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Effects of coated controlled-release nitrogen fertilizer combined
with urea on yield,nitrogen accumulation and utilization of wheat
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Abstract; [Objective] Effects of combined application of coated controlled-release nitrogen fertil

izer

(CRNF) and urea (UR) on yield and nitrogen accumulation,distribution and use efficiency of wheat were

studied to screen suitable combination of CRNF and UR in wheat production. [Method] Field experiments
with CK and treatments with different CRNF ratios (T1,T2,T3,T4,T5,and T6 with 0,10%,20% ,40% ,
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80% sand 100%) were conducted for two years in Chengdu Plain in 2014 and 2015. All treatments used fer-
tilizers one time as base fertilizer and the effects on wheat yield and component factors,economic benefit as
well as nitrogen use efficiency were analyzed. [Result)] The highest yield was obtained in T4 for both
years. The yields were increased by 697. 06 kg/hm?* (2014),521. 02 kg/hm*(2015) compared with T1,and
increased by 383. 86 kg/hm’ (2014) and 400. 43 kg/hm® (2015) compared with T6. Addition of 20% to
40% CRNF increased the net income compared with other treatments, and the increases were 16. 73% —
23.24% (2014) and 4.05% —14.31% (2015) compared with T1. Nitrogen application improved the yield
components and T4 treatment was the best with the largest areas of flag leaf, the second leaf and top two
leaves at mature stage. T4 treatment also had the highest nitrogen accumulation (from jointing stage to ma-
ture stage) ,and the nitrogen content of grain was significantly higher than that of other treatments at ma-
ture stage. With the increase of CRNF ratio, NPP,NAE,NUPE,and NAUE increased at beginning and de-
creased afterwards with the peak in T4, while CRSN was in contrary. There was less difference in NHI a-
mong treatments. After harvest, with the increase of CRNF ratio, the soil nitrogen at different forms in-
creased. The nitrate nitrogen, microbial biomass nitrogen, alkaline hydrolyzed nitrogen and total nitrogen
were increased significantly by adding more than 40% CRNF, compared with T1. [Conclusion) Coated con-
trolled release urea combined with conventional urea could increase the top two leaves area,enhance nitro-

gen accumulation and distribution of panicle in wheat, and improve the nitrogen use efficiency and yield.

The optimum CRNF ratio was 20% — 40% in Chengdu Plain.

Key words: coated controlled release nitrogen fertilizer; wheat;nitrogen use efficiency;economic benefit
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Table 1 Effects of coated controlled-release nitrogen fertilizer combined with urea on wheat yield components and leaf area
B b5 f‘%s[’\‘_/cm f%*ﬁiﬁ( ?*ﬁfﬁﬁ{g e T A/ em? B o m A/ em® T AR/ em?
Year Treatments pike Grain No. 1 OOO.*gram Flag leaf area The 2nd leaf The top-two
length per panicle weight from top area leaf area
CK 5.44+0.14 ¢ 11.67+£1.16 b 35.82+2.45 a 19.60+0.71d 23.1440.97 ¢ 42.74+1.67 ¢
T1 6.6740.29 d 38.00£2.00 a 40.304+1.33 a 21.7340.53 be  25.89+0.21 ab 47.6340.66 b
T2 6.48+0.03 d 38.33%5.69 a 40.2042.44 a 21.2640.60 ¢ 25.5940.77 b 46.8540.69 b
2014 T3 7.13+0.37 ¢ 37.67+3.51 a 39.82+3.03 a 22.5440.18 ab  26.93+0.16 a 49.4740.33 a
T4 7.95+0.20 a 34.00%3.00 a 41.074+1.79 a 22.85+0.02 a 26.96+0.17 a 49.82+0.16 a
T5 7.67+0.25ab  39.00£7.00 a 40.0042.08 a 22.7140.20 ab  26.73+0.05 ab 49.44+0.17 a
T6 7.37+0.23 be 41.0048.00 a 39.7240.60 a 22.3640.25 ab  26.66+0.37 ab 49.01+0.62 a
CK 5.44+0.19d 14.67+1.53 b 37.72+1.21b 22.0140.79 d 24.5040.36 d 46.52+1.15d
T1 6.64+0.34 ¢ 39.33%=1.15 a 40.4+1.29 ab 24.412£0.60 ¢ 27.1340.41c¢ 50.9040.96 ¢
T2 6.48+0.03 ¢ 41.67+1.53 a 41.234+1.48 a 23.8840.67 ¢ 27.0140.35 ¢ 51.5340.99 ¢
2015 T3 7.92+0.09 a 41.6742.08 a 41.074+2.28 a 26.7840.21 b 29.1040.48 b 55.8940.44 b
T4 7.97+0.07 a 40.67+3.51 a 42.5040.46 a 28.66+0.03 a 31.48+0.29 a 60.14740.29 a
T5 7.474+0.11b 42.33+3.51 a 40.8240.82 a 28.2340.78 a 31.0040.23 a 59.2340.99 a
T6 7.38+0.10 b 41.0042.00 a 39.5040.25 ab  26.04+£0.29 b 28.86+0.17b 54.9040.44 b
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75 697.06 kg/hm® (2014 4) f1 521. 02 kg/hm’
(2015 4F) B R P B AL Y T6 AL PRI ™ 383. 86
kg/hm?* (2014 4F) il 400. 43 kg/hm? (2015 4F), &
T 832 7 T 5 5 A Bl 45 R RUE it D L 451 i) P 4
Ko /NZZPIAE Y B0 45 8T G R DL T4 ab 3 oKk
T3 AbBEIR Z 85 FL v Ak 38 35 B AT B I 48 5% a0 45

P, PRI PR AR ROR TR, T3, T4 b R 28 35 5%
T WP RAE R T H AR i A s KT 4
G ails g B R 5 PR AR AT AL T3 5 T4 4k
B ) S0 25 7K T O BT L A Bt DR R T Ak 3
PEET 16. 73% ~23. 24% (2014 &) 4. 05% ~
14.31%(2015 45)
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Table 2 Effects of coated controlled-release nitrogen fertilizer combined with urea on wheat yield and economic efficiency

i 2% 2 1 % 1 B iR Ak %
o e o wa s e R S e eeney
Year  Treatments (kg-‘hm " O « hm™#) (3G « hm %) (7|:-.hm X At/ % 7R Bl 5%
Yield Output value  Input value Net income
Rate Levels Values Levels
CK 2 339.334+59.13d 4444.73 3 812.50 632.23 - — - —
T1 4 898.67+88.31 ¢ 9 307.47 4 539.87 4 767. 60 — - — —
T2 4 670.80£260.00 ¢ 8 874.52 4 593. 95 4 280.57 —10. 22 V —8.01 @)
2014 T3 5 375.474+102.88 ab 10 213. 39 4 648.02 5 565. 37 16.73 I 8. 38 @
T4 5595.734+184.84 a 10 631.89 4 756.17 5 875.72 23.24 1T 6.12 @
TS 5 325.734+122.38 ab 10 118. 89 4 972,47 5 146. 42 7.95 I\ 1. 88 @)
T6 5211.874+121.60 b 9 902.55 5 080. 62 4.821.93 1. 14 v 1. 10 @
CK 2 643.454+66.82 d 5 022.56 3 812.50 1 210.06 - - - -
T1 5 235.49499. 78 bc 9 947.43 4 539.87 5 407.56 — - — -
T2 4 986.124291.31 ¢ 9 473.63 4 593. 95 4 879.68 —9.76 V —8.76 ®
2015 T3 5407.614+78.71 ab 10 274. 46 4 648.02 5 626. 44 4.05 v 3.02 @
T4 5 756.514+279.13 a 10 937.37 4 756.17 6 181. 20 14. 31 1T 4.58 @
TS 5 484.754+96.41 ab 10 421.03 4 972,47 5 448. 56 0.76 v 1.09 @
T6 5 356.08+58.06 b 10 176. 55 5 080. 62 5 095.93 —5.76 V 0.42 ®

TE BRSO L R BN A% N IR R 2. 25 6/ ke EREEUE 3.5 70 /ke BEAE 1. 0 7T/ ke BIE 3.5 J0/ke./NE 1.9 J0/ke. ¥ HIE 4 2
SR JT AT 25 7 08236 I B AR MO R RAE X T 1552 s VSRS O kL S BT % 1~5 aric o T IV VL3 B
ARFE I~ HMIEND.©.©.@.©. [FAFNE G bR A F/NG 78RR 28 57 1 3% (P<<0. 05)

Note: Efficiency analysis, the price of fertilizer and wheat are Urea 2. 25 Yuan/kg, controlled nitrogen fertilizer 3. 5 Yuan/kg, phosphate fer-

tilizer 1. 0 Yuan/kg,potassium fertilizer 3. 75 Yuan/kg,and Wheat 1.9 Yuan/kg. The net income could be showed quantitatively by

the newly-increased net income rate and rate of remuneration of marginal cost. The classification is based on Yuan et al. 18], The new-

ly-increased net income rate has five degrees,marked as T , I, . IV .and V ;and the rate of remuneration of marginal cost has five

degrees, marked as 0.®.® .@ ,and ©. Values followed by different letters are significantly different among treatments at 5% level.
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Different small letters above column indicate significant difference among treatments (P<Z0. 05)

FRE B AR A 7] /NG 58 30 b B ) 22 57 2 (P<0. 05)

BT A s e UNE e it R 3R W & /N2 R SR TR 1 52 i)
Fig. 1 Effects of coated controlled-release nitrogen fertilizer combined with urea on nitrogen accumulation in wheat
F3 OEERAEEREREMNZNMNEREZNAENZ N
Table 3 Effects of coated controlled-release nitrogen fertilizer combined withurea on nitrogen use efficiency of wheat
S 4h 78 ﬁﬂ?ﬂﬁifjh/ ﬁﬂﬂ%ﬁ%ﬁﬂfﬁﬁ/ ﬁ%"%qﬁii‘i’l%ﬁ/ ﬁﬂﬂ%m ')ELIQZ’% TR
Year Treatments (kg « kg™ (kg + kg™") (kg + kg™H R/ % "8/ % AT H/ %
NPP NAE NUPE NAUE NHI CRSN
CK — — — — — —
T1 32. 66 17.06 0.40 22.38 68.93 43. 81
T2 31. 14 15. 54 0. 38 20. 84 68. 34 45.57
2014 T3 35. 84 20. 24 0.45 27.12 68. 69 39. 15
T4 37. 30 21.71 0.47 29.07 68.51 37.51
T5 35.50 19.91 0. 44 26. 87 67.79 39. 37
Té6 34.75 19. 15 0. 44 26.79 66.18 39. 44
CK — — — — — —
T1 34.90 17.28 0.43 21.47 68. 65 49.91
T2 33. 24 15.62 0.43 21.49 68.33 49. 88
2015 T3 36.05 18.43 0.51 29. 44 68. 28 42.08
T4 38. 38 20.75 0.53 31.94 68.97 40. 11
T5 36.57 18. 94 0.49 27.52 68.63 43.73
T6 35.71 18.08 0. 46 24.76 68. 32 46. 34
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Hi 2% 4 AT i 0 RE A B R /N 22 Ok e
REFRS. Wit 202 K DA 1 ¥ B OIS B b B + 15
A R CK AL 3 G 25 380, DA A 4% e e
1) T6 AL FRALL A H 5 T3, T4, T5 b ¥ 0] JC 2 3
25, A A R RIS it Y LG A 0 T
77 348 K PR iGE 2 B UAE B T6 kb B AR T1 b B4R &
33. 33 mg/kg(2014 4F) fil 22. 47 mg/kg(2015 4F),
/N WS Je = AR i SR A G A R B AR R

SR it Y b 490 ) 8 o v S A T e . L DA 40 %6 R
DA E 45 R UIE A Ak 352 e RO B L 5 B DR R Y
T1 Ab 322 5 %, Hh oA 9 1 800 48 23 0 4
50.65% ~62. 85% (2014 4F) Fl 54. 23 % ~61. 58 %
(2015 4F ), B M L 32 &5 16. 84% ~ 23. 01% (2014
) M 18, 28% ~ 22, 55% (2015 4F) . & AR &
5.10%~5.73% (2014 4FE) 11 3. 85% ~4.49% (2015
).
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Table 4 Effects of coated controlled-release nitrogen fertilizer combined with urea on

content of soil nitrogen after wheat harvest

€ﬁ’§'ﬁ7/ AR/ 12‘(&!5%@7%/ Wﬁﬁ?’ﬁz B
ARy LB (mg-kg D] (mg » kg 1) (mg - kg4 D) (mg-'kg D) %?f\/(g.' kg™ D
Year  Treatments /\rr}momum Nitrate nitrogen Mlcrol?lal biomass /\yallable Total nitrogen
nitrogen nitrogen nitrogen
CK 1.05+0.21 b 16.134+2.77 d 10.9042.03 ¢ 50.52+1.85d 1.37£0.02 ¢
T1 1.5540.43 ab 22.3342.31 cd 20.0040.20 b 105.33£3.61 ¢ 1.5740.03 b
T2 1.66+0.49 ab 24.6443.98 ¢ 21.4343.91 b 109.00£2.01 ¢ 1.594+0.03 b
2014 T3 2.5540.70 a 26.58+5.95 ¢ 28.13+1.62 a 118.69+2.71 b 1.63+0.02 a
T4 2.4940.09 a 33.66+2.62 b 30.13+1.17 a 123.07+4.77 ab 1.65+0.02 a
TS 2.47740.09 a 49.9840.99 a 31.57+1.46 a 127.50£3.75 a 1.6640.02 a
T6 2.8041.08 a 55.664-4.91 a 32.5741.42 a 129.5746.40 a 1.66£0.02 a
CK 1.4240.10 ¢ 25.5942.58 ¢ 9.87+0.44 d 55.58£2.02 ¢ 1.347£0.02 ¢
T1 2.3940.16 b 35.43+1.254d 22.2040.68 ¢ 109.2942.07 d 1.5640.03 b
T2 2.3440.17 b 39.6441.41 ¢ 22.5140.51 ¢ 116.41+1.99 ¢ 1.55+0.04 b
2015 T3 3.1540.11 a 42.16+0.81 ¢ 30.3941.45 b 126.2343.22 b 1.61£0.02 a
T4 3.3940.38 a 48.30+3.87 b 34.24+1.68 a 129.27+3.79 ab 1.62+0.02 a
TS 3.42740.27 a 50.46+1.38 b 35.87+1.16 a 132.474+3.02 a 1.6340.02 a
T6 3.4240.28 a 57.9040.96 a 35.3540.49 a 133.94+1.82 a 1.63%+0.01 a
5 B+ ST o BT Al W s R A 3 PR AR A A Dy 22 T

BB RIS PR 2 1A B it 58 A2 o 1 4 38 7=
REAVFHIE . KRBT R il 45 1R AR 5k
SR FH 4% 8 ZEUIE T e Ik 2R BB A A4 R AR 0 i S LA
B X AR A R R 400 R
ALY 60 20 bR Z L i vT A 808 &/ 22 7 it R L
PRZ Y T1 1B jite 2 B /I 9 T6 Ak 3 7 45 - 35 1
77 609. 04 F1 392. 15 kg/hm? , Hjfi &b B 7] 2 B
ME T EY P R AR T, DL T4 A B2 AR R
A L JE AT RE A W E i IRt TN AR
19 A 350 A R AR, DE S /N T O A
MARUE T /N 1 RAFAE R R H RN ™, B
GEFE 34 K T B BE A AR N e L A
TS T R N 2R RL T i A E A
K AR, T4 b BN B o R T
I T AR B K R I AL B /N A K el s LA
SRIGAE I ) . R AU AR m R AL T
R BR R T OC i 80 %6 ~ 100 % 45 B AT Ak B 1

FHENME BRI RE A S R E & B sk s
A FE L X T IHE bR 3 A O 20 76 ~ 40 %0 5 B A
JIE A B 2R BRI A o R A B R R Y T Ak
PEL B 797,77~ 1 108. 12 J6/hm’ (2014 4E) F
218.88~773.647C/hm’ (2015 4F) ,

INZE X R R BRI R AL N 7 LA
RRAREHEM LR . RRBEHEEYERDY
REERPRIES" & /N AT WIAE K18 . b F AR B
R B0, B2 AR Y 52 e, 45 BUIE /0 R R il 22
gl ARBFIE L A EER N M R R R R
2 B8 EUNE it P B A9 %) T v T 32 T T B 5 419 91 /0
FAERKMHE AR RBH RGO, T4 4L H/NE 3
REBHEM T H /AP sl T4 AR E
TR T1 ARFEFN T6 4b ¥ & 25 58 /. ] ge it A2
T4 4b P58 2o H 0 1 PR R AL ERAIE T /N 22 0 4 B A
K, E R R RIE R A N AR F A
AN 7R H AR MO AR IE /D 22 A ORI R
G AR T E R AR B DERBUHAR
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SR R I KR 0 TR AT . HLME R n] A AR
m /N AR R R X S E AR g R -8
ARG, T4 A HAF R AR R RZ, B H R
RALFREE N 4. 09% ~ 25. 56 % , A F T /N2 1) 2 7
SESCARHEANZE G, ZIUREST R B s R AR
xR R M RA B IR R S HEBA
JIE 5 BHEC e » BE AT RCUR 5 1 A= 7 20 oA g AR IR 2
VCRCVE W A AL, B — PR s AR A
R ARG i 20 96 B LA b i B RUIE 14 4k
PRAC S R R T1 Ak 3 A A AL 82 @ 200 A=
J1 VAR 2 F) R R AU R LA
B BEAR T A AR o L T4 Ak B el A A
T3 AbPRR Z . 3% AT BEJ2 i T I it 28 R L IR
F 206 My b B vpr, B F T o BG4 e s i R Y
RR BEN A AT BB 3 /N 22 JC Ry BESE £ L 38 ] g
FEJG LA R AP AR R Tt R AU
Lo il T 40 20 b 3 ey, 5 e R0 NE e Y 4k 2o L T OB
BEREAR. G T RE ST A LY R BUE
Y- BEAK . [RIE, A 2 3 XN R R
JIE 5 PR 2R T i 1) J5 LU ) 30 A T R ST 2 A 4
Gt 50 Yo 4% B AUIE /N B AR TG LE B BL AR AR
WA R A SR E i b 2 ¢+ 1 e i 250 2R
BAE. SWPFREE R 2 Rl Rg S R AU 26 5 it
Aot ORI R PR S R O e bR A
Hh R SR A G 2 AN B AT A PR O

HIT AT 22 B0V W 18 A0 G BIF 5 28 BT it Jon 45 R &
N AL BB A AR S EY A B b R L A
oo, FL R A 4 R U8 TG A b 8] Y 5 o A AR
PR X SRR A -, ARK .
B i 20 26 DA - 4 B 208 1 Ah B 4 Uit DR 2K Ak B RE
A RGN WOR 5 R R R0 Hh il S A& Ak
R B RN A R R TE RN 2 WO Y 3
KRFE,FH#EE 12. 10~27. 90 mg/kg.11. 09 ~
12. 86 mg/kg.18.86~24. 45 mg/kg il 0. 07~0. 08
g/ kg W N ZEAEW R A AR A 7T . R T it
80 Y0 B LA 145 B RUIE b B Ay /N 22 77 e e SRR R R
WA T T4 Ab 3, 3x 3% W45 B 08 I it bE 1)
8020 ~100 Y0 i1y 4k 328 3 416 7 FRAE 5 /) 22 4 A 7 4
T AR AVC I, Bl AR 1 /D Z B R R i iz
A R R A AR FLIBOIR I % 7 R A
XA AU 0 B AR AT P RE G I 5% 0 bk
UK o

4zt B

2014 A1 2015 4 % W (B3 56 25 S L 0 L R A
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