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FEE 3R A0 5 (Salicornia europaea L. ) JE—Fh B A , Hop AR K A9 SC NS 22 200—400 mmol/L NaCl, N T f#EE B T4k M
BB WSOR AR A5, PEZK 3595 i1 200 2K 400 mmol/L NaCl 55 T , WA K F8 b, Y6 A S 80, AR R RBURITE ), i FRE R 545 2
B & TG 71, B E B R SR LSS R S BE T IEI TSR SR IRE 3 ARSI MR KR, 5T
B IULGUBE /R MR FE (mmol/L) 11, 7E 0. 1—400 mmol/L ¥ B 38 A7k, 5 A4 RE7E 0. 1 mmol/L (IR NRELERRAE K, W
B, ot R A R AR A SOk B B A e, FLh S A R B RTSAS A 028 50 .50 & 400 mmol/L, B 5T 45 3 Bk A R IS A
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The response of euhalophyte Salicornia europaea L. to different nitrogen forms

NIE Lingling, FENG Juanjuan, LU Sulian, JIANG Ping, FAN Pengxiang, TAI Fang, LI Yinxin"
Key Laboratory of Plant Molecular Physiology, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China

Abstract ;. Salicornia europaea L. , a euhalophyte,, needs moderate concentrations of NaCl (200—400 mmol/L.) to maintain
its optimal growth. The assimilation of nitrogen under salinity might be distinctive in this plant. In present study, S.
europaea plants were hydroponically cultured in medium containing moderate Na®. Nitrate, ammonium and urea with
nitrogen concentrations ranged from 0. 1 to 400 mmol/L were separately applied to S. europaea plants in culture medium, to
investigate the characteristics of nitrogen assimilation. Measurements on growth and photosynthetic parameters, nitrogen
metabolic enzymes activities, as well as the content of soluble and unsoluble protein, nitrate, ammonium and total nitrogen,
were performed after treatments for 30 days. The results showed there was no significant difference in growth of S. europaea
plants when supplied with the three nitrogen forms at nitrogen concentrations of 0. 1 and 1 mmol/L. However, when the
concentration of nitrogen reached to 10 mmol/L or higher, nitrate proved to be the best nitrogen nutrition for the growth of
S. europaea, followed by ammonium and urea. When nitrogen concentration increased to 50 mmol/L, the growth of S.
europaea supplied with ammonium and urea were significantly inhibited, while the plants maintained normal growth until
high nitrate nitrogen concentration of 400 mmol/L under salinity of 400 mmol/L Na®. Under all three forms of nitrogen,
photosynthetic parameters were consistent with the plant growth trends. Root volume and activities were normally distributed
and raised to the peak at the nitrogen concentration of 10 mmol/L with nitrate, 1 mmol/L with ammonium and 1 mmol/L
with urea, respectively. The nitrogen metabolic enzymes activities in S. europaea were affected by exogenous nitrogen

concentration. The nitrate reductase and glutamine synthetase activities were increased with nitrate supply. However,
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ammonium and urea did not affect nitrate reductase activities. The glutamine synthetase activities were normally distributed
under ammonium and urea, which was highest at the concentration of 10 mmol/L nitrogen in ammonium and 50 mmol/L in
urea, respectively. The content of total nitrogen, soluble and unsoluble protein of S. europaea was increased with the
increasing supply of exogenous nitrogen. In summary, this study revealed that S. europaea has a strong ability on nitrogen
absorption and utilization. All the three forms of nitrogen with a wide range of nitrogen concentration can be used as nitrogen
supply for S. europaea, among them, however, nitrate with nitrogen concentrations from 0. 1 to 400 mmol/L was proved to
be the best, followed by ammonium and urea whose acceptable nitrogen concentration ranged from 0. 1 to 50 mmol/L.
These findings act as basis for revealing the mechanism of nitrogen absorption and assimilation in S. europaea, which will in

turn be meaningful for developing the halophytes in coastal and other saline areas.

Key Words: Halophyte; Salicornia europaea; nitrogen; nitrate nitrogen; ammonium nitrogen; urea
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AR A RBAL, KA TIL mg/kg' ™ AVF 2B U R R Y R s A AR TV 2R
JEEPRN AR S EE R A TR AR DL IR R SR AR R T R A S A A A [ Y R
Wl AL

¥ (Salicornia europaea L. ) IBEERL e — A AL B A Y , BEE R B = I T 50% 1Y NaCl, 21t
T it ER A R AR 2 —") RSN T S e A B S R AR, e mT DL R R G K A FE TS
YK IRMEE h AAEE AR RP R4 R B, b M R R e B R R R AR, R — R R A
PN K2 A= WP A A PR B R B8 ( Bioregenerative Life Support Systems, BLSS) MR R 2SN
1k, TRt A A= 55 v 3 1 B 2R WSO RS ) A [v) 280 3R R T 2310 BB ) R SE 830 o WA

AT AR AR G, LUK E; J7 2OR L, 72196 2 A2 KT A5 200—400 mmol/L NaCl 454, 2L 0. 1 #
400 mmo/L ZFWREEAE MR B BR AT A AR bR LB Tabr, M AR ARFRRNTE T, AR5 OC B il 1% 4 LA KA
PR N AR & RS XSE I A S S A, S R UL IR R 3 FhA R IE S N AF 5, AT 4 R
R AR B R R WOSOR R PE SRR A 1 SR X4 s Eh A A A 7 ) T AE S T O A A
WHA —E WS EE R E L,

1 #HR57EZ%
1.1 ke S5t

A FM TR AR EVLIRE R ETT MR, A AR HOGIRE iR 1R A OB 16 h/ B 8 h, H
IR 25—30 °C , %1 18—20 °C , K HX IR 60% —80% , Eh A HA 7% T 555 1, JH 1/2 Hoagland 5 55K
(pH 1A 7.0) GelE, Wik 21 d )5 MK 5—8 em M HB R BB IR & . AMREETR I A A e 28, DKL
WLRARAE A SCHEH)  BRIE 6 em , B FRIRAKFL3 L, £ 1/2 Hoagland 3% W 145 /i1 200 mmol/L NaCl 1557 1 &
J& ,H 0.2 mmol/L CaSO, W VRAEVESL FA FAR R MUK SR KA MRS 2R W) A R G 32 (L4 W3R 1, pH {H
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Table 1 The culture medium with three forms of nitrogen

W NSy Kb P Treatments

/(mmol/L) NO3/(mmol/L) NH}/ ( mmol/L) CO(NH, ),/ (mmol/L)

Nutrition component (), | 1 10 50 100 0.1 1 10 50 100 0.1 1 10 50 100
K,S0, 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
CaCl, 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
KH, PO, 0.5 0.5 0. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
MgSO, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
FeSO, 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Hoagland ¥ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Na* 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200
cl- 199.9 199 190 150 100 200 200 200 200 200 200 200 200 200 200
NO3 0.1 1 10 50 100 0 0 0 0 0 0 0 0 0 0
(NH, ),S0, 0 0 0 0 0 0.05 0.5 5 25 50 0 0 0 0 0
CO(NH, ), 0 0 0 0 0 0 0 0 0 0 0.05 0.5 5 25 50

ER A EAL T 400 mmol/L NaCl BYIEFRA1F, 3 Rk BEVE B S ARG R s in gk 2 R (pHE 7.0) , 4k

PR HE SR 1,30 d JEIsE T ,*%n%&j‘ﬁ%%ﬁ%i@?‘é%o

F2 ARAREWSAEFTERS

Table 2  The culture medium with different concentrations of nitrate
BEFRNS/ (mmol/L) NO3 4bF Nitrate treatments/ ( mmol/L)
Nutrition component 0 1 10 100 200 400
K,S0, 2.5 2.5 2.5 2.5 2.5 2.5
CaCl, 2.5 2.5 2.5 2.5 2.5 2.5
KH, PO, 0.5 0.5 0.5 0.5 0.5 0.5
MgSO, 1 1 1 1 1 1
FeSO, 0.25 0.25 0.25 0.25 0.25 0.25
Hoagland f{iz 0.25 0.25 0.25 0.25 0.25 0.25
Na* 400 400 400 400 400 400
Cl™ 400 399 390 300 200 0
NO3 0 1 10 100 200 400

1.2 HEbRAE A
AN B UL 3 30 d e

Wt 5 E T 80 CHERMET e T, MUER 6 MHEE,

1.3 SEHHERL e E S E

AR ZEG R LT R LL-6400 51
JE bR PREE SRR 1Y HOGIR =
80% ) .
AAEATS, BIE & 6 NMEE

XA 4% (LI-COR Inc.
(JEHE 16 h/ s 8 h, HilE 25—30 C, &k
K 6400-02B £T %GR, DGR K 1000 wmol -m s I BHKFE6 £ 25 [R50 4 28 - HE 5 =

R R, AR AL BRI 20 NEEE L, AR AR A R K gk R i JE I K 4R

, Lincoln, NE, USA) &, )

18—20 °C , tHXF V8 % 60% —

PS II B IR REFEARASR (Fv/ Fm) >R ] LI- 6400 fE#E2OCA LA OE 28 (6400- 40 ) X EE £ 1)) 2K 1]

é%ﬁﬁﬁﬁ‘?'ﬂﬂﬁi w6 NEE,
2R R S R E
1.4 MRARPARRE )

R AARBR AR AR 235 f1R ] TTC e

1.5 GBI JE R (NRA) A S BERE & i (GS) itk

NRA A% PRGN . R A B iy 2 ) e NEE
GS HHEHERI . SR A CRET T A E , GS TR 540 nm WOGAE 2R, 847 A-mgh '™ %6 NEE
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B MRAE T SR T H,S0,-H,0, WETH S, FHELEG 2 Z0K I B 5 P i B A A A R
T U AR BRI 0. 05—0. 1 g B A S mL KB 7K, T80 CHYZKIEH A 20 min, 198, FIEWBER
T EN3 MY (Seal Analytical, AutoAnalyzer 3) M E SR MR SR, %6 MEM,
1.8 Hdligiit 554

RGETT2E AT SPSS 14. 0 3336 AH 7] 0 28 N [R) 00 32 1 Acb BHE DA R R ) G B AN ) R A B A T 2 T
FL# I LSD Gt 43 #T , 46 P = 0. 05 /KF- [xh 45 Ab BEAT B 38 1 25 S LA iR 25 4 AN W] RS 7 B Al
[7i) IR AN [ v B2 () A BRAE P < 0. 05 BPAT 58 3 22 57, AN /NG “F B3R AN IR U DR R) 50k B i A 3LAE P <
0.05 BT 25 fEEIRH SigmaPlot 10. 0 YRR,
2 HRESW
2.1 REEIEA XA A K 1 R

R BEART 10 mmol/L B, JCF-Exh b A 75 (4 A K B S HEAE AT 107755 T 10 mmol/L B, AR ZUE AR £
FEARNEMEEARR (B 1) DA A IR, 5 M 500 A ) i bR =5 7E 10 mmol/L B 35 1) d5 =i

CO(NH»), 20 ~ S ¥ /(mmol/L)
b ]
18 F w772 1
5BPBb 10
3b Da 50
§ 161 - Dl 100
= Ad ] 7 Da
5 Aap/] Ca ~CDa
5 14 F - -
= - BCaj/1]
3 : W=
£ 12 F = Ba :B{‘
i = H
¥ 10 | — —NAa
] Aa |
8 I- — -
. — -
C
08 |
Bb
= I Cab
£ 1 ABb Ia
2 06} CABd ol
= ] ;:
5 ABa— — c
[ | - a
; 71: - BCa
& 04 7= Bagl ARl
& - -
H - —
- — Aa
0.2 1 —Aa a
| NAa
. - -
NOs5~ NH4* CO(NHz),

10cm

1 200 mmol/L NaCl &4 T,3 Fham H 41 30 d MEREE KNI
Fig.1 The effects of three nitrogen forms on the growth of S. europaea under 200 mmol/L NaCl after 30 days of treatment
a: FEREA b: kiR e: TH;0.1,1,10,50,100 F/R R (mmol/L) 3 Fffi P {H+ SE(FREF n = 20, TH n = 6) ,IRZEL LARKE
TR R ) BN R K BE AR BRATE P<<0. 05 AT 3 22 5%, IR/ NG FREFR IR AN TR F IR [R) 20k B2 AL BEAE P<0. 05 A #2255
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T 5 ek B2 B BiF 25 R0 (50,100 mmol/ L) BSR40 T, #h M F A= Wy B AR BRIBR 5 15 10 mmol/L A AT o2
FRES o R RO SRR R ZR O 4 i e E Y B 240 1—10 mmol/ L, I 3 J3E 1 P PA AL PR A 0 4 A
Ko HPIREIRA AL 50 mmol/L i, £ A F A < 32 FIHM I, AE KRR /N ; A IA 100 mmol/ L i B EiHT
IMERRIETS . Sl IR AR AR AR AR B, SR AR X 3 o G0 A WA A7 A 22 5, FEAR RS R (0.1, 1 mmol/L)
T AR YR R 3 AR R C B 225, AWK L 10 mmol/L S LI I, 3 Fi e 54 Rt i
A F AR AR IO SR SR MIRER . TER K (50, 100 mmol/L) HER AT, #hi M v LUH S A
R BRI AR AMCIRIE B, 17 R 2R AN A R AR K
2.2 ARIEIEESXELAHOCEE R

ARV EIE SRR AT LY S R RS, SLESRANE SR (K 2) B, IS RN
IR ER A RO 2R SR LS R AR R AL AR R B B RV A SR BE A T i, i 2
RO, CE AR R R LR AL TR, S R AR IR 10 mmol/ L K LA LI, Y& /E MR IR 85
SR Fv/Fm EFRELE 0.8 Zify , RIDLRSE I s tesm , HZ SRR RZEUN . ISR IR R
FRIENT  EE A RO G SRR S — 8 B R RWE R T, a3 o i e a BOoR Rl L R RAL T
JE TR OCRGE T WA R T, (HAE T2 50 mmol/L I, J6& 3R R MR AL T ELY
TR CRG NIETEZ R, FWE 3 PR R BRI, SRR N AR, S DR S8 TSRS IR
R, MRS IRFE DRV eGSR 25,

= 1o r Ba Bb T 207 p3bBy ca BbRa
HE ABa R Bab Ca 7 LBb
v 5 0.8 = 2 Ba
=2 Ab GE 5T s
2206 R- Aa
m]\ﬂ}ﬂE g g 10 Ba
4o ? 0.4 é 8
#% = ®e st
gg% O 02 =~ a lAa
£ &
0 RE 0
NOs~ NO5~ NH,* CO(NH,),
I ~ 035
D 2 g L BbBb
Eo 4t BaBbgy, - 0.30 Ba
‘:3? g B4 BB S5 o2t
[=} a )
£ 3r . ” pad 2 020 ABal BaBa
= AB;% Bar] 5 o BaBaBa
ES 2t Ag T kY Ez 015 Aa Ba
5 & Ba B®E 010
] .
@5 Bt ‘Aa Aa ;% 2 Aa ABa
i ™ 0.05 Aa Ba
e 0 r 0
NO;~ NH4* CO(NH)» NO;~ NH,* CO(NH),
101
Aa Aa Ba
Al BoBa  Bapdho
0.8 ) Ba &K ¥/ (mmol/L)
Aa — 0.1
§ 0.6 &z 1
£ 04+ Aa =10
' 50
02 F - (00
0
NO;y~ NH, CO(NH,),

El2 200 mmol/L NaCl T,3 MERAE30 d MEREMRRSE, RAER, ZBER, SALSEUR Fv/Fm B
Fig.2 The effects of three nitrogen forms on the chlorophyll content, photosynthetic rates, transpiration rate, stomata conductance and
Fv/Fm of S. europaea under 200 mmol/L NaCl after 30 days of treatment
0.1,1,10,50,100 F/RAKE (mmol/L) ; HAERHTIE(n = 6) + SE, 2L L ARIKE F5E 375 [F) F IR A [ &0k B (14 b FEAE P<0. 05
WA 3522 5, AN RN FRE SRR AN R R AR R 2 B r b 3R P<0. 05 B A 3522 57

2.3 AFRRIEEXHER A AR R BT 15 7 50
ARV FIE 2 B BER A2 AR AR R IR S S IR ARG ), SR A R R AR BRI ) B IE 2S00 A,
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BIFE 10 mmol/L iASA, 1 mmol/L #2755, 1 mmol/L JRZE B IR 41F F ik Bl (8 3) o mrik R S A
b B 2R AR RV R S e R R 0 e S R R R 2 ) S I A AR R AR (1 3) , IRARIE S
R 52 235 T e IRAE AN R BE R S U JR 4, b A R R 05 I AR R K . DU S ENIR 20 AR
B, SR BEAR T 10 mmol/L B, £5 A AR 289 v, EL WA b 005 1) G (0 3% 22 53, i 00 vl AR 1 e 2 R R
(50 mmol/L) {HAF AR 21 I o FREAR (1K 3) .

FWJE/(mmol/L) 0.1 =1 CO10 £I50 2 == 100

251 3571
= Ba
T30 f Ba
2.0 m
o L Aa B
5 & 25 \a] Ab f‘ Ba Ca(f
=3 15t = o | A BCa
2 £ ga 2 2.0 %:
5 a S 1 H
™ > 1.5 ¢ H
*_é Lor Aa; == - ABa
~ 210 t = a Aa
0.5 | 3 1
S o5t = sa
0 - > 0 = .
NO;s NHy4 CO(NHz)z NO; NH, CO(NH2)2

B3 200 mmol/L NaCl T,3 MEELE 30 d MEAERAGNEGREFZTHHHIM
Fig.3 Effects of three nitrogen forms on the root volume and root activity of S. europaea under 200 mmol/L NaCl after 30 days

of treatment
0.1,1,10,50,100 F/R AL (mmol/L) 5 el A EME (n = 6) + SE, IR ARG T8 F R AR [F) R0 IR A [F) 20 B AL BEAE P<0. 05
B B 22 5 R RING B3R AN ) U5 AH [ 20 B 1AL BRAE P<<0. 05 B 35 25 57

2.4 AR RUR 20 AR A O S H RS P 1) R

AR i st AP 2 IO 5 B2 AL ) SR IR A TR RO IS SC B, LT P A2 SRR 25 U 52
W] o kA PR P T 1 B S2 AR A SRR L BRI, LR 28 N RN, S i D ol ) 3% P i S e 2
TR g o T LA 2 SRR B 3 R SRR, AR S IS PR AR (151 4) o A BB 1 U B 35 52 R
AT BE WA A« B M S R BE Y T s | M A4 T35 MEfr 2 T i T LA B 2 SRR PR 38 R, 43 R Bt M
A BRI MR E S, #E 10 mmol/L A (M1 50 mmol/L JRZ 535 544, I M 43 51l 35 ) g v 1 (
4)o

FIRE/(mmol/L) 0.1 =21 E310 S50 2 === 100

= 6 o7 Cb
g i g BCb Db

iﬁ{ N Cb &2 of Cb BCb

‘c‘f E Ié" 2 5 ABa |

o8 af £g ABa § . BIENEP
Zsg S& AN 2

=3 rce 2 3F / \ Aa

Hg oL g.g ’ \

s o HE ol 7 &

22 | Ab a B Ba s g \

;L Al ey 80,0 1A

s 0 &

& NO; NH,  CO(NH,), & NO; NH;  CO(NH,),

E 4 200 mmol/L NaCl T,3 M@ ELE 30 d MR AEMRRIERES S RBHRE NEBEERNZMm,
Fig.4 Effects of three nitrogen forms on the enzymatic activities of nitrate reductase and glutamine synthetase of S. europaea plants
under 200 mmol/L NaCl after 30 days of treatment
0.1,1,10,50,100 SRR EAHKEL (mmol/L) , B A FHME(n = 6) = SE, BR2ZEE 1A R KE TR R R IFEA [F 2k 2 1 Ab BRTE P <0. 05
WA 225, RIA)/NG FRER R AN R E IR [F) B AL BEAE P<0. 05 A #2555
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2.5 AFFEIEXS A won ik E B AEE R TR S AR
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Fig.7 The effects of nitrate at different concentration on the growth of S. europaea under 400 mmol/L NaCl after 30 days of treatment.
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