


Watt	2018 MacLaren 2009





OSU	Extension	2018





Martinez	&	Heil 2011 Lubna et	al.	2018



Seeds	and	seedlings	are	a	bottleneck	in	plant	populations

ORFR 2018 Mosbergen 2016



Seed	endophytes	as	microbial	tools	for	improved	plant	fitness

Shade	et	al.	2017



Current	knowledge	about	Douglas-fir	seed	endophytes	is	limited







Hypothesis	for	this	observational	study

That	endophytes	present	in	seeds	will	differ	based	on	seed	region	of	
origin

• Within	native	range	and	between	native	and	introduced	ranges



Little	1971 Wikipedia	2019



Seed	stratification,	
sterilization	and	plating

Endophyte	
isolation

DNA	extraction	and	
sequencing



Endophyte	identification	
with	databases

Analysis	of	endophyte	
frequency



United	States New	Zealand
Taxon	 Seed	

Source
Relative	
abundance

Taxon Seed
Source

Relative	
abundance

Trichoderma	spp.	
(6)

CB, PC,	
HR,	TL

44% Sydowia polyspora OR,	WA 91%

Sydowia polyspora PC 42% Rhizophaera
kalkhoffii

WA 2%

Unknown	
Rhytismataceae	
spp.	

PC 6.98% Trichoderma	
harzianum

OR 2%

Rutstroemia	
longipes

HR 2.33% Aspergillus	
pseudoglaucus

OR 2%

Moellerodiscus
pinicola

HR 2.33%

Trichothecium
roseum

CA 2.33%

100% 100%

[Newcombe et	al.	2018]



[Wickham	2016]

X2=	108.46 p<2.2e-16



[Wickham	2016]

X2=	128.9 p<2.2e-16 X2=	44.801 p<1.495e-7









Selecting	Trichoderma for	endophyte	inoculation

Jedryczka 2014

Bae	et	al.	2009



Hypotheses	for	this	experiment

1. That	the	Trichoderma endophytes	will	lengthen	survival	time	and	
improve	growth	under	drought	conditions

2. That	the	southern	Trichoderma isolate,	from	a	drier	environment,		
will	confer	greater	drought	tolerance	because	of	habitat-adapted	
symbiosis



Germinate	seedlings	
from	DF_PC

Inoculate	with	
endophyte	treatments

Establish	seedlings	in	
sterile	soil

Apply	drought	and	
collect	data	



Survival	analysis	showed	that	drought	treatment	was	the	primary	factor	in	
seedling	survival

P	=	0.079



Southern	Trichoderma	reduced	needle	growth	under	drought	conditions

P	=	8.93x10-6





• Opportunistic	nature	of	sampling	

method

• Culture-based	techniques

• Differences	in	methods	between	US	

and	NZ

• Sample	size

• Checking	for	endophyte	presence

• Applicability	in	the	field

Observational	Study Experiment



Further	questioning	and	future	work

Metabarcoding.org 2019

Proseed NZ	2019	

[Nilsson	et	al.	2018;	Watts	et	al.	2017]	




