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Abstract: The hydraulic system plays an important role in supporting plant growth and development in arid and semiarid
regions. In this study, we explored the relationship between vessel anatomical traits and growth characteristics of herbaceous
species. We used paraffin sectioning method to make taproot sections, and acquired the characteristics of vessel anatomical

structures ( including number of vessels, vessel fraction, mean vessel area, mean hydraulic conductivity, and hydraulic
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diameter) in a fixed area. Pearson correlation and stepwise regression methods were used to analyze the relationship between
vessel anatomical traits and plant growth characteristics (age, growth rate, and mean height). The results indicated that
(1) the growth rate was significantly negatively correlated with vessel number (R=-0.494, P<0.01) and vessel fraction
(R=-0.255, P<0.05), whilist, significantly positively correlated with mean vessel area (R=0.274, P<0.05), mean
hydraulic conductivity (R=0.263, P<0.05), and hydraulic diameter (R=0.245, P<0.05) , which may indicate that fast-
growing herbs form larger and fewer vessels to increase the hydrualic efficiency, while slow—growing herbs form smaller and
more vessels to increase hydraulic safety. (2) Mean height was significantly negatively correlated with vessel number (R=
-0.354, P<0.01), whilist, significantly positively correlated with mean vessel area (R=0.293, P<0.05) , mean hydraulic
conductivity (R=0.289, P<0.05), and hydraulic diameter (R=0.278, P<0.05), which may suggest that in order to
maintain the mechanical strength, high plants usually form few vessels to compensate for large vessels, while short plants

form smaller and more vessels to increase hydraulic safety.

Key Words: root hydraulic traits; root anatomical structure; growth rate; plant height; arid and semiarid areas
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Fig.1 Locations of sampling sites of perennial forbs species across the Xilinhot Grassland, China
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Table 1 Site characteristics of perennial herbaceous species in the Xilinhot Grassland of China

RHE R ZPE/(°E) g/ (°N) 223 WeE I Rz L7EE 1
Site Longitude Latitude Altitude /m Precipitation /mm Temperature/°C Species number
S1 116.66 43.55 1260 321 1.51 5
S2 116.67 43.55 1271 320 1.52 14
S3 116.53 44.27 1140 282 1.39 8
sS4 114.79 43.94 1117 229 1.78 8
S5 115.49 43.91 1131 227 1.80 3
S6 116.1 44.37 938 253 2.58 5
S7 116.09 44.37 935 253 2.59 2
S8 117.6 44.58 1050 297 1.71 6
S9 118.15 44.76 1125 342 0.94 3
S10 118.92 45.04 1015 358 1.03 2
S11 119.35 45.31 972 372 0.79 3
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Table 2 Species composition of perennial herbaceous species in the Xilinhot Grassland

YFp A FK Species B4 Family J& 4 Genera
2 Plantago asiatica ZHIB} Plantaginaceae ZEHiJ& Plantago
#M L Limonium sinense HAEFHRE Plumbaginaceae *ML R R Limonium

HHEAE Thymus mongolicus

K&JR Phlomis umbrosa

iKY BHIRF Lespedeza davurica
FLABEE Astragalus galactites
& Astragalus membranaceus
WG Oxytropis psamocharis
5 Oxytropis Myriophylla

Bt #3391 Caragana stenophylla
L E 15 Medicago ruthenica

KJE Carduus nutans

BRI /R ZE S AL Heteropappus altaicus
B Artemisia annua

8 Artemisia frigida

KM K G Leontopodium longifolium

i Cirsium japonicum

ALK Serratula centauroides
VBZE Hemistepta lyrata

K¥E Semiaquilegia adoxoides
IR kB Carpesium cernuum
HiM8 Neopallasia pectinata
83 Lappula myosotis

HBEAE Convolvulus arvensis
KUk Kochia prostrata
KEREE Chenopodium glaucum
#E Chenopodium album
R3LMZE Chenopodium acuminatum
#7E3K Salsola collina

Ji & Polygonum aviculare
B Polygonum tortuosum
B R Potentilla discolor

M Z2B 32 Potentilla tanacetifolia
T TR Potentilla bifurca
FH 3 Potentilla chinensis
BEZKK Potentilla acaulis
WRT Euphorbia fischeriana

B R Saposhnikovia divaricata
F£3% Capsella bursa—pastoris
L3 Silene aprica

IR BT Cymbaria dahurica
ALZEF Haplophyllum dauricum

JRIER} Labiatae
JBIEF} Labiatae

GB} Leguminosae

G B} Leguminosae
TR} Leguminosae
SR} Leguminosae
EF} Leguminosae
SR} Leguminosae
GB} Leguminosae
B4} Compositae

ZF Compositae

4%} Compositae

458} Compositae

458} Compositae

48} Compositae

B Compositae

%F} Compositae
ZF Compositae

35F} Compositae
ZEL Compositae
KPR} Boraginaceae
BEAERL Convolvulaceae
#P} Chenopodiaceae
#2F} Chenopodiaceae
B} Chenopodiaceae
R} Chenopodiaceae
2R} Chenopodiaceae
HF} Polygonaceae
R} Polygonaceae
3R} Rosaceae
TEF} Rosaceae
3R} Rosaceae
TR} Rosaceae
3B} Rosaceae

Hi & Bl Thymelaeaceae
GIEFL Umbelliferae
TFAER} Cruciferae
L7} Caryophyllaceae
L BF} Scrophulariaceae
2575 F} Rutaceae

H AR Thymus
K55 JE Phlomis

IR T8 Lespedeza
WEIE Astragalus
WEIE Astragalus
R Oxytropis
BB Oxytropis
18 )LIR Caragana
B 158 Medicago
B Carduus
FREAER Heteropappus
)8 Artemisia

B Artemisia

K HE Leontopodium
BijJ Cirsium
FRAEK & Serratula
VWIS IR Hemistepta
KZEJE Semiaquilegia
KNG/ Carpesium
Him-& 8 Neopallasia
TR Lappula
TEAEIR Convolvulus
HulkJE Kochia

#2J& Chenopodium
#2J@ Chenopodium
#2J@ Chenopodium
HE3)E Salsola
2@ Polygonum
2J&E Polygonum
ZWe3RIA Potentilla
ZWIE Potentilla
ZBHIR Potentilla
ZEB K@ Potentilla
ZW3RIA Potentilla
REEIR Euphorbia

55 XU Saposhnikovia
)& Capsella

W R Silene
WEE Cymbaria
25758 Haplophyllum

2.2 BRI R Y R TR A5 SRR A RFIE ] DG R
ME 4 ] IR & S SR SR IO G R bR AR KR S A H0R (R=-0.494, P<0.01) Hil
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Fig.3 Frequency Diagram of growth traits and the major anatomical traits in secondary root xylem for herb species in Xilinhot grassland
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Table 3 Five linear regression models established between climatic characteristics and the main hydraulic traits in secondary root xylem for

herb species in Xilinhot Grassland

A e FRAL TR R LIRS 2l £ 8 )
Models Coefficient of determination  Adjusted Coefficient Probability value Akaike infomation criterion
GR=-0.489 NV+3.514 0.245*** 0.234 """ <0.001 -212.74

H 0y ==0.376 NV+ 0.404 0.126" 0.113"" <0.01 -191.53

GR FAEA AR Growth rate; H, ., N TF-HIHE R Mean height; NV i S84 H; + P < 0.01; * * * P < 0.001

3 i

30 SRR SRR R X

BRI 5 AR A AR R MVA MK R Dh 15 GR 3 IEAISE (8 4) R A iy Ay
P BT AT, BV K B AR LA K 808 o B 2 K A S B o o o
R R T R IK AR T R R R A K R BRI T KA A T S 19 KRR, A 3%
7K M2 FLVF I RS 0 P | TRRO A3  (RE A 3 — B2 7K T BRIk 58 4 FF
PMISE R Wahl 1 Ryser' ™ %$3k R 5519 19 24025 RABHEMI IO IR BIRHIERE T 09T, 25
B KR 1 0 R 08 R AT T 0 S BT AR, 5 5 AR TE O 4 R — B, I, fe A
AHEYI 25 e 5 BT S T ABRSEGE SR S 2 %) B 5 B 5 2 A7t AR AR 6 0 S L P ) NV 5
GR WO GG (18 4) , FEWAE ey LA T ) A, A5 T UG K 9 15 938 10 0K L A 0 T
400 DR A TR R TS AT 1K 9 S 5 T 2 188 0 A U LA 22 1/ A T
R T3 SAFINRERY ARG L S ISR 557K oA A RO 2 A AT 6, LA 04 AR
PRI K ) 1§ 5 A FAR I P AR He, A 0 SR o (FL R e 55 55 5088, FL& 5% %
PR TS S I SRR A, 7R 0 AR P TGN o R I RE )3, AR 55 1 9, WA T Gk ) 3R
GO, (RS TE B K RN L b, B TR 0 BRI | K ) RS % e, D
A e A AT SBOK A B T RS S, A K (R IF 3 S R S5 1T LAk SE WK 45, L4
R BRI TE % A RIS 01, BT &R 4 ST, /N T A A S S T e, DRI 25 1K B B 4

R
3.2 SRR SRR R OC R

AHIEFE P BRI R R R O BR R L 0.06—2 m, ZARERARM SRS H,,,, ZEBOCH , [AH
Y GR Z IR (56 R HA—, BIRAE KA. T YRR (MVA MK R Dh) 5 H,,, TEAHSE T NV 5 H | FUHDE,

X WY v AR R LA S5 ) 7R A% S RE D RV EE A ) A8 TR /N RO RR B AT B AR ) e K S8R A 2 1 4
(K 4) 73 —TR ZAF LR ARAFL AR R OIS A B0 s AR 1)1 24 A R A T AR LU/ N R B SR
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