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Abstract: Plant stem xylem system of woody species has an important role in long-distance water transport, and the
scientific description of anatomical xylem structure and functions are essential for understanding the transportation
mechanism and allocation strategies of water and nutrient of woody species. However, the related research on perennial
herbaceous species has received scant attention. In this study, the main root samples of 30 perennial herbaceous along the
precipitation gradient ( from 250 mm to 530 mm) in the Loess Plateau were collected. We measured eight hydraulic
conductivity traits and analyzed their spatial variability. The results indicated that 1) the value of xylem traits had

comparatively large magnitude of variability. The number of vessel, vessel fraction, mean vessel diameter and total water
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transfer efficiency ranged from 25 to 295, 24.46 wm to 54.58 pm, 2.42% to 33.16% , and 0.034 kg m™' MPa™' s™'to 25.357
kg m™' MPa™' s™', respectively. 2) The vessel diameter, vessel fraction and water transfer efficiency of xylem conduits
roughly kept steady decreasing trend with the increasing precipitation. In particular, the negative relationship between water
transfer efficiency and precipitation approached the significant levels (r=-0.3—-0.362, P < 0.05). This emphasized the
fact that moisture availability exerted significant influence on spatial variability of hydraulic conduct traits of the perennial
herbaceous species in the Loess Plateau. 3) The value of vessel diameter and water transfer efficiency were the highest of
the herbaceous species in the family of Zygophyllaceae that mainly distributed in sub-desert regions, followed by the
herbaceous species ( planted species) of Leguminosae family, and the lowest value were found in the herbaceous species
(‘native species) of Compositae family, indicating the heterogeneous hydraulic traits and diverse water transfer strategies of

different phyto-groups of perennial herbaceous species on the Loess Plateau.

Key Words: perennial herbaceous species; hydraulic conductivity traits; water transfer efficiency; the Loess Plateau
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Fig.1 Locations of sampling sites of perennial forbs species

across the Loess Plateau, China
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Table 1 Site characteristics of perennial herbaceous species sampled in Loess Plateau of China

Kb TS R L L i R/ m K TR B/ mm Yy
Site 1D Site Longitude Latitude Altitude Precipitation Species numbers
S1 BTz 25 A T 101°40" 39°13’ 1495 250 4
S2 Bz 5 /o T 105°40" 38°50" 1565 250 4
S3 THX 106°27" 37°07’ 1569 330 4
S4 ZENE 106°05" 36°41 1418 350 3
S5 BRIDIR 107°51" 36°59’ 1405 430 4
S6 78 107°18’ 36°34’ 1235 450 1
S7 Sk 1] 108°07’ 36°39’ 1428 490 6
S8 WA 107°17" 36°05’ 1354 480 2
S9 [ 5 108°19’ 36°39’ 1526 500 7
S10 S 111°09’ 37°31" 957 510 5
SI1 KT 108°46' 36°33’ 1129 5100 6
s12 KA 110°38’ 36°46' 892 530 1

B RAE () MR RE S HEAT A D) R AL | RO K B TR ALHE PR e R R
TR AR HE R A S DA A8 T P B il A [ UR JE (80% .85% \90% 95% .100% 1 Fi1 100% 11 ) (1) 2, BEEHR i v 1%
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(x40) FWEE 1M I PTGui £ RPN 28 1 B 7 PR AE—i
1.3 FIRA M58
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X, B Sh R & D) 8 B SOKERRRFE I SRR S A (B 2) JFRILUT 9 R S a . IR 1)
S8R (Number of vessel, NV) () ;=X NS as B BEGE ;2) 8 080 ( Vessel fraction, VF) (%) ;i
B X A AR 0 X AR A Ee A5 3) 4 S 2 1T AR ( Mean vessel area, MVA) (um?) il & X N i A &
BT HEE 4)

2 {E/ Image] T E KSR ME, BILERYI A LEEERNEBRGBSERXE

Fig. 2  Using professional image analysis software, ImageJ, and selecting a fixed area on the slice to measure the xylem vessel

area randomly
Al Olympus DP73 ELHEAIAY I A5 B : 23 Image) AR B2 S5 15 I B IR 5 C . 23 Image) M4 2 R4 A9 ), (9858, P IL
R K 1em= 100 pm)

A KA ( Maximum vessel area, MAX.VA) (um?) & X N 48 09 e KA ;5 ) 545 20 AL ( Total
vessel area, TVA) (pum?) « i X PN 48 BLET R 5 6) 4K 71445238 (Total hydraulic conductivity, TKp) (kg m™
MPa' s1) WX S A7k 7 5 5 % 2 1, 7) F- 55K J1 45 % % ( Mean hydraulic conductivity, MKp) (kg m™
MPa™ s7') & X K I35 5% 8) e KK J14% 5% ( Maximum hydraulic conductivity, MAX.Kp) ( kg
m™' MPa™' s7') M XA R BRI G T8,

T SERZHCEMRE L, SENBISER D=[3(ab) >/ (2a°+26>) 1V* , Hrr a FIl b 43 B3R KAl An e
SRR Y AR Tyree A1 Zimmermann (2002) " (7K S35 A&, BB /K 145 5 2 (The theoretical hydraulic
conductivity, Kp) FJ FH BN F45 (SERLR] ) AR 1o ek 0 G AR YA 7R 177 F2 ( Hagen—Poiseuille ) 7155

W N 4
e

A p J& 20°C 7K (998.2 kg/m?) HUZEE |9 J& 20°C (1.002%107° MPa s) /K BUKGFEE | d JEAESE § AFE R4 n A
SE(FRA) HAR,
AT TP AE I EL IS H Microsoft Excel 2014 47 1C 5% A1 %L B ; Z 4 43 1 35 22>k H SPSS 22.0( SPSS Inc.
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Chicago, USA) B4-H1 R 15 5 2 ¥ (R Core Team 2016) ; KL 21>k H R i 5 #2)F (R Core Team 2016) £/
ArcGIS 9.2( ESRI, Redlands, CA, USA) #4581

2 EREHS

2.1 FRSERES 2 EEZ R
AT B+ R AR Z AL B YRR 30 b, R T 12 B 23 JB (K 2) R R AR, — A 9
NFARYF R T T AR, 535N K& (Ixveridium ) (KT HE ( Gerbera) S UEALJE ( Heteropappus ) | i J&
( Cirsium) W5 413K J& ( Echinops) Ve tH3%)E ( Hemistepta ) FARM I /27 ( Hemistepta ) ; Hk &G RL, — 34 8 A~HA
YiFh e T 5 A&, B SE (Oxytropis ) AR BRJE (Melilotus ) |5 & J& (Astragalus ) . Fi 18 J& ( Medicago )
FIVPATHE )& (Astragalus ) ; AR FAF I 2> 28 1—2 DREARY T,
®2 HISESELEEAYMARERE

Table 2 Species composition of perennial herbaceous species in the Loess Plateau

WA TR B4 B4 /LR R4 B4
Species Family Genera Species Family Genera
FH 2 Dracocephalum moldavica BIR HHZR KT ¥ Gerbera anandria SRk KT HE
#5BEEL Leonurus artemisia IR £ DR P /R ZE M BEAE Heteropappus altaicus %E TlEAE R
WBHE. Oxytropis racemosa 5x o) ] Cirsium japonicum AE i)
FAEEARRR Melilotus alba TR HARE Wik Echinops sphaerocephalus E WL R
FRBR Melilotus officinalis TR AR RISk Echinops gmelinii %E WL JE
EEARMRAREE Astragalus melilotoides 52 HER JEHI3E Hemistepta lyrata %E TR
HE Glycyrrhiza uralensis TR HEE AR Rhaponticum uniflorum %E A
AW Medicago falcata R HE JeMH Gentiana scabra Je gt y4 )
EHTE Medicago sativa 5% HTE R YEAR )L Erodium stephanianum A LERE TR LR
UHTIE Astragalus adsurgens R HRE BB Potentilla tanacetifolia et ZWIR
BEBYHE Peganum nigellastrum AR} IR0 R FHEH Potentilla discolor R ZWRIR
BRBETE Peganum harmala AR ISR 5] Bupleurum chinense AR SedIE
%% Adenophora stricta FEAERL UEE S Patrinia heterophylla MR W R
NS Ieridium sonchifolium 4Rk N YHIG IR Linum stelleroides TR IR
R Ieridium dentatum Ak NSRS KIRBUIE Cynoglossum divaricatum LR BRI LR

MEAEA BRI SAEFHE S R R R (K] 3) , A 80 IR 5 E A A, 7E 00 2 1 AR N =
BEEE (NV) B2 WY Fh R 258 5 ( Leonurus artemisia)) 4 "W 225z % ( Potentilla tanacetifolia ) (%¢%H ( Bupleurum
chinense) , BRI 295 4233 A~ 227 A~ AR (VF) BB S Al 1A A AR AR, 7 [ 5 i R
BRI B = IR R VD FTHE (A, adsurgens) (3% BE3%E ( Peganum nigellastrum) (3% 5¢ 5 ( Peganum harmala) , %%
{53504 33.16% 30.44% ,28.91% ; e K45 T R ( MAX. VA ) A5 52 fid 1F 25 43 A R AIE , BUMELA K (1 W P A ik
¥ RIS ¥ ( Cynoglossum divaricatum) 8 F1 16 ( Medicago sativa) , 7% T AN 7340—7930 pm’, SE H
2179 100 pm ;P24 S TR (MVA ) B50EE 52 0 1E R 70 ARk, BUBE BRI AT U TIE W0 W60 3k ( Echinops
gmelinii) FIBESEE AT LN 2300 pm” , S8 EHAAZL N 50 wm; T KK 5 SR (MAX.Kp) BKEF R
(TKp) 7K 535 53 (MKp ) #5052 534 LA AR Bt 2 32 7K o015 R R0R B m i W PR B B 2 38 S8 b
WK BB D ATHE RN B R4

AR A BUARR R A FHE S B A OCHRRIE KR (18] 4) , ZARA R Y R Y 7K 5345 5% (MAX.Kp . TKp
MKp) 538 734 (R=0.595—0.866, P<0.01) FI#E M (R=0.615—0.9, P<0.01) BA B EMILLR,
M5 S8 50 T B AR S HFAE (R=-0.011—0.213, P>0.05) .

22 BARPERHES R AL
M FERHES ERERERTAR B E b iaiokE (B 5) , 244 FA R AR B T4 80 (V) 76 [ 5E TR
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Fig.4 Correlations of the major hydraulic traits in secondary root xylem for perennial herbaceous species in the Loess Plateau

PR Bt ¥4 W 38 i TG B . b R A ARG RETE 150 AN A A, 1 A 0B (V) DU o TR 3 i A R T R R
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http ; //www.ecologica.cn



14 4] SREED A5 3w B AR AR RO Y R AR AR S K G548 S 25 18] o SRRk 4889

FE S ARE P RRAE , T AR | i EIK 40538 (TKp ) FPE- 347K 73 4% 52 36 (MKp ) Bl 25 [ R 2t 14 38 o )
YA I B R R A O R Bk B T K (R=-0.3—-0.362, P<0.05),

300 - . .
R=0.072 0.30 R=-0247 .
250 - -
Z > e P>005 . £ 25 le P>0.05
W 200w C = . .
[ QQ X 0.20
& 150 HB 3 ~ l .
n + —at gn 0.5 =
o 100 :I . oy o 0.10
so b « 0.05 *
1 1 1 1 1 [ 1 1
250 300 350 400 450 500 250 300 350 400 450 500
< 0.8 1 . .
% 0.7 lm =-0251 ® & < 40 | R=-0.254 .
2T o6 P>0.05 . s . P>0.05 -
=ZE °°m . . = 30 e .
BT 05EF o* =g . o
B o4 T e— . o ES o te o
< X
= 038 Y . w B 10lg .s § H
2 02F . H &
i 1 1 1 . B 0 Lt 1 1 L 1 .
250 300 350 400 450 500 250 300 350 400 450 500
o
™ X 4 L]
< =-0.389 3 S R =-0.097
z Ny JP<001 ® . SN P>0.01
& [ [ ]
< L ] - <
&5 ousk . i e | -
HS - . b = . .
&3 g0 e 3 e .
I B
B 0.05 k1 1 L 4 1 : 1 . .\2< 0 -' 1 ’ ! 1 l 1
250 300 350 400 450 500 4 250 300 350 400 450 500
25
S ™ R=-03 g~ 015 : R=-0.362
Ero200 P<0.05 =n Obr P<0.05
ﬁ § 15 - L ﬁ =
g (W =
E ]
S sf s
ns H . R
) o 1 : L & L] Pl 0
250 300 350 400 450 500 250 300 350 400 450 500
P TR & Precipitation/mm

B5 EIBESEEERRMBSEHLISEMERHETUHE
Fig.5 The changing trend of the major hydraulic traits in secondary root xylem for perennial herbaceous species along the precipitation

gradient in the Loess Plateau
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Fig.6 The difference of the major hydraulic traits in secondary root xylem for perennial herbaceous species among the major families in the

Loess Plateau
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