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Abstract

Disrribuiions of r{o subspecics of big sagebrush (lrtemisid tridentatd Ntt| subsp€cies Itdealolo and l- t.i.l"'ratd Nult. subspecies

uyon ingensr )  a re  assoc ia tcd  { ' th  a  so i l  tex tu re  g rad ien t  a t  sand dunes in  southeas tern  ldaho.  The tvo  subspec ies  co  occur

a t  lhe  midd le  o t  the  grad icn t  on  dune ma.g ins .  The present  s tudy  compared p lan l  snd  lo i l  $a ter  po ten t ia ls  among dune tops ,

dune marg ins .  and ad jacent  s lacks .  We tcs lcd  the  hypothes is  thar  there  w€re  no  d i f fe rences  in  these mcasurcd  ra r iab les  among

the three locarions on the dune landscape. Soil water potentials on the dune nargins were significantly lcss negative then those

on the  ad jacent  s lacks .  So i l  ya te r  po ten l ia ls  on  the  dure  tops  were  no t  s ign i f i can  ]  d i t fe ren t  f rom those on  the  dune marg ins

or  rhe  s lacks .  Predawn and middar  p lan t  water  po ten t ia ls  o f  subspec ies  t r iden ta ta  o t  rhe  dune tops  ard  bo th  subspec ies  on

the  dune narg ins  were  s ign i f i can t ly  less  negat ive  than those o fsubspec ies  ayon ingeas ls  on  the  s lacks .  There  was no  d i t fe rence

in plant {ater polential between the tlvo subspecies growing togcther on the dune nrargins. PlaDl {arer potentials of the two

subspec ies  were  s ign i f i can t ly  d i f fe ren t  when so i l  water  po ien t ia ls  asso . ia ted  w i th  each su t rspec ies  wetc  a lso  s ign i f i can t l )  d i t -

ferent, even though subspecies rridenralo plants were larger than sub-.pecies uyomingcnsis pl^nrs.

lntroduction

Inland sand dunes in arid and semiarid regions
of North America have relatively moist soil en-
vironments compared to adjacent, f ine textured
soils (Barnes and Harrison 1982, Bowers 1982,
Chadwick and Dalke 1965, Kirkpatrick and
Hutchinson 1980, Pavlik 1980, Tevis l95B).
Coarse textured sands have more macropores,
which allow water from precipitation to infiltrate
with l itt le runoff or evaporation. Fine textured
soils with high water holding capacities have sur-
face layers that become saturated, resulting in
surface evaporation and runoff. Thus, more water
from precipitation is available to plants in the
sandy soil on dunes than in adjacent, f ine tex-
tured soils (Barnes and Harrison 1982, Bowers
1982, Pavlik l9B0).

Distributions of two subspecies of big sage-
brush at the Idaho National Engineering Lab-
oratory (INEL) in southeastern Idaho are as-
sociated with a gradient in soil texture (Shumar
l9B3). Basin big sagebrush (Artemisia tridetutata
Nutt. subspecies tridentata; Beeie 1960) occurs
on sandy areas and sand dunes and Wyoming big
sagebrush (lrtemisla tridentata Nutt. subspecies
uyomingensis; Beetle and Young 1965) occurs on
adjacent, f ine textured soils. However, the sub-
species co'occur along the dune margins, which
are areas with shallow sand accumulation at the
middle of the soil texture gradient.

Barker and McKell (1983) examined the water
r . la t ions  o f  the  tho .agpbrush !ub .pec ies  in  con-
tiguous stands, but on different soils. They found
significantly lower soil and plant water potentials
associated with Wyoming big sagebrush.
However, Mil ler et ol. (1982) found that soil and
plant water relations ofbasin big sagebrush and
Wloming b ig  sagebrush on  separa le  " i les  nerc
not significantly different. The presence of pure
and mixed stands of the subspecies along the soil
texture gradient at the INEL provided the op-
portunity to resolve the question of whether the
two sagebrush subspecies have similar water rela-
tions *hen growing on the same soil or have some
genetically deterrnined difference that precludes
similar water relations.

The present study compared plant and soil
ater potentials among dune tops, dune margins,

and slacks (area between dunes with silt loam soil
and no loose sand). The null hypotheses tested
were: l) soil water potentials are the same among
thp th ree  areas  o f  the  sand dune pnv i ronmpnt ,

2) plant water potentials are the sAme belween
basin big sagebrush plants on the dune tops and
Wyoming big sagebrush plants on the slacks, and
3) plant water potentials are the same for both
subspecies when they are growing together on
the dune margins.
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Methods and Materials

Plant and soi l  water potentials were measured

at l inear-type, stabi l ized sand dunes (cf McKee
1982) during the summer of 1982. 

'lhree 
replicate

transects were establ ished, each extending from

the top of a dune to the adjacent slack. Precipita'
t i on  and  o lhe r  r n . t . o r . ' l , , g i ca l  cha rd ' " l e r i s l i , " s

were assumed to be equal for al l  three transects
at any part icular t ime because these transects
were within 250 m of each other.

Screen-caged thermocouple psychrometers (J.

R. D. Merri l l  Co., Logan, Utah) rvere placed in

the soi l  at the dune top, dune margin, and the

slack at each transect. Because of a l imited sup-
ply, one psychrometer was placed at one depth
at each location on the dune landscapc. This
depth was subjectively deterrnined by estimating
the zone of maximum water accumulation in each

case based on soi l  characterist ics. At the slacks,
the psychrometers were placed at a depth of 45

cm, which corresponded to the depth of an in-

durant la-ver of clay and calcium. We surmised
that l i t t le avai lable water would be found below
this layer. At the margins, psychrometers were
placed between 50 and 60 cm, which is the ap-
proximate depth of the interface beiueen the
sand and the underlying loess. We assumed that

water rvould accumulate at these interfaces be-

tween different soil textures (Brady 1974, p. l86).

Examination of the soi l  prof i le showed the
h ighes t  d rn< i t r  o f  r oo l -  i n  t he  same  reg iun .
Psvchrometers were placed approximately 75 cm

deep at the dune tops. This depth was determincd
to be the average depth of roots by digging a

trench and examining the root distr ibution.
Psychrometers r{ere measured at midmorn-

ing on the fol lowing dates: 12 June, 27 June, l6

July, 30 July, l4 August, 4 September, and 5 Oc-
tober. The procedures and computer program of
Brown and Bartos (1982) were used to determine
soi l  water potential frorn psychrometer microvolt
output.

Plant water potential was measured before
dawn on the same dates psychrometer readings
were taken, at midday on those dates except for
5 October, and diurnal ly at 2-hr intenals on l2

June and 16 July. Plant water potential was
measured with a pressure bomb (Waring and

Cleary 1967) on sagebrush branches clipped from
the sunl i t  port ion at the top of the crown. At each
transect, four plants were selected 1or water
potential measurements; a basin big sagebrush

plant at the dune top, a Wyoming big sagebrush
plant at the slack, and one plant of each
subspecies at the dune margin. Plants wcre ran_
domly selected within a 5 m radius of each soi l
psychrometer. The same plants were used for

predawn, midday, and diurnal measurcments for

the duration of the experimenl. Because there
n e r e  l h r e e  l r a n i . c t . .  l h e . a m p l i n g  r e g i m e  p r n -
vided three measurements of plant water poten-
t ial  for cach landscape posit ion and subspecies.
Estimates of between plant variance were

measured on adjacent plants at approximately
the same t ime in a previous study (95 perccnt

confidence intervals were 40.5 Mpa for basin

big sagebrush and t0.2 Mpa for Wyoming big

sagebrush).
Soi l  water potential was analvzed with a two-

way analysis of variance, with date as a random
factor and posit ion on the dune landscape (1.e.

dune tops, dune margins, and slacks) as a f ixed
factor. Predairn and midday plant water poten-

t ials were analyzed by three-way analysis of

variance,l l i th date as a random factor and land_

scape posit ion and subspecies as f ixed factors.
The alpha level was set at 0.05 for al l  tests. I f

the analyses of variance indicated significant dif:

f e r e n c e s  a m o n g  l a n d ' " a p e  p o s i l i o n .  o r

subspecies, then the Student-Newman-Keuls
(SNK) nult iple range test was used to deterrnine
which landscape posit ions or subspecles were
significantly different from the others.

Results

The two-way analysis of variance of soi l  water
potential indicated that the main effects, date and
landscape posit ion, were both signif icant. A
subsequent SNK showed that the margins had
signif icantly less negative water potentials than
the slacks (Figure l) .  Soi l  *ater potential at the
dune tops was not signif icantly dif ferent from

that of the margins or the slacks. Figure I shows
that soil water potential on the dune tops was less
negative than that of the margins in June, but
dropped rapidly to a level similar to that of the
slacks by the end of July.

Signif icant main effects in the three-way
analysis of variance sho$ed that predawn and
midday piant uater potentials were signif icantly
dif ferent among dates, landscape posit ions, and
subspecies. A signif icant two'way interaction be-
tween landscape posi l ions and subspecies and a
subsequent SNK analysis indicated that predawn
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Figurc  1 .  Average so i l  {s rc .  po tenr ia l  a t  rhe  s lacks .  dune marg ins  and r tune tops  ( labe led  shc l ,  marg in  and dune .especr i reh)

neasurer l  on  se 'en  da tes  i r  1982.  \ ia loes  t i r  the  marg i rs  a re  s ign i f i can t l r  (P  <  0 .05)  le$  negat ive  rh rn  lhos .  o t

the  o lh . r  l so  l lndscape pos i r j r )ns .  S tandard  er ro r  b r r  i s  shosn on  the  f igx re  be l {c .n  l  Seprember  and 5  Oc lohc .  va lu .s .

water potential of Wyoming big sagcbrush at the

slacks was signif icantlv more ncgative than

predawn water potentials of big sagebrush at the

dune tops and both subspecies at the I l targins

(Figure 2). Predawn plant water potentials $ere

not signi l icantly dif ferent amon€! the two

subspecies at the margin and basin big sagebrush

at the dune tops (Figure 2). Nl iddar pl irnt nater

po lpn l i a l s  - hu r ^ ' J  t he  . ame  d i f f r r cnces  a .

predawn plant waler potentials. Midday water

potential of Wyoming big sagebrush at the slacks

was signif icantly more negative than midday

water potentials of basin big sagebrush at the

dune tops and both subspecies at the m.ugins

(Figure 2).

The magnitudes of the dif ference between

mean predann and mean midday water poten-

t ial  rvere similar among landscape posit ions and

subspecies on most dates. These dai ly dif ferences

ranged from a low of 0.3 MPa change in June
to a maximum change of 1.4 MPa in August.

Diurnal f luctuations in plant water potential for

plants at the three landscape posit ions on l2 June
and l6 July are presented in Figure 3. Diurnal

patterns were simiJar for al l  plants on the slacks,

nargins, and dune tops. Water potentials of

Wyoming big sagebrush plants at the slacks were

consistentl j  morc negative than that of plants at

the other t$o locations. Plant heights averaged

l.3B n and 0.Bl m for basin big sagebrush and

Wyorning big sagebrush respectively (Figure 3).
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Discussion

Plant water potentials of the subspecies were dif-
ferent only when soil water potentials associated
with each subspecies ivere also significantly dif'
ferent. Plant water potentials of the two sub'
species did not differ from each other when
plants were growing on the same soil ( i.e., dune
margins, Figure 2). Both predawn and midday
water potentials of Wyoming big sagebrush on
the slacks were considerably lower than those of
basin big sagebrush on the dune tops and both

- o'.r, 
I

subspecies on the margins (Figure 2). Soil water
potentials were also lower on the slacks than on
the margins (Figure l). Despite genetically con'
trolled differences in root and shoot size between
the two subspecies, they do not appear to res-
pond differentially to soil water availability.

The results of Mil ler el oL (1982) and Barker
and McKell (1983) also suggest that predawn
plant water potentials of both sagebrush sub-
species were similarly affected by soil water
potentials. Mil ler et al. (1982) and our results in-
dicate that the magnitude of the fluctuation be-

Figure 2. P.edawn and midday planl sater potential for basin big sagebrush (Artrt) on the dune, Wyorning b;g sagebrush
(Arrrw) on the slack, and borh subspecies on the rnargin (see figxre inser). Warer potentials (borh predawn and nid-

day) for Wyomins big sagebrush on ihe slack (*) are sienificanily (P < 0.05) nore negative than those of basin

big sagebrush on the dune and bcth subspecies on rhe ma.sin. Standard error ba.s for predawn and rn;dday values

are depicted on the figure.

lB2 Shumar and Anderson
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Figure 3. Diurnal curves of planr sater porenrial taken on l2 June (closed cncles) and l6 July (open circle$. Curves conespond
with the respeclire sagebrush subspecies and th€ir location as depicted for the dune studl area in the lower portion
of the figure. Planrs and dune landscape are scaled to average heights (m).

tween predawn and midday water potentials was
about the same for the two sagebrush subspecies
on any one date, which suggests that these rnid-
da1 ra lues  were  a f fec ted  by  the  evapora t ive
demands of the day and the predawn value. The
predawn value reflects soil water availabil ity.
Barker and McKell (1983) found differences in
plant water potential betryeen these two
subspecies on three of six dates. Soil water poten-
tial under the respective subspecies were also
significantly different on those dates.

Millrer et al. (1982) found no differences in
either predawn or midday water potentials be-
tveen basin big sagebrush on one site and Wyo-
ming big sagebrush on a second. The authors in-
dicate that the deeper soils supporting basin big
sagebrush held more water than the shallow soils
suppo ing Wyoming big sagebrush. They at-
tributed the similarity in plant water potentials
o f  the  t rno  subspec ie .  to  h igher  " t ransp i ra l ion

potentials" of basin big sagebrush because of its

greater leaf area. Thus, although more water was
available to basin big sagebrush, i ts leaf water
polentials were similar to those of Wyoming big
sagebrush because of higher transpirat ion. Our
results indicate that basin and Wyoming big
sagebrush had similar water potentials despite
dif ferences in size of the plants on the dune
margin. We suspect that basin big sagebrush
plants would have a Iarger root volume in addi-
t ion to a greater leaf area. Thus, the root/shoot
rat ios may have been similar between the sub-
species, result ing in equal plant water potentials
so long as soi l  water content in the root zones
and transpiration resistances were equal between
the two stands. Barker and McKe[ (t983) found
no dif ferences in transpirat ion resistances be-
tween these two subspecies.

Predawn plant water potentials were not dif-
f e ren t  be tween  the  dune  tops  and  t he  marg ins .
suggesting that more water was avai lable below
the depth where the psychrometers were located
at the dune tops. Psychrometers at the dune tops

tii.-.-.,.-.'
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were placed at a depth of 75 cm, even though
sand depth was as much as 200 cm. Although a
high density of roots is found above 70 cm, big
sagebrush plants commonly ha\'e roots that ex-
tend to lB0 cm (Sturges 1977). We suspect that
psychrometers at lhe dune tops were not deep
enough to detect maxinum water availabil ity;
had they been placed deeper, soil water poten-
tials would probably have been similar between
the margins and dune tops.

Increases in soil and plant water potentials
during August were probably the result of
precipitation inputs. From l6 July to 30 July, soil
\rater potentials decreased (Figure l) but plant
water potentials increased (Figure 2). This ap-
parent discrepancy nay have been due to
precipitatioir that wet the upper horizons of the
soil in contact with plant roots but did not in-
fi l trate dorrn to the level of the psychrometers.
Alternatively, the higher plant water potentials
on 30 July as compared to 16 July also may have
resulted from rhe loss of ephcmcral leaves that
generally occurs in Jul,v (Depuit and Caldwell
lq?3) .  Abrupt  re r luc t iun .  in .huot  roo l  ra t ius  o i^ -
cur in other desert plants to the benefit of thc
plant's uater status (Etherington l9B2).

Diurnal patterns of water potentials for big
sagebrush in this study were similar to those of
Depuit and Caldwell (19?3), Everett et al (197?),
and Campbell and Harris (19?7). Minimum water
potentials were 3.9 MPa for Wyomirg big sage-
brush and -3.5 MPa for basin big sagebrush,
and were similar to minimum values reported by
Depuit and Caldwell (19?3) and Miller et ol
(1983). Although Branson et al (1976) and Everett
et al. (1977) obtained minimum values con-
siderably lower than ours, Campbell and Harris
(1977) obtained values similar to ours during a
wet vear and values similar 10 those of Branson
et al. (1976) and Everett el al (19?7) during a

d11 Iear .  These resu l ts  p rov ide  add i t iona l  sup-
porl to our h)pothesis that plant ater potcntial
of the two subspecies is directlv affected by soil
water potential.

Higher moisture availabil ity in dune sand as
opposed to finer textured soils is in agreement
with the work of other investigators (Barnes and
Harrison 1982, Bowers 1982, Chadrvick and
Dalkc 1965, Kirkpatrick and Hutchinson 1980,
Pavlik 1980, Tevis l95B). Pavlik (1980) and
Barnes and Harrison (1982) also reportcd higher
water potentials of plants on sand dunes as com-
pared to plants on adjacent non-dune substrates.

Conclusions

The dune margins were more mesic than the
slacks. The phenomenon of moisture retcntlon
in the stabil ized sand dunes at the INEL is sim-
ilar to that reported for other inland sancl dunes
in the arid and semiarid regions of the American
West. Water potential of basin big sagebrush
plants at the dune tops and plants of both
subspecies at the margins were significantly less
negative than that of Wyoming big sagebrush
plants at the slacks. There was no difference in
plant nater potential between the tlro subspecies
growing together on the margins. The subspecies
differ in size but apparenlly do not differ
physiologically with respect ro water potential.
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