FEHE 55 I0R2ER 2021, 27(4): 643-653 doi: 10.11674/zwyf.20443
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

A RRAERER R XS /IEERK R AR BN

ERE, L, KRR, HAR, E4R"
(1 IRAR R VR T IRBE B, IRAE%2 2710185 2 IRARMKAK B, 174822 271018 )

WE: [BY ] @l KHREHEILREEE T/ INEERKNEAERIRE, F0E058 AR S 80R LS .
[ e ] SEHERER =S 4 F, QSRR IR R (PCU). ZIKRE (PPU), IRIPEEIR R (UF) FIAS S5 = il
£ BRI A 155 MR I 4 51 25 5 R B R PR 26 (CHQ), AR Jik 28 FNAS it RUHE Ry X B, 43 31l L0 2 S 5 4 2 ok
T HEASS, /N SRy W4 22957, HEIREE 1 1| BISERER, AR — kM. o)
BT /INZEAS [l st B P e o BB S BEE . AERUAEIE T AR 5562 | i RHA R R L AR K +
BEXMAR S EMIRBEGER AL, [ S5R ] i 4 P s BIR R AR T /N AR A0 L e B v, k%
PREFKME, FRAREIETOHLA S it By, 7EMED 50 A CHQ A BRI HIE LA & i TIR R AL HE, a5
LI R 4 PR RER R ALY HIE M A & 3w TIRFAL P, LI CHQ ALFEAYTCHLA & ftd, CHQ Ab3
B R ETOHLA S A AR RIHEDT 2 MRS IR AL B/ N T 81.86% M1 6.20%., SIRFEAML, ERERE
SUEHT 4 PR s IR BBt/ N A, /N T T e iz SR T A =i, A AT/ N R
A= RIE AL, SR/ R R WROR FHRE ST, RmAIEFIHE, LI CHQ FImt; Wife it 5,
X CHQ MBS FIRE . CHQ FEZ L FIHEDT /N2 7= 8 43 112 6966.67 Fl 10342.22 kg/hm?, HE IR R AL F 43 51| 1%
T 38.69% F 11.07%; A ZEH: 3R/ HR 18.83 1 26.72 kg/kg, HIRZEALIRAF N T 38.66% F1 11.06%
DI /N R A R A RS TR, CHQ BIRE MR M TRLIAm A, [FHe] 1
JIES 3 S0 2 s TR IR G /N BB PR, e AR T (s (i) b, A s i DR 38 B o %6 S s i L - 4
F P K St A 1 AR i R 5 O 1 0 390 225 5 0 s R IR 258 T A AR iR /N 2B K B R R R IR, e IR
Wit (%) L, 4 MEERBIRER/NES KBS 4R P RE A FEZ R, IS TSR E . &
BiE, FELZRE B S B B A58 5 R ] 700 45 5 B s R R 3R

KRR PRI E; /N s IREEMEIFR ;AR R A

Effects of different slow/controlled release urea on
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Abstract: [ Objectives ] This study compared the effects of slow/controlled release urea products on wheat
growth and nitrogen use efficiency in Shandong Province. The aim was to provide a reference for choosing
suitable urea products in wheat production. [ Methods ] Field experiments were conducted in Tai’an and
Weifang cities, representing two the main winter wheat production areas in Shandong Province. We used ‘Jimai
22’ as wheat test cultivar to investigate the effects of four slow/controlled release urea products: resin-coated urea
(PCU), peptide urea (PPU), urea-formaldehyde urea (UF), and self-made resin coating combined with urease
inhibitor to control the release of urea (CHQ), and common urea and no fertilizer as controls. One time of
application was used for the four slow/controlled release urea products, and twice of applications was used for the
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control urea with ratio of 1 : 1 for basal and topdressing. We investigated the plant height, tillering traits, dry
matter accumulation and transportation, yield and yield components, and nitrogen use efficiency of wheat. The
soil available nitrogen content and urease activity were measured at wintering, greening, jointing, flowering, and
mature stages. [ Results ] All the slow/controlled release urea treatments reduced the soil urease activity in
wintering stage of wheat growth, slowed down the hydrolysis of urea, and reduced soil available nitrogen content.
At the maturity stage in Weifang, only CHQ had higher soil available N content than urea control, while in Tai’an,
all the slow/controlled release urea treatments had higher soil available N than urea control. The soil available N
content in CHQ treatment in Tai’an and Weifang increased by 81.86% and 6.20% than the control, respectively.
Compared with the control in Tai’an, all four slow/controlled releases of urea treatments promoted wheat growth,
dry matter transport before flowering, and dry matter production after flowering, thereby benefiting population
construction and yield formation and enhancing N absorption and utilization. The wheat yield in CHQ treatment in
Tai’an (6966.67 kg/hm?) and Weifang (10342.22 kg/hm?®) (P < 0.05) were increased by 38.69% and 11.07%,
respectively, and N production efficiency (18.83 kg/kg and 26.72 kg/kg) increased by 38.66% and 11.06%,
respectively, compared to the urea control. The yield and N production efficiency in Weifang was higher than in
those Tai’an, but the increase rate in CHQ treatment was opposite. [ Conclusions ] Slow/controlled release urea
products have different wheat production efficiencies in Shandong Province. In high fertility loam soil of
Weifang, the urea product that could control the release and hydrolysis of nitrogen product in the soil (CHQ) was
effective, while in low fertility sandy soil of Tai'an, all the four slow/controlled release urea could maintain a high
nitrogen supply in the later stage of wheat growth, and N fertilization efficiency outweighs that in control.
Therefore, urea product with resin coating and urease inhibitor is recommended for improving wheat production
in Shandong Province.
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Table 1 Soil type and basic physical and chemical properties of 0—20 cm soil layer

Hb R Sl =451 HHL (g/kg) TRARA (mg/kg) AR (mg/ke) HAH (mg/kg) HL4 (uS/em)
Location Soil type Soil texture Organic matter ~ Available N Olsen-P Available K Electrical conductivity
Y5 Weifang #73 Brown soil 3+ Loam 14.46 43.14 25.89 146.18 7.13 172.57
2R Tai’an 74 Brown soil 1 Sandy loam 9.14 24.38 12.78 87.65  6.76 128.37
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Table 2 Height and tillers per plant of wheat treated with different slow/controlled release urea

Fki= Height (cm)

PARRATEE Tillers per plant

b .
e o T B M AEREECH
Wintering stage  Jointing stage ~ Flowering stage Greening stage  Flowering stage Tillering rate
Y7 Weifang CK 1921 ¢ 33.00d 64.30d 4.60 b 2.00b 43.48d
6] 2171 a 3342cd 78.10 a 580a 340a 58.62 be
PCU 20.26 be 3580 b 71.35be 5.10 ab 340a 66.67 ab
PPU 21.67 a 3542b 69.00 cd 5.40 ab 3.20 ab 59.26 be
UF 21.08 ab 34.16 ¢ 68.25cd 5.30 ab 3.00 ab 56.60 ¢
CHQ 19.72 ¢ 36.83a 75.28 ab 490 b 3.60 a 7347 a
784 Tai’an CK 10.96 ¢ 17.52¢ 49.00 ¢ 370 b 1.50 ¢ 40.54d
6] 13.07 a 22.32d 64.87 b 4.10 ab 1.90 be 46.34 cd
PCU 11.51 be 30.66 a 67.78 a 4.40 ab 270 a 61.36 ab
PPU 12.10b 26.07 ¢ 65.76 b 4.80a 2.50 ab 52.08 be
UF 12.01 b 2544 c 65.44b 4.50 ab 2.20 ab 48.89 cd
CHQ 11.47 be 28.69b 68.82a 4.20 ab 2.80a 66.67 a

i (Note) : U—JRZ Urea; PCU—HMIE LI IR Z Resin coated urea; PPU—ZJIKJR & Peptide urea; UF—JJK ¥ /X & Formaldehyde urea;
CHQ—WI (I 5 IR B )45 & B42 PR PR 2 Urea coated with resinand added with urease inhibitor; [/ 3714108 5 A ) R 37 [l — 12006 i A FH ) 25 5 0 2

(P <0.05) Values followed by different letters in the same column indicate significant difference among treatments in the same site at 0.05 level.
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Table 3 Dry matter accumulation and transport capacity of wheat treated with different slow/controlled release urea

HIRAE TR S (kg/hm?) JEHTEFRAYE TR ARl e
H b DMA
Location  Treatment — J 5t R AR (kghm?)  BOCR (%) B (kehmd) TR (%)
Flowering stage ~ Maturation stage Transportation ~ Contribution rate Production Contribution rate

#5 Weifang  CK 10576.80 d 7507.50 d 3069.30 d 61.55a 1917.37d 3845b
6] 13580.53 ab 9297.85b 4282.68 ab 46.00 b 5028.43 b 54.00 a
PCU 13104.96 b 8976.00 b 4128.96 ab 4575 b 4895.48 b 5425a
PPU 1221493 ¢ 8371.87 ¢ 3843.07 be 4733 b 4276.93 ¢ 52.67a
UF 11670.77 ¢ 8084.24 ¢ 3586.53 ¢ 46.78 b 4080.13 ¢ 5322a
CHQ 14280.48 a 9836.16 a 444432 a 4297b 5897.90 a 57.03a

%%% Tai’an  CK 8511.91d 6381.33d 2130.58 b 60.59 a 1386.09 ¢ 39.41d
6] 10268.64 ¢ 7616.16 ¢ 265248 a 52.80b 2370.85d 4720 ¢
PCU 11526.34 ab 8686.66 ab 2839.68 a 43.09 cd 375032 a 56.91 ab
PPU 11257.20 b 8354.40 abc 2902.80 a 46.35 cd 3360.53 b 53.65 ab
UF 10609.98 ¢ 7958.62 be 265136 a 47.60 be 2918.64 ¢ 52.40 be
CHQ 11770.80 a 8868.90 a 2901.90 a 41.65d 4064.77 a 5835a

i (Note) : U—JRZ Urea; PCU—HMIE LI JR & Resin coated urea; PPU—ZJIKJR & Peptide urea; UF—JJK ¥ /X & Formaldehyde urea;
CHQ—W‘HE‘@H&‘@Hﬁﬁ%m%ﬂ%ﬂ?ﬁ%ﬂﬁ:%%ﬁ(% Urea coated with resin and added with urease inhibitor; DMA—Dry matter accumulation in
vegetative organs; DMTB—Dry matter transport in vegetative organs before anthesis; DMPA—Dry matter production after anthesis. [5]51 538 /5 1~
[A] ) [R]— 00 i Ab B ] 22 57 . 3% (P < 0.05) Values followed by different letters in the same column indicate significant difference among

treatments in the same site at the 0.05 level.
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Table 4 Yield and biological indexes of wheat treated with different slow/controlled release urea

st g WA Hik PRE s EREE e
Location Treatment Spike number Grains per spike 1000-grain weight ~ Economic yield  Biological yield  Harvest index
(x 10* plant/hm?) () (kg/hm?) (kg/hm?) (%)
Y Weifang  CK 390.00 d 38.20b 3947 ¢ 4986.67 d 12597.00 d 39.65b
U 534.67 ab 44.60 a 46.00 ab 9311.11b 18627.79 b 49.99 a
PCU 528.00 ab 44.10a 45.74 ab 9024.44 b 17994.24 b 50.18 a
PPU 493.33 be 4340 a 44.97 ab 8120.00 ¢ 16521.73 ¢ 49.15a
UF 484.67 ¢ 42.50 ab 43.88b 7666.67 ¢ 15722.59 ¢ 48.79 a
CHQ 564.00 a 4530a 4712 a 1034222 a 20117.88 a 5143 a
284 Tai’an CK 347.00 e 29.80b 3879 ¢ 3516.67d 9899.91d 3552¢
U 432.00d 31.80b 41.49b 5023.33 ¢ 12636.00 ¢ 39.76 b
PCU 493.00 ab 3480 a 43.63a 6590.00 ab 15273.14 ab 43.16 a
PPU 472.00 be 3450 a 43.36 ab 6263.33 b 14613.12 b 42.86a
UF 454.00 cd 3440 a 41.73 ab 5570.00 ¢ 13524.66 ¢ 41.18 ab
CHQ 510.00 a 3570 a 4380 a 6966.67 a 15835.50 a 44.07 a

i (Note) : U—JRZE Urea; PCU—H#IE UK % Resin coated urea; PPU—Z JIKIR # Peptide urea; UF—JJK ¥ JR & Formaldehyde urea;
CHQ—HH i fu i 5 IR 57 25 & 45 PR PR Z Urea coated withresin and added with urease inhibitor; [R] 51 85405 5 A~ [R) 7B 3 [l —iR g0 5 Ab B R 22 5 i 2

(P <0.05) Values followed by different letters in the same column indicate significant difference among treatments in the same site at the 0.05 level.
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Table 5 Nitrogen absorption and utilization indexes of wheat treated with different slow/controlled release urea
i A CUMHIER AL it AR RUIERAFI I RNCAARE RNCR A= 1
Location Treatment N accumulation NPE NFAU NFAE NFPP
(kg/hm?) (kg/kg) (%) (kg/kg) (kg/kg)
HEL Weifang CK 12472 f 3392a
8] 205.60 b 24.06 ¢ 33.70b 18.02b 38.80b
PCU 19233 ¢ 23.32c¢c 28.17 ¢ 16.82b 37.60 b
PPU 173.01d 20.98 d 20.12d 13.06 ¢ 33.83¢
UF 15935 19.81d 1443 ¢ 11.17 ¢ 319 ¢
CHQ 22898 a 26.72b 4344 a 2231a 43.09 a
%% Tai’an CK 7231 27.05a
8] 97.78 d 13.58d 10.61d 6.28 ¢ 2093 ¢
PCU 132.09b 17.81 be 24910 12.81 ab 27.46 ab
PPU 120.87 ¢ 1693 ¢ 20.23 ¢ 11440 26.10b
UF 101.35d 15.05d 12.10d 8.56 ¢ 2321¢c
CHQ 139.29 a 18.83 b 2791a 1437 a 29.03 a

i (Note) : U—JRZE Urea; PCU—H#IE UK % Resin coated urea; PPU—Z JIKIR # Peptide urea; UF—JJK ¥ JR & Formaldehyde urea;
CHQ—# Jig £ I 5 IR B 1 37 25 & U4 PR JR 2 Urea coated with resin and added with urease inhibitor; NPE—Nitrogen production efficiency;
NFAU—Nitrogen fertilizer apparent utilization; NFAE—Nitrogen fertilizer agronomic efficiency; NFPP—Nitrogen fertilizer partial productivity; [7]
B EE 5 AN R B R — i 6 S A B R 25 57 B 3% (P < 0.05) Values followed by different letters in the same column indicate significant

difference among treatments in the same site at the 0.05 level.
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Fig. 1 Soil inorganic nitrogen content treated with different slow/controlled release urea

[¥E (Note) : U—JRZ Urea; PCU—MIFfIKFR % Resin coated urea; PPU—ZJIKJRZ Peptide urea; UF—JJR ¥R % Formaldehyde urea;
CHQ— Hig A 55 IR 1l 351 45 & T4 BE IR & Urea coated with resin and added with urease inhibitor.]

29.11%, KWW 530 F i 24.75% . 14.50% .
11.07% . 24.82%, FFAEHI 7 BIREAL 9.30% .
24.69% . 27.66%. 5.66%, i WAL CHQ AbBEAY
TIETHA S = TIREAA, R A FIE N
6.20%. VEWITE/NEZAKATIN, ZAERBIRE N ARt
MR TE IR FEEEF AT, ZAERIRR
AR E IR, HIE TR & R BRI T

IRFACB; /N K], B IR R AT REZE S
B R R BN Ho TR R s MRRA R T
FESRTIIIE R 2K, T AR+ LA &
W TERAERIRRAL B THEM =B, JREAL
B SETCHLACS R R o, (HR S A HE oL
A AR TR CHQ ALBRAM Y H & 22 A BEIR R Ak
W, fEFRZRB AL, BEEETHRMEE, &0
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Fig. 2 Soil urease activity treated with different slow/controlled release urea

[# (Note) : U—JKZE Urea; PCU—H IR ALK Resin coated urea; PPU—Z KR 2 Peptide urea; UF—fk Fi¥ JK & Formaldehyde urea;
CHQ—HJI5 BB 5 IR 1) 1) 45 & T 45 B IR & Urea coated with resin and added with urease inhibitor.]
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