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lnlroduclion
There are a priad. rcasons to expect that plants might have different tolerances to
varying degrees of water sffess and that their natural disuibution might be a reflec-
tion of their relative abilities to withstand low vrater potentials. As a case in point.
Waring's ( 1970 ) pressure bomb measurements of planr moisnue suess have greatly
helped to .explain the distribution of mesophytes in southwestern Oregon, If such
measurements are useful in subhumid environments, it is logical that they may be
even more valuable in assessing site differences and erplaining the distibution of
desert species.

The effects of soil rnoisture oo xerophyte growth are dif{icult to inrerpret in
deserts where the additional influence of salinity on total soil moisrure stress exiscs.
Furthermore, it recently has been shown that much of the growth of desert sbrubs
occurs when scil moisture is below the permanenr wilting percentage {or agrooomic
species (Chew and Chew, 1965; Gasto, 1969).

I/atet status measurements in the plant seem to be a more direct assessment o,f
ecological relationships than soil moisture data. The ease of using the pressure bomb,
the close correlation of bomb data with water potential (!fliebe et al., L970; Detling
and Klikoff, 1971), and the physiological relevance o{ water potential encouraged us
to test the utility of this approach in helping to explain plant distributiotr in a cool-
desert situation. Ve did so by measuring plant moisture sttess itt Ettrotid lanata
(Pursh.) Moq. (winterfat) and Atriplex conlertilolia (Tor. & Frem.) Ifats. ( shad-
scale) during two grou,ing seasons and correlating these data with phenology and
climatic conditions.

Melhods

Iriternal moisture stress was measured by the aplmratus designed by Varing and
Cleary (7967). The results are expressed, for conveniencg in positive atmospheres,
rather than a negative mea$uement as used by Scholander et al. (1955) and Pierpont
(1967) .

The studies were made several km north of the Great Salt Lake in Curlew Valley,
northwestern Utah, using plants from three different stands, a1l at the 135O m conrour.

l Prese,nt Address: School of Biological Sciences, University of New South Vales, Sydney, N.S.Ir.,

2 Apptoved as Journal Paper 1133 oI the Urah Aglicultural Expetiment Station.
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Site 1. E. lanata commwity in the valley bottom.

Site 2. Mixed E. lanata ard A. cont'ertit'olia community, about 0.2 km to the
west of site 1.

Site 3. A, conlertifolia communiry about 0.2 km to the west of site 2.

The vegetation and soil chemical and physical characteristics of this study area
have been descibed by Gates et al. (1956) and Mitchell e, al. (1966).

Data were collected from April-November, 1968 and from March-October, 1969,
usually at weekly intervals. An exception was the six-week period during September
to mid-October 1!6! when data wete missed because of illness of the senior author.
On each occasion, 10 plants from the E. lanata stand, 10 plants ftom the A, conlenilolia
staad, arrd five plants of each species from the mixed stand were measured. Mature
plants were selected at random, and their general condition was noted. The samples
were taken betweeo 10:00 a.m. and 2:00 p.m. each day. Standards of measurement
established by Scholander et al. (196)) and Varing and Cleary (1967) were followed.

Diutnal pressure bomb readings wele made in May, 1969, in o,rder to assess the
degree of fluctuation in plant moisture stress during the course of a day. The measure-
ments were made at houdy intervals during the day and at suitable intervals during
the evening. Only plants from the monospecific stands were measured.

Ciimatic data on rainfall, air temperature, relative humidity, wind sp'-ed, and
radiation were colleted from a nearby weather station. Soil moisture mmsulemmts
during 1968 were made with a neuton probe.

Results

Mean plant moisture stess values for each species and stand are depicted in Figures
1 (1968) and 2 (1969). Diurnal moisture values fot May 12-13, 1969 are recorded
ln laDre t.

TABIE 1. Diurnal plant moisture stress variation it Etootk knata ^nd Atritlex conlenifolia
at Curlew VaIIey, May 12-11, 1969.

Plant Moisture Stress ( atm)
Meatr o{ Ten Plants

Time of Day

(sunrise)

1700 hours
1800
2010
22)0
0601
0800
0900
1000
1100
1200
1300
L400

27.7

27.0
ro.)
20.1
22.'
30.0
31.0
32.5
32.4
32.8
30.9

27.8
22.)

17 .1
22.4
22.8
30.0
29.3
33. r
27.6
28.0

Growing seaso,n rainfall and weekly maximum tempefatufes, the most relevant
dimatic lmrameters, ate recorded in Figures 1 and 2. Soil moisture data are found
in Table 2. Phenological sequences are shown in Table 3.
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Figure 1. Trends.of mean. plant moisture stress taken during the 1968 growing season with

concomitant brecioitation events and weeklv maximum ternDefatules.
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Figure 2. Trends.of mean. plad moisture stress tak-en during the 1969 Erowlng season with
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TABLE 2. Soil moistute data from three stands at Curlew Valley, 1!68.

Soil Moisrure Va by Weisttt ( upper 15 cm)

Site #1
E. lanata Stand,

Stte #2
Mixed Stand

Site #3
A. confert;fol;a Stand

April

May

June

Julv

-{ug.

Sept.

10.7
9.4

11.4
10.0
9.0

4.8
12.7
9.L

L6.5

12.5

10.9
9.2

19.5

9 .1

5.9

8.6

6.1

3 .1
2.7

10.6

8.9
7.6

8.2
5.6

12.3
8.4

1 .1
2.7

10.2

9.3
6.6

12
20
27

3
10
1.'7

20

4
26

L 1

1
19

TABIE 3. Pherclogy ol Euot;a lanata atd Atriplex contettiJolia at Cudew Valley, 1968-1969.

1.968
Date

1969
Date

3/0.3/1.6
3/21-3/30
4/6.r/4
5 / 11.-5/18
5/25-6/r4
6/21-8/9
8/2).9/6

10/5

r1 /9

Dofmarit

Vegetative buds swelling

Twigs elongating

Floral buds developing

Flowers openitrg

Fruit developing

Fruit developing; new
growth after fall rains

Fruit dissemination, some
twig elongation

Senoi-dorrnant

-3/14

3/14-4/4
4/4-4/19
4/20-5 / 10
5/5.6/)
5 /24-'/ /24
8/4.9/16

9 /21

Dormatrt

Vegetative buds swellitrg

Twigs elongating

Floral buds developing

Flovers openitrg

Fruit developing

Frurt dissemination

Fall dormancy

Atriplex confet lolh
3/9-3/15
1/21.4/6
4/13.5/4
5/r1-r/25
6/r-6/14
6/21-8/9
8/23.9/6

10/5

11/9

-3 /29
3 /29-4/4
4/4"4/19
4/19-5/5
5 /10-6/3
6/9-1/17
7 /24-9/21

9/30

Dormant

Vegetative buds swelling

Twigs eloflgating

Floral buds developing

Flowers otrrnirg

Fruit developing

Fruit developing; new
growth after fall rains

Fruit dissemination, swelling
of vegetative buds

Some elongation of fall twigs

Dofmant

Vegetative buds swelling
Twigs elongating

Floral buds developing

Flowers opening

Fruit developing

Fruit dissemination

Fall doffnancy
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Discussion

Plant moisture stress data ior E, lanata and A. confetilolia during 196g (see Figure 1)
show a definite correlation vrith seasonal changes in temperatues and rainfall. The
highest values for both species in all stands occurred in July and August when the
maximum temperaflues for the year were recorded. The lowesr values for both
slrecies in all stands occurred in May and the latter part of Augusq following 19.3
mm of rain in May and over 5 0.0 mm in Augusr. At the onset of the growing
season in eady spring all moisture sness values were relatively low and rose to a
peak in 

_summer during tie period of f.lowering and fruiting isee Table 3). They
decreased after the eady fall rains, when new vegetative growth appeared, and rose
again during rhe dry part of the fall. Almost every depression in Figure 1 can be
accounted for on the basis of rain. Heavy rainfall generally resulted in reduced plant
moisrure stress, but storms of 8 mm or less had little effect on planr mo$nue stress.
The storm of July 11 may bave failed to depress the plant moisrure srless at Site #3because of less effective moisture infil*ation into the saltier, finer_rexnued surface
soils rooting this communiry (Gasto, 1969). None o{ the sites is more than O4 km
apart at the same elevation, so gready different rainfalls are unlikely.

Plant moisture suess data colleced in 1969 also show a definite correlatioo wirh
se.asonal progressions of temperature and phenology as altered by rainfall. If the
7968 data.arc typical, it is likely that peak stresses occured durini the unseasonably
hot and dry period of September and eady October, 196!. Again, the least pla.ot
moisture stress for both species in all stands occurred in the late spring uft", heuoy
rainfall.

The plant moisflue stress values recorded in this paper comgare favorably with
Scholander et al. (1955) who measured a rregative *p pr""r,:r. vilue of _g0 atm for
Laryed b.identd.td, and a recently reported plant moistur" stress value of _12g atm for
A*iplex obotata ( Brarson e, dl., 1969)- Detliry 0.969) recorded maxima of ap-
proximately -85 bars for Suaeda fruticota and S, tlepresn at a slighrly lovrer elevation
a.long the sourhern shore of the Great Salr lake-

Table 1 shows that both E, lanata and, A. conletifolia vary considerably in moisture
stress during a 24-hov priod. On May 12, 1969, both species showed increases
in plant moisture sffess until sunseq when stress decreased, and reached a minirnum
sometime during the nighr. After sunrise <xr May 13, plant rnoisture stress gradually
increased and reached a maximurn atrout noon. plant moistue stress values varied
or y slightly between 9:00 a.m. and 2:00 p.m. Readings were discontinued at 2:00
p.m. due to rain.

The results indicate that plant moisture stress in both species follows an expected
lmttern of increase to a maximum sometime during the early or later afternoon. The
values decrease before sunset to a minimum during the oight urra rise again after
suruise. Planr m,oistu.re stress, at leasr during this period Jf ,h" y"*, varies com_
lnratively iittle during the pafr of the day when the weekly readings were collecrcd.
Unless a daily rninimum value is required, this sysrem of data collectiqn seems
satisfactory.

_It is disappoiating that the difference in distibution paftern between E, I,anat6
an.d A, co.nfetifolia in this study sinration canrtor be expla-ined by data collected on
plant moisture stress. Both slxcies show similar patterns of ouriut oo in moisture
stresg although E, lanata in the monospeci{ic stand displayed more over-all vziriation
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thar A. cout'ertit'olia in its monospecific stand. \trhen both slxcies gtowing in a
mixed smnd were merlsured, they also sfiorved a similat pattern of Yariation. Mote-
over, more variation occurs between samples of a sPecies in mixed and molospecific
stands than between the two species. The only thing that can be said with confidence
is that the site conditions of the mi{ed stand were associated with less plant tissue
moisture rcnsion than that of the monospecific stands. The variability of the data
makes statistical analysis of quesdonable value. Coefficients of variatiqn for both
species at all sites ranged {rom 13.8 to 22.I percent from the dryest to wettest periods
of the growing season.

\7e conclude from the literature that a decrease in soil moisture and/or an increase
in salinity of the soil *'ill cause a corresponding decrease in plart water porential
(increased plant tissue moisture tension) ( Slayter 1!67). The soil in which l.
confertilolia was r@red had higher moistLire content and soil salt content (Gasto,

1969), yet these plants shovred less moisture tension than the E. lattata rccn..ed in soil
with lower moisture (Table 2). Detling (7)6)) had similar difficulty trying to
explain the differing habitats of two Suaeda species on the basis of planr tissue rnoisture
tension.

It is possible that halophytes are trot arnenable to this approach because of unique
salt meabolism and occutrence in soils qf differing soil moisture tension characteristics
from that of glycophyres. Another possibility is that the sites studied have species-
to-site relationships which are so far removed frour pristine conditions that the presert
distribution of plants could be mostly a reflection of disturbance. Although the
study area has not been grazed by domestic animals for the last eight years the area
was grazed heavily fot the bulk of the previous century. Some ecophysiological
differences could be minor or indeterminate until competition reestablishes the species
into their quasioriginal niche separatioo. Research is currently underway ro er.plqfe
these afld other possibilities. The holocoenotic principle is undoubtedly operatirg,
requiring a coniideration of the inreracrion of many factors ro explain successfully
why these plants occur where rhey do.

Summary

Pressure bomb mqasurements of diurnal and seasonal plant moisture saess in Ewatia
lanata ard A*iplex cont'erti.folia were made during the 7968 and 1969 growing seasons
in Curlew Valley, Utah. Highest values were recorded in eady to mid afternoons o4
the driest, hottest periods. Rainfalls of more than eight mrn generally resulted in
immediate reduction of stress values. Differeoces in plant distribution parterns
could not be explained by differences in plant rnoisnue stress data.
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