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Xylem hydraulic traits of Populus euphratica Oliv. in extremely drought

environment

AYOUPU Mubareke, CHEN Yaning* , HAO Xingming, LI Weihong,SU Rui
State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgi 830011, China

Abstract; During evolution, plant species developed various mechanisms to enhance their drought adaptation, including
physiological adjustment and structural modification. Plants under arid conditions regulate their water status using several
tactics such as leaf biochemical and stomata characteristics as well as xylem sap flux. According to the cohesion-tension
theory, water moves through the xylem under tension during transpiration and therefore, rapid transpiration during the
drought season increases the risk of xylem cavitations. This study was carried out on Populus euphratica Oliv. , the main
poplar species distributed in arid land of northwestern China. Two-year old seedlings of P. euphratica were cultivated in-situ
at the ecological observation station and mature P. euphratica trees selected from the natural stands along the river bank on
the lower reaches of Tarim River, southern Xinjiang, China. Xylem hydraulic traits including xylem maximum hydraulic
conductivity (k. ), natural embolism level (PLC,% ), as well as lateral root anatomical structure were determined.
Results revealed that the native embolism level in lateral roots and branches(2 < d<5 mm) of mature P. euphratica trees
were relatively higher with mean PLC value of more than 50% . Morning native embolism at branch level (PLC 58% ) was
lower than in the afternoon ( PLC 67% ), but there were no significant differences (P>0.05) between the morning and

afternoon native branch xylem embolism. The & value and native embolism level in lateral roots of mature P. euphratica

E£TE  FHK A REEH4(91025025) 5 F%K 973 W H (2010CB951000 ) ; H EIA}# e 5 2y [ 51 H ( KZCX2-YW-Q10-3-3) 5 1 [E Bl Bt P43
Z %7 W H (RCPY200903 )

Weim B H#3:2011-03-29; &1T B #1:2011-08-22
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trees at 200 m from the river bank were higher than those at the river bed, and there were significant differences ( P<
0.05), between the native embolism level but not the & value. With the an increased stress from soil drought, the
lateral root native embolism level of P. euphratica seedlings increased while stomata conductance decreased, and there was
a significant negative correlation between them (R =-0.9, R = —-0. 811). Anatomical structure of xylem in lateral roots in

the same diameter class(2<d<5 mm) revealed that mean vessel diameter( d,,,,) and mean hydraulic diameter (d,, , d,)

of mature trees were significantly higher (P<0.01) than that of its seedlings, and seedlings had higher vessel density than
mature trees. Maximum hydraulic conductivity were closely correlated with mean vessel diameter and hydraulic diameter in
lateral roots (R>0.9). Generally, P. eupratica growing at the arid land had relatively higher native embolism level, which
is beneficial since it aids in preventing excessive water loss during transpiration and therefore affects positively the water

status of the plant. This study of xylem hydraulic traits and its anatomical structure facilitates understanding of the biological

background of P. euphratica and acclimatization to drought environment.

Key Words: Lateral roots; maximum hydraulic conductivity ; native embolism; xylem anatomical structure

FEYITEA R IREE S50 T 4706 G VE IR A= 7 58 0 AU R AR it A W Ak VA AL AR A T8 A 38 7
PEC T ELS RBAE [ R RREE A K A B RE T MR I R -k BT AR P A OK A AE 3K T (B
FE) T2l SIE R iz, B 76T 5210 20 A 728 18 5 SRORs S R B 28 A A, =35 qk
JEAEIR T PR KRS O KZE S BG™  257Ub— B R A il S AN o P AR 5T, BIVE pli e
38, S EOR T SRR T #, b M i 4 p Hp A P R )

H Al N AP TR BT Re €68 1 SPT RV Z (B ) ¢ R 05 I AAAE 43 L, B2 W [ A2k F )
AR ZERE J1 SAEYI PR AE Z R AT REA B VIS R O B R BE B AR W) AR B AR AR K R TR
AT LMRFF SRR ST o (A —Fh R UL MY R BT bR 22 A0 RE ) SIS IEZ SR IFA B, A
[F) 4y R 4 v X6 SR PO LA A [ ) A A7 SR, H R ZE RE 5 (A ) I AR — 8 BT R RE 1R A Y iR R
(AT AR EE | e A K R AR R4 1) 5 2 it 0 e LT 24 A K S5 4 2 T RE XA 4 e T
Fa R AR, I BA T RE AR AR LE T 5308 R 5 Ak A g — Rl S5m0 Miranda %57 (O HF
FEAR A RTEE TR 6 AR BRI ZERE T RAK, H AR ZERR &, A% T R 36
53 B N AN — A R IAE K B U FERE TR AR TR, BAR A HRR FE RE 7 8 i H e 7K o3 1) I SR R A5 3
T,

FAMAE N T P G 52 DX N BT s A O3 R AR B AK 7 R X 5B 8 PR B T AR Y
e )z =X, T PN k= AH OGRS ARE

A GE LA i 5 DX BUATA] S A - A - IOk 5 A7 A 2 4R A2 B A Sl ik S S AR, o HOR B 8- /K
N H IR FERR L L) MoK I R PR SC AR B S48 (B IR ) B RRIE A TR 5 AP H AR < 1) BRAEK
) BUR A A 2248 AR AR NAR 19 B SR A8 SR B DL AR AS [R) T 7K HE YR T B BBk 0 A7 AR 7K T RRAE 1Y) 22 57
2) ANFZK 53 Ak BT EAG AR A TR OK 1 ARk et e S FL R BE RS20 53 ) R T A% G AR AR AR B 3 A ( B
B o R S HSOKRR I Z M E X R G,

1 #RE5EFZ®
1.1 W% 55wt

WFFEXT G R bR 5 2 AFAE S AbR , Forb  FE 35 BRI Jie A6 003t 1 (34 WD) X R A 4l bk itk 47 7
AR 5 BRI 45 1 AR A AR BE ORI 0 50 W T ( BELES 34 141 30 km ) VT TE 30 b (MR KR Ny
1.5—2.5 m) FIPE S50 200m Ab (T KHIR Ky 4. 5—6 m) B9 BAEFE AR . BF 5T DX el b Ach 75 35 78 43 35 Vb 35
SR B2 0] JE T IO A T R B AP BIREK 5 17—42 mm, AFE W TR 28 & 2 -y 2500—3000
mm, H -2 AE 13—17C
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1.2.1  ZAsieit

2010 4F 3 HH], 4 10 Bk 2 A SAB Y HABARAE R ST 0. 3mx0. 8m B PVC &rh, PVC E N LI NG
AR R PR A 58 RV R O . RRRIE N AE K 3 AN H 25,2010 427 A 17 HIF IR
FIKRATALBR 10 LIRS L 2 A 7K AR BRAR 55— 20 1E % R, /K oAb B A v | e i B /ORI
FE 25% —30% ;55 41T R Waa gl , WK/ Ab 5 1 1550 8 H 18 H—ELARMATHEK M E 4K PVC BN
FHOFB T AKCRTE 10% —14% Z 18], B A K 53 Ak B 50 91 18], 45 S35 /= A 4 B8 B 3 (HH2 moisture
Metter, US) X} +183R)Z(0—10 cm) B EoKE ST, X IEH FEEALETT 10 d A1 K, 0 T 56
4 30 d 1Y HSRMEK (R R A i ) ARG AT Sk R e SEREFE (I, BRI B R, X8 — i
WELH AP RR SR A TN 6 . B S R SR B SR A 4 R A B2 ok LA D M 25 1 SR 5 PV C B DI, T i
ENAFBREE (0—10,20, 40,60,80 cm) T4 8 i 57K 38 SR GBI AR R /N O HbAZ o8 | VR A S5 5 1l 45
GF R D FORZK KA B FE K BLBY L B AR R4y, bk e O R 28 S MR AT, &5 S /K 38 B e ZE 2 B 7 DU
. RS AR AEE NG E A LR ST S R ERE, W 4 LR SRR,

MRS AL, T 2010 47 A 20 H—8 A 6 H Wk K, 5K T 8.00,10:00,12:00, 14.00,16:00,
18:00,20:00 A5, R AP4-ZhSFLIHM & 1E 5 FE AT S a0 AL BEAE Az T (0 SFL B, AR 3
IIREm AT E . BN RE H O A 20 (S A (A 5485 SR o #r
1.1.2 Bt

2010 47 J1F0 8 J 453 v Ay % 3 BUACI] N i o S 6 1A BUMR A AR (2 < d ( ELAR ) <5 mm) Fe/K 3 Kb JE 7
FEVEATINGE , DETRWIT T 2 AN, — 2 A (M /KR 1.5—2.5 m) (SR A ; — e B 2 e
200 m Ab (MR KRN 4. 5—6 m) (I RLESI

I B, ERR R B AT, /ALY 2—3 BREBLAE 547 (B8 8—11m, J A2 23—35 em) , DI ELARAE
2—5 mm, KJEHR 25—35 em ZE47 1 6—8 ZprffMIAR , e /K HLIEBY 22 Wi 2—3 em 543, e K PR BE s,
D N Rt AR BT R FE AL . SRS AR TE AR AT T e SR SR A vy | [l oy 7 B REA 00 5, BBOAR Ay [ s, 0
SRR, MR AR AR L,
1.2 RS K 3 e SEFE B (R 2

FAAJE S S K % K 48 ZE M i 2258 (XYLEM® xylem embolism meter , Bronkhorst, Montigny-les-cormeilles,
France) X EA% AN [RIER A7 AT T K 6 Jo e ZERR BE A TN . TRSLIR 45 SRR (R 1,8 1), B 5 P38 i
KEERKERK )8 TR PEMY HR 2 R (- RBCERE S 7R i A8 b ) A ZE 305 0 PRV A
AT AT KIS, X B EOL SRR, B, 1F 00 iR R — BRI R i AR (R B 2 7
15—25 em Z[A]) FIZE T3 EK AR LA 4—6 em KB AYREEL , 1 BURR 24 A B AR 5—8 em K AUAE
Br(#2), ABGRSE K MRS 24 AR 4, B2 AR5 1 H B A8 K ka4 5T I, bk
AR B 10—15 em MY EEFE T R U0 P2 2 )5 o PRI T bk o o8 1 BV it e aod 8
2 SR RK R AR RE I, 6 s R T 1 mmol/ L CaCl, ™ w2 I, U ATRE S B 530 5 7K R A4 2 £
RGN 2 SRR 2 ) 7K HE o5 R B B R 5 [ e A A8 R MR A2 /KT, B TS B8, B T A AR A
ZET KR E 17K Fe e BE 439 0 0. 5kPa il 1kPa.

R1 TRERABBZFRFBERSERE

Table 1  Branch xylem maximum vessel length of P. euphratica in different age class

A WIRAIAE (n=15) TN (n=10) RIS (n=8)

Ll &

. Branch of Branch of young Branch of mature
Branch of P. euphratica . . . .

P. euphratica seedlings P. euphratica tree P. euphratica tree

S BE Total length/cm 58+8.3 8113 24+2.9
KT K E Maximum vessel length/cm 15+4.4 6815 8.7+2.6
AME Outer diameter/mm 3+0.3 4+0.05 2+0.2
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FEAEIG FACR (K, : kges™-MPa™ ) B9 %E . 75 0. 100 -
5 kPa 8¢ 1 kPa /K ST I8l 0.22 wm i 5 = 1.069x - 33.816 *
R, 10 mmol/L KCI A1 1 mmol/L. CaCl, MW (pH 5 ®r RE=0655 *
{H 6) HEATINSE  SRJR 72 150 KPa JE FHIRIRE MO IIRE 23 0
WHERR DR 28 S I L (BT T 2 W) . o £ 2 0]
AR [E] % T AR i 5% L e ) A TR A R, B i = % i
KHEEEij(EF7J($(kmM; kg-s_l-MPa_l)O = = I
(specific conductivity, k ) Fll/K 73 1 k 2 ( percentage 00 26 41) 50 810 160 150
loss of hydraulic conductivity , PLC ) i i3 T [ A4 5523 3K Totalﬁﬁﬁli:ih/cm

RIFITH, W, k =h(ke: - MPa™) xBR A (m)/ Bl MBSEEREQUA<S m) BKESEASEKEZE
RSB A (m?) o PLC=100(1= k() /K () ) o Hxz
1.3 7k }ﬁ %K%jt%%ﬁg E/\Ji)r‘ll]ﬁ:i Fig.1 The relations between total branch length and maximum

i 4 25 SHETFH2 R (air-perfusion technique ) ffi X A vessel length of P. euphratica’s branch(2<d<5 mm)
T KRB, R ARk 5 U0 1 B
— AN A RAK K S g, 0.1 MPa B WA R AY SR8 AR TT R TE /K BLBT 4 1 em, B A2 3K MRAE
—HERIAAH R 1k . BT ORI N B R R K SR

FSLE AR LN X B 58 em A4l bR 245 AR A 2 HOR B8 e R A8 KB 15 em, LU HURR
W (Ml 2970 20—30) ZAFAERRAIRARFERER CBRER 24 om, B KFERKEHR 8.7 em) . TIHN
A KB A (IR 2R T—12) AR RS, Hlp R S48 KBE LU AR AR S I (R 2) o ARG 4
R SIABIAE K B HR B 3 Y i R K R B A 22 TR B AT R B IE A G OC &R (R =
0.855) (& 1),
1.4 ORGSR 254

D 5E 58 FoK A M AR ZERLE 2 J5 W TE W R 2H Ak A 1 AR A AR (2 < d <5 mm) | FEAT AR BT Afe 7]
ZERRIRESE , BT 3 em MR A, 76 FAA (RFRM%K5:5:9) HLFEE , AU F (VI F Bl 6—8um) 41 -
[ &t e, R D2 BAUR (Y627 5 Olympus, BXS1) FEF WM, 411 88 (EASAHAL Olympus DP70) , F EI 5 AL 2
G (MP5.1CCD) X} 8 MBI MIAR S 8 B Z AR AR AT A BTl 4 (BUE IR B, 8 H 48, K
S AR A 57 s iy a o

F2 MEARBSAERGEEERAPGR REKE ERIENERYE

Table 2 The number, length, outer diameter of P. euphtatica branch and lateral root samples used to measure xylem hydraulic conductivity

and embolism

WK Bop ¥ i
i H Item .
Mean length/cm Mean outer diameter/ mm Number
FRRTEHAZ AR Lateral root of mature P. euphtatica tree 12+2.1 3+1 57 %( 12 ¥k)
AR TH 22 45 A2 A% 2% Branch of mature P. euphtatica tree 8.4+2.7 4+1 55 % (7 BR)
BB SIRMIAR Lateral root of P. euphtatica seedlings 5.0+0.8 3+2 40 %5(10 £&)
4 #k F T Main stem of P. euphtatica seedlings 5.5+1.6 6+3 34 %3\( 10 ¥k)
Kl R bR i 22

3 R AL PR 2R G B B A R T TR S S48 AR (d,,,, pm) KT EAR (d, T dys,, , pm) 55, FE5E
AMREED] A R SRR AR A 137—434, i 4 ik 202—428 4, FE HAZ(d,,.., pm) BURK, R/ E
RERFIME . K EAE(d, T dysy, , o) BEBESEAL A (BB ) XIRE S K 73T B ST T A E B . HET—
WELL dysy, B dy, ReFTRIK T EAR o dosy (o) FETTRR T AT T K 95% (V-2 48 HAR 2RI . |
e S HAR T HY MR S BT R (X DY) SRIEE BRI TAE BRI KT,
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— EHRMFIET B D 19 95% M ik, 555 T STk TR BB G K % 95% M 48 13 HAR I E Y HAR N
dosyy o d(pm) JEFRIRARX D, = Y &7/ d* Feita =
2 BEREHH
2.1 HURREAR AR BT e K K R I A ARG JE R 1
2.1.1  BURREAR AR R S5 A T8 [ AR 21 H AR 1L

SERG AR 7R3 LRI R U IR BRI 200 m b A BREEAG Z AR AR R (2 <d<5 mm) 7 A5 T340
RGFIKE ko TH, (3,34 £1. 11 ) kg-m™s™“MPa™' (¥2SD) , FI SRR ZER BE 45 7, B PLC 341 1 (63. 99 +
21.11) % (¥=SD) , HKIAB MR (2<d<5 mm)7 AGEE k. HHR(31.33 + 18.66) kg-m -5 MPa ™",
PLC #{E R (96.71 £7.8) % , J7 2253 W2 R BH | 58 HUAI] 1 il R A 4 2 4F A R S FIMIAR (2 < d <5 mm)
B ke TS PLC {H2Z I 035 25 50 (P<0. 01 ), BIIAR A4 [ S8 18 S8 B e K Sk SR I B 38 T 2248

7 A 2 EAR SR (2<d<5 mm) [AIREZEREHA —E M H LA, B 6.30—7.30 /Y PLC ¥J{H
2974 58% ,1Mii 14:00—15:00 1 PLC (K 67% . #E[F]— W &L BUBREAZ AR (2 <d<5 mm)6:30—7:30
F1 14 :00—15:00 ) PLC S8 50514 96.79% F199.79% (F 3) . i HL.E#% 22 4E 4 B L FIARTE 6:30—7:30
5 14.00—15 :00PLC PJ{H Z 8] () 22 S 24 0 3 i A 3 (P=0.5) .

FH % 4 ml T H AR B BT Ui AR 5 4 B 2 (50—130 em) BY-F- 2 1385 KR TE 6.30—7.30 I
14:30—15 .30 WA R BN A BEEE R (P=0.355),

x3 TAMBERTTHRERESFERFMMUREACERENATY

Table 3 Daily variation in root and branch xylem embolism of P. euphratica in July

AL B[] ¥ PLC {H +hriE2E RKRE FoME Kkt
Organ Time Mean PLC value+ SD Maximum value Minimum value Number
% & Branch 6:30—7:30 57.87+16.62 85.52 20.59 26
14 :00—15:00 67.30+22.70 99.65 26.07 29
AR Lateral root 6:30—7:30 96.79+7.88 100 92.91 22
14 :00—15:00 99.79+0.30 100 99.54 24

F4 7 AREERATHEKAGERE(50—130 cm) TIEEEAKENEREEFER

Table 4 Daily variation in soil water content of P. euphratica’s lateral root distribution layer (50—130 cm) in lower reaches of Tarim River

in July
B IR 2 YL KR (% ) £hrifER T RAB % B/ MHE/ %
Lateral root distribution layer of P. euphratica Mean soil water content( % ) +SD Maximum value Minimum value
6:30—7.30 8.77+4.8 18.08 3.01
14.00—15:00 7.32+2.6 11.22 2.94

2.1.2  A[FEHLF KRR T 0 BObE S A7 AR K T ReAE

TES BRI R IS SR 18 3 b (MR K ERRATE 1—2.5 m 2 [8]) FIFEITE 200 m &b (M T /KR 2 K
4. 5—6m Z[a)) B RLERE AL AR B9 &, . BTN (28.62+£20.35) kg-m™'-s™'- MPa™ (#]£SD), PLC ¥J{H N
(88.32+13.1)% ., VAIE D _FACHESAAZMIAR 1 PLC ¥{H >0 (83.34+13.1) % ,/NFHEEE 200m 4b #4519 PLC
KB (96.7% £7.9% ) 5 TE FEAIIARDEY k(. YITHH (26.50421.62) kg-m™'-s™MPa™", /N RET[ 1A 200
m Ab A% (31.3418.65) kg-m ™ s™-MPa™ (& 2) . Jr 22345 1B W], WiE I 5 EERTE 200 m A7 0
R PLC ¥J{EZ (M7 22 5 (P<0.01) AL & (A 3T B MRS (P=0.378)
2.2 SEIMRAR TR SRR S H AR ZE R
2.2.1  A[E] 5K 53 A SR Bk A A AR B K T R A 5 e

IRIGAE R IE W A (L3 & KRN 23% —32% ) WA 4 BRI AR A1 3= T 79 PLC Y18 7 91 4
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Fig.2 k PLC value in lateral root xylem of P. euphratica in different water gradient

s(max)

(50.85+20.27) % ,(46.69+21.81) % (“F¥ME=SD) ,/NF T W 4 ( £33 5 KE R 10% —14% ) 4
2RI PLC 1K (56.52+22.56) % . (54+24.78) % (€1 3) . J7 2250 Wr 5 SRR W], 10 HE IR A1 5 v i 20
Mgtk PLC SEZ A &2 5 (P>0.05) , PIAUK b BEA SRR OUAR Y &, .. SIME R (6. 14£2.25)
kg-m s “MPa™ B KT FE T (1.58+0.88) kg-m™'-s“MPa™" | ‘B A1 2 6] LA B &1 22 5 (P<0.01) (
4)

100 =T
O w0 EF T E T
S300
80 z E
& 238 5r
3 <2
= L = 3
4; 60 - T T & é 4t
ﬂk T =z &
40 - sE 3r
% W 8
mt' %F (=5
w L o2r
20 N 5 -
XE L
-
0 I J s
; N 0 ' :
o EL i
IERE TR T AR Lateral root FF Main stem
Control Drought stress
B3 REAS AR T H Sk F AR E R B2 B4 REASETHGHSGETIWRE K, (o) P
Fig.3 native lateral root and main stem xylem embolism of P. Fig. 4 mean k., value of lateral root and main stem of P.
euphratica seedlings in different water treatment euphratica seedlings in different water treatment
Bl F- I fE A bR R K gV B bR AR

TAM AR IR (2<d<5Smm) 1) [ 2R FERE B 5 HAMAR 4345 1 )2 (0—80cm ) V- 34 - 58 & /KR Z [RIAF TR %
VIMSCZR B BE % 1 HE 5 /KR 1Y FEAK, 5 A% 2 Ak 00 AR 7 A4 2 2 52 Bl =22 348 o, =2 ] A7 7 i 38 600 A DG 6 &R
(Spearman,R=-0.9) ,JRERE R* 7 0.65, PVC & L HEVI 5K RIE 109% —27% W, 2 ¥k A AR /%) PLC
PIEAE 50% —T72% Z 89 (E5)

2.2.2 AR BRXTEAR BRI B AL T AR

FEATR] KA BT A skt RS AL S B 0 H AR A AR T R — S0 ARt $4, B 1000 14 %]
S5 e L (I VR AR 2 ol 2 Ak B 1) SF- 38 LR B 43 1R 105 1 67. 08 mmol m™ s7') |, 2 JE — ELREAIL, F
16:00 X HBL— NG, 2 J5 XAkSE R %, £ 20 .00 535 2 B AR ( 1F 5 V8 IR T 552 2 Ach BB A8 - 25 A< L S B
4354 37.62 mmol m™ s™') A128.22 mmol m™ s ) (1 6)
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TE S MEME AR A P WA QTR AL SR 1 0,
BT T RBLAAL (1 6)  WERMERAmOIAY o | .
B P AL R A 70 mmol m™ 5™ T FRB045 5|
(9% 47.13 mmol m™ s, 7£8.00 FI10:00 &, F#M 57 R 0,645
WA R B I A LS e B2
FERE(P<0.0L) M ER 20 A £ i F w2 2
SPE(P>0.05) . =
RSB IT H CTL S S IR 0 A S B S e e 0
PLC HP{H2 A7 (R VI I, BB DA T HEIFRIE PLC/%

KBTI CRRFER L E IR IR ST ms gummsamnmns pLc BSMRS HELEEKE
JEBREZ AR (7)o AHRIPTERER, it < zamxz
FL5 B S MAR p A ZERR A 22 B A7 W 3 1A & ¢ &R, Fig.5  The relationship between the yellow lateral root mean

y% /"\HE ? ﬁ Rz =0. 687 ( o =0.8116 Spearman r= PLC value of P. euphratica seedlings and soil water content
- : 0. 05 . P s
-0.829) Bl R (AR 2
1207 100 |
100 R?=0.6876
- o 80t
E s " —i
=) o 60 |
£ wt £
S & 40|
% 40 + P *~—
= T 20 |
r 20 + E;”
L L L L L Il | 0 L L Il J
8:00 10:00 12:00 14:00 16:00 18:00 20:00 20 40 60 80 100
i} ] Time HEZEREE PLC/%
E6 AEASBEEMGTHGHHRM K SIS B TUISE B7 SHHRHASIASESHUREEREZBHXR

Fig. 6 Daily stomatal conductance’s changes of P. euphratica Fig.7 Relationship between the leaf stomatal conductance and

seedlings in different water treatment conditions lateral root native embolism level of P. euphratica seedlings

B A B E AR i B A B AR e

2.3 BB IIAR A T A S AR 5 oK R 2 1 5 3R

BRI B S BROIAR (2 < d<5 mm) AT SA5 (SAS ) 4015 11 8 7T, 3 S bk DIAR 9 1 7276 10—
80 jum 19 45 (BRI ) HORZY 5 B SRR 1Y 97. 5% |, T MUBR I MUAR 1 2 A2 7E 10—130 pm 19 545 (B0
ML) B2 SRR Y 99%

A AR DR S BRI k1 T2 S48 B0 (d,, ) VT BT A5 09 257K 1 B2 (d,, R dys,, ) 535000
(41.99+17.12) pm (FH{EH£SD) | (49.75+11. 4) um H1(42. 728. 2) pm /N F RS AR, B 4., N
(54.60+30.02) pm.dy, K (112.17226.65) pum dos, 4 (86.48+18.96) wm (P<0.01) ; AL HRMIAR (YT 14
AR 227. 17 HR/mm? (S KU AR B BRI B | T b 4 DURR 99 7 2 S5 95 FE (104, 64 4/
mm’, P <0.01) (%£5),

AKTFIB AT G5 k) o 8 PP R0 A R 5 2K 28036 /AN 0 T 4 s, B I X A R 14 5 P4
() FIRITEIE (A, sy, ) FAFBE (DY) FATEE k0 L2 IVHEAT T Spearmen HIEAHT, 255K,
KB ER FKAE ) 58 S HAE (d) KT BAE (dosy, ) 2 T B B 35 TE A G R (R=0. 969, R =
0.987) , 5K Iy A8 (d,) ZIHLBA B E TEHIE SR (R=0.955) s KRR SRS A% (DV) Z ]
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251 25 1
S b A
177}
EZ 20r 20
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o O
o NOo158 -
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mé]ok
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k]
>0lnln a) Na) OO (== )
vIgg3Ig i EgE T g g ggEEEEF
S o o o o o o o 9 A s o o o 77 77 7
- & o ¥ v © & © & A ¥ © ® o o o o o
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124 Diameter class/pm

8 HEERFILRIABMIR (2 <d<5 mm) KRHEE (HER) EESH
Fig.8 Distribution of vessel diameter in lateral roots(2 <d<5 mm) of mature P. euphratica trees and seedlings

Blm NP AR R
T —SE R R IR SEI B PR (%6) -

x5 WHHRERERABR(Q<d<4 mm) KR SEE (QE ) HEIFE
Table 5 Lateral root (2<d<4 mm) xylem anatomical structure of mature P. euphratica and seedlings

A BT A R AR

. . HIRRMAR (n=8) HRRIAR (n=8)
Root xylem anatomical characteristics .
. Lateral root of seedlings Lateral root of mature trees

of P. euphratica

¥ 54 B4R Mean vessel diameter/ pm 41.99x17. 12 54.60=30. 02
347K F1 B 4% Mean hydraulic diameter/ pum 49.75+11.4 112.17+26.65

Y dysq, Mean dos, /pm 42.7248.2 86.48+18.96
T35 S E Mean vessel density/ (HR/mm?) 227.17+73.91 104.64+27.15

F6 WHEMNRARMBSEYEFLESHERIKMNEZ EHR Spearmen 18X 53
Table 6 Spearmen correlation analysis between xylem anatomical structure and kg ,,,,, value in lateral root P. euphratica

HREER () KA ER(d,) Gy

. N dos, k. (ma)
Mean vessel diameter Hydraulic diameter DV
PR AR (d ) :
Mean vessel diameter
KA EHAE(d,) Hydraulic diameter 0.923* 1
dosg, 0.963** 0.987 ** 1
FEEE DV -0.437 -0. 566 -0.595 1
Eyman) 0.969 0.955 0.987 ** -0.609 1

s g FPE0.05 AKFE(CRUR) , = BN 0.01 KFE(XUR)

3 iR E4%iR
3.1 TEPAFEE T MRS A BTERK I REIE

AR S ZE R AR AR ) 6 18 7 7K A3 Il 38 A7 AE A — R B G , SAE AR (0 5 K i S K 3 —FE R K
R ZE AR AL R 2 AR AL R AR 2 AR AR S 0 2 SR o T R X B LA T i R A £ 4
RS (AME (4. 120.7) mm) ($1£8) 7ERE R A TEZF B PLC S4B 551K 58% 1 67% , BI K i &k #4: 28 HAG —5E
B H AL LA | TTEEATE 200 m b B RE A I AR #4 SE R BEAE 1 /R 5 IE A Z A 00 i i) 22 Pk (P>0.05)
1M H A SR FERR B, i85 90% DU 1 (£ 3) .

R IR 0 B JE R AT R o 1) SRS AR i K P KB K (3R 2)  ARAE A ) Wi Rz i K 4 i 3
SR, IR R SR RES K, EA IS 7 AMBUR K B A 7E 25—35 em, T AE % P 52 b ) 22 () AR AR
KEEH 10—15 em, KRR/ FEREA MR RERKE, B, EE SR PO RE 0 5 KR8
il 7 LR R AR ZERR R K, 2) X BT I 7, S MIAR (d<10mm) FZEH 3 1i7E 148 0.8—1.3 m
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TREEVE IR, PR IE BURRAE A TR A, S R G 3) S b S A U 2 (0. 5— 1.3 m) 3834 S 7KOoR IR, H
TR 124 L5 KA 50 8. 8% F17.3% (£ 4) , Z AWM BA WFMEF , XL N R W
P RIS B A A DR S o A ZE AR B 104 O e, DT BRI AR A B B e JE R WAV /R 5 TR e e 22 57

Hb T 7K SR 5 DX T T R R R — 0 L A A B 7K SR IR G T A R ) TR 4 i 3 T e AL B 11
AHRVE BN R B BRI R i S T i RS A AR ) PLC 20K 83.34% ,/NFHETRITE 200 m Ak
(Hb /KRN 5—6 m)96.7% (K 2) B b, 7E/K o0 Fe S B 20 Tl aE 30 1 Az R i) A ZE A 32 7 1%
LI ZEMEAR . Hukin 257 AT 20T, X6 S hai 4 Bl S AR FFEAT 10 d AR KA FES | 21 FIAR
TS IR PRA A ™ B 5 Wb Ak BRI ) ZEOK P R ZE AR . WA SR IX., 35 BRI T ¥l T 2008 1 2009
AETRTIE WK ,2010 AP [a) 35 BRI R I 2B A K B A K AR A BROOR AR B 1 )] T AT 78 4 7K U 0
HI T Z AT B SR T 5 R Y O A8 ZE AL R A AR O 2R A AR ISR, PRI S B g A ZE AR BE A

ARV AR JoT 0 5 7K 58 X6 P 58 45 1 1 28 Ak i 1 o A (] A R AE T 52 b IXC % PG 8 B A ( ponderosa pine
trees ) M b6 36 F 2B K 7R €8 TRV b A 1) 85 4 5 A R, 7 TR T DX B K I R AR AR T 3 K % 8 T PR IX
BT BRI A, A (Vs uinifera) , AL LML ( Quercus rubra) , AL IEREEMK ( Liriodendron tulipfera ) 55 41 HE
AT K TR RE K S FA B RD  RIEA IS4 5, 35 B R iz BE B T3 200m 4b
AR k.. (B TE S F RSB SA  AE# A0 K 0 5 SRS 51 1) 28 0 S5 10 1, 347 i e J2 18
Teb 1 AT B T AR S8R i A 7K R 3 AT PRAEAR FR K R 28 008 2 ) iy K B P, AN—E i Xk
U, 3G R Gk R AT RESESA A T 538 BREE 04 53— oK 3 S
3.2 N[ BEK Or A BT Bk A% AR B K IR 5

25 ST ZE PR OK AT AL B2 (3K R 10% —27% ) , ik MR . =1 AR R E >
] (4 22 S AN (P>0.01) (&1 3) fEAUAR (Y F AR SERRHE 5 + V34 B KR Z M A G (R=-0. 9 ,R* =
0.65) (1 5) KW A ABTAR 5 SRR ZEFLFE A + 18T S RE 2 AR I 0K o A S 56 0 ] F 9 DX ] KA
A1,30 d ) AR K 4 Y -4 5 KGR H BRI 2 109% —14% |, A7 35 3™ 5 T 5B /K 75 07 1) 4 398 25
K NTTTSZIR T HAN R K 43 Ab BREH 22 8] (1 22 Sk

BT, MR S ALK 25 TA A R T B I AR it A S 00 A 2R | Bl e R I — Se i 5 R SR BT AR i
SALF I 5T ZE R 2 [ AEAE A TRV RR B (0 SRR DG OC R 200 AR AR S0 25 51 gkt i <AL S
JE 550N A e ZE AR FE 2 (A AR B B SR DG G R, RIVREE AR PLC AELAY 3 m , JHemt  SFL5 E B  BR AT (I
6) . BIRAREIG I R AL TR 5 MR ZERL B Z (A TE— 5 YOG A (B AR TR Ry 2, M R AL AR A
FEN A R ARAHE, BN AR M ZE T 4R & AE B2 40% 2 )5, LA LA M, Hukin 55707 Y45 SR AR IH |, 1
Bk R AL Z i = TR & kA B3 n e SEAL B , DATAT T LAAS H A% A o i A S 1 % A AN A 1l
ik i SFL IR R AR T 1
3.3 AR BTER /K B ) 5 AR B A4 (B ) B RIE Z E] Y E &R

M4 Hagen-Poiseuille &, 7EH B 40BN KA E DK R 5 S8 B 4 YO RUE H, Bl
T HARBOR, FE I K I Y RE R | FOKGR A, A R BTEREE I 5 Sk AT T T ST AE RAIE D
R T R K Tk R 5 R BB 45 HAR M S AR B DI O R P02 Rl OC R AT ZE AR 5T
AR FTEA A A R A BT8R 8 AR 5 AR BT i R K e ) Z AAETE B 3 TEAHOC R (R 6) . BATHE
5 B R SR ROR Z 8] 1 & FR A 1R 3 B KT (2 HAFAE— S I SR DG OC R | 3X AT BE 2 RN 7E AL
T AR BT AR DI T b 48 AR O T s i i) A8 B b A G
3.4 WIHARBTAERIK AR B HON 1 52 B8 PR Y 3 1 e

Hukin 25 (5T R W1, S LI RRAE K 450 R B 45 25 B 520 A B R I8 T Hi ke 268 1 4R
AR, RABIETESE R FEA o 1 5 XS BT R il F AR AR B ORI A7 RS B A S B B3 A 4R
FEREEI LR, B PLC $9{EAE 50% L) Lo ARBEFEAE—@E LR EY AN IE T Hukin ZEH9HFTE AR
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Miranda %5 Ay AP 5 BREE OIS R A — 58 2 R IR PUkE ZE 58 I 58 19 AR SR, BRI AR
FERE TR A B AR TSRS AT BIANTE . ABFTER T, 3t T K7 B TR SR AE < 1) R 9 MR A K 7K
RO R TN AR TR A M A R, 578 B AR B S 7K R 7 Al R A 288 10 X6 AN [+ 7K o B85 114 A B e 2
PR Z—

B AR AR S T SRR A | BAR R BCRS K SR AE L A R B B BT RE T, (B 5 bhia
PRIE T 3E 25 A i ZE T BB 11 (6 B 0 BE 2R S K AR T DR A R P4
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