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Effect of mixed basal application of controlled release urea and common urea
on the nitrogen uptake, utilization and yield of winter wheat

HAN Rui-feng, NIU Yu-xi, WANG Xin-yue, LI Guo-ming, LIN Xiang, WANG Rui, WANG Dong"
(College of Agronomy, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: [ Objectives ] We investigated the effect of the mixed application of controlled release urea (CRU)
with common urea (CU) on the yield, relocation of accumulated N to grains, and soil nitrate contents at different
stage of winter wheat, to serve the efficient production of winter wheat in Guanzhong Plain, Shaanxi Province.

[ Methods ] A winter wheat field experiment was conducted in Xianyang, Shanxi Province from 2020 to 2022,
the tested CRU is resin coated urea with N release period of 90 days. Two N application amounts 192 and 240
kg/hm* were set up, and five mix ratio treatments were included under each N rate, as: CU control (as basal and
topdressing fertilizer, F1), and basal application of CRU and CU in mix ratio of 30%+70% (F2), 50% +50% (F3),
70%+30% (F4), and 100%CRU (F5). At the main growth stages of winter wheat, 0—40 cm deep soil samples were
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collected with one sample every 10 cm, and at maturity stage, 0—200 cm soil samples were collected with one
sample every 20 cm for the determination of nitrate concentration. At the overwintering, regreening, jointing,
flowering, and maturing stages of wheat, wheat plants were sampled for the above ground biomass and N content
analysis. The plant samples at flowering stage were divided into three parts (ear, stem and sheath, and leaves), and
at maturing stage were divided into four parts (grains, glume + rachis, stem + sheath, leaves) for the measurement
of N content. And the yield and yield components were investigated at maturing stage. [ Results ] F2 treatment
was recorded the highest NO, -N in 0—20 cm soil layer before regreening stage; F4 and F5 treatment were
recorded the lowest NO, -N at regreening stage, and that in the 80—200 cm soil layer at maturing stage, while
achieved significantly higher yield than the other treatments due to the higher number of spikes. F2 and F3
treatments achieved similar yields on average under both N2 and N1 rate. F4 and F5 treatments had higher yields
under N2 rate than under N1 rate, thereby their net benefits under N2 increased by 10.08% and 6.41% than under
N1 rate, and the N internal utilization efficiency were not changed significantly. Compared with F1, the relocation
amount of pre-anthesis N accumulation to grain was averagely increased by 18.63%, and the grain N accumulation
increased by16.96% in F4 treatment. The 0—20 cm soil NO; -N at jointing stage was positively correlated with the
relocation amount of pre-anthesis N accumulation to grain. There was a positive (P<0.05) correlation between
0—20 cm soil NO; -N at anthesis stage and the N transport at pre-anthesis stage and N accumulation at post-
anthesis stage. [ Conclusions ] Properly high N accumulation during anthesis stage is beneficial to the relocation
of N from vegetative organs to grains, and the increase of winter wheat yield and N utilization efficiency as result.
Complete basal application of N 240 kg/hm® in ratio of 70% resin coated urea with 30% ordinary urea could
maintain high nitrate concentration in 0—20 cm soil from regreening to anthesis stage of winter wheat, so
promoting the total number of stems and spikelet, increasing the plant N accumulation during anthesis period, and
leave low NO, -N in 80—200 cm soil layer at harvest.

Key words: winter wheat; controlled release urea; grain yield; nitrogen accumulation;
nitrogen utilization efficiency
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Table 1 Physiochemical properties of 0—20 cm soil layer before sowing
AR FHUR (g/kg) A (g/ke) A (mg/ke) T (mg/kg) HEH (mg/kg)
Year Organic matter Total N Hydrolysable N Available P Available K
2020—2021 15.0 0.97 64.1 10.4 220.2
2021—2022 16.1 0.93 54.5 20.7 231.5
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#z2 TEAEREE (kg/hm?)
Table 2 Nitrogen application rate of different treatments

poseil FERAULE (CRU) & N/ TE =2y
Treatment Controlled release urea Urea Total N input
NI1F1 0.0 192.0 192.0
NI1F2 57.6 134.4 192.0
NIF3 96.0 96.0 192.0
NI1F4 134.4 57.6 192.0
NIF5 192.0 0.0 192.0
N2F1 0.0 240.0 240.0
N2F2 72.0 168.0 240.0
N2F3 120.0 120.0 240.0
N2F4 168.0 72.0 240.0
N2F5 240.0 0.0 240.0
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Fig. 2 Dynamics of nitrate concentration in 0—40 cm soil layer of each treatment across winter wheat season in 2020—2021
TE: WS—il4); RGS—REW; IS—IWH; AS—IFEN; MS—izdbl. N1 FI N2 S5 SIZ /Rt &L 192 F1 240 kg/hm®; F1ARFE
IR FEPIUCHEM, F2. F3. F4. F5 QSR IR R AN IR R & — U260, JEP R AR LR 30% .. 50%. 70%.

100%.

Note: WS—Overwintering stage; RGS—Regreening stage; JS—Jointing stage; AS—Anthesis stage; MS—Maturity stage. N1 and N2 indicate N

application rate of 192 and 240 kg/hm?; F1 indicates common urea as base and topdressing fertilizer, F2, F3, F4, and F5 indicate complete basal

application of controlled release and common urea with the controlled release urea N ratio of 30%, 50%, 70%, and 100%, respectively.
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Fig. 3 Dynamics of nitrate concentration in 0—40 cm soil layer of each treatment across winter wheat season in 2021-2022
TE: WS—lAM); RGS—RFW; IS—IWH; AS—IFEM; MS—AIl. N1 F1 N2 53 SIZ7R it &R 192 F 240 kg/hm®; F1ARH
HE RSP, F2. F3. F4. F5 ARHOR PR IR R A0 PR FOR & — P80, R B L AR LK 30%. 50% . 70%.

100%.

Note: WS—Overwintering stage; RGS—Regreening stage; JS—Jointing stage; AS—Anthesis stage; MS—Maturity stage. N1 and N2 indicate N

application rate of 192 and 240 kg/hm’; F1 indicates common urea as base and topdressing fertilizer, F2, F3, F4, and F5 indicate complete basal

application of controlled release and common urea with the controlled release urea N ratio of 30%, 50%, 70%, and 100%, respectively.
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Fig. 4 Nitrate concentration in 0—200 cm soil layer of each treatment at mature stage of winter wheat from 2020-2022
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respectively.
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Fig. 5 Effects of different treatments on nitrogen accumulation in winter wheat at different growth stages
FE: WS—MAM]; RGS—IRTFM; IS—KTT; AS—HFAEN]; MS—mEUN., N1 N2 451 /Ri & E N 192 A1 240 kg/hm®; F1 4bEE N
EERE A PUGEM , F2. F3. F4, FS AHAIEBIRZ MG #E R RIREG — WG, HhEBIRaR R UKy 30%. 50%. 70%.

100%, #:_FASE/ING 03 R AR B R 22 573 1 3 (P<0.05).

Note: WS—Overwintering stage; RGS—Regreening stage; JS—Jointing stage; AS—Anthesis stage; MS—Maturity stage. N1 and N2 indicate N

application rate of 192 and 240 kg/hm?; F1 indicates common urea as basal and topdressing fertilizer, F2, F3, F4, and F5 indicate complete basal

application of controlled release and common urea with the controlled release urea N ratio of 30%, 50%, 70%, and 100%, respectively. Different

lowercase letters on the bars indicate significant difference among treatments (P<0.05).

BER Y REHR i A/ N A I I AR R R K
T 0—20 cm HZHERA T RS ARE
16, A6 ET AR HRFRL A Y DT RE R R A R IR A
XKy JFHAEH 0—20 cm L EMHAA S HSHEAREH
S B W EARDG, S54RSS AR RRERL A 1) BTk
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Table 3 Nitrogen distribution in various organs of winter wheat at maturing stage under different treatments

AFL R E N accumulation (kg/hm?) R HeA] Distribution proportion (%)
R b
Veor  Treamen FPEL EFEOHES bR e e R
Grain  Stem and sheath  Leaf Spike axis and glume  Grain  Stem and sheath ~ Leaf  Spike axis and glume
2020—2021 N1 F1 19232b 43.13 a 1233 a 13.76 ab 7353 ¢ 16.49 a 4.72b 526b
F2 180.45c¢ 37.05¢ 13.78 a 15.11a 7324 ¢ 15.04b 559a 6.14a
F3 200.53b 32.38d 849¢ 1143 ¢ 7932 a 1281 ¢ 3.36¢ 452¢
F4 21898a 36.67 ¢ 833 ¢ 12.10 be 79.32a 13.28¢ 3.02¢ 438¢
F5 21298a 40.00 b 10.33b 12.12 be 77.32b 14.52b 3.76 ¢ 440c
N2 Fl1 198.75¢ 4243 a 11.73 a 15.56 b 74.03 ¢ 15.80 a 437a 580b
F2  189.16¢ 4047 a 9.31b 17.58 a 73.74 ¢ 15.77 a 3.63b 6.86a
F3 21045b 34260 8.81c 1449 ¢ 78.52b 12.78 b 329¢ 541c
F4 23329a 35.15b 7.67d 13.57d 80.53 a 12.14b 2.65d 4.69d
F5 23330a 35.16b 8.02d 13.54d 80.44 a 12.13 b 276 d 4.67d
R F RS Significance test

F ok ok #x *% *k *% *k *k

NxF NS o *% NS *% ok *% NS
2021—2022 N1 Fl 213490 50.26 b 18.28 a 12.28d 72.54 ¢ 17.08 b 6.21a 4.17e
F2 181.84d 5691 a 17.48 ab 20.12 a 65.80 ¢ 20.59 a 6.32a 728 a
F3 203.61c 51.53b 19.05a 19.70 a 69.28 d 17.53 b 6.48 a 6.70 b
F4 239.00a 44.00 c 16.00 be 17.67b 75.47a 13.89d 5.05b 5.58¢
F5 21857b 4437 ¢ 1559 ¢ 1441 ¢ 74.61b 15.14 ¢ 532b 4.92d
N2 Fl1 219.00c 51.14a 19.40 a 22.62a 70.16 d 16.38 b 621a 725a
F2 201.93d 51.68 a 19.40 a 17.61b 69.48 d 17.79 a 6.67 a 6.06b
F3 22198c 53.73 a 15.07b 17.29b 72.05¢ 17.44 a 4.89b 5.61b
F4 273.02a 50.67 a 12.64 b 14.54d 77.80 a 14.45 ¢ 3.6lc 4.14d
F5 24336b 48.00 b 14.00 b 15.78 ¢ 75.78 b 1495¢ 436b 492¢

MRS Significance test

N *% * *% *k *% ok *% NS

F *% *k *% *x *% *k *% *%

NxF *% * *% *x *% * * *%

TE: NURIN2JP 2Rt 19201240 kg/hm? s FUAEENE 0 IR F PRGN, F2. F3. F4. FSARFIDGHERE IR R A IR R IR G — Kbk
Fejits, P ERALAR BRI N30% ., 50% . 70% ., 100%. [RIF1EE S AN/ INS R 3R ] — it S0 [R] $211R Lo il b B ) 25 5 2 3%
(P<0.05), *, **F/RAERFTIEFN0.05. 0.01 EFKF, NS—RABE.

Note: N1 and N2 indicate N application rate of 192 and 240 kg/hm?; F1 indicates common urea as basal and topdressing fertilizer, F2, F3, F4, and F5
indicate complete basal application of controlled release and common urea with the controlled release urea N ratio of 30%, 50%, 70%, and 100%,
respectively. Values followed by different lowercase letters in a column indicate significant difference among treatments with the same N application
rate (P<0.05). *, and ** indicate the variable effect at 0.05, and 0.01 significant levels, and NS indicates no significant effect.

ﬁﬁﬁﬁﬂﬁ’ﬂﬁj‘%éﬁo ERARS L EAREHIEARE  RUERAR G 70% i, BRRERIELS/NEAT
AN A IR WA RT R, XEETER AT RIS A S R, WRERFREBOTHILI
. %ﬁ:ﬂ;ﬁ%ﬁtﬁc%ﬁ@iﬁ%ﬁ?ﬁh@o AT JPEBIRMAER S . AR R LT
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Table 4 Nitrogen relocation in winter wheat as affected by nitrogen fertilizer treatments

2020—2021 2021—2022

e JFAETT Pre-anthesis JFAEJG Post-anthesis JFAETT Pre-anthesis JF4E)5 Post-anthesis
Treatment  Fidt AR fPhioimE PR DTk Hadh  FHBECR T T MEE TR
NRA NRR NRCT NAG NACT NRA NRR NRCT (%) NAG NACT

(kg/hm?) (%) (%) (kg/hm?) (%) (kg/hm?) (%) (kg/hm?) (%)
N1 F1 136 b 66.4b 70.9 abe 559a 29.1a 154.8 bc 65.7b 72.5a 58.7 ab 275a
F2 127 ¢ 65.8b 70.2 bc 53.7a 29.8 a 132.5d 58.4d 729 a 493b 27.1a
F3 140 b 729 a 70.0 ¢ 60.2 a 30.0a 150.4 ¢ 62.5¢ 739 a 532b 26.1a
F4 158 a 735a 72.4 ab 60.4 a 27.6a 175.7 a 69.3 a 735a 633a 26.5a
F5 155a 712a 72.8a 58.0a 272a 1593 b 682a 729 a 59.3 ab 27.1a
N2 F1 141 ¢ 66.9 c 709 a 57.8 ab 29.1a 1624 ¢ 63.6d 742 a 56.6b 258 a
F2 134 ¢ 66.6 ¢ 71.0 a 54.8b 29.0a 148.3d 62.6d 73.5a 53.6b 26.5a
F3 151b 72.4b 719 a 59.1 ab 28.1a 1652 ¢ 65.7¢c 744 a 56.8b 25.6a
F4 170 a 75.0a 72.7a 63.6a 273 a 201.8a 743 a 739a 712 a 26.1a
F5 168 a 74.8 a 72.0a 653 a 28.0a 180.9b 699b 744 a 62.4 ab 25.6a

B E PEKEE: Significance test
N *x *k NS NS NS *k ** * NS *
F sk sk NS * NS s sk NS * NS
NxF NS * NS NS NS * *k NS NS NS

TE: NIFIN2GBIFIRIE R 1921240 ke/hm?; FUZBEONEE@E IR R 0PIV, F2. F3. F4, FSAEBEHRe iR R RNt d iR IR & — Wtk
S, R ERIERAR MBIKIKCI30% . 50%. 70%. 100%. [FIF1EEE A RN FRER R Rl — T 20 [R5 1R A 290 ) 22 57 3%
(P<0.05), *, **F/RARFTIEFN0.05. 0.01 BFEAKF, NS—ABE.

Note: N1 and N2 indicate N application rate of 192 and 240 kg/hm?; F1 indicate common urea as basal and topdressing fertilizer, F2, F3, F4, and F5
indicate complete basal application of controlled release and common urea with the controlled release urea N ratio 30%, 50%, 70%, and 100% CRU,
respectively. NRA—Nitrogen relocation amount in vegetative organs; NRR—Nitrogen relocation rate in vegetative organs; NRCT—Total
contribution rate of pre-anthesis N relocation to grain N accumulation; NAG—Nitrogen uptake amount after anthesis; NACT—Contribution rate of
post-anthesis N accumulation to the grain N. Values followed by different lowercase letters in a column indicate significant difference among
treatments in the same N application rate (P<0.05). * and ** indicate the variable effect at 0.05, and 0.01 significant levels, and NS indicate no

significant effect.
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Fig. 6 Total stem number of winter wheat at different growth stages under different treatments

T WS4 RGS—EHM; IS AS—IFIEM; MS—Aizbl. N1 I N2 43I Rt i 192 1 240 kg/hm’s F1 AT
LB RRWIUGEM , F2. F3. F4, F5 ALBUAFRRIRFEFAREE R R IR G — MG, HrhERIL R KK 30%. 50%. 70%.
100%, A FAIF/NG FREFR R AR B E] 22 52 1 2 (P<0.05).

Note: WS—Overwintering stage; RGS—Regreening stage; JS—Jointing stage; AS—Anthesis stage; MS—Maturity stage. N1 and N2 indicate N
application rate of 192 and 240 kg/hmz; F1 indicates common urea as basal and topdressing fertilizer, F2, F3, F4, and F5 indicate complete basal
application of controlled release and common urea with the controlled release urea N ratio of 30%, 50%, 70%, and 100%, respectively. Different
lowercase letters on the bars indicate significant difference among treatments (P<0.05).

x5 FTELEBEENEFERHEMRER

Table 5 Yield and its components of winter wheat under different treatments

2020—2021 2021—2022
AbsE H%L TERIEL ThiE P KL YRS ThiE i

Treatment  Nymber of spikes  Grains per  1000-grain ~ Grain yield  Number of spikes ~ Grains per  1000-grain weight ~ Grain yield

(x10%hm?) spike weight (g) (kg/hm?) (x10*hm?) spike () (kg/hm?)

N1 F1 481b 35.6a 495a 7795 b 553 be 39.7a 470 a 9006 b

F2 469 b 369 a 48.8 a 7268 ¢ 543 ¢ 37.1a 46.6 a 8514 ¢

F3 4750 36.6 a 494 a 7489 ¢ 554 be 39.1a 46.5a 9023 b

F4 509 a 35.7a 49.7 a 8514 a 600 a 39.8a 47.1a 9868 a

Fs 5l4a 37.1a 49.1a 8395 a 569 b 3984 485a 9272b

N2 F1 505b 379 a 49.8b 7965 b 559¢ 392 a 474 a 9108 ¢

F2 473 ¢ 34.1 ab 49.1ab 7272 ¢ 546 ¢ 37.6a 477 a 8585d

F3 481 c 34.5 ab 50.1 ab 7432 ¢ 553 ¢ 394a 46.5a 9156 ¢

F4 536 a 34.8 ab 50.6 a 8771a 639 a 399a 46.0 a 11382 a

F5 544 a 36.1a 49.8 ab 8794 a 607 b 399a 469a 10052 b
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23 5 Table 5 continued

2020—2021 2021—2022
i K HBH TRE Pt K TR T Pt
Treatment  Number of spikes ~ Grains per  1000-grain ~ Grain yield ~ Number of spikes  Grains per  1000-grain weight ~ Grain yield
(x10%hm?) spike weight (g) (kg/hm?) (x10%hm?) spike (2) (kg/hm?)
I MRS Significance test
N o NS * * o NS NS o
F ok NS NS *k *k NS NS Hok
NxF * NS NS NS *k NS NS **

TE: NURIN2ZP R R 19271240 kg/hm? s FIAEE N8 FRES P, F2. F3. F4. FSARPOAHRE R R ARG @ IR R IR G — bk
i, HrhEREAR WK 30%. 50% . 70%. 100%. [FIFVEEEE A R/INE Fh: 38R 7] — il AU R AN [RIBTR Lo ) Ak 28] 2% 57 . 3%
(P<0.05), *. **FRAFERN 15510.05. 0.01EKFY, NS—HUNABE,

Note: N1 and N2 indicate N application rate of 192 and 240 kg/hm?; F1 indicates common urea applied in base and topdressing, F2, F3, F4, and F5
indicate complete application of controlled release and common urea as base fertilizer, with the controlled release urea N ratio of 30%, 50%, 70%, and
100%, respectively. Values followed by different lowercase letters in a column indicate significant difference among treatments of the same nitrogen
application rate (P<0.05). *, and ** indicate the variable effect at 0.05, and 0.01 significant levels, and NS indicate no significant effect.

Table 6 The output value and economic benefit of winter wheat under different treatments

2020—2021 2021—2022
L= P AERHEA iy A PAE HERHEA iy &
Treatment Output Fertilizer cost Others Benefit Output Fertilizer cost Other benefit

(yuan/hm?) (yuan/hm?) (yuan/hm?)  (yuan/hm?) (yuan/hm?) (yuan/hm?) (yuan/hm?)  (yuan/hm?)

N1 F1 17929.4 b 2053.3 3000 12876.1 b 216142 b 25412 3700 15373.0 be
F2 16716.8 ¢ 2224.6 2500 119922 ¢ 204344 ¢ 2717.3 3000 14717.1 ¢
F3 17225.1 ¢ 2338.8 2500 123863bc  21654.6b 2834.7 3000 15819.9 b
F4 19582.0 a 2453.0 2500 14629.0 a 23682.8a 2952.0 3000 17730.8 a
F5 193085 a 2624.4 2500 141842 a 22252.4b 3128.1 3000 161243 b

N2 F1 18319.6 b 2270.6 3000 13049.0 b 218583 ¢ 2830.9 3700 153274 cd
F2 16725.2 ¢ 2484.7 2500 117405 ¢ 20604.4 d 3051.0 3000 14553.4d
F3 17093.6 ¢ 2627.5 2500 11966.1 ¢ 219742 ¢ 3197.7 3000 15776.5 ¢
F4 20173.1a 2770.2 2500 14902.8 a 273163 a 3344.4 3000 20972.0 a
F5 202252 a 2984.4 2500 14740.8 a 24124.0b 3564.4 3000 17559.5b

I PEKEE: Significance test

N * * sk ok
F 3k ksk k3 %k
NxF NS NS ** H*

TE: NIFIN2GBIFIRIER N 1921240 kg/hm?; FUZBEOGE@E R R PV, F2. F3. F4, FSARPOGHRE iR R ARG d IR R IR & — Wk
St , HPIERAL AR BRI N30% . 50%. 70% . 100%. [Al 5Bl 5 AN [ /NG 5 B3R 7 ) — it S0 A [l 42 R L 1) Ak JHL i) 22 55 0 3%
(P<0.05). *. **43Rl|R/RAE TN K E0.05. 0.01REIKF-, NS—HMARE,

Note: N1 and N2 indicate N application rate of 192 and 240 kg/hm?; F1 indicate common urea as base and topdressing fertilizer, F2, F3, F4, and F5
indicate complete basal application of controlled release and common urea with the controlled release urea N ratio 30%, 50%, 70%, and 100% CRU,
respectively. Values followed by different lowercase letters in a column indicate significant difference among treatments of the same nitrogen
application rate (P<0.05). * and ** indicate the variable effect at 0.05, and 0.01 significant levels, and NS indicates no significant effect.

BRGEMNARWI, RARFZNERSE R TS LR FRAARR PR AR, i
Rifeiz, fEAFE A KBk AR X AR s PR Tl R RO R, — A
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Table 7 Nitrogen use efficiency of winter wheat under different treatments

2020—2021 2021—2022
kb3 B2 ViliEEVES HEWIMEE RNEALE 1 REFHRCE e VES RACwLE = 1
Treatment NUE NUpE PFP, NUtE NUpE PFP,
(kg/kg) (kg/kg) (kg/kg) (kg/kg) (kg/kg) (kg/kg)
NI F1 29.81b 1.36b 40.60 b 30.60 b 1.53b 46.91b
F2 29.50 b 1.28¢ 37.86 ¢ 30.81b 144 ¢ 4435 ¢
F3 29.62b 1.32 be 39.01 be 30.70 b 1.53b 46.99 b
F4 30.84 a 1.44 a 4434 a 31.16 ab 1.65a 51.39a
F5 3048 a 143 a 43722 31.65a 1.53b 48.29b
N2 F1 29.67b 1.12b 33.19b 29.18 ¢ 1.30 be 37.95¢
F2 28.35¢ 1.07 ¢ 30.30 ¢ 29.54 ¢ 121d 35.77d
F3 27.73d 1.12b 3097 ¢ 29.72 ¢ 1.28¢ 38.15¢
F4 30.28 a 121a 36.55a 3244 a 1.46a 4742 a
F5 30.32a 121a 36.64 a 31.30b 1.34b 41.88b
B EHALA R Significance test

N ks kk dk kk ks kk

F ksk dk sk kk ksk dk

NxF o NS NS o NS *+

H: NURIN2AM 3R Ul 19271240 kg/hm?; FIALHE A SE IR EZ AW, F2. F3. F4, FSACHUNERER ZMYHE IR R IR A& — Ikt
Hoiti, HohEBRIR A R IR ICN30% ., 50%., 70%. 100%., NUE—RZFIHME; NUpE—AEW IRk Z,; PFP— &N W™ 11, [FF

B 5 A RN PR FOR R — i A AN RHBIR LU AL BRI 25 5 B3 (P<0.05), *,

ZNTE

3 | R AS RN 35 510.05. 0.01 B EAKTE, NS—RUw

Note: N1 and N2 indicate N application rate of 192 and 240 kg/hm?; F1 indicates common urea as base and topdressing fertilizer, F2, F3, F4, and F5

indicate complete basal application of controlled release and common urea with the controlled release urea N ratio of 30%, 50%, 70%, and 100%,

respectively. NUtE—Nitrogen utilization efficiency; NUpE—Nitrogen uptake efficiency; PFPy—Nitrogen fertilizer partial productivity. Values

followed by different lowercase letters in a column indicate significant difference among treatments with the same nitrogen rate (P<0.05). * and **

indicate the variable effect at 0.05, and 0.01 significant levels, and NS indicates no significant eftect.
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) R R AL, T ELAE B T AR Y
SRR, XNEAZRBRSHEMEHHEAS
A OCHEHr 2R B, IR T BRI T Y el
ASmHL/NEFFBNAR R R L B HEM,
PR AU 7 L 70% Ab B o 4 v AR T A AR A Y
TSR SR ERS TN AZHER,
RE . WIS A SRS R
FHARMREEREE EF LM, M F4 R FS &b
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FXPFFRLA M DTS . EREAR kL 70% 0B,
IEHEMANE A AR R, BRI
HIE IR B AR AR Sz i, DI B2 o i 2
FRLA R O i, B AL R AR i A it B
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Fig. 7 Correlation between nitrogen accumulation and transport in winter wheat and nitrate content in 0—20 cm soil layer
T WS—BAH: RGS—BH M ISk, AS—IFIEH); MS—m#Ul . NRA—TERTARF4iE 1 ; NRCT—H BT AR A KR

TR NAG— R AR AR NACT— R AFZ MR AR TIHR ; NAM—BH AR R R NS—RBEG GY—/Ym i

NUEE—& EHHZE, *—P<0.05; **—P<0.01,

Note: WS—Wintering stage; RGS—Regreening stage; JS—1Jointing stage; AS—Anthesis stage; MS—Maturity stage. NRA—Nitrogen relocation

amount in vegetative organs; NRCT—Total contribution rate of pre-anthesis N relocation to grain N; NAG—Nitrogen uptake amount after anthesis;

NACT—Contribution rate of post-anthesis N accumulation to grain N; NAM—Nitrogen accumulation at maturity; NS—Number of spikes;
GY—G@Grain yield; NUtE—Nitrogen utilization efficiency. *—P<0.05; **—P<0.01.
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Note: NRCT—Total contribution rate of nitrogen remobilization pre-
anthesis to grain nitrogen; NACT—Contribution rate of nitrogen

accumulated post-anthesis to the grain nitrogen.
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