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What is the function of root hairs? 

Root hairs function to eject rhizophagy microbes 
out into the soil where they may acquire nutrients.
Root growing in agarose showing extension
of root hairs beyond the rhizoplane and the
bacterial biofilm on the rhizoplane.

Bacteria emerging from tips of elongating 
root hairs. Stained with nuclear stain 
Syto 13.

Bacteria emerging from root 
hair tip. Bacteria in hairs are 
present as wall-less L-forms. 
Bacteria reform their walls after 
exiting from the tip of the hair.
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1. Cyclosis moves microbes to 
tip and facilitates replication of 
microbe protoplasts.

Cyclosis/Expansion Wave Mechanism for Microbe 
Expulsion from Root Hairs 

2. A wave of expansion in the hair 
protoplast begins in the base of the hair 
and progresses to the tip of the hair. This 
expansion wave forces microbe protoplasts 
through pores that form in the thin wall at 
the hair tip.

Expansion Wave

Emerging Microbe 
Protoplasts



Plant grows in pits and crevices of limestone or in sand along high salt 
Caribbean shore environments.

Fimbristylis cymosa



Bacteria (arrows) are often aligned at the margins of the root 
hairs just beneath the cell wall—this is the periplasmic space. All 

bacteria are stained for hydrogen peroxide.

Root hair of Fimbristylis cymosa showing bacterial 
protoplasts in periplasmic space. Bacteria are seen to 
be surrounded by red-staining reactive oxygen. Bacteria 
are transported to the tip of the hair and deposited by 
the action of unidirectional cyclosis in the root hair cell.

Cyclosis is ‘circulating cytoplasm’.

Cyclosis moves the microbe protoplasts along the rigid 
lateral walls of the hair. This reduces degradation of protoplasts 
and increases their recovery and replication.



Clusters of replicating bacteria within periplasmic 
space of root hair of sedge Fimbristylis cymosa. 
The red coloration around clusters of bacterial 
protoplasts (arrows) is indicative of reactive oxygen 
secreted by the root cell plasma membrane to 
induce nutrient leakage from bacteria  (stained 
with DAB/aniline blue).  

Plants increase the numbers of 
microbe protoplasts prior to 
releasing microbes back into the soil. 



Root hair of sedge (Fimbristylis cymosa) showing 
expulsion of bacteria (large arrow)  from the 
soft-walled hair tip. Red-staining bacterial 
protoplasts are seen in root hair.  A wave of 
expansion of the hair protoplast propagates from 
base to tip of hair and this wave forces microbes 
through pores that form in the hair tip. 



Microbes 
accumulating in 
hair tip.

Microbes circulating along length
of root hair. 

This constant circulation may be a way to induce 
replication in the microbe  protoplasts.

Root hair of sedge Fimbristylis cymosa

Cyclosis was measured 
to move microbes at a 
rate of 8-11 
micrometers/second in 
root hairs of the sedge 
Fimbristylis cymosa.



This ejection of microbes (arrows) occurs 
rapidly with a wave of expansion in the 
hair cell that begins in the hair base and 
moves to the tip.  This forces microbes 
through pores in the hair tips. 



Root hairs of Bermuda grass (Cynodon dactylon) infected with endophytic bacterium Bosea 
thiooxidans (initially from Japanese knotweed). Bacteria emerge from the tip at regular 
intervals leaving the bacterial clusters in dark-stained flat deposits (black arrows) on the 
outer surface of the root hair wall. The root hair then elongates to the side of the bacterial 
deposit, creating zig-zag pattern to the hair. The hair tip is seen to proliferate past the latest 
disk of bacteria (white arrow).

Microbe ejection appears to be periodic rather than continuous.   
Microbes may be ejected in clusters rather than 1 at a time.  It is 
unknown what causes the periodicity.



Root hair Initials of tomato seedling showing internal bacteria 
(arrow). The papillae accumulate microbes that continue to 
replicate. This papilla permits microbes to immobilize and 
accumulate.



Tomato seedling hair initial with 
internal replicating bacteria (arrow).



Bacteria (arrow) in tip of young root hair of tomato seedling. 
Brown color shows where reactive oxygen is concentrating in 
the cell.  This is also the site where most nitric oxide is 
expected to accululate.



Bacterial concentration in root hairs appears to 
increase as hairs elongate.  This image is of a tomato 
seedling root hair (stained with DAB/aniline blue). 

Secretion of reactive 
oxygen around bacteria 
at tip (brown color) 
likely causes the 
microbe and the root 
hair to produce nitric 
oxide to reduce 
oxidative damage.  This 
may result in continued 
elongation at the hair 
tip.

The elongation 
continues until all 
microbes have been 
ejected from the hair 
and no more reactive 
oxygen is produced at 
the hair tip.



Tomato seedling root hairs containing bacteria showing intense 
hydrogen peroxide staining (brown) around bacteria. Often root hair tips 
with internal bacteria appear swollen. This shows the elasticity of the 
wall at the hair tip. Microbes continue to replicate in the hair.



Tomato seedling root hair showing 
swollen tip containing microbes.



Tomato seedling showing abundant 
microbes in the hair tip.



Tomato root hair showing microbes 
being ejected from the hair tip.



Tomato root hair showing ejection of bacterial 
protoplasts (Acinetobacter sp.) from tip of hair 
(arrow).



Bacteria (large 
arrow) being 
expelled from 
the hair tip of 
tomato seedling.  
Stained with 
aniline blue. 
Bacteria (small 
arrow) are 
present beneath 
tip of the root 
hair.


