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branches would have reached steady state flow at peak transpiration. The 24-h average values of E were about 1/3 to 1/5 ofthe peak values (Table 1). 
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Hydraulic architecture, water relations and vulnerability to cavitation of Clusia uvitana Pittier: a C3-CAM tropical hemiepiphyte BY GERHARD ZOTZ\ MELVIN T. TYREE'-* AND HERVE COCHARD^ ^Smithsonian Tropical Research Institute, P.O. Box 2072, Balboa, Republic of Panama ^ U.S. Department of Agriculture, Forest Service, 705 Spear Street, Burlington, Vermont, USA 05402 ^INRA, Laboratoire d'Ecophysiologie Forestiere, 54280 Champenoux (Nancy), France {Received 23 August 1993 ; accepted 18 January 1994)



Clusia uvilanii Pittier (Clusiaceae) is a Tropical hemiepiphyte that has been shown to display a high plasticity in the expression of CAM in response to the en\ ironment. When water is available CO^ is taken up mostly during thf day. This study of the water relations and hydraulic architecture has revealed that leaf water potentials, 4*. ranged from —07 to —0-9 MPa and changed very little with time or water availability. The absolute hydraulic conductivity of stem segments (iv,) and the spectfic conductivity {Kj were comparable to many other temperate and tropical species, but the leaf specificity conductivity {K^) was 1/3 to 1/3" that of many other species. So stems supported high leaf areas per unit of hydraulic conductiv ity. C. uvitana was very vulnerable to cavitation, reaching 50",, lossof hydraulic conductivity at stem T = --13 MPa. The species survives in spiteof low Kj and high xylem vulnerability, because the CAM physiology insures low transpiration rates and high ability to evade dehydration. Kev words: Clusia uvitana, water relations, hydraulic architecture, cavitation.



grow from the plant but may take several years to ^^,^^]^ ^j^^ ioYcsx floor. Once Clusia is established as a Clusia uvitana is a tropical hemiepiphyte that has rooted hemiepiphyte. water resources become more been shown to display a high plasticity in the a\'ailable. Even when established in a large tree 40 m expression of CAM in response to the environment above ^^round, Clusia can grow to become a large (Winters? al., 1992; Zotz & Winter, 19' resistant to cavitation events. Alternatively, if CAM species can effectively protect roots and leaves from excessive water loss to the environment when water resources are limited (Gibson & Nobel, 19S6; North & Nobel. W)\ : Nobel & Cui. 1992), then it might be argued that a \ery negati\e 4',.,, might ne\'er be reached; hence species might cavitate at a relatively high T^.^. The purpose of this study was to obtain some initial information on the hydraulic architecture and the \ ulnerabihty to ca\itation of Clusia uj'itana and to relate these properties to its water relations.



Effeltrich, Germany). Lea\ es were clamped between an aluminium ring and the 16 cm" opening of a PMKH) gas exchange cuvette (Walz, Effeltrich). The hypostomatic leaf itself provided a seal for the cuvette, with the upper leaf surface exposed to ambient conditions, and the lower surface, facing the interior ol" the gas exchange chamber. All other instruments were kept in two aluminium boxes no more than 5 m away from the study leaves to tninimize the length of the pneumatic system. The gas exchange equipment was used in a continuous open flow mode. The flow rate of air was 300 to 500 c m ' m i n " ' . External temperature was automatically tracked inside the leaf cuvette. Water vapor exchange was measured with an IRGA operating m differential mode (Binos 100, Rosemount, Hanau, German\). Zero checks {ambient gas streaming through both the measuring and reference cells of the differential analyzer) were performed at 1 h {during daytime) and 6 h (during nighttime) internals. A cold trap (model KF18/2, Walz. Effeltrich) was used to keep the air entering the leaf chamber below ambient to balance transpirational water loss, to keep cu\ette humidity equal to ambient, and to avoid condensation inside the pneumatic system. A datalogger collected a full data-set at 3 minute intervals for calculations of gas exchange parameter.



M.^TERI.'XLS .\ND METHOD.S



Laboratory measurements



Field site and measurements In\estigations were conducted on Barro Colorado Island {BCI) ( 9 M 0 ' N . 7 9 ° 5 1 ' W ) . Republic of Panama. The tropical moist forest on this 15 km^ biological reserve receives about 26(K) mm of annual precipitation with a pronounced dry season from late December to April. Detailed descriptions of vegetation, climate and ecology are provided by Croat {1978) and Leigh, Rand & Windsor (1982). Measurements of water ^ apor flux density were performed on fully de\ eloped lea\ es of Clusia uritana Pittier (Clusiaceae) (=C. odorata\ Croat. 1978; Hammel, 1986). Clusia plants sampled or measured in the field were studied at four different sites. The individuals at all sites were fully rooted hemiepiphytes. Three individuals were located at a lake front site m the bay containing the docks on BCT ; these sites will be referred to as Lake! through Lake3. The fourth site (Ceiha) was in the crown of a tree of Ceiba pentandra (L.) Gaertn, Fruct. & Sem. The plants studied were growing on C. pentandra branches 0'5 m diameter approximately 35 m abo\'e the forest floor. Access to the tree was \ia climbing ropes with the aid of a triangular climbing tower situated parallel to the trunk. The C. pentandra tree is leafless during the transition from rainy to dry season. Evaporative flux density of leaves {H) was studied with a CO,/H,0>Porometer (model CQP 1 30, Walz.



Water potential. Measurements of leaf water potential, T, and osmotic potential, *f^, of the leaf sap were made psychometricaliy on leaf discs at 30 °C with 5 thermocouple psychrometers (model C-52) and a microvoltmeter {model HR-3,Vr, Wescor, Logan. Utah). Following measurement of H', leaf disks were frozen and thawed, which permitted determinations of T^. Leaf turgor pressure, T,, was calculated from the difference between 4* and 4*^. Hydraulic data and native state loss of conductivity. The hydraulic parameters that define the hydraulic architecture of Clusia and the native state of loss oi hydraulic conductivity due to embolisms were all measured on the same branches. Eight branches were harvested (30 to 45 mm basal wood diameter and 2 to 4 m long), two were taken from each of the three lake sites and two from the Ceiba site (see materials section above). The branches were returned to the laboratory and recut under water. Stem segments were cut from \'arious places in the branch and a record was kept of wood diameter. D, segment length, L. and total leaf area located to the apex of the segment. ,4,. measured with a model LI-3100 leaf area meter (LiCor, Inc., Lincoln, Nebraska). Stem segments were placed in a conductivity apparatus described elsewhere (Sperr\', Donnelly & Tyree, 1987) which permitted the measurement of the rate of flow of solution {7V, kg s"') in response to
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the pressure difference (P, MPa). The solution perfused through the segments was 10 mM oxalic acid in degassed solution that was filtered through an 0-1 /;m porosity filter. Initial hydraulic conductivity was measured with P — 40-60 kPa and calculated from: A', - w



(1)



A', is a measure of absolute hydraulic conductivity of the segment (flow rate per unit pressure gradient) and is sometimes referred to as A",, (Tyrce & Ewers, 1991). Then the segment was flushed for 10 to 15 min with solution under a pressure ot" 150 kPa to dissohe air bubbles in embolised vessels. After the flush A",, = zvL/P was again measured. The process was repeated until a maximum c(>nducti\it\\ A^,, was achieved (usually after one or two flushes). Percent loss of hydraulic conductivity due to embolisms, PLC, was computed from PLC-



(2)



The stem segments were perfused with 0-03"(, safranin and cut to determine the eross sectional area of wood A,,, involved in water transport {after embolisms were dissolved). The stained area. A,,, was measured on a bit pad using SigmaScan software (Jandel Scientific, San Rafael, California). Specific hydraulic conductivity, A,, pro\ ides information about the hydraulic efficiency of xylem on a cross sectional area basis, and was calculated from: A, ^ KJA,,..



(3)



A^ increases with the number of functional (nonembolised \'essels) per unii wood area, with the diameter of \essels, and with vessel length. Leaf specific hydraulic conductivity, A'y, provides information about the h\ draulic efficiency of a stem segment on a leaf area basis, and was calculated from:



(starting with I at the base), (2) the segment number to which the segment was attached at its base. (3) the diameter of the wood of the segment, (4) segment length, (5) leaf area attached to the segment. For apical branch segments bearing leaves, the length taken was the distance from the base of the segment to the midpoint ofthe portion ofthe segment bearing lea\es. All diameters were measured beyond the swelling of the branch insertions. Vulnerability curves. A vulnerability curve (VC) is a plot of PLC versus the T^.^, that induced the PLC. Normaih' PLCs are measured by dehydrating excised branches in air to measured values of 4*^.^, and then stem segments are excised under water and mounted in a conductuity apparatus for measurement of A,- and A^,. Excised Clusia branches dehydrate far too slowly for this to be a practical method. From other studies (Cochard, Cruiziat & Tyree, 1992) we knou' that \ ulnerability curves measured b> air dehydration are the same as those measured on branches dehydrated in a pressure chamber. Branches 0-6 to (}'7 m long were collected from the Lakel site, tbe leaf blades were excised at the apex of the petioles, and the stem enclosed m a pressure chamber with the base protruding through a rubber seal into outside air. Different branches were pressurized for 12 to 16 h at different gas pressures. At the end ofthe pressurization period, the branch was removed from the pressure chamber, placed under water, and segments 20 to 30 mm long and 3 to 7 mm diameter were excised. Bark and pith were removed to prevent latex plugging of xylem vessels; all bark was stripped and the pith was removed for a distance of 3 mm from each end. PLC was measured as described above.



KESIILTS



(4) Transpiration K, ^ K.J A,,. It is a useful measure hecause it pro\'ides information F\'aporative flux density, E, was measured at 5 about the pressure gradient, d^^^Jdx, in the stem minute intervals at two sites in both the wet and dry segment needed to maintain an a\ erage evaporative seasons for five, seven and 10 days (Fig. 1). There flux density. E. in the leaves to the apex of the were two peaks in E each day, one at about OS.OO h and the other at about 16-00 h. The mid-day segment, i.e. it can be shown that reduction in E was due to a large fall in stomatal dW^Jdx^E/Ki. (5) conductance (data not shown). Stomata opened at A hydraulicalh' efficient stem has a high A,_ and a night to allow nocturnal CO^ uptake, but E was low because of low leaf to air vapor pressure deficits at iow d^.Jdx. night. Hydraulic map. One other branch was har\ested from the Lakel site. It was 45 mm diameter at the Water potential base, 4 m long and had 17-7 m^ of leaf area. A detailed map of the branching structure was made The 24 h mean E and 95 "„ confidence intervals are for calculation of 4*,,, within the stems. The branch shown in Table I together with T, ^'„ and T,, at was cut into 453 segments. All cuts were made at 06.00 h and 13.0. Oeiotogra 91: 47-51. Phylolo^isl (in the pres.^). Zotz G, Winter K. 1993. Shori-tt-rm rej,'ulation ulCAM activity Zotz G, WinlerK. 1994ft. .'\ one-year study on carbon, water and in a tropical hemiepiphyte, Cluxia uriKinii. Plan! Physiiiliigy nutritnt relation.ihipK in a tropical Cj-C.AM hemiepiphyte, 102: o35 841. Clusia uvitana. A'eJt' Phyltthgi.sl (in the press).
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