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Cultivar difference and classification of Fe, Mn, Cu, Zn contents in
Triticale grain in response of nitrogen application

KUANG Yi'?, LI Ting-xuan'* , YU Hai-ying'
(1 College of Resources and Environmental Science, Sichuan Agriculture University, Yaan, Sichuan 625014, China;

2 Environmental Monitor Station of Weiyuan County, Sichuan Province, Weiyuan, Sichuan 642450, China)

Abstract: Pot experiments were conducted to investigate the cultivar difference of Fe, Mn, Cu and Zn concentra-
tion and their types in iriticale grain in response to nitrogen application. 31 itriticale varieties with different inherit-
ance background were used as experimental materials. Low and normal content nitrogen were supplied. The results
showed that: 1) Under normal nitrogen supply, Fe and Zn content in riticale grain were significant higher than that
of low nitrogen supply. The differences of Mn and Cu content under two nitrogen levels were not significant. Signifi-
cant difference of Fe, Mn, Cu and Zn contents in triticale grain were observed under the same nitrogen levels. The
coefficient of variation was from 15. 07% to 38.69% . 2) The sensitivity discrepancy in view of Fe, Mn, Cu and
Zn contents existed in the grain of iriticale varieties under nitrogen supply. Insensitive type, intermediate type and
sensitive type were classified based on sensitivity discrepancy of Fe, Mn, Cu and Zn contents under nitrogen sup-
ply. 3) According to correlation analysis, no positive significant correlation was observed between Fe and Mn con-
tent and 1000-grain weight. The results showed a highly significant positive correlation between the content of Cu,
Zn and 1000-grain weight (the correlation coefficient were 0. 45 and 0. 44 , respectively). The content of Fe, Mn,
Cu and Zn had a highly significant positive correlation to nitrogen content in friticale grain (the correlation coefTi-

cient were 0. 34, 0.55, 0.47 and 0. 71, respectively). The conclusion could be used as a reference for excavation
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and application of advantaged gene in iriticale.
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Table 1 Number of different friticale cultivars

5% fh 5% il 5% fh 5% fh
No. Cultivars No. Cultivars No. Cultivars No. Cultivars
1 CIxt33 9 P1587240 17 CIxt81 25 P1428954
2 ClIxt72 10 PI587241 18 CIxt82 26 P1428955
3 P1429186 11 PI587384 19 P1428765 27 P1429106
4 PI1508249 12 P1613354 20 P1428768 28 P1429109
PI1527340 13 CIxt74 21 P1428795 29 P1429228
6 P1587233 14 CIxt75 22 P1428804 30 PI542558
7 PI587238 15 CIxt76 23 P1428836 31 P1587242
8 PI587239 16 CIxt77 24 P1428841
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BTH 04717, # 5k HNO, —HCIO, (V =
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B FBE S E; LU H,S0, -H,0, {8 R B E ALt
&t i Kjeltec™2300 Z4x [ 3l 5 &AL (FOSS /A &] 4=
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Table 2 Cultivar difference of the content of Fe, Mn, Cu, Zn and 1000-grain weight, nitrogen content in triticale

grain under different N levels

0. ¥E FEH AR5 RE CV
E =77 Range Mean ANOVA (%)
Index Cultivar N level
-N +N -N +N CxN -N -N
() (N)
&4 B Fe content (mg/kg) 31.64 —130.4 40.70 —133.6 72.49b 79.69a % =% ® % = % 34,12 28.05
4% & & Mn content (mg/kg) 7.63 —35.52 9.91—39.51 22.25a 21.62a % =% ® % # % 35,39 38.69
&8 Cu content (mg/kg) 6.28—~—11.72 6.65—15.32 8.49a 8.73a = % ® % # % 15,07 19.59
&8 Zn content ( mg/kg) 20.44 —77.93 30.18 —83.61 41.92b 49.38a  * =* * % * x 31.11 27.19
Tk E 1000-grain weight (g) 22.43 —58.17 17.37 —61.55 38.70 a 36.89a * =% ® % % % 21.54 22.93
TR ERAE Grain N content (%) 1.07 —2.10 1.24 —2.47 1.58b 1.82a # = ® % % x 14,82 17.65

HE(Note) : /INEFEFIR 5% KF 227 i F Means followed by different small letters are significant different at 5% probability levels; * * 3

78 1% K F 257 B2 Indicated significant different at 1% level ; -N—{l & Low nitrogen supply; + N—IF ¥ /£4% Normal nitrogen supply.
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NBEZRBEEAFRBERXMTERAEE (R
2), FREARAERENES . HERINEA
FrETIEFHA, MPRSAENMHR. MFEH
AEMHT DNEERES FRESARAEREN M
R, Hoobr B A S R HO 21 54% — 22.93% ,
TR ERBELTREE N 14.82% —17.65% ,
2.2 MEREFHDER G B EEENEELEE
A S

Hi3% 3 WA, [A]— /MR TR R R A1
TR RS R ZER/N A 0. 02 mg/kg, BN
58.31 mg/ke, TR EHE /N NR 0.02%, T K H
54.42% . &R ZER/DNN 0.13 mg/kg, it K
9.53 meg/ke, AR EZEEH /DA 0.40% , KK
38.20% . &R AW =R/ 0.06 mg/kg, B K
H5.41 myke, R EZEE /NN 0.47% , KN
30.32% ., FFERMIMZER/NN 0.24 mg/kg, K
4 38.74 mg/keg, R AR /N 0.37% , KA
42.64% . HUCETA, NERE TR ER AR VR B S
BZAFKF R, HHXT AR &R SRR &
FAEMFIZES . N A F/NRZE S Fh 1R 8k
B PSS BN AR RN WEURRE, AT S R
-4 P Se K RPRLEE 6 8 3 RS B R 43
P, LA /N RZE SRR TE 2 REE SRR T R R
it Bl R IR 22 R AR S R BN IEAR, W SR

31 3/ PR ZE R A AT R0, RN R TR
B AR R B B R RO R 2 Bl
A BUR 3 K(B 1, R 3), KEBNARR
PSR BL K/ NERE ST S 6, 5 BB 16.13% 5
B E g 18 iy, 5 S 58. 06% 5 BURTIH) N
8 13, N EAI 25. 81% o R RN R S Gl A
BI/NRZ LT 14y, 5 REH) 45. 16% ;5 [E] T K
N2 4y, 5 EEH) 38. T1% 5 SBURBLRIN 5 iy, S
Bry 16. 13% o il & B X AR KR F R B A /)
B 21 4y, L EER 67.74% 5 BB 8
i, dT BB 25. 81% 5 BURBLEIN 2 iy, BB
11 6.45% . BrE BN AR N FLRBI K /N RE
I3 13 iy, HEBREY 41 94% 5 PRI O 1L 4,
B 35.48% 5 BUBREIK N Ty, N BB
22.58% o MR N A FEH/NRE TR [ L
AEMT PRSP ERRVRBES B REE KP
HASEAH X A2 8 B9 5, HA A B TR & B
WZARIRRE B/, TE h A BFsfe Y miE,
AR ERRMR, B EMHEARDTEY
FEORBEI/NRE TRAHMBIOURNEE, 4l
R v ) 23 (P1428836 ) .30 ( PI542558) , TEAIK A&
FMF FRLBR S B 58 92. 81 mg/kg,109. 76
mg/ ke, IEH AL A K 92.79 mg/kg . 112. 56 mg/kg,
AREBHKO0.02% 1.78% ,#ZH 0. 02 mg/kg,

F3 DREFHPEGE A FIENBRKTRMEAOHRES S

Table 3 Sensitivity classification of the response of the contents of Fe, Mn, Cu, Zn in friticale grain to increasing N levels

LR KA WZARIR (mg/kg)  ZEFREULIR (%) VLT
Element Type Difference range Range of CV Cultivars No.
B #lERAY Insensitive type 0.02~2.80 0.02~—~1.98 2.6.23.28.30
Fe  FE]% Intermediate type 8.13—~30.16 9.29~24.58 13.45.78.9,11,12,15,17,18.,19.,20.,22 25,
27 31
R Sensitive type 27.36 ~58.31 26.23 ~54.42  10.13.14.16.21.24 26 29
& SR Insensitive type 0.13—~3.34 0.40 —10.66 1.6.9.11,13,17.19.20.24 25 26 .27 .28 .29
Mn  F[R]&! Intermediate type 3.12~7.97 9.59 ~27.02 2.3.4.5.10,14.15,18.22.23 30,31
HRA Sensitive type 5.65~9.53 22.03~38.20 7.8.12.16.21
) &li A Insensitive type 0.06 —0. 65 0.47 —5.01 134.7.8.10.11.12.13.14.15,17.18.19.22
24 25 26.27.29 31
Cu  A[A]AY Intermediate type 0.74 ~1.72 6.57 ~13.32 2.5.6.9.16,20,21 30
XA Sensitive type 3.12—~5.41 21.25 —30.32 23.28
B SR Insensitive type 0.24 —4.69 0.37 —7.06 2.6.7.8,11,13,16,17.,20.23 .25 .26 .27
Zn AR Intermediate type 6. 08 —~ 10. 68 7.66 ~18.44 1.3.4.9.10,12.14 24 28 29 30
HRA Sensitive type 9.74 —38.74 22.72~42.64 5.15.18.19.21.22 31

E(Note) : 4k 4B B IR 22 528 5 RECTEIE R R — W /N R E A RS E S T 1 {E Range of difference in maximum and mini-

mum and the coefficient of variation in the contents of Fe, Mn, Cu, Zn are the same cultivar triticale under different N levels.
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Fig.1 Cluster analysis of different riticale cultivars according to the response of the contents of Fe, Mn,

Cu and Zn in triticale grain to nitrogen levels
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77.53 mg/kg. 69.68 me/ke, AR RE K 0.37% .
4.93% 22K 0.43 mg/kg 4. 69 mg/kg, WERER
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MR INE B EEE R A4 s HE,
REWG | B & B LR /DREN AT K,
WK R 1 14 (CIxt75) 21 ( P1428795) ZE R &
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IEF B 104.93 mg/kg 133. 56 mg/kg, 25 R AL
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Fig.2 Relationships between the content of Fe, Mn, Cu, Zn and 1000-grain weight in triticale grain
[¥E(Note) : = Fl * = Fn 5% M 1% K |27 B 3 Indicated significant different at 5% and 1% levels. ]
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Fig.3 Relationships between the content of Fe, Mn, Cu, Zn and nitrogen content in triticale grain
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