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the seed while in the buffer. Pericarps (opercula and the 

fruit cavity walls) were dehydrated in a graded ethanol series 

and cryofractured in liquid nitrogen with a razor blade precooled 

in liquid nitrogen. Samples were critically point dried, mounted 

on metal stubs by using silver adhesive paint, and sputter coated 

with gold. Specimens were examined with a SEM operating at 

20-25 KV. Images of secondary electrons were recorded on 

Polariod type 55 positive-negative film. 

Artificially infected flowers were prepared by the same 

procedures. Inflorescences with black lesions caused by P. betae 

also were prepared Similarly for SEM examination. 

RESULTS 

Direct and microscopic examination of plates showed that 

P. betae was highly associated with the fruit wall up to > 95%, 

seed coat < 7% and embryo < 2%. 

Light microscopic and SEM examination showed that the 

sugarbeet seed is covered with layers of sclerenchyma cells. 

There are three openings to the seed: 1) an apical pore in the 

upper part of the pericarp (operculum); 2) an eccentrically-

oriented pore at the base of the lower part of the pericarp (the 

fruit cavity wall), previously described as the basal pore (9, 12, 

17); and 3) a peripheral zone (9) of dehiscence between the upper 

and lower part of the pericarp. 

The pericarp is composed of roughly isodiametric closely

packed sclereids with markedly stratified thickenings, frequent 

converging pits, and small lumens with occasional crystalline 

inclusions except at the basal pore (9, 17) and the apical pore. 

Sclereid cells were thicker in the lower than in the upper part of 

the pericarp. The exocarp is an unicellular layer of parenchyma 

cells which dries during the maturation of the fruit. The meso

carp consists of several layers of parenchyma cells which are 

usually dried by the time the fruits are mature. The endocarp 

darkens and becomes hard and dries before complete maturation of 

the fruit. Both the exocarp and the mesocarp are rubbed off 

along with the other ext~rior floral parts during seed processing, 

leaving the seed enclosed in the endocarp, which is commonly 

known as the pericarp. 
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Figure 1. Operculum (outer 
view) of the pericarp with a 
central apical pore (AP). Note 
that the stigmal lobes (StL) 
persist at the apical pore. 
(X 20). 

Figure 2. Basal part (outer 
view) of the pericarp (fruit 
cavity wall), with eccentric 
basal pore (BP). Note hyphae 
(arrows). (X 20). 

Figure 3. Operculum (inner 
view) of the pericarp with a 
central apical pore (AP). 
Hyphae (H) cover the enti re 
inner sur fac e of the oper
culum. (FW) fruit wall. 
(X 20) . 

Figure 4. Basal part (inner 
view) of the fruit wall with 
the remnant fu niculu s (F), and 
the associated basal pore (BP) 
underneath. Note the fruit 
cavity is covered entire ly 
with hyphae (H). (FW) fruit 
wall. (X 25). 
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The basal pore is located close to the radi.cle of the embryo. 

The basal pore is filled with loose cells characteristic of dead, 

dried parenchyma and conducting tissue. The apical pore is 

densely clothed with papillate dried cells. The basal pore is 

almost 10 times larger than the apical pore, but, nevertheless, 

some apical pores were seen with the naked eye. 

Naturally infected fruits were so heavily infected that the 

hyphae of Phoma betae covered all the inner surface of the peri

carp (Figures 3 and 4). Hyphae on the outer surface of the 

pericarp were observed mostly at the basal pore (Figure 2). 

Phoma betae and other saprophytes colonized the fruit cavity 

wall (Figure 4) and the inner surface of the operculum (Figure 3). 

Some of the stigmatic lobes persisted on the operculum even after 

the fruit had been processed (Figure 1). Hyphae grew over the 

funiculus and passed through the dried parenchyma cells near 

the vascular tissue . Hypha were seen penetrating the fruit 

ca vity through the peripheral zone. Septate, flattened hyphae 

characterized the resting hyphae located between the seed coat 

and the pericarp (Figure 5). Figures 1-5 show the exterior 

surface and the interior of the pericarp of a sugarbeet fruit 

naturally infected with Phoma betae. 

Figure 5. Close view of the 
hyphae (H) that covered the 
interior of the per ica rp. 
Note flattened hyphae (FLH) 
characteristic of the mycelium 
growing between the" seed coat 
and the perica rp. (X 240). 

Anthers and shgmal lobes of artificially inoculated flowers 

were infected (Figure 6 and]). Stigmal papillae were completely 

invaded and surrounded with hyphae. In cross section of the 

flower (Figure 8), hyphae were seen covering the outer surface, 

penetrating the exocarp; hyphae became intercellular as well as 
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Figure 6. Flower parts include 
sepals (SE), filment (FL), 
anther (AN) and stigmatic 
lobes (StL). Note hyphae 
(arrows) . (X 15). 

Figure 7. Ungerminated pollen 
(PO) and hyphae (H) on the 
surface of a sugarbeet flower 
near the stigmatic lobes (StL) 
and the apical pore (arrows) 
partially covered with the 
bases of the stigmatic lobes 
(StL). (X 35). 

Figure 8. Cross section of 
immature flower showing embryo 
(EM), seed coat (SC), fruit 
cavity (FC), endocarp (EN), 
mesocarp (ME), exocarp (EX), 
and sepa ls (SE). (X 15). 

Figure 9. Intra- and inter
cellu lar hyphae (arrows) have 
penetrated the exocarp (EX) 
and the mesocarp (ME) five 
days after inoculation. Note 
hyphae passing from cell to 
cell (solid arrow). (X 240). 
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intracellular in the mesocarp cell layers (Figure 9). Figure 10 

shows a branched hypha with internal cytoplasm that has emerged 

from the inner side of the apical pore. Figures 6-10 show scan

ning views of the outer and inner side of sugarbeet flower 

artificially infected with Phoma betae. 

Figure 10. View of infected 
flower 5 days after inocula
tion, showing the apical pore 
(arrows). Forked hyphae (H) 
penetrated the apical pore in
to the fruit cavity. Fractured 
hyphae show the cytoplasm 
(CY). (X 5200). 

Examination of the black lesions that formed on the seed 

stalks after inoculation showed hyphae extending over the outer 

surface of the stalk. Nongermina ted spores and hyphae mixed 

with pollen grains were associated · with the black lesions. In a 

cross section through the stalk, an intercellular hypha appeared 

to penetrate the epidermal layers directly, with continued coloniz

ation inside the cortical parenchyma cells. No appressoria or 

haustoria were seen. 

DISCUSSION 

Leach and MacDonald (14) demonstrated that the removal of 

cortical tissue covering the pericarp during seed processing 

reduced the percentage of infected fruits; however, infection was 

still high even after seed processing in some seed lots (14) • They 

categorized the seed lots infected with P. betae as follows: 

1) Type A, little or no P. betae ( < 5%) ; 2) Type B, P. betae 

mostly superficial (5 - 20%) ; 3) Type C, moderate to severe 

infection (30 60%) ; and 4) Type D, seeds heavily infected 

(> 60%). The naturally infected fruits used in our study fall 

into Type D. 

P. betae was associated with the inner fruit wall much more 

frequently than were other fungi. Isolation from the seed coat 
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