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ABSTRACT 

 

As the scientific and political community works to reduce greenhouse gases in the atmosphere, 
there has been greater support for wide-scale biochar use as a form of carbon sequestration. 
Biochar has also increased soil fertility and plant growth in studies suggesting potential 
environmental and economic benefits of agricultural use. While California could benefit from 
biochar use, there has been limited research done on biochar interactions with varying plants and 
agricultural practices in Californian Alfisol soils. I conducted a greenhouse experiment to 
determine whether low-temperature produced biochar at varying application concentrations with 
and without fertilizer would affect Lolium multiflorum plant growth in Californian Alfisol soil. 
After 7 weeks of growth, I weighed the dry root and shoot masses and used a two-way ANOVA 
to find whether biochar affects plant growth and if fertilizer affects biochar’s influence on plant 
growth. Shoot plant growth increased most with 25 tons per hectare (t/h) biochar and fertilizer 
applied which improved shoot growth by 7.77g from the control (no fertilizer and 0t/h biochar 
applied) and 1.52 g from the fertilized and 0 t/h biochar applied group. Fertilizer increased plant 
growth most (p=1.704x10-14). However, the minimal plant growth within the fertilized group 
seemed to be attributed to biochar additions but could not be verified as biochar’s effect on plant 
growth was insignificant (p=0.4424). Biochar and fertilizer’s combined effect on plant growth 
was insignificant (p=0.7239). The statistical insignificance suggests a larger study is needed to 
verify possible biochar benefits on plant growth with fertilization in Alfisol soils. 
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INTRODUCTION 

 

As greenhouse gas concentrations in the atmosphere rise, contributing to mounting 

climate change effects, carbon sequestration technology has become a popular mitigation 

strategy (Molina et al., 2009). Carbon sequestration transfers atmospheric carbon dioxide (CO2) 

into the soil sinks, which secure the carbon and slows its emission to the atmosphere (Lal et al., 

2008). As agriculture and degraded soils have a carbon sink capacity to hold 50-66% of the 

historic carbon, these soils provide a substantial carbon pool for mitigation purposes (Lal et al., 

2008). Through varying carbon sequestration techniques, greenhouse gases such as CO2 and 

methane (CH4) are sequestered from the atmosphere into sinks (Lal et al., 2008).  It has been 

proposed that carbon sequestration could offset 5-15% of current fossil-fuel emissions (Lal et al., 

2008). Thus, carbon sequestration techniques seem to hold promise as components for climate 

change mitigation portfolios. 

One of the most promising methods of carbon sequestration is the use of biochar. Biochar 

is biomass-derived carbon formed through the pyrolysis processes, or the decomposition of 

organic matter in the absence of oxygen at varying temperatures (Lopez-Capel et al., 2009).  

Biochar additions to soil allows for the capture of carbon in a solid form that would naturally be 

emitted into the atmosphere through biomass degradation (Tenebaum, 2009). Biochar usage has 

been shown to improve soil nutrient quality and stabilize soil better than organic matter 

(Lehmann and Joseph, 2009). Along with improving soil nutrient quality, pyrolysis process of 

biomass produces biofuel and bio-gas fuel products including biochar which can significantly 

reduce carbon emissions by removing an equivalent of 1.2 billion metric tons per year 

(Tenenbaum, 2009). The benefits of biochar sequestration have created legislative interest 

through initiatives such as the Carbon Harvesting and Restoration (WECHAR) Act of 2009 as 

well as the 2008 farm bill to increase biochar development and projects (Bracmort, 2009). Data 

suggests that biochar may be a promising way to reduce carbon emissions as well as to increase 

the quality of soils. 

Because biochar has shown to improve both soil nutrient quality and reduce greenhouse 

emissions, wide scale agricultural biochar use would be beneficial to California. Biochar usage 

on agricultural systems can increase agricultural profitability, which could improve California’s 

agricultural economy (McHenry, 2009; California Department of Food and Agriculture, 2009). 
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The economic benefits of biochar addition to agricultural soils are caused by the potential 

increase in agricultural yield, increase of nitrogen fertilizer usage efficiency, reduction of N2O 

emissions which could lead to tax reductions and reduce costs of agricultural waste disposal 

reduction by using the biomass to produce biochar (Roberts, Lehmann, Gloy, Scott, & Joseph, 

2010). The large-scale use of biochar in agricultural systems could potentially have large 

environmental outcomes by enabling farmers to trade their application methods and expand on 

technologies that could improve farm productivity and energy (McHenry, 2009). Biochar use not 

only reduces carbon emissions, but it could be economically profitable for California agriculture 

and economy as it increases crop yield using less fertilizer and creating profitable biochar from 

the crop residues. 

Despite its potential benefits, biochar technology is not widely used in Californian 

agriculture, due in part by the limited studies on the effects of various biochars and plants with 

California’s Alfisol soils. Possible biochar benefits to Californian soils as indicated through 

biochar experiments on Australian Alfisol soils include reduced nitrogen leaching, reduced 

fertilization leaching, and increased soil nutrient quality (Chan, Van, Meszaros, Downie, & 

Joseph, 2008; Singh, Hatton, Balwant, Cowie, & Kathuria, 2010). However, biochar can alter the 

soil nutrient characteristics and biological activity differently with every soil type and plant 

grown so it is uncertain how biochar will affect various crop growths in Californian Alfisol soils 

(Rondon, Lehmann, Ramairez, & Hurtado, 2007; Lehmann & Joseph, 2009). Also, the varying 

pyrolysis processes create distinctive biochars, which can react differently with various soils 

(Lehmann & Joseph, 2009). In order for Californian wide-scale biochar implementation to occur, 

more comprehensive research on these biochar interactions with Californian soil, plant and 

agronomic practices is needed because current studies on biochar additions are relatively 

immature (McHenry, 2009; Roberts et al., 2010).  

This study aims to resolve this knowledge gap by examining whether low temperature 

biochar will increase plant growth in Alfisol soils with and without the addition of fertilizer. I 

will create biochar through low temperature pyrolysis (350°C) and then determine crop yield 

from a greenhouse experiment using biochar and Italian ryegrass. Since Alfisol soil already has 

high nutrient quality and clay matter that serves to reduce nutrient leeching, I believe that biochar 

will not have a significant effect on plant growth; rather, fertilizer will have a greater effect. 
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METHODS 

 

Greenhouse Study 

 

The experiment took place in a greenhouse in Berkeley, CA. I used 48 replicates of 6” 

round plastic pots with depth of 5” filled with 1300 grams of dry soil and containing varying 

amounts of biochar to grow Italian ryegrass (Figure 1). There were 6 replicates of the following 

biochar application rates: 0, 10, 25, 50 tons/hectare (t/h) (0, 0.0051, 0.0128, 0.02551 grams of 

biochar/ grams of soil). To determine if fertilizer had an affect on ryegrass growth, I had 24 pots 

fertilized with 20-20-20 Professional Water Soluble General Purpose fertilizer every other day 

and the other 24 pots unfertilized as a control. I applied 15 ryegrass seeds to each pot at ¾ inch 

from the top of the soil. To simulate natural day-length spring lighting for optimum ryegrass 

growth, I put the pots in the 21.1- 26.6 °C greenhouse that had 10 hours of natural and artificial 

light per day. The greenhouse watered the each pot to saturation as needed until sprouting 

occurred and then switched to watering all the pots every day. 

 

Preparation of soil/biochar 

 

I created the biochar from the ALL Power Labs in Berkeley, CA and received the A 

horizon soil from Hopland, CA. To determine the soil’s dry weight, a sample of the soil was 

weighed and then oven dried for 48 hours at 40°C before weighing again to determine its 

saturation ratio. Using the ratio, I filled the pots with the saturated soil equivalent to 1300 grams 

of dry soil. To ensure homogeneity of the biochar, I ground the biochar using a mortar and pestle 

as well as a coffee grind and only used sieved particles <2mm in size. For each pot, I weighed 

the proper amount of biochar and combined it with the soil by hand. 

 

Plant Sampling and Analysis 

 

To compare plant growth differences between the various pots, I compared the plant 

biomass differences by weighing the uprooted plants after 7 weeks of growth. To ensure the 

weight measured was due to purely biomass, I washed the roots of any soil after the plant was 
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uprooted. I put the plant mass in a paper bag and dried at 70° C for 48 hours to guarantee only 

the dry weight of the plant was measured. I weighed the roots and shoots separately. 

 

Statistical Analysis 

 

To compare plant growth with biochar and fertilizer application, I used a factorial 

ANOVA test with replication to determine the effect of type and levels of biochar and fertilizer 

on plant growth. I used the factorial ANOVA test because I measured growth against two 

nominal variables (biochar concentration rates and fertilizer application). I did statistical analysis 

using R-Commander to find whether biochar was significant to plant growth and which type of 

biochar was most effective. Direct application effects on plant growth with P-values <0.05 or a 

confidence interval of 95% were considered significant.  

 

RESULTS 

 

Plant Biomass Weight 

 

I found shoot plant biomass weight after 7 weeks was highest in more intensive biochar 

treatment concentrations and fertilization but the optimum root biomass was in the unfertilized 

treatment. For shoot biomass weight, the ryegrass treatment group of 25 t/h biochar and fertilizer 

had the greatest overall growth (13.2g) and the untreated control group had the least growth 

(5.4g) (Table 1). For the root biomass weight, the ryegrass treatment group of 25 t/h biochar and 

without fertilizer had the greatest overall growth (19.6g) while the fertilized with the highest 

biochar concentration had the least growth (10.6g) (Table 2).  
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Table 1. Lolium multiflorum Shoot Biomass Weight After 7 Weeks. Weight in grams. 

 Biochar 
Treatment 

(T/ha) 

Replicate 

Mean  1 2 3 4 5 6 

U
nf

er
til

iz
ed

 

0 6.8 4.5 5.8 5.0 4.8 5.4 5.4 
10 7.5 3.0 8.7 5.2 4.9 5.6 5.8 
25 5.9 9.0 6.2 4.1 5.3 5.6 6.0 
50 7.2 7.2 5.8 9.5 6.9 4.7 6.9 

Fe
rt

ili
ze

d 0 12.1 12.9 13.5 6.2 14.9 10.2 11.6 
10 14.0 10.9 16.1 10.3 13.0 13.1 12.9 
25 14.5 12.7 15.7 9.7 12.6 13.7 13.2 
50 14.6 13.3 12.0 11.4 11.7 11.8 12.5 

 
 
 
Table 2. Lolium multiflorum Root Biomass Weight After 7 Weeks. Weight in grams. 

 Biochar 
Treatment 

(T/ha) 

Replicate 

Mean  1 2 3 4 5 6 

U
nf

er
til

iz
ed

 

0 17.8 9.4 13.8 22.6 19.2 7.6 15.1 
10 23.0 1.8 12.4 10.0 20.8 22.6 15.1 
25 11.0 31.5 21.3 17.8 16.0 19.7 19.6 
50 14.6 16.5 27.0 22.7 9.6 8.3 16.5 

Fe
rt

ili
ze

d 0 19.1 18.2 15.9 6.0 9.5 10.4 13.2 
10 26.2 9.4 17.9 16.4 10.0 10.7 15.1 
25 17.1 21.7 5.2 8.6 10.5 9.4 12.1 
50 14.0 16.5 8.2 12.1 6.8 6.2 10.6 

  

 

The shoot means masses were greater in the fertilizer treatment and increased biochar 

concentration level with the exception of the fertilized biochar treatment of 50 t/h (Figure 1). 

However, the shoot plant growth was minimally higher at increased biochar addition levels. A 

root weight trend was not as visible because the root means had great variability within treatment 

groups (Figure 2). 
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Figure 1. Shoot Biomass Weight Means with Fertilizer and Biochar Treatments. Weight in grams, biochar 
treatments in tons per hectare. Dots represent means. Whiskers represent standard deviations. 
 
 
 

 
 
Figure 2. Root Biomass Weight Means with Fertilizer and Biochar Treatments. Weight in grams, biochar 
treatments in tons per hectare. Dots represent means. Whiskers represent standard deviations. 
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Statistical Analysis  

 

 The factorial ANOVA of biomass shoot and root weights indicated a significant effect on 

ryegrass growth by the addition of fertilizer (p=1.704x10-14 for shoots; p=0.04811 for roots) 

(Table 3 and 4). However, the biochar treatment (p=0.4424 for shoots; p=0.82829 for roots) and 

combined treatments of biochar and fertilizer (p=0.7239 for shoots and p=0.47053 for roots) did 

not have a significant effect on ryegrass growth (Table 3 and 4).  
 
Table 3. Factorial ANOVA of Shoot Weight Response to Supplements. 
 

Supplements Sum Sq Df F Value P Value 
Biochar 10.20 3 0.915 0.4424 
Fertilizer 508.95 1 137.0222 1.704x10-14 

Biochar Treatment and Fertilizer 4.93 3 0.4425 0.7239 
 
 
Table 4. Factorial ANOVA of Root Weight Response to Supplements. 
 

Supplements Sum Sq Df F Value P Value 
Biochar 36.81 3 0.2957 0.82829 
Fertilizer 172.52 1 4.1591 0.04811 

Biochar Treatment and Fertilizer 106.01 3 0.8585 0.47053 
 

 

DISCUSSION 

 

Biochar application seemed to increase shoot ryegrass growth minimally, but the effects 

were overshadowed by fertilizer’s effect on plant growth. Further ANOVA analysis suggested 

biochar effects associated with ryegrass growth are insignificant under these experimental 

factors. The results contrast with other low temperature biochar (450°C) experiments on Alfisol 

soil that suggest significant increases in plant growth were associated with increased biochar 

concentration and fertilization (Chan, Van, Meszaros, Downie, & Joseph, 2007; Chan et al., 

2008; Singh et al., 2010). 

 

Plant Growth 

 

Effect of Fertilizer 
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Fertilizer additions increased shoot plant growth significantly (p=1.704x10-14) and 

improved soil nutrient quality most when 25 t/h of biochar was applied. A root plant growth 

trend was not as apparent because the root data had high variability due to my non-uniform root 

washing method in which root loss was high. But using the shoot data, the nitrogen fertilization 

almost doubled ryegrass plant growth that simulated the increased growth effect of fertilization 

on dry radish matter in an Alfisol soil study (Chan et al., 2007). Lolium multiflorum requires 

high nitrogen, phosphorus, and calcium for optimum yield and fertilization would have fulfilled 

the phosphorous soil deficiency associated with Alfisol soils (Carey, 1995; Chan et al., 2007). 

 

Biochar Effect 

 

Biochar increased ryegrass crop yield with increasing biochar additions but biochar 

additions did not significantly attribute to plant growth (p=0.4424). The increase in plant growth 

within the fertilized and unfertilized treatment groups was only 1-2 grams of difference among 

the biochar treatments suggesting biochar’s limited effect on plant growth. The limited 

effectiveness of biochar may be due to the Alfisol soil’s high nutrient richness and increased soil 

content, which alone causes high plant growth and, in comparison, diminish biochar’s effects on 

plant growth (University of Idaho College of Agricultural and Life Sciences, 2011). Other 

studies may have produced positive crop yield results in Alfisol soils because those soils were 

taken from an area with a history of cropping which suggests higher nutrient deficiency due to 

moderate leaching over time by Alfisol soils (Chan et al., 2007; Chan et al., 2008; University of 

Idaho College of Agricultural and Life Sciences, 2011) In those situations, the reduced nutrient 

state of the soil allowed biochar’s chemical and physical properties to better influence soil 

properties such as soil pH, bulk density, water holding capacity, and porosity (Lehmann & 

Joseph, 2009; Chan et al., 2007).   

There was a trend of increased shoot growth with increasing biochar application, but 

biochar stunted yield at 50 t/h (12.5g) in comparison with the plants grown at 10 t/h or 25 t/h 

(12.9g; 13.2g). Biochar applied above 25 t/h possibly diminished crop yield by altering the soil 

chemistry. Biochar has been shown to increase the soil carbon content, thereby increasing the 

carbon-nitrogen ratio, and causing nitrogen immobilization in the Alfisol soil (Lehmann et al., 

2002). In a similar experiment on grain yield, N application produced no increased grain yield 



Erica Fong Low Temp. Biochar Effect on Alfisol Soil Spring 2011 

10 

response at higher biochar concentrations since the high biochar concentrations caused N 

limitations which even nitrogen fertilizer could not overcome (Asai et al., 2009). The reduced 

nitrogen plant availability would decrease Alfisol crop yield in comparison to the control (Carey, 

1995). The nitrogen limitation could be resolved by producing biochar from different materials 

such as poultry manure and for longer durations, which can increase sorption capacity and limit 

nitrogen leaching (Singh et al., 2010). However, the unfertilized 50 t/h biochar replicates did not 

seem to decrease in plant growth in comparison to the other unfertilized plants. If applied to 

Californian agronomic soil, biochar may need to be applied at a lower application rate if soil 

testing indicated high soil C/N ratios since higher application rates could impede plant growth 

(Karhu, Mattila, Bergstrom, & Regina, 2010).  

 

Combined Fertilizer and Biochar Effect 

 

Although biochar’s effect on ryegrass growth was minimal in comparison to the 

fertilization result, biochar has been known to increase fertilizer efficacy on crop yield and was 

more successful over time (Asai et al., 2009). Biochar has been shown to significantly reduce 

applied fertilizer leaching and can increase plant uptake of P, K, Ca, Zn, and Cu (Lehmann et al., 

2002). A study of various biochar amendments on maize yield produced similar results as 

biochar plus NPK fertilization contributed 59% more biomass than just NPK application alone 

(Peng, Ye, Wang, Zhou, & Sun, 2011). Also biochar has been known to enhance biological 

nitrogen fixation as well as improve soil biology (Rondon et al., 2007; Chan et al., 2008). In a 

more long-term study with leaching events, biochars were more effective at reducing nitrogen 

leaching over time as biochars decreased leaching by 55-93% from the first to second leaching 

events (Singh et al., 2010). So it is suggested that proper biochar additions can increase plant 

nitrogen uptake in the predominately Californian Alfisol agricultural soil thereby increasing 

agricultural crop yield and productivity (Lehmann et al., 2003).  

 

Limitations 

  

As a result of time and budget constraints of the project, the long-term effects of biochar 

with fertilizer on ryegrass crop yield could not be determined. The project aims to increase 
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biochar usage in large-scale agricultural settings so a long-term field study of biochar on crop 

yield is an important step in reaching that goal. As biochar absorption and fertilizer leaching 

changes over time, long-term studies could provide a better understanding of biochar’s effect on 

sustained soil fertility and nutrient dynamics (Lehmann et al., 2002; Ding, Wu, Liu, Shi, Yang, & 

Zhong, 2010). While my short-term study did not show that increasing biochar application 

produced significant changes in crop yield, multiple year on-site studies of biochar on crop yield 

suggest increasing biochar additions with well-managed fertilizer treatment increases crop yield 

(Kimetu et al., 2008; Asai et al., 2008). Along with time, money limited the scale of my project 

through minimal replicates thereby possibly reducing biochar’s effectiveness on ryegrass growth 

and diminishing the predictive accuracy and statistical power of the results (McDonald, 2009). 

 

Further Directions 

 

Further, long-term field research on biochar’s effect on crop yield should be conducted 

using conditions similar to common agricultural practices. In order to fully address biochar’s 

effect on ryegrass crop yield, there should be more analyses of the effect of biochar on soil 

nutrient quality, water retention capacity, and crop nutrient uptake through varying stages of soil 

degradation (Kimetu et al., 2008). There should also be an evaluation as to the material and 

temperatures with which biochar should be produced to attain optimum ryegrass crop yield in 

Alfisols since biochar-soil interactions vary (Chan et al., 2007). Finally, to encourage biochar 

usage in Californian agricultural soils, a life-cycle assessment and cost-benefit analysis on the 

use of different biochars to increase plant growth in Alfisol soils should be completed to 

investigate whether biochar has long-lasting economic benefits (Roberts, Lehmann, Gloy, Scott, 

& Joseph, 2010). 

 

Conclusions & Broader implications 

 

The results of this study suggest that biochar could increase ryegrass crop yield, which 

shows promise for use in wide-scale California agricultural farming. The interactions between 

biochar and Alfisol soil in affecting plant growth is better understood and, while larger long-term 

field experimentation would determine more conclusive answers, plant growth has been shown 
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to increase as a result of biochar additions (Peng et al., 2011). Better understanding of biochar 

feedstock selection can lead to greater economic and environmental stability ensuring farmers, 

environmentalists and government agencies of the benefits of biochar implementation (Roberts 

et al., 2010). If greater support leads to large-scale agricultural biochar usage in California, 

proper biochar additions could be economical and serve as a climate change mitigation technique 

through significant carbon sequestration (Roberts et al., 2010). The large-scale agricultural use of 

biochar would be a contribution toward the reduction of the 29% net rise in atmospheric carbon 

seen today thereby reducing the effects of global warming (Tenenbaum, 2009). 
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