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ABSTRACT

Sistotrema brinkmannii has been considered by some to be the 
sexual stage of Phymatotrichum omnivorum. Therefore, the septa of 
these two fungi were compared to confirm this .relationship e • Septa of 
vegetative hyphae and strands of P. omnivorum were found to be of the 
simple type. Striations, believed to be derived from dense materials 
were also observed occluding the septal pore• , brinkmannii hyphae 
were found to possess the dolipore septum* Septal characteristics and 
the natural ranges of the two fungi suggest that they are not two . 
different stages of the same fungus.

The ultrastrueture of vegetative hyphae of omnivorum was 
also described. Membrane elaborations were observed, including a 
plasmalemma derived, intracytoplasmic-membrane system and golgi-like 
membranous complexes„



CHAPTER 1

SEPTAL CHARACTERISTICS OF PHYMATOTRICHUM OMNIVORUM

Introduction
Phymatotrichum omnivorum (Shear) Duggar is a soil-borne fungus 

of the Southwestern United States and Northern Mexico (34). Economic 
loss caused by this pathogen results from rotting of the cortical root 
tissue of fruit, nut,ornamental, and shade trees and of field crops 
(34). Plants attacked by this fungus are mostly dicots (35).

Many attempts to implicate sexuality in P. omnivorum have 
been made. Presley and Thom (30) found the spore mass of P. omnivorum 
covered by a loose felt of hyphae, which resembled the closed fruit 
body of a Gasteromycete or some obscure structure of Ascomycetes. 
Ezekiel (13) reported anastomosis between P. omnivorum and a basidio- 
mycete isolate when grown together in drop culture. Cumley and 
Goldsmith (12) compared the antisera of P. omnivorum to antigens of 
11 other genera of fungi, representing the Gasteromycetes, Hymenomy- 
cetes, Hyphomycetes > Zygomycetes, and Teliomycetes. From complement 
fixation and ring precipitation tests they tenatively related P_. omni
vorum to the Gasteromycetes.

More substantial evidence for sexuality in P_. omnivorum was 
put forth by Baniecki and Bloss (1)... Incorporating 1 ppm of cholecal- 
ciferol into Ezekiel, Taubenhaus, and Fudge’s Medium No. 70 (14), they 
were able to induce the formation of clamp connections, urniform
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basidia, and viable, reniform basidiospores by four isolates. The 
cultures in which clamp connections were found were identified (1) as 
Trechispora (=Sistotrema) brinkmannii (Bres.) Rogers and Jackson.
Based on their findings^ P_. omnivprum could tenatively be placed 
among the Thelephoraceae.

Although P. omnivorum has been proposed as the asexual stage 
of one of the members of the jl. brinkmannii aggr., verification is 
needed. No report is known of any of the S_. brinkmannii aggr. having 
produced P. omnivorum. In addition, the induction from P. omnivorum 
to B. brinkmannii has not been successfully repeated (H. E. Bloss, 
Associate Professor of Plant Pathology, University of Arizona, personal 
communications). Furthermore, several species of Burgoa are known to 
produce sexual stages identified as members of the S. brinkmannii aggr. 
(37). Morphological characteristics of JP. omnivorum do not beat any 
resemblance to those of Burgoa sp.

In the past decade, septal morphology has been considered use
ful in distinguishing Basidiomycetes from other Carpomycetes (3, 26).
In a morphological comparison between Ascomycetes, Basidiomycetes, and 
Deuteromycetes, Moore and McAlear (27) concluded that two types of 
septa occur: 1) an Ascomycete-type septum, also known as the simple 
septum, and 2) a Basidiomycete-type, or the dolipore septum. Dolipore • 
septa have apparently been found consistently in the Homobasidiomycetes 
and in the Tremellales. S_. brinkmannii is classified among the 
Homobasidiomycetes.



The objective of this study was to resolve the questionable 
taxonomic relation between P* omnivorum and j5 „ brinktnannii by examining 
their septal morphologies«

Materials and Methods 
£° omnivorum isolates 603 and 604 (isolated by the author in- 

Arizona) were used•. - .Dates of isolation, location of host, and hosts of 
these isolates are given in Appendix A. The brinkmannii culture, 
isolate JB 38, was obtained from Mrso Frances F* Lombard, Forest Pro
ducts Laboratory, Madison, Wisconsin 6 Isolate JB 38 is the same iso— • 
late derived from P_. omnivorum cultures by Dr0 Baniecki (F._F.. 
Lombard-, Forest Products Laboratory, personal correspondence)^

Vegetative mycelia of isolates 603, 604, and JB 38 were used 
in this studyy Strands that developed from isolate 603 were also 
examined =

Isolates 603 and 604 were maintained on modified Ezekiel, 
Taubenhaus, and Fudge ’ s Medium No« 70 (Appendix B). Isolate JB 38 was 
maintained on Difco malt extract agar. The stock cultures were sub
cultured by periodic mycelial transfer to fresh media.* Strands of 
isolated 603 developed on 100-mm-diameter petri plates containing 
tyndalized soil amended, with 0* 05% CaCOg, sorghum seeds, and approxi
mately 35% tap water. All cultures were incubated at 25 C.

Mycelial plugs of isolates 603 and 604, 7-mm in diameter, were 
transfered from stock plates to Difco nutrient broth media and incuba
ted on a gyro shaker at 25 C for 7 days» The.cultures were then fixed 
at 25 C in 3% glutaraldehyde buffered in 0*1 M sodium cacodylate



4
(pH 7.4) . Agar blocks of isolate JB 38, approximately•1 mm x 2' mm, 
were fixed 6 days after mycelia had been transfered to fresh media. 
Eight-and 35-day-old strands were removed from soil plates, rinsed in 
three changes of distilled water, and placed in vials containing fixa
tive. Isolates 603 and 604 were fixed overnight, strands of 603 for 
2 days, and isolate JB 38 for 3 hr. After fixation, the mycelial plugs 
were cut into wedges. All specimens were subsequently washed in 
several changes of cacodylate buffer. Strands of 603 and half the 
number of agar blocks of isolate JB 38 and mycelial wedges of. isolates 
603 and 604 were post-fixed in 1% OsO^ in the same buffer for 1 hr at 
4 C. The remaining blocks and wedges were postfixed in cacodylate 
buffered 1% KMnO^ for 20 min at 4 C. Vegetative hyphae of isolates 
603 and 604 and strands were stained with 2% uranyl acetate in 10% 
methanol, at 25 C for 30 min. All materials were then dehydrated in 
graded ethanol (70-100%) and infiltrated with propylene oxide followed 
by Loft's Epon 812 (.22) . Sections were cut using a Porter Blum MT 2 
microtome. Sections from isolate JB 38 postfixed in OsO^ were stained 
in saturated aqueous uranyl acetate for 5 hr. Sections from all 
materials were post-stained in Reynolds lead citrate (32) for 20-30 
min. Specimens were examined on a Philips 200 electron microscope.

Results
The septal walls of P_. omnivorum frequently taper toward the 

center, forming a single pore (Figures 1, 2-b, and 3). Cross walls 
extending toward the center without tapering also have been observed 
(Figure 2-a). The pore measured approximately 0.3-0.5 y*.. Spherical
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Figure 1. Longitudinal section through a septum of _P. omnivorum. —  
Isolate 604. Glutaraldehyde-osmium fixation.
a: Note the dense material (dm) occluded in the septal
pore. Woronin bodies (W) are found on both sides of the 
septum. Lateral wall (Iw); vacuole (V); intracytoplasmic 
membrane (icm); mitochondrion (m).
b: Detail of the septal pore (P) showing striations (st).
Scale = 1 y*.
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Figure 2. Septa of strand hyphae. —  Glutaraldehyde-osmium fixation.
a: Septum extending toward the center without tapering.
Woronin body (W); septal pore (P).
b: Note the dense material (dm) within the septal pore.
Striations (pointer) are barely visible. Woronin body (W).
Scale = 1 y*.
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Figure 3. Details of a septum of _P. omnivorum. —  Isolate 603.
Glutaraldehyde-permanganate fixation. Dense bodies (db) 
appear on both sides of the septum. Striations (st) 
appear to originate from one of the dense bodies.
Woronin body (W) . Scale = 0.2 yl>.



• V  - 8
to oblong, membrane-bound Woronin bodies, measuring approximately 
0.3 x 0.4 y* to 10.0 x 0.8 were frequently seen in the vicinity of 
the septal pore (Figures 1, 2> and 3). Highly ordered striations were 
observed associated with the pore rim (Figures 1, 2-b, and 3). The 
striations appeared to be arranged parallel to, and in some cases lie 
approximately 45 degrees from the septal wall. Dense bodies* from 
which the striations appear to originate, were infrequently observed 
along the cross wall (Figure 3). Electron dense materials were 
observed occluded in the septal pore (Figures 1 and 2).

* P. omnivorum specimens post-fixed with 0s0^ appeared similar 
to those with KMnO^. Septa in strands have the same morphology as 
those in vegetative hyphae.

The septum of S_. brinkmannii consisted of two electron-dense 
lamellate layers separated by an electron transparent layer (Figures 
4, 5, and 6). The electron-dense layers expanded as they approached 
the septal pore, appearing as dense, wedge-shaped projections from 
both sides of the septum on both sides of the pore. These wedges were 
enclosed by an electron transparent dolipore. The dolipore, outlined 
by the plasmalemma, appeared much more convoluted when postfixed with 
OsÔ , (Figures 4, 5, and 6), than with KMnO^ (Figure 7). Electron 
dense arches bridging the pore and connecting the dolipores on the 
same side of the septum were infrequently, seen (Figure 6), A perfo
rated, dome-shaped septal pore cap was frequently noted enclosing the 
dolipore (Figures 4, 5, 6, and 7). Continuity between the endoplasmic
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Figure 4. Longitudinal section through a clamp connection of 
Sy brinkmannii. —  Electron-dense, wedge shaped 
projections (arrows) are enclosed by the dolipore (dp). 
Septal pore cap (sc); septal pore (P). Scale = 1.0
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Figure 5. Septal pore apparatus in a clamp forming hypha of 
brinkmannii. —  Glutaraldehyde-osmium fixation. 

Endoplasmic reticulum (er) is continuous with the 
septal pore cap (sc) (pointers). Scale = 1.0^.
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Figure 6. Longitudinal section through a dolipore septum. —
Glutaraldehyde-osmium fixation. Note the electron dense 
arches connecting the dolipore (dp). The plasma membrane 
passes from one cell to the next through the septal pore 
(P) (arrows). Septal pore cap (sc). Scale = 0.2 ̂
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Figure 7. Dolipore septum of S_. brinkmannii. —  Glutaraldehyde- 
permanganate fixation. Dolipore (dp); septal pore cap 
(sc); septal pore (P). Scale = 0.5 y.
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Discussion

The septal morphology of P_. omnivorum resembles that described 
for the Ascomycetes. Simple" pores were noted in hyphae, whether from 
typical growth on plates or from strands. Striations associated with 
the pore rim in F. omnivorum were similar to those reported in Asco- 
desmis sphaerospora by Bracket (3) and Brenner and Carroll (7).
However» the unidentified dense body from which striations are believed 
to originate has not been described. Electron dense material occluding 
the septal pore appears similar to that reported in Mollisia sp. by 
Moore and McAlear (27). No membrane was found enclosing the dense 
material of F_. omnivorum. The origin of the occluding material in 
P_. omnivorum is believed to be aggregations of the dense bodies 
described above. . This does not preclude Riechle and Alexander's (31) 
suggestion that Woronin bodies act as pore plugs. It is probable that 
not all septal plugs have similar origin.

Dolipore septa have been reported in dikaryotic hyphae (27), 
clamp connections (16» 21, 36), and basidia (36). They have also been 
observed in monokaryotic hyphae of Armillaria mellea rhizomorphs (27) 
and in Rhizoctionia solani (5, 6, 29) and Sclerotium rolfsii (11), the 
imperfect stages of Thanatephorus cucumeris and Corticium rolfsii, 
respectively. The septa of S_. brinkmannii are similar to those 
described for such Homobasidiomycetes.

If P_. omnivorum is the asexual stage of S. brinkmannii, it 
would, be expected that both fungi possess the dolipore septum. How
ever, the septum of P_. omnivorum bears no similarity to that of
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S_e brinkmatiniio These observations suggest that the cultures of

omnivorum used by Baniecki were possibly contaminated with ^  ' brink- 
mannii.

So brinkmannii is a wood rotter found in Germany, Austria, 
England, British Guiana, Panama, Canada, and the United, States (33)„
In Arizona, it is known to decay ponderosa pine, commonly found 5,500 
to 8,500 feet in elevation (17)« P<, omnivorum, • on the other hand, is 
not known to occur naturally outside North America (35)« Furthermore, 
it is restricted to altitudes below 4,000 feet in elevation in Arizona 
(34)o The natural range of the two fungi are so different that it also 
makes it very unlikely that they represent two different stages of the 
same fungus„



CHAPTER 2

-. CYTOLOGY OF PHYMATOTRICHUM OMNIVORUM 

Introduction
Cytological studies of F. oxnnivorum have been very limited.. 

Vegetative hyphae are reported as vacuolate in appearance with four to 
20 nuclei per hypha (28) . Cells' may be haploid, diploid, or aneuploid 
(20), with 3-41 nuclei per intercalary mycelial cell. An active 
parasexual cycle in P_. omnivorum has been established (20).

Only one ultrastructural study of P_. omnivorum is known. 
Gtinasekaran, Hess> and Weber (19) identified lipid bodies in micro- - 
graphs of a hypha and conidia. They also suggested that spherosome- 
like organelles, similar to those found in Rhizopus stolonifer and 
R. arrhizus by Buckley, Sommer, and Matsumoto (8), exist in hyphal . 
cells.

The purpose of this study was to detail the cellular morphology 
of P. omnivorum.

Materials and Method
Only mycelial hyphae of isolates 603 and 604 were, used in this 

study. Preparatory methods for examination were previously described 
in Chapter 1.

15
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Results

No differences were detected between the cytology of isolates 
603 and, 604„ Permanganate post-fixation resulted in bleaching out of 
ribosomes„b Other organelles were apparently similar for both fixation 
methodso Extreme variations in size of the organelles probably relates 
to the sectioning angle•

Nucleus: Multinucleate states of P. omnivorum were observed,
Spherical to oblong nuclei (3.3 x 2.8^ to 1.4 x l.2^) were found 
clustered (Figure 8 and 9) as well as isolated by other cytoplasmic 
organelles (Figure 10). Irregularly shaped nuclei were infrequently 
seen. Each nucleus was. surrounded by a perforated5 double unit 
membrane. At each of the pores, the outer membrane was connected to 
the inner membrane (Figures 11 and 12). The pore diaphragm9 which 
closes the pore, was frequently seen (Figures 11 and 12). Observations 
at higher magnificat ions revealed nuclear fibers within the granular 
nucleoplasm (Figure 12). The nucleolus, 0.4-0.8^  in diameter, 
appeared as a spherical, dense area within the nuclear matrix.

Mitochondria: Circular, elongate to dumbell shaped mitochon
dria were unevenly dispersed throughout cells. The two^membrane 
systems of this organelle were easily identified (Figures 13 and 14).
The outer membrane forms a continuous separation between the cytoplasm 
and the inner contents of the body. A region of low density separates 
the outer from the inner membrane (Figure 13 and 14). The inner 
membrane invaginates into flattened sacs, or cristae (Figure 13 and 14).
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Figure 8 . Longitudinal and cross sections of omnivorum hyphae. —  
Isolate 603. Glutaraldehyde-osmium fixation. Nucleus 
(N); mitochondrion (m); vacuole (V); osmophillic body 
(ob); lipid body (1); endoplasmic reticulum (er); lateral 
wall (Iw). Scale = 2.0^.
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Figure 9. Cluster of nuclei. —  Isolate 603. Glutaraldehyde-
osmium fixation. Note lomosomes (lo) located between 
the plasmalemma (pi) and the cell wall (Iw). Nucleus 
(N); nucleolus (Nu); vacuole (V). Scale = 0.2
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Figure 10. Intracytoplasmic membrane system. —  Isolate 604.
Glutaraldehyde-osmium fixation. The intracytoplasmic 
membrane system (icm) apparently is derived from the 
plasma membrane (pm). Nucleus (N); nucleolus (Nu); 
mitochondrion (m); endoplasmic reticulum (er) ; lateral 
wall (Iw) ; amorphous material (a). Scale = 1.0^.



Figure 11. Details of a nuclear membrane. —  Isolate 604.
Glutaraldehyde-osmium fixation. Inner and outer nuclear 
membranes are continuous at the nuclear pore (open arrow) 
Note the diaphragm (d) across the nuclear pore. Nucleus 
(N); cytoplasm (cy). Scale = 0.2



Figure 12. Details of a nucleus. —  Isolate 604. Glutaraldehyde-
permanganate fixation. Nuclear fibers within the nucleo
plasm are distinguished (arrows). Nucleus (N); nuclear 
diaphragm (d) ; cytoplasm (cy). Scale = 0.2^.
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Figure 13. Details of mitochondria. —  Glutaraldehyde-osmium
fixation. The continuous outer membrane (om) separates 
the mitochondria (m) from the cytoplasm (cy). It is 
separated from the inner memrbane (im) by an electron 
transparent region. The inner membrane invaginates, 
forming cristae (cr).
a: Isolate 603.
b: Isolate 604.
Scale = 1.0 y/.
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Figure 14. Rough endoplasmic reticulum and mitochondria. —
Isolate 603. Glutaraldehyde-osmium fixation. Note the 
ribosomes embedded on the endoplasmic reticulum (er) 
(pointers). Mitochondrion (m); cristae (cr).
Scale = 1.0^%.
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Cristae were sparsely distributed within a- granular matrix. Both 
inner and outer membranes were typically tripartite.

Vacuoles: Electron transparent vacuoles, approximately 0.8 x
0 .8^  to 6.0 x 4.9y*. in size, were distributed throughout the cell. 
Their irregular shapes were delimited by a single membrane (Figures 1, 
15, and 16). Dense inclusions occurred occasionally, giving the 
organelle a flocculent appearance (Figures 8 , 15,: and 16). Osmophillic 
bodies and vesicles were frequently enclosed within vacuoles (Figure 

8).
Lipid inclusions: Spherical lipid inclusions, 0.1-0.2 ̂  in

diameter, were scattered along the periphery of the cytoplasm, appear
ing as homogenous electron dense bodies lacking a limiting membrane 
(Figure 8 and 15). Occasionally, they also occurred near the central 
axis of a hypha (Figures 8 and 15).

Endoplasmic reticulum (ER): Strands of ER ramified throughout
the cytoplasm. The two approximately parallel membranes were separated 
by a narrow lumen (Figures 14 and 17). Such strands were commonly 
oriented along the cell wall, near the nucleus, mitochondria, vacuole, 
or other ER. Rough ER, identified by ribosomes bound to the surface 
(Figure 14), were more frequent than smooth ER, those without ribosomes 
(Figure 17). All ER in permanganate fixation appeared smooth 
(Figure 16).

Golgi-like membranous complexes: Organized membranous com-...
plexes with dilated . ends and associated vesicles were rarely observed
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Figure 15. Tangential section of _P. omnivorurn hypha. —  Isolate 604.
Glutaraldehyde-osmium fixation. Note lipid bodies (1) 
scattered near the central axis of the hypha. Three wall 
layers are distinguished (arrows). Amorphous materials 
(a) are distinctly external to the cell wall. Mitochon
drion (m); vacuole (V); endoplasmic reticulum (er).
Scale = 1.0 yt/.
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Figure 16. Longitudinal section of _P. omnivorum hypha post-fixed with 
permanganate. —  Isolate 604. All endoplasmic reticula 
(er) appear smooth. Nucleus (N); mitochondrion (m); 
vacuole (V); lateral wall (Iw); amorphous material (a). 
Scale = 0.5^.
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Figure 17. Smooth endoplasmic reticulum. —  Isolate 603. Glutar- 
aldehyde-osmium fixation. Endoplasmic reticulum (er); 
lateral wall (Iw). Scale = 0.2^.
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(Figure 18). The origin of these complexes was not determined. How
ever, they appeared similar to structures described as golgi apparatus 
(25).

Intracytopiasmic. membrane systems' (I CMS); I CMS- are elaborate: 
complexes of plasma membrane appearing as highly, organized tubules run
ning parallel to each other, or as.vesicles in linear array (Figures 1, 
10,.and 19). Due to section angles, the ICMS frequently appeared as. 
isolated bodies in the cytoplasm near tangential and cross walls 
(Figures 1 and 19) and as enclosures within vacuoles (Figure 19). A 
cross-section of ICMS pushed into a vacuole could possibly be the 
explanation for such an image (Figure 20).

Lomosomes and plasma membrane: The highly convoluted plasma:
membrane was located immediately beneath the cell wall (Figures 10 and 
21), continuously separating the cytoplasm from the wall. Lomasomes 
were infrequently observed between the cell wall and plasmalemma 
(Figures 9 and 21).

Cell Wall: The hyphal wall contained up to four layers (Figure
21) and Was coated With amorphous material on the outer surface 
.(Figures 10, 15, 16, and 21).. The density of the entire wall appeared 
to be much, less than the cytoplasti.

Discussion :
The ultrastructure of P. omnivorum resembled that of most

. ' " ; Z _ - •other higher fungi (2). Typical organelles were widespread. The 

number per cell of each different organelle was not determined because



Figure 18. Golgi-like membranous complex. —  Isolate 604.
Glutaraldehyde-osmium fixation. Note the dilation at 
ends of membranes (arrows) and associated vesicles. 
Endoplasmic reticulum (er). Scale = 0.5 y*.
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Figure 19. Intracytoplasmic membrane systems appearing as isolated 
organelles. —  Isolate 604. Glutaraldehyde-osmium 
fixation. The smaller intracytoplasmic membrane system 
(icm) is located near the septum (s). The larger ICMS 
appears to be within a vacuole. Scale = 1.O^u.
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Figure 20. Possible explanation for ICMS appearing to be enclosed 
within a vacuole.

\
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liiti

Figure 21. Details of the cell wall. —  Isolate 604. Glutaraldehyde- 
osmium fixation. Plasmalemma (pm); amorphous layer (a).
a: Four layers can be distinguished (arrows).
b: Note the lomasome (lo) between the cell wall and the 
plasmalemma.
Scales =
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only one plane of a hypha was observed in a given section. Due to 
mechanical difficulties, serial sections were not attempted.

Of the higher fungi, morphologically distinct golgi apparatus 
have only been demonstrated in Neobulgaria pufa (3). However function
al equivalents may exist, Bracker (4) interpreted spherical, cup- 
shaped, and flattened cisternal profiles as possible rudimentary 
dictyosomes. Smooth-surfaced cisternae or tubules which are associated 
with elaborations of vesicles have been identified as the golgi appara
tus in non-oomycetous fungi (18), Golgi apparatus, as described above, 
were not observed in omnivorum. However, stacks of smooth lamellae, 
a main diagnostic feature of the golgi apparatus (25), were observed 
among a complex of membranous systems „ These golgi-like, membranous 
complexes are possible substitutes for the' golgi apparatus in

i

F. omnivorum.
Although well documented as a component of fungi (9, 10, 15),

ICMS do not appear to be a common constituent and are not included in 
An Atlas of Fungal Ultrastructure. (2). Plasmalemmasomes, described 
by Merchant and Robards (24) and Merchant and Moore (23), are apparent
ly the same as ICMS, However, Merchant and Robards (24) reserve the 
term "paramural body" for structures of similar morphology which may 
have different ontongenies. Due to the fact that micrographs were of 
a single plane, the origins of many membranous bodies frequently could 
not be determined in this study. Hence, to avoid the limitations put 
forth by the terminology of Merchant and Robards, the term ICMS is 
used here.
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Spherosome-like organelles reported by Guriasekaran et ale (19) 
were not observed» These unit-membrane-bound bodies were large 9 
slightly electron dense bodies, one of which measured approximately 
2.0yv. This is much greater than the spherosome (0.2-0.by*) reported 
by Buckley et al. (8). In fact, the'spherosome-like organelles 
presented by Gunasekaran et al are possible vacuoles.



APPENDIX A

AGE, LOCATION OF HOST, AND HOST PLANTS 
OF PHYMATOTRICHUM OMNIVOEUM ISOLATES

Isolate Date of Location Host
Number Isolation Plant

603 June, 1977 Tucson, Az. Chinese elm
604 July, 1977 Aguilaj Az. Cotton
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APPENDIX B

MODIFIED EZEKIEL, TAUBENHAUS, AND FUDGE’S NO. 70 MEDIUM; FOR 
MAINTAINING STOCK CULTURES OF PHYMATOTRICHUM OMNIVORUM

Components Volume (ml) Weight (g)
MgS04‘7H20 0.75
KH2P04 18.8 of 0.1M
K2HPO4 28.1 of 0.1M
KC1 0.15
NH4NO3 1.18
Glucose 20.00

ZnS04 «7H20 1.0 of 0.038M •
Fe2 (304)3 1.0 of 0.023M
MnS0 4 “H20 1.0 of 0.045M
Difco Bacto Agar 20.0

Distilled Water to make 1 liter
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