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Effects of nitrogen application rate and ratio of base and topdressing on nitrogen
absorption, utilization, grain yield, and grain protein content in winter wheat

MA Xing-hua', YU Zhen-wen'" , LIANG Xiao-fang', YAN Hong?, SHI Gui-ping’
(1 Key Lab. of Wheat Physiol. and Genetics Improv. , MOA, Shandong Agric. Univ. , Taian, Shandong 271018, China;
2 Agrotechnical Extension Center of Longhou City , Longkou, Shandong 265701, China)

Abstract: Field experiments were conducted to study effects of nitrogen application rate and ratio of base and topdressing
on nitrogen utilization, grain yield, and grain protein content in winter wheat using N tracer technique. Results showed
that using nitrogen increased nitrogen cumulate, grain yield, protein content, and grain protein yield. Under the same
nitrogen application rate, higher topdressing ratio improved nitrogen agronomic efficiency, nitrogen recovery efficiency,
increased accumulation amount of topdressing fertilizer nitrogen and soil nitrogen in above-ground part (nutrition part +
kernel), and improved transferring amount from nutrition part to kernel, assimilating amount after anthesis, and protein
content. Under the same ratio of base and topdressing, decreasing nitrogen application rate from 240 kg/ha to 168 kg/ha
increased nitrogen agronomic efficiency, nitrogen recovery efficiency, and nitrogen partial factor productivity, meanwhile,
accumulation amount of soil nitrogen in kernel, accumulation amount of soil nitrogen in above-ground part, and assimilat-
ing amount after anthesis and protein content were improved as well. Grain yields had no statistical significant difference
among different nitrogen application treatments. Under the field fertility of this experiment, one time application of 168
kg/ha nitrogen at jointing stage, was the optimal treatment taking account of yield, quality,. and benefit.

Key words: winter wheat; nitrogen application rate; ratio of base and topdressing; nitrogen utilization; grain yield;

grain protein content
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1.1 Wit

AR T 2002—2003 EEFEILAE EOHIL
DERTIEEN T, O TR B IR B EENE
S VEPH T/ 190 d, 5B 12 C, =0 THHAR
4000 C A 4, H & 2800 h; H4E P K EA 650
mm, AEE/NEETHEEKENBEHELAH
56.7mm, X ERF I 60.3 mm, B ER T H 39.4
mm, 3 E R 118.8 mm, HH/PER - HIE
B—H N 240 kg/hm? . P,05 105 kg/hm® F1 K,0 135
kg/hm?, BRI HL 5758, FE A BT £ 38 0—20cm 1 JZ
B340 R0 BB HLET 13.0 g/kg 2 N1.14 g/kg JR#
N 90.04 mg/kg.H 3K P 20.0 mg/kg. HE X K 116.0
mg/kgo BRI /NE MBI RTFE 20,

RE®: 1) RERIE(HHE); 2)# N 240
kg/hm?®, EFERIIR 7 B HEA 50% 5 3) M N 240 kg/
hm? , 2EB TR IR ; 4)HE N 168 kg/hm’ , JIEHEHI
WHBHEMS 50%; 5) 5 N 168 keg/hn’, & FIK
HHEMES 5 AN AAE, 45 TILT2.T3.T4.T5 &
o PEMXEHF , EE 3 K. PXEHR2.5mx4
m,3EFE 40 em, NXIDEE 1 m BB BH, 2002 5F
10 H 8 HiBRp, B # 120 #k/nd, /DX T #AT
i P,0s 105 kg/hm’ K,0 135 kg/hm?, FE}43 5 Ky id
BB AW B THREHB. RENRE,
EHRRETRMANYOHET&/PXEHH, K
WA WEE, RFHE™HEK, EKE 600
m’/hm?, HABEBHEFRE>H,

AFRBEPEARBESNER, HREESK
B/AK—B, RIKHESN + R PBEE N, EE N+
WA NG E, SNEIRARE, 3 LB TH
BT, EE R 10.13%, MEXABEE RS ER
WA, REMRFFASKENKIERN 4.5 cm x
15cm x 30 cm, THEAEZRE FH T, BHBES
om, BLX PR3 B B AT /N2, 48 R o U B A o ] I
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BT /AR S AR 200 Z RS R R A =R B T3 >
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RERET S TR EFFR W, A8 B JRE R Hl, f
THEARBERS T RIERZEF AR AR K
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i SR B 4G oA S 2R H 2 R A A ot R BE A
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®1 ARAKEBLEXERMNAEZHEE
Table 1 Effect of different fertilizer treatments on nitrogen utilization efficiency

e Mi\f}z% RS B Nfﬁii =R ﬁiﬁﬁﬂi”fjﬂﬁ% ﬁﬂfﬂ%’;ﬁgﬂfﬁ@ %Eﬂﬁiftﬁ
Treatment RBT NHI
(kg/hm?) (kg/hm®) (kgyain/ kg N) (%) (kggin/kg N)
Ti 0 0 225.4 b 0.824 a — - ~—
T2 240 50:50 265.5a 0.740 b 0.944 ¢ 16.7 ¢ 34.3b
T3 240 0:100 273.2 a 0.762 ab 1.918 b 19.9b 36.1b
T4 . 168 50:50 263.4 a 0.770 ab 2.024b 22.6b 49.6 a
T5 168 0:100 273.9 a 0.763 ab 2.282 a 28.9 a 49.9 a

# (Note) : N FRERREFRIE 5% BEKF, TFo Different letters mean significant at 5% level; NAR = Nitrogen application rate; RBT = Ratio of
base and topdressing; NAA = Nitrogen accumulation amount; NHI = Nitrogen harvest index; NAE = Nitrogen agronomic efficiency; NRE = Nitragen recovery

efficiency; NPFP = Nitrogen partial factor productivity; same as follows.

22 FAEEBLEN EFBEFBEDPTREERE
REREBHE®

FK2RA MAMERAR, FESHHFHRH
B, RPN E# E BT (B A
B EMAER)FHERA . T EANH BRI
mERA . EAESSARRBENLEIIRRE I,
Bl T3> T2.T5>T4; HEEHARRE R BIERA
HARBRRBMN AR, BN T3 < 12.75 < T4,
MR RREEL G, EEERAR, NEERBEFN
FTRARERR L BASARREEN AR,
BETS>T3.T4>T2; DEEBEFBETHEER LR
AWMREERYRM, BEA KEEASEEAEHE
B0 L BIIRFER, RBLH T5 < T3.T4 < T2, BAR B A
HREZBEHSASEAZRRRENRBABLS; M2
ERHEFRNARHEERM. dIT R, BREE
ABFWMBEALA, NEEFRBEFLEAY
HEERE HIEHEANHRERRE.
2.3 FEABELALEN FRANRAERERENES
0B

RITH,PDEFRPLBANHEERER
FREHANHER, L BASEZREEWHHAE
EETEMASAZHZENLA, ETRRAEN
EHAT  EEEAMHEREEZS TRIEEANRNE
BEEASAZREAEBENHASEBETREAS
REFEEHNWH . 240 kg/hm® WHER R, ZIES
HAFRTHBREALEES T AETRPERA

MRRE T RANRRE, FERBTEEA. ¥
AREEBEEAEHBERENHHA, XN 3> 12; B
BT /AETFRF SR GARTERMLH, B
T3< T2, 168 kg/hn’ MR &, RIE &% A FH T
PEEOLERETNEFRPBEARERKE
RASAZHRBROLA, IR 15> T4; EX K
EHA L REAREEXTEERW, X BEBA. -
BASESAERBRBNLBIB LR ER W, HEY
JRBRRLY, ERERE, METRFHRERGE
JBRHRBEYRE, KER BEASLEAERE
BRI, RN TS < T3.T4 < T2, 5 064
REBREBEHASEZHREMN AR T
ETHP T EARRBER L EALSAERERNL
B, B TS > T3.T4> T2; METRNAZHER
Wi, SREH, AREARLGTHEMERAY
HAITRE T FRPEBIEANFHER, BEEA
BT FREPLEANEER,
24 FEBELEXNEKELIBREXRBEZAER
BEENYIm

GRR2MEIFIETUEH  EHH EECE
FREE+TRPTHIEANREEEES TREY
AHWHER, T HABRESRAZRREENHLHE
EBTREA. BHERRBAGH T, EKOAE
FERETLEA. D5 T2 HE, Bk EHS
EPHBEA . LEANHERYER N T3> 12,8
R EAESEERRENHLH T35 26.25%.



234 B4 S EARMRE AN DERZREMAETH>EBNESRIENZ W 153

F2 FRABBLENEABNEERZREPFARBEEERRENRM (N HEX)
Table 2 Effects of different fertilizer treatments on accumulation of N from different sources
by nutrition part at maturity (**N micro plot)

3k H A%} & NDFF 3% 8 1 3EAY & NDFS
AERER . 5
s N BEE  SREE  REA  SERE SENE SREE  LHA SRR
Treat (mg/stem) NDFTF PTN NDFBF PIN TFN PIN NDFS PTN
: (mg/stem) (%) (mg/stem) (%) (mg/stem) (%) (mg/stem) (%)
T2 7.99 ab 1.27b 15.89 b 0.85 a 10.64 a 2.12a 26.53 a 5.87 ¢ 73.47 ¢
T3 8.19 a 1.92 a 23.44 a 0.00 0.00 1.92b 23.45b 6.27 ab 76.56 bc
T4 7.62b 1.00 d 13.12 d 0.69 b 9.06 b 1.69 ¢ 22.18 ¢ 5.93 ¢ 77.82 b
TS 7.67b 1.10 ¢ 14.34 ¢ 0.00 0.00 1.10d 14.34 d 6.57 a 85.66 a

Notes: NAA = Nitrogen accumulation amount; NDFF = Nitrogen derived from fertilizer; ND¥S = Nitrogen derived from soil; NDFTF = Nitrogen derived from

topdressing fertilizer; NDFBF = Nitrogen derived from basal fertilizer; PTN = Percentage of total nitrogen accumulation; TFN = Total fertilizer nitrogen. The same

as follows.

F3 AEAKELERFHRAAEARBEEERARENHE(ON HEX)
Table 3 Effects of different fertilizer treatments on accumulation of N from

different sources by kernel (**N micro plot)

3§ FE K # A NDFF Sk B + A& NDFS
5 Sy
wm e mmE SRR REE SRR BERE SBEE LMK SRR
o (g spike) NDFTF PIN NDFBF PIN TFN PIN NDFS PIN
reat. (mg/spike) (%) (mg/spike) (%) (mg/spike) (%) (mg/spike) (%)
™ 32.38 b 6.73¢c  20.78c 2.46a 7.60a  9.19a  28.38a 23.19c 71.62b
™ 34.17 a 920a 26.9a  0.00 0.00 9.20a  26.92ab 24.97b  73.08 ab
T4 33.78 ab 5314 15.72d 2.42a  7.16b  7.73b  22.88¢ 26.05ab 77.12a
TS 34.23 a 7.63b  22.29b  0.00 0.00 7.63b 2.29¢ 26.60a 77.7la

73.75% % F T2 B9 19.82% .71.98% ; 1H T3 By B JE
HASEEREENLH(26.25%) BERT T2
(28.02% ), TS 5 T4 WL, MR F 3SR E PBE
A TEEAREEEIANTS> T4, BEER . LEEAE
HREHBEMLHI TS 520.85%.79.16% 5 T T4
1 15.24%.77.25%; 5 15 P REB AR B E 8.73
mg/(stem + spike) R BIER A S A X R EEZW LA
(20.84% ) B EET T4 4 38[9.42 mg/(stem + spike)
M22.75% 1 HAT R, BMEREARN LG, RS
THETBEAMIEANHRR, BREAER
BETHBEPLEANRER BLOTENEANRE
B, M5 T2.155 T3 lLiR, T4 71 TS WiB AR B
BRKEAHERE LEHARRERLESARZH
EENLANSHNBEEMRT T2.13 &b 3; W T4.75
WEtBEARRERLEASARZREENLH S H
BEBT T2.13 &,

2.5 FEKELBNEFRBREAZTERBEENTE
BERERBLRMHRN

MR RMERR T IT R BEE R AR R
RERARNFREE%HE . R 8RB E Lo W
HEREREWAE, RBAMEFSEARHER
W, AR BRI AR B FRAEHEEM; M
FIE AR AL WA TRV HERNAEERS
THHRERGENARATRENEBRITEER
KRR, T RBEHATHAERER(E 4,
RS BEHAEME TIHEFARNFEML, B

 EERBEPRARNMN. EREAFALLEAT

RUBERES T RBBTFRHARRERER,
2.6 FEEELAEBNFRENEARSENNY
1]

RS5EH MRAMERE, AREBATHRTH
BREAENTHREEORSERES TARKREME
MR 50% 4L FAY B T3> T2. TS > T4; TRZE.E
HEFEAEB LB EER . A E & RE AL,
BEYREEAERNLHEEERT T TENEARSY
B, BN TS5>T3.T4> T2; HX FR=BMEARE
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Table 4 Effects of different fertilizer treatments on nitrogen transferring amount
from nutrition part to kernel and nitrogen assimilating amount after anthesis
WER R FHH BRMERBE BRHTR BRBERE FRIERER
gem U Vo REREER O ARERE  ARHEER Y& &
Treat. o) RBT NAAA NAAVOM NAAGM NTAVO AANAA
(ky/ (kg/bnr’) (kg/hur’) (kg/bm) (kg/har’) (kg/ )
T1 0 0 175.7 ¢ 39.6 d 185.9 ¢ 136.2 ¢ 49.7 a
T2 240 50:50 228.5 ab 69.0 a 196.5 b 159.4 b 37.1 de
T3 240 0:100 235.1a 65.1b 208.1 a 170.0 a 38.1d
T4 168 50:50 221.6 b 60.6 ¢ 202.8 ab 161.0 b 41.8 ¢
T5 168 0:100 227.3 ab 64.5b 209.5 a 162.9 ab 46.6 b
NAAA—Nitrog lation at anthesis; NAAVOM—Nitrogen accumulation amount. of nutrition part at maturity; NAAGM— Nitrogen accumula-

tion amount of grain at maturity; NTAVO—Nitrogen transferring amount of nutrition part; AANAA— Assimilating amount of nitrogen after anthesis

RS5 TRAKELES FR=BNELRSRYH YN
Table 5 Effect of different treatments on grain yield and protein content

o AR B AR ?ﬁft’ﬁ THEORSE ?ﬁﬁﬁ)ﬁ?"ﬁ
Troatment NAR [ i] Grain yield Protein content of grain Protein yield of grain

(kg/hn’) RBT (kg/hm?) (%) (kg/hm?)

Ti 0 0 8000.4 b 13.24 ¢ 1059.5 b

T2 240 50:50 8227.1 ab 13.61d 1119.9 ab

T3 240 0:100 8460.8 a 14.06 b 1189.6 a

4 168 50:50 8340.4 ab 13.86 ¢ 1155.7 a

TS 168 0:100 8383.8 ab 14.21 a 1191.4 a

FREBEZW, RUIRIEIE/EBIE K 5
HRERBFEXWT FTREARKNSE,
3 Wi

RUE AR 22 1) 3 | 580 W52 e ) T 3 0 A A
PR R R R RN R AR R A% B2 B, 4]
M (5] B 0 T 8 3R T 3 R 3 B RUAE B ) R A
OV, Jiang G UOTHFITH H , i 22 B X 280 MR )
REEE BRI R WEBFEEN, 2R % YR
FAZR R AR A7) FH 3 U A2 72 7 I s S B 4
T AR 12) | ARG 45 SR A B, W {16 i 0L B v b 7
RIERBF AR AEREFHIRE . HRABR
BRMAT IR 518 M L 4R B T AU R 2 F
PRI R R MR R A 7= . Ve R
MARK NG HERAE X, T HE 2 38 5 1A 5
W AR A S 4 HHE N 240 kg/hm?® B
AT, EREARSEERTHEEIILS K,
HEMTRENEMGTRAENFREE EBRE
FARE,

EIRHEEC RN, BEEIEUBAE

240 kg/hm® JREFE KB 5:5 K&, A malel;)
A, AR IR S &4 T, RIE R IR b %515,
RIERE, PR TR REAMEER RS
B ERE L RANBERE &S TERZ
6, MAMRE & GTRA L RMANKBRE,; &
RBEBETHEARNTROBBEE N, FRES K
FRER . BB U0k, BRI N e
BRETHAT L EAMENSANREE, BET
ER R FRMEE B8 T TR~ ], M TRE
HRESE, AETRER, KRB #H 0—20 cm + 2
THEAANE SR 13.0 g/kg 2 N1.14 g/kg BRME N
90.04 mg/kg. B R P 20.0 mg/kg, ¥ K 116.0
mg/kg, # S K 8B, A5 AR IR E /N 4
BERNRE REMAEKEE. EX—&6T, HHkd
TRANRREE TENANFER REKE R
AR 8 4 17 39938 M SRR B0 B 0, R 7R e s
M EAMBUR, BB T /3 5 5050 18 B0 28000
BIEREE  EMT ERBENAZRNTRNEEER
FEERRYFEE, BT FRNAZHER B
MREET FREARSE; BN FRFEBELREER
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