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ABSTRACT

50 g SOll) of 0.1 and 0.2 cm were recovered at 15- 30 and 30-60 cm
depths, respectlvely, in cottonAflelds near Marana, - Arlzona in June,
1979; none were feeovered at depths of 0-15 and 60-90 cm. Meiimum '
VSL oecurred from August into‘November. These were 0.5,'0.4, 1.0,
and O;6 emdat depths of 0-15, lS-BO; 3060, and 60-90 cm, respective—
1y, By April, 1980, VSL at the same depths vere 0.05, 0.2, 0.3, and
0.05 eﬁ, reepeqtidely;‘ Al} infected eoffon roots from depths of 15; i
7'45 emxin'Augdst eoﬁfainedrdiabie strands,'generally-fewe:-roots con~'

tained Vieble:stfands in other‘monfhs and'at 0~15 cm depths.

.Ph&metoérichpm omnivorum Was'isqlafed from tissues of infected

edtton‘rootsjinkAugust but not from rotted rbpts_after October:

| Inoeuiations'of Cotfon plants'with strands ‘were unsuccessful.
However, 46/ of the plants became diseased when naturally infected
roots ﬁere used as 1noculum in the. fleld and 50/ 100% were infected
when sclerotda~or 1nfected sorghum seeds were used as 1nocu;uﬁ in the

. ’ [ X

"greenhogse. 'Sclerotia from fieldior laboratory cultures germinated

only from attached broken strands.



CHAPTER 1
INTRODUCTTON

...........

L
‘Phymatotrichum omnivorum (Shear) Dug. is a serious, soil-borne

blant pathogen in the southwestern UnitedjStatés and northern Mexico.
The fungus produces a root-rot disease (commonly referred to as Phyma-
totrichum root-rot) of over 2300 spp. of dicotyledonous plants (16).
Although P. omnivorum has been studied since 1888 (12), aspects of the
life cycle of the pathogen are still not well understood.

Phymatotrichum omrivorum produces strands and sclerotia. Scl-

erotia develope exclusiﬁely from maturing strands. Otherwise, the
importance or fole of étrands in the life cycie of the fungus is not
known. Information regarding strands primarily relates to their sur-
'vival on the surface of roots or in rotting root tissue. However,
there are two reports concerning strand pathogenicity. Dana (1) claims
to have successfully inoculated a single cotton plant using strands of
P. omnivorum. Neal and McLean (9) were unsuccessful in inoculating
cotton plants with strands in laboratory studies. -

Several individuals have investigated the survival of strands
on infected cotton roofs. Wheeler (20) démonstratéd that strands can
survive for‘12 mbnths on infected cotton roots in,Arizona.‘ McNamara
et. al. (7, 8) reported finding viab;e strands on decayed cotton roots
in Texas fields fallow for 5 years. However, quantitative information
on the survival and pathogenicity of strands is not available,

1



Strands form on the exterior of roots, but only fungal hyphae
penetrate the internal tissues. Isolation of P. omnivorum from the
interior of infected, but living roots was successfully completed by
Taubenhaus and Ezekiel (18)., Because they could not isolate the fungus
from decayed roots, they conclﬁded that P. omnivorum can survive in
infected cotton root tissue but not in decaye& root tissue. Taubenhaus
and Kellough (19) also recovered P, omﬁivorum from recently killed cot-
ton roots; but not from those deadllénger than 26 days.

Infected roots containing living tissues with strands have suc-
cessfully been used as inoculum. Strands growing from these roots
colonized and incited disease (10, 18, 19)° However, inoculations using
decayed roots seldom resulted in disease (10, 18, 19), presumébly due
to a lack of strand production from the roots.

The sclerotial stage of P. omnivorum was first described by
King and Loomis (4) in 1929. Sclerotia have been recovered from cotton
fields (3, 8, 11, 16, 18), pérticularly in pockets at depths of 30-60
cm (3, 16). McNamara recovered few sclerotia from many infectionlcen—
ters, but many sclerotia from>some centers., Few sclerotia were found
in cotton fields in Texas (8) and Arizona (16). Many sclerotia were
recovered from other cotton fields in Texas (8, 11, 18) and Arizona
(16). Rogers (15) reported that as many as 2 million sclerotia occurred
-per acre-foot of soil in fields contihuously in cotton in Texas.

Phymatotrichum omnivorum also has been reported to form smooth

or "horsehair" strands (1, 8, 18). While they have been suggested to

serve -as survival propagules, little is known about their function.
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Ratliffe (14) suggested that a saprophytic stagé of P. omnivorum
occurréd on dead cotton roots in Texas. Others (11, 18, 19) believe a
saprophytic staée does not exist. | |
The present study is concerned ﬁith tﬁe distribution and via-
bility of strands in cotton fields, changes in their populations with

time, and their possible role in the initiation of Phymdatotrichum root-

rot.



CHAPTER 2

MATERTALS AND METHODS

" from Soil and Cotton Roots

Although Wheeler (15) and McNamara. et. al. (7) showed that-
strands can survive for at least 1 year on infected roots, no studies
have been made concerning the numbers of strands and their distribution
in infested soils. Therefore, recovery and viability studies were con-
ducted to determine:

1. the populations of strands that occur at various depths in
infested soils and how these populations vary with time.
2. the occurrence and viability of P. omnivorum on rdots and in

root tissues.

Recovery from Soil

The vertical distribution of strands in root-rot circles was
determined by taking soil cores using a ﬁydraulically operated, coring
device (Bull Soil Corer) mounted on the back of a pickup truck. The
apparatus is capable of taking cores 5 cm in diameter to a depth of
1.8 m (Fig. 1). The truck was driven directly into root-rot circles
for core sampling (Fig. 2).

Collections were made monthly from June, 1979 through April,
1980 from two infested cotton fields near Marana, Arizona. A collec-
tion ponsisted of 3—6 cores taken from within a particular root-rot

4



Figure 2. Truck mounted with a

Figure 1. Soil core taken with a _
"Bull Soil Corer™.

"Bull Soil Corer™.



circle in each of the two fields. The soil in one field was a Gila
silt ldgm.(Fig.‘3) and in the ofher'fima clay loam (Fig. 4).

Immediately after a core was taken it was divided inté the fol-
lowing segments relative to the soil line: 0—15,_15—30, 30-60, and
60-90 cm. Each segment was placed in a separate plastic bag. The sam-
ples‘were transported under ice, stored under fefrigeration, and proc-
essed for strands and sclerotia within 7 days.

Strands and sclerotia were éxtracted by vigorously suspending
50 é of soil in 800 ml of water, then rapidly decanting the suspension
onto a 100 mesh sieve. The extraction was repeated at least 3 fimes
from the same 50 g sample to assure complete removal of the propagules.
Strands and sclerotia were washed from the sieve into petri dishes.
They were handpicked under a dissecting microscope (Fig. 5) and placed
on water agar amended with 200 mg/liter streptomycin sulfate and 200 mg/
liter penicillin G (following autoclaving) (AB medium) to determine
viability. Strands and sclerotia were examiﬁed for germination after -
3 days (Fig. 6).

During the extraction process fragmentation of strands occurred.
Since strands did not fragment with any consistency of length of number
of fragments, strand numbérs could hot be used to quantify strands re-
movéd from soil or td compare sampies. Strands per sample ﬁere quan-
tifiéd by taking the sum of the lengths of viable strands in a sample.
Strands we?e measgred using a compound microscope with an ocular micro-
meter. The sum of the viable and nonviable strand fragment lengths was
also determined. In practice two 50 g samples were taken from each

core segment. The strand length sums obtained from each of the two



Figure 3. Soil sampling location in a cotton field near Marana,
Arizona (arrow points to location).

Figure 4. Soil sampling location at the University of Arizona,
Marana Experimental Farm (arrow points to location).



Figure 5. Phymatotrichum omnivorum strand extracted from a 50 g soil
sample (arrow points to strand).

Figure 6. Germination from the broken end of a strand of Phymatot-
richum omnivorum.
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samples were averaged together to obtain a strand=length value per core
segmeﬁt° these values were then averaged togéther with values obtained
from other core segments to define the viable strand length (VSL) or

the total (viable and nonviable) strand length (TSL) per 50 g soil.

Recovery from Roots )

Infected cotton roots were collected on 12 occasioﬁs from Octo-
ber, 1978 through February, 1980 from one root-rot circle in each of 2
separate fields near Marana, Arizona, and composited for a total of
20~50 roots. Roots 30 cm or longer in length were either pulled or dug
out. The roots were kept moist, transported under ice and stored under
refrigeration. Each root was divided into the following segments with
respect to the soil 1ine:v0—15, 15-30, and 30-45 cm. All root segments
were examined for strands within 2 days. . Strands were handpicked from
each segment under a dissecting microscope and placed on AB medium.

Additionally, on occasion from August, 1979 through January,
1980 the same root segments used forlstrénd determinations were used tb
determine if P. omnivorum could also survive internally within the root.
Each root segment was stripped of cortical tissue, washed under tap
water, ana blotted dry. Five to six pieces of tissue were aseptically
removed from the vascular and pith tissues of each segment, surface
sterilized in 10% chlorox 1-3 min, blotted dry, and placed on AB medium.
Isolations were made within 7 days from the date of collection. P. om-

- nivorum growing from any of the 5-6. chips for a segment constituted a

positive recovery.
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© Pathogenicity of Strands and Sclerotia

Production of Inoculum

A number of sources of inoéulum were used in all of tﬁe field,
greenhouse, and laboratory studies on pathogenicitj. ~Some strands and
sclerotia were produced in the laboratory by a soil culture method, as
follows. Sorghum seeds were washed under tap water and soaked over-
night. The seeds were then added to 15-cm petri plates and autoclaved
1 hr on 2 separate days. Sterile seeds were inoculated with an active-
ly growing cultu?e of P. omnivorum. After 1 month, 2-cm square blocks
of infested seeds were cut from the plates and incubated in sterile 15-
cm glass petri plates for 2 wk at 30 C. The blocks were then placed
into 1 liter jars containing 900 g of unsterile, air-dried GSL, screened
(20 mesh), adjusted to 20% moisture, and covered with a 1lid containing
holes for aeration. The cultures were incubated at 30 C for 1 month.
At this time, large numbers of mature strands and sclerotia could be
wet-sieved from the soil cultures. .

An alternative method for producing strands and sclerotia was
also ;sed. One~cm blocks of sorghum seed inoculum were placed on the
surface of the same soil but contained in lé—cm diameter petri dishes.

After 1 month at 30 C, strands and sclerotia were handpicked from the

soll and used as inoculum.

Field Studies
Field plots were set up in noninfested cotton fields on the
University of Arizona Experimental Farm at Marana, Arizona to experi-

mentally determine if strands are pathogenic to mature cotton plants
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of the cultivar.belta Pine 61 (DP 61). The treatments consisted of in-
oculating 3-monthrqld flowering plants with strands removed from natu-
;ally infected plants in the field and with naturally infected cotton
roots bearing strands. With the aid of a dissecting microscope, strands
were removed from infected cortical tissues of roots and stored in tap
water in an ice chest up to 1-2 hr before use. For each inoculation a
30-cm déep trench was dug so as to expose the healthy tap root. Twenty
to 30 strands were placed on or near the exposed surface of each root
at depths between 15-30 cm. The trench was then carefully filled with
soil.

Infected roots (15-20 cm iﬁ length) used as inoculum were posi-
tioned parallel and adjacent to healthy tap roots, éﬁe infected root
per plant. For both strand and root inoculated plants, 10 plants were
used in each treatment in each of 4 replications. A ;heck treatment
consisted of merely exposing the tap roots and refilliﬁg the trench.
Thérfield was irrigated approximately 1 hr after the plants were inoc-
ulated. Strands representative of those used as inocula were taken to
the laboratory to determine their viability.

Twenty additional plants were inoculated<in the field with cul-
turally produced strands using an alternative inocuiation method. A
30-cm deep trench was dug near plants so as to expose the tap root. A
small cup of.soil was placed arouﬁd the root at a‘dépth of 30 cm. Twen-
ty to 30 strands, suspended in 50 ml of water, were poured into the

~cup. The trench was fben carefully filled with soil, Eight weeks af-

ter inoculation all plants were dug and examined for disease.
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Laboratory anerreenhouse Studies

Laboratory and greenhouse studies were also initiated to deter-
mine if strands and sclerotia were pathogenic to cotton roots. 'Cottonr
plants (DP 61) were grown 5-8 wk in unsterile GSL in 15-cm pots in
growth chambers maintained at 30 C. Sclerotia or strands, wet-sieved
from "soil cultures", were positioned 5-cm deep on or near the tap root
of each cotton plant. Treatments included inoculations with 20 strands,
1 sclerotium, 5 sclerotia, or 10 sclerotiacv Six plants were used in
eaéhiof 4 replications for each treatment. The roots were gkamined for
lesion development after 30 days.

Fifty additional plants (DP 61) were grown in either unsterile
or autoclave-sterile GSL in 15-cm pots in temperature boxes of growth
chambers maintained at 30 C. Plants ranging in age from 5-20 wk were
inoculated by placing 10-15 field or culturally produced strands on or
near the tap roots of plants at depths of 2-5 cm,

To determine tﬁe longevity of viability of strands and sclerotia
in unsterile soil, 10-20.strands or sclerotia were placed 3 cm below
the soil surface near the roots of 5-8 wk Oid cotton plants (DP 61)
growing in unsterile GSL in 15-cm pots in soil temperature boxes main-
tained at 28-30 C; Strands were removed after 0, 1, 5, and 20 days,
and placed on AB medium to determine their viability. 8ix plants in
each of 3 replications were used for each treatmenf. Control strands
and sclerotia were piaced direcfly on Aﬁ medium. -

If strands are short-lived in soil, then the time required to
induce infections is critical. To determine fhis 2-cm-square blocks

of infested sorghum seeds were centrélly buried 5-cm deep in unsterile

T
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GSL in 15-cm pots containing 10 wk old cotton plants (DP 61) growing in
soil temberature boxes adjusted to 28-30 C. The sorghum seed blocks
were removed after 0, 3, 6, 9, and 12 days. Fifteen plants were used
in éach of 3 replications for each treatment. |

Since the ability of the pathogen to utilize an energy reserve
copld be critical in the establishment of disease in a field situation,
the germination potential of strands and sclerotia was compared. Scl-
erotia and strands were separatelykplaced on unsterile GSL adjusted to
20%Z moisture content in 6-cm diameter petri plates and incubated at
30 C. Fifteen of.eaéh were used in each of 5 replicationé° These proﬁ—
agules were examined for new strand formation and transferred to new

plates at 2-3 wk intervals.,



CHAPTER 3

RESULTS

" from ‘Soil "and Cottorn Roots

Recovery from Soil

Soil cores were taken near the time of cotton planting (approx-
imately mid-April) to determine initiél strand populations in infested
soils. On the basis of 18 cores, VSL of 0.1 and 0.2 cm occurred per
50 g soil from 15-30 and 30-60 cm depths, respectively (Figs. 8, 9).
No viable strands were detected in soil from depths of 0-15 or 60-90 cm
collected in.June (Figs. 7, 10).

Root-rot first appeared in cotton during July in 1978 and 1979.
The appearance of the disease preceded the increase in viable strand
populations. Viable strand lengths increased in August, 1979 to 0.35,
1.0, and 0.1 em for 15-30, 30-60, and 60-90 cm depths, respectively
(Figs. 8, 9, 10), while VSL at 0-15 cm depths increased from 0.0 in '
August to 0.15 cm during September, 1979 (Fig. 7).

| No new deaths from P. omnivorum in cotton occurred after Oct-

ober. Total strand populations, however, increased and peaked between
September and November, i979. Maximum values of TSL of 0.3, 0.7, 1.8,
and 0.8 cm were recérded for 0-15, 15-30, 50—60, and 60-90 cm soil
depth, respectively (Figs. 7, 8, 9, 10).

Viable and total strand populations begin &eclining in November.
By the middle of April,‘l980, 0.0, 0.2, 0.3, and 0.05 cm VSL were

14
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STRAND LENGTH RECOVERED/50g SOIL (cm)
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Figure 8. Total strand length (TSL) and viable strand length (VSL)

recovered from 15-30-cm depths in infested cotton soils,
1979-1980.
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recovered from 0-15, 15-30, 30-60, énd 60-90 cm, respectively (Figs. 7,
8, 9, 10). Plots of TSL vs VSL indicate that these two indicies gen-
erally are in parallel over time.

0f 60 cores taken from June, 1979 through April, 1980, 15 scl-
erotia were recovered of which 4 were Qiable. Only individual sclero-
tia were recovered. Each had strands attached. When placed on AB
medium each viable sclerotium germinated only from the attached, broken

strand fragments and not from the sclerotium itself.

Recovery from Roots

Cotton roots were collected at varying soil depths and time
intervals from October 3, 1978 through January 8, 1980. The percentage
of roots bearing live strands varied from 17% to 100% (Table 1). Ex-
cept for the collection of August 9, 1979, roots at the 0-15-cm depth
had the fewest viable strands. Generally, the greatest percentage of
roots with viable strandé was recovered from the 30-45 cm depth. Strand
survival appeared to be highest in the late summer-early fall (Table 1).

The abliiity of P. omnivorum to survive within root tissues was
determined with the same roots used in the strand-recovery study. Five
to seven pieces of pith or stele tissues, includipg diseased mérgins,
were removed from each root for the determination. During August, P.
omivorum grew from at least 1 piece from each root (Fig. 11). The
recovery dropped to near 607 in Sepfember and sharply declined to 0%

in mid-October (Fig 11).
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Table 1, Percent of cotton roots bearing viable strands of Phymatot-—

- richum omnivorum and the relationship of root depth to
strand viability. ‘

Roots at varying depths with viable strands®

Collecfion Total 0-15cm 15-30cm 30-45cm
date ‘ roots % % A
1978
3 Oct. 53 _b - -
5 Oct. 51 | - 92 -
18 Oct. 40 o - 100 59
21 Nov. 33 - 52 . 59
1979 |
11 Jan. 52 - 55 86
24 Jan. 22 50 77 85
9 Feb. 30 48 53 76
28 Feb. 29 . 34 74 96
9 Aug. 20 100 100 100
20 Aug. 19 89 100 100
18 Aug. 20 '50 100, 100
1980
8 Jan. 32 17 41 -

8yjability was determined by removing 5 strands from each root surface
and placing them on AB medium.

bNo data collected.
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Pathogenicity of Strands and Sclerotia

Field Studies

Ten cotton plants in each of 4 replications were inoculated in
August with strands obtained from diseased roots in the field. In the
same experiment 10 cotton plants in each of 4 replications were each
inoculated with an infected cotton root. The cotton plants were exam-
ined after 2 months; No symptoms or signs of infection were found on
any of the cotton roots inoculated with strands ffom.laboratory'cul—
tures or from infected roots collected in the field. However, 45% of
the plants inoculated with infected roots £ecame infected or died.

Strands from roots taken to the laboratory were all viable.

Laboratory and Greenhouse Studies

Strand inocuiated;plants were not infected by 30 days. However,
35%, 45%, and 752 of the:plants‘respectiveiy, inoculated with 1, 5, or
10 sclerotia became infeéted. No infections were observed in the roots
of the 50 additional planfs grown in both unsterile and autoclave ster-
jilized GSL, inoculated with field and laboratory produced strands.

Of 50 strands and sclerotia placed on unsterile GSL in plates,
.30% of the strands and 100% of the sclerotia germinated to produce new
strands. Subsquent transfers of sclerotia at 2-3 wk intervals resulted
in 80, 60, and 30% of the sclerotia producing néw strands.

Sorghum-seea—blécks bufied in 15-cm pots cbntaining cotton, for
9 and 12 days, then removed, resulted‘in a 100% disease incidence.
Blocks buried in the pots for 6 or 3 days resulted in 85% and 607,

respectively, of the plants becoming infected.
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Figure 11. Percent of infected cotton roots from which Phymatotrichum
could be isolated from pith or vascular tissues during
1979.



CHAPTER 4
DISCUSSION

‘Phymatotrichum root-rot appears from July to September in cot-

ton in the Marana, Arizona, area. New infections are rare before July
and after September. The greatest percentage of viable strands of P.
omnivorum occurred in August through Sépfember in cotton fields in this
locality, a time when disease incidence approaches maximum intensity.
Thus, an increase in the population of viable strands qorrelates with
disease incidence. |

During August and September the greatest VSL occurred at depths
of 30-60 cm. Fewest VSL occurrgd at depths of 0-15 cm. Factors which
influence production and/or survival of strands at various depths are
unknown,

Wheeler (20) and McNamara et. al. (7, 8) established that
strands can survive at least 1 year on dead root surfaces. Recovery
of strands from surfaces of infected roots in this study demonstrated
that strand viability increased with soil depth. This suggests that.
lower soil depths are more conducive to strand survival, and that .
strands may reﬁain viable for longer periods of time at lower soil
depths.

Survival of g,'anivorum within root tissues was not correlated

with survival of strands on root surfaces or in soil. " Phymatotrichum

- omnivorum was isolated from internal tissues of infected roots in
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Aﬁgust but not iﬁ October. Thus overwintering within root tissues prob-
ably does not occur,
The ability of stf;nds to utilize root tissues as a nutrient
substrate has been reported (20) in field and laboratory studies. When
roots of coﬁton“containing strands of P. omnivorﬁm are buried in soil,

strands grow from the roots as long as living root tissues are present

(18, 19). When the roots are dead, stranding does not occur. .

Phymatotrichum omnivorum grows well on sterile substrates such
as potato dextrose agar or autoclaved sterilized sorghum seed. However,
in these studies it has been observed that P. omnivorum is very vulner-

able to attack by contaminating organisms such as Penicillin spp.,

Aspergillis spp., and Trichoderma spp.. Phymatotrichum omnivoérum in
dead root tissue may be subject to destruction by‘other microorganisms.
This would explain why P. omnivorum could not be isolated from dead
roots. -

Infested sorghum-seed-blocks removed after 3, 6,A9, andAlz days
resulted in 60, 85, 100, and 100% disease. This suggests that Phyma-
totrichum may require a food base to initiate disease but once the fun-
' gus becomes established in the plaﬁt, the.food base may no longer be
needed. In terms of strands, the food base is the sclerotium,

The importaﬁce_of the'sclerétium in initiating disease was de-
monstrated by the lack of infectivity of strands. However, a single
. sclerotium attached to thelstrand can be used to infect plants. Thus,
the minimum inoculum density of P. omnivorum appéars to be a single

sclerotium, which is similar to observations by Lyda (6).



25

On the other hand, observations on the‘germination of sclerotia
from field and laboratory cultures (the strand extraction method also
removes sclerotia) revealed that sclerotia germinéte only from the bro-
ken ends of.stfand fragments. However, if the sclerotium ié injured
(rind ruptured) then germination occurs from the injury point. Thus,
strands appear to functioﬁ as extensions of sclerotia,

Strands growing in culture and on the éurface of-roots in the
field are frequently observed to be intercomnected. Similar inter-
connections probably occur among strands free in soil. Assuming that
a sclerotium is required for infection, and that germination can occur
from strands attached to the sclerotium, an interconnected systeﬁ of
strands and sclerotia would greatly increase the area‘occupied by P.
omnivorum. However, of 60 soil cores taken in infested root-rot areas
in cotton from June, 1979 through April, 1980, only 15 sclerotia were
recovered of which 4 were viable. Iherefore, in comparison to the
populations of sclerotia, the populations of strands are very large in
Fhe Qibinity of Marana, Arizona°

Strands are unique and apparently play an important role in the
étiology of disease. A system of strands and sclerotia could greatly
increase the area occupied by P. omrivorum and increase the efficiency

of disease development.
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