Soil and Water
                                                                                                                 February 6, 2021
Slide 1 – Soil and Water 

Slide 2 – Acknowledgements
·   Photos by author, except where credits are given, or from the internet with permission – a number of photos used in this program are copyrighted

·   Permission was received to use them specifically for these educational programs!  Please do not copy or reproduce photos for other uses! 
·   Nutrient availability chart used with permission of the author
·   An excellent source – The Consulting Rosarian Manual from the ARS
·   Another excellent source – The Rose Doctor, a key for diagnosing problems in the rose garden, by Gary A. Ritchie, PhD

·   No commercial use of this program please!
Lets take a look about soil and water, how they affect the roses in our gardens, and their relationship with fertilizer

Slide 3 -  Some Basics about Soil….
(Note – Each mouse click brings in a line)
·    A home for most plants
·    Plants depend on soil for water and nutrients
·    Controls water movement

·    Filters and cleans water

·    Habitat for soil organisms

·    Holds them in place
Slide 4 - Main components of Good Soil

(Note – Each mouse click brings in a line)
• Minerals from bedrock – 45%
• Organic matter

• Water and air

• Pore space
·   Air – 25%

·   Water – 25%
(Note – Mouse click brings in the chart)
Slide 5 – Minerals in Bedrock

·   Bedrock consists of varied types of rock that break down very slowly, over time, including;

·   Granite 

·   Decomposes into gravel, sand, silt and clay

·   Limestone

·   Decomposes into very small clay particles

·   Sandstone

·   Decomposes into sand

Slide 6 – Particle Size Relationship
Here you can see the relationship of a size of an individual particle of;
• Sand – 1/20 mm to 2 mm
• Silt – 1/500 mm to 1/20 mm
• Clay – less than 1/500 mm
Large particles yield large pore spaces; small particles yield small pore spaces

Water moves rapidly and is poorly retained in coarse-textured sandy soils

Water moves slowly and is retained in fine-textured, clay soils

           It is the proportions of these particles that determines soil texture

Slide 7 – What Type of Soil Texture Do I Have?
(Note – Each mouse click brings in a line)

• Sift the stones and organic material out of a cup of soil and put in a quart jar

• Fill with water, and add 3 – 4 drops of dish soap
• Shake well and let sit until content clears – could be several days 

• Sand will settle on bottom, silt in middle and clay on top

• Determine the approximate percentage of each of the three layers
·  Use the soil triangle to get your soil classification
Note: The soap is a surfactant, which helps keeps the soil particles separate, resulting in a more accurate test.
Slide 8 – The Soil Triangle

(Note:  Each mouse click brings in one line)

The proportions of sand, silt and clay can be plotted on the graph referred to as the soil triangle.  Each area of the triangle has a specific name.  Here we show a sand/silt/clay ratio of 60%/20%/20%, or a sandy loam.

Note:  You can Google “Soil Triangle” in images and print a copy of this so you can plot your percentages. 

Slide 9 - Types of Soil Textures









         Watch what happens when it rains:

(Note – Each mouse click brings in a line)

·    Sandy – mostly large particles, drains quickly, doesn’t hold enough water thus needs frequent watering, often lacking in nutrients plants need

·    Clay - mostly small particles, holds water, slow to dry out, poorly aerated

·    Loam - mixture of large and small particles plus organic material - well aerated and drains properly, maintains right amount of water

(Note –Mouse click brings in the following line)
         Ideally, roses prefer a sandy loam that is about 60% sand, 20% silt, and 20% clay
Slide 10 – What Concern Us About Texture?

(Note:  Each mouse click brings in one line)

·   Water Movement

·  How quickly water moves thru the soil

·   Water Holding Capacity

·  How much water soil can hold that will be available for plant growth?
·   Air Space

·   Plants get most air from above ground, but don’t do well in very wet soil as air is needed for plant growth, metabolism and living organisms – remember good soil should have 25% air space!
·   While drainage is important, so is water retention – a couple of simple tests will determine deficiencies

Slide 11 –Water and Air in Soil
(Note:  Each mouse click brings in one line)

· Water is held in soil pores.  The amount of water available to plants largely depends on:

· Soil texture 

· Pore sizes

· Sandy soils allow water to drain quickly past roots leaving room for air

· Clay soil will hold more available water than loam or sand 

(Note – Each mouse click brings in one chart)

    Slide 12 – Changing Soil Texture

(Note:  Each mouse click brings in one line)

·    Here you can really see the varied layers 
·    Comes from years of weathering, chemical reactions and the interaction of living organisms in the soil

·    Very difficult to change proportions of sand/silt/clay

·    No practical way to figure out how much of each size particle to add

·    Mixing new soil into old destroys the existing soil structure

·    Randomly mix sand and clay = concrete!

·    Can’t just amend the planting hole 

·    Need to create a gradual change
Working with soil – keep tetanus shots current – at least every 10 years!
Slide 13 – The “bathtub effect”
(Note – Each mouse click brings in a line)

·    Poor draining soils can be made worse when lots of organic amendments are added
·    Water and root growth do not move easily across different soil types

·    Water fills the hole readily because the highly organic soil has large pores (spaces) between particles 

·    Water may sit for days as it can't drain out into the native soil fast enough

      thus, the plant drowns 

·    Best to use the native soil that came out of the planting hole

·     A few handfuls of organic matter are OK 

·    Rough up the side and bottom of the hole and spread out the roots

Slide 14 – Improving Your Soil
·    When preparing soil for planting, improve the nutrient and water holding capacity of a soil by gradually adding organic material, e.g.,

·   Aged manure

·   Compost

·   Mulch

·   Peat

·   Earthworm castings
Slide 15 – Adding Organic Matter
(Note – Each mouse click brings in a line)

· For best results, use organic material that is already broken down, such as aged manure or composted plant material

· As organic matter decomposes it creates humus that produces humic acid, which

·   Aids in converting inorganic minerals and chemicals into available nutrients

·   Helps to create soil aggregates called peds that give soil its structure

·   Increases the soil’s ability to hold water
·   Also improves drainage in heavy soil
Slide 16 - Advantages of Organic Materials

(Note – Each mouse click brings in a line)

•   Helps to loosen and aerate clay soils
·    Improve drainage in heavy soils
•   Improves water & nutrient holding of sandy soils

•   Helps to lower pH in alkaline soil

•   Feeds bacteria in the soil that aids in conversion of 
nutrients for root absorption

•   Slowly releases nutrients over time 
Slide 17 – The Living Part of the Soil
(Note – Each mouse click brings in a line)

·    Includes a wide variety of organisms including—earthworms, nematodes, bacteria, fungi, etc., and larger critters like moles and other mammals that;
·   Loosen the soil as they move through it creating air spaces, mixing the soil components

·   Break down organic matter into nutrients the plant can use

·   Add humus through their daily activities of living

Slide 18 – Mycorrhizal Fungi
(Note – Each mouse click brings in a line)

·    Found naturally in most healthy soils – looks like white threads

·    The fungi attach to host’s roots and grow their filaments (hyphae) out into the surrounding soil

·    Hyphae absorb nutrients and water and bring them to the roots of their host 

·    A plant in soil with mycorrhizae can absorb 100 times more nutrients 

·    Be cautious with fungicidal soil drench – can kill the beneficial fungi

Slide 19 - Water and Roses

(Note – Each mouse click brings in a line)
·    Plants need water, which they get through their roots

·    Plants consist of 50 – 90 % water
·    Water is an essential element in photosynthesis

·    All nutrients entering roots must do so in a water solution!

·    Water carries nutrients through the plant

·    Water makes the cells stiff (turgid) so the plant can remain upright and what gives rose petals substance

·    Water is used for transpiration to cool the leaves

Slide 20 – Rose Watering Tips
(Note – Each mouse click brings in a line)
·    Tailor your watering system to local guidelines and your mode of operation

·    Need about 1 inch/week – more in hot weather

·    Watering at the base of plant is better than overhead as it does not get leaves wet
·    Water deeply until the soil is saturated to the root level to encourage deep root growth  (Note – light watering causes roots to form near the surface)
·    A drip, soaker or dramm system keeps water at base

·    Morning watering is best so sun can dry leaves

·    Water retention and drainage are equally important 

(Note –Mouse click brings in the following line)

                              “Roses don't like wet feet.”
      Slide 21 – Test for Water Retention

(Note – Each mouse click brings in a line)

·   Mark a quart jar at 25, 50 & 75% 

·   Fill gallon clay pot with soil

·   Leave room for 1-quart water

·   Pour water slowly in pot

·   Read % in 1 hour
·   Water retention should be around 50% - like this is!
Note - If the soil retains too much water, add sand (noting the proportion to the soil) and retest, if not enough water is retained, add organic material and retest until desired results are attained.  Then make the adjustments to the beds where you obtained the sample for testing.
Slide 22 – Test for Water Drainage

(Note – Each mouse click brings in a line)

·   Cut both ends of coffee can

·   Push down 1 inch in moderately moist soil

·   Fill with water

·   Takes more than 1 hour to empty – improve drainage, e.g., add sand

·   Drains too fast – improve water retention, e.g., add organic matter

Slide 23 – Soil Improvement Tips
(Note – Each mouse click brings in a line)

·    A balanced soil structure allows water to pass thru slow enuf for nutrients to be taken up by the roots, yet drain down so air is available

·    So, if the tests advise you to; 

·    Increase water retention

                  Add a water retention material like peat or compost

·    Increase drainage

                Add sand

                Create a channel so water can drain away vs. soak in

·   Some of us use raised beds to get above surface level

Note – you can see my Dramm watering system among the weeds
Slide 24 – Why is Soil pH so Important?
(Note – Each mouse click brings in a line)

·    Range goes from 0 – 14 (Just a part shown)
·    pH is a measure of the acidity or alkalinity
·    This is an inverse logarithmic scale based on the “powers of ten”

·    So, a pH 5.0 is 10 times more acidic than a pH of 6.0
·    And a pH of 5.0 is 100 times more acidic than a pH of 7.0
(Note –Mouse click brings in the following line)

                     Roses do best in a slightly acidic soil – a pH of 6.0 – 6.5

By now, some of you are wondering – what does all this soil and pH business have to do with fertilizer.  Well, the more we know about the soil in our rose beds, the more we know how to work with it to make the fertilizer we use more effective. You will have a class on fertilizer next in this school. But for now, let’s take a quick look at a graphical representation of this on the next slide.  

Slide 25 – Soil pH vs. Nutrient Availability
 A proper pH doesn’t guarantee the presence of desired nutrients, but to provide maximum availability of nutrients.  Almost all fertilizers (chemical and organic) tend to make the soil more acidic. 
Mouse click brings in our normal pH of down around 5.2 (the red line).  As you see here, if we did not make any adjustments, a lot of the nutrients that are in the fertilizer are mostly wasted as they just are not available to the plant.  A proper pH doesn’t guarantee the presence of desired nutrients, but to provide maximum availability of nutrients.  Almost all fertilizers (chemical and organic) tend to make the soil more acidic. The uptake of nutrients, when the pH is below 5.0 falls off quite rapidly.  Look at the phosphorous that feeds the root zone – almost nothing.  You can see that when we get our soil pH up into that green zone, which is what we want, that those nutrients are available to the plant.
Mouse click brings in the normal pH for our rose friends in the Tri Cities area  (the blue line).  Soils in the Mid-Columbia Basin are often around 8.0  Here you can see that some of  the minor nutrients, of which there are very little anyway in most fertilizers are mostly wasted as they just are not available to the plant.  So, they have a different set of problems to contend with.  
Did this help you to understand why we are concerned with soil pH when we discuss fertilizer? I think you will see in your next class that it does!
Slide 26 – Effects of pH on Roses

(Note – Each mouse click brings in a line)

· Soil highly acidic (a pH around 4) –nitrogen, phosphorus, potassium, calcium, magnesium, and many trace elements are tied up and are mostly unavailable

· pH 7 and above, iron, copper, zinc, boron and manganese become less available

      (Note –Mouse click brings in the following line)

       If soil pH is way out of the desirable range, primary nutrients become less available!
Slide 27 – Importance of a Soil Test

(Note – Each mouse click brings in a line)

“No Consulting Rosarian should recommend a soil change without learning the results of a soil test”

“Soil chemistry is complex, and it is easy to come to an improper diagnosis of the problem if you do not have scientific data on the chemistry of the soil in question”
                       Consulting Rosarian Manual, page 5-5

      (Note –Mouse click brings in the following line)

Where to get a soil test?  Check with your county extension service or a private lab 

Slide 28 – What Can Change pH

(Note – Each mouse click brings in a line)

•  Addition of organic material

•  Inorganic or synthetic chemical fertilizers

•  Spray material

•  Rainwater is neutral or slightly acidic
·   Tap or city water could be either acidic or alkaline, ask your water provider

·    If using a well, need to check pH
Slide 29 - How to Keep pH Correct

(Note – Each mouse click brings in a line)

If soil is acidic (pH is low)

•  Add lime to increase pH – but it takes time to change

•  Use soil test to determine level of magnesium to determine type of limestone to add 

If sufficient, use calcitic 
If low - use dolomitic 
If soil is alkaline (pH is high)

Add compost, peat or organics to slightly lower pH

A slow and usually continuous process

Add sulfur for a quicker lowering

Slide 30 – Let’s Review
(Note – Each mouse click brings in a line)
·  Check your soil texture

·   Roses prefer a sandy loam
·    Know the pH

·   Roses do better with a soil pH of 6.0 – 6.5
·    Organics can help
·   Add organics to help produce available nutrients 

·   Help loosen the soil to improve drainage and not compact it
·    Why soil pH is important

·   If pH way out of desired range, primary nutrients are not available
·    pH – a measure of the acidity or alkalinity

·   pH is measured by an inverse logarithmetic scale based on the “powers of ten” 

·   A pH of 5.0 is 100 times more acidic than a pH of 7.0 
Slide 31 – A Tad More of a Review of our Talk
(Note – Each mouse click brings in a line)
·    Soil testing

·   Review soil tests results before recommending changes
·    Water – a critical element for plant growth

·   Transports nutrients throughout the plant

·   Makes the plant cell stiff (turgid) so the plant can remain upright
·    Correcting soil problems

· If soil is alkaline add organics or sulfur to lower pH

·    Tetanus

Working with soil – keep tetanus shots current, every 10 years
Slide 32–- Last Thoughts – Words of Wisdom

(Note – Each mouse click brings in a line)
· “To be a successful farmer one must first know the nature of the soil.” - Xenophon, Ancient Greek philosopher and historian, student of Socrates, Circa 430 - 354 BC

· So, from centuries back they knew that…
· If you take care of the soil, you will be rewarded with, as in our efforts – healthy and beautiful roses!

      Slide 33–- Thank you

                                     Questions?
