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Study on the suitable application rate and method of urea with
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Abstract: [ Objectives ] The application effect of controlled-release urea is usually affected by temperature, soil
moisture and other environmental factors, so the reported effect was varied. To provide theoretical and technical
supports for selecting the appropriate nitrogen fertilizers and application methods, two comparison experiments
between the controlled-release urea and common urea application on winter wheat were performed. [ Methods] A

wheat cultivar, Xinmai 26 was used as the experimental crop, and two field experiments were designed with a
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randomized block. Grain yield,quality traits, nitrogen use efficiency and economic benefit of winter wheat between
controlled-release urea and common urea were systematically studied. In the 1st experiment, the controlled-release
urea was basal applied in one time, and 60% of commercial urea was basal applied and 40% top dressed at
reviving stage , all the two kinds of urea were applied in the five levels: 0( CK1) 120,160,200 and 240 kg/hm”,
respectively. In the second experiment, using no N fertilizer as control( CK2) ,200 kg/hm’ of N was applied, and
controlled-release urea and commercial urea were all applied in ratio of top-dressed 40% . [ Results] 1) Compared
to CK1,grain yield of winter wheat was significantly increased with the increase of nitrogen application rates of both
controlled-release urea and common urea,and the treatment with common urea split application reached the highest
grain yield as much as N 240 kg/hm’.

nitrogen rate , the treatment with common urea split application could significantly increase grain yield of winter

Compared with controlled-release urea one-time application at the same

wheat but not exhibit significant difference at the N 160 kg/hm” nitrogen rate. However, compared with topdressing
common urea at reviving stage , topdressing controlled-release urea could significantly increase grain yield of winter
wheat by 15.8% . 2) Under the same nitrogen rate, compared with controlled-release urea one-time application as
base fertilization, common urea split application could increase grain bulk density, grain protein content, grain
moisture content,wet gluten content of winter wheat,and grain bulk density at nitrogen application rate with N 160
kg/hm’ and N 200 kg/hm” exhibited significant increases. However, topdressing controlled-release urea at reviving
stage could significantly increase grain bulk density, wet gluten content and grain protein content of winter wheat
compared with topdressing common urea. 3) Nitrogen use efficiency such as nitrogen fertilizer agronomic efficiency
and nitrogen partial productivity was decreased with the increase of nitrogen application rate for both common urea
and controlled-release urea, and nitrogen use efficiency in the treatment with common urea split application was
significantly higher than that in the treatment with controlled-release urea one-time application at the same nitrogen
rate. Compared with common urea split application, controlled-release urea one — time application as base
fertilization reduced labor cost of nitrogen topdressing at the jointing stage of winter wheat, but the grain yield
decreased and the increase in input cost eventually resulted in lower economic benefit in the treatment with
controlled-release urea one-time application. However, the results of 2nd experiment showed that, compared with
topdressing common urea at reviving stage of winter wheat, topdressing controlled-release urea at this stage could
significantly increase nitrogen use efficiency including nitrogen fertilizer agronomic efficiency, nitrogen partial
productivity and nitrogen N recovery efficiency, and economic benefit. [ Conclusions ] The rate of recommended
nitrogen is 200 kg/hm’ in this region. Based on a consideration of labor shortage of farmers, controlled release urea
is suitable for one-time base application,and when farmer labors are abundant,common urea is suitable for base and
topdressing fertilizer, or controlled-release urea suitable for topdressing fertilizer at reviving stage of winter wheat.
Therefore , appropriate urea types and application methods as nitrogen fertilizer could be chosen to increase farmers’
income depending on the actual situation under the background of limited labor in rural area as well as increase in
labor force cost and decrease in benefits of growing grain crop at present.
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Table 1 Grain yield and components of winter wheat under application of controlled-release urea and common urea

iti A e Y gk  TwaE AEYTER OFRTRE Hayr R WokAEE

N rate Treatment Spikes  Grains per 1000-grain ~ Biomass ~ Grain yield Increase Harvest
(kg/hm®) (10°/hm*)  spike  weight(g) (kg/hm®) (kg/hm’®) (%) index

R 1 0 CK1 459 d 3l a 43.75a 12486 ¢ 4858 e — — 0.39 ab
Lst 120 CRU 534 cd 3la 42.45bh 16907 b 5918 d 21.8 — 0.35 be
experiment CU 578 be 33 a 41.84 bec 17480 b 6499 be  33.8  9.82  0.37 he
160 CRU 604 abc 30 a 41.76 bed 17369 b 6322 ¢ 30. 1 — 0.37 be

CU 620 ab 32a 41.98 be 17733 b 6618 b 36.2  4.68  0.39 ab

200 CRU 612 abe 3la 41.34 cd 17720b 6377 ¢ 31.3 — 0.36 be

CU 651 ab 33a 41.03 de 18581 ab 6816 ab  40.3  6.88  0.37 he

240 CRU 653 ab 32a 40.92e 20177a 6582 bc  35.5 — 0.33 ¢

CcU 675 a 29 a 41.23 cde 16735 b 7148 a 47.1  8.60 0.43a

R 2 0 CK2 468 ¢ 3l ¢ 40.23a 14315¢ 5305 ¢ — — 0.37 ¢
2nd 200 CU 576 b 34 b 40.80a 17206 b 6903 b 30. 1 — 0.40 b
experiment 200 CRU 628 a 38 a 41.37a 18017a 799 a 50.7 15.80 0.44 a

1 (Note) ;: CK—AJifi A I No nitrogen fertilizer; CU—3%3#fi JK & Common urea; CRU—4% B JK Z Controlled-release urea ( release period: 3
months) 5 BHE 5 AN [ 520323 5 6 7R [R) — 180 56 A [R) 4b B ] 22 5 18 3% (P < 0. 05) Different letters mean values in the same experiment significantly

different among the treatments at the 0. 05 level.
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Table 2 Quality characteristics of wheat grains in different treatments

e it K RHEH T T A EHRREE
N rate Moisture Bulk density Wet gluten Protein
Treatment
(kg/hm?) (%) (g/L) (%) (%)
T 1 CK1 0 9.07 ¢ 799 a 25.12 ¢ 13.73 ¢
1st experiment CU 120 9.30 a 797 abe 28.73 ab 15.60 ab
160 9.33 a 799 ab 29.20 ab 15.80 a
200 9.27 a 797 ab 29.47 a 16.33 a
240 9.30 a 794 bed 29.53 a 16.07 a
CRU 120 9.13 b 795 bed 27.27 b 14.97 b
160 9.10 b 793 cd 28.53 ab 15.77 ab
200 9.13 b 792 d 28.40 a 15.90 ab
240 9.13 b 793 cd 28.83 a 16.13 a
TR 2 CK2 0 9.13 b 789 b 26.33 ¢ 13.87 ¢
2nd experiment CU 200 9.38 a 791 b 28.75 b 15.86 b
CRU 200 9.42 a 801 a 29.84 a 16.58 a

7 (Note) ; CK—AJiti & AL No nitrogen fertilizer; CU—33i J8 & Common urea; CRU—JE B K % Controlled-release urea ( release period; 3
months) ; BI85 AS A 14051 32 7R [] — 12 56 A5 [6) b 3 [A] 22 5 8 3% (P < 0. 05) Different letters mean values in the same experiment significantly

different among the treatments at the 0. 05 level.
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Table 3 Nitrogen use efficiency in different treatments

e it (L] REFHR IliEs
N rate Partial productivity Agronomic efficiency N recovery
Treatment
(kg/hm’) (kg/kg) (kg/kg) (%)
R 1 CU 120 54.16 a 13.67 a 48.5 a
Ist experiment 160 41.36 ¢ 11.00 b 39.1b
200 34.08 e 9.79 be 37.9 ¢
240 29.78 g 9.54 be 23.34d
CRU 120 49.32 b 8.84 cd 39.1b
160 39.51d 9.15 cd 36.8 ¢
200 31.89 f 7.60 de 31.7 d
240 27.43 h 7.18 e 36.9 ¢
PR 2 CU 200 34.52 b 7.99 b 26.4 b
2nd experiment CRU 200 39.97 a 13.45 a 32.8 a

7E(Note) : CK—AJifi &M No nitrogen fertilizer; CU—3% 3 JK Z Common urea; CRU—$% &K & Controlled-release urea ( release period: 3
months) 5 BE 5 AS [R5 531 e 7 7] — 3R 56 A [R) 4k 3 6] 22 57 8 3 (P < 0. 05) Different letters mean values in the same experiment significantly

different among the treatments at the 0. 05 level.
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Table 4 Analysis on economic effect from different nitrogen treatments

g it FERL B FHE Ak A BAEANT HibA gl s
Treatment N rate Grain yield Output Fertilizer cost ~ Labor input Other input Income
(kg/hm®) (kg/hm*)  (yuan/hm®)  (yuan/hm®)  (yuan/hm’)  (yuan/hm’)  (yuan/hm’)
e | CK1 0 4858 e 10688 e 1548 0 2400 6740 e
1st CU 120 6499 be 14297 be 2070 450 2400 9377 be
experiment 160 6618 be 14559 be 2243 450 2400 9466 abc
200 6816 ab 14996 ab 2417 450 2400 9729 ab
240 7148 a 15726 a 2591 450 2400 10285 a
CRU 120 5918 d 13020 d 2364 0 2400 8256 d
160 6322 ¢ 13908 ¢ 2636 0 2400 8872 bed
200 6377 ¢ 14030 ¢ 2908 0 2400 8722 cd
240 6582 be 14481 bc 3180 0 2400 8901 bed
I 2 CK2 0 5305 ¢ 11671 ¢ 1268 0 2400 8003 ¢
2nd CU 200 6903 b 15187 b 2137 450 2400 10200 b
experiment CRU 200 7994 a 17587 a 2334 450 2400 12403 a

7 (Note) ; CK—ARjifi & IE No nitrogen fertilizer; CU—3%3# JR & Common urea; CRU—4% B JK 2 Controlled-release urea ( release period: 3
months) ; B JG A [F] F=0E 431 22 o R — 3 56 A [A) Ab B 6] 22 57 2 3% (P < 0. 05) Different letters mean values in the same experiment significantly

different among the treatments at the 0. 05 level.
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