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The adaptability of plants to water based on leaf water potential in typical steppe

in Inner Mongolia
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Abstract. Water is the most important eco-factor which strongly constrains the survival, reproduction, and dispersal of
plants in typical steppes. Plants can adapt to arid environments through various water strategies. To elucidate the
characteristics of leaf water potential and its relationships with the functional traits of leaves and roots in the typical steppes
in Inner Mongolia, we measured the predawn water potential, midday water potential, and functional traits of leaves and
roots in 71 plant species during the growing seasons in 2017 and 2018. We had the following key results. The predawn and
midday water potential of all the 71 species ranged from —2.67 to 0.63 Mpa and from —4.67 to —1.01 Mpa, respectively.
Among five plant functional groups, the annual plants had the highest predawn and midday water potential, and the smallest
diurnal range of water potential (i.e. the difference between predawn water potential and midday water potential ) ; the
perennial grasses followed the opposite patterns. The water-adaptive strategies of 71 plant species were quantitatively
classified into three types: high water potential type, low water potential type, and fluctuant water potential type. Across 71
plant species, their midday water potentials exhibited significantly negative correlations with their leaf dry matter content
and root depths (P<0.01), and significantly positive correlations with their specific leaf area (P<0.01). Our findings

might help us to understand the water adaptability and water ecological characteristics of plant species in the typical steppes
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in Inner Mongolia from the perspective of plant physiology.

Key Words: predawn water potential ; midday water potential ; leaf functional trait; root depth; plant functional group
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POHE AR PP A HE RS B B 2% % W SE ( Corispermum chinganicum ) | # & 3% ( Salsola collina ) | H| 22
( Chenopodium aristatum) 55, 5 FPREE AL 71 By, AT AR P9 St LRI B b (5 WL

®1 MEERMBAESSESME

Table 1 Location and climate data at the five sampling sites

7.8 HOFHREE 7.8 AR E

o X o R A P K B
HEvE A PR TR R RN K A Mean temperature Mean precipitation
. . . Mean annual Mean annual . .
Community types Location Altitude/m . . in Jul. and in Jul. and
temperature/C  precipitation/mm
Aug./C Aug./mm

A 111°53"20"E

1132 S. 363.7 21.8 92.5
L. secalinus steppe 40°54'15"N ?
IS =i 111°50'50"E

1252 . 4. 21. 101.2
S. bungeana steppe 40°21'03"N 5 59 394.5 ! 0
j(ﬁ‘%ﬁ% 1167407126 1244 -0.2 355.6 18.6 99.7
S. grandis steppe 43°33'37"'N
T B
SEREF AR 116°29'00"E
S. krylovii steppe 1100 1.4 300.4 20.2 89.8
FRER 44°09'50"N

L. chinensis steppe

1.2 FEACREE

SEE ST 2017 4EA1 2018 4R 7.8 A HEAT, Hor i i BB /KSAFE S FE 4.00—5.00 SRAE (41 H H s ]
250 4:30—5:30) , I H 2P JE /K BVEE R AE 14:00—15 .00 7R 45 (R /K 3 H e IR (EIRT B ) | S 56 309 18] o 434>
FEVEHEAT 10 WOKFAE . P RE S I RAEITERT 3 H ICHOKF/F & R RSPk T, 7R BEE Pkt IE
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) B A SRR R 3 /N

2018 4F- 8 H , XF C A2 AK S 25 F it e FAR 22 20 A A TR 82 90 s HLTh BB MR . 76 & W R BT 7 1
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SRS (R AT R R R N A I B BT R A T R B R EE LR 2 em 1 /NEE
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2.2 KR IRERIRLI Y (4 K SR AE
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Fig.1 Distribution characteristics of leaf water potential in 71 species in typical steppe
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Fig.2 Characteristics of water potential in different plant functional groups
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Fig.3 Dendrogram of 71 plant species based on water potential
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Fig.4 Relationship between midday water potential and leaf functional traits
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JEH R RE ) B Z2RE (R 7K 38 D R, Sk SEAE I e A BRI K B A 43 A1 ELA AR AR R A JR K B 43 A )
LA AR A3 (B 1) o A BRI K S A AR X 4 v 32 B R T o el A AR LB A B b S [RIAE P A Y
BIZK M ER AR 2 T AR T, 5 K S0k BIAR XS 65 40 5 7K A AR X 43 00 J2 i A
W) HLA AR 0 7K 533 o7 SR
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MBI FT A R — 3 a0 e I IX duk P A S 5 5 SR o A 0 EL AT ARBL AR 7K O L SR . — AR AR A
W e B K 3 B A 77.1% , B R TR M 2SS HE (62.6% ) 244 R (51.8% ) FIHEAR 5EHEA (59.
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a P=10.007 b P=0.0001
R2=0.10 R2=0.34
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Fig.5 Relationship between midday water potential and root depth

Gb,—AFLE AR 22 B ol SR A I G T N SR, AT R R R T 11 K PR S AR T S, e
BRRH e J82 1 B) B B5 t (l I BAT AR 25 e R K 38, AT AR R B IR 5 2R A 32 B SR e O 2 0
JOE XA PR B AT AT L e B 7B B Y FR G R AR AR 3 T e IR o A B B . B4R
ARFEHIEA S L REABAR A KA W BA R AT 0, 33t m] LUK 73 1) £ JBE A IE 22 4R A AR FITE AR
SRR R S RGP A R L SN AR RS AR AR R ST SR SR 0 S R ARG
AR R G 2 AR GRS AR R rT R — 2R

®2 ARETHEEEEWRAMMF g R

Table 2 Functional traits of root and leaf among different plant functional groups

L7l AR AR Lo T AR

Plant functional groups Root depth/cm Leaf water content/% Specific leaf area /(. cm?®/g)
—AEA B Annual plants 25.5£3.0° 77.1%1.3 163.2+13.6°

AT 2828 B Monocotyledonous forbs 27.6+7.1° 74.1%5.4° 79.4+12.6°
T4 J5 5 Dicotyledonous forbs 57.1+7.3" 62.6+2.4" 125.1+10.0
ZAEAE R Perennial grasses 32.5+8.3° 51.8+3.1° 87.3+9.3¢

TEA G2 Shrub and subshrubs 132.0£23.6° 59.0+5.9" 92.9+13.3%

ARG FREFRIRAE 0.05 K A R I RERLHLY) BOAR R A R PRk B B3 22 5+

FETRIYI KSR, NS S B 71 R AT 30l 70D 3 Aol oK o33 10 SR e (AR K B2 i 2 i 2K PR
TUMAZIK PSR ) o ASBIEFEI 73 AR K SRR 7Y | g K B DR 45 20 5 2 507 R AR ) A AR B R K i g
IRISEIR A AU — 2 AR K 302 2 Fr A A LA AR i i BRI K 3 7 SR K R R ik 3 H
FE0E, I RO 30 3o (R 1 R i A R 6 /K 26 D A IR AR TR AR TH AT PR T i A BRI R ) Y
AT R ZBEAFE R TR ARG AR T2 ki 5 H R A BOR A 0 —2 sk Ry
TR ) HAT B B e B IIK 3 AP 5 /K SR NI R 3 B 2E A8, 3k SE A 1) LA B4R 7K 7 WA AT ek 2 7K
HICR 45K A RS B K BORES Y L AR i R 43— AR AR AR R 7 I 2 S 0 T R A, A,
AR AR BRI K S AR KK S B 22 (A BRI Sl XA sl A T i K SO 5 R AN IR K 4
AR 2 8], XA (47K 38 107 SR v S AR K e sh 28, R S A e s R T e A A G 3h b AR R
Xt AR 73 B MSCRIT I 7K 3 BRI 33k Rl A e ML R e i S 22 AR ) T K 7 D3 7 SR, AR AF 5+ DR 23 X
T AR TR,

3.2 AR A PR XS A K S
T Fr PR 5 28 A F AR 23 R BCR S W B B DI IR R 2, AR R U /K 3 5 i 4 HE A
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e IC R (Kl 4a 1 4b; P>0.05) , 3% 0] RE Hh 3080 5 SR ) SRy 38 6 T 5 0 SRS b R KR R e
53 R IR RN AR A8 1 e [R) 3 6 =X, e g it SR R R O BB AR S T R 2 Y R R T RN 2
1 em( & 4b) , BUAh, ZAEAREEAE K o 5 Bt 0 R il 43 e A N LI I e 58 3, AT B ARG K 40 AR B |
M Fr B AR I R K A B A ARG OC 2R (8] 4d 5 P<0.01) , i i or T4 B B 2 3 A T
PERNS ) B gt 54 5 & A R T A A AR K IR LR, CR 35 IE B A RS Bl 5 AR 4 TR
P Ak e A S A R K BB W S A IE A 56 AR ([ de; P<0.01) , BRI e i AL A
m*ﬁ%k%ﬁﬁ@?y%%ﬂ@#ﬁ%ﬂ%,*ﬁ%#%ﬁgB‘Jﬁ%i%%lﬁ?&/\iﬁ@ﬁﬁﬂéﬁ@\ﬂﬂi‘]éﬂiﬂ’ﬂ%“‘ﬁi%ﬂﬂfﬁ
JEL 3 S S R TR K A iz i A BEL 7 20 DU R R
THYIHR ZR R SR F K S EA ) B I UM SE K R (B 55 P<0.01) 3% S AT A MR e 4 S —5

ERTRIRR 2843 A A7 R FAE AR BOR )2 - HEK 40, B2 m ke 4 ) i Sk T s EL AT 3 I /K 34t AT 1 F A N +
B IoK 43 AL SR R Y ( £ Eh AR AR R BRI 425 ) A B ELAR AR ( 32BN XTI
F R HEAR G AR — A A RO ) AR R R S Y Rk S B W B W SR S e &R (] 5by P<
0.0001) . X W] REH T EARAUE Y AR £ 50 A0 IR U HOEHEAR 5B HEARIY (132.0 em) o AR, AR AUAE P 2
AR AR R 43040 R XA A T BT AR R XK A3 R R A

4 Zig

PN Sty SR e iy Z2 O ) D RE S AR 2R, 5 T R R B ) BEAL B AR | X e 0 S
A AR R TE I BE FT RIS PN Sty LR e JEURE ) (R K 4 BT T2 B A S R AN A R S 1, SR WA X+ 5
PRI Y N AT Z ARG, —AF AR AR HAT B0 i 7 BRI K 3 AR K B B INB K H 250, R
RGBSR T, ZARARFREAR S FHEARBA BRI 5 BRSSP e KRB K 35 H 22
{EL, R WA Bom A S 33kt 2247 AR R O RIRE A 5 A iy e A 25 R 8 A A b el T 2P A b
A — AN SR R AR A 0] K S O SR ] 3 A R B R 2 e K S PR A B A A R g s 7, I
FEASFRAE (M R R BRI 58 B2 ) X /K 3T 25, (ELEA DI REVE TR i -tk (4 o5 2 A0 e - T
BUO) FIHR R TR XA oK S A R R P S5 iy LR e i A 25 AR G R 0 7K 165 7 S W ) 22 R A
A B TR R R S R G RIRRE
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B 3K -
M1 ARHABER 71 HEWNM R KSE( FHEAHRER)
Table S1 Leaf water potential of 71 species in the typical steppe in Inner Mongolia ( means + SE)
o, J KR
e a8 RRAGES Daily
e %ﬂl Ple‘mt s Predawn predax.m water) preda\.vn range of
Code Species functional N w‘ater vater potential/ water watt?r
groups potential/Mpa potential/ Mpa potential/ potential/
Mpa Mpa Mpa
1 BIRFHIELE Heteropappus altaicus DF 38 -1.40+0.05 -0.9 -1.99+0.09 -3.13 0.59+0.06
2 W&k Allium anisopodium MF 15 -0.63+0.12 -1.07 -1.01+0.02 -1.15 0.38+0.05
3 HHF Thymus mongolicus SS 15 -1.70+0.04 -1.48 -2.54+0.11 -3.05 0.84+0.06
4 EEEFERN Thalictrum petaloideum DF 15 -1.44£0.06 -1.05 -2.63+0.11 -3.08 1.19+0.08
5 KU Stipa bungeana PG 39 -2.6120.12 -1.94 -3.61+0.14 -6.03 1.00£0.12
6 ALETE Medicago ruthenica DF 61 -1.70+0.06 -0.27 -2.53+0.07 -3.62 0.84£0.06
7 Z2EE Artemisia pubescens DF 15 -1.80+0.05 -1.49 -2.91+0.04 -3.16 1.11+£0.04
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R T K H 2
i T I de‘? Fs Daily
(N %ﬁl_ Plant MERE Predawn e dawn vater e daun range of
Code Species functional N w;?ler water potential/ water watt?r
groups potential/Mpa potential/ Mpa potential/ potential/
Mpa Vpa Mpa
8 VKHE Agropyron cristatum PG 57 -2.26+0.15 -1.01  -3.28:0.14  -7.37 1.01£0.12
9 KEMEE Astragalus scaberrimus DF 15 -1.49£0.24 176 -3.26£0.06  -3.65 1.770.13
10 BEFAFHE Cleistogenes squarrosa PG 78 -2.01£0.10 -0.54  -3.4240.13 -5.9 1.41£0.11
11 BARMIRE I Astragalus melilotoides DF 28 -1.89+0.14 -124  -2.16£0.09  -2.73 0.28+0.12
12 B4 % Phlomis mongolica DF 15 -1.41£0.11 -0.94  -2.64:0.13  -3.44 1.24+0.12
13 HIZE Chenopodium aristatum AP 15 -1.73+0.09 -1.17 -2.69+0.16 -3.58 0.96+0.14
14 SFEE Carex duriuscula PG 28 -2.30+0.05 -1.69  -3.52£0.08  -4.44 1.22+0.05
15 MAHET Lespedeza daurica 88 44 -1.38+0.06 -0.57  -1.95+0.10  -3.02 0.57+0.07
16 KB Astragalus dahuricus AP 15 -1.53£0.04 -13 -1.73:0.06  -1.98 0.200.04
17 K& Stipa grandis PG 64 -2.60+0.12 -172 -3.94:0.12  -6.44 1.340.12
18 KK Artemisia sieversiana AP 15 -0.88£0.10 -0.52  -2.03:0.07  -2.43 1.150.08
19 MUk Euphorbia humifusa AP 15 -1.27£0.05 -0.96  -1.79:0.06  -2.23 0.52+0.05
20 ZMEE Oxytropis myriophylla DF 15 -1.69+0.06 -1.42  -3.19:0.10 -3.67 1.50+0.07
21 “REWZE Potentilla bifurca DF 66 -2.08£0.06 -1.61  -3.15:0.06  -4.39 1.08+0.06
22 Bii X\ Saposhnikovia divaricata DF 21 -1.48+0.18 -0.17 -2.43+0.10 -3.14 0.94£0.13
23 REBINEE Sibbaldia adpressa DF 15 -1.85+0.20 1.3 -3.610.14 -4.26 1.75£0.16
24 HH Glyeyrrhiza uralensis DF 47 -1.39£0.08 -0.52  -1.65:0.07  -231 0.2620.07
25 SEEIE Silene jenisseensis DF 15 -1.67£0.05 -123  -2.79:0.04  -3.11 1.120.04
26 L1558 Bupleurum scorzonerifolium DF 15 -2.50£0.04 -224  -338£0.06  -3.9 0.88+0.04
27 WL Artemisia scoparia AP 49 -1.15£0.07 -037  -1.90£0.08  -2.79 0.750.08
28 FH Allium condensatum MF 15 -1.55£0.04 -127  -1.95:0.05  -2.32 0.410.04
29 HAEE Artemisia annua AP 15 -0.78+0.03 -0.57  -1.23£0.05  -1.46 0.4520.03
30 FABLSE Clematis intricata DF 13 -1.70+0.08 -113 -2.39:023  -3.01 0.69+0.12
31 JHEHE Achnatherum splendens PG 16 -1.58+0.25 -0.19  -272£035  -3.92 1.140.26
32 T Hypecoum erectum AP 15 -0.70+0.08 -0.11  -1.42£0.05  -1.68 0.7220.05
33 BB Potentilla tanacetifolia DF 69 -1.85+0.07 -0.47  -3.230.06 -4.37 1.38+0.06
; s
34 ﬁiﬁ ffn iemlai deum var. supradecompositum DF 15 -1.97£0.10 -1.63  -2.93:0.05  -33 0.95:0.07
35 TIRESE Stipa krylovii PG 21 -2.67£0.32 -1.07  -4.670.18 -5.71 2.01£0.21
36 Wi Leymus secalinus PG 47 -1.98£0.11 -0.72  -2.84:0.13  -5.95 0.87+0.12
37 REKE Euphorbia fischeriana DF 15 -1.49£0.12 -0.43  -2.58:0.23  -3.53 1.09+0.14
38 A Artemisia frigida SS 26 -2.12+0.16 -0.31  -3.97:0.36 -7.35 1.85+0.22
39 # Chenopodium album AP 64 -1.58+0.08 1.04  -2.54x0.10  -4.67 0.97+0.09
40 BELSEM LA Spiraea aquilegifolia SS 18 -1.95+0.07 -1.03  -3.09+0.09 -3.81 1.1420.08
41 WALk Serratula centauroides DF 21 -1.45£0.08 -0.94  -2.340.13  -3.08 0.88+0.09
42 i Iris lactea var. chinensis MF 15 -0.85£0.05 -0.63  -1.92£0.14  -3.57 1.08+0.08
43 KMk Kochia prostrata ss 15 -2.16+0.07 -1.63  -3.66£0.08  -3.97 1.50+0.08
44 FFEH8IL Caragana korshinskii SS 15 -1.93+0.09 -1.52  -3.17%0.08 -3.62 1.2420.08
45 LA Silene aprica AP 15 -0.820.08 -0.53  -1.79£0.05  -1.96 0.96+0.06
46 1A Koeleria cristata PG 15 -2.18£0.35 -0.94  -3.39£0.36  -6.29 1.210.35
47 FLAEE Astragalus galactites DF 13 -1.510.11 -049  -2.98+0.11 -3.65 1.47£0.11
48 FLIK KB Euphorbia esula DF 15 -1.79+0.11 -1.36  -2.1120.07 -2.54 0.32+0.08
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) Jef
WKB FRAR ok Ao AR
Hesh R ks o " Daily
R b Plant MR Predawn ;X' ! t&y ;nA range of
e n V. T 1 n
Code Species functional N water precaw wae‘ precaw water
groups potential/Mpa vater potential/ water potential/
potential/ Mpa potential/ Ve
Mpa Mpa ba
49 Wik Hippophae rhamnoides SS 15 -1.67+0.03 -1.52 -2.89+0.17 -3.65 1.21+0.07
50 tlidE Allium senescens MF 33 -1.14£0.05 -0.76 -1.61+0.06 -2.39 0.47+0.05
51 K148 Gueldenstaedtia verna DF 15 -1.44+0.09 -0.96 -2.30+0.10 -2.85 0.86+0.09
52 Wk Allium bidentatum MF 15 -1.00+0.05 -0.72 -1.65+0.04 -2.01 0.65+0.04
53 ZEVKE Bassia dasyphylla AP 25 -1.2320.12 -0.61 -1.48+0.03 -1.73 0.25£0.06
54 4iAE Allium tenuissimum MF 28 -1.61£0.11 -0.63 -1.85+0.11 -2.89 0.24+0.11
55 Y ER Inis tenuifolia MF 15 -1.79+0.06 -1.36 -3.27£0.07 -3.78 1.48+0.06
56 T 2% Dracocephalum moldavica AP 28 -0.98+0.08 -0.12 -1.35+0.09 -2.56 0.37£0.08
57 /NHHISIL Caragana microphylla sS 15 -2.13£0.04 -1.85  -3.32£0.22 -3.94 1.19£0.13
58  HIZEIE K Astragalus adsurgens DF 18 -1.28+0.04 -0.84 -1.98+0.14 -3.01 0.70+0.09
59 EFBZEEZK Potentilla acaulis DF 15 -1.60+0.04 -142 -26320.15  -3.57 1.03£0.09
60 4% WL Corispermum chinganicum AP 15 -1.08+0.06 -0.85 -1.54+0.04 -1.73 0.46+0.05
61 ERE Leymus chinensis PG 71 -2.44£0.08 -1.62 -3.77+0.07 -4.81 1.33+0.07
62 ¥k Allium ramosum MF 18 -1.76+0.09 -1.14 -2.20+0.15 -3.25 0.44+0.12
63 HLIKBELE Convolvulus ammannii DF 21 ~2.48+0.25 -095  -4.27:022  -6.01 1.79+0.21
64 THFIHER Poa sphondylodes PG 26 -1.90+0.04 -1.43  -2.70+0.08 -3.26 0.8120.06
65 FIF Achnatherum sibiricum PG 18 -2.25+0.22 -1.35 =3.11£0.11 -3.69 0.86+0.16
66 L& Polygala tenuifolia DF 25 -1.50+0.05 -1.08 -1.76+0.21 -2.84 0.26+0.17
67 JEMFEFARE Thalicirum squarrosum DF 21 -2.44£0.11 -1.52  -3.44:007  -3.83 1.00+0.08
68 Ktz Adenophora stenanthina DF 15 -1.15+0.04 -0.92 -1.82+0.05 -2.15 0.68+0.04
69 HIBE Anemarrhena asphodeloides MF 21 -2.02+0.04 -1.85 -2.53£0.11 -3.11 0.51£0.06
70 WL Salsola collina AP 43 -1.26+0.06 -0.74 -2.03+0.10 =32 0.76+0.08
T EIWETE Medicago sativa DF 19 -0.86+0.06 -0.22 -1.50+0.12 -2.32 0.64+0.09

AP (Annual plant) ;—4EAEAEY); MF ( Monocotyledonous forh ) : BF 4428 %, DF ( Dicotyledonous forb) ; X{F 2224 5, PG ( Perennial grass) : £ 4F £ R #; SS
(Shrub and subshrub) ;AR 52K
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