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Effect of Temperature, Rainfall and Soil Properties on Farmland Soil Nitrification
SUN Bo', ZHENG Xian-qing"?, HU Feng’, LI Hui-xin’» KONG Bin', WANG Lian-li'; SUI Yue-yu’

(1. Institute of Soil Sciences Chinese Academy of Sciencess Nanjing 210008, China; 2. College of Resources and Environmental Sciencess
Nanjing Agricultural University, Nanjing 210095, China; 3. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
Harbin 150040, China)

Abstract: Climate conditions; soil properties and management practices control soil nitrification process which affects nitrogen cycling and
balance in agro-ecosystems. The interaction of temperature rainfall, soil type and fertilization on the soil nitrification process was studied by a
soil transplantation experiment installed in 3 experiment stations of Chinese Ecological Research Network, i.e. Hailun, Fenqgiu and Yingtan
Agroecological Experiment 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 soil ( Acrisol). Then
one-meter depth soil profiles for each soil were transplanted in 3 stations to build the field experiment. The two-year experimental results
(2006-2007) showed soil nitrification intensity (SNID 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> 52.19%-52.5% for Chao soil, and 41.7%-75.2% for red soil, respectively. There were
significant negative correlations 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 nitrification was affected by soil types, which
increased in a sequence of Chao soil > black soil > red soil. Among soil propertiess pH affected SNI significantly, with a correlation
coefficient of r = 0.551 (p < 0.01). In generally, climate condition (temperature and rainfall ), soil type and fertilization present an
integrated impact on soil nitrification process, and there were significant interactions of climate x soil type, climate X fertilization, soil type x
fertilization, and climate X soil type x fertilization.

Key words: soil nitrification; nitrobacteria; soil type; temperature; rainfall; interaction; soil transplantation experiment
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Table 1 ~ Meteorological conditions during the maize tasseling stage

in different climate zones (2006-2007)

X Al A AR
T 1 ﬁ Ly 74N

FOKRHMEII AR T AR T i T
H¥ikC 2006 2.5 26.7 28.3

2007 22.1 25.8 25.2

2 2 n.1 2. ,
HETHERIEO0~20 emyc 200 7.5 30.0
2007 23.2 26.4 2.8
2 119.2  167.5  265.
H K /mm 006 9 67.5 5.0
2007 82.4 2042 134.2
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JECNPKD, Jti IE £ 24 N 150 kg/hm’ < P,05 75 kg/hm’ -
K,0 60 kg/hm®, NPK I KL 53 731 4 IR % - (NH, ), HPO,
AKCL BN BE 3 NS REAERPAE 1 R ROK, S
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Table 2 Soil physicochemical properties in the surface layer ¢ 0-20 cm) in different climate zones (2006)

LR : ot ‘ : RS ‘ : A

e HE o N o HE i N HE JE
HHi/go kg™ 53.74a 49.95h 52.40a 8.88a 8.50a 9.15a 8.44a 8.68a 8.42a
4> N/gekg™! 2.28a 2.24a 2.35a 0.50a 0.65a 0.95a 0.6la 0.81a 0.77a
4> Plgokg ™! 0.94a 0.88b 0.87b 0.69a 0.62a 0.89 0.25a 0.29a 0.27a
4 Kigekg™! 13.52¢ 14.75b 16.68a 12.32a 13.12a 13.53a 6.80b 6.82b 7.83a
AL P/mgekg ™! 30.11a 25.59b 24.47b 8.11a 11.76a 12.77a 40.13a 34.27a 26.47a
A K/mgekg ™! 153.05b 144.16b 177.28a 53.11c 64.41b 76.75a 207.05a 213.45a 180.18a
NH;" -N/mg*kg ™! 21.80a 21.08a 21.78a 16.87a 15.16b 16.85a 23.21a 19.15a 19.49a
NO; -N/mg*kg™! 14.47ab 21.28a 10.25h 12.66h 23.67a 7.91¢ 14.70a 17.62a 2.04b
pH 5.46a 5.34b 5.37b 7.68a 7.75a 7.72a 3.97b 4.02a 3.98ab
BKE % 32.53a 31.83a 29.59h 20.27a 19.73a 17.51a 23.69a 22.15a 20.47¢
FH i) 5 7K R/ 9% 38.6M4] — — — 300115 — — — 30.2016
BKEFIKE % 84.27 82.46 76.66 67.57 65.77 58.37 78.44 73.34 67.78

D [l A7 v [ b L 31 S B i (0 A A 7 BER R S B P 2252 (p = 0.05), R IA]
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Table 3 Changes of the total number of soil nitrobacteria in the surface layer (0-20 cm) during the maize tasseling stage (2006-2007)

THALA B AL X 10% /g™ !
oLl 2006 4 2007 4
w4 W+ -1 At Wt A=
ARy 1.42b 1.44bc 0.16ab 1.01b 1.63b 0.15be
NPK ES iR 2.30a 2.37a 0.17a 1.92a 2.12a 0.27a
JE 1.00¢ 1.31cd 0.11b 0.85¢ 1.26¢ 0.16b
e 1.02¢ 1.25d 0.15ab 0.39d 1.22¢ 0.11cd
CK H 1.03¢ 1.56b 0.18a 0.23e 1.66b 0.03e
[ 0.54d 0.91e 0.01d 0.19 0.23d 0.09d
120 120
a =+ 2006 =+ 2007
80 80 |- . e
8 0 8 HiE
-t b = b i
= bl
3 S
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T od c T
d @ d g4
0 / 1 Mé‘ 0 / |
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it
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i ] 0O
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= 3
[ & 40
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Fig.1 Changes of soil nitrification intensity during the maize the tasseling stage for fertilization (NPK) and non-fertilization (CK) treatment
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Table 4 Correlations between the soil and climate factors and the total

number of soil nitrobacteria and soil nitrification intensity

MAERE r(n=108)

BnT W P B
£ N -0.122 0.149
£ P 0.134 0.197"
£ K 0.324" " 0.216"
NH; -N 0.092 0.126
NO; -N 0.290" * -0.053
THAEK P -0.340" " -0.044
TR K -0.495" " -0.023
T WA YR -0.066 0.124
+ 3 pH S 0.ss1tt 0.076
fef + B K Bt -0.040 0.326" "
A ¥R -0.354"" 0.246"
A REK -0.290" " 0.225"

1) * FoR PRI B F WM KAKF (p=0.05), x x FoRMRIE B
FER KK (p = 0.01) 5 n $ 1 A 16 40 B8 A0 4L 58 BEAE 2a P I
B, TR

3.2 JKEAE F X A HE A A AR A 5 IR

T B85 % 7K R S5 B0 B R o A Ak 4 B AR K
] B, o - S 1k 3R B A 7 AR SR BN AR LR e -
A ALUTE 5 A AR b AR 0 A 5% IR 32 2 2 R B R

KAy ARG R & B, A K S, R [
b BT RE 5 R K SR TR R T A A A AL R B, A
VS B R VL, BE R RN R R R A 4R R (3R
1), H RS AR B T B, B 58 B R K 2 3% 5
W 25 B R O P (36 4) . K Kl B 9 0 s IR (22 ~
28°C) R fEAM I T 3 Fh AR ALAE T, R A e TR
i O, MV ff B, JERE I IR AE P % 0, 7K, Al
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KA Fp SR HE 3 F L HETE 40°C FAILIE 2
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JLERE T A E LT R, R ALY
038 M 0 R B . R [ 4 P A AR R Y i TR
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(20°C) X £ K M A A A0 A L B8 B TR R 2
a2k 3 P E L (RS L 2 R RUKRE L) B BT
FERW,20°CH 40°CHM L T HIEAEAEM ,30C
R AR IR B R U 4D ) R AR SRR T 25C
TAHAT LSRR R, X 45 8 A 400 % 1
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TS R BE IR TR A BT, @ 25 CRF 2T
G R R

R 7K 388 23 AR 4 3 A K R ok [B] 42 52 e A Ak R
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gt W FUKRS 0 A K& R K &
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(40% )R MH T L WER . ER TS K3
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B (65.8% ) 1) S K B EGE A L #m LS RN
PEAT , T 7E S VR A 4 A K R (58.4% ) B, RE H
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3.3 M EXT 4 A A R A R i

TR AE AR A A KR A E
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AR T AT R A HEAT, (5 B 30 1 i
AR I RT RE A I R 2% 7K gt 3 SR I ) Y
B pH AR (e 3E T A AL 1 L JEAR I 5t e W)
i FH PR AT AE 12 pH A 7.0 L THE 9,070
THETR I SN T LR A B RS I AE

[ty b, S A A5 B i A A it R SR B
H k25 mORI S R IR A SR (R 5D, T A% K MIE K P
AL BRI 5 SR A A P i 2 1) R B
PSR 35 PR AURH G, 00 ) L I 3 6 2 5% 43 A L A e
[ SEXNVIERGEAES

5 LIRMWAIERSRE S R E T (8 A48 5K M 53 4 (2006 ~ 2007 46D
Table 5 Correlation analysis of soil nitrification intensity and impact factors (2006-2007)

HREE r(n=36)

PR NG A —A ety
At i+ AR iy HE A

THEA N 0.102 -0.361" -0.067 -0.106 -0.137 -0.167
TS p -0.224 0.018 0.029 0.265 0.248 0.305
T4 K -0.259 -0.154 -0.021 0.405" 0.445" " 0.419"
13 NH; -N 0.041 0.461" 0.343" 0.176 0.114 -0.088
13 NOy -N 0.333" 0.517°" 0.319 0.002 0.443* ¢ 0.167
NH; -N/NO; -N -0.078 0.041 -0.145 0.049 -0.135 -0.293
TS P 0.416" 0.109 0.090 -0.459" " -0.489" * -0.606" "
e K -0.129 -0.220 0.104 -0.562" " -0.609" " -0.675""
A BT 0.165 0.081 -0.173 -0.050 -0.110 -0.151
TR AL -0.064 0.441% 0.117 0.105 -0.063 -0.046
T3¢ pH -0.09 0.150 -0.202 0.565" 0.680" " 0.796" *
TS K E -0.101 0.058 0.143 0.166 -0.019 0.106
A -0.439" " -0.429" " -0.420" 0.345" 0.256 0.057
H K -0.370" —0.409* -0.248 0.345" -0.256 0.057
FRBEK A B -0.343" -0.389" -0.186 0.345" -0.256 0.057

B L, 203 R P A A A B R R A B
A HUTURI A 55 2 1 184 oy 380, 17 A2 2 B B -
5 pH (W B4 IR o0, Ui RH 1458 pH 4] T - R AL
YER RN BH pH A I T i 38 n 7 A MU ap
BPE, AR KR T R CON T (R E T
C-N (5" 4k . Dancer %557 [l F 98 % W1, + 1% pH M
4.7 W= B 6.5 I, A4 A N 3 ~ 5 £ R
AELSI R T 1L X - 38 A WF 5Tt K W, £E pH 5.6 ~
8.0 IR Bl Y, - BRI AL IR BE pH 1R T 1m0 36K,
B E I IEA R =0.941) WFFTR B, TR 1+ 45
HR AR A B P R (1 35 2 B Rk A g e
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