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- for both agriculture 

& natural ecosystems, 

- and mediates most 

of the life-sustaining 

interactions among 

land, surface water 

and the atmosphere 

Soil & Human Health

Soils Sustain Life:



Integrate soil science into contemporary cross-

disciplinary initiatives that address global 

societal challenges

WaterEnergy

Food 

LAND USE &

CLIMATE CHANGE



The Global Challenge

In past 50 years,  population more than 

doubled, irrigated area  doubled, and water

withdrawals  increased by about 250%.

(Wada and Bierkens, 2014)

(Burney et al, PNAS, 2010)



PEAK SOIL (data from World Resources Institute) 

Annual expansion rate of new farm 

land is about 0.27 % / year;

Over the past 40 years, about 2 

billion ha of soil (15% earths land 

surface and 30% of the world’s 

cropland) has been degraded and 

has become unproductive.  

Between 1982-2007, close to 10 Mha of 

US ag land has been converted for 

development (1 ha/2 minutes), USDA

As more marginal land is turning into agricultural 

production, worlds agricultural acreage is running out



Global Food Production Challenges 

From 1950-2000, global population doubled, while per capita 
food production increased by 25 % (green revolution).

Future population growth will require about doubling of food 
production in the coming 50 years, and must use less water 
per unit of output produced, otherwise it will require double 
the water requirements of today.

In part, because of dietary changes, 

and shift away from cereals

towards live-stock/fish, 

and high-value crops



Food for Thought     Green Water
• Rainfed agriculture occupies  about 85% cropland

Goal: Doubling of food 

production with no 
significant increase  in land 
area, water use or 
environmental degradation

(agricultural intensification)

Second Green Revolution will require much improved soil & 
agronomic management practices towards water use 
efficiency/conservation

• Increase of land & water productivity of rain-fed agricultural 
systems will be critical, producing more  food per unit water

• Green water (soil water storage) accounts for 80% of  global crop 
water use , as opposed to developed, blue irrigation water.



A Bigger Rice Bowl
(Economist, May 2014)

• Demand for rice is rising in Asia and Africa

• Rule of thumb: every additional 1 billion of people requires 100 million 

ton of rice; Yet, rice yields are stabilizing/falling

• Rice is among the largest water users in agriculture

~ 40% of the world’s irrigation water

• Now requires yield boosting for rainfed rice (drought and flood

resistant varieties)



Estimated net impact of climate trends for 1980-2008 

on crop yields by country, divided by the overall yield 

trend per year for the same period.

Climate Trends and Global Crop Production Since 1980
(Lobell et all., 2011, Science)

Maps of 1980-2008 linear trends in

temperature (A) and precipitation (B)

For the growing season of the

Predominant crops (maize, wheat, rice,

and soybean).

Temperature trends

Precipitation trends

Yield Trends largely Determined by Temperature

rather than Precipitation Trends



Climate change Brazil
Climate Change and extreme events in Brazil (FBDS, 2012 – H. Silveira Pinto)

• Longer dry spells in eastern Amazon;

• Reduction in precipitation;

• Increase in frequency of daily and seasonal extremes of 

temperature and rainfall;

Impacts: 

• Hydropower generation

• Agricultural economy  is 

expected to by most

vulnerable to climate change 

(30% of Gross Domestic  Product)



FUTURE  AGRICULTURE MUST BECOME 

BOTH MORE PRODUCTIVE AND SUSTAINABLE

Requires better understanding of how plants take up 
water and nutrients, so we can do more with less;

Need to improve water use efficiencies, and nitrate

use efficiencies

Requires Innovative Soil Research, 

in combination with plant science and engineering 
technologies



Thermal Neutron 

CT - MNRC

Gadolinium control rods

Non-invasive Neutron Tomography

Nuclear Research Reactor



Plant’s Response to Differential Soil Water Content
( Moradi, Oswald, Menon, Carminati, Lehmann & Hopmans, 

Special Publication,  SSSA)

Moradi et al. 2012,  New Phytologist



CALIFORNIA

• Largely (semi) arid climate

• 9th largest economy in the world

• Grows 50% fruits and vegetables and is 

number 1 dairy state in the US 

• ~25 million acres agricultural lands (10 million ha)

• 52% is pasture/rangeland and 37% is irrigated crop 

land (10 million acres or 4 million ha)

• Irrigated agriculture requires about 27 MAF (27 BCM) of 
developed water (surface plus groundwater)

• Significant climate warming is forecasted, which will negatively 
impact available water supplies and mandate change/regulate 
state-wide water management practices/policies.



California Drought 2011-15

• About 1 million acres

was fallowed;

• 2013-14 water year 

Is driest year on record

• Precipitation is about

1/3 of normal year

The Palmer Drought Severity Index was  devised in 1965, to assess moisture 

status comprehensively. It uses temperature and precipitation data to 

calculate water supply and demand, incorporates soil moisture.

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/palmer.gif


Continued  expansion of tree crops/vines in CA
As water becomes less available 



California groundwater depletion and nitrate concentration

Groundwater pumping increased from about 1/3 to 2/3 of

total irrigation water use in CA



Gg N /yr

Sources and Sinks of Nitrate



Efficient irrigation and fertigation practices 

across  California
Objectives: 

• Develop improved irrigation water &

nitrate management guidelines 

• Focus on  reduced leaching practices

• Establish field-scale soil water monitoring                                        

protocol

Paramount Farms, Lost Hills

Wireless Sensor Networks



Challenges for management of water and 
nitrate in the root zone at field scale

Water and Nitrate Leaching  can not be predicted

 High Soil Variability – textures, soil layers, soil structure

 Volume of applied water  distribution across field is  highly uncertain, 
and is controlled by irrigation method

 Mechanisms of root water and nitrate uptake still mostly unknown

 Root architecture and growth  

 Kinetics of Nitrogen nitrification and de-nitrification rates

Instead, deep soil real-time monitoring

Complicating Issues



Instead, local-scale
measurements at 
tree-plot scale



Uncertainty in leaching estimation 

Magnitude of leaching uncertainty is about equal to its field-mean 

value, so CV is about 100%

Applied Irrigation Soil water storage Leaching

Field

Drip

Block

Fanjet

Block

Drip Tree

Fanjet Tree



GENERAL  RESULTS

• Field-scale irrigation management practices are 

done as best as one can wish for with the current 

technologies.

• However, the large uncertainty in local-scale 

irrigation water application and the large field 

soil spatial variability prohibits accurate local 

scale leaching estimations across the field.

• Significant improvement in reducing leaching 

losses across irrigated fields will require 

extensive real-time monitoring of tree-plot scale 

leaching across fields, by way of 

PRECISION IRRIGATION WATER MANAGEMENT



DASHBOARD APPROACH

Real-time sensor data will provide model calibration/validation 

and the main input to the Decision Support Platform for real-

time and advanced irrigation water and nitrate management. 

Field-distributed 

sensor network

Field-scale  

Soil & crop modeling

Decision support

system

Real-time field

irrigation operations

Credit: M. Whiting and D. Smart UC Davis


