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Abstract
Black carbon (BC), also called biochar or charcoal, has recently been proposed as a soil amendment to create a

more favorable soil environment by improving the soil pH in acidic soils, raising the cation exchange capacity in

poorly buffered soils, and improving nutrient retention and availability in strongly weathered soils. We conducted

a series of greenhouse experiments involving acid soil horizons from an Ultisol amended with various rates of

BC. Common bean (Phaseolus vulgaris L. var �µ�F�R�Q�W�H�Q�G�H�U�¶��was grown in these amended soils using a

completely randomized design and harvested when the untreated check had plants attaining two fully developed

trifoliolate leaves. Plants grown in BC amended soil showed symptoms indicating boron toxicity. Plant tissue

analysis and soil characterization showed elevated levels of boron. Black carbon amendments also showed

elevated soil and plant calcium concentrations. We conclude that boron threshold levels should be established

for BC amended soils.

Results:
Both experiment 1 and 2 used Knobtop soil, experiment 1 had considerably greater rates of BC addition.

Differences between the two soils were evident by their pH values and exchangeable Ca contents for the A0 and

B0 treatments (controls). Site 1 A0 and B0 samples are slightly more acidic and have similar exchangeable Ca

values (Table 1 and 2). The total acidity values for A0 samples are similar for Experiment 1 and 2; however, the

total acidity for the B0 sample in experiment 1 is greater, likely reflecting a greater BE horizon percentage in the E

and BE horizon sampling and homogenization process.

Routine characterization of the blended soil-BC mixtures show that the pH is greater with BC additions and

increases somewhat regularly with increasing BC content (Table 1). The total acidity corresponds with pH

differences and is substantially smaller with increased BC addition. Calcium is the dominant exchangeable cation

and reflects the BC additions by having a greater Ca concentrations with increasing BC addition. Magnesium and

K are important exchangeable cations; however, their concentrations are relatively constant and do not reflect

differences because of BC addition. Exchangeable Na concentrations reflect BC additions and are greater with BC

addition.

Conclusion
The soil extractions and plant tissue concentrations of BC amended soils infer that boron is present in toxic plant available concentrations. Although multiple 

range tests were not possible and mean separation is not statistically permitted, the B concentrations in both the soil and plant tissues from BC amended 

samples are sufficiently different that boron must be further investigated before BC amendments become a standard practice.

The BC amendments reduced the soil acidity and the corresponding pH levels were less acidic; however, the mechanisms for altering the acidity were not 

investigated. We speculate that BC materials released Ca and Na carbonate species; however, the possibility of H and Al complexation by BC materials 

remains a possibility.

Materials and Methods

Materials 
Knobtop series soil, 2 horizons- A and E-BE horizons 

(experiment 1 and 2 collected from  adjacent sites)  

air dried

E-BE horizon bulk blended and homogenized   

Black Carbon- commercial brand (Kingsford)- crushed 

brickets

particle size distribution by weight: 58% 1.4mm, 

26.5% 650��, 
13.4% 250��, 1.2% 63��

Plants- Phaseolus vulgaries L. variety Contender

Experiment 1 Experiment 2

Rate 0        0g/kg Rate 0           0g/kg

Rate 1     2.6g/kg Rate 0.33   5.5g/kg

Rate 2   25.2g/kg Rate 0.66   8.3g/kg

Rate 3   50.5g/kg Rate 1       2.4g/kg

Rate 4 100.9g/kg

Methods
Biochar rates in g/kg soil

Design: 4 pots/rate, randomized block design

Tissue Harvest: leaves and stems harvested,

bulked together due to lack 

of plant material

Tissue Analysis: Midwest Laboratories
(Omaha, NE) using ICP-PES

Treat
ment

pH Acidity
cmolp(+) / kg

CEC
cmolp(+) / kg

BS
Percent

LOI
Percent

Brayl-P
mg/kg

B
mg/kg

A0 4.7 1.51 6.5 77 3.1 7 0.37

A1 6.4 0.42 10.3 96 4.9 10 2.1

A2 6.4 0.26 10.4 98 1.8 7 5.3

A3 6.2 0.84 11.2 93 4.1 8 8.6

A4 7.3 0.09 11.3 99 3.8 9 13.7

B0 4.1 3.30 6.2 47 5.9 8 0.78

B1 5.2 1.16 6.6 82 2.4 5 5.0

B2 5.7 1.07 9.9 89 3.7 6 4.7

B3 6.4 0.68 10.8 94 3.3 7 9.6

B4 7.2 0.14 11.9 99 8.6 7 13.9

Table 1.  Soil characteristics from black carbon amended soils (Experiment 1).

BS is base saturation and LOI is loss on ignition *soil organic matter estimate) 

Treatment pH Acidity
cmolp(+) / 

kg

CEC
cmolp(+) / kg

BS
Percent

LOI
Percent

Brayl-P
mg/kg

B
mg/kg

A0 5.1 2.1 6.7 69 3.3 11 0.88

A 0.33 5.5 1.2 6.4 81 3.8 10 2.22

A 0.66 5.5 1.5 6.5 77 3.7 11 3.35

B0 4.6 1.5 4.4 66 2.0 4 1.5

B 0.33 4.7 2.2 5.6 61 1.9 4 1.57

B 0.66 4.8 1.5 6.0 77 1.9 3 1.89

B1 5.0 1.5 6.0 75 2.2 3 2.88

BS is base saturation and LOI is loss on ignition *soil organic matter estimate) 

Table 2. Soil characteristics from black carbon amended soils (Experiment 2)

Treatment

Experiment 1

S B Ca Treatment

Experiment 2

S B Ca

A0 170 2 900 A0 670 5 11000

A1 190 10 1700 A 0.33 160 9 1300

A2 180 14 2300 A 0.66 170 8 1200

A3 190 34 3500 A 1 190 12 1600

A4 230 58 6000

B0 100 3 300 B0 180 4 400

B1 110 12 110 B 0.33 170 7 700

B2 120 18 1800 B 0.66 170 7 700

B3 180 36 4400 B 1 180 15 1200

B4 200 61 6300

Table 3.  Aqua regia digestion concentrations from black carbon amended soils in mg/kg

Treatment

Experiment 1

B
mg/kg

Biomass
g/plant

Treatment

Experiment 2

B
mg/kg

Biomass
g/plant

A0 38 0.51 A0 68 0.27

A1 788 0.34 A 0.33 519 0.47

A2 1249 0.26 A 0.66 646 0.24

A3 * * A 1 515 0.24

A4 * *

B0 87 0.26 B0 4.8 0.33

B1 900 0.42 B 0.33 4.9 0.24

B2 1175 0.28 B 0.66 5.7 0.19

B3 1455 0.20 B 1 6.7 0.21

B4 * *

* Indicate insufficient plant material for analysis

Table 4. Plant tissue analysis from black carbon amended soils

Experiment 1 plants

A

B

0                         1                        2                       3                     4 0                           0.33                        0.66                      1

A

B

Experiment 2 plants


