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Figure 2. Ethylene production and iron(III) reducing capacity of whole squash roots. 
Arrows indicate time of transfer to Fe-free solution or addition of Fe to solution, if 
applicable. Treatments are as defined in Materials and methods. (A) Fe(III) reduc-
ing capacity of squash roots started in Fe-free solutions or transferred from com-
plete nutrient solution to Fe-free solution on d4. (B) Ethylene production by squash 
roots. Ethylene was measured with a gas chromatograph as described in Materials 
and methods. Data presented are means of 3 combined experiments ± SE (n = 12 
for A; n = 9 for B). Error bars do not extend outside some data points.
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Figure 3. Localization of iron(III) reduction in whole roots of squash plants grown 
in Fe-free nutrient solution. Roots were placed in a matrix composed of 0.75% (w/v) 
agarose, 5 mM MES (pH 5.5), 0.2 mM Fe(III)-EDTA and 0.3 mM BPDS just before 
gelling occurred. Iron(III) reduction is indicated by the red colored Fe(II)-BPDS3 
complex around the roots. Roots were kept in the dark for 30–45 min, then pho-
tographed. Bar = 1 cm. (A) Initial Fe(III) reducing capacity localization pattern, in 
which Fe(III) is reduced along the entire root system, except for the apical region. 
(B) Intermediate Fe(III) reducing capacity localization pattern. Iron(III) is reduced 
in only a small area basal to the apical meristems on the main roots and primary 
lateral roots, and on the secondary lateral roots. Some of the basal primary lateral 
roots were removed for clarity. (C) Advanced Fe(III) reducing capacity localization 
pattern, which occurred after the formation of cluster roots. Intensive staining can 
be seen surrounding the rootlets of the root clusters and the secondary lateral roots. 
Rootlets also frequently emerged along the main root axis. Some of the basal pri-
mary lateral roots were removed for clarity. (D) Close-up photograph of excised pri-
mary lateral roots with cluster root morphology.
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Figure 4. Apoplastic Fe(III) concentration of whole squash roots. Apoplastic Fe was 
removed from +Fe grown roots on d4 (flush treatment) and from all treatments 
on d7. Sodium hydrosulfite solution was used to reduce apoplastic Fe(III) to Fe(II), 
which was then released into the bathing solution and quantified with the ferrous 
chelator BPDS. Data presented are means of 3 combined experiments ± SE (n = 9).
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