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INTRODUCTION 

The eco-physiological relationship of fungi with the 

roots of higher plants can vary fran a relatively indiffer-

ent saprophytic association to a severe pathogenic infection. 

In the rhizosphere saprophytic fun~i decanpose organic matter 

from dead roots or from tissue which is sloughed from growing 

rootso On the other hand, root pathogens invade living 

tissue and disturb the general metabolism of the-root.to a 

lesser or greater extent while using the organic. ma.t.er.ia.l.s 

of the host as·a source of energy and growth substanceso 

Between these extremes are relationships in which the asso-

ciation. tends toward pathogenesis, but the host also bene-

fits-from the associationo Relationships of this type are 

termed mycorrhizaeo 

The word •mykorhizatt (mycorrhiza) was coined•byFrank 

(1887) to describe roots which had been modified morphologi-

callY:bYthe presence of symbiotic fungi.· He also divitied 

mycorrhizae into two types which he called ectotrophic and 

endotrophic :oaycorr~iza,. Bcto_trophic mycorrhizae are often 
.. 

stunted and nodulated. The root tips may swell, and they are 

usually devoid of root hairs. The young roots areensheathed 

in a fungal mantle, while intercellular hyphae form a retic-

ulate net within the cortex. Endotrophic mycorrhizae have 

less pronounced external modifications. They 11re usua1iy 
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recognized by t;heir yellowish discoloration and their fleshy 

textureo The fungal symbiont penetrates the plasma membrane 

and develops arbuscles and vesicles within the host cello 

There is little or no external hyphae in contact with the 

soilo A third type of mycorrhizae which. shows characteris-

tics of both types was classified by Doak (1935) as ectendo-

trophic mycorrhizaeo 

During the past forty years· .-copious data have been 

canpiled concerning various aspects of mycorrhizal associ~ 

ationso Fortunately, several excellent reviews are avail= 

ableo Kelly {1936) has reviewed and summari~ed over 700 

early publications dealing with the historical development 

of the study of mycorrhizaeo The physiology of the associ-

ation has been treated by MacDougal and Dufrency ( 1946 ); , 

Melin (1953), Garrett (1956), and Harley (1959)0 Zak (1964) 

and Meyer (1966) have summarized the anatomical studieso Al-

though the bulk of mycorrhizal research has been with coni = 

fers (Trappe, 1964) and orchids (Ramsbottom, 1922: Arditti, 

1967), mycorrhizae have been described in virtually every 

major group of vascular plantso Trappe (1962) described ecto-

trophic forms in 39 different genera of angiosperm trees and 

shrubs in two genera of fernso Be later (1964) summarized 

the distribution of ectotrophic mycorrhizae in eight plant 

families representing' every continen~ but Antarcticao Henry 

(1933) found ectotrophic and endotrophic mycorrhizae in all 

60 species of trees he examin~do ' , Laughton (1964) reported 

endotrophic mycorrhizae in ~Almost all trees~ and many shrubs 



indigenous to South Africao In Colorado, Thomas (1943) 

found endotrophic mycorrhizae in 65 plant species represent-

ing 27 different familieso Jones (1924) described endo-

trophic forms in 23 genera of crop plants and McDougall and 

Glasgow (1929) found mycorrhizae in 19 genera of weedsa 

The only major groups of North American seed plants for 

which mycorrhizae have not been adequately describeq ~re 

the Caryophyllales and Cactales. 

The only previous report of mycorrhizae in Cactales 

was published by Johansen (1931) when he noticed that 

seedlings of IC91DIWffla•aria and cg.ypant.ha whose roots were 

i~fected with septate hyphae grew better than seedlings 

grown under aseptic conditionso The infected roe>ts were 

qescribed as being endotrophic mycorrhizae. 

Nodulated roots have been found on QRuAtip .aw;atorraneaa 
Fries (Britton and Rose; 1919)., .Q., golyagantba. Ha.w •. 

(Farnsw.orth and Hammond, 1968b), .Q .. traai1is (Nµttall) Haw. 

(Farnsworth and Hammond, 1968a), a~d .Q .. PMIAAIPtba 
Engelmann (Farnsworth, personal camnuJ?.ication,,1968). The 

qodulated roots of 2,.. polxacantha we.re CD,1.lected by Dr o. 

,Raymond Farnsworth and shown to Dr. David Hanks, a lil\Y~Ologist 

~t Brigham Young University, who suggested that they might 

be m.ycorrhizar. This study was initiated to determine whether 

tJle root nodules on .Q. polxa,g0,nt,ha are in.fact.JD.yrcp~r)lizal. 
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MATERIALS AND METHODS 

Anatomy of Nodulated Roots 

Nodulated roots of Qpµqt;iA PPUASAPSib@.Ba~ were 

collected in the spring and summer of .1968 ..fr.om. ,.Juab County, 

Utah, Tmmship_ .12 south~ Range·· 4 east~· Salt Lake . .meridian 

and base line, and were fixed in FAA (1:1:18). They were 

dehydrated through at-butyl alcohol series (70%, 85%, 95%, 

100%) and embedded in paraffin. Transverse and longitudi-

nal sections (5-•-50 microns thick) of the nodulated roots 

were made on a rotary microtomeo The sections were mounted 

with Haupt•sadhesive and stained with safranin,aad fast 

green according to the tecbniqµes of Johansen . (l.940). 0 Add-

itional root material, both fresh and fixed, was sectioned 

(20 microns.thick) on a freezing microtome•andmounted in 

lacto-phenol with cotton blue according to wast.ie (1965) 0 

The sections were examined microscopically-todetermine the 

nature of the nodules. 

Bpiphytic Fungi of Nodulated Roots 

Plants of j2'° pplyac1ntM, were carefully dug up and 

the roots contaiaing the nodules were cut:into 4cm lengths. 

Three lengths of root were placed in 250 ml of sterilized 

di,tilled water. Four such collections, each from a different 
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plant, were immediately taken to the lab where they were 

aseptically transferred to 250 ml of sterile distilled water. 

The solutions containing the roots were agitated .for.,.f.ive 

minutes at high speed on a rotary shakero The roots were 

transferred to another 250 ml aliquot of sterile distilled 

water and agitated for 15 minuteao The roots were washed 

seven more times with fresh 250 ml aliquots of aterile dis-

tilled water, three washes of 30 minutes, three.washes of 

60 minutes, and one wash of 120 minuteso After each wash-

ing 1 ml, Ool ml, and OoOl ml aliquots of the wash water 

were plated on peptone dextrose agar (Table 1) containing 

1130,000 parts rose bengal to inhibit the growth of the more 

active fungi and streptomycin (30 ug/ml) to inhibit bacte-

rial growtho After the final wash, the root.s·thelllselves 

were plated on the same type of agaro Ten days following 

inoculation, the fungal colonies on each plate were counted 

and isolated for identificationo 

Endophytic Fungi of 'Nodplated Roots 

To isolate endophytic fungi, fresh nodulated roots 

were carefully washed in a mild detergent.solution,.(fi,liquid 

lvory) and.were surface sterilized in 1-5% sodium hypoch-

lorite (Clorox) for five minuteso Lengths of the roots 1-2 

cm long were transferred aseptically to petri dishes (1 sec-

tion/plate) containing autoclaved mediao The media used were 

czapek's sucrose nitrate agar, malt extract agar, Jensen's 
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agar medium, and peptone dexttose medium (Table 1). Rose 

bengal was added to all media, and streptomycih was added to 

one-third of the plateso Additonal plates were pre~red 

using the four media listed above except that the Media were 

modified by adding a polysaeebaride which was eaatly .ex• 

tractea from g~ P01¥ASAPtha (.S.pcehr, 1919) as th«t only source 

of;carbono Afiy fungus growing out from the root. eections in-

to the agar was isolated for identification. 
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Table 1. Composition of nutrient agars used in isolating 
endophytic fungi. 

Ingredient 

sucrose 

Dextrose 

Malt Extract 

Peptone 

casein 

NaN03 

Mgso4 .7H20 

K2HP04 

KB2Po4 
KCI, 

Fecl 306H20 

Feso 4 .7H2o 

Wat.er 

Czapek 1 s 

¼5;·00 g 

lQoOO g 

2.00 g 

0,..50 g 

· 1..00 g 

o.so g 

0.01 g 

1.00 1 

Agars 

Malt 
extract 

25.00 g .. 

2Q.OO g 

20.00 g 

lo90-g 

1.00 1 

Jensen's 

0.20 g 

0 ... 20 9 

o.so 9 

trace· 

1.00 1 

Peptone 
dextrose 

10.00 g 

s .. oo g 

1.so 9 

1.00 g 

1.00 1 
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Soil Analysis 

Soil was collected from Township 12 south, Range 4 

east, Salt Lake meridian and base line, and was sifted to 

remove debris. some of it was autoclaved in three inch flats 

for five hours at 15 pounds pressure. Cactus stems of ap-

proximately equal size were washed in 1% NaOC!L and placed on 

the soil to root., They were rooted in six inch clay pots 

under three dif.ferent conditions,. some stems were placed on 

sterilized soilr·,sane on unsterilized soil; and some on a 

50/50 mixture of sterilized and unsterilized soils,. All pots 

were brought to_fiell,d capacity with tap water once every two 

weeks. After five weeks the roots wh'i.c~ had developed were 

measured, washed in 1% NaOCL, and 1-2 cm•sections of the 

roots were plated on agar as described above. 

Samples of the soil were analyzed for total nitrogen 

using the Kjeldabl method (Lepper, 1945), for phosphorous 

using a molybdate reaction according to Truog (l.930), and 

for potassium using the procedures of Volk,andTruog (1934) 

which involves the.precipitation of di-potassiua sodium 

cobalt nitrate., The amount of organic matter was estimated 

from total nitrogen composition and from weight·loss on 

combua.Uon·waen the soil was heated to 650° for one-half 

hour. Mechanical analysis was obtained by means of a hydro-

meter. 



RESULTS 

Qppnti1 pgl;zac;1pt,bo Bawo typically has two types of 

roots. One type, large lateral roots, are only slightly 

branched and may never penetrate the soil any deeper than 

9 

10 cm, while reaching lengths up to several meters. They 

are covered with a thick, flaky;,peridermo These roots often 

bave glochids:::,prGduced in areole-like arrangement and, ac-

cording to Harvey (1936), are capable of propagating stem 

sheotso Same secondary tissues develop around a polyarch 

protostelee The cortex is composed of large parenchyma 

cells which are with a mucilaginous materialo Many 

intracellular crystals, presumably of calcium oxalate 

(Metcalf and-Chalk, 1950), are also present in:aggregates 

which,,·-aeasure 50-75 u in diameter o 

Smaller, highly branched roots develop from.stems or 

frcm lateral roots. The smaller roots penetratedeeper into 

the soil·than do the lateral roots, and are, accei:ding to 

Preston (1900), responsible for most of the absorption of 

water,~.uui These· roots have tetrarch protosteiles 

and -.ery,lttt.le, if any, secondary tissue .. Thepbloemis 

op~site the primary xylem points instead of alternate as is 

COlllllOn in most dicotyledons (Figo 1). 



u.---~~--------ep 
---~'r-'~-ier--------cx 

en 

10 

Fig. l. Transverse section of a small root of '2sYDtiA 
pgJpsantbo showing epidermis ~ep), cortex (ex), endo-
dermis ·(en), pericycle (pc;:'), phlo~~ (ph) ,__ and xyJ_e~ (xy). 
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Anatomy of Root Nodules 

Nodules were found only on the smaller absorptive roots 

(Fig. 2). They were present on every cactus observed, and 

they persisted throughout the yearo The nodules were all 

quite uniform in size, ranging in diameter from Oo3 to 1.0 

nun and .from o.s to 1.5 1111B in lengtho The nodules contained 

a vascular trace which was connected to the vascular system 

of the main-root·and which was surrounded by large parenchy-

maceous cells,.- small cells with large nuclei formed an 

apical cap., Calcium oxalate crystals were--also, evident 

(F:igs. 3, 12'). 

Under certain conditions, the apioes of •the nodules be-

came very active, :producing one to several,· branch roots 

(Figs .. 4-St. Older branches were foundJ.,witb remnants of 

nodulat.ion~· 

Fungal mycel:1um was asscci•·ted wi~b;,the-nodules.. The 

hyphae were,easily distinguished from the root hairs in that 

the hyphae,ere smaller (3 u compared to..,,a u for the diameter 

of root hairs),· much branched and sep~te.. Also, the bases 

of the rcot..hairs were much inflated (up- ta 40 u) whereas no 

such featur, was •ssociated with the fungus (Figs. 9, 10) 0 

The mycelium formed ·a mantle around •'the nodule which was 

100-300 u thick (Figs. 11, 12). 
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Fig. 2. Nodulated roots of .Q., pol.yacantha (natural size) o

. ... 



'-:'=---;;-----�----VS 

.::;--------ex 

�-=-------Cj 

�'------ f u.

13 

Fig. 3. Root nodule of 52<>. ggJyacantba .. s.howing ... vascular system 
(vs), cortex (ex), apical cap (ap), crystals -{cy), and 
fungal mycelium (fu) o (x 90) o
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Fig. 4 0 

11eristematic. 
Root nodule of .'2o_pglyac,antha which bas become 

(x SO). 

Fig. s. Base of branch root of .Q. pol.pcantba showing 
remnants of nodule •. (x SO). 

Fig. 6. Branching habit of .Q. po1yasantba root nodules. 
(x 50). 

Fig. 7. Root nodule of g. polyacantlw, With two branch 
roots. (x SO). 

Fig. a. Matur• roots of .Qo _ P9l.¥ASAPU. showi~g tour 
~ranch roots originating_ froa a common area .. (x 50) •. 
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Fig. 4 Fig o 6 

Fig. 7. 



Fig. 9. Epiphytic hyphal strand on nodulated root of go

pg1yasaptha, showing septations. (x 1,600) 0

Fig. 10. Root hairs of g •. polyacantba_ (x 600). 

16 
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' 

Fig. 11. Whole mount of root nodule showing mantle and ex
tended byphae (x SO) o

�·---CJ 
�--==---- tu. 

Fig. 12. Transv�frse section of root nodule showing mycelial 
mantle (fu), crystals (o�), vascular tissue (va) and cor
tex (ex). (x 50). 

-----ex 
;::c..__ ___ yQ, 
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Endophytic Fungi of Nodu:Lated Roots 

Inasmuch as neither fruiting struct~~es nor spores of 

the endophytic fungus were observed while it was in associ-

ation with the roots, attempts were made to isolate the 

fungus so that it could be identifiedo Roots which were sur-

face sterilized with sodium hypochlorite consistently yielded 

two types of fungus regardless of the medium usedo The fungus 

most commonly-isolated produced a woolly-white mycelial mat on 

all meclia, and was bright red on the bott.omo -It produced a 

slightly pigmented sporodocium. Terminal-and intercalary 

cblamydospores were·producedo Large sickle shaped conidia 

with three transverse septae and smaller single-celled oval 

conidia were produced in the sporodocium" 'l'he,macroconidia 

were 35-40 u long and 4o5-6o0 u Wideo The microconidia were 

7-10 u long _and 4·o5-6o0 u wideo This fungus fits the de-

scription given by Gilman (1966) for Fg§U.\UIP.JaQU. (Peck) 

Wollenweber,.except, that the macroconida fran the endophyte 

were sanewna:t,·wider than the dimensions (3.5-'11'5.0 u) given by 

Gilaan for the macroconidia of~ • .RQAI.. 

The second fungus which was isolatedw1tb-.sane consist-

ency from the·surface sterilized roots formed a;;:dark spreading 

mycelial mat•on all.media. The colony was black.on the re-

verse side. -P•igmented conidia with three-transverse septae 

and one or t.wo .. longitudinal septae were produced terminally 

on short septate conidiophoreso The conidia were 22-30 u 

long and s-10 u wide. Gilman• s des~ri.p.ti.cm.. of st9mpb¥lium 
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:gi,ri,fer,e Boaorden fits the endopbytic fu:a9us exce.ptAi.o 

pi,ri,{RtJP8 is reported to have conidia which are 13-15 u wide. 

It is assumed that the fwigi isolated fran the roots 

of .Q. wvsept;b• are rusariwn ™ and stempbyHnm pjr;t,£em@-
Positi.n icientification, however, must. await the. opiaion._of 

an ex~.rt mycological taxonamisto 
i 

1tootu1-:whieh were initiated in unsterilizMI~ aeil or in 

a mixture of sterilized soil and unsterilized soil all yield-

ded fµsa,ri,pm ™ and st,emphyl.ium: •Ririfcmn.e .. _ybU.f! none of 

the roots-which were initiated in sterile soil yielded either. 

Bphipbytic Fungi of Nodulated Roots 

When roots were washed thoroughly, and no surface 

stertlant was used on them, only fYIHlr£ipm ™ was isolated 

from the roots which were plated on agaro The roots. ,them-

selves were plated wnen. the number of organisms wasbed from 

the roots per unit of time reached a minimum. 

Soil Analysis 

0 ·Roota which were initiated in sterilized soil- were 

10-15' ca long at the end of the five week period,- •lltlei 

tho.lilei•ia-itiated in unsterilized soil, or in steriJ..ized soil 

wb.1,ch'.:had been inoculated with unsterilized soil never grew 

over 3 ea long. 

The·soil in which the cacti naturally grew and which 

was used for initiating roots was 65" sand, 30% silt, and 

5" clay_~ Wei~t lost on combustion was 1., s~. The 10,tl an-

alyzed contained 1.10% N., 0.08" P.,, and K. 
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DISCUSSION 

The evolution of ectotrophic mycorrhizae has generally 

been conaideZ\ed from two view pointso Harley (l..959.) . .intei,;.. 

prets the umycorrhizal phenanena as a special case of rhizo-

apbere effecto" He wrotea •we are dealing, then, in ectotro-

phic mycorrhizae with a special case where, on a given root, 

one species of fungus in particular is so affected by local 

conditions as to beccme dominant in the root-surface zone." 

The mycorrhizal fungi, then, according to this view, are 

highly advanced saprophytes, able to ·compete in the rhizo-

sphere to the exclusion of all other organismso There is 

much evidence to support this viewo The fact'. that there is 

virtually no intracellular penetration by the fungus suggests 

a saprophytic association rather than a parasitic onea 

Mycorrhizae are known to prevent further infection by root 

pathogens (Zak, 1964). Most of the fungi which are known to 

be mycorrhizal ·-are also known to be saprophytic under certain 

conditions,· and are often easily cultured J.a..;gi.ti'..g... . 

An alternate 0 point of view concerning the nature of 

ectotrophic mycorrhizae is proposed by Garrett (1956) who re-

gards the association as a highly advanced parasitic onea He 

reasoneda "The efficiency of a parasite can thus be corre-

lated directly with the degree of symbiosis that the parasite 

achieves with its host: amongst .the .root.~infe.c.ting: £un,1i, the 
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moat successful parasites are the mycorrhizal fungi and es-

pecially, perhaps, the ectotrophic mycorrhizal fungio,. A 

primitive parasite, according to this view, infects juvenile 

tissues, and is very destructive to the hosto A specialized 

parasite infects the host after it has achieved some degree 

of maturity, and the destruction of host tissue is reduced 

and somewhat delayedo Betotropbic mycorrhizal fungi have 

specialized even more o '·They may cause hypertrophy, but do 

not otherwise disrupt host td,s sue o 

If mycorrhizal fungi: are'!in fact highly specialized or 

oll>ligate parasites rather than•specialized saprophytes, it be-

ccaes necessary to recoacile-thts habit to the ease with 

which they are cult.ured-J.D,;xigpn Garrett reasoned that the 

term .. obligate parasite,. a-s -it·,ts commonly used is not so 

much an·objective biological detinition as a subjective ad= 

mission of human failure to culture an organism JJl vitro? 
Perhaps a better concept of·. a:-specialized parasite would be 

one of an Necologically 1·obligate parasite 0 " An ecologically 

obligate parasite can beeome•saprophytic J.a yit,x:g only in the 

presence of certain essential elements and~ in the absence of 

CClilllpetition frca more active saprophyteso Mycorrhizal fungi 

may be obligate parasites in nature and still be induced to 

grow saprophytically JJl yit.z:gn 

The view points of-Harley (1959) and Garrett (1956) 

are not necessarily incompatibleo It is very likely that 

mycorrhizae represent a transitional stage between a sapro-
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pbyte and a root parasiteo Any evidence which would indicate 

such a transition would be both enlightening and novelo For 

this reason the study of nodulated roots on PlmDtja, RA.J.n-
;aptbt is of particular interesto 

Root nodulation as the result of mycorrhizal infection 

is not unknown. Under Melin•s classification of ectotrophic 

mycorrbizae (see HaLley,/1959) Type C mycorrbiza was des-

cribed as "noc:h1les formed of short root branches which are 

enclosed in a ·sheath system, yellow-grey in color •. From the 

sheath trailinghyphae run into the soilo This type of 

mycorrhiza, even when rela~ively little dev.eiaped 0 is charac-

terized by the thick yellowish mantleollO -The nodules on .Q .. 

p9l¥tSMtJa1 fit this description very well in. t.ha.t. not only 

are they branch roots, as is evidenced by-t.be ,vascular system, 

but they are ,covered with a fungal mantle from w.hieh hyphae 

trail into thesoilo Cross sections of the nodules show 

striking resemblance to the photographs of FASP§:mycorrbiza 

published by-Clowes (1951, 1954) .. AnatOlllically,·the nodules 

on .Q .. R.Aiv4;apthA resemble ectotrophic myeorrhizaea 

Mycorrhiza,• as a symbiotic assoc.iati.an, .. J;.s.,a physio-

logical concept. --It denotes that the root- and the fungus 

both receive mutual benefit from the association. Such 

physiological relationships were not investigated in this 

study .. However.the data frCD this study are not disharmo-

nious with the )lfjk>thesis that the nodules are actually 

mycorrhizae .. 
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As Garrett (1956) pointed out, the mycorrhizal fungi 

are sugar-parasiteso They are most likely to be successful 

in attacking a root when excess soluble sugar is available in 

the rooto go pglyacantbA roots have abundant carbonhydrateo 

Tbe cortical cells are filled with a mucilaginous polysac= 

cha.ride, probably the same as was found in stem tissue of 

Opuntia .ii.Ro by Spoehr (1919)ol 

Mycorrhiza are most likely to be formed in soils which 

are deficient in nitrogen, pbosphorous 0 potassium, or calcium, 

or wbicb have an imbalance of these nutrients (Melin, 1953)0 

The desert soils of Juab County, being poor in nitrogen and 

phosphorous, would certainly predispose Qo RP4YACIDtM to 

fungal attacko 

It is doubtful that the fungal association on Qo 

polyacantha is wholly pathogenic when one considers the re-

latively little damage which the fungus imposes on the boat 

tissue, and especially that the cactus plant as a whole 

appears healthy even when,severely infected with the funguso 

The very fact that every cactus plant in the area is able to 

grow successfully and complete its life cycle while supporting 

the fungus also suggests that tne association is mycorrhizal. 

1spoehr ( 191·9) reported a polysaccharide in species of 
OpµQtil which upon hydrolysis yields d-galactose and 1-xylose. 
He'reports for l-xylose[a(J 25 +20(o0°. Merk Index, 8th ed. re-
ports 1-xylose as being levorotatory, but for d-xylose [ -;t:.. J ;,,,f; 
+l8o6°o The mucilaginous carbonhydrate reported, therefore, is 
probably a polysaccharide of d-galactose and d-sylose. 
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There are, however, several aspects of the cactus-fun-

gus association which are not strictly cbar.ac.teJ:.isJ:.ic. .. of ... ecto~ 

trophic mycorrhizae. Fir_stly, Fus1,g;;;i,Q1Q .RQAA .. :which .. was .con-

sistently isolated from the nodules of S2o.,,DQ1YOsaPthA ,.is not 

known to fora .eetotrophic mycorrhizae o Indeed., .-there are no 

Deuteromycetes other than a few Mycelia Sterila known to form 

ectotrophi.e mycorrhizaeo Fusag;ipm, .however.,, :.is-,notorious as 

a root pathog•mo Secondly, while myeorrhizal. fungi typic;a.lly 

stimulate root, growth, the micro-organisms --associated. with the 

roots of .s2o gg,lyagantba tend to retard root ~-:deY..elopmento 

With these organisms removed from the soil,t.he roots may de-

velop five tmes mere rapidly than when the,or(Janisms are 

present,. TMrd:ly, when the nodules restBed growth by: pro-

ducing several·•branches, their growth habit-Jc.was-1:more suggest-

ive of certain pa-thogenie growths than oi£-nemna1Jmyeorrbizae. 

Inasmuch- as .Eo ,ggu has not been shown,,.t:.oJ be the same 

fungus seen,··on·· tae,.nodules,, and because the, nedular .. fungus 

is not necesaari.ly, ,the organism which retards • l!OOt growth, 

one could stil-J. properly identify the nmh1le as an example 

of mycorrbiza_.·. , Nevertheless, the third problem is real and 

significant;.;,.,,.Never, has an example been repor-teci' of a 

myeorrhiza z:ecovering from the fungal a taac.Jt;.,bywproducing 

adventitious.-qrootso;; Root elongation is uaual.ly,,attributed to 

the apical aeristems of uninfected roots-s "',,on th4;t other band, 

such growtnzr1e·,not··,typical of root diseases., ,·Hypertrophy is 

reported in hairy-root and crown gall, both of which are·, 

bacterial diseases, but, neither of these resemble the growth 
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habit on cactuso Furtheraore, unlike typical root pathogenic 

associations, there are no intracellular hypbaeo 

It is not improbable that the fungus-root relationship 

found on gpunt~a polyac;aptJal. .r.epresent.s a stage in the devel-

oi;aent of mycorrbizal associations where a weak facultative 

parasite and a host tissue approach a symbiotic equilibriumo 

'rhe fungus, attacking tne-,young1branch root, is unable to 

penetrate the host•s defense•systemo Nevertheless, it exerts 

enough influence to tempora.ril.y,,arr.est the growth of the rooto 

When the root is in this condition, it is mycorrhizalo only 

when the cactus is grown,under:c.iideal conditions, such as 

occurs in the spring and early summer, or is provided in a 

gMen house enviromaent;,can t.he roots overcome the fungal 

inhibition and resume growth,, • ··When the conditions are no 

longer optimal for the llost\., .. t.he fungus is able to reinfect., 

· · ···, It is possible tnat-•ny;.ectot,rophic mycorrhizae re= 

sult from the stabilizatr.ion:--of · a relationship wherein the 

f-uagal symbiont is not ab:le,t.e acmpletely penetrate the 

heat•s defense system, but-,the •ascular symbiont is unable to 

eaapletely escape infectiono The stabilization of such a re-

lationship is accomplished'by each symbiont developing means 

by wlu.cn it can benefit from the associationo 



26. 

LITERATURE CITED 

Arditti, Jo 1967. 
chid seeds., 

Factors affecting the germination of or-
Bot., Rev.,· 33:1=97 o 

Britton, Lo N., and Rose .. 19190 The Cactaceaeo Carnegie 
Institute of Washington, Washington, Doc. 

Clowes, F0 Ao L0 19510 The structure of mycorrhizal roots 
of fagus sylyatiga., New Phytolo 50:1-160 

19540 The root=-cap of ectot.rophic mycorrhizaeo 
New Phytolo 531525=5290 

Doak, K., Do 19340 Cortical parasitism of conifer-seedling 
roots in pure culture by mycorrhizal and non-mycorr-
hizal fungio Phytopatholo 24:6-70 

Farnsworth, Ro Bo and Mo Hammond 1968ao Root nodules and 
isolation of endophyte and A,tMi§ia ludgyiciana and 
opuntia ,raailis~ Abstract from Annual Meetings Amer. 
Soco Agrono 1968193 0 

l968bo Root nodules and isolation of endophyte on 
Artem,isia lµdoyiciana., Proco Utah Audo Scio, Arts, 
and Letterso 45:182-1880 

Frank, A4 Bo, 18870 Uber Neue mykorhiza-formen. Ber 0 d 0 
deuto boto Gez., 51305-409 0 

Garrett, S., Do 19560 Biology of root-infecting fungio 
Cambridge University Press, Cambridge. 

Gilman, J., C., 1966. A manual of soil tungi. Iowa State 
University Press, Ames, Iowa., 

Harley, J .. L., 1959., The biology of Mycorrhiza .. Inter-
science Publisher Inc., New York., 

Harvey, Ao D. 1936. Root sprouts as a means of vegetative 
reproduction in Opynti4 polyacanthan Jo Amer. SOCo 
Agrono 281767-7680 

Henry, L., K., 1933., Mycorrhizas of trees and shrubs. Bot. 
Gaz. 94i79l-8OOo 



27 

Johansen, Do Ao 19310 Endotrophic mycorrhiza ,i,n,.-.cactio Jo 
Cactus and Succulent Soco Amero 21478-4800 

19480 Plant microtechniqueo McGraw-Hill Book Coo, 
New Yorko 

Jones, F. R. 1924. A mycorrhizal in the roots of legumes and 
some other plants., Jo Agro Reso 29s459-470o 

Kelly, A. P. 1937. The literature of mycorrhiza., Typescript, 
Landenberg Laboratory, Landenberg, Penna 

Laughton, E., Mo 19640 occurrence of Fungal Hypbae-in young 
roots~ of South African indigenous plants~• Boto Gazo 
125138-400 

Lepper, Ho Ao 19450 Official and tentative methods of an-
alysis of the Association of Official Agricultural 
Cheaistso 6th Edo George Banta Pubo COoi,•Menasha, 
Wis..--,. 

MacDougal, Do 'l'o and Jo Dufrencyo 19460 Criteria of nutrative 
relations of fungi and seed plants in mycorrhizaeo 
Plant Physiolo 2111-100 

McDoug~ll, Wo Bo and Oo Eo GlasgOWo 19290 Mycorrhizas of 
Compositaeo Amero Jo Boto 161225-2280 

Melin, E., 19530 Physiology of mycorrhizal relations in 
plantso Anno Revo Plant_Physiolo 41325-346., 

Metcalf, Co R., and Lo Chalko 19500 Anatomy of the Dico-
tyledons., Volo lo Clarendon Press, OXfordo 

Myer, F., Ho 19660 Mycorrhiza and other plant symbiosis 0 

la So Mo Henry (edo) Symbiosis., Vol., lo Academic 
Press, New Yorko 

Preston, Co Bo 1900., Observations on the root system of 
certain Cactaceaeo Boto Ga~o 301348-351., 

Ramsbott-Glll, Jo 19220 Orchid mycorrhiza., Trans., Brit .. 
Mycolo Soc .. 8128-610 

Spoellr, ·a.·A.; 1919., The carbohydrate economy ·of-cacti., 
Carnegie Institution of Washington, Washington, D., C0 

Thomas, w. Do 19430 Mycorrhizae associated with sane' 
Colorado florao Phytopatholo 331144-149., 

Trappe, Jo M. 19620 
mycorrhizaeo 

Fungus associates of ectotrophic 
Bto Revo 28a538-606o 



', 
_____ 19640 Mycorrhizal host and distributioa of 

.... ' CqppQSQS&iWI grapifQ[IB&,... Lloydia 271100-106 0 ' 

Truog, E. 1930. The determination of the readily avail-
able phosphorous of soilso Jo Amero S~o Agrono 
221874-888. 

Volk, N. J. and E. Truogo 19340 A rapid method of deter-
miniDCJ the readily available potash of soil. J. 
Aller. Soc. Agron. 26a537-546o 

Wastie, Ro L. 19650 The occurrence of an Endogone type 
endotrophic mycorrhiza in H@UA Bx;asi.l.ians,1.s .... 
Tr~s. Brito Mycolo Soco 4811670 

~ako Bo 19640 Role of mycorrhizae in root disease. Ann~ 
Rev. Phytopatholo 2g377=392o 

28 



ABSTRACT 

Roots of OpuntiO, polyacantha HaWo from Juab County, 

Utah were found to be nodulatedo An an•~omical study of tbe 

nodulated roots showed them to be ectotrophic mycorrhizae. 

Fpsarimg. ™ (Peck) Wollenweaver was found asslOCiated With 

the nodules both as an epiphyte and an endophyte. sovever, 

reinfection with this organism failed to induce subsequeAt 

nodUlationo 

Under certain conditions the roots of g. pglya,g;an\ba' 

are able to overcome the mycorrhizal infection and elong•.te. 

It is not uncommon for several branch roots to o:riginate trcm 
a single noduleo It is suggested that the fungus-root aseoc1• 

ation found in 520 poJ,ueantbi represents an early stage U'l the 

evolution of ectotrophic mycorrhizaeo 
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