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Introduction
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The Ugly History of Drought, and the Potential for Drought Resilience




No natural disaster has caused as much human misery as drought. In fact, it has caused more suffering and death than all other natural disasters combined. Drought compromises our ability to acquire two of our most basic needs: water and food. Millions have suffered slow, painful deaths from thirst and starvation throughout the ages, and entire civilizations have collapsed when their supply of water or food has literally dried up.


Here are some of the great civilizations documented to have been devastated by drought.


4,200 years ago, the Akkadian Empire of Syria and the Old Kingdom of Egypt were destroyed by drought.


1,000 years later, several civilizations around the Mediterranean were devastated, including the Hittites and the Myceneans.


In the 8th century, the Mayan Empire in Central America and the Tang Dynasty in China both suffered and collapsed from drought.


In the 12th century, the Mayans again were struck, as were the Anasazi of the American Southwest, who disappeared altogether.


In the 15th century, the Ming Dynasty of China was severely affected.


In the 1930s, the most famous drought in the history of the US took place: the Dust Bowl.




All these droughts had two factors in common. The first, obviously, was lack of rainfall. The second was the destruction of natural vegetation and the substitution of a system of agriculture ill-suited for the environment.


It is often said that those who fail to heed the lessons of history are doomed to repeat the same mistakes. The Dust Bowl caused tremendous changes in our nation’s environment, agricultural policy, and social fabric. Unfortunately, it was not the last drought our country has faced. A severe drought occurred in the 1950s, followed by others in 1980, 1983, 1988, 2001, 2002, 2006, 2011, 2012, and 2016.




The drought of 1980 cost the United States an estimated $56 billion, the 1988 drought cost $78 billion, and the 2012 drought was the most expensive in history. With estimated losses as high as $150 billion, it was the costliest environmental disaster in US history by a wide margin (in comparison, Hurricane Katrina cost an estimated $108 billion).


You would think that, given the magnitude of suffering caused by drought, finding means to reduce its impact would be a national and international priority. On the contrary, we seem simply to assume there is nothing we can do, and we choose to suffer the full effects of these disasters instead of trying to minimize them. Is there any other natural disaster that we could manage for, but do not?






[image: Captioned image.]

Anasazi: Clearly the Anasazi were a very advanced civilization, as evidenced by their impressive cliff dwellings, but they disappeared altogether after a prolonged drought eliminated their ability to feed themselves.









Seeing Is Believing


I believe the Ken Burns documentary The Dust Bowl should be required viewing in every grade school. It not only vividly describes the tragedy of the Dust Bowl (using the words of the survivors to drive home the impact of the drought), but it also traces the causes of the event.
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Management and Mismanagement


I heard a joke in church.


A very religious man was trapped on a rooftop during a flood. A man in a rowboat came along and offered to rescue him. The man on the rooftop said, “No, thank you, but I have prayed to God and He will rescue me.” So the boatman rowed away.


The flood continued to rise. A while later, a large patrol boat came up and offered to rescue the man on the rooftop. Again, he declined, saying that he had prayed to God, he was a man of faith, and that God would reward his faith by rescuing him.


The flood continued to rise. A helicopter showed up and let down a ladder. The man on the rooftop again declined, again stating that God would rescue him.


The flood continued to rise, and the man on the rooftop became submerged in water and drowned. As he entered the kingdom of heaven and came face to face with God, he asked, “I prayed and prayed to you. I was faithful to the end. Why did you not rescue me?”


God replied, “What do you mean? I sent two boats and a helicopter. I can’t help it if you refused to climb aboard.”


Throughout history, people have believed that drought was a punishment from a supernatural deity, and that the only possible course of action was to appease the deity through prayer or sacrifice. While it is true that there is little we can do to change the amount or timing of the rainfall we receive, there are hundreds of actions we can take that can dramatically improve how effectively precipitation is taken into the soil, is stored by the soil, and is used by vegetation. Unfortunately, most of the “management” that humans have used in agriculture throughout history has made us much more vulnerable to drought, not less. This book describes real actions we can take to make our farms and ranches much more drought-resilient. I learned these techniques through a journey of exploration that began during my childhood.




My Story


When I was growing up on our farm in southeast Kansas, nearly every spring it was too muddy to get our corn planted on time. Once planted, it would almost always look fantastic, due to our typically frequent rain in May and June. By July, however, the rains would diminish and the temperature would soar, and within just a few days after the last rain in July, the corn would start to wilt. Every summer, it seemed, I watched our promising crops shrivel to a fraction of their potential — and then fail completely during real droughts like the one in 1980, when our best corn field made a paltry 10 bushels to the acre.


My father was the hardest-working man I ever knew, but no matter how hard he worked he could not make it rain. I watched the despair in his face, from the helplessness of watching the hard-earned fruits of his labor all too often shrivel up and die. It just didn’t seem fair that he could work so hard and receive so little. Why did it never seem to rain enough on our farm in the summer?


Every year, I had heard about the wonderful corn crops in neighboring Iowa, and I assumed it rained all summer long there. When I went to college, I found out that Iowa received almost the exact same amount of rain that we did, no more. I also had roommates from western Kansas who got better corn yields than we did on half the rainfall we received.




How could this be? Were we just stupid? Were we just poor farmers? I later learned in my travels that Iowa and western Kansas had something that southeast Kansas did not: good soil. What exactly was the difference in the soils? When it rained on those soils, the water soaked in. When it rained on our tight, heavy clays, most of it ran off, especially during the intense thunderstorms that occurred in the summer, when soil moisture was needed most. If you dug a hole in those soils of Iowa or western Kansas, you could find roots up to 6 feet deep. In our tight clay soils, the roots stopped about 4 inches deep. We did not have a deficiency of rainfall; we had soils that could not make good use of the rainfall we did receive.
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My grandfather, Rollin Strickler, bottle feeding one of his prized Simmental calves






Watching your family’s livelihood burn to a crisp every summer leaves an impression on you. I made it my lifetime goal to learn how to reduce our vulnerability to drought. I was determined to make our miserable soil more like those of Iowa or western Kansas: a soil that would let rainfall actually go into the ground, a soil that would hold moisture between rains, and a soil in which roots could go deep and pull that moisture out. I spent hours in the library and sought out every scrap of information I could find on soil improvement and drought management. I interviewed dozens of survivors of the droughts of the 1930s, the 1950s, the 1980s and, of course, 2011 to 2012 and picked up tips and techniques.


Once I began my professional career as an agronomist, specializing in forages and cover crops, I began to network with like-minded people with varied experiences from all over the world. The Internet broadened my access to information about drought, and many late evenings were devoted to scouring the web for the best ideas for improving drought resilience. I learned techniques to enable pastures to withstand drought and ways to feed livestock and water livestock when the best of management falls short. I learned how to improve soil and make it much more capable of withstanding long periods without rainfall.


Since this information is too important to keep to myself, I have chosen to share it in the form of this book.




Making a Change


In the year 2000 I bought a farm and gradually began to put my theories to the test. My new place had been managed in what would be considered typical farming practices for the area: it was conventionally tilled, flood-­irrigated, and in a corn-soybean rotation.


I began making changes, installing subsurface drip tape, moving to no-till, integrating cover crops, and then planting perennials. In 2004 I dug a trench in this field to put in a drip tape flush pipe. I observed that the roots of the soybean crop then growing on the field grew to a mere 18-inch depth, completely stopping at the point where they hit the clay subsoil layer. In August of 2015, prepping for a farm field day, I dug a 6-foot-deep pit in the same field, so that tour participants could view the roots of the eastern gamagrass growing on the field. The difference was remarkable. Not only did the roots of the eastern gamagrass extend down to the bottom of the 6-foot pit, but the soil at the bottom of the pit surrounding those roots was moist enough that you could squeeze water out of it, despite going without a rain for more than 2 months.


According to my calculations, at the beginning of this project in 2004, my effective root zone held 3 inches of available moisture (1.5-foot depth times 2 inches per foot of depth). In 2015, after 11 years of management designed to create drought resistance, my now 6-foot-plus root zone held over 12 inches of available moisture. Even if you assume this crop could use as much as 2 inches of moisture per week, 12 acre-inches of moisture buys a lot of cushion between rains. My theories, accumulated over three decades of research, had finally been put to the test and had passed with flying colors. I now feel compelled to share these techniques with the world.


So how did I accomplish this feat? In essence, I followed this simple recipe:




	
1. Increase the infiltration of rainfall into the soil and decrease the runoff.


	
2. Increase the amount of water that the soil profile can store.


	
3. Increase the ability of plant roots to extract the water when needed.







Or, more succinctly:




	
1. Get it in.


	
2. Keep it in.


	
3. Get it out.







This sounds pretty simple and, really, the basic principles are simple. Like so many other worthwhile endeavors, however, the devil is in the details, and that information is what I now propose to share with you. How you can accomplish these three basic principles is outlined in Part I of this book. Part II deals with keeping livestock fed and watered during a drought. Part III consists of two chapters. The first chapter is a plan for changing our agriculture altogether in the most drought-prone areas (the semi-arid Plains), utilizing many of the emergency practices described in chapter 7 as a planned, every-year agriculture system. The second chapter contains a checklist of activities to be performed prior to, during, and after a drought to minimize its impact.


Enjoy.
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PART I






CREATING a Moisture-Efficient Soil




On January 1, 2000, I began my first year of farming full of arrogance, determined to show the world how much smarter I could farm than everyone else. That first summer, my farm was struck by one of the worst droughts in the history of my area. My irrigation allotment was cut back from 17 to 5 acre-inches, not enough to salvage a decent crop given the meager rain. Adding insult, the soybeans to which I had planted almost my entire farm were sold for the same price that soybeans enjoyed in 1936.


My inability to control how much moisture I received humbled me, humiliated me, and put me in a financial hole from which I have still not yet fully recovered. But that disaster strengthened my resolve to learn how to change what I could control: the ability of my soil to capture, store, and release the moisture it did receive.
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Getting More Water into the Soil
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On May 5, 2015, a tornado hit my hometown. It wrought terrible destruction, cutting through our local ethanol plant and tearing the grain bins into individual sheets of corrugated metal. Those sheets went spinning through the neighboring feedlot at more than 100 miles per hour and sliced hundreds of animals into bits. The tornado destroyed the home of a dear neighbor and dumped up to 7 inches of rain in just a few minutes, causing massive flooding in the area. My creek-bottom pasture was under 3 feet of water, my fences were washed out, and my cattle went on a three-day walkabout.


Very few soils are in a condition to absorb rainfall that intense. My son and I were tornado chasing, and he had his camera pointed out the window at the funnel cloud to the east. As I passed our farm I saw something that made me hit the brakes. All along our drive that afternoon the road ditches were overflowing — until we came to the ditch at the bottom end of my farm, which was empty. According to the nearest intact rain gauge, we had received 4.5 inches of rain in about 20 minutes, and the entire quantity soaked into my field. All my neighbors are excellent farmers, and I am not trying to portray them as bad examples at all. But the rain was pouring off their fields in small gullies several feet across, and every drop that fell on my field stayed on my field.


It was a small ray of personal sunshine in the middle of a huge tragedy. It told me that what I had been trying to accomplish with my soil management had worked. It really doesn’t matter how much rain you get if most of it runs off and never enters your soil. Therefore, the very first step in being more moisture-efficient is to make sure the rainfall you do receive actually goes into your soil.




The Tillage Myth


It seems perfectly logical to assume that tillage would increase the infiltration of water into a soil. I mean, just look at a freshly tilled soil surface. It is loose and crumbly and porous. In this case, however, looks are quite deceiving. (See Table 2.1.)


Now to be fair, rainfall does enter a tilled surface faster than an untilled one . . . for the first few minutes of a rain. But once raindrops have done their work of pulverizing the exposed soil aggregates into a cake-batter consistency, this finely mucky layer becomes an actual barrier to further water infiltration. It doesn’t take long for this to happen, either. During an intense thunderstorm, it may take just a few minutes. The USDA Natural Resources Conservation Service (NRCS) has a traveling demo called the Rainfall Simulator that dramatically illustrates how water fails to penetrate a tilled soil.







How Tillage Affects Rainfall Infiltration










	

Tillage treatment




	

% groundcover




	

mm water/minute









	

Moldboard plow




	

12




	

0.8









	

Chisel plow




	

27




	

1.3









	

No-till




	

48




	

2.7









	

Table 2.1 Research shows that tillage retards, rather than speeds up, infiltration.
















What Are Soil Aggregates?


Aggregation is the clustering together of individual soil particles (sand, silt, and clay) into a spherical conglomerate, held together by biological glues. An aggregated soil will hold plant-available water within the pores inside the aggregates, yet will allow the easy movement of rainfall and oxygen into the soil around the aggregates.


A water-stable aggregate is one that will withstand wetting and remain in an aggregated condition. A high percentage of water-stable aggregates is a very desirable condition for plant growth. An easy way to measure water stability of aggregates is the slake test. This involves placing a lump of soil onto a screen suspended in a graduated cylinder filled with water. A soil with good water-stable aggregation will remain intact, while a soil with poor aggregate stability will quickly melt away and the soil particles will fall through the screen.







[image: An illustration of soil aggregates. Sand grains and silt particles sit amongst organic material and clay particles, with pores inbetween.]









Short term, the negative consequence of tillage is primarily the exposure of the soil surface to raindrop impact. This impact breaks soil aggregates into individual soil particles, which settle into a dense layer that when dry forms an impermeable crust. The secondary effect is the creation of a platy layer at the bottom of the tillage layer, especially with inversion tillage like moldboard plowing or disk harrowing. This layer is called a plowpan.


To lift a soil up, something has to press down on the layer below it for leverage. The bottom of a plowshare or disk transfers the weight of the implement plus the weight of the soil it is lifting to the layer of soil below it. That pressure flattens those desirable round balls of soil into flat layers that look like plates, with no pore spaces at all. This layer allows water to move through it very, very slowly. For water to enter a pore, air must be able to move out of it. This is very difficult in a platy-structured soil.


In the long term, the biggest negative consequence of tillage is the reduction in soil organic matter. Soil organic matter provides the glues that hold soil aggregates in their desirable round shape, a shape that encourages the free passage of water around them and into the soil profile. Understanding why tillage reduces water infiltration will help clarify the processes and techniques that increase infiltration.






[image: Captioned illustration.]

Tillage can create a surface layer of loose soil, but it compresses the layer below the depth of tillage to create a plowpan. This layer has a platy structure that impedes movement of rainwater and oxygen into soil.










How Water Travels through Soil


There are two major forces acting on water in soil: 1) gravity; and 2) the attraction of water to the surfaces of soil particles. The attraction of water to soil surfaces is a function of the molecular shape of water, which is slightly bent. This bent shape results in the hydrogen atoms (which are positively charged) being at one end of the molecule and the negatively charged oxygen being at the other. The surfaces of soil particles are negatively charged, so the hydrogen end of the water molecule is attracted to the soil surfaces. The more surface area a soil has, the more attractive force it has for water.


Most of the attraction, or “pull,” that soil has for water comes from the clay particles in the soil. Humus is typically such a small portion of the total soil weight that it does not greatly add to the pull that soil has for water compared to the much more abundant clay, though humus has more attraction on a pound-for-pound basis. The pull that soil particles have for water is far stronger than gravity. This is evidenced by the fact that a column of soil placed in water sucks the water up into the column against gravity, like a straw. However, this attractive force extends only a microscopic distance from the soil particle. This means that water even a few millimeters away from direct contact with a soil particle moves under the influence of gravity.


By contrast, water in close contact with soil clings tightly to the soil particle until it is coated with more water than it can hold, a condition we call saturation. If soil particles are packed together tightly, water does not move down until each successive layer becomes saturated.


The key to getting water into the soil, then, is to have large pore spaces (macropores) open to the soil surface so that water can enter without actually touching soil particles. All of our management to increase infiltration is directly or indirectly related to this goal.








[image: Captioned illustration.]




The positive-charged ends of water molecules are attracted to the negative-charged surfaces of clay particles.








A Film Is Worth a Million Words


If the explanation above is as clear as mud (pun completely intended), please understand that it is difficult to explain in words how water moves into a soil. A visual aid can help. During my teaching aids I liked to show my students the classic Walter Gardner film Water Movement in Soils. Fortunately, the film is now available online in both the original and an updated version (see Resources).







Mulch


Perhaps no other practice improves water movement into the soil surface more effectively than creating and maintaining a mulch layer. The primary benefit of a mulch layer is not that it slows the velocity of overland water flow, as is often assumed (though that is important); rather, it is that mulch absorbs the energy of falling raindrops and thereby prevents raindrop impact from destroying soil aggregates. If the aggregates remain intact, the water goes into the soil through the intact large pore spaces, and there is no runoff to slow down.


In my teaching days, I conducted a demo with two areas of soil. Over one area we suspended straw mulch on a frame of chicken wire a few inches above the soil surface. The adjacent area of soil had no protection. We sprayed both areas with a garden hose for several minutes. Even though the straw was not actually touching the soil, there was no runoff at all in soil under the mulch. The soil surface remained open and loose, while the unprotected area became sealed over and then crusted when it dried. Table 2.2, below, indicates how surface mulch affects water infiltration.




How Straw Mulch Affects Rainfall Infiltration






	

straw rate, tons per acre




	

infiltration rate, inches of rain per hour









	

0




	

0.9









	

0.5




	

0.9









	

1.0




	

1.7









	

1.5




	

2.4









	

2.5




	

2.5









	

3.5




	

2.5









	

Table 2.2












Keeping the Residue We Already Have


So how do we create a mulch? The first and most obvious way is simply to avoid destroying or removing the mulch we have as a byproduct of our current land management, such as crop residue or the stubble of pasture grass.




Keep Plant Residues in the Field


Just as tillage is destructive, so is removal of crop residue from the field.


During the drought of 2012, a huge amount of crop residue was baled and sold for low-grade livestock feed in my area. I had neighbors who thought they had found a miniature gold mine, selling baled corn stalks for $60 a ton. I felt compelled to point out a few items to them. First, the cost of swathing, baling, and moving those bales amounted to around $30 a ton. So, their net above-harvest cost was only about $30. Then I had them figure the value of the fertilizer in those stalks. A ton of corn stalks contains about 20 pounds of nitrogen, about 8 pounds of phosphate, and about 60 pounds of potash. At $0.65 per pound of nitrogen, $0.75 per pound of phosphate, and $0.50 per pound of potash, that fertilizer value amounted to $49 a ton. Essentially, they sold $49 worth of fertilizer for $30.




The real loss, however, was the value of the stalks as mulch and organic matter. Neighbors who continued on this path for several years started to notice that their dryland fields were dropping in yields quite rapidly. They began to have crop failures while their neighbors were still pulling off average yields. They also had large amounts of potassium deficiency. Potassium deficiency predisposes plants to stalk rots, which are fungal diseases that infect the lower stalks. Once the lower stalk is infected, it not only makes it difficult for the plant to take up water and nutrients, resulting in reduced yield, but the structural integrity of the stalk is compromised as well, and the plants begin to lodge (fall over) and become difficult to harvest. No one fertilizes with potassium in my area, because our soils tend to be very high in that element. But when crop residue is harvested year after year, the most easily available potassium ions are largely removed from the surfaces of soil colloids and transported away in bales of stalks and straw.


The Amish have a saying that the man who sells hay is slowly selling his farm, and I have seen formerly rich soils become progressively impoverished by too much removal of crop residue. On top of that there is the issue of soil erosion. Removing the protective layer of natural mulch leaves the soil more vulnerable to erosion. I shudder to think of what might happen if cellulosic ethanol ever becomes a viable concern, if crop residue is the preferred feedstock. I am all for green energy, but only when it makes sense in the long run. Being able to fill our gas tank cheaply won’t do us much good if we can no longer grow food.




Mineral Nutrient Content of Common Crop Residues








	

This table shows the high level of nutrients that a field loses when the farmer removes crop residues.









	

residue




	

nitrogen




	

p2o5




	

k2o









	

Corn stalks




	

20




	

7




	

33









	

Wheat straw




	

13




	

5




	

20









	

Table 2.3 Data is approximate, and in pounds per ton. P2O5 = phosphorus pentoxide; K2O = potassium oxide














How Grazing Pressure Affects Infiltration








	

This study, from Spur, Texas, shows how a 2.5-inch rain infiltrates pasture soils.









	

pasture history




	

depth of infiltration









	

Heavily grazed




	

10 inches









	

Moderately grazed




	

21 inches









	

Table 2.4














Avoid Overgrazing


Similar to the removal of crop residue on cropland is the overgrazing of pasture lands. It is critical to leave a minimal amount of grass residue on the soil surface to promote water infiltration. The data below illustrate the effects of too much grass removal on water infiltration in a Texas study.


It may be helpful to point out exactly what “too much” grass removal consists of. In terms of pounds per acre, it is, roughly, grazing so much that less than 2,000 pounds of forage per acre remains. Once residue amounts drop below 1,000 pounds per acre, runoff rates (and evaporation rates, as the next chapter will describe) increase even more dramatically. In lieu of clipping, drying, and weighing the forage, however, it is much easier to “eyeball” the pasture. If there is any bare dirt showing (other than in high-traffic areas such as gateways), there has been too much forage removal.


Not only does bare, exposed soil reduce infiltration, but it also means that there is sunlight not being captured by green leaves, and not contributing to pasture productivity. To maximize both rainfall infiltration and pasture productivity, observe the guidelines in Table 6.8 for the minimum residual forage height you should leave remaining after a grazing episode.






Bringing Mulch In


Of course, we can also simply import organic materials for mulch and apply them to our soil surface. This is obviously much more economical on a garden than it is on fields or pastures, depending on the cost of the material and the cost of hauling and spreading. By all means, if organic mulch can be found at reasonable cost, utilize it.


Be aware that some organic materials that are very low in protein content (like sawdust) can tie up nitrogen upon decay. Soil microbes need nitrogen in the ratio of 1 part nitrogen to about 28 parts of carbon. If the residue is too low in nitrogen, microbes will rob the soil of nitrogen to balance their needs. Wood chips decay much more slowly than sawdust because they have less exposed surface area, and they are much less likely to tie up nitrogen. Some materials, like black walnut and red cedar products, can have a toxic effect on some crops. Always inform yourself about what you apply to your land. In terms of quantity, the general rule is that more organic matter on your soil is better than less.







No-Till Cover-Crop Mulch


On cropland and gardens, we can add to the amount of mulch left by crop residue by growing cover crops in between cash crops. Cover crops can be managed to provide multiple benefits, but perhaps the most beneficial is the addition of surface mulch. As with all mulches, no-till is essential to maintaining this benefit.


A cover-crop mulch can dramatically improve infiltration. My very first experience in which I no-tilled (planted a crop without tillage, using a no-till planter) into a cover crop mulch demonstrated this in spectacular fashion. I planted a soybean crop into a killed cover crop of very thick rye. The mulch was so heavy that on 40 acres I flushed 29 hen pheasants out of it while planting (they were looking for a place to nest, and this was by far the best cover around).




During the planting process I had this nagging feeling that there was something I had forgotten. I kept getting out and checking the drill to see what I had omitted. Then it dawned on me: there was no dust. Every time I had planted into tilled ground there was always a cloud of dust that followed the tractor, and a layer of dust on the drill. This time, there was none. I wondered how much longer my bearings and engine would last without all that abrasive soil getting into them (not to mention my lungs) and how much money the lower maintenance alone would save me over the long run.


That summer it rained 11 inches (30 cm) in a two-week period from late July through early August. This is a perfect scenario for growing soybeans, and sure enough, this field produced the highest yield of soybeans the farm had ever grown. But the more astonishing thing about it was revealed later. You see, this field was shaped like a big bowl, and all the water drained into a small pond. During the two weeks when those 11 inches of rain fell, not once did the level of that pond rise. All the rain went right down into the soil.


Then the rains shut off in mid-August, and no rain fell until the following May 23. I planted wheat into this field following soybean harvest in October, and despite no rain for 10 months, my field raised a whopping 77 bushels of wheat an acre. My neighbor across the field access road, an excellent farmer and winner of many regional yield contests, drilled wheat into his soybean stubble the day before I did; his made 25 bushels an acre. All that excess rainfall that fell on my field during the growth of the soybean crop was stored for use by the wheat crop that followed, instead of running off.


The graphs below illustrate how cover crops improve water infiltration.







How Cover Crops Affect Water Infiltration


[image: Captioned graphs showing rates of infiltration rates and cumulative water infiltration for sunn hemp, late maturing soybean, and no cover crop. The sunn hemp performs better than late maturing soybean and no cover crop in both charts.]




Table 2.5 In this Kansas study, a sunn hemp cover crop roughly tripled the infiltration rate of no-till wheat stubble without a cover crop.







[image: A farmer holding a handful of dark, moist soil.]







Manure


Animal manure can be a huge benefit to water infiltration, through several mechanisms:




	
1. The typical fibrous nature of manure acts to absorb raindrop impact just the way plant residue does.


	
2. The decay of manure produces organic glues that promote aggregation.


	
3. Manure is a food source for earthworms and dung beetles that create large macropores that allow water to enter the soil surface and rapidly move into deeper layers. The burrows left by these little animals can allow the movement of huge volumes of water into the soil profile in a very short period of time. In a well-­managed pasture with abundant earthworms and dung beetles, cowpies disappear in a few days, leaving behind just the surface-dried crust of the cowpie and a vast network of tunnels below it.









[image: Captioned illustration.]

A cowpie acts as a food source for many soil-tunneling animals, such as earthworms and dung beetles, which create macropores that enhance water infiltration.








How Manure Affects Rainwater Infiltration








	

amount of manure




	

percentage of rainfall that infiltrates soil









	

None




	

72%









	

8 tons manure per acre




	

81%









	

16 tons manure per acre




	

90%









	

Table 2.6

















Let Animals Spread It Themselves


Most research has been conducted on manure that has been mechanically spread. I contend that a greater benefit comes from letting the animals spread the manure themselves. Not only is this more energetically and economically efficient, but the manure is deposited in the form most preferred by earthworms and dung beetles as well. I have never seen dung beetles attracted to mechanically spread manure: it is no longer fresh, and dung beetles prefer fresh manure. Earthworms likewise prefer the well-insulated thermal environment below a cowpie to small fragments of manure spread across a landscape.


It is easier to move the animals and the feed to wherever the manure should be deposited than to move the animals and feed to a lot, then scrape up the manure, haul it, and spread it. Techniques of self-spread manure, such as spaced bale feeding and bale grazing, are designed to accomplish this task. The difference between these two techniques is subtle.
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