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Ion uptake and distribution in relation to the adaptability of several desert species
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College of Life Sciences, Ludong University, Yantai 264025, China

Abstract ; Because the evaporational water loss is far beyond the water supply by rainfall in desert areas, desert plants often
suffer from simultaneous drought and saline stresses. Under desert conditions, the increase in ion concentration in soil
solution forces the plants to take more salt due to the elevated salt concentration gradient between the soil solution and the
solution in root xylem on the one hand, and makes the absorption of water more difficult for plants on the other. So the
different features in salt absorption in different desert plants may be closely associated with their drought adaptability. It is
in this sense that the study of the ion absorption feature in desert plants are important in understanding the desert
adaptability of plants. However, little attention has been paid to this issue up to now. In this study, the capability of
adapting to desert environment in 5 desert plants in terms of their ion absorption, transportation and redistribution was
investigated with modified liquid perfusion technique with the aid of a pressure bomb. The experiments involve the
measurement of K* and Na* content in solutions of cells and intercellular spaces in 5 typical desert plants, namely Populus
euphratica Oliv. , Elaeagnus angustifolia L. , Tamarix chinensis Lour. , Haloxylon ammodendron (C. A. Mey. ) Bunge and
Hedysarum scoparium Fisch. with an atomic spectrophotometer, the solutions of cells and intercellular spaces were collected
with pressure perfusion method, in which the solutions perfused into plant tissues were pressed out with the pressure bomb
and the ion content in solutions was then analysed. In parallel to the ion content measurements, the transpiration and tissue
osmotic potential were measured with a TPS-1 photosynthesis system ( PP systems, UK) and an HR-33 vapour pressure
osmometer ( Wescor Inc. USA), respectively, in order to analyse the feature of ion absorption in desert plants and its
relation to desert adaptability. The results showed that the difference in K* content in the measured species was not
significant, but the difference in Na* content was very significant. H. ammodendron showed the highest Na® content,

followed by P. euphratica, T. chinensis, H. scoparium and E. angustifolia having the lowest Na* content. Accordingly,
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the cell membrane in H. ammodendron and T. chinensis exhibited higher permeability to Na®. Additionally, the
experiments showed that both the tissue Na® content and tissue osmotic potential was negatively correlated to the
transpiration rate of the plants, implying that the Na* absorption and accumulation may have played an important role in
reducing and regulating the water loss in plants. It is therefore concluded that H. ammodendron and T. chinensis can lower
their tissue osmotic potential and enhance the driving force for water absorption, at the same time reduce their
transpirational water loss by morphological modifications and physiological adaptations, thus was able to retain a high
adaptability to desert. On the other hand, due to higher transpirational water dissipation in P. euphratica, and due to
smaller driving force for water absorption in H. scoparium and E. angustifolia, the adaptability to desert environment in

these three plants is lower compared with that in H. ammodendron and T. chinensis.

Key Words: desert plant; ion uptake; osmotic potential; K*; Na*
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Fig.1 Sodium and potassium content and the accumulated K*/Na* ratio in tissues of several desert plants
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Table 1 The distribution of K* and Na* within and outside cells in several desert plants

K* ¥ K* content /(mg/g ) Na* ¥ Na* content /(mg/g )
/ /
Apoplastic Apoplastic
% P. euphratica 12.38 +0.65a 0.37 £0.02C 33.56 2.68 +0.15C 0.10 +£0.01C 28.16
AE#E H. scoparium 8.51 £0.14d 0.35+0.11C 25.64 0.83 £0.27D 0.05 +0.02D 16.68
YR E. angustifolia 9.15 +0.15¢ 0.21 +0.03D 43.66 1.11 £0.12D 0.09 +0.00C 12.21
##2 H. ammodendron 10.69 +1.06b 2.54 £0.46A 4.29 17.62 +1.45A 2.04 £0.37A 8.86
M) T. ramosissima 13.72 +1.16a 0.89 +0.02B 15.35 3.60 +£0.14B 0.38 +0.33B 9.55

1 [ B e AR RN T B 257, NS FRARFRZERBE (P <0.05) , KEFRARFFR 2744 8.3 (P <0.01)
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Table 2 The amount of K* and Na* accumulation in relation to osmotic potential and transpirational water loss in plants

s caiyal, N ouiah i
Plant species smotic potential Transpiration rate
Na* K* /(MPa) /(mg/(g+h))
1% P. euphratica 3.73 +0.17B 17.27 £0.90b -2.27 £0.20C 119.3 £9.5A
1642 H. scoparium 1.46 +0.08C 14.92 £0.97d -2.13 +0.34CD 67.7+1.5B
VWH E. angustifolia 1.57 £0.18C 15.94 £2.46¢ -1.92 +0.07D 68.7 £1.5B
WM H. ammodendron 17.00 +0.55A 20.09 +1.17a -3.71 £0.17A 50.3+1.5D
M T. ramosissima 4.04 £0.16B 15.38 £1.29¢d -2.87 +£0.13B 57.7 £4.5C

RS PR PR RR R BB E LR, NEFRARFRERBE (P <0.05) , KEFRARFREZREE (P <0.01)
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Table 3 Ion content in leaves in relation to transpiration ratio

B &R/ HZE (FXFH;) Relative ion/ transpiration ratio

GERLLES

Plant spocics FAME K FAMA Na” AR K AL Na”

K™ in apoplastic Na* in apoplastic K™ in intracellular Na* in intracellular
1% P. euphratica 3.11 £0.89C 0.80 +0.11C 103.78 +7.79C 22.42 +1.85C
AE#E H. scoparium 5.21+0.73C 0.81 +0.25C 125.70 £3.74B 12.21 £3.22D
VWH E. angustifolia 3.09 +0.60C 1.32+0.17C 133.19 +6.79B 16.11 +1.49CD
M H. ammodendron 50.54 +6.12A 40.59 +4.44A 212.46 +12.68A 350.05 £17.42A
M) T. ramosissima 15.49 +1.98B 6.56 +0.41B 237.97 £13.89A 62.35 +1.63B

BT S M EAY AR RKRSHAETERIRALN, RABRRHAL K* Na" WEHHE
Yy, MRS KRB (R 2, M BI5L) , Hop BRiAASh, IROMA Na ™ ¥ B 5788 0 K R & B3 (AR 5E (AR
F¥r=0.8979,P <0.05) ,iX Al B 5 SMA Na* B RIESE T HRIKRESIH Ko
2.3 K" Na'WRi 5 HEE T RENKR

IR R T HEARR B R ZE S R AT
U8, R AR AL UEF P A3 55 PR E 2 B8 T 7EAC IR S S5 HA
ERHEROMAT R SR, B IE oA R R
SMA K \Na' WRBES THEW W K" \Na" W, BT
Wi s FAEYBIME K* \Na® ¥ B B Z KT LI3RE
WP K (Na® B2 (B 2) o Ho f8 SR
B HBGR AR R UEVE A, (A TR R B S TR
(LABRAMAE RS 7 W BE R ) AR ARG 10—50 %, 4 0
B ZXF Na ™ BBH 1R I BE 58 , AR VR Na ™ #RBEAX
F G TARSNE W) 1/50—1/40 5 7 42 4 A A U 76 A
B A E FAMARA AR R L B T, B AR R X

(=)
(=}
1

oK'
O Na'

W
(=}
T

N
S

[
(=}

BT U b (3 A MA YA
Ton ratio in soil/apoplastic soltion
S s

E2 THRRSARMBABRNa® K" REL

LA A
B AR KB Fig.2 Ratio of Na* and K* concentrations in soil vs.
3 Fh@ xylem solutions

BRI AR D R AEEISE 5 AR AR
YIRS TR B S S Y BT R K SF U AT, RIVENT BRI A E N R T R HUK K
BEJT  (EALH] AT REAFE I B 22 5% . TERMEIAESE T , R BRI A N BB TR R E L5 Na* B 1, 45 51
R, AR RIE D . PR U, MY 7EB R AEAE A AT T T R Na ™ DULERFIZ IR, 7T LA
/0B B TTRERE , N A TR AR . BEXEABEL N ER RIS MEYWHREELHAF N
BIR <M <938 < FeME <UD R, 1B TR B E R T7 1, AR EEMINE B 5

(RIS, Xt 2 YRS SMA K \Na ™ BB E S5 R B , P e -39 2200 T AN, (BAR R A Y
BOMEBEA B K Na" W #E— P ME(RIEARESE) 5 908 TIRIERE R, L3
RRFEEMIAR B Na* K" ¥ BE S T30 W 22 57 80D, U RR AR R x5 T B A 5w A @2
P, AT S8 1% P RE A R 0 o BB VR B2, AR T8 BT o 53 8, TR BRAMACHh 4350 B B TR EE, AT RESE
S5REFBIRKB BE DB RKBA K NAFEYZEBRKE S5FIME Na " B KK R T BN, K

http ://www. ecologica. cn



3252 g & ¥ ik 30 &

HMA Na* ¥ B2 5786 K R E B2 AR (B BISH) o

AL BN, ETRENT 30 B ABAEREES LI (M RE B T B 7, NTIFRR B E S iR
BT REST , BRFAR RSN SRR 43 O RE ™ o TSI AR P — O T 7 A 4R R WK B 17 A R e R
Ho Ik DK I3 BT FE , 73— 75 T U B AE K 7 (R PRI Z% R T e R R B 3t A R R AV L, DA AR
N HEE ARFIPRBE AR o B, TR T RIS AT A AT AR R AT BB 9 AR B R R
ZH) Na" FTHE T2 5B E R, 38858 K 0 WCRE T Fsi K IR, TSR HIE N R T 5 R LA &
BRI . SR, Na " SR T UK R RA B 73 F I fE R, Y7 2 0 I8 B 7 otk e
H AR XA Z B SC AR , 72 R HE TOHL S 7R 52 855 K S0 W e B8 R R [ el S R 245 40 M I PR ) 1
TR E K. RSB AEY) B BT R BT AR A B AP R A I AE R AT B E S
Y TCEAE WS P A AT

CARASLAMNEA MR EER AT I, R AN —J7 THE i KRR RICHLE TR FERB B
SRR F3 , 57— 0 T S A T 25 G544 A0 A 8 A 25 75 AT D3 L SR s 2 7K 23 BRI R, LA AR 3R ) e TS P B 1 V.
J1o W B AR REE PO AR R L R TR 9 A B IR K 30 ) , (B RE K BB ; T B VD B AR
FRIKBD (EAFRIR K B 3h A 2, B, SRR AR I LU , 54 | 78 R U0 24 Y 57 5 B 5538 L R 77 A X
B

T VL EIAER] B A K /Na * H(EA R P AR E B RERRE HIsdE ™ 0 AR R %
B, R AN B AR LA 25 T T BB B B T RS D R (B R K /Na ™" HU(EEI B . ST RN, T RE
SERRFENIREZ 1) Na ™ KIEAL BT =

References:

[ 1] NiuX, Bressan R A, Hasegawa P M, Pardo J] M. Ion homeostasis in NaCl stress environments. Plant Physiology, 1995, 109 735-742.

[ 2] LiPH, Zhang H, Wang B S. Ionic homeostasis of plant under salt stress. Acta Botanica Boreali-Occidentalia Sinica, 2003, 23(10) ; 1810-1817.

[ 3] Quintero F J, Blatt M R, Parda ] M. Functional conservation between yeast and plant endosomal Na* /H* antiporters. FEBS Letters, 2000, 471 ;
224-228.

[4] ShiZY, WangFY, Wei Y L. Adaptive strategies of desert plants. Journal of Anhui Agriculture Sciences, 2007, 35(17) : 5222-5224.

[ 5] Pyankov VI, Artyusheva E G, Voznesenskaya E V, Ku M S B, Edwards G E, Black C C J. Features of photosynthesis in Haloxylon species of
Chenopodiaceae that are dominant plants in central Asian deserts. Plant and Cell Physiology, 1999, 40, 125-134.

[6] SuPX, Zhang L X, Du MW, Bi YR, Zhao A F, Liu X M. Photosynthetic character and water use efficiency of different leaf shapes of Populus
euphratica and their response to CO, enrichment. Journal of Plant Ecology, 2003, 27(1) : 34-40.

[7] WangCL, Guo Q S, Tan D Y, Shi Z M, Ma C. Haloxylon ammodendron community patterns in different habitats along southeastern edge of
Zhunger basin. Chinese Journal of Applied Ecology, 2005, 16(7) : 1224-1229.

[ 8] SuPX, Yan Q D. Photosynthetic characteristics of C4 desert species Haloxylon ammodendron and Calligonum mongolicum under different moisture
conditions. Acta Ecologica Sinica, 2006, 26(1) : 76-82.

[ 9] Jachetta J J, Appleby A P, Boersma L. Use of the pressure vessel to measure concentrations of solutes in apoplastic and membrave-filtered
symplastic sap in sunflower leaves. Plant Physiology, 1986, 82: 995-999.

[10] Tyree, M T, Jarvis P G. Water in tissues and cells//Lange O L, Nobel P S, Osmond C B, Ziegler H eds. Physiological Plant Ecology II; Water
Relations and Carbon Assimilation ( Encyclopedia of Plant Physiology, new series, vol. 12B). Berlin: Springer, 1982: 35-77.

[11] Wang B S, Zhao K F. Comparison of extractive methods of Na and K in wheat leaves. Plant Physiology Communications, 1995, 31(1) ; 50-52.

[12] Zhao K F, Fan H, Zhou S, Song J. Study on the salt and drought tolerance of Suaeda salsa and Kalanchoe daigremontiana under iso-osmotic salt
and water stress. Plant Science,2003, 165 (4) : 837-844.

[13] MaLQ, Han Z H, Zhou E F, Xu X F. Na* Compartmentalization in the leaves of Malus zumi and Malus baccata under salt stress. Acta Botanica
Boreali-Occidentalia Sinica, 2006, 26 (7) ; 1378-1383.

[14] Shi G W, SongJ, Gao B, Yang Q, Fan H, Wang B S, Zhao K F. The comparison on seedling emergence and salt tolerance of Suaeda salsa L.
from different habitats. Acta Ecologica Sinica, 2009, 29 (1) . 138-143.

[15] WuM, Xue L, Li Y. Review of adaptation mechanism of plants to salt stress. Scientia Silvae Sinicae, 2007, 43(8) ; 111-117.

http ://www. ecologica. cn



12 3 THE BT R -5 U ST AR M8 R P S R 3253

[16]

[17]

(18]

[19]

[20]

[21]
[22]

(23]

Dong Y C, Liu Y Q. Soil water influences on protective enzymes and osmolytes of Urtica dioica and their correlations with leaf photosynthesis and
biomass. Acta Ecologica Sinica, 2009, 29(6) : 2845-2851.

Yu W W, Cao B H, Cao F L. Effects of drought and drought-NaCl stresses on the growth and lonic absorption and distribution of Robinia
pseudoacacia clones. Journal of Nanjing Forestry University ( Natural Sciences Edition) , 2007, 31(3) : 68-72.

Chen C S, Xie Z X, Liu X J. Interactive effects of drought and salt stresses on winter wheat seedlings growth and physiological characteristics of
stress-tesistancel. Chinese Journal of Applied Ecology, 2009, 20 (4) : 811-816.

Slama I, Ghnaya T, Messedi D, Hessini K, Labidi N, Savoure A, Abdelly C. Effect of sodium chloride on the response of the halophyte species
Sesuvium portulacastrum grown in mannitol-induced water stress. Journal of Plant Research, 2007, 120 291-299.

Bai X F, Zhu J J, Zhao A F, Su P X, Bu Q M, Zhao X. Comparison of physiological adaptabilities of several dersert plants to drying stress.
Chinese Journal of Applied & Environmental Biology, 2008, 14 (6) : 763-768.

Zhu J K. Regulation of ion homeostasis under salt stress. Current Opinion in Plant Biology,2003, 6. 441-445.

Chen H Z, Natalia L, Zhu D F, Lin X Q, Zhang Y P, Sun Z X. Absorption and distribution of Na* and K* in rice seedling under salt stress.
Journal of Plant Ecology, 2007, 31 (5): 937-945.

Zhao X, Wang L Q, Zhou C J, Shang HB. Effects of salt stress on the absorption and accumulation of Na* and K* in seedlings of four winter
wheat ( Tritium aestivum ) genotypes. Acta Ecologica Sinica, 2007, 27 (1) ; 205-213.

B EHk:

(2]
[4]
(6]

(7]

(8]
[11]
[13]
[14]
[15]
[16]

[17]
(18]
[20]

[22]

(23]

ZpAE, RE, Esl. HEE T EY AR FRRASEEN. PdLEY, 2003, 23(10) ; 1810-1817.

AIRE, ERME, BN, FEBOEYRE N SRR, LR RIE, 2007, 35(17) : 5222-5224.

SRR, WROLH, AL, HER, BRI, XER. S A R MBS R KR AR KX E CO, MR, RS,
2003, 27(1) : 34-40.

FHR, WK, BT, SER, DB, WBREMAREEARFE LSS0 T RREEE S W ERI. B4R, 2005, 16(7):
1224-1229.

G, T CA SRR AR K 50 F G A TEFIRRHE. 425544, 2006, 26(1) ; 76-82.

FHE, BT R, NE MR Na K $IB07 B0 L. R AE PRAA3EIR,, 1995, 31(1) : 50-52.

s, iR, A0, AEE. BN TREERE S IE Fr A Na* KL IIEsE. PEduEY 24, 2006, 26(7) : 1378-1383.
HIE, KA, W, B, 0, EFI, &AR. ARREASEE 0 B XA IR . AR, 2009, 29(1) ; 138-143.
R, B, M. AEYEEE BRI BE R EE . Aol 2007, 43(8) : 111-117.

R, XIBEK. LHOKXFRRTIR (Urtica dioica) G497 BEFING 7 I35 4 BT (W 0 X 3 5 M Jr 6 & A A= Wy B AR DG . AR,
2009, 29(6) ; 2845-2851.

BT, WA, WS, T5 . e X AR A K B R EC R . R ROl KA AEIR ( A ABAR) , 2007, 31(3) : 68-72.
BT, SRS, X/NE. REREAEXA/NE S A SO A BRI S . R FAE A, 2009, 20(4) : 811-816.

RS, REE, BEF, HEE, MR, &F. JURRERY X T 20 82 04 BUE Nt . S 5 24, 2008, 14(6) :
763-768.

WR# 4T, Natalia Ladatko, o784, MBTH, KT, #DFME. Rl TOKREEH Na* A K WS A BCALELNRI 098, MIAES 4],
2007, 31(5) ; 937-945.

BRI, AR, B, M. e R R E AL N EZ L Na* K IR R . 435240, 2007, 27(1) : 205-213.

http ://www. ecologica. cn



	12B22.pdf
	12B23.pdf
	12B24.pdf
	12B25.pdf
	12B26.pdf
	12B27.pdf
	12B28.pdf

