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Effects of water depth on the growth of Vallisneria natans and photosynthetic system II pho-
tochemical characteristics of the leaves. YANG Xin, ZHANG Qi-chao, SUN Shu-yun, CHEN
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Abstract; The effects of water depth on the growth of Vallisneria natans and photosynthetic system
Il photochemical characteristics of the leaves were investigated at three depths of 0.6, 1.3 and
2.0 m. The rapid fluorescence induction kinetics curves (OJIP) of the leaves were measured with
Plant Efficiency Analyzer and analyzed with JIP-test. The results indicated that the light intensities
at water depths of 0.6, 1.3 and 2.0 m were obviously different and the growth of V. natans was re-
stricted under water depth of 2. 0 m. Biomass, number of ramets, number of leaves, total root
length, root surface area and other morphological indices decreased significantly with the increasing
water depth, and the maximum leaf length, average leaf length, maximum leaf width changed insig-
nificantly with the water depth. With the increasing water depth, absorption flux per reaction center
(ABS/RC) , trapped energy flux per RC (TR,/RC) , electron transport flux per RC (ET,/RC) ,
reduction of end acceptors at photosynthetic system I (PS 1) electron acceptor side per RC ( RE,/
RC) decreased significantly. The dissipated energy flux per RC (DI,/RC) also decreased signifi-
cantly, which led to no obvious difference in quantum yield for the reduction of end acceptors of PS
I per photon absorbed (¢y,) and the efficiency for the trapped exciton to move an electron into the
electron transport chain from (), to the PS I end electron acceptors (8;,). Because the amount of
active PSII RCs per CS increased significantly, photosynthesis per area of V. natans grown at 2.0
m was significantly greater than that of V. natans grown at 0. 6 m. The performance index PI
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creased, suggesting that light stress may promote a more efficient conversion of light energy to active

chemical energy. V. natans leaves accommodate the low light intensity environment through activa-

ting inactive reaction centers but not through improving light utilization efficiency per reaction cen-

ter, and the water depth of 1.3 m may be more suitable for the growth of V. natans.
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JIP-test.
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Table 1 Parameters in the analysis of chlorophyll a fluorescence (OJIP) transient

% j\lﬁ%?}%& FIH()I'(')SCCHCE parameter

ik Description

TSR Fo5 F,
Extracted
parameter

F(; Fso,h; F]OOHS; F300us; FJ(Fzmb); FI(F3Oms)

Lpm

Area

V/:(Fz ms
(F,~Fy)
My=(dv/dt) o =4(Fs HS—FO)/(Fm—FU)

=Fy)/(F,=Fy);V,=(Fy .~Fo)/

Wt:<F«_F0)/(FJ_FO)
S, =Area/ (F,-Fy)

N=S§, xMyx(1/V})

RS @ =TRy/ABS=1-F,/F, =F /F,; ¢py=1-¢p=
Yield or Fy/F,,
flux ratio

¢g =ET,/ABS=(F /F ) (1-Vy)

Wy =ETo /TRy =1-V

8ro=RE,/ETy=(1-Vy) (1= V)

®ro =RE)/ABS = @p Wiy O

Pro =RE/ TRy =W0p,
PR T AR BE ABS/CSy=F,; ET,/CSy=(ABS/CSy) @3 TRy/CS, =
MBS ' (ABS/CS,) @po 3 DI,/ CSy=ABS/CSy— TRy/CS,; REy/
Phenomenological - ¢g '~ (BT, /€S, ) 8495 RC/CSy = @p (ABS/CSy) (V,/
fluxes per cross M)

0

section (CS)

A IR HUO Y ABS/RC = My/V;/@py; TRy/RC = My/Vy; ETy/RC =
e Z 4 (My/V,) Wyy; DI,/RC=ABS/RC—~TR,y/RC;REy/RC =
Spemflf: fluxes (ETy/RC)8y,

per RC

TERES B Pl =(RC/ABS) [ @p/ (1=@py) 1 [ Wyo/ (1-¥y) 15
Performance Pl =(RC/CSy) [op/ (1=ppg) I [ Wo/ (1-¥yo) ] 5
index (PI)

WEO)][ERO/(I_BRO)]

Pl o= (RC/ABS) [ @/ (1 = @py ) ] [ Wy/ (1 =

H/NJ¢ 6 Minimum fluorescence, when all PS II reaction center
(RC) was open, #t K75 Maximum fluorescence, when all PS Il
RC was closed

t, 50 ps, 100 ps, 300 ps, 2 ms, 30 ms, BEAT % Y6 {E Fluores-
cence intensities at ¢, 50,100 , 300 ws, 2 ms, 30 ms, respectively
B E K EIEIAFE] Time (in ms) to reach F,,

DL S F, T T X Total complementary area between fluo-
rescence induction curve and F' =F

T L AHAHXS AT AR 5% Relative variable fluorescence at the J-step (2
ms) and I-step (30 ms)

FHXTDENCIWI R L Approximated initial slope (in ms™ ) of the
fluorescence transient V = f (t)

AR 5 Fy-Fy JRIGHY L ] Ratio of variable fluorescence to
the amplitude F;-F,

FRUEAL S /Y J-P AHAN B 4% F = F,, Z [ #4918 X Normalized total
complementary area above the OJIP transient

O E £, BF R Q o 8 AR SR B YR EX Number of (4 reduction
events between time 0 to g,

T R ZEHCR Maximum quantum yield of primary photochemis-
try at t=0; FITFHERUAYE T 781 Quantum yield at 1=0 for energy
dissipation

W A BB B T L T3 A9 5T 745 Quantum yield for electron
transport at =0

FARAOERE T QT e L ¥ %38 A &t ¥ 7 %l Probability that
a trapped exciton moves an electron into the trapped electron trans-
port chain beyond Q,~

HiL - £ 326 114 BE ik BB A% 325 2] 1B, 8 AR 3 19 B 5 77 2 Efficiency
with which an electron can move from the reduced intersystem elec-
tron acceptors to the PS I end electron acceptors

WAL ) e St e A2 338 39 HEL i 2K 3 9 1 7™ % Quantum yield for
the reduction of end acceptors of PS T per photon absorbed
THARAYRE & BE 15 2 B B T8 R o 19 B T 75 R Efficiency with
which a trapped exciton can move an electron into the electron
transport chain from Q,~ to the PS I end electron acceptors

PR TR IR RE # Absorption flux per CS, HRAV T A HL T4 38
AYHE I Electron transport flux per CS, BV T A4l 3K B9 BE &
Trapped energy flux per CS , 5.0V [ FLFEH Y AE It Dissipated ener-
gy flux per CS, B0 T BA% 32 3 FL -4 K 0 A9 BE 4 Reduction of
end acceptors at PS I electron acceptor side per CS , B T A 1
P B S HUG B Amount of active PSTT RC per CS
BN HRO RIS BE R Absorption flux per RC, B0 W HRl
KA RE S Trapped energy flux per RC, BN 2R H O HL 71558
IfER Electron transport flux per RC, ¥4 KW H O FEHUIY RE =
Dissipated energy flux per RC , BV vy FRCME 156 2 B 55 AR i Y

g L

HE1L Reduction of end acceptors at PSI electron acceptor side per RC
DA MG RE R Al i M BE S 5L PI on absorption basis , L BV T
FRRIERE B PEBEZ %L PI on CS basis, Z5 A PERE S EL Total PI,

measuring the performance up to the PS I end electron acceptors
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Table 2 Morphological characteristics of Vallisneria natans under different water depths

WH 7K T Water depth (m)

ltem 1.3 2.0

I %% Number of leaves 22.67+4.73a 17.00+1.00a 10.67+3.05b
e KM Maximum leaf length (cm) 62.13+14.58a 68.97+11.99a 54.90+7.29a
f¢ KM% Maximum leaf width (em) 0.57+0.06a 0.40+0. 10a 0.48+0. 10a
S HRE Number of ramets 5.00+1.00a 3.67+0.58a 2.33+0.58b
S Average leaf length (em) 24.69+3.62a 19.62+3.67a 28.64x4.45a

S F T AR Total leaf area (cm?)
BMZEKE Total root length (cm)

571.80+91.84a
524.40+104. 16a

298.18+79.69b
349.94+59.57a

263.33+21.50b
195.78+55.45b

SRR Total surface area of roots (em?) 64.94+12.38a 44.67+13.05a 24.21%9.35b
SEIIHR A EHAE Average root diameter (cm) 0.40+0.01a 0.37+0.00a 0.36+0.01b
A Total root volume (em®) 0.64+0.12a 0.42+0.13a 0.22+0.09b
HRZHK Total root tips 418.00+9.17a 356.00243.49a 273.33+49.24b
MR B Total project area of roots (cm?) 20.67+3.94a 14.22+4.15a 9.04+1.59b

A FREFE R Ab Bl A] 22 53 5.3 ( P<0. 05) Different letters indicated significant difference among treatments at 0. 05 level. KA The same below.
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Fig.2 Percentage of root length, surface area, and volume per diameter class of Vallisneria natans under different water depths.
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Fig.4 Effects of water depth treatments on the high irradiance actinic-light-induced chlorophyll a fluorescence ( OJIP) transient of

dark-adapted Vallisneria natans leaves and the ratio of variable fluorescence F to the amplitude (Fy—F,) plotted on a logarithmic time

scale (0.01 msto2 s).
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Table 3 Parameters extracted and selected from recorded
chlorophyll a fluorescence transient of Vallisneria natans un-
der different water depths

ZH JKIE Water depth (m)
Parameter 0.6 1.3 2.0

Fo(ABS/CSy)

178.18+61. 19a
056.91+149. 82b

214.89£62. 65a
1012.47+197.24a

192.60+27.17a
1170.00+161. 34a

F, 477.73+116. 19¢ 798.58+146.05b  977.40+136.69a
F/F, 2.92+1.03¢ 3.89+0.72b 5.08+0.28a
Fso s 238.45+66. 00a 283.37+76.04a 260.20+29.22a
Fioo s 306.36+75.09a 353.11+94.76a 320.70+30. 04a
Fa00 s 448.27+92.06b 548.42+125.16a  546.50+52. 66a
Fy 536.91£117.36b  712.36+145.72a  792.30+98.07a
Fy 617.45+147.54b  941.84+186.40a  1098.00+158. 32a
Wy 0.76+0.05a 0.67+0.05b 0.59+0.05¢
V; 0.76+0. 04a 0.62+0.02b 0.62+0.02b
Vi 0.92+0.02a 0.91+0.01a 0.93+0.01a
[ 302.73+50.42a 313.16£72.04a 318.00+58. 89a
M, 1.92+0. 18a 1.40=0. 13b 1.22+0. 13¢
Area 5527.64+1222.41b  9349.37+2153.32a 10167.60+1405.77a
S 11.80+2. 16a 11.70+1. 68a 10.50+1. 56a
N 30.00+6. 36a 26.07+3.93a 20.82+4.32h
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Table 4 Specific energy fluxes per reaction center (RC)
and flux ratio parameters under different water depths

JKIR Water depth (m)

Parameter 0.6 1.3 2.0

ABS/RC 3.50£0.42a  2.83:0.26h  2.36%0.19¢
DIy/RC 0.9720.36a  0.60£0.13h  0.39:0.04c
TRy/RC 2.530.15a  2.23x0.18b  1.97%0. 16¢
ET,/RC 0.6120.10c  0.84£0.08a  0.76x0.05h
RE,/RC 0.2120.05a  0.20:0.04a  0.15x0.04b
o (F/F,) 0.73£0.07c  0.79%0.03b  0.84%0.01a
Wy 0.24%0.04b  0.38£0.02a  0.3820.02a
@r 0.1820.04b  0.30£0.03a  0.32%0.02a
8ro 0.3520.09a  0.24x0.04h  0.19x0.04b
Pro 0.06x0.02a  0.07£0.0la  0.06x0.0la
P10 0.27¢0.07a  0.2120.03b  0.1620.01c
Pro 0.08%0.02a  0.09£0.0la  0.07%0.0la




6 4] W &5 KT RAE R R 1 PS IR “2 Rk R R 1629

x5 ARKRTREMEREERSHY

Table 5 Phenomenological flux parameters per cross section (CS) under different water depths

KB DI,/CS, TR,/CS, ET,/CS, RE,/CS, RC/CS,
Water depth (m)

0.6 51.12+27.65a 127.06+36. 19b 30.83+10.37b 10.10+2. 66b 50.77+16.16b
1.3 46.19+19.81a 167.71+43.66a 62.76+15.81a 14.96+4.68a 75.31+18.92a
2.0 31.76+4.93a 160. 84 +£22. 46ab 62.10+10.96a 11.84+1.63ab 82.57+16.38a
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Fig.5  Performance index PI., PI, , PI, . under differ-

ence water depths.
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Fig. 6 Effects of water depths on specific energy fluxes per RC,

phenomenological fluxes per CS flux ratio and parameters.

JITA EE 2R B R AL AR B ALL the values expressed were processed by
extreme method. * P<0.05; * * P<0.01.
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