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1 MR5E7EE

1.1 IR

AR T 2021 FEAEW AL RHE MG 2= Bk 22 5 A4
PRI B RS (119.15°E, 39.70° N) #EAT,
RIS s AL T IR AT KR PEZE MR, 3t
TG HAE TR BT R 0~20 em HIEHEAT T 320K G0
2, TIESHENUR 2038 gkg. &% 2.14 ghkg. B
fit % 72.24 mg/kg THEABE 19.78 mg/kg . A HH
127.14 mg/kg, pH 7.56.
1.2 Rt

BERF /N A O 11, LR E 4 MiEOK
F, A 0. 804 160 AT 240 kg/hm?2, 4371 No«
Nsos Nigo Fl Noso an, o, Noao A= #
MK, BAGEIE 3 IRES, EaMLHE
B, XA 16 m2 (4 mx4m) , {T7FE 20 cmo
BEAE N MRS (120 kg/hm?) , 4P IE A 7 FR 27
(120 kg/hm?) , PIEBVERIEIE . BAENIR = (&
R 46%) , AR TN IE . 7/ &R H WA 2021
F3IHTH, WERHEAN 2021 46 H 22 H, #E
AT EL 600 J7/hm?, FoAh A B il [R] 24 1K FH A2 7=
1.3 MEmMB 575
1.3.1 #., & REZHALAA 2B THTH (4
H20H> - 283 (A7 H) « #hiE (5 H 14
H> . e8] (5 H 18 H) Akl (6 H 22 HD
FHC10 R B SR REE, Wi BB et
B, AP, BUSHREERRRL, T 105 cCHER R
30min, ZJ5T 75°CHtT2HE, MEXHEET
H, SEETEMNNER TR EE. BT
FESm R MU A S, ] HaO0-HoSOu4 Y & VL AT
A, FEHBBOL RN E aw R, FH K@
ik A, FERYE LR A AT SR bR
THE:
FEPEE (1) R RE=HkKT YRR Ex
MRS (B &
132 ##EHR&M KA Biochrom30 4 H 3
AR CEE@A AR e RS .

AUALEE: FREE 0.1000 g FU5. H57MELF 1T 60
H i (0.25 mm) FIAE S IK#RE I 6 mol/L
HIERRR KM, 7E 105 CCHIBLAR h ALEE 22 h, HUH G
FAKER % 25 mL, BHKMBBLIE, W1 mL
IR T s R, ZZRET, A 1 mL 4iK
W, BT, EE 2 WG, H2mLpH2.2 Z

WA, A B E o SRR S EAT N RL TP
&, MRHE LA A X EAT M OCHR bR T

DFHRIEFRIE> (AAS) =il 5E 1) 06 75 B FE R
EEMEEE RS

RAILFRELE R B (RC) =AAS/AAS ¥JMH;

WO o B B 1R B ( BAAL ) =
/(100 a/Ax100 b/Bx100 ¢/C, ,100 g/G), 1, /b
HYHRAERRREQR P L FARR T E, KEF
REFRARHEE A5 AH L R IR S &= .

W RIGEMNE: KA H0,-HSO4 1H & 15115
FSCEAHAFFRLIE &, K Opyima 2100 DV A4
G S TR RSB (EEEEZ RS
qD E
133 Z& (EREAEDXRE 3N 1 m?
HEATRAE, N TUCHEI . Biki. Mg, XPFFRLEAT
FRE, JFIEHE/KE, ffait & W sA iR/
FHirE.

1.4 HIELIE

K H Excel #4750 ¥s BB FI | R 22 B, R H

SPSS 26.0 7 #rid -

2 GFRE57H

2.1 BREXNENEFSIREFNFIBRIF

2,11 sAEHEERREGH R HE A, B
HNEAKRE AT, AREIEEKT B %=
AR ERFELIIN, FFAE AL BIE(E . BEE B
BRI, RHSEEC AR R R RE LR
FHEER FHMEN “TH-F—T7 mEa%, £
Ngo 40P N IA B 5 KAE, 4 21.65 kg/hm?,  H. Ngo 1
Nogo A0 FE 5 35 = T No F1 Nyeo 40 EE, {H Ngo F1 Nago
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The different lowercase letters indicate significant difference at 0.05

level, the same below.
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Fig.1 Phosphorus accumulation of plants at different growth
stages under different nitrogen topdressing treatments
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AbFRIA) 22 AN M R AW mEs, H&
AbFR ) 22 S 2 2 RIS “ T — B — T i,
Ngo AbFE & & f i, A 32.69 kg/hm?,  H. Niso Al Nago
AbERE 2E BT No A Nieo 403 BRI R BA
“H—BE— T BIRAGES, Neo b & 25K,
N 45.68 kg/hm?, &AL A 22 7 2% . 45 R &,
B RE e SRR AT B R AR B, 3 B ) SUIE it =
RERS et 2 B 5 MR B R AR R

212 s ERE R mE 25, BE
FHNEEKKE, DRIBZEUKE T IEKE R R
BHEIETHERER GBS, JFETFEIHIEREE. b
FHIBREESEN, HT NS EFAFEHER R R E
TREER; PR “T—BF—T" &k,
TE Nogo A0 H T & &1k B KME, 4 90.73 kg/hm?,
H. Ngo 1 Niygo A0 P B K T Nogo A0 H;  FhAHIH 2
AT Ea s, H& W a £ R B, L
2 TH—BE—T7 1%, NowbHR R ERE,
79 145.16 kg/hm?, H &AL [A 2 7 B3, (HELE
Ngo Ab B 8 25 A1 2 Sl 38 hn, bR AE SRR A 1)
Nigo AbFE N2 51 45.80%; MO FAERIUN “ T —
B —TJ17 AR, I AR R R RmEIT
T — E K, H No~Naao 540 FH 8] EL I 1€ 3
SRR T 48.35%- 36.45%- 52.93%F1 49.61%,

£ Ngo AP T KB 25 KA, 5 100.65 kg/hm?,
F A ) 7 e S o R IE URB S (2 R R o 3
AR 2R, HOE B 1 EUIE it F 2 Re g ek A 5
(R R k.

B Ny, O Ng B Ng B Ny

160
140
120 -

b
b2 < a p
100 a c
20 Cbb d dl e
60 BEmd
40
20 +
0 1 1 1 1

JHEM R

e

1€

R R

K accumulation (kg/hm?)

PO AR A
Jointing  Booting Heading Flowering Maturity

A= B B Growth stage
2 FEEFLETEMHAREENANERMERESE

Fig.2 Potassium accumulation of plants at different growth
stages under different nitrogen topdressing treatments

22 BREMENEZEFRENEIN

221 MAKBRAEEOHR BRI ATH, LFE
AR, LTRSS BN D2 E
BEE MG 2T & G FRIRRES, BI7E Nso
OB B EIRBIRORE, Al 77.64. 219.27.
296.91 mg/g; Nieo JbEE T IRZ, 29k 72.75
208.17. 280.92 mg/g, H Nso il Nygo MFE T2 5T
No Al Nogo #bFE, No5 Noao LB 2 [0 A T M2

*1 TRERLEMNEFNEZRER S BRI

Table 1 Effects of different nitrogen topdressing treatments on amino acid contents of spring wheat mg/g
Y8 ¥ Index No Naso Nieo Naao
W R F B B Essential amino acid content 67.38+0.82¢ 77.64+0.64a 72.75+0.56b 67.60+£0.52¢
JE 0 75 2 IR & B Non-essential amino acid content 189.74+0.53¢ 219.27+0.77a 208.17+0.69b 188.89+0.27¢
FEM AL B8 Total amino acid content 257.12+0.82¢ 296.91+0.64a 280.92+0.56b 256.48+0.52¢

RRNSZE R 005 KFEFRE, FH.

The different lowercase letters indicate significant difference at 0.05 level, the same below.

5t VEIIRERIE BUA A TR AR N Al

HIZR 2 W0, BREXEEAMR. TFA RN
IR BT, X H A 6 7R R R &
WA RFEYW, NERRLE, BREXNRTE

7

g SRR NAIR G EEmER. Hf, B
TR & A Ngo A BE NIA R KAE, N 9.33 mg/g;

1E Nigo A B NIk 2, A 8.48 mg/g, H. Nso Al Nigo
b BR R 2 5T No Fll Nogoo SCRIRFA N AR & &

x2 TEEALENENELFRERS BT

Table 2  Effects of different nitrogen topdressing treatments on essential amino acid contents of spring wheat mg/g

FEFr Index No Ngo Nigo Na4o 45 5 Z % Coefficient of variation (%)
4% R Val 10.76+0.82b 12.24+0.64a 11.20+0.56ab 11.10+0.52ab 5.63
HEER Met 3.3540.17a 3.60+0.36a 3.78+0.16a 3.47+0.15a 5.13
R e 7.74+0.22¢ 9.33+0.47a 8.48+0.38b 7.79+0.10¢ 8.92
AR Leu 18.27+0.72¢ 21.67+0.15a 20.10+0.95b 17.98+0.10¢ 8.84
KN E I Phe 12.27+0.88b 14.16+0.73a 12.96+0.54ab 11.73+0.27b 8.22
F1% B Thr 7.94+0.67a 8.85+0.21a 8.89+0.34a 8.40+0.75a 5.24
#ER Lys 7.05+0.50a 7.79+0.41a 7.33+0.30a 7.13+0.76a 4.52
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BEIE B IE i 2T m E AR B, HAE
Nio B I B i KAH, 4378 21.67 Fil 14.16 mg/g, H.
B =T No Al Nogo Ab3 . 2515 R & S 7E Ngo AbHE
FIEB R AKAE, N 1224 mg/g, NigZbFIRZ, N
11.20 mg/g, H Ngo ZbFEE 2 & No kb3, 5 Nigo
FH Nogo KB ZE S5 AT 32 o

HHEE 3 a4, BREXN AR MR

Mo B LR, X AL FEER S EA
BERW, AR REE, BERENSEAR. M
ARABEE IR SR K. KPS ERmIES
A, H96.82mg/g (Nso) » Ngo il Nigo AbFE B35
T No Ml Nosokb 3 . Fre2Z IR 2 4b, HAhdEL 75
IR & B IIAE Neo A0FE N Bl KME, BRE
80 kg/hm? 15 JLAth A A b W B4 5 T &R 7

#x3 TEEBRLENENEIESHESEEBES SN

Table 3  Effects of different nitrogen topdressing treatments on non-essential amino acid contents of spring wheat  mg/g

¥R Index No Ngo Na4o AF 5 2 Coefficient of variation (%)
KA Asp 12.65£0.53b 14.40+0.77a 13.29+0.69ab 12.70£0.27b 6.13
F& IR Tyr 7.58+0.65b 9.10+0.03a 7.61£0.56b 7.95+0.35b 8.82
225 Ser 14.22+0.75¢ 15.79£0.70ab 14.40+0.97bc 16.54+0.57a 7.32
HEE Glu 82.87+6.81b 96.82+4.67a 95.10+2.77a 79.08+0.03b 9.97
H&E Gly 11.46=0.38b 12.55+0.23a 11.84+0.69ab 11.84+0.29ab 3.82
NEE Ala 10.35+0.16a 11.13+0.38a 11.11+0.65a 10.45+0.92a 3.87
Bt Cys 3.89+0.25a 4.4140.19a 4.15+0.68a 3.82+0.20a 6.56
HE IR His 6.09+0.50a 6.85+0.08a 6.77£0.93a 6.44+0.04a 5.25
KA Arg 12.02+0.26b 14.18+0.88a 12.92+0.81ab 12.20+0.65b 7.65
% Pro 28.59+0.56¢ 34.04+1.35a 30.97+1.07b 27.84+0.15¢ 9.20
&t Total 189.72+0.53¢ 219.27+0.77a 208.160.69b 188.86+0.27¢ 6.84

YR A ZE 80 kg/hm? A A T & IR &

222 SHAFREAKBRITHOR 0 IR 4 AT, FF
W T B R 1) VE oy FE AR B35 I A 8 AR 1R
M2 T SR, SRR A 2R+ 2 %
>R > HAR R > 73 2R > 7w AR >
SR > AR . S 1B EMCHE T /N R R i R
WALV VEELE 12~39 2 18], H5heEE A
ArAHEL, BEIER S ERTHME. SEERIT
I FEARHAE Ngo Al Nigo A0 FE R IEFH KME, H Nso
1 Nieo AL H ) T SRR VE 7 5 No ALERAH LE 4y 713
n 20.57% 1 9.56%, 5 Naao Kb HAH L 43 73 3 I
10.76%F1 8.83%, FHlE AT 5K

®4 FRBELENENELEEREBRITHHZM

Table 4 Effects of different nitrogen topdressing treatments
on essential amino acid scores of spring wheat

F84% Index No Nso Nieo Naao
4% R Val 21.52 2448 2240 2220
IR R Met+Cys 2069 22.89 22,66 20.83
R AR e 1935 2333 2120 19.48
A Leu 26.10 3096 2871  25.69
KNEBR+EE R Phe+Tyr  33.08 3877 3428  32.80
P& B Thr 19.85 2213 2223  21.00
iR Lys 1282 1416 1333 1296

W 5 BB R AN A RV R R 2 S B R
RAHIR AR R B RC=1 W IN I ZEIR 5 & S5 A

MRS B3 RC>1 USRS B
B RC<1 R RTINS R & BRI, ik
SHAL, SRR ERHI B, /N R R R T R+ I
AR EEE TS, HRCHEN 1.46~1.54; =A%
B, HRCEN 1.16~1.23; R & & 5hnki
RN, H RC N 0.97~1.00, RC %4k E it
FHERBEMIGIA AR, BiREN: EER
AR RARRMBARBIR:; BEARSEEEAS
/&, RCEVEHIA 0.56~0.59.
#5 TREBERAENENEZLFREL RCHWEN

Table 5 Effects of different nitrogen topdressing treatments
on essential amino acid RC of spring wheat

F8#5 Index No Nso Niso Na4o
HAR Val 0.98 0.97 0.95 1.00
ERERHIEER Met+Cys 0.94 0.91 0.96 0.94
SRR e 0.88 0.92 0.90 0.88
e %R Leu 1.19 1.23 122 1.16
FKHNEAHERER Phe+Tyr  1.51 1.54 1.46 1.48
FE L Thr 0.91 0.88 0.94 0.95
AR Lys 0.58 0.56 0.57 0.59

b T B IR i U R R SR IR A
AT, R o A R R A R R R .
3AHL, NEFFRLER BT AR A R I b IE
REMIGINSE NS AR, 7E Neo AbFE T ik 3 i K
B, 1E Nigo ¥ Fikz . HhFHAIEIRTEEAE Nao
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Fig.3 Effects of different nitrogen topdressing treatments
on essential amino acid index of spring wheat
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223 MFEFT RAFSETNRE  HE6 A,
BEERN Mn & BRARELZ A, X HAR
5P GRS EIA WE . Cay Mg Fl Fe JG
SR 1B B E G D 2 B T S BRI )
B, HITE Neo B N IE R KME, 29N
429.42. 1137.98 F1116.31 mg/kg, L No & &5
P2 10.26%- 6.02%- 90.48%. Cu fl Zn & EFEIE
G 3G N 2T S S BRI S, $7E Nieo A3
NIEEEKAE, 25N 6.55 F1 46.26 mg/kg, b Ny
FED BT 21.36%F1 31.53%. Uil EIBEA

x6 TEEALENENET RTESENFMN

Table 6 Effects of different nitrogen topdressing treatments on mineral element contents of spring wheat — mg/kg
b7 Index No Nso Nigo Na4o
Ca 389.46+11.36b 429.42+1.29a 417.26+10.08a 410.77+15.36a
Mg 1073.32+6.73¢ 1137.98+4.43a 1121.3146.68b 1115.29+2.44b
Fe 61.06+3.99d 116.31+4.74a 83.67+6.52b 72.30+4.43¢
Mn 36.70+3.85a 37.34+0.94a 38.59+3.24a 38.78+4.85a
Cu 5.40+0.08b 6.49+0.44a 6.55+0.45a 6.12+0.45ab
Zn 35.17+0.15b 38.46+0.05b 46.26+3.60a 37.39+4.65b
FITAR BN UL R A OE R R0, BRI 2 5 A L Ot

23 BREMNENEFENTI

B 4 v] 50 B i AR AT B E IR m RN R R,
Nso A H F 7= & e, N 6802.07 kg/hm?, Nygo b3
W2, N 6658.73 kg/hm?, WHZERALEE, WE
F T No Al Nogo A0BE . [FIHHIE & 80~160 kg/hm?
FIFHEmd/ N =i, BIREH A P i A B 2%
DR R P
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Fig.4 Effects of different nitrogen topdressing
treatments on yield of spring wheat

7 & Yield (kg/hm?)

3 1ig
3.1 BREXNEHNEZTFSMEH AN
B Wi HEREMLTEN=ZRKEFRICR, 5HIE

A A S i 4 2 AR B RERY . B FL22ER
S E W BT/ =N b e w20 N =N UL T
I HAE R E R m/AN . R B E. BR
I S 23VRE AT T it 80 B 0 4% /)N 22 Ui B R 4 TR AL R
Fszm, 45 RRPAEE R N, MR R
B TAMEACTE, T H SR E AU
BT/ N RO R R SRR 2, TE2E 6 5 I B
KT RN RIBIR, XEARFALSER % &
LR TN, GRS TR A /N 22 1 22 R 2%
(R SR B A R R e B, Bl 2 o,
AR Tl B I, M RN R Ak S ke i
240 kg/hm? i), S E AR AR . R EER)
WA, Wil FAE A BEAR T & /NETE &R E
PR R, T HLRRAIS T BB IR R &, 54
ARG RATEAME . AFFRE, 7EAH T,
W AN R AR R IR A E R W A, miAE
HHIEI, AR FIF R ETE Nao Fl Nio A0 FE 2
FE T Noao A0, B EB A stk AR & )5
WX, BRRMAR . X RERE T/ NERAEAF
DA K /NS R R 1) 22 S B B X RO R,
AR A R R ERRE, FHAR G2



146 RZET

Crops 2025 55 3 H

[ £ 22 WAL SR 48 ORI 208 L AR 7= 285 8 A TR R A7
TEZE S S YLEFROR TN, [F— SR A EE R 3
K8 FHENER MR NT I 45, ATIAH
A IR B B FE AN R
32 BREMNEFNEZEFGARMEND

ANFEFFRLIE F7 0 R AR IR B B AR
P LR GRS E LR, A
IR SRR M R R 22T, RS2V, R
b TRAER S ERTIELHFEER S, Hi
B & /NFNRLER K5 . Zhang SEPORJF 5T
RO, TR 4/ N 2R )& A R R S R S
BRI, ARG REHIM. AP RN,
AR EMEBREMNYINENTmrEas, H
Ngo Fl Nygo A0 5 2 15T No AP [6] i S0 I8 it FH =
o YA /N B R R SRR B B B OGRS, B
SEARE B SN N, AE 0~225 kg/hm? i BT [A]
80 U RE Jit FH 2 PT DA S st A /NS R R L T . X
EEPI ORI, EREEEMT, HHZEEAT L
BEHENEHREER SR, LbFERIERA RN
RN G R, HERE KA 120 kg/hm? ik
NS E R, HRS 0 ER A EE.
Zhang PSR, 5 KF 180 kg/hm? AH
b, 240 kg/hm? b BRA/NEFFRIFE AR DHRA
B AP TR AR A R A RS R TN,
{EAE i Z KT 300 kg/hm? I, X85 bR %A #E—
I . AR RSB FE R B, X T AN [ 5 28
R /NETT S, 7E 0~270 kg/hm? FiE O E N, 1
It R AT DU moR R B AR RS &, (i
VG, e inita =N & 580 B E AR
TR NE AR RCAREE R, DR
TR AR O HmERER S &AM A EAE Nyo
ALFRIE B Bt KA, Nigo AEFRIRZ, Noao 5 No AbFRE
AREZER . IXFRITE Neo F Nieo Z0FE T A2 DL 2
NG IR G R R SR, RGN R R
FEARMAER. MillwardPWE58 KL, (E0 TR
B, BRI R Z R A2 /N H b A R il
PRI RS FEIR . AHE TR B, W BRTE BT A 4
T Z TR VP K, RSB EA I N5 R R
1o B — R 1l PR 2 R B

RECKHRIFR 2 N 72U Y R e &R
TEMNEERZEZ. ASEVITEHNFEEEFR R
Z—, HXPRTARLA R & et B E A
FBS, X TR ZH /N P S, s 52 s

T TR S EHEA B mB, ji AR5
FWH, BT, FFK Zn, Fe. Cu IS EET
ANt AR, 7E— € Y Bl A it S0 Y BG n mT DA
MR EICR & &, Bl —EuHE, gkeigm
iR S SRR TR SR . [N, A
AR TR S B R BN R ER .
Fhh, BATEEERIL, ANFERE S AN N FRL
IO FR Z BN 2 AR, (RAE IR, &
2385 R AT CASE m N ZFF R Fey Mn. Cu.
Zn EREITCERM S = PRSI, &4
FAESE TR RIS &, HFEK T Mny Zn,
AL FI Cu & &, RIFALEREY, FBRLH
T, MR G ER SRS T A AL, HEH
ARG IE 1464 F, Cas Mg Al Fe TR &R
Ngo PR N IA B E KAEH; Cu Ml Zn JLE & ETE Nigo
WEE RIS R KM Rk, BR T /N2 SR RS A
R, TR A R R N S IR R —
MNEERE.
3.3 EBRENEFNEFENEN

SR AP N2 S 1wy esive =5 2 o B N i
N /N 27 f i B I UM e P & T AL 4 R — 8
25 BRSO, AFRZNE SR
K= A A R e < T e, kB —A
WEEAE 5 2B W PRI . BB ML, AR E
TNNERRLE R AP B 2 S, WA AR
BN ZE R R B e T, AR 180 kg/hm?
B, 2 b A 10 55 757 4 /1N 22 ot b R K F AL 72 B 30 ik B
UEAE, ARSI AR, /N EE R R ) 2 R
BREARR o 22 5 0 S LT 2 /NS T 9 i B, S Mt = B
5 vt JIE 280 2 ) P e AR it 20 N 240 kg/hm?. AXTH
S SEHORE TR I, F/NE A EAE 90 kg/hm? B 7~
Bie, HS5ERE2kghm? EREER, HiE
A 82 kg/hm? I FRLAL AR A A v . ARSI T 45 21
ST LSS R R A — B, 7E Ngo J0FE 7=
FEIAF| KA, NieobE FIRZ, H Ngo Ml Nygo &b
PR 25T No Al Nogo 403 . 45 B35 B 3& B #T1B &
AR TN R, (H R EE SR
FRIET, M= Al R s, S8U=smml. H
U, RIS X I, B0 AR 72 S Y sk B A
AT =,

4 g

S HAE, &R A TR s
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B, REEEE. HEZE Neo~Nigo I, HH]

THNZHRIREN TR, SEE/NEERRL T,

BEREPEREE . e aihfad, BREA
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Effects of Reduction of Nitrogen Topdressing Application
on Phosphorus and Potassium Fertilizer Utilization and
Quality of Spring Wheat in Eastern Hebei Province

Wang Jiatong, Ma Yingchen, Feng Yanfei, Lu Jiahui,
Guo Zhenging, Li Xueli, Li Yun, Han Yucui, Lin Xiaohu

(College of Agronomy and Biotechnology, Hebei Normal University of Science and Technology/

Hebei Key Laboratory of Crop Stress Biology, Qinhuangdao 066004, Hebei, China)
Abstract In order to examine the effects of nitrogen reduction on the utilization of phosphorus and potassium
fertilizers as well as in spring wheat in eastern Hebei, we utilized spring wheat Jinqiang 11 as the material and set
four nitrogen fertilizer levels (0, 80, 160, 240 kg/ha, denoted by No, Ngo, Niso, N24o, respectively) with reference
to the conventional nitrogen application for wheat planting in the production (N 240 kg/ha) to analyze the effects
of nitrogen reduction on the phosphorus and patassium accumulations, amino acid contents, mineral element
contents, and yields of spring wheat plants in eastern Hebei. The results showed that, nitrogen reduction
increased phosphorus accumulation in the late reproductive stage, and the phosphorus accumulation at maturity
was 45.68 kg/ha at Nso, significantly higher than that at Nieo and Naso; Nitrogen reduction decreased potassium
loss at the late reproductive stage, and the loss at maturity was 36.45% compared with that at flowering, which
was significantly lower than Nisp and Noso. When nitrogen was reduced to Ngo and Nieo, the contents of essential
and non-essential amino acids and the total amount of amino acids were significantly higher than that of Ny and
N249 treatments, which favored amino acid synthesis. All amino acid scores basically reached the maximum
values under Ngo and N treatments; the essential amino acid index reached the maximum value under Ngo
treatment, followed by Niso treatment, which were increased by 14.64% and 7.48% respectively, compared to No
treatment, and increased by 13.19% and 6.12% compared with those under Na4 treatment, respectively. That
was, nitrogen-reduction of Ngo and Nig could improve protein quality. Nitrogen-reduction of Ngo and Niso
resulted in higher Ca, Mg, Fe, Cu and Zn mineral elements, which could improve mineral element content of
spring wheat. The yields of nitrogen-reduction treatments of Ngo and Nigo were considerably higher than those of
No and N4 treatments, and there was no significant difference between Ngo and Niso. Considering the above
factors, the optimum amount of nitrogen applied to spring wheat planted in eastern Hebei is recommended to be
80-160 kg/ha.

Key words Spring wheat; Phosphorus and potassium accumulation; Amino acids; Mineral element; Quality
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