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Table 1 Effects of nitrogen on biomass of shoot in triticale genotypes with different N use efficiency g/ ¥k Plant
H B ] Growth stage L Genotype NO N1 N2 N3
1 1 Seedling stage ClIxt74 0.14 aA 0.10 bB 0.11 bAB 0.10 bB
PI1429186 0.15 aA 0.20 aA 0.18 aA 0.16 aA
4y BEH) Tillering stage Clxt74 0.40 aD 0.48 aC 0.54 bB 0.66 bA
PI1429186 0.47 aC 0.49 aC 0.69 aB 0. 86 aA
P ] Jointing stage ClIxt74 0.97 bC 1.17 bB 1.37 bA 1.26 bB
P1429186 1. 22 aD 1. 44 aC 1.58 aB 1.72 aA
i FE Y Heading stage Clxt74 2.73 bB 2.98 bB 2.96 bB 3.64 bA
P1429186 3.14 aC 3.26 aBC 3.45 aB 4.40 aA

TE:NO N1 N2 Hl N3 73 5 ACFR AN AR 458 BEEURNIE 5 B RUAL 3 8075 AN RS 5 8 0K 7] — 4 5 W)L A — fHERAL 3R A TR /) B 22 S [
B2 523K 500 W F K s AR K E 7 B 3R [ — 5 B R/ B 3 A ) — AR AN [l AL 38R 28 538 500 3 KF L RIS

Note: NO, N1, N2 and N3 represent the level with no N supply, low N supply, middle N supply and normal N supply respectively; Different small
letters behind the data mean genotypic difference significantly at 5% level in the same growth stage with the same N treatment; And different capital
letters mean the difference significantly at 5% level of the different N treatment in the same growth stage for the same triticale genotype, the same as

bellow.

2.2 REMNABAEAMKEDZEZARA R RPBERG IR
2.2.1 AEIMAFRREE/NBESF B R SOD zﬁfﬁﬂ S SOD J2AH 97 1 P93 BRI P 480 ) ER 3 A O S g
REMEALAE IR N 20 F A0S AR 25 — VR R AR O, FH, O, HE PR
ANEAE R IE AU R HR AR . A E II/NRE S()D{Eriﬁfﬁ—ﬁﬁﬁﬁlﬁ'%#(%% 2) R RN R S
ﬂﬁlﬁleiﬁ,ﬁﬂﬂﬁﬂ BERSEAF T . SOD 36 o B 25 5 T AL A, 4528 & M & 280 e 500 R R A 4% fit
ZMF S HE ] SOD 35 M AR AL L R R A 1. 08,1, 03, 1. 18 1 1. 31 4% ; 43 BE U] b AR I RS 9 1. 13,
1.07,1. 34 F 1. 17 A% 31 01 RARS L ALY 1. 20,10 25,10 19 1 1. 10 5 5 1) d5e A A0 0 s 00— A 10 Ol 480
MRACE R 1. 11,1, 12,1, 29 F1 119 Ao A1 X [R] — 22 3 303 fR] — /IR 2 BE DAL e SOD 37 4 Bl (3t 280 i 14 38 i i
Ham , HICTEPETE N2 F N3 Z6 0 T b B H . IR HEE AR T /N R 22 R R0 IR R 7E 1 09 40 BE 40 4k 00
FUHh R B I SOD 1% M40 9 e R e 8 45 1 F 42 85 T 26.43%,6. 27 % ,23. 04 Yo Fil 21, 14 % 5 1 280 I 20k 32k 1R 280, L
SOD {E AT I AT R S T4 m T 4.34%,2.38%,34. 41 % F1 13.29% , X EW  EFEFHREASMET . Amik
LAY SOD I P34 38 i e J) 58 T ARSI AL,

R2 BAEXNFRENF/NBEZEREMF SOD & HH 00

Table 2 Effects of nitrogen on SOD activity of leaf in triticale genotypes with different N use efficiency U/g FW
4 FH M Growth stage F: A Genotype NO N1 N2 N3

T ] Seedling stage CIxt74 42.52 aAB 46. 39 aA 41.56 bB 44,36 bAB
P1429186 46.10 aB 47.94 aB 49.12 aB 58.28 aA

4y BEW) Tillering stage CIxt74 40. 08 bC 45.25 bAB 48.90 bA 41.03 bBC
P1429186 45.27 aB 48.40 aB 65.68 aA 48.11 aB

KA Jointing stage CIxt74 41.03 bC 47,08 aBC 51.59 bAB 55.15 bA
PI1429186 49. 26 aB 59.06 aA 61.50 aA 60.62 aA

i Heading stage ClIxt74 45. 88 bB 54.82 bA 58.68 bA 51.97 bAB

P1429186 51.10 aC 61.31 aB 75.52 aA 61.91 aB
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2.2.2 AFEXAFECRNBEILFAMN R POD MM 0 POD J& 241 j 57 480 15 M 42 8 % 0 R 50 5t 2
— BefiEfE H, O, FALIHBIR Y LI BR Ho O, . & B WI/NBE POD JE PEAFLE 3% I R B 22 57 (3% 3) IR 5 0%
TREFE T RS R IR 43 BE D L R e AN B B R R AE ] — A 0 TR — R AU S AF R L POD i M S A 3
P B T AUIRACEE AL . 25 AR BT 5 e AR R B A 45 BE AU T L AE BT B SOD {1 O UK ALk
PRI 1.02,0.78,0. 76 F1 0. 72 % ; 0 BEWI A EARKIEH AR 0. 91,1, 26,0. 96 1 0. 83 % : 45 75 Wi if oy AR AL I
PRIZLfY 0.95,1. 04, 1. 23 F1 0. 99 % 5 ) d5e A X 0 I 99— Sl A 09 o BUAR BB IR B Ay 1. 11,1, 06, 1. 25 F1 1. 10 £%,
BT R — A 5 IR — /N R JE R AL SOD 36 PR AU A 42 s LR E A 8. IR AU AR R L BES R
TR, /)N J8 2 G AR DR B SOD 3 M 43 5] LU AS it A 1R T 4205 17 4. 94 00R1 7. 07 o L ZE T IR 19 B TR T
12, 41261 0. 15 % 5 ifii Xt IR HE PR AL I 55, 0 SOD 35 P 76 15 19 L 43 B2 J Rl Bl 0 F 2 300 LU AS it R0 2% 1 TR 4R 17
24.07%,16. 20 % F1 8. 31 %, FEIR T I I 17 4. 04% . X FWIFE A [ A & W1 500 POD 3% 15 9 5% i AR — 3.

x3 AEMNFEARBENEZEEERMF POD FHHF M
Table 3 Effects of nitrogen on POD activity of leaf in triticale genotypes

with different N use efficiency /A ODy;0/(g FW ¢ min)
4 FH W Growth stage FEH A Genotype NO N1 N2 N3
T Seedling stage CIxt74 592.30 aB 615.69 aB 658.58 aAB 734.88 aA
PI1429186 603. 26 aA 478.31 bB 502. 39 bB 528.38 bAB
Sy BEW Tillering stage CIxt74 399. 68 aB 663.58 bA 424.96 aB 464.41 aB
P1429186 365.16 aB 837.52 aA 409.76 aB 383.21 aB
KA Jointing stage CIxt74 463.75 aB 494,10 aA 420. 65 bC 445.01 aB
PI429186 441,91 aB 515.59 aA 515.59 aA 441.24 aB
i F Y Heading stage CIxt74 955. 21 aC 981. 03 aBC 1 141.00 bA 1034.58 bB
PI1429186 1 064. 66 aB 1 043.55 aB 1426.81 aA 1139.98 aB

2.2.3 AERXMAFEE/NBERLRFB F CAT G Em  CAT gtk H.O, 40 H.O 5 O, . ffi 15
H,O, RAETYH O, SR TRV ARIEEAEN « OH, MY ERN EENEP B —. S4EFH/NE
% CAT MR EMIF MR CGR O ARMUNBEZSLHAER —EF B R — M8 & T CAT 3§ 3
AR B E R TRMBEER A, s EFHm S A w8 R BT & R AT 7RI SOD 36 24 2 AR
RO AL 1. 71,2.09,1. 60 H1 2. 10 £% ; 20 BEI R BAR AL ALY 1. 46,2, 25,2, 11 #1171 i s 415 I E Sy 204K
RUOEL R AR 1. 04,1, 85,1, 38 Fl 1. 48 A 5 ) e AR A I I 30— Hl A0 o BARSCE I ALY 1. 44,1, 54,1, 45 F12. 08
£ o BT IR — /N B2 BRI CATT 335 M A v 0 Bl A1 R it ) 38 0 58 1 W S e o T 0 B S0 R i el 0 s JFC 005 7 i
S0 ) BN TN R L AR T IR SR e B TS R R . IEE RS L /N BR 2 R RO R B A A BE R AR
FUhFE T L CAT 3G M4 3 e A A S R T 126.07%.80. 48 % Fll 247. 37 % AR AR FRE T 17.76 %5
17 AR AL, L CAT 36 M43 00 B AN R A R385 T 92. 67 %6,26. 70 0 F1 96. 78 %0, T AR T [ 1 33. 81 %,
R EARTE R R s RO R B CAT 3G PEAE IE 5 BRSO P A I 0T B L (H 2 JHC R i 4 /AR 3K
S DR RUAR T 7 3 B 0 B 03 R e el 0 e e A1 A 3 R R 5 B I

2.3 REAFRAKENZLZAR AT K MDA 426 % "

MDA 2 A8 ) 7 335 357 F1 5 2 2ok A% o B 1 2o 480 A0/ A 7= 5 o o R R A o SR i Ak R B . AN
MDA BE& £ EF M HEmB WG m. m—EFWE A& T A mBUh B E S d MDA & &80T
SR EINTF AL E B (R 5) . i E RIS A s ROE R B A A A 5T 7R R MDA % 2 5 A AR
R ARIREAR T 1. 0326,9.52%,35. 20 %0 F1 33. 86 %05 Zr BEWIBR N2 LR MF T - AR skt MDA & & & T4
IR A5 S DR TR A L A5 AR R 2% R A RIS 5 R 7R 3 SRR AIR T 17,50 %058, 75 00 F1 72 41 Y6 s 4K 15 10T B 25 AR A 0k 1A
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RUBEAR T 18.49%,23.75% ,19. 48 %6 A1 15. 89 %6 5 31| fie HH XI) ) b 10—t ek 41 ¢ GG &0 38 PR AU A T 33. 354,
14.99%,24. 22 % H1 23.57% , X [l — A= B A — /MR SL AL, L MDA & 7 Fifl {1 20K S8 19 T i B A% . 1E
HHER AT T /N R 2 R RSOE R RLAE B0 L 20 BB AV I R i AR A B R MDA 5 3 43 ) L AN Tl R R A R R T
63.54%,79.41% ,43. 96 % Fl 39. 54 % 5 T A AR 3 P A, H MDA 4 8 40 3 e A e & 55 4 F % T 45. 44%,
38.42%,45. 70 % 30. 980, 3k F& M, 78 2 e 45 ik DR 700 S o e T 7R o A SR AU s ik IR BRI 6 306 5% W 31 T 40 i
Z A FEEN .

x4 ARINTEAEMENEBZEERMNF CAT FHER N
Table 4 Effects of nitrogen on CAT activity of leaf in triticale genotypes

with different N use efficiency U/(g FW + min)
4 F M Growth stage FEH Y Genotype NO N1 N2 N3

' Seedling stage CIxt74 3.49 bA 1. 54 bD 1. 86 bC 2.31 bB
P1429186 5.97 aA 3.23 aB 2.99 aB 4.91 aA

4y BEM Tillering stage CIxt74 1.79 aB 1. 83 bB 2.59 bAB 3.44 bA
P1429186 2.60 aB 4.12 aAB 5.46 aA 5.88 aA

17 Jointing stage CIxt74 2.17 aB 2.48 bB 5.03 aA 2.75 bB
P1429186 2.26 aB 4.59 aAB 6.93 aA 4.08 aAB

il FE Y Heading stage CIxt74 2.59 bB 3.16 aB 5.30 bA 6.22 bA
P1429186 3.72 aD 4.89 aC 7.66 aB 12.93 aA

x5 AENFEEMENBEZEEENF MDA EEH Y
Table 5 Effects of nitrogen on MDA content of leaf in triticale genotypes

with different N use efficiency pmol/mg FW
4 F M Growth stage FEH I Genotype NO N1 N2 N3
i 1 Seedling stage CIxt74 0.60 aA 0.70 aA 0.67 aA 0.33 aB
P1429186 0.60 aA 0.63 aA 0.43 bAB 0.22 aB
Sy BEM Tillering stage CIxt74 0.84 aA 0.78 aAB 0. 65 aBC 0.52 aC
P1429186 0.70 bA 0.71 aA 0.78 aA 0.14 bB
17 Jointing stage CIxt74 0.93 aA 0.96 aA 0.75 aB 0.50 aA
P1429186 0.75 bA 0.74 bA 0.61 bB 0.42 bC
il FE Y] Heading stage CIxt74 2.27 aA 1.74 aB 1.45 aC 1. 20 aC
P1429186 1.51 bA 1. 48 bA 1.10 bB 0.92 bB

2.4 DEETARYPEEE RKELIANS A THMEIX A

N PR LR AP 1 N AR ok AL 7 ) MDA & e AN UAEAE 35 0 B R R 22 S5 () IF 5 /8 PR 22 b | S A )
HESVIMMERR, DNBEM A Y& 50 5 SOD,POD,CAT i YEAE7E B A S vk I A= & A ) L T A
ANFE AR (R 6) . ZEHT . POD 36 P 5 M b 364 4 o S A S 38 1) M 56 06 3 5 A BE AR, CAT 36 1 5 4t b 364
P B IEA O E R TR B Fooh SOD R CAT 3 7 5 Hly b &84 4 i 35 B8 R B3 1E A 06 5%
MBI CAT &P S5 B3 Ay & S W EAH SR R . BRI HISN, MDA & &t S B4y & 2 i
FON I E AR, RN B R R S8 b SOD.POD #l CAT & — AT BR s M B B 2L
R IR IE PSR B SR LI R A 45 R JLUE PR e D W IR A F T R [F 4% 5. B T AR AU R SOD,
POD, CATf%iaﬁﬂEﬁé&%%@ﬁ B RE I B T M AR E 3 R B Lk R i R AR AR 3R R I T e AR
b, AT 2 B R St e A vk Re . BRI, LA 7 o 2 1 e A e L 3 1 R BB O R A
REFHECE,
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3 it F6 NEEHHRPEEE EEDTEL
TERYR N AETE SOD. POD.CAT 25— & 3| {f- 4P S&MBHEEXR

E@ s Eﬂ] ﬁlé @gﬁ@fﬁ Hj]‘iﬂ ;F; gﬁ ﬁ% e ‘@ /%:L E’:J 1JC lﬁf _TIZ @T 9‘? Table 6 Relationships between biomass of shoot and

(5370 40 S 2540 B3 ) 06 AR S B2 R 1 30 o A protective enzyme activities, lipid peroxidation

of leaf in Triticale genotypes

IEW AR . MDA fE 08 40 i 55 i e =z — .
R 220 BN AN Sz B RE . DRI R O T

H:EF M Growth stage SOD POD CAT MDA

s . s . 430 Seedling stz 0.50 —0.93*" 0.47  —0.14
F PRSP MDA SR MO IR E R 2 ey 0 T ’
. b 4 [29] . (2] . Ay BEM Tillering stage 0.39 —0.31 0.85** —0.84""
R ERE R . CA PR R AEY N 5
. R L B &7 ] Jointing stage 0.93** 0.11 0.73* —0.76"
AUBRFAEMFES, HEEESKZA AT M , ;
i FE Y Heading stage 0.41 0. 34 0.95** —0.84""

IR . AR IR 451 R - A ) UR) R/ B 32 3
R B E M AAED FNEE AR, BT
POD 3% ¥ 41, & 5 20/ B 2 36 W A ok o SOD
POD . CAT & AL L W R — R &0 T W3 T /AR KR, [m) B o JFG 07 A Bt 20 4t 398 on 1 g 88 K
AR AL, 508 P TS PEAH B, A R R/ SR 22 35 R R R AR 3 SR Ak 7= ) MDA &5 i 7 [R] — A= & 10 [R) — it
RN T W E MR T AMRSSE R R 51X ] — A 5 B30 00 5 200 A6k 0 2B 22 356 R 700 o 36 4o 1 88 o, HL 4 i 2 0
F14) 7R R e R MRS 35 R R ) 8 I . R e U T 5 SRR 0 32 TR TR A B R0 v sk /0 B 32 35 TR R - e o 3 v 4R T B il R
G 16 S R 6 R AR A R S A R B L e v B AR B B RS o Ak 1 MU R AR I A A R L X 5 M
K FH KRR I 25 R — 3 . I AE LT L A0 b R R A R B AL T A PR X L Y
W ARAR A S5 R HF . R S 0 R B0 33— 3h 25 -4 52 B 3K B st s 7E 908k 23 0 8 A0 0z 1) Bt 4R
b 72 G5 0k BHL 1k 48 i RSB ok SR04k L 5 HL 2 R B . AR SR 2 B, SOD L POD CATT 3% 4 35 fig % Hly b= 38 A6 4 2 7 A=
S AR AR RN 2 A B RS2 . RN . SOD 36 M K/NFEBR T B L 5 b b 35 28 ) 5 4 B8 3% 1E A OGO
% POD 3 M R/NE T T 55 1 b A 4 o S AR 53 M DG G R L CATT U7 43 BE 1 44000 30 R i B0 e 5 b, I
AR Wk it S IO B IEAH DG OC R . H T R SR Ak IR R R A e AE S AR R R T AR A
PRI AR, 3 B 2R e A0/ DA 2 5 R AR 7 T B, LR BT A S 38 14 BB ) 5 i R 2 R B AR AN L BT DL POD R
PET RE L B I8 B AR A, T AR P 0T RE 2 B0 A5 . X T U sk N B 2 S R TR, P R U R ORI
14 RE 77 58 55 CFE T IsF 00 % B 400 R A2 0 9 A 15 OO O BR TG 1 R B B 3 POD i s 3h 2 30 H 0
BERTAEAGEEA, B, X u R POD MEMEE R S5H EA YR 2R E AR, ME/NEE
MR KRB SODPODCAT Hrlr1E F » 34 [l 3 B T M4 B H 3k AT B AIE MDA & o, 35 B4R 30 0 B 2F B )
RE L3R B R EH .
4 #ig

SR AN PR S A (PTA29186) 7E 45 B B W i) — (AU 4 0 Hodh 2B W it 1 25 o 0N/ PR 2 0
P (CIxt74) . FEIR]—AE B 1 /N B2z My b 30 A= 0y kI A ZR0 /K P 1 8 o v 348 R 2 e 00k R AR T 4 R4
T H A W i TE S BE ) RV R A A3 R B A TSN T 84, 49%6,40. 49 %0 1 40. 43 04 5 T AR S B
TISEINT 66. 876,29, 64000 33. 1500, HIE ™ R R /N AU A AL . B 01 POD 3 M 76 4 45 0 F 20 250/
P B D RUAR T AU R0/ B 22 56 A e s R R RN R 2 19 SOD L POD, CAT 3 P 76 45 4= & W9 i [a] — I AU 4%
PR AR B B P T AR SN B LR R MDA F i B 3R T AR AN A SE R, M S A A LD
WM A Y S SODPOD,CAT 54 1 A 56 M AR & IR [l HAH E AR — . SOD I5 PR 7455 101 i 55 4 1
A AR R I A 56, POD 1 M7 1 W 55 M b3 A o S AR S B G CAT U7 43 BE ) 4447 0 Fn ik
T 5 0 b A A R R B IR A DG s 1M MDA 5 i 7E S BE M P R A A e R A 3
M,

TE: ol x % R SU0F 120K 1 B EA G,

Note: * and * * denote significant correlation at 5% and 1% level.
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Effect of nitrogen on protective enzyme activities and lipid peroxidation in
triticale genotypes with different N use efficiency
KUANG Yi'?, LI Ting-xuan', YU Hai-ying'

(1. College of Resources and Environmental Science, Sichuan Agriculture University, Yaan 625014, China;
2. Environmental Monitor Station of Weiyuan County, Sichuan Province, Weiyuan 642450, China)
Abstract: To elucidate the effect of nitrogen on biomass of shoot, protective enzyme activities and lipid peroxi-
dation in triticale leaves at different growing stages (seeding, tillering, jointing and heading) , a pot experiment
was carried out using four N levels (0, 0. 25, 0.50 and 1. 00 g N/pot) with two triticale genotypes, one of high
N use efficiency (P1429186) and one of low N use efficiency (Clxt74). 1) At the same N levels, shoot biomass
of P1429186 was significantly greater than that of Clxt74 at different growth stages. At the same growth sta-
ges, shoot biomass was greater when more N was supplied, and the increasing capacity of P1429186 was much
greater than that of Clxt74. 2) During seeding, the activities of superxoide dismutase (SOD), peroxidase
(POD), and catalase (CAT) in leaves of P1429186 were greater than in Clxt74 at the same N levels. Contrari-
ly., malondialdehyde (MDA) content was significantly lower in P1429186 than in Clxt74. 3) Correlation analy-
sis showed that shoot biomass had various correlations with the activities of SOD, POD, and CAT in leaves of
triticale at different growth stages, and had a negative correlation with MDA content. This indicated that, the
protective enzymes of P1429186 can cooperate with each other to eliminate reactive oxygen species, thereby in-

hibiting membrane lipid peroxidation to increase photosynthesis and yield.

Key words: triticale( Triticosecale) ; N use efficiency; protective enzyme activity; lipid peroxidation



