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Procedure to control hydraulic potential variation in soil microcosms
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Abstract Inthis study we designed and tested a m®hen the actual matric potential can also resultin being quite
thodology to minimize the variation of soil matric potential due tgjifferent from the intended value due to hysteresis in the
changes in soil water content, thus achieving a close control OVeLier characteristic

the water regime in a microcosm, used to study the biocontrol o Manv experiments on interactions between seedlinds
Pythium spinfection of seeds by antagonistic bacteria. The va- Y exp 9

riation of volumetric water content and matric potential wer8Nd SOil, or seedlings and microorganisms, that aim to achie-
monitored at different depths during an average experimental Y& 2 l.Jnlf.orm and controlled SO"_Water regime are Ca”_|ed out
riod of 14 days in soil, contained in replicate 1 315°%micro- in soil microcosms where matric potential is not monitored.
cosms, each sown with 16 sugar beBéta vulgariy seeds and Soil is initially wetted to a target water content, that is often
placed in a phytotron. Several experiments with target soil maté@iosen on the basis of a water release characteristic (Howie
potentials of -10, -100 and -300 kPa were performed. It was foupg al,, 1987: Liddell and Parke, 1989; Parkeal., 1986:
possible to maintain a matric potential of about -10 kPa in SOilW"IBerreault and Whalen, 2006) and any watering is usually
minimum water content gradients between different parts of tl&%plied only atthe surface or base of the microcosm (Liddell

microcosm by watering uniformly at each depth. With an appro- )
priate watering and sampling procedure it was also possibleq,gd Parke, 1989; Bowers and Parke, 1993). However, a va-

controly » between -150 and -50 kPa, with a target value aroutety Of Problems canresults in large systematic errors in the
-100 kPa; and to contrgl,, in the range between -250 and -375 kpActual matric potential and considerable spatial and tempo-

for a target value of -300 kPa. In all experiments spatial and tefi@l heterogeneity in the water regime within and between
poral variability of matric potential was larger at the top than in th@icrocosms. These can cause differences in water availabi-

middle and in the bottom of microcosms. Variability in matridity and in nutrient supply to plants, and in activity and mo-
potential between replicate microcosms within each experimegigment of soil microorganisms. Generally study in micro-
was attributed to slight variation in packing, soil texture and dryingosm neglecte to monitor the water potential constantly du-
rate, initial VWC. , , o ring the trials and did not rewater with a calculated amount

Keyword S biocontrol, matric potential, MICroCOSMyt \water based on measurement of the previous water loss.
psychrometer, watering o . .

Consequently, there is in their results an unknown uncertain-
ty in the matric potential and by how much it may have
varied before, during and after rewetting.

Plant growth and biocontrol experiments are often Movement of water in a microcosm under isothermal
carried out in small soil microcosm that are assumed to benditions is controlled by the hydraulic potentigly),
homogenous in terms of soil temperature, water content agHich is the sum of matricy(;,) and gravitational potential
matric potential. This assumption is rarely tested, and Iargpg) (Marshallet al., 1996). Water flows from points of high
gradients in temperature and matric potential can occkiow hydraulic potential so that, at equilibrium, the hydraulic
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potential will be the same at each point within a micrezedures. The methodology here detailed and evaluated was
cosm. In unsaturated conditions, differences in gravitatiortaen applied in several trails on bacterial motility, whose
potential between different parts of a microcosm are usuatlysults have been already published (Schetidd, 2004).
small or negligible compared to differences in matric poten-
tial. Even in soil at or wetter than field capacity, (which
means a fully drained wet soil, the matric potential at field
capacity can vary from soil to soil) a difference in height of  The need to adjust the soil at drier potential is a deman-
10 cm corresponds approximately to a difference of 1 kPadihg procedure. The water release characteristic of Craib-
gravitational potential. stone soil cannot be used in this case due to hysteresis, which
Whenever water is added to a microcosm, the matiigakes quite different the relation between soil matric poten-
potential in the vicinity will be momentarily increased tQjal and soil water content at low matric potential, when it is
near zero and then decrease as water moves away to rey4@iulated by drying, as it is the case of water release curve,
other parts of the microcosm that have a lower potentialor by wetting procedure. Then a new curve was determined
Consequently rewatering from the top of a microcosgy, a wetting procedure, gravimetrically adjusting batches of
will often cause a large localized alteration in the matrigry Craibstone soil to a range of water content between 0.12
potential that can take hours or even days to dissipate (Davigg 0.2 g 91 (volumetric water content (VWC) — Fig. 1, gravi-
and Whitbread, 1989; Liet al, 1997). metric water content (GWC) — Fig. 2). After wetting, the soil
Watering method is likely to affect both the movemenas left to equilibrate for 24 h before sampling to assess the
and activity of bacteria (Otten and Gilligan, 1998; Ot¢al, exact gravimetric water content from those very samples.
1999; Rattrayet al, 1992). Thus it can affect the experi-a subsample of each of these was then taken to measure the
mental reSUItS, since both are influenced by matric poten%ter potentia| with the psychrometer_ Before the psychro-
(Parkeetal, 1986; Toyota@tal, 1996; Turnbuletal, 2001; meter measurements, subsamples were left in the same
Wilson and Griffin, 1975). constant temperature room, as the psychrometer for 48 h, in
Since matric potential controls the size of soil poressealed box with wetted tissue paper. A second curve was
filled with water (Marshallet al, 1996), this can have a di-pyilt by the same procedure used to determine the wetting
rect effect on the ease of bacterial movement in additionégrve of Craibstone 50”, but after the add|ng of the pea mash
any movement caused by bacteria being carried along in t8ghe soil, as aninoculum carrier for microbial trials (Fig. 2).
flowing water (Griffin and Quail, 1968). Furthermore, large  The microcosms used were each made of plastic cable
fluctuations in potential can be caused by thermally induce@nduit and had Perspex base plate secured by four nylon
vapour flow when one point of the microcosm is heated, f@erews (Fig. 3). Each microcosm was 28.9 cm high and had

example, as a result of lights switching on in a phytotrorg cross section of 7 x 6.5 cm (volume 1 315%m 1 cm-thick
Whilst the radiant energy selectively heats those parts of

the microcosm that absorb it, the compensatory cooling
the air circulated in the phytotron cools other parts the mict 4., .

MATERIALS AND METHODS

cosm so thatis not a temperature homogenous environmr © 200
Soil temperature fluctuates during the 24 h following tt £ °°
light cycle simulated in a phytotron with an amplitude th 8 g
depends on the position of the microcosm and the radiat é 500 3 T
and air flow environment within the phytotron. = T N
The experiments described in this work were set up 8 200 iy AN
develop a methodology to establish and maintain a unifc = oo \“"w&_\:\_h
hydraulic potential ;) within soil microcosms wetted to 0 obs 04 o015 e s o3
target potentials of -10 kPa (field capacity), -100 and -3( e

kPa. The aims were to maintain a potential that was close
the target value and to minimise water flow and tempot
and spatial variations of potential within microcosmsig. 1. Water characteristics obtained by drying or wetting Craib-
Firstly we developed and tested a procedure to water micstene soil (VWC). The wetting curve was made by wetting dry soil
cosms filled with soil at field capacity that would minimisdinitially at0.5% VWC) and then packing the soil to obtain aknown
gradients in hydraulic potential and hence water flo/WC between 12and 20% allowing the microcosm to stand for 24
Secondly we measured soil water potential under drier c&ﬁmd then by sampling and measuring the water potential with a

ditions to determine how uniform it w ible to maint sychrometer. The drying curve (water release characteristic) was
onstocete €howunito as possibleto mainta tained by equilibrating previously saturated samples on atension

the hydraulic potential/(p,) within and between microcosmsaple or pressure plate at a range of matric potentials, and then
under the influence of plant water extraction and the micr@etermining their water content-¢— — water release curvey —

cosm temperature regime with two different rewatering preretting curve).
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Fig. 2.Wetting and drying curves (water release) for Craibstone soil (gravimetric water content— GWC). Wetting curves include soil with
and without pea mash. Wetting curves obtained by adding varying amounts of water to dry soil (3)@®iand measuring the water

potential with a psychrometer. Water release curve measured on saturated soil that had then been equilibrated on a tension table or
pressure plate.
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Fig. 3.Microcosm, made by a plastic cable conduit and a Perspes:#8t8 cmx 7 cm x 6.5 cm: a—used in experiments A, D and E;
b — modified microcosm (to allow soil sampling by core) used in experiments B and C.

layer of gravel was first packed at the bottom of each micro- 1€ Microcosms were incubated in two growth cham-

cosm to ensure aeration from the base. They were packel§5S (Phytotron SGC066.PPX.F, Sanyo Gallenka mp) with
a bulk density of 1 g cift with sieved (< 3.25 mm) loamy 85% relative humidity, light irradiation intensity (measured

sand that have been prewetted to one of three different watihe surface of the bead layer) of 309-400 umdisit, and
contents to give target matric potentials of -10, -100, affd 12h/1?h day/night cycle gntll the first true leaves deye-
-300 kPa. 16 sugar beet seeds were sown at a depth of 2 @Red. Air temperature at night was set to 14.5°C. During

The soil surface was then covered with a 2 cm thick layer 8ytime (based on preliminary trials) it was reduced to
white plastic beads to minimise adsorption of radiation ardd-5°C to achieve a soil temperature of 14-18°C and counteract
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In all experiments one or more microcosms for eaghserted through a plastic sheet, made from the wall of the
matric potential had theta probes (ML-1, Delta-T-Devicesjicrocosm, to compensate for any wall-effect. The average
Burwell Cambridge, UK) inserted at depths of 3.2, 11.5 ared five independent readings was used to construct calibra-
19.6 cm to monitoring of volumetric soil water contention curves for each probe at each water content.

(VWC) every hour using a data logger (DL3000, Delta Two watering methods (‘a’ and 'b’) were tested in micro-
T-Devices, Burwell Cambridge, UK). cosms fitted with two tensiometers and three theta probes.

In the soil at-10kPa target potential matric potential wa0th methods were tried as possible improvement to the
measured by tensiometers (homemade, with a ceramic tgggymon method of watering at the surface, which could
of 12 cm length andE0.4 mm fitted with a pressure sensordrag the bacter_ia downwards. Rewatering was carried out
SKT 600S/1; Skye Instruments. Powys, UK) positioned &ch time tensiometers recorded a matric potential lower
4 cm depth interval and connected to data logger Skiftan -15kPa. Waterwas added from a hypodermic needle to
(Skye Instruments, Powys, UK). In the drier soils (-100 arRRch microcosmin measured amount by inserting the needle
-300 kPa) water potential was monitored by samplingr4 mr.n.though asuba§eal atthefi_ve depths shownin Fig. 3
replicated microcosms and measuring water potential IBfPOsitions not occupied by tensiometers. At each depth
these samples by a thermocouple psychrometer (SCV{@fer was added to either S|fje of the microcosm. In 'a'
Decagon Devices, Pullman, WA, USA). The water potentig#€thod or ‘uneven’ the watering was concentrated where
was assumed to be equal to matric potential since ti@ta probes recorded the greatest water loss and was
osmotic potential of the soil was negligible. proportional to the theta probes readings at each depth. In'b’

In experiment (A), with a soil target potential of -10 kpamethod or ‘even’ an equal amount of water was addgd ateach
different watering procedures were compared. Four expefPth, based on the average water loss from the microcosm
ments (B, C, D, E) with drier soil with and without pea mashalculated as average of the theta probe readings at each

were carried out with two different sampling methodolog§€Pth- In both methods, 20% more water was added than
and watering procedures (Table 1). indicated by the theta probes to take account of hysteresis.

Average hourly drying rate was measured on four . .

microcosn%s filled v%th S):)"?it field capacity, during 14 days -100 and -300 kPa regime( Experiments B, C, D, E)

of incubation in both of the chambers in different positions. Four experiments (B-E) were carried out to establish
The positions of the microcosms were randomised duriggreliable methodology to control soil matric potential at
the experiments after watering to compensate for differefarget values of -100 and -300 kPa (Table 1). The matric
ces in drying rate in different part of the growing chambepotential was monitored as water potential (assumed to be
All the monitoring of matric potential was done in functiorequal to soil matric potential, since the osmotic potential was
of the volumetric water content because this is the parametghsidered negligible) on samples from replicate micro-

measured by the theta probes. cosms with a Richards psychrometer (SC-10 Decagon De-
_ _ vices, Pullman, WA, USA). This instrument was preferred
-10 kPa regime (experiment A) to alternative methods accounting the ranges of soil water

The soil was wetted to water content of 0.33 mi® to potential and relative humidity involved (Agus and Schanz,

obtain a target matric potential of -10 kPa. This water cof 002 Bakkeetal, 2007; Skierucha, 2005). In each experi-
tentwas based on a previously determined soil release cuf}Nt @ control microcosm bearing three theta probes was set

The corresponding gravimetric water content of the soil w48 ©© measure the VWC at 3.2, 11.5 and 19.6 cm depth, ex-
checked before the packing gravimetrically. cept that there was no probe at 19.6 cm in experiment E.

Each tensiometer connected to its own pressure Sen\é\@tering was done uniformerly. Theta probe results were

was calibrated by immersing in a water beaker which w5gnverted to VWC using the manufacture’s calibration
displaced at different heights from that where it was Iocaté'}f”‘1 Theta Probe User Manual, Burwell _Cambndge, UK).
the pressure sensor thus generating a series of negative V\zaterD'fferent samplmg proceo_lures and times were adopte(_j
pressures. Then the tensiometers were inserted at seed d&tACN €xperiment to determine the best way to collect soil
(2.3 cm) and at 6.2 cm depth (chosen to be near the low lirfi mples Wlt_h matric p_otentlal,that best represented the water
of most root growth during each run) into microcosms befof&9IMeS |n§|de the MICrocosms during the runs. )
they were packed. After packing each tensiometer was filled " €XPeriment B and C the soil was sampled from the micro-
(using a syringe) with de-aired water, leaving a small filleGoSm by & coreA=0.4 mm) after removing a suba seal and
space¢a. 1 ml) to allow for temperature fluctuations. A plasti?vas replaced with more soil adjusted to be at about the same
tube was attached at either end of each ceramic rod. At R&tric potential and kept in the phytotron under the same
end, this was clamped after the tensiometers had been filg@nditions. After subsampling, the subsamples were stored
The other end was connected to the pressure sensor (Fig. #) the psychrometer room for 24-48 h and then measured.
Each theta probe, which has an output in mV, was The sampling was carried out in B experiment after each
calibrated by inserting itin water, air, air-dry and moist (0.2%atering at different intervals (6,12, 24, and 48 h after the
g g1, water content) soil. In each case, the probe was fif§st watering and 18, 24, 48 and 72 h after the second one).
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In the C experiment, the soil was sampled before and after RESULTS AND DISCUSSION
the packing to detect the possible loss of water during the
packing. At end the experiment an additional sampling was
done destructively by collecting the sample after opening Matric suction at 2.3 and 6.2 cm, and temperature at 2 cm
a further set of microcosms. The soil was collected at threelow the soil surface were monitored in two microcosms
depths (3.2, 11.5 and 19.6 cm). kept under our standard phytotron conditions. The micro-
In experiments D and E (D without pea mash and E widbsms were watered when the matric suctions had increased
pea mash) the subsampling procedure was modified tasl7.5 and 15 kPa, respectively. In the microcosm 8 ml of
follows to reduce any water loss due to drying during thegater was added, 4ml each atthe depths of 10.2 and at 14.2 cm,
sampling and to avoid the disturbance caused by the corere decreases in water content were observed (Fig. 5a).
The microcosms were weighed in the phytotron roor80 ml of water was uniformly distributed down the micro-
sealed in a plastic bag with a moist paper towel to keep tbesm by adding 6 ml of water at 2.3, 6.2, 10.2, 14.2 and
air moist, and then moved to the room where the psychrb8.2 cm depth (Fig. 5b).
meter was located. There, after 48 h, 4 samples at the four The tensiometer in microcosm Fig 3a responded more
corners (a, b, ¢, d,) of the microcosms of D experiment weswly than in microcosm C to daily fluctuations in po-
collected with a spatula at 3.2 and 11.5 cm depth. In expegntial, due to a larger volume of air inside the tensiometer.
ment E only one sample was collected at 3.2 and 11.5 dtevertheless, the delay in tensiometer response of abdut 24
depth. This was a destructive procedure after which theée6.2 cm must correspond approximately to the time re-
was no further use of the microcosm. quired for the rewetting front to rise from the 10.2 depth at
In D the soil was sampled 18 h after packing and 36Which water was added. In contrast, in microcosm C, both
after each watering event, in experiment E 1 and 36 h aftensiometers responded within an hour of rewatering. Conse-
packing, 48 h after each watering, and at the end of tAgently, the more uniform addition of water reduced the
experiment. time required for the hydraulic potential to approach equili-
To maintain the matric potential during the incubatioRrium within the microcosm. This also implies that there
period, columns were rewatered at different heights througigre smaller gradients in potential between different parts
suba seals with a syringe inserted for 1 cm into the micr8t the microcosm during the 24 h after rewatering.
cosm. In all experiments (B-E) 20% more water was added Figure 3b shows typical results for matr_ic suction and tem-
than calculated by change in theta probe readings in fH@rature that were observed when tensiometers had a_fast
control microcosms or by weight in the other ones to corf@SPonse time and when water was added uniformly during
pensate for the effect of hysteresis, generated by mum‘_g@/\_/atenng. The daily fluctuations m_matrlc suctlon.cann(.)t
wetting and drying cycles within the microcosm. It was asstfitially be due to plant water extraction since seedlings did
med from drying and wetting curve (Fig. 2) that an ovdiot emerge until day 7. tensiometer sensitivity was also
amount would assure a fast reestablishment of the desif&tFNSitive to temperature fluctuations, consequently, the

matric potential. Rewatering was done in experiments {g)ctuatlons must be due to the thermal effects (probably

and C) when the water content fell by more than 0.6mv hermally driven vapour flow) caysed by the differences in
mperature that must have existed between the top and

below the target value in the -100 and -300 kPa soil. TH it d outsid d tre of the mi st aft
amounts of water added were calculated using thethetapgi om, and outside and centre of the microcosm Just atter
sQi
i

-10 kPa regime

be readings, giving more water in the region where the lights had switched on or off. For example, Fig. 5b shows

. . . at, even when the air temperature in the phytotron was
was drying quicker. This method assumes that the water 10s N )
. . : L reduced by about 3°C, to compensate for the heating of the
from the control microcosm did not differ significantly from

. outside parts of the microcosm that were exposed to radia-

that from the other microcosms. : . o :

tion, there was stilla 2°C rise in soil temperature near the top
Standard error was calculated for all the measurements. . . . .

of the microcosm. As shown by the vertical gradients in

When the water potential measures were not nornhal . . .

distributed their log transformed values were used inste@ﬁ draulic potential, this produced a tendency for downward
gt . ) ater flow after the lights had been switched on and upward

One way ANOVA with replicate was carried out on dat

f BioE . it luate the effect of denth- twﬁow after they had been switched off. However, these gra-
rom B 1o E expeniment to evaluate the efiect of depth, W s \yere comparatively small and did not resultin such a

way A.NOVA without replicate was carried out on_ data frf’,"ﬂarge change in potential as that due to rewatering. The daily
experiment D to evalgatg_the effect O.f the samp ling ,pos't'%'mperature (and consequently matric suction) fluctuations
fand t_he _depth. Th_e significance of difference in drying rafg e requced after rewatering. This was not a consequence of
in soil with and without pea mash was tested by ttest. watering but is because the positions of microcosms within



CONTROL HYDRAULIC POTENTIAL VARIATION IN SOIL MICROCOSMS 221

Small air bubble to

Pinch clamp (only opened when reduce pressure

tensiometer is filled with water)

Pressure
sensor
Suba seals Vacuum grease
Fig. 4.Home made tensiometers, inserted in the microcosm and filled with de-aired water.
25 - 25
a
T ST ]
o . ; : : ; ,
o G S E 4
g Y. @
© 15 ) ] 15 _g
s Y e e T e S
2 o
o =
2w 10 %
2 —_
© A
; -
5 5
] 'y ]
0 1 2 3 4 5 6 7 8
B ——— matric suction at 2.3 cm depth s b 7%
matric suction at 6.2 cm depth
< . WE”I’{:rirr?gerature at 2 cm depth H
g L ﬁsldraulig potential gradiem%etween 2.3 and 6.2 cm dept in kPa cm 110 T2
X ; —~
= 15 g
3 3
c @
o o
= 10 =
g £
— (¢
2 1573
< (@)
; ~
ot T T e e o
5 5

0 1 2 3 4 3 6 7 8 9 10 11 12

Time (days from sowing)

Fig. 5. Data from experiment A, matric suction, soil temperature and hydraulic potential gradient, versus time in two microcosms filled
with soil adjusted at -10 kPa, two different watering procedures applied, (run in a growth chamber with 85% relative humidity, 12h/12h
day nightcycle, soil temperature setto 14 -18°C); a—no uniform watering (uneven), water injected through suba seals at each depth of the
microcosm was equal to 1.2 times water loss recorded by tie phebe at such depth, the tensiometer at 6.2 cm depth was not working;

b — uniform watering (even), the amount of water injected at all depths was calculated as 1.2 times the average of the water loss recorded
by the theta probes at each depths, the gradient is calculatBéRa/[(6.2-2.0)].
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the phytotron were rerandomised after rewatering. In maAycomparison between the drying (water release) and wet-
experiments (results not shown), we found that the magtiig curves for Craibstone soil clearly demonstrates a large
tude of surface soil temperature fluctuations varied accofuysteresis effect.

ing to the position of the microcosm within the phytotron  The results of the -300 kPa in experiments B and C
(although we have observed that this effect is much smal(&ig. 6a, b) show that, after packing, the VWCs at different
in a more recent, electronically controlled version of thigepths differed only slightly. However, VWCs measures

phytotron). with the theta probes were not always as close as expected to
_ the target values which may indicate limitations in the wet-
-100 and -300 kPa regime ting procedure that was used. The water potentials in both

From the wetting curves (Fig. 2) the target values e experiments were extremely variable after.the yvatering.
GWC for -100 and - 300 kPa were identified as 0.13 and 0/3'€re were no obvious trends of water potential with depth
9 g—l’ respectively. Adding 2.75% pea mash to the soil df/nd the water potentials did not vary consistently with _thg
not substantially change the wetting curve (2.75 % of p&&er contents ofthe same sub;amples. The largest variation
mash adds about 1% mass of water to the soil). The sc¢tween replicates (error bars) is shown by samples collec-
tering of the points about the wetting curves was probag§d immediately after the watering. _
mainly due to the variability of the packing inside each The water content of the upper part of the soil (3.2 cm
sample cups of the psychrometer, since both soil disturbaf&Pth) with and without pea mash declined more quickly
and the degree of packing can influence the matric potentfaiter watering the at the others depths.. In fact samples at
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Fig. 6.Volumetric water content and water potential (p&)time at three depths sampled by core from two replicate microcosms at each
event, a — experiment B, b — experiment C (each point represents mean of two replicates and the baessiesmdard errors).
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3.2 cm depth after the second watering in Fig. 5a were lowduced the variability among replicate microcosms and the
than the calibration range of the psychrometer (data resil was maintained around the target values of -100 and
included in Fig. 6a). This effect may be due to hysteresig00 kPa to within a factor of less of two times.

indicating that more water should have been added at this Thanks to the smaller errors bars for water potentials in
depth. Otherwise the water potentials were within a factor bfg- 8a, b, itis clear that the upper layer (at 3.2 cm) was al-
two of the target valuie -150 to -600 kPa. ways drier, both before and after watering, that soil at £in5

Core sampling directly from microcosms compressétepth. In this experiment VWC values correlated well with
the soil, and the subsequent packing of soil in the psychiater potential. The method of watering based on weighing
meter cups could both have altered the water potential of gi¢ery microcosm and then adding 1.2 times the weight loss
subsamples by altering their pore size distribution afit distributed according to changes in theta probes readings,
introducing minor hysteresis effects. gave a much better control of the water potential.

Figure 7a, b compare water potentials at different depth In experiment E, 2.75% of pea mash added into the soil
from samples of the same microcosms at end of C expéfithe top 9 cm, formed several clumps of soil and pea mash
ment, collected by coring or with a spatula after the micrd? the upper part of the microcosm. This also occurred in
cosms were opened. There was a tendency for the replicsg&geriment C but it did not effect the relationship between
spatula samples to be less variable than core samples ¥M¥C and the water potential.
they also showed less variation with depth in the -300 kPa Inthe experiment E (Fig. 9a, b) the VWC and the water
soil, although this may be justa chance occurrence (Fig)7c, Potential values indicate that top region (3.2 cm depth) was

Figure 8a, b show results from soil adjusted to -100 allying much faster than at 11.5 cm. However, in the similar
-300 kPa in experiment D. This again shows a consideralgieriment D (Fig. 8a, b) in which no pea mash was present,
variability of potential among replicate microcosms. No stéaster drying at 3.2 cm was not really so apparent. The
tistically significant differences were found between deptt@xperiment E shows two differences between soil with and
and between sampling positions within the same microcodithout pea mash (experiment D). Firstly the pea mash
sampled at four corners at each depth. A comparison be@sulted in faster drying near to the surface. However, the
ween Figs 6-8 shows that the new sampling procedure gldition of pea mash decreased the water loss from the
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Fig. 7.Experiment C. Matric potential of samples collected at the end of the 14 day run by two different methods at three depths from two
replicate microcosms. Each point represents mean of two replicates and the bars are one standard error; a—-100 kPa soil with pea mash,
sampling carried out by coring; b —-100 kPa soil with pea mash, sampling with a spatula after having opened the microcosm; ¢ —-300 kPa
soil with pea mash, sampling carried out by a coring; d — -300 kPa soil with pea mash, sampling with a spatula after having opened the
microcosm.
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Fig. 8.Experiment D. Volumetric water content and water potenfiai)vs time, sampling destructively at two depths: a— 3.2 cm, and
b —11.5 cm (from three replicate microcosms at each event, each point represents mean of 12 replicates — 4 replicated samples at each
depth for three microcosms). Bars arestandard errors.

microcosms and only one watering was required after 5 dajifference between potentials at 3.2 and 11.5 cm depth)
in both the soil matric potential regimes. Average dailyersus the potential recorded at 11.5 depth. In most cases
water loss from microcosms with pea mash was 00684, thereis a clear tendency for a greater potential to exist within
which were significantly less (P < 0.01) than that from thosge soil with pea mash. This implies that it had a lower un-
without (1.1596.6 g). saturated hydraulic conductivity, consistent both with its
These differences were likely to be a result of the pefieater observed degree of aggregation, a slower overall rate
mash addition, which changed the relation between VW drying by surface evaporation but also with a further rate
and matric potential in the top layer. Pulling together thef drying for soil near to the surface. The implication of
water potential and VWC values determined on all samplgfese results is that highly aggregated soil, which has a low

before and after watering (Fig. 10a) shows that was @@saturated conductivity at these potentials, may be espe-
significant difference inthe water characteristic curve of sajfally difficult to maintain at constant water potential.
with out pea mash determined before and after rewatering In soil drying from saturation to air-dryness the matric
whereas soil with pea mash (Fig. 10b) shows a significasétential decreases with the decreasing of soil water content.
shift in the water characteristic. This implies that thejowever this relation curve changes in soil re-wetting. If the
physical properties of the soil with pea mash altered duripgocess is reversed at any stage of wetting or drying between
the course of the experiment. saturation and air-dryness, at the same matric potential the
Figure 11 shows a further clear difference between tagying soil has water content higher than the wetting soil.
behaviour of soil with and without pea mash. This figur¢nis means that at the same water content value the matric
shows the gradient in hydraulic potential (expressed as {i@ential in wetting soil is higher than in drying soil. This
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Fig. 9.Experiment E. Volumetric water content and water potential (psitime sampled destructively at two depths: a—3.2cm, and
b-11.5 cm (fromthree replicate microcosms at each event, each pointrepresents the mean of three replicates)sBaidaackerrors.

hysteresis is due to the different contact angle between watater fronts within the microcosm. Thus redistribution of
and pore walls in drying and wetting soils. In Craibstone soilater and equilibration of matric potential can be hardly
hysteresis effects can introduce systematic errors in the egtihieved leaving some zones in a much wetter state. The re-
mation of matric potential of up to 3 times or more (Fig. 1)vatering at depth tested in the present work was found to de-
For example, for a target potential of -300 kPa rewetting tiigy rewetting (over a 4 cm depth) by about one day and
soil to awater content based on its water release curve wowlduld cause perturbations in water regime. In fact the ac-
actually have brought the soil to about-100 kPa. Since svegdrate control of soil water content and matric potential,
authors (Howieet al., 1987; Liddell and Parke, 1989, Parkavhich are required to minimise their variability both bet-
etal, 1986; Perreault and Whalen, 2006) working on micraveen and within microcosms resulted more difficult to be
bial and plant trials in microcosms obtained their targ@chieved than has previously been assumed.
matric potentials by wetting samples to a target water con- The combined use of theta probes and tensiometers was
tent that was obtained from a water release characterisf@ind to be a suitable method for monitoring microcosms at
most previous workers have systematically underestimafégld capacity condition. The use of a psychrometer to mea-
the true matric suctioie overestimated the potential of theisure lower matric potentials was also sufficiently accurate
soil by a factor that may be three or more times. when the sampling was done destructively from replicate
Rewatering microcosms from the top generate a perdaicrocosms, after having equilibrate their soil temperature
lation which will cause large and uncontrolled modificatiovith that of the instrument. Ata soil matric potential of ¥i%a,
of the matric potential due to the creation of single or mufewatering microcosms by adding equal amount of water at
tiple (when preferential water pathways are also presetitjee depths was found to minimise the vertical gradient in
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Fig. 10.Water potential’s.volumetric water content in soil samples from experiments B, C, D, and E, the data are organised in samples
collected before or after watering the microcosms: a — soil without pea mash, b — soil with pea mash.
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Fig. 11. Difference of water potentials between soil samples collected at 3.2 and 11.5 cm ¢epthger potential of soil samples
collected at 11.5 cm depth from experiments B, C, D and E.
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hydraulic potential. This will minimise also the amount oriffin D.M. and Quail G., 1968. Movement of bacteria in moist
water flow between different depths after rewatering. particulate systems. Aust. J. Biol. Sci., 21, 579-582.

At target potentials of -100 and -300 kPa the samwie WJ Cook RJ and Wellgr_ D.M., 1987 Effects of_soil_
system of rewatering kept the water potential to within 50% matric poFentlaI and cell motility on wheat root colonization
of the target values, during 12-14 days. Within any giveﬂ suppressive to take-all. Phytopathol,, 77, 286-292.

. ¢ tential ied sianificantly with denth ddell C.M. and Parke J.L., 1989.Enhanced colonization of pea
microcosm water potential vared signincantly wi epth, taproots by a fluorescent pseudomonad biocontrol agent by

but not with position within the microcosm at any given ater infiltration into soil. Phytopathol., 79, 1327-1332.

depth. However, there was also a considerable variation {f) z., chen w., and Papadopoulos K.D., 1997Bacterial moti-
potential between different replicate microcosms, whichwe |ity, collisions, and aggregation in arén diameter capil-

attribute to other factors such as: microcosm packing, lary. Biotechnol. Bioeng., 53, 2, 238-241.

differences in initial VWC and in evapotranspiration rateMarshall T.J., Holmes J.W., and Rose C.W., 199650il Physics.
Consequently, although there were only small differencesin  Cambridge University Press, New York, NY, USA.
volumetric water content among replicate microcosms théilllins C.E., 1991. Matric Potential in Soil Analysis: Physical
could be still large differences in water potential. In con- ~ Methods (Eds K.A. Smith, C.E. Mullins). Marcel Dekker
clusion the proposed procedure was able to minimise matric eSS, New York, NY, USA.

potential variations at the same depth and only within ttydten W- and Gilligan C.A., 1998.Effect of Physical conditions
same microcosm on the spatial and temporal dynamics of the soil-borne

" N fungal pathogenRhizoctonia solani New Phytol, 138,
An additional source of variability was the (pea mash) 6u2£637p g 'z ! ' New Phyt

substrate used to inoculate the soil with pathogens, whiglien ., Gilligan C.A., Watts C.W., Dexter A.R., and Hall D.
changedthe shape of the water release curves after rewetting 1999.Continuity of air filled pores and invasion thresholds
and altered soil aggregation and the rate of water loss from  for a soil borne fungal plant pathogeRhizoctonia solani

the microcosms. Soil Biol. Biochem., 31, 1803-1810.
Parke J.L., Moen R., Rovira A.D., and Bowen G.D., 1986Soil
CONCLUSION water flow affects the rhizosphere distribution of a seed
borne biological control agenB. fluorescensSoil Biol.
1. A better control of the matric\water potential in micro- Biochem., 18, 583-588.
cosms used in soil microbial and plant studies could IBerreault J.M. and Whalen J.K., 2006 Earthworm burrowing in
achieved by: laboratory microcosms as influenced by soil temperature
— a more uniform temperature and radiation regime within ~ and moisture. Pedobiologia, 50(5), 397-403.
the phytotron, Rattray E., Prosser J.I., Glover L.A., and Killham K., 1992.

d Matric potential in relation to survival and activity of a gene-
tically modified microbial inoculum in soil. Soil Biol.
Biochem., 24, 421-425.

— a better design of microcosm, in which soil does not nee
to be packed in layere soil disposed as thin layer bet-

ween 2 p|a§t|C shegts, . Schmidt C.S., Agostini F., Leifert C., Killham K., and Mullins
— apathogen inoculation procedures which does notrequire ¢ g, 2004.Influence of soil temperature and matric poten-
the addition of a substrate to the soil. tial on sugar beet seedling colonisation and suppression of
Pythiumdamping off by the antagonistic bacteRaeudo-
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