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Yield and Nitrogen Utilization of Winter Wheat under Different Nitrogen
Application Frequencies with Sprinkler Irrigation System
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2. China Irrigation and Drainage Development Center, Beijing 100054, China)

Abstract: In 2014—2015 and 2015—2016, a field experiment was conducted at Tongzhou Experimental
Station of China Agricultural University, Beijing, to study the effects of nitrogen application frequencies
on the yield and nitrogen utilization of winter wheat under fertigation with a center pivot system. The
experiment set one lime at jointing stage (T1), two times at jointing and filling stages (T2), three times
at recovering, jointing and filling stages (T3 ), and four times at recovering, jointing, flowering and
filling stages (T4), with consistency of irrigation and nitrogen rates during the whole growth period of
winter wheat. The effects of nitrogen application frequencies on yield, ground biomass, plant nitrogen
utilization, the grain protein content of winter wheat and the dynamic variation of soil nitrate content were
evaluated. The two-year results showed that nitrogen application frequencies had a significant effect on
the yield of winter wheat and the treatment T4 obtained the highest yield (9 128.5 kg/hm’ and
9 092. 3 kg/hm”, respectively ). No significant differences existed in total biomass of winter wheat
between nitrogen application frequencies, while the distribution of biomass was affected significantly by
nitrogen application frequencies in different growth periods. The treatment T4 greatly increased the
harvest index, protein yield and nitrogen partial factor productivity of winter wheat. The soil nitrate
content in depth of 0 ~40 cm exceeded the average value when nitrogen was applied with low rates and
high frequency during the whole growth period of winter wheat. Comprehensively, the fertilizer
management of adopting base fertilizer and nitrogen application of treatment T4 was suggested during the
growth period of winter wheat under center pivot irrigation system.
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R T 2014—2015 4EF1 2015—2016 478 H [
gl e 253 M 52 56 3 (39°41759"N 116°41701"E) ik
7o R DX H AL 7K 8 T T e B D R
I, J& R R 2 R 1 2 R WA 291 m 4R
PR 11.3°C , CRGHA 185 d, AF 3R /K & 620 mm , 32
BEOATE 6—9 H o HIEEA b L HZ A VLR
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1.2 A&t

It/ N RO R OR 211, 2014—2015 4¢
1 2015—2016 4E45F0 H 114351y 2014 429 J] 29 H
12015 4F 10 H 9 H,3& 43 5 A 240 300 kg/hm’,
FTHE 15 em, K50 BT T BE BN 2 25 (43.3 m
375 m) FUEE (16,5 m) B, LA K JE 97. 3 m,
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il XN CBE 3 A6 m x 10 m By /N X, Bt
A2 AN (4 DA x3 RES) o sk A [FH]
TR0 A 3 2 T Y 5 e fe I PO S IR 5 /D
X5 AH 4B Ak BRI 56 /0N X 22 [] 1) d e ] 1) BB R
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Tab.1 Nitrogen amount applied for winter wheat at different growth stages
N it B/ (kgehm ~2)
i o I A B B FAEW T B
T1 1 126 207.0 333
T2 2 126 138.0 69.0 333
201472015 T3 3 126 69 103.5 34.5 333
T4 4 126 69 69. 0 34.5 34.5 333
T1 1 108 207.0 315
T2 2 108 138.0 69.0 315
20152016 T3 3 108 69 103.5 34.5 315
T4 4 108 69 69.0 34.5 34.5 315
(P>0.05), Rt A0 A % B BEHE Y ST ikse 1,33 fEYRinilE 5i15&
/NI AT S (1) FEA 2 Py 1 B 200 = A 455 300 TF A6 91 A
1.3.2 S4HiERE G R AR A= Wy B, B A /NI R PR Y 2 47 x

R X 228 E HOBO A w1y | gh/s Gev np S0 om FRB JLIE A 2R RS oy AR E AL HL. £
SIS GO LR R S R, 109 AT 30 min, BOC TR 52 46 AL Akt CRS B
RIRHIRRE A AR ST %, & /NEE AR K2 2014—2015 = O-18) TR BCT OB AL RIS FC LA -
AERE K B 156. 1 mm,2015—2016 4F [ 7K & 170.7 mm, (2) MR = E (% ) & ROFFRL S B & & il
I 2 TT LA HE 4 /N3 76 75 00 P9 B 7K B 1A 40 A R B« VAR W S5 v B B8 BOAT AR M 1 10 Bk 2
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£ I BB =, R I A 3 A ORE R . WD X R
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Fig.2 Precipitation in winter wheat growing seasons ﬁﬁ%ﬁl\ﬁ}j‘ﬁj‘ﬁfgif{ﬂﬂﬁgj:igﬁﬁ?&’ﬁﬁ%“ﬂ , B A
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il SPSS 20. 0 G it B 4 47 75 22 73 M A1 Origin 9. 1
2 B F AT 24
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2.1 ZNEFEMTENR

i 2 AIH1,2014—2015 4F 4 /N 32 ¥ b 7 5 Bl
Jit 2L A S F 1 T B K, T4 b 3 T2
F1T1 ALBE (P <0.05) ,T3 AbBHF= 52 25 F T1 4
(P <0.05);T4 5 T3 gh¥ T3 5 T2 gh# T2 5
T1 Ab3 ™ i 22 F R B E (P >0.05) , W™ & A4 ik

PR, B it U005 A 38, 45 b BRAR 4025 S A
35 (P >0.05) ; FER 56 5 it 0450 22 09 3 Jon i 34
K, Horp T4 Gh3 3 T T2 fl T1 A3 (P <
0.05) ,fH5 T3 bR #FH 2% (P >0.05), T4 4t
P TR0 T AR AL B H 45 A B 2 ) 25 AN
BE(P>0.05), FEUCIRAE )y 1H , T4 Ab 31 18 3% 5
T T2 AT AEHE(P <0.05) ,fHFN T3 fh 322 5 A i 3%
(P>0.05) , Hop b ¥ 2Z () 22 A AN B35 (P >0.05)

2015—2016 47, & /N 22 A= & 3 74 it 8400 DA 1
UCHEINE] 2 Y3 UFN 4 WK, R R = K U K, 3
i T4 gb 3 R T T2 F1TL BB (P <0.05),
HARWMZ H 225 AR E (P >0.05) . 1677 &8 14 i
J7 T, T4 AbPEFEA & 25 5 T T3 b3 (P <0.05) , H
R Z H2ZEFARE(P>0.05); TL ] T4 L3
ORI 22 A W3 (P >0.05) 5 78 T it & J7 1, T3
MHRK, BEET T2 FIT1 AABL(P <0.05) , H4
Wb P2 AN (P >0.05) o 78 WO 4 ¥y 1, T4
PR E T T2 M T1 AR B (P <0.05), {H T4 A
T3 b, T3 T2 Al T1 b FZ R ZF AR H (P >
0.05) .

x2 ARAKLETENEFERTENN

Tab.2 Grain yield and yield components of winter wheat under different treatments

EAy JiE: FEE/ (TR -hm ™) FRL £ FRF /g AR/ (kg-hm ™?) WOk 45 %%
Tl 559. 6" 35.1° 43.1° 7689.1°¢ 0.38"
T2 563.1° 36.1° 43.9° 8092. 5" 0.38"
2014—2015
T3 580.2° 37.1* 43.9° 8594. 7% 0.41*
T4 580.6° 38.7° 45.1° 9128.5° 0.43®
Tl 750. 5% 29.4° 35.2° 7746. 7" 0.39"
T2 754, 3" 29. 3" 35.20 7748.1° 0.38"
2015—2016 , , ,
T3 710.7" 30.2° 39.7° 8 446. 1% 0.42%
T4 810. 7° 30.1° 37.3% 9092.3° 0.45*

T AN [Rl/ING 1 3278 S [ it SR8 3 4k B 2 S W 5 (P < 0..05) , R[] .

LA 2 AN ) it A A A BER Y 7 A AR R
(R 2) AT LAE - &/ 22 7 5 Bl A il 260000 2% 10 385 Jin
M3, 2 AE AL PR DL T4 Ab P 7= B de s, RWAEH
B 4 UGB B RE 10 B2 o A /N 22 7 i (IR 7 A
HETE 2 A NA T AT, 2014—2015 4 /N4
KW AR (270 J7 kk/hm®) R4, 5 505 W14 5%
A (E (564 J7H/hm’® ) fiX T 2015—2016 4F ;% /E
K 2 il 0N 3 8 in 2 AR aE 1 AR 50N TR B
Jille 20152016 4F-4/NZ 1 W LA 1 (330 J5 #k/hm” )
b 2014—2015 4F & 22% , 5 3 0 A 308 5034 1H
(748 J7#/hm*) I, 2014—2015 455 32. 7% ;{Hi%
AT REORL RN TR T A 3 43 ) LE 2014—2015 4R
i 23. 6% F1 19. 6% , [ 0 A8 £t 7= &2 1) o1k &
2014—2015 4F, 2 4E 050 T4 4b 3 i 3K 45 5 &

KR4 YWGB LA R T 88 A9 & 1 77 5 1 5%
b Ll
2.2 ZNEMEFSEMEREMSE

NN BRI A A R E
(£ 3),2014—2015 4 7% W5 #E K — &b 55 1T,
S AR W) i R R 100 1 S B R R e e, B
AR EAEYEZEFARF(P>0.05), MHrB4d
YRR BCR A A0 BT 0 T4 AL B
BT T3.T2 fI TL AbF (P <0.05),T3 b i 5
T T2 A T1 A HE (P <0.05) , 3B T4 1 T3 ik B 7
REFWHENE RS T B Y R R
E T A AL AR AT T 2B AR, % By Bt T1.T2 T3 \T4 Ab
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W B A 0 110 B R (1 i o X 6 A L e R0 1) A
R, HEATFFAE-RE, T2 A B A Y R R R ok,
HROE T4 b8, H T2 B & F T3.T1 AP (P <
0.05) , U 38 4 4% fin 5 301368 R EL 00 B T 48
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2015—2016 473X 56 25 S5 ¢ B, 76 W K e — &
PS5 T AN 1T UGN 2 4 Yot B W) Y
Wit R 25 (P >0.05) o M B BEZE 9 i B3R R0 43 i
KB, AR T4 RT3 Ab B E T T2 R TI 4b
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TP BU Y o AR T AE B A AL RS AT
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8T T1ALHL(P <0.05) i ATFAE-IME, T2 4k 2
Y EEEFEST T3 M T1 4AFL(P<0.05),T3 4
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Tab.3 Biomass accumulation and distribution during different growing periods under different treatments

N s - W-TF1E Pigiadie MY R/
HEYE/ (kg-hm=2)  HHI/% W&/ (kg-hm2) /% AW/ (kg-hm2)  HHI/% (kg+hm %)
T1 3827.0° 18.7 9850.1° 48.3 6721.8° 33.0 20398.9°
T2 3995.0° 18.9 9700. 8° 45.9 7 449. 8" 35.2 21 145. 6°
2014—2015
T3 4511.2" 21.3 9570.7* 45.1 7121.9" 33.6 21 203. 8*
T4 4898.4° 23.1 9051.7° 42.6 7278.7" 34.3 21228.8°
T1 3513.9¢ 17.9 9290.7* 47.3 6820.2°¢ 34.8 19 624. 8*
T2 3909.2" 19.3 8968. 0% 44. 4 7339.2° 36.3 20216. 4*
2015—2016
T3 4 478.6" 22.2 8661.3% 42.8 7081.0" 35.0 20 220. 9°
T4 4722.2° 23.2 8 444. 8" 41.6 7155.5% 35.2 20322.6°

2.3 ZNEHHNEARSENNFRNERRTE
2RI 45 R R W] (18] 3) :2014—2015 4 &
Jiti R8T 2R 1) 3G A& /N 22 R R B T B o AH B 3
T, & b B2 R B % (P >0.05) ;2015—2016 44
ANFERFRLER T R AR AL RS 2014—2015 4F
— 5 (H T4 GhH T T3.T2 1 TL b HE (P <
0.05),T3 4bH 22 F T2 1 T1 4bFE(P <0.05)
T2 T A EFAEE(P>0.05), ZEKE,?2
AE T4 b BEATRL B 0T A A R, 2014—2015 4
KF 14.9% , b T3, T2, T1 A4b BE 4y B & 4.2% .
8.0% .8.8% ;2015—2016 4 T4 kb3 4 K74 & 11 5
B 15.0% , tb T3 T2 T1 4b B 4y 5 &
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W 5 it 20000 238 1) 8 T 4 K . 2014—2015 4 T4 4b
LG E R T T2 0 T1 AbFE (P <0.05) , A ab#E2Z
] 22 5 R i 2 (P >0.05) ;2015—2016 4 T4 A3 i
FE T T3.T2 AT AR PR, T3 4b PR R ST T2 A
T1 ZbFE(P <0.05) , T2 F1 T1 b FRZE SR B2 (P >
0.05), UL, B A& /N4 B BB NEUCBON 1 kg
I 4 PR B R R (P <0.05)
2.4 ZNERRFARE
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Fig. 3

Grain protein content of winter wheat under different treatments
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Fig.4  Grain protein yield of winter wheat under different treatments

I A e A R A T 4 O, o T4 b B
F T2 fI T1 AbFE (P <0.05), T3 AbFH i 2% & F Tl
JEPE(P <0.05),T2 f1 T1 AbFE B ARG 2 (P >
0.05) ;2015—2016 4F T4 kb F g 2 55 T T2 A1 T1 4b
FE(P <0.05) , HAR AL HEH 22 R AW (P >0.05),
2 AR IR FR WY, A /N AR bR M bR 43 R B i A
AT 1IN G K, 2014—2015 4F T4 Ab 3 LE T3
T2 T1 b ¥R S H0 2. 6% 11.9% .18.4% ,2015—
2016 4E T4 bFR L T3 T2 . T1 4bF 43 B340 4. 5%
10.2% 11.4% . A ZEF R 2 Fil 5w h i
Ab B (] 2% AN B2 (P >0.05) ,2014—2015 4F Tl
T4 L PEAHAE JF H & F T2.T3 40 3;2015—2016
AE T4 RRFLEF T3 T2 T1 Ab B, AR kIS B
2014—2015 4Efr G AL L 22 A B F (P >0.05)
Horr T4 b EE L T3, T2, T1 &b 3 4 5] & 8. 8% |
8.8% .12.7% ;2015—2016 4F T4 kb ¥ % & F T2
FIT1 AP (P <0.05) ,Hid T4 4h¥ L T3 . T2 . T1 Ab
P4 B 10.0% 22.2% .20.3% . FEAR A 7= H
J7 1, 7E 2014—2015 4Fik 56 7 T4 Fi1 T3 4b 22 B R
BE(P>0.05),T4 25T T2.T1 LB (P <
0.05) ; 7& 2015—2016 4F iR 50 of T4 Ab Hf & % & T
T2 1 T1 A3 (P <0.05) , HAxab P[] 22 50K 1 3

x4 AEVBTERHEMNARE
Tab.4 Nitrogen utilization efficiency under

different treatments

ek 730 o 0 | AUIE i
HE WK

Ay W s EES BOR/ o8 A=/
(kgrhm ™) (kgokg™) (kgkg™!)

T1 324. 4¢ 23.8° 0.55° 23.1°¢

T2 343.1% 23.6° 0.57° 24, 3"

20142015 374.5% 23.0° 0.57* 25.8"

T4 384.1° 23. 8" 0. 62" 27.4*

Tl 279. 20 27.7° 0. 64" 24. 6"

iv) 282.2" 27.5° 0.63" 24.6"

01572016 gy 597 gu 28.4° 0.70 26. 8%

T4 311.1° 29.2° 0.77° 28.9°

(P>0.05), 2 g R M, i A AR 1 kB2
4 UCRE W2 2 UIE I A
2.5 BENFEKFIEHSASETR

TG R AR B AR R WOR A, L =
JE WA RSO EE SR
5 IR 2015—2016 4F- 45 4k 353 53 46 3R 5 19 FR Y
W9 JTAE] HESEIRE K AR 7 ~ 10 d J5 13 0 ~ 80 cm
TR R G, I & AR N K AT S BORE
(i) 5 KR TR A 2B TE WE SR 0T, BT 4 8 14,5 mm, |
S5a v AL, RF W T4 A T3 A3t B J5 0 ~ 20 cm
S35 5 43 60.1.60. 0 mg/kg, 5 3 & T T2 Al
T1 Zb (P <0.05) ;75 0 ~40 cm + )52 T4 T3 WA A
AT T2 AMEARNEE(P>0.05), BE&T
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