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Water relation characteristics of four perennial plant species growing in the

transition zone between oasis and open desert
LI Xiang-Yi'*, ZHANG Xi-Ming', HE Xing-Yuan?, ZENG Fan-Jiang!, Andrea FOETZKI’, Frank M

THOMAS?® (1. Xinjiang Institute of Ecology and Geography,Chinese Academy of Sciences,Urumqi 830011, China; 2. Shenvang Institute
of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China; 3. University of Goettingen, Albrecht-von-Haller-Institute for
Plant Sciences, Dep. of Ecology and Ecosystem Research, Untere Karspuele 2, D-37073 Gottingen, Germany). Acta Ecologica Sinica, 2004, 24
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Abstract: Qira (Cele) oasis is located at the southern fringe of the Taklimakan Desert, the most arid region in northwest of
China, where the mean annual precipitation is less than 40 mm and the potential evaporation is about 2600 mm. The perennials
Alhagi sparsifolia Shap. ,» Tamarizx ramosissima Lebed. and Populus euphratica Oliv. are dominant and important indigenous
species in the transition zone between open desert and the Qira oasis. Calligonum caput-medusae Schrenk. , which is native to
Xinjiang, but not to the region of Qira, has been planted. Besides sheltering the oases against wind blown sand, these species
are used for grazing, as livestock forage, as material for house and fence construction, and as fuel. In view of the strong

population increase in Qira, the restoration and extension of the vegetation formed by these species is of high ecological and
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economical importance. Generally, water 1s the limiting factor that restricts vegetation restoration and regeneration in desert
areas. Investigations into the water relations of plants can provide valuable information on the capability of plants to cope with
the harsh conditions. Moreover, they can be helpful in planning the most effective use of the limited water resources for
vegetation regeneration in the transition zone of the oases. Therefore, the intentions of our investigation were as follows: (1)
to assess the occurrence of drought stress in the above named species during the growing season; (2) to assess the significance
of physiological and morphological features as adaptations to the extreme environment; 3) to investigate the effect of a short
irrigation in summer, performed in order to simulate a natural flood, on water relations of the species. In order to achieve these
goals, water-relation parameters of twigs were derived from pressure-volume curves (pV curves) that were established at four-
weekly intervals from April to October by applying the pressure chamber method. In addition, daily courses of twig water
potentials, including predawn potentials, were measured using pressure chambers, too. The effect of flooding on the soil water
content was monitored using Time Domain Reflectometry (TDR) with sensors in five different soil depths. An automatic
weather station was installed both at the Alkagi and at the Tamarix site, and climatic variables were continuously recorded.
The results showed that only moderate water deficits occurred in A. sparsifolia, T. ramosissima, P. euphratica and C.
caput-medusae. All species were able to balance the deficits that developed during a day until the next morning., and maintained
nearly constant and rather high predawn water potentials during the growing season. Except for T. ramosissima at one date,
the water and osmotic potentials decreased only moderately during the growing season, and this seemed to be an endogenous
process that was not caused by drought stress. Generally, the water and osmotic potentials of the investigated species were
higher than those of typical desert plants and were within the r;mge of mesophytes. Under similar environmental conditions,
the investigated plant water relation parameters of the species varied in a similar way during the growing season. Incipient
plasmolysis occurred in all species at high relative water contents, indicating that these plants are not adapted to strong water
loss and low water contents. Rather, they are depending on a constantly sufficient water supply to cope with the extremely
high water pressure deficit and the correspondingly high evaporative demand of the atmosphere at their growing sites. Besides
this general characteristic, the individual species show special features: C. caput-medusae, being a C4-plant with extremely
reduced leaves, maintains particularly high mean water potentials during daily courses as well as during the growing season;
A. sparsifolia is particularly effective in balancing daily water deficits during the night and reaches the highest predawn water
potentials; T. ramosissima, being a salt accumulating halophyte, exhibits comparably low water potentials; P. euphratica
shifts the threshold water potentials for stomata closure to relatively low values. Effects of a single artificial flooding on the
plant water relations were negligible in A. sparsifolia, T. ramosissima, and P. euphratica. A weak positive effect was
observed in C. caput-medusae. Since sufficient water supply to the plants depends on ground water availability, a long-term
survival of the four species in the transition zone of Qira requires that the ground water table is kept at a depth that can be
reached by the roots of these species. Adaptations of four species to arid environments are more like drought-evading species.

Key words : water relations; drought stress; irrigation effect; ground water; Taklimakan Desert
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1.1 H#HERHARERG

KRRV FHEZECHABTYVEREZNRSHE . RARAGBETRESBE . EEZRR,. TELW . LARR, A BEEK,
ERBEXR. FPERXZFFHYREKE 35 Imm, FEAEREZBEIT 2600mm; BHERSE 41. 9C . BMBKKE —23.9C; K
UKERE BFSRULKRAI~9K. EMBEANFLRERBRIS.SZ ', ERBENFVHERAYS . EF 5 9.3% . HF
& 76.8%,

FEUE-SMH SR, EEEER . ZHEEN. RN B RMEMARYPBEENATHER ISR EN, BEMNE . BRH.
KRV FE KL 80°45 . 64 37°01 ;845 . ZEHI AR . 80°44'E, b4 37°04'N, BB A M — MY BEREBRR
Thomas FM AR, LWARARY+ ., BHGEL T EREF LI SBEEE . SEBNRB Y ERME, wEEEARR . KL
PR P38 . AR P I8 3 S AN BT IR $H X (Time Domain Reflectometry, TDROF LM - K4, 81 4 MELHEE L
FEH— 3, 5 5% :20~30cm, 90~100cm, 190~200cm, 340~350cm, 55 5 MEL , B 4> B0 % B LT 750~ 760cm . kR Vb 48
L 450~460cm , B HEHI 650~ 660cm . §i1% 456~466cm ., HE TDR AE KL RIFMMB TR . 7EBIEH . SH 0
#5378 3 S ¥ (Campbell Scientific, Shepshed, Leicestershire, UK),ig S S KE. BEITH RN, BIERK M T KA E
15. 5m, 240 6. 4m, 88 4. Tm LR YPIBELE 10m BT, |

1.2 BIRF® N1 R EMIEE(E 10 min EHE)

S AP TFTHBEBA, BEHZ(PMS; Corvallis, OR, Table 1 Data of weather in the plot (means of each 10 minutes)

USA) B 52 I HL 90/ B 07K 35 14K o B ot B 00 08 8 08 9 AR Te pppp L
Month (%) (C) 50cm  100cm  200cm
RAE W), ARRENEFKE T . BR6 3 ITEX. 4 17.93  10.84 186.9 10.96 14.01  12.80
ERAIEE-BRME.3NES, 2T MY 3B H A& 5 22.86 22.15 215.8 23.79 19.95  14.99
4. PVEIRMHERDESHEZESFEKEKLSETE, 6 26.28 25.09 242.4 28.15 23.44  16.96
B S BRATF 12 4, Btk WA M B Scholander. 7 42.43 25.68 236.0 30.07 25.91  18.58
8 40.42 24.82 220.7 25.37 24.60  21.12
Turner FZF[E X FEHF=. 7~8 7 BT HAB, LT 9 27.97 21.21 230.2 23.25 23.03 21.85

RN EE R, BREPVHMAERITATIALZ2E.
MABEFHNBER I MPa:, I BEBESWBER I, T
(MPa); I, #1 I, 928 ADMPa); SRS 6 S MM AK S &
RWC,; 3R KEBKIPHENETE RWC,,.s AR TRAR |
HH:RWC=(V,—-V)/V.,V. R EHKD V. . BKFHHIBEEKIETFYREZH WC..(%) ., LKL F IS5 37 BIFR BN/
HER,UEBNERIEMAKSKRER PRI EEERES SHLKBE /PR E iR,
2 BREH
2.1 AFEYKBEHTEL

FRABVOMEF KB WONERITURBEY K TRAELKETRRBHRE, AXXNEY ST 28 KR8

RH HX®BE Relative humidity; T. S Air temperature;
1 iR E Soil temperature; PPFD Y 4% ¥ 8 & photos-

ynthetic photon flux density (umol/(m? « s))
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~ —i— ZHEW T ramosissima
g 04 |- .10+ —O— 81k P euphratica
2 o6 s
06 15
2.
g 0.8 I -20
23
#® -1.0 [ 2.5 |
%
1.2 ¥p 301w
-14 L 35 L

Bl 4REYERABTIOMEF AL (TOHBHERL

Fig.1 The seasonal changes of predawn water potential, ¥,, and the afternoon water potential, ¥4, in four species
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v, [EE LR AR K7 53. 8% 3 22. 3% 2 6], SR U I B KK 3 148. 5% . (HBAK{L A — 0. 59 MPa (& 1¥,) . ¥ K2 58RI
RKBHAE, AMEYNEFTKEETSAFRETAKREFENTIHNEREKE ASEEFHHBEREEIH A SHHER~
B, BERMABE V.M ,HZALFERG HIXT R 482 R B4 H15 8] 0. 92 F1 0. 87, 13 B X B4 i W 1% (6] 7K 43 9 ¥k 8 R 1
AEZI KM ENBEEFEIMEX, BEEN Y, f0 0, Z2FEAMHECHERE .99, WMLRBBE ¥, 1 ¥, T —BH
BEO0.78), A ZREHNH V. Y, HE4AMHPHEYIEREN. BN Y, HES . E V. ERERANHELRDHEWE
1%4).
2.2 4 FMHEY PV SERNEL
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msBR TR ARV HEENINAIAEANTZL. BELNEME ADEX3IHFEYT-EHEE EANBE . LA A EHr 1
B AN EMKARNTHDER KRS TATSILXANRAERSF - EHRBERA . ZEBRUNEES 0,0, £ 7 At
ARKETREAFRAGUE EAMBE ATHEHRRURXBELH.BHF S AGAEFHENHAE (E 20),
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Fig. 2 The seasonal changes of the original osmotic pressure, II,, the osmotic pressure at incipient plasmolysis, I,, and difference

between I, and II,, AIl, in four species
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Fig. 3 The seasonal changes of relative water content at turgor loss point, RWC,, relative water content of the saturated symplast,

RWC,,.,, in four species

IRUBENBES LI, HEEREAR BEL N EBEERRE. KV, ¥, H BEKxTKLEWC.H RWC,
EHWELROEBREARMN LA GE 2,H 2B), BB KA S HE BB LB REEN LR BAEHE W, A
WBESL .1, ERBERENR . WC.HACE -ESBENEA . ¥, HEFBE.B RWC, ERE T, V. EKREEGE
2 KFZPTEBMBOR R A —F, REEBAKS W R 24h, B F TDOR b FREWINE L, XMERE L HAS
U ER —~ERW. BERE IL.RWC, EAEMEHE TR, I, ETHEE.7 AN Y, V. H0EF8 AfN,.RE
WC.ARIMARGRE2) . EMEHERREME KBEERE Salsola. EYERE FEKRSFHEEL. REEBDA RN
RIFT EHFRVEINBIERMEEY. FERENBRORNB T ABREBT 3K BELBOEB/NONIEEE AEY
FRFMAEBREME KRS . AR BRENR LS ERR W TR TE.EHES 2 m U T LROKSRA—H

REF(E 4C)., MBMGAGRIBESR I, 11, M RWC, (SRR T EE W TSR, K EEK TSR 2D, /@ 3D,), k&
Y, VA RELSEBRNHLOREABHAR G 2).

£2 AKNERSPVEN . ABHTLMLE

Table 2 Changes before and after irrigation of PV parameters and water potential

i, I, W RWC, | v, V4
Al Bl —1.5940. 03 —1.85x£0.02 245.31x7.9 0.9140. 03 Missing Missing
Al —1.65+0. 06 —2.05%+0.05°* 281.8+5.0 0.8310.01 —0.56+0. 14 —1. 861 0. 07
Ca Bl —1.5840.05 —1.8410.03 164.940.3 0.8710. 04 —0.71+ 0.09 —1.63x0.15
Al —1.5010. 06 —1.821+0.13 220.1116. 3 = 0.88+0. 01 —0.614-0.05"* -1.47£0.13**
Ta BI —2.411+0.12 —2.71+£0.12 160116.2 0.90+0.01 —1.044+0.16 —2.12+0. 35
Al —1.69%0.10" —2.0210.1 214.9+4+14.0" 0.5040. 01 —0.834£0.11 —3.024+0. 20"
Po Bl —1.621+0.08 —2.210.14 168. 0110, 2 0.8810. 03 —0.7940. 08 —2.3240.14
L £ | —1.4740. 10 —2.310.12 181.449.1 0. 8610. 02 —0.6940., 09 —2.36%0.12
 p<0. 05 - p<<0.01. Al BREER A. sparsifolia; Ca %RV E C. caput-medusae; Ta ZE AR T. ramosissima; Po  ## P.
euphratica; Bl JABAHT Before irrigation; A1 ¥ /S After irrigation
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Fig. 4 Changes of volumetric water content of soil at different depths in different plots
C 650 cm 2L /KBA 100% (¥ #E K B 7 ) Water content of volumetric nearly 100% in 650 cm (data not shown) in C;D 466 cm 44 /K
B A 50% (BB K B R ) Water content of volumetric at 466cm above 50% in D (data not shown)

3.1 4FHEIHKIRER

HPBERKENTREREHEYKSHNBRZNBABHTRART 0, s MEYKERKBEERLS S FELBERL,
EEXE—THRFRHATL. BEENN Y, TRES .G REKT —0.31MPa, BRBRHN ¥, BRESX.BR/MMEN N
—0.59 MPa HYMEF B FH XK HEERK KIS ATFTRFOKIEERRE . ABRBKE .4 Y HREE
KEVERABHRDKIKAMBER. KEHBELPHNTAESHYN TERANEASIHEL BERYARHERHE
B ETEMET BELNMRE RERED A A THYEBRKAS TREEEAMN L RABREUKS . BIEHBES I, 7
EFKE V. HREEHREEKZERREDECE2XANBBHME. HAR 7.8 A0, . IMTHEENEEE S4BT
ARAFEMBITFHEL ). ARV BEERFFF I, HBKRIERE 23. 1%, M EREF —1. 85 MPa, ¥, 254k 1088 B
BEANRAF17.7%. BEEHGO O, RE7ABEREHTHR.E 8 ARBITHREMRE, HAeE I, ELBES. v. 6K
EHUBELERDT I, BEERESAWEL ). AN TEMEREENERE - CHEWH . SEW O, MV, EBRIMERSS
FETRNBE . HEARFRWE 1, B2), B Tyree WP IMEREHAD XEEERI VPR ST, S50
RHEMARNEREDESHERIBERY, TESIENKENEBELHWEEHRIL, ANER. EFKDMPENE SBRE
AHENTEMLBON A MEYRKSHERAEHFIAR. I—MOBEEHAR . TREIRMNKSEHRERL T WS-
FNLBEFXAMEYREFENER. BRE. ARPBEENAGHEAOBESL L EE KBS P AEHET — 1. 6MPa, I,
R ZHES A HREE — 2. OMPa £ 4 . IEF KB BERE— 28, BB TREN BEEMNES KBNS R QA MM, I, 1, 0
Va BIRAE 51 5 K — 2. 41MPa, —2. 71MPa 1 —3. 02MPa, B {E R E— A b B, LRI RN AW S, X —

WA H IR . 55 Larcher AR FI# A B B R HK BB H# R 4 MEYHNEER N KA EG TRHNBH THAYHNBE A
BHAKY RSB ITEB TR HNE.
3.2 4 FHEYEIK S A TE R R

AFEY PV SBRKENET R B FHNREANNEARFLEREBR—ROAR. BERMESFKLE 7.8
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ABBEAERE N EREF N REE, ZAFERE — A5, DRB R LB NIENE 7.8 A9 SRR BE R A HEMY
HB—B(R1LELE D SRERKBER ARG THTEEERXMERYTERE, EHMEKE RWC, HEK
FARUWEBR T RWC,,. 75 6 8 A FHBR 4 MR KR HIA R KEEQHN AN EEEARSF P OARE &
10 4 4 5K S0 R AT B T A 0 T S8 RO SE . 4 RO FE AR AUK BB BT R R A BBR , RWC, 4 K B
— BRI AELRAN, BRAEYFEER BN AR ERENAS SR, AR YT KRR 7R 0K 4 R &
R A BB AR SR A B K FE 22 M S AR R A S A9 B R R TR L UL b X 2o I R A0 A4S MR 90, 20 M R BRI R 1 S5 A 4 e
T Y IR A R A A B — Bk, B S BT LRR R R R 7E R (B B ) B oA 7 A B 2 1 O IR U0 B T A 0 b
MK EEEN FR ENRRE.6E7 H AR BENER AL TR BEEEF AR EREE FEE 1A.B) . £X
ST ERME SRR ERE AR T (R D B RR RS TREN KR S5 TARAEBESBRRSNEMFE. XM
SRV AR C, Y REFCHEBR T i K BB TR KSE/ NS TASHREE L, RAEBET. /N RRESN
tht Y, EREOAEES L 01, SRR A EE AR T RIS E R 2 004k 854 5, A M £ 198 o 08 ik 4%
EE K AIR . SR, ARV BRGBERNEFARE LMY BB TESEENRE. VB —BEA BN A HEF
THASREMHTBR BES I, BENEHBFEHNE AYNSILEEMTTENKRRENALH . EBEBETRY
KETBULGER. SHER . RWC, K FH{EE 4 MY OBE, BESHN SHKMRK, BIEREE 4 HEY PR
Bl U, I WC.ME ETHERABERERAKS TR ERENS, B R K BT 07K 5K 88 7R B3 T 23R
3.3 MK EHEBRBRE

HEMBKRBHIMEFARATHBERE O EEAE., BT, BIEH ORISR SRR R R 3.5 m 4
P EKBERR AT 3% HHREME 2 m UL+ ENEKBBRE DT S%(ERE). HYEEKSS FRIFHTRAR
WE BEL MNEKE RWC, BEHTFREHNL WA NEKITBERT RE. BHXR. TERZE AN % (Caragana
korshinkii komaD) MBI R RA LMK S SR SEYH KRS S KRS EMHEL, WA KRR 3. 5% (ERL.BFERLYN
SKBOM AFRM W, B —2. 18MPa,3. 86 % A KB T W + Bk K X — 1. 54MPal*5), {H 4 FhE K 4 5 58025 L F0
THEKRBZEHEHER AR ENEMEE ERR LMK REAEBRASIIR L WA K2 BB AL, X0+
BEKBAIGEDEUHEE LN @, HA .4 HEYREE LR B ARk BEREET R+ K5 Y
WE R K48 TR OB . WRK 5 — Db 0 3 MR (75 1 3 4 1 F /K 61 00 725 3h 3R 4 35 A X & K BZE TR
BE 4 B0 55 T 2% T L G0 4 A o B 0 5 O A IE A S S 5 0 T K BB R RO 36 L Gries i RE 0 A 4 B 5 7K 49 R R R O B OS Wi
9, 3 bR KA R R LA R 0 R PR EDS R S A R P T K BG4 RO B DL B R B B A K A B
M T AEETHRANEFENERR. SHERCHEBRNREERTEW. BN SHHKEHEEYN pV SHERES K
R RERFE RS REERES KRG KIREGFERAS D ERENRSBESH(E D, BT — RS
B BE K 4 B8 I S A SRR ) A, S E R K BB S YR AR R R T A 2 ) R T IR A0SR . X B I AR R B
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