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ABSTRACT 

Seasonal and diumal patterns of photosynthesis were studied for two years at 3 

locations within a dense saltcedar (Tamarix gallica') stand (interior, periphery, and exterior) 

growing on a sandy loam soil around a saline pond in Terry County, Texas. Trees within 

the interior of the stand had lower assimilation rates during the sampling period than the 

trees at the exterior and on the periphery of the stand. The differences were significant in 

the morning because the trees within the interior were shaded until noon. The differences 

were not significant in the afternoon when the radiation was received equally at different 

locations within the stand. Drought significandy reduced the assimilation rates in saltcedar 

mainly by reducing the mesophyll conductance. Photosynthetic rates peaked early in the 

morning at three and a half hours post-sunrise (0930 hours) in the trees at the exterior and 

on the periphery of the stand, and declined progressively as the leaf temperatures and the 

vapor pressure deficit of the air (VPD) increased. However, the maximum photosynthetic 

rate in the trees within the interior of the stand was not reached until noon when the plants 

received fiill radiation. 

Optimum leaf temperature for photosynthesis for late spring/early summer and early 

fall were 30°-24o C, respectively. Assimilation rates were negatively correlated with leaf 

temperatures and VPDs (R^ = 0.88). Diumal changes in photosynthetic rates were not 

related to the twig water potential or soil water content in the 60-cm profile during the 

growing season. The extremely dry top soil did not have an adverse effect on the 

assimilation rates, indicating that saltcedar is mainly absorbing water from sub-saturated 

soil. 

Photosynthesis in saltcedar was primarily limited by nonstomatal factors rather than 

stomatal factors. A high correlation (r = 0.95) was found between assimilation rate and 
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mesophyll conductance. In the dry and hot periods of the summer, the effect of partial 

stomatal closure on photosynthesis was mainly due to increased leaf temperature rather than 

decreased intercellular CO2 concentration. 

Seasonal trends of photosynthetic rates of saltcedar were high at the end of the spring 

and early summer, and low in the fall.These differences were not due to low availability of 

soil water or increase in environmental drought, but primarily to leaf senescence. 

Transpiration of saltcedar was greatest during 1991 (the wet year); and even in 1990 

(the dry year), saltcedar transpired more than the associated facultative phreatophytes 

receiving ample water. Trees at different locations within the stand transpired similarly 

throughout the sampling period. Transpiration rates were reduced by 50% through stomatal 

closure in dry and hot environmental conditions. During the dry periods of the growing 

season, transpiration rates peaked in the morning before the maximum VPD was reached, 

but in wet periods transpiration reached the maximum concomitantiy with the maximum 

VPD in the aftemoon. Adequate stomatal conductance were maintained during the 

extremely hot and dry weather conditions which enabled this saltcedar to continue to 

assimilate when other species such as mesquite had a negative carbon balance. 

Transpiration rates were greatest at the end of the growing season mainly because of 

low leaf temperamre, low VPD, and high stomatal conductance brought about by the 

insensitivity of the stomata to water potential changes with leaf age. Early in the season 

transpiration was restricted by low stomatal conductance induced by a dry environment. 

Twig water potential was relatively constant during the course of the growing season 

except after periods of high rainfall in June 1991 when it substantially increased 

Saltcedar had the lowest water use efficiency (WUE) than other phreatophytes sampled 

because high rates of transpiration were maintained even in extremely dry conditions due to 
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a relatively high stomatal conductance. The WUE was significandy greater at the exterior 

and on the periphery of the stand than within the interior. The WUE was high early in the 

season because of high assimilation rates and low at the end of the growing season when 

assimilation rates became low relative to the high transpiration rates. 

Depth to the water table did not affect photosynthesis or water use by small saltcedar 

trees growing at locations with different depths to the water table. The water table within 

0.30 m of the soil surface did not have a negative effect on photosynthesis and stomatal 

conductance of saltcedar, indicating that this species is capable of adequately assimilating 

carbon even under high water table (0.3 m). Small trees had significantly higher 

assimilation and transpiration rates than the large trees throughout the growing season 

mainly because of both high stomatal conductance and mesophyll conductance. 
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CHAPTER I 

INTRODUCTION 

Saltcedar (Tamarix gallica^ is the most widespread phreatophyte in the soudiwestem 

United States. Saltcedar is recognized as the heaviest water user among all phreatophytes 

and a strong competitor in the riparian and areas with high water table. Saltcedar was 

subject to several control methods including mechanical, chemical, fire, and inundation. 

Attempts to control saltcedar were unsuccessful because of the ability of the plant to 

resprout after shedding or burning and to the poor translocation of herbicides to the root 

system. 

However in mesquite, a facultative phreatophyte, effectiveness of control was highly 

correlated with the maximum photosynthetic rates. Photosynthesis was evaluated for 

Tamarix chinensis at Bemardo, New Mexico, and for Tamarix pcntandra in Arizona. 

Saltcedar is characterized by low photosynthetic rates and low water use effeciency. Such 

data are not available for T. gallica in the southem Great Plains and the photosynthetic and 

transpiration rates of saltcedar trees at different locations within a dense saltcedar stand was 

not investigated. 

Therefore, the objectives of this study were to: 

1. evaluate the diumal and seasonal pattems of photosynthetic transpiration rates of 

saltcedar trees at different locations within a saltcedar stand: within the interior, on 

the periphery, and at the exterior, 

2. relate the diumal and seasonal pattems in photosynthetic rates, transpiration rates, 

and stomatal conductance to water vapor to the effects of various environmental 

factors, 

3. describe the pattems of diumal and seasonal cycles of stomatal conductance over the 

growing season (May through September), and 
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4. relate the maximum rates of photosynthesis to die phenological development of 

saltcedar trees in the southem Great Plains. 



CHAPTER n 

PHOTOSYNTHETIC REGIME OF SALTCEDAR 

(TAMARIX GALTJCA^ IN THE SOUTHERN GREAT 

PLAINS 

Introdtictjpn 

Saltcedar (Tamarix gallica") was introduced to the United States for omamental uses in 

the early 1800's (Horton 1964). Soon afterwards it escaped from cultivation and spread 

rapidly from one stream to another occupying about 526,0(X) ha throughout the west 

(Robinson 1965). In Texas, the Soil Conservation Service estimated that nearly 283,4(X) ha 

were infested with saltcedar by the early 1980's. 

Saltcedar purportedly is one of the greatest water users of all phreatophytes. In the 

westem United States, 0.5 million ha of saltcedar are estimated to consume over 6 x 10^ 

m^ of water per year (Robinson 1965). It also reduces the width of river channels and 

increases the hazard of flooding; the width of the Brazos River has been reduced by 71% in 

some places (Blackbum et al. 1982). Saltcedar stands generally offer poor habitats for 

wildlife (Cohan et al. 1978). Its extravagant consumptive use of water and its poor wood 

and habitat qualities have resulted in numerous attempted control programs. 

Attempts to control saltcedar have included chemical control (Hollingsworth et al. 

1979), inundation (Wiedemann and Cross 1978), mechanical control (Campbell 1970), and 

fire (Howard et al. 1983). Failure to control the plant is attributed to the ability of the root 

system to vigorously resprout after shredding or buming and to the poor translocation of 

herbicides to the roots. Since the foliar applied herbicides are primarily translocated with 

the photosynthate stream, effectiveness of chemical control is highly correlated with daily 

maximum photosynthetic rates (Meyer et al. 1983). 



Photosyndietic characteristics were evaluated for Tamarix pentendra (van Hylckama 

1969) and Tamarix chinensis Lour (Anderson 1982). Saltcedar is characterized by low 

photosynthetic rates that exhibit sharp declines at higher temperatures. Large CO2 gradients 

occur between plants within the interior and at die exterior of a saltcedar thicket when the 

wind speed falls below 200 cm/s (van Hylckama 1969). Bazzaz and Williams (1991) 

indicated that the CO2 concentration in a forest is not uniform, but varies from time to time, 

from season to season, and from place to place. These variations might be of sufficient 

magnitude to have a significant effect on plant growth (Su-ain and Cure 1985). Atmospheric 

CO2 concentrations as low as 1(X) ppm in saltcedar stands have been reported at Buckeye, 

Arizona (van Hylckama 1969). Thus trees at different locations within a dense saltcedar 

stand might experience different CO2 environments for which they might respond 

differendy in photosynthesis, growth, and water use. 

Despite its intense recent invasion of Conservation Reserve Program (CRP) land and 

riparian zones in the southem Great Plains, the photosynthetic characteristics of saltcedar 

(Tamarix gallica'). and the diumal and seasonal pattems of photosynthetic rates of the trees 

at different locations within a dense stand of saltcedar have not been investigated. 

Therefore, the objectives of this study were as follows: 

1. To evaluate the diumal and seasonal trends of photosynthetic rates of the trees at 

different locations within a saltcedar stand: within the interior, on the periphery, and 

at the exterior, 

2. To relate the diumal and seasonal trends in gas exchange to the effects of various 

environmental factors; and 

3. To relate the maximum rates of photosynthesis to the phenological development of 

saltcedar trees on the soudiem Great Plains. 



Material and mediods 

This study was conducted in Terry County, Texas, in die extreme southem portion of 

the Great Plains. The site was selected around a saline pond on the Mahoney Sulfate 

Properties east of Brownfield where saltcedar (Tamarix gallica^ exists in a dense stand. The 

climate of the area is semiarid with an average annual precipitation of 450 mm. Monthly 

and annual precipitation vary considerably with May and June being the wettest months. 

The average frost free period is 225 days from early March to early November. The soil 

consists of an Amarillo fine sandy loam (Fine-loamy, mixed, thermic Aridic Paleustalfs). 

The area supports a moderate stand of blue grama (Bouteloua gracilis^ perennial three-

awns (Aristida spl and sideoats grama (B. cutipendulaV Most of the area has been invaded 

by mesquite (Prosopis glandulosa") and saltcedar. 

Measurements were taken from trees of approximately equal canopy size and height at 

three locations within the stand (interior, periphery, and exterior). Four blocks were 

identified. Each block contained three trees, e.g., one from each location. Each tree in a 

block was sampled on a clear day at two hour intervals from one-half hour post-sunrise 

until 1600 hours. Measurements were conducted four days a week (one block/day) 

biweekly May through September, 1990 and 1991. 

Gas exchange, stomatal conductance to water vapor, transpiration rates, leaf and air 

temperatures, and relative humidity were measured in a closed system using a model Li-

Cor 6200 portable photosynthetic system (Li-Cor Inc., Lincohi, NE) equipped with a 1/4 

liter chamber. This gas exchange system utilizes the flux rates of CO2 and H2O as well as 

mass flow rate to calculate photosynthesis, transpiration, stomatal conductance, and 

intercellular CO2 concentration. Measurements were taken on undisturbed twigs 1.5 to 2.0 

m above the soil surface and completed in 20 seconds after the cuvette was clamped on the 

twig. The infrared gas analyzer (IRGA) of the Li-Cor 6200 was calibrated before each 



sampling day against standard 350 îl/l CO2. The IRGA zero was checked before each 

measurement using C02-free air that was passed through soda lime within the system. The 

twigs used for measurements were harvested after the last sampling period of the day, and 

the leaf area determined with a portable leaf area meter (Li-Cor 3(XX): U-Cor Inc., Lincoln, 

NE). Gas exchange and transpiration rates were adjusted to the calculated leaf area of each 

sample and the data were transferred from the Li-Cor 6200 to a microcomputer via a 

communication program (procomm, PIL software systems, Columbia, MO). Xylem water 

potential (XWP) was measured from excised twigs in each block three times on each 

sampling day (predawn, midday, and at 16(X) hours) with a Scholander pressure bomb 

(Scholander et al. 1965). 

Soil temperature and soil gravimetric water content (%) were measured on the first day 

of each sampling week. Measurements were randomly taken from each location within the 

stand. Soil temperature was sampled at 15-cm increments from the surface to the 45 cm 

depth and soil water was sampled at 15-cm increments to a depth of 60 cm. Soil water 

content was measured gravimetrically. Soil water retention curves were determined using a 

pressure membrane apparatus (Gardner 1965). Soil matric potentials were derived from 

soil water content using the water retention curve. 

Since the measurement of gas exchange, transpiration, and leaf conductance to CO2 

and H2O were made on the same individual tree at each location within the stand over the 

sampling dates, the data were analyzed by ANOVA (Analysis of Variance) using a 

Randomized Complete Block Design (CRBD) with repeated measures. Significant means 

were separated using the LSD (least significant difference) test. 



Results and discussion 

Phenology 

Saltcedar phenological status was determined during the two year study in a semi

quantitative manner similar to that described by West and Wein (1971). The two sampling 

years exhibited different environmental conditions, 1990 was dry and hot, the total 

precipitation was below the average (310 mm), and 1991 was wet the total precipitation 

was above the average (529 mm). Buds were swollen by the middle of Febmary and the 

leaves emerged one month later. At the end of March the leaves were 1.5 cm long. By the 

middle of April the trees were in full leaf and flowering had begun at the top of the trees. 

Emit development started in the middle of May and the fruits became mature by the end of 

the month. The second set of flowers appeared in mid June. At the end of June leaf 

senescence started mainly on the trees within the interior and on the periphery within the 

stand. After the first week of July the first flowers dehisced, the senescence increased, and 

the second set of seeds was developing. The seeds matured by the third week of July. The 

second set of seeds reached maturity in a relatively short time compared to the first set of 

seeds. The mature fhiits were completely shed by the middle of August. Complete 

senescence occurred in late October. 

Diumal pattems of gas exchange 

Response of net photosynthetic rates to light 

Saltcadar was light saturated at a phtosyndietically photon flux density (PPFD) of 

approximately 1149 p,mol m-2 s-l and 1312 fimol m-2 s-l which was equal to about 45% 

and 54% of full sunlight, respectively, for 1990 (dry year) and 1991 (wet year). Net 

photosyndiesis became light saturated at lower PPFD under dry conditions dian under wet 

conditions. Similar results were found in mesquite (Prosopis glandulosa^ in west Texas 
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(Wan and Sosebee 1990). Results for die dry year (1990) are comparable to diose reported 

for Tamarix chinensis at Bemardo, New Mexico (Anderson 1982), but photosynthesis 

was higher in a wet year (1991) which suggests that light saturation in saltcedar depends on 

the environmental conditions. The light compensation point for T. gallica was 39 ^mol m-2 

s-1 which is similar to diat found in T. chinensis (Anderson 1982). Trees at different 

locations within a dense stand of saltcedar did not receive radiation equally in the moming. 

Trees within the interior of die stand received less than 1/3 of the light that the trees at the 

exterior of the stand received. However, after 12(X) hours there were no differences in the 

radiation received at the different locations within the stand. 

Average net photosynthetic rates of saltcedar (T. gallica) in a dry year were less than 

those of several phreatophytes that have been sampled, but in a wet year they were higher. 

However, even in a dry year these results were three times greater than those reported for 

T. chinensis (Anderson 1977). The mean net photosynthetic rates of the trees at the exterior 

of the stand were 11.97 îmol w'^ s-̂  and 22.42 îmol m-2 s-l, respectively, in 1990 and 

1991. Saltcedar trees had daily average maximum photosynthetic rates of 20.60 ^mol m-2 

s-1 and 33.5 {imol m-2 s'̂  and average intercellular CO2 concentrations of 209.5 |imol m-2 

s-l and 235.9 ^mol m"2 ŝ ,̂ respectively, for 1990 and 1991. The maximum value (45 

fimol m"2 s"̂ ) obtained during a wet year was greater than that measured in mesquite after 

85 mm of rainfall (Wan and Sosebee 1990), and was closer to the estimated potential 

photosynthetic rates determined in mesquite under no environmental limitations with an 

internal CO2 concentration of 250 ^mol m-2 s-l (Mooney et al. 1977). Therefore, during 

wet years the photosynthetic capacity of saltcedar occurs in the range of C4 plants which 

generally have peak values of 18.9-50 ^miol m-2 s-1 (Larcher 1980). Higher photosyndietic 

rates during exceptionally wet years may enable saltcedar to develop an extensive root 

system and to exploit deeper water sources. 
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Diumal mean photosynthetic rates varied considerably throughout the growing season. 

The lowest values of 0.054 and 0.14 ^mol m-2 s-l were measured at one-half hour post-

sunrise and the maximum values of 11.97 and 22.42 ^mol m-2 s-1 were recorded at 0930 

hours, respectively, in 1990 and 1991. Maximum values of net photosynthesis were 

attained early in the moming during both years in trees on the periphery and at the exterior 

of the stand, while within the interior photosynthesis did not peak until 1200 hours which 

coincided with the maximum radiation received. There were significant differences 

(P<0.001) during both years in the net photosynthetic rates obtained among trees at 

different locations within the stand in the moming. However, these differences were not 

significant after 12(X) hours (Fig 2.1). At one-half hour post-sunrise net photosynthetic 

rates of the trees at the exterior and on the periphery within the stand were 10-and 8-fold 

greater, respectively, than trees within the interior of the stand.This difference was reduced 

to 3.5-fold at two hours post sunrise, and to 1.67-fold at one-half hour before noon, 

respectively, for trees on the periphery and at the exterior within the stand. These 

differences were primarily due to the amount of radiation received at each location within 

the saltcedar stand. 

Sunlight varied dramatically in quantity among trees at different locations within the 

stand. The lower part of the trees within the interior of the stand received less than 7.5% 

and less than 5% of the radiation received, respectively, at the exterior and on the periphery 

of the stand in the moming. About noon the amount of radiation received within the interior 

was 66% and 68% , respectively, of the radiation received at the exterior and on the 

periphery of the stand. In the aftemoon no significant differences were observed in the 

radiation among the different locations widiin the stand. Trees within the interior of a stand 

are at a disadvantage compared to trees in other locations. When the radiation was not 

limiting for photosyndiesis, leaf temperature and vapor pressure deficit (VPD) were high 
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and photosynthetic photon flux density (PPFD: ^mol/m2/s) 
(lower) at three locations within a saltcedar stand: Interior (I), 
Periphery (P), and Exterior (E) for saltcedar trees growing in a 
dense stand in the southem Great Plains. 
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and the rate of assimilation decreased. As a result, low photosynthetic rates of the trees 

within the interior of the stand might be the cause of the death of several branches in the 

lower part of the canopy. Net total diumal carbon gain of the trees within the interior of the 

stand averaged 25% and 40% less than that of die trees on die periphery and at die exterior 

of the stand during the summer months, respectively (Fig 2.2). Similar results were found 

by Sims and Pearcy (1989) in some tropical forest understory herbs. They indicated that 

die photosyndietic capacity of Alocasia macrorrhiza and Colocasia esculenta increased by a 

factor of 2.8 and 2.6, respectively, as PPFD increased. 

Effect of light on photosynthesis in saltcedar was also evaluated in the summer of 

1990 on two consecutive days, a cloudy day followed by a clear day. On the cloudy day, 

radiation was reduced by more than 70% in the aftemoon compared to the clear day, but the 

photosynthetic rate decreased by less than 60% (Fig 2.3). However, on the clear day the 

reductions in photosynthetic rates in the aftemoons were less than 25%. Anderson (1982) 

found similar results in T. chinensis and further indicated that the decrease in net 

photosynthesis was instantaneous and recovery was rapid as the twig was exposed to full 

sunlight. 

Response of gas exchange to changes in temperamre 

The optimum temperature for photosynthesis from early summer to early fall ranged 

from 30o C to 240 c (Fig 2.4) which was higher than that documented for T. chinensis 

(Anderson 1982), but was similar to that found in mesquite (Hanson 1982, Wan and 

sosebee 1990). Optimum temperature for photosynthesis decreased from summer to early 

fall. The rate of decrease was higher in 1990 (6o C) dian in 1991 (3o C). This indicates diat 

the growth under a hotter regime results in an upward shift in the optimum temperature for 

photosyndiesis in saltcedar. This seasonal shift in die temperature optimum was reported 
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by Mooney et al. (1978) in Larrea divarinata where the optimum temperamre for 

photosynthesis varied from about 20° C in January to 28° C in May and 34° C in 

September. Similar results were found in mesquite in west Texas (Wan and Sosebee 

1990). 

Leaf temperamres were significandy higher (P<0.001) in die aftemoon during the 

summer for trees on the periphery and at the exterior than within the interior of the stand 

(Fig 2.5). This may explain the slighdy higher values of photosynthetic rates measured in 

the trees within the interior of the stand after 1400 hours (Fig 2.1). Positive rates of 

photosynthesis were maintained at higher leaf temperatures during the hottest and driest 

months of the summer (Fig 2.6). Net photosynthetic rate of 7.63 p-mol m-2 s-1 was 

measured at a leaf temperature of 43° C on May 1991. Negative values of net 

photosynthetic rates were measured only on two occasions in June in one tree within the 

interior of the stand at 16(X) hours when the leaf temperature was 43.3° C. This suggests 

that saltcedar can maintain a positive net assimilation rate at higher temperatures than many 

other phreatophytes. 

Photosynthetic rates peaked in the moming when leaf temperature was optimum and 

decreased as leaf temperature increased due to increase in radiation intensity.The greatest 

reduction in net photosynthetic rates was associated with the highest difference between 

optimum temperamre for photosynthesis and temperature at the minimum diumal 

photosynthetic rate. On the driest days of June 1990, the rate of reduction between the 

maximum and the minimum photosynthetic rates reached 92% with an increase in leaf 

temperature by 9.5° C above the temperature optimum for photosynthesis. High 

temperatures in the aftemoon negatively affected the photosynthetic rates of the trees at the 

three locations widiin die stand. A negative relationship (Fig 2.7) was found between leaf 

temperanu-e and assimilation rates for bodi summer 1990 and 1991 (R2 = 0.88). 
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El Sharkaway et al. (1984) reported diat photosynthesis was curtailed at high 

temperatures even when stomates were completely open. Bjorkman et al. (1976) reported 

that inhibition of the quantum yield of photosyndiesis by high temperatures in intact leaves 

was caused by inactivation of photosystem n (PS II). Several smdies have highlighted die 

water splitting apparatus of PS n as being particularly sensitive to higher temperatures 

(Berry and Bjorkman 1980). Evidence supporting this conclusion is that PS n activity of 

heat-activated chloroplasts can be restored by die addition of suitable compounds that can 

act as artificial electron donors to PS n (Yamashita and Buder 1968). High temperatures 

may affect assimilation through damage to photosynthetic electron transport via PS n 

(Sayed et al. 1989). It has also been shown that high temperatures increase dark 

respiration. DePuit and Caldwell (1975) found greater dark respiration rates in leaves and 

stems of Artemisia tridentata and Gutieirezia sarothrae at higher temperatures. Temperature 

depressed net photosynthetic rates at around 30-45° C for Ouercus ilex in its natural habitat 

in Mediterranean regions (Tenhunen et al. 1981). 

Response of photosynthesis to changes in plant water potential 

Twig water potentials of T. gallica were lower than those reported for other 

phreatophytes. Mean predawn potentials were lower than -1.4 MPa except for 12 June 

1991 when the twig water potential was -0.7 MPa after 87.5 mm of rainfall (Fig 2.8). 

Water potential decreased sharply after sunrise until midmorning. Average midday 

potentials ranged from -2.2 MPa to -3.5 MP. However, values of -4.2 MPa were recorded 

on 11 July 1991 and on 28 August 1991. Twig water potentials increased to a maximum of 

-2.0 MPa in the aftemoon of 28 August 1991 as a result of partial stomatal closure. 

Aftemoon water status recovery was equal to the predawn values that were below -1.8 

MPa in May which was unusually dry in 1991. Some differences in water potential were 
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observed among trees at different locations widiin die stand and even among trees at die 

same location, but diese differences were not significandy different. Considerable plant to 

plant variations (0.6 MPa) were reported between saltcedar trees that were 2 m apart at 

Bemardo, New Mexico (Anderson 1982). 

Photosynthesis of saltcedar was not associated with twig water potential. On 28 

August 1991, twig water potential was -4.2 MPa at noon and die photosyndietic rate was 

14.46 nmol m-2 s-l. On 26 May 1991 photosyndiesis declined to a low level (6.98 îmol 

m-2 s-1). yet twig water potential increased from -3.4 MPa to -2.0 MPa in the aftemoon. 

These results indicate that saltcedar can maintain a positive carbon balance at xylem water 

potentials less than -4.5 MPa. Photosynthetic rates peaked when the twig water potential 

was high (-1.7 MPa). The net photosynthetic rates did not follow the sharp decrease of the 

twig water potential at midday (Fig 2.8). The decline in photosynthesis was progressive. 

Aftemoon recovery of twig water potential did not have a positive effect on leaf gas 

exchange which continued to decrease in the aftemoon. This suggests that twig water 

potential has a minor influence on the photosynthetic rate of saltcedar. Low correlation 

between xylem water potential and photosynthesis has also been shown for mesquite 

growing in west Texas (Wan and Sosebee 1991). Photosynthesis is sensitive to cell 

volume changes which acts as the transducer of water deficit (Sinclair and Ludlow 1985). 

Small changes in cell volume tend to cause a large change in water potential, and for a 

given cell volume, a range of water potentials may exist which explains the low correlation 

between photosynthesis and plant water potential. In some species however, such as 

Artemisia tridentata. the magnimde of net assimilation was at its maximum during periods 

of minimal water stress PePuit and Caldwell 1973). 
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Response of ohotOSVnthesis to stomata) cnndnntflnre. 

Stomata opened rapidly as light intensity increased in the moming and stomatal 

conductance reached a maximum value early in the moming. Stomatal opening response 

was similar on all days irrespective of environmental conditions. During die rest of the day 

as light intensity and leaf temperamre increased and water stress started to develop, the 

stomata gradually closed, followed by a rapid decline of the stomatal conductance in the 

aftemoon as VPD and leaf temperature reached maximum value. 

Stomatal conductance to water vapor was not significandy different among trees in the 

different locations within the stand for the summer months in 1990 and 1991. This 

suggests that saltcedar may be classified as "non-tracker" species as termed by Knapp and 

Smith (1990). Non tracker species are those such as the coniferous tree (Pinus flexilis') and 

a shrub (Artimesia tridentata) whose stomatal conductance changed litde during shade 

periods. 

Diumal maximum value of stomatal conductance was obtained before ICXX) hours (3.2 

cm s"l) and the lowest value (0.17 cm s-l) was obtained after 16(X) hours. The lowest value 

of conductance was measured early in the season June 1990 and May 1991. These months 

were hot and dry during both years. Highest values were obtained in September for both 

years (Fig 2.9). This might be the result of low temperamres and VPDs measured during 

this month. Stomatal conductance was severely depressed in the aftemoon. However, the 

rate of decrease was lower on dry days than on wet days. On 5 June 1990, die driest day 

during eidier sampling season, stomatal conductance remained low all day and was reduced 

in die aftemoon by 75% (from 0.67 cm s-l to 0.17 cm s'l) when leaf temperamre increased 

from 21.60 C to 43.70 C; yet the photosynthetic rate was positive. On 12 June 1991, die 

wettest day during die two seasons, stomatal conductance was reduced by 87% (from 2.68 

cm s'^ to 0.37 cm s'l) during the aftemoon when die leaf temperature increased from 
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26.00 C to 38.0° C. Stomata of saltcedar apparentiy are very sensitive to the atmospheric 

environment and can adjust their aperture to the rapid changes in the environmental 

conditions. Stomatal conductance will control water loss when the environmental 

conditions are severe. 

Neither photosynthesis (daily average or daily maximum) nor stomatal conductance 

(daily average or daily maximum) are correlated with soil water content. A unique 

correlation found in June 1990 (r = 0.88, P<0.04) was between the daily average 

photosynthetic rate and soil water content (v/v) at the 30-60 cm depth for the trees at the 

exterior of the stand (Table 2.1). In 1991, the wet year, no correlation was found between 

these parameters (Table 2.2). Stomatal conductance was not correlated with soil water 

content in either the dry year or wet year. Although, in the dry year (June 1990), soil water 

potential in the top 60 cm of soil was below -1.5 MPa which is considered the permanent 

wilting point for many plants; the xeric nature of the topsoil did not affect stomatal 

conductance. On the contrary, Henson et al. (1989) found that only a portion of the soil 

needed to dry for a substantial reduction in stomatal conductance to occiu" in lupin (Lupinus 

cosentinii) and wheat (Triticum aestivum). They further indicated that a deep soil had a 

higher water content and a higher root length density as well as a greater mass of lateral 

roots in this zone. Similar conditions existed in saltcedar when the topsoil was dry and the 

soil was saturated at 1-m depth. Dry soil does not affect stomatal conductance or the 

photosynthetic rates in a phreatophytic species, and that saltcedar is an obligatory 

phreatophyte is contrary to the suggestion that it is a facultative phreatophyte (Everitt 

1980). In mesquite, a facultative phreatophyte, a Imear relationship existed between daily 

maximum net photosynthetic rate and soil water content on a sandy loam soil (Wan and 

Sosebeel991). These audiors indicated diat dieir data supported the dieory of Tumer 

(1984) and GoUan et al. (1986) that water stress is sensed by the root system and diat die 
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Table 2.1. Correlation coefficients and probabilities (value in parenthesis) among 
assimilation rates (A), stomatal conductance (g), and soil water 
content (WC) for saltcedar trees at the exterior of a dense stand in die 
southem Great Plains in 1990. 

A g WC WC WC WC 
(^molm-2 (cm s-1) (0-15 cm) (15-30 cm) (30-45 cm) (45-60 cm) 

s-̂ ) 

A 
([imolm-2 0.82 0.67 0.88 0.83 0.87 

s-l) 

g 
(cm s-1) 

(0.09) (0.21) (0.04) (0.07) (0.05) 

0.21 0.68 0.41 0.51 

(0.73) (0.19) (0.49) (0.38) 
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Table 2.2. Correlation coefficients and probabilities (values in parenthesis) among 
assimilation rates (A), stomatal conductance (g), and soil water 
content (WC) for saltcedar trees at the exterior of a dense stand in the 
soudiem Great Plains in 1991. 

A(^mol g WC WC WC WC 
m-2 s-1) (cm s-l) (0-15 cm) (15-30 cm) (30-45 cm) (45-60 cm) 

A(^mol 
m-2 s-1) 0.70 0.22 0.49 0.42 0.23 

(0.03) (0.55) (0.17) (0.25) (0.54) 

g 
(cm s-l) 0.65 0.70 0.12 -0.22 

(0.05) (0.03) (0.75) (0.56) 
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reduction m photosynthesis under water stress conditions is mediated by communication 

between root and shoots. Zhang et al. (1987) showed diat drying half of die root system of 

Commglina cppimunis resulted in an increased concentration of abscissic acid (ABA) in leaf 

epidermal cells and, consequendy stomatal closure. Zhang et al. (1987) suggested diat in 

drying soil, ABA can move from the roots to die epidermis and restrict stomatal aperture 

even when leaf water potential and turgor remain constant. 

Lack of correlation between soil water content, photosynthetic rates (daily average or 

daily maximum), and stomatal conductance (daily average or daily maximum) in saltcedar 

in the southem Great Plains does not support these findings and suggests that other 

mechanisms are involved in stomatal control. In the French bean (Phaseolus vulgaris L.). 

Comic and Ghashghaie (1991) found that when the temperature of dehydrated leaves (30-

40% water deficit) or of leaves fed with ABA is decreased, stomatal opening occurs. As a 

consequence, net CO2 uptake (which was zero or near zero around 25° C) increased to a 

level similar to that of non-dehydrated leaves at around 15° C, showing that even in 

dehydrated leaves at this temperature, net CO2 uptake is no longer limited by water deficit 

and that the ABA effect on stomatal aperture is moderated (by an unknown mechanism) by 

temperature. ABA is at least partly responsible for stomatal closure of French beans 

exposed to drought stress. Results from my smdy suggest that stomatal closure in saltcedar 

is induced by an increase in leaf temperature which possibly triggers the action of ABA 

within the leaf by either an affect of temperamre on the mechanism of action of ABA on 

guard cells or on ABA distribution within the leaf. 

Response of phntosvnthftsis to vanor pressure deficit 

The net photosynthetic rates of saltcedar were affected by atmospheric aridity. There 

was a significant difference (P<0.003) in VPD between trees and dieir environment at 
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different locations of die stand. High, similar values of VPD were measured between trees 

and dieir environment at die exterior and on die periphery of die stand. The lowest values 

were obtained in trees widiin die ulterior of die stand. This difference was due to low leaf 

temperamres measured in trees widiin the interior of the stand. Significant seasonal 

differences were found in saltcedar in bodi years. The highest values were found in June 

1990 and in May and June 1991. 

Daily average photosyndietic rates declined as die daily maximum VPDs increased 

(R2 = 0 . 7 1 ) (Fig. 2.10). Photosyndietic rates in June (1990) were 77% lower dian in 

August (1990) when VPDs were, respectively, 70.8 mbar and 47.66 mbar even diough 

soil water was plentiful since the depth to water table was similar (2.7 m) during both 

periods and the soil was saturated at 1.0-m depth. Similar pattems were observed during 

May 1991. Assimilation rates were lower on 13 May (1991) by 64% than those of 15 May 

(1991) when VPDs were 75.63 and 52.5 mbar, respectively. The high VPDs were due to 

both a high leaf temperature and low relative humidity. High photosynthetic rates occurred 

at low VPDs, which is the typical response of C3 plants to the environment. High VPDs 

have been shown to cause stomatal closure in many species (El Sharkawai et al. 1984). For 

saltcedar, stomatal conductance to water vapor was depressed by high VPDs. In dry 

months, June 1990 and May 1991, stomatal conductance was reduced in the aftemoon by 

82% and 80%, respectively, from the daily maximum values. Complete stomatal closure 

did not occur in saltcedar during the daylight hours. Although some negative values of 

assimilation were measured in June 1990 and in May 1991, stomatal conductances were, 

respectively, 0.12 cm s"l and 0.13 cm s-l and intemal CO2 concentrations (Ci) were, 

respectively, 323 M̂ mol m-2 s'l and 339 ^mol m-2 s-l. A High Ci concentration in both 

cases indicates that photosynthesis was not limited by stomatal conductance. It has been 

reported that stomatal closure reduces dry matter productivity by limiting CO2 diffusion 



29 

10 20 30 40 
VPD (mbars) 

50 60 

Fig 2.10. Relationship between photosynthetic rates (A: jimol/m2 /s) and 
maximum vapor pressure deficit (VPD mbar) for trees on the 
periphery and at die exterior of the stand in 1990 in the southem 
Great Plains. 
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into the leaf and by allowing the leaf temperature to rise in several herbaceous and woody 

species (Tumer et al. 1984). In oil palm (Elaeis guineensis JacgV Smidi (1989) reported 

that high VPDs may limit production even when the plants are not experiencing water 

stress. He indicated that lower conductances in both field and laboratory smdies were 

accompanied by a reduction in photosynthetic rates. In Agropyron desertorum. assimilation 

was sensitive to both temperamre and VPD but leaf conductance was more sensitive to 

changes in VPD than to changes in leaf temperature (Nowak et al. 1988). However, in oil 

palm, reduction in VPD did not induce stomatal opening for severely stressed plants. In 

date palm (Phoenix dactylifera .̂ stomatal closure seems to be relatively insensitive to high 

VPD since the trees can yield well in arid areas as long as the ground water supply is 

adequate (Smidi 1989). 

The decrease in assimilation rates with increased vapor gradients in saltcedar was 

concomitant with decreased conductance, but intemal CO2 concentration remained high. 

Low photosynthetic rates at high Ci can be attributed to mesophyll conductance. According 

to Bradford and Hsiao (1982), mesophyll conductance includes diffusion of CO2 in the 

liquid pathway across cell wall, membranes, and the cytosol to the reaction sites in the 

chloroplast and carboxylation capacity and photochemistry in the chloroplasts. Mesophyll 

conductance can be affected by any changes in the above processes which are related to 

mesophyll water status. A high relationship (R2 = 0.92) was found between net 

assimilation rates (A) and mesophyll conductance (gm) to CO2 in saltcedar (Fig 2.11). This 

close relationship between A and gm suggests diat stomatal conductance exerted littie 

impact on photosyndiesis in saltcedar. The primary role of mesophyll in limiting 

photosynthesis has been observed in odier species (Osonobi and Davies 1980, Farquhar 

and Sharkey 1982, Kozlowski 1984, Melzak et al. 1985, Taskey et al. 1986). In saltcedar, 

A is more limited by gm dian by g (stomatal conductance). Similar results were reported for 
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broom snakeweed (Gutierrezia sarothrapV a suffrutescent shmb, subjected to different 

water regimes in a rainout shelter (Wan et al. 1992). 

VPD coupled to salinity reduced CO2 assimilation rate in many species ( Ball and 

Farquhar 1984a, 1984b). They showed diat reduction in CO2 assimilation in response to 

high salinity and high leaf to air VPD was accompanied by a reduction in stomatal 

conductance, usually resulting in a relatively constant intercellular CO2 concentration. 

Clough and Sim (1989) found the highest assimilation rates in mangrove species that 

possess salt-secreting glands in their leaves. They also showed that stomatal conductance, 

Ci, and intrinsic water use efficiency were all more closely correlated with salinity than 

with leaf to air VPD. On the other hand, they found that CO2 assimilation rates were 

correlated with leaf to air VPD. They concluded that salinity radier than leaf to air VPD was 

the more important environmental factor leading to differences in gas exchange properties 

between 19 mangrove species growing in a broad spectrum of salinity and climatic regimes 

in northem Australia. My data do not support these observations. The saltcedar trees used 

in my smdy grew on a site with high salinity (3.7%). On consecutive days when VPD 

decreases, net assimilation rate and stomatal conductance increase considerably. For 

example on 13 May 1991 VPD was 75.63 mbar, photosynthetic rate and stomatal 

conductance were 5.56 t̂mol m-2 s-l and 0.29 cm s-l, respectively. However on 14 May 

1991 when VPD was 64.1 mbar and the salinity was at the same concentration, 

photosynthetic rate and stomatal conductance were 13.0 p-mol m-2 s-l and 0.53 cm s'l, 

respectively, an increase of 58% and 46%, respectively. Also, the high negative 

relationship between net assimilation rates, stomatal conductance, and VPD support diis 

conclusion. 
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Response of ohotosvnthesis to intemal f fU rnnrpntri»rir.n (ri) 

Stomatal reduction by high VPD and leaf temperatures did not decrease Ci. Ci was 

always above 220 ^mol m-2 s"! when VPD and leaf temperature were maximum. There 

was a significant difference (P<0.003) in Ci in die moming between trees at different 

locations within the saltcedar stand. High Ci values were measured in the trees within the 

interior of the stand. There were no significant differences in Ci among trees on the 

periphery and at the exterior of the stand. Ci differences between treatments disappeared in 

the aftemoon similar to net assimimlation rates. The high Ci obtained in the trees within the 

interior of the stand was primarily caused by low light intensity which affected CO2 uptake. 

The CO2 concentration was always high in the moming at all locations within the stand. 

Air CO2 concentration was above 410 |il/l most of the time early in the moming, but at 

one and a half hour post-sunrise the CO2 concentration was reduced to the normal value 

350-360 |il/l. High Q early in the moming cannot be accounted for only by a high CO2 

concentration. On some days when wind speed was high in the moming and when air CO2 

concentration was around 350 p,l/l, Ci was equally as high as when the CO2 concentration 

was 400*1x1/1. These differ from the results of van Hylckama (1969), who found that in a 

dense saltcedar thicket CO2 concentration may drop to 1(X) |il/l in the aftemoon at low wind 

speed, and the results of Bazzaz and Williams (1991) who reported that the CO2 

concentration in a forest might be quite different from the bulk air. Besides the high CO2 

concentration measured early in the moming at all locations within the stand, atmospheric 

CO2 remained around 350 fxmol m-2 s-l in the aftemoon during the course of the season 

even in still air conditions. Thus, CO2 was not a limiting factor to photosynthesis in 

saltcedar in die southem Great Plains even in still air conditions during die hot aftemoons, 

and no CO2 gradient was found between trees at different locations widiin die stand. 



34 

Intercellular CO2 concentration (Ci) at daily maximum photosyndiesis was above 250 

îl/l during die dry summer 1990. However, during the wet summer of 1991, Ci 

concentration at maximum diumal photosynthetic rate dropped to about 164 îl/l. This 

implies that in dry conditions the mesophyll's ability to fix CO2 is reduced by water stress 

and diat photosyndietic capacity is, tiierefore, limited by inhibiting mesophyll conductance 

instead of lowered CO2 concentration brought about by stomatal closure. 

Seasonal pattems of gas exchange 

Maximum seasonal rates of net assimilation were affected by atmospheric conditions. 

In 1990, a dry year, low photosynthetic rates were recorded in early summer. Significant 

differences (P<0.05) were found between the months sampled. Low photosynthetic rates 

were measured in June and September of 1990, and in August and September of 1991 (Fig 

2.12). In 1990, the high values measured in August and July cannot be attributed to the 

availability of soil water since these months were wet and no correlation was found 

between soil water content and assimilation rates. Differences between the months in 1990 

were caused by high VPD and leaf temperatures were significandy higher (P<0.0015) in 

June 1990 than in the of rest the months sampled. However, in September VPD and leaf 

temperature were low in both years and the low assimilation rates measured in this month 

may be attributed to leaf age which was reported to decreased rates of photosynthesis in 

Artemisia tridentata (DePuit and Caldwell 1973). It has been shown diat in general, net 

CO2 exchange increases rapidly during leaf development, reaching a maximum at 

approximately the time when leaf expansion is complete and the maximum chlorophyll is 

attained (Sayed at al.l989). Subsequendy, net CO2 exchange decreased during the later 

stages of development as the plant approached senescence (Tichh. et al. 1984). 
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Fig 2.12. Seasonal pattems of of average photosynthetic rates 
(A: p,mol/m2 /s) of saltcedar in a dry year (upper) and wet 
year (lower). 
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Decline in net photosyndiesis after full leaf expansion has been attributed to an increase 

m stomatal resistance (Osman and Mildiorpe 1971, DePuit and Caldwell 1975). Stomatal 

conductance in saltcedar was significandy higher in September of 1990 and 1991, but 

mesophyll conductance to CO2 was low indicating that stomatal conductance cannot be 

viewed as the sole limiting factor for photosynthesis. Unlike some species such as 

Gutierrezia sarothrae which control water loss maiidy through a high degree of leaf death 

radier dian stomatal closure (DePuit and Caldwell 1975, Wan et al. 1992), leaf shedding in 

saltcedar may not be explained by a response to water stress. Leaf death in saltcedar 

occurred after a period of stress induced by high VPD and high leaf temperature, but soil 

samples extracted from the pieziometers indicated that water was abundant at the 1-m 

depth. During the dry year, leaf senescence occurred when soil moisture conditions became 

more favorable after substantial rains in July and August. Since the loss of leaves occurred 

only on the lower part of the trees which remained shaded most of the day, this 

phenomenon was common in the trees within the interior and on the periphery of the stand 

which is a response to low light rather than to a water stress. These leaves are not 

assimilating at their optimum, therefore, net photosynthesis was not sufficient to provide 

for their maintenance. Another possible explanation is that senescence took place after the 

maturation of the second set of flowers and that the aboveground portion of the plant 

became a weak sink for assimilates and the translocation is mainly toward the roots. 

Conclusion 

Photosynthetic activity of saltcedar was initiated shortly after dawn and increased as 

light increased reaching a maximum between 0900 hours and 1000 hours central daylight 

time and subsequendy decreased in response to increasing leaf temperature and leaf to air 

vapor pressure deficit. Photosyndiesis of saltcedar was characterized by low rates in dry 
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conditions, but in wet conditions the rates were greater dian those of other phreatophytic 

species. Assimilation rates of trees at die exterior and on die periphery of a stand were 

significantly higher in the moming when radiation was low dian in the trees widun die 

interior of the stand. Average maximum photosynthetic rates were measured in July and 

August in a dry year (1990) and in May and June during a wet year (1991). Leaf 

temperature and VPD were the major limiting factors influencing photosynthesis in 

saltcedar. Photosynthesis was depressed in the aftemoon due to high leaf temperatures and 

high VPDs. 

Neither photosynthesis nor stomatal conductance to water vapor are associated with 

leaf water potential and improvement in water potentials in the aftemoon did not result in an 

increase in photosynthesis. Photosynthesis and stomatal conductance were not correlated 

with soil water content (v/v) in the upper 60 cm of soil suggesting that saltcedar is a tme 

phreatophyte using water direcdy from the shallow water table. Low coirelation was found 

between stomatal conductance and photosynthetic rates as indicated by high intemal CO2 

concentration at low stomatal conductance. However, mesophyll conductance and 

photosynthesis were highly correlated indicating that photosynthesis in saltcedar is more 

limited by mesophyll conductance than by stomatal conductance. Both photosynthesis and 

stomatal conductance were negatively affected by high leaf temperatures and high VPDs. 

Stomatal conductance was high late in the season presumably because of low leaf 

temperature and low VPD, but photosyndiesis was very low presumably because of leaf 

age. 



38 

Uteramrentpd 

Anderson, J.E. 1977. Transpiration and photosyndiesis in saltcedar. Hydrology and Water 
Resource in Arizona and die Soudiwest. 7:125-131. 

.—.1982. Factors controlling transpiration and photosynthesis in Tamarix 
chinensis Lour. Ecology. 63:48-56. 

Ball, M.C., and G.D. Farquhar. 1984a. Photosynthetic and stomatal responses of two 
mangrove species, Aericeras comiculamm and Avicennia marina to long term salinity 
and humidity conditions. Plant Physiol. 74:1-6. 

^ 1984b. Photosynthetic and stomatal responses of the 
grey mangrove, Avicennia marina, to transient salinity and vapor pressure deficit. 
Oecologia. 74:7-11. 

Bazzaz, F.A., and W.E. Williams. 1991. Atmospheric CO2 widiin a mixed forest: 
Implication for seedling growth. Ecology.72:12-16. 

Berry, J., and O. Bjorkman. 1980. Photosyiithetic responses and adaptation to temperature 
in higher plants. Ann. Rev. Plant Physiol. 31:491-543. 

Bjorkman, O., J. Boynton, and J.Berry. 1976. Comparison of heat stability of 
photosynthesis, chloroplast membrane reactions, photosynthetic enzymes, and soluble 
protein in leaves of heat-adapted and cold-adapted C4 species. Camegie Institute 
Washington Yearbook. 75:400-407-

Blackbum, H.W., J.L. Schuster, and R.W. Knight. 1982. Saltcedar influence on 
sedimentation in the Brazos River. J. of Soil and Water Conserv. 37:362-371. 

Bradford, H.J., and T.C. Hsiao. 1982. Physiological responses to moderate water stress, 
p. 265-312. In O.L. Lange, P.S. Nobel, C.B. Osmond, and H. Ziegler (ed.) 
Physiological Plant Ecology, n. Spring-verlag, Berlin, Heidelberg, New York. 

Campbell, J.C. 1970. Ecological implication of riparian vegetation management. J. Soil 
and Water Conservation. 25:49-52. 

Clough, B.F., and R.G. Sim. 1989. Changes in gas exchange characteristics and water 
use efficiency of mangroves in response to salinity and vapor pressure deficit. 
Oecologia. 79:38-44. 

Cohan, D.R., W. Anderson, and R.D. Ohmart. 1978. Avian population responses to 
saltcedar along die lower Colorado River. USD A, For. Serv. Tech. Rep. WO-12. pp. 
371-381. 



Comic, G., and J. Ghashghaie. 1991. Effect of temperamre on net CO2 assimilation and 
photosystem n quanmm yield of electron transfer of French bean (Phaseolus vulgaris 
L.) leaves during drought stress. Planta, 185:255-260. 

DePuit, E.J., and M.M. Caldwell. 1973. Seasonal pattern of net photosyndiesis of 
Artemisia tridentata Amer. J. Bot. 60:426-435. 

. 1975. Gas exchange of three cool semi-desert species 
in relation to temperature and water stress. J. Ecol. 68:835-858. 

El Sharkawyai, M.A., J.H. Cook, and K.A.A. Held. 1984. Water use efficiency in in 
cassava and odier warm-climate species. Crop Science. 24:503-507. 

Everitt, B.L. 1980. Ecology of saltcedar. A plea for research. Environ. Geol. 3: 77-84. 

Farquhar, G.D., and T.D. Sharkey. 1982. Stomatal conductance and photosynthesis. Ann. 
Rev. Plant Physiol. 33:317-345. 

Gardner, W.H. 1965. Water content, in C.A. Black (ed.). Methods of Soil Analysis. Part 
1. Agronomy. 9: 82-127-

GoUan, T., J.B. Passioura, and R. Munns. 1986. Soil status affects the stomatal 
conductance of fully mrgid wheat and sunflower leaves. Aust. J. Plant Physiol. 13: 
459-464. 

Hanson, J.D. 1982. Effect of light, temperature and water stress on net photosynthesis in 
two populations of honey mesquite. J. Range Manage. 35:455-459. 

Henson, I.E., C.R. Tensen, and N.C. Tumer. 1989. Leaf gas exchange and water 
relations of lupin and wheat. I. Shoot responses to water deficits. Aust. J. Plant 
Physiol. 16: 401-413. 

Hollingsworth, E.B., D.C. Jaramillo, and P.C. Quimby. 1979. Control of saltcedar by 
subsurface placement of herbicides. J. Range Manage. 32: 288-291. 

Horton, J.S. 1964. Notes on the introduction of deciduous tamarisk. U.S. Forest Service 
Research. Note RM-16. 

Howard, S.W., A.E. Dirar, J.O. Evans, and T.S. Provenza. 1983. The use of herbicides 
and/or fire to control saltcedar (Tamarix). Westem Soc. of Weed Sci. Proc: 36:67-72. 

Knapp, A.K., and W.K. Smidi. 1990. Stomatal and photosynthetic responses to variable 
sunlight. Physiol. Plant. 78: 160-165. 

Kozlowski, T.T. 1984. Effect of flooding on water, carbohydrates, and mineral relations, 
pp 165-193 in Kozlowski T.T. (ed.) Flooding and plant growdi. Academic Press Inc., 
New York. 

Larcher, W. 1980. Physiological Plant Ecology. Spring-Verlag, New York. 



40 

Melzak,R.N., B. Bravdo, and J. Rioo. 1985. The effect of water stress on photosyndiesis 
in Pinus halpensis Physiol. Plant. 64: 295-300. 

Meyer, R.E., J.D. Hanson, and A.J. Dye. 1983. Correlation of mesquite response to 
herbicides widi duee plant variables and soil water. J. Range Manage. 36:613-615. 

Mooney, H.A., B.B. Simpson, and O.T. Solbrig. 1977. Phenology, morphology, 
physiology, pp26-43 in: Simpson B.B. (ed.) Mesquite: its biology in two desert 
ecosystems. Dowden, Hutchinson and Ross Inc: Stondsburg, Penn. 

., O. Bjorkman, and G.J. Collatz. 1978. Photosynthetic acclimation to 
temperature in the desert shmb, Larrea divaricata. I. Carbon exchange of intact leaves. 
Plant Physiol. 61: 406-410. 

Nowak, R.S., J. E. Anderson, and L.T. Nancee. 1988. Gas exchange of Agropvron 
desortomm: diumal pattems and responses to water vapor gradient and temperature. 
Oecologia. 77: 289-295. 

Osman, A.M., and F.L. Milthorpe. 1971. Photosynthesis of wheat leaves in relation to 
age, illuminance and nutrient supply, n. Results. Photosynthetica. 5: 61-70. 

Osonubi, O., and W.J. Davies. 1980. The influence of water stress on the photosjmthetic 
performance and stomatal behavior of tree seedlings subject to variation in temperature 
and irradiance. Oecologia. 44:317-345. 

Robinson, T.W. 1965. Introduction, spread and areal extent of saltcedar in the Westem 
States. U.S. Geol. Surv. Prof. Paper 491-A. 31p. 

Sayed, O.H., M.J. Emes, M.J. Eamshaw, and R.D. Butler. 1989. Photosynthetic 
responses of different varieties of wheat to high temperatures. J. Exp. Bot. 40: 625-
631. 

Scholander, P.F., H.T. Hammel, E.D. Bradstreet, and E.A. Hemmingsen. 1965. Sap 
pressure in vascular plants. Science. 148: 339-346. 

Sims, D.A. and R.W- Pearcy. 1989. Photosynthetic characteristics of a tropical forest 
understory herb, Alocasia macrorrhiza. and a related crop species, Alocasia 
macrorrhiza grown in contrasting light environments. Oecologia. 79: 53-59. 

Sinclair, T.R., and M.M. Ludlow. 1985. Who taught plant thermodynamics? The 
unfulfilled potential of plant water potential. Aust. J. Plant Physiol. 12: 213-217. 

Smith, B.G. 1989. The effects of soil water and atmospheric vapor pressure deficit on 
stomatal behavior and photosynthesis in the oil palm. J. Exp. BoL 40: 647-651. 

Strain, B.R., and J.D. Cure. 1985. Direct effect of increasing carbon dioxide on 
vegetation. DOE/ER-0238. United States Department of Energy. National Technical 
Information Service, Springfield, Virginia. 



41 
Tenhunen, J.D., O.L. Lange, and M. Braun. 1981. Midday stomatal closure in 

Mediterranean type sclerophylls under simulated habitat conditions in an environmental 
chamber.n. Effect of the complex of leaf temperamre and air humidity on gas 
exchange of Arbums nnedn and Ouercus ilex. Oecologia. 50: 5-11. 

Tich^, I., J. Catsky, M. Peisker, and M. Kase. 1984. The ontogenic pattem of leaf 
photosynthesis as affected by irradiance, carbon dioxide concentration and 
temperature. In advances in photosynthesis research. Volume IV. (ed.) C. Sybesma. 
M. Nijtof^r. Jank PubUshers, The Hague, pp 255-258. 

Tumer, N.C, E.D. Schulze, and T. GoUan. 1984. The response of stomata and leaf gas 
exchange to vapor pressure deficits and soil water content I. Species comparisons at 
high soil water content. Oecologia. 63:338-342. 

van Hylckama, T.E.A. 1969. Photosynthesis and water use by saltcedar. Bulletin of the 
International Association of Scientific Hydrology. 14:71-83. 

Wan,Ch., and R.E. Sosebee. 1990. Characteristics of photosynthesis and conductance in 
early and late leaves of honey mesquite. Bot. Gaz. 151:14-20. 

1991. Water relations and transpiration of honey mesquite 
on 2 sites in west Texas. J. Range Manage. 44: 156-160. 

, and B.L. MacMichael. 1992. Physiological responses of 
Gutierreza sarothrae to soil water deficit. I. Photosynthesis, stomatal conductance, 
canopy development, and water use effeciency. J. Range Manage, (in review). 

West, N.E., and R.W. Wein. 1971. A plant phenological index technique. BioScience. 21: 
116-117. 

Wiedemann, H.T., and B.T. Cross. 1978. Water inundation for control of saltcedar along 
the periphery of lakes, p 229. in B. Tmelove (ed.). Proceedings Southem Weed 
Science Society 31st Aimual Meeting. Aubum University Printing Servic, Aubum, 
Ala. 439pp. 

Yamashita, T., and W.L. Buder 1968. Inhibition of chloroplasts by UV irradition and heat 
treatment. Plant Physiol. 43: 2937-2040. 

Zhang, J., U. Schurr, and W.J. Davies. 1987. Control of stomatal behavior by abscissic 
acid which apparentiy originates in the roots. J. Exp. Bot. 38: 1174-1181. 



CHAPTER m 

TFUyvJSPIRATION AND WATER USE BY SALTCEDAR 

(TAMARIX GAT .T.|f^\ IN THE SOUTHERN GREAT 

PLAINS 

Introduction 

Saltcedar has been a noxoius plant in the arid and semi-arid regions of the westem 

states since 1930 (Robinson 1965). Saltcedar (Tamarix pentandra and T. gallica escaped 

cultivation and exploited riparian zones and soil with shallow water tables. T- pentandra 

grows prcdominandy along river bottoms throughout the West, but T. gallica appears 

confined to salty soils in Texas (Robinson 1965). 

Mature saltcedar plants are tolerant of heat, cold, drought, flood, and high 

concentration of dissolved solids (Everitt 1980). Saltcedar was found in Death Valley, 

Califomia where the ground water contains as much as 5% of dissolved solids (Robinson 

1965). Saltcedar absorbs dissolved solids and excludes salts through glands in its leaves 

(Decker 1961). Mature saltcedar can survive innundation for as long as 70 days (Warren 

and Tumer 1975). It is characterized by longevity. Horton (1977) indicated that some 

individual saltcedar trees reportedly 75 to 1(X) years of age have not yet shown signs of 

deterioration. 

Saltcedar purportedly is one of the greatest water users of all phreatophytes. The 

aimual rate of utilization of ground water by saltcedar depends upon several factors such as 

cover, density, size of the plants, depth to water table, and climatic conditions. 

Consumptive water use is greatest where the height and density are at a maximum, the 

water table occurs at shallow depths and the climate is hot and dry (Robinson 1965). 

Estimation of the water consumption by saltcedar stands is largely based on lysimeter 

and water budget smdies. Robinson (1965) estimated diat a tall dense stand of saltcedar in a 
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dry, hot climate uses more than 27,752.5 m^ of water per hectare. Van Hylckama 

measured the maximum annual water use of 31,465 m^ per hectare. Porometry smdies in 

T. Chmensis at Bemardo, New Mexico showed that the amount (weight) of water 

transpired by a saltcedar twig at 30° C and 45% relative humidity exceeded its own fresh 

weight each hour (Anderson 1982). Anderson (1982) also reported diat leaf resistance to 

water vapor increased linearly with increases in the leaf-air humidity gradient which 

reduced the water loss and improved water use efficiency of saltcedar during hot 

aftemoons. 

Despite its reputation as the highest consumptive water user among all phreatophytes, 

the quantity of water used by T. gallica in the southem Great Plains has not been smdied. 

Neither has the transpiration of the trees at different locations within a dense stand been 

smdied. Therefore, the objectives of this smdy were to: 

1. determine the diumal and seasonal transpiration pattems of T. gallica at three 

locations within a stand (interior, periphery, and exterior), 

2. describe the pattems of diumal and seasonal cycles of stomatal conductance to 

water vapor over the growing season (May through September), 

3. consider the relationships of stomatal conductance to various environmental 

factors, and 

4. evaluate the control of stomatal conductance on the transpiration rate. 

Results and discussion 

The methods and material of this chapter was discussed in the Chapter II. 

Transpiration rates in saltcedar are greatest during rainy periods. Even under dry 

conditions, saltcedar transpires more than die associated phreatophytes (mesquite) supplied 

with adequate water. Drought has a significant effect in reducing die transpiration rates of 
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saltcedar through stomatal control. In 1990, a dry year, the rate of transpiration was 

reduced by more than 50% compared to a wet year (1991). Trees at different locations 

within the stand transpired similarly under dry or wet conditions. There were no significant 

differences between trees within the interior, at the periphery, and on the exterior of a 

saltcedar stand during growing seasons (May through September) of 1990 and in 1991. 

Although there was a significant difference in leaf temperature between trees at different 

locations within the stand, this difference did not have a significant effect on the 

transpiration rate, suggesting that a higher leaf temperature is required to induce stomatal 

closure which can significandy affect the transpiration rate of the trees at different locations 

within the stand. 

Diumal trends of transpiration rates, twig water potential, 
and stomatal conductance 

Transpiration rates 

The diumal cycles of transpiration were the product of stomatal conductance and vapor 

pressure deficit (VPD). The maximum transpiration rates occurred later in die day in bodi 

1990 and 1991 than the maximum conductance because VPD was low early in the 

morning. The midday depression in stomatal conductance was not reflected by decreasing 

transpiration rates (Fig 3.1) because VPD remained high.Transpiration rates increased widi 

an increasing VPD; die maximum rate was reached at different times in 1990 and 1991. In 

1990, the maximum transpiration rate was measured at 1200 hours, while the maximum 

VPD was measured at 1400 hours. However, in 1991, bodi transpiration rates and VPD 

reached dieir maxunum values at 1400 hours (Fig 3.2), indicating diat saltcedar continues 

to exhibit high rates of transpiration at moderate VPDs. When VPD mcreases beyond a 

direshold (45 mbar), transpiration is substantially reduced du-ough a stomatal control. This 
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Fig 3.1. Diumal changes of transpiration rate (E: mmol/m2/s) and stomatal 
conductance (g: cm/s) on a typical summer day in August 1990 in 
the southem (S-eat Plains. 
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Fig 3.2 Diumal pattems of transpiration rates (E: mmol/m2 /s) and vapor 
pressue deficit (VPD: mbar) on a dry day (upper) and wet day 
(lower), for the trees at the exterior of a saltcedar stand in 1990 in 
the southem Great Plains. 



47 

stomatal adjustment in response to high VPD implies diat die root uptake could no longer 

meet the transpuation demand. 

Average transpiration rates in 1990 were very low compared to the rates obtained in 

1991. On a hot summer day in June 1990, the average transpiration rate ranged from 2.0 

rmmol m-2 s'l at 0730 hours to 9.3 m mol m-2 s-1 at 1200 hours. These values are much 

greater dian diose reported for T. chinensis in New Mexico (2.3 mmol m-2 s-1) (Anderson 

1982) and those measured in mesquite (Prosopis glandulosa't (1.46 mmol m-2 s" 1) (Wan 

and Sosebee 1991). On a wet summer day (1991), the average transpiration rate varied 

from 4.4 mmol m-2 s'l at 0800 hours to 21 mmol m-2 s-1 at 1400 hours which is 5-fold 

greater than those reported for mesquite growing with ample soil water in west Texas (Wan 

and Sosebee 1991). The average maximum transpiration rate of saltcedar was very high 

and was greater than most other phreatophjrtic species. In 1990 (a dry year), the maximum 

transpiration rate was 18.7 mmol m"2 s"l on 27 August at 1530 hours, while in 1991 (a wet 

year), the maximum transpiration was 25.3 mmol m-2 s-l was measured at 14(X) hours on 

28 August 1991. However, values as high as 30 mmol m-2 s-l were obtained in a separate 

smdy on the same day in small trees growing in soil with a higher water table (0.6 m). 

Water use by saltcedar in this area might be related to the accessibility to water from a 

shallow water table which was 2.74 m below the soil surface during dry periods and 1.5 m 

below the surface after high rainfall (95 mm) in June 1991. Van Hylckama (1963) reported 

that saltcedar uses more water when the water table is near the surface. He found that 

saltcedar trees growing in a lysimeter used 36% more water when the depth to water table 

was 1.5 m than when it was 2.7 m. He further indicated that trees growing in areas with a 

higher water table grow and develop more rapidly dian trees growing in soil with a deeper 

water table. He concluded that saltcedar does not grow or develop at Buckeye, Arizona, 

because the depth to water table is 5.4 m or more. 
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Stomatal conductance 

Diumal responses of stomatal conductance to changes in environmental conditions 

were very apparent in saltcedar in die southem Great Plains. Maximum conductance 

occurred in die moming (0700-0800 hours. Fig 3.3) when leaf temperature and VPD were 

low and twig water potential was high. As VPD and leaf temperamre increased and twig 

water potential decreased, stomatal conductance decreased and reached a minimum at 16(X) 

hours. Although there was a substantial recovery of the twig water potential following the 

midday minimum, it did not have a significant effect on the stomatal conductance which 

continued to decrease during the aftemoon in response to a high VPD and high leaf 

temperature, suggesting that the bulk leaf water potential had litde effect on the stomatal 

conductance. This is further shown by the data collected on hot, dry days in June 1990, 

and in May 1991 when stomatal conductance remained very low and almost constant 

during the day, yet the twig water potential was high (Fig 3.4). During typical hot and dry 

summer days stomatal conductance was very low and almost constant. There was no 

significant difference in stomatal conductance among times during the days in June 1990 

and in May 1991 the hottest and driest months of the smdy. However, the differences in 

stomatal conductance were highly significant among the times during the day (P<0.(X)1) for 

the rest of the period sampled. Maximum conductance was obtained early in the moming 

and the minimum at 16(X) hours sometimes with no significant differences between the 

measurement at 14(X) hours and at 1600 hours. 

On hot summer days, the maximum stomatal conductance (0.58 cm s-l ) was 

measured when predawn water potential was -1.0 MPa and the minimum conductance 

(0.13 cm s-l) occured when predawn water potential was -1.9 MPa for the trees at the 

exterior of the stand. On wet summer days the conductance was very high (4.36 cm s-l) in 
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Fig 3.3. Upper: diumal pattem of transpiration rate (E, mmol/m2 /s) in 
June (wet day) and in May (dry day). Lower: Stomatal conductance 
(g: cin/s) in June (wet day) and in May (dry day) in 1991 for the 
plants at die exterior of die stand in the southem Great Plains. 
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Fig 3.4. Diumal changes of stomatal conductance (g: cm/s) and twig water 
potential (XWP: MPa) on a wet day (6/12/91) and a dry day 
(5/13/91). 
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die moming (0810 hours) when predawn water potential was -0.6 MPa and the minimntn 

conductance (0.39 cm s-l) was measured at 1600 hours when twig water potential was -1.8 

MPa. Lower twig water potential did not have a significant effect on stomatal conductance 

in saltcedar. On 28 August 1991 stomatal conductance at midday was 1.3 cm s-l when twig 

water potential was -4.1 MPa and VPD and leaf temperamre were 38.85 mbar and 34° C, 

respectively. However, on 13 May 1991, midday stomatal conductance was 0.47 cm s-1 

when twig water potential was -2.6 MPa and VPD and leaf temperature were 57.14 mbar 

and 39.32° C , respectively, indicating that stomatal conductance is more sensitive to VPD 

(R2 = 0.83) (Fig 3.5) and leaf temperamre than to the bulk water potential (R2 = 0.20). 

These results support Sheriffs (1979) postulation that VPD influences stomatal 

conductance direcdy without influencing the bulk leaf water potential. The mechanism of 

this direct effect of humidity is not known, but it may involve gradients of water potentials 

in the epidermis that are independent of the bulk leaf water potential (Jarvis 1980, Maier-

Maercker 1983). 

Transpiration rates were reduced by approximately 52% by high aftemoon leaf 

temperatures. The lowest transpiration rates occurred at high leaf temperatures and at low 

relative humidity. This reduction in transpiration was achieved through an efficient stomatal 

response to a high temperature and a high VPD. For the trees at the exterior of the stand the 

average diumal transpiration rates were 5.4 mmol m-2 s-l and 11.26 mmol m-2 s-l on 5 

June 1990 a hot and dry day, and on 2 July 1990 a wet day, respectively. The respective 

average stomatal conductances for these days were 0.47 cm s-l and 1.27 cm s-l, indicating 

that stomatal conductance decreases as VPD increases which is a dessication avoidance 

mechanism diat allows die plant to control water loss under high atmospheric evaporative 

demand. This mechanism exists in phreatophytes which previously were considered to 

transpire in direct response to the atmospheric demand. 
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Fig 3.5. Relationship between daily average stomatal conductance (g: cm/s) 
and maximum vapor pressure deficit (VPD: mbar) in 1990 in the 
southem Great Plains. 
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Reduction in stomatal conductance in response to high VPD was found in herbaceous 

and woody species, however, a high sensitivity of stomata to VPD was found in woody 

species alone (Tumer et al. 1984). Anderson (1982) reported diat die stomatal mechanism 

in T.ghingnsis provided a finely mned system for preventing excessive water loss and 

increasing water use efficiency by responding to prevailing environmental conditions. 

Tenhunen et al. (1981) pointed out that as leaf temperamre approached 34° C in Arbums 

Vingdo and Ouercus ilex , stomata close and reopen late in the aftemoon resulting in a 

bimodal curve for transpiration. They further indicated that the critical temperature region in 

which stomata close and limit water loss was between 30° C and 35° C. In saltcedar, 

stomata did not reopen in the aftemoon. Critical temperatures that induced partial stomatal 

closure were much higher (between 38° C and 48° C) mainly because the high transpiration 

rate exhibited by this species dissipates the energy absorbed. 

Estimation of the transpiration in mesquite mirrored the potential evaporation (Dugas et 

al. 1992). In some species such as Pmnus spinosa. Acer campestre. and Rubus 

corylifolius. stomatal response to low VPD remained constant throughout most of the 

season (Kuppers 1984). These species showed that with increasing leaf to air vapor 

pressure difference, transpiration increased and reached a maximum at 12-14 mbar beyond 

which the stomata effectively reduced water vapor loss. In saltcedar transpiration and 

stomatal conductance responses to increasing VPD varied from dry to wet conditions. 

When the plants were subject to environmental drought, average transpiration rates 

increased from 3.0 mmol m-2 s-l when VPD was 12.73 mbar at 0745 hours to a maximum 

of 9.3 mmol m-2 s-l at 1130 hours when VPD was 50.76 mbar. During wet conditions, 

however, the average transpiration rate increased from 10.3 mmol m-2 s-l at 0730 hours 

when VPD was 7.7 mbar to a maximum of 21.5 mmol m-2 s-l at 1200 hours when VPD 
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was 42.65 mbar. Average transpiration rates decreased when VPD exceeded 44 mbars. 

Apparentiy a threshold VPD occumed between 36 and 45 mbars. 

Stomatal conductance decreased much earlier than the transpiration rate. During the hot 

and dry weather conditions, stomatal conductance peaked early in the moming at a VPD of 

about 20.47 mbar, it then declined rapidly when VPD exceeded 50 mbar. During wet 

periods, the conductance peaked at ICXX) hours when VPD was 12.33 mbar and decreased 

as VPD increased. It seems that the threshold VPD at which saltcedar stomata start to close 

was around 45 to 50 mbar in the dry season and about 12 to 20 mbar in wet periods. 

Similar trends were documented for mesquite in west Texas ( Wan and Sosebee 1991); 

however, the threshold VPD for saltcedar was higher than that reported for mesquite. 

High rates of transpiration had a significant impact on the leaf temperatures. In the 

moming leaf temperamre was maintained close to the air temperature; however, in the 

aftemoon, leaf temperature was 1 to 2° C less than the air temperature during the hot and 

dry summer days. On 5 June 1990, trees at different locations within the stand exhibited 

leaf temperatures 2 to 3° C less than the air temperatures (44° C). Higher transpiratiopn 

rates not oidy kept leaf temperatures in a lower range, but also helped to maintain leaf 

turgor which is believed to be associated with stomatal conductance (Nilsen et al. 1981). 

High transpiration rates provided a means to dissipate the solar energy absorbed, thus 

avoiding hazardous heat stress and maintaining functional photosynthetic machinery. 

Through this mechanism, saltcedar maintained a positive photosynthetic rate under extreme 

weather conditions when several herbaceous and woody species (mesquite) usually suffer 

heat stress which leads to negative carbon balance on hot summer aftemoons (Wan and 

Sosebee 1991). This mechanism would allowed saltcedar to continue to assimilate and 

build phytomass and to develop an extensive deep root system which gives diis plant a 

competitive advantage over other species. This may also explain the absolute dominance of 
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saltcedar in a plant community in which it displaces desirable vegetation. The aggressive 

namre of saltcedar was previously reported by several audiors (Tomanek and Ziegler 1960, 

Gary 1963, Horton and Campbell 1974, Watts et al. 1977). 

Twig water potential 

Twig water potential measured from excised twig in the middle of die trees, decreased 

with increasing environmental stress caused by increasing radiation, temperature, and 

VPD. Predawn twig water potential remained relatively constant (-1.5 to -1.8 MPa), except 

in Jime 1991 when it increased to -0.6 MPa. These results are lower than those reported for 

T. chinensis at Bemardo, New Mexico (Anderson 1982), presumably because of high 

salinity (3.7%) which decreased the osmotic component of the soil water potential. These 

data are, however, higher than those reported for mesquite in this same geographic area 

(Wan and Sosebeel991) and those of several phreatophytes in the Sonoran desert of 

Califomia (Nilsen et al. 1983). 

Water potential at midday decreased to -3.0 MPa and -3.5 MPa. Most of die time in the 

aftemoon the water potential increased, but on a few occasions it remained constant. The 

minimum midday twig water potential was measured on 29 August 1991 to be -4.2 MPa in 

one tree on die periphery of the stand. Usually, twig water potential increased in the 

aftemoon by about 0.6 MPa (Fig 3.6) indicating partial stomatal closure m response to a 

high VPD and high leaf temperatures, since diere was no cortelation between stomatal 

conductance and leaf water potential (r = 0.45). Similar trends were observed in Prosopis 

glaadlllQSa in die Sonoran desert of Califomia. However, once die leaf water potential in 

diis species dropped below -4.0 MPa die stomata closed rapidly (NUsen et al. 1983). In 

Pinyon pine (Bm^j^M^Engchn), die stomata close at much higher twig water potentials 

(-2.0 MPa), but in juniper f TirTn^^ n^nnospertna Sarg.) stomatal closure occuned at -4.5 

MPa leaf water potential (Lajtiia and Bames 1991). Such phenomena were not displayed in 
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Fig 3.6. Average monthly changes of twig water potential (XWP: MPa) for 
saltcedar in the southem Great Plains in 1991. 
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Fig 3.7. Stomatal conductance (g: cm/s) and twig water potential 
(XWP: MPa) at high water potential (6/12/91) and low water 
potential (8/28/91). 
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saltcedar which maintained adequate stomatal conductance at lower water potential (Fig 

3.7). The midday stomatal conductance on 29 August 1991 was 0.46 cm s-l when twig 

water potential was -4.2 MPa suggesting that there is a considerable diumal osmotic 

adjustment so diat turgor pressure is not lost rapidly during die day. This mechanism 

allows die plant to achieve high productivity rates, because water loss is not curtailed and 

diumal leaf water potential decreases rapidly while stomata remain open. 

Average midday twig water potential varied from -2.5 MPa to -3.5 MPa m bodi 1990 

(a dry year) and 1991 (a wet year) (Fig 3.6). Apparentiy saltcedar was utilizing ground 

water to maintain a constant high dawn water potential and a constant midday water 

potential in different soil water regimes. This response also provides evidence of the 

phreatophytic characteristic of this plant and supports the lack of relationships between soil 

water content in the 60-cm profile with the photosynthetic rates and stomatal conductance. 

Maintenance of high conductance values at low water potential was also documented for 

Acacia greggii in the Sonoran desert of California (Nilsen et al. 1984). T. gallica midday 

twig water potential was lower than those measured in T. chinensis probably as result of 

high salinity in our smdy area. 

Maintenance of high stomatal conductance at low leaf water potential in Tt saUica 

merits further investigation relative to osmotic adjustment which is apparentiy occurring in 

diis species and which may be die main reason for high conductance under very dry 

conditions. Salt may be a major substrate contributing to the osmotic adjustment in 

saltcedar since it is excreting a considerable amount. Most of die time when die humidity 

was high in die monung, die viscosity was also high on die surface of die leaves because 

of amount of dissolved salts. 

Osmotic adjustment occurs in several phreatophytes (NUsen et al. 1981,1983,1984). 

In Prosopis glandulosa die total seasonal osmotic adjusmient at fuU turgor was 1.80 MPa 
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and at zero mrgor it was 2.45 MPa (Nilsen et al. 1984). Hsiao (1973) indicated diat 

seasonal and diumal osmotic adjustment resulted in die maintenance of mrgor potential, 

which was critical for drought avoidance. Saltcedar apparentiy maintained positive mrgor 

as a result of osmotic adjustment which allowed carbon fixation during a period of lower 

VPD in die aftemoon. Consequendy, saltcedar is adapted to severe climatic conditions 

widi die abiUty to maintain growdi during very dry environmental conditions when most of 

die co-occurring phreatophytes close their stomates. 

Seasonal pattems of the transpiration rates, stomatal 
conductance, and twig water potential 

Transpiration Rates 

Magnimde of the difference in transpiration rates between the months sampled was 

affected by die dryness of die year (Fig 3.8). During 1990 (die dry year), die differences 

between the months sampled were significant (P<0.047); however in 1991 (die wet year), 

these differences were highly significant (P<0.(X)06). In 1990, the monthly maximum 

average transpiration rate was measured in August (8.09 mmol m-2 s-l) and the miiumum 

was recorded in June (5.5 mmol m"2 s-1). It is important to note that the difference was not 

significant between the transpiration rates recorded in July and August, nor between those 

measured in September and June. The lowest rates measured in June 1990 were mainly die 

consequence of higher significant VPDs and leaf temperatures (P<0.0015) in diis mondi 

dian during die rest of die growing season. Aftemoon leaf temperature was maxunum m 

June (430 C) and was around 37° C m die other mondis sampled (Fig 3.9). Lower 

transpiration rates in June were also die results of low stomatal conductances. The values 

recorded during June 1990 were significandy lower (P<0.0004) dian during die rest of die 

sampling season (Fig 3.9). During the wet year (1991), the pattems were somewhat 

different. The transpiration rates were substantially higher dian in 1990 and die average 
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Fig 3.8. Monthly maximum changes of the ttanspiration rate 
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(E: moml/m2/s) (lower) in a dry (1990) and a wet (1991) year for 
saltcedar trees at the exterior of the stand in the southem 
Great Plains. 
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Great Plains in 1991. 
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maximum was measured late in die season. TTiere was a highly significant difference m die 

transpiration rates between die months sampled (P<0.0006) in 1991. Highest monthly 

average transpiration rate was measured in September (14.5 mmol m-2s-l) and die lowest 

was obtained in May and June (8.43 and 9.57 mmol m-2 s-l, respectively). Low 

transpiration rates in May can be related to die extremely high VPDs and leaf temperatures. 

Significant differences (P<0.0067) in VPD were observed between die different mondis 

sampled. Highest VPDs were measured in May and the lowest in September. Leaf 

temperature followed similar pattems. Low transpiration rates measured in June cannot, 

however, be explained by high VPD since this parameter was moderate during this month. 

Seemingly transpiration was reduced during this period by low soil temperature. Soil 

temperature in the 60 cm-profile was about 22.2^ C when the soil water content was 

17.6%. Since low soil temperatures and poor aerobic conditions sometimes occur 

concomitantiy they may both be responsible for reduction in transpiration when the soil is 

saturated. When the soil was saturated and the soil temperature was reduced to 21.5° C, 

transpiration in mesquite was reduced by 16% for the trees growing on a clay loam site 

(Wan and Sosebeel991). 

Stomatal conductance 

Stomatal conductance exhibited a similar pattem to diat described for ttanspiration. No 

significant differences between trees at different locations widiin a dense stand of saltcedar 

were found indicating diat die trees transpired at die same rate per unit leaf area during die 

entire season, even diough diey are not assimilating at die same rate in die moming. Lack 

of significam differences between trees at different locations widiin die stand can be 

explained by die absence of significant differences in die moming between VPDs and leaf 

temperatures in die trees at different locations widim die stand. The difference became 
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significant only in the aftemoon after the maximum transpiration was reached and 

transpiration started to decrease. 

Stomatal conductance was significandy different (P<0.004) among the months 

sampled in bodi 1990 and 1991. Mondily average stomatal conductance was high late in die 

season in 1990 and 1991, 1.21 cm s-1 and 1.26 cm s-1, respectively. It was low in May 

1991 and June 1990, 0.62 cm s-1 and 0.52 cm s-l, respectively, which were unusually hot 

and dry. The high values of stomatal conductance even under very dry conditions 

maintained high transpiration rates and allowed die plant to continue to assimilate when 

most of the associated plants have a negative carbon balance. 

Midday stomatal conductance increased from May through September. The difference 

between the maximum stomatal conductance and the midday stomatal conductance should 

be a sigmficant indicator of plant water stress (Nilsen et al. 1983). This index represents 

the magnimde of the midday stomatal closure previously considered a good indicator of 

plant water stress (Tenhunen et al. 1981). The greatest difference between midday and 

maximum stomatal conductance occurred in September (Fig 3.10), but this index gradually 

decreased from May through August. The midday decrease in stomatal conductance was 

negatively related to VPD and leaf temperamre (Fig 3.5). However in other species 

stomatal conductance was more closely related to water potential (Biscoe et al. 1976, 

Nilsen and Muller 1981) and to VPD (Schulze et al. 1974, Nilsen et al. 1983). 

Leaf age might have also influenced die magnimde of midday stomatal closure early in 

die season. It is possible diat young leaves responded more rapidly to changes in VPD dian 

older leaves. A greater midday decrease in stomatal conductance suggests that die seasonal 

variability in die midday stomatal closure is strongly influenced by die sensitivity of 

stomata to changing VPD. The greatest sensitivity of stomata to VPD occurred during May 

and June when the leaves were young. As leaves aged and became senescent from late 
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Fig 3.10. Seasonal changes of maximum stomatal conductance (Max g), 
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g - g at Midday) for 1991. 
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to September, stomatal sensitivity to VPD decreased. Sunilar results were reported 

SOPis Slandtilosa where the sensitivity of stomata to VPD decreased from May 

Febmary (Nilsen et al. 1983). 

ater potential 

asonal pattems of twig water potential in saltcedar remained relatively constant 

lOut 1990 and 1991. except in June 1991 when water potential was high. Since no 

> decline in environmental stress was noticed between May and June, die high water 

d seemed to be related to die amount of rainfall received during this month (94.9 

ng 3.11). The soil was samrated and die water apparentiy leached the salt out of 

zone; hence, the soil osmotic potential became negligible. Nilsen et al. (1984) 

ed that predawn water potential is influenced by changes in osmotic potential, 

/er, this suggests that like mesquite, saltcedar absorbs water from the top soil when 

ailable and uses ground water once the water was depleted from the top soil. Except 

; 1991 when predawn twig water potential increased to -0.6 MPa, the magnimde of 

ater potential changes were small during both 1990 and 1991, suggesting that this 

» used the ground water during the entire growing season. Similar results were 

d for Pinus ponderosa (DeLucia et al. 1988). 

asonal midday twig water potential varied from -2.5 MPa to -3.5 MPa m bodi 1990 

>91. However, some trees on die periphery of the stand had lower leaf water 

als, once in July 1991 and twice in August 1991. On 10 July 1991, twig water 

al in a tree on die periphery of die stand was -4.0 MPa while odier trees at die same 

n exhibited a higher water potential. On 28 and 29 August 1991, twig water potential 

J at die periphery were -4.1 and -4.2 MPa, respectively, while odier trees at die same 

n showed -3.6 MPa and -3.9 MPa water potential. The trees were subject to similar 
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Fig 3.11. Precipitation for Terry County, Texas in 1990 and 1991. 
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environmental conditions and water tahl** T îc Aif^^ 

u water lawe. This difference remains unexplained as in H 
ghincnsis where differences up to -0 6 MPa u/i.«. «KC«« ^ • 

P lu u.o jvu'a were observed in trees close to each odier 
(Anderson 1982). 

Higher stomatal conductances were maintained at lower water potentials. On 28 and 29 

August 1991, midday stomatal conductances were 0.46 cm s-l and 0.54 cm s-i. 

respectively, when twig water potentials were -4.1 MPa and -4.2 MPa, respectively. 

Similar behavior was reported for Angmisia tu^mm and odier shmbs which maintam 

relatively high stomatal conductances at shoot water potentials below -6.0 MPa (Campbell 

and Harris 1977, Caldwell 1985). Aftemoon twig water potential increased on die average 

by 0.8 MPa in bodi 1990 and 1991. This increase was a response to a partial stomatal 

closure induced by a high VPD and high leaf temperatures. The highest aftemoon twig 

water potential was recorded in May 1991 (-1.8 MPa) and in June 1990 (-1.5 MPa) which 

coincided widi die lowest stomatal conductance measured during diese periods. The twig 

water potential of saltcedar was not lower than of mesquite, a facultative phreatophyte 

growing in die same area (Wan and Sosebee 1991), indicating diat saltcedar uses mainly 

ground water during the course of the growing season. Nilsen et al. (1984) pointed out diat 

summer-deciduous shrubs had lower water potentials than the summer-deciduous 

phreatophytes since the latter utilize deeper water. Davis and Mooney (1986) examined the 

difference in rooting habit on the water use in mixed stands of chaparral shmbs in 

Califomia and found that Ouercus durata (a deeply rooted species) had higher water 

potentials and higher leaf conductances throughout the summer period, while the 

intermediate rooting-depdi species Heteromulus arbutifolia and Adenostoma fasciculamm 

had intermediate water potentials and leaf conductances, and the shallow rooted species 

RhamniiR t^'.^hfnmii^^ had die lowest water potentials and leaf conductances. 



68 
Hydraulic conductivity in die root-leaf padiway 

Hydraulic conductivity was calculated using die relationships existing between 

transpiration and water potential gradients from soil to plant as proposed by Roy and 

Mooney (1982) and Kuppers (1984) (Hydraulic conductivity = transpiration / water 

potential gradient from soil to plant). Assuming twig water potential at dawn is equal to soil 

water potential, die calculated hydraulic conductivity for saltcedar was affected by a high 

VPD. During die dry periods (June 1990 and May 1991), hydraulic conductivity remained 

low during the day. The maximum hydraulic conductivity (0.63 mmol m-2 s-l MPa-i) was 

reached at ICXK) hours and the minimum (0.187 mmol m-2 s-l MPa'l) was measured at 

midday. There was a slight increase in the aftemoon as twig water potential improved. 

When the VPD was moderate, the hydraulic conductivity was high and constant throughout 

the day. The highest value (2.16 mmol m-2 s'l MPa-l) was measured late in the day (1600 

hours) when the VPD was high. The low hydraulic conductivity observed during hot and 

dry periods may be attributed to low stomatal conductance induced by high VPD which 

reduced the amount of water lost Similar behavior was observed in mesquite growing on a 

xeric sandy loam site in west Texas (Wan and Sosebee 1991).The hydraulic conductivity 

measured in saltcedar was 27% greater dian diat reported for mesquite growing on a clay 

loam site in west Texas (Wan and Sosebee 1991). Besides die low values recorded in hot 

and dry conditions, hydrauUc conductivity of saltcedar was constant (1.39 mmol m-2 s-l 

MPa-l) during die rest of die growing season suggesting diat diere was a continuous water 

flow from the water table. This phenomenon provided additional evidence of the 

phreatophytic namre of this plant. In a washland in the Sonoran desert, Nilsen et al. 

(1983) found diat mesquite acquired die majority of its water from a shallow water table. 

TTiey further indicated diat mesquite maintained high conductivity at low water potentials in 

mid-summer. It is important to note diat die hydrauUc conductivity was low (0.73 mmol 
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m-2 s-1 MPa-l) in June 1991 which was a wet mondi. This might be related to low sod 

temperatm-es which is believed to decrease leaf conductances and assimilation rates. 

HydrauUc conductivity of Atriplg^ Ygsirflrja at 9.5° C was about 2 to 3 times lower dian at 

250 C (Sanchez-Diaz and Mooney 1979). Hydraulic conductivity affects stomatal 

conductance m many species. Kuppers (1984) reported diat Ribes uva-mspa (goosebeny) 

and RwbvlS gPrvUfoUus which exhibited lower conductivity had lower stomatal 

conductance, while Prunws Spinosa and Acer campftstre which had a higher hydraulic 

conductivity also had higher stomatal conductances. 

The relative constant seasonal water potential measured in saltcedar is partially die 

result of the high conductivity. Hall and Schulze (1980) pointed out that through an 

efficient water system, plants with ample water supply can maintain higher xylem water 

potential by increased transpiration rate, thus avoiding water stress. However, plants 

without accessibiUty to groimd water exhibited low hydrauUc conductivity when the soil 

was dry and the transpiration peaked in the moming when the VPD was low; in the 

aftemoon water loss was restricted through stomatal closure. As a result, water potential 

became high in the aftemoon and leaf dehydration was less severe. It appears that the trees 

with soil water deficits avoid tissue dessication through lower hydrauUc conductivities and 

lower transpiration rates as suggested by HaU and Schulze (1980). 

Water use efficiency 

Water use efficiency (WUE) is defined in agriculmre as the ratio of yield or net 

primary production to evapotranspiration, and in plant physiology as die ratio of net 

photosyndiesis to transpiration (Fisher and Tumer 1978, Kramer 1982). In dry habitats, 

high WUEs have been observed in plants having widely different physiognomies (Field et 

al. 1983, Monson et al. 1986); greater WUE in plants characterize die C4 photosyndietic 
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pathway (Osmond et al. 1982). It is assumed d«,t in dry environments natural selection 

should favor plants with high WUEs. 

Since photosynthesis and transpiration have non-Unear relationships (Cowan 1982), 

stomatal closure causes a proportionately greater decrease in transpiration than in 

photosyndiesis, diereby, increasing WUE. However, die maintenance of high WUE by 

decreasing stomatal conductance causes a decrease in the absolute rate of net 

photosynthesis and, therefore, reduces growdi (DeLucia and Heckadiom 1989). 

In dus smdy, WUE was determined as die ratio of die net photosyndietic rate (A, ̂ mol 

m-2 s-l ) to die transpiration rate (E, mmol m-2 s-l). In general, WUE of saltcedar was very 

low in bodi of die two years of die smdy. The highest WUE (3.01 ^mol CO2 / mmol H2O) 

was measured on two occasions in June 1990, and die lowest (0.02 ^miol CO2 / mmol 

H2O) was measured in June 1991 a cool and wet month. These results are lower on the 

average than those found in T. chinensis (1.73 nmol CO2 / mmol H2O) (Anderson 1977) 

and in than those reported for mesquite (3.99 p.mol CO2 / mmol H2O) (Wan and Sosebee 

1991). 

There was a significant difference (P<0.003) between WUE in the ttees at different 

locations widiin the stand. Trees widiin the interior of die stand had die lowest average 

WUE (0.97 î mol CO2 / mmol H2O); die highest average WUE (1.38 \i mol CO2 / mmol 

H2O) was calculated for the trees at die exterior of the stand. There was, however, no 

significant difference between die WUE of die trees on die periphery and at die exterior of 

die stand. The lowest WUE exhibited by the trees widiin die interior of die stand was 

related to low photosyndietic rates measured at this location because of low radiation 

received in the moming (Chapter II). 

Diumal variation of WUE of saltcedar trees at different locations widiin die stand were 

significandy (P<0.001) different (Fig 3.12). The lowest ratios were obtained late in die day 
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(after 1400 hom^) and die highest were obtained m die monung. Low WUE appears to be 

attributed to relatively high stomatal conductance accompanied by low photosyndietic rates. 

In die monung VPD was low and die transpirational water loss was relatively small widi 

respect to carbon gained, dius WUE was sUghtly higher in the aftemoon when stomatal 

partial closure caused a proportionately greater decrease in photosyndiesis than in 

transpiration resulting in a decrease in WUE. High VPDs in the aftemoon promoted 

transpiration and inhibited photosyndiesis, suggesting die predominance of nonstomatal 

limitation to photosynthesis under conditions of water stress. Low WUE was also 

attributed to the maintenance of adequate stomatal conductance under water stress 

conditions. DeLucia and Heckathom (1989) found that Artemisia tridentata had lower 

WUE than Pinus ponderosa which rapidly lowered its stomatal conductance as water stress 

developed. The combination of low WUE and high degree of drought tolerance, as 

exemplified by saltcedar, may be a more ecologically successful combination of 

physiological characteristics of this species in most habitats with a high water table. 

Seasonal WUEs of saltcedar were affected by the severe atmospheric conditons (Table 

3.1, and Table 3.2). In 1990, a dry and hot year in die early summer and wet and 

relatively cool in the middle of the summer, no differences (P>0.52) were found among die 

different periods sampled. This can be explained by die lack of differences (P>0.058) in 

the photosyndietic rates between die different mondis sampled, and also by the low 

differences (P<0.047) in die transpiration rates found among diese periods. WUE pattems 

in 1991 showed high differences (P<0.0001) between die different mondis sampled. WUE 

was high in May and June and low during die rest of the season with a minimum in 

September (Table 3.2). This trend paraUeled die seasonal photosyndietic pattems which 

exhibited a progressive decUne as die season progressed. Similar behavior was documented 
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Fig 3.12. Diumal changes in water use efficiency for saltcedar u-ees at 
the exterior of the stand in the soudiem Great Plains in 1991. 
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Table 3.1. Total carbon gain, total water loss, and daily water use efficiency for 
saltcedar trees at different locations within die stand for summer 1990, 
a dry year. Values in the same column within each mondi foUowed by 
the same letter are not significandy different (LSD 0.05). 

June 90 
interior 

periphery 

exterior 

July 90 

interior 

periphery 

exterior 

August 90 

interior 

periphery 

exterior 

September 90 

interior 

periphery 

exterior 

Carbon Gain 
(\i mol m-2 s-1) 

80.47 a 

136.111> 

140.45 h 

138.91 a 

181.17 1> 

203.28 b 

149.49 a 

197.11 b 

239.51 c 

115.18 a 

118.88 »> 

212.01 b 

Water Use 
(mmol m-2 s-1) 

98.80 a 

109.20 a 

123.80 h 

132.10 a 

148.10 b 

156.50 c 

142.60 a 

164.60 h 

178.50 h 

151.30 a 

130.40 h 

153.40 a 

WUE 
(p.molC02/mmol 

H2O) 

0.82 a 

1.25 1> 

1.13 h 

1.05 a 

1.22 1> 

1.30 h 

1.04 a 

1.20 h 

1.34 b 

0.76 a 

0.91b 
1.38 c 
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Table 3.2.Total carbon gain, total water loss, and daily water use efficiency for 
saltcedar trees at different locations within a saltcedar stand for 1991, 
a wet year. Values in the same column within each month foUowed by 
the same letter are not significandy different (LSD 0.05). 

May 91 
interior 

periphery 

exterior 

June 91 

interior 

periphery 

exterior 

July 91 

interior 

periphery 

exterior 

August 91 

interior 

periphery 

exterior 

September 91 

interior 

periphery 

exterior 

Carbon gain 
(\i mol m-2 s-l) 

225.30 a 

269.92 h 

342.21 c 

187.11 a 

273.65 1> 

305.48 c 

155.03 a 

222.83 1> 

302.26 c 

149.70 a 

199.97 b 

275.42 c 

225.38 a 

266.80 b 

277.70 ̂  

Water use 
(mmol m-2 s-i) 

142.80 a 

150.00 a 

215.33 c 

154.30 a 

160.50 a 

191.40 h 

196.50 a 
206.10 a 
241.30 h 

197.20 a 

224.80 b 

257.30 c 

252.30 a 
289.20 ^ 

169.80 c 

WUE 
([imolC02/mmol 

HO2) 

1.57 a 

1.80 b 

1.59 a 

1.21a 

1.70 h 

1.601> 

0.79 a 
1.08 b 

1.25 h 

0.76 a 

0.88 ab 

1.07 b 

0.89 a 

0.92 a 

1.03 a 
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for mesquite where WUE decreased as die soil water declined progressively in die season 

(Wan and Sosebeel991). However, in saltcedar, soil water was constandy available ftom 

die ground water table and die lower WUE at die end of die season appears to be related to 

die relatively high stomatal conductance accompanied by low photosyndietic rates promoted 

by die leaf age at die end of die season. It has been indicated diat die effect of leaf age on 

photosyndiesis was predominantly due to nonstomatal components. The nonstomatal 

causes of age-dependent decline in photosyndietic capacity probably involve coordinated 

decrease in the level of several photosyndietic components as indicated by die decUne in die 

concentration of leaf nitrogen (Field and Mooney 1987) and die total activity of the 

carboxylating enzyme ribulose-l,5-bisphosphate carboxylase-oxygenase (Wittenbach 

1983). Morgan (1984) reported that in wheat (Triticum aestivum L.) leaves with less than 

40 g of nitrogen per Kg plant material had greater stomatal conductance and lower CO2 

exchange rate than leaves with greater than 40 g N/Kg. 

Conclusion 

Saltcedar (Tamarix gallica^ is characterized by extremely high rates of transpiration. 

Trees at different locations within the stand transpired at similar rates during die two years 

of study. Atmospheric drought had a significant impact on the water transpired from 

saltcedar stands. In a wet year, saltcedar transpired 50% more water than in a dry year. 

Compared to odier phreatophytes supplied widi ample water, saltcedar u-anspiration rates 

were 5-fold greater. During dry and hot days, maximum transpiration rates were reached at 

about noon before die maximum VPD was attamed. However, on wet days transpiration 

peaked concomitantiy widi die die maximum VPD in die aftemoon. Maximum transpiration 

rates occuned late in die season when VPD and leaf temperamres were moderate. 
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Maximum conductance occun-ed in die moming when VPDs and leaf temperatures 

were low, but as leaf temperatures and VPDs increased, stomatal conductance decreased 

and reached a minimum at 1600 hours. Stomatal conductance of saltcedar was independent 

of twig water potential, but it was linearly related to VPD and leaf temperamre. High 

stomatal conductance was maintained in die aftemoon du-ough a high transpiration rate 

which dissipated die absorbed solar energy. Stomatal conductance was high late in die 

season because of low VPDs and low temperatures and also possibly as a response to a 

nitrogen deficiency since the leaves were senescent at that time. 

Twig water potential was relatively constant during this study. However, higher 

values were reached after abundant rainfall which probably reduced the soil osmotic 

potential to a negUgible value. Saltcedar maintained higher twig water potential compared to 

other co-occuring phreatophytes, indicating that this plant is continuaUy using the ground 

water. 

Water use efficiency of saltcedar appears to be the lowest of all the phreatophytes 

sampled. WUE was maintained at a constant level during die dry year. In a wet year, WUE 

was higher early in the season. Low WUE at the end of die season was atdibuted to low 

photosynthetic rates induced possibly by nitrogen deficiency, and high transpiration rates 

promoted by high stomatal conductance. 

These data showed diat saltcedar is an extravagant user of water which avoids water 

stress by drawing water mainly fi-om die water table. The combination of low WUE and 

high degree of drought tolerance are die basic physiological traits which enable saltcedar to 

compete effectively in high water table areas in die soudiem Great Plains. These data also 

provided good evidence for die necessity to initiate a serious control program of diis plant 

because of its unparalleled aggressiveness and to save die ground water which can be 

useful for towns, famis, factories, and die people of die state. It has been estimated diat by 
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the year 2020, Texas will not be able to maintain the productivity or the growth already 

achieved if additional water resources are not developed (Texas Water Department Board 

1968). The control of saltcedar can certainly improve the water conservation and increase 

water leservoirs of the state through a reduction of transpiration and can also free the land 

for appropriate farming and grazing. 
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CHAPTER IV 

EFFECT OF DEPTH TO WATER TABLE ON 

PHOTOSYNTHESIS AND WATER USE BY 

SALTCEDAR 

Introducrioi] 

Saltcedar (Tamarix SP.) is undoubtedly die most prevalent of all die phreatophytes in 

die Soudiwestem U.S. Meinzer (1923) pointed out diat when diere is water, diese plants 

use it and when there is no water, a deep rooting system aUows dicm to survive. Tumer 

(1966) reported that saltcedar in Arizona died in response to a decUne in the water table. 

Van Hylckama (1963) showed that saltcedar does not grow or develop in areas where die 

depth to water table is 5.4 m or more. He further indicated that saltcedar uses more water 

when the water table is high. He also pointed out that saltcedar grown in 

evapotranspirometers at depths of 1.5-m, 2.1-m, and 2.7-m had significant differences in 

water use. Trees growing at 1.5 m depth to water table transpked 29% and 56% more 

water than when the depths to water were 2.1 m and 2.7 m, respectively. He concluded 

diat when the difference to water table exceeded 43.6 cm, the difference in water use 

became significant. He also recognized diat high salinity resulted in a reduction of 

transpiration and photosynthetic rates. 

In some species, a shallow water table is detrimental to die physiological functions of 

die plants. ITniola paniculata (sea oats) exhibited a significant reduction in leaf stomatal 

conductance, aboveground and belowground biomass, and a significant decrease in the 

number of new tillers produced when die plants were grown at 0.30 m above the water 

table (Hester and Mendelssohn 1989). They also indicated diat die plants grew adequately 

when die depdi to the water table was above 0.90 m 

Because saltcedar CL^aUisa) g«>ws in soil with the water table occurring at different 

82 
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depdis in die soudiem Great Plains, a smdy was initiated to test whedier different depths to 

die water table affect photosyndietic rates, transpiration rates, and stomatal conductance of 

smaU saltcedar trees. Gas exchange and water use of small and big trees growing on die 

same site with simUar depths to the water table was also tested. 

Material and m t̂hn̂ ^ 

This smdy was conducted in Terry County, Texas in die soudiem Great Plains. The 

description of die study site is given in Chapter H. In 1991,1 observed diat some small 

trees were growing over a high water table in die proximity of a pond, while trees of 

sinular size were growing over a deeper water table about 60 m away from the pond. 

Pesiometers reaching the water table were instaUed at different locations around die pond 

and away from the pond as weU. The Depth to water table was measured every 15 days 

throughout the sampling period (May through September 1991). Whenever differences in 

water table between the two test sites were observed, measurement of photosynthetic and 

the transpiration rates were taken from one half hour post-sunrise until 1600 hours. 

Three trees near the pond and three others with a simUar canopy size 60 m from the 

pond were chosen and sampled.Twig water potential was measured from excised twig 

from die top of the tree by a Scholander pressure bomb du^e times on each sampling day 

(predawn, 1200, and 1600 hours). Photosynthetic rates (A), transpiration rates (E), 

stomatal conductance to water vapor (g), photosyndietic photon flux density (PPFD), and 

air and leaf temperamres (©C) were monitored on individual, uppermost twigs on a clear 

day from May to September whenever a difference in die water table was detected. The 

measurements were made with a closed system using a model Li-Cor 6200 portable 

photosynthesis system equiped with a 0.25 litre stirred cuvette. Measurements were 

completed in 20 seconds after the cuvette was clamped on die leaf. AU gas exchange 
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parameters were calculated on die leaf area basis measured by Li-Cor 3000 portable leaf 

area meter. The data were analyzed using a complete randomized design (CRD) with 

repeated measures. The treatments tested were effects of depdi to water table widi three 

repUcations for each treatment Student's T-tcst was used to compare the gas exchanges 

and transpiration rates of smaU and large trees growing at similar depdis to water table. 

R e s u l t s and Hisŷ ^̂ ^̂ jnT̂  

In die proximity of die pond, die depdi to die water table was high during die course of 

die sampling period. The lowest depth was measured in May (0.65 m) and die highest in 

September (0.30 m). Away from die pond die water table was 2.74 m deep except in June 

and September when it rose to about 1.60 m and 0.80 m, respectively, after high rainfall 

(94.9 mm in June and 118.8 mm at the end of September). The gas exchange 

measurements were made when the depths to water table at the two locations were 2.74 m 

versus 0.65 m in May, 1.64 m versus 0.60 in June, 2.74 m versus 0.65 in July, 2.74 m 

versus 0.60 m in August, and 0.80 m versus 0.30 m in September away from and near the 

pond, respectively. 

Diumal and seasonal A, E, and g 

Photosvndietic rates (A^ 

Photosyndietic rates of die smaU saltcedar trees at different depdis to die water table 

were high. Average assimilation rate in May was 32.24 ^mol m-2 s"! and die maximum 

value measured during this period was 52.46 îmol m-2 s-l for a tree near die pond. This 

value is comparable to die assimilation of grain sorghum [.Sorghum biCQlpr (L.) Moench] 

receiving ample water in west Texas (Peng and Krieg 1992). Small trees of saltcedar 

maintained a high assimilation rate during the entire sampling period. The average 

photosyndietic rate was always above 10 H mol m-2 s-l, except in August when it dropped 
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to 5.94 î mol m-2 s"! at 1600 hours. Similar to the large trees, smaU trees had their 

maximum photosyndiesis in late spring and early summer when die leaves presumably 

have high concentrations of nitrogen and chlorophyU. The lowest values were recorded in 

August and September when die leaves began to senesce. Similar behavior was observed in 

Myriga ggrifgra a woody shmb in marine communities of die eastern United States (Young 

1992). Young (1992) found diat die maximum value of photosynthesis decreased in 

September as air temperature and atmospheric humidity decreased. However diese results 

showed that the temperature and VPD were optimal at this period and low assimUation in 

diis case might be related to the low protein content of the leaves at die end of the growing 

season. WuUschleger and Oostrhius (1990) found a strong cortelation (r = 0.92) between 

net photosynthetic rate and leaf nitrogen in mature cotton leaves. Ribulose 1,5-

bisphosphate carboxylase (Rubisco) activity has been observed to increase in paraUel with 

nitrogen fertiUty in wheat (Evan 1983) and to decrease during leaf ontogeny in soybean and 

cotton (Ford and Shibles 1988, WeUs 1988). Biochemical analysis of cotton leaves by 

Krieg (1988) indicated that both soluble protein content and Rubisco activity declined widi 

leaf age in paraUel with net photosynthesis. 

Small saltcedar trees can maintain high photosynthetic rates at very high leaf 

temperatures and VPDs. On 29 May 1991, a tree away from die pond had an assimilation 

rate of 13.74 nmol m-2 s-l when leaf temperamre and VPD were 43° C and 76.36 mbar, 

respectively; leaf temperamre was 2° C higher dian air temperamre, transpiration was 

extremely high 18.4 mmol m-2 s-1, and stomatal conductance was also high (0.64 cm s-1). 

Diumal trends in assimUation rates were simUar to diose described for die large trees. 

Maximum photosynthetic rate was measured at two hours before noon when stomatal 

conductance was high and leaf temperature approached the optimum for photosyndiesis 

(28-350 C). AssimUation rate decUned in die aftemoon and reached a minmium at 1600 
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hours. No negative value of photosynthesis was measured even when the environmental 

conditions were extremely hot and dry. 

Tl-anspiration rates (E) 

Transpiration rates of small saltcedar trees were also high during die course of die 

sampUng period. The maximum (30.5 mmol m-2 s-1) was measured at 1200 hours in May 

for die trees near die pond when VPD was 42.4 mbar and stomatal conductance was high 

(2.06 cm s-l). A low average transpiration rate (9.90 mmol m-2 s-l) was recorded in June 

when die soU temperature was minimum (22.2 ^C) and die highest average was found in 

September (17.26 mmol m-2 s'l) when leaf temperature and VPD were moderate. SimUar to 

the large trees, transpiration rates of the smaU ttees were low in the moming and increased 

Unearly with the VPD. The maximum was reached at about noon on hot and dry days 

before the maximum VPD was attained; however, on typical summer days transpiration 

reached a maximum concomitantiy with VPD at about 1400 hours. Then it decUned with 

further increase of VPD indicating that the plant can no longer meet the transpiration 

demand of the dry air. 

Twig water potential (XWP) 

Twig water potential foUowed simUar trends as those of die large trees. Xylem water 

potential (XWP) was relatively constant during die course of die sampUng period. Predawn 

XWP varied fi-om -0.95 MPa in June and September after high rainfaU (which probably 

leached die salt to lower depdis) to -1.8 MPa in May. Average predawn XWP was around 

-1.5 MPa. The lowest midday XWP (-3.4 MPa) was measured only once on a tree 

growing near die pond on 26 August GeneraUy, midday XWP was about -2.5 MPa for 

die trees growing over higher or deeper water table. Aftemoon XWP increased by 0.6 MPa 

as stomatal conductance decreased. 
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gl̂ ipfltal conductance (g) 

Stomatal conductance was extremely high in small trees regardless of depdi to die 

water table. Maximum conductance was measured in June (4.42 cm s-l) and September 

(4.85 cm s-1) in trees sampled on die sites widi different depdis to die water table. Average 

stomatal conductance was above 1 cm s-1 du-oughout die summer mondis except in July 

when it was 0.93 cm s-1. SmaU saltcedar trees maintained a high stomatal conductance, 

probably as a result of high transpiration rates which maintained leaf temperatures in a 

lower range by dissipating die energy absorbed du-ough high rates of water loss. High 

transpu-ation rates helped to maintain leaf turgor which is believed to be highly associated 

with stomatal conductance (NUsen et al. 1981). 

Effect of depdi to water table on die gas exchange parameters 

Although the difference of the depth to the water table was always greater than 2.0 m 

between trees growing near the pond (high water table) and u-ees growing away from the 

pond (deep water table) except in September, the statistical analyses did not reveal any 

significant difference in photosyndietic rates, ttanspuation rates, or stomatal conductance of 

die u-ees growing at different depdis to water table. These results suggest that the small 

saltcedar trees can draw water at the same rate whedier die water table is at 0.30 m or at 

2.74 m depdi. These resuUs do not support the finding of van Hylckama (1963) who 

indicated diat when die depdi to water table difference was above 0.44 m, water use by I . 

pentandra growing m evapotranspu-ometer became significantly different. He further 

indicated diat rate of water use paralleled the rate of growth. He measured a maximum 

increase growth rate of mdividual branches of about 5.0 cm a day. He also noticed diat 

after a fast start in die spring, bodi growdi and development rates of saltcedar trees tapered 

off graduaUy and in die summer diere was hardly any difference between plants growing at 
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a water table 1.5 m deep and diose with a deeper water table. These resuhs provide an 

altemative explanation to die rapid growdi rate of saltcedar in die spring observed by van 

Hylckama (1970) who attributed die growdi rate to die quantity of water use. High growdi 

rate was not mediated dkecdy by high water consumption but radier indirecdy. High rates 

of photosyndiesis measured in diis plant at die end of the spring and early summer were 

indeed accompanied by high transpu-ation rates which maintained fimctional photosyndietic 

machinery under severe water stress conditions induced by high temperamres and VPDs. 

No matter how deep the water was, water was absorbed simUarly by the plant at equal 

rates. Differences in water depth up to 2.0 m did not have a significant difference m 

assimUation, transpiration rates, and stomatal conductance in saltcedar. The rapid rate of 

growth of saltcedar trees measured by van Hylckama (1970) cannot be extrapolated for 

different age categories of saltcedar trees. Only small trees have a high rate of growth 

comparable to crop plants such as grain sorghum. Large trees exhibited a very low 

assimilation rate under drought condition and and intermediate assimilation when the 

conditions were favorable for growth. Van Hylckama (1970) reported die results of diinned 

and shredded saltcedar trees which could comparable to smaU trees of this study. High 

photosyndietic rates promoted by high use of water in saltcedar enable diis plant to rapidly 

expand in an envkonment with a shadow water table and provide evidence of die 

aggressiveness of this species in eUminating odier plants from riparian areas. 

Anodier important characteristic of saltcedar trees growing on sites widi a very high 

water table is dieir abiUty to maintain a high stomatal conductance. On September 1991, die 

plants were aUnost entirely in saturated soU (water table at 0.30 m depdi), yet die daily 

average stomatal conductance was 2.05 cm s-l. Hester and Mendelssohn (1989) found diat 

stomatal conductance was rapidly reduced when die depdi to water table was 0.30 m and 
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leaf elongation was also reduced. This shows diat saltcedar can tolerate extended periods of 

inundation as indicated by Everitt (1980). 

Effect of tree age on assimilfltî n rates anr̂  }̂̂ |̂ r ^̂ c-̂  

Photosyndietic and transpiration rates of large and smaU saltcedar trees (Table 4.1) 

were compared for die summer 1991 May dwough September using Student's T-test. 

Significant differences (P<0.05) were found between die two categories of trees during die 

course of the growing season. The differences were highly significant (P<0.01) in May. 

This was a consequence of photosynthetic rates measured in the small trees at this period. 

The high transpiration rates of the smaU trees may be attributed to high stomatal 

conductance exhibited by these trees even under extremely dry weather conditions. It 

appears that the stomata of the large trees are more sensitive to temperatures and VPDs than 

those of the smaU trees. High assimUation rates in the smaU trees are apparentiy the result 

of significandy higher mesophyU conductance measured essentiaUy at the end of the spring 

and early summer. Intemal CO2 concentration (Ci) was usually above 250 pl/1 in the large 

trees, whUe it was 200 1̂/1 in die smaU trees. Seemingly, die CO2 fixing enzyme Rubisco 

is more active in smaU ttees than m big ones, indicating that a difference in niux)gen content 

might exist between die leaves of the trees widi different age categories, or nitrogen uptake 

efficiency might be higher in smaU trees. 

Aldiough die large trees may have developed a deeper and more extensive root system 

dian die smaU trees, water uptake was greater by die latter indicating diat die smaU trees 

have akeady developed a root system diat reached die water table (2.74 m) and die plants 

have unlimited access to water. 



Table 4.1. Diumal and seasonal pattems of assimUation rates (A- ̂ mol m-2 s-l) 

J^^P^^°iV?^^^i?- ™°!?^J?'̂  ^'^^> ^d stomatal conductance (g- cm s-l) 
for sniaU (ST) and large (LT) saltcedar trees at simUar d e Z to AeTater 
table m die soudiem Great Plains in 1991. ^ 
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Time 

1000 
1200 
1400 
1600 

"ST 

25.16 
20.95 
21.28 
18.24 

LT 
TTT 
18.39 
12.26 
14.11 
10.87 

5T 

10.3 
12.1 
22.4 
21.4 

June 

LT 
TT 

9.8 
6.4 

10.3 
11.8 

ST 
0:57" 
0.77 
0.55 
0.61 
0.60 

g 
LT 

0.52 
0.49 
0.51 
0.43 

Time 
6800 
1000 
1200 
1400 
1600 

A 
ST 

29.52 
37.18 
25.23 
19.38 
15.54 

LT 
1 .̂64 
28.61 
19.06 
11.03 
10.91 

E 
ST 
6.4 

15.3 
12.7 
10.5 
9.2 

LT 
5.3 
7.6 
7.6 
6.4 
5.5 

g 
ST 
2.26 
2.08 
0.99 
0.69 
0.48 

LT 
1.37 
1.85 
0.64 
0.37 
0.31 

Time 
0800 
1000 
1200 
1400 
1600 

A 
ST 

24.88 
27.52 
16.92 
17.64 
12.45 

LT 
13.31 
19.99 
16.45 
10.76 
7.73 

July 
E 

ST 
13.1 
15.6 
15.3 
15.7 
12.2 

LT 
7.3 
9.4 

10.2 
8.4 
7.2 

g 
ST 
3.10 
1.51 
0.96 
0.90 
0.63 

LT 
1.34 
0.99 
0.82 
0.53 
0.43 

Tune 
0800 
1000 
1200 
1400 
1600 

ST LT 
14m^ 
18.72 
18.05 
15.14 
11.61 

7.71 
16.30 
14.17 
12.81 
7.73 

August 

ST 
14.2 
13.3 
10.3 
11.6 
9.0 

Time 
0800 
1000 
1200 
1400 
1600 

A 
ST 

17.86 
24.18 
24.22 
19.80 
14.74 

LT 
12.75 
17-42 
19.17 
18.18 
14.88 

September 

19:5 
23.3 
25.7 
20.5 
10.4 

LT 
8.9 

11.3 
10.5 
11.7 
8.4 

ST 
2.94 
1.23 
0.65 
0.71 
0.42 

1. 
LT 
1.12 
0.94 
0.60 
0.47 
0.32 
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ConclusioT] 

SmaU saltcedar trees are characterized by high rates of photosyndiesis, transpiration, 

and stomatal conductance mainly at die end of die of spring and early summer. AssimUation 

rates of die small saltcedar trees are comparable to to diose of sorghum plants receiving 

unUmited water supply. High rates of growth previously observed in saltcedar were 

promoted by high assimUation rates even in extremely dry conditions. High rates of 

photosyndiesis were accompanied by high rates of U-anspiration permitted by high stomatal 

conductance to water vapor. 

Saltcedar trees assimUated carbon and transpked water simUarly regardless of die 

depdi to water table. Differences in depth to the water table up 2.0 m did not have a 

significant effect on the assimUation rates and water use conttary to what was previously 

found for T. pentandra. indicating an efficient root and water transport system in small 

saltcedar trees. 

Carbon assimilation in smaU saltcedar trees was 50% greater than diat in the large uees 

growing at a similar depth to water table. High assimilation rates of smaU trees are 

promoted by significandy higher mesophyU conductance at the end of the spring and early 

summer. Greater assimUation rates were maintained at higher leaf temperamres and VPDs, 

indicating low sensitivity of the stomata of the small trees to severe envkonmental 

conditions. Photosynthetic rates measured in smaU trees are probably due to higher protein 

content of die leaves, or to a greater efficiency of nitrogen uptake by die small ttees. 

Extremely high growdi rates previously observed in this plant are principally the 

consequences of high assimUation rates exhibited by die smaU uees during die course of die 

growing season. 
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