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PHYSIOLOGICAL STUDY OF DOUBLE CROSS HYBRID
CLONES OF WHITE POPLAR UNDER WATER STRESS

YANG Min-Sheng PEI Bao-Hua
(Forestry Frstaruze  Heber Agricufture University, Baodimg 71000 Chana}
ZHU Zhi-Ti
\ Being Forestry University, Betpng. 100083, China)

Absiract With the one-vear-old seedlings of the double cross hybrid clones of white
ponlar as the experimental meaterials .the major physiological properties of the clones were
znalyzed under four water stress conditions. The result shows that under the condition df
soil drought stress.photosynthesis (Pn).transpiration (Tr}.stomatal conduces (Gs).in-
tercellular CO. concentration (C7).and difference of leal temperature and air temperature
(Lt} were all influenced significantly. The sensitivity of the factors to water deficit was
different from each other, and significant physiclogical differences existed among the
clones. The relation of Tr.Gs.(f and Lt to Pn was studied by means of path analysis.mul-
tiple regression and partial correlation analysis. When the water was sufficient.the factor
affecting Pn was (7. With drought stress developing .the alfecting of the four factors to Pa s
hoth not singificant. When the water content dropped to 40% .the factors atfecting Pan

were Gs and (7.
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BHEM AR ETOEL A EER L. A XILEMNHWNE R T E S 4 K S ERF TR
T HAEFTE LM, IR E MR RN SR T T E
1 HHEfFE

HHGAB U R TR LE RGN . A 2 E09T - Hde - (P B - B
1 Populus tomentosa "~ P brdlcana) A VP, alha ~ P tremeda\ B G2 THESE  FHEBEZFLHE
VXU MX2) S RS W R AR R MR P KB . EABNFER AW H,

BEMEERENH/I B TFIATHRFERAED . Z&25cm. M 223em a5 - BB+ 2% f0 8
L HRE e, At HEFERRE 6%  FAEEAARN IR EBATEREF - S48 8. &
EHEAFE SETHAZ s “BA LR ERE K2 &G TI5HR- 0 TOHEE0em X500 -FiH
EARE BN EHEEEIT AR LERST BR0d. B A £ EREE R S0 BRKGHE
TEHAMEAREA. 4T KS LR L 48 EFLEESEKEVHEEXKRH 00X HMEKE Y
oD%y #b AR T 4Rk B H BER K BAIS0% . R, IR SRk B oA H kB 60  dhB N 111
ERBAEEFH KRN XRTGE. . EX I8 0ONRAEE I ESTEEZH RS EShERisgs
M &7kE.EANd G E & EMIE,

FH ADC-LACIBEME CO MM (LR MEN AP ESER EBER . SILSE.HES
SEERMEE COMES,

2 KEESGH
2.1 KEMHAWSEEEEENRR

Fit30d MRS HHEE  RE LEREA Pr XATHE A RBEERGE D ALE 1 B 1 ,B)
7K B [ ] % 7K B 60 % BT 3 oA R K B FE — 0. 4~ 0. 8MPa Z @D L B, P W H B A9 L
et , A RIFHEEY BT EFEAHETHEBELE P B EN HELHE Pr BESEF T UL %
KRR R LA E D EFSE T P B30 BA14f Pr B E N L WA b3 T, it
KEH# S THBIAREAKBRH 0L . ELEEN Po WRE FREF 2 73~ 8. 63pmolCO,/m? s 16 12 ]
TR Pr FEHENERETR. 580 KB H B33, £ 0 5. B429 FREW B K. 7 B431l HEH,
B4ld, B3zt Pn FRES L. ELBE P Ko BENEN SHETHBERR RS BWE.5E
WK, — S ER L EENTEMESGFE T REEA . N K E S e FI R K
Rk FHEF R — Bt P A RS TR AR BB (E AT TR M LB EERR.

EHNKSGEF . OERE Pn FERNER. DiEE LK R TFEE S P AT BHEE . M1 M2,
B432. B430, Hll RN Pr T B0 EABES S EP S S EEH SR, BES®
HAME P ARAROUEL EEERAEFTF. EEHEAN P 2R AAE 1 F 4R ITRE
Boor Bl 5156220 ,10.53% .9.32% . METEEHF T AHRREREKR,. FREKA P30 08%  EHMK
e aEE . EA AN TENBENEI AR ANER. UAENSHE 1 &) Pr LEFE S ESHE
EE UAMAMAEREEE AR K RERIIIBZEETY B3l B4 B2 HBEMN ESHER
¥RK. A0 543~0. 854, T B429. B FI 0 Ba33WIE K. 0. 278~0. 367,

2.2 KOoMEMEBEENIILSEN BN

TEKMET HBERTHOBRAL TRAGEE . RAL AT KT LB EEN ENSEESR
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FLAEF[36. 10% B431 . MX1.B432.B414 . MX 28 T F- BB . H6. 23~ 6. 7ommol /m® »s, 17 B429.B433,

EHHMEL. #3546 ~5. 60mmol/m’ s,

F1 ARHHEMNSASEEHER (x molCO./m* )
Table 1 Effect of water stress on photosynthesis of the clones
THR I 8 ] e
Clone C1ONSE {802 (60% (LN
MX) 16, 13+£2, 03 153. 80+£1.61 14.47£3. 05 757401 17
MX2 14.57+3. 18 ‘ 14. 37 +£1.6%9 16. 4010, 36 v.ouT 10491
B431 10, 1D 4+2, 36 13, 20+ 1.98 13. 13+ 1. k7 G.opxd oAl
E433 14.2v+3. 18 14, 734+ 1. 96 13,4301, 75 201 1.0
Bi2s §. B3+ 1.43 15 26+ 1. 658 11,80 =2 o 2.73E£1 29
H130 15. 13=1. 91 13.27+1.53 15, 334013 6.10x+1 43
Bi33 13. =19 G6 14,20 E2.05 14, 20=1. 04 4. 772,05 .
B414 11. 83 +2. 07 12.43%+1.55 13.57=2 71 7.631+1.493
EAAH L. tomentosa 13. 10 £0. 8% 13,0142, 62 12, 672 B0 4.13L£2. 03
ik P. bolleana 15,471 2.56 1Z2. 80+ 2. 36 13, 73+=2.12 8. 402,173 ,
¥ {E Average 13.24 13. 83 13. 84 6. 52
TREAW (4 15. 62 10, 53 9,32 30, 98
Cuellicient ol vananon
#F2 KA WENEMEMERMATEN (mmol/m*s)
Table 2 Effect of water stress on transniration of the clones
TR [ I 1 N
Clane [100%;0 LVEOY ) LED S (400
MX1 §8.204+1. 25 8.13+£1.13 7. 4010, 140 2,60%1.15
AX2 T.ITED TR 2.17+1.16 A.B3E0 81 2,2340.80
B431 3. 830 60 7.2034£1. a8 ¥.0310G 849 3.70£1.14
B432 8. 870, BN 8. 50£n0. 30 A. 130 51 2,634+0.50
B429 7.17=1.12 FI e IR 6.47 10 58 1. 03 £0. 32
B430 g, 33116 7. 87 £0.64 5.97 0. 22 1.9710. 68
B433 7.0141.03 734N 91 6. 63+ 0. 83 1.554£0.51
B414 7401104 5. O0£1.47 6.90+1, 78 3,130 13
E8 W P.tonentusa 74.041.23 7.0120.70 6. BOL0. 36 1. 13t0. 32
FEH P bolicana 7.8741.32 7. 671 1. 06 6. 77>, 57 2. 4040, 00
WFF{E Average 7.90 7. 58 B. B% 2.23
TRER V) 8.0 7.0 £. 3 36.4

Coellicient of variation

GEHETHERSFET SEH P Tr FTRHTEFARSAAEA.SILSF GoORRMSILIFEN -1
BEEGE ARIAUEL . FERTIME T RIS FER PR HBEERTFE .G FREEE AR .
KB P 100% BE EGOY T .G FREMWEERE] . P FRET27.88% . /K @ FRER 10K .Gs RWEET .
BE.THETSS. 52% .Gr FEZK ST MM A M AL SEREREEL -JH.
-3 KAHRE R B E CO. 3k B R i oy ‘
A KA BT .Co AEMNMEE H228~ 31 amg/L K FESPH COAF RO K HAWT O H '
SFNEW,EEKRA100XKH.C/AKER K. 307, 9mg/L . BEH K4 WA NR.C TR RS
FER&OY: .60 MA0% BT . B LV E O T ET 8 FRBE T 4-55% .8 77% #119. 8% .C: TE K4y b [a] &
FEEFATKILEREEE TR EN SR 41 92% . 2. 87%.3- 36 % H6. 74%; FHZE WME AT INE . TH:
FECEREFHEA.BLMEETRERE].,
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*3 AKHBEMNSHLSEMEM (mmol/m’-s)

Table 3 Effect of water stress on stomatal conductance of the clones

LR 1 1 1 n
Clone C10NE ) tED (g0 (40"
MX1 1. 39=n. 52 1. 13+ w58 1.24 4. 72 0. Y64 16
MX2 }.51+0, 39 141 B0 L. 0g=x=. 50 U.1340uB
BE431 1. 38+ 035 1 A7 +F0,. 1% 1-51-t0.72 [T o HA T
B137 1.33+u.42 L.21=0. 7 07141045 0. 154 0. 085
Baz2y 0.7310. 16 LR Rl A Q2 BEED 42 houB4 0. 03
B430 1.71£0.57 .22+ 0. 38 U 85N 25 0. U090, 02
B433 0. B+, 30 (.7510, 24 0620, 38 nogo4r (2
B414d 1001041 1. 2040, 14 0. G0, 37 [URRCIRL. PP L]
E [ P tomentosa .94+ 0. 25 0. 7840023 0.71=+0. 35 0. 06+ 0. UE
H ¥ P. boileana 1.17+0. 27 1.1740.15 0.874 0.3 0.2240 00
Fr{f Average 1. 22 1. 1% (Y 11
THREN (W 27.24 32.78 34.59 3218

LCoelficient of vanauon

¥4 KHHEXRE CORENENE (mg/L)

Table 4 Effect of water stress on intercellular CO; concentration of the clones

TR I I I "
Clone (100%) (80 b (€] Cdur 'ty s
MX1 307+E 295+21 274 =34 2424741
MX2 305+21 206117 28023 2404 2u
B431 31748 308+0 297 1 0 2C3dn,
B43Z 313420 287116 27a-k43 KT
B429 313414 293+ 27 281 1 an 717474
B430 05417 04+23 296-E 23 TR TN
Ba33 303120 284+ 22 276 134 I18a B4
Bdl4 13+ 1% o+ 24 CeGor 2y 5yt
F 8k F. tomentosa 304+ 10 29120 LN ER N
E @l P. tolleana 298414 2g3t1s 281112 Je2in
¥ Average 307.9 294,41 251, 4 247,
TRESHN (" 1.92 2,87 3. 3q A, T4

Coetficient nl vanauon

— M PRI T Tl T RE S AL R RO BT s R B YRR FRLL R R
BEoRE o md e S SREE L) EEE A LR SRR T, KRR Sk
SHERECEHERN L HECMBEER. KM ARE EERE L B B EEME L RS TR
FIGLPE R L FEIEHMA —2 03 CREE — 1. 71 CL s T B0 R of 84008 K & ER 0 B0
Bt~ RE. LR C HESTSHR. SR L tHAMENEEFR L ITEERBEXESR.

224 KOWMETHersEREHEEEREN EE

ER RS ERIF.CONE S hm g & S-S EEE & E COMRE, S %1 .0l
SE AT CO MR RSB AR Brun | Cooper™ . COS T Bk 4 ER A 7 rh R H A
& PEHl .Dernbofl 1 Shible-“-IRE SFLE A Gof B Do 5 B EE B ERM - A TR KT E
Fam P IR EGMET AR T BT ELREFHR P Y (O R AHFENTENERB BT X
E. T RS8P i HEESF BRI 5 R TR &R RS L GG LT
B COHE (O MHR SR BLO S 40 o £ 283800 1.
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#5 koEEXHERSURAEMOIE®E (C)

Table 5 Effect of water stress on difference of leaf temperature and air temperature of the clones

¥ E 1 i [ [ N
Clone (100 (800, (6% ) [ UEER
MX1 —1.54+1t.0 —Z.3x0.1 —1.640.7 c.1+0.1
MXZ —2,24+0G. 3 —2.3+0. 6 —1.340.5 n2gen1
B431 —2.1+061 —2.F+0.8 —2.1406.2 —0.24+0.1
B432 —2. 3+ 3 —2.440.3 —1.740.4 0. 3t+u 2
B423 —1.Af0. 3 —1.94+40.1 —1.53%t¢C. 3 [N S P
B43c —2. 1402 —2.n40.2 2.2 3 0. 4102
B433 —2u=0.5 —1.64+0.3 —1.610.0 .83
B414 —2.1=x0.5 —1R+0.3 —1.7+0. 1 0.1+0.4
F 831 P. tormeniasa —2.110.86 —1.6+0.3 —1.6x0.3 o640 3
il P. bolleana —2.14+0.4 —1.7+0. 4 —1.6+0.5 0400
Frg{E Average —2.u3 — 2. 00 —1.71 0. 33 '
TREH (V) 11. 15 16. 9% 13.65 93. 7N
Coelficient of variatipn
F6 BAEMBIFSSESERNBXIEZSH
Table 6 Correlation and path analysis of Tr. Gs, Cé and Lt to Pn at four water stages
£h EE ?ﬁﬁ#ﬁé& ﬁfﬁ?‘é zg?—ﬁfﬂ:)‘é
Treatment  Factor Tr—=Fn Gs—=Pa Cr—Pr Lt—=Ia Simple Part:all Multiple
correlation correlation correlation
Tr 0. 2095 G. 2316 —D. 2704 0. 10026 0. 2233 0. 2445
1 Gy 0.1546 0, 381la U, 0440 0. 0on3 0. 5805 0.4531 0,914 -
1100%) Cr n, 0731 —3, 0217 -—0.7749 0. D006 —0, 7220 —Q.B303* "
Lt —0, 0504 —0, 0125 [ORVE-s — Q. ONBo — 0, 0281 —n, 0201
Tr g, 2720 0. 0333 — G, 0070 0.2449 0.5- 10 u, 300%
1 Gs 0. GB39 0. 1057 — . 2150 0. 30922 0. 3646 nn o7 0. RERT
LBGYg ) 2 G. 00%5 0. 0640 — 0. 3489 0, 2434 —0. 90336 —L s
Lt —0.1331 —0.0825 0.1691 —0. 5021 — 0. 548§ —0. 3658
Tr —0. 2411 n. 2532 — 0, 0B59 Q. 011§ N. 0198 —0.1308
1 G —i., 1839 0. 3346 0. 3040 — 00,0019 0, 1712 3.1781 0. 2700
(60 %) L] 0. 0084 Q. 0776 n.1710 —n. 0580 0, 1987 @, 1090
i —0.0376 —a.0857 —0.1328 {. 0744 —{0. 1814 0. Nd18
Tr —1. 1810 2. 8626 —0.524% —0G. 0533 D.9013" " — 0, 6057
n [ —1.0979 2. B4l —0.8231 —0, 0487 0. 89447 D.B402" - 0. 0723 "
{402y O —0. 3625 21390 —1.1021 —0. 0160 0. 4555 — 0 8085
i 1.1207 —2. 3048 0. 3567 0, D058 —0, B590"° " 0. 0650

FTFHMETIRES P EERS P B EERW.  f- "2 51F 0 6580, 01 2 ¥ K. The value with under-

line is the direct effect of every trait to r 1n path analysis. * and * * .significant at the 0. 05 and 9- 01 level.respectively.

HEGFSEREEW.EAFAAKGTHET . EH P ESHFRAELREEKEF T UK ES
10023, Tr Gs M Lt 5 Pa fIXAHFHE . HRAXRMELERI RSB EF KT .G 3 Pr p{F A
Ko RHEEXEYHME HO . WO S P WEREEFEEHXXR AHXRAENRBAXEY T 0 — ’
0.722001— 0. 8305 A EEE. A ESER HAERLHAFHN T I A . SHLFER K, HBITE.
EBARKR S XK UHRETRERER. A LS ERMBIER. EM Ty G 8 L ¥X Pr BWEE D,
MATFAEEERN COEEMR WRALEFANIEISHF.C BE. RTREMA I COSKERR K. H
HEZE COMEERE .G PR EIEREEER. EEERER N 0. T4+ MHETH P E
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TLHESE R 82, 88% R B K B O IR, B A WA BK S A . & INK W on i W R AT
TR R A AR KA B AT K B ASC e G0 ) R AL R E S B 5 R LG BRI
% Pr BHRS G . Tr F L FEFH W Pt w0 HEFEH R BERHESRITLUEL.ES
BHEEIADNEFE P F 0 BAFRI S B L 4T 439 AhIE T (0 7. 200 B R T4 P By
FEFEERLE X -FRTHEERTHAZI -S4 7En, FRTHEW KT TRAKBEET
M, —i K aEM TR S Al T AR S . T HE.Gs 71 Le 2& . AT Pa
T2 SR, EERBFERS 5T AT KD M w5 G R Rt . o At
EFEHARHEHET. M P gEE ] BTG R AMESComFHEUAEER - THEUHE
THEXSENE -EOEW. X S EE SR TRE e &0 S ER RS S M T .
AR R K. RS ER SET K G EE R I G ER  HE B IE. Ak
KEEFA0U HFRZHEAK AN SR T P B LE T - B 48N A TEFH Pl
EUHREEWNER 3% ATEHE PG Tr I Lt 5 Pr HEMXENENRBEHEE . HERREX
FWEH.CsHMC BEW P WESEE.CH P AESHE . EEETEY A2 8641, 040 Gy dB3T
7 FlTr & Pr P R0 X AT R E A B AT M T B TSRl RER K riEx. ™
EREHE RN ESER. B Gl R RN AT Pr mERANER.C. S P2 2B ERE
EE.EEEASER N 110007 B Gs 3 P FE AR A3 H L R B AN B2 1390, 5iL8
ER&E.EFHFCO.RSIAT . AMAFTEESER EKGMET. 28 Tr 5 Pr R R RBIEE
0. 9013 {Hil WA & R . T X Pr I EEFANRE REXTREE.T- ¥ Pr HER EEB T Gs
Pk MEEYE A (3 R AR T2, 6626,

E# G RAEARKTHEEST B PrEIEF AR ERALEKE.C: BEH P 3
SET HMEKIHEN AR, AETH P B3EEE RS SRS HRE— S e kR ER a0,
Gs ¥ Ci W P A EBERMET.T- WL EFEKEF TS P2 MEEFVEERR . FREERYS
— el P TR A R, RS AT R R EE AN KGR T HEWER P EE
HTRHHPEMC . PrSAREETHXXA M C BRAMEXXE.BFERFH.Gs t’c_’ﬁﬁjbgfi\ﬁ
EMEEER.T W Py REHET . 2B H S EN TG E £ AR A Secor'™ N NTE TR
HEST . XENSEEENPGC 5 Pr LR HX.
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