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(1. JEpoll K SRR B SR A E M E S LR, Jbat 100083 ; 2. Hde SRR FRME 2545, JLaT 100039)

FEE AL 6.7 A =A% K E 4% (tiploid Populus tomentosa) 4RI P BIEFE T M i #E (SDI) N AN [R] + 387K #4 (-25 . -50,-75
kPa , RV RS IR B ) XP AR AE A B 2B BRRHAE (52 ) . 25 SR 36 B . SRR ( CK) A L, SDI i 6 |7 4 AR MR A3 4 7™ 1 43 3T 2
PR 24% M 28% ; Hirpr | -25 kPa fifi 6 A4 R0 0942 72 13551 39. 90 m® hm™a™ | # CK M B 25 43. 5% (P<0.01) , & /K$H4b
B[], =25 kPa (L 7= TIEM Y 6 AFAE R 43 314 -50 F1-75 kPa e &8 25 215 20% M1 31% (P<0.01) , 78 7 4FA i 43 545 13%
14% (P>0.05) , AEAEE AN (4—7 7)) RIEHEE 55K 220 F150 cm 4b53 313442 & 35% F127% ) WT H
WA (46% ,SF,,,.., ) FEWIHTH K #(41% ) S SDIAEBEMRAA: K A EEEHLH] . HEWEER LG /K S B 1 22 54 E 1 SF .,
Hlp, %i%%ﬂ@(bo.%) o 3AUKILEET -25 kPa (¥F-4Y SF,, Al g, Bk, ELILABRAR 2 7 sh 20 % £ )2 (0—20
em) FY7K A3 UM B KR i 4 s “THB%E:XTMMEJKHEMELMEFHE’Jaz%iﬁl ZL N FEEABREMEE R RN
T SDL, A I I AP B Sk 10em HET 20 em &R 88K #4355 -25 kPa VENHEGER G BIE . 5340, 76 SRt IR B A ]
X AR AT A, T 4—7 A HERE,8—10 A — T ASHEE

SRR T IRIE S KO B WO s TR S AHAE 1 UK

Effects of soil water potential on the growth and physiological characteristics of

Populus tomentosa pulpwood plantation under subsurface drip irrigation

XI Benye', WANG Ye', DI Nan', JIA Liming" ", LI Guangde®, HUANG Xiangfeng', GAO Yuanyuan'
1 The Key Laboratory of Silviculture and Conservation of Minisiry of Education, Beijing Forestry University, Beijing 100083, China
2 The Faculty of Agroforestry & Medicine, The Open University of China, Beijing 100039, China

Abstract; Subsurface drip irrigation (SDI) is an intensive silvicultural practice which has the potential to increase
productivity of triploid Populus tomentosa pulpwood plantations. In order to efficiently apply SDI in the cultivation of P.
tomentosa pulpwood plantations, it is necessary to determine irrigation timing. A field experiment was conducted to
investigate the effect of soil water potential (¢_,) on the growth and physiological characteristics of 6—7 year old trees

under SDI in a P. tomentosa pulpwood plantation. The experiment included three ¢_, treatments, which initiated irrigation

soil

when the ¢, at 20 c¢m soil depth and 10 e¢m distance from a drip emitter reached =25, =50, and -75 kPa, respectively. A

control non-irrigation treatment ( CK) was also included. Meteorological factors, i, groundwater level, and tree growth

soil »

were monitored hourly, daily, every 1—10 days, and monthly for two years, respectively. Soil water content at 20 and 50

cm depth, pre-dawn leaf water potential (¢ ,,) , and trunk sap flow rate were measured in selected periods. Results showed
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that relative to CK, SDI could improve diameter, height, and individual volume increment of P. tomentosa. Irrespective of
SDI treatment, SDI on average increased annual volume growth of the 6- and 7-year—old plantations by 24% and 28% ,
respectively over the CK treatment. Annual volume growth of the 6-year-old plantation following the —25 kPa treatment
reached 39.90 m’ hm™a™" , which was 43.5% higher than the CK treatment ( P<0.01). Relative to the =50 and —75 kPa
treatments, annual volume growth in the =25 kPa treatment was 20% and 31% higher (P<0.01) in the 6 -year—old
plantation, respectively, and 13% and 14% higher (P>0.05) in the 7-year-old plantation, respectively. Relative to CK
during the fast growing period ( April—July) of P. tomentosa, SDI increased the soil water content at 20 and 50 em depth
) by 46% ; and increased ¢, by 41% .
The ¢, threshold for initiating irrigation had no significant effect (P>0.05) on the SF,,
and ¢,

pd

by 35% and 27% , respectively; increased average daily trunk sap flow rate ( SF

mean

and ¢, of P. tomentosa.

n

However, among the three ¢, treatments, the average SF values were highest following the =25 kPa treatment.

soil mean

The increase of soil water availability in the 0—20 cm soil layer (i.e. , active rooting zone) was also greatest in the —25

kPa treatment. These results may explain why the =25 kPa treatment had the highest tree growth rate among the three ¢

soil

treatments. Overall, the observed increase in soil water content, SF and ¢, indicate that these are the mechanisms by

which SDI significantly improves P. tomentosa tree growth. In conclusion, our findings suggest that SDI should be promoted
in the cultivation of P. tomentosa pulpwood plantations. To realize optimum tree growth, irrigation should be initiated when

the ¢

irrigation should be applied between April and July, and terminated between August and October when planting P.

, at 20 cm depth and 10 cm distance from a drip emitter reaches =25 kPa. Furthermore, it is recommended that

soi
tomentosa in regions similar to our experimental plantation.

Key Words: subsurface drip irrigation; water management; sap flow; soil water potential; triploid Populus tomentosa;

pulpwood plantation

2 JRAz IR A PR YOI R D TR [ i AR i ORI R P R s te 2 — Y L SRR A% (wiploid
Populus tomentosa ) 1 > 4 5 (RIF AR M St A, 26 B B L5 A 4O MR b R R BRI, SR, B
Tl 700 7603 RAEE TR B B35 5 07 EE A4 RBAS LSS IR, IRt 2 T4 3 B U A0 bR ST BB i 4 24 208 i
Tt AR A AL =T AR R R B B P AR A P AR R SR 2 56, TE TR — b =R P Th A5 I 4R 2 2 B i, T
L ) A M B e AR A= 7 g

THHEAVE N —Fh Rk 20 IMRBIHEAK LD Rt EANE )2 N T A T & HH A
PR HE TR 838K A 17 FE AR AR /D102 BT 5 2 WA T E BB R IR B2 iR A N bR A 7o g 67 2 (L i A
VTR 7K 045 IR T A AR At A TR 5 % BTV XA A B A K G VR T, B R S R A R - ) R K
HEF T B A ACROME: B L 1 AR B SCR an ol B i i AN B AR

VR[] %) & B 2 A B TR HE R R S R . B AT, B P ANFE A AR N TR O P T HE I, RIS
20 50 b R TR A 0], X TCBE S PR HVE 1 A, TR, 45 7E B U AR MO R b o, T T, 7 i e ST
— PTGy A B HE R (R ik W KSR — AR A A e, A A PR, AN T I A T
FNZE S e 20T 38 a0k 3 A 3 10 U TS 2 B (BRI D K IR E B T . BRIk BT T T AR E
W (B AE R N T IR D 8 T, HA Hansen'®! T Shock 251 54 L T4z A L T AR A4 7 V8 A
M

ARSCHFFE H AR s (1) T T X B (A A R AE BRARRAE A 5200 5 (2) S4B P 4R PR T8 1 2 A3 A
W 1R K S B 5 (3) IRIEARAR AL KA A B4R R KA SIS S G R AR ALRRAE , 0 B A 4R MR 7K
Oy R HE Hh EL
1 #REAZE
1.1 R AR S B 5T X 5
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KBS AR K & 544. 7 mm , AE178 & 1880 mm , 4EYSIR 13.2 °C, 24F H BB S5 2651.9 h, i
55 4t SR | HCIEAR T L SCRR T

ASCHFFEXS G0 = KT AR A 4O AR Mt B AL 3.9 hm? | F 2005 4EFFHA =R T Hlm ot
% B301( (P. tomentosa XP. bolleana) XP. tomentosa) , H AN 1 AFAEMEH, FIME 2 em, FX 5 2.5
m, B 7 AU IR, AR 1.2 m, TR 1 m, BEARET A G AL AL G T U, IR 5 3% R AR 1
Ko MRARRITE AT AR FRAEATE ARIE 1 m, 22470 2 m, S47HE 6 m, 2005—2006 4F , bk Py (I VEAR A6, B3 %
HIEAT 8 RIS FE R A AP A B X AR HE AT /K BEAE B, 2007—2009 4F, Ak P TE A1, J6 /K HE A 5 PR 40 st
| I TS AN 7T

RFFRAWESE, T 2008 417 22 B G Mcith 2 — 2 DX Il 1503 T 4 (2008—2009 AFAR A ) , H & i 7E 4
BRI Z R R AR R A 70 B EVKE AR RS RS o8& 2 1T Al 3 AR % VE
BRI N AR R AT e N SEAT N BERAT 60 em &b, TREHEE SN 16 mm, HEURARAE IR AT AT 9] A9 BT 9% Ak
Bilit " 2B A S 20 em ., TSk Rk E Sk IEE 50 em, WK 2 L/h,

1.2 Rt

RIET 2010 2011 4F 4—10 AP, B AR S () ISR T, BB % 10 em BT 20
em A0 o, IR E)—E BE R BRI F LR E . X0 R e B ML IX 0, 3% 3 A R HOK SN2, 435 R
-25 =50 F1-75 kPa,3 W& (HFHE/NXE LA 720 m* , N FARAL 180 k) ; i1 T 46 1o T 75 24 M F5:4F
X FAG AR PEA T4 BRI — B RTEE , BRI, AR R 9 59 18 1 AN JEHEE R X AL B (CK) IR R 3 IRE R (R
INXTEARZY R 240 m?, I MRORZY 60 1) . 2010 AERTEIRIRHF 4R, -25 .50 . —75 kPa Fl CK b3 ()73 g
1243 549(9.26+0.29) ((9.01+0.15) ,(8.96+0.16) F1(9. 17+0. 11) em, Z[A]JC i #F 2 57 (P>0.05) ; FHH
T (12.26+0.08) . (11.98+0.13) ((11.94+0. 14) F1(12.0320.19) m, Z[A] JC i & 2 5 (P>0.05) ; 454k
P T 52 /IN DX AR 1) R A28 AR 5 72 S R B0 A 14% —18% F1 9% —14% ZJi]

ARG S HAE YA 7500 (ET,) FIE AEY REBCFSHE B Ao i 2 bRz it 205
LR BT HE K E AL, (H R T B A VEY R ECSORE, R0 A 38 S0 X0 AR o3 2047 78 0 BE R Y H Y, BRI AR
P TTIASR I B A 28 I FE K SR I B A IE R EUE N 1.2, B DL L B R K Z 18] R ET, 1Y
120% XA AT F0 0 HEE . K BRI R (1) o B FARPRSE 0 B A T8 58— @ R AL Y
IRSEEORFEAE— 2 BB b, PRI 1 R A 8 17 5 3004 V8 7 20044k M 2 I 2 % i 6 285 SR i il R K e
Wil S DRI S P T K AR X AR, H R 120 em VLT R R EMR & R 2 B K E T
AR, B AR S K B AN R KRR 5 AR

m = 120% ET,— P-(1-)) (1)
K, m AHEAKEH (mm) ;P REERE (mm) ;A 52 AR (% ), K5 AR I8 Ao A 25 B FIAR P
JEAHIIE (49 L1 A7 AR 23 10 PR e 6 T A B 2R (13% ) 200 0 R [ I T LU b 9 I IV R A S 28 AR R R BE R
(18% ) ' | A5 {8 2 i B Mo 1) 8 J2 R R R A% 159%

5 TR TR AL LA VR ) R R = (2) A T3 AR
t=(m-s)/(n-n-q) (2)

o R (h) 55 JERRRMOR A S MR, R 4 m? 5 m K FIFH R B0, ABFGTEL 0. 95 n 2 AR
AR W KB, R 3 5q TS, 2 L/h; e S50 R |,
1.3 WEmH Sk
1.3.1  H3KFEFRE KR

FEAS KSR BE (R F CK) 55 —H R /NX B i e — 413t 6 MUK T3 HEAT o, DU, 0052 5 ) A
2010 F12011 4F/9 4—10 J o 5K IR0 B AP 2504k 10 em HIZRT 20 em &b, Horb 58 BTN &1 ik
34 WIRERAR IS H R, 5K 700 A7 %5k 33T ATi38%, SRR SR I A K AL B o, P31, YR T
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T (s R X2 Ak B A T

2011 4, FIH TDR K043k (b p Sam B A BR A | 6, ) X450 kb B (7 CK) Y - AR
FACRIATINE B E] R 4—10 H . 7RI AR — B2 /MK Pk £ 2 A~ HAa AR PE A s, 2 57
HHF 20 150 em AbHEE TDR %k (M0 TSk IE T ) , B4 )2 2 ML, B RAE BN 30 min,
1.3.2  RWHijH 7K 3

TE2011 46 Hik+E3 MR K (6 H 4 .20 .26 H) , TAW 5.00 A4, TEA SIS —HE /N NS
WP 3 MROTIIBRIEAR SRS TERARFER A 2 T iR I 3 R AR KRB RAF A R AT B T K 3 () T
E ., METENE S, BUAREE 75 6 20 HRBEMTE-50 kPa /4 ¢, .

1.3.3 WHmnEeR

2010 4F 5 A 1—31 H , FEA I AL HEE —F 5 /N N IERE 3 #F- IR AR, 6 - TRE LT 1.3 m bR
B 7L S —E Y B S (TDP 30, Dynamax Inc. , Houston, USA) DA XE &AM B %, Bl R T
KW 10 s RE 1R, 10 min IHHEEEIICFE.

1.3.4 MRARAEK

FEAR I AL A B G /NI ET G 3 Berf il 10 BRp B AR AL R IE 30 ARAVE AR ZE A K ZE Y
AR XTHNE 1 RIS, AN FEREAE 11 H I 45 A BRI /0N DX A A R A 08 4 488 B b R A 10 5 v 1 0 g
&, Hrr =25 =50 F1-75 kPa A BRI /N X A BEACEIC R 80—90 #k , CK Ab B4 /N X AR AR K Ry 30—35 #4 .
e, AU M A v B AR 4 1 34 S 308 B0 1 B P S bR EAR M AR .l AE 2009 AR K ZE R X 12
BRSEPIBR A AT, 75 1 B A SE TR BN 0. 445,

1.3.5 SZHF LM T KA

KGR FF IR UG H 2 250 m /)4 H 840 ( Delta-T Devices Ltd. , Cambridge , England ) #4701 % ,
DU FE AR AL KR PH R ST 25 SR 2 AR R XU X B 55, ET, A8 dE i 4% Penman-
Monteith A28 2 TR . b F /K AL G0 Mo AR AL | P A A A% 19 11 2t A S L0 H 206 A7 00 5 Y0 EF [ Ay
2009 4F- 8 H #2011 4 10 AJE, MEME K 1—10 d,

1.4 FdEibeg

K SPSS 13. 0 #HAEAHAE B 1T One-way ANOVA 434, T 5 4 341 5] 25 5 1 3%, ] Duncan ¥:7E 0. 05
50.01 K BT ZEH I, SR Excel 2010 #FHEATIEIZRZ: ]

2 RS54
2.1 EMABEBE A

TR0 X AE R 2 H IR RS 2 T R R, I DA SR A RO 1E 5 JRe it B AR 78 1 0 T B iy SE W 45 7K 34
b PR R BEE 1 0, BIGE R K, LK 385638 bR, 2010 T 2011 4F 5% J i /K g sl ] 4331 02 4
13 HF4 A7 H BEKESHN 17 mm F1 14 mm, 2 )5 BIF46 ERGR56

-25 =50 F1-75 kPa ZLFRTE 2010 4 A9 S HEME VR (5 et oK) 430k 22 (117 ¥R, 7R 2011 425350k 21
10.6 ¥, Et,-25 =50 =75 kPa ALFEALE 2010 12011 4E (197 HEK [HI BRI 43510 4 5 .10 . 14d,

2010 5 2011 4F 4—6 H MR R EUD T LAZ I 3 N B R e B AT i =X (1) THEAS . BRI,
WA 7 HIFLG, AR SR I AR, S BRI (1) T ACE B BB A A B, X R
{90 1E 2 S ket AR 5 2 WE K B TR B R R, BRI, T — 2B R A R R X K E R R v A T
A TAEFFE 04 B 078 T LK SRR — 2 BUE 2 DI RO A R A BRI (4 52 0 T LA 7 388 5]
XTI 700 FSF ARl T 30 P VR TR o ] 426 6 M G o 24 U U TE K IR SR B LB B AR I K i R, -
25 .-50 F1-75 kPa ALHAE 2010 47 (1) S SLBRIEK & (& K 439028 336,307,300 mm, 7 2011 4F 43 51
323 291 274 mm,

2.2 HALHIMRARAERK
WE 1 PR, AR AN E A RAERA AR @, 52 S M7 A HORTE 6 A ARk,
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EAHX 3 A H 1 BRN R LK &0 24 05 P .
84% Jidi, TE4 M8 A, BAMNAE K HE X %18, od AT SRR e O
AR 0 1 B 7R R R A AR 139% 42 ' |
fi, HERAE9—10 AW, EAH LA L8tk K,
AR A P A BRI A A K A S AR 3%
K. FAN B B E S EEABN EZEAERKA
By (4—8 H) , 7K 34 B 1) SF- ¥ B 42 A4 4 B R 7E 2010
A4 18 AMRT CK b, FEHE A E & F CK,
MR IE 3 20% —110% 5 25 /K B AL [E] , -25 kPa ZbFEA
AL KRR, 11175 kPa AEF— it/ E1 2010 52011 & & SEHAREEK A
#0 BER FAE G XE AR W5 B BRBE g 1 onthly dymamics of DB ( iametes a breast eight
FRBE R A AE 72 S M AR R AR (1), 2010 4,  increments of different treatments in 2010 and 2011
-25 kPa BRI K S e K, I 1. 07 em, i CK f/)y, M2 2010 A12011 4EA9 50 2L
LR 0. 73 em; —25 kPa 9 Jg 45 3 K & 3 - 50 kPa &
14.8% (P>0.05) ,%~75 kPa Fll CK 435I .35 125 24. 3% Fl1 46. 6% (P<0.05) ; B AR = H A BE  (H-50 FI-75
kPa FOMFE I K5 CK AHHAT 20 st 27. 7% A1 17.9% . 2011 4F | BARAS AL A 24 558 S 3% (P>0.05) B
-25 kPa My fffasi Al kK, B8 17 0.75 em; 5 CK Ml HL, -25 =50 =75 kPa AbFRA B30 Hm H 24 40. 5% |
29.7% F131.0% ,

o
w

JafzHg 4 it
DBH increment/cm
o
[38)

e

S

R1 2010 52011 F&HIXIGALEMA LRSS b
Table 1 Comparison of tree growth among different treatments in 2010 and 2011

FRRM BRI KA

FA e e g e L :
ik i OB e Hj”}? e frdividual volume plamsz;ﬁmy
Year Treatment Jem Jm 1ncr¢33ment /(m® hm™ a™)

/(m’/kk)
2010 CK 0.73(0.07) b 1.11(0.08) a 0.0111(0.0011) B 27.79(2.79) B
=25 kPa 1.07(0.04) a 1.17(0.08) a 0.0160(0.0004) A 39.90(0.98) A
=50 kPa 0.93(0.09) ab 1.08(0.09) a 0.0133(0.0008) B 33.22(1.92) B
=75 kPa 0.86(0.03) b 1.13(0.10) a 0.0122(0.0005) B 30.62(1.17) B
2011 CK 0.54(0.05) a 0.98(0.01) b 0.0099(0.0010) a 24.66(2.52) a
=25 kPa 0.75(0.04) a 1.13(0.05) a 0.0138(0.0012) a 34.50(3.08) a
=50 kPa 0.70(0.09) a 1.05(0.03) ab 0.0122(0.0012) a 30.52(3.11) a
=75 kPa 0.70(0.03) a 1.04(0.01) ab 0.0120(0.0007) a 30.07(1.85) a

Bl o I (hRHEDR ) 5 [RAR3 [R50 T AR /NG FR S 7R 3878 22 53¢ .3 (P<0. 05) FIB 2.2 (P<0. 01) K338 75 754 Duncan 146

2010 4F £ B B ITE 1. 1 m 247, T E 25 (P>0.05) . {H2011 4, &5 AL B R 5 22 7 i 2
(P<0.05) , HiHr,-25 kPa MBS KRR, A 1. 13m, % CK 8% 5 15.6% (P<0.05) ;81 , 5-50 F1-75 kPa
AR & (P>0.05)

2010 4F,-25 kPa (Y B bk b AR K B R, 0. 0160 m®/#%k, # -50 , —75 kPa F1 CK 43 B b W % &5
20.3% 31.1% F144. 1% , 2011 4 # AL BRA) 2252 A8 35 (P>0.05) , {H-25 kPa B SRR PR KBTI IROR,
CK #/]N; =25 =50 Fl1-75 kPa 73 5l%: CK 75 39.4% 23.2% M1 21.2%

2010 4E, 25 kPa AyARHIA: ™ S d i, A5 T 39.90 m® hm™ a™', %8 -50 . -75 kPa 1 CK 43 JI W 0 & &
20. 1% 30.3% F143.5% (P<0.01) ; AR ZE R A WE H-50 F1-75 kPa 47 14153 5l CK & 19. 5% Fl
10.2% , 2011 4% #SAbBRIE) A = 1 22 5 N 3 (P>0.05) ;55 CK AbBE 24.66 m® hm™ a™' W4/~ JiH L, -25 |
-50 F1-75 kPa AL BRAYAE 77 143 A S T 34.50 30. 52 F130.07 m® hm™ a™ | 43 JIEHE H1 39.9% 23. 8% Fil
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21.9% . BEAF,2011 A4 A0 BRAYAE ™= 3 34145 2010 4FA T R R, 3X AT GBS R A 7E 2011 AEARSAB I BE 45 e , iR
AR BEIE A BRI A K B F 2 7 AT BB 2 B A B B AR KA, BI7E IR B — E MR Z 5 B A
B A A Kt S B T e, DR i R SIE Bl & B0 Az & — A A AR R P 5 AR KR8 I b
2.3 BALEE A KNS K RAR L

g 2 s iG] K SEAL B ¢, ARG M PR AR R (B 2 L (PR S PR VR N L R A
FALHR ) AR R RACT BT B, BITE o, IRT BIEJLRIG A THAHERE . BeAh, 72 2011 4F 10 A,
IR -25 kPa AbFEMY o, — EARFHA T BIE, (0 A0 HEBE , 3 3222 PO A N 6 F A 1 48 B0 it
S MiTE HAE KL TP I C To R HRE R 22, B4R N 4 A0 308 e /K Z i, & A0 B o, (A AH [F]
HARR—8 2 b, Bese @t ke, RIS E U iR ET, 4 A0 BRAG o, #F 2010 F1 2011 45351k -7 F
-6.5 kPa, ZJ& , FEEHEBLELG B E A, 2B ¢ ) AZE A0 322 5 00 b Bt 7R K 9 (L PO o A1 ( 9y
W2 ., WSRRE/ MATREERE K, 7R B A ERK G 4—7 AN (NG R KER) ,-25 -
50 F1-75 kPa AbFEAE 2010 4R o, 7050 19,1, -26. 1 F-34.7 kPa,fE 2011 4E535 -16.8 . -24. 8
M=32.4 kPa, HCA] UL, RS 4R /K B4 110 25 57 BE I (B 5 M 28 22 - K 0 i A8k, B iy, 338 1) °F
PR A IROLEELT . FERHAE 8—10 A4y, £ Ab 38 - oK BIEACRFFAR R A A2 ka2, 1M B, i T 32 W 2= FE W
HysZm (B 2) A0 BRE ) 76 8—10 H 4y 34 al — BARFRTE A A BT E Z I (A -25 kPa 03I ¢,
F£ 2011 4F 10 AARTFIHBTHEIE) |, BRI, P Py 45 Ab BRI AT FRalEA T E . 8—10 AN, -25 . -50 F1-75
kPa AEFRFE 2010 4EAY ) o 439 0 -8.8  —13.7 Fl-13.3 kPa, {E 2011 4E43 5 -22.9 -17.9 F1-19.4
kPa,/ﬁ\:ﬁkg%ﬂ:W‘@ﬁz%\ 4—7 H E[/\]—leﬂj lvl,soi]o

WE 3 fim,2011 4 4—7 7 SR £ 2 0 50K b a SR g s 22 5 W, Ho, %7K 3
Ab B 7K R S 3 R R ) T SR AR Ak T CK AL B T ICHE K B AN E , S AR BB R
P HL BN Z RN A (] 2) A BRI, EEAEREIRT 4—T Ay, -25,-50 ,-75 kPa Fil CK 4b3H
TE 20 em IRAL 14 8 KR 4358 0. 353 0. 337 .0.. 336 A110.254 em’/em’ , £ 50 em Ab4351) 4 0. 357 .0. 367 .
0.373 F10.289 em’/cm’ . HIBE AT UL, DAASTR]ZK 345 o {0 A6 3 T 0 5 ] R 3 8 w8 = 3K o I A 001 5 ()2, 1
BB, 3R )2 (20 em) KA A RS S Z | (B ERAIG, VR 12)2 (50 em) 7K A S 2, 7E 8—10
Ay, i T 52 T 2R R R SR , 25 AL R4S 1 2 0 B 7K R AR A AR — 35 HUH 22 (8] 14 22 S o @ Wi i /D 5 B9 )
-25.-50,-75 kPa Fll CK ZbHFE 20 em PRAL V345 7K R 3504 0. 350 0. 352 ,0. 352 F10.335 em’/em’ , 7
50 em +)243 520 0.374 .0.385 .0.389 F10.356 cm’/cm® , HAEI T 4—7 A Gy HSFMH
2.4 A AbPEEZHIRT K

R 2 7R 76 2011 4F 6 J1 1 3 AN BURIIE R, 25 F1-50 kPa AbFRAY ¢ 3 (P < 0.05,6 H 20 126
H) stk 3 (P<0.01,6 A 4 H) & T CK, IV HMEE 5 51 47% F145% . -75 kPa ReFLM ¢, #E6 F 4 FI
20 H5 CK B E2Z5(P>0.05) fHTE 6 H 26 HEHH B E R 2 65% (P<0.05) , & /KHEAHZ AT ¢,
BAE 3 AN IIAE RN TE R 22 5 (P>0.05) 5 ¢, A7 BEPE LS 1 180 (R s 1 T i ( RA0 B /D) A 3

F2 2011 £ 6 AERIGAIRTE 3 MBI RN IAR K

Table 2 Pre-dawn leaf water potential of different treatments on three typical clear days in June 2011

Ab 3 7K 3 Leaf water potential/ (~MPa)
Treatment 6 H4 H 6 H20 H 6 H26 H
-25 kPa 0.700(0.030) A 0.275(0.049) a 0.149(0.012) a
=50 kPa 0.769(0.023) A - 0.179(0.047) a
-75 kPa 0.812(0.035) AB 0.400(0.010) ab 0.225(0.070) a
CK 0.925(0.053) B 0.461(0.062) b 0.653(0.193) b

Bl N B (PRIELR) 5 75 AR IRNG FIK 'S PR3 3RR 22 53 35 (P<0. 05) AR .35 (P<0.01) K238 77 ¥ N Duncan K238

2.5 FACERR R AR
W 4 PR ,2010 4R 5 7 BR T AERFERIRY 16 A1 17 HSM, =25 =50 F1-75 kPa Ab3H 1 H -3 1 0%
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Fig.2 Soil water potential variation of different treatments and precipitation in 2010 and 2011

(SF,..)JLF—HET CK; Hr, -25 fil-75 kPa AbBEAY P A e I &, & 46 KA SF,,, 735 CK &4
50% —87% 1 47% —714% ;=50 kPa AEIRALHES N, HA K SF,,.,., 1L CK &2 3% —19% , % T &K
Qb3 -25 kPa 19 SF,.., fe K, -75 kPa IR Z,-50 kPa I/, BT HEY SF ., 539020 2.24%107° 2. 13x107°
F11.53%x107° em/s, SR, BARSARIGAL A Y SF AFAER K25 HHGA R A F] B Z 7K (P>0.05) .
2.6  ZAEM T KNAESAS AR 25 it N R 1

TR b IR 1 X KA AR AR IR F R (LS, Br I 2% 2009 (M 8 A LA JF 4R ) 2010 F12011 45
1 AR B KA 5351 R 175 367 F1 388 em, f i /K2 437 Ry 138 38 1 85 em, IS AL IE FEIA F 316 em
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Fig.3 Soil water content variation at 20 and 50 cm depth of different treatments from April to October 2011

(A 2009 4F) . BHAOKRDE, BAEAERIE] 6 A vh T f), 1 T KA 288 TR G JUHETE 3 H T aIE 6 H
Hh) Z [ H T 25 AN B Al O SR 3 oK, BT LALIBI TR Pyt oK A2 B s R, T 6 H iR R R E 9
H, i TR HRER K B AT 28 032 2R A2, R R BT iRl [l ot — e 9 H 4y EJH E4F
B 0, 0SS — B RIAR IR BERE T AU FK 73 B AT T35, R KA SO BR 20 8 T B

4.00X 107 - —& - -75kPa  —&— -25kPa or
—=&— -50kPa = ---#--- CK

|
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Fig.4 Variation of average daily trunk sap flow rate of different B 5 2009—2011 F£i KA
treatments in May 2010 Fig.5 Dynamics of groundwater level in 2009—2011

M3 3 Fis, £ 4.5.6.10 H iR BT A1 X 1) 24573 ET, $)im TR &, FR A 392 mm, 2924
[l AR R S RN 2.4 A% TITE 7—9 7, ZAEF- ¥R M s A1 Y5m & T 24573 ET,, H Gk 528 mm (
2011 4 8 HAUCRAE R BB , MK Z A BT HAEWN) AR FEW ET, S0 2.3 £,
3 #ig5itie
3.1 TEEETN LHOKEXE A E R AN

Hansen'®' & BLTE 1—4 £ AT AR b i 3 T Gl MROAC e A KR4 5 2% —229% |, 1 3—5 4F/E MK
A3 A A A A R 27% —33% ., Dickman %7 R B FEMAR AL 4 4F, 5 AT AR LL , 3%
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THAERE 2 5 Populus X euramericana (Dode) Guinier cv. ‘ Eugenei” N TRAYA K {HXF Populus tristis Fisch
X Populus balsamifera L. cv. ‘Tristis 1" N TAMARK TG B E M, STRZIAEN ZEd0 VR T b 1-214 #40 A
AR RIESE A B, A5 RLTE IR LE , M T R ] RO I A A8 AR i TEARAR AR5 4 4F ARl AE 7 ik 2]
22.78—25.81 m® hm™ a™', LR HUHEMRIEIN 1 3.9—4. 6 £, KA S 2 BES  BH, 5 UEHEM L, T E T (8 v
H AR )7 B AR R AR e RO AR 3 42 5 3. 98 % il 28. 19% 5 iX 262235 (I RIF SR 45 SRAR L, A WF 58 K B, b T %
HERED] WAL B A AR . 722010 12011 48, S5ANHE Y AL BRAH LE , BLAR 30T T 02 1A A A < 1 24 XoF
WEPEH(P<0.01) SUHBLAE 2010 4F[19-25 kPa AL (HEARIA T, 30T 5 HEA7) BE o B 8 A 4 2 31l 2
#15 319% M1 33% W R AR AR 7B R 29 M1 10% , SpRbE ARAE K 7Sl B i 259% 1 28% , MRk 2B 7 3 43341
P55 249% 1 28% ., WLAN, 5 BRI AW SR AEAR A BE O 2508 1) 6—7 4R AE I B A ARSI T b ol B
A RE T 46 2 AR 8K A3 i BR IR 2 R i 22 R It AR AT R I R 4 T2 K G218 0, (H AR fF
TR I R T HE R AR AT RERE A 7= 18 10.2% —43. 5% , T, AN SAE T P 28 U 14 40 i bR I B B
X HEA T 1 T HE I8 2 A7 Tl S R . 25 b @ UE B U AU ARE: B b R 04
TS,
F3 20092011 FFIRWATEM 4—10 ASEEYBERMERETE

Table 3 Reference crop potential evapotranspiration and precipitation in the experiment site from April to October in 2009—2011

B Year H 1y Month
5 6 7 8 9 10
SRR 7518/ mm 2009 96.6 131.3 143.7 94.7 82.4 63.5 75.3
Reference crop potential evapotranspiration 2010 80.4 110.9 113.8 100.6 70. 1 60.5 59.4
2011 9.3 104.5 116.4 9.8 71.6 50.9 47.0
14 Mean  91.1 115.6 124.6 97.4 74.7 58.3 60. 6
F4 & Precipitation/mm 2009 5.0 78.4 133.8 180.0 122.2 88.2 0.0
2010 15.2 11.4 82.8 187.2 438.4 36.2 9.2
2011 18.4 42.2 72.0 160.0 89.0° 90.2 16.2
44 Mean  12.9 44.0 96.2 175.7 216.5 71.5 8.5

a FALES R, (SR 2 3 0 e i K8

55 Hansen'® Fl Shock 251! BRI ST 45 HARRL, FEAHI ST (1 3 7K A Bl 55 5 A /K 34 BIA (25 kPa) fiE
B R HEAR AL K PRI 77 1 942 55 . 2010 4F, —25 kPa AbBEAYHOFE | B kk b AR KA B 1 5 T - 50
=75 kPa( 3 1), HOYAEMHA: 7 7355 39.90 m® hm™2 a™', 85 0 % b 42 55 20% F131% ( P<0.01) .
2011 4F, B8R 3 /K FAbHE ] ()45 A K8 PRI 22 R 3 (P>0.05,38 1) ,{H-25 kPa Rk 7= F145485-50
175 kPa &5 13% 1 14% . AL, "R PR B35 3k 10 em, HF 20 em BRAC Y 337K 343K 5 -25 kPa fE MBI
P AR T R A 1y 19K B4 A

ARBFFE T, % RN H N B I =4 22— (29% ) IR 23 45 T 0—20 em B9 + )27, AR A
0—30 cm +J2HFIKEE T 30—70 em" ™ WHUAE 30 em WALH 238 FLif S0 KA R B 72— B AR 1R
FHIET B LK - 33K S W D7 B E AEFE BT Sk 10 em B F 20 em &b, SR, S2B5 b, A [ B Y K
AR5 HE I RE K 8 AR SRR B R AN TR, BT LA AE S WA A RE /K AR AR A R R TR Rk HE R — 4
WFFE IO X 37 TR AR T 8 B AR ) R B Ak - 3K SR e 23 A8 Ak ST 251 F B A RO AR R 0 AR B L &+
BRI P B 7K A3 AR AR AR AT W O 2 AR 2 T 5 T A AR Y S G i ) A9 5K T B A A
W,
3.2 N[ R U B A B A A A AR AE 2 - K 4 RO E A R

SRR CK A EL , 3K AT 3 B BH T 7K A8 DA AR T 9080 7 3 2 %) 2 v ) G S L 37 4 Ak v
B AR A K Bt AR A 7 B 100 S A A R A B . 2011 4E 3 AKFE AR R A K
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PRI 4—7 H A 97 25 & KR 505 T CK (1 3) , Horb 72 20 1 50 em Ak 2351145 He s 2 329% —39% il
24%—29% . M3 NITIEER K g, K3 DKFLEIRE o, JLTF-H 83 (P<0.05) Bkl i3 (P<0.01) i T
CK(BRTHE6 H 4 F120 H,-75 kPa 5§ CK L & 22 5% ) 4R IRE R 30% —47% (3d “F-XMH) o AT it
HRHKFE IE 2010 4E 5 A, -25.-50 FI-75 kPa iy SF_ . JLF—H T CK(BRT 5 A 16 M 17 H) , HEEi8E
539K 50% —87% A4T1% —T4% M 3% —19% , BIREIKFLILYE CK 1Y SF,.,, =R ABHN B EKE BT
THHE T ORI A2 3K B B R = T CK O 1) BRI AU R 1 CK B LA /K 3 B A T30 44 W
M CK MR SR, XEWEIE T EAMMEBAEKESIZS T CK,HFEFEE S8l
AIREZIEZ T CK, MM 2R MR A K 4 v

W 25 VR W B R (L P T v AR IX - S K A G T v (BT 2) o BENE Eole ik, s b HE/K o 0k A 22 5 1 i
SRR A BARRAE P 25 B g s (HAHFTE B - K 35 25 5 (I 2) SRR X B I ¢, (K 2) R SF,,, (]
4) A R (P>0.05) o SR, 4, 200 Bl 3K S0 T i T i i 3, ) SF,,, A KSR A AR
ORI, AR, 3 K EAL B 25 kPa AR BREFET o (K 2) M1 SF, ., (1 4) B dR s, X A REJE -25
kPa 7E 2010 F1 2011 4By A4 LKA 7= JT et i & & T (P<0. 01) Al T (P>0.05) =50, =75 kPa Ay JEH Z
— o J3AN R Z R K RAEAE R L Z NI 3R )2 (0—20 em) MY7K 70 A RCHE A B8 R B i s (181 2,
3) T RBJE-25 kPa AbFRHHA G A KA RN 7 A4b— D EZJEA , F O EILEEH 0—90 em +J2H,0—20 em
2 2 oA B AR B 22 HAR R WK IS sl A i) BT DATE B A A 01 P9 % 1 2 A K A0 A s
TR B AR R S R AR T PR A A 4 AR T 45 AL, X R A AR AR IR A N R 2R - R
Ho GG B R B, 5 RPN AR A L BB i T T RE A 0—20 om R EEHFK R
151 28% , T LA HOK 43 R IR A A AR 32 5 1 329% F133%
3.3 EAACKAARE SRS B

BHAE 4—T7 A NB A KRR A I, 2 109 P 3 56 b &) FBL7E 2010 T 2011 4F 1S X R 7K A3 K 297
em( [ S) AR TR0 M P B FIAZ AR I 35 KA AR TR BE (24 150 em) ™71l FL A Tt 30 M1 120 em LA £ )2
TSR B K L ERASS , Pt I N B AR PT 8 TG 38 A WSk R K B TR 45 FL
FeK, TA0 B4R 4—6 A IRE b e ML IX (9 ET, 0 TR i (3 3) , 13X R M B 1IN 3 P AN 3 B 7R T Y
MK IR T BRI Tk 2 B MR 2RI REOK . FERAE T A, BRI W W& T ET, , {3 i Tzt
P9 H T KA 8P YRR (FE 2010 12011 457348 269 em, 1 5) , RIMPTCTE R & FIAZ $E HEAR E 1 1
TFAKBEUE BRI, a0 SRR T PR AR S B R R Ry A T A K e W Y T A B K SR IR AR AR R KU, SR
I, AERRAE 8—10 H , iR /KA 38 5 2 AW B2 [ T, EAE 2010 F12011 AR FE{E0 118 em, AR, BLAT AN E
I B A — K AR R BT Pk el TR D4 | X W E T AW ] AR IR Z R F 8 )
W KR BE A HZE R IraR ) L B, o T IZA U p R 06 HhT A H DX G R e v T E T, I A
A5 B It 19 B2 T b 7 17 26 RIAE A R ) 1 0 T W BB DR R R K A e (&1 2 B 3) 4R, A 4F 8—10
F 3% = 1 45K A R RN i b T KA ) RT BB 2 A AR KRB I B A R B FEK A BTl
ZZ R IHA AT . 25 1 76 S5 A TS 6 3 B 78 3t [X A0 3t 7K AV R 398 £ R AR DL 0 3tb XM B 1 4
B, N AERRAE 4—7 HEATHERE , M 7E 8—10 H BRAES 2 i T R AFE— AT HERE
BiGT B 9E [ 2 iA faf K2 Mark Kimsey BF5Y 53 % 20 SCH 22 OB AL
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