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Characteristics of ion accumulation and seed germination for seeds from plants

cultured at different concentrations of nitrate nitrogen and salinity

ZHOU Jiachao, FU Tingting, ZHAO Weiwei, XU Yange, WANG Fengxia, SONG Jie"
Key Laboratory of Plant Stress, College of Life Science, Shandong Normal University, Jinan 250014, China

Abstract: Suaeda salsa is an annual euhalophyte. Fresh branches of S. salsa are valued as a vegetable, and the seeds
contain edible oil. Seeds of S. salsa have a high germination rate under high salinity, but the soil NO;-N is very low in the
habitat where the species occurs naturally. However, it is unknown how combined salinity and nitrate nitrogen during seed
maturation affects the salt tolerance of seeds for this species. In the present study, we investigated the characteristics of ion
accumulation and germination of seeds from plants cultured in different concentrations of nitrate nitrogen and salinity, in an
attempt to understand the adaptation of S. salsa to high salinity and low nitrogen during seed maturation and germination.
The results showed that S. salsa had a higher ability to maintain ion homeostasis (e.g., Na*, K", Cl” and NO;) in embryos
compared to pericarp or fruiting branches when plants were cultured at different concentrations of nitrogen and salinity (i.
e., 0.5 and 5 mmol/L NO;-N combined with 1 and 500 mmol/L NaCl). Na" and Cl~ concentration in the pericarp and
fruiting branches were higher than those in embryos, especially at high NaCl (500 mmol/L) regardless of NO;-N
concentration. At 500 mmol/L NaCl, the opposite trend was shown for K" and NO;. At 5 mmol/L NO,-N, the NO;was
higher in the pericarp, but lower in the fruiting branches than that in the embryos when plants was cultured in either 1 or

500 mmol/L NaCl, while the NO;was lower in the pericarp and fruiting branches than that in the embryos at 0.5 mmol/L
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6130 JAE = 3%

NO;-N supply. At 0.5 mmol/L NO;-N, the concentrations of Na*, K' and Cl” in embryos and pericarp were higher than
those at 5 mmol/L NO;-N. The seed germination, germination index and vigor index were higher for seeds from plants
cultured at lower nitrogen supply than seeds from plants cultured at higher nitrogen supply. In conclusion, the species may
have a perfect ion regulation mechanism to maintain ion homeostasis during seed maturation. Compared to seeds from plants
cultured in higher nitrogen supply, seeds from plants cultured in lower nitrogen supply had higher seed germination,
germination index and vigor index, which may be related with higher concentrations of Na*, K* and Cl” in embryos and
pericarp of seeds from plants cultured in lower nitrogen supply. The trait may be related to the adaptation of S. salsa to low

soil NO;-N content in the habitat where the species occurs.

Key Words: Suaeda salsa; ion accumulation; seed germination; salt tolerance

EIAiT, 2t 5 i 8 44 hm® (14 132 8]+ Heshmfb i s m ' & Rk b Al 2 1 % + R b A alas R . b iR
¥ (Suaeda salsa L.) WEERMEEE IR 1 A ETA N B AL B AL M), AT AR SR At b1 o b 6 Hb Ao T B o 0 36 b i b, +- 9
PR S AL 6 b B B I T AR A R T S P RE IR D DR, R B T AR R X SR B
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BEAE TR A ERAAEEE X, SIEREMY ARG, AR i 2RI T EINA IR 085
TEHIT] A2 A2 — 5 e B 10 6 e T o HSRHAIE T —SLEh A A, 9] W 2 F & FE ) ( Salicornia europaea 1..) [T SR %
(Suaeda physophora) YN 4] Na® & X3 AL 1E A B 5 B S350, Na* B8 FEIR R AR B HIAR D, it B3, E NS
AR A3 )R b B SR R e Na™ B s PR D i KA, i EAR D K S B ST Na™ & i, B i A 5 N SR R/
XHEEA R VERT . BR B KT T o0 E IR A i Eh L [ AR BT SR B AT A B
SO L S i N R AT R B B T G R v B A BT AN B AT Y . R AEBT R SR AR A A K D
R R 5 232 BN E A PSR4 (BTN ZR) 52 o DRIAS SCIF 9 T 5k 260 0 A X ek b B 52 b B SRl 35 AN RT3 o 8 T PR R
R R 5] X ] Sy SR e e 2 5 7 kot £ 85 1) £ A S ML 42 LR AR 4l
1 #EFnAE
1.1 SEEARl

IR AR AT, T 2011 4F 11 R B L ZR A8 B0 = £ W P4 i b B i (N37°207; E118°367) , It T- I Bl 777 T VKA (< 4
C)
1.2 YRR S48

PRIE i SR AR RN, F 2012 4F 4 7 5 H ARG T 16 A8 Uhig i v i ¥Rk 2, gh 843 1A 0.5 mmol/L
NO;-N ¥ 5 mmol/L NO3-N ¥ B, 5 E W E 8 7, 0.5 mmol/L NO;-N 4143 5:0.5 mmol/L KNO,,4 mmol/L
CaCl,,2.75 mmol/L K,S0,, 1 mmol/L MgSO,, 1 mmol/L KH,PO,;5 mmol/L NO;-N ¥ 204>} :3 mmol/L KNO,, 1 mmol/L Ca
(NO;), 33 mmol/L CaCl,,1 mmol/L MgSO, ,1 mmol/L KH,PO, , WINEIREE I Fe M EITEIRE 55 4 Hoagland & IR
AT, LA KOH FI H,S0, 75 pH (A2 6.2+0.1, 64d J& , 4 PIARAIET,0.5 A1 5 mmol/L NO;-N FAE B &)y #5353 F 1 1 500
mmol/L NaCl #F474b 3 . 500 mmol/L NaCl &KL 50 mmol/L #38 LLkE etk whrods | ik B M B 90 d J5 I EEFh T, R AR A 55
TFHATIE . BT AR TUKAE (< 4 °C) PRI, T BT A 5286
1.3 ek
1.3.1 R SRR AR R A R E

N 2 ALK E AL R F I R SR8 A BIFR SR, R R 0.1 g0 FRERBAGRE T A LB FK
10 mL, #/K7% 12 h, i3 385 FHEBE FRKESRS] 25 mL, Na* K& 410 B AAEIERE T (FEE Sherwood A F]) ME , C17 &7
PXSJ-216 B T HrAX (i) 408 FRb R i 2 . NO; /KA BR-BEAR-NaOH J7 35, 40 66 H 410 nm FIE,
R AL 4 ANEAT
1.3.2 WA REFREECRIE T4 By il

LA 2 SO 19 5 b B AR b 43 B T B A DR ARG 35 SR L b, AL 25 KL, NaCl ¥R 3 420,200 F1 600
mmol/L( ¥ 1/5 Hoagland Bl , HH1 {74 3 mmol/L NO3-N) , L KOH F1 H,SO, %5 pH {HZ 6.2£0.1, FEMAIA 5 mL AR
WL, BT E IR FRA P EA T & (20°C /12 h JRE 25 C/12 h JEIGAHXHRE 71%) o B 2d #e 1 RE IR, DR OR T
FE o DEARZE AR 1 mm 1E0 K ZEbRR, BB BPULER TE ST R4, P17 & 0 Bl B2 6] B 5 S0 R 0 8 R 2 K
om0 d' P R ZEGHUSINE L R, 10d JFRER W & BRR AR B C NaCl (19 1/5 Hoagland TR ARSI 5280, Geit H A
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KGR &%, BRI AT .
B REE G =a/bx100%
K, a AANFER R P R R P b R BHRFN TR,
SR = (ate) /bx100%
¢ AHE 10 KBA B K TR K S 3 & R4,
KRB Gi =X (G/Dr)
o, Ge JEHE] ¢ HAET & R FEL, De e R A8 & AL
16 85 Vi = SxGi
K, S HANTHEE
1.4 HdEabr
BARSBIR A SAS 6.12 HH1T =R R BEMHT,
2 #R
2.1 R RPFIRE R A
MR RS SR A, S A U X R R B AR Y Na™ | KBS FRE 8/ #1252 ) CL AT NO; PR B85 Rk IR SR Bz
AR 4 M+ & BEAHBEm, 5 0.5 mmol/L NO;-N AN L, 5 mmol/L NOZ-N ZbBRFRARAHRAL C1- & &, HI in
NO; fit, Ji HJE7E 500 mmol/L NaCl AE# 45 F ,500 mmol/L NaCl 34 Hn4% #5407 Na* Fl C1™ 85 1-& 1, &Mk K*Fl NO; &4, AR
IR FR LN 4 Fives 1 & LA B 09 52 N R R UKCTAR R AR SR B R SRS IR B+ A AR e (R 1,38 2)

F1 FRKERALETHHHEM FREGNEFRE

Table 1 Ton accumulation in seeds and fruiting branches at different concentrations of salinity and nitrogen

A i ) 0.5 mmol/L NO5-N 5 mmol/L NO3-N
Ion concentration . b AR
different Sample components 1 mmol/L NaCl 500 mmol/L. NaCl 1 mmol/L NaCl 500 mmol/L. NaCl
Na*/(mmol/g T1) Ji 0.16+0.029 ¢ * 0.32+0.023 ¢ 0.14x0.006 b 0.28+0.056 ¢
R 0.43+0.008 a 2.48+0.044 a 0.53+0.057 a 2.46+0.075 a
53 0.33+0.018 b 1.73£0.15 b 0.55+0.10 a 1.57+0.12 b
K*/(mmol/g ) it 0.40+0.097 b 0.37£0.052 a 0.35£0.019 b 0.28+0.009 a
R 0.57+0.026 b 0.35+0.013 ab 0.60+0.090 a 0.34£0.025 a
53 0.82+0.014 a 0.27+0.041 b 0.74+0.055 a 0.17+0.037 b
Cl™/(mmol/g T-) i 0.13+0.027 b 0.24+0.067 ¢ 0.07+0.005 b 0.14£0.004 ¢
RE 0.61+0.005 a 1.26£0.12 a 0.43+0.078 a 1.16£0.17 a
5 0.62+0.071 a 0.76+0.18 b 0.47+0.47 a 0.89+0.097 b
NO3/(mmol/g TH) fir 0.74£0.042 a 0.74+0.040a 0.77£0.001b 0.76+0.021 b
R 0.51+0.060 b 0.20+£0.074 b 1.13£0.022 a 1.04£0.12 a
53 0.39£0.042 b 0.08+0.003 b 0.61x0.025 b 0.46+0.039 ¢

# P34 {E2SD, [/l — NO3-N ZKF T 1 8 500 mmol/L NaCl ZbFH A Al 8 (o2 88 &5 it V- G W 1Y T BEA R R TE P < 0.05 /K L2255 3%

K2 BTRE.RHEX BEEHNENERN=ZARSNER

Table 2 Results of three-way ANOVA of ion content, total germination, germination index and vigor index

R S 77 001 ) S 2 R 5 57 01 1 2 4k 2

R Traits Nitrogen concentration for NaCl concentration for zjl);éf{(imponem
plant culture plant culture

Na* 5 Na* content 0.20 NS 2103 """ 903.0 """

K*#& & K* content 7.04* 189.7 " 18.88 """

ClI™ & & Cl”™ content 7.48" 151.6 """ 234.65""*

NO;3 %1 NO3 content 398.00 """ 722077 177.23 7"
AR 77 30 ) RV 2 EAC S R 400 v ok 2 Tl & B R R 2

B & R Total germination 2.26° 0.25™ 3.06M

W] & A5 %L Germination index 19.58*** 10.51** 260.51%**

I JI46 %X Vigor index 145.7*** 128.7%"* 188.7°**

#* FRAE P < 0.05 /K L EFBE, «+ FTIRTE P < 0.01 KFELEFRE, «xx F/RFE P < 0.001 K FEFRE NSEREABEER,
BERE F H

AT R FAL BT 2R B FERAE R Na Al C1 5 i e 25 8 TR b T KO NOS 202 B B A%, 0.5 mmol/L NO; -N Zh PR}
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R NO; & BB T 5 mmol/L NO;-N 4b# 5 5 mmol/L NO;-N 4bBEAH L 0.5 mmol/L NO;-N AbBHEHIR 7 NO; B2 & TR %
AR B P s, A R %, TR HEFE 500 mmol/L NaCl AR, K™ EIAHBI G (E 1,5 2) .,
22 WRR

T R AL B OB D F-7E 200 mmol/L NaCl ARBER | i A fe B LR A9 i 352 B AH A 10 KA & 32 24 5 %00 BRI
A X, AT 600 mmol/L NaCl &b HHEN 5 25 K1 TR 50 &3 . R A A S0 ME) AN ] 3 Ak BHUXE iy AR 17 o 1817 i 3 52 )
FHo FITHIALE 10 K, m AL BN WO 7 4 7 0 3R B TR AL B R SOR A RD T, AR R ZUKF T, kAl BN o i 7
B 2 R AR ER AL ER SR Al T A B R A R RO E S, BN, 0.5 mmol/L NO;-N F 1 F1500 mmol/I. NaCl A} 5 mmol/L NOj;-
N F 1 #1500 mmol/L NaCl £ F# AR AGFHF7E 600 mmol/ L NaCl H1 A & 523 Sl X} HR Y 16.2% ,31.8% ,6.25% 1 14. 5%
(E 1),

—o— 0 mmol/L NaCl —0— 200 mmol/L NaCl —2— 600 mmol/L NaCl
120 120 r
0.5 mmol/L NOs™-N, 1 mmol/L NaCI4t#f 5 mmol/L NO3™-N, 1 mmol/L NaCl4bF#
100 | 100
80 80 |
60 | 60 -
40 | 40 |
20 20 F
X
=l I 120 [
= g 0.5 mmol/L NOs™-N, 500 mmol/L NaCl4b#f 5 mmol/L NO;™-N, 500 mmol/L NaCl4h#f
(5]
© 100 100 |
80 | 80 |
60 | 60
40 40 |
0 Il Il Il Il Il Il Il Il Il J 0 L L L L L L Il Il J
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
B ] Time/d

1 FEEREX G ET T iR R0

Fig.1 Seed germination at different concentrations of salinity

SR B EH R R AEAE R RG340 18] Ay R 0 B LA B R 1 & s 1 A Rk B 22 TR 4080 W 2 s (&1 2,38 2)
2.3 BIRIRECRITE AR5

ERAC PR T ER MO AN [ R A 3R WOIR M R A R AR B, AERZE IR, 0.5 mmol/L NO3-N 254 T e £k A #1XT e
WK i Z TR ECA (A HEAE R, T 5 mmol/L NOS-N 54 R i A O BT WO SKFh 8 & 48 B0 8 520, R RRZE IR, AR
1R 43 ARG BRUSCR P B R 18 400 T o U BRSO R B R 184, 18 e B AT A R i s, (IR BRIk 1 b+
AR AT R AR BORNTE IR B0 g SRR B A R B Nat |, K CU B A G (R 3,3 2)
3 iTig

BEART P ANZREFMBERE, FFhS 5B BN HOIETFFRZR Na” K G % K& K/
Na' XHAERFFh T2 TS LB K, Hosseini FRF58 W1, R B RAR T A9 KR Ca™ BESE INHA & W1 el b FAOPLERME" . &
VERIFSE % B, 55 P e Ak B0 ) i e At € R b TSR B b ) Na ™ B S i TR, T K SIIE I AR . i LR K &8 B T
Na* &, ASIEE R LI, RFEEEGHE T, Mo MRA P AY Na® KT C17F1 NO; 8 T bR & 4k B s 4k, mie b A s 7
DTERHILTFERAT(FR 1), BARRIY Na* CUO RERBAER K P X 4R GRS %0, @ e K4k
AN SE . = R RET AR P KT R s i =AML, S B0 P L35 KA m R, FEd LEBAMIC K4 T, 3 b B
F ARG R P SRR R i K eig IR IR R R B Br AR A m i A R, X T NOS B, = AU iR S R i
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ek, R NO; BT T R A NO; BT 00 mmol/L NaCl 8200 mmol/L NaCl B 600 mmol/L NaCl
SRR TR, MR R BRAT NO, TSR R E 120 7
a
RFHERR, BRI GE BE R SR Y NOS B 48 AR 100 [ a2 l 2L aT, ala
NN . 5 - N X = 1
B, R RAR B AR AR e s m 2= ae b, L3t 5 o 1 ™
AR FARANT . BRGNP ﬁé
TESE M TR, B IR A B B T g aoF ALpea s BE
KETHBE, 3 wf
[_‘

TR B b Bl W R R AR A W) AR T s b By oG IR 2
5150 Pritchard %5 & B, fEFD T8 K B L NOS REIE IR R B A2 o ‘ ‘ ‘

) 4% . [14] - ) ) Immol/L 500 mmol/L  Immol/L 500 mmol/L
B (Arum maculatum) R AR NOS £ 2= 0] LIEFT B NaCl NaCl NaCl NaCl
FAERR TR 5t A b 38 2445 540 71, 94, Li B R 0.5 mmol/L NOs~-N 5 mmol/L NOs-N
PR, — 7 v B A A5 LA PR % (2 R b 5% TR M D T A TS S AR AL B 3
M PRI & NI, FF A F R NOS AR BT fiE

- PR e T e B2 RERRENHTREEEOLIN
XTI Rl B8 K, 0 H IR 3 AR A W 7E 30 5 R vp Y 8 %k ) ) . L
. L Fig.2 Effect of salinity on total seed germination
PEFEE . ARSEIREEFAEN] 5w B AT WOR 1 Fh A1 L %
FUIRAE T WO B T 1 B A T R A R R R ORI )
00 mmol/L NaCl 3200 mmol/L NaCl B600 mmol/L NaCl
5 200 0.20
2 Al ’
£ 150 a L . . E
Em T 5
% 100} ] |b % L; b %D
S E D 5 o
o= 5.0 R b
Pl [ T . [
Immol/L 500 mmol/L I mmol/L 500 mmol/L Immol/L 500 mmol/L  1mmol/L 500mmol/L
NaCl NaCl NaCl NaCl NaCl NaCl NaCl NaCl
0.5mmol/L NO;-N 5mmol/L NO3;™-N 0.5 mmol/L NO;™-N 5mmol/L NO3;™-N
RHAS AR AL B e JiE THAS AL AL B JiE

3 FREBRENHFHEZERIE DSBS M0

Fig.3 Effect of salinity on germination index and vigor index of seeds at different concentrations of salinity

BE(E 1—E 4) , @RS T (5 mmol/L NO,-N) M ERA K AL, vl REE SR KM T A A K, BB A AP 2
(IRA A BBOGR A F T E R EAE 1 F1 500 mmol/L NaCl A T 43 B2 R A0 1.5 1 1.2 4%, R EREIR) . IRE BRI R T8 4r
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