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Abstract; There is increasing concern about the sustainability of large-scale plantations in water—limited regions, with most
studies indicating that the higher water use of forest plantations compared to herbaceous crops exacerbates water shortages in
such areas. However, the mechanisms that control evapotranspiration in forest plantations under complex water, energy, and
climatic conditions and across diverse geographical regions remain unclear. Here, we report continuous water flux data for a
poplar plantation ( Populusx euramericana ‘74/76’ ) in Daxing District, Beijing, China, collected with an eddy covariance
(EC) and microclimate monitoring system. Our objectives were to a) quantify the dynamics of evapotranspiration ( ET') ,
surface resistance (R,), and climatological resistance (R,) over dry and wet years; b) examine the direct controlling
effects of biological and environmental factors on ET by using partial correlation analysis under different soil moisture
conditions over dry and wet years. On the interannual scale, average daily ET in dry years (2.23+£1.30 mm/day) was 17%
lower than that in wet years; surface resistance (R, :LAl) increased by 50% in dry years, but there were no significant
differences in R, and R, between dry and wet years. At the seasonal scale, seasonal drought stress had a discernible impact
on ET, R , and R, of the poplar plantation, and water supply ( precipitation + irrigation) caused —71% of seasonal
variation in ET (P<0.01). Partial correlation analysis indicated that R was the main factor controlling daily ET', except
under severe water stress (REW<0.1), and daily ET was negatively related to R ( second—order correlation coefficient of
-0.518 to —0.293, P<0.01). The effect of R, on ET was stronger in dry years than in wet years, and the effects of R, and
R, on daily ET were irregular and weaker than that of R . Daily ET of the poplar plantation was directly affected by relative
extractable soil water (REW) only under water stress (REW<0.4) in dry years (Pearson coefficient 0.217-0.323, P<O0.
01), and it was indirectly influenced by REW under other soil water conditions. Compared to partial correlation analysis,

correlation analysis would incorrectly evaluate the effects of R, R,, and R, on ET.

Key Words: poplar plantation; evapotranspiration; surface resistance; aerodynamic resistance; climatological resistance

i 2 50 4 A MR AR AR A A2 A S 3orh B D b RS b R A IR BT 5 DL R KA 2R
TRENS . Mt T AR R TG A A A 7 R I R AR TR AR A A kL IR
TR AL FRRI 1 ARAE T R G Jr i X RN MR Bk 2007 47 3R E A RN Tk Ak
AL 700 207 AW . REAL X 28 F 52 TR KRB | 280 2 BUK X K SRR £
BRI R R T2 A BR VR T T AR R K A3 R LA A K i B ) R T I D e XK v A b
REI K IABEIR AL A KUK, 52 0 X 514 = 8K AR08 K SCHRER DL Mkl s o PR A b B AR A T A
ARG

FRHUR (ET) VEN S R G0K i AN RE P (0 B AL 5%, B i X S AR AR M IE R T it ET 78S M58
A5 5 T IR AR AL RS AR BRI St 22— DV IE o A 25 3R 5 1 25 U 28 AL Tl
£ 0.88—8.5 mm/day Z 0] AnE KA AR ( Populus deltoides) ET 4 2.40—5.40 mm/day' ™', 3£ [H
BB PYEPMSEY EAR N 2.57em IR ( Populus tremuloides ) B ET 2N 3.69 mm/day' " | T fin & K g3 mE 96 2
HII ( Populus sp.) ET 4 1.15—1.41 mm/day'"7", 36 E S A N 9484 ( Populus tremuloides) ET 4 3.60 mm/
day' "™ | FR[E Y S VE R SO XA N TARE ET 9 2.58mm/day' ™ | 65T 3E PE /N4 ( Populus simonii) ET
N 1.33 mm/day™ , AT DUE R RIS s Hp i A S R GE R 28 B0& (ET) TR 45 F EREE 2000 5l R A A [ 1 2 57
Ko MRS RGAEBRZ— RV T (WORBAFES , 25 R BE , A7k IR R 28 T - 30K 7 & 5 55 ) il
Wy AR Chnrnt v AR DL RS AR A ) 22 BAE RS2 ) (R R 4 IR X ET 1) 52 i R 3 T
S i E S RS ET () 3 S R B IO R 0T BT 22 5, K R A AL TR R TR
HIX (¥ 84k A7 ( Populus sp.) ET ) EFHER ™ 7 T WA 00 A5 K WL AR 1 — 28 T0 M R, K BH
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FRGAREN ET AR LR FZEIREE R A T 5 B I 1 2 XU DX AN 2 B0 TE P R A W Re Ak 895 . 1- 69 1
WA S SR AR K ZE BT R BAREE — S (WE)Z 0 B R B R B0 Rt
N WA= W) RS R R X ET IAEXT s AR BT (H Bk = 25 7 X ET s /E R B2 et o, gy
AN ET R EGIER, A BT IMRAES RS 5ENAHEAER R, i B A2 e £ S RS
B A B RS 12| BB AR S AR A 3 AR TP O AR M PN M Ty | DRI A R N 1 Rk S ) e ok
- 45 AT DL D (S8 A it iR e B R G 22 WARE , Ak & E B R G 2l e iy 1 78, ok
M A AE S RGEWOK SIS H 7 R RARZEM T R (K2 SE ¢ MEI50) 7T LRAE
PMAEB RGN ET WA RIER SR R (5 a S VPD 4 50) £ — @ B FLR G T B+
FRRE I | e KA IREEXT K A 38 e (s il 5 i 23 K sh J1 24 B 01 R, 5 32 123 R 8h Ty 24 etk XA 6, fm
568 J2 v B 2 ORI v JE 1 R SR B K P A i g i 7

ARICE T 4 47 (2006—2009 ) 3 BE AH 5C Z2 G819 LI 9, 98 B A= 4 2 14 K PG R B R R B0E R ) £
HOK A 55 F ki N THAERS RGN ET FHAR S T 7005, EZHNET . (1) T AN TAHAES
RGEZEH AN P PR S O 2 AR BRAE ALARAE 5 (2) BRI R4y Hh R TR K 43 2 40 R A= A3 5 1A
TR RGEARBE N R,

1 #MREFE

1.1 AFFEIXHESL

F 55 T J T AT T R4 XA SRR LM B LR 15 I K 9 107 4944 ( Populus euramericana CV. “74/76™)
N PR 51855 ) BRATIE N 2 m X 2 m, 75% K 2002 4EFhAH , HiAy A 1998 4F 2001 4 F1 2003 4 FfifE
WF5E 3 5 AE 2006—2009 4EAYEEAE LN 1 R, & 2009 4R SERI0 5 (H) FAE ( DBH) 4350 (16.2+1.
6) m F1(14.1£1.6) cm (Mean+SD), V¥ FRAEEL (LAD) BAERG I, AR AEBERG B, 2 0 —4F 2B BACHE
Yy, LB Fh R IKERZE ( Chenopodium glaucum Linn.) , P44 546 B 16 ( Medicago sativa L.) , ¥ 7 AME ( Melilotus
officinalis (L.) Lam.) ,J&TE%(Salsola collina Pall.) F#EZE ( Tribulus terrestris L.) 55 .

TIFF X i I TR S Je A M X, 7 T 7K g T R AR X, i34 3H S 234k 30m, 3 B <50, 3R
11.6°C, I i fI A —-27.4°C , Wit e i T B 40.6°C P XUiH 2.6 m/'s, 2= AR XUy ], ZAE -3 [ A
556mm( 1990—2009 4F) , Hrp 7—9 H yFE M & b 4R B 1 60%—T70% (K% 405,116°15'07'E,
39°31'50"N,1956—2000 4 EHE ) . 35 Ry vh BUE VD3 + | 8B v by, RIR B K 1 22, F ¥ LR R E N
200cm, 13 pH {4 8.25—8.39, & H 1.43—1.47g/cm’, 2001 | 2009 4= [Y-F-H1 4 F /KA A 16.5m , 4P 14 %
&Ik 3.9%.,

£z 1 2006—2009 FE7F 7= X HIFFEEFGRA THRK S HFAE

Table 1 The environmental factors and stand characteristics of poplar plantation during 2006—2009

. TR
o s o ; LR T4 gy s . . p -
T T R RO o L S T R T o
Year Tmin/C  Tmax/°C  Tmean/°C 1 Vi P/mm ET/mm I/mm H/m DBH/cm LA/
VPD/kPa  VWC/% o
(m"m™)
2006 -10.6 29.7 12.5£0.7 1.13+0.84 5.5+3.7 482 599 86 11.5¢1.1  10.8+1.5 1.6+£0.3
2007 -9.8 29.5 13.0£0.6 1.16£0.87 6.6+3.6 667 560 — 13.0£1.3  12.2+1.8 2.1+0.4
2008 -7.4 28.8 13.3£0.5 1.06+£0.61 6.4+3.3 662 653 — 14.8£1.2 13.8+1.8 2.2+0.7
2009 -10.2 30.5 12.5£0.6 1.17£0.92 6.5+3.2 428 511 195 16.2+1.6 14.5%1.6 2.9+0.4

TR AR IER (SD)

1.2 {57k
AR DA/ Thm x Tk, ISR TEPFHEY S A5G0 B AR S I EESK 3 BEA G A L4
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DR B AR AEAE IS DX s 32m RIS || =2 245 . H,0/CO, 20N 734X ( Li- 7500 LI-COR,
Inc. ,Lincoln, NE, USA ) 1 = 4 75 X 3# {% ( SAT- 3; Campbell Scientific, Inc., CSI, UT, USA) , %% & & N 20m;
AR S (CNR-1;Kipp and Zonen, Delft, Netherlands ) . H #8538 11 ( L1200X-L, Li-Cor,NE) i 14 4% (LI-
190SB; Li-Cor, Inc.) % % 5 & ¥y 26m; <R3t (€S105, CSI) #1813} X A 3§ & i1 ( TE525-L, Texas
Electronics , USA ) 2245 5 FE 43 oA 21m Fl 22.5m 3 25 SRR B AL JE A% ( HMP45C ; Vaisala , Helsinki , Finland ) 7E 5 |
1015 20m 1 FEAb 4% 22208 — 2, 3338 B AL IR AR ( TCAV 107, CSI) Al - 3EHi B4l ( HFT3, CSI) 28 T LA
T 5.10.,20cm Ak ; +3E KAWL TDR(CS616, CS, USA) A THIZE LA T 20em 1 50cm Ab, KU fksh 8
M CO, A1 H,0 ¥R B LA 10Hz B3 A R BORHA R FHEE R & 2% (CR5000, CS, USA) H 3idsk,
1.3 B a5
1.3.1  Fhdikb B K o s 4 ol

REFISE R G (EC) W SRR A4 38 805 4 H EC-processor 2.3 IR FFHEATAC T, AT RE s X i KL
P AT SR | = A bR 0 WP BSIE P AR TR A i S A, Xk A 32 34 B A8 1k
(MDV) PV EA AR AL , 2R B i BT 2 N HNT 7 R A RS B KA sh E A AN, KT 7
REFIAHEF A AN

T EZRIRELTRMET R AERE N R T 24 I 4ERE I R 10 85% B R T RA4R43, 4 4F
2007 12008 4= AR IE AR, 2006 Fl1 2009 4F- 24 1547 ; PR A K oK 43 78 & SR 3l g (Can K PHER 5 I ) Al
Ly A B 7 B R B T LAAR SCae AR A 2 (29 MER 100 3] 300 K) M BIFFEis B 5 B T35 R ARG I A BH AR
S RAUKIRE2E 2280 DA ARAE H AR, B0 T30 222 B A RS 22 K, 1 EL B i BEL o 2 8500 B 4338
SR MRV ARL/INVE 00 3 S A 2 TR AR IR | DR IR e 4R B B (AU BT E] 10:00—15:00) 45 B 1 2
B ER ML H AR I B
1.3.2 EERRG YIRS ENTTE

15 IR B ARG R GE MNP PGl B (LE) THE A ER RGN ZE#UKR (ET) .

il 1F Penman-Monteith J7 F2 3 5 Hp AR B (AL ECHE] 10:00—15:00) SRS ERIZBH T (R,) (411,

¢ (6./LE ?
Rszpp(e)"'(.ﬂ_ljl{a (1)
Y Y
/\I:P
c 0
RFM (2)
YA

A, R AR RIZITT (s/m) ,RAMEBLTT (s/m) ,p % TEHE (kg/m’) ¢, 2 THLH 1005 )/ (kg
- K) 8, M AKIREZE (Pa) , A iR FK IR 22 B i B2 A2 AL 9 RHR (PasK) ,y A THRIER (=67 Pa/
K) ,A RINARBE(R,—G) ,LE S8 FEAR AU A 7 i 1 (W/m?) B R SC I (= H/LE) s R, R 5 )2 5
WL 5 B RS2 2 B 2B T (s/m)  ARAIE A0 (3) 2 BT

1 M

R,=—=r,, +r,="+62u" (3)
g s

A, r, SRR 2B 2T (s/m) r, ARIARBETT (s/m) o RN o JEE A9 ~F- 35 XU (m/s ), o E4EEXL
H(m/s) .
X 30 K A i A 2 R P ] R K G AR AT R A5 (4) THRE

VWC-VWC,,.
REW = (4)

ma:

AP, VWC h 50em HIEIRFE K& (%), VWC . A VWC 2351 BIF 58 b 4 38 A% I 25 18 28 0 F (R 35 K &
(%), HRHE Granier £ N [HHFFT , 24 REW<0.4 B, A 25 R 50 % 5]+ HEK 36 95200, 24 REW <0.1 B, A=
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BRGNGZEE KA
1.3.3 RS

Al P A R R G0 10 B A G B AR LI B0 T A sk TRz — L BER A R R A (5)
A

N (H +LE)
Y (R, - 6)

K B WRER T LR R, G H, LE 530 i i i it | I Gl i v HGl i B0 W/m?

ARHIGE L T2 /N AT H S R e O 1 O AT A AR AT LU R (B, ) 4391104 0.85 F110.87, 5
3 8 ) ( ChinaFlux ) 8 N3k 5 A48 (0.83 ) 1 Filid £ 9 ( FLUXNET) 173 3 5 A9 341 (0.84) 1 — %k, H 2
T8 R S AR A ) 388 AN 5 A, B T — B L B4 SR ) B o DA A A TR 3R T 20 R N i A
PG S Q0 E | bR B LA SRR A T RESE M P A AR L AACR U, AR il L A i DA A R R R E Al 3
Uil AR — B, T B AR S R DG UL Fr 5 T R A
1.4 Srhriik

BARGH AT AR AR SPSS 20.0 Fl Excel 2013 ;i AH X204 FI SR 43047 3 NFH 1 280 FIZFETT
SAGBHJ Fzs KBl J12EBE T ) £ A ET S BRes il /8 T, BI4353) LA v w4~ B 2800 S 4 i 722 6k 43 B
BEABNSEE ET BRI,
2 R
2.1 FEXF IS KA (REW) FIFE RS B9 28 A AR AE

TF 5% DX 58 W FIAEDA 38 B K i A28 fR N 1 R, A BT 245 F- B RE & 556mm (1990—2009) , T 57
4F 2006 F1 2009 AYAE R B2 ST H 74mm A1 159mm , #EBE 523 510 86mm 1 195mm ; 17 3 E4E 2007 FI
2008 AF Y AF R R B U 7 T 2 AR 4T 100mm (£ 1) o A K BARETR B 5 S FEREW 1 900% 2L E BT 2008
SRR A AT 3L S0 A1, HAth = AR R AR X 4R rh#E AR K = v ] 4 2007 4R 4R K ZEHiT ] (DOY : 100—180) H
H—37RE W (>50mm) , 177 2006 4F-F1 2009 44K 5 ( DOY :240—300) MM 2D, AHXT 35 7K 2 (REW)
(A 255 AR A 1 T R R (0 A8 Ak, RO 1R B FE il B REW A KT 0.4 3£ F REW R0 1948 K &+ R ihia
(REW<0.4) FIHEMHA BB (0.4<REW < 1.0) W15 2 H1 iz, 78 2006 1 2009 4F A=K 22K 1 LA K 2007 4FF1
2009 AF AR B, AR R GAFAE B BT B T 2 e, 5 2 ™ T R WA (REW < 0.1) , 1T 7E 2008
AR ZE AR T 2 ha

Epr (5)
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X 2006

~

k=
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Fig.1 The seasonal variation of daily precipitation (P) and relative extractable water (REW) during growing season in 2006—2009
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2.2 W T ARZERUE (ET) T4 P B S50 25 1k

Bkt N TARZERCR (ET) ZET5 2846 1018 2 Fis, 2006—2009 4F A4 K ZE 1y ok H 288k e 7.8 A
53,5354 :5.63 mm/day .6.31 mm/day .6.15 mm/day F1 6.52 mm/day; BFZEHL w53 50K 431mm  506mm .
629mm Fl 477mm (3 2) , B& 2008 4EFh , ARG Ay #R 2N T [RI  ZK Z(R  ( R S REE 2 F0 ) 5 T 4R
B HAE 28 80K (2.23+1.30mm/ day ) 2238 E R TR EFE 0 19 (2.67+1.47 mm/day, P < 0.001) , Jf H 2440
TSR B B H 2R O B I T AR B By, 43 30 (2.08+1.08) mm/day F1(2.94+1.30) mm/
day (P<0.001) , 7EZ=5 R b, & BB 28 0K i 5 7K 2R iy i 22 30 I 2 g AR DG (an &l 3) |, 7Kk oL i i
BT 20 1% 288U ARk (B AE T 5 AR A 0y R 80 AN TR AR A i 1 56 21, A Eb T HAMBIEST , A BF 58
REFET SR 1 H S35 28 80k B KT P9 52 ot VA 8 2k T Ml X A N AR (2.58mmy/day ), P < 0.01) , 1fif
TR Y B ZE 0 5 T 3% 25 5 XUl B ARHIFS X (A A [R) 3 A5 0T, A 5 52 32 hae i
AT e BT 7E DX K AR A O, QR Ry B He o3 A
F2 2006—2009 F4FH A THES KR RERRIKS NS (BHER)  RREHEUREHRER N SBEEAMSSHAZES

Table 2 The amount of water supply (P+I), cumulative evapotranspiration ( ET), average surface resistance (R, ), climatological resistance

(R;) and aerodynamic resistance (R,) in poplar plantation during different periods of growing season, 2006—2009

AE A Bt KGR FIZHEI SRy =G ER T RAEHCE
Year Periods Water supply/mm R,/(s/m) R./(s/m) R,/(s/m) Cumulative ET/mm
2006 100—163 76.2+56 418.7(528.7) 87.8(30.2) 20.0(6.3) 97
164—192¢ 127.8 184.0(94.7) 94.9(45.2) 23.8(5.1) 91.87
193—230 219.6 50.4(29.9) 51.5(16.4) 27.8(8.6) 125.38
231—300" 43 178.5(68.8) 77.4(27.5) 25.6(6.8) 112.72
100—143¢ 61.8 426.9(148.8) 96.1(29.4) 18.1(5.4) 73.61
2007 151—200¢ 146.8 314.1(225.6) 91.7(42.8) 25.3(7.1) 131.48
200—300 396.8 74.1(27.3) 61.1(22.7) 30.4(9.2) 284.29
100—117 53.4 206.9(102.0) 60.7(22.9) 13.6(4.1) 25.43
118—155¢ 15.6 130.8(48.6) 81.1(32.3) 14.7(4.2) 121.14
156—188 212.7 70.2(33.4) 56.1(20.6) 19.3(5.9) 115.92
2008 189—212¢ 26 59.3(27.1) 67.4(41.1) 27.8(6.8) 105.41
213—239 173.4 61.5(23.7) 55.8(14.3) 19.3(5.2) 108.41
240—2511 19.2 88.7(34.6) 60.4(15.3) 18.0(4.1) 37.65
252—300 116.2 72.1(17.8) 57.3(28.9) 18.4(4.4) 107.81
100—158¢ 37.6+52 298.9(150.8) 84.2(39.3) 18.2(3.8) 109.56
2009 165—186" 1.2 360.5(139.8) 137.4(43.8) 21.2(5.9) 58.21
187—235 265+32 61.2(30.9) 53.0(22.8) 27.4(6.6) 178.63
236—300" 20.4+20 208.3(194.3) 72.3(26.5) 26.9(10.7) 108.42
2006 AR 466+86 231.4(338.3)a 77.9(33.6)a 24.0(7.4) A 431
2007 Growing season 630 192.2(190.7)a 75.4(34.0)a 26.9(9.3)B 506.1
2008 630 118.1(115.3)b 68.3(44.9)a 18.5(6.3)C 629.6
2009 400+195 248.9(273.3)a 77.1(39.1)a 23.8(8.5) A 477.2
FFL4E (2006 ,2009) Dry year — 240.3(306.9) A 77.5(36.5)a 23.9(8.0)a 454.1
TR AE (2007 ,2008) Wet year — 153.1(159.7) B 71.6(40.3)a 22.5(8.9)a 567.85

w FEREIE I (ARiEZS) I FRK A BB a b e TR BEMEH 0.05,A B.C FaR WETEN 0.01

A KR BERZ BT (R,) B ZEA AR AL S5 HARR 5 Hp I ARG R 2515 P A AR s AR A0 Fe A K 2
WIHAFIARI R ARARN AR R ZL, 78 O W) b/ B R (gl 2) o 2006—2009 4EAE K ZE R 7 K 3h
S B AR AT BB 23 50 £ 34.3—1569.3 s/m,44.9—1110.9 s/m,29.7—258.2 s/m,41.1—1186.8 s/m, H
2008 (1 F AR B0 LAD) 73RS 19 R (R R . LAL) 4y 45.6 s/m leaf area, 3 {IKFHALF(3(100.3 s/m,P<
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& 2

Fig.2

climatological resistance (R;) and aerodynamic resistance (R,) of poplar plantation ecosystem across growing season during 2006—2009

0.01) , 1M TS0 H 4 R, . LAI(106.8 s/m leaf area) 25 M{RIEAFEA R 1 1.5 £ 5 R (21528 AL Il i - 5
JiEL, 41 2006 ,2007 12009 4F it i BEAY R 6 5 TR Mrac i BEAY (36 2) ,3X 5 Tehebakova %5 AP 58
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The seasonal variation of daily evapotranspiration ( ET) and midday biophysical parameters: surface resistance (R, ),
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Table 3 The correlation coefficient, including Pearson correlation (p) and the second order correlation coefficient ( SOCC), between

evapotranspiration (ET) and relative extractable water ( REW ), surface resistance (R, ), climatological resistance (R;) and aerodynamic

resistance (R,) at different water condition in dry and wet year,the value in table represents coefficient ( significance)
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