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A Tannic Acid-Ferric Chloride-Toluidine Blue Stain for Wood Amyloplasts 
Embedded in Epoxy Resin 

Note by Thompson Demetrio Pizzolato 

ABSTRACT. Starch of amyloplasts in wood can be permanently stained dark blue by treat- 
ing epoxy sections of wood with a sequence of tannic acid, ferric chloride, and toluidine 
blue. This technique improves upon those currently available for permanently staining 
amyloplasts of wood. FOREST SCI. 24:49-51. 

ADDITIONAL KEY WORDS. Starch, TiIia americana, Ubnus americana, Populus tremuIoides, 
Nyssa syIvatica. 

A RECENT STUDY OF STEMS of Tilia americana L. revealed that a sequence of tannic acid 
and ferric chloride permanently stained the mucilage cavities and that toluidine blue 
intensified the staining (Pizzolato 1977). A byproduct of that study was an indication 
that starch of amyloplasts might react similarly. Such a possibility deserved investigation 
for the following reasons: (1) Lugol's iodine test for starch is normally not permanent 
(Wargo 1975); (2) periodic acid-Schiff staining is troublesome (Feder and O'Brien 
1968); and (3) starch is difficult to stain with other reagents (O'Brien and others 1964, 
Feder and O'Brien 1968). Therefore, it seemed desirable to test a tannic acid-ferric 
chloride-toluidine blue sequence on the amyloplasts of the wood of four local, deciduous 
trees. 
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FIGURE 1. Cross sections of stem secondary xylem stained with the tannic acid-ferric chloride- 
toluidine blue sequence. Amyloplasts of ray and axial parenchyma are dark; cell walls of 
parenchyma, vessels, and fibers are lighter. X3000. a: Nyssa; b: Populus; c: Uhnus; d: 
Tilia. 

Materials and Methods.--Transverse internode segments, 3 mm thick, were cut with 
razor blades from 2 or 3 yr stems of the following trees: Tilia americana L. (basswood), 
Ulmus americana L. (American elm), Populus tre,tldoides Michx. (trembling aspen), 
and Nyssa sylvatica Marsh. (black tupelo). Segments were prepared for microscopy 
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using Pizzolato's (1976) technique altered as follows: (1) osmium fixation was omitted; 
(2) Spurr's (1969) modification E was used instead of his standard medium; (3) infil- 
tration time for the specimens was doubled; and (4) sections were removed from the 
microtome knife with forceps and placed directly into 100 percent ethanol bypassing the 
xylene. Transverse sections were microtomed at 6 ./•m and stained with a tannic acid- 
ferric chloride-toluidine blue sequence (Pizzolato 1977). Specifically, the 6 /•m sections 
were treated with 5 percent aqueous tannic acid for 10 min, washed for 15 sec, treated 
with 3 percent aqueous ferric chloride for 1 min, washed for 1 min, and stained with 
toluidine blue for 1 min. The toluidine blue used in the present study was a 0.05 percent 
solution in 1 percent aqueous sodium borate. The stained sections were washed, dried, 
and then mounted on slides in immersion oil as described previously (Pizzolato 1976). 
Slides were made permanent by ringing the cover slip with fingernail polish. 

Results and Discussion.--The tannic acid-ferric chloride-toluidine blue sequence perma- 
nently stained starch of amyloplasts of wood a dark blue. The amyloplasts of both ray 
and axial parenchyma of Nyssa (Fig. la), Populus (Fig. lb), Ulmus (Fig. lc) and Tilia 
(Fig. ld) were stained. Cell walls of fibers, vessels, and parenchyma stained a light blue. 
Amyloplasts in the extraxylary tissues were a dark blue. Pizzolato and Lillie (1973) 
discussed the mechanisms by which tannic acid and ferric chloride form a complex with 
polysaccharides and the masking of the complex by toluidine blue. 

Tannic acid-ferric chloride-toluidine blue staining of plastic sections should now be 
recognized as an easy, reliable means of demonstrating amyloplasts in wood because it 
is often difficult to indicate starch with other stains (O'Brien and others 1964, Feder and 
O'Brien 1968). Even the classic Lugol's test (12KI) for starch (Johansen 1940) has 
limitations, particularly for wood. Lugol's stain is not absolutely specific and it fades 
quickly (Johansen 1940, Wargo 1975). Because of difficulty in cutting thin sections of 
wood unembedded in plastic, Lugol-stained wood sections are frequently too thick to 
allow a morphological study of their amyloplasts. This difficulty is still inherent in the 
technique of Hinchman (1973) although he made Lugol's stain permanent. Therefore, 
it is concluded that wood anatomists should consider using plastic sections (Ameele 
1976, Pizzolato 1976) stained with the tannic acid-ferric chloride-toluidine blue sequence 
described herein when studying the amyloplasts of wood. 
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