The International Biochar Initiative

Field research design for biochar research
A recommendation
Goal: This very basic research design has been developed for those who want to start field experiments with biochar additions to soil. The design provides recommendation that enables meaningful field experimentation for those with little experience and knowledge in setting up experiments. In addition, IBI is working to begin a world-wide effort to build a network of experiments that use standardized protocol which will allow comparisons to be made between different experiments, world-wide. Neither IBI nor the authors are liable for recommendations given here.
General: Before engaging in biochar field research, ask yourself: what do I want to achieve by adding biochar to soil? Is there a specific constraint that needs to be addressed, such as poor crop yields by water or nutrient stress or soil acidity? Identifying what you are trying to achieve may guide your decisions about the type of biochar and the application rates, and/or whether biochar is the correct management choice. Information and links to publications on the IBI website can give more information to help you make this assessment.  This document is not able to give recommendations about types of biochar, as this will be guided by local conditions. The suggestions given here may serve as a starting point for your experimentation; in most cases, you will likely make some modifications.

Step 1: Identify a field site: The experimental site should be homogeneous in every aspect (slope, soil properties, exposure, history of soil use, etc) and large enough to accommodate all plots.
Step 2: Define treatments: The two core treatment should consist of a best management practice (those recommended by local research or extension services, typically an application of commercial fertilizers) and a comparison with the same treatment, plus biochar. Possible additional treatments may include (i) the same application rate of biochar without mineral fertilizer; (ii) no fertilizer or biochar additions; (iii) substituting biochar for a different organic amendment on a per unit weight or carbon basis; (iv) different inorganic fertilizer rates; (v) different biochar application rates; or (vi) different tillage practices. As a starting point for deciding application rates, we recommend a single addition of 5-10 tons of biochar per hectare, incorporated with the first soil preparation, at the beginning of the experiment. 
Step 3: Lay out the plots: Minimum plot size should be 5 by 5 m; larger plot sizes are preferable and even required when biochar application and soil tillage is done with heavy machinery. Each treatment should be replicated at least three times (four to five replicates are preferable). These replicates can either be situated on one field or on multiple fields/farms. An example layout for two treatments (with and without biochar) in three replicates on a single field is shown below (Spatial arrangement of plots must be randomized):
	With Biochar
	Without Biochar
	With Biochar

	Without Biochar
	With Biochar
	Without Biochar


Step 4: Sampling: 
Soils.  Take six soil samples BEFORE the biochar is applied, preferably at 0-0.15, 0.15-0.3, 0.3-0.5, 0.5-1.0m, using soil sampling equipment. Samples should be taken from an inner plot area, to avoid edge-effects, such as the inner 3 by 3 m for a 5-by-5m plot. Samples, by plot, are combined, with at least 200g dry sample material for analysis. Samples should be air-dried prior to storage and analysis. Sampling should be repeated once per year, after crop harvest. 
Crop.  Total yield assessments should be done from the same inner area defined during soil sampling. Dry matter yield (typically determined after drying at 70°C for 48 hours or until constant weight is reached) and total biomass production (including non-harvestable above-ground crop residue) should be measured with a precision of at least 1% of total weight. Samples can be stored for further chemical analyses.
Step 5: Biochar, soil and plant analyses and sample archival: Interpretation of yield responses to biochar additions are facilitated by information about the feedstock and method for biochar production (e.g., final temperature during biochar production) and analyses of the biochar, soils and plants. These can be done in collaboration with local research groups.

Step 6: Share your results with IBI: Our website will have a link to both post and view results. IBI is planning to develop a global experiment network building on these recommendations.
For more information, see our website: http://www.biochar-international.org/ 
