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Comparison on the flag leaf aging metabolism of different winter wheat genotypes

under three planting models
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Abstract: To investigate the leaf aging metabolism of winter wheat under different planting models, three wheat cultivars of
cp02(213), cp99(1) and Shaan 512 were used to study the effects of three cultivation models of flat planting, straw
mulching, plastic film-mulching) on leaf aging metabolism. The results showed that compared with flat planting ( CK) ,the
leaf area, flag leaf function duration, chlorophyll content and the activities of protection enzymes of SOD, POD and CAT in
leaves in straw mulching were significantly higher, its malondialdehyde content and over oxidation degree of membrane
lipids was lower, the speed of flag leaf aging was slower and the metabolizability was vigorous, which are beneficial to the
grain-filling and accumulation of photosynthesis products. At the early grain filling stage, the leaf area, flag leaf function
duration, chlorophyll content and the activities of protection enzymes of SOD, POD and CAT in leaves in plastic film
mulching were significantly higher than that in CK, while at the late filling stage,there were a remarkable decline of leaf
chlorophyll content,a quick leaf aging and a marked increase of MDA content. Among the three wheat cultivars, the leaf

aging of Shaan512 was slowly and maintained green well.
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FHR—AEEFEY . BEYELE(SOD) ER4IENIEHEAERRENEE R, E#EL 0, K
BARVE B B TS H4(0,) Al H,0, X¥GT S AL RS (CAT) , i3 S ALY (POD) TR ER BT 43 , 7= o0 1
AEAK, B 1L BERE T EALTE R IE B 8, A AR E R AR MR ED . I F MDA K2
HRARR AL B TER A RN o AR E AL SRk, MDA R Rtk Z , B 4L R b B
pal it R

DAEBF ST A, REFT 7 35 R IR B 1R MK 20 1 RIS 3R S5 AR b, SR B AR WOBRERI A R . BB 3%
A B RS A/NEROLE R, B RS F/NEERKA ST S RN S BRMEC RS &, X5
BF EARMMIEA o INERIK R SRR R SR RIS AR . AR BT
ST 3 PR B A/NEEARRFIERE AT M 728 5T HEEAERE, B0/ NET R IR & - 05
AR R AR E
1 #R5HEE
1.1 it

R T 2006 ~2007 AELE PG AP KR AR i #H17, it 8 + R IEE T RIEX, Bk
520m Aty PR K & 550 ~ 660mm, FEAEPTET ~9 Ahy, BRE/NE X PR EEFFEAEZX, g
B RIS, RGO L #2210 ~20em ALK 10. 5g/kg 2% 1. 20g/kg . 285 (P,0,)0. 19
&/kg ARBE(P)S. 34mg/ kg B 146 mg/ kg, HTZEKRIH

R BT (R ) HE/NERR S12(FLRMERR) (cp99 (1) \cp02(213) ,3 A FFh (R ) 7EH M T4
BHEA -, BREE MR (CC) FEFE R (FC) bR 5 (FM)3 FufF R, (1) W HaREE R

55 (2) WA 35 /NEATIR L B I 3 3 5 4500kg/hm” ; (3) 3 A o5 R A M P R, 24 F

Wi XA, B R RN o /NXTERL7.0m® (2. 6m x2.5m) , &/NKFHE 12 17/N2E , ATHE K 20em, /NRAT K
2.5m, FAH N 150 x 10*Bj/hm , EHLIX ZHHED], B 3 Kk, 36 9 A bHE, F 2006 45 10 A LA FF A H R A
1% WA IR 225kg/hm” BEER 4% 225ke/hm” B R —E 4 30kg/hm’ Fy bR e L B AL, FH A 45 FE4% BV
X B I SR AT o
1.2 WzEDH Rk

B /NEIF BB FE R — RIFAE AR KRB — B H ok B /N AR, AR IC I UM, , LS B0 6d T
8:00 Bk, F/ DX A A RN ICHER /N E M & 5 Jr, Bra A 5 B A vk 3z [ 52 5%, T4
RIEFRHIE o
1.2.1 HEfANE

FRAKIERE, HEARXNT

xR = K x PERTE x0.81

1.2.2 HEE(CW)EE

W RE S I BT RRIR AT, F 80% PHERR 4R sE , A 3 1K, % Inskeep ¥EHHEHMM R E SR .
1.2.3 EHARBEE

B2 0. 500g BYREMIAE &, IR BIES , N 8ml & 1% PVP ¥ BERRSE pP K (50mmol/L, pH7. 8 ) 8ml % /1>
BAYRD, 7E K P SR, 23K T 2°C 20 000 x g ¥ VR B> 20min, E YR BN N EEIREUR . @AYl
BiE (SOD) T P E 2 8 T 2 E 1 sk b ik, 33 R AL S B (CAT) 15 P 2 3R il Beers Al Sizers gk ;548
1L (POD) 15 ML 3R I Sigma 1
1.2.4 A (MDA)&&E

KA 2 BR (TBA) B fEsd ™ o ZEMRYES T BN, B b 2R S BERBUR H K9 MDA % 4
AN, FIH 532nm 1 600nm KT HLH 2 (ETTH5E MDA & &,
1.3 BdEgeit 5047
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2 HZR55H
2.1 B M I RE AR i

M ARSI R BRI i R BRGNS, & | B, 485 A A B - AR B e TR R @ H, B
MRS N B R > B > WA BRSO T AR R T S A0 R R R SR R
M EARTETTFE- TB)5 15d KT WS EZR A BE  7EIT LG 22d M AUT MU, B s, i A
SR M 40, RN 3 AR (R ) M T AR AR s S A — B, B BUR /NS R B
Bk 512 >¢cp99 (1) >cp02(213) o M JrIHEERISBR T it F- 15 AR RpSeid (], AR | 3, 4L B 2 BE
RIS AL, [F)— R SRR A T I D RS e I, W MR IR, MU RE B o foc 0 53 > R (3R ) Bk 512
i, ep99 (1)K, cp02(213) ffi (AT B EZR

F1 TEGM(R)ES #HEEEXTHERIM BN EN (D)
Table 1 Changes of leaf area and flag leaf function duration of different wheat cultivars under three planting models

. IR VAZE NP G T RE
E“Tj: Planting The leaf area(cm?) at different days after anthesis(d) Flag leaf function
uitvars models 1 8 15 22 29 36 duration(d)
P 512 Shaan512 FC 54.5aA 57.9aA 62.4aA 54.1aA 42.3aA 29.6aA 90. 6aA
M 49.3bB 54.6bB 57.4bB 47.8bB 30.3bB 16.8¢C 85.3aA
CG 47.5bB 52.2bB 53.1c¢B 45.2bB 32.8bB 22.7bB 87.8aA
cp99(1) FC 50.9aA 55.2aA 58.6aA 49.9aA 35.6aA 26.5aA 88.7aA
M 47.1bB 51.3bB 54.2bB 44.0bB 31.4bB 14.9¢C 84.2aA
CG 46.3bB 48.8bB 52.4bB 42.1bB 29.8bB 19.7bB 86.5aA
cp02(213) FC 48.2aA 52.8aA 55.9aA 47.1aA 33.2aA 23.1aA 88.0aA
FM 46.5bAB 48.3bB 52.1bB 45.3bB 30.6bB 15.0cB 83.4aA
CG 45.2bAB 47.4bB 49.8bB 45.1bB 32.0bB 20.2bB 86.0aA

FNFEE R E AR Rl B R R AE 1% T 5% K F ) B2 5 A F4%[W  Different capital or small letters indicate difference significant at
the 0.01 and 0. 05 levels; the same below

2.2 WERGELMKL

MARRIZH LR, /N EM A E R B IARE R . 3R 2 AT, A RIBSER AT N M i 4 R & B H
E IR SRR HERE Y B ST R R AR AE . TTAEZRTTAE 15d N, R & B , )5 15d SRR, 2178
JG 36d MR OEASTERFEM . BRI ARG (R) HERAE . BEREEAHSRTRELER,
W IR SRR KR R R S BB R T W AR, (IR 5 0 R e, i A, R & B R T
Fo PURMFPR 512 FHERTIRHPEMR cp99 (1) Hl cp02(213)

F2 AEGM(R)ES HFHEEXTEHHERSENTL (mg/s FW)
Table 2 Changes of chlorophyll content in flag leaves of different cultivars under three planting models

S Rh Poesy AEJG REL Days after anthesis(d) ey
Cultivars Planting models 1 8 15 22 29 36 Average
[ 512 Shaan512 FC 4.12aA 4.32aA 4.43aA 4.23aA 3.67aA 0.92aA 3.62aA
FM 3.82bB 4.01bB 4.19bB 3.58bB 2.21bB 0.20cB 3.00bB
CG 3.71bB 3.87cB 3.92¢B 3.39bB 2.30bB 0.50bB 2.95bB
cp99(1) FC 3.89aA 4.19aA 4.29aA 4.04aA 3.48aA 0.77aA 3.44aA
FM 3.65bB 3.84bB 3.94bB 3.31bB 2.19bB 0.13¢C 2.84bB
CG 3.57bB 3.61bB 3.65¢B 3.08¢cB 2.11bB 0.45bB 2.75¢B
cp02(213) FC 3.75aA 4.02aA 4.21aA 3.99aA 3.33aA 0.69aA 3.33aA
FM 3.62bAB 3.88abA 3.90bB 3.27bB 2.06bB 0.15¢B 2.81bB
CG 3.50cB 3.59bB 3.64cC 3.23bB 2.21bB 0.48bAB 2.78bB
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2.3 BEAYEACHE(SOD) AL

MR 3 AT ), A FIRSE T /N SOD 15 My 2 R B = AR A (e, )5 15d KBIRK
18, ZJERrgE TFE. BEE AT AR AR , B Sk AR /N M SOD {1 1 I 35 v T b RSB =6 A ALAR 3 5
PSRRI, B AR At R . SOD ¥ 1 28 A S 38 R T LRI, , IR S W R B S R o T B
Z5t . WEAEIRI SOD JEMEVIMERE , BRI iR IR R IKZ , WA R . BEARIE TR 512
JE SOD & V- H{Efe = , R A PT R PR30 B i A 5 B SRR B 45 5 RE A AUt TS BR 48 B 2 SER /N
HEo

®3 TE&M(R)7E3 F#EEEXTHEH SOD FHEMETEL(ws FW)
Table 3 Changes of SOD activity in flag leaves of different cultivars under three planting models

L rpE R 1EJ5 KREL Day afere anthesis(d) iy
Cultivars Planting models 1 8 15 22 29 36 Average
% 512 Shaan512 FC 1672aA 1898aA 2138aA 1856aA 1421aA 522aA 1585aA
FM 1532bB 1698bB 1934bB 1643bB 903bB 201¢B 1319bB
CG 1543bB 1575¢C 1846¢C 1589bB 1036bB 323bB 1319bB
cp99(1) FC 1534aA 1758aA 1979aA 1643aA 1296aA 469aA 1447aA
FM 1476bB 1698bB 1796bB 1342¢B 645bB 153¢C 1185bB
CG 1471bB 1598¢B 1551¢C 1487bB 787bB 246bB 1190bB
cp02(213) FC 1526aA 1643aA 1785aA 1432aA 1023aA 254aA 1277aA
FM 1446bB 1538bB 1672bB 1236bB 549¢C 138¢C 1096bB
CG 1421bB 1490¢B 1523¢C 1401abA 798bB 165bB 1133bB

2.4 FEAYEE(POD) AR 1L

&4 GIRRY A RBSHRAT /NEEH POD (&M BT E MBS 15 15d KRB HME, Z a2
WA 2 AR EIR B, POD {E Mt BB AR B RREFAEIR] b, B w39 15 3t R =i [\] B9 22 5772 POD
TR0 e O SRR A Rk S 3 7K I LA A S 30 T A 3 J B ik o 5 MRS A R POD i
PEX I3 R T R A AR, R S M AR 2 RN B . WK POD (SR RIER
BERE RS, WIRERRZ, WS RK. SR (R) EAELL, Bk 512 7e8 3K POD iE &R .

F4 TREGM(R)E 3 MEIZEXTHEN POD FHEMATL(Ws FW)
Table 4 Changes of POD activity in flag leaves of different cultivars under three planting models

L FRAE R AEJ5 KEL Days after anthesis(d) iy
Cultivars Planting models 1 8 15 22 29 36 Average
% 512 Shaan512 FC 389aA 533aA 638aA 536aA 390aA 80aA 428aA
FM 367bB 497bAB 596bAB 453bB 289bB 32bB 372bB
CG 386abA 439¢B 514cB 375¢B 263bB 45bB 337bB
cp99(1) FC 357abA 503aA 598aA 498aA 365aA 64aA 398aA
FM 352bB 478bAB 573bAB 419bB 258bB 30cB 352bB
CG 363aA 420cB 486¢B 346¢C 232bB 52bAB 317bB
cp02(213) FC 349abAB 489aA 589aA 487aA 345aA 57aA 386aA
FM 332¢B 467abAB 570bAB 375bB 241bB 28¢B 329bB
CG 356aA 403bB 476¢B 321¢B 221bB 48abA 304bB

2.5 dAMEEE(CAT) SRR

S AL, AR /N CAT SR (L3 2 KB , J5 218 THE 2RI T Hsé% 185 15d
IR, ZJa R AR L, 768 I SO B o, CAT {6 14 135 w5 T i R 2 40 0 LR
B HER G IR o 5 W R S 22 0k B KT 765 29d 1 36d B ELANE MLAR B CAT 1S MR 3% it
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BTG . BN CAT ISR FIEE B R R, IRE R IR, F IR R K. S8R (R)
(] EL 2 B, B ISR AR S12CAT T8 P d =, (E MB35 T iR 248 . RIIB BRI/ NEZ M CAT Al
RHER Hy0, 1) BERUR R BRAR 1 A E s 8 AR

x5 FEGM(FR)E3 MHEEXTHEN CAT FHMHEL (e FW)
Table 5 Changes of CAT activity in flag leaves of different cultivars under three planting models

S Rh st AEJ5 KBl Day afere anthesis(d) FHy
Cultivars Planting models 1 8 15 22 29 36 Average
[ 512 Shaan512 FC 1877bB 2390aA 2786aA 2237aA 1469aA 235aA 1832aA
FM 1758bB 2168bB 2431bB 1842bB 898¢cC 94cC 1533bB
CG 2086aA 2135bB 2158¢C 1798bB 1156bB 142bBC 1579bB
cp99(1) FC 1786bB 2213aA 2516aA 2221aA 1298aA 236aA 1713aA
FM 1698bB 1978bB 2459abAB 1847bB 812¢B 89¢C 1481bB
CG 1906aA 2013bB 2124bB 1654¢C 1023bB 123bB 1474bB
cp02(213) FC 1724bB 2210aA 2415aA 2187aA 1231aA 208aA 1663aA
FM 1624bB 1899bB 2395abAB 1749bB 725¢B 79¢C 1412bB
CG 1908aA 2001bB 2145bB 1594cB 980bB 109bB 1456bB

2.6 W_EE(MDA) &R

&6 KU, AFBIERAT /N M MDA & B & R AR R R4 Bt BRI 218, J5
B B s RS MDA & B R REE H & B R E B, 1B /G MR ML) 8d B F AR
MDA &8 BERT WS, SR E R ER AR E ; E)5 15d 2 36d F &I MDA & B BERTH M
AR, AR T R G , W MU 5 3t R 35 A 9 22 5k B 3K (BLAE )G 36d R 3 B R T MR
o SR (R) E Bk 512MDA & B R @ KR8 H & BKT cp02(213) 1 cp99 (1) , HEBFERIE T
MDA P {E & B & Ao

F6 AEGM(FR)ES MFITEXTHEH MDA FEHEH (mmol/g FW)
Table 6 Changes of MDA content in flag leaves of different cultivars under three planting models

L FRAE R 1EJ5 KREL Day afere anthesis(d) iy
Cultivars Planting models 1 8 15 22 29 36 Average
% 512 Shaan512 FC 7.5bA 8.9bB 10.5¢B 14.5¢C 23.8¢cC 38.5¢C 17.2bB
FM 7.6bA 9.8bB 12.2bAB 21.5bB 33.8bB 58.6aA 23.9abA
CG 7.9aA 11.0aA 13.2aA 27.5aA 38.5aA 52.5bB 25.1aA
cp99(1) FC 8.0bB 10.3bB 12.2bB 15.5¢C 26.4bB 42.5¢B 19.2bB
FM 8.2bB 10.4bB 13.0abAB  22.5bB 35.7abA 62.8aA 25.5abAB
CG 8.5aA 11.0aA 13.2aA 28.5aA 37.8aA 56.5bAB 25.9aA
cp02(213) FC 8.4bB 10.0bB 11.7bB 16.8¢cC 28.5bB 43.2¢B 19.8bB
FM 8.9abA 9.8bB 12.8bB 23.2bB 36.4abA 64.3bAB 25.9abAB
CG 9.2aA 11.3aA 14.9aA 27.9aA 36.8aA 57.4aA 26.3aA

2.7 AFRERF(FR)3 PRI T 22 S

xR, ARMLR(R) FHLER SR SOD 1% . POD & 1 CAT & A1 MDA & &7 1 B &%
5, Hrppk 512 fit 4R & & \SOD i \POD 3% | CAT {E PR B = T cp02(213) Fl cp99 (1) ,MDA S BB
FEALT cp02(213) Al cp99 (1) 5/ & cp02(213) M cp99 (1) M LR E 2R . IR 512 M FEEZE . A
BRI T /NEZ 2R & & SOD %1 \POD %1 | CAT JH ¥EA MDA & B W7 7E BEMER
3 Fit5ifit

WRSERM AR T YIRS 95% ZEA R ERERB, HAMAERAT S ERERLBRE S KL
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56, LSRN , RABHERDRAL T 1R 19 70% ~ 80% RLAE BRI AR, 3ok 1/3 2 et (44, B
et DR KA MR TFAE IR DI RE (0754 X R RPRL A7 A T ™

®7 TEGMH(R) MARFEEXEHRERBHOEZESH
Table 7 Siginificance analysis of flag Leaf Aging metabolism of different cultivars and planting models

i R AR M4 (mg/g FW) A A Ukt iay] A A [z i
Cultivars and Chlorophyll (g FW) (w/g FW) (wgFW) (mmol/g FW)
planting models content SOD POD CAT MDA
[ 512 shaan512 3.19aA 1408aA 379aA 1648aA 22.1bB
cp99(1) 3.01bB 1274bB 356bB 1556bB 23.5abAB
¢p02(213) 2.97bB 1169bB 339bB 1510bB 24.0aA
FC 3.46aA 1436aA 403aA 1736aA 18.7bB
FM 2.88bB 1200bB 351bB 1475bB 25.1abAB
CG 2.83bB 1214bB 319bB 1506bB 25.8aA

PERal , RN A /NE R K E B ARG 0, R T AR E R 8, AP RE
WEE 4 B R, 3 MR (R) WEARREEX T /NEET E2REAEREES . REEX
Fb, B B A T AR R, B D RE K s MR R S B AT T Mk (CK) B Bk o 3 43
RIS ; /NEFFAE 2 EE M SOD \POD CAT 75 14 B 3 = T % MR 3 H TR R/, TR ERE;
MDA & B R REE H & BB E M THAARIE . Ui BB R AR 8 =0E 200 T | e LK 78k,
FRAR T K5 SRR, B IR S T/K A FIRRER, R/ NEFEE , Sa A RS R —H.

R AU S i 2 /IN 22 (TS 2 B, M RS =5 AT LA /N A KRS RE K B, 4R B /K 20 R F S8R, (EZE BT
SrEys B AR, S R BUNE T K FRIIRAT, S E YR AE R B R, SB0RE TR . A5
REW,/NEFERATHEE S mA R TE AR, R R SR EER TH I, & SOD . POD CAT
P B R T MRS MDA B R85/ MG, MG RS BEU/D, AR IGE , I H 55 B bk,
RS 3 SR A BE TR 5 P T B0 L WUAR I A T A phy ST A b i B X7 — e A B b W7 A E 2%
INEEFE R PERE B B T RS /D25 A4 3 00 T 0 b 7 25 IR T s Y SBUNE M B S T E AL
MDA & B30, FREARX S K, AR AN A A M ESBEHERE, SEMEKET, MERERTE,
SOD .POD 7l CAT #5142 FHE#a %, MDA &2 FFHaHY . SR/ B i S k7= MDA & &
B, BB AR B AR A B S B EREDT L HEAT H R SR T AN E A KR
TEI R, DUIEZE M F T2 AR IR g
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