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Soil ingestion has been well documented for the majority of outside reared animals but not in horses. As soil can be a
vector of environmental pollutants, such studies generally aim at controlling exposure to pollutant uptake in food
producing animals.
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| 1. Introduction

In general, soil ingestion has no nutritional purpose except counterbalancing significant mineral deficits described as
geophagia . Nevertheless, it has some negative consequences. Firstly, global digestibility of the feed decreases as soil
is very poor in organic matter, and its presence in the digestive tract disturbs the digestive flora. However, the main risk is
that soil may be a vector of environmental pollutants, which can accumulate over a very long time in soil and is therefore
one of the principal exposure pathways to food producing animals [&. Hence, the evaluation of soil ingestion is a central
point in risk assessment approaches. It has been studied in numerous food producing animals such as dairy cows Bl
beef cattle B8l sheep 8l free-range pigs &, free-range hens 2% and chicken 1. Nevertheless, no such data are
available in horses. In this species, the frame of food safety evaluation would not really match since consumption of
horsemeat is—except in Central Asia (e.g., China, Kyrgyzstan, and Kazakhstan)—very low. Even if this reduced issue of
food safety can explain the lower interest of the scientific community to study soil ingestion in horses, there are pathologic
concerns justifying investigations. Indeed, superficial soil can carry an important amount of microorganisms in the
stomach. Its relatively high pH would not very efficiently limit microbial growth. In addition, a deposit of ingested soil may
sensitively reduce the relatively small volume of the horse’s stomach. Moreover, Kilcoyne et al. 2 and also Niinstro et al.
(131 hoth describe pathologic consequences such as sand colic or eroded intestinal mucosal lining without quantifying the
responsible amount of ingested sand. Siwinska et al. 14! reported proportions of sand in stool but did not evaluate the
corresponding level of ingestion. Thus, the ingestions of soil and sand by horses and its pathologic consequences has
been clearly shown but no available data allows more accurate evaluation in horses.

Animals of comparable size, such as adult cattle, may ingest 30 to 100 g of dry soil per 100 kg of BW daily BI€ under
classical pasture conditions, and even up to 150 g per 100 kg of BW under poorer conditions M3 put the grass
prehension differs notably between both species. Indeed, the height of the available grass is objectively measured with a
herbometer and expressed as sward height (SH). It has been shown in ruminants that sward height (SH), especially post-
grazing, is a good predictor of the level of soil ingestion I8, Indeed, the shorter the grass sward, the closer to ground
surface do animals graze and can consequentially ingest more soil along grass prehension. The anatomy of the equine
mouth (i.e., movable lips and presence of maxillary) allows them to graze closer to the ground surface in comparison to
cattle. This raises the following questions: Would the ingestion of soil by horses also increase when grass offered
decreases, or would the difference of grass prehension between both species not (or less) expose horses to an increased
risk of soil ingestion?

| 2. Grazing Parameters and Body Weight

The pre-grazing sward height was 11.9 cm without any difference between the three treatments (Table 1). Contrarily, after
grazing, the sward height at the lowest DHA was 3.1 cm and was significantly lower than the 4.4 cm at the highest DHA.
The post-grazing SH at the intermediate DHA (i.e., 3% of the BW) of 4.1 cm did not significantly differ from the other
treatments (Table 1). Nevertheless, the post-grazing SH tended to be lower between the lowest and the two higher DHAs
(3.1 cm for 2% vs. 4.1 cm for 3% and 4.4 cm for 4%, p < 0.10).

Table 1. Ingestion of grass and soil depending on the Daily Herbage Allowance (DHA, % of the body weight), period and
DHA x period interaction.



Variable DHA Level Residual Variation ! p-Value

2% 3% 4% RSD RSE DHA  Period DHA x Period
Grazing
Pre-grazing sward height (cm) 12.0 12.2 11.5 - 0.9 NS - -
Post-grazing sward height (cm) 3.1bB  g413bA  ggaA - 0.7 * - -
Grass AIA 2 content (g/kg DM 3) 17.2 18.9 19.2 - 4.2 NS - -
Grass intake (kg DM/d) 14.0 15.2 14.4 1.0 - NS NS NS
Body weight (kg) 610" 630 2 628 2 7.3 - b NS NS
Faeces
Faecal output (kg DM/d) 7.5 8.0 7.7 0.2 - NS NS NS
DM digestibility of ingested grass 0.466 0.476 0.470 0.01 - NS * NS
DM digestibility of total diet 0.470 0.480 0.473 0.01 - NS * NS
Faecal AIA content (g/kg DM) 60.32 5533 513b 4.5 - * ** NS
Soil AlA content (g/kg dry soil) 697 A 678 B 697 A - 13.9 * - -
Daily Soil Ingestion
SIR 4 (% of total DM ingested) 452 412 3.7b 0.4 - * i NS
Absolute QIS 5 (g/horse) 648 2 6242 5430 54.3 - * Fkk NS
Relative QIS (g/100 kg BW) 1072 99 ab 89" 9.5 - * ek NS
Relative QIS (g/kg metabolic BW) 533 ppabA 4408 0.5 - * i NS

Significance of p-Values for tested effects was <0.05 for *, <0.01 for **, <0.001 for *** and >0.05 for NS (non-significant);
ab values within a row with different superscripts (lowercase letters) differ significantly at p < 0.05; B Values within a row
with different superscripts (capital letters) differ significantly at p < 0.1;  Mixed models on individual data gave a residual
standard deviation (RSD) but simple models on plot data (two animals grazing together) resulted in residual standard
error (RSE); 2 AlA: acid insoluble ash; 3 DM: dry matter; 4 SIR: soil ingestion rate; > QIS: quantity of ingested soil.

The horses had a lower body weight on the smallest DHA in comparison to the two higher DHAs, 610 and 629 kg,
respectively (p < 0.05).

The AIA content of the allowed grass of 18 g/kg DM on average did not significantly differ between treatments. In soil,
there was a slightly lower content of AlA in the plots pastured for the intermediate treatment (678 vs. 697 g/kg dry soil) but
this very small difference did not reach the significance threshold (p = 0.07). Thus, the marker fraction AIA was 40 times
more concentrated in soil than in the pastured grass (Table 1) allowing us to efficiently mark the soil.

| 3. Grass Intake and Faecal Output

The grass intake of the animals of 14.5 kg DM/d did not differ significantly between the treatments (Table 1) even if the
raw mean between the lowest treatments differed by 1.2 kg/d (14.0 and 15.2 kg/d respectively for the DHAs of 2 and 3%,
p > 0.10). The digestibility of the ingested grass did not differ between the three treatments with 0.47 on average (Table
1), but varied slightly between the second and the third period of the experiment (0.46 and 0.48 respectively, p < 0.05). In
addition, the faecal output of 7.7 kg DM/d on average did not differ between treatments (Table 1). The AIA content in the
faeces decreased significantly from the lowest to the highest DHA (from 60.3 to 51.1 g/kg DM respectively, p < 0.05) with
an intermediate concentration of 55.3 g/kg DM (NS) for the DHA of 3% (Table 1). It is worth mentioning that horses during
the first experimental period had significantly lower AIA contents in their faeces than during the periods 2 and 3
(respectively 47.9 and 59.4 g/kg DM, p < 0.01) but without any significant interaction with the treatment (Table 1).

| 4. Ingestion of Soil

The soil ingestion rate (SIR) increased significantly when the DHA decreased, from 3.7% at the highest DHA to 4.5% at
the DHA of 2% (p < 0.05, Table 1). The horses had an intermediate SIR of 4.1% at a DHA of 3%, which did not



significantly differ to the other treatments. In addition, the SIR was significantly (p < 0.05) lower during the first
experimental period (3.3%) compared to the other two periods (4.5%) without any interaction to the treatment (Table 1).

The quantity of ingested soil (QIS) increased significantly (p < 0.05) from 543 g/d at the highest DHA to 636 g/d at the two
more restrictive DHAs (Table 1). The slight numeric difference between the DHA treatments of 2 or 3% did not reach the
significance threshold (p > 0.10). The relative soil ingestion per 100 kg of BW followed the same hierarchic order between
the treatments (Table 1): highest for the lowest DHA at 107 g/100 kg BW and was significantly (p < 0.05) higher than for
the highest DHA at only 89 g/100 kg BW. Horses had an intermediate relative QIS at the intermediate DHA at 99 g/100 kg
BW, which did not differ significantly from the two other treatments.

Absolute and relative QIS are significantly affected by the experimental period (p < 0.001) but every time without any
interaction with the treatment (Table 1). In both cases, QIS in the first experimental period was significantly lower (484 g/d
and 79 g/100 kg BW respectively for absolute and relative QIS) than during the periods 2 and 3 (666 g/d and 108 g/100 kg
BW respectively for the absolute and relative QIS).

References

1. McGreevy, P.D.; Hawson, L.; Haberman, T.C.; Cattle, S.R. Geophagia in horses. A short note on 13 cases. Appl. Anim.
Behav. Sci. 2001, 71, 119-125.

2. Rychen, G.; Jurjanz, S.; Toussaint, H.; Feidt, C. Dairy ruminant exposure to persistent organic pollutants and excretion
to milk. Animal 2008, 2, 312-323.

3. Fries, G.F.; Marrow, G.S.; Snow, P.A. Soil Ingestion by Dairy Cattle. J. Dairy Sci. 1982, 65, 611-618.

4. Jurjanz, S.; Feidt, C.; Pérez-Prieto, L.A.; Ribeiro Filho, H.M.N.; Rychen, G.; Delagarde, R. Soil intake of lactating dairy
cows in intensive strip-grazing systems. Animal 2012, 6, 1350-1359.

5. Jurjanz, S.; Collas, C.; Lastel, M.L.; Godard, X.; Archiméde, H.; Rychen, G.; Mahieu, M.; Feidt, C. Evaluation of soil
intake by growing creole steers in common grazing systems in the French West Indies. Animal 2017, 11, 1363-1371.

6. Collas, C.; Mahieu, M.; Tricheur, A.; Crini, N.; Badot, P.M.; Archimede, H.; Rychen, G.; Feidt, C.; Jurjanz, S. Cattle
exposure to environmental contaminants through soil intake. The case-study of tropical grazing practices in French
West Indies. Sci. Total Environ. 2019, 668, 161-170.

7. Field, A.C.; Purves, D. The intake of soil by the grazing sheep. Proc. Nutr. Soc. 1964, 23, XXIV-XXV.

8. Abrahams, P.W.; Steigmajer, J. Soil Ingestion by sheep grazing the metal enriched foodplain soils of Mid-Wales.
Environ. Geochem. Health 2003, 25, 17-24.

9. Jurjanz, S.; Roinsard, A. Valorisation de I'herbe par des truies en plein air. AlterAgri 2014, 108, 25-26.

10. Jondreville, C.; Travel, A.; Besnard, J.; Feidt, C. Intake of herbage and soil by free-range laying hens offered a
complete diet compared to a whole-wheat diet. In Proceedings of the XllIith European Poultry Conference, Tours,
France, 23-27 August 2010.

11. Jurjanz, S.; Germain, K.; Juin, H.; Jondreville, C. Intake of plants and soil of free ranged chicken reared outside in plots
under trees or covered with grass. Animal 2015, 9, 888—-898.

12. Kilcoyne, I.; Dechant, J.E.; Spier, S.J.; Spriet, M.; Nieto, J.E. Clinical findings and management of 153 horses with large
colon sand accumumations. Vet. Surg. 2017, 46, 860—867.

13. Niinistd, K.E.; Ruohoniemi, M.O.; Freccero, F.; Raekallio, M.R. Investigation of the treatment of sand accumulations in
the equine large colon with psyllium and magnesium sulphate. Vet. J. 2018, 238, 22—-26.

14. Siwinska, N.; Luczka, A.; Slowikowska, M.; Niedzwiedz, A. Assessment of sand accumulation in the gastrointestinal
tract and its excretion with stool in Silesian foals. Pol. J. Vet. Sci. 2019, 22, 337-343.

15. Kirby, D.R.; Stuth, J.W. Soil-Ingestion Rates of steers Following Brush Management in Central Texas. J. Range
Managem. 1980, 33, 207-209.

Retrieved from https://encyclopedia.pub/entry/history/show/30157



