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Abstract

This study investigated the potential of using biochar as a container substrate component to 

replace peat moss to produce horticultural crops. Biochar was incorporated into commercially 

available peat moss-based substrate (PM) at 0%, 20%, 40%, 60%, 80% and 100% (vol.) to grow 

chrysanthemum (Dendranthema grandiflorum), tomato (Solanum lycopersicum), lettuce (Lactuca 

sativa) and basil (Ocimum basilicum) in containers. Responses of plant growth to the percentage 

of biochar in substrate mixes was different for the crops. Chrysanthemum grown in PM mixes 

with 60%, 80% and 100% biochar had significantly higher shoot fresh weight (FW) than in PM 

alone (0% biochar), while tomato plants in PM mixes with 80% and 100% biochar had lower 

shoot FW, dry weight (DW), and root rating values. For lettuce, only plants grown in 100% 

biochar of the second crop (sowed after 52 days of the first crop) had lower FW than those grown 

in PM mixes without biochar. For basil, the lower root rating was observed in plants grown in PM 

mixes with 80% biochar, while the highest was observed in plants grown in PM mixes with 20% 

biochar. Basil grown in PM mixes with 20% biochar had higher dry and fresh weights than those 

in PM mixes with no biochar. No negative effect on plant growth was observed in mixes with 

biochar as high as 60%, which was probably due to the similarity between physical properties of 

biochar and PM tested in this experiment. 

Additional key words: basil, biomass, chrysanthemum, fast pyrolysis, lettuce, tomato

Introduction

Biochar is the charred organic matter after pyrolysis (heating materials in the absence of oxygen) of 

biomass or manure (Altland and Locke, 2012). The biomass is heated to between 300°C and 1,000°C 

(Verheijen et al., 2010). Heating time did not have significant effect on properties of biochar, but the  
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physicochemical properties and stability of biochar were greatly affected by pyrolysis temperature (Zhang et al., 2015). 

The selected feedstock for biochar production could be made from any biomass materials in large quantity, including but 

not limited to, wood and wood materials, bark, grasses, and agricultural and industrial by-products with biomass. The 

surface area, micropore surface areas, bulk density, and electrical conductivity values varied greatly in different types of 

biochar (Vaughn et al., 2013), which may be due to the differences in heating time, temperature, and pressure. Compared 

to peat moss, biochar could be made from by-products and renewable materials that are fast enough to regenerate. There 

are some beneficial effects by using biochar. Returning biochar to soil systems is a promising solution to reduce 

atmospheric carbon (Glaser et al., 2002). Incorporating biochar into soil media has been studied to improve crop growth 

in highly weathered or sandy soils (Lehmann et al., 2003; Novak et al., 2009), increase soil pH (Novak et al., 2009), 

produce more desirable bulk density for the finished material (Vaughn et al., 2013), increase mycorrhizal associations 

(Warnock et al., 2007), and improve nutrient retention (Clough and Condron, 2010). 

Many studies have examined both positive and negative results of the addition of biochar from a wide variety of 

feedstocks to mineral soil system. However, there are only a few studies on the utilization of biochar in soilless substrates 

in greenhouse and nursery production. Biochar has been found to improve plant growth and biochar-induced systemic 

resistance to disease (Elad et al., 2010; Graber et al., 2010). With the capacity to hold nitrate and slow nutrient release, 

biochar additions up to 10% (vol.) in peat moss and perlite (85:15) substrate decreased leaching of nitrate and phosphate 

(P), which also reduced the P and potassium (K) application (Altland and Locke, 2012). Kadota and Niimi (2004) found 

that 10% or 30% additions of biochar to a 2:1:1:1:1 peat moss: soil: vermiculite: perlite: sand (v/v) substrate had little to 

no effect on growth parameters of several bedding plant species. Dumroese et al. (2011) investigated the physical and 

chemical properties of biochar pellets (biochar: wood flour: polyactic acid: starch = 43:43:7:7, by weight) and the possible 

combination with sphagnum peat moss for production of forest seedlings. They reported that 25% biochar pellets 

increased substrate pH and improved hydraulic conductivity and water retention at lower matric potentials (Dumroese et 

al., 2011). Addition of conifer wood biochar has been reported to significantly affect chemical and physical characteristics 

of peat based substrate, resulting in increased pH, decreased EC, increased bulk density and total pore space (Fascella et 

al., 2015). They also reported that Euphorbia × lomi had higher dry weight and higher number of marketable potted plants 

with increasing biochar content in peat based substrate (Fascella et al., 2015). In a study by Vaughn et al. (2013), straw and 

wood biochar addition to peat significantly increased plant heights in potted tomatoes and marigolds, but had only little 

or no effect on dry weights. Biochar has the potential to develop “designer biochar” with desired attributes to achieve the 

standard range of potting substrates, such as 50%-85% total porosity values, 45%-65% container capacity values (the 

maximum amount of water the soil media can hold in that container), 10%-30% air space values, and 0.19-0.70 g·cm-3 

bulk density (Yeager et al., 2007). 

Peat moss is the major component of container substrate for greenhouse production over the last 30 years (Wright et al., 

2008), which has desirable physical characteristics of slow degradation rate, high water holding capacity, low bulk 

density, and high nutrient exchange capacity (Nelson, 2011). The majority of peat is harvested in bogs in Canada and 

shipped to the US, and high fuel cost has increased shipping and handling cost of peat (Robertson, 1993). Peat bogs are 

important carbon stocks, which provide environmental services such as regulation of local water quality and flood 

protection (Alexander et al., 2008). Public concern around the world from ecological consequences of wetland destruction 

during peat harvest have increased (Jayasiinghe et al., 2010). There are also growing restrictions on peat extraction and 
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increasing legislation forcing reconstitution of peatland (Rivière and Caron, 2001). Therefore, there is a need to search for 

peat substitutes, as there is no material known to be suitable to substitute for peat entirely (Michel, 2010). Renewable 

alternatives to peat include various composts (Jayasinghe et al., 2010), coir [coconut (Cocos nucifera L.) husk fiber] 

(Noguera et al., 2003), kenaf (Hibiscus cannabinum L.) stems (Webber et al., 1999), poultry feathers (Evans, 2004), and 

rich (Oryza sativa L.) hulls (Evans and Gachukia, 2007).

The objective of this research was to investigate the suitability of biochar to substantially (>50% by volume) replace 

peat-based substrate for container production of four horticultural crops. 

Materials and Methods

Physical Property of Substrate Components 

Biochar was obtained from fast pyrolysis described in Gu et al. (2013). Commercially available substrate (Sunshine #1 

Mix, Sun Gro Horticulture Distribution, Inc., Bellevue, WA; peat moss, Lambert Peat Moss Inc., RiviereOuelle, QC, 

Canada) was used in this experiment, and it is a peat (Canadian Sphagnum peat moss)-based substrate amended with 

coarse perlite, starter nutrient charge (with gypsum), and dolomitic limestone. Potting mixes were blended by 

incorporating biochar at 0%, 20%, 40%, 60%, 80% and 100% (vol.) in Sunshine #1 Mix (PM). Physical properties of the 

potting mixes, including total porosity (TP), container capacity (CC), air space (AS), and bulk density (BD) were 

determined on April 25, 2010 on three replicate samples, using the North Carolina State University Porometer Method 

(Fonteno et al., 1995).

Plant Materials

Four plant species were used in this experiment, basil (Ocimum basilicum ‘Genovese’), chrysanthemum (Chrysanthemum 

nankingense), tomato (Solanum lycopersicum ‘Legend’) and lettuce (Lactuca sativa ‘Black Simpson’). Basil seeds were 

sown in standard 7*14 square plug trays (tray size 28.0 cm x 54.0 cm, cell depth 5.1 cm, cell top 3.4 cm, cell volume 35 cm3; 

Hummert International, St. Joseph, MO) on August 19, 2010 and transplanted into 15-cm azalea pot (volume 1,000 cm3; 

Hummert International, St. Joseph, MO) on September 16, 2010. Lettuce and tomato seeds were sown into 7*14 plugs 

trays on September 20, 2010, and transplanted into 15-cm azalea pots on October 13, 2010. A second crop of lettuce was 

sown on November 11, 2010 and transplanted into the same 15-azalea pots on December 2, 2010. Chrysanthemum 

cuttings were taken from stock plants and rooted in 7*14 plug trays on August 11, 2010, and transplanted into 15-cm 

azalea pots on September 20, 2010. Four grams of Osmocote 15-9-2 3-4 months (15N-3P-1K; Scotts Co., Marysville, 

OH) was applied to each pot on October 22, 2010. All plants were well watered with tap water as needed with 10% to 20% 

leaching fraction and on the day before harvesting. All plants were grown on metal benches in Dorman Hall glasshouse 

on the Mississippi State University campus. The average greenhouse air temperature was approximately 30/20°C (day/ 

night).

Measurement

Chrysanthemum. Growth index [GI = (Height+Width1+Width2)/3] of chrysanthemum was measured following 
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Warsaw et al. (2009) at 30 days after transplanting (DAP) (GI1), 44 DAP (GI2), 58 DAP (GI3), and 72 DAP (GI4) in each 

treatment. The number of flowers and the percentage of flowering were recorded before harvesting at 73 DAP. Fresh 

weight (FW) and dry weight (DW) of shoots were measured after harvesting at 74 DAP. Plant shoots were harvested by 

cutting at the substrate surface to measure fresh weight. All shoots were dried in an oven at 70°C for 3 d, before their DWs 

were measured. 

Tomato. For tomato, GI was measured at 5 DAP (GI1), 19 DAP (GI2), 33 DAP (GI3) and 44 DAP (GI4). The substrate 

pH and EC were measured by pour through method at 16 DAP, 30 DAP and 44 DAP (Wright, 1986). The leachate was 

collected and analyzed for EC and pH using EC and pH meter (Hanna Instruments, Woonsocket, RI). Shoot FW and DW 

were measured after harvesting at 44 DAP. 

Lettuce. For lettuce, GI were measure at 5 DAP (GI1), 19 DAP (GI2) and 33 DAP (GI3). The substrate pH and EC were 

measured by pour through method at 17 DAP and 30 DAP (Wright, 1986). Shoot FW of lettuce was measured after 

harvesting at 34 DAP. For the second lettuce crop, only shoot FW was recorded on January 2, 2011, a month after 

transplanting.

Basil. Basil was pruned to three nodes on September 30, 2010. Basil were harvested as needed by cutting to one node 

from October 20, 2010 to November 30, 2010. Shoot FW and DW in each treatment were measured, and the total yield 

was calculated at the end of the experiment by harvesting all aboveground growth. Root coverage of chrysanthemum, 

tomato and basil plants was visually assessed on a 1-10 scale (1-no root tissue visible; 10-little substrate visible) by pulling 

plants from the containers before plants were harvested for FW measurements. 

Experiment Design and Statistical Analysis

Each of the four species (chrysanthemum, tomato, lettuce, and basil) in this experiment was treated as a separate study. 

For each species, the study utilized a randomized complete block design with six blocks. There were six treatments in each 

block, based on the percentage of biochar mixed in Sunshine #1 Mix (0%, 20%, 40%, 60%, 80% and 100% biochar), and 

one plant per block was assigned to one of the six treatments. Treatment means were compared using analysis of variance 

(ANOVA). If means were significantly different, Student-Newman-Keuls multiple comparison test at p < 0.05 was used 

for separation. All statistical analyses were performed using SAS to determine treatment differences at the 0.05 level of 

significance.

Results

Physical Property of Biochar

Total porosity of biochar used in this experiment was 82.9% (vol.), and it was similar to peat moss (PM) (83.3% vol.), 

but higher than Sunshine # 1Mix (77.5% vol.) (Table 1). The container capacity of biochar was 48.6% (vol.), which was 

lower than Sunshine # 1Mix (57.8% vol.) and PM (64.4% vol.) (Table 1). Biochar had the highest air space (34.2% vol.) 

and bulk density (0.174 g·m-3) compared to the other two substrates tested (Table 1). The bulk density of biochar was 

about twice that of PM and peat moss-based substrate (Sunshine #1 Mix) (Table 1). 
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Table 1. Physical properties of biochar compared to commonly used substrate or substrate components

Total porosity (% vol.) Container capacity (% vol.) Air space (% vol.) Bulk density (g·cm-3)

Sunshine #1 Mix 77.5 bz 57.8 b 19.7 b 0.092 b

Peat moss 83.3 a 64.4 a 18.9 b 0.081 c

Biochar 82.9 a 48.6 c 34.2 a 0.174 a

zMeans within each substrate followed by the same letter are not significantly different, tested by student-newman-keuls (SNK) multiple 

comparison at p < 0.05.

Variation of Substrate pH and EC in Tomato and Lettuce

In tomato, the substrate pH increased with increasing biochar incorporation at 16 DAP, which was the highest for plants 

grown in 100% biochar (7.3) and lowest for plants grown in 80% PM/20% biochar and 100% PM (6.2) (Fig. 1A). At 30 

DAP, the substrate pH was also the highest for plants grown in 100% biochar (7.4), followed by 20% PM/80% biochar 

(7.2) and 40% PM/60% biochar (7.1), while it was the lowest for plants grown in 100% PM (6.7) (Fig. 1A). At 44 DAP, 

there was no significant difference of substrate pH among all treatments, ranging from 6.8-7.0 (Fig. 1A). At 16 DAP, the 

leachate EC decreased with decreasing biochar incorporation, and it was the highest for plants grown in 100% PM (2.3 dS·m-1) 

and lowest for plants grown in 100% biochar (0.4 dS·m-1) (Fig. 1B). At 30 DAP, the leachate EC was the highest for plants 

grown in 100% PM (1.6 dS·m-1), and there was no significant difference among the other biochar treatments, ranging 

from 0.2-0.6 dS·m-1 (Fig. 1B). At 44 DAP, the leachate EC was the highest for plants grown in 20% PM/80% biochar (0.3 

dS·m-1), and it was around 0.2 dS·m-1 for the other biochar treatments (Fig. 1B). 

A B

C D

Fig. 1. The variation of substrate pH (A) and leachate electrical conductivity (EC) (B) of tomato at 16, 30, and 44 days after 
transplanting (DAP), and the variation of average substrate pH (C) and leachate EC (D) of lettuce at 17 and 30 DAP in 
Sunshine #1Mix [peat-moss (PM) based] substrates amended with six levels of biochar percentage: 100% PM and 0% 
biochar, 80% PM and 20% biochar, 60% PM and 40% biochar, 40% PM and 60% biochar, 20% PM and 80% biochar, 
and 100% biochar.
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In lettuce, at 17 DAP, the substrate pH was higher for plants grown in 100% biochar (6.7), followed by 20% PM/80% 

biochar (6.6), 40% PM/60% biochar (6.5), and 80% PM/20% biochar (6.5), while it was lower for plants grown in 100% PM 

and 60% PM/40% biochar (6.3) (Fig. 2C). At 30 DAP, the substrate pH was higher for plants grown in 100% PM and 80% 

PM/20% biochar (7.0) and lower for plants grown in 60% PM/40 biochar (6.6) and 20% PM/80% biochar (6.5) (Fig. 1C). At 

17 DAP, the leachate EC was higher for plants grown in 100% PM and 60% PM/40% biochar (1.5 dS·m-1) and lower for plants 

grown in 100% biochar (0.8 dS·m-1) and 20% PM/80% biochar (1.0 dS·m-1) (Fig. 1D). At 30 DAP, the leachate EC was higher 

for plants grown in 60% PM/40% biochar (1.1 dS·m-1) and lower for plants grown in 100% PM (0.3 dS·m-1) (Fig. 1D). 

A

B

C

Fig. 2. Growth index (A), fresh weight (FW) (B), and root rating (C) of container-grown chrysanthemum in Sunshine #1Mix 
[peat-moss (PM) based] substrates amended with six levels of biochar percentage: 100% PM and 0% biochar, 80% PM 
and 20% biochar, 60% PM and 40% biochar, 40% PM and 60% biochar, 20% PM and 80% biochar, and 100% 
biochar. Growth index [GI= (Height + Width+ Width)/3] of chrysanthemum in PM was measured at 30 (GI1), 44 (GI2), 
58 (GI3) and 72 (GI4) days after transplanting. Fresh weight and root rating were measured at 74 days after transplanting. 
The letter on the top bar is the treatment differences of GI4, while the letter on the GI3-GI2 is the treatment differences 
of GI3. GI4 or GI3 indicated by the same letter are not significantly different, respectively, tested by student-newman- 
keuls (SNK) multiple comparison at p < 0.05.
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Growth of Chrysanthemum in Sunshine #1 Mix Amended with Biochar

There was a significant effect of the percentage of biochar on GI3, GI4, FW, and root coverage rating (Table 2). After 

58 d of growth, the average of GI3 was the highest for chrysanthemum plants grown in 40% PM/60% biochar, while 

lowest for plants grown in 100% PM (Fig. 2A). At 72 DAP, plants had the highest average of GI4 in 40% PM/60% biochar 

and 100% biochar, with the lowest in 100% PM (Fig. 2A). Shoot FW of chrysanthemum plants ranged from 16.7 to 31.6 

g, with the highest FW observed in plants grown in 40% PM/60% biochar and 20% PM/80% biochar and the lowest FW 

observed in plants grown in 100% PM (Fig. 2B). There was no significant difference between shoot DW among different 

mixes (data not shown). Root rating of chrysanthemum ranged from the lowest of 4.3 for 100% biochar to the highest of 

6 observed in 40% PM/60% biochar and 20% PM/80% biochar (Fig. 2C).

Table 2. Analysis of variance for plant growth in substrates Sunshine #1 Mix amended with six percentages of biochar (0, 
20%, 40%, 60%, 80% and 100%)

Source 
P-value

Root Rating GIz1 GI2 GI3 GI4 FW DW

Chrysanthemum

Percentages of biochar    0.0226 0.3426 0.1545 0.0353 0.0135    0.0141    0.0556

Tomato

Percentages of biochar < 0.0001 0.9776 0.0199 0.0017 0.0217 < 0.0001 < 0.0001

Lettucey

Percentages of biochar - 0.0960 0.7793 0.4290 -    0.7487    0.0637

Basil

Percentages of biochar    0.0109 - - - - < 0.0001    0.0003

zGI-growth index; FW-fresh weight; DW-dry weight. 
yThe value in ‘DW’ column for lettuce was not p-value of dry weight, but of fresh weight of the second crop.

Growth of Tomato in Sunshine #1 Mix Amended with Biochar

The effect of the percentage of biochar was significant in all variables except on GI1 (Table 2). Tomato plants grown in 

PM mixes with no more than 60% biochar had significantly higher GI2, measured at 19 DAP, than those in mixes with 

80% or 100% biochar (Fig. 3A). Tomato plants grown in PM mixes with 20%, 40%, 60% and 80% biochar had higher GI3 

and GI4 (measured 33 and 44 DAP, respectively) than those in biochar alone (100% biochar). 

The lowest shoot FW was observed in tomato plants grown in PM mixes with 80% and 100% biochar, and there was no 

significant difference among the other PM mixes (Fig. 3B). Tomato plants grown in four PM mixes with no more than 

60% biochar had the highest shoot DW among all treatments (Fig. 3C). Shoot DW of tomatoes grown in 100% biochar 

was the lowest. Shoot DW of tomatoes grown in PM mix with 80% or in 100% biochar had significantly lower shoot DW 

than those in PM alone (Fig. 3C). Root rating of tomato plants ranged from the lowest of 5 for 100% biochar to the highest 

of 7.8 for 40% PM/60% biochar (Fig. 3D). There was no significant difference among the PM mixes with 0%, 20%, 40%, 

and 60% biochar. Root rating of tomato plants grown in PM amended with 80% biochar was significantly lower than the 

other PM mixes (Fig. 3D). 
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A B

C D

Fig. 3. Growth Index (A), fresh weight (FW) (B), dry weight (DW) (C), and root rating (D) of tomato in Sunshine #1Mix 
[peat-moss (PM) based] substrates amended with six levels of biochar percentage: 100% PM and 0% biochar, 80% PM 
and 20% biochar, 60% PM and 40% biochar, 40% PM and 60% biochar, 20% PM and 80% biochar, and 100% 
biochar. Growth index [GI= (Height + Width+ Width)/3] of tomato in SB was measured at 5 (GI1), 19 (GI2), 33 (GI3) and 
44 (GI4) days after transplanting. Fresh and dry weights were measured at 44 days after transplanting. Root rating was 
measured at 45 days after transplanting. The letter on the top bar is the treatment differences of GI4. The letter on the 
GI3-GI2 is the treatment differences of GI3. The letter on the G2-G1 is the treatment differences of GI2. Means within 
each treatment followed by the same letter are not significantly different, tested by student-newman-keuls (SNK) 
multiple comparison at p = 0.05.

Growth of Lettuce in Sunshine #1 Mix Amended with Biochar

For lettuce, the effect of the percentage of biochar was not significant in GI1, GI2, GI3, and FW for the first crop, and 

the percentage of biochar had a significant effect on FW for the second crop (Table 2). For the second crop, the FW of 

lettuce grown in different percentages of biochar ranged from 37.2 to 60.1 g/lettuce, with the lettuce grown in 100% 

biochar having lower FW than the other PM mixes with biochar (Fig. 4).

Fig. 4. Fresh weight (FW) of second lettuce crops (sowed after 52 days of the first crop) grown in Sunshine #1Mix 
[peat-moss (PM) based] substrates amended with six levels of biochar percentage: 100% PM and 0% biochar, 80% PM 
and 20% biochar, 60% PM and 40% biochar, 40% PM and 60% biochar, 20% PM and 80% biochar, and 100% biochar 
at 31 days after transplanting. Bars represent standard error. Means within each treatment followed by the same letter 
are not significantly different, tested by student-newman-keuls (SNK) multiple comparison at p = 0.05.
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Growth of Basil in Sunshine #1 Mix Amended with Biochar

The effect of the percentage of biochar was significant in basil FW, DW, and root rating (Table 2). Basil grown in PM 

mixes with 20% biochar had higher FW (124.6 g) and DW (17.1 g) compared to other PM mixes, and there was no 

significant difference among the other PM mixes (Fig. 5A and B). Root rating of basil plants grown in PM mixes with 80% 

biochar was below 7, which was significantly lower than the other PM mixes, and there was no significant difference 

among the other PM mixes (Fig. 5C). 

A

B

C

Fig. 5. Fresh weight (FW) (A), dry weight (DW) (B), and root rating (C) of basil plants grown in Sunshine #1Mix [peat-moss 
(PM) based] substrates amended with six levels of biochar percentage: 100% PM and 0% biochar, 80% PM and 20% 
biochar, 60% PM and 40% biochar, 40% PM and 60% biochar, 20% PM and 80% biochar, and 100% biochar at 61 
days after transplanting. Bars represent standard error. Means within each treatment followed by the same letter are not 
significantly different, tested by student-newman-keuls (SNK) multiple comparison at p < 0.05.
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Discussion

Biochar amendment can change PM chemical and physical properties, as Dumroese et al. (2011) demonstrated that a 

mixture of 75% peat and 25% pellets biochar has been found to enhance hydraulic conductivity and increase water 

availability at lower matric potential. High quality Sphagnum peat has low pH, high cation exchange capacity (CEC), low 

inherent fertility, proper balance of aeration and water-holding porosity, and sufficient rigidity to support the plant to be 

used alone, and is often mixed with inorganic amendments to improve soil structure (Landis et al., 1990). Due to the high 

pH of biochar, it could be added to peat moss at a concentration of up to 75% (vol.) for nursery production of plants 

(Steiner and Harttung, 2014). In this present study, tomato plants grown in PM mixes with higher biochar incorporation 

had higher substrate pH and lower leachate EC, while there was no significant difference of substrate pH and leachate EC 

among the biochar treatments in lettuce.

The proper percentage of biochar mixed with PM could have a positive impact on plant performance. The biochar could 

replace commercial peat moss and perlite-based substrate (Sunshine #1 Mix) from 5-30% (vol.) without negative impact 

on plant growth of gomphrena (Gu et al., 2013). Similarity between physical properties of the biochar used in this study 

and PM tested in this experiment could have contributed to the fact that replacing Sunshine #1 Mix at substantially high 

rate (>50%) did not negatively affect plant growth. The biochar amendment increased plant height and leaf size, but had 

no effect on flower and fruit yield in tomato (Graber et al., 2010). Facella (2015) reported that the stem diameter and leaf 

area of Euphorbia x lomi increased by adding 60% (vol.) conifer wood biochar to peat substrate. Flower production and 

root length also increased in plants grown with 45% and 60% (vol.) biochar (Facella, 2015; Olszewski and Eisenman, 

2017). The present study had a much higher incorporation rate of biochar in peat moss substrate. The negative impact of 

biochar on tomato plants was only found on PM mixes with 80% and 100% (vol.) biochar, which may be due to the lower 

fertility (indicated by lower EC level). Chrysanthemum grown in PM mixes with 60% or higher biochar had improved 

shoot growth. In basil, plants grown in PM mixes with 20% biochar had improved yield and root growth. Visual rating of 

the root ball is a subjective indirect measurement of root growth, which does not assess root growth inside of the root ball, 

but is a much less labor-intensive process than measuring root dry weight. Measuring root dry weight has its own 

limitations. In addition to being labor intensive, roots often penetrate media particles and root loss normally occurs when 

washing media off roots.

The improved plant productivity by biochar can be directly due to its nutrient content and release characteristics (Graber 

et al., 2010), and it can be indirectly due to improved nutrient retention (Lehmann et al., 2003), soil pH (Rondon et al., 

2007), and increased soil carbon exchange capacity (Liang et al., 2006). In the ornamental plant Calathea rotundifola cv. 

Fasciata, adding 50% biochar green waste to peat substrate could increase total plant biomass, leaf biomass and leaf area, 

which may be due to the improved substrate condition by biochar causing increased nutrient release (Tian et al., 2012). 

Biochar mixed with peat (25-75%) (vol.) has no effect on plant size and little effect on plant weight of miniature sunflower 

plants (Steiner and Harttung, 2014). In the present study of lettuce, no significant effect was observed in plants grown in 

PM mixes with up to 80% biochar. 

Based on the results from the four plants tested in this experiment, incorporating biochar in container substrate could 

have positive effect on plant growth at low (20%) or very high rate (80% or 100%; by volume), and no negative effect on 

plant growth was observed in mixes incorporating biochar as high as 60% compared to PM. Therefore, the biochar used 

in this study could substantially (>50% by volume) replace peat-based substrate for horticulture plant growth in containers. 



Horticultural Science and Technology 511

Effects of Biochar Mixes with Peat-moss Based Substrates on Growth and Development of Horticultural Crops

Literature Cited

Alexander PD, Bragg NC, Meade R, Padelopoulos G, Watts O (2008) Peat in horticulture and conservation: the UK response to a 

changing world. Mires Peat 3:1-10

Altland JE, Locke JC (2012) Biochar affects macronutrient leaching from a soilless substrate. HortScience 47:1136-1140 

Cavins TJ, Whipker BE, Fonteno WC, Harden B, McCall I, Gibson JL (2000) Monitoring and Managing pH and EC Using the PourThru 

Extraction Method. North Carolina State Univ. Hort. Info. Lflt. #590. NC State University Cooperative Extension, Raleigh, USA, pp 

1-17

Clough TJ, Condron LM (2010) Biochar and the nitrogen cycle. Intro J Environ Qual 39:1218-1223. doi:10.2134/jeq2010.0204

Dumroese RK, Heiskanen J, Englund K, Tervahauta A (2011) Pelleted biochar: Chemical and physical properties show potential use as a 

substrate in container nurseries. Biomass Bioenergy 35:2018-2027. doi:10.1016/j.biombioe.2011.01.053

Elad Y, David DR, Harel YM, Borenshtein M, Kalifa HB, Silber A, Graber ER (2010) Induction of systemic resistance in plants by biochar, 

a soil-applied carbon sequestering agent. Phytopathology 100:913-921. doi:10.1094/PHYTO-100-9-0913

Evans MR (2004) Processed poultry feather fiber as an alternative to peat in greenhouse crops substrates. HortTechnology 14:176-179

Evans MR, Gachukia MM (2007) Physical properties of sphagnum peat-based root substrates amended with perlite or parboiled fresh 

rice hulls. HortTechnology 17:312-315

Fascella G (2015) Growing substrates alternative to peat for ornamental plants. In: MD Asaduzzaman, ed, Soilless Culture-Use of 

Substrates for the Production of Quality Horticultural Crops. InTech Open Access Publisher, Rijeka, Croatia, pp 47-67. doi:10.5772/59596

Glaser B, Lehmann J, Zech W (2002) Ameliorating physical and chemical properties of highly weathered soils in the tropics with 

charcoal-A review. Biol Fertil Soils 35:219-230. doi:10.1007/s00374-002-0466-4

Graber ER, Harel YM, Kolton M, Cytryn E, Silber A (2010) Biochar impact on development and producitivity of pepper and tomato grown 

in fertigated soilless media. Plant Soil 337:481-496. doi:10.1007/s11104-010-0544-6

Gu M, Li Q, Steele PH, Niu G, Yu F (2013) Growth of ‘Fireworks’ gomphrena grown in substrates amended with biochar. J Food Agric 

Environ 11:819-821

Jayasinghe GY, Tokashiki Y, Arachchi ID, Arakaki M (2010) Sewage sludge sugarcane trash based compost and synthetic aggregates as 

peat substitutes in containerized media for crop production. J Hazard Mater 174:700-706. doi:10.1016/j.jhazmat.2009.09.107

Kadota M, Niimi Y (2004) Effects of charcoal with pyroligneous acid and barnyard manure on bedding plants. Sci Hortic 101:327-332. 

doi:10.1016/j.scienta.2004.01.002

Landis TD, Tinus RW, McDonald SE, Barnett JP (1990) Containers and growing media. In: The Container Tree Nursery Manual, vol. 2. 

USDA Forest Service, Washington, DC, USA, pp 1-674

Lehmann J, da Silva JP, Steiner C, Nehls T, Zech W, Glaser B (2003) Nutrient availability and leaching in an archaeological Anthrosol and 

a Ferralsol of the Central Amazon basin: fertilizer, manure and charcoal amendments. Plant Soil 249:343-357. doi:10.1023/A: 

1022833116184

Liang B, Lehmann J, Kinyangi D, Grossman J, O’Neill B, Skjemstad JO, Thies J, Luizao FJ, Peterson J, et al (2006) Black carbon increases 

cation exchange capacity in soils. Soil Sci Soc Am J 70:1719-1730. doi:10.2136/sssaj2005.0383

Michel JC (2010) The physical properties of peat: a key factor for modern growing media. Mires Peat 6:1-6

Noguera P, Abad M, Puchades R, Maquieira A, Noguera V (2003) Influence of particle size on physical and chemical properties of coconut 

coir dust as a container medium. Commun Soil Sci Plant Anal 34:593-605. doi:10.1081/CSS-120017842

Novak JM, Busscher WJ, Laird DL, Ahmedna M, Watts DW, Niandou MAS (2009) Impact of biochar amendment on fertility of a 

southeastern coastal plain soil. Soil Sci 174:105-112. doi:10.1097/SS.0b013e3181981d9a

Olszewski MW, Eisenman SW (2017) Influence of biochar amendment on herb growth in a green roof substrate. Hortic Environ 

Biotechnol 58: 406-413. doi:10.1007/s13580-017-0180-7

Rivière LM, Caron J (2001) Research on substrates: state of the art and need for the coming 10 years. Acta Hortic 548:29-42. 

doi:10.17660/ActaHortic.2001.548.1

Robertson RA (1993) Peat, horticulture and environment. Biodivers Conserv 2:541-547. doi:10.1007/BF00056747

Rondon MA, Lehmann J, Ramirez J, Hurtado M (2007) Biological nitrogen fixation by common beans (Phaseolus vulgaris L.) increases 

with bio-char additions. Biol Fertil Soils 43:699-708. doi:10.1007/s00374-006-0152-z

Steiner C, Harttung T (2014) Biochar as growing media additive and peat substitute. Solid Earth 5:995-999. doi:10.5194/se-5-995-2014

Tian Y, Sun X, Li S, Wang H, Wang L, Cao J, Zhang L (2012) Biochar made from green waste as peat substitute in growth media for 

Calathea rotundifolia cv. Fasciata. Sci Hortic 143:15-18. doi:10.1016/j.scienta.2012.05.018

Vaughn SF, Kenar JA, Eller FJ, Moser BR, Jackson MA, Peterson SC (2015) Physical and chemical characterization of biochars produced 

from coppiced wood of thirteen tree species for use in horticultural substrates. Ind Crop Prod 66:44-51 doi:10.1016/j.indcrop. 

2014.12.026

Vaughn SF, Kenar JA, Thompson AR, Peterson SC (2013) Comparison of biochars derived from wood pellets and pelletized wheat straw 

as replacements for peat in potting substrates. Ind Crops Prod 51:437-443. doi:10.1016/j.indcrop.2013.10.010

Verheijen F, Jeffery S, Bastos AC, van der Velde M, Diafas I (2010) Biochar Application to Soils - A critical Scientific Review of Effects on 

Soil Properties, Processes and Functions. Office for the Official Publications of the European Communities Publisher, Luxembourg, 

Luxembourg, pp 1-166



512 Horticultural Science and Technology

Effects of Biochar Mixes with Peat-moss Based Substrates on Growth and Development of Horticultural Crops

Warnock DD, Lehmann J, Kuyper KW, Rillig MC (2007) Mycorrhizal responses to biochar in soil-concepts and mechanisms. Plant Soil 

300:9-20. doi:10.1007/s11104-007-9391-5

Warsaw AL, Fernandez RT, Cregg, BM, Andresen JA (2009) Water conservation, growth, and water use efficiency of container-grown 

woody ornamentals irrigated based on daily water use. HortScience 44:1308-1318

Webber III CL, Whitworth J, Dole J (1999) Kenaf (Hibiscus cannabinum L.) core as a containerized growth medium component. Ind Crops 

Prod 10:97-105. doi:10.1016/S0926-6690(99)00014-X

Wright RD (1986) The pour-through nutrient extraction procedure. HortScience 21:227-229

Wright RD, Jackson BE, Browder JF, Latimer JG (2008) Growth of chrysanthemum in ground pine trees requires additional fertilizer. 

HortTechnology 18:111-115

Yeager TH, Fare DC, Lea-Cox J, Ruter J, Bilderback TE, Gilliam CH, Niemiera AX, Warren SL, Whitwell TE, et al (2007) Best management 

practices: guide for producing container-grown plants. Southern Nurserymen’s Association, Marietta, USA 

Zhang J, Liu J, Liu R (2015) Effects of pyrolysis temperature and heating time on biochar obtained from the pyrolysis of straw and 

lignosulfonate. Bioresour Technol 176:288-291. doi:10.1016/j.biortech.2014.11.011


