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Abstract: In order to investigate the effect of nitrogen regimes on grain yield and quality under heat stresses during grain
filling, we investigated three winter wheat cultivars with strong gluten at differential ratio of top-dressing to basal nitrogen
fertilization. Three wheat cultivars, Jimai 20, Yannong 19 and Gaomai 8901, were subjected to heat stresses during the last
half of grain filling stage. Grain weight, grain yield, and grain quality ( protein composition) were carefully examined.
Increased ratio of top-dressing to basal nitrogen fertilization generally led to significant increase of 1000-grain weight, grain
yield and the content of crude protein, wet gluten, gliadins, glutenins. Meanwhile, higher content of high molecular weight
glutenins subunit (HMW-GS) , low molecular weight glutenins subunit (LMW-GS) and the ratio of HMW-GS to LMW-GS
were also noted. However, the effect of increased ratio of top-dressing to basal nitrogen fertilization on glutenin
macropolymer (GMP) content and GMP particle size distribution ( weighted average surface area and weighted average
volume) was found to be not consistent. While higher ratio of top-dressing to basal nitrogen fertilization elevated the GMP
content and weighted average surface area and weighted average volume in Jimai20 and Yannongl9, those traits from
Gaomai 8901 remained nearly unaffected. Accordingly, similar tendency was observed for both dough development and

dough stability time. Increased ratio of top-dressing to basal nitrogen fertilization, from 50% to 70% , resulted in
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remarkable decline of the ratio of amylopectin to amylose and peak viscosity, hold through, breakdown, final viscosity and
setback of starch. Our findings indicated that higher ratio of top-dressing to basal nitrogen fertilization could alleviate
somewhat the adverse effect of heat stresses on grain weight and protein quality (farinograph parameters especially).
However, such an improvement was achieved on the cost of worsening starch quality (RVA index) , although the degrees of

those effects always fluctuates with different cultivars.

Key Words: winter wheat; nitrogen; nitrogen fertilization ratio of base and topdressing; heat stresses; gain yield;

grain quality
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I P 20(J20) ML 19(Y19) (BEZE 8901 (G8901) 3 Ao fifi & /N2 b M/ S b it Bt . 136 T
2006 ~2007 4E7E L AR ARV R 2F R AL X BF R b 04T , 00 RO+ . HIEBHEAVUR 1. 84% , 2K
0.13% , Biff & 85. 9mg/ ke , HAWE 22. 1mg/ ke , FBHH 82me/ kg, B E AR A KT T A R AL HEE LA
FWR YA RIR AT, B ASERT) A BB E - (1) ZEA8 112. 5 ke/hm’ +BHE 112. 5 kg/hm® | B LA
Hk 50% :50% (N1) 5 (2) FHE 67. 5 kg/hm® + B AR 157. Skg/hm®, BI3E8 R 30% :70% (N2) . RERE:
(DR BRIREE (19 ~34.4°C) (2) MR = IR MME R EE (28.1 ~40.1°C) (T) , LKA, ER
3. PIEEIRR (EFH46.4% ) AR, EIETHEATEGHBEA  BIETHRTIFWEA . S4B TH
i [ Bt s AR — %% 150kg/hm’ (LA P, 0531 ) FIBRERSP 105kg/hm” (L K,0 31) o 3IEHH 0. 1mm E T 45
BTG AR, T AR S /NK A (3m x 3m =9m*) # ], 1. 5m, 5/NE @2 Z B KRR 50em 24, TEXR
8:00 ~18:00 i, fE)5 18d BT = IRALHE, 70 )5 34d 453, 7EUCHARIA 7d AR RS, W P9 A6 B 5L
ATz, LR ERAL AT E] R 9d, 9d £ B [B] BORLBE A FE IR 1 s, BRIREMARE b, HEHIE
EHGE RN EE AT,

®1 HRMNEEBEEL

Table 1 Daily fluctuation of air temperature inside and outside the plastics channel

HEE(C) it ] Time

Temperature 8:30 9:30 10:30 11.30 12.30 1330 14.30 15:30 16:30 17:30
Hi4b Outside 19.00 21.41 25.15 27.56 30.20 31.27 34.41 28.70 26.92 23.31
I Inside 28.12 35.00 37.72 38.83 39.20 39.45 40.10 38.07 36.20 30.72
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INZZ RGN X MER 2m” U= R R AT . &3 KR FIFG & Perten /A H] A2 7= ) 3100 FUIALG BE
JE I, B SR FA1EE Brabender 23] A 7 1) Senior 2036 B BE i, 41 B 4424 100 H .

FPRHLEE 5 & &R GB2905-1982 4828 | G 2REYAh ML B Bl 8 vk CEMEEELIRE RIE) o

TR R T8 A5 - SR IR 1 Perten 23 F) A2 P2 1Y 2200 BY T A YE SN, ## EF5 GB131506-8 & .

¥ AN S % . K FIfEE Brabender /2 5] ;= 810106002 By FAX , #% AACC 54-21 FEEMIE o

FEASE R FIMRKH) T Newport 22 F] (99-5) (Rapid Viscosity RVA Analyzer) Super 3 FR 30k B )
FEo JTIERFREN 3. Sg ZE Tl (& 7K & 15% ) , Bk 25ml, B JE AR L

FPRLSE  ELRETER A B UK s, 2 FR] F T 400 3 1) ORRTBPRRL 0 R B LM AR

FRAEARBARGTRENE 2% Weegels 115" o FREL0.05g /NE Y, A 1ml 1.5% f SDS $2
B, HIR T 15500 x g B30 15min, 35 FIEW, RAMAEIRENEBRY P AN S BEE VEQ KRB &R
UEHE

BEAHASNNE 2 8 Herbert ZEH 785 18 F A -B BB LT E . (3% RS N3 E Waters 23
HJ = 1525 Binary HPLC Pump +996 photodiode array detector, #£ S AMAFR 1. 2ml, T {Eu5 %4 Empower, i
#+5 Nucleosil 300-5 C8 £ (250mm x4.6 mm)

BEE KRG AR EEN € : B Beckman Coulter 23 ] A= 7 1813320 AU O ATT 5 kL BE 43 H1 4 ( Laser
diffraction particle size analyzer, ULM A&}k ; Universal Liquid Modules) , £:% Don 28 /7 17! .

I EE A A DPS 2003 \Excel 2003 SE4% {4 #4740
2 ZR55H
2.1 A[EENEEEE L TR I PR 8 15200

R 2 fras , BALIEHE H B By 50% 42 &5 3] 70% B, 3 A~ 5 F i TR B FRPRL ™ & & i, (H s 2 T
BLE R PR B AR T IR R IR A (TRLE - 5T 20 2 35. 6g, B 8901 Jy 34. S5g, MK 19 2 32. 9g; 7
B 55 20 2 6883kg/hm’, Hiik 8901 2 6618. 4kg/hm’ , A 19 y 6649. 6kg/hm’) . [H 1M, Wik T AUKERL = &
5 , S H03E 2 ) X5 8 5 300 o VR 3 ) G2 A A B S, BT8R 31K T A Ve TR e Frher 28 R = i, BT DA% i
A B R PR o

F2 TEABHIFH-BRTEHEEER
Table 2 Grain yield and yield components of different treatments

LEDATEAY S ¢ THRE PR i
43 Soike number per h? R Kemel wei .
pike number per hm . ernel weight Kernel yield
Treatments Kernel number per spike i o
( x10%) (mg-kernel *") (kg-hm~*)
J20 NIT 736.9a 26.7b 28.5b 5607.2b
N2T 719.5a 27.0b 31.2a 6060.9a
Y19 NIT 579.0b 29.5a 27.1¢c 4630.7¢
N2T 581.0b 29.7a 28.3b 4884.9b
G8901 NIT 546.5¢ 29.4a 27.2¢ 4370.0d
N2T 550. 8¢ 29.8a 28.5b 4677.9bc

BIREF AR E R R 0.05 KE FEFABFH; T Means followed by the same letter are not significantly different at p = 0. 05; The

same below

2.2 RABEEHXRLE QR AN S B EAAEARGBEENEMR

M 3 ATLUE i, FEE ALEHE LAl iR, 3 MM HER SR MR EA SR AEASTRULR
STEREATESE RO TEAEAEEASENRG S TESEQLE/ R0 TEAEAVRILENEE
o MR, RALIE A H ] i 32 = A OUR TAPRLE B B R E RS0, T ks TR R M. 4585
# 20 AL 19 A EARES RS BRI BAK, MHIK 8901 HARZ M (K 4) . HILAT L, A
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Table 3 The content of crude protein and protein fractions in different treatments
sham HEHER R AR HEHESE HaTERA RaFaEs
Troatment Crude protein Gliadin content  Glutenin content FHH IS E FEHTESE HMW/LMW
reatmentts content (% ) (%) (%) HMW (%) LMW (%)
J20 NIT 13.8¢c 7.1c 4.4c 1.0d 3.2¢ 0.31d
N2T 16. 1a 8.2a 6.2a 1.6b 4.5a 0.36¢
Y19 NIT 13.9¢ 6.7c 5.8b 1.4¢ 3.7be 0.38¢
N2T 16.3a 8.0a 6.8a 1.7b 4.1b 0.41b
G8901 NIT 14.6b 6.8¢c 5.8b 1.7b 4.0b 0.43b
N2T 15.8a 7.5b 6.7a 2.1a 4.5a 0.47a
x4 AEAAREGUEIESHENT
Table 4 Content and size distribution of glutenin macro-polymer
S REHKBAAKIEE GMP particles Size
yi3:] REAREA SR al
Treatments GMP content( % ) IR T AR IALE AR

Weighted average surface area Weighted average volume

J20 NIT 4.0c 44.2d 11.5¢

N2T 4.4b 56.5a 14.3a

Y19 NIT 4.2¢ 52.7b 13.0b

N2T 4.4b 58.2a 14.8a

G8901 NIT 4.6ab 47.6¢ 13.5b

N2T 5.1a 50.9be 14.0ab

2.3 UL HOPRE T A & R s A

RS R, 3 AR TR A R PR RIS B e 142 R T S 3, T EL B 2 20 FUER 19 BT B
RS 1) T A B ) S S, R R L B R R B W R . B 8901 YT FA1 B B (8] 1 T A2
i} 18] 52 RALE Ht b B 2R AL R B/, MRNE AL BRI R A 257 . BRRENFHERSAT S EABEAR

SRR HAATR O, AT A48 3 1 3R AR B X T P AR 2 A S M R T A E B R A S &

®5 TRELEBIFHCEELGSSEMBRMIER
Table 5 Wet gluten content and farinograph index of different treatments

e T 1 L & T AT B 16 T A1 R RE I [
Wet gluten content Water absorption Dough development time Dough stability time
Treatments . .

(%) (%) (min) (min)

J20 NIT 27.9be 57.4d 2.1d 4.9d
N2T 29.8a 58.6¢ 2.9¢ 7.5b

Y19 NIT 27.4c 60.1b 2.0d 5.5¢
N2T 30.4a 61.9a 3.1b 7.9ab
G8901 NIT 28.1b 61.7a 3.2a 7.8ab
N2T 29.7a 61.4a 3.5a 8.4a

2.4 FUIBSEE HXDEPRTE LR AR RE DR O

FUALIEIE LR AL, AU R EE B2 23 FBCRE , T EL 3 BORFRL I by 2H JB0RI 24 BE XA AR O R (32 6) o
BREER, RABIE M LG & AP B R R S BN, SCREVE R & B A SCHEVE R LRI LL BRI, %
FPRLTE R AL AL RN, Vs IR A 22 o BAASR BN , JE 10 ey e 2ot B2 IR AR 2 L IR A 2

R HEARRLFEAR (R 7) o
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F6 TELEBHFRIEHRES
Table 6 Starch composition of different treatments

ab3 EEETER SCHEVERY & B SCHEVEN/ HEEVER LA
Treatments Amylose content (% ) Amylopectin content (% ) Ratio of amylopectin to amylose

J20 NIT 8.6¢ 42.0a 4.9a
N2T 10.0b 36.1d 3.6b

Y19 NIT 8.9¢ 40.4c 4.5a
N2T 10.4b 40.6¢ 3.9b

G8901 NIT 11.1a 41.0b 3.7b
N2T 11.5a 35.2d 3.1c

®7 TEALBREHREMIER
Table 7 RVA index of different treatments
e o IR AR Fati(E BRI

Ttreatments Peak Viscosity Hold through Breakdown Final viscosity S%tiiﬁ

(RVU) (RVU) (RVU) (RVU)
J20 NIT 309.7a 209.9a 99.8a 333.3a 123.4a
N2T 249.9¢ 162.7d 87.2b 280.1d 117.5b
Y19 NIT 264.9b 182.0c 88.9¢ 309. 8¢ 125.3a
N2T 231.4d 156. 1e 75.3c 274.6d 118.5b
G8901 NIT 291.0a 195.5b 95.5a 322.6b 127. 1a
N2T 274.5b 186. 1be 88.5b 304.3¢ 121.3b

3 i

AFERY, SRS Rk A AR RIS, 465 T I8 B iR JORPRL 5 7K B A AORPRL T B B
NE 17 TR R A S 1A SRR R LA 4 e R , (EL TP 0 e 43 S e 1] B 4, /0 T R LA,
ERARRLE" o ARIGSE R, FIRME 80 IR A E 31 T SR R TORLER , HEU R R R TR
HMRTER , JER T 3R A2 SRR R Ap i [ AR 2L A0 o 24k 8] , B A BRACHAIL AR Fp itk — 2P B SR IE
BARFIRME TR NE R L B R R ™ B, (B0 AR B T MR a7 8, R RN IE 2 %
T kA 7 TR 50 B SR A R A PR B, 5 BB PR R IX S R R DR AR A 2 T8

ZRBTFEE NN A F 5 IR B R i S S ) B BB R R, I 4 vl P2 2 v B A 5 1) )
TR, A E A WRRREGE, IS EAREGE EEEA UREE B MERE BN & & B E 08 m, m
ANTEPER B R A AR B , 500 T A A0 TR Y SR TR RUIE A G EL B SR /N R R R
JR, ZEAE IR NE TR AR KRN, BB L R R EO RS B, WK EA AN S SEE S RH
B 31 B2 AL 16 £ BB, A AR A R 1, S TR R e T U 338 U X FPRL A R B Wi A B ST R AR . A=
WM, FiRNE TR EBE LA UEE RFE A ER AL & &, M AERSER KRR RS 'R
BB RS, X TAEARREGEN &R , 880 KRG R AR 7E %05 & 1 R R 75 i 7R E K.

R IR A R R BUNE - BRI S W BB ASE T2 —  JRE RN & AR, iR
BGE B RS R, R R IR X R B3R E L /N R B A = AT R et R o AT AT SR /N2 B
KR RETE 5 2 B 5 AT R P AR LR SO B S i AR, i AR I PR B R & BT
RIER R R R o ALRAREY R IR T, 327 AU e Ho 1) 52 75 2 (1 B 1 A et
RIS A, B TG 2% 0 T 5 5 R RIE I BAH R B8 0L K5 3557 1B 3 RN A9 EL 51 ol A= 7 o 5 LI 50%
RHE 70% , FT7E—E A ISR T 5 M R AR E R B R R R BN AR, W R B
S T A B U BV E
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