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The correlation analysis between specific leaf area and photosynthetic efficiency of

Phragmites australis in salt marshes of Qinwangchuan
LI Qun, ZHAO Chengzhang™ , ZHAO Lianchun, WANG Jiwei, WENG Jun

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; The analysis of the response of plant specific leaf area (SLA) and photosynthetic efficiency to soil salinity is
helpful to understand the balance mechanism between photosynthetic product distribution and energy distribution in plant
leaves. This study aims to examine the relationship between specific leaf area and photosynthetic efficiency of Phragmites
australis in response to the soil salt gradient. The study area is located in Qinwangchuan National Wetland Park (36.47° N,
103.65° E) , Gansu Province, China. The range of the selected site with the area of 100 mX100 m is from the edge to the
central of the wetland, where the reed is the single dominant species. There are three sample plots set on the basis of the
soil salt content. The results showed that with the soil salt content decreased gradually, the height of the wetland community
and the ground biomass presented increasing trend correspondingly, while density, photosynthetic active radiation ( PAR) ,

and leaf thickness had the opposite trend. Plant height, leaf area, net photosynthetic rate (P, ), transpiration rate (T,),
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and water use efficiency (WUE) increased gradually, and the specific leaf area increased at the beginning and decreased
afterwards, and leaf dry weight presented opposite trends compared with SLA. From plot I to plot III, with the decreasing of
the soil salt content, the effective quantum yield of PSII photochemistry (Y(1I) ), the photochemical quenching (Q,) , and
the electron transport rate ( ETR) firstly reduced then increased. The non—photochemical quenching (NPQ) , the quantum
yield of regulatory energy dissipation ( Y(NPQ) ), and the maximum efficiency of photosystem (PS) II photochemistry
(Fv/Fm) performed the increased —decreased changing trends. The quantum yield of non—regulatory energy dissipation
(Y(NO) ) showed increase trend. There were highly significantly negative correlation (P < 0.01) between SLA and Y(II),
and between SLA and ETR among three plots, and the absolute value of SMA slope firstly increased and then decreased.
With the soil salinity gradient changes, the reeds species adjusted blade component model timely by changing ETR and
Y(II) to maximize plant photosynthetic efficiency, which reflected that the special survival strategy and leaf component

model of plants in salt marsh wetland.

Key Words: specific leaf area; chlorophyll fluorescence; photosynthetic efficiency; Phragmites australis; Qinwangchuan;

salt marshes
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8 I WA Ay et %S BRI RE R ZK P i 2 e 5 0 i e B AR PR DIAR DG, T S AR 1Y
OB R RAEIIGZAE T A BRAS . Jea AR Ol AL RERE AL o A RE R 2 BUFRDL R 58
(PSI AN PSIT) ) YA 452 3 R 38 i R A AR T8 BCBEAR L i TR R ( SLA) Ry, 38 3 1 T A A A T2
ey PR 00 2 R R e e PR RE ) s [R] A  H LL9 J Z2 A BT B Lk R G K a3 R e R DG 5 AL
FO T MR IO I ARG R AE AR R G R GE 1T G 32 G ) A5 3 T K 4 A
H, REASIE A B AR P A R B AR M R R, TS DRI 3 0 R el e e ) et AR5 i
CERCRX R T B, HWRa B Z R R A R AR B E AN 22— R
WK 32 B, B TR AEE RN B e KR 22 5 25 F T OB N RS AR5 20 i R B R AL = W 7 TR (L
T B A I R PIR AU 0 S, e R RE I A% i R DL RE S Pl S iR A R M RO SR, fR il
Wns S EOPE PRI I8 I RE ), SRS I RBOE RE AT RM T S AR BL T AL PR S 0 ot B SO
A PR 18] ) IR E AL o PRIt e o 0 2 )1 R 30 M 2 el i TR0 7 38 M 0 2 A o L o AR - 52
PROCERICR, M A -l T R A B AR A B T IRFE A 5 M A He il AU O6 & RCR A9 A S
X T N R BR A BT A1 T RG5O AR 3R 5 IR ) A SRS ) A TR, 4857 1 Sh T IR A ) 3
JOTARFAR A 35 P 1S A A 28 IO AL PRk T SCRI BB AN

742 ( Phragmites australis ) J& T 24 A REETURABHEY) , BA WGR B PREEE NBE ST, )iz 20 A T b+
5 DAY i R T RV PR X, R P L T R XA R M AR S R R FAE Y R PR AR
TR e i m AESTIRES R 2R LS 10 [ A AN SCF B R 7 B PP 2 oA 1R
X KRR F R i O TR A O AT G A 5 A S IS AL R A R AR D
M2 R DB ORI R A R AR A PR AL , 58 T, FAT 7 52 M 5 8 ) ity _L, DAA )
PR S BE  FE A BFSE 1 28 1 G300 2% el S TR 8 T3 00 3t 008 A AR 0 = I L i RS2 e 453K
AR, O T AR = F A 1 R A LG AR S AR AL X PET BOT « (1) SRR IR = SLA 5 R Oa B ORI A
FEAIRRSCIENE? (2) T RUX Mo 28 A T2 B2 B DR A WL 5 7 = o R 7 18 i A ) 0 365 B B 58 8 Y A A7
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1 ARMXREHARTE

1.1 RS IXIRIRE A 5L

PRI AL T H A 22 M R ZE £ (K 1), b3 AR d5 Ry 36°25" N—36°29" N,103°37'E—103°41'E,
TR 1895—1897 m, J& KRt Z XU, 4R PSR 6.9 °C, 4ERF/KE 220 mm, FEEFHE 6—9 H, 4FH
&R 2700 h, ~PXITCRT 126 K, AIF5E DX AL S5 004 8 A1 L g A 3 G AR L X, DU LR 48, v 3
M-S T I A, 0 R )2 230 5 DU RS B SLBRIVE K, &K 2 b0 A S A 2 | 2 WA
B K RS2 IR, SR AR ER B AR O R E T KA AR AR IR AE R K A
Wik E, FERYA 35 ( Phragmites australis) FiIAC ( Lycium chinense) 2 B BEMI ( Tamarix ramosissma) 7
i ( Typha angustifolia ) . JK 2% 2E ( Chenopodium glaucum) | %8 %% ( Aster tataricus ) | i 35 6 F 5 ( Calamagrotis

pseudophragmites) W (Suaeda salsa) 75 Ei 3¢ ( Sonchus oleraceus) ik ff1 ¥ ( Salicornia europaea) 53K ( Poa
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Fig.1 Study area and locations of measured plots

1.2 LRIk

F 2016 4% 9 H 4RI AT HHEER o0 o0 A MU A - B S K 2 IR A FRAT 2 B i - B K T
ZR (R, LR BE (R 2, R 3) IEMTRA TR B K T Y B KRR 7086 B (W LAl 1 e 4% —
B p S T U A S ) K IR 2 R AR A TR 24 100 mx 100 m, 25 25 Jhy 2 — (5 3 1) B A VB R VAT b E A T
SEH, T ICHEER AR EE R DO S BT AR G K I % TR RR 5 m ARYR A B 3 2% FE 20 mx20 m (UFEHT i
15 AR AT I R (FEREAREAT LK X AR BRI B S m SRAERJZ L1 e H 3 3% ) | MR4E +dh
YRR ELE  E 3 A ATREAR LR S BRTE A 0] K S AR BEE 3 4 10 mx 10 m A9AREHL (T, 1T F1 TIT) , 43
SR (1) B (1) A5 38 7K DX 35 BV R o, 3838 2 AT $h il R 35 AR KA AR B b IR IR 2% A
K, LI TR T 2.3—2.8 ms/cm; (2) BEHL (1) 57 T K X @ SR 5t AL Ak £h 54k + e A ad B iy | 5 254
KA T AR = A% B Tl B, H 3 S R F 1.8—2.2 ms/cem; (3) FEM (111) fo7 F K3k 2%,
FHHEK, BHEREAEERE IR E B T P B AR SR, B R/, 2R A T 0.8—1.5 ms/em; T
K53 00 25 R (R R 0 B0 BE AR 1, B RE K IRIR B 6 1~ 2 m x 2 m AE 7, B 18 AMEETT

http ; //www.ecologica.cn



4 JAE = 39 %

T SE I S AR P R R T R ) v RN B S AR SR BT HOR AR B — AR REAL BE
BER /NS PIRE, STt 6 BR™ 35 Se A RO A% 5 ( NI 2 i S o B PR 8) s SR JR e Ut |, AN RRAR M =
B ToL g | r E] L JRCZ A fe A 2 e BT Ao Jie ELAg R e 4 11 3 NI, T =5 b bR iy 1

(1) A FAEAEINAE  BEPERE IR 9:00—12:00 XFhpicad (72 25 PEAT L) SRS o 2 2 800 &
YA E ([ FH GFS-3000 {8 #5044 2 4t ( Heinz Walz GmbH, Bavaria, Germany ) , il & i #2 Fp i F A T
LICTR, CEA RS (PAR) 24 1200 wmol m™s™ , CO, ¥ 2R 340 wmol - mol ™', i3 BEE K 750 pwmol/s,
FHXFIREE (RH) AR FFTE 60%—T70% , ML ( T, ) PRIFTE 15—20 °C . SEEUEAFEAR o R 4 R i B
Ay BN i R e A R (P, RIS HUR (T,) S50, i 5 s e

(2) P EE M EE PAR I 22 . 3 £ 5O08A S 80N € Wl — K, T+ & 711 (3415F, 3415F, Spectrum
technologies, Aurora, USA)F 9.:00—11.00 X} 3 A PN 2 =EREERY 0 (FERR TS 10 ecm) )2 (A F LA
Hb R ) ) A (PR B HIIAT 10 om) ZbEFT PAR WUE , AT 3 WK, THRSFIME

(3) AL LA) T (LDW ) LI TR (SLA ) 52 -8 05 586 A AE I B3 AAH A 25 1015 B
TRGHA 0] SE 6 58 | P 4 206 T A ( CT-202, Walz, Camas, USA) F3 4RSI H AR A% - T FRERC A S 1
FHTH54 Fe v 0 AR A 5 4 i A B A S 3, T 80 CHEAS rh A T 48 h, AR T & Bi i+ 8 CRS 0.
0001g), SLA= LA/M+JfiH (LDW)

(4) SR EE I 2 i A RO CRS A 2 0.01 mm) |, 002 sy 58 I ik ok, JF R et B b0 38 467, 4
AARTEA R FBALM & 5 W, 5 BOFSAEAIZ ARG i BB

(5) FIEEKBEIME  BA/NEFTBEHLIZHE 1 mx1 mx0.5 m TIEHIE, FHFF T (200 em®) 43 5 2 FE 10
em SREUEHE TR 3 K, 4% H2WANRE , S5 2 A SR & FR it 517 RIS = 78 105 CRIMLFE ML 12 h,
BUHFREE TR A AR b - IS K

(6) RHEER I . FHH i £ dh i 8 IR T ARIGE 2 mm G A9 X £4E 10 g, i1 50 mLL 2%
CO,ZRBK (KL A 5.1)  BUR IR, BIRGHL LR 5 min, K500 IR SRR GG LRI
TR GRE AN}, BB e e WA A S A Y L LI S RGNS A PR DDS- 11C 5
SR B RS R 3 KEE BOEIE,

(7) MR RIS ESELE XA FE L 25 G TSR 3R RS 80 e | >R A 6l X IMAGING-PAM
2% Z 9L (Heinz Walz GmbH , Effeltrich, Germany ) Il %€ M-48 2 5 Y6 S 44, F ik B 6L G5 B 4 1200
pmol m™*s™" | Iy HE LR MG 1 30 min, M E W LR D™ i (F,)) Fiie K26 1 (F,) , B FT 6400 7R84
() Kinetics T R 45 4R R 9B EUA DA T Ml 2k, 0B A9 8508 7T B3 A Report B 11 2 HASERY
M2k RN SEON RSB (F /F,) 2R RE(Q,) , A= K ZE(NPQ) ARy Mg
FEHCAY & 57 B (Y(NO) ), I PERE R FEHL (Y(NPQ) ), SEBROEA R (Y(I) ), L F& 333 (ETR ), AR
PEVEZ % Schreiber % (1994 ) ' Fil Schreiber(2004) ') i 77 v 5

O F/F,=(F,- F,) / F,. (F,, {HFKESFE5OE=50)

@ Q,=(F,'-F) / F/'=1-(F~F,) / (F,' = F,). (F,’", A FEKXISG; F,', RGOt F/, 1
A MCFEI T8 F,, RaS5N.)

® NPQ=(F —F ')/F '=F /F '-1.

@ PSIT LPRIEERERY (1) = OPSI=(F,'-F,)/F,". (F,, StH55E)

® PSIT VA5 P RE AR LA B 777 8 Y(NO) = 1/ (NPQ+1+¢L(F, /F, ~1)). (qL, 5T WA 156
UEIDEYL )

© PSIL T PR R AERL A = F = Y(NPQ) = 1-Y(1I) - Y(NO).

@ ETR = 0.5 xY(II) x PAR x 0.84 (pumol m™s™"). (PAR, Y& B MMEH)

1.3 Bk
S TS T Bz ] SPSS 20.0 (SPSS Inc., Chicago, IL, USA) $EATHH G40 H7 A BA K 25 19 07 25 70 B
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(ANOVA) . £ RettR I8 5 73BT | AH S B e PO B oA o 8508 20 B 2R T SMA 1 3kt ke
X I R bl 2 B LU TR AR ETR FY (1) #7581 530, %o A Bcs 647 DL 10 S i A X B0 4, SR8 5 R
y=ax" , EMFA log(y) = log(a) +blog(x) , 2, x Al y FRPIMNFAESEL, b AREMRE R AVEIE , o Fn
AR RER | RIS B4 K S BEE X AE R BFE 5L, Y a= 1 B, BRI E R EHC R Y o> 1 B, RN y B3
INFREER T « WG INFREE ;2 a<l B, 30K y UBEINARBE/INT o AOHGINARBE .

2 ERES

2.1 VRHBEEE AR KRR

MR AR Y 2RI S RIS K A R B A, R AR 2 5 (R 1) . AFFEHbET
TEIBERE ERE PAR Hb b AW 25 SV 8 (P<0.05) , IWEEHE (1) BIREHS (TI1) | FETR 0 B Fdh |- 2 Wit 2
s o 3N T 1.32 F1 1.94 £ MHEV 26 B2 22 S 5 s/ N (8] U B34 0l T 51.15% ; PAR 29
EH IR T 52.52% s IR EOK I ZE R WA BN E BN T 33.40% , B T RFST MR 2 R K S
WAER R AR, HHES KR TE R, YIRKT 30% , M Bl A K ASTEAE K A3 e () BR A

F1 AEHMAEMEEE £ Y RIS T B &K E (B P e hr kR 2E)

Table 1 Biological characteristics and soil moisture of wetland community in different plots ( mean + SE)

FED Plot Ty gk wE PAR/ [=1ia M AR
Soil moisture content/%  Density/ ( #/m?) (pmol m™2s71) Height /cm Aboveground biomass/ (g/m?)
I 32.46 + 1.62b 696+34.8b 1236.3+3.78¢ 141.80+7.09¢ 1088.12+54.40c¢
1 39.06+1.95a 840+42a 866.0+4.43b 191.60+9.58b 1759.36+87.97b
I 43.30£2.17a 340£17c 587.0+4.99a 328.80+16.64a 3195.32£159.77a

PAR: JeAH GRS, Photosynthetic active radiation, [RIF)AS[R]/NG “FRE R /R R ML 0] 22 55 .35 (P < 0.05)

2.2 WFFEIX L HEER R

SIS R HEER B PR SRR XN ISR N 3 S .4—8 ms/em, JREHER T 1+ ;2—4 ms/
cm, JBHPERT+;1.8—2 ms/em, JEFELE 1
221 WX LIRSS

M 2 fTEH, B SR AE AR 2.01 ms/cm, PER 2.04 ms/cm, —F ZEF A K, P{EIE K TF
P8, A R $h i AR RS0, IR HCR APPSR 0 i s Y X - b Ak A s B, PR X 1
g i EE R UK, AR S R C.V) SR I (EAE A 18] 1 B WO AR AR i P8 A, R Sk AR S R A
S 0.31, IR AEKT-T5 1) b 2 v AR AR S (AR AR S R B R 4 A . C.V > 1 AR S sl B B R
15 ,0.1<C. V<1 A58 S P sl 850d B HORE B b 4, €LV <01 R 55728 Sl 85 B R AR )

®2 HRRIEIRSGIHHE

Table 2 Statistic characteristics of surface soil salinity in the study area

F g I/ME o IN i FEfE SR PR A R
Soil properties Min Max Mean Median STDEV C.V
18 Soil salinity/ (ms/cm) 0.47 2.76 2.01 2.04 0.64 0.31

2.2.2  AAEHL A IR A i T LA AT REAE

3 AEH,3 R 3R 51 (0—30 em +)2) BHEIE ST EI N 1.30—2.58 ms/cm ™", FEHL(T)
TR E IR 2.58 ms/em™  AEHL(TIT) HHEER A E & I(E R 1.30 ms/em™ , H2E5K 1.28 ms/em ™, HAR
A a3y e T>FEH TI>AE M 10, BEHb ] 22 53 8 25 (P<0.05) , 5Btk A A ¢ 86 20—30 em 219
S EEIURNFE A 22 50 REH (TID) AR (11) AR )2 8] AR & B 1 B 3% 2 5% (P<0.05) ; FE
(D) AR 2R R &2 F A 32030 em +)2 5 HAlh )2 0] 22 7 5% (P<0.05) ,
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R3 BHEMITESESISRHAE
Table 3 Characteristics of soil salinity at plots
AR 2R BE & #h B/ (ms/em)

FEst Soil salinity at different depths FHH
Plot Mean/ ( ms/cm)
0—10 cm 10—20 ¢m 20—30 cm
1 2.70+0.14a 2.54+0.13a 2.50+0.13a 2.58+0.13A
11 2.44+0.12a 1.99+0.10b 1.84+0.09b 2.09+0.10B
11 1.75+0.09a 1.36+0.07b 0.64+0.03¢ 1.30+0.07C

FIFTA /NG F RN 2253 B3 (P < 0.05) , [RIFIARIRS SRR n AR L E] 22 5 35 (P < 0.05)

23 FEHRRADE G SEUFE

AR S B0 St 2 A AT, P MR RDE & S ECRE WL 3R 4, SRR 7 22 0 M R W, AN [R] -3 5k o3 2 14
T, PEERRR I DG S ECRRIE R 2 3 22 5 (P<0.05) , BF 3RS S A RRAIK , AR AR bR P,
T WUE 888 RS 73R T 2,73 (1.32,1.17 ,0.17 £ 41 0.86 1 ; AFEHL (1) ZUAEHL (TIT) | )52
WBl/IN T 25% 5 it 5 sl R 3G R A U RIS 3 RIS O T 0.85 A LU TR AR 52 SE 08 R s/ N
AR T 1.02 £, RUIS 1 3EER I35 5 = A REHE (1) AR L 13830 03 3 i d /AR b (TID) B3 & 7 25 R ik
K,

®4 FEEMAEHEREEE EBSHEHE (BUE N FHEARERZE)

Table 4 Leaf traits characteristics and photosynthetic physiological parameters of Phragmites australis in different plots ( mean + SE)

FEHL Plot I 1 11
T Leaf area /cm? 7.71% 0.36¢ 14.19£0.71b 28.75+1.44a
MR JE Leaf thickness/mm 0.36+0.02a 0.32+0.02b 0.27+0.01¢
T Leaf dry weight/g 0.39+0.02b 0.22+0.01c 0.72+0.04a
FLIF T Specific leaf area /(cm?/g) 19.77£0.99¢ 64.50+3.23a 39.93+2.00b
PR Plant high/cm 141.00+7.05h 190.67+9.53h 327.67£16.38a
P,/ (pmol CO, m™2s7") 3.39+0.17¢ 4.41+0.22b 7.34+0.37a
7./ (mmol H,0 m™2 s7!) 1.00+0.05b 1.04+0.05b 1.17+0.06a
WUE/( pmol CO, » mmol™' H,0) 3.3920.17¢ 4.25+0.21b 6.30+0.31a

P, . WIEEHRE ) net photosynthetic rate; T, : ZEEH 2K | transpiration rate; WUE : /K43 FIFHALH , water use efficiency ; RIFTAF/NE FRER IR
FEHBIR] 22 5+ B3 (P < 0.05)

2.4 P R IOGSEURHIE

FR A HF AP SEHG IR0, 225 R VOSBRI 5., IR RE T Z 00 R R LSS & 0T,
PG SRR VORI (AN 2 B 22 5 (P<0.05) . B TR0 S M BR AL, 235 Y (D) A ETR 25805
BRI BRI T 17%F1 16% 5 Q 52 S/ NG 38 KA 5 AR TE 1 248 1k, NPQ FTY(NPQ) 281K
JE VBN R E HEARIER/NT 37% 1 18% ; Y(NO) BEK T 0.45 £%; Fo/Fm 55638 KGN 3R BARNE/NT
32% . FEHASREH (1) FVREH (11) AH EAE M (T AP 350 B T BRI BB B 72 FRAIG, 1T A28 6 I 2RI #E
(A BE B ZERG N, R BT P SE AR R N 38 I AR A B TR PR PSIT R R WO BE Y 43 e LSO B A 3R iR
b, 4E4F B B i A K NS
2.5 N[EREHL ISR B H AR (ETR) 2R 1L

ANTR] H AR A3 251 T P25 e PSIT L A% 3 R PRk ' m 107 il 46 A7 A 135 25 57 (P<0.05, [B12) , HiAl
RO 25 R W B A 1 58 Eh 43 B ARORID G BRI BE A3 N, 2 35 7 A9 ETR 2244 1 > 111 > 11 1284k
B H 22 K s KT 1050 wmol m™ s A, £ FEHE T H5 0 A9 ETR 328 8 b 34 hin s 5 - AR a3,
T BRI — 2 ST, TR S R L RE R 1 S5 B ETR , BE TR ™ B AEAR A A VER, HL
A ETR #fdb 1 SIT > 10, v g 38 07— R Bl fe bt i i e A%
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£S5 AEHMAFM R ERSEIFECBUE - T R 1% %)
Table 5 Leaf chlorophyll fluorescence characteristics of Phragmites australis in different plots ( mean + SE)
N ETR/
HedL Plot Y(1) Qp NPQ Y(NO) Y(NPQ) o Fv/Fm
(pmolm™s™")
I 0.36+0.02a 0.65+0.03a 0.34+0.02b 0.28+0.01b 0.36+0.02b 83.45+4.17a 0.74+0.04a
11 0.22+0.01c 0.42+0.02b 0.45+0.02a 0.29+0.01b 0.49+0.02a 48.29+ 2.41¢ 0.75+0.04a
111 0.29+0.01b 0.65+0.03a 0.21+0.01c 0.41+0.02a 0.30+0.01c 68.32+3.42h 0.51+0.03¢

Y(IT) ; SEBRGAERE, The effective quantum yield of PSIT photochemistry; Qp: ALK Z2 %, Photochemical quenching; NPQ . JEGAb2g%s
K Z %X, Non-photochemical quenching; Y(NO) . LA M REEFEHAY &7 &, Quantum yield of non-regulatory energy dissipation; Y(NPQ) : #4745
PERE R FEEL AR 7%, The quantum yield of regulatory energy dissipation; ETR; B, F{£i# 3% | Electron transport rate; Fv/Fm, f KGALFR0E,
The maximum efficiency of photosystem ( PS) II photochemistry ; [F] 51 A [Rl/NE F Rk /R BEHb ] 2% 5 B 2 (P < 0.05)

2.6 5 SLA 5ERAERCR(Y(I) ) IR ~
W3 BRI B 2 st L
SY() BADCHEERE (D) (I BRI (D B 2408 & o]
FHAHKFR (y,=-0.61x+0.33, R*=0.83, P<0.01; @gwo
yu=-0.76x+0.70, R*=0.89, P<0.01; y, =-0.29x— %i zg
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