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Abstract
The purpose of this study was to determine if a common on-farm sand sedimentation test could
discriminate between horses from different housing backgrounds. We hypothesize that horses from
sandy areas will have more sand present in fecal samples than horses from grassy pastures. Fecal
samples were obtained from 30 horses at Tanque Verde Ranch. Twenty horses came from sandy
environments (AZ and NM), while 10 horses came from grassy fields (CA). Fecal samples were
collected at Day 0, Day 2 of 7 days psyllium supplementation, and at approximately 3 weeks. Fecal
samples were subjected to a typical field test where manure is mixed with water and sand settles
to the bottom. After 30 minutes, accumulated sand height was measured (cm) for each sample.
Data were analyzed using a Repeated Measures analysis. Means were compared based on housing
background and days since initiation of supplementation regime. Horses housed on sand had
significantly higher sand levels at Day 2 (Mean 0.92cm, SE ±0.12, P<0.002) and Days 17-21
(Mean 0.62cm, SE ±0.07, P<0.003) than horses housed on grassy pastures. This study
demonstrates that this common on-farm sand sedimentation test can discriminate between horses
from different housing backgrounds.
Keywords: horse, housing, manure, psyllium, sand, sedimentation
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Introduction
Horses evolved as grazing animals, and because of this, their digestive systems are
designed to accommodate the slow, constant intake of food while they graze. The horse’s oldest
ancestor was the Eohippus, but the first grazing horse was the Merychhippus, which evolved
around 20 million years ago in North America (Parker). Merychhippus adapted to the expansive
grass plains by developing teeth more suitable to grind tough grass and a smaller stomach since it
ate many smaller meals throughout the day (Parker). Horses who depend on grazing for their
nutritional requirements will spend anywhere from 60-70% of the day (14-17 hours) eating
(Coleman). The majority of current day domesticated horses are managed much differently under
the care of humans. Rather than graze continuously with free access to pastures during the day,
horses are typically fed larger meals of dried and harvested forage (hay) and very nutrient dense
grain rations 2 or 3 times a day.
Even though the way horses are fed has changed significantly, their digestive systems did
not, and as a result, many digestive issues can occur. The stomach is relatively small in horses
(Figure 1) due to ancestral grazing adaptations, and makes up only 8.5% of the entire
gastrointestinal tract (GI tract). Additionally, portions of the GI tract of a horse (Figure 1) have
many sphincters and flexures (winding twists and turns), through which ingested food travels. This
complexity and richness of the diet can cause food to become stuck and/or excessive gas, especially
with horses eating big meals a few times of day rather than the small meals horses were accustomed
to while grazing. Anything that becomes trapped causes pain for the horse.
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(For both large
and small colon)

Figure 1: Illustration of the sections of a horse’s GI tract and the relative size of each
section shown in percentages.
(Percentages from Geor, et al. and figure from
https://secure.caes.uga.edu/extension/publications/files/pdf/B%201449_1.PDF)

Colic is the general term referring to any type of abdominal pain a horse may experience.
This is the leading cause of death in horses, therefore, it is vital to manage horses well to avoid
this condition. Housing horses in desert environments can also add a new factor to digestive issues:
sand. When horses live on sandy environments, they can ingest sand when eating food off the
ground or pulling up plant roots while grazing (Greene and Grimbleby). This accumulation can
lead to a specific type of colic known as sand colic, and if the accumulation is very extensive,
horses may be required to undergo very risky and costly surgery that can take months of recovery.
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Literary Review
The Equine Digestive System
To understand the seriousness of accumulated sand in a horse’s GI tract, it is important to
know exactly how the digestive system is built. Digestion begins with mechanical grinding of food
with the horse’s teeth in the mouth. Ingested food (ingesta) then travels through the esophagus
with peristaltic waves to the stomach. The main function of the stomach is to chemically break
down ingesta before it passes through to the small intestine (Geor).
The small intestine makes up a little over 30% of the GI tract (Figure 1) and is broken into
three parts: the duodenum, jejunum, and ileum. The duodenum contains the openings of the bile
and primary pancreatic duct, which secrete enzymes, such as protease and lipase, that aid in
digestion. The jejunum is the longest section of the small intestine and (Geor, et al.). The lining of
the small intestine is made of finger-like extensions, known as villi, which also have smaller
extensions called microvilli. This section of the tract is the primary site for absorption of nutrients,
and it is within these microvilli where the enzymes used for absorption are found (Geor, et al.).
The main nutrients absorbed by the small intestine include sugar, starch, fat, and protein.
The final section of a horse’s digestive tract is the large intestine, which can be broken
down into the cecum, the large colon, and the small colon. This part makes up approximately 60%
of the system (Figure 1). The cecum is where cellulose breakdown, otherwise known as hindgut
fermentation, occurs via bacteria, protozoa, and microbial enzymes. After passing through the
cecum, ingested food makes multiple turns and passes through flexures throughout the rest of the
large intestine. The large intestine is also important for absorption of water which is secreted into
the small intestine to aid in the digestive process (Geor). Once food travels through the cecum, it
makes its way through the various sections of the large colon: the right ventral colon (RVC), the
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left ventral colon (LVC), the left dorsal colon (LDC), and the right dorsal colon (RDC) (Figures 2
and 3). Transitioning into each of these structures requires a turn through a flexure, such as the
pelvic flexure between the LVC and LDC (Geor, et al.). Finally, when the digestive process
reaches the small colon, fecal balls are formed and travel to the end of the digestive tract (the
rectum) and are expelled (Parker).

Figure 2: Illustration showing the right side of the horse’s gastrointestinal tract.
(http://bvetmed1.blogspot.com/2013/03/horse-and-pig-abdomen-lecture-164.html)

Figure 3: Illustration showing the left side of a horse’s gastrointestinal tract.
(http://bvetmed1.blogspot.com/2013/03/horse-and-pig-abdomen-lecture-164.html)
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Another trait of the equine digestive system is that this system works in only one direction,
in part because of structures that restrict backflow. Starting in the mouth, horses have a soft palate
which acts as a flap that allows food and water to pass into the rest of the digestive system, but
stops any passage back up through the mouth (Parker). After food passes through the mouth and
esophagus, it enters the stomach, where it is further prevented from moving backwards due to the
cardiac sphincter. This structure has evolved to be very strong and is beneficial for the horse
(Ronan). Firstly, because of its strength, the sphincter only allows swallowed food to go down,
and it does not permit the reflux of any stomach contents, including hydrochloric acid. This
protects the esophagus from damage by very acidic stomach contents (Ronan). Secondly, the
cardiac sphincter pairs up with a third structure to prevent backflow called the pyloric sphincter
(Figure 4). This structure connects the end of the stomach with the beginning of the small intestine
to allow a continuous one-way flow of the digested food (Ronan). It is normal and important to
hear gut sounds in the GI tract of a horse to identify and ensure the continuous flow. All of these
structures that prevent reflux make any type of blockage in a horse, (sand for example), extremely
detrimental for the animal due to its inability to regurgitate GI contents. Colic in a horse will often
require medical or surgical intervention by a veterinarian.

Figure 4: Dissected stomach sliced
to show the view of the cardiac
(between esophagus and stomach)
and pyloric (between stomach and
small intestine) sphincters.

(http://bvetmed1.blogspot.com/2013/03/horse-and-pig-abdomen-lecture-164.html)
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Feed and its Breakdown in the Horse
Different feed sources will provide variations of nutrients, and possibly different challenges
depending on a horse’s management. A typical diet for a horse often includes concentrates (grain)
and forages. A balanced equine diet should be mostly made up of forages with about a 20-30%
part of the diet fed as concentrates (Evans and McKendrick). Forages contain different types of
fibers, and some indigestible fibers, like lignin, may be more prevalent in more mature hay. Since,
lignin cannot be digested in the hindgut, it decreases the digestibility and nutritional value of
mature hays. Therefore, horse owners must be aware of the quantity and quality of foods when
feeding horses because their digestive system may simply not be able to efficiently break it down.
The initial breakdown of ingested feed occurs in the mouth where a horse will use its
incisors to grab food, then masticate (chew) it with its molars to mechanically break down the
food. Then, to begin the chemical breakdown, the saliva contains salivary enzymes which begin
the breakdown of the sugars and starches within the food, as well as “moisten and lubricate the
mass of food for swallowing” (Parker). Furthermore, saliva is high in bicarbonate, which aids in
buffering stomach acids and keeping the pH of the stomach regulated (Geor).
Swallowed food passes through the esophagus and into the stomach, where most chemical
breakdown occurs with other secreted enzymes. Once in the small intestines, sugar, starch, fat, and
protein are further broken down and absorbed. There are different types of enzymes to promote
the absorption of these various nutrients. Sugar is the simplest one to be absorbed because simple
sugars (monosaccharides), like glucose, can be directly absorbed into the bloodstream, while nonsimple sugars (disaccharides), like sucrose, will be broken down by enzymes lining the small
intestine (Geor). For starches, the pancreatic enzyme, amylase, is released when ingesta arrives
into the duodenum to break down the starches for the body to absorb. Using the guideline that a
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horse should only be fed 20-30% concentrate, a general limit of 5lbs of concentrate at most should
be fed at a time because horses have a smaller amount of amylase that their body can produce at a
time. Therefore, if too much starch from concentrates enter the small intestine, some of it will
travel to the cecum undigested. This can cause issues including a decrease in the cecum pH, making
it more acidic, which can kill the bacteria and potentially cause colic in the horse (Evans and
McKendrick). Proteins are broken down into amino acids and fats are broken down by the
pancreatic enzymes protease and lipase, respectively. These enzymes are both secreted from the
pancreatic duct into the intestinal lining. After breakdown, these nutrients are able to be absorbed
into the bloodstream and utilized by the horse.
Enzymes ultimately play a big role for nutrient breakdown and absorption in the small
intestine. However, there are also populations of microorganisms present and active in digestion.
The higher populations of these microorganisms, though, are found at the end of the small intestine
(ileum) and the cecum and colon to promote hindgut fermentation (Mackie and Wilkins). Being
herbivores, horses ingest a large amount of dietary fibers, like cellulose, through forages. They
need a mechanism to promote the digestion of the fiber, and the microorganisms do just that. The
cecum has evolved to be very expansive in order to give ample time for microflora populations
(21.20 x 108 organisms) present to digest the cellulose (Mackie and Wilkins). The dietary fibers
that can be digested via microbial enzymes are mainly cellulose and hemicellulose (Geor). A fiber
that cannot be digested via microbial enzymes, however, is lignin. When ingested, lignin will
simply be pass through undigested to the feces. The fermentation process in the cecum utilizes
products such as water, heat, gas, and the volatile fatty acids (VFA’s) acetate, butyrate, and
propionate. These VFA’s are crucial in providing a horse with energy (Geor).
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Tract Issues
Using the knowledge that a horse’s digestive system works in only one direction and that
it is constantly active, one can realize that colic can be triggered by anything that impacts these
simple functions. What goes down a horse’s GI tract must go all the way through the tract due to
the lack of this animal’s ability to regurgitate or even eructate. For instance, if there is an impaction,
or blockage, within the tract by anything, like food or sand, this can slow down the digestive
process and cause abdominal pain, or colic.
Local veterinarian and professor at the University of Arizona, Dr. Louise King, was
interviewed on her experience of handling colic in local horses. King said that when there is an
impaction, a horse will benefit from mineral oils or a combination of SDS (sodium dodecyl sulfate)
salts and soap. In this latter combination, the soap acts as a lubricant and the salts help to “break
up the frothiness of the soap” within a horse’s tract (King). Either of these treatments are given via
a nasogastric tube through either nostril to the stomach to help dislodge the blockage (King). The
fluids poured into the nasogastric tube work by moving the stomach contents that are stuck through
to the end of the tract in replacement of the horse’s inability to regurgitate contents because of the
strong cardiac sphincter.
If too much concentrate (grain) enters the cecum, this can cause too much gas or lactic acid
to be released by the fermentation process in the hindgut (Parker). This can radically change the
environment of the cecum, such as a decrease in the pH, and cause a massive die-off of the
intestinal microorganisms. The death of these organisms not only decreases the hindgut
fermentation process, but it also gives off toxins, which when built up and absorbed into the horse’s
bloodstream, can cause endotoxemia. This is noted by bright red mucous membranes (King).
Furthermore, as mentioned before, the horse has a limited amount of starch it can breakdown at a
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given time because of its limited amylase production. Too much ingested concentrate and starch
can also limit absorption and digestion by the time ingesta reaches the hindgut, resulting in higher
chances of a blockage and colic for the horse.
Overall, the anatomy of a horse is not as effective as it could be if the cecum was located
before the small intestine. The small intestine would be able to more effectively absorb nutrients
if the cecum, a key location of the digestion of fibers, was located before, rather than after the
small intestine. Therefore, careful feeding of a horse is imperative to decrease the potential of too
much concentrate or low digestible forage that could cause various forms of colic.
Types of Colic
Some of the most common types of colic include spasmodic, impaction, displacement, and
sand colic. Generally, all types of colic have similar physical signs that range from increased
respiratory and heart rate, pawing the ground, trying to bite or kick their abdomen, and rolling to
try to alleviate the pain (Greene and Grimbleby). Spasmodic colic, often known as gas colic, is
characteristic of too much gas accumulating in the GI tract. The cecum and large colon in horses
were evolved to perform hindgut fermentation, so if a horse eats too much grain in their feed too
rapidly, the bacteria in the hindgut are not able to process the high amounts of sugar at a steady
pace, resulting in excess gas from quick fermentation or microorganism death, and its possible
consequences. When a horse colics from this gas collection, another sign is a distended intestine
from the gas that is obvious when palpating the horse through a rectal exam (Bizhga, et al.).
Impaction colic is caused from any type of blockage. Impactions occur because of ingested
food compacting due to low motility of the bowel and dehydration, which dries out the ingested
food also slowing it down. Unique signs of impaction are reduced fecal output by the horse and
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palpable impactions through rectal exams (Rhodes). Dr. King has seen a lot impactions in the
pelvic flexure between the ventral and dorsal colon in her practice.
Displacement colic can also stem from other colics because a sign of more serious colics
is that the horse rolls to try to alleviate the pain. This rolling, especially when it becomes violent,
can displace sections of the intestine. Displacement could be a significant consequence of sand
colic, specifically because the weight of all the sand may result in the colon flipping when a horses
rolls over to try to ease the pain. Torsion is very severe and always requires surgery, which is
oftentimes risky for horses. Without surgery, a horse with torsion will die, but even with surgery,
a horse could still die from complications. Torsion of the colon and death is the worst case scenario
for sand colic, so it is imperative to be aware of what factors, living situations and feeding habits
included, are more likely to lead to sand ingestion in horses living in Arizona. Sand colic,
depending on the situation could lead to any or all of the other colics mentioned above, but it is
unique in the fact that it has only one cause: sand ingestion.
Why are horses in Arizona Prone to Sand Colic?
Many horses live in stalls with bedding or shavings over the ground, but it is common
during the day to let the horse roam, or be turned out, in an outdoor area. In Arizona, many horses
are turned out in areas of dirt or loose sand, called drylots (Greene and Grimbleby). Even if a horse
is able to have access to a pasture in the state, the grass may grow over a sandy soil. If horses are
fed hay or other forage in conditions like this, it is possible they are ingesting sand by eating hay
off the ground. Purchased bales of hay may also contain sand particles, especially when not sold
as a high quality bale of hay (Greene and Grimbleby). While a horse may not be fed by owners on
the ground and avoid sand ingestion from its daily meals, horses may still ingest sand by grazing
on available plants and pulling up the plants, roots, and any sand present within the roots.
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Although sand particles are very miniscule especially when compared to the size of a horse,
sand is heavier than digesta, so it settles and accumulates at the bottom of the GI tract. Extensive
accumulation can occur in horses that are exposed to a sandy environment for long periods of time.
To put sand intake and expulsion into perspective, even if just an ounce of sand is present in 1
pound of feces, this is significant because if a horse produces 50 pounds of feces a day, that would
be over 3 pounds of sand expelled per day, with the possibility of even more having accumulated
within the horse’s digestive tract.
Preventative Measures
There are various preventative measures that have been tried and used by horse owners to
alleviate sand ingestion. From a forum of real horse owners on the Chronicle of the Horse, people
have said that they “have yet to see a horse that didn’t flip and toss hay out of any kind of open
feeder”. There is a type of feeder called a “slow feeder” (Figure 5) that is intended to limit the
amount of feed that a horse is able to ingest in short periods of time by having nets or grates over
feed. Some people have had success with such feeders, but others have still found large amounts
of hay end up falling out onto the ground, still leading to potential dirt and sand consumption by
horses. The benefit of slow feeders, however, are that they are made to “decrease the speed in
which the horse can access hay from a feeder,” (Greene and Grimbleby). Additionally, slow
feeders imitate grazing in that it is a slow continuous process over the day in hopes that a horse
will not get bored and participate in food seeking behaviors that may consist of pulling up grass
and roots from sandy areas. Another suggestion by a horse owner is to feed a horse on stall mats
made from rubber, because this way, when a horse may inevitably throw its food out of the
provided feeder, the horse is eating off the ground, but not directly on dirt or sand.
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Figure 5: Image of a horse eating hay from a type of slow feeder.
(https://www.habitatforhorses.org/the-correct-way-to-use-slow-feeders-for-equine/)
It is also common in sandy areas, like Arizona, to feed horses a psyllium supplement to
help flush sand out of a horse’s GI tract, or as “prophylaxis to horses kept in sand paddock”
(Kaikkonen, et al.). Psyllium is an insoluble fiber, and when it becomes mixed with water it forms
a gel that is believed to move along the tract walls to stick to and move out any sand particles out
(Huguet and Duberstein). Psyllium can be supplemented as a powder form, whole seeds, or
granules, and is either fed to horses or administered through a nasogastric tube (Kaikkonen, et al.).
Although there are many studies that look at the effectiveness of psyllium given in conjunction
with mineral oils through a nasogastric tube, there are limited studies to fully prove the
effectiveness of psyllium alone.
Signs and Sounds of Sand Colic
There are unique ways to detect sand accumulation and sand colic in a horse. While a horse
is experiencing sand colic, signs can still consist of regular physical signs of colic, such as rolling
and abnormal vitals. If there is a veterinarian on hand, two advanced methods of detection include
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abdominal radiographs and abdominal ultrasounds. When X-rays are taken, masses of sand will
appear in the x-rays as a bright, white mass along the bottom of the GI tract (Rhodes). Currently,
the use of X-rays to detect sand presence is the most useful tool because it can quantitatively detect
amounts of sand (Kendall, et al.). Ultrasounds are also used in sand detection, but are less reliable
than radiographs.
If neither of these technologies are available, another detection method is listening to the
intestines. Borborygmi, or gut sounds, is a useful tool for indicating what may be happening in
different parts of the GI tract in a horse. Overall, healthy gut sounds mimic that of a rumbling train
or gas bubbles popping (King). According to Dr. King, in the dorsal colon, healthy borborygmi
are long, sustained contraction sounds, while in the ventral colon it should consist of more short,
fluid contraction sounds. Different types of colic can affect the frequency of borborygmi. Dr. King
says that in a normal, healthy gut, there are 2-3 sounds per minute, but with an impaction, these
sounds can decrease and may even disappear. On the other hand, a gas colic can increase the
frequency of gut sounds. For sand colic, an impaction can occur, but with enough accumulation,
the gut sounds mimic ocean waves. Most commonly, sand accumulates on the right ventral colon,
but sometimes wave sounds can also be heard on the left ventral colon as well (King).
If a horse owner has no access to veterinary tools, like radiograph machines or
stethoscopes, there are simpler ways to detect send presence in a horse. Sometimes sand can be
visible to the human eye in passed manure, but one can also see sand passage through what is
known as a sand sedimentation test. This simple on-farm test only requires a manure sample, either
a palpation sleeve or a sealable plastic bag, and water (Pro Equine Grooms). After filling either a
palpation sleeve or sealable plastic bag with some manure sample and water, the contents should
be mixed well and let to settle for at least 30 minutes. After performing this simple test, one can
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see if any sand has accumulated either to the fingertips of a palpation sleeve or a bottom corner of
a bag, proving that the horse is ingesting and passing some amounts of sand. This test, however,
cannot prove if there is any sand accumulation occurring within the GI tract (Greene and
Grimbleby). Nevertheless, a horse owner or manage can realize sand ingestion is occurring and
can begin to take preventative measures against sand ingestion and sand colic with this use of these
methods.

Experiment
Materials and Methods
To test the validity of the common on-farm sand sedimentation test, this experiment utilized
used manure samples from horses originating from either sandy or grassy environments to see if
there was a difference between sedimentation test results from horses with different backgrounds.
Horse were provided from Tanque Verde Ranch (TVR) with the help of the head wrangler, Hope
Martin. There were 20 horses from sandy backgrounds (originating from Arizona or New Mexico)
and 10 from grassy backgrounds (originating from northern California). All of the 30 horses were
obtained by the ranch in October 2018 and spent a month in quarantine on sandy drylots prior to
being introduced to the existing herd. After 30 days, horses were started on a psyllium supplement
for a week-long treatment and introduced into the herd. Manure samples were collected before the
initiation of the psyllium treatments (Day 0), 2 days post-treatment initiation, and once more
between 17-21 days post-treatment initiation. Different collection periods were used to also see if
the psyllium treatments affected the expulsion of sand in manure in the days after initiation of
treatment. All the samples were collected while the horses were tied in a separate pen for easy
identification. Pictures of each horse are provided in Appendix A, and horse name, background,
and assigned number are provided in Table 1.
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Table 1: The horse numbers, names, and housing background from this experiment.
Horse Number
Horse 1
Horse 2
Horse 3
Horse 4
Horse 5
Horse 6
Horse 7
Horse 8
Horse 9
Horse 10
Horse 11
Horse 12
Horse 13
Horse 14
Horse 15
Horse 16
Horse 17
Horse 18
Horse 19
Horse 20
Horse 21
Horse 22
Horse 23
Horse 24
Horse 25
Horse 26
Horse 27
Horse 28
Horse 29
Horse 30

Horse Name
Flocco
Champ
Trooper
Many Feathers
Charro
Gustavo
Borracho
Bullet
Jackpot
Romeo
Valentine
Howdy
Paco
Viking
Senior
Goose
Uber
Beau
Shooter
Joshua
A1
Austin
Joker
Lakota
Marshall
Moose
Nate
Sedona
Surprise
Tommy Boy

Housing Background
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Sandy
Grassy
Grassy
Grassy
Grassy
Grassy
Grassy
Grassy
Grassy
Grassy
Grassy
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Collections of fresh samples were obtained using quart sized bags. To ensure that each
sample was not contaminated by any sand or dirt particles from the ground, fecal balls were
collected from the top of each pile or pinched to remove any part of the fecal ball that had touched
the ground. Once each fecal sample was acquired, bags were labeled with the horse’s name and
date of collection. All samples were processed in the same manner; 150.0g of sample was
measured into a new bag by scale and fecal sedimentation tests were performed per sample by
adding 5 cups of water. The bags were securely closed and laid flat to press and break the fecal
balls thoroughly apart. The standard procedure for this test requires that once the sample is mixed
thoroughly with water, it must sit for at least 10 minutes to an hour to let any sand present settle to
the bottom of the bag (Noseck and Bartol). Once all the contents were evenly mixed and broken
up, bags were secured in a hanging position using duct tape on the top corner of each bag. During
this experiment, each bag was left to settle for at least 30 minutes to allow adequate time for sand
to settle in the bottom corners of the bags. After 30 minutes, each bag was checked for even
distribution of sand in the bottom corner to ensure that each measurement was not skewed (e.g.
having more sand collected at the front side of the bag than the back side of the bag). If there was
not even distribution, then a bag would be tilted slightly forward or backwards to level out the sand
before measuring and documenting the sand level.
Once the sand was leveled at the bottom corner of the bag, a thin strip of painter’s tape was
used to mark the top of each sand layer. To ensure accurate measurements, the tape was placed
halfway across the bag so the bottom of the tape was at the top of the accumulated sand. This
allowed visualization of the sand, but also a definitive “top” of the sand for more precise
measurements. Finally, the sand height of each test was measured with a measuring tape in
centimeters (Appendix A). To make the measurements more consistent, 0.1cm on the measuring
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tape was used as the starting point rather than the metal attachment piece, which was not securely
fixed.
Analysis of Sedimentation Tests
Sand height (cm) was the first method used to measure the accumulated sand in each test.
To further measure the present sand, weight was taken into account. In order to calculate this,
similar dry sand was collected from a local wash. The dry sand was measured out in the same type
of plastic bags with lines in intervals of 0.5cm, with delineations at 0.5cm, 1.0cm, 1.5cm, 20.cm,
2.5cm, and 3.0cm (Appendix B). Then, after zeroing the scale with the bag, small amounts of sand
were added to reach the bottom of each line and weights were recorded. To mimic how the bag
would expand due to the water, possibly impacting the height of the sand, air was blown into the
bag to open up the bottom corner as much as possible. Measurements (Table 2) were also taken at
the midpoint between each drawn interval line (Appendix B).
To test if adding water to the measured sand would change the weight or push down the
dry sand height and skew these results, water was poured into a test bag in an amount that would
cover all 3.0cm of dry sand. The water was weighed on the scale after zeroing out the weight of
the plastic bag and came out to 14.8g. After adding 14.8g to the 3.0cm of dry sand (10.9g), the
total weight should have been 25.7g, however the scale showed 25.6g. This variation of 0.1g may
be due to human error and the fact that a few water droplets did not pour all the way out into the
bag of sand. Using this result, it can be said that adding water did not affect the weight of the dry
sand. However, adding water did depress the level of dry sand slightly because the water opened
up the corner of the bag even more, causing the sand to sink further down (Figure 6).
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Table 2: Weights of dry sand at 0.5 cm intervals of height from bottom corner of test bags.
Dry Sand Height (cm)

Dry Sand Weight (g)

0.5

0.0

0.75

0.1

1.0

0.2

1.25

0.7

1.5

1.1

1.75

2.6

2.0

3.1

2.25

N/A (not needed using the heights in Table 3)

2.5

6.3

2.75

8.8

3.0

10.9

Therefore, the measurements of dry sand weight could not accurately be used to estimate
the weight of the accumulated sand in each of the sedimentation tests, since the dry sand
underestimated the height measurements once water was added. Utilizing height as the most
accurate form of measuring the accumulated sand in each test bag, raw data for each horse number
and all three collection periods are shown in Table 3.

Figure 6: When water was added to dry
sand, it depressed the sand level slightly,
making dry sand weight not an accurate
measure for the sand in the sedimentation
tests.
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Table 3: The sand height (cm) for all 30 horses during the 3 collection periods.
Horse
Collection 1: Sand
Collection 2: Sand
Collection 3: Sand
Number
Height (cm)
Height (cm)
Height (cm)
1
0.3
0.6
0.4
2
1.0
0.8
0.6
3
1.2
2.5
0.4
4
1.3
N/A (colicy)
0.8
5
0.6
0.6
1.24
6
0.0
0.0
0.5
7
0.7
0.7
0.85
8
1.3
1.3
0.4
9
0.7
0.8
0.3
10
0.2
0.0
1.2
11
0.5
1.2
0.7
12
1.0
1.3
0.6
13
0.6
1.5
0.4
14
0.0
0.6
0.2
15
0.8
N/A (colicy)
0.9
16
0.5
N/A (ran out of daylight)
0.4
17
3.0
0.6
0.8
18
0.3
0.5
1.8
19
0.45
1.25
0.2
20
0.8
2.6
0.3
21
0.4
0.2
0.2
22
0.4
0.5
0.2
23
0.0
0.1
0.3
24
0.7
0.0
0.3
25
0.2
0.4
0.3
26
0.4
0.4
0.4
27
0.7
0.5
0.2
28
0.2
0.1
0.3
29
0.5
0.2
0.2
30
0.25
0.1
0.0
Note: Red values designate samples that did not meet 150.0g and calculations were used to scale
the values to meet 150.0g.

Unfortunately, some samples did not reach the target goal of 150.0g for a few reasons.
Sometimes a horse would not have a large enough bowel movement or too much of the manure
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pile had touched the ground for usage. There were also some lost samples during processing (e.g.
duct tape failure, etc.), and there was not enough of the horse’s remaining sample to provide
another 150.0g. Therefore, sand height in these short samples was scaled up using the following
equation:
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑠𝑎𝑛𝑑 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚)
𝑋𝑐𝑚
=
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑎𝑛𝑢𝑟𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 150.0𝑔
Measured manure sample weight was the amount of manure that was used in the sedimentation
test. For example, Horse 19 in collection 1 only had 134.6g of manure available for the test, and
this resulted in 0.4cm of settled sand. To scale up the measurement the following calculation was
performed:
0.4𝑐𝑚
𝑋𝑐𝑚
=
134.6𝑔 150.0𝑔
60.0 = 134.6𝑋
𝑋 = 0.45𝑐𝑚 𝑠𝑎𝑛𝑑 𝑖𝑛 150.0𝑔 𝑠𝑎𝑚𝑝𝑙𝑒
The other calculations of the red values in Table 3 can be seen in Appendix C.
Statistical Analysis
Data were analyzed using a Repeated Measures analysis (SPSS) to determine if the height
of sand was significantly different between the two types of housing using the sand sedimentation
test before, during, and after psyllium treatment. This method of analysis compared the mean sand
heights of each collection period for both sandy horses (S) and grassy pasture horses (P). Of the
30 horses utilized in this study, the 20 from sandy origins (S) displayed significantly higher levels
of sand in their manure in the second (Mean 0.92cm, P<0.002) and third (Mean 0.62cm, P<0.003)
collections than the horses from grassy pasture origins (P) (Figures 7 and 8). Collection 1 had a
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value of P<0.073, which is not significant, but is close. Further details on statistical measurements
are included in Appendix D.

Figure 7: The average mean and range of sand height (cm) for each collection period for
both sandy (S, red) and grassy (P, blue) horses.

Figure 8: Pairwise Comparisons for each of the 3 collection periods for sandy (S) and
grassy pasture (P) horses.
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Results and Discussion
The sand sedimentation tests visibly showed a consistently higher amount of sand in
samples from horses originating from sandy environments versus horses from grassy
environments. As was hypothesized, there were significant differences in sand height between the
sandy environment housed group and the grassy environment group for Collections 2 (Mean
0.92cm, P<0.002) and 3 (Mean 0.62cm, P<0.003).
There was a great deal of variation within treatments for both sand and grass housed horses.
For instance, Horse 17, Uber, was the only horse who passed so much sand that it was visible to
the eye in the fresh pile of manure. His sedimentation test (Appendix A: Collection 1 in Figure
A.17) displayed that in 150.0g of manure, he passed 3.0cm of sand. Although the dry sand weights
were not the most accurate measures of specific sand heights, from the measured weights, this
sand height would have been at least be 10.0g. With an average horse producing 50 pounds of
manure per day, this would translate into over 3.33 pounds of sand passed per day. Over 6.7% of
his manure was sand, which can indicate a high risk for this horse to experience sand colic.
Horse 20, Joshua, also had a notable amount of sand. His sample came up short, though,
with only 57.8g of manure sample, so to make measurements parallel to that of 150.0g of manure
samples, calculations were performed (Appendix C: Calculation 2). Originally his sedimentation
test only showed 1.0cm of sand, but this was in a sample only a third of the size of 150.0g. Once
the height was adjusted to a 150.0g sample, it came out to be 2.6cm. The amount of horses at
different sand height intervals for sandy horses (Horses 1-20) are shown in Figure 9.
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Figure 9: Distributions of Horses at Sand Height (cm) Intervals for Collection 1
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During Collection 2 for sandy horses, samples from only 17 horses could be collected
because Horse 4 (Many Feathers) and Horse 15 (Senior) were removed from this collection due to
displaying colicy behaviors unrelated to this study; and Horse 16 (Goose) did not pass manure
before sunset (when all horses were turned out for feeding). This set of collections also contained
two horses (Horse 5 and 19) whose results had to be scaled up due to a short amount of manure
(Appendix C: Calculations 3 and 4). The amount of horses at different sand intervals in this second
collection are shown in Figure 10.
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Figure 10: Distributions of Horses at Sand Height (cm) Intervals for Collection 2
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Comparing these results to Collection 1, 12 horses had the same or higher sand levels in
Collection 2 than Collection 1, showing that in 70.6% (12 of 17 horses) in this group of sandy
horses the same or a larger amount of sand in manure was flushed out 2 days into the psyllium
treatment. The biggest jump in sand heights was Horse 3 with 2.5cm in Collection 2 versus 1.2cm
in Collection 1. Another interesting thing to note from Collection 2 is that in the manure from
Horse 19 (Shooter), there was a gel-like substance reminiscent of what some have described
psyllium to cause (Huguet and Duberstein). The gel had visible sand particles (Appendix A:
Collection 2 in Figure A.19). After mixing the bag thoroughly, the substance broke up fairly easily.
Unfortunately, due to human error, that sample was lost and not able to settle the full 30 minutes
to further observe the state of the gel.
The final collection for sandy horses showed the overall most loss of sand height over the
20 horses. In this collection, all 20 horses were available again, but 5 horses (Horses 2, 9, 10, 19,
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and 20) had short samples and had to have their results scaled up (Appendix C; Calculations 5, 6,
7, 8, and 9). The amount of horses at different sand intervals in this third collection are shown in
Figure 11.

Figure 11: Distributions of Horses at Sand Height (cm) Intervals for Collection 3
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Ten of the 20 horses had lower sand height in Collection 3 than in Collection 1, including
some horses that had a peak sand height in Collection 2. Some horses had their peak sand height
in Collection 3, however. This included Horse 6 (Gustavo), who had no amount of sand present in
the first two collections but had 0.5cm of sand in this final collection, and Horse 18 (Beau), who
had under 0.5cm of sand in the first two collections but had a great increase of sand height to 1.8cm
in Collection 3.
This variation in the amount of sand passed per horse could indicate how differently horses
each react to psyllium treatments because some horses had the most sand passage after 2 days of
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treatment while others had a peak sand passage 2-3 weeks after the initiation of the treatment.
Looking back at Horse 17, who had 3.0cm of sand in the very first collection, he had the low
amounts of sand in Collection 2 (0.6cm) and in Collection 3 (0.8cm). Perhaps horses with greater
amounts of sand initially flush it out much quicker than horses that did not pass much sand through
their manure before psyllium treatments. The data did not demonstrate the effectiveness of
psyllium in removing sand from a horse’s GI tract, but this supplement may still be a useful tool,
though, in assisting with sand passage in horses.
In comparison, the 10 horses from grassy pasture housing never had sand levels over 0.8cm
in all 3 collections, and as was hypothesized, horses originating from grassy environments did not
show as much sand in their manure. There were many inconsistencies with the trends of expelled
sand levels over the three collections for grassy horses. Overall, Table 3 shows that 5 grassy horses
(Horses 21, 24, 27, 29, and 30) had peak sand height in Collection 1 (ranging from 0.25-0.7cm), 2
horses (Horses 22 and 25) had peak sand height in Collection 2 at 0.5cm and 0.4cm, respectively,
2 horses (Horses 23 and 28) had peak sand height in Collection 3 (both at 0.3cm), and 1 horse
(Horse 26) had the sand height (0.4cm) in all three collections. Since these horses had such low
amounts of sand over the collections to begin with, these trends are not substantial.
While grassy horses were exposed to sandy conditions during their 30 day quarantine upon
arrival at TVR, there were still significant differences between the two housing conditions for sand
height. Perhaps if manure was collected from grassy horses before they were exposed to the
drylots, there could have been an even greater difference (i.e. less sand in grassy environment
horses) between Collections 2 and 3 and an actual significant difference between the first
collections of both groups of horses.
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Another way to have even stronger controls on this type of study would be to have the
horses kept in stalls on clean rubber mats to collect manure samples to ensure that almost no sand
or dirt touch any part of the sample. While picking samples from the top of manure piles worked
well in this study, there were some occasions when a gust of wind would blow dirt and sand over
an entire pile, making it unusable and requiring the horse to pass another sample to be able to
collect it without any external sand contaminating the manure.

Conclusions
Ultimately, this study focused on whether the on-farm technique of sand sedimentation was
an accurate indicator of the sand expulsion in manure of horses from different housing
backgrounds, as well as the effect of psyllium treatments on the passage of sand. It is already
commonly thought that horses housed on grassy pastures will most likely ingest and pass less sand
than horses kept on sandy environments, so the purpose of this research was to validate the sand
sedimentation tests using this knowledge. Although all horses utilized in the experiment were kept
on the same sandy drylot during a 30 day quarantine, there was still significantly less sand in grassy
horse samples in Collections 2 and 3, proving that this simple test is useful for measuring sand
expelled in horse manure.
Horses in Arizona show a considerable risk of ingesting sand based on their housing
environments and feeding management. They can access sand, for example, by eating dropped
feed and plant roots. It is vital to utilize preventative methods, such as using slow feeders or rubber
mats to feed off the ground, to limit a horse’s intake of sand to the best of management and facilities
limitations. Knowing that the horses in this state have a higher potential of increased sand intake,
this easy, on-farm sand sedimentation test can be done by any horse owner as an indication of sand
ingestion. Furthermore, although the research is not definitive, certainly psyllium supplementation
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may be a potential preventative measure. In fact, many Arizona veterinarians recommend psyllium
supplementation as a 7-day treatment once a month to increase passage of sand out of a horse’s GI
tract and avoid a higher risk of sand colic.
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Appendices
Appendix A: Horse and Sand Sedimentation Test Pictures
The following pictures show each horse and their sand sedimentation tests for Collections
1 through 3. To ensure accurate measurements, a piece of painter’s tape was placed halfway across
the bag so the bottom of the tape was at the top of the accumulated sand. This allowed visualization
of the sand, but also a definitive “top” of the sand for more precise measurements. To make the
measurements more consistent, 0.1cm on the measuring tape was used as the starting point rather
than the metal attachment piece, which was not securely fixed. Any bags that did not have any
sand present in the bottom, are pictured without a line of painter’s tape or the measuring tape in
the photo.
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Horse 1: Flocco (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.1
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Horse 2: Champ (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.2
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Horse 3: Trooper (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.3
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Horse 4: Many Feathers (sandy horse), Hope
Martin (Tanque Verde Ranch Head Wrangler),
& I. Many Feathers was walked away due to
showing colicy behavior unrelated to this Collection 1
study
Collection 2: N/A due to colicy behavior
unrelated to this study

Collection 3
Figure A.4
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Horse 5: Charro (sandy horse)

Collection 1

’
Collection 2
Figure A.5

Collection 3
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Horse 6: Gustavo (sandy horse)

Collection 1: No sand present

Collection 2
Figure A.6

Collection 3
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Horse 7: Borracho (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.7
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Horse 8: Bullet (sandy horse)

Collection 1

Collection 2
Figure A.8

Collection 3
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Horse 9: Jackpot (sandy horse)

Collection 1

Collection 2
Figure A.9

Collection 3

42

Horse 10: Romeo (sandy horse) & I

Collection 1

Collection 2: No sand present
Figure A.10

Collection 3
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Horse 11: Valentine (sandy horse)

Collection 1

Collection 2
Figure A.11

Collection 3

44

Horse 12: Howdy (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.12

45

Horse 13: Paco (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.13

46

Horse 14: Viking (sandy horse) & I

Collection 1: No sand present

Collection 2
Figure A.14

Collection 3

47

Horse 15: Senior (sandy horse)

Collection 1
Collection 2: N/A due to colicy behavior
unrelated to this study

Collection 3
Figure A.15
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Horse 16: Goose (sandy horse) & Hope Martin
(Tanque Verde Ranch Head Wrangler)

Collection 1
Collection 2: N/A due to sunset

Collection 3
Figure A.16

49

Horse 17: Uber (sandy horse) & Dr. Betsy
Greene (my thesis advisor)
Collection 1

Collection 2
Figure A.17

Collection 3
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Horse 18: Beau (sandy horse)

Collection 1

Collection 2

Collection 3

Figure A.18

51

Horse 19: Shooter (sandy horse) & and Hope
Martin (Tanque Verde Ranch Head Wrangler)
Collection 1

Collection 3

52

Collection 2: Large presence of a gel/goo
substance

Figure A.19
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Horse 20: Joshua (sandy horse)

Collection 1

Collection 2
Figure A.20

Collection 3
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Horse 21: A1 (grassy horse)

Collection 1

Collection 2
Figure A.21

Collection 3
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Horse 22: Austin (grassy horse)

Collection 1

Collection 3
Collection 2
Figure A.22
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Horse 23: Joker (grassy horse)

Collection 1: No sand present

Collection 3
Collection 2
Figure A.23
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Horse 24: Lakota (grassy horse)

Collection 1

Collection 3
Collection 2: No sand present
Figure A.24
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Horse 25: Marshall (grassy horse)

Collection 1

Collection 2
Figure A.25

Collection 3
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Horse 26: Moose (grassy horse)

Collection 1

Collection 3

Collection 2
Figure A.26
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Horse 27: Nate (grassy horse)

Collection 2
Figure A.27

Collection 1

Collection 3
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Horse 28: Sedona (grassy horse)

Collection 1

Collection 3
Collection 2
Figure A.28
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Horse 29: Surprise (grassy horse)

Collection 1

Collection 2
Figure A.29

Collection 3
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Horse 30: Tommy Boy (grassy horse)

Collection 1

Collection 2
Figure A.30

Collection 3: No sand present
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Appendix B: Dry Sand Measurements
In efforts to ensure the most accurate heights and weights of sand, test bags were measured using
dry sand. The bottom of each blue line indicates the 0.5cm increments. Midpoint increments were
measured at the halfway points between two blue lines.

Dry Sand at 0.5cm

Dry Sand at 1.0cm

Dry Sand at 0.75cm

Dry Sand at 1.25cm
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Figure B.1

Dry Sand at 1.5cm

Dry Sand at 1.75cm

Dry Sand at 2.0cm

Dry Sand at 2.5cm

Dry Sand at 2.75cm

Dry Sand at 3.0cm
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Appendix C: Sand Calculations for Short Samples
Equation used to scale the samples that fell short of 150.0g for more even comparisons.
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑠𝑎𝑛𝑑 ℎ𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚)
𝑋𝑐𝑚
=
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑚𝑎𝑛𝑢𝑟𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 150.0𝑔

Calculation 1: Collection 1, Horse 19
(0.4cm sand / 134.6g sample) = (X cm sand / 150.0g sample)
60.0 = 134.6X
X = 0.45cm sand in 150.0g sample
Calculation 2: Collection 1, Horse 20
(1.0cm sand / 57.8g sample) = (X cm sand / 150.0g sample)
150.0 = 57.8X
X = 2.6cm sand in 150.0g sample
Calculation 3: Collection 2, Horse 5
(0.9cm sand / 108.8g sample) = (X cm sand / 150.0g sample)
1.25 = 108.8X
X = 1.24cm sand in 150.0g sample
Calculation 4: Collection 2, Horse 19
(0.3cm sand / 35.9g sample) = (X cm sand / 150.0g sample)
0.45 = 35.9X
X = 1.25cm sand in 150.0g sample
Calculation 5: Collection 3, Horse 2
(0.4cm sand / 100.0g sample) = (X cm sand / 150.0g sample)
60.0 = 100.0X
X = 0.6cm sand in 150.0g sample
Calculation 6: Collection 3, Horse 9
(0.1cm sand / 50.0g sample) = (X cm sand / 150.0g sample)
15 = 50.0X
X = 0.3cm sand in 150.0g sample
Calculation 7: Collection 3, Horse 10
(0.4cm sand / 50.0g sample) = (X cm sand / 150.0g sample)
60.0 = 50.0X
X = 1.2cm sand in 150.0g sample
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Calculation 8: Collection 3, Horse 19
(0.1cm sand / 75.0g sample) = (X cm sand / 150.0g sample)
15.0 = 75.0X
X = 0.2cm sand in 150.0g sample
Calculation 9: Collection 3, Horse 20
(0.2cm sand / 100.0g sample) = (X cm sand / 150.0g sample)
30.0 = 100.0X
X = 0.3cm sand in 150.0g sample
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Appendix D: Statistical Details
The following tables show a more in-depth look of the tests performed, such as a mixed model
analysis and estimated marginal means.

Figure D.1: Mixed Model Analysis

Figure D.2: Type III tests of fixed effectsa

69

Figure D.3: Estimated marginal means between the sandy (S) versus the grassy pasture (P)
horses’ collections.

Figure D.4: Estimated marginal means between the 3 collection periods (both sandy and
grassy).
2. Collectiona

Figure D.5: Group * Collections comparison between the 3 collection periods for sandy (S)
and grassy pasture (P) horses separately.
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