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N B HAM R BERE 4R A RHR BB B N K B STHR R R KX &R

FRZ, B, AR, EEED, TARY, AEEY

P IERAR AR 2 BR AT 22 B, B4 712100; i (B RF e KRR K L ORFERF TEAT, 28 4 i 342 i 5 R Rl [
R AR, PP FET712100; FEALRARRHHR S K LARFFI SN, A ARl 2224 B, BRIG B 712100

WE: AR A LT Fo T £ 145 AR, WA R AT ) Z(Triticum aestivum)d 19 F 2Rt b BLAS 2L % 69 %
. SREAVKALLEE HEEIT AT THREAPRKT TEI4T, e BEARIT W T8EEZ. LALI (PSI)
RAMF R EFRRSRERDLES T TGS, KEAMEAT, BADZ APt B a2 ¥ U4 — B85 (monogalacto-
syldiacylglycerol, MGDG). ¥ $L#&-Hh — s (digalactosyldiacylglycerol, DGDG) & ¥ 5 42 #8 8. & [&1%, 12 #4957t K
F 89 % 5. DGDG4%. DGDG/MGDG A A ZMGDG. #%fig (phospholipid, PL)A= ¥ A5 69 4652 5 Iy BR W4 45 £ (DBI) A}
REZHTTEIAT . mb TN, KEMEE ) ot H IS L0 5 A A 69 R F) AT A X AN s & db AP K U4 o8 i

AR EZREZ—.
KRR & W0 KRG PR RCAE 75 IR RS

INFE (Triticum aestivum) &ttt 5t Lo r s e
IR FIAEY) 2 —, TR I 02 A [ A 35 IR B AF
Mz —, NEMFEEZERRIEZRE N %4
Mt mtaE. HE, MNEEEKTEFEEYZ
FhAEAEYiE, e+ S e . e . R4
Jolp 1B 55, X AL T8 A ™ B SR /N 22 I IR AR K
RE, #HMFEER TRE. RS
iR Z M RE o R, WEEMEKEE Y
THRREITLRZ —, A5 HED T ER1.5%~2.0%,
BERZ T HEmEEDNERKMKE, 254
MIARNEAT . ZHER. IR, MTaRE. PR,
NESEEEY o ()& B(Fli 5ef£2003) . 4R 41 TL55(2014)
JE I 56F S AN AN [F] PR A /N 22 it PR AE AR EU E T 1Y
i 7L R, AR A iE T B0 2 W B
o BE R Z 2R ) 1) B AR AR AT, 18
e FEL ) A P R R RN B 1 R ) 3 (Wang %5
2003). MLAh, BREGE R mRE I AR R
5 DA S O A v SR B AR (1) # & (Garcia-Ferris %%
1996). = 5% (2014)0F 7 R B A W 1 7K 7
(Oryza sativa)t Fr b2 2 A i, TS BUKFE
FEERETRE, TORMR RS, FRE
(2015)8} 7t 2R BRI IK AU RE /758 K £ oK (Zea mays) it
b 22 A AIC BB X R RO & RG B2, 4ERFEL
6 R 41 (photosystem 11, PSINA ROLE 777 &
FIM 2R 2R & &, IWIARIE T MR 2068 7753 1 & Fh
TEAR ISR T R = T4 o e i

T R T5% M B R A Tt aik, &
AT AE Y e A A Ak R4 A EEAEH, W

HL 25 52 e FEL ) S A B R ) ZH R R 2H 0y B &
(Evans 1989; WangZ5£2003), M4z I b P4 A
PR 2 B A i, R P SR A N 7 5 B S 4 f f g
Hog B AR A M E 2 Y ) A KK B (L4
£51990) . 155 18 2 BH U - AR JEE 110 56 B 4 A
BV, AT R A I SRR 2R FE AR T g (Zhao 55
2011). fEMDMKIR SRR b, J8 e R
1) EH. 73 SR T I P4 53 2 A A T 0 5 3 ) — 2%
Fi% 1% (Harwood 1996). 4 HF 58 & L HE i JH 5
(Nicotiana tabacum)W: Fy 2 UKk i 1R 75 & 7T L4E
RIS A8 R A e A Th e, 38 TR A RCHR e R AR 1
b7 5 O N O = B R 7/ 5 5 AN R 0747 B A e
9 (Wang252014; s #1245 2013; Zhang%52016),
T35 55 (2016) K I HhiE T KR S & 2 AR
J R 2 7y 1) A AL AT e R ER B E MK R AE K =
HH 2 —. ZhengZ5(2011) & BLHE Yy vl LU it
JEL I 5 ) 28 DA R 1) B IR T TR PR AN R AN R K P
KIE N AN B R AR R, 4R R & = A
F8 53 ) AR 0 A i v AL A 3 5 b 2 e ) )
"z

TEREY) R, FURENR 20 5 B p SR AR 1
75%, Horp s 20 H il g (monogalactosyldia-
cylglycerol, MGDG)7E AR I h £ 15 50%, XX

ks 2016-11-14 &%E  2017-03-27
BE EKERRREE4(31200206) HERL TR 655 H
FBR PG 24 R B R (2016KIXX-66)
* JEIRER (B-mail: linayin@nwsuaf.edu.cn).
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2L AL B H 5 (digalactosyldiacylglycerol, DGDG)
211525% (Block%1983). a5 A4 1 28 T 4 i o
TEAFIER, &S A AT K2
(sulfoquinovosyldiacylglycerol, SQDG) LA % ik g Fik
‘H ¥l — I (phosphatidylglycerol, PG), % 15 5%~12%,
H A MGDGHDGDGHI % % L &z DGDG/MGDGH]
E A7) 2 5 M A= ) R 1) 45+ A Ty B (Block 55 1983) .
B i 2 MGDGRIDGDGH A . Gaude%
(2007)BIF 58 K IR, AEBRESEAT T U I A b 1)
MGDG# & /b 11 [F] I £ & DGDG 7 & 18, i
RIDGDGH B K DGD1 K DGD23K A & T H,
DGDG/MGDG ¥ FUAB R . 2% 4545 (2009) i i il
7€ AN R B FE 7KV {6 3% (Brassica oleracea var.
italica)'t Jy SR &5 5 LA IR DT R AL Ak, K IbEE
ZIKEE 5 mmol-L' 7+ %20 mmol-L"', MGDG ¥
e & T, [ R MGDG H A1 FITAE B R B 451 2
Tt e, Ul B N ECE 7R K AT e e
MGDGH & E WA . LBt Ry, RS
s AT T BR 4143 () AR A FEL A 3 B R b 38 R 35
HEMEH.

il S 2 5 e AL A L T 5 = RT A 2 R AR Ak, (H
e AN () it T 8L 220 ) TR I 20 R 70 R HG R 5 ke
B HRIEAGEE . BIEAD 5L LR A A R
NN STV S RPN o N B (190 7 B E RO ]
bR BB A R R0 A R DL R S B A A
IS o IRVIAN[E] /N 22 S BRI AR & RE 12 5 5
AR I B N ORKRIE G & & A2 40 £ e 1 e
AR, IS /N2 R e 7 IR & i
AL AR -

MRS 7E

1 #R R G AL TR

AT AN (Triticum aestivum L) hFh< 5 5%
145 (‘Ningmai 14°, NM14)F1/ 395 (‘Pumai 9°,
PMO) Bkl e BOFFRL 5 ) /N 22 M1 I 1%
UCRIRINAL FE20 min, X7~ R IRIEBETIH 5%, 2808
IK P G BRI ARG A Th28°CH K 7 d, e KA Y
(20 ee 2 2R R _ER ADK B 7k g T i 9% . &
B IRAC T (L65) 01 R : #%(1 mmol- L' KH,PO,). 4
(4 mmol-L" KCI), (2 mmol-L" MgS0,-7H,0).
£5(4 mmol-L"' CaCl,). %(14 mmol-L"' KNO,, 1

mmol-L" NH,CI), {5 7 & fic /7 [[Hoagland & 77
W, pHA5.6~5.8, TEARHEFL )N EE IR R b B
()47 FRIBC T 1 1/2.0 B K3 — B4 20 1k
PR 7r, —iB iR N BT KNO; (TS ZIKRE NT.0
mmol-L")FINH,CI (42 %% ~0.5 mmol-L™)F &
R NT.S mmol L& B E IR HN)H, 55—
AR EE N ETKNO, (A ZHE 0.7 mmol-L™)
AINH,Cl (8 A5 %0 FE 90.05 mmol- L) ) i 0K 2
240.75 mmol- L™ RS FR(LN) 1, LN HoAh 77
PR IEFHN . SEIGEFE AN SR I A b 3
WEANEE, BMEFRET AL N EZYH, &
FEMAEFUNS L, 2 dife—IRE IR, A RIEA, 55371
NAJEATRFE . RSIGAEN TARE N TERK, b
R 9500 pmol-m™-s™, S I8 A1 B IS i 18] 43 53]
147110 h, 5 E7:00FF4T, W £21:005¢4T, B/
J& 823°C/15°C, FXHIEE N45%~55% .
2 75k
2.1 £

S =R K(2000) [ 7715, FAEA R BIREE
FRR R FE TR H ISR EAR 105°C R/ F
30 minfF80°CHt T~ EfH H . A4 H 4 5 52
16¥k.
22 HREZEE

225 i R AU(2006) 1) 7778, WU FR—AH 171
FH R R (RPN R A EE S ), K
T BYRERREN0.2 gl g gk E, REN AR B4 i E 4
AN, SR HI80% A B VA R 32 b 2 5
2.3 XESHHNE

i FILi6400 (Li-Cor ], USA)EHE e A%
TRAEATL ARG S 282/ HF 4R e . LED G i
F#A500 pmol-m™?-s™, Fh A AL BRI E 440
pmol (CO,)-mol”, St i# £ 1% 4500 mmol s, £
AbFRAF O E SN EH K
2.4 PSIEm KHALFEME

K HImaging-PAM (Walz, Effeltrich, Germany)
WA E G KIS S H . NEH T
I B3 R230 min 5 Wl 5E I PSTTR K Gk 2 34
R(FJF)o AN ESAEL
2.5 BENE

LI E BIEM E N R B e S
&, BMEN 3N ER .
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2.6 M HIEBERVEREN. 43 K& ARRRER B9 E

IR FRIAS H (/N 22 R B, K i B B R
H0.3 g, FH T J S Ji R B, A b 3 5 34
2o R AR B $EEUS % Bligh M Dyer (1959) LA K
Wewerd5(2013) 1) 7%, A& BRI AE F1300 pL&
i, TRA7T—40°C. JEIE I 53 85 2% Wang fil
Benning (2011)f#)78 )2 411 (thin-layer chromatography,
TLC) 9%, TLCH] LIk i 5 A2 70 bl g 4 55
. F0.15 mol-L" (NH,),SO, 74 i i ft Merck it fiid
BR, A5 F U TR/ R 28/7K(91:30:7.5, VIVIY),
TLCHE Sy BIEAR fa, FIZE SO g 1 e )5 e
PRI G i K B 58 5 R AR I AL B, 9 7 By 1k AR
PR E A, SRR R TR E A SR
et LA 5 SRR A B, B AN, /N
TN G RS R A7 R R R, R S
Xy AR N B IR FE I B R, I B A
I ImL 1 mol-L™fHCI (I FE /K H R C 1), T
100 pL 100 mg L'+ ke ER(C15:0)E AN 2, 1E
—ANEE N R E A T b R A EE AL THCI
PERXTIR, F%E T B . KB s /£80°C
K25 min (BB T 2 B, B BRI R).
U B R, I 2 =0, JIAN1 mL 0.9% NaCl, fh1
A1 mLiECHe, IR, 1 000xgE.0:3 min. f£
e, R TR S AR R O E
PR WA T 2218 N, R 2R R IE ke, A5
AT N S ISR I 60 pLiE Ok is
fife, FAACRE B o BRI oy M B i, RN
2 puL. SAHEERC 508 BEEGC2014C, iy
InertCap WAX (No. 1010-67162), #:+:60.0 m, 7
JERF0.25 um, K4%£0.25 mm. O3 EE R
140.0°C, AL IR S N250°C, KR AR IR 7 &
B A IR E(140~160°C, 25°C min’; 160~240°C,
8°C-min™"), J& /1 N176.2 kPa, M & N24.0
mL-min”', 3% 8 91.00 mL-min”', k5% /923.6
cms”, R E 3.0 mL-min”, 23 bk 420.0:1.
R o 1 JE J A i (10 O B T A o 00 A ot o
JE W B P 2, R 5 ) P U T AR U SRR o T D R
=, BT B S RS .
2.7 NiaF0RERRER X e 2

N 0 7 R X 48 £ (double bond index,
DBI) )i+ H AR 4 Rawylers5(1999) ) 7572, DBI=

Y. (nxp), nfaBEANNRITR 7T WXL, p v Na i
R o E@%E@E%tt, E]]DBI=0XP16;0+1Xp16;1+2xp16;2+
3%P163T0XP gt X1 H2XP 15 T3 %P igs0
3 BIEAIE

K HISPSS 19.08fF3E AT Htls Gi 140 #r, Hl Tukey
HSDH 46 VA BEAT 50 K2R 5 Z2 70 M, S 35 17K -F
P<0.05. Excel 2010 &

SEIEER

1 RBMEX TE145 T RIS EMERFT

PR B A R T T A i B2 A 1A
HESER . RPN, £ IEH 2% 0F T 2295 1
SR REFERT TEIATS REALEE, TE
14°5 FNWELZ 95 (1 S AW 53 5 T B T 29.4%F1
24.1% (& Z5¢); [R5 BLIE & 26 1 R 16329
SN ZE 145 AR E N 100%, AR AU IS
TN S A AR TR, T & 145/
WEE9T 1 N B 129.4%M24.1% (REER),
PR S8 AT ST AR TS 2200 Hr, SR o, 7
Z 145 M)AV R PR T (95 .
PRI, J sl 2 SR B 2295 (U R 20 BE 7 v
FH14T
2 REMEN THRUS MEZISHRRIE
RN

WE2-ARR, fEIER ZZMET, T2 145 M

1.8¢ ONMI14 BPM9
1.6 2

1.4f
1.2+ b

1.0} c
0.8F
0.6
0.4
0.2+

EYETE/g

HN LN

B AREUPEX T 22 145 M WA 95 A ) R i
Fig.1 Effect of nitrogen starvation on biomass of ‘Ningmai
14’ and ‘Pumai 9’ plants

B s R R Ax£SD, n=16. &K LA E/NS FREFR IR
FoORHE M) 2 5 35 (P<0.05), El1~5. 7~9[F); NM14: ‘5 145;
PMY: {495, FIA.
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Fig.2 Effect of nitrogen starvation on chlorophyll contents of ‘Ningmai 14’ and ‘Pumai 9’ plants
Ar BIFEER S B MG R e B/ R0 S &

WELIT AN R R B A REE
o AREMNE SN B SR S = A AN
FREEM T B, T 2145 ML S 7l R T
73.3%F165.7%, ‘WL MG ESRREST
CTHE145 (REFEER); HER-BAHIER %M T
PN INGE S b B S R a/ bR 2 5, IREE S
WFIS WIS RKabEFHE T T H145°,
3 REMmEN TEUS MERIS HAELES
BFOF,/F,H0S200

WIE3-AFTR, IR KN, #BEEI 5 i

A ONM14 mPM9
:?, 16 a
g 14}
o 12 L) b
2 10}
ERR
;;_L 6F c
W4
S 2t
AU HN LN
C

~ ONMI14 ®PM9

5t a

b
4t
3L
1k
0

HN

# 5 H % /mmol (H,0) m>s™
S

c &t |
= o4l
d 21
0
LN

HEER B EM T T 145 (REME T A5
Rl e AR I T A FIFLE TR, g
F14%5 N 1763.6% (& ZER), WFZIS T T
5.9% (WFHEZER). KEWIET, WEI5 1Es
LR TEI4S 21905, WE3-BETR, EH
TR, WERITMARIATEG)REST TF
1455 AREiE J5 A SRRk S AL S I
TAFREER TR, 72145 T 775.9% (B%&
ZE5E), WEFIT T 730.4% (BFHER). KEM
BT, RIS MARILTE R TE145 13.45

ONM14 mPM9
0.30

a

0.25F
0.20
0.15F
0.10
0.05F

LT B /mol (H,0)'m?s!

HN

ONM14 ®PM9
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0.8F

0.5
0.4
0.3
0.2
0.1
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B3 R T 145 R 95 1 O &S HANF/F, 5
Fig.3 Effect of nitrogen starvation on photosynthetic parameters and F,/F,, of ‘Ningmai 14’ and ‘Pumai 9’ plants
B R 3R R ux£SD, n=5. A: {6 A 3%, B: G, C: T; D: F/F 0
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5o WE3-CHiR, IR %M, BEIT A
HR(T)EERT TE45 KB )E, 7314
TR 95 [ A 4 T B T 73.4% 0
29.6% (REZER). KEMHEE, BE5 AR
R T HE145 31865 . WE3-DfR, #£IE
WA, WA RN ZZ R F/FLE0.78~0.81
Z 8], RIB B ZE 5 B, EREME T, W
ANNZE SRR R F R BUAS R R BE 0 T B%,
Hrp 145 MWL S 5 F I 17 22.2%H
14.1% (REESR), WL MWF/F,2E T T
F14%5° . DL RER MW, TERANE M koS
RE4ERF AR (1 1B TR FIF JF o
4 REPEMN TEUS MBERISHAEES
EMEMRER/ AN

HH El4-AFT A, B SRR, WEEIS R TR

A 45¢ a

40t b
35
30}
25t
20} c
154
10}

ONM14 B PM9

HES&E/mg g (DW)

HN LN

A RSB T T 145 REA G, T
145 MWEFIT I AR SE TR T
61.7%7F149.6% (&% % 57), WEZ5 1)
AT REES T TH145 ), HE4-BR, IEH%
PER RIS AR A SR SRS BN E
sl T 14 A )E, BRI S T 145
I A A I — LR AT 3 22 57 10 35 M KT
5 REMEX TEI4S FEFIS HRIERES
=LA RN

N U AR U 5 X NS I 1 2 LR
HEFR B i 1) A B i, A0S i S A i v i 2
HI£F B lE(MGDG. DGDG) M i (SQDG+PL)
)& AN 7 FEAT 7 By ir . WEISPTR, Ik
WM, T EI4S RGBT NEH A
MGDGE EEA Z 5, WLI5 /NE

B o.4of
0.35} b
0.30}
0.25}
0.20}
0.15}
0.10}
0.05}

ONMI14 ®PM9

HMMRR/R

HN LN

B4 RGBT 145 MRS i P SR & B AL % 2K R 52
Fig.4 Effect of nitrogen starvation on total nitrogen content and the ratio of total chlorophyll content to nitrogen content in leaves

of ‘Ningmai 14’ and ‘Pumai 9’ plants
P& b B4 s Aax+SD, n=3; IS, A: ME S & Br MIH4ER/A .

DGDGRLE R & R & =T 72145, ‘#EZ95°
N HSQDGHPLE B R ELT T %1457
AL T Z 145 /Nt 7 FIMGDG.
DGDGUL . SQDG+PLIF & & # 2 3 F %, 203 F
[ T 47.1%. 26.7%F118.5% (L EER); WHEIS"
B o FIMGDGHIDGDG 25 5843 7 T B 1 46.6%
HI35.9% (2.3 % 5), SQDGHPLIK) & & K i i i+
fas RGP G P AN /NZE SRR A (M GDG A
SQDGHPL & & AT M i £ 5, WEF 95
DGDG K MRS B EE S T TE145 .

X /INFE I e 2 L IR RD i i 1 IR M R 4L
I3 BT R B, e LN I Y 32 A oy A AN

MUIRDIERC18:3. 5 IEHE A NAHEL, IREMNE S,
INFEH A IMGDG. DGDG L £ SQDGHPL#AS
AR MR (LLC18:2F1C18:3 4 1) & A Fr T
B, MR AR B ER(LLC16:0f1C18:0 8 )& m A
B L7t (1#6).

DBIAJ DL sz B 48 B J5E () 3t 2 PR A e .
BI7THR, IR &M T, T H 145 MW 5 1
AR DBLG 2 7, 2295 1 i DGDGAHI
SQDG+PLIDBIMJ AR T T 145, “WEFE9 5 It
FHMGDGIDBLE 2 5 T T 221457 LA b 5
Jii, WBEFE95 1t SQDGHPLDBIF &, HH
MGDG VLK & AR I DBIAR 2 8L B 1) %%, DGDG
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Fig.5 Effect of nitrogen starvation on the contents of galactolipids, phospholipids and total lipid in leaves of ‘Ningmai 14’ and ‘Pumai 9’ plants
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Fig.6 Effect of nitrogen starvation on fatty acid composition in main lipids class in leaves of ‘Ningmai 14’ and ‘Pumai 9’ plants

B el v B i R B L, BT (R — R R 2E 20 AN [/ 5 S BRI 3R s Bl ) 22 57 2. 25 (P<0.05)
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Fig.7 Effect of nitrogen starvation on DBI of galactolipids, phospholipids and total lipid in leaves of ‘Ningmai 14’ and ‘Pumai 9’ plants

DB AN K, T2 145 1 FIMGDG .
DGDG. SQDG+PLVL A & A5 IDBIXY 2 BT B 1
B IWNET7TH AT LUE 2, [REME T, #E9
S P DGDGIDBLE E K T 7% 145, M
H, WEF95 1 B P MGDGHISQDGHPLLL K i Jig
[DBIFS R & T T 21457

FEIEHZMFTF, 395 fDGDG/MGDGH
P B | T4, IREmia)E, #E£9%5°
42145 IDGDG/MGDG I ELAE 23 5 EFH T
20.0%AM138.1% (W #FZER), HEWHIT K
DGDG/MGDG LB & 3 & T2 22145 (K18).
AR, fEIEFZMG T, 7145 59WE95°
IMGDG/H 4 R WA 2 5, #4295 [DGDG/
SGERAMEE/M R ER T TEI4S, WL
S [M(SQDGHPL)/HH £ 3 BT T #1455 ik
B, AN S AIIMGDG/H 42 . DGDG/M
2% % . (SQDG+PL)/IZg 3 LA J i g /i 27 32 #1 i
EHTh L RIS XA AR E KT T 14
5 (K9).
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Fig.8 Effect of nitrogen starvation on the ratio of DGDG to
MGDG in leaves of ‘Ningmai 14’ and ‘Pumai 9’ plants
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Fig.9 Effect of nitrogen starvation on the ratio of lipid to chlorophyll in leaves of ‘Ningmai 14’ and ‘Pumai 9’ plants
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Effect of nitrogen deficiency on leaf lipid composition in different nitrogen-

deficiency tolerant wheat (7riticum aestivum) cultivars during seedling stage

QI Ling-Yun"’, YIN Li-Na'**", ZHANG Mei-Juan™*, CAO Bei-Bei"®, WANG Shi-Wen'**, DENG Xi-Ping™”’

!College of Natural Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China; *State Key Labo-
ratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Chinese Academy of
Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China; *Institute of Soil and Water Conservation, *College
of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China

Abstract: The objective of this study was to evaluate the effect of nitrogen deficiency on membrane lipid com-
position and contents in different nitrogen-deficiency tolerant wheat (7riticum aestivum) cultivars. Two wheat
cultivars (‘Pumai 9°, PM9; ‘Ningmai 14°, NM14) were grown in nitrogen-deficiency hydroponic solution for
one month. The results show that the biomass was more decreased in NM14 than PM9 under nitrogen-depleted
condition. The chlorophyll content, photochemical efficiency of photosystem II (PSII) and photosynthetic rate
in PM9 were significantly higher than those of NM14 during nitrogen deficiency. Lipid analyses showed that
the levels of monogalactosyldiacylglycerol (MGDGQG), digalactosyldiacylglycerol (DGDG) and total lipid in the
two cultivars were decreased under nitrogen-depleted condition. However, the contents of DGDG, DGDG/
MGDG and total lipid of PM9, the double bond index (DBI) in MGDG, phospholipid (PL) and total lipid in
PM9 were significantly higher than those of NM14 after nitrogen-deficiency treatment. Taken together, the
changes of lipid components and contents in leaves might play an important role in the response to nitrogen-de-
pleted condition.

Key words: wheat (Triticum aestivum); seedling stage; nitrogen starvation; nitrogen-deficient tolerance; mem-
brane lipid
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