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Session 1/5

Influence of Vegetation on Soil Moisture Contents and Resulting 

Soil Volume Changes
Influence de la végétation sur la teneur en eau du sol et sur ses variations de volume

by Earl J. F e l t , B.S.C.E., M .S.C.E., Manager, Transportation D evelopm ent Section, Portland Cement A ssociation, 33 W. 
Grand Avenue, Chicago 10, 111., U .S.A.

Summary

This paper presents soil moisture data indicating that different 
rates of transpiration of moisture by vegetation are an important 
cause in the development of non-uniform moisture contents in an 

otherwise uniform soil situation. Trees especially, during periods of 

drought, tend to lower abnormally the moisture content of localized 

pockets of soil. The development of these non-uniform moisture 

contents is accompanied by differential shrinkage of clayey soils 

resulting in non-uniform support for structures and roadways in close 

proximity to the vegetation.
Removal of the vegetation and prevention of evaporation by new 

construction results, through capillarity and surface infiltration, in 

a large gain of moisture in the drier soil areas, but little gain in the 

more moist soil areas. This non-uniform increase in moisture con
tent causes differential swelling of the soil with attendant foundation 

troubles for structures and roadways constructed in the locality.

Sommaire

Ce rapport présente des données sur l’humidité du sol démon
trant que les variations du degré de transpiration de l’humidité par 

la végétation sont une cause importante de la distribution non-uni- 
forme de la teneur en eau dans un sol par ailleurs uniforme. Les 

arbres, particulièrement pendant les périodes de sécheresse, contri
buent à abaisser anormalement la teneur en eau du sol avoisinant. 
La non-uniformité de la teneur en eau ainsi causée entraîne un 

rétrécissement différentiel des sols argileux ce qui cause un appui 
non-uniforme des constructions et chaussées à proximité de la vé
gétation.

La suppression de la végétation et l’élimination de l’évaporation 

par de nouvelles constructions aboutissent, en raison de la capillarité 

et de l’infiltration de la surface, à un notable accroissement de la 

teneur en eau des aires sèches et à un accroissement insignifiant dans 

les aires plus humides. Cette augmentation non-uniforme de la te
neur en eau cause un gonflement différentiel du sol ce qui soulève 

des difficultés au cours de la construction des fondations de bâti
ments et de chaussées dans la vicinité.

Introduction

The occurrence o f distorted highway pavements, some wavy 

or bumpy, others settled and cracked; or the occurrence o f 

heaved, or cracked and settled structures, frequently is asso
ciated with swelling or shrinking o f the foundation soil. H ow 
ever, it is not always readily apparent why the soil shrinks or 

swells in one spot, whereas a short distance away the soil m ove
ment is negligible.

Non-uniform moisture changes in the soil are one cause o f the 

differential volume changes. It has been found that these non- 
uniform soil moistures may develop in areas where the vegeta
tion type changes abruptly. The soil becomes drier during 

periods o f drought in areas where trees are growing or where 

vegetation is unusually heavy; for instance where high lush 

grasses or hedges grow along fence or property lines. The dry

areas are explained by the fact that the rich growth of grasses, 
or the normal growth of trees, remove more moisture from the 

soil than do ordinary crops such as corn or cotton. In areas 

where rainfall in the summer months is light, evaporation  

losses rapidly decrease the moisture content in the upper top- 
soil which then becomes relatively dry, at which time evapora
tion losses practically cease. However, transpiration by vegeta
tion continues to draw water from the whole depth o f root zone 

and reduces the moisture content o f the soil to considerable 

depth. Burrage (1948), Elgar (1950), Wooltorton (1950) and 

others have observed this in studies connected with soil physics 

and foundation engineering in various parts o f the world. The 

technical literature on this subject, however, is not very com 
plete, and as a result the important significance o f transpiration
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losses in influencing soil moisture content (and consequently 

soil volume change) is not always appreciated by engineers.
The data presented here were taken from a report o f a com 

prehensive field study made in McLennon County, Texas. The 

soils involved belong to the Houston and Wilson Soil Series. 
These soils have developed from marl or calcareous clays in 

the southern prairies (with local mixed forests) o f the United 

States. The H ouston soil is a Rendzina being calcareous full 
depth, and the Wilson soil is a Planosol having an eluviated sur
face horizon which is non-calcareous.

Presentation o f  D ata

Fig. 1 shows soil moisture content data at different depths 

below ground surface along the centerline o f a proposed high
way where it went through a grove of tress and then continued  

into a field that had been cultivated the year before, and which 

at the time o f testing was supporting a sparse grass vegetation. 
Soil moisture contents were obtained by taking soil samples at 
12 ft. depth intervals below ground surface. The test data re
ported are moisture contents expressed as a percentage o f the 

oven dry weight o f the soil. Attention is directed first to the 

moisture content data shown for the soil in the recently cul
tivated land at the right in Fig. 1, near Sta. 288 +  50. It will 
be noted that in this area the average normal soil moisture con
tent ranged from 15% near the surface, to 19% at a depth of 

6 ft. and 25% at a depth o f 12 ft. In contrast to these data, 
the moisture contents o f the soil near Sta. 287 +  85 in the vi
cinity o f a number o f 10 in. diameter mesquite trees, were ab
normally low, being only 11 % at a depth o f 6 ft. and 13 % at 
a depth o f 12 ft. Furthermore, near Sta. 287 + 0 0  in the vicinity 

o f a 30 in. diameter oak tree the moisture contents were as low  

as 10% for much o f the soil profile. Thus the effect o f the trees 

in abnormally lowering the soil moisture contents is readily 

apparent, and the data indicate that at the time o f these mois
ture tests, transpiration losses were effective to a depth o f at 
least 14 ft. The soil in this area is a fairly heavy clay through
out the profile except that the surface soil to a depth o f about 

12 in. is a lighter textured clay soil. The liquid limit o f the soils 

range from 38 to 58°,,, the plasticity index from 18 to 41 % and
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Fig. 1 S o il M oisture Profile A long Centerline o f  N ew  R oadw ay L o
cation
Section  indiquant la teneur en eau du sol le long de l’axe d ’une 

chaussée nouvelle
Figures 1, 2, 3, indicate m oisture content or soil, percent, at 

different depths
Les chiffres indiquant la teneur en eau du so l, en pourcentage, 
à différentes profondeurs

Fig. 2 Soil M oisture Profile A long Centerline o f  N ew  R oadw ay L o
cation
Section indiquant la teneur en eau du sol le long de l’axe d ’une 

chaussée nouvelle
Figures I, 2, 3, indicate m oisture content o f  soil, per cent, at 

difference depths
Les chiffres indiquent la teneur en eau du sol, en pourcentage, 
à différentes profondeurs

the shrinkage limit 13 to 14%. Texturally, the layers in the 

profile contain from about 60 to 90% soil grains smaller than 

0.05 mm.
Fig. 2 shows the soil moisture condition existing at a loca

tion where cotton and corn fields are separated by a lush growth 

of tall grass and one 12 in. diameter mesquite tree. It will be 

noted that a fairly moist soil condition exists in the soil pro
files supporting cotton and corn. Furthermore, although these 

fields are two or three hundred feet apart the moisture distri
bution in both fields is practically the same. However, in the 

grass and tree area, transpiration has resulted in much lower 

soil moisture contents. For instance, the moisture contents at 
a depth o f 4.5 ft. below ground surface are 17 or 18% in the 

cotton and corn, but only 11 or 12% in the grass and trees area.
The soil in this area is clay textured for full depth o f soil 

profile except for the surface 12 in. which is somewhat lighter. 
The liquid limit ranges from 34 to 45%, the plasticity index 16 

to 30?;,, and the shrinkage limit is about 13%. Texturally the 

soil layers contain 50 to 90% particles smaller than 0.05 mm.
When considering the data in Figs. 1 and 2, it takes little 

imagination to predict what might occur sometime in the future 

should a structure be built over these soil areas which have such 

a non-uniform soil moisture distribution. Under such condi
tions, with transpiration and evaporation losses prevented, and 

with the soil having access to water by capillarity (and by in
filtration too in some instances), the dry soil would gradually 

increase in moisture content. The more moist soil adjacent to 

the dry soil, however, being already near capillary equilibrium  

would absorb very little additional moisture. As the moisture 

content o f the dry soil increased above the shrinkage limit, it 
would swell relative to the surrounding area resulting in differ
ential movement o f the structure.

Further illustration of this idea is brought out in Fig. 3. 
Approximately 60 ft. right of the line o f soil borings depicted 

in Fig. 2 is an old concrete pavement running parallel to the 

new roadway location. This pavement, near Sta. 339 +  60 has 

an 8-in. bump in it apparently caused by soil swell. Moisture 

content data obtained from borings made along the edge o f the 

pavement show that the soil moistures under the slab now are 

normal in character and are relatively uniform from station to
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Fig. 3 Soit M oisture Profile Transversely at Station 339 + 6 0
Section transversale de la teneur en eau au po in t 339 + 6 0  

Figures 1, 2, 3 indicate m oisture content o f  so il, percent, at 

different depths
Les chiffres indiquent la teneur en eau du so l, en pourcentage, 
à différentes profondeurs

station. A  boring showing representative moisture contents 

along the pavement is depicted at the right in Fig. 3. D ata to 

the left in Fig. 3 however show that the soil moisture contents 

in the natural soil adjacent to the pavement are abnormally 

dry. Thus a reason for the bump is apparent. It is entirely 

logical to conjecture that before construction o f the old pave
ment, vegetation had reduced the moisture content o f the sub- 
grade soil near Sta. 339 +  60 below that o f the surrounding area 

similar to the condition illustrated in Figs. 2 and 3. After con
struction with the vegetation removed, the abnormally dry soil 
under the concrete slab gradually regained moisture and swelled 

causing a localized bump on the highway. As an illustration 

of such phenomenon, see Fig. 4.
Obviously the reverse action o f swelling, that o f  shrinkage, 

can take place also to cause damage to structures. For instance, 
if a structure were placed on a soil foundation part o f  which 

was abnormally wet and part o f which was normally moist, 
trouble would occur when upon further exposure the abnor
mally wet soil might dry and shrink more than the adjacent 
soil. Or, in another instance, a structure might be constructed 

on a soil foundation o f  uniform moisture condition. Sub
sequently the moisture at som e local area might become low 

ered, because o f  close proximity to trees or other vegetation, 
and differential shrinkage would take place. In such cases, o f  

course, the foundation support would be reduced locally and  

cracks in the structure would undoubtedly occur. As an ex
ample see Fig. 5 where heavy grass vegetation along a concrete 

pavement was partially responsible for excessive loss o f  m ois
ture from the clay soil under the edge o f  the slab. As would  

be expected, shrinkage o f the soil and attendant loss in support 

for the pavement resulted inconsiderable longitudinal cracking. 
Croney and Lewis (1948) have made similar observations in 

England on a number o f occasions.

Example o f Soil Swell due to Wetting

To determine the rate and extent to which a clay soil will 
absorb water and swell, an area including an abnormally dry 

volume o f soil was ponded (covered) with water. Moisture con
tents o f the soil and elevations o f the ground surface were taken  

then at various time intervals. Plots o f  experimental data are 

presented in Figs. 6 and 7.
In studying the data in Fig. 6 note first the curve on the left 

which shows the average soil moisture condition in the dry soil 
pocket before wetting. The data show that in this area the soil 
moisture contents ranged from 9 to 12% in the top 9 ft. o f soil. 
Attention is called to the fact that the normal moisture con
tents in a similar soil situation where the vegetation might be 

corn or cotton would be o f the order indicated in Fig. 2. In
cidentally, the soil area which was wetted in these tests was 

located about 100 ft. from the area covered by Fig. 2 and the 

soil at the two locations is very similar.
The two curves on the right in Fig. 6 show average soil m ois

ture contents at various depths in the same vicinity after sur
face wetting the area with water for periods o f approximately 1 
and 6 months. In connection with the wetting process it is im 
portant to recognize that effective wetting, even to considerable 

depth, was possible in this clay soil because o f the presence o f  

structural pore space in the undisturbed relatively dry soil 
which had a well-defined blocky structure. Thus, the structure 

cracks and crevices in the soil greatly facilitated percolation. 
Obviously, if the soil (in the dry condition) did not have this 

natural blocky structure it would have been im possible to wet 
the soil to such a great depth in such a short time.

Fig. 4 Bump in Pavem ent Caused by Sw elling o f  a L ocalized V olum e  

o f  Clay Subgrade Soil
B osse dans le  pavem ent causée par le gonflem ent localisé  du sol 
argileux de la fon dation

Fig. 5 Cracks in C oncrete Pavem ent R esulting From  Loss o f  Subgrade  

Support D ue to Shrinkage o f  Clay Soil A long  E dge o f  Slab  

Crevasses dans le pavem ent en béton résultant d’un défaut d ’ap
pui de la fon dation  causé par la contraction  du sol argileux le 

long du bord du dallage
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Fig. 7 shows the change in ground level (swell) accompany
ing the increase in soil moisture content shown in Fig. 6. As 

might be expected the rate o f swell was quite rapid at first (1-in. 
in two days) and reduced with time. It is o f  interest to note that
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although the moisture content o f the soil changed little after 

wetting for the first month, the swell was still continuing when 

the tests were discontinued at about 6 months at which time 

the total swell was more than 4 in. This continued swelling is 

attributed to more uniform distribution and intimate absorp
tion o f water in the textural pore space of the clay soil aggre
gates obtained only over a lenghty period o f wetting.

The data in Fig. 6 and 7 show how readily a dry clay soil 
in its natural state will absorb surface water and swell. It is 

apparent that certain foundation soils under houses and other 

structures could be subjected to similar conditions with serious 

results to the buildings.

Conclusion

The data presented here show how very non-uniform soil 
moisture contents can develop due to type o f vegetation and 

weather conditions. The process may continue in som e situa
tions to such an extent that the moisture content o f soil under 

trees for instance is only half as much as under crops such as 

cotton and corn. In certain situations the development o f  these 

non-uniform soil moisture contents when accompanied by 

differential volume change may be the cause o f damage to struc
tures built on these soils. Although information and examples 

presented are limited in extent the thoughts and ideas expressed 

find application in many foundation soil problems connected  

with shrinking and swelling o f soils.
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