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flowering stage

LIU Weicheng'*, ZHENG Chunfang'** | CHEN Chen'?, PENG Yiquan’, ZENG Guoquan'?, JI Dewei'”*, CHEN

Shaobo'*, XIE Qilang'*, YU Junqi'”

1 Zhejiang Mariculture Research Institute, Zhejiang Key Laboratory of Exploitation and Preservation of Coastal Bio — resource, Wenzhou, Zhejiang
325005, China

2 Zhejiang Yongxing Kinds of Aquatic Products Industry Co. , Lid. , Wenzhou, Zhejiang 325005, China

3 Jiangsu Provincial Key Laboratory of Marine Biology, College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing

210095, China

Abstract: Soil salinity has become an important issue in agriculture. One of the most urgent global problems is to provide
enough water and land to meet the world’s food needs. Sodium in soil adversely affects the growth and yield of most crop
plants, as most crop species are highly sensitive to saline conditions. However, it is estimated that approximately 15% of
undeveloped land in the world’s coastal and inland salt deserts would be suitable for growing crops using saltwater for
irrigation. The idea of using seawater for crop production along coastal deserts has been proposed over the past 30 years.

These alternative sources of water and land could be used for cultivation of specialized, salt-tolerant crops. Salicornia
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bigelovii, a plant that can be used to treat a variety of diseases, is one the most promising halophytes for cultivation in such
areas. S. bigelovii is a leafless, fast-growing, annual succulent. It is one of the most salt—tolerant plants, and is capable of
growing under highly saline conditions on salt marshes. Consequently, it is considered to be a promising crop for cultivation
in subtropical coastal deserts. Unfortunately, high salinity and water scarcity still adversely affect the physiological functions
of this plant. We investigated the effects of different concentrations of NaCl (0, 10%0, 20%o, 30%0, 40%o0, 50%o, and
60%¢) on growth, photosynthesis, chlorophyll and carotenoids contents, the contents of K* and Na*, and components of the
antioxidant system of S. bigelovii during the flowering stage. The results showed that the values for plant height, shoot
biomass, chlorophyll content, net photosynthetic rate ( Pn), stomatal conductance ( Gs), transpiration rate ( Tr),
intercellular CO, concentration (Ci), and activities of peroxidase and superoxide dismutase in the shoot were much greater
in plants in the 10%0 NaCl treatment than in those treated with higher concentrations of NaCl. Plant height and biomass
were both significantly decreased in the 40%0—60%c NaCl treatments. High NaCl stress resulted in decreased contents of
chlorophyll and carotenoids, lower Pn, Gs, Tr, and Ci, decreased activities of superoxide dismutase and peroxidase, and
lower K* content. High concentrations of NaCl increased the contents of malondialdehyde ( a product of lipid peroxidation) ,
Na“, and Cl™, and also markedly increased the Na'/K" ratio. Correlation analysis indicated that the biomass of S. bigelovii
during the flowering stage was significantly positively related to the chlorophyll a/b ratio, and was highly significantly
positively related to plant height, Pn, Gs, Ci, Tr, chlorophyll content, K" content, and superoxide dismutase and
peroxidase activities in the shoot. In contrast, biomass was highly significantly negatively related to Ls, the carotenoids/
chlorophyll ratio, malondialdehyde content, Cl” content, and the Na*/K" ratio. In summary, S. bigelovii showed optimal
growth in the 10%0 NaCl treatment. Stomatal inhibition was the main cause for the reduction in Pn of S. bigelovii in the no-
salt and high-salt treatments, while both stomatal restriction and non-stomatal restriction occurred in the 60%0 NaCl

treatment.
Key Words: Salicornia bigelovii; NaCl stress; photosynthetic characteristics; chlorophyll; ion absorption
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A EY LR E A AR T A ARG E T AE FIIAOBEST O SR, A6 IR I 3 XA % T A A Ak
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NIEAT 12 X H By 23 AU M, AR Y R T 24 1800 mm , 4F 4478 & 4 1310 mm, 2011 4E5 H 11
H #% 16 3% F ( Salicornia bigelovii Torr. ) FiF Tk I 3 F AT BERRES 375 keg/hm® , A HLAL 600 keg/hm® , & &
HE 300 kg/hm® FEREENL,, 37 S30A5 4, BEBCR R AR 51T IR DU Y, b 2R, 48 pH{H 7. 1,6
MU 2.8 g/kg, Blif# A 111.2 mg/kg, HERIHE (P,0,)35. 1 mg/kg, HE4H (K,0)670.0 mg/kg, EALH 0.98 o/
kg, PR 25 kg/hm® 3 J5 G K (BRBEZY 15%0) beifs , KB R B as g AR, 6 A 15 H 4K 2 9
em A AT BRBUR/INEEA — B T2 T ML B B4 40 kg TRV AR TR 155 . O T R I Tk
2R 10%0 NaCl (1) Hoagland & FRMEEFE, 4 3 d 4t 1 WEFRMK, BRI HRKRFEZE LK, 55525
6 H 28 H , FFIRHATERALEE , Sk fedh wh b, R A R 3R 1 5 S XHF A7 NaCl o 1y 3h ik B, dhibsi % 7 A
18 HAcH i P ATIHAE , 8 5 H MG  JFBCREI s HoAthdg A, il Bt A BENL X A Bt B
AP 3 IRER

®1 AELEBHMESR
Table 1 Adding salt method of different treatments

i i NaCl 4t NaCl treatment/ %o
Time /d 0 10 20 30 40 50 60
0 10 10 10 10 10 10 10
2 8 10 12 14 16 18 20
4 6 10 14 18 22 26 30
6 4 10 16 22 28 34 40
8 2 10 18 26 34 42 50
10 0 10 20 30 40 50 60

1.2 WEm H S )5k
1.2.1 FEMRIE SRR E

FEERAR PGS AR , B A 0 5 AR AR R, SRS ZE IR K e B0, W R K 43, 105 C LR R 10
min,75 °C Rt G, FRAS T 5E SRR E Y
1.2.2 R ERERSTENNE

FRELO. 1 g 2845, B BB IO 25 mL 4R BUR (1:1 B9TC/K ZBEFNNER ) o, 78 25 °C SRS 4 0F R R HL 24
h, 05 S OB TE 663 645 F1 470 nm LAY G , ZIESCHR > 4428 a(Chl a) 42 b(Chl b) B4k
2 (Chl) LIS NZR (Car) Fit,
1.2.3 StERMINE

KA L1-6400 ( Li-Cor Inc, 32 ) E#0OLAME RE T 9.:00—11 .00 & 1% FHEZEREY 2em A X F
AR (Pn) AL (Gs) LI RZEBH R (Tr) o RITFBEURHE, CO, ML)l 385 wmol/L 2247, EHELL
WO | BEE A A RS (PAR) 4 1000 pwmol m™ ™', A NMbBRAE T &2 e 88 5 ARAE MR 2 . R4 IR
HAFLETRHSCHR P B 8B RS, 2599K 4RI I# (WUE, pmol CO, + mmol ' H,0)= Pn/Tr,
1.2.4 WBEMAYEALHE (SOD) ALY (POD ) {if 44 FIPN % (MDA ) & & il i

SERSCHR O 0.5 g 2522, 115 mL 50 mmol/L pH 18 7. 0 BERR4EBUR VKA ,4 °C (10000 xg) &S
0 30 min, EIHFWCHFFINEEEOR , S ALASHE D A (NBT) 5,560 nm L EME SOD I8 14 5 6 Ay i2: I
SE POD JiE ; 4 B SCHR T A5 500 E MDA &8
1.2.5 BF&EE

BLO.1 ¢ THE, NS mL ¥ H,S0, W7 ,30% H,0, YERMEAH, 45 2] 100 mL, # BT, R IRl
HMAE KR Na® i, AR 304 CL I SE 2 R Akram 251 )50k
1.3 sk

K HH SPSS FARHABAAE AT 7 22 0 HTH LSD B 8, H5d 45 5 0 V- 2B + 45 7fE 22 (mean +SD)
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EBAE YRR R Y NaCl ¥R BE R 60%olt , LAk = Rl b F8 A= 4y 43 531 Ry %k BRI 83 % F11 58%
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Fig.1 Effect of salt stress on plant height and shoot dry biomass of Salicornia bigelovii during flowering stage

NFR/NG TR RS 25 B3 (P<0.05)

2.2 AEWIER A XA E 2RO A K B A LAY SR

B v B 3G , 1 % 25 B 2 (Chl) 75 i 22 Je 5 B A 3 O 2 NaCl YR BB R 10%H), L Chl & &
5 ,30%c—60%0 NaCl ZbBEF , H: Chl i BT X (K 2) , 5 Chl FEAEATR 22608 bR (Car) &
MBI (K 2) . SXIEAT L, NaCl ¥ BE N 10 . 20%0 ), 4 FH 8] Car 8 JC W # 22 5 24 NaCl ¥ JE K
30%040%0 .50%0H1 60%oltf , Car 75 HE1 B ZFAR T X I (P<0.05) , HAL BRI 2R AR (K 2) , Ht4E a &
H/MERE b # & (Chl a/Chl b) X — U EREER MR RGN, 255 . Horb 24 NaCl ¥R 20%0 , H: Chl a/
Chl b AF R TS MR &/ 4 R 5 (Car/Chl) 3% — AR BE 25 35 5 034 I, H 30 00 325 184 o ) s 3
(P<0.05,2),

2.3 AEHIER A X O A R RS R

i TR, i T 22RO S A (Pn) AL (Gs) (R IB AR (Tr) LR OK 3 F 3
(WUE) BEE e B b IHin 2545 1 (18 3) o 24 NaCl YN 10% i35 T P Gs DL Tr ¥k 5ok, 4y
S XS RGN 10% 17% LA K 14% F43A 5] 2K F-(P<0.05) o >4 NaCl ¥k BE A 5] 40%0HT , F Pr HXT HEFEAIG
9% ,iLF L EIK - (P<0.05) ; SXTREAHLL, Gs F1 Tr Y97E NaCl W& E Ry 50%00t A4 i 2 F e (P<0.05) . 564
HAFEPRAIE], 24 NaCl ¥ FEAIR T 40%o0ff , He WUE [0] ()22 SIS B3 1 24 NaCl ¥ BE 55 T 50%0 ) H WUE 2
FRTXTHR (P<0.05,83)

NaCl ¥ A 10%0 . 20%0 LA e 30%0lt W3 F Ci MG IR 22 AN B3 G g —20 I H ¢ 3 i
ETE(P<0.05, & 3), 1% T AALBRGIE (Ls ) AL ETMI R, 5 %5 BEAH L, NaCl #& B R 10%0,20%0 L J2
30%TiEEF Ls ¥ E T RE(P<0.05) . BiE N2 L ZEF Ls P LA 0 NaCl ¥R EEh 60%o0
A 55 00F R TR A 525 25 7 (P<0.05)
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Fig.2  Effect of salt stress on contents of chlorophyll and carotenoid and ratio of Chl a/ Chl b and Car/ Chl in Salicornia bigelovii during

flowering stage

2.4 FEIAERI A X 25 SOD  POD %4 K H: MDA & & 520

B Thvik B B3G5 3% 125 SOD POD TR PER S THE B, 2MER MRl 10%0i5) , H SOD (POD i 434 |
BRR, 235 HEX BREE A 9% #1 10% , HA4EF) & 7KF- (P<0.05) . 24 NaCl ¥ F T}, % 125 POD THPERE
I Z AT SOD 7 (Kl 4) . 10 .20%0 NaCl bBER | H: MDA &5 FIx IR 6] 22 55 R B 3%, BB £ 5 (B8 m , 15 3%
T2 MDA & E R EWIN(P<0.05,K5),
2.5 EIAERIERA XA T25 Na® \Cl17 K* 5 F Na® /K" HU IR 52

BEER VB T 3% Na* (CL & & Fl Na™/K" LU W i, i K55 12 WZ s 2 (181 6) o 4 NaCl ¥
FEREINE] 30%0L) b, HZE KT S AR R 24 NaCl ZKSF3E N E] 40%0 LA L, 25 Na® 25 i th R 7 i 3% 1
Jn, CU & i Hl Na™ /K HAE 50%0Fi1 60%o0 NaCl 23RS 22 58 i 25 {1 5 25 5 T 40%0 NaCl Ab3# (P<0.05)
2.6 AEWIERALIE R A K AR bR S e A AR AR bR AR DG 2 B

FAOCATHT (3R 2) Wom , ZEAE W REBR T 5250k R ZE (WUE) (S % MR (Car) & it Na" & HEA AH
Kt4h, 5 Chl a/Chl b IR IEAE(P<0.05) ,52% Pn Gs Ci Tr .Chl F & K" & SOD Fl POD {2
PR 3 TE AR5 (P<0.01) , 5225 FLBRHIME (Ls ) .Car/Chl MDA % Cl™ & 2 H1 Na*/K* &5 44 52 4 5 3% 1 AR
J(P<0.01) ;¥ E5H WUE [ Chl a/Chl b A M EHE, 525 Na™ & & 2 & fAH5E (P<0.05) , 5 Ls  Car/
Chl MDA % Cl &1 Na' /K & 54 B 2 A OC (P<0.01) , 525 P Gs [Ci Tr .Chl & Car & K
£ SOD il POD {if P &2 B 2 2 1EAH ¢ (P<0.01)
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Fig.3 Effect of salt stress on net photosynthetic rate, stomatal conductance, transpitation rates, WUE, intercellular CO, concentration

and stomatal limitation of Salicornia bigelovii during flowering stage
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T3 T I AL TG Ab PR R = i B 2 A AR LA eI . ASBIFSY R B0, JC 4k 4514 T 1 3% T RE 5 1IE
A4 52 NaCl VR FETE 10%0 | W3 - (AR S R AE ) e 4 R I e ey, S 2 s X0 R (JCAR AR 3 ) o (HY MR B
40%o, A=A B2 51 i 30 ) | 3X 500 2 T2 T ST IE AL, B TR B W G 38 SRR 7= 1
TR, KPR B A5 AE SV A I A 26 R TR] NaCl ¥k B 7630935 2% 7 14 A8 4y 1t (0 AR 20T i
W2 5 AR R ™ . AR, i & FARA TG E FAR S HOEGER 8r
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Table 2 Correlative coefficients between shoot biomass and plant height the other indexes of Salicornia bigelovii during flowering stage

AW L7 = AWt 7=

Biomass Plant height Biomass Plant height
i Biomass 1 PR Plant height 0.896 ** 1
Pn 0.872*" 0.742*" Gs 0.837* 0.737 **
Ci 0.755** 0.569 ** Tr 0.072 0.138
WUE -0.635"" -0.635"" Ls 0.964 ** 0.904 **
M4 E i Chl content 0.913 ** 0.891** FHE M FE A Car content 0.39 0.559 "
Chl a/ Chl b 0.450* 0.199 Car/ Chl -0.812** -0.649 **
SOD &% SOD activity 0.938 ** 0.871** POD &PE POD activity 0.857** 0.826 **
MDA % MDA content -0.871** -0.804** Na* %548 Na* content -0.391 -0.497"
K* % K* content 0.655** 0.646 " Na*/K* -0.721** -0.754**
ClI" %4 CI™ content -0.776 ** -0.710*"
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