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Introduction

Materials and Methods

Maintaining a balance between food production and
ecological stewardship is crucial for the sustainability of
California agriculture. Therefore, enhancing soil
productivity and ecosystem services by incorporating
waste-derived biochar has been viewed as a pathway
towards sustainable food production. A crucial aspect of
biochar addition to soils is its potential to change soil
water status by increasing water retention capacity.
Soil water status is one of the most important abiotic
factors controlling soil productivity, and is affected by soil
physical properties, such as porosity, bulk density,
aggregation, and surface area. One of the mechanisms
for biochar to increase water retention is by providing
large wettable surface area that increases the affinity of
biochar-treated soils to water. Over longer time scales,
elevated moisture retention can promote biological
activity that would lead to biophysical aggregation of soil
and subsequent development of soil structure that
promotes both infiltration and water storage.
However, the overall effects of biochar on soil physical
and hydraulic properties has not been consistent in the
literature, especially varying across rainfed and irrigated
systems. In essence, the effects of interactions between
biochar addition and climatic conditions, soil types,
ageing, and cropping system remain poorly understood.
Furthermore, more water retained in the soil profile does
not necessarily equate to more water for crops or higher
crop yields (Aller et al., 2017).
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Results
Five years simulation for the non-irrigated pasture field shows
that biochar amended soil at 5% retained more moisture at the
upper 40-cm soil depth (data not shown). Figures 2 & 3 shows
crop yield trade-off and water fluxes comparison for different
biochar types after five years simulation.

Project Goals
The goal of this study is to quantify mid-term impacts (5
years) of biochar on soil water and plant interaction for a
variety of cropping systems relevant to California. In
addition, we examine the potential of biochar application
across rainfed and irrigated systems.
We specifically focus on locally produced biochars from
agricultural waste materials (e.g., almond shell, walnut
shell, and almond chipping), that are pyrolyzed using
mobile pyrolysis unit (see pictures below). Additionally, by
using biochar made from mobile pyrolysis units, we can
eliminate the transportation cost (a significant hurdle) of
the material, thus lowering farm capital expense.
To address these goals, we use the HYDRUS-1D
modeling framework to quantify the impacts of three types
of biochar on two types of crops (tomato and non-irrigated
pasture) at a representative Merced field site in California.
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Conclusions
1. In rainfed cropping system with coarse-textual soil,
2.
3.
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4.
5.

biochars enhanced soil water availability (reduce
evaporation loss) and drainage.
In irrigated cropping system, biochar reduce ET
(evaporation loss) and hence reduce irrigation
application.
ATC-1 biochar is inferior to AS-2 and WS-2. This is
because of differences in van Genuchten
parameters such as air entry value & larger particle
size
Positive WUE observed in both rainfed and
irrigated cropping systems.
Our results indicate that biochar has the potential to
enhance soil water availability in drying coarsetextured soils.

Future Goals

1. Perform economic analysis on the trade-off

between cost of pumping water versus application
of biochar.
2. Run biochar treatments under irrigation
optimization to enhance crop yield versus applied
water.
3. Assess groundwater recharge potential vs water
conservation trade-off.

(1X Mobile Pyrolysis Unit & Almond Chipped Biochar)

Materials and Methods
Three biochars produced at 300 C (slow pyrolysis).
Hydrus-1D Model setup:
1. van Genuchten-Mualem single porosity model with no
hysteresis & four sensors at various depths (20 cm, 40 cm,
60 cm, and 80 cm). Irrigation triggered at -150- cm.
2. Simulations were run for 5 years after a spin-up time of 15
years.
3. Reference evapotranspiration (ETo) and precipitation data
were obtained from the local met (CIMIS) station
4. Upper Boundary: Atmospheric Conditions with Surface
Runoff; Lower Boundary: Free Drainage
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Simulation for the irrigated fresh market tomato field
detected much higher soil moisture content at the upper 20cm soil depth for control, an indicator of more irrigation
triggered (data not shown). Figures 4 & 5 shows the yield
trade-off and water fluxes comparison for different biochar
types after five years simulation.
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