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Effects of Ca’* on nitrogen metabolism in wheat seedlings exposed to salt stress
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Abstract: To seek ways for improving salt-tolerance of wheat plants, experiments were conducted to examine the ameliorative
effects of Ca’" on nitrogen metabolism under salt stress using an ordinary wheat cultivar ( Triticum aestivum L. cv. Yumai
34) as the material. The wheat seedlings were cultured in full nutrient solution. The first leaf being fully expanded,
different treatments were initiated by culturing the plants in the nutrient solution without calcium. NaCl (150 mmol+L ™" and
300 mmol-L™") and combinations of NaCl + Ca’** (150 mmol-L™" + 4 mmol-L™" and 300 mmol-L™" + 4 mmol-L™")
were applied to the growing plants using no salt-stressed plants as control. After 5 days of treatments, the activities of
nitrogen assimilation enzymes, the amount of nitrogen assimilation and the growth status of wheat seedlings were

determined. The results showed that Ca’*

significantly alleviated the depressed-growth of wheat seedlings under low salt
stress, manifesting the enhanced fresh weight, chlorophyll and soluble protein contents; while Ca>* did not show obvious
ameliorative effects under high salt stress. Ca’* promoted the nitrogen assimilation and improved the status of nitrogen
nutrition in wheat plants exposed to low salt stress, which could be mainly due to the enhanced activities of nitrate reductase
(NR) , glutamine synthetase ( GS) and NADP-dependent isocitrate dehydrogenase ( NADP-ICDH). The minor ameliorative

effects of Ca’" on nitrogen assimilation in wheat seedlings under high salt stress could be explained by the insignificant

increase of NADP-ICDH activity.
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Hhpha R REEERRE RN FERERRZ —, B%IT, RELA 2.7 x 10" m* RFEFEEH R
Bt 3 BT O Tl S R AN B b R R AT 5 R B, YR A R AR Ak - S T AR R 4R SR K
BEHEGER T A S AR R SR TR, BRI E R E MR Z e, TEAN D AWHE 2 i 1 AR Wi 1)
BEHES T, Al A R AR Eh it & R B A 7, RV EMINERRE ., NERREFZENRE
ez — EREEXRE RS T HAEEE RNIEM, M/NERBTERRE I AXES, ¥ R FE 4 ik
W-AIA SRR ED  CERG T AEFROE—SEE . BRI NETRNE S EEEARX TR/
FEAERN AEREREZSMER AR RAT A EERZ L,

BT R TEYARZEMAN EERRZ —" AZREYNEGTE. BEAKR KR
B BEAR MR RELEYHREERR . WM FEHYHMER BAERFUEARR. ERHET EVARER
FILBE IR, B MA R E R MM BZ Y . BeEbiha &0 T HRAZERRA, X TREEWR TN
FEXREE, SAMUBERYLTERTEZ—, THRENE FE 2352 RENEsh 7 . sk,
SEFERE IO RS R BV R B 3 . LT ERNE T A5 B T I AR BN 7E R FIE Y A s 2B
gt B SE TG B Xt bl T /N AR IR T 1 R ARG . 458 7 Xt/ E L R R R R R kg
A BRI ER, RS T /NE L AR FBA B AMNESS " o A8 SC7E ARG TAE A
b PR T BT R T /NE LB A R AR AR AR B R T R AR B A A ORGSR , B R —
A B B/ NE BRI PIE RN, R TR R /N Z i M B T BRI R
1 HREH=E
1.1 R5bret A K&

BER/NFE R FE 34 5 (Triticum aestivum L. cv. Yumai 34) . FF26H 0. 1% ) HeCL /5 IH 7 10 min,
MK, PR T 3 EIREMIEA L, BT 25CHBRHEIRE A P , B 785 & , ol 48 KWK DLA4ERFIE
BB, 3 d)5, BAANTAERA T, IO 14 h LRI K 110 pmol m ™ s~ BRIEE 5K 25C
20°C ,AHXHBEE ]y 60% oty o TEFE AN SUBRARHIS 2 K, B/NENE BRI ME R F. B REERA 60
BRI TR B SRR SRR, B %E 2 LB IR, B3R (pH 6.8) MBS M BE 4N F :2 mmol - L™
Ca(NO,),, 0.25 mmol-L"" KH,PO,, 0.75 mmol-L"" K,S0,, 0.65 mmol-L™" MgSO,, 30 pmol-L™' FeCl,, 2
pmol -L.™! MnCl, , 25 wmol+L ™" H;BO;, 0.5 pwmol L ™" CuSO,, 2 wmol+L ™" ZnSO,#10. 1 wmol-L ™' (NH, ) 4Mo,0,,
B EREAS 30 min,

1.2 A5 b3 R o

FR/ANELESE 1 At 2RI G, iR TR, HHRE R B P E 7T, B E R
2 mmol-L™"' Ca(NO, ),k 4 mmol-L™" KNO,, Ab¥E435%:%F & (CK) 150 mmol-L~" NaCl ({§£h 8 ) . 150
mmol-L ™" NaCl + 4 mmol-L™" Ca®* ({8 + 45) .300 mmol - L~" NaCl( & b8 ) F1 300 mmol-L ™" NaCl
+ 4 mmol-L™" Ca®* (LA +45) o AbFH Iy RAEE SR P B HIAE N & ) NaCl Fil CaCl,, 4035 d 5,
EREA KBS (R 2 i AT AR A e . BN ARV ER 3 K.

1.3 JsEmH K5k
1.3.1 4Y&

BKA—BH)/NEYH 20 B, HRR TREKDE, HTHZ B FRVPEERE, HHREREHRNE

YIHI B,
1.3.2 MERATHEEER
4R E A R F S B4 313 18 Amon I Bradford #9757 ¥ BT E >,
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1.3.3 WRERRE

NR IEHENES B Aslam Z5f 735 . DA NO, f94: iEBAFE NR 3&HE, 80670 wg NO, h™' g 'FW,
1.3.4 ABEBEA B A2 RSB SRR S5

GS.NADH-GDH 7l NADP-ICDH {& 1518 Lu S5 75 ¥ TIE ) LI M B i i i S BESTik™
1.3.5 &ET

IR Lu ZRJr sz,
1.3.6 ZRER SEAB. HER LER NARGE

W B LR O SR BRI 5 43 31 5% F £ 53R % A1 Dimartino 251 77 5 , % I B AR A (HPLC ) R 4e ok
FTIIRE o
1.3.7 RREE

FEMEYRERE T MELASE,
1.4 BRAE 55047

CHEESIH 3 WER K XEFARERA R, KA LSD X BiE #1143 41
2 ER545H
2.1 /NEYEEE HERAMATEEERSENZL

MFE 1 ATUE S8 T /N 4 e B B PG, 76 R e R 2Ra R, A BIFEAR T 150.27 mg Al
181.07 mg, PR/ 514 43.2% F1 52. 1% . ARERWHE TIA Ca®* ZJ5 , /N4 BETE B E W, 34 1 9 18. 9%
AT, Ca® A /INE LI RETIEAN 7. 1% , R3B BEKF. BERA Ca®* XF/N32 4h i 2h bt i S Ak F A
REEPHE TR E . Ca* XFEhE /N LB M-SR AT b & BT M R B ISR

®1 Ca* WHpET/MEYEHE HEENTREESSENEN
Table 1 Effects of Ca’>* on fresh weight, chlorophyll and soluble protein contents in wheat seedlings under salt stress ( mg plant ~!)

51 Troaments wm A R
Fresh weight Chlorophyll Soluble protein
Xif #& Control 347.53 +5.16 a 0.529 +0.033 a 2.413 £0.061 a

{KERMME Low salinity
{RERTE + 45 Low salinity + Ca®*

197.26 +3.78 ¢
234.55+2.09 b

0.326 +0.019 ¢
0.419 £0.023 b
0.143 £0.002 d

1.030 £0.022 ¢
1.678 £0.052 b
0.833+0.023 ¢

b High salinity 166.46 +4.12 d
EERA + 45 High salinity + Ca’* 178.22 +4.88 d 0.182 +0.005 d 1.201 £0.066 be

F B P BCRbR IR Z AR, BRI FRRRG T ENEEE R (P < 0.05) ; Data are the means and standard error (n =
3), Letters indicate statistical differences (P < 0.05) ; F[f] the same below

2.2 fHRREIE RSN B & RAHE

M2 B, NR AR A T B R RRAR, Ca® ' A2 T EhMse i bl /R . ZEAR R 2R3 T, NR 15 1
G X BRREAR T 29. 38 4>.56. 2 AMEHEBAAL, M7 Ca® A R 3058 T NR S50 T 13. 98 4~.11.13
AMEHERAL, 2K BE Ko GS WHHEAEMRIE A T B &1, T /e = Eh bl T BEREAR, A Ca** ZJ5, K
EHEE BT

®2  Ca’* xtEhEpE T/E4) R BT R BN S SR & LB A M AR I
Table 2 Effects of Ca>* on NR and GS activities in wheat seedlings under salt stress

KAbPH Treatments THBE A NR(pug NO; h~! g~ 'FW) B ABENEA R GS(pmol h~! g~ 'FW)
X} H& Control 84.02+2.33 a 173.75 £6.25 d
{KELME Low salinity 54.64 £3.56 ¢ 216.74 +5.46 b
{RERMME + 45 Low salinity + Ca®* 68.62 +4.11 b 231.08 +4.33 a
FrALHE High salinity 27.82£2.30 e 146.39 £3.31 e

b + 4% High salinity + Ca2* 38.95+3.25d 188.51 +£3.69 ¢
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2.3 BABRGEBASAT BRI S EHE 1A

NADH-GDH 7 NADP-ICDH {& PEfU%E 45 R 51 T3 3. MRATLAZ i, NADP-ICDH 7EER a1 1 B 254
fin, Ca®* X HEHEA — & B IEHEE T, (B4R % 8.3 . NADH-GDH Jf PE7E R il T3 B 8., Ca®* X
TEHEIRA UL B B PR . 7ER 3RMA T , NADH-GDH Y& 353, 7 Ca™* SEHCHA BRRAR

®3  Ca’*xithEE T/ E4E A S BEKESEHN RS SRR SHE RN
Table 3 Effects of Ca’* on NADH-GDH and NADP-ICDH activities in wheat seedlings under salt stress

b3 Treatments BABRINZ R NADH-GDH SFEERR I 4B NADP-ICDH
(pmol NADH h~! g~'FW) (pmol NADPH h~! g~'FW)

%} Control 9.41£0.76 ¢ 46.77 £2.09 d

EERMG Low salinity 10.82£0.77 ¢ 63.42+1.31 ¢

{RERMME + 45 Low salinity + Ca®* 9.77 +0.64 ¢ 74.61+2.13 b

BEh/rif High salinity 18.12£0.79 a 90.45+1.76 a

B G + 45 High salinity + Ca®* 15.65 £0.68 b 94,28 +1.56 a

2.4 EETEREWL . .

Ca® XHEME T/ EG MU FERMBMME o] b
LBime WEIATLAR R T N E LR ot B
FHRMIMARE, MERRWA T, HERBENY G| . 5 ¢
B0 98.5% . o' AR, BT & RAENGILEY £ oo
T FEIEAR IS BE /K, e R T 2 B E RS § 04 -

PO REIE R 19.3% é 02|
2.5 HER LERAERSREL I e E—-

AR LR R 2 T LA A S D) A o 2 T

eI AR F E/‘Jgi_ﬁ'g[m] . Ca2* St e FANESE R Igﬁisgl;i:;tgn;}(,:i%;ﬁﬁwiﬁ High salinity; 5 ¥ £ 38 +

B ZEBRANERETENENS] TR 4, NEK4 L

F i ,GCly . Ser 1 Ala ST EMEELMERENMARTIE  m1 ca? xtEbbin T /NG s g s 7o i 1 5
EHN R RFE R R TR B, 5% BRAH LG AN Fig 1 Effect of Ca®* on free ammonium ion content in wheat seedlings
W BE 43 31 g 267. 1% (166. 2% F1 145. 2%  fEEh iyl under salt stress

T,C*" WHEMSENEMAHE, MESHRWET,

Ca’" BEMMR T CITH A&, FBIES 0 31.5% 22.2% F121.8% ,

k4 C BT IMEYEHER LERNTERSBHME
Table 4 Effects of Ca>* on Gly,Ser and Ala contents in wheat seedlings under salt stress( pg g~ FW)

Kb B Treatments HE PR Glycine 22 R Serine WA Alanine
% i Control 34.7+3.1d 74.5 6.4 c 24.1+0.94d
{KELME Low salinity 46.9+3.7 ¢ 132.2+2.5b 36.7 0.8 ¢
{RER MG + 45 Low salinity + Ca®* 54.1+3.3 ¢ 141.9+3.3 b 38.4+0.7 ¢
b High salinity 127.4 +6.3 a 198.3 +5.6 a 59.1+0.9a
EERh8 + 45 High salinity + Ca®* 87.3+4.9b 154.2 +4.8 b 46.2+1.0b

2.6 BREAMMEABN G RN

RERABEBE RS RILE S, NRPALIF L, Ca®* 358 T/NE L Glu Fl Gln & B AR
RIAIR], AE RS A Sh3E A2 BE A K 2, AR e T Ca® ' e HC 98135 R8O0E AN B S, T 76 s 2h e
T Ca® " HA 2 BERAR. BEBEE & B LRI ME TR 83, R ME TR g, i Ca® A
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Ja, HE BRI B E K.

®£5 Ca'WHMETMEHELERNS KBRS BOZMN
Table 5 Effects of Ca>* on Glu and Gln contents in wheat seedlings under salt stress (ug g~ 'FW)

Kb Bf Treatments AA M Glutamate AWM Glutamine

% & Control 126.6 +3.2 ¢ 29.0+2.3d

{KERMME Low salinity 180.7 +3.4 b 30.1+1.9d

&EEME + 45 Low salinity + Ca®* 192.1+3.8 b 35.5+2.6 ¢

E5Eh A High salinity 268.2£3.9 a 72.65.8 b

E5Eh A + 45 High salinity + Ca?* 203.5+3.7 b 93.0+6.14a
2.7 REWBRMEL .

ME 2 FTUE S, NES S RAERBREMR T 08 [F] .
, = N 2 07F
BT I HX SR B IR, BR300 37 8% 0 5 1 ER
52.4% EBEKF. MA C* 25, MEALME FAE 55 os| ° .
YR BRI B4, 0 29. 4% , K BEK gg 041
-, T Eh A TR B ‘ol
3 it s
- z
s T AL K, g~ oL L1 L1 |

B MHERAEEEASENRER. KEBBET, 4478 Treatments

. N ey 1 X§ & Control; 2 fikEbME L linity; 3 fRERHHE + 45
Ca® B AR E T 6458 14 A0 T P 2B 1 95 R A3 Low slinty - Ca¥ 4 FAEBHE High salimiy: 5 F20HHE *
i, R X k3 — 5 B AR, T R R e T, X # High salinity + Ce?*

% BERAANE Ca®*t %2 R

ﬁ%ﬁm%ﬂx%io I}ﬁ'ﬁﬁl‘ﬁ Ca XT%%{E‘EEL%IEE B2 Ca®* XtEhl F/ANEL S A SR BRI
ﬁyko Fig. 2 Effect of Ca’* on nitrogen content in wheat seedlings under

AR RS SR REA N AR RZ — % lt stress

B2 B LR B o A W AR AL B 32 B AR

B o b F e R AR 0 R 4 SR, NR IS PEE SR8 T BB MR, Ca® ' AR 77 2k kit o L 355
I (5 2) , P68 Ca’ A A TSR T /NE LW XA A MA . NR 2IRKE S8, ZHARLK
PIRERER RS . BARAIR I Ca¥ EHE T EhMMA T NR &M, HHER R RE N Ca** {2k TR
R, B BB — B BI5E . (BRI, Ca” AN T /2 Eh e T ol M BRER 8 SR A R 4 s 7 & Ui
B B T AU R A B LR, — R THEE, B — W B A EHRER . 5 TH
LA LE T GS/GOGAT E3F Al GDH @423k s> . S5 KM, REEMA T GS 1% M3 i, 7] RE7E R B LT
W33 e A KR B T3 E Jy Wi Ae £ EE A, T NADH-GDH % P Tl B4k, 5 ERMa T, I 0 36 B 4k
SERNK , GS 1% PEREAR , NADH-GDH 3% ¥ B 33 fin , 1ol NADH-GDH 7] fE7E M R B8 T E e EEAE A
{H i1 T NADH-GDH [Fl{b %85 T i RE 178 BR , BT LASk B TR B SB35 (3 in , 384 P i e s 7 & BT RE R e b
EWREZ—. Ca’* IS T EMa T GS &k (3£ 2) , i NADH-GDH & E NI 7E Ca®* AN A JG 22 U H 1R B
TRIBIFEMR(FE 3) o RN T, Ca®* X EIP IR MR & B A S8 IR HEFE T (35 4) 318 T @i e
AR B TR — AR N N NR I MG SR , T DIHERT BB T R BRI Cat JE & hn, Bl T
CS IEME B EHR , WEAE TR BRME FHEE HREBZEKTF(E )., EWET,Ca mAJE, iF
RERERS BABREIR(FE) R T Ca¥ BEMIRT mhMa T /N2 4 i IR 035 1 , 18 52 6 WP i 7 A
M TREE T, TIEN, mYE R R R AR EEENHEU L™ iz
GS YEHEBE T, X T RE R S ENF B 4k B T A B MR A 2 (B 1) . NADH-GDH X 4% B 1 Iy 36 71 7
1%, TI4R B TR 0 R R 550 7 S A B B 2 . B, — & s fbia s —a (X3 B 1),
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FURMCTF AR 2-F6 1 — BR M9 B R, 3 B2 i NADP-ICDH 4k iy [ BR300 o 2ha T,
NADP-ICDH {5 4B B3 i, oA BRI & AR M T3 Z MBS, —F e HE T MR %—B(£3.5).
BIMEAER— T H SRS B, 55—, AT — 2B A IR ™, I FE B R S L
AREEEM. K8 FAA Ca®* J§ ,NADP-ICDH & £ ] B158, A 8RR & BAE A K, A & Btk & & 1
BHIN(E3KS)  TRRHTAEBREM G TAERMAERS" . M@ TFMA Ca' /5, NADP-
ICDH JF M IR BEAR R A (36 3) 4R/ o bl T Ca™* I3 B I BB 2R i L, A PR B B R -
ATARBIEH &R NTTEREZ AR, H H T RS ER T ERFERERS) .

/N AR R R B A R BE A IR B R, Ca " B AR PE TSR T AR R, X R E T
ARBREMAK(E 2) , X 5/DEDEERRIEA-B(R ) BRTAREFNBE TR Ca* &
AR ME R 2 — . Ca®" B MNA T/ 4 i RUE SR 0L £ 223 1S NR,GS 2 NADP-ICDH i
PERR R SE I, 5 NADH-GDH IR R A K. F3bbA T, Ca®" BN NR.GS W& MR A B3 MR ot 1E
FI(32) {0 T NADP-ICDH {EHERA B BIIN (£ 3) , REEN AFMLIRBEE ZIOBRE R, FTLL, Ca*" X
HhE T /NE L RE TR BCER A B, IR R R R WA B (E 2) o Ca™' XA EEME T
/N RFICEE F5 5] /2 NADP-ICDH [if#E 2 A TR IRABTIE o
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