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Table 1 Basic information of nitrification activity and soil properties

AL THALE ) SRRl
EEr Nitrification rate Potential nitrification Gross nitrification rate
pH Total nitrogen Ammonium nitrogen
Index (NO; -N rate (NO; -N (NO; -N
L L L (k™) (mgkg™")
mg kg™ d7) mg kg™ d7) mg kg™ d77)
PEA B Number
115 149 24 269 234 82
of samples
9 {& Mean 1.28 5.92 7. 64 6.13 3.41 14.0
M1 {E Median 0.56 2.37 6. 88 6.05 1.35 5.6
TRUEE
2.88 9. 66 6.76 1.61 14.2 33.4
Standard dev
#%/MA Min -2.29 -4.10 0.94 3.00 0. 00 0.30
£ K {H Max 21.5 74 33.92 9.98 157. 34 292
o R LR AL &% R B
=
i Nitrate nitrogen Organic matter Organic carbon Total phosphorus  Available phosphorous Available potassium
Index
(mgkg™') (gke™") (gke™") (gkg™) (mg kg™") (mg kg™")
B
102 139 91 63 83 66
Number of samples
#J{H Mean 35.41 36. 48 15. 67 0. 66 54.29 135.4
1 {f Median 13. 44 20. 57 13. 86 0. 54 21.20 122.3
i e 22
74. 42 50. 21 9.43 0.72 94. 44 60. 62
Standard dev
% /NMA Min 0.38 0.00 3.40 0.00 1.62 32.50
B R {H Max 696. 0 432.8 43.00 2.74 556.0 355.0
i HAA BRER 55 AL A PHESF o i Rkl & &
T
o Available nitrogen Calcium carbonate Carbon Nitrogen Cation exchange capacity ~ Clay content
Index
(mgkg™") (gkg™H) -nitrogen ratio -phosphorus ratio (emol kg ™) (gkg™')
AR
36 13 78 8 42 54
Number of samples
Y9{H Mean 106.3 32.28 13.2 4.21 15.22 123.9
M1 {g Median 107.5 24.0 10. 57 3.86 15.24 5.80
TR
65.55 30.42 8.42 1.37 7. 52 169. 6
Standard dev
% /MA Min 14.3 2.00 4.42 1.93 3.34 0.10
£ K {H Max 257.2 89 52. 44 6.49 34. 14 492.8
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Table 2 Nitrification activity in ecosystems typical of China (NO; -N mg kg ' d™")
95% E {5 X [a]
3 A R SR B ¥4 bR 2 bR 95% confidence interval
Nitrification activity Ecosystem type Number of samples Mean Standard dev Standard error T R
Lower limit Upper limit
Til§ At 1 % 4 H Farmland 48 1.39 1.88 0.27 0.85 1.93
Nitrification rate 254K Forest 32 0. 66 0.89 0. 16 0.34 0. 98
T H Grassland 26 0. 74 0.86 0.17 0. 40 1. 09
Y53 Desert 4 0.17 0.16 0.08 -0.08 0.43
I3 H Wetland 2 0. 06 0.05 0. 04 -0.38 0.51
WAL 4 Il Farmland 101 4.97 4.30 0.43 4.12 5.81
Potentialnit Ak Forest 8 1. 06 0. 69 0.24 0.49 1.64
rification rate 4 Grassland 2 7. 41 5.27 3.73 -39.93 54.74
A Ak R 4¢ il Farmland 10 5.72 2.72 0. 86 3.77 7.66
Gross 25 Forest 6 7.76 1.05 0.43 6. 66 8. 86
nitrification rate 4 Grassland 5 5.25 3.93 1.76 0.38 10. 13
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Technical flowchart of meta-analysis of nitrification activity in ecosystems typical of China
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W HEARRE R AESRG LR, 76
5k 5 L HEVE B Z [ Pearson MG S5IRE

W, A M 0 35 RO 4R T, A T - Rl Ak o B 5
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x3 HEBEESITEENMEKRZ ER Pearson X 1%

Table 3 Pearson correlation result between nitrification activity and soil properties

4k # 3 Nitrification rate

T 1L ¥ J1 Potential nitrification rate

EfERN
i & Bk il K Bk
ndex
Farmland Forest Grassland Farmland Forest
pH 0.19 (47) 0.09 (27) -0.41 (13) 0.19"" (107) 0.37 (7)
0.22 (18) -0.32 (10) 0.46 (4) -0.16 (32) 0.14 (5)
Ammonium nitrogen
SR .
0.77"7" (22) -0.28 (10) 0.27 (4) 0.71"""(39) 0.21 (6)
Nitrate nitrogen
4% Total nitrogen 0.05 (42) -0.25 (25) 0.06 (11) -0.076 (100) -0.41 (6)
B . .
0.07 (28) -0.38 (14) -0.39 (9) -0.37"7 (44) 1.00"" (2)
Organic carbon
A .
. 0.53"" (18) -0.23 (10) NA (0) 0.28" (49) NA (0)
Available phosphorous
-0.02 (6) -0.90"" (5) NA(0) -0.16 (23) NA (0)
Available nitrogen
A ‘ ‘
-0.35 (12) 0.58"" (17) -0.48 (12) -0.17 (13) 1.00"" (2)

Carbon-nitrogen ratio

Teox WEMOKEN O LRI ) | = BFHKTF R 0. 05 (BURKM ) , # = = BFEMAKTFE N 0.0l ORI ) . NA FRHIRE D, Tk
R RE L 159 NEUE X RFEASL Note: * Correlation is significant at the 0. 1 level (2-tailed). = % Correlation is significant at the 0. 05 level

(2-tailed). = s # Correlation is significant at the 0. 01 level (2-tailed). NA represents unable to compute correlation coefficient because amount of data

is deficiency. Number in bracket represents number of samples
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R AN [R] 25 25 2R 48 1 R il 1k 5 ¥ 15 = Sk o
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Table 4 Single factor regression between nitrification activity and soil properties
PR A8 it A A2 HE ES 4 R H5E R B i K FEA
Variable Independent variable Coefficient Constant R P n
A A 3 = LEESF A
0. 030 0.747 0.771 0. 000 22
Farmland nitrification rate Nitrate nitrogen
FAQURTRIRERES Ln (F3#%)
0.249 0.097 0.537 0. 022 18
Farmland nitrification rate Ln (Available phosphorous)
FCIN iRt HACR
-0.006 0.765 0. 904 0. 035 5
Forest nitrification rate Available nitrogen
Fe NIt ES A
0.053 0.010 0.583 0.014 17
Forest nitrification rate Carbon-nitrogen ratio
VN ER A
Ln (pH) 6.770 -5.414 0.209 0.031 107
Farmland potential nitrification rate
VN ER A EESE A
0. 190 0. 965 0.712 0. 000 39
Farmland potential nitrification rate Nitrate nitrogen
A A AL ¥ Ln (f7 HL#%)
-6.739 26. 625 0.411 0. 006 44
Farmland potential nitrification rate Ln ( Organic carbon)
% H v AL vk Ln (F%H%)
3.213 -1.290 0. 388 0. 006 49

Farmland potential nitrification rate Ln ( Available phosphorous)
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fild A 2R W S F o 38 £ Dy ot B DA 3%, i - 3t )
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SR T S B AL R - S e T AR
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NH, 8 5 5 &8 T L SR . EA T
REWE T, MAREE T, AR A EY
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META-ANALYSIS OF SOIL NITRIFICATION ACTIVITY IN ECOSYSTEMS
TYPICAL OF CHINA

Guo Zhiying'"

Jia Zhongjun'”

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences , Beijing 100049 , China)

Abstract

Nitrification plays an important role in global nitrogen recycling and exists ubiquitously on earth. Nitrifi-

cation activity determines nitrogen transformation process and is solely catalyzed by ammonia oxidizers and nitrite oxidi-

zers. Nitrification has been intensively investigated, generally, on a field scale in a single location but little has been done

on a large scale. On a global scale, soil varies and distributes in the epigeosphere regularly according to certain laws as af-

fected by different hydrothermal conditions. Meanwhile, soil microbial communities exhibit distinct biogeographic patterns

and their distribution is mainly influenced by contemporary environmental factors and historical evolutionary factors. How-

ever, almost little is known about spatial patterns of functionally important biogeochemical processes that are mainly driven
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by microbial communities. In this study, here we report the construction of a soil nitrification database, meta-analysis of
nitrification activity in ecosystems typical of China and main driving forces of nitrification rate on a national scale. From
the 2 900 papers published both abroad and at home during the period of 1959—2013 on soil nitrification and found avail-
able in the literature database of soil science, 111 papers were collected according to the same data mining standards. A
total of 288 sets of data were obtained on soil nitrification activity in the soils in 26 provinces of China. Based on the data
extracted from the papers and acquired from the online database, a Soil Nitrification Information System ( SNIS) , was con-
structed. The system covers data, like sample locations, soil properties (including pH, total nitrogen, nitrate nitrogen,
organic carbon, available phosphorous, clay content, etc. ) and nitrification activity. Nitrification activity was assessed by
three parameters including net nitrification rate, potential nitrification rate and gross nitrification rate using the convention-
al analytical methods. One-way analysis of variance (ANOVA) and the least significant difference test (LSD) were em-
ployed to explore difference in nitrification activity between different ecosystems, that is, farmland, grassland, forest
land, desert and wetland. Pearson correlation analysis was employed to reveal relationships between soil properties and ni-
trification activity. Single factor models were used to estimate correlation coefficients between nitrification activity and soil
properties. Net nitrification rate varied with the ecosystem, displaying a decreasing order of from farmland (NO, -N 1. 39
£0.27 mg kg 'd™") > grassland (0.74 £0.17) > forest (0.66 +0.16) > desert (0.17 £0.08) > wetland (0. 06
+0.04). The net nitrification rate of the farmland ecosystem is significantly higher than those of the others. In terms of
potential nitrification rate, grassland (7.41 +3.73) ranks first among the five ecosystem and was followed by farmland
(4.97 £0.43), forest (1.06 £0.24) and the other two, showing differences significant on a 0. 05 level, while in terms
of gross nitrification rate, forest land (7.76 £0.43) did first and was followed by farmland (5.72 +£0.86), grassland
(5.25 £1.76) and the others. Pearson correlation analysis shows that in the farmland ecosystem, net nitrification rate was
closely related to soil nitrate nitrogen and available phosphorous, and potential nitrification rate to soil pH, nitrate nitro-
gen, organic carbon and available phosphorous, while in the forest ecosystem, net nitrification rate was to soil available ni-
trogen and carbon-nitrogen ratio. Statistic analysis demonstrates that on the national scale, nitrification activity varied sig-
nificantly between the ecosystems and nitrification rate was significantly lower in natural ecosystems than in anthropogenic
ecosystems, and soil pH and nitrate nitrogen concentration appeared to be good indicators of soil nitrification activity in
these ecosystems.
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