BUVISINDI
ICEL. AGR. SCI. 12, 1998: 39-46

Soil hydrology at the Gunnar sholt experimental
plantation: Measurement and results
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SUMMARY

The soil hydrological regime at the Gunnarsholt experimental plantation was studied in terms of surface
and subsurface water content and subsurface water potential in 1994 and 1995. Surface water content
ranged between 30-35% (39-45% saturation). Subsurface soil water content obtained by neutron
scattering displayed spatial variation and vertical heterogeneity caused by the presence of volcanic
depositional layers. The understorey cover was shown to influence near-surface readings using the
neutron scattering technique. Profiles of soil water potential showed the characteristic response to
wetting and drying events. The soil water potential reached a maximum (in absolute value) of 0.02 MPa
after 12 consecutive days without rainfall and therefore no water stress was evident throughout the
measurement period.
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YFIRLIT

Hringras vatns i ungum asparskégi i Gunnarsholti

V atnsbiskapur tilraunasvasdisins i Gunnarsholti var rannsakadur med madingum & vatnsinnihaldi og vatns-
spennu i jarévegi sumrin 1994 og 1995. Vatnsinnihald yfirbords var a milli 30 og 35% (39-45% vatns-
mettun). Vatnsinnihald i jardvegi, madt med geislavirku endurkasti, var breytilegt bagdi innan svasdisins og
eftir dypi. Hid sidarnefnda var einkum vegna éskulaga. Undirgrédur hafoi ahrif & madingar med geisla-
virkni, veantanlega par sem vetnisatém i lifreenu efni bjogudu madingarnar. Vatnsspenna madd a mismun-
andi dypi breyttist i takt vid hvort vedur var purrt eda irkomusamt. Laggsta vatnsspenna i jardvegi var
adeins 0.02 M Paeftir 12 irkomulausadaga. Pad vard pvi enginn merkjanlegur vatnsskortur atilraunasvasdinu
yfir timabilid sem madt var.

INTRODUCTION

Themovement of water through the soil-plant-  opment of the plantation rely on the ability of
atmosphere system is the focus of the micro-  the soil to absorb, move, and store water. Itis
meteorological work at the Gunnarsholt ex-  therefore important to be able to characterise
perimental plantation. Thegrowth and devel-  and quantify the soil water at the site. Prior to
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1994, soil moisture dataat thissite, asfor I ce-
landic soilsin general, werelimited. Giventhat
thesiteissituated in amaritime climate with
ample precipitation, it was assumed that water
would not belimiting to tree growth through-
out most of the growing season. The site is
subject to infrequent dry periods with clear
skies, relatively warm temperatures and in-
creased atmospheric demand for water through
evapotranspiration. It was uncertain how the
soil-plant-atmosphere system would respond
during these higher demand periods.

This paper reports on the introduction of
routine measurement of soil moisture at the
Gunnarsholt plantation forest between 1994
and 1996. Three measurement schemes are
detailed: surface volumetric measurements,
subsurface soil water profiles and soil water
potential profiles. Spatial and temporal vari-
ability of soil water isdiscussed and the diffi-
cultiesof measurement in aheterogeneous soil
environment arehighlighted. Thesite charac-
teristicsare described in detail in Strachan et
al. (1998) and Sigurdsson et al. (1998).

METHODS

Subsurface soil moisture was measured with a
neutron probe (model 3332, Troxler Interna-
tional Ltd, Research Triangle Park, NC). Dur-
ing May, 1994, eight aluminium accesstubes,
2min length, wereinstalled at the site. The
base of each tube was sealed, thus providing
permanent access for the neutron probe with-
out the possibility of capillary rise of water
into the base of the tube. Pairs of tubes were
located in each quadrant of the site delineated
by the central tower. Of each pair, one tube
waslocated within agrass swath whileits mate
waslocated in close proximity (1-3 m), under
moss cover, to sample the two dominant
understorey cover types.

Theradioactive source of highenergy (‘fast’)
neutrons and the detector of thermalized
(‘slow’) neutrons are both contained in the
probe. Soil water isthe primary source of the
thermalizing, but aswell, organic matter con-
tent does affect the soil’ sthermalizing ability.

The count ratio, theratio of the measured slow
neutron count to astandard count, wasrecorded
rather than the actual count because of the day-
to-day variability in neutron emission from the
source (Havercamp et al., 1982). A linear re-
lationship between the count ratio and soil water
content can be determined by in situ gravimet-
ric calibration. Often, field calibration is diffi-
cult in heterogeneous soil s and depth-depend-
ent calibrations must be used (Papakyriakou
and McCaughey, 1991).

Fast neutrons emanate from the sourcein a
spherical cloud whosevolumevariesinversely
with soil moisture content. Ward and Robinson
(1990) suggest that the sphere’ sradius varies
between 10 cm for wet soils to 25 cm for dry
soils. Following protocolsdevel oped at Queen’s
University (Papakyriakou, 1990; Papakyriakou
and McCaughey, 1991), measurements were
taken every 10 cm to a depth of 170 cm every
three to four days during 1994 and 1995 with
field calibration completed in both years.

Surface water content measurements were
collected nearly daily during the 1995 sum-
mer field campaign approx. 10 m from the
tensiometer array located on the west side of
the site. After removing the moss layer, two
soil samples were taken in tins of known vol-
ume (172.5 cm?, determined by displacement),
weighed to £0.1 g and then dried for 48 hours
at 105°C beforere-weighing. An average sur-
face bulk density of 0.50 g cm3, determined
through field measurements, was used to con-
vert theresult to volumetric water content.

During the 1995 field campaign, a nest of
six tensiometers was installed to record soil
water potential at 30 cm depth intervals be-
tween 30 cm and 180 cm. The tensiometers
were aligned in two rows of three withalm
separation between rows and 1 m between
tensiometers within a row. Each tensiometer
consisted of a PVC tube with a porous ce-
ramic cup at the basal end and a septum stop-
per at top end. The portable monitoring de-
vice, atensimeter (Soil Measurement Systems,
Tucson, AZ) consisted of a side-port needle
and display console. The tensiometers were
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installed to the appropriate depths and ex-
cavations were back-filled with a slurry of
native soil. Soil water potential (bars=MPa
x107) was recorded at approx. 0900 UTC
during the 1995 and 1996 campaigns. Note
that although water potential is always re-
corded as a negative pressure, potentials are
presented here in absolute value for ease of
explanation. Collectively, soil water content
and water potential, provide a powerful de-
scriptive combination giving changesin stor-
age and direction of movement in the unsatu-
rated soil profile.

RESULTS
Surface soil water

Thesoil *surface’ contained between 0.30 cm?®
cm=and 0.35 cm? cm=3 water for the magjority
of the 1995 season. Combining an average par-
ticle density of 2.12 g cm= and dry bulk den-
sity of 0.50 g cm=(Strachan et al., 1998) yields
a pore space of 76.4 cm?® per 100 cm? total
volumefor the surface. Accordingly, 30-35%
water by volume correspondsto >40% satura-
tion. A drying period around day 200 reduced
the surface water content by 15% to a low of
0.22 cm® cm (29% saturation) on day 20
before anew frontal system camethrough and
rains commenced to replenish the soil water.

Subsurface soil water

Gravimetric samplesfor calibration (n=35) wer
taken using a 2-cm-diameter auger coincider
with neutron measurements at the northwes
moss (NW-M) and southeast moss (SE-M) tube
to a depth of 90 cm (the length of the auger
over three daysin each of the 1994 and 199
seasons. Therelationship (Figure 1) betwee
gravimetric soil water content (qgrav) and cour
ratio (CR=measured count/standard count) is;
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obtained by neutron probe is consistent with
increasing soil water content with depth (Fig-
ure 2; tube location is designated by direc-
tional quadrant and understorey cover; e.g.
NW-M = northwest quadrant, moss understo-
rey). Layers with reduced soil water content
can be seen in the soil moisture profile at 80
cminthe SW-G and SW-M profiles, at 60 cm
inthe NE-G profile, and at 100 cmin the SE-
M profile. A second layer can be seen at 150
cm in the SE-M, NE-G, and SW-G profiles.
Evapotranspiration from the surface reduces
thewater content at 20 cm by as much as 15%
following the dry period (day 209). Data col-
lected in 1994 and 1996 (not shown) indicate
that very similar conditions persisted during
each of these years.

Subsurface soil water potential

The tensiometer nest provided a mechanism
for determining the direction of water move-
ment in the profile and three principal fea-
tures can be seen in the 1995 results (Figure
3). First, the soil water potential is quite low
(driest valueat 30 cmis0.019 MPa). Second,
the direction of water movement is upward

hird, the direction of water movement in the

Figure 1. Field calibration of the neutron probe

Gravimetricsal water (gg*) can then be con-
verted to volumetric soil water (cm® cm3) by
applying the average bulk density for the ap-
propriatelevel (Strachan et al., 1998).

The general shape of the soil water profile

completed 1n 1994 and 1995. Best-fit calibraiion
line is significant (r?=0.81, P<0.01, n=35).

1. mynd. Kvérdun madinga & vatnsinnihaldi jaro-
vegs med geislavirku endurkasti sem gerdar voru
1994 og 1995. Adhvarfslinan er hamarktaek
(r?=0.81, P<0,01, n=35).
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upper 90 cm switchesfrom downwardsearlier  170) and later (Day 248) in the season show
inthe season to upwardsduring thedry period  the split in the profile between upward and
and back to downwardsfollowing theresump-  downward movement at 90 cm.
tion of rainy conditions after day 206 (cf. Fig-

ure 5). TRe water potential profile is almost — DrSCUSSION _

linear during the dry period (Figure 3; Day ~ Spatial heterogeneity

204), whilewater potential profilesearlier (Day  Ingeneral, the effect of the gr nderstorey

Figure 3. Top! Soil water potential over six depths for the 1995 growing season. Bottom. er |potential
profiles for three representative days in 1995: day 170 (June 19); day 204 (July 23); day 248 (September
5).
3. mynd. Vatnsspenna a sex mismunandi jardvegsdyptum yfir sumarid 1995 (efri mynd). Vatnsspenna a
mismunandi jardvegsdypi dagana 170, 204 og 248, 1995 (nedri mynd).




44 BUVISINDI

is to cause the upper soil profile to be wetter
than profilestaken under moss(Figure4). Com-
peting mechanisms are present. Grass cover
should |ead to increased evaporation of inter-
cepted rainfall and increased transpiration both
leading to lower near-surface soil water con-
tent, however, evaporation directly from the
soil surfaceisdecreased beneaththegrassswards
due to the increased shading. It is suggested
that the neutron count could be overestimated
through asensitivity to organic material. Where
grass is present, the root density of the near
surfaceprofilewill beincreased. If significant
non-soil water hydrogen is sensed by the neu-
tron probe, the count (and therefore count ra-
tio) will be overestimated leading to a falla-
cious increase in moisture content being re-
corded. Thiscan be accounted for through cali-
bration, however, the tubes used for calibra-
tion were situated in moss cover.

Spatia heterogeneity a soinfluencesthecon-

profiles. Given the difference between water

Figure 4. Soil water d
C yarred UoesS =
crease in near-surface water measured under grass
compared with that measured under moss. Days
160 (June 9) and 196 (July 15) in 1995 are com-
bined for this example. Numbersrepresent the depth
at which the reading was taken.

4. mynd. Vatnsinnihald medt med geislavirku endur-
kasti undir tvenns konar grodurpekju (SE-M=mosa-
pekja og SE-G=graspekja) dagana 150 og 196,
1995. Tolur standa fyrir jardvegsdypi sem med-
ingarnar voru gerdar a.

by neutron probe

SI TOW

etermined

profiles noted above, it islikely that the bulk
density valuescal culated are al solocation-spe-
cific. One can, however, ascribe average val-
uesof 0.73 (£0.01) to measurementsin the up-
per 90 cm and 0.58 (£0.02) to thelower 70 cm
(100-170 cm) of the profile (Strachan et al .,
1998), each of which lie within the range of
valuesgivenfor Andisolsby Maedaetal. (1977).

Vertical heterogeneity

Two key characteristics of the volcanic soils
at Gunnarsholt are the numerous eruption lay-
ersand periodic erosion layers. The soil mor-
phological profiles described by Strachan et
al. (1998) contain layersidentified asthe 1947
eruption of Mt. Heklaand at | east two regional
erosional episodes (ca 1920 and 1880). Al-
though most of these featuresaretoo thin (ver-
tically) to be picked up uniquely by the neu-
tron scattering technique, two events can be
identified in the soil moisture record. Using
SW-G as an example (Figure 2), awell-

ern surfaceisvariable. Wherethe layer thins,
it may not be picked out uniquely by the neu-
tron scattering technique. Indeed, soil coring
performed for other concurrent experiments
at Gunnarsholt alwayshit thislayer inthefirst
metre (approximately) of sample extracted.
Thismicroscale spatial heterogeneity, over
aslittle as afew metres horizontally, hasim-
plications for the measurement of soil water
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parameters. The major eruption layers each
consist of sand-sized particles (Strachan et al.,
1998) and have a strikingly lower soil water
content. These layers are potentially signifi-
cant asthey act to disconnect thelocal hydrol-
ogy of the upper and lower portions of the
profile; capillarity isreduced, and the upward
movement of water from the layer 100-170
cm isinterrupted. The upper 90 cm of soil is
well-fed by rainfall and thus the dominant di-
rection of water movement is downwards
through gravity drainage. Only during the pro-
longed dry period did the direction of water
movement in thislayer change through thein-

erancad-chrf ace evrapnaration-and i inA tran

Temporal variability

The effects of the periodic and frequent pre-
cipitation eventsare best illustrated in Figure
5. In this figure, the 24-hour rainfall (P) is
indicated along with the changes in the soil
surface volumetric soil water content (VC) and
% saturation in the soil surfacelayer. Thetem-
poral and vertical distribution of soil water
potential is given by isopleths of equal ten-
sion (MPax107).

V Cisstable, ranging between 30-35% (39—
45% saturation) corresponding with the fre-
guent rainfall received at the site; the excep-
tionistheprolonged dry periodwhereV C drops

Feasea-surrace evaporattonanacontueatran

spixation from grass and trees.

Figure 5. Temporal patterns in (top) volumetric surface soil water content (VC), (centre) soil water|
tential with depth, and (bottom) precipitation (P). Soil water potential isopleths are in MPax10<,

to22%. T hedistributionof soit-water poter
tial with depth (shown in the middle figure)

Points a-e are discussed in the text.

5. mynd. Breytileiki i vatnsinnihaldi i yfirbordslagi (VSM) yfir sumarid 1995 (efsta mynd). Vatnsspenna i
MPax 104 mismunadi dypi i jardvegi (mid mynd). Punktar a til e visa til umradukafla. Urkoma i mm

(nedsta mynd).
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illustratesanumber of important features. The
0.12 isopleth bounds two pairs of dry and wet
fronts (indicated by points aand b on Figure
5). In the two weeks prior to day 164, the site
only received 2 mm rainfall with 0.5 mm oc-
curring on day 160. The long dry period be-
tween days 193 and 204 (12 consecutive days
without rain) clearly illustratesthelagged re-
sponse of the soil system. The driest surface
soil water reading occurred on day 205 at the
end of thedry period. Thewetting front repre-
sented by the 0.18 i sopleth extendsto day 215
and a depth of 50 cm, the wetting front repre-
sented by the 0.15 isopleth extendsto day 220
and adepth of 90 cm, and the wetting front at
represented by the 0.12 isopleth extends to
approx. day 230 and 120 cm depth.

The region between the 0.09 and 0.12 iso-
pleths (c), beyond the wetting front, repre-
sentsarelativedry zonewith wetter soil above
and a wet base. The wetting from above this
region is due to gravitational flow from rain-
fall (d). The depths below the 0.09 and 0.06
isopleths (e) are dominated by capillary rise
from the water table (not shown).

Finally, it doesn’'t seem likely that plants
having root systems reaching 30 cm depth wil
experience any significant water stress at the
Gunnarsholt site even during prolonged peri-
ods without precipitation. The lowest water
potential recorded in 1995 at 30 cm was 0.02
MPa after 12 days without rain (Figure 3).
Salisbury and Ross (1992) indicate that mild
water stress occurs when soil water potential
reachestherange0.3t0 0.8 MPaand that higher
levels of stress occur at water potentials be-
yond 1 MPa.
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