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Effects of combined application of coated ureas and ordinary ureas on ammonia volatilization in paddy fields
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Abstract: To effectively reduce the loss of N and improve the N fertilizer use rate in the double—cropping rice areas of plain river networks,

this study used one—time fertilization with polyurethane—coated and common ureas to explore the effects of the controlled release fertilizer
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on ammonia volatilization loss and N use efficiency in the early rice season. We conducted a field experiment for two consecutive years,
2018 to 2019, in Yiyang, Hunan Province, China. We set four treatments: no N fertilizer (CK), conventional fertilization (CF),
polyurethane—coated urea (PuCU), and a 6: 4 ratio of polyurethane—coated urea to common urea (0.6PuCU+0.4CF). We monitored the
characteristics of ammonia volatilization during rice growth using semi closed ventilation. The results showed that ammonia volatilization
mainly occurred within 10 days after fertilization under the CF and 0.6PuCU+0.4CF treatments, and the peak values occurred on the
second to third and tenth days, respectively. However, the ammonia volatilization flux of the PuCU treatment was slow during the entire
early rice—growing season, being slightly higher than that of the CK treatment. We observed the maximum ammonia volatilization loss (rate)
of 39.48 kg-hm™?(22.22%) in the CF treatment, and the N recovery efficiency (NRE) and N agronomic efficiency (NAE) were 29.19% and
13.82 kg - kg™, respectively. The total ammonia volatilization loss (rate) of the PuCU and 0.6PuCU+0.4CF treatments were 12.01 kg +hm™
(3.91%) and 20.70 kg-hm™(9.70% ), respectively; the NRE were 60.22% and 71.36%, respectively; and the NAE were 18.99 kg-ke™ and
20.34 kg-kg', respectively. Compared with that in the CF treatment, the total ammonia volatilization loss in the 0.6PuCU+0.4CF and PuCU
treatments were lower by 47.57% and 69.56%, respectively, whereas NRE increased by 163.08% and 116.29% and NAE by 69.85% and
55.97%, respectively. The Elovich equation fit the variation trend of ammonia volatilization accumulation in rice fields with time, and the
correlation coefficients of each treatment were extremely significant. From the results of correlation analysis, we found a significant positive
correlation between ammonia volatilization flux and pH and the concentrations of NHi—N in surface water during the early rice season.
Overall, we found that a one—time base application of polyurethane—coated urea can effectively avoid the sharp rise in NHi=N, reduce
ammonia volatilization loss from paddy fields, and improve the N use efficiency of early rice. Moreover, combining these two ureas in
proportion to each other can further promote N absorption and improve the N use rate, but their combined use has a weaker effect on
ammonia volatilization reduction compared with the use of polyurethane—coated urea alone.

Keywords: controlled-release blended fertilizer; polyurethane—coated urea; ammonia volatilization; paddy field; nitrogen use efficiency
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Table 1 Physical and chemical properties of soil tested in 2018—2019

Al AHLET ol T ol R 2 H AL
Year Organic matter/ Total N/ Total P/ Total K/ Alkali hydrolyzed N/ Available P/ Available K/ pH
’ (g-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
2018 31.96 1.88 2.35 11.01 129.45 20.45 149.32 4.65
2019 34.11 1.69 3.70 11.49 149.02 25.57 161.72 4.85
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Figure 1

Precipitation and atmospheric temperature in early rice season for 2018—2019
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Table 2 Application rate under different fertilization treatments (kg+hm™)

FEHE Basal JBJIE Dressing
Jb3 KL TR -

on N T 7T S P PRI Al %
Coated urea Urea  Calcium magnesium phosphate ~ Potassium chloride Urea

CK 0-45-90 — — 375 150 —

CF 150-45-90 — 196 375 150 130

PuCU 150-45-90 341 — 375 150 —

0.6PuCU+0.4CF 150-45-90 205 130 375 150 —

1% WHART]
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Figure 2 NH; volatilization flux during the whole growth period of early rice season under different fertilization treatments
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Figure 3 Cumulative NHj; volatilization in paddy field under different fertilization treatments
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Table 3 NH; loss and rate in paddy field under different fertilization treatments
FLAEHA Basal fertilizer JBJEH Topdressing J3T Total
i AR Sy - Sy Sy -
L Hikht B Bkt ik Bkt B
Cumulative loss/(kg-hm™) Loss rate/% Cumulative loss/(kg-hm™) Loss rate/% Cumulative loss/(kg-hm™) Loss rate/%
2018 CK 1.54¢ — 4.58¢ — 6.12¢ —
CF 12.22a 7.12a 28.99a 16.28a 41.21a 23.39a
PuCU 1.87¢ 0.22¢ 7.17¢ 1.73¢ 9.04¢ 1.9%c¢
0.6PuCU+0.4CF 8.89b 4.90b 10.87b 4.20b 19.76b 9.09b
2019 CK 1.87¢ — 4.31c — 6.18d —
CF 14.08a 8.14a 23.66a 12.90a 37.74a 21.04a
PuCU 3.03¢ 0.79¢ 11.93b 5.08b 14.99¢ 5.88¢
0.6PuCU+0.4CF 8.55b 4.45h 13.08b 5.85b 21.63b 10.30b
Ay Year(Y) ns ns ns ns ns ns
AL IR Treatment(T) dokok sk ok Hk okt sk
ARy PR YXT ns ns ns ns ns ns

TE : RIS E S5 A ] T BEFR R A F ] 22 5 .25 (P<0.05) o e Floes 33l IR 7E 0.05.,0.0 1 F10.001 /K- 2257 B3 ns TR ZE AR . TlA]o
Note: The different letters after the same column data is significant (P<0.05). *, %% and *** show significant differences at the levels of 0.05,0.01,and

0.001, respectively ; ns is not significant. The same below.
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F CKALFE . P4 CF b RS 44 B a5 A 4 2k
7 (R ) WAH K 39.48 kg - hm™?(22.22%) . PuCU Al
0.6PuCU +0.4CF &b B 2 4 & i 2 B & (%) 430l
12.01 kg+hm2(3.91%) #120.70 kg - hm™>(9.70%) . 5
CF ZbFRAH L, 0.6PuCU+0.4CF Fll PuCU &b B 42 4% & 1
5 RS BIFRAR T 47.57% F169.56% .

23 WEEEHE4EFHHEKNET

2.3.1 7K NH;-N ¥ &

i 4 PR, JERE G 5 55 1 K, CF A B H 1E /K
NH:—N ¥ B2 15 W45, 2018 4= 12019 4E 43 51l &y 10.91
mg- L' F110.88 mg-L",0.6PuCU+0.4CF Fl PuCU 4t 34
A3 9% CF b FRFEAR 18.95% H147.86% ., 2018 4EF5 4k
J5 565 7 KA 2019 AERE AL J5 5 10 X, CF 2038 NHI-N i
JE PO PRI (9.03 mg - L7 1 16.43 mg- L) , T it
FHALBE R RALBRANE TR KRR A K1, £t AE &b
P FH 1A 7K NHG-N ¥R B2 i RAIC, 4 CK AR B,

2.3.2 HTHE 7K NO:-N ¥ i

il s B, 3Rt S RT3 d, 45 A B H T K

NO:—N ¢ & H B AEL, CF 4b P 2018 4F 112019 443 51l

4 1.43 mg- L' f12.01 mg-L™",0.6PuCU+0.4CF Il PuCU
A FREE CF A 343 5 BE#A 22.12% F146.12% ., 2018 4F
AT 25 7 KA 20194E R 4R 555 10 K, CF A FENO-N
e 5 P UG (0.93 mg - L7 A1 1.07 mg- L) , T it
FHALIE PR 2R AL HE NOs-N VR BE R IR R % . KgAK
199, 45t AE A P FH TR 7K NOS—N HR B i A%, #4 T CK
AbER
2.3.3 HIfiZK pH &1k

W 6 fir i, B AT it FH e HE TG K pH P 4F 34 52 5
B AR 4%, CF F10.6PuCU+0.4CF 4b ¥ [H i
K pH BRI E Tl ik BIEAE , 2018 454351k 7.45 F17.04
2019 43524 7.96 F1 7.42, 1 PuCU Ab B384 g 45 /)N .
IKAG A K 9, 45 it A Ak B P TG 7K pH 2R 3 R A1, 4 T
CKAbFE
24 WERBRBFAE

FH 2% 4 T 0, it IS Ak X6 0 25 L g A 0 N 25
Wi K N RE ) R s000, 25 bl B 2, T A4 35007
AN 2 (P>0.05, NAE BRAI) | Jite 8 Ak 255 4453 (6] 1) 28
HRN AR (P>0.05) . 2018 4EF12019 4 X Z F.
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Figure 4 NHi-N concentration in surface water of early rice field under different fertilization treatments
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Table 4 N uptake and its use efficiency of double cropping early rice under different fertilization treatments
GO JOsEH AR MM VUG ES RNEA AR RIEAREET™ T3 FUIEA: 3 H 5
Year Treatment N uptake/(kg+hm™) NRE/% NAE/(kg-kg™) NPFP/(kg-kg™) NPE/(kg-kg™)
2018 CK 90.41c — — — —
CF 144.49h 36.05b 19.50a 46.22a 55.96a
PuCU 184.39a 62.65a 21.61a 48.32a 35.18b
0.6PuCU+0.4CF 189.84a 66.29a 22.37a 49.08a 35.09hb
2019 CK 85.53d — — — —
CF 119.03¢ 22.33c¢ 8.14b 42.37b 40.90a
PuCU 172.22b 57.79b 16.37a 50.60a 28.42a
0.6PuCU+0.4CF 200.19a 76.43a 18.31a 52.55a 23.94a
My Year(Y) ns ns Ak ns ns
QIE Treatmenl(T) SRS EES R X3 wJ
ARy FL YXT ns ns ns ns ns

et G it N A BN s A5 CK A 33 5 5
59.81%~109.98% F139.17%~134.05%; -7 4> £ &
CF 4b B N A NRE H1 NAE 4351 4 29.19% #113.82 kg -
kg™, PuCU #1 0.6PuCU + 0.4CF 4t 3 () NRE 43 %] K
60.22% #171.36% , NAE 73 51|}y 18.99 kg - kg™ F120.34
kg-kg'. 5 CFALHEA EL , 0.6PuCU+0.4CF Al PuCU 4b
PR A= FLRE N 2 W Wi 40 ) R 1S i 49.79% F
36.15%, NRE 43 5l 4% 5 163.08% #1 116.29% , NAE 43
4% B 69.85% F155.97% , NPFP 43 142 5 15.10% #i
11.99%.
2.5 HEMESH

Hi 26 5 R, 4% it AR Ak P 220 4 % 3 5 I K
NHi-N ¥ B 52 I 35 0B G, 5 B R S AR DG A 1 25
Jiti A I, T30 FE 1T /K NHG-N e B2 L pH b 388 i, e 1
AP R R (FEm R 5 2R IR &R
P — S, 10 A & R R K N FZ R JE pH
gtqiae

2.6 KIEEFNS1FEEE
F % 6 AT 1, B AN [R] A P 24 e 2R AR i B I i) A

A Elovich 77 2 #EAT UG, FLAH S PE I 15 200 I8 3%
IKAF-(P<0.01) , (HiZ 3l 1 2 BRI AS [m] b 3 a2 45 2 1Y)
PR ST . S8 NRER, i R AEA R 4L FE
TR AHE R R IE AN R AL B b (R /NI N CF>0.6Pu-
CU+0.4CF>PuCU>CK, iX 5 2 H i R AR L i #
AR5, i 2018 MR H 2019 B H K
R SRR & B AT, A T A T ) &R
% RN 1 2RI A R

3 itig
3.1 BREEESRIENEHSIELR KNI
FAREWFTTIA R, TN I — v M B A S B

JtAE T 20, ANBET R AR e IR IR oK, Hes
TR N ZR AR, R3S I K B, A AR 2
Gt IR 3R &5 AR R H ] w5 35 37.8% . A F

RS> BHESERSHAKRIRERSGFFHEXRY

Table 5 Correlation coefficients of ammonia volatilization in paddy field with N concentration in surface water and climatic conditions

G0 A3 FEL 17 7 NN e Rk ik e

Year Treatment NH:-N concentration Precipitation Air temperature pH
2018 CK 0.662%* -0.057 -0.386 0.434
CF 0.856%* 0.102 -0.424 0.558*
PuCU 0.723%* -0.096 -0.311 0.395
0.6PuCU+0.4CF 0.863** -0.039 -0.278 0.379
2019 CK 0.896%* 0.054 =0.511%* 0.499
CF 0.860%* -0.018 —-0.587%* 0.547*
PuCU 0.723** 0.021 -0.614%* 0.507*
0.6PuCU+0.4CF 0.889%* 0.015 -0.535%* 0.493
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Table 6 Dynamic model of ammonia volatilization under different fertilization treatments
vzt 2018 4 20194

Treatment Q./(kg+hm™) R FRUEIRZE SE t A% K BAE Accumulation of NH; volatilization/(kg+hm™)

CK 1.791n t-0.56 0.97%%* 0.46 88 7.50

Ol 12.591n +~1.98 0.96%* 3.44 88 45.83

PuCU 2.641n t—1.29 0.95%%* 0.81 88 18.23

0.6PuCU+0.4CF 4.87In t+3.21 1.00%* 0.47 88 26.29

i, CF b 38 RS 28 2 9 R 0 T A1 1 R 39.48
kg - hm™, #1 28 3 & 35 22.22%, 5 A AW 9% 45 4%
IR, XU SFESE PR, 538 PR 2% R AR IR 2 A B
ZEAE 247 A % 43 3] o it N 1Y 16%~30% Fil 4%~
8%. i N T, 2845 R HE AL 45 5 FLA HE 20 Wit
eV /0 e H 295 % HE i 13.80%~86.36%"" ., B NI
LB gy e PR, P B NOIE AT ek /D VU B XA I
26.2% MR K o AWFFE T EE ) X R 28 PuCU
Ab PR R AR i (R ) (U 12.01 kg-hm™(3.91%) ,
B CF b FRFA R 52

S e VA 1 HE B 5 e IS B 30 8 D A 56, R
KR S B 5% & B, KR 2 B R R 4 1 I 1)
B, FERAEAERIE G B — RN o B IE RS AR
B B R, ARG R CF A0 BRAE S8 B 77 AE 1 & CHE
T L e, A B IE — Y P it R A A K R A A v
Ja WL LA 4 . CF 5 0.6PuCU+0.4CF kb i & 4%
RHRLEF 3 d K FEAY , PuCU &b BREAS KA A K 2
R PRI, 50 A 5% 45 SR AR A0S0 B 45 R A i
JIE e ) 3R 4 R AR (R 1) HE B . Sk, 0.6Pu-
CU+0.4CF 4b 382 34 hin K fig A= K i I 9 244 & 2, (1
5 CF LR b, 1R AT PR AR 47.57% .
3.2 EMWEEASELZNEXET

WP pH R NHGVR B2 2 15 & 25
M R 26, it N OAES 2= 8 vy 1 38 o NHG-N v 3 R
17K pHH, 2018 4Rt A J5 55 5 K55 2019 4R it L J5 5
14 K, 25 % 5 0] BEAZ H 1~2 d [ TR A4 52 i) T 2 4%
TR BRI A S, 570 B X S48+
A, 55 il A NOTE A E AT R AR IE b it A B -
NH;—N ¥ B F1 K pHE? . ARAIFSE 58 24 iR A i
PR 2 BEIRZE PR 2 0 /K fff 1%, PR KR AR KR +
BN RO BRI, B WA T K NHG =N R B2 M
pH”, 4 N 2 (4 & LK, i 60%PuCU 5 40%CF
PEAT I it B TT K FH AT 7K NHG-N MR B, SCRE TG 2 /K
Fe e KOG WRT T 3540 o ANHIF 98 b &35 % i =5
JK NHi-N ¥R K R AR & A — 20, 1

1% WHART]

25 Jb P T 3 WA AN 58 4 X 7, 3X 5 A B Ay
SEIH S P PR B I A5 TE AR . b B S R T A
P 9% B 5 7 H T /K o NHE-N S Y3k B 52, A 45
HE % kil mil 22 A Z R N R 28 &%
ur[ﬂ[44]o

i e sk 2y N 2O RZ KA 0 Tk
FIXGH A5 A R 7, BRAICRS TN R R Pk 1) 2 ik
F2 R R s/ HE 2K NHG-N #e BE ) 035 % 5
KRR IEAH R R . BARTERIR B IR RE
I AE A R K A K S SO FH A 58 o8 A 7K
J2, NERHASORE 2 B /)N, R T AE K 2 T, o it NS 44
(V) S50 A o, A 45 P TAT 7K R 48 v NHE-IN i R 3
B0 PR E TR RS, RSN R, —
SE Y FE DY Yk B T v B ORI 1, AR 1 PR 3 0 o
TR TH i BT  NHE=N (%) o], DA i 22 3 %
YEFRRS, AT KR BN 5 2 kT
RFEI bk, St FH R A A5 R B A
3.3 BREEBRSREXKERER AENRm

F 5% 2 BA it FF 28 18 N B ] A 3k 16 K A 7
B 2 HECRL R 26 a2 it A BAS | BRI BR B 35 71
ABFFE R, PuCU b BN REAE A 4 1T R AR 244 &
P A % o0 R R A A i L 3 R L VR Xt
FRATHIT R o PAEIE] , 76 P K AE FH Rt F vk — 3L
BT ,0.6PuCU+0.4CF 4 B4 CF Ab P2 7 55
JKFE N Z W05  NAE H1 NPFP 43 51 K 49.79% . 69.85%
H115.10%, $ =5 NRE {53k 71.36% , H.5™= 1 Fl 28 55 54
250 AR T 15.10% 1 16.93%>, i T 4R 3R 250 i BF
FEEER . R, it R R S R s B IR A ] i 2 4 = )
JEE T X KRS N R BB Je N AR R FRCR 1% ikE A
TEIR DRI THE) .

BBt A SR B R B R AR Al X2 A B PR
R 530 JR R B IR LB 70% PL - H— R Lt
(N 210 kg-hm™) 0] 5 fL K R4 BN IEFR K, 38
FE I NAE FINRE B B 825 . A0 H B S50 & B,
— L FE it 40% 2% B N JIE+60% JR Z AL P (N 150 kg -
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hm™) (89 7K 78 NS A1) S8 A0 45 Ab P fe g o ASBHE Y
o, 5 CFARFEAR L, it FH 4% R NI YA ) Rk . T
PR Z K AR R o ) [, A5 s T KRR A
H AR N Z LR, B 0.6PuCU+0.4CF &b 3 {1t 184 77 3k o
PEF PuCU Lb B, 33X 0] fEJ2 th 0 R HLRG A KA
SIRFAL, PuCU AL 395 R 37 B I i AR K
BN FE 05 BRI |, 7 0.6PuCU+0.4CF AL F R 1B TR
Fb 8104 A 8 EL, W BB A A A K AU 3 e PR 2R AR
USRS, SCRERE N A K5 1 1 45 N2 R 5
B AR N AR 451 2% i KU, 0.6PuCU+0.4CF Ab B4R
PuCU 4bFH L% NRE 3442 155 19.03% . BT R, R
Mg R ZAB TR R R e e I AED & 1
BN Z TR e R AR K, T R FE L =g

4 it

ARG A E T it A A I B 2 R N
TR T2 Ak, EL St B IR SR AN BB R IR R
Ak FRRE PH G2 948 e SRR G S 50 Lt JES Ak 531
FHIRAL69.56% F147.57%. it ISR AFRERBIRILRE
AR PRI PR 3 BN BB 428 N L G
BORE RL DRAIE K RS A 1 ad B N R e 0 BER, 23
AR N 295 FRARDL , 18 R IR 4 10 2k 1 ] I 428 e
VR NHEA PR, 1 1552 BRUsHE L
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