
METHODOLOGY

§ Ten young pine trees were sampled from each gravel pit and potential 
endophytic diazotrophs were isolated from their needle, stem, and root 
tissues using culture techniques 

§ Isolated bacteria were examined for their in vitro N-fixing ability using the 
acetylene reduction assay2 (ARA)

Acetylene Reduction Assay:

• This assay was used because it is analogous to the BNF process

• In BNF, triple bonded atmospheric N (N≡N) is converted to plant 
available form, ammonia, by N-fixing bacteria

• N-fixing bacteria provide nitrogenase enzyme to mediate this reaction

• Similarly, in ARA, triple bonded acetylene (HC≡CH) is converted to 
ethylene by N-fixing bacteria using nitrogenase enzyme

§ Isolated bacteria exhibiting acetylene reduction ability were identified using           
the 16s rRNA gene sequencing technique2

N ≡ N NH3

HC ≡ CH C2H4

SIGNIFICANCE

§ Unreclaimed gravel mining pits in BC have extremely N-limited soils and 
understanding the sources of N inputs could be helpful in their effective 
replantation and reclamation

§ Determining the role played by endophytic diazotrophs is crucial in 
estimating the potential of such N-fixers to support tree growth at these pits

CONCLUSIONS & FUTURE WORK

§ Lodgepole pine trees at these unreclaimed gravel mining pits naturally 
harbor endophytic diazotrophs capable of fixing atmospheric N

§ These endophytic diazotrophs could be providing significant amounts of 
fixed N to pine trees which will be quantified in vivo using 15N foliar dilution 
technique3 in a yearlong greenhouse experiment
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INTRODUCTION

§ Gravel mining operations typically leave large disturbed areas that lack 
natural cover and medium for plant growth (topsoil)

§ Gravel pits located in central-interior British Columbia (BC) have soils with 
weak profile development that lack soil horizons and organic forest floor1

§ Atmospheric nitrogen (N) inputs are also very low in this region, however, 
lodgepole pine (Pinus contorta) trees have been growing well in these pits

§ A previous study1 compared the lodgepole pine trees growing at these 
unreclaimed gravel pits to nearby undisturbed forest and reported that:

• Soil N levels were six-fold lower in gravel pits, however tissue N 
content and growth rate of pine trees were similar at both sites 

§ This indicates that pine trees growing at these gravel pits are able to meet 
their N requirements from an unknown source (Figure 1)

§ A possible source could be biological nitrogen fixation (BNF) by bacteria 
that can live inside the plant tissues (known as endophytic diazotrophs)

• Because such bacteria have direct access to energy and nutrients from 
host plant and are better protected from environmental stresses
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OBJECTIVES

1. Isolate potential endophytic diazotrophs from internal tissues of pine trees 
growing at these N-limited unreclaimed gravel pits in central-interior BC 

2. Examine the in vitro N-fixing ability of the isolated bacteria

3. Identify the bacteria that were tested positive for N-fixing ability

HYPOTHESES

§ Endophytic diazotrophs inhabit the internal tissues of pine trees growing at 
these N-limited gravel pits

§ These endophytic diazotrophs have the ability to fix atmospheric N to 
support the growth of pine trees

SAMPLING SITES

§ Sampling of pine seedlings was done from two unreclaimed gravel pits 
located in the central interior BC (Figure 2):

RESULTS

§ Seventy-seven potential endophytic diazotrophs were isolated from pine 
trees tissues (Anah pit = 29; Skulow pit = 48) 

§ Thirty-two isolated bacteria showed positive results for ARA, thus 
confirming their N-fixing ability (Anah pit = 15; Skulow pit = 17) (Table 1)

§ Bacteria of genus Pseudomonas were the most common and produced 
relatively high amounts of ethylene in the ARA (Table 1)

Figure 2. (a) Locations of Anah & Skulow pits; (b) Naturally-regenerating pine trees at gravel pits; 
(c) Gravelly-textured soils at pits lacking organic layer; (d) pine seedling growing on bare gravel
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Figure 1. Different sources of nitrogen (N) for pine trees growing at gravel pits
[Note: Atm. N – atmospheric N]

ANAH PIT
Strain Bacterial Species ARAa

AS1 Pseudomonas mandelii 2.7 ± 0.24b

AS2 Rhizobium leguminosarum 2.0 ± 0.32

AS3 Rugamonas rubra 0.4 ± 0.02

AS4 Staphylococcus auricularis 0.4 ± 0.04

AS5 Paenibacillus urinalis 1.3 ± 0.09

AN1 Pseudomonas graminis 1.9 ± 0.10

AN2 Rathayibacter tanaceti 2.0 ± 0.31

AN3 Frigoribacterium endophyticum 0.2 ± 0.04

AN4 Pseudomonas rhizosphaerae 1.0 ± 0.12

AN5 Pseudomonas frederiksbergensis 1.0 ± 0.08

AN6 Bacillus simplex 0.6 ± 0.03

AR1 Pseudomonas migulae 2.8 ± 0.35

AR2 Pseudomonas migulae 2.8 ± 0.19

AR3 Pseudomonas mandelii 0.8 ± 0.07

AR4 Pedobacter suwonensis 0.7 ± 0.02

SKULOW PIT
Strain Bacterial Species ARAa

SS1 Pseudomonas mandelii 2.8 ± 0.17b

SS2 Pseudomonas frederiksbergensis 1.7 ± 0.02

SS3 Herbiconiux solani 0.4 ± 0.10

SS4 Caballeronia udeis 0.8 ± 0.06

SS5 Bacillus circulans 1.6 ± 0.19

SS6 Parviterribacter sp. 1.8 ± 0.42

SS7 Rhizobium rosettiformans 0.2 ± 0.09

SS8 Paenibacillus urinalis 1.8 ± 0.04

SN1 Pseudomonas lini 0.3 ± 0.04

SN2 Flavobacterium aquidurense 2.8 ± 0.30

SN3 Pseudomonas frederiksbergensis 0.2 ± 0.01

SN4 Pseudomonas mandelii 0.4 ± 0.03

SR1 Caballeronia sordidicola 2.4 ± 0.01

SR2 Rhizobium herbae 0.4 ± 0.06

SR3 Pseudomonas brassicacearum 0.9 ± 0.01

SR4 Pseudomonas frederiksbergensis 2.5 ± 0.25

SR5 Pseudomonas frederiksbergensis 0.4 ± 0.01

Table 1. List of bacterial strains isolated from lodgepole pine trees and amount of ethylene 
produced by each strain in acetylene reduction assay

a Acetylene reduction activity expressed in nmol of C2H4 per mL
b Mean ± standard error; n = 3 

• Skulow pit (52°18' N 121°53’ W)• Anah pit (52°09' N 123°10’ W)
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