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INTRODUCTION
Although iron (Fe)  is an essential plant micronutrient, and is the fourth most abundant element on earth, it is most often present in forms unavailable for plant uptake.  When soil pH is high (alkaline), Fe present in the soil is bound into 

secondary soil minerals in the ferric (Fe3+) form and has low availability for plant uptake.  Cool, wet springs, in alkaline soils are often the conditions under which Fe deficiency develops, and in Concord grape, as well as other perennial crops, this 
deficiency presents as Fe-chlorosis. In central Washington, where soils are predominantly alkaline and often irrigated, grapevine chlorosis can cause significant losses. To maximize Fe bioavailability in the rhizosphere, plants have evolved two basic 
Fe-acquisition strategies. Strategy I plants release protons and organic acids that decrease the soil pH surrounding the roots which reduces Fe3+ into bioavailable Fe2+. Strategy II plants exude metal-chelating molecules, called phyto-siderophores, 
into the soil, which chelate Fe and transport Fe into and throughout the plant. 

Microorganisms have also evolved similar mechanisms and secrete siderophores into the soil to scavenge Fe. Our work seeks to exploit the fact that plants are capable of utilizing not only their own siderophore-Fe complexes for plant Fe 
nutrition, but also microbial siderophore-Fe complexes.  In this way, beneficial microbes in the grapevine rhizosphere that secrete siderophores may enhance grapevine Fe nutrition and decrease Fe-chlorosis symptoms and vine losses.

Purpose and Objectives

What are Siderophores?
• Low molecular weight, Fe-chelating molecules.
• Biosynthesized and excreted by bacteria, fungi, and 

Strategy II plants to enhance Fe nutritional uptake. 
• The role of these compounds is to scavenge Fe and other 

metals from the soil and make the mineral  bioavailable.

Application of Method and Ongoing Work
• We are assessing microbial siderophore production 

in Concord vineyards affected by Fe-chlorosis.

• We are also performing microbial community 
compositional analysis to determine the changes of 
bacterial and fungal community composition 
associated with cover crop treatments.

Future Work
Microbial communities will be sequenced from soil 
receiving the cover crop treatments and wells of interest 
identified in the high-throughput siderophore detection 
assay.  These data will be gathered in 2017 to get a 
complete picture of the microbiome associated with each 
of the treatments.  

Preliminary Results
• The preliminary data suggest we are well on our way to 

successful development of a high-throughput siderophore 
screening technique.

• Additional validation techniques (qPCR, traditional CAS-Fe 
agar assays) are being tested concurrently to ensure robust 
data with in-field applicability to aid management 
decisions.
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Method Development and Testing 

• Traditionally, siderophore detection takes place after 
cultivation and isolation of an individual microorganism on 
Fe-depleted media. 

• The isolate is then 
treated with a with a 
color-change overlay 
(CAS) to indicate Fe-
chelation by 
siderophores, when 
present. 

• This method is both labor and time-intensive and precludes 
screening large numbers of environmental samples in a 
timely manner.  

• Our objective is:
To develop a rapid and robust technique to screen many soil 
and rhizosphere samples for types and quantity of 
siderophores produced.

• Eventually, we will be able to conduct genetic analysis of 
organisms secreting  siderophores which allows us to 
connect phylogeny with function in the microbiome.

Without the generous and continuous support of all the 
members of the Davenport Lab, this work would not be possible.  
We would also like to gratefully acknowledge Kalyani Muhunthan in 
the Sullivan Lab, as well as the Concord Grape Research Council and 
the CSANR BIOAg program for continuing fiscal support of this 
work.

• We planted four cover 
crops: barley, wheat, rye, 
wheat/vetch mix, and 
grower control (bare soil).

• We hope to determine the 
microbial activity difference 
in the rhizosphere among 
treatments.

0.5 g of each soil was diluted (10-3) with M9 medium.

Step 1:  Soil Serial Dilution

The 96 well plate was inoculated with 10-3 soil dilution mixed with 
CAS-Fe-Agar. Six wells in each column were inoculated with the 

dilution of one soil sample, allowing 6 replicates of each sample, 9 
samples, and one column of reagent blanks, per microtitre plate.

Step 2:  Inoculation

Siderophore activity is visually apparent in many wells as 
early as 24 hours after inoculation. This is indicated by the 
clear changes in color along with changes in absorbance at      

420 nm and 665 nm.

Step 4: Observation of CAS Color Change 

Turbidity was measured simultaneously with Step 2, to 
validate the uniformity of cell density in each well. To 

determine the standard wavelength for absorbance, we 
performed an absorbance scan of wells containing soil 

dilution and blank wells (M9 medium). We determined a 
typical absorbance reading of 600 nm worked best.

Step 3: Validation of Uniformity of Cell Density

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

1 2 3 4

Ab
so

rb
an

ce

Days

Siderophore Activity Measured via Absorbance (420 nm)

Rye

Wheat\Vetch

Barley

Wheat

Control (field)

Step7: Siderophore Production Over Time

A figure showing preliminary results from experimental soil samples with the 
indicated cover crops. An increase in siderophore activity can be clearly seen 

during the first 3 days. Additionally, cover crops appear to yield microbial 
communities which vary in siderophore producing capability. For instance, 

siderophore activity in soils with rye as a cover peaked at two days, whereas 
siderophore activity in soils with wheat\vetch cover peaked later.

Photo courtesy of Joan R. 
Davenport

Sullivan, et al.,2012

Absorbance of selected wells with visually obvious color changes compared to 
uninoculated blank wells (M9 medium).  The absorbance scans revealed that 

measuring absorbance near 420 nm or 665 nm is optimal for detecting 
siderophore activity. 

Step 5: Validation of Wavelength to Detect Siderophores
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Siderophore activity  was detected by measuring absorbance at both 420 nm 
and 665 nm. For final values, absorbance of the blanks was subtracted from 

sample values. B,C,D,E,F, and G represent within-plate replication of each soil 
sample from field grown cover crop treatments (10 days after inoculation). 

Step 6:  Comparing Siderophore Production Between Treatments 
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