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Relationship analysis between specific leaf area and water use efficiency of

Phragmites australis in the Zhangye wetland
LI Qun, ZHAO Chengzhang* , WANG Jiwei ,.ZHAO Lianchun, XU Ting, HAN Ling

College of Geography and Environmental Science, Northwest Normal University, Research Center of Wetland Resources Protection and Industrial Development

Engineering of Gansu Province, Lanzhou 730070, China

Abstract; Study of the relationship between plant specific leaf area (SLA) and water use efficiency ( WUE) under different
density conditions is necessary to understand the mechanisms of material circulation and energy flow through the soil,
plants, and atmosphere. There were three main goals in this study; (1), to determine the relationship between plant SLA
and WUE; (2), to analyze whether the relationship is variant along a gradient; and (3), to explain the causes of the
relationship. The study site was located in the national wetland park conservation areas in Zhangye city, Gansu Province,
China (100°26'50.72"E, 38°58'42.9"N). The study area began at the lakeside and extended to the central section of the
lake island, gently transiting through the wetland community, in which the common reed ( Phragmites ausiralis) was the
single ‘dominant! species. The reed community was divided into 3 levels based on density, with a “bundle” forming the
sampling unit: Low density (I, 50—70 bundle/m’) , medium density (I, 130—150 bundle/m”) , and high density (I,
210—230 bundle/m®). Next, using a zigzag order from bottom to top, six (2 m X 2 m) reed samples were selected per
density, for an overall total of 18 samples (3 X 6). Then, community traits ( height and density) and soil moisture were
determined and 12 individuals of P. australis were taken to the laboratory to measure the leaf thickness. In addition, the leaf

net photosynthetic rate (Pn) and transpiration rate (7r) of the reeds were measured in each plot. Quadrat survey methods
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were used to determine the relationship between the specific leaf area and water use efficiency of the reeds under three
density conditions. The results indicated that, as population density decreased from high, to lower, the wetland community
soil moisture content gradually decreased, as well as reed height, leaf area, leaf dry biomass, SLA, and transpiration rate
(Tr). However, the net photosynthetic rate ( Pn), leaf thickness, and WUE gradually increased. There was a highly
significant negative correlation (P < 0.01) between SLA and WUE at high and low densities (I, III) , whereas it was less
significant (P < 0.05) at medium density (II). Along the density gradients, the reeds adjusted the shapes of their leaf
blades, causing the SLA and WUE to be negatively correlated, which reflected the resource utilization and photosynthetic
product accumulation models that the plants adopted to become acclimatized to heterogeneous environmental factors, suchas

light and soil moisture.

Key Words: Phragmites australis; specific leaf area; water use efficiency; Zhangye Wetland; density, limitation

A R A AR Z5 A R DI RE SR, AR T A MR R 228 B LI RE R IRAN A RE A% 2 A
Woxk S JBE A 5 R I B T, 1T ELAR L T R 5 A B IR AR i A 06 s X 3. I o I M SRR
AL RE AR PRI B AR HIR S RZE AL P g T R AR IO BR K Zni 7 2 A B 4 W R BE 7,
A 0 A R AR AR RCE R, v ol A IR B WU e A R AR R A B B T o
PERLHIFDC AR FE LR AR Bl . R VR AR I Ze R A RS h i R T A K Y 2 B, X 25 F e R B
i A RV RE 7 T L RE RS 3 gk TR R | L AR A T R IR TR A A R R 25 ek
Hb AR P 1) A AR ZS TR | IR1E2 52 WA 0 10 6 BE 0 08 FR4 RAIRIBOK S e AL (SLA ) S48 -
UG HAE 22 L (B HAE A T ) | TS R i B B 2 KT B A IR B B OR T  SAEA  e
HReR SIL B UIASC | RIS 52 R R ) 1) 25 W S SR AR R ARGCR T A 5T 268, ARl R/l SLA 1
M H AT RESE AL R I TR A AU AR A ), DK o) 1) 7% I T R AN R R 0 TR L A O IR
WBE |+ K AL KT AR— S50 R IR IR A& FRUR R E 1 o K AR R (WUE) 2B Ak Bt
BAEFRZE ISR A EZREAR " 255 S T IR 45 Fh e IR T A A JR A SSORI FHRE T, S50 e ) 2% 10 3ok
RO G AR B B2 AR A DT 50l A7 A 1 S B R R ) 2 — 1 B I AR e A% i A
AR AT ARAT PR GEUR A Bt AR ) i 5 sl ' ORI 387K 4 5 A A7 98 R AT 8 A2 3 4 Ak 9 A B s LT 9 4
RN, KA (AR i 2 vt A ) e G SRS, T 15 D' R AR LS SR AHIE 07 1 L TR 7R A= i A R A
LR R AT REIE AR 25 ARG AT b R LAY R TR EE R AR IR BT 5 PR R 5 0 1 28 I % v
A B FIK 3RS Btk , O TR 5 7K 3 R TSCR 0 D6 R BIEE A TN RAE S i i D Re PR IR 5O &
R Z 1) 1 P ) A S A A S R B R

7125 ( Phragmites australis) J& T 2244 RZERURARBAEY) , A WGR K AEEIE N E 11, ) 12 4048 T N bl &
o) DT Y TR b X L PU AE TR B X VR R b A S RGO . H A, 27 R FLFE SEAE ) o T AR Y
PEBGENPES Y R R G S REE R TR AP R KR AR LR AR i 2
REMERSFIRVEURTT 1T 20058 45 6 35 1 A B Wit & R LR S e A kIR fag A2t i a8 RO 2580
PG AR ) T A, (B R OC TR R 2 WS A R R ) 2 ) AR S LA RN K 43 AR
ARG R i AN BT, 25T UL, AR BIFE LA K A R S8 G0 1 2 el T8 35 0 b 1 72 =5 SR I 9 % 42 3 ek 3 B %
M T 25 L TR AR5 7K 2 AR B S 2R S AT« (1) AN [) 85 BE A6 B2 7 =5 L 1o AR5 7K 23 1) FH AR A A
RO ER? (2) R MR P AR R OC AR Y 2P AT WIREE 2 5 70 = 8 000 b A A0 DR S ol A e o7 e S et
FIA PRI ER A

1 ARMREHARAGE

11 BF5E XA A O
BT DA T H R Sk 4 G M 2 e R 75 DX (1 1) MBS 2 100°26750.72"E,38°58742.9"N, 14K

http ; //www.ecologica.cn



4958 JAE = 378

1462.7 m ,J& T KB HE U0 AR 7.0 °C, =0C IR 2734 °C L AFEBIFEK B 129 mm, A 7E 6—9
HAFYZE8 2047 mm 47 H IERERL 3085 h, H TR 2 Wl 0 0 R BUK , 329 4R 8031 VK B9
me T AT o 0 AR 13 R H 7K RR A AR LR A KA F . EEREYIA
Ei (AcoruscalamusL. ) 77 ( Typhaorientalis ) B =54 F 5 ( Calamagrostis pseudophragmites) . T Ji =% ( Lythrum
salicaria) JKZ.( Scirpus validus) 22 =% ( Sparganium stoloniferum) %5 . ZMWFFE X AL T IR H S FE R 71X, P J&] 2
A RS AT S R RO TG 3h 55 TR 3R | BEAS e Wi s iy A AR w1k
1.2 STk

FE 2015 4F 8 3840 A ICH % 42 BB — e U 1y 0.0 & PP G2 S A TR 3 hm?, 7S S ER— A
PRI TR PR, BEAE AR TS 46 T, e S K S R IO 75 B R A T RH IO A B M AR Al S DL S )
TR R BORE B AT SRy, F20 2 25 70k 1) 85 BEAR O B 25 FhE 1 %8 BE AP0 o 3 AN TR R 20 mx 20 m (946 B2
FEHLCEE 1) 25 R (T, 210—230 #R/m?*) (REBEE(TT, 130—150 #/m? )ANEE BE (T, 50—70 #&/
m®) o RIS BRI AR EE AR P 2 IR T B BRI AR E 6 AN 2 mx2'm FEJT, Bt 18
ARETT . ESRHEATRETS LK I R RE DT N TENRE 10 em L85 (BAR £2 em) 735 JZ2R4EE 0—50 em
T ZJE M ERRR G R 3 IR AR S A 5 5 ] 0 A AR BRI 5 5 BT R A PR e T S e A
SRR AT AR ISR 7E 105 CRYBLAE PV 12 b BURAREE  THRLEHES KR, R R — R T B AL
PE 12 BRAEE (BRE KT /NS 4 BR) | P8 T A RO et A3 38 e o 40 RO 8 e B8 Ry ik v, SR S BCER A A e
BAMZE 4 A D5 e o R ELEERR SR 1 2—3 At R I T A 35 0t R D R A AR Y i

40°00'50"N
38°08'45"N

38°00'40"

39°00'00"N

38°08'00"

38°08'40"

14
] Hmchm)
] HJ7(20mx20m)

0 25 50m

38°0720"

i 1 /
100°05'20"

1 - 1 N
100°06'40" 100°08'00"E 100°26'50"E

E1 HREECRFEIEER

Fig.1 Study area and locations of measured plots
(1) SEERHEEDE - EFE0E B RS 9:00—12:00 X hric ik i 27 25 A R HE 1T HE 0 SRS B S 550 il
FE,EEIEMH GFS-3000 #5851 # R %5 (Heinz Walz GmbH , Bavaria, Germany) , i #2 WP A
TLTWOCIE DS A SR ST (PAR) 24 1200 pmol m™2s™ | CO, # B 4 340 wmol/mol , #H X 1% & ( RH) 13- F5 75
50%—60% , i #BLE K 750 wmol/s, BEHUEEAHERR v FETT (1 4 R GV e it 23 531 D0 7 I R 8 o 3

http ; //www.ecologica.cn



15 EREAF SRR He I TR K 2 M IR A 5 AR 4959

H(Pn) FEMEHR(Tr) S35, FBdR R E 5 U , 115 WUE(Pn/Tr) .

(2) Eor TR E R0 AV B i 2B A By [l S0 56 =, A 5 2o i i AR CT- 202,
Walz, Camas, USA) FAHirt F, FIH Image FATHEFM AR, 5 m Fr3 A 53, T 80 CHtAE LT
48 h, B (K5 0.0001 g) . Eomt i AU i m AR+ 3 09 ER(E 6

(3) W JEERE I AE - A FH RS 5 RO & RSB0 3) 0.01 mm ) |, 02 5] 5kE T - ok | IR B e et F P 58467, 4
AARLEA R RO & 5 WK, 5 BOFSAE IR AR i R
1.3 HdEab

AN 7] 25 A b T8 M B A ) 2 R R S5 R 1 25 D B MR 0 T A S 5 SR 47 LA 10 RIS X £k
o (255 LS A6 G BT 430 FIFHGAE [RUA 08 7 vk 5 AS [) 28 B8 458 F 5 26 He ik BRI WUE 1956 &
PEATRIFGY , KA 7] 285 B M AT ) D BE RT3 1 1) 22 57 B AR FH B R 28 5 25 70 BT (one-way ANOQVAY , i 35 14
KB 0.05, SEIREE TR H SPSS 16.0 814347, FH SigmaPlot 10.0 F Exceb 542514

2 HRESH

2.1 ARV 2R AR Y 2E ARt A 3 EK S AR

AR TT 223 DT 2R W AN )8 B 25 1 T 25 1R 245 A I Dy R TR RN 4 38 5 /K S A7 B 35 22 5 (P<0.05; 3R
1), BEE P 2EREER T B HT AR, 0—50 em H3E 5 /K B S ZE/NERC MR (T ) 2R E () 2
EWNT 31.00% 5 /75 (RE = FIZE G 2% ( Tr) s/ N a3, N 25 BE ( 1) B B (1) , A Sl N T
41.77% 1 59.35% ; 1 25 B T BE NSOGB MR (P ) B2 Wk ks, s & (1) BMKE R (D) 4 513
JT 42.11%F0 49.28% ; R FERE D ( 11 ) J& 7 25 2R WA R RN 138 5 /K B I R B e/ IMEL I S X

R1 AREBEZFETEEMBNEYREHENLERKENTN BNV EME hRERE)

Table 1 Biological character and soil water content of Phragmites australis in different densities( mean+SE)
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Fig.3 Relationship between specific leaf area and water use efficiency of Phragmites australis among different densities
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