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Abstract: The study of hydraulic xylem adjustments in response to environmental changes so far mainly concentrate on tree

and shrub species, whereas the knowledge on xylem anatomy of main roots and its ecological significance for the perennial
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forb species, is generally limited to only a few cases. Based on the root anatomical traits of perennial herb species, we
analyzed the root growth strategies and water transport efficiency in two comparatively climatic zones on the Loess Plateau of
China. The results showed that the perennial herb species in the semi-arid area of the Loess Plateau ( with annual rainfall of
less than 400 mm) had relatively older age (about 7 years), and higher values of theoretical vessel diameter (about 33
pwm) , mean vessel area (680 wm’), and mean water transport efficiency (1.56 kg m™ MPa™ s™'), but the number of
vessel (65) and the fraction of vessel area (6.2% ) were relatively lower. In contrast, the perennial herb species in the
semi-humid area of the Loess Plateau ( with annual rainfall of over than 400 mm) had relatively younger age ( about 5
years) , and lower values of theoretical lumen diameter (about 27 wm), mean lumen area (550 wm’) and mean water
transport efficiency (1.12 kg m™ MPa™' s™') | but the number of vessel (85) and the fraction of vessel area (7.5%) were
relatively higher. Perennial herb species in the semi-arid area of the Loess Plateau had relatively larger lumen diameter and
fewer conduits per unit area, and xylem anatomical adjustments prioritized hydraulic efficiency over safety under drought
stress. Perennial herb species in the semi-humid area of the Loess Plateau had relatively smaller lumen diameter and more
conduits per unit area, and xylem anatomical adjustments prioritized hydraulic safety over efficiency under drought stress.
Additionally, the older herb species in the semi-arid region of the Loess Plateau have comparatively larger vessels and
higher water transport efficiency. Older herb species had relatively higher biomass and net primary productivity and
consequently had greater consumption of soil water content, so the roots of older herbs had higher hydraulic conduct ability
for the adaptation to external drought stress conditions. Furthermore, herb species sampled at sites with higher elevation of
the semi-humid region of the Loess Plateau had comparatively larger vessels and higher water transport efficiency. Sample
sites at the higher elevation were generally located at the top of mountains with relatively poorer habitat conditions, so the
herb species must increase the ability of hydraulic conduct function to cope with the potential negative influence of those

adverse environmental conditions.

Key Words: perennial herbs; root anatomical traits; water transfer efficiency; water use strategy; the Loess Plateau
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Fig.1 Locations of sampling sites of perennial forbs species of semi-arid and semi-humid regions in the Loess Plateau, China
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Table 1 Site information of perennial forbs sampled in the Loess Plateau, China

HE g5 SAEX PRI % 4 K KA
Plot no. Climate zone Sample site Longitude Latitude Elevation/m Sample species
S1 ETRRX ZRAE 106.08 36.68 1418 OR, ML, PH
S2 BT RIX THX 106.45 37.12 1569 ML, PH, CJ
S3 TR it 107.1 37.75 1371 SF, ML, PH
S4 BT RIX WE 107.3 36.57 1235 PH
S5 ETRIX BRI 107.45 36.98 1405 DM, HL, GD, PT
S6 ETRIX AN 108.53 37.47 1372 GU
s7 PFRX Sl 108.53 37.47 1378 MA, LC, ML, BS, GU
S8 R IX LS 107.28 36.08 1354 MS, SU
S9 2 X SED] 108.12 36.65 1428 MA, AM, LC, SO, ES
S10 2 X [F] 5 108.32 36.65 1526 MS, AS, GA, ES, LS
S11 APENRE X KT 108.77 36.55 1129 DM, LA, HA, PT
S12 2 X HE 108.93 35.33 1175 PC, PT
S13 2 X Vi 108.98 37.17 1463 EL, MA, CD
Si4 2 X W 109.18 36.08 1275 OR
S15 2 X FHE 109.52 36.7 1201 OR, PT

OR: PR KL Oxytropis racemosa; ML: KK 5 18 Medicago lupulina; PH: 3§ 5¢3% Peganum harmala; CJ: % Cirsium japonicum;SF ;752 Sophora
Slavescens ; DM : 5 7 % Dracocephalum moldavica; HL; Y& 5 38 Hemistepta lyrata; GD: i5 % B Z2 JU Gentiana dahurica; PT: 4§ " Z B2 38 Potentilla
tanacetifolia ; GU . H 5L Glycyrrhiza uralensis; MA ; AAEF AR Melilotus alba; LC . FM 24T Lespedeza cuneata ; BS : 215588 Bupleurum scorzonerifolium ;
MS . 5616 E 18 Medicago sativa;SU ;i 7 Stemmacantha uniflora ; AM ; FEAMRIRTEE Astragalus melilotoides ;SO : 75 3% Sonchus oleraceus ; ES : #5248 JLHT
Erodium stephanianum ; AS WS Adenophora stricta ; GA . KT H Gerbera anandria;LS;E?HEJﬂ_( Linum stellemides;LA:ﬁﬁkﬁ Leonurus artemisia ; HA ; i)
IRFEN AL Heteropappus altaicus ; PC . k% Pulsatilla chinensis;EL;éﬁ: NI Euphorbia lingiana;CD;j{% e B Cynoglossum divaricatum
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Table 2 Species composition of perennial herbaceous species in the Loess Plateau

X 5 R Y4 i B4 =2
Region No. Species Family Genera
pPRK 1 2% Dracocephalum moldavica =3I TH 2R
Semi-dry region 2 FIAEEAR R Melilotus alba TR ¥ NS
3 T Glycyrrhiza uralensis GE HRE
4 BT Lespedeza cuneata R RCT I8
5 2 Sophora flavescens HE s
6 WS Oxytropis racemosa 2R TR
7 KEEH Medicago lupulina K3 B R
8 Y% 5% Peganum harmala PERERL IkyEE R
9 B Cirsium japonicum B5FF i J
10 VBHASK Hemistepta lyrata SR ey B
11 KR Gentiana dahurica Je iR Z#IR
12 215588 Bupleurum scorzonerifolium IEF SR
13 B ZEB 32 Potentilla tanacetifolia i R
X 35k Fr s Wyh & Fi P& Jm 4
Region No. Species Family Genera
LRI X 1 HH 2% Dracocephalum moldavica JRIER HH 2R
Semi-humid region 2 25 B} 5 Leonurus artemisia JRIERE i B R
3 5N Euphorbia lingiana iy Kekg
4 HALE AR Melilotus alba TR ¥ NEE
5 FARMIR I TE Astragalus melilotoides G WER
6 M Lespedeza cuneata =E AT
7 WP HRE Oxytropis racemosa =X PR
8 HALE TS Medicago falcata XS H 1SR
9 BT IR Z& A UEAE Heteropappus altaicus 4%} FlEAE IR
10 H:3k%5 Pulsatilla chinensis SR =k SR
11 KT ® Gerbera anandria oy KT HJE
12 K Sonchus oleraceus SR W SR
13 I Stemmacantha uniflora oyt T I
14 Y LY Erodium stephanianum YA LR AR ILE)E
15 KIEFRIEEL Cynoglossum divaricatum Z 5B iR
16 0% Adenophora stricta AL i I
17 HFF K Linum stelleroides SRR PR A
18 M Z B3R Potentilla tanacetifolia PR TR
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Fig.2 The difference of the major hydraulic traits in secondary root xylem for perennial herbaceous species of different climate zones in the

Loess Plateau
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Fig.3 The correlations of root hydraulic conductivity parameters of perennial herbaceous species of different climate zones in the

Loess Plateau
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Fig.4 The changing trend of major hydraulic traits along the age gradient for perennial herbaceous species of different climate zones in the

Loess Plateau
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Fig.5 The changing trend of major hydraulic traits along the elevation gradient for perennial herbaceous species of different climate zones

in the Loess Plateau
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