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Effects of different water environments in Dianchi Lake on the Kinetic Parameters

of Chlorophyll Fluorescence induction of Potamogeton wrightii Morong
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1 Institute of Dianchi & Plateau lakes, Kunming 650228, China

2 Dianchi Lake Ecosystem Observation and Research Station of Yunnan Province, Kunming 650228, China

Abstract: The water environment under different nutritional conditions has different effects on the growth of submerged
plants, which can be manifested in various aspects such as plant growth, physiological status, and photosynthesis.
Potamogeton wrightii Morong, one of the dominant species of submerged plants in Dianchi Lake, was selected as the
research object. The physiological characteristics and their correlation with chlorophyll fluorescence induction kinetic
parameters of complete plant grown under 5 different nutritional and water quality conditions were analyzed.The analysis
found that although the nutrient status grading of water quality at the five sampling points was different, the exponential
fitting coefficient between the average value of underwater light intensity and water depth was above 0.9. From the
perspective of growth characterization, there was significant difference in leaf length among sampling points (P<0.05),

while there was no significant difference in leaf width among sampling points ( P>0.05).Physiological data shows that

B2 . =4 RHUT R AMBLE VLI FE #2154 10 (202305AM340008 ) 5 7 B4 BHET 2022 454 — K463 H (202202AH210006) ; =/
(D) XK B+ TAERS (YSZIGZZ-2020018)

Y75 B #B:2022-11-03; P £& Hi AR B #A :2024-07-19

# W IHAE#H Corresponding author. E-mail ; panmin333@ foxmail.com

http ://www.ecologica.cn



19 4] HOLFHE A B A RDR IS R R TR M S R IO S8 1A SR 8521

Malayan cabbage, which is in a medium nutrient state, has the highest levels of catalase, soluble sugars, and chlorophyll in
its body, while lower levels of malondialdehyde, amino acids, and hydrogen peroxide. Its growth status is better than that of
plants in other eutrophic water environments. The variation of chlorophyll fluorescence parameters and performance index in
the leaves of plant grown under different nutritional conditions was not significant ( P<0.05). Through Mantel test, the
correlation between chemical oxygen demand, total nitrogen, chlorophyll a and photosynthetic parameters in different water
bodies was significant ( P <0.05), while the correlation between catalase, carotenoids, total nitrogen, amino acids,
chlorophyll a and photosynthetic parameters in plant leaves was significant ( P<0.05). Although the growth of Potamogeton
wrightit Morong in the study area is affected to some extent, overall, its growth status is relatively good under the existing
water quality conditions in the survey area, and it is suitable for being a pioneer species for the restoration of submerged

plants in the Dianchi Lake.

Key Words: Potamogeton wrightii Morong; submerged plants; Photosynthetic fluorescence parameters; plant enzyme

activity ; water quality; Dianchi Lake
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Fig.1 Distribution of sampling points of Potamogeton wrightii Morong
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Table 1 Differences of water environment indexes at different sampling points

INGE L 1# 24 34 4# 54 I A2
Water quality index No. 1 No. 2 No. 3 No. 4 No. 5 Mean+SD
fb2475 % i Chemical oxygen demand 26 54 51 42 47 44.00+11.02a
S Total phosphorus 0.05 0.33 0.3 0.25 0.08 0.20+0.13a
VA Total nitrogen 0.72 2.66 2.21 2.53 1.25 1.87+0.85a
Z % Ammonia nitrogen 0.09 0.19 0.18 0.40 0.13 0.20+0.12a
HZS 4 Nitrate nitrogen 0.13 0.45 0.33 0.44 0.13 0.30+0.16a
A% SR Dissolved total nitrogen 0.03 1.57 1.48 1.69 0.03 0.96+0.85ab
W g Pk B Dissolved total phosphorus 0.50 0.03 0.03 0.04 0.87 0.29+0.38b
BIFYBRL Suspended particles 4 78 76 38 9 41.00+35.34ab
4§ 2 a Chlorophyll a 4 81 73 52 25 47.00+32.37a
4R Dissolved oxygen 9.44 7.6 6.86 9.54 10.52 8.79+1.51a
B RPERA Total dissolved solids 377 266.9 348.4 322.4 341.9 331.32+40.99a
TRTHE pH 9.13 9.71 7.49 7.72 7.66 8.34+1.0l1a
BB Transparency 72 100 28 35 61 59.20+29.12a
JKIE Water depth 130 120 50 80 100 96.00+32.09a
HFRIRE S 9 Nutitional status grading i FEEER CPERER PEEER CPERER RERER
YRR ALK o, SACRCRT R e/ Ly A bR N 7 BRI e R L2 W 2257 i (P> 0.0)
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Table 2 Fitting formula of PAR intensity with water depth at each sampling point

RAE RS 1# 24 34 44 54
sampling point No.1 No.2 No.3 No.4 No.5

=1 VAT

LD " - ft y=1381.9¢7114x y=939.04¢ 7348+ y=1345.3¢™+701% y=1580.6¢~" 78+ y=1410.6¢" %%~
Exponential fitting formula

LA R2

WA R 0.926 0.938 0.969 0.970 0.907
R-squared

PAR: Y& HRARES Photosynthetically radiation
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Fig.5 Chlorophyll fluorescence parameters and performance index of leaves of Pofamogeton wrightii Morong under different water
quality conditions
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Fig.8 Mantel test of photosynthetic parameters to plant physiological indicators and enzyme activities

3 Wg

MAEYI B & PSS HOR R F,/F, 3R PS RSO i 777 5 BRSPS IT YN BOLRE R 4558
RO WITCRMF/F AZYR 0, AR ST T S BN, 2R S F/F, 2
0.83; S Z BIMGANT, F /F, 22 BEREAR R M RIOL S A 18 b 4% SO i B2 DIAR OG , AT A] B
BER X6 AV T S AT S i i S 3R OB E Ty 2 R SR 2 AR SR S5 SR AT LA 5 FTIK

http ; //www.ecologica.cn



8530 xR 44 %

YR PSS F /F e koh 0.826 0% /NT0.83, & B IR A 19 5 AN S AL DTAKAE Y PS 1T s bz Hr o0y
REFEAR R DA KT Z 5 W8 R AN B 8, 4307 Sk BR 22 ik e PS TT s 1o H o0 R 22 3 2 HL T
PESHL, BEMSER (14 S et B e A2 B X BE AW 5 A RIFE R SRR > . AT 45 S 7 L B 45010
6 MEIRIE R VR S A7 P2 TR B0 25 SR 538 (P<0.01) , HL 1#5 0BT 4 N 8F 09 BE 1 8 T H A A
B, TRES TSR IR B A O S AR B VE I B BRI AR SR IR R B B R RS, 5T
Sl AR AT A N A 5 | R T B0 AR R M, DL Erikson' ) SRR ST & BRI A DK I A=
K2 K T ICRRIREE R, FBOE P v R S 1 AR 36 O O I B0 A G, DR AR AR 00 1%
M RE AR, KB Al AR ROR T 2 A BE B AR LR PO AL

MIAKNEAIG KT FE FARSAE T KRR I 2 A BBt 4, AR — D2 A& R K ENWER, IF
HARAEA R A 52 (0 HE 4 23 SR BORH R 4938 187 AL, AT A UE O AV AR 8477, AR S0l a3 Mantel
KL LR A M T 7KAR IR th &K BT B 3R 5 H ok IR 206 B/ I ZO S 80M A6 R =2 i) AH e 15t K 4 rh
b e A AR a T EDEA S K, 5 Erikson' ™ Z0F 57 & MU AR DK A 4 K Z KT
JEHRURE R0, Wi7K LI 3252 Chl o MBI L5 AAT . JF HA5 A4 RAE KRS FRIBIR LSS &, 1
#SOL Y B TR AR ISR T 1 E o IR 30 5 52 B 5 B R KR R I AR ROARAS (MK 58 K RS
B0 847, BB R K AR B B SRS — A2 Re ) AR B FRRE T (2#) A R A ER R
GeaZ A0, X A R T s i 32 B v e RO RE B AR I 8 RN R AL Y BE B e TR SRR
B TR L 3 4 O G s (L 6)

MAE YA B R, AR A A A2 W B s HAT 58 38 B R 15 RGER WX R 52 ), DLOREEIR Y
PRI 0T 04 B 25 A , A N 1 o S Ak U LA T B F R R BE T . AR R T OB EES LX) CAT Y
BB TRIER T AR 1SR FOR A B, MR TS BRI A E B LAY CAT
SRR RN Y S W AR 19 MDA AA SR H,0, & BRI S RS, e
MDA J2 40 i 5 Ji 3ot Ak R B 27 A O RIS ) MDA & b, 2600 HL, 0, 2 B St 0 200 e i e 1y 40 2
P R R 1 T S R R, e v A ) A7 B 405 ™ R 2 B AR AR R Y XS
SHIAE AR RN S B fe N R BUAH G, JF HLH 14U (1) MDA 1 R i f i, 5 HA K K A Be i
ARSI A A . H,0, .CAT MDA 7€ 55 35 R -S4 P i AH B AT LA IR R« Y 7K AR BB X AR PR AR
Kepe Az i, S AR P P A B AR BB T (05) 3k [ R 345 768 S 5 fL i (SOD) RIVEFH T, S 4k
i H,0, M1 0,1 CAT nl¥; H,0, 43 A K R4S, MR 40 i 6 2 4533, ml AL d# A0 AR I A 4 41
AR BAR L RD SOD Fl H,0, & 8 s AT & X — Rk, Bl 9058 B30 (A as , H,0, R R AWK, &
T CAT B 4rfffe 71, H,0, TEAEP RN AR oAl | 2 5t 1) H,0, B LA T AR, 7 25 MDA | A 47 248 i 2y
Rz, A R AR sz 2B, R 34 A s S T A ) AR KOS IR e 25 . BRI N
FEFRW TR R A2 H,0, & MDA XFEREE 6 (M 0 21 CAT B A, S5 A8 SCRO BT 0 2 ok IR 1
KW ARG RIA -, I H5AIGE T H Mantel #5508 445 BLEUE 5 6 G 906 S 800 I 22 (R AH DA 1 1
CAT F% 5 HAB R X AE P 7 3G S E50M Sk e 7 i R B e i 4598 A0 — 35, PRI, 78 S BR 9 R IR S B
TEVRE L RE R ARSI CAT TS T fe S AT ) ) AR IR B, RS H,0, B2 MDA #1925 s EL AT 5 40 118) 4 i iy
B

4 Zit

ABFFEE L RAE 5 DA EVE FRRBOK TR T AR SRR 735, 20 He AR BRARRAE S HOK BOIRBE, 3L 5
ANSRAE LK T I 58 FE P S K TR Bt 5 R B (R®) #RTE 0.9 LLE; 2 RAE SRR I J1 K B 22 Sk I
& LS SR 3 AR P A A A A U IR R T I R A S S R A RO R Y A B
PELRa W A E IR T 1 SRR TSR AE R B LA &5 TR AL Y B4 18 3 Mantel 4546 5

http ; //www.ecologica.cn



19 4] HOLFHE A B A RDR IS R R TR M S R IO S8 1A SR 8531

—ARHEK B P AT A B TR a 2 EESE YDA SRR BN T AP Rl A
S R AR a RIE PR AR EEERAEYDES S EERMY AN T, HECRER S A
DA AR A K R — R ST, (R TE (e 2 DB R T A T A AR B, m] W 45 Hh B ok R 73
AN DU IR E RSB M . A Jn e s S IR KA Bt DU R v 0 A S (i R, Rl e
I SRARAE MU AE Al AS DI AR ) 2 B AR AR AL S i 2R RO B ARG DL , S ARAR M L ORI B XK AR ERSE 1Y
T A2 0, S IIVR 275 B e R UK AL AR v 0K 2 1) S e

2 % 3Lk ( References) :

[ 1] XUERE. SgkEAYS. duat. Bl2am s, 1999, 233-236.

[2] SREE BN PETSIPE X TUK RIS S AL [ D], BRI, BRFE TR, 2012.

[3] 1R BEMEEARIMATUKAE B E I SR D). dus . PEBERERE:, 2013.

[ 4] BRCH:, Fo4, 2000E, FNI, BI5L0, R4, mPiKAt K 2 isRss sEH Tt e, 28R, 2020, 39(5) ;: 240-247.

[ 5] 4&Hul, 3T, YFRKEE, JE2A0C, TRERIA. AN B U BE S /40 - SR s AR AE ITUR B S AL B R SRR ). 21 A5 3R, 2008, 17(1) .

1-5.

[ 6] Wb, MO, Dk, BRY, BRIG. LROKAERYN AT 15K 00 A R, #dfal B4, 2013, 52(17) ; 4058-4062.

[ 7] Zhang], Fengler K A, Van Hemert J L., Gupta R, Mongar N, Sun J D, Allen W B, Wang Y, Weers B, Mo H, Lafitte R, Hou Z L, Bryant A,
Ibraheem F, Arp J, Swaminathan K, Moose S P, Li B L., Shen B. Identification and characterization of a novel stay-green QTL that increases yield
in maize. Plant Biotechnology Journal, 2019, 17(12) . 2272-2285.

[ 8] ZEMBR, WWEIE, Reto J.Strasser. P M- LR RIOLIFH 33N J1 WAL & ME BT AR, R A 30 5 43 F R W24, 2005, 31(6) :
559-566.

[ 9] Lazar D. Modelling of light-induced chlorophyll a fluorescence rise ( O-J-I-P transient) and changes in 820 nm-transmittance signal of
photosynthesis. Photosynthetica, 2009, 47(4) . 483-498.

[10] Liebsch D, Keech O. Dark-induced leaf senescence; new insights into a complex light-dependent regulatory pathway. The New Phytologist, 2016,
212(3) : 563-570.

[11] Wada S, Ishida H, Izumi M, Yoshimoto K, Ohsumi Y, Mae T, Makino A. Autophagy plays a role in chloroplast degradation during senescence in
individually darkened leaves. Plant Physiology, 2009, 149(2) . 885-893.

[12] F63E, NS, Mantel JrikrEA AN . A= 8kr2%3ik, 2014, 29(3) . 507-512.

[13] Mantel N. The detection of disease clustering and a generalized regression approach. Cancer Research, 1967, 27(2) : 209-220.

[14]  XRIE. bW ARSI R h B A A R R A ML DR (D). B =R, 2021,

(151  wofir, x0gE, W@, skiftify, SIFE. NIRRT IUK ALY 5ok I 3¢ R 2 A4 B AR 52 5T, AR S IRBE 23R, 2015, 24(11):
1886-1892.

[16] EF, mbedr, HRESC, XImE, BRUE, Hie, e, 405 7% EviAAE Y i 70 A0 i s KOHR BREE 2 ma A 73000 1AEk, 2018,
30(1): 157-170.

[17] 3K, 246 AR NP BT AT RT3 A IR A= 2524 4, 2002, 22(10) : 1616-1621.

(18] EHAZR, XIFHT, sKREE. WA E & IR 7k R b, i EPREE M, 2002, 18(5) : 47-49.

[19]  FB#:, B BEWAR, RS, TOL K AHBR R AU i E A 3 A% AL s h Ol T Ak, 2419-2013.

(20] #ft-H. fefefbsrr. 3 i dbat. PR TR, 2000 268-270.

[21] A AR SERITE A F. L3I (55 6 F5 : RIEADBAIIE ) . bt POl th ik, 2006.

[22] Papageorgiou G C, Govindjee. [ Advances in Photosynthesis and Respiration] Chlorophyll a Fluorescence Volume 19 || Analysis of the Chlorophyll
a Fluorescence Transient. 2004, 10.1007/978-1-4020-3218-9( Chapter 12) :321-362.

(23] 3KSFA. MHERIOEEN I ¥ B HNE L e, YR, 1999, 34(4) : 444-448.

[24] mUmIZE, &F532, XM, E, BIARZE. REDEFFEXTET REMATY =-LAER KA TOLRERZ W, WAL Y %M, 2014, 34(7)
1426-1431.

[25] HE4rid, W%, 2. RO AL & R AT RENLEL. AE35222%0, 2004, 23(1) ; 5-9.

[26] CaoT, Xie P, Ni LY, Wu A P, Zhang M, Wu S K, Smolders A J P. The role of NH} toxicity in the decline of the submersed macrophyte
Vallisneria natans in lakes of the Yangtze River Basin, China. Marine and Freshwater Research, 2007, 58(6) ; 581.

[27] s, AHYDCE ZEE SR A B A A et BEE R, 2010: 150-181.

[28] Erikson R, Hooker E, Mejia M, Zelaya A, Vammen K. Optimal conditions for primary production in a polymictic tropical lake ( Lake Xolotlan,
Nicaragua ) . Hydrobiologia, 1998, 382(1) . 1-16.

[29] Zt7, WRHR, fUEE, SRATH, ALEDRA. IR BURHESRAE M S R PO T 3 12 S HUAO0 & BRI, 5%, 2017, 37(8):
2809-2817.

[30] 43¢, B, Paul K.Chien. /KAMY IS HUBE DTS, 25225, 2001, 20(2) : 20-22, 26.

[31] Pérez-Harguindeguy N, Diaz S, Garnier E, Lavorel S, Poorter H, Jaureguiberry P, Bret-Harte M S, Cornwell W K, Craine ] M, Gurvich D E,
Urcelay C, Veneklaas E J, Reich P B, Poorter L, Wright I J, Ray P, Enrico L, Pausas J] G, de Vos A C, Buchmann N, Funes G, Quétier F,
Hodgson J G, Thompson K, Morgan H D, ter Steege H, Sack L, Blonder B, Poschlod P, Vaieretti M V, Conti G, Staver A C, Aquino S,

Cornelissen ] H C. New handbook for standardised measurement of plant functional traits worldwide. Australian Journal of Botany, 2013, 61

(3): 167.
[32] S, BEFT, ERUL. BEADEALEEDIE R, BMS525, 2006, 8(2): 5-8.
[33]  BRMEME, RO, T, Zmmde. MR Wi s 5 A KR KA B AR i . AR S SR R 254, 2013, 29(2) « 230-233.

http ; //www.ecologica.cn



