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T R IE 78 55 X B S X, TR OGS RER ST (PAR) KR E 77 S (VPD) B ET BN, 358 25 7K 5 (SM) 3B ik
NS R G RIRETIG K, B E IH F E BE(L ) R B (1.28-1.59 mm-mm ™ 2)F7K 53 R RCR(WUE) 232 8 K s,
A BE(LL) A K BLA2(0.21-0.16 mm) S WM S, R B T B 290.19, PR EE(BD) 28 M 2(T,) Flid
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Abstract

Aims The coevolution between vein traits has influences on water use strategies of plant and the formation of
leaf economic spectrum, and therefore is important for understanding the trade-off between carbon input in leaf
vein construction and the functional feedback from leaf veins. Our aim is to study the allometric relationship be-
tween vein density and vein diameter of Achnatherum splendens populations at three natural microhabitats (sub-
canopy, transitional and open areas) in Zhangye wetland.

Methods According to the shade condition of the arbor canopy and the distance to arbor, the 4. splendens com-
munity were divided into three microenvironments: subcanopy, transitional and open areas. We sampled 10 (4 m %
4 m) A. splendens plots from each microenvironment and investigate the biological characteristics of the plots and
leaf traits of the plants within the plots. Then the soil physical and chemical properties, and community photosyn-
thetically active radiation (P4R) were investigated at three gradients. Six individual of A. splendens were selected
in each plot and the leaf length, leaf width, vein density and vein diameter of two or three healthy and complete
leaves from four directions of each individual were measured in laboratory. The SMA estimation method and
correlation analysis were then used to examine the allometric relationship between vein density and vein diameter.
Important findings Along the gradient from subcanopy, transitional zone to open areas, soil moisture displayed
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a pattern of initial decrease of plant community, and soil electric conductivity displayed increase changing trends.
Photosynthetically active radiation (PAR), vapor pressure deficit (VPD), vein density (1.28—-1.59 mm-mmfz), leaf
width and water use efficiency (WUE) increase gradually, while the leaf length, vein diameter (0.21-0.16 mm) of
A. splendens decrease. The average value of plasticity indexes of leaf characteristics was 0.19. Leaf net photosyn-
thetic rate (P,), transpiration rate (7;) and bundle density increase first and them decrease. The vein density and
vein diameter of A. splendens were negatively correlated with each other in subcanopy environment (p < 0.01),
transitional and open areas (p < 0.05). The SMA (0.54-1.50) slope of regression equation in the scaling
relationships between vein density and vein diameter decrease gradually from subcanopy to open areas.

Key words Achnatherum splendens, light; vein density; vein diameter; trade-off; Zhangye wetland
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K G AE W H R A i PR ) TR S AR (K 43
FIH R, W FroK DM EEE Y A K. 5%
G153 A7 TR iR A R EEE H (Hao et al., 2008; Villagra
et al., 2013). M EKEEFPEIRIE M A B T RE b
BRI JHR G L3R, BAEH. KR
H- i F A B 22 R0 7 22 R T RS (25 SR 45, 2013), %
PR 18] (1 Bl 5] 20 4k 5 AT 40 S i A 0 1K1K 43 s
iy SRS HADEEVER DL S RE A5 1)
RE(ZEAS A3, 2015)0 ks B SR AE I 1y 7K o3 Fl 3
a3 AR LI R DA B MR A ) B 45 455 1R B 77 (Sack &
Scoffoni, 2013); ik BL42 1 i ik 8] 1470 5 73T~
S AE A AR A AT e A IR R K A (MeCulloh
etal., 2015; BXIEHELE, 2016). FYAFIE KT
I o 7K 73 (A I 5 55 2 P ST 187 % P Pk P R i) e % Y 22
GrRU R &, BOR ik B2 A R S K 43 18 Fl
RARIL T Ko 5 0 Rk, AP BE A BRI
“Zz 41> (Givnish, 1987; Matthew-Ogburn & Ed-
wards, 2013), 171 ik 2 5 I3 N RE A *b 7o AE A 25 1
BRI 7K 4, 38 G i i R 2 119 JRURS: DA b B3l
#(Zhang et al., 2015; FKRHREE, 2016), —FH[E R
JE T K 28 R TE AR L i S e & 1)
3 I R0 SF- 45 18 715 8 77 DA R B9 ) /K 435 7K T (Sack
et al., 2012), SB[ W AERSE NG T A LA
6 AR BT SR BT TR ) I ik 46 R 2H & K 2318 i
7K % (Mencuccini, 2003; Brodribb & Jordan, 2008;
Sack & Scoffoni, 2013),

FE 52 DR I R T - B BV b b et 1) 2 AR
FASAS B ARE ) T AR R 6 T )2 5 T B B i A
Hi(Milios et al., 2007; 5KBHAR%EE, 2012), QiR Al
CLVS/ D5 ZU K PEAR S . (R T HEE ML RApE
ICPA ST B2 AR MR 55, AR ) e £ 1) A R D g

R K AR B EZ ) RE/E H (Zhang et al., 2007). 6
HUR WM E KM A B AR R T, Kk
TR R B o A AR BT b, R R (R AT 3R A5
BRI B 52 BN (58 5 5, 2014), 33 1T R MR AR
WK R B TR SRR (B IR S, 2012; 48
KEAZE, 2015), N T HRIE7S 2 HIGREEGERAIK 1718
HrRe ) AAERERS T B 6 A AR AN S & 7= P4
Y %5 B KAk (Brodribb et al., 2010; R K45, 2012),
T2 EBN R AR ME I K IR (1 D) 5 2R
A(Navas et al., 2010), FEVENI 3 ELLE & 53k
HRE 77 B MR R R A 4 v 8 R FH 20023 AR XL AR
e 711 3 BLAR 1. S 2K (Heberling & Fridley, 2012;
Funk & Cornwell, 2013; Westoby et al., 2013), #ifi
RS AS A 1E A J R A el 4 A T 2 2T 11 R 5%
A (Brodribb & Jordan, 2011), 5|EM-JE . M-3R [HHFIE
(AR A L R I i s AR I Jok A% 1) A A s A 3T,
TRIE 1 M R e 1 oK o3 s 4 1A R0 5 22 4t
HIPMASE—(Cai et al., 2010b; RiHZE, 2014), HF)
T AV AR KRS - - KR E Sk
(SPAC) R4t MM /K 2 [ I BN AP . BRIk, WFFE
AN[FIREVR A AR B N AR I Ik 2 R AN I Jik AR XA
MR R, AR T FRAGE I K 2% g2 B PR FE N B 2 35F
BB, PTAESIEZET . B MK JiES R
UL VR BE5E R AT I BE R BEA

1 K% B (Achnatherum splendens) & 3 [E 74 It Hi
X 2 A4 MNER AR ARG, i 58 B L
PR LA 3 R G A4S 2 R HAT BRI 5 T
ER BRI BV BRI A A TR, R — A R A
F 7K AR RE YDAk S5 B b 240 R A ) (5K KA,
2012; HFFAEE, 2016). ITHER, 2R TNk 45 1)
REMER 556 & 18 H (Brodribb et al., 2010)F1iH 5
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7K fE 71 (Zwieniecki et al., 2007; Sellin et al., 2008)%%
HIFR G IS ZR S ks B2 5 R /N R AU 5% 52 (Sack et
al., 2012; FHIREE, 2016), LhRAS RIS H iy it ik
LSRR N (Reich & Cornelissen, 2014)& 2.4
RN L, 1 B R PR 8] ) SR W] e 2 i 98 R
o5 BRI IR 7 520, S6F A% A% R Uk R 5 R/ )
AT % Z3500 5 P55 1 24 1A g 7 (R ER 55, 2016), AR R
R (AL JR) AR IR 58 e e (7K BR AR A%, 2012)
LGOI, (HR R B IR A AR AR 7
AN, U Tw - LA VR b A A ik B AR A
W Jhk % BE R AR KOG R 5 i Kok AL A LB B AN TS
M. 2Tk, FRATEHIFL 7 kARt iz 1 it 7 -
T H R R R R I K AR - I K R ) Ok R S AR
AR, B 7E B MR E M T - B ) BE A A AR BLVE &
XoF S o A 45 ) 52 A S 3 PRI o

1 #RFITTE

1.1 HER XN

BFF 78 DXL T T 8 A8 T M DX 4 R ]
TR IAT PRI 2 22 i b s (R V2 S SRR, B A7
438.56° N, 100.26° E, ¥4k 1 482.7 m, J& i KFki
PEASME, WA, FFHRIRT78 C, =0 CTHUR
N2 734 °C, FREKE132.6 mm, FEEHTECIH,
FAEKE] 986.5 mm, FHIRIEI3 077 h, &L
B AR AR A O T, TR R
M Z e 724 A WAESHEYBEET
TE Rk, TEHE A BA IR 7K 2 R AiE, AR AE
Y A SR AT ENRAN . FEMEYA:
cristatum)~ 11 11 ¥(Equisetum ramosissimum)~ %t
AR (Myricaria bracteata) V5 (Elaeagnus an-
gustifolia) 1 Z B M Tamarix ramosissima)Z% .
12 ZHIRE
121 #EYRHE

FEJT A T20154E8 H 58 . S50 Al IFE S
T T A R 858 R 1 5 R SR ) Bl b, AT
T 30 7 - 5 Ty e B Vi 18] FRO A ELAE FH 23 ST AR T B
TG EA RSN . KO SOR FESE, SR A A5
AR R R B AR R AR ) R A B E SR
T S YD A e MCIR DL S B SR BE S, R R T
RV A S T B0 XY R ) e )
3R AR, BITE 55 X (VD ALK TR I AR R
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X)) SV X (et 5 (X A0 & B ST AR T 156 ek i 7
FEL P 1 DX 30 A 23 B X G 9 X BAAIMAR 6 20 (1) X
(7K IR SR, 2012) . SRJE R o0 1R 2L 7 B A 855
B & EEL10M4 m x 4 mBEDy, Bi30MEED .
—ANFETTN, B IC R R Bk N FE(BL N
HURESAAL); AR5 B AR D7 e UK A /s 25 1 AN L
FAE LR, AR AL IR AN E 4 T 78
O3 HL {8 R 58 BE 23N M, U bRl s HEAT
PLR AR

WEYEESHNE. EFEBHRKSEH
15-18H, B {E MY AE K HE B 1) 119:00-12:00,
GFS-30001# 4% ROt &l & £ 4t(Heinz Walz GmbH,
Bavaria, Germany)@tf7 &M Frid it ot & 2800
W, WMELEPERNTOERE, LEE
FEST(PAR)E N1 200 pmol-m *+s', COLMKE LN
340 pmol-mol ™, X ¥ B (RH) 13 5 7 40%—50%,
VB E N750 pmol-s™!, M= A8 em®, FA
- e S EHE T Ge it 40 dr, 2 3l s KV E
FHR(VPD) AR IR AR (P, 2B THA(T,)
LB HAEEHLE, 2015), MTRREFRBEH =R,
TRAE TR B O A4S, ARl sese =, A
M A (CI-202, Walz, Camas, USA )l & H- T,
T EPAAT,, KR HRAEE(WUE) = Py/T;-

Q) FE K FEPARMIM 2 . Haf S EE F—K,
FH P48 711 (3415F, 3415F, Walz, Plainfield, USA)
T°9:00-11:000F 3PPl AL B8 N 22 A BEppfie iy 07
JE RN R AL BEAT PARDI 5E (FH R 55, 2016).

Q)RR AR FA: F TEASRHAE I E - BT RA
R B A AR 234N, SREE G IR AT TR
T B A8y R S % AR R AR - BRI TR
(37% T EE M, 50% LBEA3% DK EE BRIV TR [ 5E o
O b7 2eill &k RS RAE, BREM
T2 Am 1, FAE % 06 i m AR Ao i A
HATE, e KR R TE AT A @
- i B R &, 5% NaOHY Z BT 1k 2215
i, PR Sp g th, FH/KEL I 5253 B ROIRTE
AR B M4 (SMZ168-BL, Motic, 1 E F#k) Nk

PN, FMotic Images Plus 2.0%F 354325/
R K ELAR AT K SR, BT A R AR
PIAE Rz B 5 K AR A R R, kR
JE Y B P A £ P K K (mme mm %) 25 (Sack
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etal., 2012),
122 TIEEESENHERNE

T HEHURE T-20154E8 A F A 58 K, HUFERT [A] 14
FEARTHEREAK, EHKERCHST R . 7N
77 W BENLIEEANFE &, FH L8 (HE4 cm)RE0-
50 cm -t Z Y P ) IREE S, S BREE S R R
TR B AR VAR R0, S N 5 s ET,
[ SEEGE, FE105 CHIBEFE A MET12 h, BUHFR)G
&, et EH3IMEEA0-50 cmt 2 HIEF =
FoKE, WEEEEREEENEAXNT, THE. 2
mmifi, R RAES ) A = I DDS-11CfE 45 0
HL OGN R L 5 5, 3R, HCFIAME.
1.3 HIESH

P 1 T - BV I 43 HH R 3AN A B B AT
FHERG T3 ANFAE S A ) D) se MR- P A
()2 57 bR B R 2R 7 Z 0 (o = 0.05); FIFH 2k
PEENA Ao IR 5 6 & 2 30 1A S k4T
IYHIT; 0T RE R R i  EERTIH fhk ELAR P S5 U o
BEAT LLLOA S X B ¥, (62 754 IEAS 430 Ja 1
BAT T X HIhRERRIIEIE, ARy =
ax’, LRV log(y) = blog(x) + log(a), HxFly
FARHMFIESEL, o HPEROCRIMEEE, bR,
RISl A KSR A K 482, 4(b) = 18, &
AN SR OC R (b E R B LN, P
[B] Ay AR K R (Harvey & Pagel, 1991). AN[AIEE
AR BT AR K TR S B, R B
SMATRVersion 2.0 (Falster et al., 2012)F ArifEfk 32
bt (SMA)J5 #:(Warton et al., 2006)iH 5 5¢ %,
Pitman (1939) 77 Vi A& — A EER R EF X
8] % WartonfllWeber (2002) 77254 34N A 15 1)
RER AT BENR . TR = GE— RS
e3P AT 1B K AE—fe/IME Y B R AE, R E
W BT IR B 3E N B 7. S8 BT FH $0 405 5K I SPSS
16,05 13147 AL B 4347, FSigmaPlot 10.0F1Excel 4k

2.
2 RN

21 AEREEFIREY RS E Y EFER
TR

A [ Al A 5 F 0 - RV TR AR A SRR
PAR VPDF 35830V JoT 50475 2 3 72 R (p < 0.05,
Fl). Wi as XKAKIR BN =X, F R A m)
PARH 76 35 [X 195213 pmol-m s i1 8] 45 ™ [X
ff11 411.8 pmol-m s, ¥hn T 1.714%; VPDEILIZE
NS, BN T 16.89%; i K B -1
HEREMRATESE, LIRS KERDT
30.19%, ‘3 SR T 2.681% . KW T X 1
TR RN BE A, BTSN DGR IR R, T
RN X L5 &, R B,
BEXPDERIASE. LS MEKE RS, BB
Jop I P R o RBATEI P A R, I X AR
A 3 R R R AR AR AR K
22 AREEFHTEREMHERNASEESH

AN TR AR 558 T AL A% sk R RN A AR B S U
A FAAAFAE 35 2 T (p < 0.05, 2). Mk XAk
RBNEW X, AR 5EE@w). ik
WUE) & B hi&ss, nf8isgey K101, =
FH IR T 21.43%. 24.22%K1112.96%; M-k E 1%
A KB (LL) 38 5 B35 N &E S, b T
23.81%M116.25%, 5 k& FEAIM K EARAH L, LL
LW T TR BT BN, KR R EEI Py T,
Fkk N5 B2 (BD) ¥4 5 5638 K5 ik /) B 3 U A i 25
HEX > X > 55 X, Hoo P AT AE3 R s A B
(BN, PR R /N T0.1, Md a5 X 22
B IX =& B8N T 5.08%- 4.72%F11.761% . FAIA]
ISR EAEA R DI RE MR AR AE 2 5, AR E/ MK
{RN: BD >M K EAR>H K% &> LW > LL > WUE >
Py = TS, B SR N AR AN R R BE A1

R ANFEVESE N IR 7 B A M SRS AT SRR P CP S E R R HE R 2, n = 30)

Table1l Biological characteristics and soil characteristics of wetland plant communities in the different microenvironments (mean + SE, n = 30)

Bt Plot PAR (umol-m s ™") VPD (Pa-kPa) gk +-HeE S
Soil moisture (%) Soil electrical conductivity (ms-cm™)
i #% X Subcanopy areas 636.30 + 14.18° 27.24+2.68° 40.07 +1.24° 314+ 13.89°
IEX Transitional areas 879.20 +27.95° 29.79 +4.22° 37.64 £ 1.07° 669 + 15.02°
ZEH" XX Open areas 1205.10 + 50.75° 31.84 +3.34 31.4+0.67° 1 090 + 20.45°

PAR, Jt&HRERST: VPD, KL B [RFIAR/ING - BER SRR 5] 72 57 23 (p < 0.05).

PAR, photosynthetically active radiation; VPD, vapor pressure deficit. Different lowercase letters in the same column indicate significant differences among

plots (p <0.05).
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=2

RIS R R BRIR 500 & AR BES B AE CF BEEARMEIR ZE, n = 30)

Table2 Leaf traits characteristics and photosynthetic physiological parameters of Achnatherum splendens in the different microenvironments (mean + SE, n = 30)

je T [X Subcanopy areas I [X Transitional areas

WX Openareas  FJZEME4EHL Plasticity index

FEHh Plot
k2% B Vein destiny (mm-mm ) 1.28 +0.14°
Ak E4% Vein diameter (mm) 0.21 +0.04°
A K Leaf length (cm) 58.6+0.39"
A% Leaf width (cm) 0.28 + 0.04°
kM FE Bundle density (bundle-m ™) 425+0.32°
P, (umol-m2s™) 13.2+0.12°
T, (mmol-m>s™") 6.35+0.07°
WUE (pmol-mmol ") 1.93 +0.01°

1.46+0.15° 1.59+0.18° 0.20
0.18 £0.03° 0.16 + 0.02¢ 0.24
51.99 +0.28° 49.08 + 0.22° 0.16
0.31+0.05" 0.34 £0.07° 0.17
13.50 + 0.82° 11,75+ 1.02° 0.64
14.01 £0.18* 13.87 +0.13° 0.05
6.83+£0.11° 6.65+0.09 0.05
2.12+£0.02° 2.18 +0.03° 0.11

Po, G EHEE, T, AW, WUE, KPS FATA /NG RS A 22 573 B3 (p < 0.05).

P,, net photosynthetic rate; T;, transpiration rate; WUE, water use efficiency. Different lowercase letters in the same line indicate significant differences among

plots (p <0.05).

ZE 5, WK FE R ik B AR R T R R R R,
F°80.20F10.24 . HARFELWRILL, 455 J90.17 Fi
0.16 & B AL £ Bk 25 BEAE3 PR IR EE T AR A3,
Btk BAT B m R A nT B8, R DR T M IE B
e/ E R AINET
23 AEEEPBEREXEHESHE
EPS ks

ANTRVAE 58 A R R B R A o A AR S
A M IR 3 FoR, 1@t Pearsont < 4 HT15
B, KR B ok R i AR S T AR SR
KR < 0.01); HHkHES5P, T,« WUE. PARFI
LWEREZERIEMEKKRP < 0.05), 5LL. SMEE
FIA R R (p < 0.05), 5BDAVPDH R IEA
B3 (p > 0.05); MAKEREPARFILW 2 B3 1) i A0

AN\

SR

KK Z(p<0.05), 5T, WUEFSME: T3 A5
F R (p <0.05), 5BDHVPDTG AN (p > 0.05);
LLSLW. BDFIPARSE TR IK R (p < 0.05);
LWEBDFIPAR R R IEF KK R(p < 0.05); SM
5PAR. VPD. P,. THWUES B M %K R
(p < 0.05); VPDSPARERZEMTAHMELR(p <
0.05); VPD, PARS5P,. T/MWUE % .3 ) IEAH IR
Z(p < 0.05); P,STHMWUES T IEMAERK R (P
<0.05); TWUER W3 A KK R(p <0.05). £
WV - VR A R H & 455 F VPD . PAR. SM
FOMA R, % B Py TG A AR BRIEOIR, % 4 ) ik
FE-mHKEAS S M KR - g P B R A
KR, XK RZFIP,. T« WUE. SM. VPD. PAR
(B, DRI KR 5 i e TS 00 Wb R

R3 AFEEST B E R A & BB B 8] AR S 4 M
Table3 The correlation analysis between photosynthetic parameters and leaf traits characteristics of Achnatherum splendens in three different habitats
ik g K B LL LW BD SM PAR VPD P, T, WUE

Vein destiny ~ Vein diameter

Tk %5 B Vein destiny 1

Bk B4 Vein diameter —0.98"" 1

LL -0.83" 0.84" 1

LW 0.81° -0.82" -0.86" 1

BD 0.72° -0.73 -0.81" 0.85" 1

SM —0.84" 0.81 0.63 0.63 -0.57 1

PAR 0.83" -0.84" -0.82" 0.85" 058  —0.84" 1

VPD 0.53 -0.63 ~0.49 0.58 071  -0.83"  —0.86" 1

P, 0.87" 0.84" 0.62 0.78 -0.56  —0.81" 0.86" 0.82" 1

T, 0.83" 0.81° 0.61 0.73 053  —0.87 0.83" 0.86" 0.89" 1

WUE 0.87 0.82" 0.64 0.59 073  —0.86 0.88" 0.83" 0.83" 088" 1

LL, WK LW, W56, BD, RN, SM, HIES/KE; PAR, Yoo B 8dast; VPD, KIKIETEY P, WCHHER; T, REER, WUE, KoF|

R *, F20.05K°F LGRS E S, **, F20.017KF LR & 2 415K

LL, leaf length; LW, leaf width; BD, bundle density; SM, soil moisture content; PAR, photosynthetic active radiation; ¥PD, vapor pressure deficit; P,, net photo-
synthetic rate; T}, transpiration rate; WUE, water use efficiency. *, at the 0.05 level (bilateral) significant correlation; **, at the 0.01 level (bilateral) significant

correlation.
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LA e 5 AR B RS v AR Y
24 AREEPRFEMKERSMHIKEE IR
BxXHR

AN T) A 15 R R e K AR R ik 2 R AR AL
R RWEFTIR. BIESMASHTAEE], FEEEX,
R R R B S K AR R AR E R A DGOSR
(p < 0.01), fELPFAZY X, —F 2 BER AR
KR(p < 0.05); M A FAEAS[F] A B8] 1) b5 4 3 il
R ZAFAEZE T, T 551X 9—0.54 (95% 1) ELA5 X [i]:
CI = —0.58, —0.44), TP X H-1.04 (5% EFX
[H): CI=-0.11,-0.94). 2= X N-1.50 (95%H & 15
X[A]CI = —1.37, —0.63), M7 & X 220 [X £ IIE
NS, e X R EE R T-1 (p < 0.05),
X IR 51.0T0 83 % 7 (p > 0.05), S0 X
FFEEZNT-1 (p <0.05). £ XK RE]Z
WEIX, R B KR B 5 K BT 5 3 IR %
&, WRK BB, K AR KRR, HLAE
e i XA % e P Jk 2 PR 348 o £ 3l B /N T I Jik AR 4
I, X REEMAERK KR, SUX
I R 5 5 18 M0 3 55 T b Jok AR 38 o e Tl

3 it

TPy o Tk X 28 2R Gt () T 25 K B AL 7Y
e 2 B R B i B AN [F) R g B oo i R A v B
PR A ), ) B 52 3] A AR DR 2R ) 5 0 R PR
il (Westoby et al., 2002; Blonder et al., 2011). 2~ |
G R B AR AR AT A 1 B U AN AR A7 2 ) S5 IR 56 4, A
W i ik FE S K EAR IR SRR R, AT
DA S AR S Joa AR 5 R A TR 25 R0 A BEAAIR TR B4 AH B RS
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Fig. 1 Relationship between vein density and vein diameter of Achnatherum splendens among different light conditions. A, sub-

canopy areas. B, transitional areas. C, open areas.
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