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WE: LB RITIBIE, W34 T IR A3 A TR A 55 1 258 WI [ Tamarix ramosissima ( Ledeb. ) 1 . ##4 [ Haloxylon ammoden-
dron(C. A. Mey. ) Bunge] EEE 5[ Reaumuria soongorica (Pall. ) Maxim. ]I RS0 FFAEHEAT T HF5T s W REAK 5 | R BB IHE-T 2
JE A Fr A R K B RS B 3R A AR A R AT T BRBRWRI , 3798 e THEE 3 FMAE A K 43 38 N T R LB Y R G T
IKEE, LB AR RE 3 R 7K SRS JEL X e 7K B W) B AP IE o AR ST 45 SRR B , 2 BRI MR AU AR, 2R 43 7 Y8 LA R 50cm 3]
310cm , BLHRF-H B R IR R TR 30249. 2em” ; MR IR R M T FE O ~ 2500m , BLHRF- 3 BB UR R B 12847.3 om’; BB
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Roots distribution of three desert shrubs and their response to precipitation under

co-occurring conditions
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Abstract; Root distribution of three desert shrubs, Tamarix ramosissima Ledeb. , Haloxylon ammodendron (C. A. Mey. )
Bunge and Reaumuria soongorica (Pall. ) Maxim. were investigated under co-occurring conditions using whole root system
excavation method. Assimilatiion shoot water potential and transpiration rate were monitored during the wet-dry circle
induced by rain events. Leaf-specific apparent hydraulic conductance and the index of water stress impact for the three
species were calculated from shoot water potential and transpiration rate. The results showed that the root system of T.
ramosissima mainly distributed at 50 to 310cm below soil surface, with average total absorbing root surface area at
30249. 2cm’ per plant; The root system of H. ammodendraom distributed at 0 to 250cm below soil surface with average total
absorbing root surface area at 12847.3 cm’ per plant; The root system of R. soongorica distributed at 0 — 80cm, with
average total absorbing root surface area at 361.8 cm’. The root distribution shows that, T. ramosissima uses the ground
water as the main water resource; H. ammodendraom uses both ground water and rain water; R. soongorica uses rain water

only. During the wet-dry cycle induced by raining events, hydraulic parameters of T. ramosissima showed no responses to
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precipitation. R. soongorica responded most significantly, the responses of H. ammodendraom were in between. In
conclusion, the plant responses towards rain events closely related to their root distribution and plant water-use strategy.
Under the scenario of the predicted precipitation changes in the future, the discrepancy of root distribution will partially
determine the position of the studied species in water resource competition. Species that have the superior root morphological

plasticity, such as H. ammodendron, will have significant advantage in competing for water resources.

Key Words: soil water content; root distribution; assimilation shoot water potential; transpiration rate; leaf-specific

apparent hydraulic conductance

FET R P T REHEBEIX , N\ I35 3h A0S Ak 1F 7 % A M Ay A 5 7 Ak 3 R B s =), AT &
B Hh XA Y B O 2H A A A TR Z0 AR AL , B XA 4 AN 8 PRGN o ZEMEMB R tth, , A ZE TR ILALRE
T R YL R YD TR T 25 0 J A A R DX S U B SR AR B ., 7E 38 T B B B AR P R HE A T AR PR
Fio ZXAE S E B EFh . HE 2 AR [ Tamarix ramosissima (Ledeb. ) ] #3242 [ Haloxylon ammodendron ( C.
A. Mey. ) Bunge | FIEEES 44 [ Reaumuria soongorica (Pall. ) Maxim. 125, 76 AJIE s s A6t o E &
W, X YR AR T S HIEER AR RIZUSRAE, TR RRE T X YR e R A R
BHEIRE A CRAEYRSA T NITE) , BT R A5 M BUE , ZEAR KRR B B JE B % X R A A 1
HIARR , AT E T 2 HAR G X AL 4,

FETFREFEH KEEBREEERGIE T, REE A OB, MR XA YR RN i
U LR IR JBE A TR LK 43 3R B A K 43 A 3 o RS o e 1 E AR B e ME VR o TR KRR R R
PR BR 25 (A S5 M AE A PR R AR R ID RER A BRR ) . BTN SRR R BB R AT R E
B, 3 FEY 43 5B T PIF T RE AL, BIRAR R 4t T /KB AR (B A48 ) M AR RAR RAEY) , B & 2 A T
K, JEPIH EERER KA TR MR 0K o (BRI RR R, R RS e 3 A 21
SEH), MANF LR, T AR — e AT R, XA A T M S BRI MR B E R R
T S RFAE B F TR K B L FEA TR 5T, LA A T2 IX 5L A A 5k 1 Y e SR A L AR o
1 HREH=E
1.1 BAFKHSEEXNSR

PR X AL T R b wp AR B AR T &8 ol R P o RR U TR B % 1 SR iR R AR B AR TR BE (44°127 ~44°21'N,
87°50" ~87°54'E) . %X J& T L AL IR K fili M T B S, ¥4k 475 ~ 500 m, 2R 6.6 C, K E 164
mm , 4EK HZE K & 2000 mm 245, HbRIRERAE R FBEURRKR  ZEBMMEE S 3 FEARIRE
i BV AT URX 3 A IR A B A YR o bl 13 T B R W i AL R B 28 o R KA —
¥E3 ~5m FFIETERAEE BEA, Z RSN BUK SHEK M m el LRI LTk TR, S258F 2004
~2005 £E58 B, IEFEE B AN BT bR Z AW R IR AR 2R R M B S 5
SEH R (44°17'N,87°54'E) . ZABEMIFHEEE(1.75 £0.13) m, P25 5 (1. 55 £0. 17) m; R 375 B
(1.70 £0.10) m, FH MR (1.05 +0. 11 ) m; FEE L E E (0.55 £0.08) m, 35 ME (0. 35 £0. 05 ) m, HiFE
HATHEHEREASARASMEY) , EEYERKZET(S ~9 AH)BE BARKSR, GMEY) BEYLE BRI
— B, TR AR AR 1) AR AR , BUREL R T 4 3 R 4 19 BL [ A B 2R s IR B ( G R o IR , 64T ()
BTK S MZE R BRI . 7ESLI A ERAZBE R R, BEATH YR R 7010 FIAR R DD BE B 5T, o € A )
Mo b T AR
1.2 SR

HIEAKERNE . FERYIR RSB, F L4576 0 ~20, 20 ~40, 40 ~60, 60 ~80, 80 ~ 100, 100 ~
120,120 ~ 140,140 ~ 180,180 ~220,220 ~260,260 ~300cm JRFE R T4, BNMERES NEE, A TERE
0 ~300cm ) 3585 7K i T 3R B 73 A R OL
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WASSEYREMNE , SRRV RRMEEEMRRIZITARKKD (2004 48 HFE 9 H) #17,
BN R AR Y 5 B, DR EREE S RMREE KERSHARELR RER. ¥E—
WA ST B IR A A, 3B o AR ) B AR K BT LR AR, W A 5 REEBCE 43, 0.1 m y—
ANGRBE X[, 5 X ] YA AR R T A, 2 AR AR R R i FR b IR E AR I . 5 LRI, RS R
PR EH b T E , ITERE

LA K BB 52 o 2005 4E 6 ~9 H , s EE B TC XK S, FiJE 128 (PMS, Instrument Co. Model 1000,
USA) et R K $ B ARtk e N B HAT(6:00) FF IR = H 7% (21:30) , 7ERIL A K # R (6:00 ~
12.00) FIPK I b4 T i B B (17 :00 ~21:00) , (8] F& 0. Sh WAl 1 ¥k ; RIALAK A 0 5 5 B B B (12:00 ~
17:00) , [E]f% 1h YR 1 K, BRMEFEE S NER . BEKHR T MR, K 40 ~ 100mm, 551]]
Ja R FE = e, e #K $9E

PRI N2 R (7 1 T R0 P AMEE B Bk e 28 3 o 20 APk R Sk 2B 7E B2 10 ~ 20
mm 4% I, 5 0. Sh @R AR B I B 3hic®e b T SERBIA R /INBIRE M, R4 [R) Ak A 2 T AR X 2% o ok
R, W ESMRAN R TR, EE LR, 6 x 10 R X B AL (HEE,300D, £EFEA
", HA) AR BRI, RRERE 3 ~5 RILEL, B FEAR R ; ZREENIEAA 6 ~ 10
FfOA: , Bk F ARk . @it CI-400 CIAS (3B BT 44 CIDC. , Logan, UT,USA) Xt R FH1TAL3E,
HRYEE A BRA BT, NSRBI FBRE R, &g, KU R R mRUR A B A 28 IS R 5 1o
B AL RCR AR 2R SR, B T EEE SRR R/, S bk ok 225 , HZR s B IR Aol € o

WY FKERITE . BASKE 82 R R AR R, & e & RS AZERBIRR.
TK R B RS KA R R 3h 11, B K e R G P AR AR R R A F B 45 . ARYEAEAEYI K 3 2%
FHF 5T 38 FE A R E T 2K EL AL , K 3422 BT AR FE R 25 K AT R0 L 3, 57K BE Pl 7K 345 7K B ) 2 P A
KRR MBRARE o B R R R A R AR K S AR B s R bk BT AR A A Rk
B H5BIEZ5 5 SASS. 0 X RLR M 0264 BEMHER TR

2 GRWMGH AR AL (% i)

2.1 EHERIEA SRS RIRERT AL o heemet
KAEIK I 280 F 0 30K 43 i 2 4 e oo e T

TR 5 AT LA P 9K SRR i K RS oo | T

(B WAk B FRSEm IR1%8) b AL (T MM R oo S

) IR SRR A X U U A AR R 5 - !

i B AR B BEAR ), AP 1 R, L S

Koo BB LR R, AT a0~ 5 L

80 om 180 ~260 em, LEHHUKMHER BAREM 5 L P

KEBFTOR, TRESOCGEX ERTATE & ™| "

IR R 140-180 L

2.2 HFSA LKA A5 t80-20 | e
WMAFAELEREY 3 FHYR R RBREE R 220-260 *

R E M2 SRR B3 (H2) . ZEARMIR RS 260-300 | .

i Y B2 50 ~ 310 em, 5 % Wi MR 5% T B Ry 30249. 2 B
em” ;76 0 ~60cm MR S A5, W HSOHR 2% T AR 31K
BRI 5% s FEHZR LT 200 ~ 310 em IR
BESEEE oA T 3 70% B IO SR T L. R AR
RO TG B 0 ~ 250 om, o MR WiOAR 3% T AR 12847. 3

B 1 0~300 cm 38K EETEE SR , 1 I BRI brvE 22
Fig. 1  Vertical distribution of soil water content, horizontal bars

represent standard error( SD)
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em® ;76 0 ~60cm PREE , 5377 H: 35% 1 SRR KRR . EESEMRARSAERE N 0 ~80 om, BIRUHR K HH
361.8 cm®, fE 0 ~60 cm HIVREE, SMH 93% MR R o ARHE 3 FhIEIRMEA AR 2 4070 LA L3 &K BN B B
oA AT AR, B T EERMRR ERMTH | LRSS KENEER, B BRREFRRK, RRIZ S
T K AR X, AT LA RIS T K AR o BB AR LA T 7K o - BKIR

0
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Fig.2 Vertical distribution of surface area of the feeder roots
S SR N BRI R EFL  The data in the bracket is the total surface area of lateral roots

3 AL E R IR AR Y B AARGE LR A S BN B &1 =P E 2 MRR K T ERHIRAR R
Ge LA R AR K TR . SEENEA BRRIMRE L, AR IR, BE S R/NER 1) o RLEN, 1
PIXHIRIZ K I3 B BOR TR Z DG A TR AR R B RBA R

®1 3MEEEYE L TS EMENRELL

Table 1 The biomass ( dry mass) above and below ground and root/shoot mass ratio

GiEC7Es WTE b THE [FIEA T 5 L
Plant species Root mass(kg) Shoots mass(kg) Leaf mass (kg) Root ; shoot
LM T. ramosissima 28.36 5.64 0.52 4.61
¥ H. ammodendron 5.48 7.65 0.81 0. 65
4L R. soongorica 0.20 0.43 0.02 0.44

* N [d] the same below

2.3 3 YIRS R RFAE

X J 0 S 5 AR R K 5 2 B RS T S 1) 7K o A S RO X B, W AT A [ AR 2R S RE AR S e
LB BRI K SRR A o FEBRER O DT R K S5 | R A K S B AR e, SR T MR- R
AKX 3 P A [l K B 7K A B R RE . 7 20 mm FEIKJE (2004 487 A 19 H) YIRS
1 RAFERE S 10 RFEMAUKE H #2013 (a.b) Bias. MG 1 K, BERN RLBUK#ERR K
RIFEBOKEIEBAR , BB RLBUKEER THRR; 10d UG , BB 5K RLBUK BEBAR, BRI b
BOKBEZE R TEE S ; ZEBEMRLBOK B K 5| & FE-T R BIL P BA N, BR & & THEM
AR FEF SN —U 10 mm (7K G (2004 458 A 4 H) , BESRK RLEUK BERR , TR R R Bk BEH
W, RN R BTK BB R = s HERET SRR , BB SRR K R AL Bk S ERER (B 3, ¢.d) , T2 4L
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BMIFREK SRR EH AR THEW .
TEZHIX, KT 20mm WK AR R A, Y A4
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firasE T B gg 2 f\""‘%} c Fﬁ,m d -
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BRIRZ , BERE K. ZEENTRHE 50K
TR o ARARTER T 20mm 7K A2 i (53R Mz ( [
4a) HEN AT BEAIR X h s B A %, T Zt— 2B iAo

B 5 BAE—AT R MR RN B, SHAEMARR K781 H 22k TG A RN E 2Bz ms®E R o
BB, ZAAEYI AR Z BIRK FF R . TGRS | R R INE, G2 5 RS 10 KA I{E
W/, T RER TG RSB LR R E. RRTES 1 RIRZES , T REA LR R AR IR BIEEX,
Z BN BAL R AR T AR IS R TR

X it i A AN R ALK 3 H 3 FRHUR B R MG, RO Sk BE , B A BE R ALAR - £ 57 T sk #4538
6, AT AT AR Sk R GEAE T 5 A T Bma RS Ao MRUR T G X R BK S Ze i B R LI e %, 5K B
Z R FRAR ) B R AR AR K BE, G5 R AN 1ET 6 TSR 2 s . [UKBETR/AR THIM K RGTHIK 2 it
HRES) , Z BRI SR BER TRREFKE , Ui S BRI R R UK R B RE . 7EF/K G HIRIE 2
TREASET , SRR SKEREA RN, 3 REKRE AT s RN 32 B K F R R, S K
B AT Al RIUIETIRIRISE R /K BE T I B TR MK EA R TRE. UEHELBER
IR 1) R A A AS , RAR S B 2L KT BB MN, AT AR MRAR AR I 2 9 3K S 7 3 5 Dy il )
THoE R, B TEERNREN, 200 E R F X, BA IMETH R Sk B, (ER AT AN Sk B
XHREZK 51 & HRR IR T 5 AR B E N . X PR Y oK LS T R R R BT B, R R 2
B oK BEAERERTE BRI I - T Rl A P 8RR R B . RRAY K BETERE TS SE /NG B R
BTRENSH. EidZEBERN AR, RAEUKE N H A B LMIE RIS E PR R A+ et il i) +
BOKBE(R 2, ¥) . BRERVSEBENRRBZ 2K LUK BEAEE A TR, (FRXA TR
HEARE ML T, RRESZ B W oK ST FEI ., 7E TS AL 7 51 i AR K BB [, 22
i . RARBRRER LK PR OUAE G il T 51

E3 3 FREYI7E 20mm F 10mm K G RIAAUK S H J 7

Fig.3  Diurnal course of assimilation shoot water potential for T.

Aond;

ramosissima, H. ammo

on and R. soongorica

20mm Rk (a) FERIESE 1 K5 (b) FEFT 10d 5 10mm Rk
(c)FEMEE 1 K;(d) FEFHJE4E 10 X Rainfall 20mm; (a) one
day after rain (b) 10 days after rain. Rainfall 10mm: (a) one day
after rain (b) 10 days after rain
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3 'W'EQ P& Wi & Rainfall: 20mm
YRR SRRk R s d [ L
XK BB A TS S B SRR B A, o 5 b
o FLRVRR S R — U E BT X RAISLAE AR )

BRTHRN SEN . AR ERAAREY D)
AERY (AN AEYE L) AT LA [ A9 £ 482 2R UK 23 (R
AR K 43 R V) , 2 B H Xk 7K B8 U 40 0 e P 2
FERH AT AR ) H 5K 73R IR, 30 T K R B 404
M ETHTRZ 30K, 78 3t F 7K 3 A8 46 K 9 15% BL
T, AT LA R GAR RAE YRR TR . BRFRSER B
71, TRARAE AR T EU K, A E 4 MR AOARR 3 T A e R,
PR, EZHLE IR TIRR . XA EREY
FATRIZ LK — b B 5T

HRATE S AT X M 3 L 5 SR M 3R SR B AR
BEEEA . R R BT R OKAE KR
T ELJ7 1 704 AR R B ST 8k . IR AR A &
FLA R 390K 2346 BE B BE T 5F ELA il - 4938 ¥ IX 35
RIRH T KPE = Schwinning 2\ Ay 7E 7K 3K 3 1
TREASRGES YRR R PR 2
WEKRIEAEFTIRR , Y URE Lok oy 2
TKIR AR I ARR , KRR L ; 257 AR E Rk
R EBK SRR, WHER R, MR . B, BT
WEFEH 3 A, SRR MR AR Y, EEE 5
HAMBEERRER , R R RN EA B8 8 ¥k
o X545 L, IERRIA A SUR F K AR Y Y
WSA P

EOLLE L

IBORRMN 2 ARAR 3 BEEESE I BORRA 2 ARIR 3 EEES
¥ & Rainfall: 10mm

30 -

K43 MR R HR % (MPa-h)
Water stress impact on species

C Cc
251 ¢ B L d Bb [
00, A
15 |- -
10 |- -
5L -

VRCBEMT 2 MRt 3 BEEESR BRI 2 RIR 3 BRI

1 T.ramosissima; 2 H.ammodendron; 3 R.soongorica

B4 3 FFEBEAAEYAERT 20mm F/NF 10mm FEKEE & RHE-T
SR K a1 % (WSIS)

Fig.4 Water stress impact on species ( WSIS) as the integration of
the diurnal courses of assimilation shoot water potential

(a) \(b) \(e)(d) M 3; HREARFIKRE 8 [ — W H 3
T4k o a1 0 B P28 5, KR BRI i RN E R
B I — R AE IR — R K B R i AT S B i R 2 5 (o
K%:,a =0.05)

significance difference of WSIS of three plant species in the same trial

bar chart with different capital letter showed the

day, bar chart with different small and capital letter combination
showed the significance difference of WSIS of the same plant species at
wet and dry phase(¢-test, @ =0.05)

x2 —RBEAEESHENHREELEKEREBERNXR
Table 2 Relationships between assimilation shoot water potential and transpiration rate for 7. ramosissima and H. ammodendron after one

raining event

LA T. ramosissima M H. ammodendron

i [ i [E]
Time(d) s k R? Time(d) Vs k R
(MPa) (mmolm 25 'MPa 1) (MPa) (mmolm ~2s~'MPa 1)
1 -0.86% £0.12 5.005* £0.11 0.92 1 -1.73* £0.15 1.259% £0.12 0.86
5 -1.04% £0.08 5.195* £0.10 0.91 5 -3.42Y +0.10 3.411% +£0.10 0.86
10 -1.20* £0.12 5.164* £0.10 0.90 10 -3.98°£0.12 3.754¢ £0.15 0.82

Tr=kx (W, —y), 3 Tr R b R PARER LB FABOK MM R G RK B, o, AR 2 R L OK BE, o, AR R BOK o
I ¢, = Tr xR+, REE g, o R = 1/k, ARGY; AR T-RAMC ARSI SR 825125 (F K% ,p<0.05)

Tr= kx (i, — ) ,where Tr was transpiration rate, k was the leaf-specific apparent hydraulic conductance, i, was the root-soil interface soil water
potential ,¢; was the plant species assimilation shoot water potential ; Through ¢, = Tr xR + ¢ , i, was calculated, and R =1/k, was the hydraulic system

resistance. Difference letter of each column presented the significance difference by F-test (p<0.05)

3 FHE AR BRI K G L AR .3 A, T S AR K S P i i 3, 2 AR I Py A B 9 3l X g K i[O A A
B, TRRMAL TP Z 6] A0RARAFEK ST BEFISE BEHE AN, b T K RLARX R , LA HIREK o B K 7k
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W& J5 K8 The day after the end of raining

. —e—1 —4=5 Sl [ W Ji5 K%k The day after the end of raining
a . - 1 —— 5 —f— 10
6 o k;\; b
o / 2
Z 4 W \ 2 i
C 7 £
R 3 -
M g 0 3o | | | L L e o é
& g 06 08 10 12 14 16 18 20 22 =D
EC sp &= -
3 ,% b b3 Ag
£ 4l Jb=i £
o WP ]
L ey
%99 K ‘% 1 1 | )
0 Qﬂ{:{ 1 1 1 L L 1 | -4 -5 -1 2 -3 -4 -5
06 08 10 12 14 16 18 20 22 [Al4EAK # (MPa)
i) Time (h) Assimilation shoot water potential
ES  FEREERH AL B6 —WKEKEI& TR MHY (a) ZBARMIA (b) BAR AL

Fig.5 Diurnal course of transpiration rate [RIEACR AR Tk BE IR A2 K
(a) ZAEHAN T. ramosissima ; (b) ## H. ammodendron Fig.6 Leaf-specific apparent hydraulic conductance of T. ramosissima

(a) and H. ammodendron (b) during one pulse-reserve process

BFRERAR R Y EE SR S P IRAT , AT 38 S PUF 5 T T 7K R A B MU RE 45 HL AP R AR s IR IR
180 3 AR AR TR 285 0 AT S R A3 O P[] S 4 ARV i A 7 S R B B TR R, BT T LA 5 A R BE b )
FAPIZRAK I R o TERFEAK ST BE AR BESE AN, R /KA T BB BT, 25BN B 7718 R T3 T 7K A2 T R
B FIAE AR AR 1) T B Ao 03 BE 22 L, 2430 7K LT o 6 i B S AR R 3 O 0 B 1) e R B, SR
WIEEATHG 32 2 B, S 2, AT LAFE T s AR AR AT UE S AR AR AR e T A AR 80K o Sl Ai ) i o X
PRI BEFRIK 73 3R EA , AE K 0 4 35K T T B s Sl A B R R TE S K T e AR R D
RERY ARk AR , Foe 2 T ST B AR 7K o A 255 T B EU B R B FR) 7K P4
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