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Effects of different coated controlled-release urea on soil ammonia volatilization

in farmland

LU Yanyan',SONG Fupeng'* "

1 College of Recourses and Environment, Shandong Agricultural University, Taian 271018, China
2 State Key Laboratory of Crop Biology, Shandong Agricultural University, Taian 271018, China

Abstract; Nitrogen fertilization has become one of the important components of agricultural management to guarantee high
and stable crop production. China has only 7% of the world's arable land but consumes 35% of the global nitrogen
fertilizer. Nitrogen fertilizers are used excessively and the nitrogen use efficiency is only 20% —40% . Apart from some
residuals remaining in the soil, most of the excess nitrogen enters the air or water sources, and therefore causes serious
environmental pollution. Ammonia volatilization is an important pathway through which nitrogen is lost to the atmosphere.
Identifying methods to reduce the ammonia volatilization of nitrogen fertilizer is an important task for agricultural
management. Given the increasing prominence of China’s food and environmental safety, improvements in agricultural
management are important. The application of controlled-release urea fertilizers may be one of the most effective measures to
solve the problems of high fertilizer usage and low efficiency rate that leads to pollution.

A field experiment was conducted to evaluate the effects of controlled-release urea coated with sulfur or with polymer
on soil ammonia volatilization in a wheat-corn rotation system. The venting method was used for the in situ determination of
ammonia volatilization from October 2008 to October 2009 at a Huang-Huai-Hai region test site. The results showed that the
flux and the accumulated loss of ammonia with the controlled-release urea fertilizers were significantly lower than those with

the common urea fertilizer when the fertilizers were applied at 210 kg/hm” or 300 kg/hm’, and at the wheat basal, wheat
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top dressing and maize fertilization stages. The time to reach 80% of total loss of nitrogen through ammonia volatilization
with the controlled-release urea fertilizer coated with sulfur and with polymer was 4—12 and 5—I12 days longer,
respectively, than that with the common urea fertilizer at the fertilizer rate of 210 kg/hm”.

During the wheat growth season, the soil ammonia volatilization flux with the two controlled-release urea fertilizers
increased slowly, and their flux peaks were significantly lower (by 1.6—3.3 kg-hm™d™") and later (by 3—S8 days) than
those with the common urea fertilizer. The time ammonia volatilization flux(193 days) and the accumulated loss amounts of
ammonia volatilization over this period with the controlled-release urea fertilizers were significantly lower than those with the
common urea fertilizer. The flux and the loss amounts were both lower by 45.4% —61.0% . The ammonia volatilization loss
rate of the controlled-release urea fertilizers was lower than that of the common urea fertilizer by 4. 7% —5.7% . The soil
ammonia volatilization flux peak when using the sulfur-coated controlled-release urea fertilizer was earlier and higher than
that when using the polymer-coated controlled-release urea fertilizer. The accumulated ammonia loss amounts when using
the sulfur-coated controlled-release urea fertilizer was higher (by 5.8% —10.7% ) than that when using the polymer-coated
controlled-release urea fertilizer.

During the maize growth season, the soil ammonia volatilization flux peaks with the two controlled-release urea
fertilizers were later (by 3—5 days) and the peaks lower (by 1.9—5.2 kg-hm™d™") than those with the common urea
fertilizer. The ammonia volatilization flux peak when using the sulfur-coated controlled-release urea fertilizer was higher than
that when using the polymer-coated controlled-release urea fertilizer; it increased by 76.9% and 12.2% under the high and
low levels of nitrogen fertilizer (300 and 210 kg/hm®) , respectively. The time ammonia volatilization flux (67 days) and
the accumulated loss amounts of ammonia volatilization when using the two controlled-release urea fertilizers were both lower
(by 65.6—98.1% ) than that when using the common area fertilizer. The ammonia loss rates were also lower by 2.7% —
3.3% . The accumulated loss amounts with sulfur-coated fertilizer was higher than those with polymer-coated fertilizer by
19.7% at the fertilizer rate of 300 kg/hm”; however there was no significant difference at the rate of 210 kg/hm’.

During the wheat-corn rotation growth period, the controlled-release urea fertilizers coated with polymer or with sulfur
was able to significantly reduce the time ammonia volatilization flux and loss rate. The time flux was 0. 11—0. 17 kg/ ( hm™
d) over the whole period (260 days). The total loss amount of the soil ammonia when using the controlled-release urea
fertilizers (coated with sulfur or with polymer) was 28.39—43. 35 kg/hm’, which was lower than that of the common urea
fertilizer by 51.0—70.8% . The loss rate of soil ammonia of the controlled-release urea fertilizers was 4.48% —5.63% ,
which was lower (by 3.7% —4.5% ) than that of the common urea fertilizer.

Based on our findings, controlled-release urea fertilizers can significantly reduce soil ammonia volatilization, and
therefore may cause less pollution than common urea fertilizers. The controlled-release urea fertilizer coated with polymer

was found to have more desirable properties than the controlled-release urea fertilizer coated with sulfur.

Key Words: sulfur-coated; polymer-coated; controlled-release urea; farmland; soil ammonia volatilization
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Fig.3 Flux of soil ammonia volatilization of different treatments Fig.4 Accumulation loss amounts of soil ammonia volatilization

at wheat top dressing stage of different treatments at wheat top dressing stage
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Fig.5 Flux of soil ammonia volatilization of different treatments Fig.6 Accumulation loss amounts of soil ammonia volatilization

at maize fertilization stage of different treatments at maize fertilization stage
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Fig.7 Fitted equations of the percent of soil ammonia vitalization accumulation amounts and time at wheat basal stage, top dressing stage

and maize fertilization stage under 210 kg/hm?(N)
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Table 1 Accumulative loss amounts, loss rate and flux of soil ammonia volatilization in different monitoring periods

/N ZE A (I 193d) FRFA (I 67d) /N FREEAR A (3L 260d)
Wheat growth season Maize growth season Wheat-corn rotation growth period
AL EYCiE S I Br g 4% EYCiiES i B LY ES s A B
Treatments  /(kg/hm?) WHKFK/ % K /(kg/hm?) KT/ % K /(kg/hm?)  KHE/ % i
Accumulative  Loss rate /(kg-hm™d™") Accumulative Loss rate /(kg-hm™d™) Accumulative Loss rate  /(kg-hm™=d™")
loss amounts Time flux loss amounts Time flux loss amounts Time flux
CK 7.98d — 0.04 1.58e — 0.02 9.56e — 0.04
HCU 45.41a 12.48 0.24 20.05a 6.16 0.30 65.46a 9.32 0.25
LCU 32.37b 11.61 0.17 14.37a 6.09 0.21 46.74b 8.85 0.18
HSU 31.24b 7.75 0.16 12.11b 3.51 0.18 43.35b 5.63 0.17
LSU 21.72¢ 6.54 0.11 7.37d 2.76 0.11 29.09d 4.65 0.11
HPU 28.21b 6.74 0.15 10.12¢ 2.85 0.15 38.33¢ 4.80 0.15
LPU 20.53¢ 5.98 0.11 7.86d 2.99 0.12 28.39d 4.48 0.11

[)—51 N [l — R AN [F) B RR 25 535 5% R#KF-(n=3)

FEREA/INZE FRERVE R, 25 g A B s B H P R M I — 8 25 5, BB AR i s A IR
22 I B AR T R L R 4 BIRAIG 51. 0% —60. 7% F 64. 6% —T70. 8% |, T B g £ 5% 1 T £ 42 ¢
JREMCFRFEAR T 2.5% —13.1% .,

R K BRI K/ 24 38 PR 2R > B F s 8 DR 3 > W) iR A B4R B R 2R 5 v, T f
P B PR 25 FEAE L% ok BB e BRI 2 RS 28. 39—43. 35 kg/hm® Fl 4. 48% —5. 63% , bt %18 JR Z /3 ]
AR 51.0% —70.8% F13.7% —4.5% . PIFMEREIKRER LI R IR 25 A N3 GG e s B ds B
JRZ R & BRI BRI 2. 5% —13. 1% F10. 2% —0. 8% . 54 a 425 Bl 50 15 1
BRI R RN L3 R 2R el B8 R 2 3K 30% LA B A48 AR T, RO R R B TR, H Sl e K
li] 50 A B T 5 SR — 3
3 it

(1) FE/NZE FERE A /NF2 38 S RN E K A A | 5538 38 PR 28 AH L, B A BRTRS RS A B 188 PR 25 24 g 4R +-
A R R R B 3—8 d, FRAIR T T3 a4 K38 i W, B KPR IR A 1.9—5.2 kg-hm ™ d ™53 A ]
B D IR ke BRI R 3K 35. 1% —54.3% 59. 6% —T5. 2% .65. 6% —98. 1% ; W st BH 45 ¢
PREAEPIFII R KE T S R SO L T I A B R 2

(2) B AL RS RIS i L RS 45 B PR R P B A A % TR I R 1 R B @ R RS 7 d 9 H3EE#%
KB IRE] 80% , B AL AR A AL R B IR 2K L8l PR 2K A0 I AEIR T 4—12 d 5—12 d,

(3) B AL RS AR A G R4 B8 PR 28 RE 8 B S R AIK /N 22 28 | R R0 A ) A e B¢ - 498 S 4 3l et i 2k
R PR 2 RN R B S R E R TE 0. 11—0. 18 kg-hm ™ d ™ SO P P 2 R = AU K 7.75% . 1E
AR, TR R R H IR & BFFIA RN 28.39—43. 35 kg/hm’; HIREIE KPR A 4. 48% —
5.63% , IR 243 BIFEAR T 51.0% —70. 8% F1 3. 7% —4. 5% ; i A LAV i f 4 g PR 25 LA 48 v 1 A
A ERBE AN FHE T R A
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