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Physiological responses to salt stress of plants derived from heteromorphic seeds

of Chenopodium album

LI Xiaorong, YAO Shixiang, CHEN Shasha, LAN Haiyan "
Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Science and Technology, Xinjiang University, Urumgi
830046, China

Abstract: Seed heteromorphism is an important strategy of plants for adapting to heterogeneous environments, and the effect
of heteromorphism on the descendant is worth studying in detail. In the present study, a comparison of the physiological
responses to salinity stress between the brown seed plant and black seed plant of Chenopodium album (Imbikicane) was
performed by analyzing the effects on growth and physiological changes under different concentrations (0, 50, and 300
mmol/L NaCl) of salt stress. The results indicated that the growth characteristics ( plant height and branch number) of
plants from the brown seed performed better than those of plants from the black seed under various salt concentrations. In
addition to electrolyte leakage, for which the black seed plant had significantly higher values than the brown seed plant, all
salt tolerance-related indices, such as oxidative damage parameters (O, , MDA) , antioxidants ( Car, AsA), antioxidant
enzymes (SOD, CAT, POX), and osmolytes ( Soluble sugar, Pro, and GB) showed no significant difference between two
types of plants. This suggests that the difference between early growth characteristics of the two types of plants might be
caused by diverse differences in the seed embryo size and germination speed, which did not to apply to the antioxidative

system.
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Fh 7 S RUEAS R —H bk b 7= PRk SRR T A S50 T & IRIR SRRt A 0 22 R i B g

AT I A R 7 XA A B B A S T A T B S R S VR R R R LA
SERUVE (InAE A B AR ) W EE (Atriplex centralasiatica) ' | 3% ( Suaeda aralocaspica)’ | b

B (Suaeda salsa) BIHI Suaeda splendens 9] L BE SRR TR AR PR KR B R RS JRETEER
3 i ) A B PR K, DASE SRR AR S S sk (E i TR B PR S B 2 R 2l (R R
R AT FE T AR AL = S T e U 7 R SR s AR AN ORI | R AR, X R A URK
TEB] R ZBAT , — R A AT AR IRAR AR W, AR PR MR Wi A RD B, 76 JC Ik 0 A5 R b TR A
PRER, T Tl & SR ' R R R SRR BE T R B I 3T SR R KU AR T A
it 2 S vk AR AR B O 2 0 ERr IE AR TE T B0 AE AL A 5 P A s Y RRAIE T R R A IR A R R
A R TE TP B B3 I o 6 PR 1) 3 B S [Tt B S B A E S Y

HATXH S5 R O A B 2l , RE 58 S RIMEFD I8 22 5 DL R i b DR A i & IR IR A it 32
P22 TR SR BT SR IR SRR BR T R BB (R RHR SRR ) 16 25 S A A
W%k PTG 385 0L, e A5 30 % J A AR P A A B A AR 7 A 5 i, B S A S AR AR K R B R P A
RG2S, HETF B A R . S BUPER 7 5 A AR TE 2N B & B W Bl W A o 22 5% iX Pl 22 S mT g
Q—E%?#,ﬂﬁ}é/ﬂ;ﬁﬂ@ﬁﬁﬂﬁiqjﬁ%[m o ;ﬁlfgﬁ(Atriplex triangularis ) E@jﬁﬁ?)ﬁzﬁiﬂ/ﬂ@}ﬁﬁj{, T H.
FEJE S R — BRI R 22 5, 35 101 5 50 00F B 3 2 S0 oh R 7 8 R DR T/ NRR T i
Mandak E@Eﬁ%ﬁiﬂ,ﬁﬁﬂfgﬁ(mripkx sagittata) B (O, B AR i, LS AR RR ) AR R H A
P78 A SR AEBE il & 30K, S BOP IR 2 B2 G, (HURRL PR 2B R R 304 R RHEY Hedypnois cretica
K0T 7= A B4 AR R AR e I A T/ N 7 R I 2 Seon B 5 ; Crepis aspera )5 71 Fh L 36 81
NS T R BRI R KRR B E A NAEREE P ESMEARY . BRHA A (Xanthium
italicum Moretti ) H. A FIF 57 i Fh SRR BURE ), T ALF0 KT BALAPF BAVKRIR, 2% 8 I~ i fh
FRRAO R B 0T BRI . 3R 355 ( Calendula arvensis ) W98 S AT WS WRIE 25 i E = Fh AR
TSR WL FATE Fp 75 AR R 1 SR 0 A KR BT AR B B AR T2 dB 2 25 RHE Y 22
( Dimorphotheca sinuate ) B HPIRIFEFDF AL A6 Fh 75 AU VR SS SC A W 22 0200 RSNk, H il 2 50 58
A ) F S R D T SR AR AR RS S IR i 22 5 2

SRR JE AU G F AE N S S R R R 22 % PIA S RHEY Dimorphotheca siauata F1RS IR 444
(Arctotis fastuosa ) 57 Fh - 75 A [6] 7K 43 ip 38 | 47 Fp 3 1A B N Rl B AW o e Sl A L e A
Suaeda splendens B 2E (- REAEARER MR B T i &, @z%ﬁﬁ!t%‘ifﬁﬂ‘]ﬂ%%%ﬂﬁi@, ﬁﬁﬂ.?ﬂ—:ﬁ[ﬁ,ﬂ‘g%ﬁ:?, i) a
ZRNH . W ORI EAZOCIRA W, RETE R ERIRE Rl &, i HLij &R . 48} Crepis sancta
Y S RUPE R AR ARAE A Se B 0 T | 75 3% R 20 P RD 1A AR A ) s YA 52 0] T 76 o () 58 P A7 78 A 1 O
TG F 5 AR E R R A B A BRI aE 7R B i S R M AR AR & B RN 2 v R

SEROPE R A v A N 38 AT LABR AR Crepis sancta 38 R0 1 19 5 Rk Fo 401> ¥ 5% T )8 Salicornia

patula TRARKAEAET 0.1% 1) 3 &£ B B RS R 2 ) 29 RHEY) Leontodon saxatilis
B AL SRR e e SR A &)y AR ) RS 2R L AT W e R, (EK 0 U 2 1 A ke v e SR Y %R
7 H(Chenopodium album) W52 RIMEFPF 5 AR AR TE R a8 £ 00 B AR KR I s St ¥ e F 22 5 1
FRIE T PR S A A AR R T H R B T R L S S SR e AR 0 TR A RS 1 D0
ORI b 1 R 0 1 e A R, T S e o — LA D) A € R T S Az R e T SR, H
OO S BUPEAD 5 AR R 2B K B B i A 3 A= Ahoms 7 AIL i A TR A PR R i DL ARG

22 ( Chenopodium album ) “HEEF} ( Chenopodiaceae ) 22 J& ( Chenopodium ) — - FLAKEY) , |12 53 A T8 i
TR DX T S P R A A b BT R Bt . FEAEAE 300 mmol/LNaCl Jihif FIE# A K
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TR AR AR A 38 25 T B P A e R ATL ) 745 S5 96 7 iS008 2 o S TR0 B ™ A L A ) 7 5 il
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PR TR TR RS 084 (1:3) Jeirp B A Fh 1 F1#8 (55T 5] — A8 N B P32 (3 5 BV b 1
AT AR 2257, 3 AR TS0 DLPTRR R 5 i 8 A 2 A i) OB O 16 h S fE/8 h R 25°C —
32°C  AHXHRE 28—50 %, AR K 2 = A H R/, S BOR AR K 3 — S e 2L, A # - 2 A A~ A
BER N Ia , BAR T 20 (1) AN EERE W EY Hoagland B IR AL EEAE X RE; (2) % 50 mmol/L NaCl /) Hoagland
B IERAE MARER AL B (3) & 300 mmol/L NaCl ) Hoagland & R AE A EshAb B A ay, — AN B — IR A
WL Hoagland 537K, WME J5 B A 58— UCHHRBAL B ( LA 28 h = r 2 — F RS A8 T
FrifE) o BURERE U FRRAS — B A AR EE =255 00 7 (N BAE T80 Mo AL H =4 E A 0.1g
Fef BT RA &,
1.2 AARgsprilE

4¢3 (Chl) A N 2 (Car) 5 RAGIIAE S I8 Porra Jrik"" s SR AMAEN 2 L SR ; B ] Li and
Gong 77 AN A Ay B A 1 R HIRLA QL LE Z R (TBA) HL LI MDA & 55 (5 PUME (NBT) L
M E SOD I SR H,0, RN AE CAT 3" s A FH AL QA B L (30052 POX 361 s 2 MR Rt
SN ORI T AsA iR o B L (o R A i Y R R K A R T R Y s R
£, FHSE A A 1 B 1 & &R Bradford 177 &5 ( TaKaRa, K3 ) MI5E .
13 St

AWFFE R AR 18 ARAE AR AT e I Bl 4ok A =SB, TR bar [HRR
FrfEiR, P B9%E A GraphPad Prism Version 4.02 Windows #{4: ( GraphPad Software, San Diego, CA)#E4T
G3HT e ST AEA FIARBCR 4550, 2 FEAR HI BRI R BOUA R J5 22 04, UAEAE B E RN #E] Tukey 2
T ARG 6 2% FEAS ] 110 22 S 3 1

2 TLEER

2.1 NaCl K HIAL XS R R AR K 2R 2R 15 B M)

TR TR (0 Fh 5 A R X BFIISER e B, AR K R BARRI( B 1 A, B), il 300 mmol/L hWpie
D8 R TR R AR AR A B L B R (& L A, B) TS R AR AR R AL W] B g T R
T XA R HE b AL T R B 20T 2 B, 300 mmol/ L ER B £ M F 343/ M T 40 B T R
(B2 A, B), iS5 U772 A il W b R ok 14 138 0/ i T 350843 LU 910 6 4% o b B 27 ) 34 O B i 2% 5 ([ 2
A, B) . e BE E AR (300 mmol/L) flf PR FR R 4 2t 2 2 2 B RIS (18] 3) , T P RR b P A AR 2
] () 2 2 B AR A PR VR AL B R JC i 22 5
2.2 NaCl KA FEXF I R S R A5

ER AL T RERR (AR T L S GZH T R, 300 mmol/L b AR BIAh R TS AR (10 B 5 R ) R 2
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http ; //www.ecologica.cn



4 A E = 35 %

WN

733

Plant height/cm

0 50 300 50

NaCl concentration/(mmol/L)

E 1 NaClBrEMZESEEMFEREKRERKNZN. (A) %K5; (B) 28#. FE/NSFERTFEZEEEER(P<0.05)
Fig. 1 Effect of NaCl stress on growth of plants from dimorphic seeds of C. album. (A) Plant heigh; (B) Branch number. The different

lowercase letters indicate significant difference ( P<0.05)
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Fig. 2 Effect of NaCl stress on biomass of plants from dimorphic seeds of C. album. (A) The fresh mass ratio of shoot to root; (B) The
dry mass ratio of shoot to root. FW: Fresh weight, DW: Dry weight,. The different lowercase letters indicate significant difference ( P<
0.05)

JoIR3E B AR 7 v R 2 e D B S v (TRT S A) 5 IR W6 R v 8 3 %o T A 5 2 1 R A B e A
YERI(E 5 B) o TCit e fRERIA 2 SR AL B | WA AR AR 22 1] ()3 M SR TS —REKF e e 25 57
2.4 NaCl ZbFEXTT A A G I 1 Y 52 R

ARWFFE T, R0 B E RS T A A AL (SOD) i S AL AU (CAT) Flad S ALy it ( POX) 11437 1 ( &1
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Bk CAT 757 300 mmol/L EhALFERIC i #2257 (1 6 B) . POX JEMEAEARER MG T 5 Xt B8 JC I B 24 5% | i =
ER 00T dp 2 AR AR P S PO RMAEL AR (]9 POX TEMETC R 225 (K6 C)
2.5 NaCl X WAy i 9E B 2 2t s A0 50 1 5% g

B T RS AA T S 5T BRI A BRI N R (Car) FIPTIRINER (AsA) 76 1Y AEBFAE
Ky AAH . AT R, B Y Car & 7E 50 mmol/L 5L} JE B 254k i 300 mmol/L £k &b F i U]
WETRECE T A) ;AsA & 8AE 50 mmol/L ERACFHAT 2 FH sy Ea %, M 7E 300 mmol/ L i 4b FRAT Wi 22 X HEZK S
(E7B), TEAFERMREEALITS AR R Z (8] A IE B 2 S BT A AR ( Car 5038 AsA) S ¥ Jo i 2 25 5 (&
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Fig. 3 Effect of NaCl stress on chlorophyll content in leaves of plants from dimorphic seeds of C. album. ( A) Chlorophyll a; (B)
Chlorophyll b; (C) Total chlorophyll content.. DW: Dry weight.The same lowercase letter indicates no significant difference
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N Fig. 4 Effect of NaCl stress on electrolyte leakage in leaves of
3 'LTJ' TE plants from dimorphic seeds of C. album. The different lowercase

letters indicate significant difference ( P<0.05)
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Fig. 5 Effect of NaCl stress on oxidative stress level of plants from dimorphic seeds of C. album. (A) O,.- production rate; (B)

Malondialdehyde content. The same lowercase letter indicates no significant difference
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Fig. 6 Effect of NaCl stress on activities of antioxidant enzymes in plants from dimorphic seeds of C. album. ( A) Superoxide Dismutase;

(B) Catalase; (C) Peroxidase. The same lowercase letter indicates no significant difference
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Fig. 7 Effect of NaCl stress on antioxidant contents in leaves of plants from dimorphic seeds of C. album. (A) Carotene; (B) Ascorbic

acid. DW: Dry weight. The same lowercase letter indicates no significant difference
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Fig. 8 Effect of NaCl stress on osmotic adjustments contents in leaves of plants from dimorphic seeds of C. album. ( A) Soluble sugar; (B)

Proline; (C) Glycine betaine.DW: Dry weightThe same lowercase letter indicates no significant difference

Xt 3K —BRGRARE g , Kb 77 A O /IRl - (0 LA T R AR/ 25 L, DTS S50 35 43 A AR o e
Crepis sancta W RFFAUHE B B B M52 s A R IE Y | Leontodon awumnalis WSIAER T EARE /N (A
JETE U 40 v T8 N RE T 18 K, BES AR BRI e T 2 2 1 R R AR B KRR IR AR R L Wlff
W5 R BAE T 2 W8 913 | Desmodium paniculatum B9 RKFh 4B A — & BIPE Y ESEFR 1R/ B IIAE 15 2R
BA R

TERF SRR R AT A B, 7 Ry 38 T W5 R G 32 40 45 B A s - L S R A DN 2 235 2R 107, 4 (0 1 AL PR B IR A1
TRATh AR, 455 X KA BN 25 R W57, #5 EF  J5 AOR bR 5 28 00 R AR bk i T 3 P B AP 7R 22 57
BT, FRATRZE S AU A 5 AR R (B) AT R PR AT T IR ABEGY . B THU A Ak R Go Xt AR PRI A2 w5 3R a0

http ; //www.ecologica.cn



8 S % 358

HARKETTER L IRAT R G I8 1 £ W38 XA ik 0 S Ak 30495 (480 A Pl 2 T %) Bt A fL i (SOD
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N B SRR Bl 5 AR R TR R 0 38 T R E A8 25 5 01 Ok S B0 B N 0 2l AR X Bk BRI BE (Atriplex
sagittata) 5 AIERNJ5 AP 03581525 S 08 1 RE T I BIFIE & IR, 48 R 75 B0 S e i & A ik a5t 1%
AR AR, TAEER WA T 77 A AR AR vh S5 Ll 22 5 (RG22 5 ) AR/ S5 AL 28 S A o 5 52 IEAH G
PR AR R R (P B AR R A 8, A HAR AR 76 38 N7 5 5 Ak 2B B Isf 7T R ARG 2 B Fh A5 APk
R/ INTT R B S AU R A TR HE R AT 6 G A KR DL R s s S i 22 5 X PS4 A 2
FF [V 84 S ) R b i A BT A TR) 4 == # H0E3E (Auriplex triangularis ) SRR T~ KRR TR — B RS T
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4 HFit
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