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Abstract

Aims Stable isotopes technique and Keeling Plot relationship offer great promise for partitioning evapotranspi-
ration (ET), which can help us better understand the hydrologic cycle within terrestrial ecosystems. Our objectives
are to evaluate the Keeling Plot method in ET partitioning using in sifu continuous 6'°O data and find the frac-
tional contribution of crop transpiration to total £7 in a winter wheat (Triticum aestivum) field.

Methods Field experiments were conducted at Luancheng Agro-ecology Station, Chinese Academy of Sciences.
A hydrogen and oxygen isotopes in sifu measurement system based on Tunable Diode Laser Absorption Spectros-
copy (TDLAS) was used to obtain the continuous atmospheric vapor 5'%0 data. Other measurements were made with
the eddy covariance technique, cryogenic vacuum distillation and stable isotope ratio mass spectrometry.

Important findings An analysis on the Keeling Plot relationships based on data from different time intervals in
one daytime showed that the Keeling Plot would be better when using the midday time interval data to build
Keeling Plot, which inferred that the plant transpiration isotopic steady-state (ISS) can be more easily obtained
during midday when plant transpiration flux is generally largest. ISS was not always satisfied in field conditions,
especially when mature wheat suffered from water stress. Using isotopic partitioning, we estimated transpiration
contributed roughly 94%—99% to the total ET during the field measurement period, which indicated plant transpi-
ration dominated local ET.

Key words flux partitioning, Keeling Plot, stable isotopes, TDLAS
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A 750 R S 28 A PRy o X 8 53 DX 23 TR,
HE T HEIF B RS RAE KRR OF
— SBHIF 5T R Dy R F K RS E A AL 2= A5 B AR A
ARG R EET #IIF K (Brunel et al., 1992; Yakir &
Wang, 1996; Moreira et al., 1997, Wang & Yakir,
2000; Yepez et al., 2003). 1T i8R 5h 11275
W, 3 A OKI [ 38 4 AR 1 3K
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fFrzs e fH2 2515 40 T[R4 A€ A(isotopic steady
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&Yakir, 2000), PHlit 4875 K KV R 25 7K
(R )47 28 AT = 22 5, X M R ZK VR &L SRR
SE [A) A 28 HEAT 28 4L 40 X 40 1) B0 JE Tl (Yepez et
al., 2003; Williams et al., 2004).
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al., 2004), PAIEA TR K HAT 5 HA F KSR T 1)
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1961; Yakir & Sternberg, 2000; Yepez et al., 2003). X}
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Fig. 1 Time series of 6'° O (Hourly) of atmospheric water va-
por (dy) at two different heights and precipitation
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Fig. 2 Diurnal variation in 6'0 of atmospheric vapor (dy) with
dew formation or not. DOY, the day of year.
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(), PHOEAT L, BRI AR VR AR 5 X o (H 56
Wi S I Sk, R P ROR, 28 I (R 3R A AR A
FHBR A s, 28 R AKVAI R4 25 LIS
33 EBUKARMIREINRIRER

B3 7R T4 H9H 75 R F 44 A [A] ][] B
6:30-18:30 (1K), 11:30-14:30 (*h4F), 9:30-14:30
(B IR RI11:30-15:30 (P40 F4). SAEH
IRV TR 2R AR5 7K R P (TR B BRI 81 Bl TR 1
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Table 1 Parameters used to estimate the isotopic composition of the evaporation flux (Jg) with Craig-Gordon model

DOY h (%) s (%o0) 34 (%o) Gy A& (%o0) It (%o0)

97 53.22 —3.612 ~10.661 0.990 4 13.332 —43.22
100 56.70 -3.284 ~12.581 0.990 3 12.342 -40.78
102 74.78 -3.307 ~14.542 0.989 5 7.188 -38.89
112 72.70 -8.752 -17.561 0.989 9 7.781 -49.05
115 4372 —6.631 -10.364 0.990 2 16.041 —47.90
120 72.39 -3.346 -8.814 0.990 6 7.869 -49.98
125 67.52 -3.501 —9.855 0.990 1 9.256 —47.82
131 63.79 -3.028 ~13.670 0.989 9 10.321 -39.28
134 70.46 -4.898 -13.876 0.989 9 8.419 —44.55
139 57.80 -3.556 ~10.869 0.990 1 12.028 —44.25
146 90.12 —2.104 -8.351 0.990 4 2.815 —68.72
149 48.31 -0.305 -10.913 0.990 4 14.732 -36.34

DOY, HFHG b, A5 mig H e B R (KK OHIRHEEE; v, 0-5 om 47K R 22 Lo 1A IR 348 8., TDLASTIA R B0 KKV
"0 (4 H24 572K 175780 em, 4245 )5 2100 cm); e, P EREG 48, S YHUREG o, BHEFRKIRINSOMH.

DOY, the day of year; /, the air relative humidity; Js, the average isotopic values of water at the soil surface (0-5 cm); d,, the vapor water 6'°0 iso-
topic value by TDLAS; av,1, the equilibrium fractionation factor for liquid—vapor exchange of H,O; 4¢, kinetic fractionation factor; Jg, isotopic value
of water vapor from soil evaporation.

www.plant-ecology.com



[

o}

2k R A 4 SN E 7K IR 680 {E A Keeling Plot 77 ¥EIX 73 2 HZEB 4Ry 175

-12.0 -12.2
~125kF 104l 11:30 -14:30
~13.0F

Y -12.6}

E\i -13.5

) -12.8+

ﬂﬁ “140f

E 5| »=-190287x-0.601 S13.0F y=-80.249x -7.507

{E I R=0.569 R’=0.913

N 150t -13.2} )
_15.5 1 1 1 1 1 L 1 _134 1 1 1 1 1 1 1
-122 -12.0

9:30 -14:30

-124F * -12.5}

< -13.0}

< _12.6}

T -13.5}

H\] -12.8}

T . -14.0}

LE | y=-85.747x-7.153 -14.5¢ y2:—186.282x—0.918 g
1321 R'=0.927 150l E=0572
-134

1/[H,0]

0.060 0.062 0.064 0.066 0.068 0.070 0.072

5 1 1 1 L 1 1 1
0.060 0.062 0.064 0.066 0.068 0.070 0.072
1/[H,0]

B3 4RIR R BELA K eeling Plot 26 LE#(DOY 110, 2008). DOY, HF4k.
Fig. 3 Daytime Keeling Plots with different time data (DOY 110, 2008). DOY, the day of year; dy, 6'°0 of atmospheric vaper.
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Keeling Plot 14 3R 153 (1) 25 HUKV R F AL B e 5
THA ) 3 28 R /K YRR 25 A S RH ) 64 21 (AR )
AWE KRR R AR LeEg, H, DOY 10271112
PRI TDLASAX 2% b = 388, #1035

Keeling PlotJ7 55 i 28 HUK PR R 3 2H Bt
25 7K VRRIA 28 R 28 R KPR R FRVR AT B, 25K
IRV R 25 LUABLAE B L N A T 28 5 R A7 35 L (E
HakFEMFEWMEZE . g kM, H
11:30-14:30 I BE 3R AT B 28 UK R R AL | 4l ke, B
60% AT 227K A7 2 41N 135 28 R KR R 3 4L
M2 1], 6:30-18:30, 9:30-14:30Lk £ 11:30-15:30 3

A I B AUl 15 21 (R A8 PR (ZE OK YRR 25 41 R V4 A
IR DX TE] AR EGAG 23 0l A 10% 20%A130%. T
2 L AR WA F AR e & B MAFAE(Lai et al,
2006; Lee et al., 2006; Welp et al., 2008), il Fa5E
A8 B IRAT (1) 28 M 7K VTR 25 2 B mT B 5 S B fH
Z A 25, IXFE2 G 8Keeling Plotiil 5 75 HIK
VIR 25 4 i 25 25 1 [m) 7 3% LU AE 5 28 K IR 38
PAE 2 1] o WA H BOAN TR B ) B AR A5 5 SR R 7RI
Tl 525 (RAEAE, Ui A/ N ZE R R R AR e &
BB AEAE . A r I Bl & 5 VR N 280 R 37 32
FUAE 5 78 TR 25 PUABL 2 TR e i, W s R A IX
AN I B T g B G M A2 R AL R S IR X
(Dongmann et al., 1974; Farquhar & Cernusak, 2005;
Lee et al., 2007).

TERAE R, G4 R H 5 (DOY
120, 139, 146, 149), FIH k44~ BeAq 20 AR
TS5 I ] TR PRI A 25 K R, R AL, ZE UK

doi: 10.3773/j.issn.1005-264x.2010.02.008



176 WA Chinese Journal of Plant Ecology 2010, 34 (2): 170-178

F2  LHROKIR KR (FEK) FIZERUKVRIRIA 22 4 LA

Table 2 Comparison of average isotopic composition (6'30) of soil evaporation (Jg), transpiration (J,) and evapotranspiration (Jgr)

DOY d d, (std) Seri Sers Sers Sera

97 4322 ~6.621+0.8 92199 —6.7149 57335 81049
100 ~40.78 7.124+0.1 ~0.601 1 75074 ~7.1536 09182
115 -47.90 ~7.080+0.06 ~3.850 0 -9.1972 ~6.295 4 8726 8
120 ~49.98 ~7.008+0.3 ~5.7010 ~6.169 7 ~6.745 9 43343
131 -39.28 ~7.12640.3 52650 ~7.3402 -8.0852 ~6.163 5
134 4455 ~6.471+0.03 6239 1 ~6.708 9 68114 3.8690
139 4425 ~6.554+0.6 24652 27052 24020 22496
146 —68.72 ~7.110+0.4 ~3.484 5 ~0.968 1 ~1.708 0 3480 1
149 -36.34 ~7.020+0.4 43335 ~6.348 9 ~5.901 8 ~6.7290

DOY, HFH ks Jeras Oerss Opras 270 R HI4 I TR BE(E16:30-18:304 11:30-14:30. 11:30-15:30. 9:30-14:30)73 £/ [{Keeling Plot# i .
DOY, the day of year; dgr1, drr2, der3 and Jdgrs, the evapotranspiration vapor isotopic composition during four different time respectively (6:30-18:30,

11:30-14:30, 11:30-15:30, 9:30—14:30) based on Keeling Plot line y-intercept.

&3 FIHIKFRE AL 3 (0" 0) /- FI15 3 A8 ok A5 1L LA (Fr)

Table 3 Fractional contribution of transpiration to total E7 using isotopic partitioning (o 18O)

DOY e By Ser(11:30-14:30) Fr(%)
97 —43.22 -6.621 ~6.7149 99.74
100 ~40.78 ~7.124 ~7.507 4 98.86
115 —47.90 ~7.080 —9.1972 94.81
131 -39.28 ~7.126 ~7.3402 99.33
134 —4455 —6.471 ~6.708 9 99.37

DOY, HFHG dp Ox Opr, 23 A HIEZR . MM ZEIE R R AR BOKIRIRI AL 3 AL Fr M) 2610 S 28 HUh 1 e

DOY, the day of year; g, dx, der, the soil evaporation, plant transpiration and surface evapotranspiration vapor isotopic composition respectively; Fr,

the fractional contribution from transpiration (%) to total evapotranspiration.
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