
¨Relationship  between  soil  nitrification  

activity  and  population  dynamics  
Susan Mitchell, Jane Davidson, Ron Wheatley, Jim McNicol1 & Tim Daniell
Plant-Soil Interface and 1BioSS, Scottish Crop Research Institute,
Invergowrie, Dundee DD2 5DA, UK.

Summary

152

148

96

9333
29

152

148

96
93
33

29

-4

-3

-2

-1

0

1

2

3

-4 -2 0 2 4 6

PCO 1

P
C

O
 3

I ntroduction

Previous work at SCRI showed potential nitrification rates in 3 

neighbouring fields, 200m apart, to be significantly different, with 

distinct temporal patterns in each. 

Competitive PCR suggested nitrifying population sizes were 

different between, but did not change with time within, each field. 

There was no relationship between population size and PNR.

Molecular analysis, using phylogenetic PCR, placed the nitrifiers in 

the Nitrosospira spp. cluster (Wheatley et al, EJSS,54 707-714).  

We have analysed spatial patterns of nitrification, denitrification and 

other soil characters in one field at SCRI.  

We present results of a preliminary molecular analysis of nitrifying populations 

(using an amo A gene fragment) from samples selected to give a range of activities. 

Potential nitrification was estimated and amo A gene 

fragments amplified, by PCR, from selected samples.

Products were cloned and high-throughput sequencing, 

phylogenetics and multi-variant statistics applied to assess 

nitrifying population complexity.
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Nitrosospira sp. 40KI (AJ308612)
 Nitrosomonas sp. Nm148 (AY123815)
 Nitrosomonas nitrosa (AJ238495,AJ298714, AF272404)

Nitrosomonas communis (AF272399)
Nitrosomonas sp. Nm33 (AF272408)

Nitrosomonas sp. Nm58 (AY123820)
Nitrosomonas sp. Nm41 (AF272410)

Nitrosomonas halophila (AY026907)
Nitrosomonas halophila (AJ238541,AF272398,AJ298704)

Nitrosomonas oligotropha (AJ298709)
Nitrosomonas sp. ENI-1(AB079054,AB079055)

Nitrosomonas europaea (AF037107)
Nitrosococcus mobilis (AF037108)
Nitrosomonas europaea (L08050,AJ298710,AF058691,AF058692,AF272411,AB070981)

Nitrosospira multiformis (U31649)
Nitrosomonas sp. Nm103 (AF272411)

Nitrosomonas sp. F6 (AJ298693)
Nitrosospira sp. F3 (AJ298691)

Nitrosomonas europaea (Z97861)
Nitrosomonas eutropha (AJ298713)

Nitrosomonas sp. TK794 (AB031869)
Nitrosomonas eutropha (U72670,U51630)

Nitrosomonas sp. GH22 (AF327917)
Nitrosomonas cryotolerans (AF314753)

Nitrosomonas sp. Nm143 (AY123816)
Nitrosomonas sp. Nm86 (AY123819)

Nitrosomonas sp. JL21(AF327919)

Nitrosomonas sp. Nm47 (AY123830)
Nitrosomonas oligotropha (AF272406)

Nitrosomonas sp. AL212 (AF327918)
Nitrosomonas ureae (AF272403,AJ388585,AJ388584)

Nitrosomonas sp. Nm84 (AY123818)
Nitrosomonas sp. Nm59 (AY123831)

Nitrosospira sp. 40KI (AJ308611)
 UK Grassland (Webster et al) (AJ308604)
Nitrosospira sp. Nl5 (AY123832)

Nitrosomonas sp. Nm51 (AJ298711)

Group 11 (3 clones)
Nitrosospira sp. Nsp2 (AJ298719)

(Aakra) (AJ298706)
Nitrosospira sp. Nsp2 (AY123822)

Nitrosomonas communis (AJ298705 )
(Horz et al) (AJ238544)

(Rotthauwe et al) (Z97836)

Group 20 (1 clone)
(Rotthauwe et al) (Z97843)
(Rotthauwe et al) (Z97844)

Freshwater (Speksnijder et al) (AJ388583)
Nitrosospira sp. Nsp17 (AY123825,AJ298717)

Nitrosospira sp. B6 (AJ308610)
Nitrosospira sp. Nsp62 (AY123837)

Nitrosospira briensis C (Z97858,AY123821,AJ298715)
Nitrosospira sp. Np39 (AF006692,AF042170,AF016002,AJ298686)

Nitrosovibrio tenuis (U76552)
Nitrosospira sp. Nv6 (AY123826,AJ298721,Z97860)

Nitrosospira sp. Nsp40 (AY123840)
(Rotthauwe et al) (Z97849)
Nitrosospira briensis (U76553)

Nitrosospira sp. Nsp1 (AY123828)
Nitrosospira sp. LT2Fb (AY189146)

Nitrosospira sp. LT2MF (AY189145)

Nitrosospira sp. LT1FM (AY189144)

Nitrosospira sp. Nsp57 (AY123835)
Nitrosococcus oceani (AJ298700,NOC298700)

Nitrosomonas sp. Nm41 (AJ298708)

Nitrosospira sp. Nl20 (AJ298703)
UK Grassland (Webster et al) (AJ308620)

Patagonian soil (Lopez et al) (AJ277459)
(Rotthauwe et al) (Z97837)

(Horz et al) (AJ238545)
Nitrosospira sp. A16 (AJ298688)

Freshwater (Speksnijder et al) (AJ388589)
Nitrosospira sp. AF (AJ298689)

Nitrosospira sp. L115 (AY123817)

Nitrosolobus multiformis (AF042171)
Nitrosospira sp. (AJ298685)

Baltic Sea (Tuomainen) (AJ419606)
Finnish soil (Vasara et al) (AJ317948)

Baltic Sea (Tuomainen) (AJ419602)
Nitrosovibrio tenuis (AY123824,AJ298720)

Group 14 (2 clones)
(Rotthauwe et al) (Z97840)

Rice root (Horz et al) (AJ299966)
Rice root (Horz et al) (AJ299968)
Rice root (Horz et al) (AJ299967)

Nitrosospira sp. Nsp58 (AY123836)
Group 25 (1 clone)

Group 15 (1 clone)
Group 19 (1 clone)

Group 18 (1 clone)
Nitrosospira multiformis (U89833,U91603,X90822,AJ298702,U15733)

Nitrosospira sp. L13 (AJ238542)
Group 16 (1 clone)

Group 17 (1 clone)

Group 5 (30 clones)
Group 22 (1 clone)

Group 24 (1 clone)
(Rotthauwe et al) (Z97839)

Nitrosospira sp. Nsp65 (AY123839)
Nitrosospira sp. Nsp65 (AY123838)

Group 23 (1 clone)

Group 8 (11 clones)
UK Grassland (Webster et al) (AJ308605)
Forest soil (Laverman et al) (AJ245988)

Group 27 (1 clone)
Group 28 (1 clone)

Finnish soil (Vasara et al) (AJ317907)
Finnish soil (Vasara et al) (AJ317898)

Finnish soil (Vasara et al) (AJ317891)

Finnish soil (Vasara et al) (AJ317889)
Finnish soil (Vasara et al) (AJ317904)

Finnish soil (Vasara et al) (AJ317892)
Finnish soil (Vasara et al) (AJ317880)

Finnish soil (Vasara et al) (AJ317887)
Finnish soil (Vasara et al) (AJ317894)

Finnish soil (Vasara et al) (AJ317900)
Finnish soil (Vasara et al) (AJ317903)

Finnish soil (Vasara et al) (AJ317877)

Finnish soil (Vasara et al) (AJ317885)

Group 1 (302 clones)
(Rotthauwe et al) (Z97838)

(Rotthauwe et al) (Z97835)
Nitrosospira sp (AJ298696)

Nitrosospira sp. Ka3 (AY123827)
Nitrosospira sp. CT2F (AY189143)

Nitrosospira sp. Ka4 (AJ298697)
Nitrosospira sp. NpAV(U92432,AF016003,NSU92432,AF032438)

(Rotthauwe et al) (Z97833)
(Horz et al) (AJ238543)

Freshwater (Speksnijder et al) (AJ388581)

Group 9 (8 clones)
(Horz et al) (AJ238553)
Nitrosospira sp. III2 (AJ298694)

Nitrosospira sp. 40KI (AJ298687)
Nitrosospira sp. Nsp5 (AY123834)
Finnish soil (Vasara et al) (AJ317882)
(Rotthauwe et al) (Z97847)

Nitrosospira sp. Nsp12(AY123823,AJ298716)
Baltic Sea (Tuomainen) (AJ419615)

Baltic Sea (Tuomainen) (AJ419614)

Group 12 (3 clones)
Nitrosospira sp. B6 (AJ298690)

Group 4 (62 clones)
Group 13 (2 clones)

Group 36 (1 clone)
Group 35 (1 clone)

Group 33 (1 clone)
Group 34 (1 clone)

Nitrosospira sp. III7 (AY123829)
Forest soil (Laverman et al) (AJ245990)

Group 6 (18 clones)

Group 3 (69 clones)
Group 40 (1 clone)

Group 41 (1 clone)
Group 39 (1 clone)

Group 31 (1 clone)
Group 32 (1 clone)

Group 29 (1 clone)
Group 30 (1 clone)

Group 2 (104 clones)
Nitrosospira sp. L115 (AJ298698)
Nitrosospira sp. III7 (AJ298695)

Finnish soil (Vasara et al) (AJ317901)

Group 7 (14 clones)
Nitrosospira sp. O13 (AJ298722)
Nitrosospira sp. (X90821)
Nitrosospira sp. O4 (AJ298723)
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Group 10 (6 clones)

Potential nitrification is spatially and temporally variable.  Inverse 

distance weighted plots represent the distribution of activity across 

the field site.  Sampling locations for molecular analysis are 

indicated.

Method

A neighbor-joining 

tree (F84 model with 

gamma rates).  

Bootstrap analysis 

was performed (1000 

repetitions) and 

shown where support 

exceeds 69%.  All 

sequences detected 

fall in Nitrosospira 

spp. group confirming 

initial findings with 

phylogenetic primers, 

the amo A fragment 

utilised gave greater 

resolution.

Summary of the distribution of 

sequence groups, expressed 

by percentage, and the total 

clone number.  27 single clone 

groups were found.  Colour 

indicates sequence group 

position on phylogenetic tree.

Principal component analysis was performed to assess sequence group distribution. 

PCO 1 separates sample 148 from other samples (loadings suggest this is mainly due to changes in sequence 

group 3, 5, 9, 10 and 13; note low sample size).

PCO 2 separates respective time points for samples 93 and 96 but clusters time points of other samples (loadings 

suggest this is mainly due to changes in sequence groups 4, 7, 12 and single clones).

PCO 3 separates samples on the basis of time (loadings suggest this is mainly due to changes in sequence groups 

1-4 and 14).

Nitrification rates show temporal and spatial variation.

Sequence analysis confirms no detectable presence of Nitrosomanas spp. within field.

Preliminary analysis suggests variation in nitrifier population across both space and time.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

Time Point 1 29 61.8 14.5 3.9 1.3 1.3 1.3 1.3 2.6 1.3 1.3 1.3 1.3 6.6 76

March 33 65.2 8.7 8.7 4.3 2.2 6.5 2.2 2.2 46

93 64.4 4.4 8.9 11.1 2.2 4.4 2.2 2.2 45

96 57.4 14.9 6.4 12.8 4.3 2.1 2.1 47

148 25.0 12.5 12.5 25.0 12.5 12.5 8

152 70.0 12.0 2.0 6.0 4.0 2.0 4.0 50

Time Point 4 29 35.7 20.2 13.1 7.1 7.1 4.8 3.6 1.2 1.2 6.0 84

June 33 49.5 19.8 13.2 5.5 1.1 1.1 1.1 2.2 2.2 4.4 91

93 21.2 6.1 3.0 6.1 33.3 3.0 6.1 3.0 3.0 3.0 3.0 9.1 33

96 30.9 17.3 19.8 4.9 2.5 3.7 6.2 4.9 1.2 1.2 7.4 81

148 25.0 8.3 41.7 8.3 8.3 8.3 12

152 25.0 23.9 15.9 30.7 2.3 2.3 88

45.7 15.7 10.4 9.4 4.5 2.7 2.1 1.7 1.2 0.9 0.5 0.5 0.3 0.3 4.1 661

clone numberSample

Sequence Group

Total

single clones

µg N/kg/h

170

159

147

136

125

113

102

91

79
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45
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TP (Time point)


