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FE: AF F oAt NJ978 H XA, HR T NaCl b s # F4h % £ KB A Na® K™, Ca" " Bk At Hohr, %
RAEW . Hosr B Fohw A Ko HAE R NaCl 3k L 69 38 he i B, A% 3 M 38 F (NaCl<<50 mmol/L), # #F 4 K
L5 BAAREEF, & HE M4 (200~300 mmol/L NaCD B F 474 T 4% A k. K NaCl iR E 693, B FIRA
Na' &&3m, K',Ca" &Z KAk, FFREZN Na' A — 2B G4k A, IKE 7B T (NaCl<<100 mmol/L), &3
Na i ig ¥ hm, i L3 Nat 3 m%12, Amiph T Na' s L3R s, F 445 T LMty K, Ca"
s IR NaCl % B & TA & Na™ & 8 B{A5 (100 mmol/L), XKE# Na™ E# Ex L34 T KT ,Ca®" #9580k,
A I A KT /Na® F2 Ca®" /Na kit FH, ¥ FA 25 KT ,Ca®" ,Na© i B BOR M (ASk v » AScan) FL 25 B 38 38 A i &
%5 AR e ERBEH KT ,Ca”" 4 A (TSkow » TScana )£ 0~100 mmol/L NaCl K+ F&# I %, Gk & T K. A
LERER . ARHAS Na 09 BB A Na™ , K™ ,Ca " EBERF LB ARASFFED LMl TEAHMZ—.

* ®# W FF Ama; AR BEF oA

hESES: S644.6; QI48. 113 MHEKARERD: A XEHE: 1673 -9868(2014)10 — 0031 — 06

I B RS AR A K R N R —, dEgeit, RS 2R R A2y 9. 91 X107 hm®,
Ik, 3853 TF & AR AR B b 2 > B AR M & R i R R A

WY 52 BN EE i 5 R BRI A K ZM, HIRH W KBS | B o Tk gt
F T EZ I AR RER IR BT AN RSO BB TR B AT i VR T, DT 0 40 AR R
FEARAN B B 3, B Ik 4 iaK™ s SEbMraa . K& Na A4 AU IR 40 i 3 7 ek 2,
1M HLRZ i TEHLER B FAEM N At Y S r RSN E R MY SR S M EENS, 58T
5 J5E 32 iy ) B 35 3R 11 (1 H -ATPase, Ca®" -ATPase., BB [, & Fh 5 130 18 25) x5 £h 38 T 40 i 10 2
TRAMESEE EEMEME 2, YIS Na® KB Ve 8 mOlie b 52 e % YA ¢ . £ Bhia T 40 i 5
YRR TE R 1B T B R A R A A A I A

PP (Asparagus officinalis L) WA BFERITA G ZAEAHAMY), HA MR, i Ehi GRS, 2HEREN
LPEMZG Y. AT, B PSS T R BT BB PR R L R T R U SRS T, Ak
HAEER 8 T BRI BN 8 A D, AR T S 0t AR R, AR A N, WA A K R Na®

O WRHEW. 2013-10-17
HETH . AT R BHIF LI (201003074) 5 64 B S #1150 H (13226904D) 34 9% .
TEF A WA A981 -, B, wdba R EN, BT 6, 55N FHE R R B 0 5T,
BAGVEE . WEK, .
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K", Ca®" S5 @ 100 A o RUHER X R A HLEE LU O 56 90 1 S 5 DA A 3.

1 #BfMAE*
1.1 #iEEss

IS T 2011 A b 4 AR MRORE 27 B 28 B 7 W) 0F 5% B HOG IR 2 9 3EAT . DU 95 5 Rl NJ978 1 kL,
2011 4F 2 B, TEHDBIRE P EFREE N . HH)5 60 d B BIRE 40 cm X 40 cm B4

BA 10d 5, iR —Sail i r i ah B, KKk 5 A4 KE. 431 50,100,150, 200,
300 mmol/L, LAWK AL B XF HE . Ay e G op i 800 . NaCl ¥ 3R A K 34 50 mmol/L A9 7 X 1% i 42
FHCRE, 2 A AL PR 20 d L, BEAT SRAR I E 4% T 4 B
1.2 WK IBHR R A ik
1.2.1 M#rAEKRERESEKZNE

W 25 AL FRAB AR A 3 MR FHZR I /K pP e 08 . W T30 1T, K Ml 30 FIAR 43 JF . 43 S0l Bk ik i IO £ (W, ) 105 °C
AT 10 min, ZJ5 80 CHEF ZfHFi, FR1FiEW,).

FKE ) =W, —W,)/W, X 100%

1.2.2 Na',K',Ca® &%z

BTRRSBER SN EET, R R M, 25 i =85, BT 40 B, R
0.1 gs MMIA 20 mL £BFKFHKB 2 h, BH5 5000 r/min &0 15 min, FIFWES 50 mL. K™ ,Na ",
Ca’" & GGX-600 I J5 W e 43 56 6 B Tk 470 5 .
1.2.3  ASgn. e TSyt F

BT IR O R BC(AS D =B ([X T 1/[Na” ]} /A Bi{[X" J/[Na" J};

BT R E(TSe o) =g B (X J/[Na” ]} /#8485 ([X" J/[Na" 1}.
1.3 #HiELE

RIS BE B R FH SAS G Brék F £ 47 20 B Duncan’s 2 8 8 #7581 40 7. p<<0. 05.

2 ZFRE5H5H)
2.1 HBpBEXNEZEHEEKMSKENTM

MAEHEIE & B, 24 NaCl<<100 mmol/L Bf, 2 4% A B 2 5k FAE R, 24 NaCl ¥k & i &
200 mmol/LAf, & i Wl 2k 4% % # . 24 NaCl 3 & 300 mmol/L B, & Wom it A5 25, g 1 i,
NaCl Bt T, 2 G AR (= —0. 988, p<<0. 01 Fildth L #B (r=—0. 985, p<<0.01) & i it 5 NaCl ¥
JER A, HAE NaCl==100 mmol/L B 5% 88 2% 5 2 (p<<0. 05) 5 ks . ARFR T BT . Mo b3 o i
#£ NaCl=<100 mmol/L B} 5X} I HH 8 25 5, B & W BEpy 3, #ks . RS TR . M BT iy
BT R IE 5 0 IR 25 5 0 3 (p<T0. 05). MRS AL b8 B K i B R W e i) 3G SR ek 2, M R K T
NaCI=200 mmol/L i} 5 % 18 2% 5 5 3 (p<<0. 05) , i AR 38 & /K H 75 4% Ak B v 249 0K 35 3] 5§ 3% 7K .

F1 HBEMELHEEKHZM

NaCl # i 7 fif [T & /g THE/g TR/ Y

/Cmmol « L") /cm Uik Hi 1 Uit Hb L3 it Hi 1
0(CK) 56.0 a 26.6 a 37.5 a 5.5a 5.1a 79.32 a 86. 40 a

50 54.5 a 26.1 a 35.1a 5.4 a 4.9 a 79.31 a 86.04 a

100 52.4 a 23.8b 30.4 b 5.0b 4.6 b 78.99 a 84.87 a

150 46.7 b 21.7b 25.5 ¢ 4.4 ¢ 4.1 ¢ 79.72 a 83.92 a

200 35.5 ¢ 18.5 ¢ 18.8 d 4.0d 3.8d 78.38 a 79.79 b

300 30.1 ¢ 15.6 d 13.8 e 3.5 e 3.5 e 77.56 a 74.64 ¢

H:oa, by c F#m p<<0.05 KK EEF T FH.



% 10 R, K. AT EEH G A KRR Na' KT, Ca’" 5 A 8% vk 3

2.2 NaClBpETASELE Nat K" ,Ca’" & E B[ o im
2.2.1 Na' 0 g
M LA, AR Na Sk o B[ R
S NaCl v BE (9 T+ 75 10 5% . A€ % FE NaCl 27
(<100 mmol/IDALFE T, R & Na' & = 3 m
g KT, 100 mmol/L NaCl &b 3R
ML ZE L ek b Na® & 5 4 ) B B o T 0
94.6% ,34. 9% F1 13. 1% ; Ko & £h Wy 10 1 4%
B, 2R R Na©® EFE W T, AR R
Na' & EMIFEFE2, 100~150 mmol/L NaCl
kPR M 1 Na ™ p 92 18 3G 0 B A O A SR A T 5. R e R AR RO Nat B — i
FHBE . ARV AR B30 R P SR A AT LIORE Na ™ R AR AR . 1 i Hl b S . DT U AR R A
PR 15 3%
2.2.2 K',Ca”

NaCl pit TP 959 aR . 25, ke K S B3 FXTIR, 53 8 2 A G (Bl 2), MR (-=—0. 989,
p<<0.01), ZE(Gr=-—0.952, p=<<0.01), I (r=—0.964, p<C0.01), &P K" & &EFE NaCl==100 mmol/L i,
50 BEORH P 22 5 3 (p<<0. 05) 5 T 25 AR K 3 B #E NaCl=150 mmol/L B} 5 X% BAA7E R 2 5 (p <
0.05). Ca’" Frim5 K" SR b B, i EE W ia i 50 i N FE, Bk NaCI<<50 mmol/L Bf, AR, 25, #lnt
H Ca® ' 5 d 50 IR 3 M 25 S Ah . LA A5 A 5 50 BRR L 22 S MR 3 3k R 3 OKOF (p<<0. 05).

B % +HE T NaClLYREE R B, 294 . 25, Sk rp KT, Ca® " B i i dindi b . R ZEAIRER B 5% b R i
AR BRI R E (0B T4, et F, K' L Ca®' Wi A5z i 32 21 7™ 55 10, A T 52 i A Ak
EHAK.

Na*/(mg-g™)
o

0 50 100 150 200 300
NaClLRE /(mmol - L)

1 NaClHEXAE4E Nat S=EMEMN

K*/(mg- g")
Ca*/(mg-g")

0 50 100 150 200 300

50 l(I)O 150 2(I)0 3(;0
NaCI3REE /(mmol - L) NaCI3REE /(mmol - L)
B2 NaClBmBXE&4E K ,Ca" @ BHEM

2.3 NaCl BB A HE4E KT /Na® 1 Ca** /Na™ B0

mEl 3 pros, MBI ER, ZE, Bk KT /Na" 53 ®ERAME, RBG=—0.907, p<
0.01), 22(r=—0.935, p<<0.01), M (=—0.931, p<<0.01), BHEZEHEL NaCI<50 mmol/L Fl
LU AE NaCl<<100 mmol/L 5% & A B F 2 54, HRSK LM G5 MM LB AAERFLZS (p<
0.05); Ca’" /Na' LA RS HIKE R AL, B (-=—0.868, p<<0.01)., 25 (r=—0.924,
»<<0.01), M (r=—0.922, p<<0.01), FRZEH Ca®" /Na 7£ 50 mmol/L NaCl &b ¥ 5 %} I8 % 4 &
FERRIN, HARAAIEY 5 X2 B E (p<<0.05).
2.4 NaCl BhiBX A% 4h 8 Nat ,K' ,Ca*" SR I S 89 3200

F 2R, NaCl i R, ML R X Nat K, Ca®" BBt 250 ASk . FIl ASc, v, 2B £ 31
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SRS A BG N2 W R AEARER e TR, KT L Catt i AR R 1) Hl S i R TSk A TSe v, 2 5
TR0 R B0 R R

—— 1R
= =
—a— 1t

w5
&
[SX
1
0 1 1 1 1 0 1 1 1 1
0 50 100 150 200 300 0 50 100 150 200 300
NaClLRE /(mmol - L) NaClLRE /(mmol - L)
B3 NaCl B3 AE4E K /Nat ,Ca’ /Na* M0
F2 NaClpiEX A4 E B FRBRIEH A IEEME Skon s Scana I E2 10
NaCl ¥ J& bt T EL BRI i R AL
/(mmol « L™ 1) ASk na ASc,.na TSk e TScine
0 3.50 ¢ 1.18 b 2.57 b 2.13d
50 13.82 b 6.99 a 3.37 a 2.72 b
100 15.41 b 7.08 a 4.33 a 4.16 a
150 16.12 b 8.15a 2.32b 2.33 ¢
200 16.12 b 8.89 a 2.09 ¢ 1.93d
300 20.69 a 9.17 a 1.99 ¢ 2.45¢

H:a, b, c Rm p<<0.05 KV LEFRE.

RO B

MO AE R T RE . BB, FE0 T B L 05 1 XA A 1 R . T R A0 OE R AR, RS
B AR EEZM, L2 AW R TR SR T R BRI, AR5 T B Rk
SR | I =2 O S ST S 3/ A N 7 =l N SN 5 i N i o (A L - U Y 7 B E DO Wl = W w152 o N ]
MHEAEHRFR R, X 5K & FF Lo s R —50

AT, B RS Na' 20 TR A Na® KT, Ca®" , Mg?" 8 Tyl sk A i, iR
A A ) — i E A A R 0 O SCHE i TR SR R BT M IE PR, A B U S OA K SO i AR R A AR R X
Na ™ [# B VE BRI Na® [ EE R izimt™ . AoFssdr, $hiha 80T A SN Na” LR, 7EK:
WBEr, ARE Na & s sl b, b b Na ™ BUR M0 BN K, U BH P AR R Na ™ (i # B3 VB FH Rl T
Na ™ [l #5032 4, Mk G LA ROk & Na ™ i i 1 5.

T Na™ Ml K™, Ca™ ZH M F b T AR N KT, Ca™" & s iy R, XAl s 3
THE, PR, ZE, Bk h KT, Catt E R NaClik B 35 i+ B, ZEARVR B R T, 25/
ot KT, Ca™ " S FEARE D, R AR B b B — 2 3G N M. Ca®™ " X T O F A7 ) 200 M BEE 1)
SEREPE RS E M B EEAE AT, Mittler R SFIESL 40l b Ca®" 5 ABALROS & — 2 5 MW b i 41y
5L KA, Knight H & WIESE THY MR Ca*" 5t dhvhA | ZCH . £ MWa T, 40 i
I Ca™" W REME Na FrECA, FEAR T 240 M B 9 28 B v AR e v, AT S B0ER B 0 KR 0 RTE SR T
) A0t

BT TR BRI S R BRI IZ i 2R BRE 8 IS WA ) A X S WAL LA B Ty b R A8 i A R L ARHRSRY
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KB, BEAESNRER R BE BRI, P AHAN K/ Na " Fl Ca® /Na " B#TREAT, X2 T Na® BOBIA K, Ca® " 1Y
a8 AR P 7 T i DR . AR O KT, Ca® Y WM RE ) Bt A S VR RE B BRI B s i KL Ca® e s A

iz i BE S AE AR EE R A R (<5100 mmol/ T NaCD%6f B GE T & o (ELRf# S A Eh v B i 38 » Fe s £h b ia
TSkva T TSe v MU FFEAR, X 0T BER M T REH SN B Eh 0 B T RO 2. KA Naw s APIA N TR
BT RE RO . 1T HL A0 R S 1 14 R BRSO I i 1) REFE R RGN, S BUA AL
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Effects of Salt Stress on the Growth of Asparagus of ficinalis L.
Seedlings and on Na*, K* and Ca’" Distribution in Them

CAO Yan-po. DAI Peng, DAI Su-ying

Institute of Cash Crops, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050051, China

Abstract: Asparagus officinalis L. cultivar NJ978 was used to study the growing rate, salt ion content and
mineral ion uptake and distribution in the plant under salt stress. The results showed that there was a neg-
ative relationship between seedling growth and salt concentration. Seedlings growth was not significantly
inhibited under low salt stress (NaCI<{50 mmol/L), but high concentrations of NaCl (200—300 mmol/L)
had a detrimental effect on the growth of A. of ficinalis. Na* content increased and K* and Ca*" content
decreased in A. of ficinalis roots, stems and leaves with increasing NaCl concentration. Under low salt
stress, the seedlings of A. of ficinalis could inhibit Na™ from transporting to the aerial part of the plant
by withholding Na™ in the root, thus maintaining a relative balance of ions in the aerial part. Under high
salt stress (NaCl>>100 mmol/L), the aerial part of seedlings accumulated superabundance of Na™ , the up-
take of K" and Ca’" was limited, the seedlings were damaged heavily, as was manifested as a rapid de-
crease in K" /Na" and Ca®"/Na™ in the plant. The selective absorption of K", Ca’*" and Na™ (ASK, Na
and ASCa,Na) was significantly increased with increasing salinity, and the selective transportation of K™
and Ca*" (TSK,Na and TSCa,Na) increased at first and then decreased with increasing salinity. The im-
pediment by the root of the upward transport of Na® and the redistribution of ions in the root, the stem
and the leaves could be an important mechanism for salt tolerance of A. of ficinalis.

Key words: Asparagus officinalis L. ; salt stress; growth; ion distribution
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