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Effects of nitrogen regulation on photosystem Il chlorophyll fluorescence characteristics of
functional leaves in sugar beet (Beta vulgaris) under salt environment
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Abstract

Aims Our objective was to determine the effects of nitrogen regulation on photosystem Il (PSII) chlorophyll
fluorescence of functional leaves in sugar beet (Beta vulgaris) under salt environment.

Methods Using potted sugar beet plants, different salt environments were produced with NaCl; nitrogen was
produced with NH4NO:s.

Important findings Maximal PSII quantum yield (F./Fy,), and latent PSII quantum yield (F./F,), effective PSII
quantum vyield (Y(I1)), quantum yield of non-regulated energy dissipation (Y(NO)), electron transport rate (ETR)
and coefficient of photochemical quenching (qp) were increased by nitrogen application under mild, moderate and
high salt environments, and these parameters increased with increased nitrogen application. The results of rapid
light-response curves of chlorophyll fluorescence parameters showed that quantum yield of regulated energy dis-
sipation (Y(NPQ)), ETR and coefficient of nonphotochemical quenching (NPQ) increased with the increase of
light intensity under every treatment. By contrast, Y(Il), Y(NO) and gp decreased with increased light intensity.
Openness of PSII reaction centers of functional leaves in sugar beet were also improved in range of effective in-
tensity (0—1 000 umol-m2s™) by nitrogen application, and PSII was adjusted to dissipate excess photon energy to
protect the PSII reaction centers. Application of nitrogen could also increase the content of chlorophyll, carotenoid
and ratio of chlorophyll a to chlorophyll b, and the content of chlorophyll and carotenoid were increased with the
increase of nitrogen application under every salt environment. These results indicated that PSII activity and
light-use efficiency could be improved by nitrogen application, and then the adaptability of sugar beet to salt en-
vironment was strengthened.

Key words Beta vulgaris, chlorophyll fluorescence, nitrogen, photosynthetic pigments, salinity
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Fig. 1 Effects of different nitrogen levels on PSII maximum photochemical efficiency (F./F.,) and PSII potential activity (F,/F,) of
sugar beet leaves under salt environment (mean + SD). Different small letters mean significant difference (p < 0.05).
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Fig. 2 Effects of different nitrogen levels on effective PSII quantum yield (Y(I1)) of sugar beet leaves under salt environment (mean

+ SD). PAR, photosynthetically active radiation.
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Fig. 3 Effects of different nitrogen levels on quantum yield of non-regulated energy dissipation (Y(NO)) of sugar beet leaves under
salt environment (mean + SD). PAR, photosynthetically active radiation.
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Fig. 4 Effects of different nitrogen levels on quantum yield of regulated energy dissipation (Y(NPQ)) of sugar beet leaves under salt
environment (mean + SD). PAR, photosynthetically active radiation.
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Fig. 5 Effects of different nitrogen levels on electron transport rate (ETR) of sugar beet leaves under salt environment (mean + SD).

PAR, photosynthetically active radiation.
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Fig. 6 Effects of different nitrogen levels on coefficient of nonphotochemical quenching (NPQ) of sugar beet leaves under salt en-
vironment (mean £ SD). PAR, photosynthetically active radiation.
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Fig. 7 Effects of different nitrogen levels on coefficient of photochemical quenching (gp) of sugar beet leaves under salt environ-

ment (mean = SD). PAR, photosynthetically active radiation.
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Table 1  Effects of different nitrogen levels on photosynthetic pigments contents of sugar beet leaves under salt environment (mean + SD)
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AP Treatment it FKad e IRES sy MRS KN Mo Hetzal
T e Chla cor_1ltent Chlb copltent Chl con_tfnt Car Con_tlent H-4¢#b
Salinity (gkg™)  Nitrogen (g-kg™) (mg-g™) (mg-g™) (mg-g™) (mg-g™) Chla/ Chlb
2.5(Sy) 0 (No) 0.494 + 0.066° 0.185 + 0.032° 0.678 £ 0.097° 0.104 £ 0.015° 2.688 £ 0.168™
0.3 (Ny) 0.857 +0.139° 0.255 + 0.032° 1.112+0.171° 0.184 + 0.040° 3.349 +0.169¢
0.6 (N) 1.299 +0.171° 0.396 + 0.044° 1.695 + 0.216° 0.264 + 0.047% 3.273 £ 0.080%
1.2 (Ns) 1.578 £ 0.164° 0.480 % 0.069° 2.058 +0.233¢ 0.303 + 0.008% 3.298 + 0.134"
2.4 (N,) 1.582 + 0.068° 0.496 + 0.024° 2.079 +0.092° 0.322 £ 0.033¢ 3.189 + 0.022"
5.0 (Sy) 0 (No) 0.558 + 0.144° 0.242 +0.088° 0.800 + 0.159° 0.117 + 0.062° 2.509 + 0.952°
0.3 (Ny) 1.245 £ 0.074° 0.392 +0.008" 1.637 £ 0.082° 0.239 + 0.013° 3.178 +0.123b™
0.6 (N,) 1.670 £ 0.221° 0.518 £ 0.073° 2.189 + 0.295" 0.321 + 0.040° 3.225 +0.033"
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2.4 (N,) 1.728 + 0.164° 0.549 % 0.050° 2.278 +£0.213¢ 0.348 £ 0.018° 3.147 £ 0.078"™
7.5 (Ss) 0 (No) 0.589 + 0.060° 0.211 + 0.020° 0.800 + 0.079° 0.133£0.011® 2.792 +0.102%¢
0.3 (Ny) 1.593 + 0.157¢ 0.509 + 0.055° 2.101 +0.211° 0.334 +0.043° 3.134 £ 0.084"
0.6 (Ny) 1.731 + 0.059¢ 0.524 + 0.035° 2.255 + 0.085" 0.349 + 0.025° 3.312 +0.176%
1.2 (N3) 1.741 +0.032¢ 0.535 + 0.028° 2.276 +0.057¢ 0.361 +0.02° 3.256 + 0.087%
2.4 (Ny) 1.818 +0.109° 0.554 + 0.028° 2.373+0.137° 0.361 * 0.025° 3.279 £ 0.032%

[FIZIAN R NG T RER R 225+ 18 % (p < 0.05).

Car, carotenoid; Chl, Chlorophyll. Different small letters in the same column mean significant difference (p < 0.05).

AR T HENGERE T SRR A KRSt S R
HH(RDL), $Em T RBARE R b B B, AT
PSI 1) 52 45473 B BEVRCE S5 /), A S A 2 o A i 1)
JCREMRIAL 3 RN 45 30 3 (T 4855, 2012).

PS5 3 H1 LR B 2l i b 2 i
REEAL N RERY (1) PSIHATT: RE R AEHLY (NPQ) A
R PERE R AERLY(NO) 34 1 AERE, HY(I) +
Y(NPQ) + Y(NO) = 1 (Genty et al., 1989). 7F4<Sz4
o, 3N ER RS N &N TR Y (1), A
75— EMENTEE 19(0.3-1.2 g-kg™), Y(I)BEEN
IR g, 52 M, HENFEE T Y(NPQ), JF
L7 & 638 (PAR > 100 pmol-m2.s7) 33 Ff i 4L o
IS, 0-500 pmol-m s aamyt N, % £h )%
IRES NN 210 T Y(NO). Ui iENAES 42 =
A KAE BRI R IR DR PSIEPE, JF HATE &6
58T Y 1T PS AR L I 38l 1) D' e LAEE o 0 2 e
O IE A XA BE T SR e R NG RE T iR
- =R (Pro) s BRI (GB) 25 H HLISE )
SR B, T DR F5 S B A4 55 15 40 o JBE 11 465 4y 56
ek o RefaE bl PSNE F B & K% 15 H 1)
fit(Rhodes & Hanson, 1993; Saneoka et al., 1995).

Op 5 WL A2 PSR 2t 2= WO 1) G e H T4k

S PAR B, ST PSS O R T RORE
JE; NPQ S () 2 PSR 25 €5 2 W KL (1) ' REAN g
TG AL T LA T 2R HUCRL R D RE R 47
JEPSHP—Fh B TR AR HUHI(ERIK 1A, 2011). ASE
Byrh, SR EREE T ENGE K T g, ANHENALFE TR,
O Bt DGR R 1S A AL 4R B, T MEN AR BT S
H A H N B S T m R, ok k1500
umol-m s, 4% Ak BELR g il O 55 (14 389 0 2248 T
B, [ FeF NPQFI D't it 1 384 i 2 R 340 386 K )5 8 1
2%, 456/ 11 000 pmol-m2.s7H, HENTE — & F
FE Lysk/N TNPQ, B JG £ AL ER [ JERH i 25 5, %3
FEFREE R, MENBGIN TETR, I HL7EIE B A NTY
9(0.3-1.2 g-kg™), ETRH N K39 g1 K . 3%
O, 7EA R0 SR [ P9 (0-1 000 umol-m™2s™)
N = T S T g PSSz B H0s () T JRORE B,
e T HOGREM &

MR A R S RS WG A e ) 1 —
ANEIRLR, ot 2 S E SIS E %
DIAHDG, BHHEWDCEEE 5 0E = YRIE R, M
g Faf AT WO, Mg E b AT RO
g, R PR A R, RN EPTEA,
BRTECAAER T R — @ M hRe sk, e ik nT
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WS A e fig, RIS PR, AT B 1 B ik AR
o NAZI B 66 (0 35 A B 5 22 70 35 (B 04 45,
2005). ASZEG T, % ERBEEAEE R NG N T AR
Remtrbag R SRS MRS R, JEHR TR
a/mtak b, HMERR 5RME MRS ERERINK
S () S8 0 T 3800, K S B R R ) R S B
o MR BUE H, ENTT ARG ISR ST N AR K
FISRThaet e f & ik, e L ae R L
K, AR S SR IAEEIE N AE ), 1X 5 SiddiquisE
(2010) I FE 45 R 3.

ZE BPTR, MENRERE 4 Sh IR T AR K FIT R
IHAEHPSIFIEE, B RPSI N FR Oy T FORE S,
PR FOGRERIH R, JHF AR S6sR N 1T PSIFEL
F 1ok 6 (1 06 B L G xof L s B rp O it B, RIS
A EFE RS R, R SRE O ETEA BT 1Y)
TENAE

EE&WHE REIHRAHZMATLAHE R (2009-
03001-4)Fo“+ = &7 RAFAR 3% B K A3 X RA
(2012AA101404-6).
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