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Abstract Agricultural organic waste is increasing yearly. In Thailand, the palm oil industry 

generates high amounts of waste 13.71 million ton/year, mainly as boiler-ash and biogas-

sludge. This study focused on the basic properties of boiler-ash and biogas-sludge from the 

palm oil industry after composting and their possible use as growing media for lettuce. Boiler-

ash and biogas-sludge from the palm oil industry were pre-treated (composting) and after that 

evaluated as growing media in comparison with peatmoss under pot experiment conditions. 

Under the pre-treatment experiment, the results showed that the type of materials affected the 

pH, EC, OM, total N and the C:N ratio (P<0.05). The pre-treatment method was affected the 

pH and EC (P<0.05). The type of growing media and porous materials affected germination 

percentage, germination index, shoot length, and shoot fresh and dry weight (P<0.01). 

Interaction between the type of treated materials and porous materials affected germination 

percentage, germination index, shoot length, root length, and shoot fresh and dry weight 

(P<0.05). The best material was boiler-ash compost with perlite as the porous material which 

gave 92.6% germination, 23.05 germination index, 39.10 mm in shoot length, 28.67 mm in root 

length, 0.2 g shoot fw/plant, and 0.0397 g shoot dw/plant but these results were not statistically 

different from undisturbed boiler-ash with perlite as the porous material. Therefore, boiler-ash 

compost and boiler-ash left for 90 days were recommended to use as growing media. 
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Introduction  
 

A variety of waste is generated through different agricultural processes 

and other activities in our daily life. The agricultural organic waste includes 

crop residues, weeds, animal wastes, and by-products, while human habitation 

waste includes garbage, sewage, sludge, etc. Agricultural waste is an organic 

material that can be beneficial and has potential for recycling in many ways 

(Gomah et al., 2020). Surat Thani province is the largest area of palm oil 

production in Thailand. The palm oil production process emits two kinds of 

waste which are boiler-ash (500 tons/year) and biogas-sludge (200 tons/year). 
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Boiler-ash comes from the burning of palm shell for the steam boiler process. 

The ash has a high surface area and comprises potassium, calcium, and 

magnesium in the structure (Charoensri et al., 2017), however, it has an 

alkaline pH. Another kind of waste is biogas-sludge that is generated from 

biogas production using decanter waste after the palm oil extraction process. 

The sludge contains beneficial microorganisms and nutrients such as nitrogen 

and phosphorus. However, the sludge might be contaminated with heavy metals 

and other chemicals that affect seed germination. The problems of using these 

materials are due to the alkaline pH, salinity, and toxic chemicals that will 

affect seedling quality. Therefore, both types of materials must be pre-treated 

before being used as growing media.  

Lettuce (Lactuca sativa) is an annual plant of the daisy family, 

Asteraceae, which is nutritious and rich in vitamin C, minerals, and fiber. It has 

been used as a medicine for different ailments including stomach problems, 

inflammation, pain, and urinary tract infections since ancient times due to the 

presence of secondary metabolites such as terpenoids, flavonoids, and phenols 

(Sapkota et al., 2019). Lettuce has a relatively short life cycle (65-120 days to 

mature) and requires high content of nitrogen and potassium. Therefore, it is 

suitable to be used in assessing the suitability of the growing media. The 

objective was to study the basic properties of boiler-ash and biogas-sludge from 

the palm oil industry after composting to evaluate their possible use as growing 

media for lettuce. 

 

Materials and methods 

 

Boiler-ash and biogas-sludge 

 

The boiler-ash and biogas-sludge from the palm oil industry used in this 

study are provided by Kanjanadit Palm Oil Company, Surat Thani, Thailand. 

Boiler-ash came from oil palm fronds and empty fruit bunch fibers which were 

burned at 400 ˚C for 6-7 hours. Biogas-sludge came from the production of 

biogas from palm oil decanter cake. The characteristics of boiler-ash and 

biogas-sludge are shown in Table 1. 
 

Table 1. Chemical and physical characteristics of the materials 

 

pH EC (1:10) Available Extractable Extractable Extractable  Bulk 

P K Ca Mg density

mS/cm (%) (%) (%) (%) mgN kg
-1
mgN kg

-1
 g cm

-3 % % %

Boiler-ash 8.36 0.67 0.49 0.55 1.22 0.50 52.47 231.5 0.52 80.12 10.43 69.70

Biogas-sludge 6.12 1.09 0.28 0.23 0.90 0.35 265.88 1,005.90 0.82 90.12 17.55 85.70

Materials

Characteristics

NH4
+

NO3
- Porosity Macropore Micropore
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Decomposition study 

 

 Boiler-ash and biogas-sludge were pre-treated using 2x3 factorial under 

completely randomized design (CRD). The first factor was the type of materials 

(boiler-ash or biogas-sludge) and the second factor was the pre-treatment 

method (undisturbed, composting, and composting with microbial addition). 

The treatments were set as follows: T1: undisturbed boiler-ash, T2: boiler-ash 

compost, T3: boiler-ash compost with microbial addition, T4: undisturbed 

biogas-sludge, T5: biogas-sludge compost, T6: biogas-sludge compost with 

microbial addition. Compost under treatments T2, T3, T5 and T6 were kept at 

60% moisture content and turned every 7 days. Microbial addition used in the 

study was LDD.1 (commercial product) provided by the Land Development 

Department, Thailand. The experiment was conducted in 20-liter plastic 

containers with 15 kg of materials. The experiment was run for 90 days in a 

greenhouse and the temperature was measured every 7 days. The samples were 

collected after 30, 60, and 90 days of composting for analysis of pH and EC. 

The materials were measured for total nitrogen, organic matter, and C:N ratio at 

the beginning and the end of experiment using the Kjeldahl method and the wet 

oxidation method (Keawmorakot, 2013). 

 

Plant growth experiment 

 

The effect of the growing media combination with the porous material 

on plant performance was evaluated under greenhouse conditions. The 

experiment was designed as 7×2 factorial under CRD with three replications. 

The first factor was the type of growing medias from the compost with 

peatmoss as a control. The second factor was the type of porous materials 

(perlite or rice hulk). The growing media were mixed with porous material in 

the ratio of 70:30 (v/v). Lettuce (Lactuca sativa), the royal variety, was planted 

in seedling trays with 1 seed per hole and watering every day with distilled 

water. The experiment was done for 14 days in a greenhouse under natural light 

conditions.  

 

Seed germination percentage and germination index 

The germination percentage of the seeds was counted after planting on 

the 4
th

 and 7
th

 days, then evaluated according to the ISTA (2013). 

Germination percentage = (seeds germinated/total seeds) x 100 

Germination index (GI) was recorded daily from the 4
th

 day (first count) 

to the 7
th

 day (last count) and calculated as described by the Association of 

Official Seed Analysis (AOSA, 1983) by the following equation: 
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Germination index =  
 o   of   r   at        

 a   of f r t  o  t
   

 o  of   r   at        

 a   of  a t  o  t 
 

 

Seedling growth  

The length of shoot, length of root, fresh weight, and dry weight (after 

oven- r     at 60 ˚C for 72 hr ) of           w r    a  r   aft r 14  a   of 

plantation using 5 seedlings per replication, 15 seedlings per treatment 

(Kangsopa and Siri, 2017). 

 

Statistical analysis 

 

Statistical analysis was performed using analysis of variance (ANOVA). 

The honestly significant difference (HSD) test was used to establish whether 

the differences in the treatments were significant at the 95% confidence level. 

 

Results 

 

Temperature of composts 

 

The change of temperature was occurred in composting piles during 

composting as shown in Figure 1. The initial temperature of the compost piles 

after piling ranged from 28–30 °C while the ambient temperature was 24 °C. 

The statistical difference in temperature was observed on day 7 to day 63. 

During that time, the temperature of the compost pile rose slowly. The highest 

temperature of 60 °C was recorded for biogas-sludge compost and the lowest 

temperature of 54 °C was recorded for undisturbed boiler-ash on day 42. 

However, as composting proceeded, the temperature of the compost piles began 

to drop after day 42 and was stable at 24 °C on day 91. 

 

pH of composts 

 

During the composting study, the clearly effect of materials on pH was 

observed. The pH of boiler-ash changed from alkaline (pH 8.28) in day 0 to 

neutral (pH 6.94) in day 90, while the pH of biogas-sludge changed from 

slightly alkaline (pH 7.72) in day 0 to medium acidic (pH 5.59) in day 90 

(Table 2). The pre-treatment processes affected pH only in the end of 

experiment. Undisturbed material for 90 days reduced the pH closely to neutral, 

while the addition of moisture and microorganisms reduced the pH to become 

acidic.  
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Table 2. Changes in the pH of boiler-ash and biogas-sludge during the time of study 

Factors 

pH 

Composting times 

0 days 15 days 30 days 45 days 60 days 75 days 90 days 

Type of material 
Boiler-ash 8.28 7.52 B 6.90 A 6.93 A 7.11 A 6.90 A 6.94 A 

Biogas-sludge  7.72 8.02 A 6.07 B 5.88 B 6.21 B 5.90 B 5.59 B 

Type of Undisturbed 8.20 7.93 6.59 6.60 6.82 6.49 6.76 A 

management Compost 8.05 7.81 6.48 6.32 6.33 6.37 6.27 AB 

  Compost with microbial addition 7.75 7.56 6.38 6.30 6.54 6.33 5.76 B 

T1: Undisturbed boiler-ash 8.70 7.91 7.05 6.88 AB 7.29 6.87 7.20 

T2: Boiler-ash compost 7.65 7.64 6.81 6.89 AB 6.99 6.74 7.11 

T3: Boiler-ash compost with microbial addition 8.49 7.02 6.83 7.03 A 7.07 7.08 6.50 

T4: Undisturbed biogas-sludge 7.71 7.96 6.13 6.31 BC 6.34 6.11 6.31 

T5: Biogas-sludge compost 7.86 7.99 5.96 5.71 CD 6.28 5.92 5.43 

T6: Biogas-sludge compost with microbial addition 7.62 8.12 6.12 5.61 D 6.03 5.66 5.02 

Type of material ns * ** ** ** ** ** 

Type of management ns ns ns ns ns ns * 

Type of material × Type of management ns ns ns * ns ns ns 

% CV 8.26 4.47 4.33 3.65 5.46 4.42 9.61 
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Table 3. Changes in EC of boiler-ash and biogas-sludge during the time of study 

Factors 

EC (mS/cm) 

Composting times 

0 days 15 days 30 days 45 days 60 days 75 days 90 days 

Type of material 
Boiler-ash 0.51 B 0.50 B 0.69 B 0.64 B 0.64 B 0.66 B 0.66 B 

Biogas-sludge  1.46 A 1.55 A 2.20 A 2.44 A 2.17 A 2.73 A 2.79 A 

Type of Undisturbed 1.10 1.27 A 1.33 B 1.32 1.23 B 1.36 B 1.24 B 

management Compost 0.97 0.89 B 1.67 A 1.76 1.74 A 1.88 A 1.99 A 

  Compost with microbial addition 0.89 0.93 B 1.33 B 1.55 1.24 B 1.85 A 1.94 A 

T1: Undisturbed boiler-ash 0.62 0.64 0.73 C 0.71 A 0.67 C 0.71 C 0.68 C 

T2: Boiler-ash compost 0.46 0.42 0.67 C 0.52 C 0.64 C 0.65 C 0.65 C 

T3: Boiler-ash compost with microbial addition 0.47 0.45 0.66 C 0.70 C 0.61 C 0.61 C 0.66 C 

T4: Undisturbed biogas-sludge 1.58 1.89 1.94 B 1.92 B 1.78 B 2.02 B 1.80 B 

T5: Biogas-sludge compost 1.49 1.35 2.67 A 3.00 A 2.84 A 3.04 A 3.32 A 

T6: Biogas-sludge compost with microbial addition 1.33 1.41 2.00 B 2.40 AB 1.88 B 3.14 A 3.23 A 

Type of material ** * ** ** ** ** ** 

Type of management ns ** * ns * ** ** 

Type of material × Type of management ns ns ** * * ** ** 

% CV 14.18 14.79 12.94 23.13 21.61 9.74 12.13 
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Electrical conductivity (EC) of composts 

 

When examining the EC of materials, the results showed that both 

materials and pre-treatment methods affected EC of the compost (Table 3). 

Biogas-sludge had a higher EC than boiler-ash along the time of study. 

Composting with or without microbial addition had a higher EC than 

undisturbed materials. After 90 days of the experiment, the lowest EC was 

found under boiler-ash compost with 0.65 mS/cm, although it was not 

statistically different from the same material with different management 

approaches. The highest EC was found under biogas-sludge compost with 3.32 

mS/cm although it was not statistically different from biogas-sludge compost 

with microbial addition.  

 

Organic matter, total nitrogen, C:N ratio of composts 

 

When examining the organic matter, total nitrogen, and C:N ratio of 

composts, the results showed that the type of materials had a significant effect 

on these parameters but not for the pre-treatment method (Table 4). Biogas-

sludge had higher organic nitrogen and total nitrogen but a lower C:N ratio. 

Interaction between materials and management showed a statistical difference 

(P<0.05) in organic matter and C:N ratio. The biogas-sludge had higher organic 

matter with 39.54-43.80 % but boiler-ash had a higher C:N ratio with 13.88-

17.05.  

 

Germination percentage and germination index 

 

When examining the growth of lettuce under greenhouse conditions, the 

results showed that the type of growing media, type of porous materials, and 

interaction between media and porous material had significantly affected the 

germination percentage and germination index at P<0.05 (Table 5). The highest 

germination percentage was found under undisturbed boiler-ash with 95.20% 

although this was not statistically different from boiler-ash compost (92.6%). 

However, the lowest germination was found under undisturbed biogas-sludge 

with 71.20%. The germination index showed the same trend as the germination 

percentage with the highest value found under boiler-ash compost (23.46) and 

the lowest under undisturbed biogas-sludge (17.02). Perlite is a more suitable 

porous material than rice husk and gave a better germination percentage (83.94 

%) and germination index (21.13). 
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Table 4. Organic matter, total nitrogen, C:N ratio of boiler-ash and biogas-

sludge on 0 and 90 days of the experiment 

Factors 

 

Organic 

matter  

Total 

nitrogen 
C:N ratio 

(%) (%)  

Composting times 

0 

days 

90 

days 

0 

days 

90 

days 
0 days 

90 

days 

Type of material 
Boiler-ash 

10.53 

B 
10.55 B 

0.48 

B 

0.39 

B 
12.82 A 

15.87 

A 

Biogas-sludge  
41.50 

A 
41.31 

A 
3.95 

A 
3.92 

A 
6.11 B 6.13 B 

Type of Undisturbed 26.41 26.35 2.16 2.14 8.53 10.22 

management Compost 25.61 26.28 2.27 2.17 10.29 11.51 

  Compost with microbial addition 26.02 25.15 2.22 2.15 9.60 11.27 

T1: Undisturbed boiler-ash 9.27 8.90 C 
0.52 

B 
0.38 10.39 B 

13.88 
A 

T2: Boiler-ash compost 11.78 11.98 C 
0.45 

B 
0.41 14.97 A 

17.05 

A 

T3: Boiler-ash compost with microbial addition 10.52 10.75 C 
0.46 

B 
0.38 

13.11 

AB 

16.70 

A 

T4: Undisturbed biogas-sludge 43.55 
43.80 

A 
3.80 

A 
3.90 6.68 C 6.56 B 

T5: Biogas-sludge compost 39.43 
40.59 

AB 

4.08 

A 
3.94 5.60 C 5.98 B 

T6: Biogas-sludge compost with microbial addition 41.51 39.54 B 
3.97 

A 
3.93 6.07 C 5.85 B 

Type of material ** ** ** ** ** ** 

Type of management ns ns ns ns ns ns 

Type of material × Type of management ns ** * ns ** * 

% CV 11.52 4.67 4.58 7.32 12.73 11.38 

 

Table 5. Germination percentage and germination index of lettuce seedlings 

during the experiment under greenhouse conditions 

Factors Germination Germination index 

(%) 

 
Type of growing  

T11/ 86.10 B 22.19 C 

T2 95.20 A 23.46 A 

media T3 92.60 A 23.05 AB 

  T4 88.60 B 22.64 BC 

  T5 71.20 C 17.02 E 

  T6 71.80 C 18.03 D 

  T7 71.80 C 18.26 D 

Type of porous perlite 83.94 A 21.13 A 

material  rice husk 81.00 B 20.19 B 

growing media  ** ** 

porous material  ** ** 

growing media × porous material ** ** 

% CV 2.61 2.48 
1/ T1 = Peatmoss (control), T2: Undisturbed boiler-ash, T3: Boiler-ash compost, T4: Boiler-ash compost 

with microbial addition, T5: Undisturbed biogas-sludge, T6: Biogas-sludge compost, T7: Biogas-sludge 

compost with microbial addition. 
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Seedling growth  

 

When examining shoot and root lengths of lettuce seedlings under 

greenhouse conditions, the results showed that the type of growing media 

significantly affected shoot length, root length, shoot fresh weight, and shoot 

dry weight (P<0.05). The highest shoot length, root length, shoot fresh weight, 

and shoot dry weight were found under boiler-ash compost with 39.10 mm, 

28.67 mm, 0.2000 g/plant, and 0.0397 g/plant, respectively. However, this was 

not statistically different from undisturbed boiler-ash (Table 6). Perlite was a 

good growing porous material compared to rice husk, and provided higher 

shoot length, and shoot fresh and dry weight with a statistically significant 

difference (P<0.05) but no effect on root length was found. Interactions 

between the type of growing media significantly affected shoot length, root 

length, and shoot fresh and dry weight (P<0.05) (Table 6). 

 

Table 6. The length of shoot, length of root, fresh weight and dry weight of 

lettuce seedlings after the experiment under greenhouse conditions 

Factors Shoot length Root length 

Shoot fresh 

weight 

Shoot dry 

weight 

(mm) (mm) (g/plant) (g/plant) 

Type of growing  T11/ 36.67 ABC 19.58 BC 0.1326 B 0.0278 B 

T2 38.46 AB 25.70 AB 0.2219 A 0.0368 A 

media T3 39.10 A 28.67 A 0.2000 A 0.0397 A 

  
T4 32.25 BCD 18.80 B 

0.1549 B 0.0273 B 

  
T5 22.90 E 17.10 B 

0.0709 C 0.0116 C 

  T6 28.29 DE 17.67 B 0.0655 C 0.0082 C 

  T7 30.47 CD 17.17 B 0.0646 C 0.0139 C 

Type of porous perlite 34.91 A 22.00  0.1386 A 0.0290 A 

material  
rice husk 30.27 B 20.20  

0.1215 B 0.0182 B 

growing media  
** ** ** ** 

porous material  
** ns ** ** 

growing media × porous material 
** * ** ** 

% CV 
14.26 31.77 12.65 20.22 

1/ T1 = Peatmoss (control), T2: Undisturbed boiler-ash, T3: Boiler-ash compost, T4: Boiler-ash compost 

with microbial addition, T5: Undisturbed biogas-sludge, T6: Biogas-sludge compost, T7: Biogas-sludge 

compost with microbial addition. 
 



 

1376 

 

 

 

 

 

 

 
 

Figure 1. Changes in the temperature of boiler-ash and biogas-sludge with 

various pre-treatment methods  
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Discussion 

 

The increased temperature resulted from microbial activity (Chinakwe 

et al., 2019). The temperature changes in the compost piles indicated that the 

organic materials passed through different phases which are mesophilic, 

thermophilic, cooling, and maturation (Chinakwe et al., 2019). The increase of 

temperature helps in pathogen and toxic compound degradation. Under the 

undisturbed treatments, although water and microbes were not added to the 

pile, the temperature continued to rise, possibly because of moisture that 

remained in the materials. The decrease of pH might be caused by the perfect 

process of enzymatic oxidation and mineralization of basic cations (Khan et al., 

2009), and the formation of carbon dioxide gas and organic acid during organic 

matter decomposition (Zakarya et al., 2019), as well as volatilization of 

ammoniacal nitrogen and hydrogen ions (H
+
) through the nitrification activities 

of nitrifying bacteria (Roca-Pérez et al., 2009). The pre-treatment of boiler-ash 

before use decreased its pH making it more appropriate as growing media. 

However, in the case of biogas-sludge, the composting of material before use 

made the pH more acidic, which might reduce plant germination and growth. 

Th  EC va    r fl  t   th     r   of  a    t     th   o po t     at r a , 

indicating its possible phytotoxic effects on the growth of plants (Singh et al., 

2012). Moreover, the EC of material is related to nutrients released. The 

increase of EC during the time of fermentation is caused by the release of 

minerals such as ammonium (Singh et al., 2012) and phosphate, which did not 

bind to the stable organic complex or which went out of the system via leachate 

(Francou et al., 2005). The higher nitrogen and lower carbon level caused a 

decrease in the C:N ratio of compost treatments (Gayasinghe et al., 2010). 

Carbon is mainly used as an energy source for building microbial cells, while 

nitrogen is required for microbial development and reproduction because of its 

role in protein synthesis (Zhou, 2016). Digestate derived from sewage sludge 

demonstrated not only a high rate of nitrification but also mineralization of 

organic matter (Tambone and Adani, 2017). However, nitrogen can be lost 

from the system due to ammonia volatilization (Sommer, 2001). 

The lower germination percentage and germination index of plantlets 

growing in biogas-sludge that had higher nutrients might have been the result 

of nitrogen in the material. Nesse et al. (2018) reported that ammonium 

concentrations above 0.1 g/100 g DM and total N content above 3% in growth 

media are phytotoxic. Seed germination can be affected by inorganic and 

organic chemicals present in the material. Moreover, salinity often inhibits 

seeds by influencing the water uptake crucial for germination (Marchiol, 2002). 

The good germination index indicated earlier germination because the media 



 

1378 

 

 

 

provided good moisture and aeration as well as sufficient porosity which 

permits gaseous exchange between the media and the seeds (Gawankar, 2019). 

Rice husk had a high C:N ratio that might have affected seedling quality. 

However, the two materials both gave germination percentages greater than 

80% which means they can be used as porous materials. Perlite is a better 

porous material than rice husk, but rice husk is a low-cost by-product material. 

Ideal growing media are expected to continuously supply plant roots with 

nutrients throughout the period of seedling development (Adediran, 2005). The 

recommended conditions for lettuce growth are 5.6-6.0 in pH (Brechner et al., 

2013), 1.8 mS/cm in EC (Samarakoon et al., 2019) and 19-24 ˚C in temperature 

(Samarakoon et al., 2020).  

 

Acknowledgements 

 
We would like to thank Research and Researchers for Industries (RRI) master degree 

program (grant number: MSD62I0093) for the financial support for this research. 

Acknowledgement is extended to the Thailand Research Fund (TRF) and Department of Plant 

Production Technology, Faculty of Agricultural Technology, King Mongkut's Institute of 

Technology Ladkrabang.  

 

References 

 
AOSA. (1983). Seed vigor testing handbook. Contribution no. 32. Assoc Officers. Seed 

Analyst. 

Adediran, J. A. (2005). Growth of tomato and lettuce seedlings in soilless media. Journal of 

Vegetable Science, 11:5-15. 

Brechner, M., Both, A. J. and Staff, C. E. A. (2013). Hydroponic lettuce handbook. Cornell 

Controlled Environment Agriculture, Ithaca, NY. 

Charoensri, K., Wisawapipat, W., Darunsontaya, T. and Prakongkep, N. (2017). Effects of oil 

palm–derived biochar on plant nutrient availability and phosphorus solubility in an acid 

sulfate paddy soil. Agricultural Sciences, 48:270-28. 

Chinakwe, E. C., Ibekwe, V. I., Ofoh, M. C., Nwogwugwu, N. U., Adeleye, S. A., Chinakwe, 

P. O., Nwachukwu, I. N. and Ihejirika, C. E. (2019). Effect of temperature changes on 

the bacterial and fungal succession patterns during composting of some organic wastes 

in greenhouse. Journal of Advances in Microbiology, 15:1-10. 

Francou, C., Poitrenaud, M. and Houot, S. (2005). Stabilization of organic matter during 

composting: Influence of process and feedstocks. Journal Compost Science and 

Utilization, 13:72-83. 

Gawankar, M. S., Haldankar, P. M., Haldavanekar, P. C., Salvi, B. R. and Jamadagni, B. M. 

(2019). Studies on seed germination and seedling growth in Jackfruit (Artocarpus 

heterophyllus Lam.) as influenced by media. International Journal of Chemical Studies, 

7:1699-1705. 



International Journal of Agricultural Technology 2022Vol. 18(3):1367-1380 

 

1379 

 

 

 

Gayasinghe, G. Y., Arachchi, I. D L. and Tokashiki, Y. (2010). Evaluation of containerized 

substrates developed from cattle manure compost and synthetic aggregates for 

ornamental plant production as a peat alternative. Resources Conservation and 

Recycling, 54:1412-1418. 

Gomah, H. H., Ahmed, M. M., Abdalla, R. M., Farghy, A. Kh. and Eissa, M. A. (2020). 

Utilization of some organic wastes as growing media for lettuce (Lactuca sativa L.) 

plants. Journal of Plant Nutrition, 43:2092-2105. 

ISTA (2013). International rules for seed testing, Edition 2003, International Seed Testing 

Association, Bassersdorf, Switzerland. 

Kangsopa, J. and Siri, B. (2017). Seed germination and seedling growth of lettuce after seed 

pelleting with zinc. Khon Kaen Agriculture Journal, 45:553-560.  

Khan, M. A. I., Ueno, K., Horimoto, S., Komai, F., Tanaka, K. and Ono, Y. (2009). 

Physicochemical, including spectroscopic and biological analyses during composting of 

green tea waste and rice bran. Biology and Fertility of Soils, 45:305-313. 

Keawmorakot, T. Onthong, J. and Pengnoo, A. (2013). Nutrient compositions and release of 

shallot waste, goat dung and bone meal. Journal of Yala Rajabhat University, 8:131-145. 

Marchiol, L., Mondini, C., Leita, L. and Zerbi, G. (2002). Effects of municipal waste leachate 

on seed germination in soil-compost mixtures. Restoration Ecology, 7:155-161. 

Nesse, A.S., Sogn, T., Børresen, T. and Foereid, B. (2018). Peat replacement in horticultural 

growth media: The adequacy of coir, paper sludge and biogas digestate as growth 

medium constituents for tomato (Solanum lycopersicum L.) and lettuce (Lactuca sativa 

L.). Acta Agriculturae Scandinavica, Section B — Soil and Plant Science, 69:287-294. 

Roca-Pérez, L., Martínez, C., Marcilla, P. and Boluda, R. (2009) Composting rice straw 

withsewage sludge and compost effects on the soil–plant system. Chemosphere, 75:781-

787.  

Samarakoon, U.C., Fyffe, C., Bale, J., Ling, P., Basnagala, S., Donley, N. and Altland, J. 

(2019). Effect of electrical conductivity on the productivity and nutrient uptake of 

Lactuca sativa L. grown using nutrient film technique (NFT). Acta Horticulturae, 

1266:137-144. 

Samarakoon, U. C., Palmer, J., Ling, P. and Altland, J. (2020). Effects of electrical 

conductivity, pH, and foliar application of calcium chloride on yield and tipburn of 

Lactuca sativa grown using the nutrient–film technique. HortScience, 55:1265-1271.  

Sapkota, S., Sapkota, S. and Liu, Z. (2019). Effects of nutrient composition and lettuce cultivar 

on crop production in hydroponic culture. Horticulturae, 5:3-8. 

Singh, W. R., Das, A. and Kalamdhad, A. (2012). Composting of water hyacinth using a pilot 

scale rotary drum composter. Environmental Engineering Research, 17:69-75. 

Sommer, S. G. (2001). Effect of composting on nutrient loss and nitrogen availability of cattle 

deep litter. European Journal of Agronomy, 14:123-133. 

Tambone, F. and Adani, F. (2017). Nitrogen mineralization from digestate in comparison to 

sewage sludge, compost and urea in a laboratory incubated soil experiment. Journal of 

Plant Nutrition and Soil Science, 180:355-365. 



 

1380 

 

 

 

Zakarya, I. A., Khalib, S. N. B. and Ramzi, N. M. (2019). Effect of pH, temperature and 

moisture content during composting of rice straw burning at different temperature with 

food waste and effective microorganisms. E3S Web of Conferences, 34.  

Zhou, G. X., Zhang, J. B., Chen, L., Zhang C. Z. and Yu, Z. H. (2016). Temperature and straw 

quality regulate the microbial phospholipid fatty acid composition associated with straw 

decomposition. Pedosphere, 26:386-398. 

 

 

 

(Received: 15 August 2021, accepted: 10 April 2022) 

 

 


