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BE: IENERE 34 itk IR T RRIRERSNE Ca** S/ANESEBARRBEEW, B EE—-FHR2BFE, I
HHANR Ca’* 4b38, $0 (FFHR) 2.4 mmol-L ™' 18 mmol-L™" 4 A~ Ca* WREERSRE . A3 5d 5, WE R FLEE M AR ERE
BHEAREY SR, SRR, /NELTH A PRBREEEE (NR) f A B & S (GS) 7E 2 mmol - L™ Ca®* AL T & ¥ Hu st
FBA BE N ,4 mmol-L™" Ca®* LLH MY NR FEHERANEA R , /0 GS IR B3 ;8 mmol-L™' Ca®* bFEF NR H1 GS i& {4 toxt
TR HH B R, A EMRIY S E (NADH-GDH ) 15 £ 7E 2 mmol-L™" Ca®* A3 T 5 M IR B B , T7E 4.8 mmol-L™" Ca’* b3 T
EHEBEN, NELEEFLEDR 4 mmol- L™ 4 FHK,2 mmol - L™ b3 5 4 mmol - L' Z AR RBE;Ca’ WKWy 8
mmol - L' Bf , AR FL B BFE K. LREBRT/NELEARAFLREN Ca® WM AR,GS & GDH & Z=X/NER
FRMEERMIERE X 4 mmol- L™ W/NESH AR AT RERSA MM Ca’* W,

KRR NE;EE T ARAH
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Effects of exogenous Ca’* on nitrogen metabolism in wheat seedlings
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Agronomy College of Henan Agricultural University, Henan Key Laboratory for Regulating and Controlling Crop Growth and Development, Zhengzhou
450002, China
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Abstract; The exogenous calcium-induced effects on nitrogen assimilation enzymes and nitrogen use efficiency in wheat
seedlings were investigated hydroponically using an ordinary wheat cultivar ( Triticum aestivum L. cv. Yumai 34) as the
material. Ca’* treatments with solutions containing 0, 2, 4, and 8 mmol-L ™' Ca>* were initiated immediately after the
complete expansion of the first leaf. Wheat seedlings were sampled five days later to determine the activities of nitrate
reductase( NR) , glutamine synthetase( GS) and NADH-dependent glutamate dehydrogenase ( NADH-GDH) in leaves, as
well as the amount of nitrogen assimilation.

The results showed that Ca’* had obvious effects on the ability of nitrogen assimilation in wheat seedlings, and
ammonium assimilation enzymes responded variously to different Ca’* concentrations. Significant increases in NR activity
were found in plant leaves exposed to 2 and 4 mmol-L ™' Ca®* concentrations, among which the former induced the highest

activity, whereas 8 mmol-L ™' Ca’* concentration significantly reduced NR activity. GS activity was markedly increased by 2
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mmol-L ™" Ca’* application, but further increase in the concentration reversed the above effect, even 8 mmol-L™' Ca’*
induced striking decrease in GS activity. Unlike NR and GS, NADH-GDH activity in leaves manifested pronounced
increases with all Ca’* concentrations in nutrient solution. High nitrogen content in leaves was found always together with
Ca’" concentration of 4 mmol-L~". All the above results suggested that GS activity was important for nitrogen assimilation ,

and 4 mmol-L™" Ca’* was the most effective concentration to make wheat plants own high ability to assimilate nitrogen.

Key Words: wheat ;calcium ;nitrogen metabolism

EESAY T, RE B FEE R R —A e i R AN R, ERBEAST, MAREE
VR FENERERRBIER . WHARREFR NN 2 2 70 BRIE JR B8 ( nitrate reductase, NR; EC 1.7.1.1) 1
SRR R SRR AR AL E R T se it orh NR 4L 5 B R PR ™ o REPRELE SR = AR I B AR
RRFLCAEILE, % EEYRZRERE R MR EENEEYERNEED . BSHEYF 95% Ll LK
NH; 2 A @Bt 5 B ( glutamine synthetase, GS; EC 6.3. 1. 2) L H@ R FLE . 755k, diR R i
R 1 KB A 4 2 B8 i S B8 ( NADH-dependent glutamate dehydrogenase, NADH-GDH;;EC 1.4.1.2) Frfi4LEY
R URRSFEIENERLN—FZERR, R o R BN EAREEME RS ER. XARFLRE
TE—E AT X CS BARMER . RibR GS iF2 NADH-GDH 4k & R4k , B F A B2
B o-BR % —BREOAL R , H 3 R i R B 5 # BR Jii & B8 ( NADP-dependent isocitrate dehydrogenase, NADP-
ICDH; EC 1.1.1.42) 484k iy 5 i s 4ttt |

EAUREYE K R SR b A R BITEZ—, T LR R AT 2R A aem s —FEY, B
ZH078 Ca®* SHHLYIA HUEGE 3 R B U RAB B BUR MR AE BRI SR ERENER" . B4.5
BB SHYRBE RN . ETF Ca’ X/ FEL R R B S, AT S — 8, hinBTE
&0 R0 ARPRT C /N ESEASRRA R . RIFLXEMNER, BR, UMESss
ZEARKAFLERR, MEEAREEENREEY, IREARARLRERR AT X _EWBFAXRA
BEENHELMALE L MEE/NENE, IR T RIF Ca®* W BEX/NES A A R R IR 6% g m
T R R FEMLEE A B, B /N R R AR RIS KR  SFHRR T B IE B2,

1 #EERE
1.1 BBbst K&

A B w3 34 S ( Triticum aestivum L. cv. Yumai 34), #7256 0. 1% ) HgCL B
THE 10 min, FZEMEKES, FET/LERBMIER L, BT 25 CHERERAT 3 d, ERAG T EMHFH
K, HEGRBKURFREE —EMBE, 3d 5, FAALKEM T, BREHE 14 h, BB E N 110
pmol m™* s ™', BRIRRE/>HI N 25 CHI20 C,HFHREE N 60% 4 . FEHEAANTSBERE 2 X, I8/0EL
HRBRAIMEE L, BORIREIRA 60 i, FHRETRAERBRNBES, BHK2 L EXE, ERE
(pH 6.8) B4 B BN T : 4 mmol -L™" KNO,, 0.25 mmol-L™" KH,PO,, 0.75 mmol-L™" K,S0,, 0.65
mmol-L™" MgSO,, 30 wmol-L™" FeCl,, 2 pmol-L™" MnCl,, 25 wmol-L™" H;BO,, 0.5 pmol-L™" CuSO,, 2
wmol - L. ™" ZnSO,#1 0. 1 pmol-L ™" (NH,)¢Mo,0,,, EFU+H 8 REE X 30 min,

1.2 I s R B

BNENEE | A RLBITE T Ca’ BB, AbBE )5 3 2 CaCL, HHEIMAE W, %0 (M) |
2.4 mmol -L ™' 18 mmol-L™" 4 4~ Ca’* YREEREEE . A0 5d J5 , ¥R A: KBy —BOAMER i /N2 S i F AR
IR TINE . BEE 3 Ko
1.3 MEmEEFE
1.3.1 4£Yg

B SE—F/NEY T 20 R, BERTREKD G, BTAZ—BFRVPEENEYSNEE, RE1EE
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VBB RER N ENENER,
1.3.2 HEEMTHEEEA

MR RS H &84 515 R Amon Fl Bradford 5 BT,
1.3.3 WRREER

NR & #IES % Aslam 25531 . DL NO; H94E BB SR8 NR &4, 04 ug NO; h™' g 'FW,
1.3.4 SEBEA RS SRS B SRR b S A

GS.NADH-GDH Fl NADP-ICDH K35 H:B H Lu SH s TIE" . —4 GS WM s & v arsh
F 37 T2tk 1 pmol B y- B EBE RIS TR (& ,NADH-GDH LU 454076 30 CTF &4k 1 pmol iy NADH
Jir 7 (M g — B kA3, — > NADP-ICDH B35tk 843 52 SCR 48 43 84k 1 pmol NADP 3% J& BT 19
BE,
1.3.5 HEBETF

R Lo SRy kg .
1.3.6 BEBE KB SERANRLERSE

BUSSHEYIM 0.2 g FITRA I 80% ZBE T vkis L BFES , SIS 7E 4 C4&MET T 10,000 r/min B> 15
min, bW TR SRR BHNE, 2R Dimartino S 77", R AR (HPLC) RZEHATNE
1.3.7 EFEE

FREHEYRERE Y NESREPLASE.
1.4 HiRAB 540

SCR ¥R B 3 KRR BRI E AR IR R, R A LSD 3 X4 AT 40
2 BERSSH
2.1 HYE MHEBENTHEEEASEREL

M LT LB, AR Ca’ BRI T /NEHHEYRKHE, 7E Ca® LB N 4 mmol-L™' i,
INELE R B Y BB, N 37.8 mg plant ™, LM T 9. 88% ; Ca’* ¥ ¥ 9 2 mmol - L™" F1 8
mmol - L™ i}, NFE A Ak T B X RN E B BN, (B E X AE R A BE, HEEATHEEASEAE
AIF Ca** W PEALTH T BB (Lt 54 Yy B BA— 3, R 7E 4 mmol-L™' Ca® " AL BHRMHEMIBE R K, HEE
SrB7E 4 mmol-L ™" Ca®* ¥k B AN , HXH RN T 16.63% , M ¥ M B & B 7E 4 mmol-L™' Ca®* AbFHY,
HHE BRI T 70.56% o #3280 ,4 mmol-L™" Ca®* Xi/NEIE A KRB A TEHIRE .

£1 FERE C* IMNEHEEWE HEENATREEOSEHYE
Table 1 Effects of Ca’* on fresh weight, chlorophyll and soluble protein contents in wheat seedlings ( mg plant ~* )

Ca®" YR (mmol L") EYE(TE) HEREE EEEOSE

Ca** concentration Biomass( dry weight) Chlorophyll Soluble protein
0 (CK) 34.4x1.2¢ 0.523+0.015d 1.420 £0.025 ¢
2 36.6+0.9b 0.548 £0.017 ¢ 1.877 £0.044 b
4 37.810.7 a 0.610+0.026 a 2.422 +0.032 a
8 36.9x1.1b 0.564 £0.029 b 2.370 £0.033 a

KPR G PWEFIMEREZAR, EENARFEGRRSETTF EHNBEERME( P < 0.05) Data are the means and standard error (n =
3), Letters indicate statistical differences (P < 0.05) ; T [d] the same below

2.2 HEREIREE A RBE S BRI FBRR S P A L
FEREREE Ca®* A3 F , 7 NR 1 GS {E M A AL # A — B0, AR RAE 2 mmol - L™ AbBERHE M e 5

BB Ca’* ACFRVK BERY N, TR BT T M. NR FEHELE 2 mmol -L™" Ca®* W EANIR T, HIE HEHLTE Ca** Xt
HRIEIN T 12.89% ;GS YEHE LG IR N T 13.03 M1E ¥4, NADH-GDH X{AR[F Ca’* ¥ B H9 M B 5 NR
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GS AR, HIEHEREE Ca®* AbTEYR BEM NI AN, 7E Ca®* WREED 8 mmol - L™" A, HTF#EBR i , 55 HEAH Lo
T 11.55%,

#£2 Ca’*INELHEM AT RS, A REBR A RS S S T AR
Table 2 Effects of Ca* concentration on activities of NR, GS and NADH-GDH in wheat seedling leaves

Ca®" YR (mmol L") THERIE [ B BEBLE S R BER S
Ca’* concentration NR (pg h~! g 1FW) GS (jumol h~! g 1FW) NADH-GDH ( pumol h~! g 'FW)
0 (CK) 92.75 +2.64 ¢ 244.07 £4.96 b 9.18£0.17 b
2 104.71 £3.01 a 257.10 £5.78 a 9.25+0.23 b
4 97.86 £+2.56 b 251.48 £6.21 ab 9.98 +0.16 a
8 86.45 +2.35d 224.96 +5.26 ¢ 10.24 £0.21 a

2.3 RIS ENEE TR L

KFALITR R B —BRH NADP-ICDH #E4br & Dok 844, 33 s, NADP-ICDH & M€= T&
B Ca’ YR EER NI A, 24 Ca’* ¥eBE 8 mmol - L ™" B, ;KB KAE , FEXTHRIEIN T 22. 46 ME M,
EETWRENE T 40.68% .

£3 CHMEHERTEBRNEHEENEETERETLHXN
Table 3 Effects of Ca’* on activities of NADP-ICDH and ammonium content in wheat seedling leaves

e W (ol 1) S ERRAR BT AR
Ca** concentration NADP-ICDH ( pumol NADPH h~! ¢~ 'FW) Ammonium (pmol g~' FW)
0 (CK) 50.51+0.29d 0.59£0.06 b
2 58.03+0.33 ¢ 0.64£0.03 b
4 64.59+0.46 b 0.75+0.05 a
8 72.97+0.55 a 0.83+0.05 a

2.4 BABE RABRE BRARNKRL IR ERIEN

A Ca®* WRBEALBIGI AN T /NI BIT i A EBEE R B A ERAMRELEREE (FK4), HEE
& Ca’ WM, HEFRB P Ca® WA 8 mmol- L™ Bt 45 GBEME FIR & Bk & 8 53 5y X B A
2.41 51 4.19 5 AR S E TR T 10.69% , RA KRS & W RN T 13.16%,

£4 CAMEHHBERR REBR SEBNKLEBRSETHHNM
Table 4 Effects of Ca’* on contents of GIn, Asn, Glu and Asp in wheat seedling leaves (g g 'FW)

Ca®" YR (mmol L") BEBLE REBERE BER REER

Ca’* concentration Glutamine Asparagine Glutamate Asparatate
0 (CK) 30.1+0.02d 10.1£1.1¢ 125.4+1.4b 41.8+1.0b
2 46.8 £0.06 c 26.212.3b 129.8 +1.1 ab 42.120.8b
4 54.910.02 b 30.4x2.0b 132.4£0.9 ab 45.210.8 ab
8 72.4£0.07 a 42.3£3.5a 138.8+1.0 a 47.3x1.1a

2.5 REWREnZTL

ME 1T LE H, EBRA Ca® BT,/ MNENHREZREENE Ca’ AR MM, 4 Ca’* ¥
&N 4 mmol - L™ i , RN R ERE, LLXTEIEIN T 20.47% . T4 Ca®* YR BEARSEIE NN , WEB R BE LR
R,
3 itig

FAEOVEY LT TR AREAENEER 7, EAYNAERRFTIRPEESEFEENEN. AR
B LAEH, AE SR A Ca ¥R T LARH B e /NE i i AR ORI, 3858 B SR M1 R B A AR AR B4
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BIORE, —EWRER Ca™* BB T /M3 B st
FESERHETEARN S, B/ NERERETE G a
MR RN T ANES T YRR, BR,Ca¥ 3
WL, RE—EENKREEENARBERUE
B, MERB Ca’ WE N 4 mmol-L™" i, /NG
MEERKRRERE. MY Ca’ WEWHnD 8
mmol-L™' i ,/NELEH A FHEEEE EARRE
A YRR I TR

RENFRLREIDENN — T2 EEN AT
RS R ZEHE RN /DEETE K A K& . ; ; ;
TR R EERMAR. HRPIREAS T ok S
TR R, KA BB B M o, B A R | |
YRR SARRANEESE  MSARRERD B 1 Ca?* XE/MESHEAE LB BB
B S, ZE B S RS R R A T RS BRR JE R KUk Fis 1 Effect of Ca®* on nitrogen content in wheat seedlings
AR THRER A", MEANEEEL 65/
GOGAT B3R LHRIL™ . 76 GS/GOGSAT &3 3% fR it , NADH-GDH 4k i 52 o7 i 77 LA S % 35 789 Rk
ERAER'™ ", Byt i NR F1 GS {7 2 mmol-L™' Ca®* Y ALEE FIEMBRE, T2 Ca” W 4ks:
Repmmh, HoE A B T RE . ME P Ca® W NE] 8 mmol -L~' b, EATHIIE M X BE T M, 5 GS
71 NR AR ,NADH-GDH {EH:F6% Ca’* bV BB I TN, 76 Ca’* ¥ )%y 8 mmol -L ™" & Mg K, NADP-
ICDH 4k S0 RIRAEAR B B2 (- BIR —BR) , HE— B B AT &R, NADP-ICDH {5H:Rf# Ca’* AbFEIK
BN BRI, R T Ca®* ALBIAN T 4hB5 o- BRI BRI R

Ca’* P/NEGERENRMHEHETRRBYSE L OERBHRBL(F3.54), HETITENZL
REMEERNIEFERNER, ZARRET, 4B TSBMS C WENI AT, M NR A GS Kf
Sk, 7E 2 mmol-L™' i Ca®* AbBEF NR &0 B E T &, BB MMM B R RN EE TRE W B
L BRET GS EHhEHEI R, T BRAZETH 8 A B2 78 4 mmol-L ™' Ca® 43 F,NR
T T A A B3N, B R GS E M SXIEAR I A B, TS BRI B MR 78 8 mmol -L™!
[ Ca’* 4bBEF , B4R NR {EMG U BFEME, B R CS Fi L MU A B T, XM AELEFAKELUES
EH, %ETARER—FES, 55 T NADH-GDH &M in'™ . 4% T& &5 NADH-GDH 151
ARAL—3% , HRREE Ca™* YR BEHI IR 7/, 78 2 mmol -L™" {9 Ca® " AbBR T 34N A B3, W7 4 mmol - L™ 1 8
mmol - L™ f) Ca®* b F A IR B IS, SERMAEBISBREE Ca’ BRI AT, BEES &R
S B7E 2 mmol-L™'f1 4 mmol-L™'Ca’" A BH F IR, H7E 8 mmol-L™"' 1 Ca’" AbBEF HXHR A BE Y
hn, R FTBEZE T 8 mmol-L ™' Ca’* 4bBE T FRKHT GS M EY A ERIFT KRB A AR T EESAE
FRAH L3 iR B R, W RB I IR B B ARG X e B I E R ) LLEGR AR IS A E E EE —EE
Hlo RAABRMRLABIE S ARSI ELEZ LM, ENSRERAANRRETES A RELBRK
B B A R EHBIR AR o

METRERLE, FUMRER/NEHHRZRLEINET, WRRLERE, AFE Ca’  WEX/NE
SHRZERLEERRNEW, YEFRBET C kBN, MNESHRERILEREZ N, X Ca’ Wk
K4 mol°L_lﬂfj‘,ﬁ|ﬂ'f{§ﬁ5%j€ﬁ,2 mm01°L_1ﬂ] 4 mmol -L ™" Ca** IREAEREZRAEE, B Ca** "B
B hnF] 8 mmol L', MEFMLEBR T FH. FM, BaikEE P RIRAESHEY MR ENRE R
BEMEE KR, SR FE S BEFEZDE TE, LAY BRI R H 7350, MR E R A LB
HEIAE AT LIE 1, GS BARMMEN T RE/NEZAH R ZWREERAER, B, RFE Ca®* W ST/

o o o o
(=)} ~J o0 O
T T T 1

BENRE
Nitrogen assimilation (mg plant™")
o
W
T
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ZLEA R R ER VAT R AF R ,4 mmol - L™ HIFREBGER Ca™ W, EZIKET ,/NELHF
HREHENRE, HMERRNEGEATERR, A RATEN , AYEW BN REEREHLEE
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