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Abstract ; Tillage practices and fertilizer application play important roles in nitrogen transformation and utilization and grain
yield. The objective of this study was to determine the effects of urea types and tillage modes on soil nitrate and ammonium
N content, urease activity, abundance of denitrifying bacteria and nitrite bacteria, and grain yield and nitrogen use

efficiency in a maize ( Zea mays L.) field. The treatments included two urea types ( conventional urea and polycoated urea)
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applied at a rate of 225 kg N/ha as a basal fertilizer; additionally, zero N treatments were set as the control under
subsoiling and rotary tillage modes. Throughout the experiments in 2011 and 2012, the results showed that both the numbers
of nitrite bacteria and denitrifying bacteria increased with the application of urea but then later would decrease to even fewer
than in the zero N treatment. Compared with conventional urea, polycoated urea could stabilize soil urease activity and
increase upland soil nitrite bacteria numbers but decrease the abundance of denitrifying bacteria. Also, polycoated urea was
beneficial for accelerating nitrogen transformation into nitrate and reducing nitrogen losses from denitrification while keeping
soil ammonium and nitrate N concentrations in the 0—40 cm layers at a high level for a long time, especially in the middle
and later periods of maize growing season. Polycoated urea generally increased grain yield and agronomic efficiency of
applied N by 7.25%—10.82% and 56.37%—84.54% , respectively, compared to those with conventional urea regardless of
tillage practices. Rotary and subsoiling tillage could temporarily stimulate soil nitrate N concentration. Compared with rotary
tillage, subsoiling tillage increased the numbers of denitrifying bacteria. Moreover, the interaction of polycoated urea and
subsoiling tillage could not only increase the urease activity but also the abundance of nitrite bacteria. It would keep the
nitrate N concentration at a high level in the later maize growing stage. However, nitrogen loss through denitrification and
leaching in the early stage of the maize growing season may increase. Polycoated urea in rotary soils could significantly
increase soil nitrate nitrogen concentration while reducing the number of denitrifying bacteria within a period of time. The
application of poly-coated urea in subsoil produced higher grain yield, with increases of approximately 1.41% and 10.62% ,
compared to those in rotary soil, in 2011 and 2012, respectively. So even for a drought year, the effect of subsoiling tillage
combined with polycoated urea may be more significant in increasing potential grain yield. In conclusion, subsoiling tillage
coupled with polycoated urea increases urease activity and nitrous bacteria abundance, and stimulates nitrogen

transformation, grain yield, and nitrogen use efficiency.

Key Words; maize; polycoated urea; subsoiling; nitrogen transformation; yield
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Table 1 Variance analysis of soil NH;-N and NO3 —N concentrations, urease activity, and the numbers of nitrite and denitrifying bacteria under the

different tillage and urea systems

P g P value
-3 2011 2012
T EEE e oww o owm SR gew g oA wmmas
Stages um N Nitrate N Urease Stages um N Nitrate N Urease bacteria bacteria
T FAE 0.9493 0.2106 0.8046 T 0.2527 0.3972 0.5656 0.0665 0.2348
N 0.404 0.4101 0.2851 0.426 0.0544 0.9671 0.0958 0.3693
TN 0.0001**  0.0001"*  0.0014** 0.0001"*  0.0001**  0.0001**  0.0001**  0.0001**
T /E10d  0.0224* 0.2499 0.5243 /N 0.5322 0.175 0.2514 0.2352 0.3933
N 0.4907 0.4070 0.7338 0.2223 0.0287 * 0.4014 0.1116 0.1626
TN 0.0499*  0.0001**  0.0006** 0.0001"*  0.0001**  0.0001**  0.0001**  0.0001"*
T #5204 0.2233 0.3856 0.4391 FAEH 0.8606 0.4034 0.4295 0.3328 0.3947
N 0.3661 0.6104 0.4673 0.4733 0.0327 0.7769 0.3247 0.415
TxN 0.0003**  0.0001**  0.0002** 0.0001**  0.0001**  0.0078**  0.0001"*  0.0001**
T #F30d  0.0863 0.2977 0.1845  AEJE 154d 0.492 0.6747 0.3127 — —
N 0.9404 0.1855 0.8019 0.3739 0.0819 0.1884 — —
TN 0.0018**  0.0006**  0.0016** 0.0001"*  0.0001**  0.0001** — —

T WE40d  0.4143 0.8198 02152 fJ530d  0.0817 0.1211 0.5493 0.2917 0.1595
N 0.1994 0.4546 0.1703 0.0242 0.1669 0.3293 0.0838 0.2586
TN 0.0382" 0.0466* 0.046 0.0744  0.0001**  0.0001**  0.0001**  0.0001**
T g/ 0.6998 0.3926 0.6703 g3 t] 0.7915 0.2235 0.742 0.5979 0.4484
N 0.3117 0.3618 0.2892 0.1259 0.0857 0.6688 0.7716 0.6628
TN 0.0052**  0.0001**  0.0126* 0.0045**  0.0001**  0.0001**  0.0001"*  0.0001**

T #HHEKN & Tillage modes; N RZNZE Urea regimes; TXN HAE T xR EHE Tillage modes X Urea regimes; * P < 0.05, ** P < 0.01
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OR, 1M 2012 425 CS > CR=US > UR=~0S~O0R., /LB [FAL S AL AEBRIAI0E A 22 5, (AN [F] PR 28 X 7 it
AR C > U > NO; RFEBHET =AM R R S > R;CS AHAER Fm k', 57
AR, AE(TE 2011 4ER IR CS~CR > US > UR,2012 4ERI K CS > CR=US > UR;MHFEHHEIT R
BIZMER CACFRAY AR (HY 535 @ T U ACEE  JEHUE €S Ab 38 156 I 40 B PR 28 160 4038 B OBV 7 AN R
AR A 2RO S RE ISR AVE D) B3 7= 301

x2 BEREXFEMRALRFEYRE
Table 2 Maize yield and agronomic efficiency of applied N (AEy)

AbF 2011 2012

Treatment 74 Yield/ (kg/hm?) AR AR 74t Yield/ (kg/hm?) RN FEHOR AE
OR 10935.05+148.49d — 9514.15+94.27¢ —
UR 11598.05+32.99¢ 0.9420.11c¢ 9859.54+25.76¢ 1.65+0.59¢
CR 12754.06+78.25a 6.08+0.39a 10859.47+51.42 b 5.98+0.27h
0S8 11386.05+16.03¢ — 9697.46232.13 ¢ —
Us 11996.73+93.34b 2.71£0.69b 10707.97+128.55 b 4.49+0.61bc
s 12934.30+70.24a 6.88+0.34a 12012.37+229.24a 10.29+1.24a

NOR Jig#t+%& FE 25 Rotary tillage and zero N treatment; UR FE#f+35 318 JKZE Rotary tillage and conventional urea treatment ; CR HER+ £ Ji Jx &
Rotary tillage and control-released urea treatment ; NOS JEFA+% Z %5 [ Subsoiling and zero N treatment ; US JEFA+3%38 JR 2 Subsoiling and conventional

urea treatment ; CS GEAA + AL R PR 2 Subsoiling and control-released urea treatment; [G@) 4 A 6] /NG b 67 Ak FL ] %EE%(P < 0.05)

2.2.2 BHEIS AL R R B A ARG FOK - 5 5 225307

FH 2% 3 JT7R 2011 4F JR R P28 XT FOK A9 7= 5 A 52 i iR B4R 2 &K (P < 0.01) , i#FE T A 5 IR &
PR 2R 1128 A DG 7= B A S MRS (3 52012 AFRFVE 7 20RN PR 28 PR 2800 K 7™ B ) s i 349 0 A TR 31 i 3 /K F
B 5 128 HAE D oK™ B I &5 m (P < 0.05)

x3 FAEAMEARXSERERENERFTENFTENH

Table 3 Variance analysis of crop yields under the different tillage and urea systems

J 23R 2011 2012

Source of variation 75 mean squares P{# P value 75 mean squares P P value
X4 Block (2) 15733.78 0.339 77.41 0.963
BEEJIT X Tillage modes (1) 353595.78 0.054 1590884.00 0.126
JRZ N Urea regimes (2) 2890635.98 0.007** 3424281.00 0.067
BT R 20628.75 0.316 245865.30 0.032*

Tillage modes X Urea regimes (2)

5NN AmE; = P<0.05, " P < 0.0l

3 iTtig

ABFE N TR SRS BEEr =Cph Tn i 1 3 A R A U B L A A U A
BT (B 2) o AR AR BEAAE T, TR AT A F T 8 25 500 o AR 3% LU e 2% 1R A (
1,1 3) A RER  TIRRATRE T IR AURIR IR ZR I 120 A MO 23 I, oK fiff i =R LU R R 731 DG4 v i
PRttt 2 i TR L RE YRR L L3 20 em LATR, SRR W R T 2 R 4 4 ik
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