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W
orldwide, water is becoming scarcer 
and more expensive due to the eff ects 
of climate change. Signifi cant adap-

tation will be necessary to ensure adequate 
supply and effi  cient use of a diminishing resource. 
Th is reduction in the supply of water will aff ect 
agriculture and will require a change in focus 
from increasing productivity of land to increasing
productivity per unit of water consumed. Th e 
need for increased water-use effi  ciency will 
be arising in a changing climate that will 
create abrupt fl uctuations of temperature, 
precipitation patterns, drought, heat waves, 
stronger storms, fl ooding, wild fi res, and pest 
outbreaks. Our soils, and our soil management, 
are not ready to meet these additional stresses. 
Too often, the approach to dealing with water 
defi cits has focused on better technology: 
deeper wells, better drip emitters, more effi  cient 

micro-sprinklers, and variable-speed drives on 

pumps—all of which are important. However, 

a diff erent approach to dealing with the oscilla-

tion between too little and too much water uses 

an appropriate technology that focuses on main-

taining healthy soils by following fi ve basic prin-

ciples discussed in detail in the following sections.

Healthy soil, with its thriving biological activ-

ity, creates a system of air and water pores that 

both allow water to infi ltrate the soil and hold 

that water in place. Th ese pores help plant roots 

grow deep, holding soil in place while allowing 

water to infi ltrate deep into the soil profi le. As 

the amount of organic matter, or carbon, in the 

soil increases, so does the ability of that soil to 

hold water, release nutrients to the crop, and 

prevent erosion (Funderburg, 2001).

Development of this publication 
and its Spanish translation was 
partially funded by CDFA's 
Specialty Crop Block Grant 
project, 18-0001-034-SC.

Introduction

Well aggregated, healthy soil: the result of regular 
additions of organic matter and diverse rotations. 
The aggregates consist of sand, silt, and clay particles 
held together by fungal and bacterial glues. The soil 
aggregates allow water and air to infi ltrate into the soil.

Photos: Rex Dufour, NCAT

In contrast, a soil with little or no aggregation: the fi ne 

clay particles were not held in soil aggregates, and with 

rainfall (or irrigation droplets) the clay particles form a 

seal on the surface layer, preventing infi ltration of both 

air and water. This farmer keeps his orchard fl oor clean 

and does not provide regular additions of organic matter.
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Attaining Healthy Soils
Soil experts across the country, including land 
grant universities, the USDA Natural Resources 
Conservation Service (NRCS), soil consultants, 
and farmer activists, have come to broad agree-
ment about some general principles for restoring 
and maintaining soil health. Th ese principles, 
when conscientiously applied to most farming 
systems, will improve soil health and function 
and likely reduce inputs. Water infi ltration into 
soils is also improved, as well as the soil’s water 
storage capacity—important qualities when con-
sidering increasingly extreme rainfall patterns. 
Here we present fi ve general principles for soil 
management that are responsible for increasing 
soil health and function. 

Th e fi rst principle: Protect the soil surface. Some 
people call this “soil armor.” Th is includes the use 
of cover crops and mulch, which provide many 
benefi ts for the land, including the following:

• Wind and water erosion are brought under 
control. Cover crops and mulch protect 
the soil as wind or water move across the 
soil surface. Th is holds the soil in place 
and allows increased water infi ltration, not 
to mention providing organic matter and 
nutrients to the soil.

• Mulch reduces evaporation from the soil sur-
face, reserving more moisture for plant use.

• Soil temperatures are moderated with cover 
crops and mulch, which act as a buff er, shield-
ing the soil from extreme temperatures. Th e 

soil food web functions better when not sub-

jected to extreme temperatures and humidity.

• Soil aggregation is preserved when rainfall 

hits the cover crop or mulch, dissipating the 

raindrop’s energy. When rainfall hits bare 

soil, soil aggregates are destroyed, erosion by 

wind and water is increased, and the soil is 

starved of oxygen and water. Fine clay parti-

cles seal the soil surface, dramatically reduc-

ing water infi ltration and oxygen exchange 

into the soil.

• Weed growth is suppressed through compe-

tition with the cover crop and/or smothered 

with mulch.

• Habitat is provided by cover crops for ben-

efi cial insects and pollinators. Biological 

mulches/plant residue provides habitat for 

spiders, an important predator of agricul-

tural pests.

Th e second soil health principle is to minimize 
soil disturbance of all kinds. Both physical (till-

age) and chemical (overuse of fertilizers and pes-

ticides) disturbance can disrupt the soil food web. 

Continuous tillage over time, without regular 

and signifi cant additions of organic matter to 

the soil, degrades soil function and reduces soil 

pore space, which in turn restricts water infi ltra-

tion and destroys the biological glues that hold 

soil together. Tillage in combination with overuse 

of fertilizers is like throwing gas on a fi re. Th e 

excess nitrogen feeds bacterial populations, which 

explode when exposed to oxygen through tillage. 

Raised beds with vetch cover crop, which protects the soil and provides 

N. On this California farm, the farmer protects his soil from heavy winter 

rains by planting vetch cover crops on raised beds. In the spring, he’ll 

mow the cover crop, lightly incorporate the residue, and transplant 

processing-tomato seedlings into the beds.

At this Georgia cotton farm, the farmer chem-killed a small-grain cover 

crop and no-tilled cotton into it.  The mulch adds organic matter, 

protects the soil from rains, and reduces water usage.

Photos: Rex Dufour, NCAT
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Th e problem is, these bacteria are feeding on the 
organic matter, which reduces organic matter 
levels unless signifi cant crop residues, compost, 
or cover crops are added to the soil on a regular 
basis. Repeated tillage and overuse of chemical 
N, season after season, degrades soil structure and 
causes the soil aggregates that hold sand, silt, and 
clay together to fall apart, for lack of biological 
glues. Th is makes the soil an easy target for both 
water and wind erosion. Clay particles, released 
from soil aggregates by rainfall or irrigation drop-
lets, will form an eff ective seal on the soil surface, 
preventing water infi ltration to the root zone (or 
water table), increasing runoff  and also creating 
anaerobic conditions in the root zone. 

Th e third soil health principle is plant diversity. 
Original landscapes in which soils were built over 
geological time consisted of a varied plant diver-
sity, which was largely replaced by an annual (or 
perennial) monoculture when Europeans arrived. 
Th e soil food web used to receive carbon exudates 
(food) from the roots of a diverse group of peren-
nial and annual plants. Each species of plant pro-
vides a unique set of root exudates, which in turn 
host a microbial community with some unique 
members, so a diverse aboveground plant com-
munity provides for a very diverse microbial com-
munity in the soil. In most cases, soils now receive 
root exudates from only one species of annual or 
perennial plant at a time. By using crop rotation, 
or rotating alley crops in orchards, we can start to 
better mimic the original plant diversity that bene-
fi ts the soil food web. Th is, in turn, improves rain-
fall and irrigation-water infi ltration and nutrient

cycling, while reducing disease and pests. Diverse 

rotations in annual crops, which provide plant 

diversity over time, can keep soil healthy. For 

perennial crops, it’s important to rotate cover 

crops in alleys, as that will help ensure a healthy 

soil ecology and help prevent the build-up of soil 

pathogens. In pasture and rangeland, carefully 

managed grazing encourages plant diversity. 

Th e fourth soil health principle is the concept 

of continual live plants/roots in the soil. Th e 

native vegetation in converted agricultural areas 

consisted of continuous stands of perennial and 

annual grasses and broadleaves providing carbon 

exudates to the soil food web during most of the 

Soil physical disturbance—tillage—is hard on the soil ecosystem. Farmers who minimize 

tillage not only save money on labor and equipment wear and tear, but they’re also 

taking a step toward healthier soil. Chemical disturbance can be equally detrimental to 

soil health. Photo: Rex Dufour, NCAT

A diverse cover crop of more than a dozen species of grasses, legumes, 

and mustards helped the farmer at this Northern California walnut farm 

reduce his lesion nematode population from a count of more than 5,000 

to “undetectable” over fi ve years.

Having a diversity of crops on a fi eld or a diverse rotation of diff erent 

crops from diff erent plant families both support a diverse soil 

ecology.

Photos: Rex Dufour, NCAT
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growing season. Today’s croplands typically grow 
annual crops with an extended crop-free period 
of bare soil before planting or after harvest. It 
is extremely rare in nature to see vast expanses 
of  bare soil. Bare soil does not receive any root 
exudates, and this starves the soil microbial com-
munity. Cover crops are able to fi ll in this crop-free 
period, providing cover to the soil and root exu-
dates to the soil’s food web. Cover crops address 
a number of resource concerns already listed in 
Principle 1 and also provide an opportunity for 
livestock integration into cropping systems. In 
pasture systems, a diverse mix of warm-season 
and cool-season forage plants lengthens plant 
productivity over the course of the year, maximiz-
ing root exudation. 

Th e fi fth principle of soil health is the concept of 
livestock integration. Animals, plants, and soil 
have played a synergistic role together through 
geological time. Fewer farms are including 
animals as part of their operations, due to 
increasing specialization in growing only crops, 
combined with an increase in the number of 
confi ned animal operations. Returning animals 
to the agricultural landscape can contribute to 
soil health by adding some biology to the soil, 
especially if the land hasn’t had grazing ani-
mals on it. Livestock also convert high-carbon 
annual crop residue to low-carbon, high-nitro-
gen organic material, i.e., manure, which is 
benefi cial to the soil. Some cover crops can be 
grazed without damage. Conversely, livestock 

In contrast, the farmer managing this farm has invested in the farm’s 

soil, adding organic matter both from the plant material and from root 

exudates. Vetch also provides signifi cant amounts of nitrogen for the 

following crop and helps maintain a highly functioning soil ecology.

Photos: Rex Dufour, NCAT

Large expanses of bare soil are an all-too-common scene in much 

of the United States. Lack of living roots in the soil starves the soil 

ecology, exposes the soil to both wind and rain erosion, and provides 

no habitat for benefi cial organisms. We must do better to protect this 

precious resource.

This grower planted a cover crop of bell beans, Austrian pea, and vetch, 

which all provide nitrogen to the walnut trees.

Photos: Rex Dufour, NCAT

The grower at this operation has sheep grazing in the orchard, which 

is essentially providing two crops: grass and walnuts. This provides the 

grower savings on orchard fl oor management, as well as providing his 

trees additional nutrients. These sheep will be removed from the orchard 

four months prior to any harvest. 
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can be used to manage an overly vigorous cover 

crop. Th oughtful integration of livestock onto 

cropping land can reduce weed pressure, her-

bicide use, and livestock waste associated with 

confi nement, thereby improving water quality 

and addressing nutrient-management concerns. 

Soils, Organic Matter, and 
Water: Why organic matter 
stores more water than sand, 
silt, and clay
Organic matter in the soil is made up of living, 

dead, and decomposed organisms. Th e living 

organisms in the soil, which represent roughly 

15% of the total organic matter in the soil, vary 

from microorganisms like fungi, bacteria, and 

viruses to insects, plant roots, earthworms, and 

mammals. Th e dead organisms are recently 

deceased microbes, insects, earthworms, animals, 

and decaying plant material. Th e living organisms 

feed on both the living and the dead organisms, 

releasing proteins, sugars, and amino acids that 

feed plants and decomposers. Th e decomposition 

process and its various by-products also produce 

substances that hold sand, silt, and clay particles 

together to form aggregates and give them struc-

ture. Th is structure allows for effi  cient infi ltration 

of rain and irrigation water into the root zone 

and, ultimately, into the water table. Th e small-

est organic matter particles in the soil are called 

humus. Humus is a relatively stable part of the 

soil, a complex component that can buff er a plant 

from exposure to harmful chemicals, reduce the 

eff ect of compaction, improve drainage in clay 

soils, and improve water retention in sandy soils 

(Magdoff  and van Es. 2009). Th is stable organic 

matter has surface charges that allow water to 

adhere to the surface. In addition, organic mat-

ter, being generally negatively charged, attracts 

positively charged ions (cations), many of which 

are important plant nutrients. 

Earlier research demonstrated that a silt loam soil 

with 4% organic matter holds more than twice 

the water of a silt loam with 1% organic mat-

ter (Hudson, 1994). Further recent research has 

shown that there have been overestimations on 

the relative contribution of soil organic matter 

to water-holding capacity, and it is infl uenced 

greatly by the soil physical properties (particle 

size, texture, and bulk density) and mineralogy. 

Th e increase of water-holding capacity as levels 

of organic matter are increased was more pro-

nounced for sandy soils than for loam and clay 

soils (Minasny and McBratney, 2017; Libohova 

et al., 2018). Th is more recent research still sug-

gests that for every percent of soil organic matter 

(SOM) in the top six inches, the soil will be able 

to store an additional 10,800 liters of water. But 

regardless of the soil type, adding organic matter 

to soil is benefi cial for the numerous functions 

it provides besides increasing the soil’s water-

holding capacity. Farmers investing in their soils 

by increasing organic matter and improving soil 

health will fi nd that their soils will better support 

plant health, especially during times of drought 

and fl ooding. 

Sheep have grazed on in-tree-row grasses, as well as 

the cover crop, except for the bell beans, which they left 

mostly untouched. Sheep provide a biological boost to the 

orchard trees, gain signifi cant weight from the cover crop, 

and provide cover crop management 

services.  Photos: Rex Dufour, NCAT

Increasing levels of soil organic matter can 

increase the cation exchange capacity (CEC) 

of soils, providing a reservoir of nutrients and 

micronutrients (calcium, potassium, magne-

sium, iron, manganese, ammonium, and others)

especially needed in sandy soils with very low 

CEC levels. In fact, organic matter can have 

four to 50 times higher CEC per given weight 

than clay (Ketterings et al., 2007).

Related ATTRA 
Publications
www.attra.ncat.org

Crops: Soil Related

Cover Crop (340) in 
Organic Systems

Cover Crop Options for 
Hot and Humid Areas

How to Add Compost on 
Your Small Farm 

The Irrigator’s Pocket 
Guide

Soil Aggregate Stability: 
Visual Indicator of Soil 
Health (video, 5 min)

Soil Moisture Monitoring: 
Low-cost Tools and 
Methods

Sustainable Soil 
Management

Tipsheet: Assessing 
the Soil Resource for 
Beginning Organic 
Farmers

Livestock: Soil Related

Assessing the Pasture Soil 
Resource 

Building Healthy Pasture 
Soils

Integrating Livestock 
and Crops: Improving 
Soil, Solving Problems, 
Increasing Income 

No-Till Case Study, 
Brown's Ranch: Improving 
Soil Health Improves the 
Bottom Line 

Nutrient Cycling in Pastures 

https://attra.ncat.org
https://attra.ncat.org/attra-pub-summaries/?pub=486
https://attra.ncat.org/attra-pub-summaries/?pub=570
https://attra.ncat.org/attra-pub-summaries/?pub=593
https://attra.ncat.org/attra-pub-summaries/?pub=500
https://www.youtube.com/watch?v=giDduFw1Ybo
https://attra.ncat.org/attra-pub-summaries/?pub=111
https://attra.ncat.org/product/sustainable-soil-management
https://attra.ncat.org/attra-pub-summaries/?pub=529
https://attra.ncat.org/attra-pub-summaries/?pub=181
https://attra.ncat.org/attra-pub-summaries/?pub=580
https://attra.ncat.org/attra-pub-summaries/?pub=481
https://attra.ncat.org/attra-pub-summaries/?pub=414
https://attra.ncat.org/attra-pub-summaries/?pub=240


Page 6 Managing Soils for Water: How Five Principles of Soil Health Support Water Inf iltration and Storage

Percent SOM Sand, H20”/
foot of soil

Gallons of 
Water

Silt Loam, 
H20”/foot 

of soil

Gallons  of 
Water 

Silt Clay Loam,  
H20”/foot 

of soil

Gallons 
of Water

1 1.0  27,154 1.9  51,593 1.4 38,015

2 1.4  38,015 2.4  69,170 1.8 48,877

3 1.7  46,162 2.9  78,747 2.2 59,739

4 2.1  57,023 3.5  95,039 2.6 70,600

5 2.5  67,885 4.0  108,616 3.0 81,462

Soil Organic Matter and Available Water Capacity Inches of Water per Foot of Soil 

(Source: Based on Hudson, 1994)

Why You Can’t Manage 
What You Can’t Measure: 
Why soil moisture monitoring
and irrigation distribution 
is important
Measuring irrigation distribution is important 

and especially eff ective when used in combina-

tion with practices that support a healthy soil. 

Th e moisture content of the soil regulates the 

moisture levels in the plant. Overly dry or overly 

moist soil stresses the plant and can induce 

diseases and reduce future seasons’ yields. Th is 

is why it is important to monitor soil moisture 

in order to schedule irrigation and provide the 

crop with adequate water to achieve ideal growth 

and yields. Soil moisture-monitoring devices use 

sensors and probes located in the soil root zone. 

Combined with information about temperature, 

Soil Moisture Monitoring: Low-Cost Tools and Methods. 

This ATTRA publication 

provides a good over-

view of soil moisture-

monitoring devices.  Irri-

gators who monitor soil 

moisture levels in the fi eld 

greatly increase their abil-

ity to conserve water and 

energy, optimize crop 

yields, and avoid soil ero-

sion and water pollution. 

This publication explains 

how soils hold water and 

surveys some low-cost soil 

moisture-monitoring tools 

and methods, including a 

new generation of sophis-

ticated and user-friendly electronic devices.  

The Irrigator’s Pocket Guide. This publication, well worth the 

$10 price, was created with input from irrigation experts in more 

than 20 states.  The Irrigator's Pocket Guide belongs in every irri-

gator's hip pocket. It is a take-to-the-fi eld guide that demystifi es 

the art of irrigation management, explains everything you need 

to know about soil moisture and crop water use, and shows you 

how to optimize crop yields while conserving water, soil, and 
energy. More than 30,000 copies have already been sold. The 
Equipment Maintenance half of the book features exceedingly 
clear and detailed maintenance and troubleshooting proce-
dures for pumps, motors, engines, control panels, and distribu-
tion systems. The Water Maintenance guide, on the other side 
of the book, provides a step-by-step guide to irrigation water 
management for sprinkler, surface, and microirrigation systems. 
The book is 158 pages long, has durable waterproof covers, and 
measures 4"x 6½”. It includes 44 diagrams and tables, 14 pages 
of handy conversions and formulas, and irrigation guidelines 
for more than 30 common crops.

While poor irrigation 
practices cause a 
host of environ-

mental problems, irriga-
tion can also be a sustain-
able practice, at times and 
places where it does not 
deplete or degrade surface 
water, groundwater, or soils. 
In times of high energy and 
water costs, ef  cient irriga-
tion is essential to the via-
bility of many farms and 
ranches. In the next few 
decades, more ef  cient irri-
gation may offer the best 
hope of feeding the world’s 
growing population. (Postel, 1999) 

Given the importance of irrigation effi-
ciency, it’s unfortunate that irrigation water 
management is often presented as a series 
of complicated mathematical calculations 
that only an engineer could love. Irrigation 
management is nothing more mysterious 
than maintaining a suitable environment 
for growing crops, mainly by keeping soils 
from becoming too wet or too dry. There 
are many ways to achieve this goal, includ-
ing some that require no calculations at all. 
This publication describes several ways that 
you can check the soil moisture levels in 
your  elds, using your hands, inexpensive 
probes, or new electronic devices. 

Of course, there’s more to irrigation man-
agement than just checking soil moisture 
levels. You should follow general irrigation 
guidelines for the crops you are growing, 

and you should track crop water use (evapo-
transpiration) as the season goes by. These 
topics are not covered in this publication; 
your local Natural Resources Conserva-
tion Service (NRCS), Extension, or soil and 
water conservation district of  ce should be 
able to assist you. You should also know the 
amount of irrigation water you are apply-
ing. (Please refer to the ATTRA publication 
Measuring and Conserving Irrigation Water.)

No one knows as much as you do about 
your  elds, crops, and irrigation system. 
So adjust, adapt, or reject any suggestion in 
this publication that doesn’t  t your situation 
or doesn’t seem to be working. Use every 
kind of information you can  nd about how 
your soils and crops are responding, pro-
ceed cautiously, and test every recommen-
dation with direct observations in the  eld.
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evapotranspiration (evaporation from the soil 
and transpiration from the plant), and water 
requirements of the crop, these devices are able 
to provide the farmer with information that 
can be used to schedule irrigation properly. See 
text box on page 6 for more resources about 
monitoring soil moisture. 

Another important component in managing soil 
moisture is irrigation distribution uniformity. 
Th is measures how evenly water is applied to 
a crop across a fi eld during irrigation. Micro-
sprinklers often get plugged, as do drip emitters. 
Sprinkler heads get worn, and leaks in the system 
aff ect distribution uniformity, not to mention 
human error (a worker forgot to turn a valve, 
etc.). All these can signifi cantly aff ect water dis-
tribution, and fertilizer distribution if the farmer 
is fertigating. If water distribution is uneven in 
a fi eld, it will negatively aff ect yields. Inspecting 
and performing distribution evaluation in your 
irrigation system will identify the causes, and 
corrections can be made to eliminate plugging, 
minimize variation in pressure, and adjust fl ow 
rate, infi ltration time, spacing, set duration, and 
land grading. Th e Irrigator’s Pocket Guide (see 
text box) has a wealth of information about dis-
tribution-system uniformity and maintenance.

Strategies to reduce crop water use:

• Maintain healthy, water-absorbent soils, following the fi ve principles set out earlier in this publication

• Match plant genetics—varieties, growth characteristics, and tolerances (heat, salinity, pests, drought, early maturing 

etc.)—to specifi c conditions

• Replace high-water-consuming crops with water-effi  cient crops

• Implement cultural practices: conservation tillage, planting densities, double cropping, intercropping, and crop rotation

• Improve irrigation timing through scientifi c irrigation scheduling, a systematic procedure that calculates precise water 

requirements over a short period of time to meet crop needs

• Manage defi cit irrigations

• Use irrigation technology: sensor devices, probes, computer technology

• Utilize low-volume irrigation systems: drip irrigation and micro sprinklers, surge, and sprinkler

• Irrigate at night

• Practice weed control

• Apply mulches

• Reduce tillage

Soil Health and the Future 
of Farming
Farmers across the country are operating in an 

era of uncertain weather and uncertain markets. 

Many farmers have reduced their input costs 

and increased their bottom lines by choosing 

to invest in soil health, just as they would in 

new machinery and maintaining farm struc-

tures. Healthy, living soils can better sustain 

the increased demands we’re placing on them 

to grow healthy food and maintain clean water 

and air. It is important to build and maintain 

soil health before drought or fl ood conditions 

appear. Healthy soils can better withstand cli-

matic stresses of drought and fl oods and, in some 

cases, can help mitigate these stresses. All this 

requires an increased understanding about how 

to manage the soil as an ecology. Investments, 

such as adding organic amendments, practic-

ing no- or reduced tillage, leaving crop residue, 

planting cover crops, and diverse crop rotations, 

will help the soil effi  ciently cycle both water and 

nutrients, sustain plant and animal productivity,

and maintain or improve water quality. Th e 

return on soil health investments will pay off  

year after year after year.



Contact Us!    attra.ncat org    •    Toll-free:  800-346-9140    •    Email:  askanag@ncat.org

Managing Soils for Water: How Five Principles of Soil 
Health Support Water Inf iltration and Storage

By Martin Guerena and Rex Dufour, NCAT Agriculture 
Specialists

Published November 2019

© NCAT 2019

Tracy Mumma, Editor • Amy Smith, Production

This publication is available on the Web at: 
www.attra.ncat.org

IP594
Slot 618
Version 111219

References

Funderburg, Eddie. 2001. What Does Organic Matter Do 

In Soil? Nobel Research Institute. www.noble.org/news/

publications/ag-news-and-views/2001/august/what-does-

organic-matter-do-in-soil/

Hudson, B.D. 1994. Soil organic matter and available 

water capacity. Journal of Soil and Water Conservation.

March/April. p. 189-194. www.jswconline.org/content/49/

2/189.short

Ketterings, Q., S. Reid, and R. Rao. 2007. Cation Exchange 

Capacity (CDC) Fact Sheet 22. nmsp.cals.cornell.edu/

publications/factsheets/factsheet22.pdf

Libohova, Z., C. Seybold, D. Wysocki, S. Wills, P. Schoene-

berger, C. Williams, D. Lindbo, D. Stott, and P. R. Owens. 

2018. Reevaluating the eff ects of soil organic matter and 

other properties on available water-holding capacity using 

the National Cooperative Soil Survey Characterization 

Database. Journal of Soil and Water Conservation. Vol. 73, 

No. 4. p. 411-421. www.jswconline.org/content/73/4/411.

full.pdf+html

Magdoff , F., and Harold van Es. 2009. Organic Matter: 

What It Is and Why It’s So Important. www.sare.org/

Learning-Center/Books/Building-Soils-for-Better-

Crops-3rd-Edition/Text-Version/Organic-Matter-What-It-Is-

and-Why-It-s-So-Important 

Minasny, B., and A.B. McBratney. 2017. Limited eff ect of 

organic matter on soil available water capacity. European 

Journal of Soil Science. Oct. 6.

Further Resources
ATTRA Resources https://attra.ncat.org : 

• Building Healthy Pasture Soils. 2017. By Lee Rinehart, 
NCAT Program Specialist. 

• Drought Resistant Soils. 2003. By Preston Sullivan, 
NCAT Agriculture Specialist. 

• Measuring and Conserving Irrigation Water. 2006. By 
Mike Morris and Vicki Lynne, NCAT Energy Specialists. 

• Soil Moisture Monitoring: Low-Cost Tools and Meth-
ods. 2006. By Mike Morris, NCAT Energy Specialist.

• Tipsheet: Assessing the Soil Resource for Beginning 
Organic Farmers. 2015. By Rex Dufour, NCAT Agri-
culture Specialist. 

• Tipsheet: Compost. 2015. By Th ea Rittenhouse, NCAT 
Agriculture Specialist.

• Soil Aggregate Stability: Visual Indicator of Soil Health. 
2018. By Rex Dufour, NCAT Agriculture Specialist. 

Crop Management in Drought. https://cropwatch.unl.edu/
crop-management-drought

Soil Moisture Measurement and Sensors for Irrigation 
Management. 2015. By Tiff any Maughan, L. Niel Allen, 
and Dan Drost. https://digitalcommons.usu.edu/cgi/
viewcontent.cgi?article=1777&context=extension_curall

University of California Drought Management. 
Strategies for maximizing irrigation water effi  ciency. 
http://ucmanagedrought.ucdavis.edu/

USDA. Natural Resources Conservation Service. Soil 
Health Literature-Th e Science Behind Healthy Soil. 
www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/
resource/?cid=stelprdb1257753
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