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Coupling effects of irrigation and nitrogen fertilizer on grain protein and
starch quality of strong-gluten winter wheat
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Abstract: Effects of irrigation and nitrogen fertilization on the grain yield, protein composition, protein quality, starch
composition and starch paste traits of a strong-gluten winter wheat were investigated on a high fertility soil . Compared with
non-irrigation treatment, grain yields under irrigation treatments were significantly increased, but the content of grain pro-
tein, monomeric protein and flour wet gluten was reduced. There was no significant difference in the above parameters
between the irrigation treatments. Nitrogen application could significantly increase grain yield under low irrigation
frequency(W, and W), while neglected effect on yield was observed with high irrigation frequency (W, and W) . With
the irrigation frequency increase, glutenin content leveled off, but the changes of glutenin composition were not uni-
formed, in which the soluble glutenin content was increased, while insoluble glutenin content and polymerization index
(insoluble glutenin/total glutenin) were reduced . Both dough development time and stability time were becoming shorter.

Nitrogen application improved the content of all grain protein compositions and grain quality, in which the increasing
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magnitude in non-gluten protein (albunin and globulin) was higher than gluten protein (gliadin and glutenin) , and solu-
ble glutenin higher than insoluble glutenin. The interactive effects of irrigation and nitrogen on starch composition were
significant. Starch content and amylopectin content was increased with adding irrigation frequency in no nitrogen treat-
ment. Irrigation significant increased starch content and amylopectin content in nitrogen treatment compared to non-irriga-
tion one, but there were no significant difference on starch and amylopectin content between irrigation treatments. Amy-
lose content and the ratio of amylose to amylopectin were reduced while RVA indexes (peak viscosity, breakdown, final
viscosity and setback) were increased with adding irrigation frequency. Nitrogen application significantly improved amy-

lopectin content and decreased amylose content in lower frequency irrigation, while amylopectin content was decreased

and amylose content was improved by nitrogen application in higher frequency irrigation .

Key words: strong-gluten wheat; coupling of irrigation and nitrogen; protein; starch; quality
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1.1 #B5F%

I T 2003 4 10 A E 2004 4E 6 HZEIHRE
AT AT A AT B R, R
WRIEED R ER, —FEFHRGE, BERFEH,
R T ERARFEERE 1, NELATHAR
FEK 81X 228.5 mm, REFHEHEL 11.3 mm, K
R —ZHT 82.9 mm R R—RI 33.3 mm K H—
FF A 28 mm FFFE— R 84.3 mm,

1 RABEABEEFLSER
Table 1 The content of soil nutrients

LR (em) AL (/ke) 2k BRA(ngke) | EEBE(mgky) | HHH (mg/ke)
Soil depth Organic matter Total N Alkali-hydrolyzed N Available P Available K
0—20 23.8 1.2 102.4 20.5 134
20—40 4.9 0.9 71.6 7.9 87

BRI A B B A IR R & /N SRR BF £ 20, iR
B8, ER 3K, 4 MEKLER.: W,,
EEFHAEK; W, RTHE 1K W, B4AH.
REHEE LK W, B RV &
1Ko HRHEAKEHHN 60 mm, FAKEESH ., 2 A
A F: No, FHEAIE; Ny, # N 168 kg/hm?,
JEGERE&¥, DT BERE (TR 45.01%) R,
BALEE B B EF R P,0; 105 kg/hm’

K,0 105 kg/hn® , £ MEIEHEA . BIEFIENE L
AR, BRAETRY KRBT BEEA. PXE
R 4.5 mx 30 m, EHLRK AHEFI, /ZETF 2003 48
10 H 4 H¥E#,2004 46 6 A 18 Bk, BAREF
sh, HE H B B E S Y b/ E S MR
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A7 Senior BB H], HEHN 100 H, TH
EHRRA GB2905-1982 A% SR EYMHFEE
BRI E S CEEYLIKE R 8 E & 5
= Perten /A H] 4 7= 19 2200 I T A ¥k % AL, ¥ B iR
GB131506-8 i %€ ; Zeleny L[4 fH ¥ H PR A 4k 7%
£ (AACC)56-61 PRuEll & ; T B W AS 4t A E
/2 7] Brabender = 810106002 & #} B X P E . T KL
X HEES SR RANEKE S BB SEN
ORI TR R AT B AR) o TR AL S e I 2
PR RF S 7= AR 3R BE A3 AT A (RVA) T E
122 FHNEAR4A4MWNUE BRI\ Wang
S USI8 y J7 5 HEAT , We A BB . BRI 100 mg T,
BAEEAH 1.0 L&% 0.75 mol/L Nal-7.5% ER
BRI, ARRBASR TS RA,.E0CTH
8RR & %8 (Eppendorf Thermomixer Comfort) J& & 30
min, 1% % B 0L 15000 o/min B0 5 min, ¥ F 1§
BHEBD S mL BHRAES, WULSBER 3K,
REWIRERBES, EBXLARESER. T
BHAEAMN 1.0 mL40% FRBERER, FikE
RRARAEARR, AEEAEQASE 1.0 oL
0.2% DTT #) 40% 1E 7N BE ¥ W 1R B, R BUIR & 60
C,HEPRABAGEARR, BEHRERBHE
HREMESE. REARASEBM 0.4 mL, R
FEMAZEZM(TCA)4 mL, B &5, % E 40
min, 4366 B 3T 2E 590 nm B K &4 T W E B W
MSEE. BRABERESRNARES THEEAE
B ABRUEABEANBREEZ L REL RN LRS
B, AMBEBEHFUERNEARAS SR,

RIS HHE F A DPS 2003, Originpro 7.5 1 Excel
2003 A4:HAT AR

2 HBR54W

2,1 TEAKELEBHNNEFHEERTRGEE
FRI®

R2OBH , TRHEALRERAKER,/ NET R =&
WRANEKL BB ET T AL, HFE KL
HEIZFABE, FETHRAEK (W) FKT
BELKRKW)ESET, BELE (N FRZEE
EZETAMAEALE(N), ¥ 2 KH 3 WK (W,
W)&FMET,N, MIN, ZHZERAEE, RHEEEK
BOMBERT , ARS8 A =8, KR EE
RANIERN, BAEEKRZHBELT , BA N>
BNABE, KEEEENABELETRANRA

£2 FRAKELEBEHNEFR~RE"RBBEER
Table 2 Wheat grain yield and yield components of different

irrigation and nitrogen treatments

B ROBLEL FRE

ik . Grains 1000- :j&ﬁﬁg
Treat. Splke; No '2 per ear grain wt. Crain yl(;ld
( x 10*/hm?) (No.) (8) (kg/hm?)
WoNo 682.2 f 23.0d 47.2 a 6250.0 d
WoN; 705.8 e 25.2¢ 46.1b 7152.3 be
W.N, 733.4d 27.7b 2.4c 7571.6 b
W,N; 758.7 be 29.0 ab 41.8 cd 8149.6 a
W,N, 765.3 b 28.0b 41.9 de 7830.5 ab
W,N; 808.1 a 29.2 a 41.0 f 8331.0 a
W;iNp 739.6 cd 29.0 ab 41.4 f 7713.6 ab
W;N;  760.1b 29.4 a 40.2 g 7870.6 ab

B BREHAAFERERERE S2BEXT, TH

Note: Different letters mean significant at 5% level; The same symbol
is used for table 3 and table 5.
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2.2 FEAZLBMPEFHEARSBR. SEA5
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FE Rl —HERAKF T, KA E (W, W, W) T
BEHEASR BAEOSB(ZEHBEEL RE
BHAEREEOAR) RBHEH & RBRAEK LR
(Wo) ¥ B 2& P, MK LB H2ZF AR BE (L 3),

FERTEAK (Wo) 25544, MERALEE (N, WL A
FEMEEHSEEER TAEALE(N), A
BRI N BEWERNL; HAK(W W, W) RAET M
EHSERMRAAIN, BEEBT N, BREHTE
ERABE FREKNARBEARASHEHA
M, EKEFEEHES(FEAMRED) Q% iE
ERTHMES(BEEAMAEH),

RIGEN, THEESEOSBBEKRREY
R EAEE, FRPAELBRARRE, ER
BHEAEOSR RASABEALBN LA (ISE
BREGHELOWEE KRB ME T HEH; TA
RERBAE RN EFZ2RTRESE, B3—FHF,
MANDEFREARLERASIERNRBER
BE, THRRNE, BABARGHEBENEATH
B MXSH (R4) RY, TEHESBEASTES
AEHBEO SR AEARSRE @A R
B R ESEEENRBERME; RBES
EHER SEORSHEEY 5SEDREHE B R
if (] 2 2 3 AR R
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#3 FTRAELEHNTREARSESREHRRER
Table 3 Protein composition content and flour quality items of different irrigation and nitrogen treatments
FRHE @ BEEER WHEE AEE ABH FER VRE BES 2 2EHEE 2 GHER
FEHMR  Monomeric AEH 4= Glutenin REHHE Zeleny Flour wet J B 8] SE B 8]
G Grain protein Soluble Insoluble (%) Polymeriz. sedimeng. gluten Dough Dough
Treat. protein (%) glutenin glutenin index volume (%) devel. time stability time
(%) (%) (%) (%) - (mL) (min) - (min)
WoNg 13.543b  6.904 b 1.152f 5.487cd 6.639Db 82.6 36.25 ¢ 30.76 b 9.73 a 18.75 a
WoN; 14.757a 7.631a 1.281e 5.845a 7.126 a 82.0 40.50 a 33.53 a 9.85a 18.80 a
WiNo 12.820c 6.109¢ 1.230e 5.481cd 6.711 Db 81.7 38.00 b 28.33 ¢ 8.13 d 15.70 ¢
W;N, 13.768b 6.634 b 1.434d 5.701b 7.135 a 79.9 38.50 b 28.35 ¢ 8.80b 17.33 b
W,No 13.001c¢ 6.191c¢ 1.398d 5.412d 6.810 b 79.5 38.00 b 28.40 ¢ 8.06 d 13.76 d
W,N;, 14.088b 6.898 b 1.680 ¢ 5.510 ¢ 7.190 a’ 76.6 39.00 b 28.55 ¢ 8.43 ¢ 15.16 ¢
WsNo 12.790¢ 6.138 ¢ 1.823b 4.729 e 6.652 b 71.1 38.33 b 29.00 ¢ 7.36 11.70 e
W;N; 14.018b 6.749b 2.168a 5.101d 7.269 a 70.2 39.33 b 29.13 ¢ 743 e 12.23 ¢
4 BEOREEROERHEXXER
Table 4 Simple relationship of quality characteristics related to protein
BEER WHEE ABEE #AER ABL NEE BESH BHEE ®EER
Monomeric EH AREHE Glutenin EA5HEHE  Zeleny Flour wet RHTH SERYE]
protein Soluble  Insoluble  content Polymeriz. sedimeng.  gluten Dough Dough
glutenin  glutenin index volume devel. stability
time time
FHAEA Grain protein. =~ 0.948"*  0.076 0351 0.500  0.019  0.657 0.931** 0.475  0.338
B {K7E H Monomeric protein ' -0.028 0.529 0.544 0.123 0.594 0.840" " 0.587 0.491
T HAEB Soluble glutenin -0.734* 0.660 -0.988** 0.346 -0.039 . -0.783* -0.835*"
AWEHAZEH Insoluble glutenin 0.025 0.765*  0.247  0.381 0.812*  0.867**
A% H Glutenin ~0.608 0.782  0.363 -0.254 -0.270
A 83 Polymerization index -0.266 0.135 0.805" 0.843* *
ULYEMH Zeleny sedimengation volume 0.684 -0.076 -0.109
T2 1 & Flour wet gluten 0.445 0.333
Ta F B Bt [8] Development time 0.967" *

E(Note): * Fl* * AHIFER 0.05.0.00 KFELWEREEHN, TH. * and * % indicate significant at 5% and 1% levels, respectively;

The same symbol is used for table 6.

2.3 FEAAELEBEMNNEEHESR.SESEEM
& [ B R T

B1EH  MFRERSBERARTE, K
MABZ EFAEENREER . EREARHEK
B (W, W)EEGT AR XEEHE S &, R
BOHBRDSE, B/ WRE; BEEKRRLZ(W,,
W) BH T, MR NAR 3 B E8 & R, WA 38
EWHRE B/ XHURE. EREEREN) &
T, XEERTNARR S EYEEKRREENER
ELAEYE; EEAN)FRET, SEAKLE(W,,
W, W) KEERMXHBERENSEHBERT W,
BHAKLERAERARE ., TREASAHEASRE

T, E#EN & RME/ T EEKRRICEMET
W
LR R AR D EERFERRNER

85, B w28 & A i 8] Fu i e 4, W B
WK A R R Do, AR I 45 R (3% 5) R, BEME K
TBCHE N, SR 40 B0 M (E 25 3 IR B PRI .
BAFBEMRBEMENE LA B, B ER
#; AN ESBARENE RN, HEXSHE
B, XN SR SEERE R REN R BENNE
KRN 0.874.0.897.0.772, L5 BEBRE
FZEMX; EEERSENE/ XY 5EERE.
RBEMRBEEDESIRBEAMER(EGE .
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Fig.1 Effect of different irrigation and nitrogen treatments on grain starch components content and ratio
£5 FEKELEHTHBLSE
Table 5 Flour paste traits of different irrigation and nitrogen treatments
L W BARE WIRE BAFHE RE 04 {5 B ) 1L 18 B
Troatment Peak viscosity  Trough viscosity Break down Final viscosity Setback Peak time Pasting temp .
catme (RVU) (RVU) (RVU) (RVU) (RVU) (mmin) ()
WoNo 240.88 ¢ 184.88 b 56.00 ¢ 281.8 ¢ 96.92 ¢ 6.56 a 87.23 a
WoN; 242.13 ¢ 185.96 b 56.17 ¢ 287.8b 101.84 b 6.64 a 87.18 a
W.Ng 242.28 ¢ 185.28 b 57.00 ¢ 288.1b 102.82 ab 6.60 a 87.18 a
WiN; 245.79 b 186.51 b 59.28 b 280.5b 102.99 ab 6.60 & 87.20 a
W.No 246.17 b 185.75 b 60.42 b 290.3 b 104.55 a 6.60 a 87.23 &
W,N; 245.99 b 186.55 b 59.44 b 290.3 b 103.75 a 6.64 a 87.20 a
W;Ng  253.96 a 191.17 a 62.79 a 295.8 a 104.63 a 6.60 a 86.35b
WiN, 253.50 a 190.46 a 63.04 a 296.4 a 103.94 a 6.56 a 86.35 b
#6 EMEMROBEEARXER
Table 6 Simple relationship of quality characteristics related to starch
HE EHHE/XE BEFEE BAFE BRE BAFE RREE @& BHAOERE
Amylose Amylose PV vV Break down FV Setback  Peak time PT
(%) /Amylopectin  (RVU) (RVU) (RVU) (RVU) (RVU) (min) (c)
4% Amylopectin  —0.904* * -0.947** 0.875"* 0.788" 0.897**  0.852* " 0.772* 0.118 -0.645
H 4% Amylose 0.987* * -0.727* -0.591 -0.801* -0.749* -0.788* -0.151 0.480
H# /3748 Amylose/ Amylopectin -0.806" -0.687 -0.861"* -0.812" -0.793* -0.136 0.572
IS ERE PV 0.963** 0.972** 0.938**  0.657 -0.237 -0.911**
RARE TV 0.873** 0.890**  0.534 -0.224 -0.971**
I {H Break down 0.924* * 0.723" -0.235 -0.805"
BAFMEFV 0.846* * -0.004 -0.819*
JZ 3R {H Setback 0.356 —-0.408
{8 A /] Peak time 0.382
# (Note) : PV—Peak viscosity; TV—Trough viscosity; FV—TFinal viscosity; PT—Pasting temperature
3 Wi FEEEMERE. ARSRERTFEARSE.UE
N TE

15 T WA T2 A B 160 0 55 R o ) 2 5% W TG /60 11 T 4%

3.1 FAMAENMEFHEARASEREN FEHOXRASEER NEEREYAFERNERE
BERR HAEH; E—EEEN, BRBIFOREE LR R
ORI, PEAORERREIBZIRTESE SEENEMWRS,BES—EBE, B&EST
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B, ABEARNETRAEFRNEERER
RO RS EANTARAEASBSEAM
TREXRARFEY, AEEL AIBEESEAMAEHE
BEAZEE L, TR E /N EME&/NE
EEARAR ERAREX N, Exr k%7 gt
EW, EAKEBTEO0~225 mm EE W, MBS
REAR /N TR0 B, o 0 R — E R R E A,
EX A BEAEAT LESEIEE U ER. SRR
REW(FE3),BAKELE 0180 mm JEEKN, R K
(W, W, W) WHEOMEBEEHSEYKTAR
FEK AL T (W, ) , {ELIRE ¥ 7K YR 3009 38 n 3 18 1 KL
BEHMEBEASEOE—F TR, MEEKLHEL
FRE A BT (T T B B 8] B A8 B 1] ) 387 [ 98 K vk B
FRY 386 n T AR, X DA AR B R SR i B . AT %
KA EAEAAS BRI, FEEK KRB M,
REOLBLBET/M MARESEASEREL
FABE AEUEABEA SR BEARAGEESNET
Rt %, T Hfe e B B A8 A B 2 3T B
B, MRAMERR  ABEHLSESSEAEARS
WY 5 I E R e B E R R B ) 2 B I 5%
AAEEAEASESABHAEARE AEAR
AHRECEAR R B R B ER R EE
AAR(F4) . WTFLAIAN , Bl K R B0 b, R
BHEAZANMERZETREENMNEEHARRSLSTH
BEREHR, 7—FH, ERARBEENFREARK
BTHS(BEABERED NS R, WETHE
HERE,BEAEERE BRI, B A v
HAEANBEEERTFABEEHSELS B THEKS
HABORARBERYERNREEREAEES
BEOSBEMERTHREAEOSE, IrAEE R 68
HE—ERE FREEKHARFE W, WA R fESL B
WA, FHER, ERMEKNEAREEN
ERVBEAREEER MKAFWDNEEARREN
ERNERFRE—EMR. FRBRERNEET
BHNERELEEHRES, BEUEREAFTHERN
HAKRBERTUAEEEEHENR.
3.2 @RBRMEAKNNMNEFHRHEBEAIMERRR
B 8 R R

TEM M A B R AR /N0 BN 2 TR
TREBNE/ X BESRSFREETRM TS
MRS RMERGR, MDERALPEERRSE
RSB EANTEREE N THAENHERRE, X
EEMSERENEANEEET, RERERD;
e {BDRE B 0 O TET AR 06 08 T T LR RS, TR IR

SEALREBEEMRE, SEAMNME BHEME D
HBERMR, —BHREREN, £ 0~225
mm V5 B N, KA FHMZHE DM ERERS
B RRERE/XIL; HERAEEEERSEMNE
/B TREREY, FABEPRE, EH NO
~240 kg/hm’ JEEI Y, AT AR B FR BB &
BREEHS &R, B/ XHWEB/MEE . 2RBHEK
BEO~60 mm WEMN, MHBAIER T IHTEH
FERMBENSR, BETHEEEDSENE/ X
b, SAT AL REAR—3; M¥EKRTE 120 ~180 mm
EE N, SEAENES T X8, B8 THE
SRS BRAME/ X, KA F 2/ 3 W8 4
TRB. W1, KEME X TEM A RN % mEEH
EHRXEAR, ERARSHENKAREAEGE
ARt —F I,

B2, ERRBFGT , AKEX/NE B R
WE, EEKREEmMENEESRGREBE T4,
THVER % RARNE; MATURAABREBRET
BEHRSER, EHRKSEET, AR 5
EMHER, ANR>E#ENNRE, B/ X HE
fi&; MAERKSZHT, EANRHEERBY S
B BOXEEMNER B/ IR, Bk, 4L
FEERES,HESEAKEEEER, URGEER
KRS R B FTER B, SE M R
AR L M A REABN/NERB.
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