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FEEBIEMHFF LA ERSH AKX
P SES SR
B OMAE HEE TAR KGR KXA

PHIEITE 2t B G FR R 2 B, HON A8 T SR IR R 5k A J AR FE L, 2291 730070

W E AL ER(SLA) 5 A HEERUR SR i, SR AL &7 R SRR LS MR AR R R .
A AT LA 28 )1 [ KB H A [ 7 36 (Phragmites australis)FREJ9RIE AN G, AR BE B8 7K 3 28 3T 23 A vk e B 3R A b T
(B 7K1525-40 m, 35 KE(SM) 28.94%). 1T (B 7/KI810-25 m, SM 45.97%)~ III (& 7K1%0-10 m, SM 76.81%), W7 T Z=FE )|
TR PR SLAG M FEBUN R R . S5 R B LS K E BTRN, A AR T 0 v R ANk b AR ) B 5 T Y
e ss, RS RRDEAA GRS 2 B ERVNMOER, AL LA R MG ERY 2N, 2R
kadh, SLAZBIINE /NG S, TR R 20 F A s, AR IRIREHAITL, V875 M A8 ERERU & 77 40
(YWNPQ))~ HENetb 288 KRB R s, St GRCE . e K KRB E Nk, BRI R RN E T8
BAIINE D S TEFRHLIRINNL, %5 SLAS Y(NPQ) 2R MM RKR(p < 0.01), FEFEHIIL, SLAL Y(NPQ)E 3§t
K(p < 0.05). BE-TIEEIKEIIBAE AR, 7525 P R 1 i) g A A T S I 1 2 SLA 1)K /S LA EAR Iy AGRE I, S
UM R HOA ORI, I B 1 A0 3 7 Bk A 15 38 i e R B Y s v o REBSE E B AR Y LA

KA TR, AGERG RTTHERREFREBME TN, MY, #1)1; ShiEH

UMM 0 RORE, BIER, FEE, KHEH, 505 (2017). FF) B RN 2 TR S R RO SR 2 AT, AR AR, 41,
985-994. doi: 10.17521/cjpe.2017.0005

Empirical relationship between specific leaf area and thermal dissipation of Phragmites aus-
tralisin salt mar shes of Qinwangchuan

LI Qun, ZHAO Cheng—Zhang*, ZHAO Lian-Chun, WANG Jian-Liang, ZHANG Wei-Tao, and YAO Wen-Xiu

College of Geography and Environmental Science, Northwest Normal University, Research Center of Wetland Resources Protection and Industrial Develop-
ment Engineering of Gansu Province, Lanzhou 730070, China

Abstract

Aims The correlation between specific leaf area (SLA4) and thermal dissipation reflects not only the accumulation
and dissipation of plant photosynthesis, but also plants’ adaptation to their habitats and changing environment.
The objective of this study is to examine the correlation between SLA and thermal dissipation of reed (Phragmites
australis) under different soil moisture conditions and salt contents.

Methods Our study site was located in the National Wetland Park in Qinwangchuan, Gansu Province, China.
Our sampling site extends from the edge to the central of a salt marsh where the reed was the single dominant
species. The study site was divided into three zones based on the distance from the water. Within each zone, six
2 m x 2 m sampling plots were randomly located to select six reed individuals in each plot (total = 18). Vegetation
height, aboveground biomass, soil moisture, and soil electrical conductivity (EC) were measured, with the six reed
individuals taken to the laboratory to measure leaf thickness. Leaf net photosynthetic rate (P,), transpiration rate
(T7), and other parameters of the reeds were also measured in each plot prior to harvesting. Quantitative measures
of chlorophyll fluorescence were taken after 30-min dark adaptation. Quadrat survey method was used to model
the empirical relationship between the transpiration rate and leaf characteristics.

Important findings Vegetation height and aboveground biomass increased with soil moisture content, but EC
and photosynthetically active radiation decreased. Leaf area, T} and P, increased along the gradient, leaf thickness
showed decreasing, but the increasing trend of SLA4 switched to a decreasing trend, while leaf dry mass presented
an opposite trend. From plot I to III, the quantum yield of regulated energy dissipation (Y(NPQ)) and
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non-photochemical quenching decreased, the actual photochemical efficiency of PSII and photochemical quench-
ing increased, and quantum yield of non-regulated energy dissipation increased before decreasing. There appeared
a highly significant negative correlation (p < 0.01) between SLA and Y(NPQ) at plot I and III, and a less signifi-
cant negative correlation (p < 0.05) at plot II. Along the soil moisture gradient, reed seemed using light effectively
by changing leaf thermal dissipation through adjusting their leaf size and SLA—A potential self-protection

mechanism in light of adapting the habitat.

Key words specific leaf area; thermal dissipation; the quantum yield of regulated energy dissipation; Phragmites

australis;, Qinwangchuan; salt marshes
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YA 1E R BRENCOE KA 5 AEW I8 2 1A]
A (1) — ™ HE B IS FE (Amoros-Lopez et al., 2008),
M SRR 2O S AR R B UIMOC, EREYIT
oA VR 10 A TR 4 AR 2 A B S S AT
5 T B R (R R 4045, 2013). JeAE R
RS (PSHADE RS (PSI)E G RE AL Ak
RE, A PSITHE A A5 3520 lhie I HBUR, TEM D)
Wi 87 7K 3 38 ) i B bR 5 %5 2 A H (Baker,
1991), PS5 M BE & FE UK & 1 7 8 Y(NPQ) »2:
PSILJs 87 L Wi i & 7 R O X2 — (Kramer
et al., 2004; [[75%%, 2014), FENAL T K RZHL
(NPQ) R [ W FE ) AE BIOS T 't R e 4 N BRI TR AR,
Al AR DT AR 1 (KR, 2014);
TE NI E R B AR P R R KR, W&
Folt oy 3 PR LA o (1) JER N R 7, T L RE % I
AR WSS D) Re MEARAE TR AS FA G5 7 b ] 2R 44
(Westoby & Wright, 2003; i 524, 2012), Z ki
W A EL AR (SLA) s e Al R . 285 1E
SRR, B mEDNGE RIS IR
Y IS K P (Deng et al., 2008); SLA S5 #kE
B R0 %Y, SLABAR KM J¥ 900 % H
TR TS5, g R R, T2
RN R F, RERS 29N 2 (-S4, — R
HEYWNPQ), M m yds A4 #AR T A f158, W
DAARAE HISE 7 AR BOS R R 6 Be (BA SO SE, 2015),
PTG W S ) e
b ot B R ORI v i ) AR B R B T (A
FHEE, 2015), X% BA FE Al 238 i R SLA
KL E H S E NIRRT, EHK A R Ve Y
R AR — A F B BT 1 (Rozema, 1996), @
io S e BV PR RS RS R P RN PR T R B
TRBCR R A AR AN, AT IE (A MR AT R AL AE, DA
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s A (A, 2011); ALKy ZERE
T, HEY) T BEIE I EE  TAR L SLASE R Al By
fiE, $& A0 PR A 1) S o PRV 3E S RE T, (5 B
- F AFERCL AR PR i IR R e RE AR R S E
B s, X ARBL T SLA S PSTTHAKE B il 47
EE VDB I, BF 7T SLA 5 PSITHAKE AL
Bl X THRE R AES TR A R A
AR LA & EEE L.

7 3 (Phragmites australis)J& T %2 F AR ZAUK
AEHEY), BAWRGIRELERAE S, |20 T
PAY it ) (X RTEE YETR] R B X, 2 P AL e B (X
FRMAES RGN A . HEl, AR E S
VAR R R 78 %5 5 (P AL (Deng et al., 2008)+
EY %G 2 8E HFE F 98 & (Knight &
Ackerly, 2003). 586~ 4k 2 5% 6 I K L EE
(Komura ef al., 2010). JGFEIEFIPSITFGFE BON 387K
Sy HmE R (GRS, 2014), PLAIEHAEYIH B ThREME:
REE A R TT 1) Z B FE (58 Andi 4%, 2015), H K7
AR B E & M AL (FEBESE, 2010) A TERXT
33K R DR T B Bk S S, 2016) IS R
FRBOBIIIT 70 (T SIS, 2014) 5232 3 T EAN, (H
S R ERVRIE AR ) Lo TAR S B AR RO I
R NN i e N G B e sl L ES el 32 L /AN |
ERVRIEH I 2 R AN B, d a3 b 2 VA
ESLAG W BAERC OCHE, X BT (1) £ E
Mt 2 SLA S W BFE BT R G ? ()%
X PR OGP I T LR R A WL 2 B 7R B
FELA P PR S R O I SRS R TR RS

1 AR XFAARTGZE

11 SR X FAEE AR
WX AL T H & 22T 2 )1 Zth, g
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AabR936.47° N, 103.65° E, #i4k1 895-1 897 m, J&
KB P2 S, PR E6.9 C, FEFKE
220 mm, EELEPRTECIH, FHIEE 2700 h,
SR TCRE 126K o R T 1 Ak 2 B0 8 4 Ly 0 e 000 )
AGARLIX, DU L IRGe, bt iy #3451 3H T
W, B, S AT 0 A A DY R AR R AL
BRIgIK, EKE NIRRT AIRb R, e
PRI BIREIE, TB R DA A O 3 ) E AR 3,
KA TKEMRAEYRE, SAENEEKEY A
F. FEEWA: 7% MK (Lycium chinense) %
K BN Tamarix ramosissima)~ /KM Typha angustifo-
lia) X %% % (Chenopodium glaucum) 5% (Aster
tataricus) =T (Calamagrostis pseudophrag-
mites)~ W% (Suaeda salsa)~ 7 Ei % (Sonchus olera-
ceus)~ th i ¥ (Salicornia europaea)- 5K (Poa an-
nua)< .
12 W%
121 ZERE

2% )1 1 R0 M 2 el ST A T2 5 )1 2 b g 4,
WERIBAR, AKRIRFE, & EREKMG RN
ZEREBEFH /K 1) BHIK X, i 28 e KT FoK
&, Wi s TR ) SR (P 2D, 2003).
20165F9 H2-9H, FEIH B LM AR 1, ek
PP 0 5 ) A 0 PSR FE A, THTARZI3 hm?,
FNRERAM AT EE, FEE S RE6 T,
HhFAK W R AR AR A, T R ARV R R R AR T A
LB FEPEARA . T SedEAT KA B L RO 78, A
AR AR, [RES miKRAm B35 5810 m.
K10 mAgREr, HEAT N /KSR IR (V0 B (FE 4 2% FF
it b NI T G Ak (R B 10 m A Bk 742 2 1t F oK
T, FrKALERE fa il b /KRR, MR R oK
HRVRASA R, 7E3 55 FAT FET AT 332 2 m) 8
IR BEEIAN10 m x 10 mffIFEHL, 205008 DFEHD
I, B/KIH25-40 m, M1 F/KIER0.50-0.75 m, 1%
Bl AWK, SR AL AR /N, 2)RE L,
Bk 10-25 m, HiF/KIEVR0.15-0.50 m, Z%HhEL
= PEMEK, K ZET AN 3)REHIIIL, K
50-10 m, ZHBCHE ERK, LIRS — LR
P i () 5 4h AR AR G 42 27 1) 2
T R 7K 7066 P2 A b A28 7K IX B30 7K X AR TR s B 6
2mx2mkEdy, EITF18METT .

T 573 e BN RETT IRV BT A A

I ERVE S, P DI AT ARG TE RSN T
BENLIZHE1.0 m x 1.0 m x 0.5 mE3EHIm, T
(200 cm®) 7352 AR 10 e >R B HRE, EE3R, Bl
. & EHSRATRELR B, SRE Y E LI
105 CHIMMAHT 12 h, BULFRFE, H5EH
FREH0-50 emt 2 HIEFR RS KE; e
FETT BENLIE RO 5 (FR s N K /N &28%), Sl
JOM NSRBI m B = B, bk s, e
IBURFAME RS AN Z 45 (178 434 Fe L fg B e #2 11)
23R, PR R S REE R RR R
1211 NMERFEENE EHEHBHRIIW
9:00-12:00F Axict ik Y 7= 25 AT R AR A L 55 2
KR sE, A I E 18 H GFS-30001F 4 20/t Al
%45 (Heinz Walz GmbH, Bavaria, Germany), #ll &
Al N T A0 JeI8, & 3UE 5 (PAR N
1200 umol-m s ™', CO,#KJE #1340 umol-mol ', i
HBEENTS0 pmol-s ™, AHXHIEEE (RH) (R 7E 60%—
70%, MR (Tieap) PRIFLE1520 Co EHUAFAME PR
i JEE T (414 v BCEAAER RE I 4 3 000 5 Tk R i e B
AP, AW EE(T)ESH, MBI E 5
1212 FEMBPARKINIE 5X4ESH005E
— K, HF & T 11 (3415F, 3415F, Spectrum
technologies, Aurora, USA)T-9:00-11:00%]34~F£
PR B RR L 5 (AR TR 10 em) RO T B
b 2 P F 1D A SR (BE S HB T 10 em) Abi2EAT PAR
WiE, BEREIWR, HHEFSMEGERE, 2016).

1.2.1.3 MRS eSS ER R %
A dab 3R (] Szt s, 6 5 20Ok T R A
(CI-202, Walz, Camas, USA)FI#iaE/NHFr, FIH
Image 34 V1 5471 1 16 B b o AR, d S B T
NS, T80 CHAAFHT48 h, IR EKE
0.000 1 g)o bt A A i AR A0 i 5T & 1 B AE
Y

1214 WEENE AR RO CE 2
0.01 mm), & HFEEFF Ik, JERE IR A
AL, FAAMRLE AR FERALIESIK, Hea BCF I
AR R

1215 LIEHSWE HMHBFENE LEE S
B, EFE FHREGE2 mmiF KT LRE10 g, N
50 mLZECOZ&M/KOK = N5:1), BUR HR,
BIRGAHL LIRS min. KA IR 5SS R GMHE
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JEit B R EE B NE -, EEMIEERE, 3
WA = A% FH (R PEBR S, 2010). FH B B
] A P2 IDDS-1TCfE #5 30 i AR il i LS
OIREL, BEFHIME.
122 MRFRRASENE

X5 R ML 2 I B AT SR 2R O S A
S, K A #) X IMAGING-PAM M- 4 % % 61X
(Heinz Walz GmbH, Effeltrich, Germany)ll & M4t &
WS, FahE RGN IE T ki
1200 pmol-m s, M fy S ZH55E N30 min, J5E Y]
B9 B (Fo) Pl K G 77 B (Fr), B S 196
e, 7E KA B Kinetics & 1R I 4% 14 R 96 e 5
a5 T 4R, AH B EE 7T B2 M Report &
MG H . MR R RIS EO A =K R AL
(Qp), AEICALZHE K REUNPQ), AR5V RE S AFEHL
(15 7 7= (Y(NO)), W11 PE B8 = FE U1 = 1 7= 0
(Y(NPQ)), S Br & 2 (y(n)), BAR#EAE S %
Schreiber5(1994)F1Schreiber (2004) 1] /7 12;

(D) Op=(Fn'-F)/F/=1-(Fi—Fy)/ (Fn' - Fy))

(2) NPQ = (F—Fn') | Fn'=Fy/ F/'— 1

(3) PSIISEFR M & AR YD) = @PSIL = (Fy,' — Fy) /
£

(4) PSIEEAT MERE EAERU 2+~ B Y(NO) =
1/(NPO+1+qL (Fn/Fo— 1))

(5) PSIIATS Vg EAERUK & 7 B Y(NPQ) =
1 — Y(II) — Y(NO)
13 IR

Ko AN [ AF i R 7 A 4 A R L R 75 25 R )
B DhRe IR 1) S 58 H R AT 20 A, % P 3 R B i T
L (SLA) AR 5 1 Al B FE B & T P2 B (Y(NPQ)) S
BEAT LLLOA S IR0 B e, (2 FF6 IR 01 Ja 7
BEAT 3T o R R (R0 031 (1 7 VR AN ] 38K 4 2%

RL A FFEH RS A 2 R AN R CP I (AR IR 22)

PR FTEESLARMY(NPQ) ) R R IFEAT I FT, X AS[RIFE
MO P Th RE IR P B Y 2 57 LU BCR T R 3R 7 22
SN, B KRN 0.05 . 256 E 4 4 B R
SPSS 16.08#F 1T, HISigmaPlot 10.0f1Excel 2013
L/ QLR

2 RN

21 AEHHTHEEEMFIFMEMTIREN
4 R

AN TR R b I8 M B V8 (1 2 ) 2 R A R0 L e A
R IR TR . BEEKE. Jeaa 8gE 5
(PAR)FI 358 FL 3 ZRAE 3N WL A b o A2 A 6 25 22
(p < 0.05, F1), MNEEHBIFREHIIT 385 /K B30
T 1.651%, PARVE /D 1 52.52%, t1EH SR> T
73.36%; B LIS /K E R DG N g A
(BTN, 7535 B AR AR s 2 3 n, A
FEHBTEFE I 336 0 7 1,325 F11.944%, Hih I
AW RN 43 1B o SRR L) 5
OFR P B, HEVE I IOLIRSR Y, FEHBIR) S I3
i, B SRE. HESKERT, AEEhEa
Fryek s, 10 7ERE ML 4358 3 03 7 & AR, T3S K
R, NEEKEEIE . RFTEINMFEHL A,
FE T A2 558 2% A1 B0 B S5 P 2R K
22 FEMHMREHERA SIS

mF2pR, WA BRI E R, FER
HTEFR(LA) 156 A 0 R (P, F1 2% i 56 (T 2 S 184
P, MR FE RO I 503G i 12,73+ 1.1740
0.17f%; 7 2B R & 2N &S, MR H TR b
L5 5> 1 25%; EEHTHIRR(SLA) 2 Fe 88 0 s b
(FEa%s, ARG 1 1.02Mf%; H i LM/ E
NS, BRI T 0.856% R I H AR
MOGE R A3 M AL B 2, Ho MR A
BRIR B AT I, T DA M SRR AR A

Table1l Physiological and soil characteristics of wetland community in three sampling plots (mean + SE)

FEHL Plot K e PAR e o AR R
Soil moisture content (%)  Soil electrical conductivity (ms-cm™) (HmOI'mfz'Sfl) Height (cm) Aboveground biomass (g~m’2)
1 28.94 +1.45° 2.44 +0.12° 1236.3+3.78° 141.80 + 7.09° 1088.12 + 54.40°
i 4597 +2.30° 1.85+0.09° 866.0+4.43°  191.60+9.58" 1759.36 £87.97°
11 76.81 +3.84° 0.65 +0.03¢ 587.0 = 4.99° 328.80 + 16.64" 319532 +159.77%

PAR, JCHARARST FIFIAE NG T RO 22 7 5.3 (p < 0.05).

PAR, photosynthetically active radiation. Different lowercase letters in the same column indicate significant differences among plots (p < 0.05).
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F2  AFIFEM 3 IR O & A S MU E T (AR 1R )

Table2 Leaf characteristics and physiological measures of Phragmites australis in different plots (mean + SE)

FfHb Plot I 11 111

WA Leaf area (cm?) 7.71+0.36° 14.19+0.71° 28.75 £ 1.44°
)5 Leaf thickness (mm) 0.36 +0.02° 0.32+0.02° 0.27 +0.01°
H-F B Leaf dry mass (g) 0.39+0.02° 0.22+0.01° 0.72 £ 0.04°
LA Specific leaf area (cm?-g ) 19.77 + 0.99° 64.50 + 3.23° 39.93 +2.00°
P, (umol CO;'m 2 -s™) 3.39+0.17° 4.41+0.22° 7344037
T, (mmol H,O'm >'s™") 1.00 + 0.05° 1.04 £ 0.05° 1.17 + 0.06*

P, HOLEHER, T, ABEE, FITAR/NS T RSN Z 57 22 (p < 0.05).

P,, net photosynthetic rate; T;, transpiration rate. Lowercase letters in the same line indicate significant differences among plots (p < 0.05).

R3 A FREM 2 R R VO CRHECT AR IR )
Table3 Leaf chlorophyll fluorescences of Phragmites australis in different plots (mean + SE)

P Plot Y(II) Or NPQ Y(NO) Y(NPQ)
I 0.21+0.01° 0.42 +0.02° 0.45+0.02° 0.29+0.01° 0.50 + 0.03*
1 0.25+0.01° 0.60 + 0.03* 0.43 +0.02° 0.30 +0.02° 0.45 +0.02°
11 0.36 +0.02° 0.65 +0.03° 0.34+0.02° 0.28+£0.01° 0.36 +0.02°

Y(N), SEZBRIEERCR; O, WK RE NPQ, AEFERERK RZE; Y(INO), FEFFTHERE BFERUN R 7/~ &, YWVPQ), AT MR BRI E T 2% [
ARG A BRI 25 53 2.2 (p < 0.05).

Y(II), the actual photochemical efficiency of PSII; Op, photochemical quenching; NPQ, the quantum yield of regulated energy dissipation; Y(NO), the quantum
yield of non-regulated energy dissipation,; Y(NPQ), the quantum yield of regulated energy dissipation. Lowercase letters in the same column indicate significant
differences among plots (p < 0.05).

23 ARTBASFHTEEHAHERRALS
Boath

HIR RAFAE W 2 7 (p < 0.05, K1), PearsonfH
ST, M SLAS Y(NPO)E REHURITIT 2 %

WFR3IFTR, W& THK SRR, SEhRot
B (YD) FIEAL 223 K R 5 Op) 38 3G I 34,
MEE TR HO TT2) S50 38 7 0.71/10.55R%, dE )6
b2 R 2 B(NPQ) A 5 B B FE B &= 7 7
B(Y(NPQ)) ) 2%, A HBTZAE H 1T 25 1)
WD T 24%K128%, AR PERE EFERU =T =80
(Y(NO)) 2 e Ja b il a3y, ki 73.6%.
F P ONIE N AR A, JE R PSITR £k (1 %
WSO RE BT, DURY B & IR W A KK .
24 FEFESLAFM FY(NPQHIK A S

AN K A: 2645 R 75 26 EE M TR R (SLA) 5 Y(NPQ)

—
W

220

¥, =—1.949x + 0.427
® e R=0813

1.4 2.08°

1.3 1.96 |

12 1.84

He T AR Specific leaf area (cm?-g ™)

Yy =—1.232x+1.536
R*=0.679

BENMFRER(=—1.949x + 0.427, R = 0.813, p
<0.01, yy; =—2.967x — 0.032, R =0.834, p < 0.01, A
1), fEFEHII, % 2R FAHKE Ry = —1.232x +
1.536, R*=0.679, p < 0.05, K1), KIFEHE 38K
BTG, P RISLAZEIE N, Y(INPQ)IZR TR /D,
TEIEFEHI I 2 AR 2 A R (p < 0.01),
FEFEHIILR 23 AR R(p < 0.05), FEHBITAE
5 A& 77 AELRR IR SLA BS i A0 Y(NPQ) Uik /N 1 I I
X 35k .
25 AEHFHAFEHARPIIEFE/5K
ANEIK AR A T 3 iy i PSITE 7 i 4L

1.77

Vi =—2.967x — 0.032

1.67

1.47
Plot ITT

1.1 1.72 L
-0.55 -0.50 -0.45 -0.40 -0.35 -040 -033

L ) 137
-0.26 -0.19 -0.12 —0.60 —0.56 —0.52 —0.48 —0.44

P RE R FER AR T4 Quantum yield of regulated energy dissipation

B ARV =5 b T AR (SLA) 5 1 7 1 e AR RN & 17 #l(Y(NPQ)) L TA] R £
Fig. 1 Relationship between specific leaf area (SLA) and quantum yield of regulated energy dissipation (Y(NPQ)) of Phragmites

australis at three sampling plots.
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FAERE 7R (p < 0.05, [&l2). BEH K& 81
B, AEFTE A RSOBRE R IR AME TR, RS
DA 28 P (YD) BT o e 2 ni& s, AT
FARE BT 9 1k RE AR L B TP (Y (VP Q) L
IS, PSITH S G A ARG 1 2L Atk A FE K
E(Y(NO) I LL] 2 ey g i/ (s . LW 4
DNE SRR IR AR IR, T N R R R D RE G
YERIS WE R PO =J5 T B 7 Be Ee s, sE3l A
PRGN H A ETHRIPLH

3 g

W Py D REMEARAE N B AR A IS R A ER B
BEEE MR, 0 GEHUE A Thee 2 —, B
54 3 T 1) R AR T URE R, R —FhE
T IR B ML H] (Demmig-Adams & Adams, 2006),
SLAFN Fr HFEHUSE D) RE MR 52w 25 1 7 (7K 40t
N\ A7 LA SO A IR 2 (Scoffoni et al., 2011; Ogburn
& Edwards, 2012). A FER I, K FI#E5r 5%
PER B EEYS, EREHIRNIN, 35 SLA S Y(NPQ)
EEZE ALK RE < 0.01), fEFEHIL, SLAS
Y(NPOY[X 2 2 AR K R (p < 0.05). 117K
£ B 25 AL G BUR U BEVR RFAE O, HE T R
AR R, LR g S i B AR
HE /1o
31 TEEKEMEXHTEHEYAESAS
Y(NPQ)HI K EETE

FE LKA B 264 R, i BFEBUR G
R34 4% 0 (Komura et al., 2010), M4 it
FEARAE Kl 2, ORI DI Y RAKRSLA, KA
AL AR 28 1 55— R 51 AR BRAE 2538 RLATL A FH SR IS,

FEH T Plot T

QE 10 1.0
% g = 0.8 0.8
gmii gg;: 0.6 0.6
% §g 04 0.4
HE2 02 02
23 0 0
1 3 5 7 9 11 1315 °1 3 5

m Y(D)

FEHh T Plot 11

LR AN R B (R 7K 23 Tl iE (32 25 8855, 2009) . 1 T
ISR E RN, VR A B AR
TIR/NERY), TESLI0 R A R I 3 A AR () O
W RFE IR, SRR AT T IR B 7E 28
BUgR, TR S REC)RPARE K(F), thihia
g1 B K ABRAR, 5 FAEY K A IK 5 Whid (Kang
& Zhang, 2004; ZEZE%E, 2015), 7% 3 H 7K £ XUE
o E IR 77, A R EEIR B AR EA
{BAEZE T I RIS T8), S EE T AR (1) 725 0 2k
K, AT AR TE RS FHERESE, 2010), K,
PR R ) T BN T SR B e, TERCT R AT AR
/NIISLA (3R2), ¥ T 2T A TR g (R LA 2R,
W o JE R B A A 7K S 38 S T BEL 7 In Jal, DTT SEE IR
BART, (R2), fRHE T M v ol #vme IFERL, TR
BE AR K NPO (3), TGS
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