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LA 69 AN S A RL, BESE T IR NKCF R, AN B2 A e S B ARSI NIRRT Y
FHE TR M AN B M RS N BORIE . NOGERARAN N R R SR bR . S8R OFE 3
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(&oen
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AN R H N GRAE e = 7= (1 EE B
i, AR, NIEH S A N ERIH G, X
A it AR B R JRIR B AN B, I 5 PR BTG e
A S R B AS  S, DA, B NIRRT R
BN BE AR 7 e, PR AR ML A P2 A FR A A A FR
Be, feibfO T RRSE R R IR —. Hem N R
I FH 2 100 A 80T B 5t Rt JOR e FH B A 45
W, TR g R, . Tk KBS fide
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NTEBH 1 ARSI, o B
AR RS TREF=E, 4B SR A U I R 2%
P, [RJIS I FL &K RE 2 1 SOROI 2R 75 s T XGR T
FEENS, MU . 2 2EFLCRHRE S g T A R
T N RO A SRS B I E S A AR R
E 5 T Zr0E, mhEBRZ AR N ZRRIE
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AR T 2007 4 11 H % 2008 41 6 H 7P )14
WK AT o T BRSO, AN P R
+ 15 kg, FEo0t & (glkg) hy: JR 2 (4 N 460 glkg)
0.15. iR &8 (& P,05522 g/kg) 0.08. MifRHH (&
K,0500 g/kg) 0.11, JERHEENE—RvEA L1, 1K
B R RN B v, RRALEE 3 IEH.
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Table1 69 triticale varieties tested

ETRe mh A B ETRS) YL ETRS) ILYL i % mh A B
1 CIxt33 19 P1428836 37 P1429186 55 P1567905
2 CIxt70 20 P1428840 38 P1429187 56 P1583679
3 CiIxt71 21 P1428841 39 P1429188 57 P1587233
4 ClIxt72 22 P1428842 40 P1429221 58 P1587238
5 CIxt73 23 P1428899 41 P1429226 59 P1587239
6 Clxt74 24 P1428900 42 P1429227 60 P1587240
7 CIxt75 25 P1428901 43 P1429228 61 P1587241
8 CIxt76 26 P1428902 44 P1429233 62 P1587242
9 CIxt77 27 P1428950 45 P1466703 63 P1587243
10 CIxt81 28 P1428952 46 P1491409 64 P1587258
11 CIxt82 29 P1428953 47 P1508249 65 P1587384
12 P1428736 30 P1428954 48 P1511870 66 P1590946
13 P1428754 31 P1428955 49 P1527339 67 P1601077
14 P1428765 32 P1429106 50 P1527340 68 P1601078
15 P1428768 33 P1429107 51 P1542558 69 P1613354
16 P1428795 34 P1429108 52 P1547164
17 P1428804 35 P1429109 53 P1564727
18 P1428805 36 P1429184 54 P1564738

1.3 MEMBRSHFHZE

5 BESHFI R AR BEAR - HIORE 1 bk, RS AEAm EX
FE 5 MK, DIEREE. B TR, JRRAE 2 A FF
R RS R RS 4y, T-105°C A%, 75°C #t T EfEE,
PR ja B 28 (<2 mm) o BL HS04-H,0, Wi K ik
B RS, SR Kjeltec™2300 & H 3 & A A
(FOSS 2~ w) MM N &&. Hi/l
SPSS16.0 A HEATSE v 0 #

FRPE TR N IR THE DL N 240

i BB N ZFH AR (nitrogen accumulation, NA)
= Ho B x N IR

M BB N FE TR 2% (nitrogen dry matter
production efficiency, NDMPE) = i I35 1-4 i &/
BN #=R R

kR N FIH%% (nitrogen utilization efficiency,
NUE) = Frki™ /i B N 2R 220,

N Z4&: & (nitrogen transportation accumulation,
NTA) = filfEH a8 N 2R R - B N
REHRE;

N Zig# % (nitrogen transportation efficiency,
NTE) = (N ZEBEMAMBEIHZE N ZHRE) x
100;

M1 E#B N W3k $E %0 C(nitrogen harvest index,
NHD = CHRL N B BB/ B N R E) x
100%™,

2 HREHH
21 FRRHNBE=BIEFS AERYEEED
£5

® 2Rk, 6K 69 AN R SIS TR bR
BIAEAEN B B R N 22 e /N B A R Al
RN TRL AR ME 43990 Ok« 2.20 ~ 18.20 4. 0.73 ~ 8.01
o/fl 1 12.47 ~57.13 g. BEHFFRLE 1 AR0E A . 1.86 ~
21.20g/kk, H:rh P1429227. P1466703 F1 P1428736 iX
3 NSRRI R N 19.54 ~ 21.20 g/fk. BT ALY 4
AP EARAR A 5 R B K T10%,  BEHTZFPiE N 7K
SR AT LLSE I SRR N S R = 4 A
FE AR AR R R TR R R A S R AR R, U
TXPRRRPEPRT N 25 i 5 (10 55 DRI R i) 22 Sk, Rl
IRRZ T TR E R N2 e RV ) 35 R 23 ) 2 e 3 T e
No HHIERTIL, VR N B i R FR AR K LR
R R IR P 5 DR 2R ) 2 e de K, DAL o B R
AR R /NPT IR N WORCR) B 22 5 10 32 2
T HEIRZ —
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Table 2 Genotypic differences of yield index of triticale varieties
TiH S INEY SIINATY L ES SNV SIINATY L B A AR (%) F {8
FEL () 18.20 P1601077 2.20 P1428836 7.59 38.18 1.68**
FE (g/FD 8.01 P1466703 0.73 P1428765 4.16 46.53 2.31%*
THE (@) 57.13 P1428954 12.47 P1428768 38.27 17.67 27.01**
FRLE (gt 21.20 P1429227 1.86 P1428840 8.15 46.68 2.36%*

e * RORAE p<0.05 JKPEHE; ** FIRTE p<0.01 KFRZE: T,

HHE 3 TJ A, AN]SR A A I b
N ZH R (NA) TP 2% (NDMPE) 11
WEIN A BEAE A FIAMHEDE, H b N AR
FEBWHE N, A EEAR B N SRR R S I R
J& P1428954, B2 B N RELR &
B R P1428736. /L WML B N RN
ERA R R BIYN T 30%, Sy EENIH R N AL S
A e R HE /N T I, RS BEI B NOR SR
DRI 1) (1) 22 S ik B AR B 25 7K (F=3.96%%) . [AlIt,

PR /N PR S Flob b3 N B 1 e A R A 23
BE . ST BEIIZIRIBEN, /R B N ST
AR B IEOR,  B RIS sl A
FAK, HAEFWH B N Z TR R
AR ) P1567905. P1587384 Fl P1428840. %/
H i B N = TR AR A R R KT
10%, Z=5 LAk, o BEilE . Bk, /R
2 A BN BT P R R VRN B K
HINHEAT

®3NEBEFEEEHHERN ZERUESTYRELENERBESR

Table 3 Genotypic differences of nitrogen accumulation and dry matter production efficiency at different stage

TiH AH M T KA S I o 4 I/ M Bt B b 44 SR BRRH (%) F {8
NA Sy BE 0.25 P1428954 0.05 P1428765 0.13 31.47 3.96**
(@ Tl 0.54 P1428736 0.11 P1587241 0.26 30.00 1.71%*

BRI 0.84 P1428736 0.21 P1587242 0.42 33.31 1.61*

NDMPE Sy BE 40.96 P1567905 25.72 P1428901 31.68 22.83 4.35%*
(g/g) Tl 110.67 P1587384 39.67 P1428795 68.33 11.88 2.93**
BRI 159.25 P1428840 42.29 P1428736 67.38 27.31 4.45%*

SNTER 4 WTEN, AS[E] N BRSSO b R N
PARH (NHD - N giz%% (NTE) FEtk N FIH
e (NUED 7208 73 51 4 38.75% ~ 96.78% (CV =
16.00%) . 12.59% ~ 95.99% (CV =35.17%) £ 7.98
~33.8199/g (CV=24.03%) , SFabrfrfrEl i3 i
DRI 2 e o b B NOWSORFR 2 AN FRIs i )AL
REIIKT 10%, BN BEZREAAN N = 1FHE.
SYTCATFR R B ) HE I 2 S W . Wl P1428902

(oM B3 N SR eSO N s B R M e, RWIH:
HCGAIRER KR N BiRE kb, HAREHE N
FMHIE A BCRE Sy, DRI N 2R F 20t i
Ko Al P1428840 Hizi ] (3% 3) HAA KK HY
LEEEN B TRUE AR, BT N SRR
BHAMAE e (M 13 N RBGRIEEURD,
H N BHEZER WA 35.99%) , HAEFE N Al FR0%R
IR

x4 NEERMN REFVENERBES
Table 4 Genotypic differences of nitrogen nutrition efficiencies of triticale varieties
T H T KA B0 12 it ol 44 /ML BN 1N it il 44 SFEE A5t F H(%) F1{H
NHI (%) 96.78 P1428902 38.75 P1428840 74.52 16.00 4.08**
NTE (%) 95.99 P1428902 12.59 CIxt82 60.08 35.17 1.71**
NUE (g/g) 33.81 P1428902 7.98 P1428840 21.38 24.03 5.84**
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SPNTER 5 ATA,  FUBROFE R EE 5 RO BN
MU M EH NSRBI EBCIRIE N R R R0R 2
W2 IEAH G, AR R AL 5l 4. 0.84%*, 0.62** FlI
0.63**. HkE N FIJFH R 5 BRFF R . I
BN AR, M BN RWGRIR RO N £#i2
R EIEADS, U R FE N SRR
BEZ, MK N R R BN ZRGERIE AR
e PRT 7N JB 2 ot b — R IR v ) B RR R R R s T
B, BRI R R BRI B3R N 2RI

B M N BRI N SIS R BRI
N PRZE R — R A B R R RR NI R . R
5 K1, FBRRF R by R AR R TR SR S IR AT
Ry MARR N ZM TR B R R T L A Bk
IEARSG, RWIRRREE RN, TR BN /N R 22
AR N B R B R R BB R R AR N 3R
AR B, 78N RN R IE T, E5E
AR B AR N WS B BRR N A AR
AR FR AR R ] DORE R AN T AR O 2%
ez

x5 PNEEFERIERS N EEFRVRMBEXME

Table 5 Correlations between nitrogen nutrition efficiencies and production efficiency in triticale varieties

LN KPR Tl Tl TR NA NHI NTE NUE
SR B
bR A 1.00
Tl -0.11 1.00
Bl 0.61** -0.08 1.00
RRVED 0.33** 0.16 0.49** 1.00
Sy BE NA 0.26* 0.02 0.26* 0.44** 1.00
TEEHA NA 0.25% 0.16 0.00 0.24 0.23 1.00
B NA 0.84** 0.07 0.38** 0.26* 0.20 0.48** 1.00
NHI 0.62%* -0.24 0.52%* 0.34%* 0.28* 0.00 0.26* 1.00
NTE 0.25* -0.17 0.29** 0.40** 0.38** 0.25% -0.04 0.65** 1.00
NUE 0.63** -0.16 0.58** 0.29%* 0.25% -0.05 0.29**  0.81** 0.60** 1.00

AR BB S P PR I P BR PR A R T 58
AR R BB, AR FBSR . JAR 2 B SRR R
HESEF Y BN LR N FBfs%, Hh B
N BRI EFIRE R N RIHIRCR RN, HZ IR
SRR Y = -9.355 +23.172 X3 + 18.037Xs, R*=
0.950, HHEMAE AL M 0.75 F1 050, 1]t
it B3 N ALK (X FRIER N R RCE (X
A R TR R S . DAL, i b
N AR R N BRI 5E m /s JR 22 R BT
LA IS
23 NEZEFEVTERUSFNAYLENSI LR

Ha

DL/NBAZ BUOFPRLER . oI b3 N 2R
AN FER B FRRR, AR5 42 BR B 25 0) 69
NSRRI HEAT R, b 45 AR A/ B2
Ryl 526 (1), RTHHT 5 MR N E I
RCREARGE T A R o A 1 BRI R RL P S N 22
R R, i BN RS R, HF N

Wl [BAGGULGY
LT KIS

R SR HIT T
TS i it

B 1 /NBE N EFAREESN
Fig. 1 Dendrograms of nitrogen nutrition efficiencies

of 69 triticale varieties
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()38 N ZAPE A T e i PR b= . 2R
SRR FFRL = B 38 N SO AT N A
MRS s, JOT3 508 19.32 g/fk, Hb BN
FIRRLDEN 0.68 g/fk, ULHWIZRAL 111 5 FhAE Rl Y]
REXF IR K N SRR AR, DLAERFIR i 1)
FrRir= s f N ZFHRE . B8 IV VSRR FF
B BN SRR R N B R R R
fik.

SR N RZRHZCR. N s R B N
SRIGEAT 5 KBTI 2 5, K 1V F1 vV
RERR N R FHRCRRAR, 280 11 FIZEEY 1
BRRFPRIE . N BHE R A B N BGRIE SN B 3%
T AR 3 25, T I E R B N B
SRR NN [45.58%, FLBRFFRLEEIARZEA 1
73.86%, X TEEH TRE I WA N SR
L, STHRREA N R RS, AR N K

R 7 mrAnL,  SRMOFPRIEE . BRI B3 ON & PR N SRR
F71 NEEN ZEFVEEFHLEES
Table 7 Differences among clusters in nitrogen nutrition efficiencies of 69 triticale varieties
BN A PR TE JCEAME NA NUE (g/g) NTE (%) NHI (%)
I 17 12.73+0.07¢c 0.42+0.01b 24.10£0.09 b 63.43+0.20¢c 80.37+0.17b
1I 13 14.27+0.09b 0.31+0.01c 2847+0.12a 78.21+0.26 a 88.68 £0.20 a
11 4 19.32+0.30a 0.68+0.05a 27.12+0.29a 70.69+0.63b 87.55+0.51a
v 14 4.43+0.08d 0.19+0.02d 14.70 £0.10d 54.42+0.25d 61.04+0.21d
\4 21 6.75+0.05d 0.24+0.01cd 20.97£0.08 ¢ 62.55+0.15¢ 72.83+0.12¢c
3 Tt PRKERE ™ B AR AT 4R, R AN [R] it ey 22 B

KRHWFFE RS 69 A/ BRI N B IR
FERARIRIEAT 00T . A5 IRRE, AIRIEREN R
FEEIRFD N B IR IR R AR B W 2 e, X
LKA N T KA e 4 i — 805,
RN R ZR LR NI FH 2 ) R R R T e g A
TEM . DG, W] EAT (0 /N R 2R T2t IR H B N
REBEDITIHE T A, Js> NOIEME T, BRI N AR
(VIR A5E XU

KRWFICRI, INBAERE N ZR SRS BRFT
B N FE R EEE N SR FE B B R MG (r
=0.60**, r=0.81**) , EHOFFRL™ 5 5K W3 IE A
K (r=0.63*%) , R EHL B3 N BCkAa5, 8
N RAEAR N ez e d /N JR 22 SRR NOEAR) 2%
e, i E AR AR N R R 8GR I R — AR
BOKRI B R 5. Hor ik P1428902 (11 -3
N BGRFEEN N Fis iy, R iR
FEFFH KR N RIS BFFRL, (EREFT Pk D& N
7, PR N BRI S . 5B R
UEBH A RAEIC R B AAS AT N OB 2B 0 i
N #N, ARRT NOIER 23, 57 22 PRk R
MRIF R W $E m At AR N SRIs % R Tt m NI
FI R . AR S4B N LR N #
Mg, b BN ORI SRR RE N R R0 5

KR I il EESE N BB EF N R R
FSAEH, X5 75+ 0 PR SR AT oY 45 18— 30
5K T W 2B R 9 A B 4 B W K R K RS S
LEAE N KRR N A BRI SR E YoE e, 18
B N KPR IE 0 N S YoEEH . Moll 228
WEIERIL, FEMK N KR N ZCRINZER R8RS N R
FIHBCERIAT, fEm N ZKETR, N2 i
EFEM . N mRGER I nT /R A EA AL N KR
AR, IR EME N s B R Re ek
N B R AR N R R AN R ) 38 D8 28 (1)
N 5OR) PR AR B 22 R, DRI ae 75 A E AN [
H i AN N 7K FIRAFI, TREA N &L/
A FLRR AL, DRI/ EEE N 2B 0%
T AR 5 R R S AR

FIOCHHAE N BV KI5y, ARI2EF R T AR
() N B FRAEFRAIR 2 07 k. TR el 2P 1k
PN N BRSO e — e bn i AT 3R 6, REX 24
FRbR I E — AN I BE AT IR, OO R 2
A APEAT TIRIE, B AR EL 2 Fidebs AN — ALt
TSRSy o ATHENTSEPEIDL TR R, TR, K
B R i S AN I N Z#Z RO AT N A A%
FNFRFR AT I M, TRk R = S . N I
O N FE R IR AT A SR 42
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SIAT, A FN /N R R R R AR e B
A N FLEEF N R R LSRR R ™ &k 7
br, BB AR 69 N/NEE BFRIS A 5
BN R HBCRAFR MR B 1 &R CIxt75.
P1428736. P1429227 F1 P1466703 [k ki~ . Hb I
N IR N IR A 8w, DR A v it
N KR, FRREZEE I SR AT 3R & kb N
NER R, FRARIAEE XS . 82 11 S Rh PR S0 N
FASCR B, M B3N BRI, 2R
A EATAEAR N KSR SRR N ).

2% 30k

[1] >, AGREAL, SIS, Wk, BF =, Bia. A
I 0 it e O 7 S % HL AR B RITE . RS IR Ik
44, 2008, 14(1): 113-119

[21 ERM, ZCH], WA, POl ik m A LA R IR
W BT, 4, 2008, 40(4): 596-601

[B81 YT, BikGvk, voios. L= bk &8 v (1 Uit
RAMEEL. L5 2007, 39(6): 874-878

[41 AN, sRARSE R SR Jeat R R AL,
1997: 1-17

[5] Koutroubas SD, Ntanos DA. Genotypic differences for grain yield
and nitrogen utilization in indica and japonica rice under
Mediterranean conditions. Field Crops Research, 2003, 83:
251-260

[6] KRBT, ICHE, KAM, KUK, BHEE, BRIk ARZEN
TN R WM 5 22 S 9. M K22 24, 2006, 26(3):
52-57

[7] Gouis JL, Beghin D, Heumez E, Pluchard P. Genetic differences
for nitrogen uptake and nitrogen utilization efficiencies in winter
wheat. European Journal of Agronomy, 2000, 12: 163-173

[8] Sinebo W, Gretzmacher R, Edelbauer A. Genotypic variation for
nitrogen use efficiency in Ethiopian bailey. Field Crops Research,
2004, 85: 43-601

[91 ZJ10F, WA, H5, WER, LR, a, B HA. MW
SO O 280 3 T i PR 20 22 e 2 R A A4, 2009, 29(2):
222-227

[10] M, WP, HF, LR, WHE. PEEFEPNAFE
FIPPAN FE AR L S0E FREF LTS, T A2 254K, 2004, 15(6):
983-987

[11] #RFEE, sk, RN, BAF, KA, T BTKRE
ROREN M Z T, AYE 5 B L3R, 2006, 14(2):
258-263

[12] fascde, BRERAs, Regdtas. 7 E AR/ E RTINS H HE R A

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Z= 59T, 14, 2003, 35(6): 500-505

Inthapanya P, Sihavong P, Sihathep V, ChanhPhengsay M, Fukai
S, Basnayake J. Genotypic performance under fertilized and
non-fertilized conditions in rainfed lowland rice. Field Crops
Research, 2000, 65: 57-68

Zillinsky FJ. The development of triticale. Advanced Agronomy,
1974, 26: 315

Wolski T. The present state and main problems in winter Triticale
breeding. Hodowla Roslin Aklimatyzacja Nasiennictwo, 1985, 24:
475-485

XUABE, FAR, dKAIL LUBNEE N SRR IS M IR )5
5. FiI, 2006, 33(3): 97-99

AR, SEARBE. N Rk BUR P A T R L e T
Ak, 1995(6): 31-32

ghiveag, wete, SKIRF. IR I UCRHBREL i
IS5 TF &, 1999, 20(2): 26-29

TUEUE, FPH, AR AN TS SRR A A I L
M. i Tk, 1996(6): 29-30

Balihar VC, Fageria NK, He ZL. Nutrient utilization efficiency of
crops. Communication of Soil Science & Plant Analysis, 2001, 32:
921-950

Kanampiu FK, Raun WR, Johnson GV. Effect of nitrogen rate on
plant nitrogen loss in winter wheat varieties. Journal of Plant
Nutrient, 1997, 20: 389-404

g, EBE, RIRM. ARAEW R EUILHR R0 Kb i
AR, ILARARN R, 2001(4): 47-50

HUSEZE. KAERENER) AR S 42 (L2608 30, T
TP PN KA, 2005: 76-77

FUHAWE, B, x)ANEe, E4REE, M, BEORE, OE. RE
KRB R 03 K TR 2 2 7 AR A iR, 2008, 32(7):
1031-1037

SRV, BESIYE, B, ERTE, HRkE, R ANETER

REK R BA R R 22 7 KovP A, 3 2r R, 2008, 45(2):
267-273
Moll RH , Kamprath EJ , Jackson WA. Analysis and

interpretation of factors which contribute to efficiencies of
nitrogen utilization. Agronomy Journal, 1982, 74: 562-564
EE, WA, B, BRER, M, B ARNEN,
Tl sw S0 SR OSOR H 10 22 e S 43 289 4R bR 241, 2008,
23(141)): 213-219

FUHEE, BECST, IR, E4RE, XN, BEORE, . AN
B D AR 1K R ORI IR BT, M8 o= S Lk
i), 2006, 12(3): 321-326



196 + pE L 43 %5

Genotypic Differences and Valuation in Nitrogen Uptake and Utilization Efficiency in Triticale

KANG Ou*?, LI Ting-xuan*, YU Hai-ying*, CHEN Xiao-qin?, WANG Huo-yan?, ZHOU Jian-min?
(1 College of Resource and Environment Science, Sichuan Agricultural University, Ya’an, Sichuan 625014, China;

2 State Key Laboratory of Soil and Sustainable Agriculture CInstitute of Soil Science, Chinese Academy of Sciences) , Nanjing 210008, China)

Abstract: In this study, sixty-nine triticale varieties were employed to evaluate their total nitrogen accumulation (TNA), nitrogen harvest
index (NHI), nitrogen transportation efficiency (NTE) and nitrogen utilization efficiency (NUE) at tillering, heading and maturity stages under a same
N addition. The correlation analysis indicated that TNA and NUE were significantly correlated with the yield per plant (r=0.84, r=0.63). The results
of cluster analysis indicated that CIxt75, P1428736, P1429227 and P1466703 had high yield per plant, TNA and NUE.

Key words:  Nitrogen uptake, Nitrogen utilization efficiency, Genotypic differences, Path analysis



