will alter soil composition where surfaces are not lined for example with a dam liner 

during composting. Therefore, compost leachate should be collected during winery waste compost 

production. Furthermore, some compost parameters are likely to change from season to season 

as composting weather conditions, quantities and probably also chemical composition of wine filter 

wastes generated seasonally vary. It is therefore important to have wine filter wastes analysed 

before composting. In addition, the use of more C rich material and inoculants could enhance the 

winery solid waste compost production process. It can therefore, be concluded that wine filter 

wastes can be used together with other vineyard and grape berry wastes to make compost of 

acceptable quality that could be improved if necessary.  

 

It recommended that the wine industry invests in a composting plant or partner with already 

existing composting plants because although wine filter waste together with grape marc and vine 

pruning materials can be composted and can produce compost high in nutrients, the best way of 

composting is labour intensive (involves pile turning) and time consuming, involves land 

preparation, construction of concrete floors or thick clay slabs, purchasing of machinery (stalk 

shredder), leachate collection and application for a permit to so onsite composting. Furthermore, 

there may be a need for each winery that seeks to compost at a bigger scale to apply for a 
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permit at the relevant government authority. Future research where wine filter wastes are 

separated and where pruning canes are not used may be useful for the wine industry, as this will 

cater for wineries which do not own vineyards and those that do not have both wine filter wastes 

on site. Furthermore, research on the application of wine filter composts in vineyards may be 

beneficial for the South African wine industry as this will ensure a proper scientific completion of 

the wine cycle. Furthermore, it is noteworthy that the wine filter waste composts produced during 

Phase 1 and Phase 2 of this project has been used successfully by 4 post graduate students 

under the following thesis topics: 

1. Toxicity testing on spent filter materials from wineries using seed germination bioassays.  

2. Greenhouse evaluation of maize performance and changes in chemical properties 

following soil application of winery solid waste composts. 

3. The use of winery waste compost to establish cabbage (Brassica oleracea var. capitata 

L.) and Swiss chard (Beta vulgaris subsp. cycla) on sandy soil at Bien Donné 

experimental farm near Paarl in the Western Cape region.  

4. Monitoring extracellular enzyme activities and microbial population numbers during 

composting of winery solid waste.  
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6. ACCUMULATED OUTPUTS  

List ALL the outputs from the start of the project.  The year of each output must also be indicated. 
 

a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 

Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s). 

 
Wine filter waste compost is a value add product that the wine industry could make and not only 

be use in vineyards, but can also be sold to nurseries or to poor resourced farmers.   

 

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
Provide steps taken to ensure the transfer of the gained/new information/knowledge to ultimately benefit 
the South African fresh fruit industry. 

 
Publication of composting guidelines using wine filter wastes a some of the composting 

materials, provision of support and guidance to composting plants who would like to use wine 

filter wastes as one of the composting ingredients.   
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c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
Complete the following table, adding more lines if necessary. 
 

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 

MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

Mogammad A. 

Holliday 

 

South African BSc. (Hons.)  2012  

Siyabonga Nkosi South African B. Tech (Agric)    

      

Masters Students   

Maxson M. Masowa 
South African  MSc. Agric 

(Soil Science) 
 2015  

Yandiswa Mtimkulu South African M. Tech  2016  

Ncedo G. 
Ndololwana 

South African M. Tech  2016  

Yolisa Sikhunyana South African M. Tech    

Siyanda Mtshela South African M. Tech    

PhD students   

      

      

      

Postdocs   

      

      

      

Support Personnel 

F. Baron       

J. de Kock      

J. Joseph      

T. Harris      

H. Thomas      

N. Zingelwa-
Masekwana 

     

Y. Mtimkulu      

N. Ndololwana      
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d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
Please list using the format illustrated in the example below. ATTACH PDF COPIES OF ANY PAPERS 
ALREADY PUBLISHED 
 

Masowa MM, Kutu FR, Shange PL, Mulidzi R, Vanassche FMG (2015). The effect of winery 
solid waste compost application on maize growth, biomass yield, and nutrient content under 
greenhouse conditions. Archives of Agronomy and Soil Science, 62:8,1082-1094. 
 
e) PRESENTATIONS/PAPERS DELIVERED  
Please list using the format illustrated in the example below. 
 

Shange P, Mulidzi AR, Masekwana N. (2013) Beneficial use of winery solid waste - Composting. 
Presentation at SASEV Workshop, at Somerset West, November 2013.  
 
Masowa MM, Kutu F, Mulidzi AR. (2014) Maize production using winery solid waste composts in 
sandy soils. Presentation at Combined Congress, Grahamstown, January 2014. 
 
Mtimkulu Y, Meyer AH, Nchu F. (2014) Temporal fluctuations in extracellular enzyme activities, 
microbial numbers, moisture and temperature, during composting of winery solid waste. Poster 
presentation at Combined Congress, Grahamstown, January 2014. 
 
Masowa MM, Kutu F, Shange P, Mulidzi AR. (2014) Maize production using winery solid waste 
composts. Presentation at ARC-PDP Conference, Stellenbosch, June 2014. 
 

Shange P, Mulidzi AR, Masekwana N. (2014) Beneficial use of winery solid waste through               
composting using spent wine filter materials. Presentation at the 36th South African Society for 
Enology and Viticulture at Sommerset West, November 2014.  
 
 
Mtimkulu Y, Meyer A, Nchu F, Shange P, Mulidzi AR. (2014) Extracellular enzyme activities and 
microbial numbers during composting of winery solid waste as influenced by environmental 
factors. Poster presentation at the 36th South African Society for Enology and Viticulture at 
Sommerset West, November 2014. 
 
Masowa MM, Shange P, Kutu FR, Mulidzi R, Vanassche FMG (2014) Greenhouse evaluation of 
maize performance following application of winery solid waste composts. Paper presentation at 
ARC Post Graduates conference in Cape Town, 26 June 2014. 
 
Masowa MM, Kutu FR, Shange P, Mulidzi R, Vanassche FMG (2015) Nitrogen, phosphorus and 
potassium availability in winery solid waste composts. Paper presentation at the Combined 
Congress in George, 21 January 2015. 
 
Shange P. (2015) Winery solid waste management through composting. Presentation at the 7th 
IWA conference at Stellenbosch, 2 November 2015.  
 
Shange P. (2015) Winery solid waste management through composting. Poster presentation at 
the 7th World Bulk Wine Exhibition, at Amsterdam, 23-4 November 2015.  
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7. BUDGET -  000264 (WW1915) 
 

a) TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2011/12 
 

    200 000  278 321 478 321 

2012/13 
 

    257 815  268 338 526 153 

2013/14 
 

    283 606  295 182 578 788 

2014/15 
 

    311 967  324 700 636 667 

2015/16 
 

    311 967  324 700 636 667 

2016/17 
 

    0  0 0 

TOTAL 
 

    1 365 355  1 491 241 2 856 596 
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EVALUATION BY INDUSTRY 

 
This section is for office use only 
 

Project number 
 

  

Project name 
 

  

Name of Sub-Committee* 
 

 

Comments on project 

 

 

Committee’s recommendation 

 

 Accepted. 
 
          
 

 Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

 Unacceptable.  Must resubmit final report.       
 
 
Chairperson__________________________________________      Date___________________  
 
 

*SUB-COMMITTEES 
 
Winetech 

Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; 
Microbiology 
 
Deciduous Fruit 

Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
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APPENDICES 
 
Appendix 1. Wine filter wastes used during composting.  
 

 
 
Diatomaceous earth derived wine filter waste from winery.  

 

 
 
Perlite derived wine filter waste from winery.  
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Appendix 2. Phase 1 composting trial (2011/12) 
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Appendix 3. Phase 2 composting trial (2012/13) 
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Appendix 4. Wine filter waste compost heaps from one of the compost production seasons of 

Phase 2.  

 
 
 
 
 


