55 38 B4 20 1] S &~ £ Eild Vol.38,No.20
2018 4F 10 A ACTA ECOLOGICA SINICA Oct.,2018

DOI: 10.5846/stxb201710111820
N, B XV EHR, AT, IME, VPR, T , 2R, SO0 4R A X o TR O A 4 8 3R SO P i S . 2 252441, 2018, 38(20)

Li H, Tian K, Liu G D, Wang H, Sun M, Xu J P, Yue HT, Li L P, Dai Q.Impacts of change in altitude on chlorophyll fluorescence characteristics of
dominant plants in Plateau Wetland.Acta Ecologica Sinica,2018,38(20) :

BRTAX SRR AT EY & FE R LR

_7:}3 Hé—"’;lﬂ’ B’J ;'bl’* ’ X'J ”3,£ /f;rl,Z’g‘]‘ g.‘l ,2 1%421 % }‘g:%l,Z’ _73}}-]?\],]—‘;—\?,_1,2’
jﬂ{—k‘(‘ &1,2

1 PR AOl KA 22 Be , BB 650224
2 PHEAROl R R 3 U ST P, BB 650224
3 R B SRR, HIR 276826

FEE P = v T 2 R 09 ST A b TR R ST A A% 5 TBOTEL G A 3R M v T 0 et 4 Ve A K A tE SR T A A W K 24 ( Scirpus
tabernaemontani ) FIZE %L ( Zizania caduciflora) , 535 WIF{AE 49y 32 [R) HC A A Y - 398 50 0I5 B 2 4 50 T e A1 174z il 1 36 3
2 TR A AR, 2 I P A A B AR g DX A 2 1 2 S X PRI AL 2 K RTII i it S R PO R R S R, DR R AR 58
HH BN ATEEAR L, B8 R h T A I S AR W 20T K RN 28 R S R AE R T A N T 22.549% F1 11.17% , 7E WLt 53531
HEINT 68.77% i1 29.2% ; M2 38 ¢ 62 BLALL X Wit A 1 8 T AR AU 11T P 2 8 AR A, VL e ok S 5 05 ol 96 43 31 vy AR A1
29 1.2—3.0 fif . MR AFARIEEE PS T SCPRG 2 i FRCR BB (PhiPS I, ) Fl CO, [R) Ak B AAH XS IO 1 17 & 14 Je KB
(PhiCO,, ) THs  Prii 4> B 2= 13.96% 1 25.42% .89.87% F 27.08% , JEL il 73 B 2= 24.09% 1 46.48% 114.77% F1 84.33%
IR0 24 A S0 0 5 300 14 3 S S 0 A 5007 2 SR ) L 0 25 ISR Py 4 3R 8T ol 40 0 2 10 v LA AR 2, i oA
TR IR BB SR BN R D LU T 2R BAAIG , WE B A T A AR ) I St 2 SR M e R B B TR Y B IR T i, R VAR R R
FIT PR ARG A B T MR T, (EGA TRI Ak AR e A B A 28 e i 2R AR A SRS TR el v RE S SO ) A e e 46
T,

SRR SR = SRR DR AR 5 B AL S s R TR

Impacts of change in altitude on chlorophyll fluorescence characteristics of
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Abstract: Using the unique altitudinal topography and climate of Yunnan Plateau, we selected the globally distributed
plants Scirpus tabernaemontani and Zizania caduciflora in Napahai, a representative plateau wetland in the northwest
Yunnan province. These two plants, along with their growing soil in situ, were moved to the Lashihai wetland and Dianchi

watershed in Kunming to analyze the impacts of differences in regional climatic conditions associated with altitudinal decline
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on the chlorophyll fluorescence characteristics of these two plants during their growth cycles. The results showed that,
compared with those in Napahai, where they were transplanted from, after moving to the Lashihai wetland and Dianchi
Lake, the chlorophyll contents of Scirpus tabernaemontani and Zizania caduciflora during germination increased by 22.54%
and 11.17% , respectively, in Lashihai, and 68.77% and 29.2% , respectively, in Dianchi. The chlorophyll fluorescence
parameters also increased or decreased with the gradual decrease in altitude, and these values in the Dianchi Lake were
about 1.2—3.0 times higher or lower than those in Lashihai. The decrease in altitude led to an increase in the maximum
), these

value of actualphoto-chemical efficiency (PhiPSIl, ) and quantum yield based on CO, assimilation ( PhiCO

max 2max

two values in Scirpus tabernaemontani and Zizania caduciflora increased to 13.96% and 25.42% , and 89.87% and 27.08%
respectively in the Lashihai wetland; and to 24.09% and 46.48% , and 114.77% and 84.33% in the Dianchi Lake. The
changes in these parameters during the growing and aging stages were the same as those during the germination stage, but
the growth rates and the rates of decline in various parameters during the growing stages were obviously higher than those
during the germination stage, while the growth rates and rates of decline during the aging stages were lower than those
during the germination stage. This indicates that the chlorophyll fluorescence characteristic indices of these two widely
distributed species increased along with the decrease in altitude, and it suggests that the decrease in altitude is beneficial for
the enhancement of photosynthetic capacity of both species; however, the plant height increase due to photosynthesis was
much faster than the growth of stem diameter duo to photosynthesis, and this adverse effect may ultimately lead to the

extinction of these two widely distributed species.

Key Words: climate change; Plateau wetland; dominant plant; ex-situ; chlorophyll fluorescence characteristic
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Table 1 Characteristics of important meteorological factors at different elevations
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MR R AR BE Sloar AR R CO, e
Altitude Annual mean Relative cadiation/ Annual Wind speed/ CO, concentration/
gradient/m temperature/ C humidity/ % (w/m?) precipitation/mm (km/h) ( wmol/mol)
w/m
3260 5.4 69.3 155.6 620 1.40 410.5
2400 11.8 65.0 104.4 920.5 1.09 413.3
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Table 2 The difference of three places’ major climatic factors in different growth period
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Period Test area Mean Rainfall/mm 0 rdiation/ Relative concentration/
temperature/ °C (w/m*~) humidity/ % ( mol/mol)
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K3 Growing stage E AR 18.1 258 87.2 84.9 421.2
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22 KA ZEEMGREEER

IR B RS BRI AR S |, B R R, X A5 1 & AR e As , 585 b gh e AR L, ZEAE
B 2F A, 37 TV AR M () K 4 a Z0 SN T 10.2% 1 50.5% , 4425 b 43 SIS T 8.66% Fl 23.47% i
M2 2 B i A I T 22.54%F1 68.77% , 483 a/b M5 IN T 1.42% M1 21.91% (Kl 2) , R E a
SrBEINT 45.19%F1 87.88% 42 b A G IN T 16.77% F1 35.06% A4 R S & 43 B3N T 11.17%F1
29.2% M4 2 a/b A HIHEIN T 12.99%F1 26.4% (K1 3)

PRIRRE P A A SR 0 7 30 P e 2 5 s 728 A 5 T 20 SR ], (E PP o 40 A I S B 3 R i 2F
1 HASAE A (1 2 81 3) | I 3 S50 A SR e 2R AR (1T 2 181 3) o ARARAS th Mgl i, AR K

http ; //www.ecologica.cn



20 4] RN A RO G SR DL AR A Sk B SO B R 5

S v R K TSR 2 a (3G OR LT 28 0 20 )t 22.83% 1 50.92% , 4R b 38 K 35000 R
12.99%H1 15.66% , M4 2 S I K R 9 H 12.16% M1 24.16% , 44 K a/b KR 515 1 7.93%
M 11.02% ,ZEF 4R a BYIEK AR HL W 280050 BT 37.56% F1 45.38% , 4 2% b AR 23 il i 20.11%
F127.91% , PR B A KSR & 13.77% Fl 16.46% , M4 2 a/b BYHE KSR 451 5 20.519% Al
16.72% , P& MK ZNM 2K a (38K R i 28 00 51 F B 6.18% Fi1 24.87% , M4t R b 3G 35001 F [%
5.22%F1 2.39% , B4R S B IHEOR 35 T B 5.91% 1 20.5% , H4 R a/b BYHE KR53 510 T B 0.85%
18.15% , ZEHEM 4 K a HYIE K R HIEAR 25.71% 1 41.59% , 4% K b (BEKRA> JIFEAR 7.219% 1 13.78% , i
-4 25 3 B R A3 SIIRAIG 9.78% F1 14.26% , 435 a/b IG5 BIREAR 3.94% F1 5.78% . A UL, 19 Fil
FEY 3 A 0 2 2 0 I DX 32 A 4 AP 1) 0 2 TG o, S 4 B8 386 5, LV A 05 {1 %) YL St 348 i skt
TR,
B 3260 [ 2400 [ 1891

3.0 0 12
c
-
25 c 1.0 b
-
—~ o0 N c
o0 o0
20 F ® 08  b[m] a —
E £ . b
B b = -
5 15 F s 06
< ¢ a ©
#® &
® ¢ ¥ 04
= a D =
0.2 [
0
25
c c
- [E-—-
25
_ > 2.0
oh —_ b
= o0
%D 20 b ) a
= E b
= ¢ < 15
) = i o b
= 15 F a = a a a @
i b c ©
] a < 10
e 1.0 - b i
& : a Uy
B =
05 L 05
0 0
Germination stage Growing stage  Aging stage Germination stage Growing stage  Aging stage

B2 AEEBEHEKBEKEHNHEESETL(EHELREE)
Fig.2 Changes in chlorophyll content of Scirpus tabernaemontani growth cycle stages at different altitude ( mean + SD)
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Fig.3 Changes in chlorophyll content of Zizania caduciflora growth cycle stages at different altitude (mean + SD)
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Fig.4 Changes in chlorophyll fluorescence parameters of Scirpus tabernaemontani growth cycle stages at different altitude ( mean+SD)
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Fig.5 Changes in chlorophyll fluorescence parameters of Zizania caduciflora growth cycle stages at different altitude ( mean + SD)
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PAFPAE ) A A SRR 75 391109 PhiPS T 1 PhiCO, WAFTELRME G R o ALY AR K0 VL o 0 i v R A v K
ZI ) PhiPS I Fl PhiCO, A4 56 2 50435714 0.958 .0.998 Fl1 0.978 , 25 i) PhiPS Il Fl PhiCO, A & R 504351
0.912.0.965 F10.923, HHY V&, /K Z K PhiPS 1T Fil PhiCO, 1 E R E03-51 4 0.976 ,0.968 1 0.914 | 25 K
# PhiPS II F1 PhiCO, H4HC R 507351 4 0.988 .0.989 F1 0.972, 5 [H 5548 4y i) -4 22 & 1 W) Fr Ak Y 30 055
CO, VR JE FATPII AL T A 5, AR A9 AH 56 R ECULAA PhiPS T #1 PhiCO, [ A1 DGR FE AR [ L K 4 M4 11
GFIR
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Fig.6 PhiPSII -PAR and PhiCO,-PAR curves of Scirpus tabernaemontani and Zizania caduciflora in germination stage at different altitude

(mean+SD)
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Fig.7 PhiPSII-PAR and PhiCO,-PAR curves of Scirpus tabernaemontani and Zizania caduciflora in growing period at different altitude
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T IR X B A2 5 ) PR 22, 0T 3 I R 0 1 /K A 2B BRI T R R AR B (R R i), Bl DX 2% 1
AR KB MZEE R Fo/Fm PhiPSTT ETR fl P {EHIE N, NPQ {HI& />, Fu/Fm PhiPS1l ETR .¢P {HAYZ{bY
Y E S E A &, NPQ RS Fu/Fm PhiPS T \ETR F ¢P {88928 464 ¢ H AR L AH B, WA
YIRS R B IR TR M TR, Fo/Fm PhiPS T ETR 1 oP {808 B2 6 9 T s, i NPQ {E
AR, 3 HANSE , Fo/ Fm B HCEE 2, — AR FRTE 0.8—0.85 Z 012 4R A1 M 4 A K 1 =
At SR T VA I 2R AR K ) B R A A K AR BT Fo/ Fm ABFIST 0.80, 2B R LY 7
LA P 2 32 31 7 YRR e, (H 5 I R T v o R b A5 B G2 e B, Z2RAECY JE S R R
T35 X R R B 4 R DOESHGAT T 5, B & UM% I8 BE T+, Fo/Fm PhiPS TT (ETR Al gP (AR
s, NPQ EAT P REAR . I B8 T i T 5 e 1) 3 A S 85000 T v sl R AT 2 4 o A5 A2 A 1) — 3 0 3R
W, GAE ) (R G B LR 2 204507, LECREZERT ) 1A A R MR AL A% i3 REHI A3 Ie S8 i etk 30ROt &
TR T YA e S 5

R3 EVMEKBPITERSHREEFHEXRY

Table 3 Correlatioan coefficient of each plant indices and environmental factors in plant growth cycle

- . %5, CO,
Species Indices Temperatue/’C Rainfall/mm - Wy concentration/
( pmol/mol )
KA, Chl a 0.796 " -0.324 -0.013 0.699 ** 0.629 "
Scirpus tabernaemontani Chl b 0.821"" -0.522*" -0.109 0.716 ** 0.718*"
TChl 0.775*" -0.366 -0.142 0.726 " 0.719*"
Chl a/b 0.751"" -0.179 -0.023 0.674"" 0.544 "
Fv/Fm 0.770** -0.271 -0.428 0.569 ** 0.387 "
PhiPS II 0.828"" -0.388 " -0.036 0.714** 0.571*"
ETR 0.799 ** -0.380 -0.009 0.685"" 0.598 "
qP 0.852"" -0.439 -0.119 0.687 ** 0.507 **
NPQ 0.562"" 0.246 -0.265" -0.017*" -0.520""
PhiCO, 0.636"* -0.227** -0.293 0.727** 0.512**
EAN Chl a 0.737*" -0.340 -0.137 0.734*" 0.719**
Zizania caduciflora Chl b 0.852"" -0.460 " -0.090 0.687 " 0.700**
TChl 0.747 " -0.217 -0.058 0.717* 0.617"
Chl a/b 0.693 " -0.065 " -0.265" 0.561 " 0.408 **
Fv/Fm 0.725*" -0.436 -0.388 0.589 ** 0.539 "
PhiPS II 0.752*" -0.299 -0.059 0.735"" 0.650 "
ETR 0.752** -0.299 -0.059 0.715* 0.650 "
qP 0.654" -0.059 -0.322"" 0.495 0.384"
NPQ 0.627 " -0.293 -0.227 0.115*" -0.445"
PhiCO, 0.717** -0.238 -0.289 0.662 " 0.407 **

Chl a;M4%% a,Chlorophy Il a;Chl b:M-4¢2 b, Chlorophy II b;TChl; & MH-4% 2, Total Chlorophy II ;Chl a/b: 4% % a/b, Chlorophy II a/b; Fv/
Fm: PS I FOEALA50% , PSIT maximum photochemical efficiency ; PhiPS T . PS T 82 PRyt fb 2% & F54 %, PSII actual photochemical quantum efficiency;
ETR; L 15153 % | Electron transfer rate ;qP; Y16 275 K Z %L, Photochemical quenching coefficient ; NPQ ; IF 462744 K Z %1, Non photochemical
quenching coefficient ; PhiCO, ; CO, [Al{L & F7% &, CO, assimilation quantum yield; * F/535%] 0.05 BEKF-, = *0.01 H B EAKF

-2 K9 Em R 128 %4 PhiPS 1T -PAR i1 PhiCO,-PAR ik, PhiPS Il -PAR #1 PhiCO,-PAR Hi£ A
AL e S WA M 7E AR TR DG AR BE R PhiPS 1T AT PhiCO, AR Ak , i FLIA GBS UE— 2048 /R 1R B T s X A e fk 27
BRCRFN CO, R A R AT R () T 7= B S  , TEASBIFSTH , B TR OB T B, X 45 1 e A el A8, oK
F 4 Sk AR 2 T e (A /K RN ZE B S X & B Bl e, COL VR EE T, AL BEIRBE Z 1 58, T LA PhiPS
ILF1 PhiCO, T+, PhiPS I 1 PhiCO, Z [ A7 7E — W J7 BREOC 2, 7E M 5 i 5 PR 1 1 0 T, R K, 1]
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PhiPS Il Al PhiCO, Z [A] A AH GBI 35 FREE 84T . PhiPS I1-PAR 1 PhiCO,-PAR fiZH PhiPS I #il
PhiCO, {H T+, UG e [alk CO, Y RE T35 GG AVERIRE 1 & 35

AT UL PRI RE ) Bl VER T R DX S SR P O3, e R TR BE 1 b T, 34 3 B B )3 g e, (H 28 Y
T8 NV BB 758 T K 2L, RIS R ARG G RE LA P TRE R AL DL A R S B R T KA, I H 2 R
A B ) Pt 3R G 2 B DX I ] P 3 i 2 R e 25 38 /N T K 280 U 28 B it S R OO S B AR ALK R
FE , PRI 28 R R T T L BB T BOK Z , E PR SR R RE A A A R SR R TR Y R R Rl b
I A R TG A RE T BT, AT AR ) 7 35 2 i DR AR UL S AL TG IO P AN SR A ) 1D R 3 25
KA, G A i 12 I THI I o AR 2T 2 A8 P et T XU

T EE T s T K AR ZEROGE RE IR R Wi sk TRFISZ M, S Mg R BT, DG 1Y s i 15 K 2R
SEFT AR e RN SR BEN , (E R o A A B A ek 2R A, B 25 e W K 20 ZE IR e A S T
12.05%F1 42.17% (P<0.01) , A= KIARR b BB 4800 T 13.49% F1 44.76% ( P<0.01) , I8 3% bk i W & 48 hn 1
7.72%F1 16.73% ( P<0.05) , 2& Rl 28 1] | AR 1 13 1R 9 100 0k s 000 S8 38 1 T 19.19% 11 62.69% ,27.3% Fil
71.51% % 8.48% 1 33.65% (P<0.01) , MIZKZ 3 A~ 0] A 250 43 B3I T 2.89% Fl 4.74% 4.18% F1 6.28% J
2.76% 1 3.98% , 25 HA > NN T 4.64%F1 14.99% 7.76% 1 18.06% I 4.41%F1 9.57% fH EATHI 25 2R
BE(P>0.05) . AKX EME X T KA 28 RORE 25 AR R R I s B R LE R X
Y TR T o R R 2 AR KOs A K 22 57, R ECEEARE DI A 2R IR B G A i B T AN TR R
B4 B AT, BEAN  RE T = O A s, R BOK RS S A Wy B R 2 S T AR PN I 9 R R, A
Y A ZS 1R /N W &) e A B A AR K SRR T 25 2R, SRR %) Rt K (R R R A )

[l NAME S5 35 R T T 4 s TR DG A R Y B T, (At A0, {EL (] k- fef e i 11 3 HL
Bt tH K T A o JELRE T /K RN 2T I B T v 2 ol e AR 03 2 (Lt 1 385 S e A T e~ - O
RZnfly BT HE— L IRAM S, R W F 2 (8 EAEXT 4 T8 BR A0, R 75— IR 5T

4 Zig

TRESRCBA JEE S I 0 DX U 2% 25 S DU ORI BE K AR SR R CO, ¥ B X AR DO 5 ™ A 355
M, T35 M R AL A R e 2 A G IR 7 O TS, TR R ZE F ) 2 3R 55 i Fo/Fm (PhiPS IT (ETR Al
qP {E¥BEF RRE A T i i T e, NPQ BBl 338 194 71 T A AER , 28 PH /I 280 R 2 et LA i P A 5 335 Y g
W T AR AR SERE AR X S AL PR DS MR AR B DA TR MR TR LA RE IR
{EL 2R A= KA A KNP ) AS RS20 ] BE S B0 A1 b e 2 LAE BIREE BT T

HOH B B/ S IR T T RO Y K BB IR FAE SR S S O R BRI R ) SR
B, RO AS ake st BB S AR ARZ RTINS A4 SO RIS AR . SR R AR R R IR AR B A
- X S 1 SR S B
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