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Influence of simulated -warming on light and CO, utilization capacities of lakeside

dominant plants in-a-typical plateau wetland in northwestern Yunnan
LIU Zhenya, ZHANG Xiaoning, LI Liping, WANG Hang, ZHANG Yun, SUN Mei, XIAO Derong "

National Plateaw Wetlands Research Center, Southwest Forestry University , Kunming 650224 , China

Abstract: The influence of air warming on the photosynthesis of wetland plants and the underlying mechanisms has recently
been one of the important topics in ecological research. Using the open-top chambers (OTC) , we studied the influence of
experimental air warming on the light and CO,utilization capacities and photosynthetic rate of two dominant species ( Zizania
caduciflora-and Sparganium stoloniferum) on the lakeside of Napahai plateau wetland in northwestern Yunnan. The results
showed that (1) the effects of warming on light and CO, utilization capacities were species-specific. For Z. caduciflora, air
warming significantly decreased the light saturation point, light compensation point, light utilization range, CO, saturation
point, CO, utilization range, and maximum net photosynthetic rate, but it increased the CO, compensation point. In

contrast, in S. stoloniferum, air warming significantly increased the light saturation point, light utilization range, and
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maximum net photosynthetic rate, but it decreased the light compensation point and weakly influenced the CO, utilization
parameters. (2) The effect of air warming on the light and CO, utilization capacities of the two plant species showed
seasonal variation. In Z. caduciflora, under the three temperature treatments, the light saturation point and light utilization
range in October were significantly lower than those in June and August, and a seasonal decrease was observed in its
maximum net photosynthetic rate. Contrarily, in S. stoloniferum, both the light and CO, utilization parameters were not
influenced by air warming, but its maximum net photosynthetic rate was higher in August than that in June and October.
(3) All temperature parameters were negatively correlated with photosynthetic parameters in Z. caduciflora, whereas they
were positively correlated in S. stoloniferum. The diurnal temperature was the major factor influencing the maximum net
photosynthetic rate and light utilization range, while the mean and minimum temperatures mainly affected the CO, utilization
range. This study indicates that the lakeside dominant plants in northwestern Yunnan plateau show "different adaptive
strategies to air warming. In the context of continuous climate warming in northwestern Yunnan, the dominate status of Z.
caduciflora might get weakened, while that of S. stoloniferum might get strengthened, and these changes, in turn, can

induce alterations in vegetative components, structures, and functions of the whole ecosystem.

Key Words: Northwestern Yunnan Plateau; air warming; lakeside dominant plants; photosynthesis
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chambers, OTCs ) FH 4 R B4R R4 EﬁﬁHij/H\( 1) %E‘E%'JFH%%%I( TS HHRMER) |, (2) COﬁ'JFHi}%&( Co,
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ST Y e b AR R VY A v DR BT L b b B AR AR BRI T B N (27°497—27°55'N,99°37'—99°43'E),, 4k
3260 m, M 3100 hm® , 38 [ 5t P 5 2 2 DA 0 A R 2700 A TV b s R Y i S S T i v A ok, 52
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6 A A 10 H R KRR o IR IR SRR , 4 H IRECT-1435 2180.3 b, 4R IR )54 C i A
7T AN 13.2 C R H 1AM -3.7 C, FPEIEKE 619.9 mm, =10 CARE 1392.8 C

UM T 1984 AEHENT 2 B AT S A SRR X, 2005 AEBE A PREE ZEMR 30 4% 5% ) . AR i
OIATA AER 15 MR R ME— A TEAE S R R E R T G- 28 BRI ( Grus-nigricollis) | [E 58 1 -4 3h 1) R
#5 ( Ciconia nigra) , VA JE PG & R AR A £ 2 vp fa) 201 €1 ( Prychobarbus chungtienensis Y55 , oAz W) Z 44 M 5 45
AR ZBIE NIMNY 2 RTE . 380, IR LR AR A WA AT S IE IX R R 2, ]
W A A 3 DNUUKAEI RS 2 AN IR HAE RS (6 MM KAE P RETR , Hoh  HO sy L3 £ 20
2L ( Zizania caduciflora) , =% ( Sparganium stoloniferum ) %) |
1.2 MEHST.

1.2.1 JFUEA K% (OTCs ) By¥cit Jas s

2014 4F 4 F  7EE PG = AN ia e e i 2 9 RO BT R MR T HAR 2.4 m IIEDE K,
A HICEIAHE 3 m If il PVC A& , IR AR TS 0T MK AR —2, 2T IPCC XA UM AL Iz A 15
W ASBFIENTEA Y 3 4 AR 3 T st | AT IR ( CK) | 5351 2 S S T RO LA bR
SRR R EAA RN 2.4 m 520 2.4 m AT K % (Open-top chambers, OTCs ), HARHE - T0EH A2 R /N ASEEL
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EW-1I)) (Kl 1),
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FTEEmiesf, B/ INRE 58 1 U RER 0 55 24 YR, 78 S0 45 R 0PI BE A A7 S R AL 3, ASBIFSE I [R] B
2015 4E 4 H—2015 4£.10 H , ML T CK,EW-1 5 EW-II AbBEF (KSR 40 B SF- K 8 2,18 C 1 3.62 C,
FFE LR F R (K 2) .

1.2.2 BESP MRy BCS # R

R 5 7 30 200 i v 0 7 T O AR ) AF 5 0 Ll A BF 9 3k B 26 BT ( Zizania caduciflora ) F =A%
( Sparganium:stoloniferum )2 FHIEAFHEAAY NI TEX R, T 2015 4F 4 J  FEGMATERH 70012 B0X 2 Rl
W) FAE )T B, B AR S AM R R AR Ry SE 3% 42, 4 0 5 e pe A PR ) v B SR AR (R 1) .
TERARR B AR AR SIRAE BN EAE N 35 em RN 40 em  PIBHBIEE U0 13 (30 em &) (9880 P kAT
e o MRS T RAR I SR 03 0 A TR SE BT, B R ) BRI ST BT IR 5 A, BRSO AU A B
It 15 5. AW EITCH K IR EE DL AR K ME PR B ME (20—30 em) o FIAERRAAR S, Ism xR 9 H
I, DO R AR AR R 0 B
1.3 OUEERRIR I E

35172015 4E 6 F .8 AR 10 H e FEmG BIAY KA, HISEE ™ Li- 6400XT #5206 G 45 FHINE A, I 5 A
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Fig.1 Open-top chambers (OTCs) in napahai wetland located at'the northwest of Yunnan plateau
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Fig.2 Mean daily and mean monthly air temperatures in different treatments from April to October, 2015

CK=H4EIE  EW-I=(2.0 £0.5) CI4IE , EW-11=(3.5+0.5) °C 3k

FICO,RMEE AL ( CEP) S8 12 50, SFRF S ST AR 2 1—2 bk, S5 ANR FE A F F i R R0 52 A 7 42
FAT 5K,
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Table 1 The plant heights and stem diameters of the two dominant lakeside plants under different air warming treatments
AbPE Treatments

YF Species F P
CK EW-I EW-II
7G> #kiS Height 32.33a 33.33a 34.00a 0.92 0.45
ZEH Stem 6.32a 6.53a 6.33a 1.40 0.32
SS k7S Height 36.67a 36.00a 37.16a 0.70 0.53
254 Stem 7.75a 8.11a 7.85a 0.36 0.71

Hrh ,ZC; 28 Zizania caduciflora; SS; = ,Sparganium stoloniferum Ferh 47 AR [F) 2B 28 78 A ) L A 4 ) 2% '}E‘rZ:E%(PBO.OS )

T EOE R (P,) DGR (LSP) OEHME £ (LCP) MM Jr ik R 2 ol IR O, 28 Ul
0.5 L/min, M HIRFE 25 °C , M P AIXT IR E 70%—75% , CO, ¥ & 400 wmol/mol , 5 T 658 24 4 2000 pmol
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m?s™ PRI 30 min, W B OGO H 5 B 55 4K U E O i 38 5% BE (PFD) 247 2200,2000, 1900, 1800,
170016001500 ,1400,1300,1200 1100 1000 ,900 ,800 ,700 600,500,400 300,200,100 .50 30,10 .0 pmol m™>
s7' o BRIGHGIT AN SE AT A R BE B L B Photosynthesis 045564 -6 7 2k, 3153 A 4 1 ek
HOLRHAR(P,,,, ) JCHEFLE(LSP) JEMES (LCP) |

TAAARBRIEURN 51 (CSP) S AME S (CCP ) B2 A7 40 1) Y6 M0 0 S0 25 1 9 18, P R il <, 25
T A 0.5 L/min, R EEE 25 C, R LI- 6400 WAk CO, MHREE BEA TR B CO, ¥, E CO, W BE 733l o
400,300,200 ,100 .50 ,400 ,600 800, 1000 ,1200 1500 , 1800 ,2000 ,2200 2400 ,.2600 wmmol/mol , 3%
A R E I 3 FX 0 Photosynthesis A CO, MRy f£8 , Ff315 H CO, #MZ A (CCP) [CO, M AT (CSP),,
1.4 it

K1 SPSS G it M K 4442 (SPSS 16.0, SPSS Inc., Chicago, IL, USA) , i i 5. 2 J5 2243 #7 (One-Way
ANOVA) Jf&k H] LSD ¥ #E47 22 80 FO B, % AN W] AT B8 A BN AR e ROl & 3R (P, ) G A
(LSP) JGAMES (LCP) | (LSP-LCP) fH . CO, M1 Fl 5 (CSP) . CO, #M22 85 ( CCP) | ( CSP=CCPYH kAT 22 SHPEAS:
5, et B EMIKT P<0.05 M 357KV P<0.01, AR AEAE Y A= 1< 3 18] 19 AR AR, 20 il 358t AR 1R
(Mean Year Temperature ) | fix (= {iit ( Max Temperature ) | fiz ff& ¥ ( Minimum Temperature ), H [8] FLi ( Diurnal
Cumulative Temperature ) F17Z [8] FLiE ( Nocturnal Cumulative Temperature ) 552 %0, 4 X 285 5 -5 48 ) e KA+
AR (P,,,.) (LSP-LCP) {H , (CSP-CCP ) {H#17IUA4 4371 (RDA) , B IEYDC S /E S G IRE L EZ
[

2 #R

2.1 Stmni S

HIXHF 5 BE (CK) |, 436 (EW-T EW-IT) BRI T 28 55 A9 A1 (TSP ) DEAME S (LCP) |, UL EOBRER] F i
(LSP-LCP) , £ 6 H ,H LSP LCP ., (LSP-LCP){f 53l &1 13.8% .28.9% ,4.5% .19.8%,13.9% .29.1% , A K
[ A H R 22 R 8 3 (P>0.05) ;£ 8 H, H.LSP .TLCP  (LSP-LCP) 1843 5l F&AIK 42.3% .58.4% ,3.6% .6.3%,
42.5% 58.8% ,3 ALFRE] A LSP | ( LSP-LCP ) 74 ik 3 2% 5% (P<0.05) ,{H EW-1 . EW-II [[] JC i & 2% 5 (P>
0.05) ;7£ 10 J ,H LSP \LCP . ( LSP<LCP)) {43 BIF#AK 41.2% .68.5% ,16.7% 45.5% ,41.8% .69.1% ,3 /> 4b FH []
) LSP \LCP . ( LSP-LCP ) {4 477E i 5 225 (P<0.05) ,{H EW-1 EW-II [[] 25 %A 5.3 (P>0.05) (8 3) . A4k,
ZEHLP) LSP \LCP Al ( LSP-LCP) A AR AE K R MW AEE 2 5 (81 4) . CK.EW-1 Fl EW-II b3 T 28 /7E 10
H ) LSP FI(LSP-IICP) ¥ i Zm T 6 A M8 A (P<0.05) {HTE 6 A8 A AT L E 25 (P>0.05) , 1l
HLCP 3 MERBMHA AR EER (K1),

MIXET CK, SRR 7 2R =He 9 LSP M (LSP-LCP) , (HF#MK T LCP (&1 3) . 7E 6 A, LSP (LSP-LCP)
Sy RIEINT 140%.,185% ,149.8% .235% , 315 | i E /K- (P<0.05) ,{H EW-1 EW-11 &b H R AN {776 B 3 25 57
(P>0.05) ;768 A, H LSP (LSP-LCP) /53 T 10.3% .21.3%,10.6% ,22.3% ,CK 5 EW-II &b ¥ [i] 24 57 .
F (P<0.05), 0l EW-1 . EW-II [H] 22 53 A .3 (P>0.05) ; 7€ 10 A, F LSP, (LSP-LCP) 43 HI3 i T 18.9%
32:1% ,20.9% 1 34.8% , 3153 . E /K (P<0.05) ,{H EW-1 EW-IT Zb 37 22 3 A B (P>0.05) , f£6 A, H
LCP 3 RIREA T 11% F1 36.8% , 76 8 H , L LCP 43 HIFEAK T 4.9% Fil 42.3% ,3 A~ 4b B0 ) £7 7F i 3 25 5 (P<
0.05) ,{H CK F1 EW-I [AIANFA7E B3 25 5% (P>0.05) , 7£ 10 A, H LCP 2 5IFEAK T 36% Fl 40.5% , I35 3 i 2%
25K (P<0.05) ,fH EW-1 EW-II ZLBR[A] 22 53 A8 B35 (P>0.05) o [AlFE PR =k i LSP LCP #1( LSP-LCP) 7
AR ZE A E 2 5 L ISP I (1SP-LCP) {EAE 8 H i, 78 6 H A 10 A Axt ik, H LCP {54 8 A #x
I, M7E 6 JIF1 10 AAHX A, fE CK AR, J 6 Y LSP {A (% TF 8 A1 10 A MXFRAE , HifE EW-1,
EW-II 40 B R, H: LSP LCP 1 ( LSP-LCP ) {HAEE K &[0 22 3 AR .3 (P>0.05) (K 4)
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Fig.3 Differences in light response parameters of Zizania caduciflora and Sparganium stoloniferum among three temperatural treatments in
different growing stages
Pl B AW RS R AR DG 2 B b 1 AN A1 R AR 3R 22 53 1 3 (P<0.05) , ARIF] F REARFR 26 AN 36 (P>0.05) 5 G0 B S AU 18 G R i
(light saturation point, LSP) YB#M22 5 (light compensation point, LCP) JEAEF IR ( LSP-LCP)

2.2 CO,MN 2%k

FHXTF GKGEW-LEW-IT BEAX T 22 5[ CO, M A1 (CSP) . CO, A IR (CSP-CCP) ,{H$2 5 T CO, #ME 5
(CCP)(5)., 726 H ,H CSP (CSP-CCP){H/HIFEIK 1.3% 13.5%,1.3% 5% ,3 ASAb B 22 5% .3 {H CK
5 BW-1 A % 22 5% 76 8 1, H CSP | (CSP-CCP) {43 B KA 7.6% .8.9%,7.9% \9.1% ,3 >Rk B[] 22
SFREALEW-I 5 EW-1I [ 23 A 8% ;7 10 A, H CSP ., (CSP-CCP) {7 7 &A% 1.6% F1 5.4% ,1.7% Fl
5.9%,3 M AbFEN 22 5 0 2 (B CK 5 EW-1 RIANAfER E 25, 766 AR 10 H 3 M afEfE ¥ 2= 57 1
CK 1 EW-1 [ AfATE #2257 . 76 8 1,3 M AER E XS (H EW-1 EW-II M AfFfEREER ., 756
J,H CCP 43338 T 4.3% (18.6% ;7E 8 J1 . CCP 433N T 11.3% 12.2% ;7€ 10 H L CCP 43534 hn T
7.6% 45.9% ,Hr 78 6 A1 10 A 3 PR AAAE % 22 5, {3 CK F1 EW-I 8] 22 548 2 76 8 H R[]y
TRALEET H CCP AR 22 5 B EW-1 . EW-II [AlAFAAE % 25 5% . 28 %AE 6 H Y CSP Hl(CSP-CCP) A i
FARTHAE 8 H A 10 A BXFREAE 1M 3 N SEMEAE 3 MERKFERIIAfFEREZT (K 6),

AT CK,EW-I1 . EW-IT #4175 =459 CSP F1( CSP-CCP) {H, AR H: ccP, 78 6 A, H CSP . (CSP-
CCP) {HAM N T 2.5% 2.6% ,2.9% 3% £ 8 A /3334 i1 T 1.4% .5.3%,1.5%,5.6% , 7 10 A , 43513 fin
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Fig.4 Differences in light response parameters of Zizania caduciflora and Sparganium stoloniferum among three growing stages in different

temperatural treatments
P v AN oo 7 0 DI 102 B0k B P R TR B R 22 57 3 (P<0.05) , M R R 22 AR 3 (P>0.05) 5 6 i S EUEFH G AN S
(light saturation point, LSP) Mz 5 (Tight compensation point, LCP) J¢AEF] I ( LSP-LCP)

T 0.6%.6.9%,0.7% 7.1%, (HAS[R AL B A 0 ik B B 22 5 £ 6 J1,H CCP 5 FI%E T 20.9% .22.3%,3
A b3 E) 22 S {H BW-1 EW-IT [i1] 25 58 53, 75 8 H JHceP I FIE T 7.5% 17.7% ;45 10 A, H CCP
3R 70.9% 9.7% 3 MAEBRAAATE R % 25 5% . =iy CSP  CCP Lk f (CSP-CCP) 7EA [A] Ak K 2= ]
TE—E 25, b 6 A CSP.CCP . (CSP- CCP)$EXT$Xm 16 8 H BB AR, I AR B R B E K (K 6) .
23 BRI

HEXT T CK,EW-1 EW-IT AbFRFEAR T 28 5 e Rt G iR (P, ). 7E6 A, H P Wil FHET 6.5%H
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