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Abstract
release urea,on wheat yield , nutrient utilization and mineral nitrogen residue,and to provide basis for the rational application of fertilizer and

In order to better understand the effects of several new fertilizers, zinc containing urea, manganese containing urea and controlled-

the zinc, manganese and promotion of the fertilizer, the field experiment was carried out in East Pavilion Joe village , Henan Institute of Science
and Technology from 2016 to 2018. Seven treatments were designed with wheat as test material : no nitrogen ( CK) , conventional urea,zinc con-
taining urea, manganese containing urea , controlled-release urea,conventional urea + zinc and conventional urea + manganese. The main results
showed that, the new controlled-release urea and manganese containing urea in the test showed high grain yield,, which was increased by 3. 56%
and 3. 08% ,on average ,compared with the conventional urea. Especially the controlled-release urea showed great advantage in the accumula-
tion of aboveground biomass and nitrogen nutrient in late growth period. In addition, the overall apparent recovery of fertilizer N (NRE ) of
wheat with the controlled-release urea was the highest, and then the manganese containing urea,the two was 22. 16% and 13. 67% higher than
the conventional urea. Applied with the controlled-release urea,the mineral nutrient was accumulated more in the upper layer of soil profile ,and
there was less residue in the subsoil under 40 cm soil depth,in addition the available nutrients in all soil layers were higher at harvest time,
compared with the other four fertilization treatments added with Zn or Mn. Therefore , the controlled-release urea showed great advantage in grain
yield ,above-ground biomass , nitrogen accumulation , nitrogen use efficiency and mineral nitrogen residue. It is beneficial to the application of
the controlled-release urea in high-yield and good quality wheat production.

Key words Wheat; Controlled-release urea; Yield ; Nitrogen use efficiency ; Mineral nitrogen residue
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Table 1 Background properties of soil before wheat brodcasting

)2 H AL B AL AR AR ARGR
Soil layer (2.5 :[1) CaCl,) Organic Alkaline nitrogen Available P Available K Available Zn Available Mn
cm ’ 2 matter//g/kg mg/ kg mg/ kg mg/ kg mg/ kg mg/ kg
0-20 8.10 17.48 77.85 20. 30 186. 58 1.6 28.9
20-40 7.80 12.99 65.18 16. 18 136. 18 0.9 20.3
4p SSERRE 135 H) JEIRHI(S A 21 H) AR (6 A 1 H) BT 2
= &= 0184 HE N P . .
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B 1 2017—2018 &£ A FHKEMAFHENE
Fig.1 Monthly average temperature and precipitation in 2017
and 2018
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Table 2 Grain yield and yield increase of wheat in different treatments

VS0 ARy M 1 3%

kg/hm rate//%
0 TeRAL R 5322.7+802.0 ¢ —
U WS PR E 6 923.5+506. 8 ab 30.07
U+M Wl PR+ 6 203.12144. 8 he 16.54
U+Z Tl PR E+EE 7 430.4+437.5 a 39. 60
UL PERIRER 7 170.3+603.7 a 34.71
UM EERIR R 7 136.9+104.2 ab 34.08
UZ TEIRF 5789.66.7 ¢ 8.77

T : [RFUA [N RN AN TR Ak R A] 28 57 2.3 ( P<0. 05)
Notes ; Different lowercase letters in the same column indicated significant
difference between nitrogen fertilizer treatments ( P<0.05)
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Table 3 Results of wheat test in different fertilizer treatments

K 24 , i
s K Internode length of main stem//cm R T TR BE TR Tk H ¥k ﬁ‘?‘ﬁ
Qb3 Plant Length Internode Spike Invalid  Grain number 1 000-grain Tola]L ;_;i
Treatment he}ght of b;plke ) 3 $H4 35 dla‘mele; in nilmber , ullimg per /Sglke weight weight
cm cm Stem2  Stem3  Stem 4  Stem5 stem J33k/hm | I g g
0 63.0a 7.8a 5.8a 9.1a 15.0a 22.1a 3.3b 690.0 a 3.2a 26.8 ¢ 45.0 b 169.0 a
U 65.4a 8.5a 5.9a 9.3a 15.7a 23.0a 3.7a 735.0 a 4.7 a 29.2 b 48.9 a 206.2 a
U+M 64.6a 8.2a 6.4 a 9.2a 15.3a 22.7a 3.7a 823.5a 3.3a 28.5b 50.4 a 201.2 a
U+Z 66.8a 8.6a 6.5a 9.7a 15.8a 22.0a 3.6 ab 795.0 a 3.2a 31.5 ab 50.7 a 184.4 a
UL 65.4a 8.1a 6.0a 89a 14.9a 22.5a 3.4 ab 786.0 a 5.2a 35.5a 49.5 a 210.5 a
UM 66.2a 8.5a 6.3 a 9.3a 15.2a 2l.6a 3.5ab 697.5 a 3.2a 29.2 b 49.3 a 195.6 a
[0/4 66.8a 8.4a 6.5a 9.5a 15.8a 23.0a 3.5 ab 790.5 a 4.3a 29.0 b 49.7 a 201.9 a

TE : [RFUAS [R)NG TR R R )4k B ] 28 572 5 1 3% (P<0. 05)

Note: Different lowercase letters in the same column indicated significant difference between nitrogen fertilizer treatments (P<0.05)
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A NG FRER R[] —A2 B AN R @ AL 2] 22 55 1 3 (P<
0.05) ,n. s. F/R ] —£E 7 I A A @A AL B R) 22 57 A8 1 3 (P<
0.05)

Notes : The different lowercase letters indicated significant differences
between fertilizer treatments at the same growth stage (P <
0.05) ,and n. s. stood for no significant difference

B2 B4EHARGELENSEkRE EHEMENTET

Fig.2 Dynamic change of above-ground biomass of wheat at

different growth stages with different fertilizer treat-

ments

H1 P 3 R, 25 b B ] /N A2 M b EAR R SRR R B A A



50 & 13 2

BHHE A4 A8 - BAREEN A B0 SEA A& LR AR K LA 161

IR —E 22 5. XA —Tr ik A YR e
AN [ S ) SRR 22 S, — 5 TR AR R P R BE 1 22 57
BRI, & IR AL T RN R Z AR TR0, i
BERFZ WA TR R BB Z MR FE IR .

2501 g

> (L

EE

Above-ground nitrogen
accumulation /| kg/hn?

H

2.4 TEFEHPENERR NE 4 /NLBCRIS T2
AR AS R RPUDKRF 720~ 100 em )2 FEREIR R 1Y
60

a
40 ab 4
b
b
g b '
0 .
U U+M U+Z UL UM UZ

#fesLFE Different fertilizer treatment

of fertilizer N(NRE) Il %
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=

R2g R R R& 2 R R 5 PN = — E
EE &g i 23 £ RES R VE R VING SRR 22 5 .3 (P<0. 05)
=l ) 4.5 b MO w5
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A F#1 Growth period

TE AR NG FREFORE —E T YA R AL AL B0 2 53 2.2 (P<
0.05)

Notes: Different lowercase letters indicated significant difference be-
tween fertilizer treatments at the same growth stage (P<0.05)
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Fig. 3 Dynamic change of above-ground N accumulation of

wheat at different growth stages with different fertilizer

treatments
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Fig.4 The overall apparent recovery of fertilizer N (NRE) of
wheat at maturity
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Table 4 NH, -N and NO; -N accumulation of wheat soil with different layers at maturity kg/hm®

b AR ZE NH; -N accumulation AR E R NO;-N accumulation

Treatment 0~20 cm 20~40 em  40~60 cm  60~80 cm  80~100 ¢cm 0~20 ¢cm 20~40 em  40~60 ecm  60~80 cm 80~100 ¢cm

0 7.1a 7.5 a 7.3b 6.9b 8.4b 17.4 a 13.6 ab 14.3 b 3.0c¢ 8.8¢

U 5.6 a 8.4a 7.3b 15.1 ab 6.1b 13.3 a 20.6 a 28.7 a 19.1 ab 31.7 a
Uu+M 6.9 a 8.1a 12.8 a 12.0 ab 10.7 ab 16.8 a 25.6 a 21.8 ab 30.0 a 18.9 ab
U+Z 7.0 a 7.0 ab 7.7b 7.6 b 6.6 b 17.8 a 19.9 a 29.8 a 28.2 a 26.1 ab
UL 7.9 a 7.2 ab 5.3b 6.6 b 7.3b 21.5a 16.0 ab 22.5 ab 26.1a 9.9¢

UM 6.8 a 7.9 a 6.5b 18.3 a 8.3b 16.9 a 24.0 a 24.5 ab 21.7 ab 21.4 ab

UZ 6.2 a 7.5a 7.8b 9.6 b 16.4 a 13.8 a 11.3 b 17.9 b 25.2 a 4.4 c

T [RFUAS NG TR R R [ Ak BER] 22 5 8 3% ( P<0. 05)

Notes ; Different lowercase letters in the same column indicated significant difference between fertilizer treatments ( P<0.05)
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Table 5 N,P,K,Mn and Zn content of wheat soil in different soil layers at maturity
i HiE b5 A A H T A A
Soil layer //em Fertilizer Alkaline nitrogen Available P Available K Available Zn Available Mn
treatment mg/kg mg/kg mg/kg mg/kg mg/kg
0~20 (0] 28.80 b 9.51a 69.03 b 0.99 b 16.27 b
U 50.52 ab 14.00 a 128.04 a 0.92 b 11.38 b
U+M 49.04 ab 12.78 a 117.54 ab 0.91b 20.58 a
U+Z 47.72 ab 12.44 a 114.37 ab 1.23 a 12.74 b
UL 53.72 a 14.00 a 128.74 a 1.09 b 16.90 b
UM 48.42 ab 12.62 a 116. 05 ab 0.98 b 19.08 a
Uz 49.02 ab 12.78 a 117.50 ab 1.12 a 13.92 b
20~40 0 24.11 a 5.98 a 50.38 a 0.52 a 12.87 a
U 40.30 a 10.50 a 88.38 a 0.45 a 11.44 a
U+M 41.06 a 10.19 a 85.79 a 0.52 a 13.19 a
U+Z 39.95 a 9.91a 83.47 a 0.45a 10. 66 a
UL 40.97 a 11.16 a 93.96 a 0.45 a 10.20 a
UM 40.54 a 10.06 a 84.70 a 0.39 a 11.45 a
[0/4 41.05 a 10. 19 a 85.76 a 0.52 a 9.56 a

T [RIFUA NG RSN R b HER] 22 57 . 35 (P<0. 05)

Note ; Different lowercase letters in the same column indicated significant difference between different fertilizer treatments ( P<0.05)
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