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Water transport velocity and efficiency in Quercus variabilis detected with

deuterium tracer and thermal dissipation technique

SUN Shoujia' , MENG Ping', ZHANG Jinsong" * , JIA Changrong®, REN Yingfeng
1 State Key Laboratory of Tree Genetics and Breeding, Research Institute of Forestry, Chinese Academy of Forestry; Beijing 100091, China
2 Dagou-he National Forest Farm, Jiyuan 454650, China

Abstract; Trees, especially big ones, have huge and complicated vascular systems which make the long-distance water
transport difficult to study. We used the heat dissipation method and deuterated water as tracers to characterize water
transport and storage properties of Quercus variabilis trees under the different water stress treatment. The transit time for
D, O transport from the trunk base to the upper branches and the tracer residence time were determined by measuring
hydrogen isotope ratios in water extracted from branches sampled in regular intervals. The result indicated that the maxima
6D of full irrigation (FI), mild water stress (LWS) and severe water stress (SWS) respectively increased to 586. 67%o
997.33%o¢ and 1364. 89%o after injecting deuterium tracer. There were significant differences in maxima 8D among the three
treatments. The tracer velocities with LWS and SWS were significantly lower than FI treatment but the tracer half-life and
residence time were longer than FI treatment. The branch PLC, sapflow rate, water potential and transpiration rate were
also observed. The branch PLC treated with LWS and SWS was significantly higher than FI treatment and the sapflow rate,
water potential and transpiration rate were lower. There significantly positive correlations between tracer velocity and leaf

transpiration rate (P<0.01,n=27), and between tracer velocity and sapflow rate (P<0.01,n=9). The results indicated
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that water transport was determined by transpiration rate. The PLC and branch water potential were inversely correlated with
tracer velocity (P<0.01,n=27), suggesting that drought stress-induced embolism and lower water potential should
increase resistance to water transport. Tracer half-life and residence time increased as water stress increased. Tracer half-
life and residence time were significant exponential functions with the branch PLC( P<0.01,n=27), but power functions
with the leaf transpiration rate. The times needed for transporting the same volume tracer were increased, indicating that
water transport efficiencies were reduced because of PLC, transpiration and storage water variations under water-stress
condition. Analyses of sapflow showed that the calculative fluxes of drought treatments within tracer half-life and residence
time were significantly higher than FI treatment. The amounts of water carrying the same volume tracer were increased as
stress degree increased. The results indicated that the increased water was possibly stored in the sapwood and re- exchanged
to transpiration stream when transpiration was strong in the daytime. Quercus variabilis trees should reduce the water

transport velocity and efficiency to adapt water stress environment by xylem embolism and storage-water exchange.

Key Words: Quercus variabilis; stable isotope; tracer velocity; embolism; transpiration
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Fig. 1 Variations of temperature, relative humidity, VPD and solar radiation during the experiment time
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Fig.4 Variations of sapflow flux before and after injection and daily changes of sapflow flux during the experimental time
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Table 1 The differences of sapflow velocity, calculative flux, PLC, branch water potential and transpiration rate during the tracer maximum

value time, tracer half-life and tracer residence time
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Fif 3 b3 ) ) . .

X Sapflow velocity Calculative flux PLC Water potential Transpiration rate

Time Treatment oo
/(L/h) /L /% /MPa /(mmol m™s™")

N ZSGoNIEEL) FEAMEE FL 0.21+0.03 b 2.69+0.19 a 36.03+3.19 a -0.91+0.12 ¢ 4.76+0.48 ¢

Tracer maximum time 2 FEfA LWS 0.11+0.02 a 2.86+0.18 a 43.78+3.30 b -1.26+0.16 b 3.80+0.26 b

N SWS 0.09+0.01 a 3.38+0.40 b 47.72+2.82 ¢ -1.44£0.16 a 3.41+0.32 a

VAN ZE Rt FEHEBE FL 0.22+0.07 b 1.86+0.15 a 35.31+3.13 a -0.88+0.14 ¢ 4.99+0.50 ¢

Tracer half-life time BRIEIA LWS 0.11+ 0.04 a 2.21+0.19 b 45.21+2.19 b -1.30+0.19 b 3.68+0.21 b

G SWS 0.08+0.02 a 2.48+0.30 b 50.11+3.96 ¢ -1.51+0.21 a 3.10+0.28 a

% B 0 FEHEER FL 0.25+0.02 ¢ 6.1620.45 a 34.95+2.19 a -0.89+0.10 ¢ 5.1620.41 ¢

Tracer residence time  $2JE A LWS 0.10+ 0.02 b 7.62+0.74 b 45.9922.60 b -1.33+0.12 b 3.6620.16 b

HEEMrA SWS 0.07+0.01 a 7.91+0.93 b 53.52+3.20 ¢ -1.56+0.15 a 2.99+0.22 a

2.5 KORMIERREE JKIEFI 2 R AR

F 1 WORTE R BRI R AE T 21 0 R AR BRI PN 3 o E TR A A SR b ZERR B 43 i) U2 36. 03% ,35. 31% Al
34.95% , %% P RN B Joih A AL 3R A S5 R SE R BE LU ST 40 HE MR AL B4 0 3G N T 21, 49% 1 32. 44% (28.02% Fil
41.90% \28.72% F153. 11% ,3 MO (1) 22 5 5 2 Joibae b B A5 R S5 Kk AN 28 0 S 38 38 T [ R BR e K
R 22 S0 5 B B0 PR 2 R 2 A B AR 4% K B L 8 40 TR R AL P S B AEK T 38, 959% AT 58 12%
46.04% 1 69.41% 51. 38% F1 77. 11% , 75 5 3 353 HIFEAK T 20. 18% 1 28. 38% ,26. 26% 1 37. 93% |
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Fig.5 Relationships of the tracer velocity with transpiration rate, sapflow velocity, PLC and branch water potential
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Fig.6 The relationships of tracer half-life versus branch PLC, tracer residence time versus branch PLC, transpiration rate versus sapflow

rate, tracer half-life versus transpiration rate and tracer residence time versus transpiration rate
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