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COMPARATIVE WATER RELATIONS OF CAREX GEYERI AND
CALAMAGROSTIS RUBESCENS

TONY SVEICAR'

Eastern Oregon Agricultural Research Center, Union. Oregon 97883

Two rhizomatous codominant understory species. an overwintering drvland sedge. Cearey veveri, and a
deciduous grass. Calantegrostis rubescens, were studied in the field for diurnal and seasonal trends in water

relations. Diurnal wrends in leal’ xvlem potential (W) showed that C.

gevert had minimum dinly values of

(.40-00.71 MPa more negative than C. rubescens. Rhizome xvlem potential () was more negative for C.

rubescens. but. in both species. W, was much less negative (1.8-2.3 MPa) than Wby, During the growt ing
seuson. psmotic potentials (w°s) of both species were similar when measured with the freeze-and-thaw dew-
puint tDP) techniyue. but 7 at incipient plasmolysis. using the pressure/volume (P/V) technigue. was (0.25-

0.77 MPa more negative for €.

geveri. Using DP values, I found esumates of minimum daily wrgor were

consistently aegative (< —0.30 MPa) but that. using P/V values, they were seldom more neganve than
=0.10 MPa. Apparently differences in bound water content make the DP technigue inuppropriate tor com-

parative studies of these two species.

Introduction

The adaptive advantages and ecological conse-
guences ol an evergreen growth habit have been
investigated in a number ol vegetation types. MONK
(1966} studied forest stands in the southeastern
United States and concluded that evergreens were
better adapted to dry. infertile sites than deciduous
species. REGEHR and BAzzaz (1976) and Nowak
and CaLpWELL (1984) studied photosynthetic char-
acteristics of overwintering leaves of winter an-
nuals and bunchgrasses. respectively. They sug-
gested that carbon uptake during winter helps to
offset the respiratory costs of maintaining leaves
during winter and that overwintering plants then
tuke advantage ol earlier growth in the spring when
conditions are tavoruble. This adaptation appears
to be successtul in winter annuals. Nowak and
CALDWELL. however, emphasized that it has not
vet been clearly established that earlier growth can
fully compensate tor winter respiratory losses of
carbon,

In castern Oregon. the evergreen sedge Carex
gexeri Boott and the deciduous erass Calamagros-
tis rubescens Buckl. ure common understory co-
dominants in open stands of Pinws ponderosa Laws
(FRANKLIN and DYRNESS 1973). Both species sur-
vive relatively dry soil moisture conditions. and €.
gevert has been classified as one of the most drought-
resistunt species of Carex (SAMPSON 1917). These
species are also similar in that both form thick rhi-
zome sods and are thought to reproduce vegeta-
tively on undisturbed sites (USDA-FOREST SER-
VICE 1937). However. the different growth habits
of these species influence their distribution. KNIGHT
etal. (1977) found that cover of C. geveri declined
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in high-elevation understory communities where
snow persisted into late June. suggesting that the
respiratory cost of maintaining leaves during very
long periods of snow cover was too high.

Carex geveri and C. rubescens have different
wintering habits. but it is unclear how this factor
influences their respective physiologies during the
growing season. The objectives of this studv were
(1) to make intraspecific comparisons of leat and
rhizome water potentials and ol osmotic potentials
during active growth. and (2) to assess how these
species respond to the summer drought character-
isticg of the interior Pacific Northwest.

Material and methods
Stupy SITE

The area. ca. 19 km southeast of Union. Union
County. Oregon. is in the foothills of the north-
eastern portion of the state at an elevation of ca.
1.200 m. The community dominating the site re-
sembles the mixed coniter—Calamagrostis rubes-
cens, ash soils habitat type (HAaLL 1973). Oversto-
ry vegetation was primarily Pinus ponderosa Laws
but also contained Pseudotsuga menziesii (Mirb.)
Frunco and Larex occidentalis Nutt. There was
limited tree regeneration on the site. The understo-
ry vegetation was dominated by Carex geveri. C.
rubescens. and Arnica cordifolia Hook.

Soils on the study site were silt loam Typic Vi-
trandepts belonging to the Tolo series. The top 10
cm of soil averaged 22% clay. 55% silt. and 23%
sand. This series is formed from volcanic ash over
buried soil and is generally deep (100-150 cm) and
well drained. The aspect of the site faced north with
15%-20% slope.

The study area normally receives most of its pre-
cipitation during the winter and spring. Summers
are typically hot and dry with daytime tempera-
tures often reaching 32-35 C. Precipitation data
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FiG. |.—Duurnal variation in xylem potential of Carex geveri topen circles) and Calemagrostis rubescens (closed cireles). Initial
points for each line are predawn values. Vertical lines represent maximum variability (1 SE} around cach line.
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were collected at a weather station ca. .6 km from
the study site. The average precipitation tor 1971-
1981 was 61.0 cm: for 1981, 65.3 ¢cm. During 1981,
precipitation totaled 7.1, 7.4, 2.5, and 2.5 c¢m for
May. June. July. and August. respectively.

PLANT WATER POTENTIALS

Diurnal variation in leaf xylem potential () of
C. geveri and C. rubescens was measured on 6
cloudless days during summer 1981. Measure-
ments were taken at 2-h intervals from predawn to
ca. 1800 hours PDT with a pressure chamber (PMS.
Corvallis. Oreg.). Four arbitrarily selected samples
of the most recently expanded leaf blades were
measured at each sampling time. Leaves were en-
closed in moist toweling prior to collection to limit
water loss. Rhizome xylem potential (b,) was mea-
sured with a pressure bomb at 4-h intervals on four
sampling dates. Three subsamples tor each species
were measured at each sampling time. Each sam-
ple was a 6-8-cm rhizome segment including the
crown region. Roots and aboveground plant parts
were removed trom the rhizome.

Four leal-blade samples of cach species were
collected at midalternoon on each sampling date.
frozen on dry ice. transported to a freezer. and stored
at =20 C. Osmotic potential (w) was measured on
thawed leal blades with C-52 sample chamber hy-
grometers (Wescor. Logan. Utah) in conjunction
with a Wescor HR-33T microvoltmeter.

Four times during the sampling season. pres-
sure-volume (P/V) curves were determined for each
species. Entire tillers of the two species were col-
lected in the field and rehydrated overnight for
P/V measurements the following day. On each date.
four P/V gruphs for each species were constructed
using the technique of WILsON et al. (1979). A
pressurization rate of ca. 0.01 MPa s~ was used.
The 7 at incipient plasmolysis (7°) was derived from
P/V graphs using least-squares analysis.

SOIL WATER POTENTIAL

Soil moisture content was determined gravi-
metrically on seven dates during late spring and
summer 1981, A 4-cm soil corer was used to col-
lect sumples at depths of 0-10 and 10-30 e¢m. Four
subsamples were taken on each date. Soil moisture
release curves were constructed on soil from the
study site with soil moisture extractors (Soilmois-
ture Equipment Corp., Santa Barbara, Calif.). and
gravimetric soil moisture content was converted to
soil water potential.

Results

XYLEM POTENTIALS

During the first five measurement dates both
species exhibited typical diurnal patterns in U, (fig.
1): i.e.. values were highest at predawn. declined

TABLE |

S MOISTE RE POTENTIAL (MPO) AT VARIOUS DATES DURING 1951

DEPTH (em)

Dati 0-10 10-30
NHICH| R ——————————— -.01 —.03
T s R e e e =.01 —.03
Tunezd@ils oy Sy e —.03 -
TR Vi et B S bt by s e =.02 —-.07
| BT N b o e S AR S R s e =523 =.85
AU o o oo s —-1.50 —-1.40
August 26 —1.43 —1.50

throughout the day. and recovered by evening.
Predawn Wy was high and similar to soil moisture
(table 1) on the first three dates. Soil moisture de-
clined during mid- to late July, and the two species
responded differently in that Carex geveri main-
tained a significantly higher (P < .01) predawn
than Calamagrostis rubescens. Soil moisture con-
tinued to decline into August. By August 10, pre-
dawn U of both species was similar to soil mois-
ture potential (—1.5 MPa).

On the first five dates C. geveri had more neg-
ative afternoon 1y than C. rubescens. The differ-
ence in afternoon Wy values for the two species
ranged from 0.7 MPa on June 5 to 0.4 MPa on
August 10. The trends. however. were similar with
a highly significant (P < .0l) correlation between
the two species (» = .96). The general tendency
was tor C. geveri to have a more rapid decline in
iy from predawn to noon but to recover to levels
equal to or greater than those of C. rubescens by
evening. On August 26 the two species no longer
displayed typical diurnal trends in . which varied
diurnally by less than 0.3 MPa. Values were nearly
twice as negative as soil moisture potential (ca. —2.8
MPa and —1.5 MPa for plant and soil water po-
tential. respectively).

The water status of rhizomes ditfered from that
of leaf blades both in actual values and diurnal trends
(table 2). The i, was less negative than U for both
species on all sampling dates. Diurnal changes in
Wb, were significant (P < .05) only on July 27, and
species differences were significant (P < .01) on
July 27 and August 26. with C. rubescens having
more negative values.

OSMOTIC POTENTIALS

When 7 was measured with the dew-point (DP)
technique. the largest difference between species
was 0.22 MPa in early September (fig. 2). after
the growing season. Prior to late August the dif-
ference between species was less than 0.15 MPa
on all dates. The trend in 7 was similar to that of
soil moisture: i.e.. levels were high until mid-July
and then declined rapidly.
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TABLE 2

DIURNAL VARIATION IN i( —MPu) FOR CALAMAGROSTIS RUBESCENS
AND CAREX GEYERI

TiIME OF DAY

DATE AND SPECIES 0630 1030 1430 1830
June 5:

C. rubescens ... A2 £ 03 15 = 04 13+ 03 .14+ .05

CLioeVert e 09 = .04 1003 .12+ 06 .12 .02
June 30:

C. rubescens ... A0 =2 03 09 = 05 .14 = 05 12 = .01

C. geveri ...... 12 £ .06 .10+ .03 .10 .04 .13 = .04
July 13:

C. rubescens ... 08 £ .02 13+ .05 .14+ .04 .12 =% .05

CEReVers e 08 + 01 .10 04 .14=.07 .13x.07
July 27:

C. rubescens ... A2 = 06 i e | D b el M oA

C. geveri ...... 10 = .04 I3 .08 .19=.10 .21 = .08
August 10:

C. rubescens ... LA5EENE6  S2IEN0TH S SE R SENE R W)

C.geveri .:..:. B2+ 10 45 % .22 6d = 21 67 .29
August 26:

C. rubescens ... STASEIRGE ARGt A EE S| KPR ODES T OR

C. geveri ...... A7 £ .30 28 = 06 30 = .07 29 % 08

*Mecan = | SE.

Species differences in 7 were significant (P <
.01) when measured with the P/V technique (fig.
3). On all sampling dates C. geveri had more neg-
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Fic. 2.—Seasonal changes in w of Carex geveri (open cir-
cles) and Calamagrostis rubescens (closed circles) as deter-
mined by the DP technique. Vertical lines represent maximum
variability (=1 SE) around each line.

ative 7° values: the difference between species
ranged from 0.25 to 0.77 MPa. In late August, nei-
ther species exhibited typical P/V relationships. The
plots for C. rubescens were linear from the first
point, whereas a clearly linear phase was difficult
to detect for C. gevert.

The 7’s determined by the DP and P/V tech-
niques were subtracted from minimum daily W, to
obtain an estimate of minimum daily turgor (table
3). Values derived from the P/V technique are 7°,
and those obtained with DP analysis are 7 at the
total water potential of the tissue sample. How-
ever, in this case, samples used in the DP analysis
were collected when 1y approached incipient plas-
molysis: thus. the two techniques should have
yielded comparable values and resulted in similar
estimates of minimum daily turgor. However. when
averaged over the sampling dates. minimum daily
turgor potentials for C. rubescens and C. geveri
were 0.05 and 0.10 MPa. respectively, with the
P/V technique. and —0.24 and —0.74 MPa. re-
spectively. with the DP technique.

Discussion

Diurnal variation in Wy, has been documented in
a range of species (KLEPPER 1968: JACKSON 1974
PavLIK 1980: WaLLACE et al. 1983). As long as
soil moisture was adequate. Carex geveri and Ca-
lamagrostis rubescens also exhibited diumnal trends.
Predawn W for the two species was similar except
on July 27. the first sampling date after soil mois-
ture began to decline. The higher predawn U, in C.
geveri at that point, in spite of its typically more
negative daytime values. was unexpected. How-
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Fiio 3 —Scwsonul changes in 7 of Carex geveri topen cir-
clesy and Calamavrostis rubescens (Closed cireles) as deter-
mined by the P/ technigue, Vertical lines represent mixi-
mum variability (=1 SEj around cach line,

ever. C. geveri has a deeper rooting habit than C.
rubesceny (NIMLOS et al, 1968). which would have
allowed C. ¢evers to maintain higher predawn iy,
until the deeper soil horizons had dried. The lower
daytime by for C. geveri must be considered in light
ol the fact that this species had a slightly higher
stomatal conductance (SvEICArR 1982) and a more
negative 7w than C. rubescens. However. by late
August neither species exhibited the diurnal wrends
in iy noted earlier. JACKSON (1974) tound that Lo-
litm perenie also lacked diurnal variation of Wy, late
in the season. when soil moisture was depleted.
This trend may indicate the point at which plants
are no longer uble to absorb moisture from any ho-
rizon in the soil profile.

Information on growth patterns and physiology
ol rhizomes has lagged behind that of aboveground
plant parts. Rhizomes of the studied species showed
little diurnal fluctuation in . particularly in com-
parison to leaves, and there was a steep water po-
tential gradient (1.8-2.3 MPa) between leaves and
rhizomes of both species. Roots of Nicotiana ta-
bacum and Picea sitchensis also showed limited
diurnal fluctuation and steep potential gradients with
aboveground organs (D RoO 1969: HELKVIST et
al. 1974). [n addition. DE Roo noted that the ex-
pected potential gradient between roots and soil did
not develop at low soil moisture levels: i.e.. roots

TABLE 3
MiNiaesr DALY TURGOR ( MPa) FOR CAREN GEYERI AND
CALAMAGROSTIS RUBESCENS ESTIMATED USING EITHER
mE DP or P/V TECHNIQUE

Date and technigue . rubescens . vevers

June 3

B R it e N6 =62

BAVE IS o iR .00 -.01
July 13

DPhyeses o aapisiamama e i =135 ST

S S S A o (S =.08
July 27

B P e o e —.38 —.66

BiNIESEtw, o0 SRS STE 28 43
August 11

DR it s s m s R —.30 =89

| T e I i —.28 A3

had less negative water potentials than that of the
soil. Rhizomes of C. geverr and C. rubescens have
a similar response: b, of both species were more
negative than soil moisture potential until mid- to
late July. when soil moisture declined and the gra-
dient inverted.

Soil moisture measurements included only the
top 30 cm ol soil. and both species root below that
level (NIvLOs et al. 1968). Perhaps moisture was
extructed from lower levels over part of the season.
However. even in late August. when ; was be-
tween —2.50 and —3.00 MPa and showed no pre-
dawn recovery for either species. U, did not reach
values more negative than —0.80 MPa. The adap-
tive signiticance of and the mechanisms responsi-
ble for the inverted potential gradient are ditticult
to assess. given the limited information on rhizome
physiology and growth. It appears that there is a
substantial resistance to water flow in the crown of
these two species, as MEYER and RITCHIE (1980)
found in Sorghum bicolor. The importance of high
water content in rhizomes was indicated by McIx-
TYRE (1976). who found that decreasing water con-
tent caused an inhibition of bud activity in Agro-
pyron repens. For C. geveri and C. rubescens. this
process would be particularly important early in the
season. when the majority of new tillers are initi-
ated.

Total water potential can be usetul in determin-
ing plant water stress (KRaMER 1983). It is often
necessary. however. to consider w and turgor po-
tential as well (TURNER 1981). In my study. as-
sessment of water potential components varied with
the technique used to measure . Results from the
DP technique did not reveal major differences be-
tween the two species during the growing season.
whereas 7° from P/V curves was (0.25-0.77 MPa
more negative for C. geveri than for C. rubescens.

There is substantial evidence that the DP tech-
nique results in artitficially high values of =. which
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in turn produces estimates of negative turgor
(BROWN 1972: TYREE 1976: CAMPBELL et al. 1979:
MARKHART et al. 1981; TURNER 1981). OERTLI
(1984) argued that plant cells are generally inca-
pable of withstanding negative turgor pressures and
will collapse and shrivel when exposed to such
pressures.

Dilution of osmotic water in the symplast with
relatively pure apoplastic water is generally con-
sidered to result in artificially high estimates of
with the DP technique. The proportion of water in
the apoplast and symplast influences the degree of
dilution. At full turgor, apoplastic water is thought
to range from 3% to 50%, depending on plant type
(TurnER 1981). In my study, the DP technique
yielded estimates of negative turgor for both spe-
cies, but, when averaged over the season, values
were three times more negative for C. geveri (—0.74
MPa) than for C. rubescens (—0.24 MPa). Esti-
mates of minimum daily turgor were more negative
than —0.10 MPa in only one case when the P/V
technique was used. This indicates that the degree
of dilution and, thus, proportion of bound water
were greater for C. geveri and makes interspecific
comparisons based on DP values unreliable. How-
ever, w° from the P/V technique shows that C.
geveri can have a lower afternoon Wy than C. ru-
bescens without sustaining a loss of turgor.

The contrasting life histories of the two species
may account for some of the differences in water
relations. Leaves of C. rubescens die in the fall,
and new tillers are initiated each spring. whereas
leaves of C. geveri overwinter. In fact, leaves of
C. geveri may live 4 yr or more (G. S. STRICKLER,
personal communication). Plants that overwinter in
the interior Pacific Northwest must be able to tol-

erate extended periods of freezing temperatures. I[n
many plants, cell sap concentration increases with
freezing tolerance (LEviTT 1980). This may ac-
count for the lower ©° of C. geveri, particularly
late in the season. Although 7 measured with the
DP technique was thought to be artificially high,
the trend can provide useful information. For C.
rubescens there was an increase in w between mid-
August and early September, the period during
which visual signs of senescence were first no-
ticed. The increase in m could be caused by an in-
crease in plant water (apoplastic and/or symplas-
tic), which appears unlikely given the low Wy values,
or it could be caused by a decrease in solutes. The
decline in solutes would be expected if the plant
were transporting soluble components to peren-
niating belowground organs. In contrast, w of C.
geveri continued to decline into September, indi-
cating that plant water had declined or solute levels
had increased. both of which have been implicated
in freezing tolerance (LEvITT 1980). The contrast-
ing life histories of the two species thus influence
their respective water relations.
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