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TRANSPIRATION AND PHOTOSYNTHESIS IN SALTCEDAR

by

Jay E. Anderson

ABSTRACT

Factors controlling transpiration and photosynthesis of saltcedar were investi-
gated in the field near Bernardo, New Mexico. Transpiration rates were similar to
those for several herbaceous species, but photosynthesis and water use efficiency
were significantly lower in saltcedar. Photosynthesis was light saturated at an
irradiance equal to 44% of full sunlight, while the stomata were apparently fully
open at light levels greater than one -third full sunlight. Optimum leaf temperatures
for photosynthesis were between 23° and 28 °C, considerably lower than typical daytime
ambient temperatures. Photosynthesis was reduced about 20% at 35 °C. Stomatal resis-
tance increased linearly with increases in leaf temperature between 14° and 50 °C, with
relative humidity held constant. The increase in stomatal resistance could have been
caused by direct effects of temperature on the stomata, by increases in the absolute
humidity gradient from leaf to air, or by both. Increased stomatal resistance at high
temperatures and low relative humidities would account for observed afternoon depres-
sions in transpiration and photosynthesis and increases in canopy resistance. Esti-

mates of stomatal resistance for twigs in full sunlight ranged from 2 to 6 sec cm-1,
with most values falling between 3 and 5 sec cm-, when leaves were at 30 °C.

INTRODUCTION

Saltcedar (Tamaris chinensis Lour.), a naturalized shrub or small tree native
to Eurasia, has become the most widely distributed and important phreatophyte in the
southwestern United States. From an area of 40 or 50 thousand acres in 1920, it has
spread across the floodplains of southwestern rivers to occupy well over one million
acres (Robinson, 1965). Estimates of water consumption for mature saltcedar stands,
based largely on lysimeter studies, range from 150 -210 cm annually (Horton, 1976),
suggesting that over five million acre feet of water are consumed by saltcedar in
the Southwest each year (Robinson, 1965). These estimates may be valid for warmer,
low elevation sites such as the lower Gila and Colorado Rivers, but are probably too
high for the entire range of saltcedar. Average evapotranspiration (ET) over six
years for saltcedar on the Bernardo, New Mexico, lysimeters at about 4600 feet ele-
vation was 97 cm annually (U.S. Bureau of Reclamation, 1972). Nevertheless, trans-
piration losses in response to the arid climate are significant where phreatophytes
tap the water table.

The difficulty in estimating water consumption by extrapolation from lysimeter
studies to saltcedar stands in other areas (Van Hylckama, 1974) has led to attempts
to predict ET from meteorogical data and vegetation characteristics (Gay, et at.,
1976). Exchange of water vapor between the plant canopy and the atmosphere depends
upon air and leaf temperatures, atmospheric humidity, aerodynamic or boundary layer
resistance, and leaf diffusion (stomatal) resistance. Stomatal resistance is not a
constant in the ET equation (Monteith, et al., 1965), but is influenced by light in-
tensity and plant water status, and may change in response to those same physical
factors that drive ET, temperature and atmospheric humidity (Lange, et al., 1971;
Schulze, et al., 1973; Hall and Kaufmann, 1975). Thus, reliable estimates of ET
from environmental data are dependent upon knowledge of the effects of these factors
on leaf resistance (Running, et al., 1975; Aston, 1976). Despite its reputation as
the heaviest water user of all the phreatophytes" (Gay, et al., 1976), such data
are not available for saltcedar.

The objectives of this study were to 1) quantify transpiration and net photo-
synthetic rates, 2) determine the effect of light intensity on photosynthesis and
leaf diffusion resistance, 3) estimate leaf resistance under full sunlight, and 4)
determine the effects of temperature on leaf resistance and net photosynthetic rate,
for saltcedar twigs. A companion paper in this volume (Williams and Anderson, 1977)
discusses measurement of water stress and diurnal trends in photosynthesis and trans-
piration.

The author is Assistant Professor, Department of Biology, Idaho State University,
Pocatello, ID.
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METHODS

Studies were conducted at the U.S. Bureau of Reclamation lysimeter site on the
Rio Grande floodplain near Bernardo, New Mexico, during June of 1975 and 1976. Net
photosynthesis and transpiration were measured with an open gas- exchange system uti-
lizing the plant cuvette described by Mooney, et al. (1971). An intact twig was
sealed into the plexiglass cuvette through which air was circulated at a known flow
rate. Net photosynthesis was determined by measuring the carbon dioxide concentra-
tions of the air entering and leaving the cuvette with a Beckman 865 infrared gas
analyzer. The system was sensitive to carbon dioxide concentration changes of 1 -2
ppm. Transpiration rates were determined by measuring the relative humidity of the
air entering and leaving the cuvette and calculating the amount of water vapor added
by the plant. Relative humidities were determined with narrow range lithium chloride
hygrosensors (American Instrument Company, Silver Springs, MD). Accuracy of the
transpiration measuring system, determined by integral calibration (Tranquillini and
Caldwell, 1972) was ± 2 %.

A 15 m umbilical cord containing water, air, and thermocouple lines connected
the cuvette to the measuring and recording instruments housed in a small utility
trailer. Cuvette temperatures were maintained at desired levels within 0.1 °C by
circulating coolant from a constant temperature bath through a heat exchanger in
the cuvette. Cuvette air was constantly stirred to eliminate temperature and gas
concentration gradients, and to reduce boundary layer resistance. Air and leaf tem-
peratures were measured with 36 guage type T thermocouples. Under full sunlight,
leaf temperatures were typically within 1 °C of air temperatures within the cuvette.

Illumination was provided only by natural sunlight. Photosynthetically active
radiation (400 -700 nm) was measured with a LI -190S Quantum Sensor (Lambda Instru-
ments, Lincoln, NE).

Leaf area was estimated from twig fresh weights using Candela's (1976) equation,

area (cm2) 80 x fresh weight (g),

which was determined from studies of silver replicas of saltcedar twigs. The accuracy
of the estimates so derived is unknown, but the estimates agree quite closely with
those obtained from the projected images on photographs of saltcedar twigs (L. Gay,
personal communication).

Stomatal resistance (rs, in sec cm-1) was determined indirectly from the trans-
piration rate (T, in mg cm-2 sec-1) and the absolute humidity difference between leaf
and air (gleaf - gair' in mg cm-3) from the equation,

Qleaf - gair
s T

Water vapor saturation within the leaf was assumed for obtaining values of
'leaf'

RESULTS AND DISCUSSION

At 30 °C and 45% relative humidity, saltcedar twigs transpire a weight of water
greater than their own fresh leaf weight each hour (Table 1). These transpiration
rates are somewhat higher than typical rates reported for halophytes by Waisel (1972),
but, on a fresh weight basis, are similar to the rates for several common herbaceous
plants measured under similar conditions with the same gas exchange system (Table 2).
Thus, while transpiration of saltcedar may be high compared to other halophytes, it
is not unusually high when compared to glycophytes with an abundant water supply.
Comparable data for other phreatophytes are sorely needed.

Table 1. Average rates of transpiration and net photosynthesis
for 25 saltcedar twigs at 30 °C. Twigs were exposed to full sun-
light and relative humidity in the cuvette was 45 %. Values in
parentheses are the 95% confidence intervals.

Transpiration Rate

3.11 (2.87 - 3.34) g H2O g dry weight leaf-1 h-1

1.18 (1.09 - 1.26) g H2O g fresh weight leaf -1 h ^1

1.48 (1.37 - 1.58) g H2O dm -2 h -1

Net Photosynthetic Rate

13.4 (12.7 - 14.1) mg CO2 g dry weight leaf -1 h-1

5.07 (4.77 - 5.36) mg CO2 g fresh weight leaf -1 h -1

6.33 (5.96 - 6.70) mg CO2 dm-2 h -1
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Photosynthetic rates for saltcedar (Table 1) are considerably lower than the
rates for the herbaceous plants (Table 2). Water use efficiency, indexed by the ratio
of photosynthesis to transpiration (P in mg CO2/T in g H20) (Downes, 1969), averaged
4.3 for saltcedar, significantly lower than the values for the herbaceous species
shown in Table 2. Although transpiration rates are similar, these data indicate
that the efficiency of carbon assimilation per unit water loss is low in saltcedar
compared to the herbaceous plants. No reasons for the lower water use efficiency
are apparent.

Table 2. Transpiration and net photosynthetic rates and PIT ratios
for four herbaceous species measured under conditions similar to those
for saltcedar in Table 1. Rates are expressed on a fresh leaf weight
basis. See text for explanation of P/T ratio.

Transpiration Rate Net Photosynthetic Rate
Species (g H2O g leaf-1 h-1) (mg CO2 g leaf-1 h-1) P/T

Yellow sweetclover 1.81
(MeliZotus officinaZis)

Yarrow 1.42
(AchilZea mzilefolium)

Canada wild rye 1.13
(EZymus canadensis)

Crested wheatgrass 1.66
(Agropyron cristatum)

13.0 7.2

9.5 6.7

9.3 8.2

10.9 6.6

Data relating photosynthesis and transpiration to light intensity were collected
during two afternoons that gradually became more densely overcast, slowly reducing
light intensity (Figure 1). The results for the two afternoons are nearly identical.
Since these data were generated under natural light conditions, the relationships
shown should be valid for saltcedar under field conditions. Photosynthesis was light

40 80 120 160 200 240

Irradiance (nEinsteincm-2. sec-1,400-700nm)
Figure 1. Net photosynthesis (D) and transpiration (0) of saltcedar as a

function of light intensity. Closed figures are data for one
twig; open figures are data for a second twig taken on a separate
day. gdw = grams dry weight of leaf.
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saturated at a radiant flux of approximately 110 nEinsteins cm-2 sec -1 (400 -700 nm),
equal to 44% of full sunlight. As irradiance levels decreased, no reduction in trans-
piration was observed until irradiances reached about 80 nEinsteins cm-2 sec-1, sug-
gesting that the stomata were fully open at light levels above this value.

Carbon dioxide assimilation was tightly coupled to light intensity. On numerous
occassions when a cumulus cloud passed in front of the sun, net photosynthesis was
observed to drop as much as 40 or 50% within 1 -2 minutes, and then quickly recover as
the cloud moved past and the twig was again exposed to full sunlight. These short
term reductions in light intensity had little effect on transpiration.

The optimum leaf temperatures for photosynthesis were between 23° and 28 °C (Fig-
ure 2). The optimum range was well below the typical midday and afternoon temperatures
of 32 -38 °C observed at Bernardo during June. At 35 °C, photosynthesis was reduced about
20% below the maximum observed value. There is no.doubt that high ambient temperatures
contribute to observed depressions in net photosynthesis during the afternoon (see
Williams and Anderson, 1977).
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Figure 2. Net photosynthetic rate (II) and transpiration rate () for
saltcedar as a function of leaf temperature. gdw = grams
dry weight of leaf.

Temperature curves for plants grown in the laboratory at 25 °C days and 15 °C
nights were practically identical to that shown in figure 2, indicating that there
is little acclimation of the photosynthetic apparatus to the higher ambient daytime
temperatures in the field. This result is somewhat surprising in view of the accla-
matory response to temperature observed in many plant species (Mooney and West, 1964;
Mooney and Shropshire, 1967; Lange, et al., 1974). Pearcy (1976) points out that
desert species often show superior abilities to acclimate in order to maintain high
rates of productivity under seasonally variable temperatures. Desert ecotypes of
Atriplex lentiformis, a phreatophyte with the C -4 photosynthetic pathway, have a
large capacity for photosynthetic acclimation to high temperatures (Pearcy, 1976).
Saltcedar would appear to be much more limited in its acclimatory capacity.

The transpiration values in Figure 2 were used to calculate the stomatal resis-
tances shown in Figure 3. Stomatal resistance increased linearly with increases in
leaf temperatures between 14° and 50 °C, indicating stomatal closure in response to
increasing temperature. Increased stomatal resistance would contribute to the de-
crease in net photosynthetic rate above 28 °C (Figure 2). It would also contribute
to the observed afternoon depressions of photosynthesis and transpiration (Williams
and Anderson, 1977), and would explain, at least in part, the apparent increase in
canopy resistance detected by the energy budget analysis of Gay, et al. (1976).
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Figure 3. Stomatal resistance for saltcedar as a function of leaf tempearture.
Resistances were calculated from the transpiration data shown in
Figure 2.

Past studies have yielded conflicting results concerning the response of stomata
to temperature. Drake, et al., (1970) found that rs decreased with increases in leaf
temperature in cocklebur, and postulated that this enabled the plant to increase tran-
spirational cooling at high temperatures. Schulze, et al.,(1973) reported that rs
decreased with leaf temperature increases in several species when they were well
watered, but the relationship was reversed when the same species were under water
stress. They reported that the temperature effect was independent of effects of am-
bient humidity. Hall and Kaufmann (1975) argued that "the influence of temperature
on both leaf resistance and net photosynthesis may be highly dependent upon the humid-
ity gradient between the leaf and the air." They conclude that if humidity gradients
are allowed to increase as temperature increases, rs will also tend to increase. But,
if the humidity gradient is kept constant, then rs will either remain constant or it
may decrease with increasing temperature.

In the present investigation, it was impossible to maintain a constant humidity
gradient from leaf to air as temperature was increased because of system limitations.
Cuvette relative humidity was maintained at about 45 %, which resulted in an increase
in the absolute humidity gradient from 5.6 Ng cm-3 at 16 °C to 35 pg cm-3 at 45 °C.
Therefore, the observed increase in rs with increasing temperature (Figure 3) could
have been caused by a direct effect of temperature on the stomata, by the increase in
the humidity gradient from leaf to air, or by the combined effects of both factors.
While it remains important to sort out the relationships between these factors and rs
experimentally, the present ambiguity does not detract from the significance of the
finding that rs is affected by changes in ambient temperature and /or humidity. In

arid regions, as air temperature increases, ambient relative humidity typically drops
to very low levels. At Bernardo, relative humidity during the afternoon was typically
about 10 %. Thus, to improve predictive models for ET from saltcedar, it will be
necessary to quantify the interactive effects of temperature and the leaf -air humidity
gradient on rs.

The increase in rs in response to temperature increases would appear to be an
adaptation for water conservation. While there is no obvious need to curtail tran-
spiration when water is freely available from a relatively shallow water table, as
exists at Bernardo, such an adaptation could be important in insuring seedling sur-
vival until the root system could tap the water table or in enabling the species to
invade and succeed in areas subjected to period drought.
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Estimates of stomatal resistance under saturating light conditions ranged from
2 to 6 sec cm-1, with most values at 30 °C leaf temperature falling between 3 and 5
sec cm -1. These values are not unreasonable, but tend to be somewhat higher than
those typically reported for well watered plants. Gay, et al. (1976) reported that
the mean canopy resistance for saltcedar at Bernardo was 1.9 sec cm-1 over a ten hour
daytime period. The accuracy of my estimates is largely dependent upon the accuracy
of the leaf area estimates (see Methods). A two- or three -fold error in area esti-
mates, which would result in a corresponding error in rs estimates, might not make
the rs estimates appear unreasonable. However, such errors could result in gross
over or under estimates of transpiration from a saltcedar stand. It is imperative
that accurate leaf area estimates with known error terms be obtained.
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