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L1 38 5581

RIG T 20164E 78 ZR A AR b K 2 i) B 52 ) 3
AT BN (< Triticosecale Wittm. ex A. Camus.)
AR N T 434 88097, A FH A < 45 40 5305 FHR
T AL 246 96026°, AR JbAR ML K 2 /N 1
A BEAF I S HR AL . AR A 8809 MMk B i, N 100~
130 cm; “ARAS5305°AEARTL 1, 995~120 emy; AR
96026 AR, HifE NT5~90 cm. ‘% 496026°
MR NTTHE, REPR SR 28, < AR AR 8809 I 1y AL L, #k
TURRARE, ARARS305° PR BT AA . R0 T B4
+, BIEAEYI N S 2 (Solanum tuberosum), )=
20 cm, R HIpHAE J96.85, T B ELREAE /7 W3 1.
WK A BEALX 15, DNXEAY m?, 47KS m,
1T8E0.2 m, B/ NX 104T, 4%, 3IREHE . LA 1
450 15 Hk-hm™, it Al it AR A ], 95 kg-hmJR
. 150 kg hm BERA %% 75 kg-hm R ER 801
FRAERE T 4. 3H30H R, MR — R, K
fib A R e [F) — MK HHL, 7 H 21 H sk
1.2 HEB#EG X

FEACHRIE B R — R AL B 22 b, JF
16557 dTEARIC 1 B 2 U AR, i Hopth
Iy ZEH . AR AURERL /R, 80°CHE A 1E T,
HFEESTE. AFREARENE, 3IREL; A
TEAEIATT U6, 57 dHC— IR bR i 5 25 IR i A AR T,
T oK R S 56 = JE N —-80°CUK AR FRAF, T
AR W E R AR G EE S M
S, 3IRE
1.3 MEMESH*

NRF % F 2 45(2006) B B A4 ik HEAT I 52 .
GSiF It 2 IR FE A (2004) [ 7 VEREAT I 2 . AT
PEEE 5T 5 5 2 JEURS FE A (2004) 1 2% 15 303 1 7
AT E . W R IR S R T 242 (20006) [ Efi
SRR N VE AT R o

FREXL gt FE, 420°CIkBRERTH &2 h, H

FOSS 84007 4= F 23l 2 B AU E & B &, 5 A
HBIRASTNEARET R,
14 HEFESAK

FEAEII A B (g m™) eIt . 228,
R R R, B EUR R B (g m ) R
e, 22BN B, OFPRLER BB, EE AR
i (g m?) =AM AR R E TR AR R &,

W AF R R e 18 B (g m”)= TP AL A R 2R i —
P ER R BN BT FPRL .

RRFLIBHR (%)= R R K=/ LA
X100,

¥ 18 B AR TTHR R (%)= - BR e iz B /MR
AR Ex100.

65 R AL B 5T R 3 (%) =18 5 &R AL B/ R R
AR R E==100.
1.5 #IEAE

BB % FHDPS 7.05 5Excel 200784
TG i SRR, i R B3 % R ik (least-
significant difference, LSD)# 17 2 57 i & A 56

2 SLIGZER

2.1 FRIEE/NEZEMEREHFMENESR
2.1.1 JEMRERL X EEE

NRAZ B EA R (0 b, Hovs v
K-SR ]9 AR AR 2% DIAE O, XY A&
RE IR RAME A2 RE A B2
Wi, FHER2AT DL Y, I NRIE P 78 T A8 fa 3 v
Ko 3ANRAL/N B BRI AR 5 INRYE PR 25 & R I
KR A5305°> 4R 4 8809 > 4 4 96026°, H 25 FH
5, BRI R AR AR 5305 AURIML BE i B aR . TTAE
0~14 d NRyEPEZZ 12 FEAC; FFAE 5 INRE 1 PR
B, Al TR A4 8809 N B tlt, F&IE A
75.53%.

TGS AR T J5 21 AR A, A
[ Bsf [ 00 52 ARG S T& 1 22 3¢ . % . FFAE0~14 d GS
VEPELEE AR, 185 14~21 APl PRI, o Ak

)

1 LHEEEAE
Table 1 Basic fertility of soil

SR & R/gkg! T2 B /mg kg

A B /mg kg

HHUFR & /g kg Bl & i /mg kg

1.72+0.07 179.35+4.05

65.34+1.69

25.25+0.08 118.21+£35.69
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Table 2 Differences between NR and GS activities in flag leaf
_ FFAE 5 s E)/d
izt m A
0 7 14 21 28
NRiF 1 /ug (NO,)-g” (FW)-h' % 48809’ 293.34425.40" 216.38+23.89° 189.39+2.95% 94.62+8.79" 23.53+7.09"
HRAR5305° 308.34+18.39" 245.28+5.32" 203.50+6.23% 103.54+12.33"  37.43+5.34"
RA96026° 286.45+25.21° 196.46+12.12°% 178.68+10.31° 76.43+8.15¢ 22.4045.16"
GSiFi /A5 mg” (FW)-h 7R 428809’ 20.21+1.41° 17.74+1.28* 11.02+1.81¢ 3.78+0.89" 1.69+0.65"
ZRAR5305° 24.87+0.72° 22.37+1.54° 17.57+0.74° 7.04+1.06" 2.86+0.72%
ZRAR96026° 22.43+1.37° 19.51x0.77% 13.68+1.33" 4.69+0.71' 2.47+0.44*

&l —FE R B A NG 7 BEPR IR 3R 22 57 1035 (P<0.05), R 1A .

96026° T P& e, FIE965.71%, b %4k 8809’ Fl
TR AC5305° IR 43 7 K0.02%H15.78%:; 4£J521~28
AN MG PRAG . 3ARALN B AL I G Sia T
CEE RPN AL R AS305 > AR 3 FH AL R Ak
96026> i T 71 4 48809,
2.1.2 BRI

FEAEJE T rr s I B B R S R RS T R
A (R3), TF1E14~28 A FFIRGE. 7E1E)G &I B
P, 3NN B A R I P R B S R
CEE RPN AL R AS305 >0 3 F AL R Ak
96026 > 111 T. 75 %< 4 8809°, Z FH % . 1EFF-{EH]
TRARS53057 48 W EL AR AR 8809 Fl 4K & 96026 1
9.28%H14.03%, 7EAE)528 d ZRA<53057 43 2 7%
48809 A1 4 4£ 96026 f)3. 774 F11.68%

/N A TR B R R B e BT R R
#, 1E0~14 d& ETHES, f£14 diAF KM, 185
14 djFIGE FRE. ARR96026°7E{Ef514~21 d &
B R AR 8809 M1 4 4 5305° 2218 {6521 dJ5 F[%
B R A 8809 M A 4 5305 B, IX A g2 H AR A
8809 I AR 45305 Ji7 HAZ LR ] 71 % 72 Re T Itk

B, fEAET MR AR AS3I05 TFAE G 5 i 3 ik -
T R IR & B AR AR 8809 Al A 4 96026 15, itk
W 78 A2 1R U 25 28 R R L I R AR AR 53057 £ 1 i
AN AR, AR T R BRI R
hiffiz
22 EMARMR, NEAREES
221 AREEFRREPARSETUITER

(DMEM 2% 5 2 A S BRI ol
i 2 NEEAED, £ 14 dZATEr A S =
TREENS, fef514 dJE T REIREIR, RAHAE S
BRAK. EIEJE21 dZ AT, 34N RA/N B3 5 R ik
A B R G RN AL R AR 53057 >/ T4
IRAR 8809 >HR A H Y AR 4k 96026°, < AR Ak 5305°
JEM S ERCE, ABCE IR A A R T
fite 1EJ521 dfF RIA R AKI6026™> 4L £ 8809">
FAS5305°, HZEFUE, R HRALS305° MR E
B RE KR R R R, T AR AR 96026° FEE
1%, R4 & Jo B T 4 R — 8 s 1

Q)H At A& E & & HAL A S 2R
A PrE — A, EFF R O 2 2 IO R

2R3 R A A A R AR A A

Table 3 Changes in soluble protein and free amino acid contents in flag leaf

fobi o FEAE R I IR /d
ERGN AR
0 7 14 21 28
VAR A S B/mg (FW)-g! 448809 36.39+2.48" 34.55+0.95% 25.07+1.38" 14.05+0.46' 3.15+0.38"
‘45305 39.77+1.99* 38.05+1.02" 32.03+2.84° 21.26+1.49* 11.89+1.02'
‘496026 38.23+1.97" 35.38+2.47% 26.26+0.83" 17.68+2.14" 7.05+0.98'
TSR IR S H/mg (DW) ¢! 448809 2.31+0.17¢ 2.97+0.26™ 3.20+0.19™ 2.44+0.18° 1.41+0.30°
245305 2.45+0.24° 2.91+0.21% 3.28+0.13" 2.58+0.13% 1.56+0.16"
‘4496026 1.93+0.14° 2.51+0.16° 3.12+0.32% 2.59+0.16% 1.26+0.12°
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Fig.1 Changes in nitrogen content in flag leaf
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Fig.2 Changes in nitrogen content in other leaves
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Fig.3 Changes in nitrogen content in stem sheath
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JEM R R AR T A, ARARS305° I
RO ZE B K S e T A SRR i AR
AR 8BO9™FF i 6 25 7 Wk ey T~ HA P i

3AN R/ B S RO AR JE AR 1 R AL RN i
BERLEGRLY). WERARFAMUMELZERNAN
FRAR8809°> F 4R 96026 > 4 4 5305, H EHIE &
CEE RPN HAS3057> 44 8809°> 4496026,
ARAR8809° Il AR 5305 I Ris H b R ¥ T 4%
4296026, 15 B AR T He FH 284 < 2R R 96026 FE 1 T A7
MRRERAE IR . HRRS305 1R Tk
RAEIRAREI =T 7R 4296026, i B 17 F
IRARS305°TF A6 I B A s I ARG RE 1D, R
FEACHTWAE T8 FR A (1) 5008 58 A M AL R o
23 FEIEBNEZHFNEARAZFENES
2.3.1 FFRIGSTEM

RS0 LLE H, RS FFRLGSTE I ek 2k

LTHE RS, AE e = R . 3
ANRA /N FE S S R GSTEPEAEAS [ I HAAR LA BT A
A, ‘7R 4<8809° (GSTEAL G T~14 d&&18 L7t fb)5
14 AL B KME, 2 59218 T B < ARAR5305°fE4E )5
721 dE NG H) BT, 5 IE T N, fE4E)E28
dJi FREIRFEERK, HRA96026°{E1LJFT~14 dA24k
R, ZJGE T, 3NN B R RSk
FKIGSF I AN T2 4R 4 8809 >4 i B 4 4 5305°>
FRAAHEFH AL 7R 42960267,
232 FFRGFERERESET

R 6T LAE i, FHAE G R B 2 A R 2 &
BT R B, ARARBRO9FEAL 5 0~14 dZRIZ T[4, {5
14~28 dbRi T B&; <R AK5305° EAE R 0~7 dPik
B, 7~14 d7B1L T 54, 14~28 d X B R RE; AR
96026° L FFE: N Ea s . FFAE 5 & i kR 2
RER G B LA RN AL AR A 5305 >0 1.2

R4 MR AERFLAEE

Table 4 Transfer and assimilation of nitrogen after anthesis

‘448809 ZRA5305° 4496026
185 A ik f/g-m™ 6.130+0.582° 4.600+0.045" 5.310+0.494"
RERiZE/gm” 8.8000.490 10.010+0.225" 7.940+0.181°
B R % 72.188+3.889" 74.682+3.293" 69.150+4.744"
IR B TR % 58.958+3.496" 68.511+0.386" 59.968+2.719"
FIGRIEEY Y% 81.52242.232" 81.12542.753" 78.901+3.020°
x5 *?*ﬁGSiETé[Ammg'l (FW)hl]§Efﬂj
Table 5 Changes in GS activity [As,,'mg” (FW)-h"'] in grain
FFAE J It i) /d
7 14 21 28 35
7R 48809 1.55+0.04° 1.61+0.06" 1.4140.16™ 1.28+0.19% 1.22+0.06%
FRA5305 1.49+0.03" 1.53+0.07" 1.56+0.18° 1.4240.09"™ 1.03+0.05%
‘ZR 496026 1.28+0.06™ 1.27+0.14° 0.94+0.23¢ 0.78+0.18" 0.71£0.06*
K6 FrRiE AR & E[mg (DW)-g ' 1484k
Table 6 Changes in free amino acid content [mg (DW)-g"'] in grain
FFAE S It i) /d
0 7 14 21 28
7R 428809 2.530+0.090® 2.070+0.156" 2.410+0.056" 1.346+0.065" 0.726+0.086'
RAR5305° 2.603+0.116" 2.056+0.087° 2.02040.184° 1.456+0.065" 0.903+0.032"
R A96026° 2.42040.044° 2.06620.038° 2.045+0.120° 1.083+0.049¢ 0.46620.032’
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RARBBO AR M I AL AR 4 96026°, VLB A& 2.4 BAMBEXIEHRSRATNEARSEMN
S305FFRLEE AR AR Z, MITEARMBEK, XF

AR e ) £ 5 AR LI 3SR /N TR SZ i R YRR B S
233 MFHNEBRRRRELTN L5 P9 1 A IR 2 AR IR R (R

INERSERRL R AR AR B AN RE,  8), FEREN I S U B A S .
BE AR e S0 B, R OB R, A AR AR 8809 I A A RL A 1 i B S HENR
WA BB KAE(RT) . FPRE I, 3ARAVNE  GSHFRIGSHI SRR, AR 496026 1T Bl 2]
RO RLER (R S RN . 628 dULRT PRI AR SR SN AR A SR FPRGS
FERLEE A& *iﬂbm‘r}%- Te)E28 dZ st Imeg: AR KLU B S IR AH G AN B3, X R St Ay
8. B =N AVNEEZMRE AR SRR MEZAE L, RN 7 2 &S R N2 R
N A %ﬁizsws%&’sﬁi%%ﬁﬁi RAC96026°>T1 RLEE A B ORUE, B O B 1 R
T 448809, IR, GRTEARMNHERE. WA

F7 MRE A S EEmY)E

Table 7 Changes in protein content (g:m™~) in grain

FFAE S5 I a)/d
7 14 21 28 35
7548809 10.23+1.16' 31.56+2.33% 56.17+2.12¢ 76.38+2.24° 81.34+2.66"
HRAR5305° 8.93+0.62" 29.1442.67%" 53.67+3.82° 71.16+2.54 88.64+1.95"
7496026’ 5.45+1.14 27.68+1.55" 50.01+1.48" 68.26+2.52¢ 87.48+2.27°

R AAPEER A SRR B A ORI VE 55 IR B o B R AR ST

Table 8 Relationship between protein content in grain of maturity and contents of soluble protein and amino acids and activities
of related enzymes

. . PR SRF RS 1 B A
Fn A etz
0d E7d iE14d ThE21d 1t)528 d
ZRAR8809 EEEASE 1.00™ 0.91 0.91 0.98" 0.98
JHEIH Ui 9 S S G 7 i 0.98 0.86 0.95" 0.96" 0.96"
T NR I 1t 0.91 0.74 1.00™ 0.87 0.88
JHEH-GSHE 0.72 0.46 0.97" 0.66 0.66
R GSTE M 0.73 0.48 0.97" 0.67 0.67
FERLUF RS E AR 2 0.98 0.88 0.94 0.97" 0.97"
RAR5305° EEEASE 0.91 0.08 -0.31 0.51 0.33
JHEI Ui 9 S S R i 0.65 0.98" 0.82 0.97" 1.00™
T NR I 1t 0.93 0.78 0.48 0.98" 0.91
JHEH-GSTE 0.89 0.83 0.56 0.99" 0.95
R GSTE M 1.00™ 0.50 0.13 0.83 0.70
FERLIF RS S AR & -0.20 0.76 0.95" 0.40 0.57
ZRAR96026° EEEASE 0.81 0.77 0.28 0.43 0.82
JHEIH Y 9 B R i 0.97" 0.98" 0.91 0.97" 0.97"
JHE I NRE P 0.94 0.92 0.54 0.67 0.95"
JHEH-GSTE 0.90 0.92 0.98" 1.00™ 0.89
FFRLGSTE 0.28 0.33 0.81 0.70 0.25
FFRLIE B I & = 0.65 0.61 0.05 0.21 0.67

I | TR T 75 5 (P<0.05) R & F(P<0.01).
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R IRAS305 G AN RL R (1 R & = SRR A
5 Jie 5 RS B i P A S P v n T 2R < 7R 4k 8809
FLA 3 AL 44296026, X 5 4 4R 5305 K KiGS
R BAREIAE IHE B O, AR m R A
R B T A
3 TWig
HERAEEARBE RS, G2 M5, 2t
FRANRMGSE BUHK R B ORGP o
555 M0 BRI B 21 E TITA oG, XA K
RE~ PR R A BRI, N AR
WA FIN O, 7E B I H g NRUE 5 e NH, ", NH, 7 i
R GSHITER T 5/ AR & ERn 2, F
IENRANGS &M 5, A R T AE R 4 R A R [
77, R K ORE R R 15 B R AL 78 R R,
A RT A PR R (2 E552009), HALGT disf
[ GSTE I T AFE N /N B IR L W 1) 5 2% F5 bs () 168
BI552016). AR FLH, HFAE 5 i NRFIGS i 14
# R TR, X5 REE2006) 54 R —
o NFEBBNBEFRGIHIRINAE Z 57, R
5305 A6 J i FINRFIGS ¥4, 1 B 1
TN B RIML RE ) L, B A R TR R
R (AE552013). ENAESEQ015) 8 45
/N8 ) GSTE A e IR AT B 1 e i
BER A K3 BN B G RLGS 1)
Sy HTAR H, AR e 2 AR AR 96026 BFF RLGS T 14
bl T2 < R 4 8809 Al ml I 284« AR A4 53057341/, it
BFRR 7] e FH 284 /)N PR 22 G ) AR A P 31, AR T
B MFLRR S AC, LA R AR . @
Tb e A AH G B RRF R R (5 A S A 3R
B, NRE ¥R A & & 2 1EAHSR, 525 5(2009)
[ 5 5 R — 2, (HAA A INRE ¥R F il
BB A B3 (DallingZ51976), I\ A & A ik
— M ELA e NRYE M, (ENRYE M i 10 S R (A
REEA—EE. TARHAGSIHEMER =K LA
FEAE T 2R & i 2 (F R B 552016),
GSHEE VG T E /N E i R O & & (L%
2015), AW, GSIEVER 1/ B2 SR T i vk
HOSEWS. EAEEEA S ERSSENL,
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Differences in flag leaf nitrogen metabolism and grain protein
formation among triticale varieties after anthesis

WANG Li-Hua, CAO Xin-Bo, ZUO Shi-Yu, WEI Shi, L1J ing*
Agricultural College, Northeast Agricultural University, Harbin 150030, China

Abstract: In order to study the differences of nitrogen metabolism and grain protein formation among different
varieties of triticale (x Triticosecale), ‘Dongnong 8809’ (processing triticale), ‘Dongnong 5305’ (forage tritica-
le) and ‘Dongnong 96026’ (grain feed triticale) were used as experimental materials. Experiments were carried
out in randomized complete block design with 3 replications. Nitrogen assimilation, nitrogen accumulation and
translocation, and protein accumulation characteristics of different varieties of triticale were studied. The results
show that, ‘Dongnong 8809’ had a higher nitrogen assimilation amount after anthesis and a lower nitrogen
translocation amount, and grain protein mainly depended on assimilation of plants after anthesis. ‘Dongnong
5305’ had higher activities of NR and GS, and higher soluble protein and free amino acid contents of flag leaf.
A higher nitrogen storage capacity was beneficial for nitrogen transports to grain. ‘Dongnong 96026’ had lower
NR and GS activities, and a big drop in GS activity at late growth stage, causing a low nitrogen assimilation ca-
pacity. A lower nitrogen translocation amount and transport efficiency resulted in a weak nitrogen transport ca-
pacity in ‘Dongnong 96026°.

Key words: triticale; nitrogen assimilation; nitrogen transport; grain protein
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