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Effect of Temperature, Rainfall and Soil Properties on Farmland Soil Nitrification
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Abstract: Climate conditions, soil properties and management practices control soil nitrification process which affects niwgen cyding and
balance in agre- ecosystems. The interaction of temperature, rainfall, soil type and fertilization on the soil nirification process was sudied by a
sail transplantation experiment installed in 3 experiment stations of Chinese Ecological Research Network, i e. Hailun, Fenqiu and Yingtan
Agweclogical Fxperiment Station, which represents middle temperature, warm temperature and middle subtropical zone, respectively. Three
types of cropland soils were selected, i e. neutral black soil ( Phaeozem) , alkaline Chao soil ( Cambisol) and acidic red sail (Acrisol) . Then
one-meter depth soil profiles for each soil were transplanted in 3 stations to build the field experimeri. The twe-year experimental results
(2006-2007) showed soil nirification intensiy (SNI) changed with the temperature and rainfall during the maize tasseling stage. From Hailun
to Yingtan, with an increase of monthly average temperature from 22. 3°C to 26. 8°C and the monthly rainfall from 100. 8 mm to 199. 6 mm,
SNI decreased by 64. 2%-67 2% for black soil, 52 1%-52. 5% for Chao soil, and 41. 7%-75.2% for red soil, respectively. There were
significant negative coelations between SNI and temperature and rainfall, with a correlation coefficient of r= - 0.354 (p< 0.01) and r=

- 0.290 (p< 0.01), respectively. The total number of soil nitrobacteria and the intensity of soil nitrificatibn was affected by soil types, which
increased in a sequence of Chao soil > black soil > red soil. Among soil properties, pH affected SNI significantly, with a correlation
ooefficient of r= 0.551 (p < 0.01). In generally, climate condition (temperature and minfall), soil type and fertilization present an
integrated impact on soil nirification process, and there were significant interactions of climate X soil type, climate X fertilization, soil type x

fertilization, and climate X soil typeX fertilization.
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5~ 25C 1 (2006~ 2007 )
Table 1 Meteorological conditions during the maize tasseling stage
in different climate zones ( 2006-2007)

Dalias
[91 ,
, /C 2006 2.5 26.7 28.3
L , 5~ 2007 2.1 258 252
25°C s ; (0~ 20 em)/ C 2006 2.1 27.5 30.0
25°C, 0.20 kgkg . 2007 2.2 26,4 26.8
, /mm 2006 119.2 167.5 265.0
[11] 2007 2.4 204.2 134.2
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Table 2 Soil physicochemical properties in the surface layer ( 6-20 cm) in different climate zones (2006)
Jg kg™ ! 53. 74a 49. 95b 52.40a 8.88a 8. 50a 9. 15 8. Ma 8. 68a 8. L2a
N g kg™ ! 2.28& 2. Aa 2.35a 0.50a 0. 65a 0. 95 0.6la 0. 8la 0. 77a
Plg kg ! 0. 94a 0. 88b 0.87b 0.69a 0. 62a 8% 0. 25a 0. 29a 0.27a
K/ g kg ! 13.52¢ 14.75b 16.68a 12.32a 13. 12a 13.53a 6. 80b 6. 82b 7. 8a
P/ mge kg™ ! 30. 11a 25.59b 24.47b 8.11a 11. 76a 12.77a 40. 13a 34.27a 26. 47a
K/ mg* kg™ ! 153. 05b 144. 16b 177.28a 53.11c 64. 41b 76. 75a 207. 05a 213. 45a 180. 18a
NH;-N mg* kg™ ! 21. 80a 21. Ba 21.78a 16.87a 15. 16b 16. 85a 23.2la 19. 15a 19. 9a
NO;—N mgkg™! 14. 47ab 21.28a 10.25b 12.66b 23.67a 7.91c 14. T0a 17. 62a 2. 04b
pH 5. 46a 5. 34b 5.37b 7.68a 7.75a 7.72a 3.97b 4. Ra 3. 98ab
/ % 32.53 31. 8a 29.59b 20.27a 19. 73a 17.51a 23. Pa 22. 15a 20. 47¢
[ % 38. 6111 - - - 30,013 - - - 30. 211
/ | % .27 82. 46 76.66 67.57 65.77 58.37 78. 4 73.34 67.78
) (p= 0.05),
1.3
( 15 d) .3 ( ) )
, : (20060710 2007 0.01x10'~ 237x 10" /g
06-05) (20060804 20070727) (2006 2006 , )
0728 2007#0%25). ( 2 cm)
0~ 20 cm , 10 , 3 ;
) ) > >
o, 4°C ’ S S (
- 3), pH ;
(most possible number, MPN), ( 2)), pH
[18]
SPSS13.0,
(ANOVA) Post Hoc Multiple Comparisons ,
p=0.05 (LSD) . > >
: - 22.3C
, (B chi, Autokjeldahl 26.5°C 26.8C, , (
Unit, k-370) , 2 mo)/ L. KCl )
_ , - 2.2
, , 2.21
- , NH;-N
- . pH ( NO>N ,
0.01 mol/LL  CaCL ; 1.0 , ,3
mo)/L.  KCI , - 2.51),
(1), (r=
) - 0.354,p< 0.01) (r= -0.290, p< 0.01)
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3 (0~ 20 cm) (2006~ 2007 )V
Table 3 Changes of the total number of soil nitrobacteria in the surface layer (620 em) dwring the maiz tasseling stage (2006-2007)
x 104 +g-!
2006 2007
1. 2b 1. 4be 0. 16ab 1. O1b 1.63b Q 15be
NPK 2. 30a 2. 37a 0.17a 1. Ra 2. 12a Q0 27a
1. 00c 1. 3lcd 0.11b 0. &c 1. 26¢ Q0 16b
1. ¢ 1. 25d 0. 15ab 0. 39d 1. 22¢ 0 Iled
CK 1. 03c 1. 56b 0. 18a 0. e 1. 66b 0 03e
0. M4d 0. 91e 0.01d 0. 19¢ 0.23d 0 vd
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Fig. 1 Changes of soil nitrification ntensity during the maize the tasseling stage for fertilization (NPK) and non-fertilization (CK) treatment
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(p< 0.05). . 20 d
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Table 4  Correlations between the soil and climate factors and the total [33]
number of soil nitohad eria and soil nitrification intensity
r( n=108)
N - 0,12 0. 149 B2
P 0.1%4 0. 197
K 0.324"* 0.216°
NH;-N 0. 092 0. 126 60% , (80%)
NO;-N 0.290"* - 0.053 (40% ) el
P -0.340" " - 0.44
-0.4%"" - 0.0m3
0,06 0. 124 60% ~ 0%  75% ~ N% ,
pH 0.551"* 0. 076 , (67.6% )
- 0.040 0.326" " (65. 8%)
-0.3%4"" 0. 246"
- 0.290" " 0. 25 ’ (38.4%) ’
1)* (p=0.05),* *
(p=001);n 2a 3.3
[34]
3.2

q . 3
. Mart ikainen
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Table 5 Comrelation analysis of soil nitrification intensity and impact factors ( 2006-2007)
r( n= 36
N 0.102 - 0.31" - 0067 - 0.106 - 0.137 - 0.167
p - 0.24 0. 018 0.029 0. 265 0. 248 0. 305
K -0.2% - 0.154 - 0021 0. 405" 0. 45" " 0. 419"
NHi-N 0. 041 0. 461° 0.343° 0. 176 0. 114 - 0.088
NO3-N 0.333" 0.517°" 0.319 0. 002 0. 43" " 0. 167
NH;-N NO;—-N - 0.0 0. %41 - 0145 0. 049 - 0.135 - 0.3
P 0. 416 0. 109 0. 09 —0.459" " - 0.489" " - 0.606""
K -0.19 - 0.220 0. 104 -0.562"* - 0.609" " - 0.675""
0. 165 0. 81 - 017 - 0.050 - 0.110 - 0.151
- 0. 064 0.441°" 0117 0. 105 - 0.063 - 0.046
pH - 0.0% 0. 150 - 0202 0.565" " 0. 680" " 0.796" "
- 0. 101 0. 058 0. 143 0. 166 - 0.019 0. 106
- 0.439"* - 0.429* - 042" 0. 345" 0.256 0. 057
- 0.370" - 0. 409" - 0248 0. 345" - 0.256 0. 057
/ - 0.38" - 0.389" - 0186 0. 345" - 0.256 0. 057
, (X1) (X2) (X3) (X4)
pH ) pH (X5s) (Xo) (X7) (Xs) pH
pH (Xo) (X 10) (X 1)
) CN )
(3] (XIZ) D) ( Y) )
CN . Dancer , pH
4.7 65 3~ 5 . ’
18]
, 5. 6~
pi : Y= — 88. 485+ 11.95X o+ 0. 742X 12
8' O ’ pH ) 2
(r’= 0.410, n= 36)
(r=0.941). ,
(39] : Y= 86.35- 3. 54X o+ 2. 06X s— 0.469X,
' (r’=0.671, n= 36)
: Y= - 255+ 8 14X»
3.4 (r’=0.619, n= 36)
7 y pH NO3-N K
X X X X , pH ,
F r=0.551(p< 0.01).
7.60 41.3 23.1 45.8, , (Y)
(p=0.05).

1 Y= 847.7- 8.29X 11— 110. 7Xo

(r’=0.333, n= 36)
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: Y= 47.6- 19. 54X 1+ 4.008X 5+ 0. 492X |,
2
(r’= 0.726, n= 36)
: Y= 176. 078- 5. 375X 11+ 0. 166X4— 0.249X 7
2
(r'=0.447, n= 36)
2
pH NO;=N NH;-N K
2
R (r) -0.35%(p <
0.01).
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2
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2
2 2
75.2% .
(2) ,
2
> >
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