



Short Research Article
Evaluating Biochar as a Substitute to Ash in Seed Coffee Production: Impact on Germination, Seedling Growth and Soil Properties 
ABSTRACT
Coffee is propagated primarily through seeds and wood ash is an important agent used in seed coffee preparation. In recent years, the non-availability of wood ash due to gradual urbanization of rural areas compelling to look for an alternative to the wood ash. In the current investigation, biochar obtained from coffee cherry husk (a waste biomass obtained when de-husking of coffee occurs at the coffee curing factories) was tested for its potentiality as a substitute for wood ash in seed coffee preparation and its impact on germination, seedling growth and soil properties. The experiment consisted of six treatments [T1-wood-ash-treated seed coffee (control); T2-2% biochar treated seed coffee; T3-4% biochar treated seed coffee; T4-6% biochar treated seed coffee; T5- 8% biochar treated seed coffee; T6-10% biochar treated seed coffee]. The treatments were imposed in a completely randomized block design (RCBD) with two hundred seed coffees from each treatment in four replications each replication with fifty seed coffees. The growth of seedlings was assessed in-terms of shoot length, root length, fresh shoot weight, fresh root weight, dry shoot weight and dry root weight in four and six months old seedlings following standard protocols. The results showed that percent seed germination was more than 90 in all the treatments. Further, growth of coffee seedlings derived from biochar treated coffee seeds was on par (CD-0.05) to the growth of coffee seedlings obtained from wood ash treated coffee seeds for most of the growth parameters studied. These findings suggest biochar can be a potential alternative to ash during the seed coffee preparation. 
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1. INTRODUCTION

Coffee belongs to the genus Coffea and over eighty coffee species are reported to be present across the globe. Nonetheless, only two coffee species viz., Coffea arabica (arabica coffee) and Coffea canephora (robusta coffee) are grown on commercial scale all over the world. Arabica coffee is self-pollinated species (autogamous) while robusta is cross pollinated species (allogamous). In general, coffee is propagated through seeds to a larger extent. However, robusta species being a cross-pollinated species and it is also propagated through vegetative methods viz., single node cuttings, terminal cuttings and mallet cuttings (Anonymous, 2023).
Coffee being the second most traded commodity in the global coffee market, it generates huge amount of solid waste biomasses. According to International Coffee Organization (ICO) estimate, the global coffee industry generates about 39 million tons of biological wastes annually (Anonymous, 2025). In India, about eight lakh tonnes of solid waste biomass are produced annually from coffee processing (Anonymous, 2024). Coffee processing generates numerous solid waste biomasses viz., pulp (fruit skin), parchment husk, cherry husk, coffee silver skin and spent coffee ground at various stages of coffee processing right from harvesting to consumption. Coffee pulp is utilized for the production of compost or vermi-compost. The other waste biomasses viz., parchment husk, cherry husk, coffee silver skin and spent coffee ground are transformed into fuel briquettes or fuel pellets and used in industrial boilers.

Over the last few years, biochar is attracting attention globally due to its potential to improve the soil fertility. Biochar is produced from the pyrolysis of various agri-waste biomasses under no oxygen condition and considered as soil ameliorant. Biochar is rich in carbon content and its application in soil is reported to influence the several physico-chemical properties of soil such as bulk density, cation exchange capacity, electrical conductivity, microbial community, nutrient status, pH, porosity and water holding capacity (Endriani et al., 2013; Sheng et al., 2018; Dai et al., 2020; Zeeshan et al., 2020). The physico-chemical alterations brought out by the biochar in the soil environment improves agricultural productivity. Biochar is also used to control various plant diseases (Li et al., 2009), plant parasitic nematode (Rahayu and Sari, 2017) and as a substitute in the potting medium to grow plants at nursery level (Tian et al., 2012; Vaughn et al., 2013; Zhang et al., 2014; Dispenza et al., 2016; Nieto et al., 2016). Production of biochar from agricultural solid waste biomasses is considered as green technology, as it sequesters carbon besides curtailing the emission of greenhouse gases (GHCs) into the atmosphere and thereby helps in mitigating the global warming.

Coffee is propagated primarily through seeds. The preparation of seed coffee involves pulping of ripe coffee cherries using a pulper machine to remove the fruit skin and the resulting coffee beans are mixed with the fine wood ash. The wood-ash-coated coffee seeds are dried under semi-shaded condition until the moisture attains to 15%. Then, the seeds are garbled to remove the defective seed coffees and treated with fungicide to ward-off fungal infestation during storage and transportation. 
In recent years, the non-availability of wood ash due to gradual urbanization of rural areas compelling to look for an alternative to the wood ash. Therefore, the present study aimed to assess the effect of biochar obtained from coffee cherry husk, as substitute to ash during seed coffee production and its effect on germination, seedling growth and soil properties. 

2. MATERIAL AND METHODS 

The initial physico-chemical characteristics of the soil were: pH-5.0; electrical conductivity-1.81dS m-1; organic carbon-2.3%; available nitrogen-373 kg ha-1; available phosphorous (as P2O5)-308 kg ha-1; available potassium (as K2O)-1,347 kg ha-1. 

The experiment was carried out in a poly house nursery established at the research farm in the central coffee research institute (CCRI) located at Chikkamagaluru district in Karnataka state (India) during 2023-2024 season. The coffee cherry husk was collected from a local coffee curing unit at Chikkamagaluru district in Karnataka State (India). The biochar from the coffee cherry husk was prepared using a medium-scale pyrolyzer unit. The coffee cherry husk was pyrolyzed at 5000C for two hours and then allowed to cool to ambient temperature. The biochar thus obtained was grounded to pass through 2 mm test sieve (M/s. Techno Instruments Company, Bangalore, India) and used for the experiment. 
In India, the preparation of seed coffee involves pulping of ripe coffee cherries using a pulper machine to remove the fruit skin. The resulting two coffee seeds (which are covered by thick pectinaceous mucilage) are mixed with the fine wood ash powder. In the current study, the seed coffee of robusta variety (Coffea canephora Pierre ex Froehner) was treated with different levels of biochar (2%, 4%, 6%, 8% and 10%) and dried under semi-shaded condition until the moisture attained to 15%. Then, the seeds were dressed with fungicide (at the rate of 1 gram of fungicide per kg seed coffee) to arrest the fungal infestation during storage and transportation. Two hundred seed coffees from each treatment were sown in the germination bed in four replications, each replication with fifty seed coffees. The treatments included in the current experiment were T1-ash treated seed coffee (control); T2-2% biochar treated seed coffee; T3-4% biochar treated seed coffee; T4-6% biochar treated seed coffee; T5-8% biochar treated seed coffee; T6-10% biochar treated seed coffee]. The treatments were imposed in a completely randomized block design (RCBD) method.
The seeds took about fifty days to germinate and the germinated seeds (button/topee stage) from each treatment were transplanted to polybag nursery containing potting mixture consisted of six portions of sieved jungle soil, two portions of well-rotted farm yard manure and one portion of fine river sand. The potting mixture was filled into the polybags (one liter capacity polybag of 22.5 x 15 cm size with 150-gauge thickness and eight to ten holes of 3 mm size at the bottom half of the polybag to facilitate drainage of excess water). The seedlings were maintained following the standard nursery management practices. 
The percent germination of seeds was recorded by count method. The seedling growth was determined in-terms of shoot length (SL), root length (RL), fresh shoot weight (FSW), fresh root weight (FRW), dry shoot weight (DSW) and dry root weight (DRW) in four and six months old seedlings following the methodologies described in Kalyanikumari et al (2017). Ten seedlings were sampled from each treatment at random for the assessment of seedling growth.

A representative soil samples were collected from all the six treatments after four and six months of seedlings growth in the polybag nursery. The air-dried soil samples were analysed for pH and percent organic carbon following the standard protocols (Jackson, 1973; Walkley & Black, 1934).
The data were subjected to analysis of variance (ANOVA) to test statistically significant differences between variables following the Agress software package (version 3.01 data entry module and version 7.01 ANOVA package for researchers). 
3. RESULTS AND DISCUSSION

The data on percent germination of robusta seed coffee indicated that the percent germination ranged from 92 to 95. There were no significant differences in percent germination between treatments indicating biochar up to 10% did not affected the germination of robusta seed coffee (Table 1). 

Coffee seeds are recalcitrant in nature and thus the moisture content in the seed coffee to be maintained between 15% and 20% for an improved germinability of seed coffee. Ali et al. (2021) reported that seed priming with potassium reported to improve germinability of seeds and further growth of seedlings, as potassium improves water uptake and increases the level of gibberellic acid. Similar to wood ash, the biochar obtained from coffee cherry husk reported to contain potassium in appreciable quantity (Domingues et al., 2017). Furthermore, biochar is known for its water retention potential due to its high specific surface area and can hold water up to five times more to its own weight (Gasior and Tic, 2017). The presence of potassium in the biochar obtained from coffee cherry husk and water retention capacity of biochar could have boosted for an improved germinability of robusta seed coffee, on par to the germination percentage of ash treated robusta seed coffee.  
Table 1. Influence of biochar treated seed coffee on percent germination  

Treatments      No of seeds sown
No of seeds germinated
     Percent germination      
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190           


95
       T2               200
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94
       T3                       200



184
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186



93           

           T5                       200



188 



94 

        T6                       200



190



95                    
The data on growth parameters recorded in four and six months old robusta seedlings were shown in table 2 and 3 respectively. There was a remarkable difference in the growth of robusta seedlings between four and six months old robusta seedlings. The data on growth parameters recorded in six months old robusta seedlings revealed that there were no statistically significant differences (CD-0.05) between ash treated seed coffee and biochar treated seed coffee in respect of fresh shoot weight (FSW), dry shoot weight (DSW), fresh root weight (FRW) and dry root weight (DRW). However, ash treated seedling registered statistically higher shoot length (30.84 ± 5.3 cm) followed by 6% biochar treated seed coffee (30.67 ± 1.97 cm) which were on par to each other (CD-0.05). In case of root length (RL), there was no statistically significant (CD-0.05) differences among the treatments, excepting T3 treatment (4% biochar treated seed coffee) which recorded the lowest root length (11.74 ± 3.3 cm). Several authors have studied the effect of biochar on the germinability and subsequent growth of seedlings in different crops and reported that the appropriate application of biochar supported for an improved germination of seeds and subsequent seedling growth of Centaurea cyanus (Fedeli et al., 2024), Eruca vesicaria and Lepidium sativum plants (Ciner et al., 2024), cucumber plug seedlings (Ma et al., 2024) and Ocimum basilicum (Danish et al., 2024). 
Wood ashes are a source of various nutrients and reported to contain 6 kg nitrogen, 20 kg phosphorous, 98 kg potassium, 302 kg calcium, 39 kg magnesium and 18 kg sulphur per tonne of wood ash (Barbara et al., 2018). Similar to ash, biochars also contain nutrients such as phosphorous, potassium, calcium and magnesium (Jha et al., 2010). The nutrient concentration in biochar depends on the nature of the waste biomass and the pyrolysis temperature (Saletnik et al., 2016). Under acidic condition, the availability of soil nutrients to the plants is very limited. The presence of ash and biochar in seed coffees alters the pH of soil near to neutrality (around pH 6.5) which improves the availability of nutrients. The improved availability of nutrients could have contributed for the better growth of coffee seedlings. 
Table 2. Effect of biochar treated seed coffee on growth of robust seedlings (4 months old seedlings)
Treatments     SL (cm)
        RL (cm)
      FSW (gr)
DSW (gr)          FRW (gr)            DRW (gr)             

       T1               17.4 ± 2.3           18.91± 4.3ab     4.8 ± 1.0       1.52 ± 0.3        1.23 ± 0.5abc        0.42 ± 0.2 
       T2          17.5 ± 1.7           16.49 ± 1.7bc    5.18 ± 1.4     1.55 ± 0.4        1.39 ± 0.4 ab       0.43 ± 0.13
       T3          15.8 ± 2.2           14.64 ± 3.3c     5.21 ± 1.9      1.62 ± 0.5       1.64 ± 0.9a         0.45 ± 0.2
       T4          16.46 ± 1.9         21.39 ± 2.75a   5.36 ± 1.1   1.73 ± 0.4          0.87± 0.2c          0.41± 0.1          

           T5          16.07 ± 1.6         19.28 ± 5.9ab    5.68 ± 1.3    1.80 ± 0.5         1.01± 0.3bc         0.43 ± 0.1
       T6          15.11 ± 2.4          15.35 ± 4.1c          4.42 ± 1.3    1.49 ± 0.4       1.12 ± 0.4bc     0.40 ± 0.1          

   CD (0.05)     NS                        3.2                      NS                  NS                  0.46                   NS

Table 3. Effect of biochar treated seed coffee on growth of robust seedlings (6 months old seedlings)
Treatments      SL (cm)
        RL (cm)
    FSW (gr)     DSW (gr)          FRW (gr)        DRW (gr)  
           

      T1                30.84±5.3a           19.06±5.7a       12.14 ±2.8      3.27 ±0.62         2.56 ±0.72      0.73 ± 0.25
      T2          25.56 ±5.4bc         17.78±3.1a        10.01±3.7      2.68 ±0.96         2.35 ±0.7        0.65 ± 0.2
      T3          22.56 ±2.2c          11.74 ±3.3b       8.77 ±1.9       2.53 ±0.5          1.88 ±0.9         0.56 ± 0.2
      T4          30.67±1.97a         21.03±2.8a       11.28 ±1.2      3.02 ±0.4           2.03 ±0.3        0.67 ± 0.1         

      T5          28.99±1.6ab          22.58±5.9a       12.16 ±1.3     3.35 ±0.5           2.17 ±0.3         0.79 ± 0.1
      T6          25.59 ±2.4bc         18.55±4.1a       10.64 ±1.3     2.97 ±0.4           2.89 ±0.4         0.80 ± 0.1             

    CD (0.05)   4.38                    4.87                    NS                   NS                 NS                      NS

Analysis of soil samples collected after four and six months of robusta seedling growth under nursery condition showed (Table 4) that the soil sample from T6 treatment (10% biochar treated seed coffee) showed the highest pH values (6.3 and 5.0 in 4 and 6 months old seedlings respectively), as compared to T1 treatment (ash treated seed coffee). Similar trend was observed even in case of organic carbon content. The soil samples from biochar treated seed coffee registered higher organic carbon contents (2.2% to 3% and 2% to 2.6% in 4 and 6 months old seedlings respectively) when compared to ash treated seed coffee (1.8% and 1.7% in 4 and 6 months old seedlings correspondingly). The data on pH value and organic carbon content recorded in the present study matches to the results of Gopinandhan et al. (2022) who reported that presence of biochar in the soil makes the soil pH towards alkaline and also increases the soil carbon content. Regarding pH, the formation of carbonates and inorganic alkalis during the pyrolysis of waste biomass contributes to the alkalinity of the biochars (Inyang et al. 2010). Further, biochar is known for its high carbon content up to 94.2% (Agnieszka et al 2020) and the carbon content in biochar depends on the amount of cellulose, hemi-cellulose and lignin present in the waste biomass besides the pyrolysis temperature. Thus, the application of carbon laden biochar contributes to the increased soil carbon level and alteration of soil pH.
Table 4. Influence of biochar treated robusta seed coffee on the soil properties of nursery potting mixture 

Treatments  

4 month old seedling                         6 month old seedling ​​​​​​​​​​       _______________________________________________________________________
                       pH 
    Organic carbon ((%)          
 pH            Organic carbon (%)         

T1
        4.9 ± 0.3             1.8 ± 0.2                         
4.6 ± 0.1       

1.7 ± 0.1                                     

T2                4.9 ± 0.2             2.2 ± 0.2           
            4.8 ± 0.1                  
2.4 ± 0.1           

T3                5.1 ± 0.2             2.8 ± 0.2          
             
4.8 ± 0.1                  
2.0 ± 0.3          

T4                5.1 ± 0.2             2.9 ± 0.1                           
4.9 ± 0.2         

2.6 ± 0.1
T5                6.1 ± 0.3             3.0 ± 0.1                           
4.9 ± 0.3         

2.6 ± 0.1
T6                6.3 ± 0.2             2.9 ± 0.2                           
5.0 ± 0.1         

2.3 ± 0.1
4. CONCLUSION

The results of the current study clearly showed that the growth coffee seedlings obtained from biochar treated seed coffee was on par to the growth of coffee seedlings derived from ash treated seed coffee. These findings suggest biochar can be a potential alternative to ash in seed coffee preparation. Production of biochar from solid waste biomasses resulting from coffee processing and its utilization in seed coffee production will be an attractive option in the context of sustainability and circular economy.  
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