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Effects of polymer—coated urea combined with common urea on ammonia volatilization, nitrogen runoff and
leakage loss, and yield in direct—seeding paddy field

ZHOU Qianshun, ZHU Jianqgiang, ZOU Yu'ao, YANG Zeyu, HE Mingjia, WU Qixia"

(College of Agriculture, Yangtze University/ Engineering Research Center for Wetland Ecology and Agricultural Utilization, Ministry of
Education, Jingzhou 434025, China)

Abstract: This study explores the effects of combined application of polymer—coated urea and common urea on nitrogen loss in direct
seeding paddy fields. Field trials conducted in 2021 set eight nitrogen treatments under 180 kg« hm™ nitrogen application levels: CRFU
series with polymer—coated urea (base fertilizer) : common urea (tillering fertilizer) ratios of 4: 6 (CRF4U6), 6: 4 (CRF6U4), and 8: 2
(CRF8U2), and single base application of polymer—coated urea (CRF10U0); U series with common urea (base fertilizer) : common urea

(tillering fertilizer) ratios of 4:6(C4U6), 6:4(C6U4), and 8:2(C8U2); and no nitrogen treatment as control (CK). The results showed
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that the peak value of ammonia volatiles at the base fertilizer stage in the polymer—coated urea treatment (CRFU series) was significantly

lower than that of common urea treatment (U series). The ammonia volatiles loss at the whole growth stage of rice was the lowest in
CRF10UO, followed by CRF8U2, with ammonia volatiles loss rates of 7.35% and 8.92%, respectively. The total nitrogen (TN) runoff loss
rate of the CRFU series was significantly lower than that of the U series. CRF10UO had the lowest TN runoff, followed by CRF8U2, with
wastage rates of only 1.69% and 2.04%, respectively. This was because the runoff in direct seeding paddy fields mainly occurred after base
fertilizer application. However, TN concentration in runoff of the CRFU series was significantly lower than that of U series during the base
fertilizer period (May 22 and May 26). Nitrogen percolation at 30 cm depth of the direct seeding paddy field was dominated by NH;—N, and
the peak concentrations of TN and NH;=N at 30 c¢m of the CRFU series were significantly lower than those of the U series at base fertilizer
stage. Furthermore, nitrogen leakage loss during the whole growth stage of rice was significantly lower than that of the U series, with
CRF10UO being the lowest followed by CRF8U2, with leakage rates of 2.90% and 3.18%, respectively. The yields of CRF8U2 and C4U6
were significantly higher than that of other treatments except CRF10UO, and the production—investment ratio of CRF8U2 was only 4.90%
lower than that of C4U6. Therefore, considering nitrogen loss, yield and production—investment ratio, the CRF8U2 fertilization model is

most suitable for the actual production of direct seeding rice.

Keywords: direct—seeded rice; ammonia volatilization; runoff; seepage; nitrogen loss; polymer—coated urea
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Figure 1 Dynamics of ammonia volatile flux in paddy fields under different nitrogen fertilizer management

WEME A F 1.31~2.85 kg-hm?-d" Z B, U RFI A+ P<0.05).
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‘ - AR RS B T AR A k&Y
1 ARGEEEARA TEERASEL BEIEE P RN 2 iR . CRFU 24 5L R 42045 R 41 2k
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B Z L F U & % (P<0.05) , H CRFU % %
CRBF6U4 .CRBF8U2 .CRBF10U0 [a] G i 225 & (H Y
5 F CRBF4U6, H CRBF10U0 .3 & F CRBF4U6( P<

Table 1 Peak ammonia volatile flux in paddy fields under

different nitrogen fertilizer management (kg+hm2-d™")

Trfjim Tl fﬁﬂ?ﬁ ol T()pdri%fi/ﬂ;ﬂperiod 0.05), U 291 5 Jb JRIR) 22 ¢ R A2k 0 5 25 (P<
CRF4UG 0.29+0.01d 02020014 0.05) ;B I CRFU 41 ) CRFAU6 .CRF6U4 . 3%
CRF6U4 0.29:0.01d 1.85:0.14b =T U R (HIE NS 24 45 k1 2% 5 DA CRF10U0 fx
CRF8U2 0.29+0.01d 13120.03¢ I, 5 U RF -S4 K VA0 HUAR g G215 R 28 8 — kb
CRF10U0 0.25:0.01d 2.85:0.15a i F (CRF10U0 ) 7] A3 B 1 4.129%~17.17% [0 5045

C4U6 1.2240.08c 2.72:0.03a S s CREU 201 4 T8 3 T8 28 1 L 6 0
EZE ﬁiggib i;tg?;i Je it B E IR T U &1, L CRFI0UO 4 , CRFSU2 ¥k

Z 5 U RIIAH AR T 24.57%~32.89% . 13.29%~
e [RGB S5 AN R 7R R b B ) 22 5 b % (P<0.05) . Rl = e L
Note: Different letters after the same column data indicate significant 22.86% E@%ﬁkﬁ—l%i © H.CRF8U2 Ej CRF10UO E@
difference between treatments (P<0.05).The same below. jﬁgﬁ%’fﬂjﬂ 8.92% .7.35%
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Table 2 Ammonia volatilization loss volume and loss rate under different nitrogen fertilizer managements

e FENEHA Basal fertilizer period B B4 Topdressing period J 4 Total
e kR Iy AR Iy kR Iy
Loss volume/(kg-hm™) Loss rate/% Loss volume/(kg-hm™) Loss rate/% Loss volume/(kg+hm™) Loss rate/%
CK 0.85+0.23f — 5.05+0.30d — 5.90+0.28f —
CRF4U6 3.34+0.04¢ 1.38+0.02¢ 19.67+0.97a 8.28+0.54a 23.01+0.95¢ 9.66+0.53¢
CRF6U4 3.42+0.04de 1.43+0.04de 19.91+0.53a 8.42+0.30a 23.33+0.49¢ 9.84+0.27¢
CRF8U2 3.59+0.06de 1.52+0.29de 18.07+0.77b 7.40+0.43b 21.67+0.82d 8.92+0.46d
CRF10U0 3.74+0.05d 1.61+0.02d 15.11+0.72¢ 5.75+0.40¢ 18.85+0.77¢ 7.35+0.43¢
C4U6 6.62+0.27¢ 3.20+0.14¢ 18.37+0.48h 7.56+0.27b 24.99+0.29h 10.76+0.16b
cou4 9.44+0.29h 4.77+0.17b 16.06+0.17¢ 6.28+0.09¢ 25.49+0.32b 11.04+0.78b
C8U2 12.34+0.35a 6.38+0.20a 15.76+0.18¢ 6.11+0.10¢ 28.09+0.46a 12.47+0.25a
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Table 4 TN concentration in runoff water under different nitrogen

fertilizer managements(mg-L™")

b3 7743 B 1 (J1 - H ) Date of runoff event(Month—Day)
Treatment 05-22 05-26 07-14
CK 3.65+1.10f 4.14+0.66f 4.43+0.39f
CRF4U6 8.32+0.33e 6.59+0.48de 15.81+0.31ab
CRF6U4 8.58+0.40e 7.37+0.78d 15.61+0.51hc
CRF8U2 8.84+0.63de 8.74+0.24¢ 13.32+0.32d
CRF10U0 10.1+0.69d 6.43+0.55¢ 8.44+0.65¢
C4U6 26.01+1.79¢ 24.59+0.42h 16.42+0.31a
C6U4 29.57+0.87b 26.3720.24a 15.04+0.50c
C8U2 32.09+0.48a 27.0020.80a 16.42+0.15a
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Table 3 TN loss of runoff water in paddy field under different nitrogen fertilizer managements

ghpp 7 H I (H = H ) Date of runoff event(Month—Day )

NHi-N ik &

NO:-N i kit TN i Sk At TN i e

Treatment 05-22 05-26 07-14 NH:-N loss/(kg-hm™)  NO;-N loss/(kg-hm™) TN loss/(kg-hm™) TN loss rate/%
CK 1.13+0.09f 0.98+0.10f 0.87+0.23e 2.40+0.31d 0.49+0.14d 2.98+0.32f

CRF4U6 2.42+0.09d 1.91+0.19d 3.85+0.08b 4.05+0.33¢ 1.54+0.10¢ 7.51+0.16d 4.17d

CRF6U4 2.31+0.06d 2.18+0.06¢ 3.38+0.14¢ 3.55+0.18cd 1.60+0.10c 8.17+0.21¢c 4.54¢

CRF8U2 2.28+0.13d 1.74+0.12d 1.74+0.13d 4.46+0.61c 1.55+0.07¢ 7.87+0.18cd 4.37cd

CRF10U0 1.78+0.02¢ 1.49+0.12¢ 4.22+0.06a 4.04+0.39¢ 1.68+0.11bc 5.76+0.22¢ 3.20e
C4U6 6.24+0.06¢ 6.12+0.16b 4.32+0.17a 8.35+0.98h 1.86+0.18ah 16.68+0.25b 9.27b
CcoU4 7.79+0.48b 6.24+0.20b 4.26+0.10a 12.72+0.12a 1.97+0.13a 18.29+0.55a 10.16a
C8U2 8.24+0.08a 6.75+0.05a 3.56+0.19¢ 12.90+0.72a 1.91+0.13a 18.54+0.07a 10.30a
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Figure 3 TN loss of 30 cm seepage water leakage in paddy field under different nitrogen fertilizer managements
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Table 5 Yield and yield components of direct seeding rice under different nitrogen fertilizer managements

m@g 2022

Ab3 AR BERERIER SR ARA R i
Treatment Effective spike/(10*f# -hm™) Spike Fruition rate/% Thousand grain weight/g Yield/(t-hm™)
CK 165.95+1.35d 163.54+2.24e 83.12+1.22¢ 24.19+0.10¢ 6.11+0.32¢
CRF4U6 172.71+1.62¢ 204.34+2.02d 84.61+0.14de 24.69+0.07bc 8.47+0.03¢
CRF6U4 176.66+2.83b 209.19+1.00bc 85.26+0.91cd 24.93+0.05ab 9.77+0.14b
CRF8U2 182.42+1.78a 215.02+1.68a 87.47+1.04ab 25.35+0.05a 10.03+0.07a
CRF10U0 177.73+2.04b 211.13+1.65b 86.79+0.21bc 24.96+0.57ab 9.85+0.07ab
C4U6 182.92+1.25a 217.15+1.03a 89.01+0.83a 25.22+0.11a 10.04+0.01a
cou4 175.92+1.66b 207.95+1.21¢ 85.10+0.54d 24.89+0.55ab 9.61+0.10b
C8U2 172.31+1.26¢ 202.65+0.53d 85.47+1.02cd 24.49+0.20bc 7.77+0.10d
Fo AEAEEEAXTEEREFNH
Table 6 Economic benefits of direct seeding rice under different nitrogen fertilizer managements
R AL IR 2/ (I6 - hm™) FEHE

pUBL] FHE/(OE - hm™) PRZR1(IE-hm™) AN T/(GE-hm™) oAt/ (E-hm™)

Polymer—coated urea/(yuan+ Production—

Treatment  Value/(yuan+hm™) hm?) Urea/(yuan-hm™)  Labor/(yuan-hm™)  Other/(yuan-hm™) (nvestment ratio
CK 15 888.28 1500 9 987.50 1.38
CRF4U6 22014.26 586.05 422,61 1500 9 987.50 1.76
CRF6U4 25395.37 879.07 281.74 1500 9 987.50 2.01
CRF8U2 26 066.59 1172.09 140.87 1500 9 987.50 2.04
CRF10U0 25 596.39 1465.12 1200 9987.50 2.02
C4U6 26 103.96 704.35 1500 9 987.50 2.14
Cc6U4 24 978.23 704.35 1500 9 987.50 2.05
C8U2 20 197.88 704.35 1500 9 987.50 1.66

T KA 2021 4F I SR IR DR 1 2.6 J0 - kg ' I MG IR 3K 3.5 JG - kg™ s N 1A% 150 J0 - 07355, CRF10UO AR FRs 8 4> THF - hn ™, HoAth4h
FIFF 104> - hm s HAd AL 507 BEIE HIE WUBISCR] HURMRERT AR 2555 A

Note: Rice is calculated according to the national minimum protection price of 2.6 yuan-kg™ in 2021; Resin—coated urea 3.5 yuan - kg™'; Calculated at
150 yuan+d™', CRF10UQ treatment needs 8 workers - hm™, other treatments need 10 workers - hm™; Other inputs include seeds, phosphate fertilizer, potash

fertilizer, mechanical harvesting, mechanical rotary tillage , pesticides and so on.

FNETF (R 6), 76 CRFU R 51 H, CRFSU2 477 4% L
&, CRF10U0 ¥k 2 , [A]isf CRF8U2 5 CRF10U0 A k7
T 1.83%, PR R 0.99% . U R4 L C4U6
PR i, CoU4 IR 2 TRl C4U6 15 COU4 A L = it
FtH 4.47% , PR R 4.39% ., R A 22 18] L) c4U6
7 A% B AR B AY G CRF8U2 5 4.90%, H I ] I,
CRFU £ %1 Fh 1) CRF8U2 A1 U £ 41| H 1) C4U6 jifii A 5
SHEA RS I ELREAE a [R) BB T B R AT
L&

3 g

3.1 HIAgELRE IR R AL i 1 IR E X RIE L KIS0
PG A1 55 PR 2 Wk I AR K RS A 7 v A R

et FH 201 7 A R HETC, A B AL AR IR 2R ) D HE R 3

I (56.20% )", Guo SF™ T 5T 2 B, 4% 18 4 15 R

P 1%) WHARTY

258 R 2 A L ATl A AR S R R R AR
64.80% . ARG H PR 28 BEA AR AR FH 2 i HE ™
TEAMWFFE 1, CRF10U0 b P ) 247 & 451 2 458 C4U6
C6U4 C8U2 AbFE i 23 /b T 32.57%~49.02% , iX /2
TR IR = B — IR G2 ISR T 2212
T 22 4 2 R A 3 T 43600 5 Ak AR ST iR A
th, CRFU R4, 2445 K 401 2% it BE R B 0 J5E PR 3= 5k
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AT 2R B S R AR B KT CRF4U6 . CRF6U4,
F LR R ] BRI T B MR UBCRIREAR T 38 B 5 R
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