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PATHOGENICITY AND PATHOLOGICAL HISTOLOGY OF
PHYMATOTRICHUM
OMNIVORUM
(the fungus causing Cotton or Texas Root Rot)
IN A WOODY PERENNIAL—THE PECAN1
BY LLOYD A. BniNKERHOFF2 AND R. B. STREETS
INTRODUCTION
The pecan, Carya Pecan Engler & Graebn. (Hicoria Pecan Brittion in the more arid portion of the Phymatotrichum-root-rot
States in which the root-rot fungus, Phymatotrichum omnivorum
(Shear) Duggar, is also indigenous. This area is limited mainly
to eastern Texas where there is sufficient rainfall for the production of crops. It was not until the pecan was grown under irrigation in the more arid portion of the Phymatotrichum-root-rot
infested area that injury was noted. No losses have been reported
for pecan trees growing under native conditions.
In Arizona losses in pecan orchards from Phymatotrichum root
rot were recognized in the Yuma Valley in 1924, soon after the
first extensive commercial plantings had been made. Unfortunately, these early losses were not considered by growers to be of
a serious nature for several reasons: (1) some of the leading
growers had observed pecans growing under native conditions in
Texas where root rot had been present but caused no injury,
(2) early losses were minor, and (3) young trees that had died
were replaced with trees which survived in some instances for
many years. Since growers were looking for a root-rot resistant
crop to replace cotton and alfalfa a majority of the pecan plantings contained spots of Phymatotrichum-infested soil. Approximately 3,500 acres were eventually planted to improved varieties
of pecans in the Yuma Valley. Until about 1936 losses had not
amounted to more than % to 3 per cent of the trees in any one
planting. Between 1934 and 1936 the practice of intercropping
pecan orchards with alfalfa (20) for the purpose of pasturing
sheep was generally adopted as a means of obtaining additional
revenue while prices were very low. In practically all infested
orchards in which alfalfa was interplanted severe outbreaks of
the disease have since occurred in the pecan trees. In some
instances losses totaled 20 to 30 per cent of a planting.
manuscript is the first report of investigations on the nature and
control of Phymatotrichum root rot in pecan orchards grown under irrigation in Arizona. These studies were made under a co-operative agreement
between the Department of Plant Pathology, Ariz. Agr. Exp. Sta., and the
Division of Fruit and Nut Crops and Diseases, Bureau of Plant Industry,
U.S. Dept. of Agriculture.
"Formerly Agent, Div. of Fruit and Nut Crops and Diseases, BJP.L, U.S.D.A.,
and Associate Plant Pathologist, Ariz. Agr. Exp. Sta., respectively.
103

104

TECHNICAL BULLETIN NO. Ill

Experiments directed toward saving infected trees were started
in 1931 by Brown and Streets. Promising results reported by
Streets (16, 17, 18, 19) were obtained with heavy applications of
ammonium sulphate. In June, 1937, more intensive investigations were initiated as a co-operative project between the
University of Arizona and the United States Department of
Agriculture. The phases of those investigations dealt with are
in the following pages: (1) the pathogenicity of Phymatotrichum
omnivorum to the pecan as indicated by field inoculations, (2) the
development of the causal fungus in the root system of the pecan
and a comparison of root and top injury, (3) the production of
new roots following treatment, and (4) a histological study of
the penetration and invasion of pecan roots by P. omnivorum.
The results concerned chiefly with control measures will be considered in a separate publication.
PREVIOUS INVESTIGATIONS
On pathogenicity and host reaction.—The pathogenic nature of
Phymatotrichum omnivorum was first demonstrated by King (8),
who obtained diseased plants by placing naturally infected sections of cotton roots in contact with healthy roots. Three
unsuccessful attempts to obtain artificial inoculations had been
reported previously, but many investigators have since produced
the disease and the pathogenicity of the causal fungus is now well
established (1, 11, 12, 13, 14, 21).
It is of interest from a practical standpoint to note that host
plants vary in susceptibility to the root-rot fungus during different stages of growth and under different growth conditions.
Streets (19) observed seedling trees of Osage orange (Madura
pomi/era), and Bagote (Parkinsonia aculeata) that were killed
by P. omnivorum the first year in nursery rows, but he has never
observed older trees of these species showing injury. Cotton
plants are seldom attacked in the field before blossoming, which
in Arizona usually occurs after the middle of June. Nevertheless,
Eaton and King (4) obtained typical strands and hyphae of the
root-rot fungus on glass slides placed in the soil adjacent to cotton
plants during the last week in May. Ezekiel (5) and Blank (1)
both found that susceptibility to P. omnivorum in cotton seedlings
increased with the age of the seedlings. Blank also found that
the addition of starch to autoclaved soil or to an agar substratum
increased the infectivity of the causal fungus to such an extent
that seedlings were readily infected immediately following germination. Watkins and Watkins (25) obtained infection with
corn seedlings, normally considered immune, when grown and
inoculated in pure culture on a medium containing abundant
carbohydrates. King, Hope, and Eaton (9, 10) found P. omnivorum associated with the roots of fourteen perennial desert
plants growing under natural conditions, but only four plants
showed evidence of injury to the roots. These four were herbace-
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ous plants whereas most of the others were trees or shrubs.
Several species of native herbaceous plants growing in noncultivated meadows in Texas have been reported injured (15, 26)
but no reports have been found of woody perennials injured by
Phymatotrichum root rot growing under native conditions.
On the development of Phymatotrichum root rot.—Peltier and
King (14) found the point of attack to occur most frequently
on the taproot in the upper foot of the soil, and the spread of the
fungus was observed to be from plant to plant directly through
the soil independent of host roots. These investigators also found
the crowns of fruit and ornamental trees to be infected while the
outer ends of some of the roots were still healthy, but as only
wilted trees were examined the exact point and manner of entrance of the root-rot fungus could not be determined.
On the penetration and invasion of host tissues.—The penetration and invasion of host tissues by P. omnivorum has been
considered by several other investigators. Peltier and Samson
(14) made the first study, using naturally infected cotton and
alfalfa roots. Following their work histological studies were made
on cotton seedlings by Taubenhaus and Ezekiel (22), on watermelon by Butler (3), on cotton seedlings grown in pure culture
and field-grown cotton by Watkins (23, 24), and alfalfa by Streets
(19). Peltier and Samson (14) noted three common avenues of
entrance into cotton roots—through lenticels, wounds, and partial
breaks in the periderm due to the sloughing off of cork cells. In
alfalfa a fourth and very common portal was observed at the point
of emergence of lateral roots from the taproot. The importance
of hyphal wedges which were believed to accomplish initial penetration by means of mechanical action was emphasized. Watkins
(23, 24), on the other hand, in more recent publications has
emphasized the role of chemical secretions produced probably by
the invading hyphae as the important factor in initial penetration.
Definite depressions due to the collapse and disintegration of
invaded cells were noted in each of the three host plants investigated. After initial penetration the hyphae were observed to
grow intracellularly through all the tissues of the root. Similar
investigations on the penetration and invasion by P. omnivorum
in woody perennial plants have not been reported, except for a
brief report based on studies here summarized (2).
PATHOGENICITY STUDIES
Normally in an infested field or orchard Phymatotrichum
omnivorum attacks its cultivated hosts in concentric circles which
continue to enlarge throughout the season. Under irrigated conditions the spread of the disease is more rapid in closely planted
crops such as alfalfa than in more widely spaced trees and shrubs.
With pecans under irrigation the pattern of infection may be
irregular and the spread from tree to tree appears to be much
slower than for example in an orchard of similar spacings planted
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with one of the stone fruits. Even with a diseased alfalfa intercrop some pecan trees appear to escape the disease.
In view of this different behavior in pecans it was believed
desirable to make a series of inoculations to determine whether
trees which had apparently escaped the disease might have inherent resistance, and also to obtain information on the size of
roots affected, rate of spread, and other factors that might be of
interest. The method of inoculation was somewhat similar to that
used by King (8). The inoculum consisted of roots of recently
infected field-grown cotton plants, which were pulled as they
showed signs of wilting and placed in moist soil to prevent drying
and exposure to high temperatures. Two pieces of infected cotton
root were placed in contact with the pecan root to be tested and
immediately covered with moist soil which was hauled in a truck
and used for covering all inoculations, thus insuring fairly uniform soil moisture. Roots were considered to be infected only
when there was evidence that the causal fungus had penetrated
the host tissues. On pecan roots P. omnivorum causes very
definite dark brown lesions which become more evident when the
outer cork cells have been removed (PL II). Roots with surface
mycelium but no accompanying lesions were not considered infected. At the end of the experiment the infected portions of the
inoculated roots were removed, and the soil treated to prevent
further spread of the fungus.
Trees were selected in four Yuma Valley orchards in which
the disease had become epiphytotic and in the experimental rootrot plot of the new University of Arizona Farm at Tucson,
Arizona. All five of the orchards had been planted to alfalfa, but
it had been discontinued in favor of a nonsusceptible intercrop
in two orchards. Trees varied from three to twelve years of age
while roots ranged in size from 1/16 inch to 10 inches in diameter.
Varieties included Burkett, Success, Mahan, Kincaid, and Halbert. However, in all instances the rootstock was seedling pecan.
A total of ninety-seven inoculations on roots of thirty-one different trees were made on seven different days between July 24 and
October 2, 1938.
Results.—Twenty-six of the thirty-one trees became infected
from this series of inoculations. Of the remaining five trees three
were found to be infected in 1939 from natural infection and the
other two were successfully inoculated during July, 1939. None
of the twenty-three inoculations made on very small roots, 1/16
to 1/8 inch diameter, were successful. If this class is disregarded,
then 62.2 per cent of the remaining inoculations were successful,
or a total of forty-six positive of seventy-four attempted (Table 1).
More inoculations were successful with roots above 1 inch in
diameter than with roots % inch to 1 inch in diameter. A somewhat higher percentage of the inoculations was successful between July 24 and September 1, than between September 5 and
October 2.
A copious growth of white mycelium was noted developing on
roots a few days after inoculations were made in August. Lesions
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inoculation. The initial spread of the fungus appeared to be along
the surface of the roots, as evidenced by the fact that the surface
mycelium of P. omnivorum was always observed in advance of
lesions (Pis. II, III). The maximum spread occurred along a 1 to
ll/z inch root, amounting to an over-all spread of 48 inches
between July 24 and September 1, or an average daily over-all
spread of 1.2 inches. The average of the eleven positive inoculations made July 24 and August 13, and examined September 13,
was an over-all spread of 0.7 inch per day. For the nine positive
inoculations made October 1 and examined October 30, the average daily over-all rate had declined to 0.4 inch per day.
INOCULATION OF TREATED TREES
The question arose as to whether roots of trees treated for the
control of root rot and showing definite signs of recovery would
be susceptible to reinfection (PL VII). Roots of twelve treated
trees were inoculated on September 2, 1938, by the method previously described. The treated soil was removed for approximateTABLE 2. —RESULTS OF INOCULATIONS OF PECAN TREES PREVIOUSLY TREATED FOR CONTROL OF ROOT ROT

Date

Inoculated September 2, 1938
Treatment * — materials

Tree
no.
1

8/37

40 Ib. ammonium sulphate — surface

2

9/37

70 Ib. ammonium sulphate — injected
into soil
2 gal. sulphuric acid

Size of
root Lesions
(diam- present
eter in Oct. 12,
inches) 1938
1
no
V2
no
1/4
no
%
V4
1

no
no
no
no
no

2 gal. sulphuric acid — injected
into soil
1/2
5/38
4
25 Ib. sulphur — surface
%
25 Ib. ammonium sulphate
25 Ib. ammonium phosphate
5/38
5
25 Ib. sulphur — surface
1
no
25 Ib, ammonium sulphate
25 Ib. ammonium phosphate
6
5/38
25 Ib. sulphur — surface
1/2
no
25 Ib. ammonium sulphate
25 Ib. ammonium phosphate
7
5/38
25 Ib. sulphur — surface
yes
%
25 Ib. ammonium sulphate
25 Ib. ammonium phosphate
8
6/37
25 Ib. sulphur — surface
1
no
25 Ib. ammonium sulphate
25 Ib. ammonium phosphate
9
6/37
75 Ib. ammonium sulphate — surface
yes
21/2
7/37
10
35 Ib. ammonium phosphate- surf ace
2
no
11
7/37
100 Ib. ammonium sulphate — surface
yes
1/4
12
7/37
100 Ib. ammonium sulphate — surface
1
no
*About one half of the top of all the treated trees was removed at the
time of treatment. The results of the treatments on pecan trees will be
discussed in a later publication.
3
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ly 12 inches from all sides of the portion of the root to be
inoculated and untreated moist soil substituted. The trees were
not irrigated, nor was there any rainfall during the period of incubation. Table 2 shows the results obtained. Of the twelve inoculated trees (or 25 per cent) three became infected, compared to
83.9 per cent (twenty-six trees infected of thirty-one inoculated)
of the untreated trees. There remains the possibility that the
inoculum was affected by some injurious factor moving in from
the treated soil. However, this seems remote because of the
rapidity with which the causal fungus attacked the untreated
roots in the experiment previously discussed. These results are
not as significant as the data for the untreated series since fewer
inoculations per tree were made.
A COMPARISON OF ROOT AND TOP INJURY AND THE
DEVELOPMENT OF PHYMATOTRICHUM ROOT ROT
IN THE PECAN ROOT SYSTEM
Pecan trees under Yuma Valley conditions generally show
distress for one or more seasons before finally succumbing to the
disease, although an occasional tree will wilt and die quite suddenly. The typical aboveground symptom complex is easily
recognized in the more advanced stages. New growth is much
shortened, the foliage is small and sparse, and is usually very
yellow. More often than not the whole tree is affected. This is
especially true in orchards in which the intercrop has been
previously affected. It is much more difficult to detect accurately
the very early symptoms. A slight yellowing of foliage at any
time during the growing season of a single tree, or less frequently
of groups of trees, is often indicative of Phymatotrichum root-rot
infection. Somewhat similar symptoms may also be caused by
other factors such as insufficient irrigation and nitrogen deficiency,
but usually an entire orchard or block of trees within an orchard
will be thus affected. Occasionally the foliage will turn yellow
and the tree still have healthy roots. Such trees, with one exception, were found to be underlain with sand, while the soil of the
surrounding area was of heavier texture. During the late summer
and fall the foliage of Yuma Valley pecan orchards usually turns
dark green, which tends to mask the early aboveground
symptoms.
DESCRIPTION OF FOUR DEGREES OF INFECTION

Secondary or aboveground symptoms have been classified as
follows: Stage 1, trees showing a yellowing of foliage but approximately normal in density. Infected roots can be fairly readily
found by digging. Stage 2, foliage yellow and becoming less
dense. Stage 3, branches almost barren. Foliage usually yellow
but sometimes becoming green. New growth often resetted.
Stage S (suspicious), trees apparently healthy with susceptible
intercrop diseased or trees showing slight yellowing but not
definite enough to be Stage 1. These stages have been consistent-
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TABLE 3.—ESTIMATED ROOT INJURY FOR PECAN TREES REPRESENTING VARIOUS ABOVEGROUND STAGES OF
PHYMATOTRICHUM ROOT-ROT INFECTION
Condition of
the foliage

Per cent of root
area infected
(approximate)

Per cent of root
area necrotic
(approximate)

Suspected!
Stage 1
Stage 2
Stage 3

40-50
70-75
80-85
90-95

20-25
30-35
50-60
70-80

*Much of the infected area was covered with intermittent superficial
lesions.
jFohage slightly yellow; infection found in lateral roots July 16, 1938.

exception of the upper 2 to 4 inches of the crown and very shallow
lateral roots at the surface of the soil which were observed to
escape infection. It was not determined whether very small rootlets were attacked under natural conditions. Numerous initial
centers of infection were observed on the same root system and
on the same root. The causal fungus advanced in either direction
from the points of infection. The initial spread of the fungus
appeared to be along the surface of the roots, as was indicated
by a weft of surface mycelium which left in its path numerous
lesions. These lesions enlarge, coalesce, and finally discolor the
entire surface. The rate of progress of the causal fungus along
root surfaces appeared to be much more rapid than the lateral
spread through the soil. P. omnivorum had progressed along the
surface of one root as much as 15 feet while a near-by root (15 to
30 inches away) remained healthy.
THE PRODUCTION OF NEW ROOTS FOLLOWING TREATMENT
The root systems of four treated trees showing good recovery
were examined in September, 1938, by the method described. One
seven-year-old tree which had been classified as Stage 2 on June
10,1937, was treated with 100 pounds of ammonium sulphate in an
area 20 feet in diameter about the base of the tree (PL VII).3
This tree had about two thirds of the top cut back at the time of
treatment. An abundance of new roots had developed, arising from
the taproot just below the surface. The remainder of the old root
system, including the taproot below 3 to 4 inches of soil surface,
was necrotic and partly decomposed. No evidence of infection
could be found in the new root system.
Two other Stage 2 trees which had been treated, one with a
heavy application of ammonium phosphate and the other with a
heavy application of horse manure, presented a similar pattern of
recovery. The fourth Stage 1 tree examined had been treated
with a heavy application of calcium nitrate. In the last tree the
3

The portion of this investigation pertaining to root-rot treatments is to be
published separately. The tree shown in Plate VII was treated June 10,
1937, and examined Sept. 9, 1938, fifteen months later.
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Detailed study of penetration.—In pecan the cortical region of
the primary structure makes up a large portion of the young root.
With the initiation of secondary thickening the cortical region
gradually disintegrates and is lost. According to Woodruff and
Woodruff (27) this happens after two to three weeks. A periderm
is initiated at this time, and as secondary thickening continues
the periderm normally develops ten to twenty layers of cells
which soon become heavily suberized. These cells constitute the
phellem. As observed in transverse sections the outer cells, or
often layers of cells of the phellem, are broken (PL IX, A, B).
Apparently as the root grows these outer cells are being constantly sloughed off and replaced. This process is uneven, and
frequently breaks result which extend almost to the phellogen
layer. The process seems to be similar to that in cotton roots
which has been described by Watkins (24).
Lenticels are abundant on the taproot and fairly numerous on
most lateral roots larger than 1/8 to 1/4 inch in diameter or
larger (PL III, A). Lenticels appeared to be initiated on lateral
roots between 1/16 to 1/8 inch in diameter.
Initial penetration.—The penetration through lenticels in pecan
roots by the causal fungus was observed to be somewhat as
follows: Relatively large celled, much branched hyphae make
their way into the spongy mass of parenchymalike complementary cells of which the outer part of the lenticel is composed
(PL I, A). The hyphae are interwoven through and between the
complementary cells of the lenticels and soon form a very compact mass (PL X, B). There was marked evidence of both chemical and mechanical action involved in the initial penetration by
P. omnivorum. The complementary cells of some lenticels were
observed to be discolored (dark brown in unstained sections) for
two to four cells in advance of the fungus hyphae. Chemical or
enzymatic action and mechanical action were evident upon the
partially suberized cells of the inner part of the periderm (Pis.
I, B and IX, D), adjacent to hyphal masses. Some breaking up of
these cells occurred in proximity to the hyphal masses. In transverse sections compact hyphal masses were observed extending
laterally in the region of the cork cambium on either side of the
lenticel (PL I, B), in some instances for a distance of several
millimeters. Apparently the hyphal masses follow the lines of
least resistance. These hyphal masses usually penetrated to about
the cork cambium or slightly below. Occasionally individual
hyphae could be followed through the lower part of the lenticel
and into the phloem region, but more frequently penetration
into the phloem occurred at points away from the lenticel proper.
No marked disintegration within the phloem or cambial region
was noted.
A somewhat similar process appeared to be involved in the penetration of the emergence of lateral roots (Pis. I, C and X, C)
and through partial breaks in the periderm formed by the sloughing off of the outer corky layers (PL IX, A, B). For the latter more
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Progress of fungus in phloem and xylem tissues.—The hyphae
appear to spread rapidly after the periderm is penetrated, especially in the phloem region. This would account for the rapid
increase in the size of lesions. The most rapid radial advance was
through rays of the secondary phloem, through the cambial region
(PL X, D, E) and into the xylem rays and thence into the xylem
parenchyma (PL X, F) where abundant starch is normally stored.
The conducting elements of the secondary phloem are readily
penetrated (PL X, D), and occasionally the phloem fibers are
attacked, although they appear to be resistant. The tracheids of
the xylem were found invaded as well as the vessels. Plate X, E.
shows a vessel near the cambial region penetrated by hyphae of
P. omnivorum. Hyphae within the vessels were rarely found extending tangentially much beyond discoloration in the phloem, and
never beyond the mantle of hyphae and strands on the surface
of the root.
Definite zones of discoloration, apparent in both unstained and
stained sections, were noted in all instances where P. omnivorum
had penetrated roots (PL IX, A). In radial sections discoloration
was observed four to sixteen cells in advance of hyphal invasion.
Dark brown gumlike deposits were observed to accompany invasion by Phymatotrichum omnivorum, frequently being very abundant in the secondary phloem and extending radially into the
xylem parenchyma (PL I, D and PL IX, A, C). No marked
collapse of cells as described in investigations on cotton, alfalfa,
and other herbaceous plants (3, 14, 19, 23, 24) was noted in invaded pecan tissues except within the lenticels and adjacent to
the hyphal masses extending between the layers of the periderm,
Brown gumlike deposits occupy an occasional cell in the secondary phloem and the xylem rays in noninfected root tissues of the
pecan.
Disappearance of starch.—The zones of infection were nearly
always practically depleted of starch. The parenchyma cells outside the invaded zones, especially in the xylem of roots recently
attacked by the parasite, contained liberal amounts of starch
(PL IX, F). Roots of trees in which the causal fungus had become
thoroughly established (as Stages S, 2, and 3) contained very
little starch even outside the invaded zones (Pis. IX, E, G and
X,F).
Tests for brown gumlike deposits within necrotic areas.—By
using microchemical methods with freshly sectioned material
these deposits were found to give a positive test for eerie acid
with Schultze's reagent (PL IX, D), a red color with Sudan III or
scarlet red, and a dark yellow color when warmed with concentrated potassium hydroxide. The cork cells of the periderm also
reacted positively to these tests. Hence it was concluded that these
deposits were suberin or of a suberinlike nature (6, 7).
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SUMMARY OF PENETRATION STUDIES

1. These studies indicate that the primary spread of P. omnivorum in the pecan is by mycelium and strands on the surface of
the root, and new infections develop constantly on the surface
of the root in advance of the progress of the fungus through the
inner tissues from older infections.
2. Initial penetration of pecan roots is believed to involve both
chemical and mechanical action. In all cases observed penetration occurred only through a break or weak spot in the periderm.
3. Penetration was found to initiate: (1) at lenticels, (2) about
the point of emergence of lateral roots, and (3) about partial
ruptures in the periderm. Penetration was not observed through
the intact periderm. Penetration through wounds was not
observed, although it probably occurs.
4. After initial penetration has taken place there is a rapid
tangential spread of individual hyphae intracellularly through
the phloem, which accounts for the raoid increase in the size of
the lesions.
5. Radial penetration is most rapid through the pitted phloem
rays into the cambial region where it may spread laterally but
usually continues radially through the pitted xylem rays into
the xylem parenchyma. Tracheids and vessels were also penetrated.
6. Definite zones of discoloration were observed which usually
involved several cells in advance of the invading hyphae.
7. Brown gumlike deposits, composed of suberin or suberinlike substance, were abundant in the zone of infection filling cell
cavities and masking cell walls. These deposits were especially
abundant in the secondary phloem and extended into the xylem
parenchyma, and were observed in advance of actual penetration
of the hyphae.
8. Starch, which is normally stored abundantly in newly infected pecan roots, was observed to disappear promptly in cells
invaded by the root-rot fungus. Roots of trees in which the fungus
had become thoroughly established contained little starch even
outside of invaded areas.
DISCUSSION
As grown under irrigation in the warm valleys of southern
Arizona (conditions which favor relatively rapid growth), pecans
in normal vigor appear to be very susceptible to artificial inoculation with Phymatotrichum omnivorum. The fact that the disease
appears to miss some trees even in areas where an alfalfa intercrop has been killed is not clearly understood, nor is the failure
of the disease to make more rapid progress in orchards which
have not been intercropped with susceptible crops.
The failure of small rootlets of pecan to become infected and a
much lower per cent of infection of the roots of treated trees when
inoculated may be dependent upon a host-parasite nutritional
relationship similar to that suggested for resistance in cotton

PHYMATOTRICHUM OMNIVORUM IN THE PECAN

123

seedlings by Blank (1), namely, that pathogenicity of the parasite was dependent upon available carbohydrates. Preliminary
examinations made during April, June, and July have shown
practically no starch stored in the very small pecan rootlets. No
examinations for starch accumulation have been made of very
rapidly growing roots of treated trees.
The extensive injury which was apparent upon examination of
infected pecan root systems indicates the need for treating infected trees at the very earliest date the disease can be determined.
The ability of the pecan to produce abundant new root growth
following treatment is undoubtedly a major factor in the success
of the treatment, while the poor response of the stone fruits and
certain other trees and shrubs to treatment may be related to
their inability to produce new root growth rapidly and abundantly. Moreover, there is some indication that certain pecan varieties
(notably Success) do not respond to treatment as well as others
although all varieties are budded on the same seedling pecan root
stock.
The mounding experiment may be cited as further evidence
that the initial spread of P. omnivorum is along the surface of the
root; otherwise, the causal fungus might be expected to extend
upward inside the stem tissues as happens with true vascular
parasites. If the natural spread of the fungus is by rapid growth
along the surface of roots and through the soil from root to root
and plant to plant, then the fungus would appear to be more vulnerable to soil disinfectants or the effects of other soil treatments
than if it spread primarily within the tissues.
The initial penetration and the invasion of root tissues of pecan
appears to be similar in most respects to the penetration and
invasion of other host plants which have been considered. One
difference is that pecan roots show no depressions due to the disintegration of tissues as have been described in alfalfa and to a
lesser extent in cotton. The only breaking up of cells occurs ai
the points of initial penetration and about and within the compact masses of hyphae involved in penetration of the periderm.
The discoloration of host cells, due probably to chemical exudates
of the fungus hyphae, was marked. In contrast to Watkins' (23)
observations with cotton, no instances of initial penetration were
observed in which compact masses of hyphae were not involved
even in very early stages of penetration. The disappearance of
starch and the formation of brown gumlike deposits within the
invaded zones have not been mentioned by previous investigators.
SUMMARY
Although formerly believed to be immune the pecan as grown
under irrigation in Arizona is quite susceptible to Phymatotrichum root rot, especially when orchards are intercropped with a
closely planted susceptible host plant like alfalfa. Twenty-six of
thirty-one trees which appeared to have escaped the disease became infected when inoculated during the summer of 1938 and
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the remaining five became infected in 1939. Infection was obtained
readily on roots above % inch in diameter, but none of twentythree inoculations made on very small rootlets, 1/16 to % inch in
diameter, were successful. Lesions were noted after nine days, but
probably appeared earlier.
Early detection of root rot is of primary importance as the
causal fungus caused extensive root injury by the time aboveground symptoms appear. Numerous initial centers of infection
were observed within the root system and the causal fungus
advanced in either direction from the point of infection. Almost
every part of the pecan root system was attacked except possibly
the very small rootlets and the upper 2 to 4 inches of the crown
and very shallow lateral roots. Diseased pecan trees appear to be
able to survive for as long as one to several years by means of
these shallow roots. The ability to produce abundant new root
growth following treatment appears to be a major factor in the
recovery of infected trees.
The causal fungus makes its most rapid growth as a mantle of
mycelium and strands along the surface of infected roots, apparently deriving nutrients for growth from numerous independent
new lesions constantly developing in its wake. The lesions enlarge, coalesce, and finally encompass the whole root surface. The
penetration of hyphae within the root tissues progresses much
slower than along the root surface. The average daily spread of
the fungus along the surface of roots inoculated July 24 and
August 13, and examined September 13, was 0.31 inch in one
direction or an over-all spread of 0.70 inch. Although the aboveground tissues are not normally invaded, the results of a preliminary experiment indicate that aerial tissues offer no resistance
to invasion when placed under conditions that favor the surface
spread of the fungus.
A histological study of penetration and invasion of pecan roots
by P. omnivorum revealed the same portals of entrance (lenticels, point of emergence of lateral roots, and partial breaks in the
periderm) that have been found in herbaceous plants—with the
exception of wounds which were not observed invaded. Both
chemical and mechanical action appeared to be involved in initial
penetration. Compact hyphal masses were involved in all instances of initial penetration observed. After initial penetration
was accomplished individual hyphae penetrated the phloem,
cambial, and xylem regions intracellularly passing lignified cell
walls through pits. Definite zones of discoloration were conspicuous in most of the diseased roots sectioned. Frequently
discoloration extended several cells beyond the invading hyphae.
Starch disappeared rapidly from the discolored tissues. Brown
gumlike deposits were observed to be much more abundant
within the invaded zones.
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