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ABSTRACT

Coniothyrium arizonicum sp. nov. was isolated from leaves 

and stems of jojoba plants from various locations in southern Arizona. 

The fungus may cause leaf blight of seedlings but is tolerated by estab

lished plants. Field observations and laboratory and greenhouse tests 

indicate that wounding of leaves and stems facilitates infection. 

Altemaria sp. appears to occur only on previously damaged or stressed 

leaves and twigs. Strumella simmondsiae was not isolated but Strumella- 

like lesions were observed in the field. Other fungi associated with 

jojoba foliage were: Aspergillus sp., Cephalosporium sp., Diplodia sp.,

Fusarium sp., Gliocladium sp., Helminthosporium sp., Penicillium sp., 

Pestalotia sp., and Torula sp., Phoradendron califomicum was also 
observed on one plant.
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INTRODUCTION

Jojoba, Simmondsia chinensis (Link) Schneid., is a desert shrub 

native to California and Arizona in the United States and Baja Cali

fornia and Sonora in Mexico (Hastings, Turner, and Warren, 1972), whose 

fruit contains 50% high quality, liquid wax (Gentry, 1958). This wax 

has many of the attributes of sperm whale oil (Anonymous, 1936) and 

could be used in such diverse products as high temperature-high pressure 

lubricants, pharmaceuticals, and cosmetics. Several medicinal uses 

for the fruit have been recorded (Clavijero, 1937). These include 

facilitation of child birth and wound healing and as "an excellent 

remedy for cancer". Due to these reported attributes, the cultivation 

of jojoba is under investigation.

£. chinensis is a drought-resistant, evergreen, dioecious shrub 

and in a monotypic genus of the Buxaceae. Some individual plants are 

estimated to have lived 100 and possibly 200 years. Jojoba naturally 

occurs in well-drained, coarse soils which are neutral to alkaline and 

contain an abundance of phosphorus. It grows best in areas with more 

than 30 cm of rainfall annually, depending more on winter and spring 

rains than summer thundershowers. Maximum seed development depends 

on this early soil moisture. The plant can tolerate extreme temperature 

fluctuations; however, cold winter temperatures inhibit flower growth.

It is most susceptible to adverse conditions during the seedling stage 
(Gentry, 1958).
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Because jojoba is dioecious, control of the number and location 

of female and male plants in a commercial plantation is critical. 

Currently, this can be obtained by planting cuttings from known parents. 

During experimentation on the rooting of cuttings, Drs. L. Hogan and 

C. Lee (Department of Plant Sciences, University of Arizona) observed 

the defoliation of cuttings (taken from wild plants) when propagated 

under mist (Fig. 1) (personal communication). Since various lesions 

were noted on leaves from both defoliated and non-defoliated cuttings, 

a pathogen(s) brought in from the wild may have initiated the green

house problem. The objectives of this research, therefore, were to 

identify the causes of foliar pathogens on jojoba growing in the field.



Figure 1. Defoliation of jojoba cuttings from the field when placed under greenhouse 
conditions.— a) cuttings in the Poultry Greenhouse, University of Arizona; 
b) partially defoliated cutting.
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LITERATURE REVIEW

Jojoba 03. chinensis) is not listed in the U.S.D.A. Index of 

Plant Pathogens (Aionymous, 1960). However, recent investigations have 

revealed pathogens which infect jojoba roots. Stanghellini (1977) 

isolated Phytophthora parasitica, Pythium aphanidermaturn, Rhizoctonia 

solani, and Fusarium spp. from naturally infected, potted plants.

Alcorn and Young (1978) reported that jojoba was susceptible to Verti

cil lium dahliae and Phymatotrichum omnivorum, fungi common in the 

southwestern United States (Streets, 1969), in greenhouse inoculation 

studies.

Only two aerial pathogens are known. Bonar (1942) described a 

leaf-spotting fungus, Strumella simmondsiae Bonar, on native plants in 

California. The identification was apparently based on histological 

studies of infected material. In 1978, Dr. D. Palzkill (Department of 

Plant Sciences, University of Arizona) collected a specimen of desert 

mistletoe, Phoradendron califomicum Nutt., from a jojoba plant at 

Palomas Plain, Arizona (Yuma Co.) (Fig. 2) (personal communication).

4
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Figure 2. Phoradendron californicum on jojoba.



MATERIALS AND METHODS

Collection, Isolation, and Identification 

Collection Procedures

Jojoba specimens with symptoms and/or signs of fungal infection 

were collected from May, 1978 to May, 1979 from a variety of habitats 

in southern Arizona below 1,370 m (Table 1). Additionally, collections 

were obtained from Hermosillo and Kino Bay in Mexico.

Pycnidial fungi observed on aerial plant parts of Agave sp. 

Yucca sp. Perezia nana Grey (desert holly), and other plants found in 

association with jojoba were similarly collected.

Specimens generally were kept in individual plastic bags in ice 

chests and refrigerators until they were processed.

Isolation Procedures

Leaf sections with fungal structures were either rinsed in 

sterile distilled water (SOW) (20 ml or more per leaf) or rinsed for 1 

min in 10% bleach + 1 drop of Tween 80 (10 ml per leaf), followed by 

SDW. Fungi were initially isolated on Difco Czapek Agar (CA) or on 2% 

water agar (WA) under laboratory conditions (approximately 20 C with 12 

hr artificial light per day). Subcultures were grown on 2% Difco malt 

extract + 1.5% Bacto agar, Difco Potato Dextrose Agar (PDA), and V-8 

agar (10% V-8 juice + 1.5% Bacto agar). In the case of Coniothyrium 

spp., isolates produced pycnidia on V-8 or PDA. Individual pycnidia 

were aseptically transferred to single drops of SDW to facilitate spore

6
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Table 1. Collection sites and dates for Coniothvrium sp. isolated from jojoba. Agave sp., 
and Pferezia nana.

Isolate No. Location Plant part Date

Poultry Greenhouse, University of Arizona, 
Tucson, Pima Co.

leaf 5/18/78

Pima Canyon, Pima Co. leaf 6/7/78
Pima Canyon fruit 6/7/78
Pima Canyon stem 6/7/78
Pima Canyon stem 6/7/78
Pima Canyon leaf 6/7/78
Pima Canyon leaf 6/7/78
field stem 6/8/78
field stem 6/8/78
Pima Canyon leaf 6/15/78
Pima Canyon stem 6/15/78
Pima Canyon sepal 6/15/78
Pima Canyon leaf 6/15/78
Campbell Ave. Greenhouse, University of 
Arizona, Tucson, Pima Co.

leaf 7/18/78

Campbell Ave. Greenhouse stem 8/31/78
Campbell Ave. Greenhouse stem 8/31/78
Campbell Ave. Greenhouse stem 8/31/78
San Carlos Reservation, San Carlos, 
Graham Co.

leaf 9/7/78

San Carlos Reservation leaf 9/7/78
Campbell Ave. Greenhouse leaf 11/9/78



Table 1. Collection sites and dates for Coniothyrium sp. isolated from jojoba. Agave sp., 
and Perezia nana. Continued.

Isolate No. Location Plant part Date

21a Gates Pass, Tucson, Pima Co. leaf 11/21/78
22 Pima Canyon leaf 1/4/79
23 Boyce Thompson Arboretum, Superior, Pinal Co. leaf 2/11/79
24 San Carlos Reservation leaf 2/12/79
25 San Carlos Reservation leaf 2/12/79
26 Organ Pipe National Monument, Lukeville, 

Pima Co.
leaf 3/10/79

27 Saguaro Monument West, Pima Co. leaf 3/20/79
28 Superstition Mountains, Peralta Canyon, 

Pinal Co.
leaf 3/26/79

29 Organ Pipe National Monument leaf 3/30/79
30 Superstition Mountains leaf 4/7/79
31 Mescal Mountains, Pinal Co. leaf 5/26/79

a. Chosen for cultural studies and seedling inoculations.

b. All isolates were from jojoba, except 24 and 25, which were from Agave sp. 
and Perezia nana, respectively.
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discharge, then streaked onto CA or WA plates for single spore isola

tions. All isolations were made at least in duplicate. Pure cultures 

were stored on CA slants at 4 and 20 C.

Taxonomy

Both naturally infected, fresh tissue and pure cultures were 

examined microscopically with the aid of Orseillon BB in lacto-phenol 

(Alcorn and Yeager, 1937). All fungi exhibiting sporulating, imperfect 

stages were identified to genus using "Illustrated Genera of Imperfect 

Fungi" (Barnett and Hunter, 1972).

Spore dimensions were obtained from selected Coniothyrium iso

lates grown both on V-8 agar and infected leaf tissue and were measured 

at 645X with the aid of an ocular micrometer.

Leaf specimens also were incubated in moist chambers. For this 

bent glass rods were placed on Whatman No. 1, 9 cm filter papers in 

100 x 20 cm glass petri dishes. The assembly was autoclave-sterilized 

after which 4 ml of SOW were added to each plate. Leaves were rinsed 

in 18 ml of SOW and then placed on the glass rods. Specimens were ob

served regularly for identifying fungal structures.

Cultural Studies

Because Coniothyrium spp. were most often isolated from wild 

jojoba plants, cultural studies of this fungus were initiated.

Influence of Temperature and Light on Hyphal Growth Rates

Five isolates (Table 1) were grown from pure spore suspensions 

and agar blocks (5 mm x 5 mm) were transferred to the centers of
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separate V-8 plates. One plate of each isolate was incubated in the 

dark at 6, 21, and 30 C for 16 days. Measurements (in mm) of the diam

eters of the growing colonies were made every 48 hr; presence or 

absence of pycnidia also was recorded. The test was repeated under the 

following conditions: 21 C with 10-12 hr overhead light from fluores

cent bulbs in the laboratory for 10 days; 21 C with continuous 

fluorescent light from five, 15 w, cool-white bulbs, located 18 cm 

above the plates, for 10 days, and 11 C with 10 hr fluorescent light 

from six, 1500 ma, cool-white bulbs, located 36 cm above the plates, for 

50 days.

Comparisons with Known Coniothyrium Species

Cultures of three species were obtained from the American Type 

Culture Collection: Coniothyrium fuckelii Sacc. fATCC 11349), Conio

thyrium hellebori Cooke and Massee (ATCC 12522), and Coniella diplod- 

iella (Speg.) Petrak and Sydow (ATCC 12684) (= Coniothyrium diplodiella 

Speg., CMI, 1966). C_. concentricum (Desm.) Sacc. was examined from

specimens on Yucca filamentosa L. and Yucca glaucae Sacc. in the 

Mycology and Forest Pathology Herbarium at the University of Arizona.

The herbarium specimens were hydrated with a drop of 95% ethanol and of 

4% potassium hydroxide (KOH). Spore color, outline, and dimensions 

(in microns) were recorded. Isolates from the ATCC cultures and from 

jojoba and other desert plants were compared for growth habits and 

spore sizes on V-8 agar and on detached jojoba leaves in moist chambers.

Interactions among the five jojoba isolates and between each 

isolate and the ATCC cultures were checked by placing 5 mm x 5 mm
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blocks from 10-day-old cultures together on V-8 plates— e.g., jojoba 

isolate #1 was plated seven times, in combination with jojoba isolates 

3, 16, 19, 21, and the ATCC isolates C. diplodiella, £. fuckelii, and 

£. hellebori. Plates were incubated at room temperature for at least 

24 days and were observed every 7 days for the presence of barrage 

zones, differences in growth habits and rates, and for pycnidial 

formation.

Spore Germination

Rates of spore germination of the five jojoba Coniothyrium 

isolates were timed by streaking spore suspensions (from 12-day-old 

cultures growing on V-8 plates at room temperature) onto 2% WA plates. 

Cultures were incubated at 20 C under constant fluorescent light from 

five, 15 w, cool-white bulbs, located 18 cm above the plates, until 

germination occurred. The occurrence of spore germination after incuba

tion in the dark at 12, 20, and 30 C for 48 hr also was checked.

Examination of a Herbarium Specimen of Strumella simmondsiae

The type specimen of Strumella simmondsiae Bonar was obtained 

from the Herbarium of the University of California, Berkeley. The 

specimen (U.C. 653866) was collected by H. S. Fawcett on May 7, 1939 

from jojoba plants south of Remit, Riverside Co., California and ident

ified by L. Bonar. Lesions were examined macroscopically and micro

scopically. Samples observed using a scanning electron microscope 

(ETEC autoscan) (SEM) were first coated with 15 nm of 60% gold + 40% 

palladium using Coating Unit E5100 (Polaron Instruments Inc., 21 Green- 

hill Crescent, Holywell Industrial Estate, Watford, Hertfordshire).
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Inoculation Studies

Detached Leaves

Inoculations of healthy, detached jojoba leaves were made in an 

attempt to confirm the pathogenicity of Coniothyrium isolates from 

jojoba and to determine if jojoba also could be a host for isolates 

from Agave sp., Perezia nana, and from the American Type Culture Collec

tion. Similar tests were conducted with Alternaria sp. from jojoba and 

with A. altemata (Fr.) Kiesler f. sp. lycopersici, isolated from tomato 

(culture courtesy of Dr. I. Misaghi, Department of Plant Pathology, 

University of Arizona).

Healthy-appearing leaves from 3-12-mo-old, greenhouse-grown 

plants were removed; both old (bottom) and new (top) leaves were used. 

Leaves were surface sterilized 1-2 min in 20 ml of 10% household bleach 

(containing 1 drop of Tween 80/1), rinsed in 18 ml of SDW, and asepti- 

cally placed on the sterile rods in the described sterile petri dish 

moist chambers.

Spores were obtained by flooding a culture (grown at least 7 

days on V-8 agar at room temperature) with 9 ml of SDW, scraping the 

surface of the agar with a sterile inoculation loop, and pipetting off 

the resulting suspension. Spore concentrations were determined using 

a Levy counting chamber (Arthur S. Thomas Co., Philadelphia, Pennsyl

vania). The viability of the inoculum was checked by placing one drop 

of each spore suspension on fresh V-8 agar.

Inoculation was accomplished by placing 1 ml of a given suspen

sion (10& spores/ml) on each leaf. Alternatively, a 3 mm x 3 mm agar
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block containing actively growing hyphae was placed on each leaf 

(Fig. 3). Moist chambers were incubated at room temperature at least 

14 days. Fifteen different Coniothyrium isolates from jojoba were 

tested (one attempt per isolate) using both hyphal blocks and spores. 

Detached leaves were inoculated with the other Coniothyrium species at 

least two times per isolate. Leaves were either injured prior"to inoc

ulation with a sterile dissecting needle, by multiple piercing of the 
epidermis, or left intact. Broken petioles also exposed internal tis

sues .

Inoculation of Healthy Plants

Jojoba plants were grown from bulk seed germinated in Speedling 

trays (Todd Plant-Flat model 150-S, Speedling Inc., Sun City, Florida) 

in a heat-treated soil mix of 1/3 sand, 1/3 peat, and 1/3 soil. Seed

lings were transplanted into the same soil mix in 10-cm plastic pots 

and maintained in the greenhouse. Plants 3-12-mo-old and 12-24-mo-old 

were used in these studies. All were watered just prior to inoculation.

Nine ml of inoculum (10^ spores/ml) were poured from a sterile, 

20 ml glass tube onto each plant, wetting the leaves and stem. In some 

tests plants were wounded before inoculation by pricking at nodes and 

internodes with a sterile needle. Inoculated and control plants were 

loosely covered with 20 x 45 x 10 cm plastic bags. Some plants were 

incubated in environmental chambers for at least 21 days under the fol

lowing conditions: 10-12 C with 10 hr of fluorescent light per day;

24 C with 12 hr of fluorescent light per day, and 30 C with 12 hr of 

fluorescent light per day. All environmental chambers were equipped
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Figure 3. Inoculation of detached jojoba leaves in a moist
chamber with Coniothyrium sp.— a) inoculation with 
an agar block containing hyphae of Coniothyrium sp.; 
b) inoculation with a spore suspension of Coniothyrium 
sp.
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with six, 1500 ma cool-white bulbs, located 20-40 cm above the plants.

The high relative humidity was maintained by irrigating as needed. Each 

of the five jojoba isolates was inoculated under each of the above con

ditions three times. Control plants were subjected to the same treat

ment except that 9 ml of SOW was used instead of spore suspensions.

Attempts also were made to infect healthy jojoba plants with 

Altemaria sp. isolated from jojoba; one experiment included A. alter

nate from tomato. The inoculation procedures included prior wounding 

of leaves and stems with a needle, razor blade, or carborundum, covering 

plants with plastic bags (4 or 24 hr) after inoculation, misting of 

plants for 5 sec out of every 60 sec for 9 hr per day, and prior or 

simultaneous inoculation with Coniothyrium sp. Twenty to 25 3-5-mo-old 

seedlings were inoculated for each procedure. Plants were incubated at 

25 C with 12 hr of light in an environmental chamber equipped with ten, 

1500 ma fluorescent bulbs and twelve, 25 w, 130 v white filament bulbs.

The following inoculation attempt was performed on 50 jojoba 

cuttings, collected from healthy 3-mo-old and 1-yr-old plants growing 

in the greenhouse. The cuttings were immediately placed in plastic 

bags with moist paper toweling and stored at 1.6-10 C for 19.5 hr to 

simulate storage conditions of cuttings collected from wild plants 

(Dr. D. Palzkill, personal communication). Following storage, the cus

tomary procedures of processing cuttings for rooting were followed. The 

bottom leaves were removed along with the basal 1 cm from each stem.

All cuttings were then dipped in 10% household bleach, rinsed in water, 

coated at the base with indole butyric acid (4 g/1), and placed in a 

rooting medium of 50% vermiculite and 50% perlite (Dr. L. Hogan,
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personal communication). Twenty cuttings of each age-lot were immedi

ately brushed with a spore suspension (106 spores/ml) of Alternaria con

taining carborundum in water. All cuttings then were placed in a 

greenhouse and misted 1 min out of every 30 min for 4 mo.



RESULTS

Coniothyrium Species

Isolations and Field Observations

A Coniothyrium sp. was consistently isolated from leaf lesions 

on wild jojoba plants and from greenhouse cuttings taken from wild 

plants from a variety of geographical sites in southern Arizona (Table 

1). The Coniothyrium sp. was typically associated with sunken, white 

lesions, up to 2 cm in diameter, often on edges of leaves and occasion

ally on stems and sepals. Pycnidia frequently were concentrically 

oriented in the lesions (Fig. 4).

Pycnidia were present on wild plants through-out the year.

Spore masses were found on the surface of several jojoba leaves collect

ed during wet and humid weather in March, 1979. The maximum and mini

mum temperatures for that month were 29 C and 3 C, respectively. Spore 

masses also were collected on one developing fruit and adjacent leaves 

on 6/7/78. No rain had occurred between 6/1 and 6/7; temperatures dur

ing this period ranged from 17.2 - 38.3 C. (Weather data were obtained 

from the National Weather Bureau, University Station).

Cultural Studies of Coniothyrium sp. from Jojoba

Cultural studies were conducted using isolates 1, 3, 16, 19, 

and 21, representing a range of geographic sites for jojoba (Table 1). 

Coniothyrium hyphae grew at temperatures from 6-30 C, both with and 

without light. Optimum hyphal growth in the dark occurred at 21 C on

17
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Figure 4. Typical Coniothyrium lesion with pycnidia on a 
jojoba leaf collected in the field.
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Figure 5. Coniothyrium sp. isolated from jojoba and grown 
7 days on V-8 agar in the dark.
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V-8 agar (Table 2). The effect of increasing hours of light each day 

at this temperature on radial growth rates varied with the isolates 

and photoperiod (Table 3). The greatest effect was noted with constant 

light. Growth rates of isolates 1, 19, and 21 increased by 18 - 27%; 

those of isolates 3 and 6 decreased by 12.5 and 8.6%, respectively.

Macroscopically, hyphae appear olive-green when growing on V-8 

(Fig. 5) and white when growing on both CA and jojoba seedlings. Micro

scopically, hyphae appear hyaline with an average diameter of 3.1 

(_+ 1.09)u (50 measurements). Cells often become rounded and large in 

older cultures, with much branching.

Pycnidia were immersed, dark, uniloculate, and ostiolate (Fig. 

6). In culture, they were formed in concentric rings as the hyphal 

margin advanced, scattered through-out the mycelium, or, less frequent

ly, in groups radiating from a central point. Fifty pycnidia formed on 

V-8 agar had a mean width of 218.6 (+ 89.3)u and a mean height of 244.28 

(;+ 104.01)u. They formed readily on both V-8 agar and PDA but were not 

produced on CA, WA, or malt extract agar. Conidiophores were not ob

served within the pycnidia.

Light is required by the jojoba Coniothyrium sp. for the induc

tion of pycnidial formation on V-8 agar. Pycnidia (observed macroscop

ically and confirmed microscopically) could be seen by 4 days in cul

tures incubated at 21 C with continuous fluorescent light, but not by 

78 days when similar cultures were incubated at 21 C in the dark 

(Table 4). Additionally, pycnidia were not formed within 51 days when 

cultures exposed to 10 hr of fluorescent-light per day were incubated

at 10 C.
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Table 2. Mean rates (iran/hr) of hyphal growth of j ojoba' Cdhiothyrium 
isolates on V-8 agar in the dark in 16 days.

Isolates

Temperature (C) 1 3 16 19 21

6 0.875* 0.75 1.25 0.44 0.75

21 3.25 8.0b 5.0C 4.06 3.56

30 2.94 3.69 4.25 3.56 3.31

a. Measurements are the radii of growth from the inoculation
block.

b. Hyphae covered agar in 240 hr.

c. Hyphae covered agar in 336 hr.
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Table 3. Mean rates (ram/hr) of hyphal growth in 10 days of jojoba 
Coiiidthyrium isolates on V-8 agar at 21 C with varying 
photoperiods.

Isolates

Temperature (C) 1 3 16 19 21

0 4.4b 8.0 7.0 5.6 5.2

10-12 4.8 7.2 7.4 5.4 5.0

24 5.6 7.0 6.4 6.6 6.4

a. Fluorescent light was from five, 1500 ma, cool-white 
bulbs, located 18 cm above the plates.

b. Measurements are the radii of growth from the inoculation 
block.
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Figure 6. Pycnidia from a jojoba isolate of Coniothyrium sp.
grown on V-8 agar 14 days under laboratory condi
tions, --a) 160X; b) 250X.
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Table 4. Influence of photoperiod on formation of pycnidia by jojoba 
Cohidthyrium isolates grown on V-8 agar at 21 C.

Days until first pycnidia observed^

Isolates

Hr of light/24 hr 1 3 16 19 21

0

10-12 8.0 8.0 8.0 6.0 8.0

24 4.0 4.0 4.0 4.0 4.0

a. Fluorescent light was from five, 1500 ma, cool-white bulbs, 
located 18 cm above the plates.

b. Pycnidia were observed with the aid of a dissecting 
microscope.

c. Plates were incubated for 78 days.
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Spores of all five isolates germinated in 7-9 hr on WA at 21 C 

under continuous fluorescent light. Spores placed on WA and incubated 

at 4, 20, and 30 C in the dark germinated within 48 hr.

Spores may be extruded in a cirrhus or spore horn from pycnidia 

formed either on detached leaves (Fig. 7) or on plants (Figs. 8,9).

Spore horns were never observed on pycnidia formed on plates.

Conidia are amber in color, smooth-walled, one-celled, and 

elliptical (Fig. 10). Although variations in sizes occurred between 

conidia from the five jojoba isolates (Table 5), differences were not 

significant when these isolates were grown on the same substrate; nor 

did spores from pycnidia formed on V-8 agar and on jojoba leaves differ 

significantly in size (Table 5).

Cultural Comparisons with Coniothyrium sp. from Other Plants

When jojoba isolates were plated separately on V-8 agar in the 

light at 21 C against £. diplodiella, the ATCC culture covered 75% of 

the agar within 7 days, while the jojoba isolate occupied the balance. 

Hyphae from the two isolates did not merge; pycnidial formation was 

concentrated at this interface.

Conidia from the.jojoba isolates and (C. diplodiella, grown on 

V-8, were not significantly different in size at the 5% level (Table 5). 

Like the jojoba isolates, the conidia from C. diplodiella are unicellu

lar, pale brown at maturity, and elliptical. When grown on V-8 agar, 

the mycelium of £. diplodiella was white; the black pycnidia were num

erous and always scattered through-out the mycelium.
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Figure 7. Spore horns of a jojoba isolate of Coniothyrium sp.
formed on a detached leaf in a moist chamber 14 days 
after inoculation.-- a) 20X; b) SOX.
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Figure 8. Conidia in a cirrhus from a pycnidium formed on a leaf of 
a jojoba seedling.--the plant was inoculated with Conio- 
thyrium sp. and incubated at 10 C with 10 hr of light for 
21 days; scanning electron micrograph at 500X.



28

Figure 9. Close-up of Figure 8 showing individual spores of a 
jojoba Coniothyrium sp. in a cirrhus (4000X).—  
wrinkled exospores are a result of drying.



Figure 10. Spores from a jojoba isolate of Coniothyrium sp. 
grown 14 days on V-8 agar under laboratory 
conditions (250X).

«



Table 5. Comparative8 spore*3 sizes of several Coniothyrium spp. grown on various substrates.

Fungal Host No. spores Mean size (y)
species species Substrate measured Width Length

C. arizonicum Sinunondsia
chinensis

leaves^ wild 
plants

20 7.25(1.16)d 9.05(2.52)

C. arizonicum S. chinensis detached leaves, 
seedlings6

50 6.94(0.82) 8.86(1.36)

C. arizonicum S. chinensis V-8 agar 50 6.26(0.72) 7.78(0.97)

C. arizonicum Agave sp. detached leaves, 
seedlings6

20 6.75(0.44) 8.05(1.0)

C. arizonicum Perezia
hana

detached leaves, 
seedlings6

18 6.44(0.51) 8.94(1.11)

C . concentricum Yucca filamen- 
tosum

dried herbarium 
specimen

10 4.4(0.84) 5.7(0.67)

C. concentricum Y. glaucae dried herbarium 
specimen

10 6.9(0.32) 6.9(0.74)

C. diplodiella Vitis vinifera V-8 agar 10 6.4(0.7) 8.6(1.65)

C. fuckelii Rubus plicatus V-8 agar 10 1.88(0.93)f 3.2(0.52)f

C. hellebori Helleborus
niger

V-8 agar 10 6.1(0.74) 7.4(0.92)



Table 5. r» ^Comparative spore sizes of several Coniothyrium spp. grown on various substrates. 
Continued.

a. Data were analyzed using Duncan's multiple range test.

b. Spores observed microscopically in water, except for dried herbarium specimens, which 
were hydrated in one drop 95 % ethanol and 4 % KOH.

c. Naturally infected leaves collected from San Carlos Reservation; not isolated.

d. ( ) = standard deviation.

e. Composite of jojoba isolates 1, 3, 6, 19, and 21; infection from artificial inoculations.

f. These spores were significantly different in size at the 5 % level from all other 
spores observed.
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Comparisons withX. fuckelii gave opposite results. The jojoba 

isolates grew more rapidly than the ATCC culture. After 7 days at 21 C 

on V-8 agar in the light, each jojoba isolate covered 60% of the agar 

while C_. fuckelii occupied the remainder. As with £. diplodiella, the 

hyphae of the jojoba isolates did not merge with the hyphae of the ATCC 

culture. Pycnidia of £. fuckelii also formed at the interface between 

the ATCC culture and the jojoba isolates.

At the 5% level, conidia of £. fuckelii were significantly 

smaller than conidia of the other Coniothyrium isolates (Table 5). Thus, 

when comparing spore size alone, this species is the only one which is 

distinguishable from all other species observed. On V-8 agar the myce- 

lia of £. fuckelii was light-colored and the pycnidia occurred sparsely 

around the inoculation plug.

£. hellebori and the jojoba isolates had similar growth habits. 

On V-8 agar hyphae of £. hellebori were olive-green. Black pycnidia 

formed in a pattern radiating from a central point. Of those Conio

thyrium spp.received from the ATCC, the pycnidia of C_. hellebori were 

the most similar to those of the jojoba isolates. Pycnidia grown on 

V-8 were globose to elliptical, with a diameter of 103.6.to 126.9u (from 

40 measurements) and uniloculate. When plated together, hyphae of £. 

hellebori and the jojoba isolates did not merge but produced a zone sim

ilar to that formed by mixed jojoba isolates. There was no significant 

differences in spore sizes between £. hellebori and the jojoba isolates 

at the 5% level (Table 5).

Spores from £. concentricum on Yucca glaucae, a dried herbarium 

sample from Larimer Co., Colorado, were not significantly different
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(5% level) than spores of the jojoba isolates (Table 5). However, 

spores from C_. concentricum on Yucca filamentosum, an herbarium sample 

from Madison, Wisconsin, were significantly smaller . (5% level) than 

those on Yucca glaucae. Both the jojoba and Yucca spp. isolates in

duced similar patterns of pycnidia on their respective hosts.

Isolates of Coniothyrium also were obtained from native Agave 

sp. and Perezia nana, collected from the San Carlos Reservation (respec

tively, isolates 24 and 25, Table 1). The Agave isolate was from a 

necrotic lesion with immersed pycnidia; only leaf tips were affected.

The isolate from nana was from a dead leaf; pycnidia were scattered 

through-out leaves and stem tissue. Both plants were abundant in thick 

stands of jojoba.

Hyphae from the Agave and P_. nana isolates growing on V-8 agar 

were macroscopically and microscopically nondistinguishable from those 

of the jojoba isolates. Pycnidia also were similar in size and were 

formed in concentric rings on V-8 agar. Furthermore, the spores of 

neither the Agave sp. nor the P_. nana isolates differed significantly in 

size from those of the jojoba isolates.

A species of Coniothyrium was found on leaves of Rhus ovata 

Wats, growing in association with jojoba in the Superstition Mountains. 

Black, immersed, uniloculate pycnidia occurred in necrotic lesions; 

pycnidia were scattered through-out the lesions. Spores were one- 

celled, elliptical, with a mean width of 6.2p and a mean length of 

9.9p (10 measurements), and amber in color. This Coniothyrium species
was not isolated.
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Infection Studies with Jojoba Isolates
Infection of detached jojoba leaves in a moist chamber could be 

induced with spore suspensions and hyphae of the jojoba isolates. In

fection was first indicated on detached leaves at room temperature by a 

water-soaked area, which soon became brown. The lesion turned white 

and then became sunken. The least amount of time between inoculation 

and the occurrence of erumpent pycnidia was 6 days. Pycnidia frequently 

appeared in concentric patterns identical to those on naturally infected 

plants. Of the 15 isolates (1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 13, 15, 16, 

19, and 21, Table 1) tested for pathogenicity, the mean number of days 

required for infection by spores (10^ spores/ml) under laboratory con

ditions (21 C, 10-12 hr of light) was 6.18 (one inoculation attempt/ 

isolate) as compared to 13.3 days for infection by hyphae (one inocula

tion attempt/isolate). Pycnidia formed on broken petioles first and 

later in typical lesions on leaves. No differences in susceptibility 

were observed between young and old leaves or between non-injured and 

wounded, detached leaves, since penetration readily occurred through the 

exposed petiole tissue.

The greatest number of plants were infected when jojoba seed

lings were wounded prior to inoculation; 46% infection occurred with 

3-5-mo-old seedlings (Table 6) and 80% infection occurred with 1-yr-old 

plants (Table 7). Twenty percent of the non-wounded, 1-yr-old plants 

and 10% of the non-wounded, 3-5-mo-old plants became infected (Table 

6,7). The percentage of inoculated seedlings incubated at 10, 24, and 

30 C that became infected was 47, 40, and 33% respectively (Table 6).



Table 6. Susceptibility3 of 3-5 mo-old jojoba seedlings inoculated^ with 
isolates of Coniothyrium sp. from naturally infected jojoba plants.

Isolates

No. plants
Treatment 1 3 16 19 21 infected Summary

10 C, 10 hr light
wounded + + + + + 5 100%
non-wounded - - - + - 1 20%
non-wounded - - - - 1 20%

24 C, 12 hr light
wounded - + - + + 3 60%
wounded - + - + - 2 40%
non-wounded - - + - - 1 20%

30 C, 12 hr light
wounded + - + + - 3 60%
wounded - - , + - - 1 20%
non-wounded — — — + 1 20%

a. Seedlings scored susceptible (■*•) if pycnidia formed on plant parts.

b. Both leaves and stems were inoculated with 9 ml (lO^-lO^ spores/ml) of inoculum 
per plant; one plant inoculated per isolate per treatment listed. Experiments 
were run for 40 days.



a bTable 7. Susceptibility of 1-yr-old jojobas inoculated with isolates of Coniothyrium 
from naturally infected jojoba plants and held at 10 C with 10 hr of light 
per day.

Isolates

Treatment 1 3 16 19 21 No. plants infected

wounded + + + + + 5

wounded 
non-wounded

+ - - + + 3

non-wounded - + - - - 1

infected plants/
total plants inoc
ulated

2/3 2/3 1/3 2/3 2/3 9/15

a. Jojoba plants scored susceptible (+) if pycnidia formed on plant parts.

b. Both leaves and stems were inoculated with 18 ml (10^-10^ spores/ml) of 
inoculum per plant; one plant was inoculated per isolate per treatment. 
Experiments were run for 40 days.

wo\
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Infection Studies with Other Coniothyrium Isolates

Detached, wounded, jojoba leaves (4 leaves per isolate) in 

moist chambers (2 leaves per moist chamber) were inoculated with spore 

suspensions (10^ spores/ml) of (X diplodiella, £. fuckelii, and £. 

hellebori under laboratory conditions. Both £. diplodiella and (]. fuck

elii induced the development of water-soaked spots on the leaf blades 

of all inoculated leaves by 24 days. A few pycnidia occurred on the 

petiole-end of one £. fuckelii-inoculated leaf. On the other hand, £. 

hellebori caused the formation of depressed, necrotic lesions on all 

inoculated leaves. Pycnidia formed in the lesions on 2 leaves within 

24 days.

When three, 5-mo-old seedlings were wound-inoculated with £. 

hellebori, pycnidia developed on one lower leaf on each of 2 plants 

within 34 days at 10 C and 10 hr of light. No concentric or other pat

tern of pycnidia was visible in the lesions. Reisolates from these 

pycnidia were identical to C. hellebori. Similarly inoculated seed

lings incubated at 21 and 30 C did not become infected.

Coniothyrium isolates from Agave sp. and JP. nana also were path

ogenic to detached jojoba leaves. However, pycnidia occurred as early 

as 9 days following inoculation (10^ spores/ml) when leaves were held 

under laboratory conditions. Seedlings, which were inoculated with the 

same concentration of spores and bagged,.formed lesions on leaves and 

stems with numerous pycnidia, often in concentric patterns, within 20

days at 10 C with 10 hr of light per day.
\
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Alternaria Species

Occurrence on Jojoba Plants in the Greenhouse and in the Field

Alternaria sp. (Fungi Imperfect!, Moniliales) were omnipresent.

In the greenhouse, leaves and stems of cuttings under mist were often 

covered with a luxuriant, black growth on either the intact blades (Fig. 

11a, upper left portion of leaf) or on necrotic areas (Fig. 11a, b).

The fungus often occurred in concentric rings at the base of a leaf 

blade. In the field, Alternaria always occurred in patches on necrotic 

leaf parts and never on green portions of the plant. It was especially 

prevalent after December, 1978, when below freezing temperatures caused 

damage to many wild plants in the vicinity of Tucson (Dr. D. Palzkill, 

personal communication).

Inoculations

Detached leaves from jojoba and jojoba seedlings could not be 

infected with Alternaria sp. isolated from jojoba using any of the des

cribed inoculation techniques.

Although hyphae occasionally grew on leaf surfaces, A. alter- 

nata did not infect non-wounded, detached jojoba leaves but did infect 

comparably treated tomato leaves.

None of the 20 cuttings each from 3- and 12-mo-old jojoba 

plants, which had been inoculated (10^ spores/ml) then placed in rooting 

media and held for 4 mo, became infected. Fourteen of the 20 3-mo-old 

plants rooted but all cuttings from the older plants died. Lack of in

fection could not be attributed to non-viable spores in the inoculum 

since these grew readily on V-8 agar (Figs. 12, 13).
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Figure 12. Culture of a greenhouse isolate of an Alternaria 
sp. grown on Czapek Agar at 25 C in the dark for 
5 days.

Figure 13. Spores and hyphae of a greenhouse isolate of an 
Alternaria sp. grown on V-8 agar at 25 C in the 
dark for 7 days (250X).
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Strumella Species

Lesions were found on numerous jojoba plants in the field 

(Fig. 14) which macroscopically appeared identical to Sonar's descrip

tion of Strumella Simmondsiae. Lesions on the herbarium specimen are 

depressed, dark, relatively circular spots, 1-4 mm in diameter, with 

narrow, light margins. Scanning electron micrographs of lesions from 

this specimen (Figs. 15, 16) show branched hyphae. Although Strumella 

Sacc. forms sporodochia from which dark, one-celled conidia are pro

duced (Barnett and Hunter, 1972), these structures were not observed on 

jojoba. No fungus that could be identified as Strumella was isolated 

from these lesions. However, many imperfect fungi were isolated from 

Strumella-like lesions on jojoba. The most common of these was Conio- 

thyrium, although Torula, HeIminthosporium, Aspergillus, Altemaria, 

Fusarium, and Cephalosporium were occasionally recovered.

Other Fungi

Several other fungi were isolated from various lesions on jojoba

foliage (Table 8). The most frequent of these were Fusarium spp.
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Figure 14. Typical Strumella-like lesions on leaves of jojoba 
cuttings collected from wild plants.
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Figure 15. Scanning electron micrograph of an herbarium specimen 
of Strumella simmondsiae on a jojoba leaf (300X).
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Figure 16. Close-up of Figure 15 showing individual hyphae of 
S. simmondsiae (800X).
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Table 8. Miscellaneous fungi isolated from lesions on various 

parts of jojoba plants.

Fungus Plant part Collection site

la leaf Hermosillo, Sonora, Mexico
receptacle Kino Bay, Sonora, Mexico

3a seed coat Kino Bay

CephalOsporium sp.
1 stem Poultry Greenhouse, University

Diplodia sp.
of Arizona, Pima Co.

1 leaf Pima Canyon, Tucson, Pima Co.
2 leaf Superstition Mountains, Pinal

Fusarium sp. 
1 leaf

Co.

Poultry Greenhouse
2 leaf Poultry Greenhouse
3 leaf Poultry Greenhouse
4 stem Poultry Greenhouse
5 stem Poultry Greenhouse
6b stem Poultry Greenhouse
7D leaf Poultry Greenhouse
8 leaf Campbell Ave. Greenhouse,

GjLiocladium sp.
leaf

University of Arizona, Tucson, 
Pima Co.

Poultry Greenhouse
Helminthosporium sp.
1 stem Poultry Greenhouse
Penicillium sp.
ia aborted friut Kino Bay
2a seed coat Kino Bay
Pestalotia sp.
1 leaf Pima Canyon
2 leaf Superstition Mountains
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Table 8. Miscellaneous fungi isolated from lesions on various 

parts of jojoba plants; Continued.

Fungus Plant part Collection site

Torula sp.
1 leaf Kino Bay
T  leaf Kino Bay

a. Collected by J. Guerrero Ruiz, Centro de Investigaciones 
Agricolas del Noroeste.

b. Isolated by T. Drum.

c. Collected by E. Lauver.



DISCUSSION

Ten genera of fungi were identified from naturally occurring 

lesions on jojoba plants. Of these, Coniothyrium was most frequently 

encountered. Five representative Coniothyrium isolates were verified 

as pathogens of jojoba by means of Koch's postulates. Macroscopically, 

there were no differences between naturally occurring lesions in the 

field or those resulting from inoculations. Microscopically, hyphae 

growing on artificial media from these lesions also were the same. 

Further, the cultural characteristics of the five isolates studied in 

detail were similar in all respects. Also, spores from pycnidia from 

artificially inoculated plants were able to induce the formation of 

typical lesions when used as inocula. Therefore, it is assumed that 

the five jojoba isolates are normal variants within a species.

The jojoba isolates fit into the genus Coniothyrium Corda as 

described by Grove (1937, p. 1) who notes that the "sporophores are 

short and simple, usually inconspicuous". According to Grove, the 

spores are small, aseptate and ellipsoid; they are hyaline at first, be

coming more or less dark-colored later. He also noted that a young 

Coniothyrium may be mistaken for a Phoma and a young Microdiplodia may 

be mistaken for a Coniothyrium.

Sutton (1973, p. 562) in his key to the Sphaeropsidales, defines 

the genus Coniothyrium, as follows: "pycnidia immersed, dark-brown;

annelides doliiform, hyaline, 1-3 annellations; conidia 0-1-septate, 

cylindrical to oval, thick-walled, verrucate".

47
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According to Hughes (1953), the Fungi Imperfect! should be 

classified according to how conidia are produced. Thus, in the lecto- 

type species, £. palmarum Corda, conidia are produced from annilidic, 

conidiogenous cells (Sutton, 1971).

Hoehn (1917) proposed the genus MicrOsphaeropsis, based on £. 

olivaceum. This genus is distinguished by "pycnidia immersed or semi- 

immersed, thin-walled, brown; phialides ampulliform, hyaline; conidia 

aseptate, brown, smooth-walled, elliptical to oval" (Sutton, 1973, p.

564). (It should also be noted that the conidia of the jojoba-infecting 

isolates are smooth-walled.) The reported pycnidia1 characteristics of 

£. diplodiella and £. fuckelii are such that they also might be placed 

in the genus Microsphaeropsis. Although numerous pycnidia were 

squashed, I could not determine how the conidia of the jojoba isolates 

are produced. Jones (1976) used electron microscopy in an attempt to 

determine the ontogeny of conidia of three species of Sphaeropsidales. 

Similar studies are necessary for the jojoba isolates. Therefore, as 

the genus Microsphaeropsis has not been widely accepted, the jojoba 

isolates will be considered as Coniothyrium sp.

Historically, designations of species of this genus have been 

assigned according to host. Biga, Ciferri, and Bestagno (1959) accept

ed 125 spp.; Petrak and Sydow (1927) accepted 29 spp.;' but Webster and 

Hewitt (1971), after observing nine genera and 28 spp. of phaeodidymous 

Sphaeropsidales, proposed that spore characters such as size, ornamen

tation, and gross morphology, be used to distinguish genera and species.

If spore size alone is considered, only £. fuckelii is unique 

among the Coniothyrium species observed (Table 5). When cultural
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characters, such as pycnidial patterns and hyphal color, are also con

sidered, £. hellebori is similar to the jojoba-infecting isolates while 

£. diplodiella is not.

£. concentricum produces pycnidia on plant tissue in a manner 

similar to that of the jojoba isolates. It has been recorded on Agave 

americana L. and A. rigida Mill., var. elongata Auct. (Seymour, 1929). 

Neither species of Agave occurs in Arizona, although 10 other species 

do occur (Kearney and Peebles, 1964). Wolf (1964), working with £. 

concentricum from Yucca filamentosum, noted that spore germination in 

either tap water or agar plates, occurred in 20-30 hr; this is three 

times the period required for the jojoba isolates on WA. Wolf's iso

late produced pycnidia in culture (medium, temperature, and photoperiod " 

were not recorded) in 10-14 days while the jojoba isolates produced 

pycnidia in 4-8 days on V-8 agar at 21 C, depending on photoperiod.

This information is insufficient to determine whether the jojoba iso

lates and £. concentricum are, in fact, the same fungus.

The isolates from Agave sp. and £. nana are not distinguishable 

from the jojoba isolates in spore size, cultural characters, and patho

genicity on jojoba seedlings. Therefore, these isolates are considered 

to be variants of the jojoba-infecting Coniothyrium species.

Neither conidial nor pycnidial characters indicate the fungus' 

role in nature. The ease with which isolates from Agave sp. and £. 

nana infected jojoba seedlings leaves little doubt that this Conio

thyrium species exists on several plants in the Sonoran Desert. Un

fortunately, similar inoculations could not be made with C. concentri- 

cum. However, seedling inoculations with C. hellebori caused some
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infection. The limited pathogenicity may be due to the length of time 

that £. hellebori has been in culture.

£. hellebori is found on Helleborus niger L. and less often on 

H. viridis L. The genus Helleborus is not native to North America, al

though H. niger (Christmas rose) is cultivated as an ornamental in the 

eastern United States. It is not found in Arizona (Kearney and Peebles, 

1964).

As the jojoba-infecting species of Coniothyrium can not be 

identified with any certainty as either £. hellebori or £. concentricum, 

a new species, £. arizonicum, will be proposed. A thorough review of 

the numerous species contained in the genus Coniothyrium, including 

pathogenicity tests, is needed.

£. arizonicum is distributed through-out southern Arizona but 

was not found in Sonora, Mexico. This may be due to the small sample 

size. All pycnidia, collected through-out the year from jojoba and 

associated plants, were viable when plated on CA or V-8 agar in the 

laboratory. During the year of study, pycnidia were exposed to a temp

erature range of -6 to 43 C in the vicinity of Tucson (National Weather 

Bureau, University Station). Thus it is assumed that these structures 

are an important survival stage for £. arizonicum (the perfect stage of 

this fungus is not known). This would be in keeping with observations 

that pycnidia of £. diplodiella remained viable for 16 years (Faes, 

1936).

As infection occurs most readily at 10-12 C with high humidity, 

spore dispersal may be assumed to occur primarily during the winter 

rainy months in southern Arizona. The spores of £. fuckelii are
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contained in a hydrophilic matrix (Jones, 1976), presumably exuded when 

conditions are favorable for spore dispersal and for infection to occur. 

Similarly exuded spores of £. arizonicum occur via spore horns.

However, spores of £. arizonicum also were observed on leaves 

and one fruit on field plants during June; these spores were viable un

der laboratory conditions. Although pathogenicity is reduced at warmer 

temperatures, possibly some infections do occur during the summer rainy 

season in south-central and south-eastern Arizona. Under such condi

tions, the dark spore coloration may particularly protect against ultra

violet and gamma radiation when spores are outside the pycnidial 

cavities.

Although infection of non-wounded leaves occurred following 

artificial inoculations, prewounding greatly enhanced the susceptibil

ity of plants. Therefore, it seems likely that wounds and natural 

openings facilitate natural infections. Jojoba foliage is browsed by a 

variety of animals and damaged by a number of insects (Gentry, 1958). 

Also, foliage can be abraised by soil particles blown in dust storms. 

All would contribute to the creation of possible infection courts for 

£. arizonicum.

Since jojoba plants of the Sonoran Desert are naturally infect

ed by £. arizonicum, some cuttings taken from these plants can be ex

pected to be infected. When these cuttings are propagated under cool, 

wet conditions, the potential for spread of the pathogen is great. 

Removal of infected leaves, decreasing the humidity, and increasing the 

temperature should substantially limit the amount of infection.
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C_. arizonicum should not be a problem of commercial jojoba 

plantations established by direct seeding, unless the plantation is in 

close proximity to naturally infected native plants. In this event, 

conidia might be wind- or rain-borne from infected plants to the com

mercial crop. Infection probably would occur in the non-summer months 

and would be facilitated in areas with frequent rain or overhead irri

gation. It should be noted that, if jojoba plants are pruned for ease 

of mechanical harvest, the fungus, which also occurs in stem tissue, 

might be spread on implements.

Although Bonar described the occurrence of S. simmondsiae on 

jojoba, no fungus meeting Barnett and Hunter's (1972) description of 

the genus Strumella was ever isolated. Since Bonar did not actually 

isolate this fungus, it is possible that many of what he considered to 

be Strumella lesions were actually early C_. arizonicum lesions.

Another possibility is that Strumella is a stage of some other fungus.

The possible pathogenic roles of the other fungi isolated from 

lesions on stems and leaves of jojoba needs elucidation. Particularly 

enigmatic is the relationship, if any, of Alternaria sp. to the defol

iation of jojoba cuttings under mist in the greenhouse.
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