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Effect of Salt Spray Stress on Photosynthetic Physiology of Viburnum
japonicum with Extremely Small Population

XU Qianrui'?, GU Jiacheng!, LI Hepeng?, WANG Jun?, FANG Yaoyao?, ZHU Hong?, YUE Chunlei**

(1. School of Forestry and Bio-technology, Zhejiang Agricultural & Forestry University, Hangzhou 311300, China; 2. Zhejiang Academy of Forestry, Hangzhou

310023, China)

Abstract: Viburnum japonicum is a species with extremely small populations, only distributing on islands. In
order to evaluate the effect of salt spray stress on growth of V. japonicum, 4-year-old seedlings were treated with
different salt spray concentrations (mass concentrations of NaCl in salt spray were 0%, 1%, 2% and 3%,
respectively), the changes in photosynthetic rate, maximum photochemical efficiency (F./Fm), chlorophyll content
(Chl) were measured. The results showed that V. japonicum treated with 1% salt spray could survive, but all plants
died treated with more than 2% salt spray. With the increment of salt spray concentration, the maximum
photosynthetic rate, Fy/Fr, and Chl content in leaves generally decreased, and the light saturation point and light
compensation point showed an upward trend. Therefore, it was indicated that salt spray stress affected plant
photosynthesis by harming photosystem II reaction center, changing the range of available light energy and
reducing chlorophyll content.
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1.1 Rk

H A& 2 3% (Viburnum  japonicum) ¥ ¥k N I ¥ T
MM AR BIESRHEN 4 a ZESA T . HERAEK
HERE . K#A—3, &Y 50 cm. EHFTOERZ
16 cm. FEHOEE 21.3 cm. 5 20 cm ¥R 24k
ITREFAALS, BN IZ T W2t 5 kg, 113
MU AR TR T A 2 A AN 27.43
0.175. 70.50. 20.57 g/kg, HE7EH 1 Fk.
1.2 RE®IH

T 2021 5 7, ¥ HAFEFEKRBARE
WA g, WA IER Y. &1 M HE, T
2021 4E 6 1 HIFUHRE . i3 B ZIREL N
3%IKI7K ), ¥ B 5% NaCl 1) i &K 2 51 N 0%
(CK)~ 1% 2% 3%, F 3RS0 - Fr gk AT Ab 2,
FRALEE S ANEE . FHIEF SO NaCl %7 LA
S EKE 7 3 AWl T R, RERAE
YIAER 16:30 W5 50 mL, ELEWHA 40 d. fHIRE

o

HEAME,
3 HiE

o 3 2 AN A 5 ) 2 et Rop IWpik il
TE K FH B TR A s, S AR 5 SR F B
HOE, TR I 5 SR P R BR S, 1880 1
5E SR FH e R B - K G B TR0,

AERKWE  HRUE LSRR AR KR
JIBRAAN, FHARYE SR TR 7 SR 554, 0 0k
TR 1 GODEM A, Bk
W, JBTRESRE: 2 SONPRE g, R
i, JETHEEERE: 3 SUNARER I R IR,
GAENG, HAEHILR, JB T EERE, 4 ST
Wi, W YR, REARAETS, JE TR A R .

HESLmRNE  AAEERENLER 3 PRAEK,
AR R 2 Bt b, bR 1 e R
F 64 &4 (Li-6400, Lincoln, USA) T -4~ 8:30—
11:30, @i 27 #5567 (6400-02B RedBlue)i% Bt &
HRER S (PAR), KA 2 000+ 1 500+ 1200+ 1 000-
800.600.400-300.200+ 150+ 100- 500 zmol/(m>:s),
TE I F BB R (P, 22 N il 28 4
H 5 H M RAE IERR P(D=a[(1-B1)/(1-yD)]-c
e, X, PO Py o Rtmm B i 8 W46 R 2R 5
By NEIERE: 1 )6EH R4E N (PAR); Ic A
WK 2 (Ra),  SRATAH LR 0 B AREAE 2 412

M RRESHN 2 T 2 3t Al
IR, A AR AE D et 2 I e iy (R S 37K
KB MERHE 2 fr, ke A 25 30 min
(I S LSS, I 2 2 I 8 WIUR 5 (Fo) .
KR I(Fm) FER KA 2 20 (Fo/Fn) o

MR EERNE JH 80% 1A il 12 £ 2 I
SEI IS 2R (Chl) & & . AR FRREHLIE SR 3 HRiE
P, BRI H R 26 i B st B 2~3 Jr,
KRNI B AT 9 5 FF 2 N UKAR AT Bl W b B
T4 Ja BT BN BN IO IR A2 80% 1A i
(1) Chl #2500, TRE G T RALESEIE R, B
MR R RIRE 3~4 W RIERJG, LIt
6 FE I AR BE S5 Y Chl $REURAE I K 663 Al
645 nm AL, Chl K E=20.29% Agss5+8.05x
Age3; Chl &5 (mg/g FW)=(CxV)/(FWx1000), =X,
C M4 R IR IE (mg/L); FW NFE S BE T & (g); Vi N
PR SRR (mL) -
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2.1 HEHENEK KR

RIG A, CK MAkAEIEH A K, THEAML
(B 1o 1%2h 55 A FR I H AR IE K A 5047, (HALER
20 d B B IF G TR, 30 d B A i
KIHFTFHE, 40 d BFEECL B g, I8 3 20k
FE, 2% FALFRAEAR 10 d 4 F 2T, 20 d

N 1/3 W 52448, 30 d A%/ &6 2 i
FrORFESEE, 40 d FBEMRIETS, 18 4 HETFE. 3%
ERE AR RIRERE 5 d ISR F AR, 10 d B 1/3
W gegk, 20 d FAFERBETS, 25 d A EHERIETS,
ik 4 gihE . XRPHAIEELEELE NaCl iREK
T 2% MR oA AR
2.2 HFMEXNCEER KW

HARIEHE I F 1R Py B 3255 NaCl ¥R B I =T
SR, HERZFACER P, BB R A IE K S CK 1
Ze R R (B 2) RIGHITHA10 d), 1%3h 55 AbFE
TR A e 5 i 28 5 CK 2 IUAHAL IR AR {3,

oot

Bl 1 AASGEEA IR F AP ARSI, CK: X, R

Fig. 1 Growth of Viburnum japonicum under different concentrations of salt spray. CK: Control. The same below
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H % PAR R P ELAH Z 8/, 1T 2% 3%£8 % 4b
) Po 5 CK AHEL KR TR, M BBR . e
AEE 20 d J5E, SRECFEMRERA A PO IR, 1%
HF I Py 5 CK ZEFEHRANK, 2%3h % A HE
P, #T 0, 3%EE ZALHA P /N T 0, HEMRGEATIET.
P AL FE 30 d I, 1%F0 2% 2k 35 b FR ) P, 44 R %,
2%EE AL FR) Py A 0 LR, 3%Eh AL R (K
SEERAETS; BARFLE 40 d JE, 1%3hFAF) P, 4k
BN, 2%ZhFE AR ERAET .

2.3 5 ME N N RAAE S e

M1 AT, ERE A A F TR, R A
R (Pomax) M #1255 NaCl WK E (1 B RFLL N %, Hib
Z R Pomax Y322 /T CK (P<0.05); IR iH
F(Ro)FEWHE 2 B AR L YA S (LSP)
b #5% NaCl WEERIF Mg R,  HACERE ) 2
B3 (P<0.05). BRiAIEYIHA0 d)sh, HAhME R (A
TP HEAME 2 (LCP) 4B £5 %5 NaClik B (1 7t =i 1
I K (P<0.05).
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Fig. 2 Light response curves of net photosynthesis rate for Viburnum japonicum under different concentrations of salt spray. P,: Net photosynthesis rate; PAR:

Photosynthetically active radiation.

2.4 HEMpEXHRERESH

Fo/Fin 5 $5 55 NaCl i % R bl i F 2R 18] S L
(K 3). Bl 10d, CK. 1%F1 2%5E 55 AL FE ) Fo/Fi
TR 2 R (P>0.05), 1M 3%h F KT 075, 5
oA b T ) 25 5 8 25 (P<0.05); JHE 20 d B, 2%
AP Fo/Fo WIS R I, (%22 0.748, 5 CK IWZE

5335 (P<0.05), 1M 3%Eh 25 A FEHIA 0.627, i
RN R 2y 1% Z A0 30 d /) Fy/Fn 5 CK [ 57
23 (P<0.05), EANAERFER RK T AT, i
WIZEE F AR (EEE NaCl Ik E KT 2%) & fF Fy/F
BE N, MK SR FZ BN T 1%)7E 1 ia#]
X Fo/Fm o R, 5 B /N o
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Table 1 Photosynthetic parameters of Viburnum japonicum leaves under different concentrations of salt spray

Jel et E] - (d) NaCl Pomax Ry LSP LCP
Stress time /% [umol COy/(m?-s)] [umol/(m?'s)] [umol/(m?'s)] [umol/(m?-s)]
10 0 7.19+£0.13a 1.634+0.029a 1322+12.55¢ 37.23+£1.06a
1 5.70+0.10b 0.959+0.002b 1911422.32b 16.26£1.37¢
2 1.53+0.04c 0.572+0.039¢ 2019+27.23a 24.40+2.05b
3 0.45+0.01d 0.923+0.012d - -
20 0 6.85+0.14a 1.476+0.028a 1 862+33.10c 22.99+2.41¢
1 4.77+0.04b 1.277+0.005a 2 031+21.74b 31.16+1.34b
2 2.53+0.05¢ 0.858+0.089b 2 106+28.48a 49.48+4.83a
3 —0.13+0.03d 0.781+0.044b - -
30 0 8.68+0.05a 0.931+0.031a 1217+25.84b 10.47+1.57b
1 3.63+0.03b 1.024+0.020a 1 845+34.21a 12.23+1.48a
2 -0.07+0.01¢c 0.937+0.023a - -
40 0 9.94+0.04a 0.528+0.019b 1 840+41.29b 5.94+0.16b
1 2.36+0.03b 1.690+0.017a 1933+31.81a 44.06+23.58a

Pumax: BOREIGE A Ry: WEWFIRIE A, LSP: ot 5 LCP: JadhMe s AR 18] 14 R 51 i 5 A Al 7 BER R 22 37 B 35 (P<0.05).

Pumax: Maximum net photosynthetic rate; Rq: Dark respiration rate; LSP: Saturation point; LCP: Light compensation point; CK: Control. Data followed different

letters within column treated the same time indicated significant differences at 0.05 level.
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Fig. 3 Maximum photochemical efficiency of Viburnum japonicum under
different concentrations of salt spray. F,/F,,; Maximum photochemical
efficiency. Different letters upon column indicate significant differences at

0.05 level. The same below

2.5 HhEMHEXNHSZRSERNE W

H A JE % M 1) Chl & &R #h 55 NaCl WKER
ThEm FRE(E 4). 1%8% 405 10d 1) Chl S &S
CK Z 53R (P>0.05), 4 20d J5 5 CK £ 57+
234(P<0.05), HABAFER Chl FEIEE /T CK
(P<0.05). #hZEACLFRH) Chl & &2 BE W i a) 1) ZE
K FEAk.

1] Time (d)
B 4 AFEWREZEEZ AHLN HASEE M Jy i G S A k. Chl: H4g
E1
Fig. 4 Content of Chl in leaves of Viburnum japonicum under different

concentration of salt spray. Chl: Chlorophyll content.
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#h 5 i iE 2 38 ik 5w A P 1 6 A 4R B R A B
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1% 3h 55 A FRAE AR AE o 38 W0 3A A= K 0 B R A4k, i
LR ] P A 2T B P A TR A VA S
LB, R E A7 s 2%3h AL B A ik A
10 d B =28 7 WhiE OV, 40 d BRFAET s 3%Ab PR
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{140 L R 75 X 50 ) 1 R B0 S I 1) A2 R,
30 d IAEAR A TAET . LA R R UG H A% 7E £
SR E R R A IR PGV E AR . AR, H
KIEHE AT LATENE By BAAE, FHEAREZE)EA
BRI SR, MR TR KR ER
BEARBUNEAR, TERINRZ R E S T 5l
My AT, FEMEYESZ TSRS A
JER B T HERAER, RA DS R E SR
Frob, SEOZMEYTE A KR 2 B 55 a5
M 27N

TP 1) Pomax SPGB ST ROE EP, A
RIEH, Pumax 5% NaCl IKERR L, HHIEHE
I8 SIS e S E T RE J): LSP AT LLK| ke
YRR SEERE T, P B IEAOGPER), HARSE
) LSP B £ % NaCl iR FE TR A ok, 1B
FLAE 3 55 Wil R A S 1 e 1 B — 2B i
AR FH 5506 (1 B8 0 mT LAARE LCP Sk, Wi 2
FAHREY, 1%5 2%Eh % 403 10 d 9 LCP /M T
CK, RITERISHI, 225 FE SR i i H A3
AR AR FH 55 0% 1 A 3, b %5 AbEE 20 d A,
LCP 4B 18 72 B i3 st 36 K, RORIFH 9506168
FIBEAR - 2560 LSP 2 LCP, £ ¥ S fihiaviiy, 2
B2 rp RE ol A8 1) H AR 3535 56 B 1R R FH /8 0 4% o,
R 5k 55 e 7= A — s WP s T B e i) e
17, HAHSIEae iz eg, MR 56 EE
JIAW TR, BRFESRZEREE MR TR 16 RE
JEE R AT Ak, AW sEs X mFE ), A 1E
=225, SENEKH AR MYrLs
YEFIE RIS, PSI & o2 R, IR PSI
AR A AT DL T SR e 0 A ) 6 A A FH e s 2],
I 4 25 708 't A& IR AR ) O A A LIS L RS, A
T IRNR T EL 55 Wil T A6 A 7 T 0 I TE 4
YRI5 A 2 A E LR Fy/F A3 PSIT
SBEHUG G RE R AR, FEIEFE IR, Y
H By () By/Fo — AR AERFE 0.75~0.85 HLARAL# /N,
CK 5 1% B ALK F/Fn ¥ T 075, HHITER
FELRZ AT, MY PSIT B H O J L35 32 245
o T 2%40EE 10 d 1) Fo/Fm 5 CK 27 A B3 (P>
0.05), ME 20 d J5P%% 0.75 LLFHYS CK ZR7 &
#(P<0.05), ULHITEH AL pE I, HASE
HZ BN IR, B B E R A A, ShE R
FEA WA - 3%3h 55 AL BRI Fy/Fin 7 10 d B2 075,
20 d B % 22 0.627, Ui B H AR EHTE 3% Eh 5 A5,

FEAII PSIT SN O BB, MYV IR K.
1% b5 o 2 POk 3k 8 R ARk (Cerasus spp.) % T
IR AL 4SS R —5, NaCl 2t 7 & A,
NI AR /LB e (R

Chl & &2 R WHEYDGE Re 1T bs, Al
Ll S RN S ERES PR 2 NGRS INE Y (DS
P SRR M M PR A R N I Chl &8, ki
AR A ERBY, fEARI T, HARIEEN
FH ) Chl 5 ER S NaCl R B R o B 1] i
EE, i B 35 55 i i PR 4R N D Chl & 5
SN TR WS R AR I G RE R RS, 1T I SS9 AE A
AR BRI S BIHE S 7 AL 9 (Elaeocarpus
decipiens) SR SR 351, AN b 2 58
Y AR R SR AR, WG SRR
=, XE5ARRREIR

g bRk, HAREEIN % 6 A . e
% NaCl iR /DT 1% 035, HAIEH il
IHAERE PSS B B TAE, SRIESE1EA R IE
WIRHT. MikE 2% &L ERy, RS R SR
A, FIRRDGREVEEIAR A, SEUHEYIRDGHERH]
FABEI8 55 - [RI, PSIT 87 O dl B B R FE FE 1)
IR, HEAROCEER 2B HAH], HEE )
PHFEE K TR, EYREIEFEERK. BFAERK
FFNAEK TS, 55220 A2, TS5
H1Eh % NaCl i &K R 20 3%, st 5 4
JE TR £ %5 A8 1952 Ho o A KPR A . B > i 5
Kz —. B, 7EREE HARIEER, Mit#Hh%E
NaCl W JEBUCHIREL, Bl B H 5 HAb TR AR AT
Tt TEREYIBERE, FEARER AR H A% il
P, DABIRMEMDRERS WA AT, A5
EAE—E SRR, fERE IR ERE, &ALk
FEZERRCR, FEOCES B RN AR W50
WL, NOE KGRI I TR], BEAT K HDU, DA
3 B Ui i Ay ik
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