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As the dominant coniferous tree species in the mountainous area of Beijing, it is imperative to have
an insight into the evapotranspiration of Platycladus orientalis in the rapid growth season and its
components for deeper understanding of atmospheric vapor exchange of terrestrial ecosystems and plant
water demand. The variations of daily 80 in a Platycladus orientalis plantation during the rapid growth
season and proportions of plant transpiration and soil evaporation to evapotranspiration were analyzed. The
continuous water vapor stable isotope analyzer was used to measure 80 values of the atmospheric vapor
in August, 2016. Mature and suberized twigs of plant and soil samples were collected and measured
simultaneously to analyze 80 values of transpiration (8,) and soil evaporation (8;), where §, and 8,
were determined respectively via the steady state hypothesis of isotope and the Craig-Gordon equation.
The oxygen isotopic compositions of total evapotranspiration (8,;) could be estimated by a Keeling plot
linear regression function. The results showed that: values of §; ranged from -5.968% to -2.689% ,
which rised firstly and then declined at the daily scale; and 8" O values peaked between 12:00 and
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14.00, whereas the atmospheric relative humidity (k) dropped firstly and then rised. The relationship
between 8, and h was 8, = —0.03h> +4.85h —209.5 (R* =0.55,n =32), which indicated that the
isotopic fractionation was intensified with A when its value was above 75%. Although the diurnal
variations of &y, and &; values were complex and there was inconsistent variation tendency for the two in
the four experimental days (ranged from - 1.210% to -0.951% and - 1.599% to - 1.004% ,
respectively) , both of them basically shared identical changing trend at the same observation days,
suggesting that the evaluation of &, values was probably affected by non-steady state of stable isotopes in
the leaf water. And the variations on 8, were dominantly driven by &, rather than §,;. The results of
evapotranspiration partition showed that the contribution of plant transpiration ( #;) ranged from 90. 14%
to 92. 63% during the experimental days, indicating that the main component of evapotranspiration was
plant transpiration during the rapid growth season. The results may have further implications for future
forest construction and management in this area.

Key words  Platycladus orientalis plantation; rapid growth season; evapotranspiration; steady state of

%39 %

1sotope

i 2 25 2R 498 78 B 2 KA B4 1Y) T 2 R
g3 ALSEAE Y ZE 6 N 132, HOE 2 X3 BRI T 4
HbAE 7R KRR IS ead B R BEAE K TR . A
SRR K P i SRR E R 3R - A - R
KRG (SPAC) Koz sh R 271 B, B2
AT A S SRR E [ 7 28k B o2 A8 ) K O R
PR R AR T R e T A ]
HEBRGEWZEBA S, Bl THRMAES RGNS
FSZMR R 2R S A%, S Btk e, el L X, A G AR AR
A 25 R G ZEHIUE X 5 U e ARG

A6 L DX A X A AR S B R T
ERHLIX S 4, X LR A TR 2 )R
HE WL AE B A A AR Y 3R E A A 2= v T
DX, B EEAENIER T, 7—9 HOyFEK 2 5 AR
KA 70% DL 1Y SR AR AR R R % X K
G35 SR B0 H 2 R 50K 1 — 20 BRI XA 2R bR
AR AT ( Platycladus orientalis ) 3% X,
GYATERR T IZ W R RS X AR R R G AR A
Sy HRE I LA D 3 AT i A Bl T X 0K B R Y
ATRRZE R BRI FE R BRAR 2 1Y KT S T, X H 28
BB AARAE A il 2 AR A K E ZR 1 28 B 2H 0 X 40
A S SR X, B E T R K X AR R
K B ) A A AR A6 ) R (it Rl

PIAEXS /K VAR [ R AL 9% 22 52 RAE A
BT A BRI, AR BFE AR ARSI
AR ELRE SR OB 40 BT B i RE 77, v i AR g
i A T [ A7 2R AR O, (AR i 445 R i
EARBOL B AR 1 & SR S8 T X KR 8" 0 KIR
VR BE () S W 5 P A1 S 3 S RAE ORI, 0L
TRS BB, AERE A I R KRR TR R 5 b, 3l
WA YIAR £ TSRk 43 2 22 1 4E ]

ZRTA 2R AR RVSL 2R S R AUNE, IR HE ) 7% i 7K A
SR R LK (8, ) 5 A ) ZE KK IR AR TR AL 3R 2
(8 ) AHAE, B /2 [A] 37 R F2 € & (lisotopic steady
state, 1SS) B3 HZERFAMEAET MM F /KR
SE [ L2 32 H AR R 1R 1E R I AR fa &
A T R SRR A AEZE B A PSR B v
K I R TR RUBE (85 H s8R A AR Wk,
BT R 2R B SR W ZE BT 9 2 e % 1 RS
F SR R PR A 2R R 2R R R LR AT
Pl INF L R AR SRR, R, AR S A O
iR HE KKK 810 SR LE LI R 4, Xt
A6 L XA AR TR 810 FEAT 7 L2 UL, 3 £EAE P
AR EZR MRS K Ok T Al 3R A e A, FIH]
Craig-Gordon #& %Y  Keeling plot 77 ¥ 43 #1 A4 Ak A=
KRR A 53 8" 0 19 HARLRRAE , R R IR
BRI E R X R S R G AR UK, i Rl L AR 2
RGARHMIIT S8R RRZE B FEK 7 R4 ik 2
% o XA bR A A A B AR R R

1 #F R XBELAR 7 ik

L1 N XER

IRIARFETL ML KA FR R R S R Ge e
LWL 7E 36 (116°28" E . 39°54" N) 2016 48 H
AT, il 5 T b 55 T PG b R g ] R AR el b
Wbk 3, B N HJE 52 2%, e 25 K, O N 3l vhg 4k
212.2 m, ZX I KRBEMEENS R, FE TR 2
W, HBRRET AT IRIES R 12.2
C,ZHFF-HIREW &= 208 630 mm, Hi, 7—9 A 5
S 70% VI L AR AEZR & O 1800 ~2 000 mm,
YR AR PR Y 3 A, T BRI 1|
PR MRS RIE 4% LA 1958 AFARAE A TAK



%12 3

XA bl XA AR A R TR 4 810 0 H AR ML R M X 43 63

3, R 2 BY 2 B AL 3% O R AR AR ( Pinus
tabuliformis ) Bk & FZ 8K ( Quercus variabilis ) R, A<
WE5E LI g KR R sl e 22 54800
N TR SEAR R B SERT G , AR R AR A 2D, 53 A /D
I ARME AN Y)

1.2 BHEWFIRAE

12,1 KAKARPF & 20 % 09 1% L L]

BT WOLIEHOAR , F I KRR AL R 53 B 4L
(DLT-100, Los Gatos Research Inc. , USA) 7Fif 36 k5
HAR T AR SR VARG E [ 5 R LW R &8, LASE
S [E]AEWLIAAARK VR AR R A 2R 2 AR 6 SR SKIA
R, RSB B = B 0.05 m(+
) 8 mOUdfz 14) 18 m(FFHAR) &b, BdlRaEmt
) B3 IE S min, 8" 0 MEDREEE < +0.2% .

1.2.2 FERFeIEARRELNE

IEEPE 2016 48 1 5 H .8 8 H .8 J] 10
H .8 A 11 H 4 A>A K IEZE SR G X MAR AR 2% il
TIEFEAT RAE, & HRAEW H 2 07:00,09: 00,
11:00.13:00.15:00,17:00,19:00.21:00, FEM4A
FEHB NI 3 R KA R bR AR, T J2 4b (8
m) RAEFLRUAA 5%, R B, 23 % B bR MROR N e
P TO W 1R )2 I T RAE R 3R LA
T 0 ~5em AR  RHERFE B 3 I RIS
RSP AR it ] S 6 2 AP 2 il AR e it R
IR AR YK, 5 DLT-100 25 0K [R 437
FOr TN E A K 80 MR < £0.01%
1.2.3 WA ZHIEIR

AR I A A A Y A LI b 3 S i
MWL P35 0. 05 m( £4%) 8 m(GE)Z F%) (18 m
(HHRRA) 3 Zabmy= <R 25 < K
BT RGH R AE B 5 DX AA AR b P9 A i - 1
T R 5 R AL Y (ECH,0-5TE, Dacagon
Inc. , USA) FlEdia RAE 4% ( TC-EM50 , Decagon Inc. ,
USA ) % = 8 247 K 30 W0 I, 50405 R 42 T8] B 152
10 min R4E 1 1K,

1.3 HEE
13,1 EHASRA AR Fa R

et Fy guy U AR A L e S T e A
Bl 17 o RARONE A - 33 2 e KR RS 3R A LR AR
#4k , #IH Craig-Gordon DRV A R R KR
AN R (S,) -

8s/a’ —hdyy g —€.,,— (1 -h)e,
% = (T Zh) + (1 =h)s,/1000 (1)
A6 MHBE LA R 0 ~0. 05 m ¥R AL 3 (1) I A K
AR R B, LARAE 38 26 R T S /K AR R 21
W58, 05 4 0. 05 m BJELE KSR 50, DA FAE i

TR R AR PR AR 2% 2 5 b Ay 3 3 TR R AR
RS BRI 0. 05 m i BE AR S PRk ¥R 5 1L AT K
VAR (LA 0.05 m VR BEAb -+ 38R BE R i 2 ) 2 1L 3%
R e, NVHE RN e, = (1 -1/a*) x1000;8,
KB SR FRA R H AL 016 4777

at (> 1) 2 Ao AR A ARG )2 L R
P

6 3
1. 137 (%) -0.4516 (&) -2.0667
+ T T

« = 1000 +1
(2)

AT /& 0.05 m AR 48R RSGRE
1.3.2  HMip &K A R R & 4Rt i
FEPIAR Z2 WS 38K 5, 7K o0 76 A8 0 A4 Y 3 i
BRI B Z A — AN KA R R AR AVE T, 24K 5
BRI F I, 27 A B F1 A AN S i sk, i
KB R [ 2R H Y 2R 1 e e i e
KA TF R Z R e A (188) 2 A R AR Tk B
55 H] FH K JEOAR ] (4 ) 437 28R AE , DR Ik ] ) 25358
AR 42 RS 2 AR (8 ) 1R R FE S K IR AR
MFEAN(S,) .
1.3.3  ZA#OKARR L & 20w 04 7 T
ORI [ 7 25 4L Al 3 Keeling plot 77
e, HlR R AOK IR MR e R 2 b ok
IR [ LR R 1% R AE y Bl AR R 2%
BOKIRATRN BB (8,,) 1
Oy =C, (8, =0y) (CLV)+6ET (3)
K8 s, AR ERRGE N AZ(HEHLER 8 m
Ab) FEHRAS (BEHLFE 18 m Ab) AKIRA R R A
B, Cy A C, A ARAESRGHR)Z B KKK
WIS e B R G R AR R AN
1.3.4 A1A "0 R BR AL
HR AR [R) 37 2 o <4 R B K — ek PETR S AR A
52 R 75 A0 R ZE U h i L a1 >
FT:&W_SEme (4)
8T _5F,
X, Py JRAEYIZERE b RIERUR T E AT

2 HBREHH

2.1 UEHREIIRE S

X2 2% 8 m AT G BG4 T 40 BT
1 8~,8H5H8H8H8HI0HM8 H11 H
A8 H 1 A PH &R 8+ 40 5l B 470. 12 .477. 10 .380. 24 Fl
385.80 W/m’, fie iy il /351 31. 44 32. 86 .32. 19
F133.47 C, e KA X2 BE 4> i Sk 58.48% |




64 G| AN N AN S

%39 %

w
L2
(=)

=

& 4301

=]

2 3301

<

2

= 230+

&

E 130}

=

B 3%‘ 6 & & R

NS NN N

F FFF FFFFF S

[N

FHXTRE Ralative humidity/%
o
=)

F P P FPEDND
/ / / / / / / / / /
F F ¥ FEFFEEE S

H #4 Date

36
34
32
30
28
26
24
22
20

iR Temperature/C.

& Q‘b/@ Q"O/Qb 6’0/6\ Q"O/éb ch/@ 6’°§ QOO/\\ 6’0/0 Q%/\ﬁ:
H #Y Date

14

12

1.0

0.8

0.6

04

0.2

0

JA# Wind speed/(m+s™")

6 & O >
&

F & NN NN
/ / / /
F ¥ ¢ &

N) N
4 4 7

F F &
H H§ Date

v >
N N
& &

Q N

P I R S A AR

Fig. 1 Variations of data on meteorological elements during measurement period
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Tab.1 Parameters of Craig-Gordon model and estimated values of soil evaporation Jy

H 191 Date A 1] Time T/K h/% 85/ % 8v/% 8/ %
06 :00—08 ;00 297. 64 0. 32 93.43 £2.55 —0.647 £0.030  —1.548 £+0.054  —3.255£0.32
08:00—10:00 298.24 +0. 54 83.59 +£3.23 -0.59+£0.020  -1.465+0.072  -3.221 £0.25
10:00—12:00 298.95 0. 52 78. 68 +4. 65 -0.540 £0.032  —1.489+0.044  -2.8350.32
12:00—14 ;00 299.33 0. 67 77.48 +1.76 -0.569£0.029  —1.521£0.054  -2.846+0.29
8 5 H August 5
14:00—16:00 299.50 +0. 44 81.61 £2. 12 -0.506 +0.058  -1.394+0.032  —3.008 +0. 58
16 :00—18 ;00 299. 37 £0. 35 81.38 £2.09 -0.642£0.021  -1.550£0.067  —-3.056 +0. 21
18.:00—20:00 298.97 0. 55 81.82 =0. 43 -0.691%0.062 —1.511+0.034  -3.507 0. 62
20:00—22:00 298.53 +0. 51 87.58 +3. 64 -0.670 £0.051  —1.569 +0.029  -3.170 +0.051
06 :00—08 ;00 296.29 0. 72 98.73 +4.77 -0.651 £0.032  -1.569 £0.043  -3.437 £0.32
08:00—10:00 296.99 +0. 96 86.61 +3.74 -0.631£0.021  —1.492+0.055  -3.456 £0.21
10:00—12:00 297. 84 +0. 53 69. 48 +8. 46 -0.613£0.022  -1.527 +0.034  -3.077 £0.22
12:00—14:00 298. 66 +0. 32 61.08 +1.59 -0.617+0.029  -1.537£0.063  —-3.058 £0.29
8 A8 H August 8
14:00—16:00 298.48 0. 69 66.99 = 1. 04 -0.621 £0.018  —1.447 +0.045  —3.246 =0. 18
16:00—18 .00 297.97 £0. 10 66. 66 +4. 08 -0.706 £0.021  -1.572+0.059  —-3.258 +0.21
18.00—20:00 297.67 +0. 41 68.26 +1.22 -0.721 £0.022  -1.603 £+0.076  -3.251 £0.22
20:00—22:00 297.36 0. 32 69.31 £0.97 -0.793+0.031  —1.737+0.044  —-3.195£0.31
06 :00—08 ;00 296. 93 +0. 60 98. 64 +3.06 -0.603+0.027 —1.496+0.034  —4.790 =0. 37
08:00—10:00 297.53 £0.79 86.72 +3. 89 -0.698 +0.018  —1.522+0.066  —3.729 +0.48
10:00—12 ;00 298.26 +0. 45 80.92 +1.45 -0.648 £0.012  -1.554+0.054  -3.115£0.32
12:00—14:00 298.89 +0. 34 81.94 2. 45 -0.648£0.032  -1.573+0.079  -3.003 £0.32
8 710 H August 10
14:00—16:00 299.21 +0. 30 83.73 £1.59 -0.646 £0.019  -1.628 +0.062  —-2.689 +0. 19
16 :00—18 :00 299.23 £0. 16 83.81 £1.24 -0.654£0.023  -1.622+0.097  -2.759 +0.23
18:00—20:00 299.10 0. 14 83.54 0. 71 -0.671£0.025  -1.625+0.037  -2.860 =0.25
20;00—22:00 298. 88 +0. 23 86.47 +1.69 -0.693 +0.018  —1.629 +0.046  —-2.932 +0. 18
06 :00—08 ;00 298.21 +0.37 96.79 = 1.57 -0.632+0.019  -1.442£0.053  -5.968 0. 19
08:00—10:00 298.53 0. 61 93.93 +3.16 -0.616+0.013  -1.416+0.032  -4.669 =0. 13
10:00—12:00 299. 13 +0. 48 87.74 £2.06 -0.600 £0.024  —1.454+0.034  —3.386 +0.24
12.00—14 00 299. 84 +0.20 81.83 +1.43 -0.596 £0.021  -1.457 £0.067  -3.200 +0.21
8 H 11 H August 11
14:00—16:00 300. 17 £0. 70 88.49 4. 08 -0.585+0.031  —1.436+0.071  -3.347 £0.31
16:00—18 ;00 300. 06 0. 17 91.12 +1.46 -0.674+0.025  —1.493 +0.038  —-3.855=0.25
18:00—20:00 299.97 +0.28 90. 64 +0. 40 ~0.682+0.026  —1.457 £0.056  —4.246 +0.26
20:00—22:00 299.73 £0. 41 93.80 =0. 34 -0.715£0.017  -1.488 £0.049  —4.964 +0.37
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Tab.2 Regression analysis based on Keeling Plots simulation
. B{ZX[H] Confidence interval (95% )
H 1 5[] Keeling plot e J_ru —
R? n P BA5 T IR Lower H {5 LR Upper
Date Time Keeling plot equation
confidence limit confidence limit
06 :00—08 ;00 y=-0.442 1x - 14. 68 0.64 360 <0.01 -15.41 -13.91
08 :00—10:00 y=-0.415 1x - 14.47 0.75 360 <0.01 -15.05 -13.73
10:00—12:00 y=-0.303 9x —12.09 0.79 360 <0.01 -12.71 -11.44
8HS5H 12:00—14:00 y=-0.418x-13.25 0. 84 360 <0.01 -13.91 -12.54
August 5 14:00—16 ;00 y=-0.397x -12. 61 0. 82 360 <0.01 -13.25 -11.93
16 :00—18:00 y=-0.273x - 12. 47 0.80 360 <0.01 -13.09 -11.83
18.:00—20.00 y=-0.273x-11.43 0.71 360 <0.01 -11.88 -10. 86
20:00—22.00 y=-0.209 7x -10.47 0.65 360 <0.01 -11.03 -9.93
06 :00—08 ;00 y=—-0.246 3x - 12.27 0. 81 360 <0.01 -12.91 -11. 66
08 :00—10.00 y=-0.215x-11.83 0. 61 360 <0.01 -12.38 -11.21
10:00—12:00 y=-0.119 5x -14.35 0.64 360 <0.01 -15.08 -13.62
818 H 12:00—14:00 y=-0.226 7x - 11. 83 0.83 360 <0.01 -12.42 -11.21
August 8 14:00—16 ;00 y=-0.109 6x - 11. 40 0. 86 360 <0.01 -11.97 -10. 80
16:00—18:00 y=0.218 1x - 11.91 0. 81 360 <0.01 -12.44 -11.29
18.:00—20.00 y=-0.277 45x - 11. 28 0.77 360 <0.01 -11.82 -10.70
20:00—22.00 y=-0.341 6x-11.04 0.76 360 <0.01 -10. 54 -9.51
06 :00—08 ;00 y=—-0.455x - 12. 44 0.73 360 <0.01 -13.10 -11.79
08:00—10:00 y= —0.400 5x -11.95 0. 69 360 <0.01 -12.54 -11.28
10:00—12:00 y=-0.217 1x —12.05 0. 81 360 <0.01 -12.53 -11. 46
8 H10 H 12:00—14:00 y=-0.399 1x -12.28 0.83 360 <0.01 -12.90 -11. 64
August 10 14.00—16:00 y=-0.5153x-11.85 0.8 360 <0.01 -12.44 -11.23
16.:00—18:00 y=—-0.344 4x - 11.47 0.78 360 <0.01 -12.20 -11.15
18:00—20:00 y=-0.619 9x - 12.87 0.76 360 <0.01 -13.52 -12.25
20:00—22.00 y=-0.318 6x -12.53 0.72 360 <0.01 -13.18 -11.93
06 :00—08 ;00 y=-0.317 8x - 16. 00 0.76 360 <0.01 -16.79 -15.16
08 :00—10.00 y=-0.194 5x - 15. 14 0.81 360 <0.01 -15.89 -14.36
10:00—12.00 y=-0.337 8x-11.93 0. 86 360 <0.01 -12.53 -11.29
8 H11 H 12:00—14:00 y=-0.209 2x -12.20 0.85 360 <0.01 -12.81 -11.58
August 11 14:00—16:00 y=-0.193 8x -12.30 0. 84 360 <0.01 -12.97 -11. 66
16:00—18:00 y=-0.177 8x -13.53 0.8 360 <0.01 -14.20 -12.84
18.:00—20.00 y=-0.176 9x - 14. 58 0.8 360 <0.01 -15.33 -13.83
20:00—22:00 y=-0.193 7x - 14.09 0.72 360 <0.01 -14.79 -13.35
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