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Dwarfmistletoe of Ponderosa Pine
in the Southwest

By Frank G. Hawksworth

Plant Pathologist, Rocky Mountain Forest and Range
Experiment Station,! Forest Service

INTRODUCTION

The damage caused by dwarfmistletoes (drceuthobiwm spp.) has
been rated as second only to that induced by heart rots in western
coniferous forests (Gill 1935, p. 117). Because severe losses to heart
rots ave typically associated with mature and overmatwre stands, the
magnitude of such losses should decrense as the harvesting of old
St'mds continues. However, dwarfmistietoes will be of considerable
importance in second growth also, since they attack trees of all ages.
In the future, ther efore e, when most of the virgin stands will have been
ent, it is expected that control of dwarfmistletoes will be the most
pressing problem in forest pathology in the West. In some regicns,
notably 1n the Southwest (Arizona “and New Mexico), these parasites
ave alreacy the most serious pathogens.

The investigalions reported here ave on slrceuthobium voginatuwin
(Willd.) Pres] £. or yptopodum {Engelin.) Gill, which is the most im-
portant pathogen of ponderosa pine (FPinus ponderosa Taws.) in the
Southwest. These studies ave destened o provide a more complete
understanding of the parasite and “its relationships with ponderosa
pine. Tlimately, this information should help serve as a foundation
for the development and refinement of silvicultural control measurves,

This bulletin consists of seven major sections, the first of which is a
aenernl review of sonthwestern ponderosa pine dwartfmistletoe based
on published information and on data from the present investigations.
The other six sections denl with specific studies on the purasite: {1)
tife history as determined by inoculations. (2} seed flight. {3) seed
digpersal perviod, (4) rate of spread, (3} effects on ;_?:'0\\'!'11 rute of the
host, and %G) witches™-broom Formmniion.

*Phe anthor iz on the staflf of the Tort Colling Forest Disense Laborntory,
Rocky Mountpin Forest and Hange Experiment Stalion, which miaintuing central
headguariers at Fork Collins, Colo., in cooperation with Colorado Swmate TUni-
versity,  This work was eondueied at the Forest Disegse Laboratory, Adbuquer-
que, N. Mex.

This publication is hased on o Qismertation Submitlied to the Graduate Sehool
of Yale University in porbind fullillment of the vequirements for the PR, 1 degree.
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REVIEW OF INFORMATION ON PONDEROSA PINE
DWARFMISTLETOE

This review of dreeuthobium vaginatum f. eryptopodion and its
pathological relationships with its host, #inus ponderosa. 1s based on
published information, and on investigntions and observations made
w the Southwest from 1950 fo 1958, Although this species has been
the most inrensively studied western dwarfmistleloe, much remains to
be Tearned about it. The first detailed, nontaxonomic nccount is that
by MacDougal {1899}, who discussed seed dissemination and disrribu-
tion of the species at Grand Canyon, Ariz. Korstian and Long {1922}
report an intensive study on the eflects of the parasite on growth rate,
mortality, and seed production in ponderosu pine, und offer suggestions
for control. Peurson's {1950) monograph on the management of
pondercsa pite in the Southwest includes a section on dwarfmistletoe,
with information on mortality in infected stands and on the effects of
the parasite on the growth rate of its host. {(Hl {1854 discusses the
lite history of the species and gives recommendations for its control.
Recently. a Forest Pest Leaflet on this parasite has been issued {(An-
drews 1057).  clreewthobivm in the Unifed States was monographed
by Gill {1833}, and the eenus as a whole lias been reviewed by Kuijt
(1955) .

NOMENCLATURE

Areewthobium raginatum was Arst described from an undetermined
five-needled pine in the State of Vera Cruz, Mexico. Early collection
of the species from L/nus ponderose in the northern parts of ils range
was deseribed under the names AL eryptopodin Engelm.  (Ruzowmoj-
shye cryptopodi Coville) and sl robustum Engelm. (. robusta
Kuntze). These were reduced to synonowy under . vag/natum by
Gill (1935, p. 178). but the northern bost-form on /7. ponderosa was
maintained and desigmated 1. raginutum £ eryptopodum. (Tngelm.)
Gill.  GHlT (1933, p. 175) did not designate the predominantly Mexi-
can form of . ruginatum as a forma fypicum, because of the seanty
material available for study. The name A, raginafium £ voginatumn
is used here. This is in accordance with recent changes in botanical
nomenclature wherein a species is considered ag the sum of ifs varieties.
Whenever a variety is named, nnother (fhe typical varety) is auto-
matically created to contain the type. and it heavs the specific epithet
repeated without author citation (Lanjouw 1852},

No complerely satisfuctory or generally accepted common mnames
for the various species of Areenfhabivm have heen proposed. A num-
ber of common names for 4. reginatum t. erypto podim have been used,
but most of these attempt to distinguish this species from oL enmpylo-
padum f. campylopodum on ponderosa pine on the Tacilic const,
and such names boeome too cumbersome to be useful? In thia paper,
unless stated otherwise. the use of the terms “dwarfmistietoe™ or “mis-
fletoe™ will refer to =L, vaginafum F. eryplopodim.

2 Common names sugrested for this spectes inelude Rocky Monntain yellow
pine dwarf-mistietop (Huhoet 19570, Totermountain yellow pine mistletoe { Weir
1023y, western yellow pine mistleioe {Korstinn and Long 19223, Southwestern
penderosa pihe dwarfmistletor (Haowksworth 19563, and hidden footed small
saistietor ¢ Daniels 19313,
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HosTs

Areeuthobium vaginatum (forms vaginaium and eryptopodum) has
been recorded on 11 pines and on 1 species of true fir, 4. vaginatum
f. eryptopodum is of economic importance only on Pénus ponderose

aws., although 1t has been found in Colorado on P. conferte Dougi.
ex Loud. and £. flexilis James (Hawksworth 1956, Hawksworth and
Peterson1939).

The known hosts of dreeuthobium vaginatwm £. vaginatum are ve-
covded balow:

Host Stale and country Reference
Ables religiose Schlecht. & Cham ... Mexico, Mexico.. Gill 1935
Pinug hartwegii Lindlo o ___________ D.F., Mexico.__. Roldan 1924
P. montexinae Lamb__.___._ _____. Tlaxeals, Mexico_ Sosa 1939
P tenuefolia Benth. . ... ______ —, Mexico.._. Kuijt 1955
P, pseudostrobus Lindl. ... ___. Michoacan, Hawksworth
Mexico. 1961
P {etophylia Schiceht. & Cham...._. Tlaxeals, Mexico. BSosa 10938
P var, chihuahuana Shaw .. ... Arlzona, US.A__. Gill 1933
P.arizonica Engelm_ ... ___._.. Coahuila, Mexico. Johnston 1944
|5 T R Arizona and New Gill 1935
Mexico, U.S.A,
P.engetmannit Carro__ oo . _.__. Avizona, B.8.A . Gill 1935

The parasite undoubtediy oceurs on other Mexican pines. The
veport by Rydberg (1922) of Pinus jeffreyi Murr. us a host for Areeu-
thobiwm vaginaiwm is considered erroneous, since so far as is known it
is not found within the range of this tree.  Also, Standley and Steyer-
mark’s (1946} report of the species on C'u pressues in Guatemala should
he verified.

GEOGRAPHIC RANGE

The geographic range of A recuthobim waginatuwm extends over 25
degrees of latitude, {rom Guatemala to northern Colorado. The exact
ranges of {. raginatum and f. cryptopodum are not known, but the
Tnited Stuates collections {except for the Mexican border region of
Arizonz and New Mexico} have been referred to the latter form {(Gill
1933, p. 178). A general range map showing the known distribution
of 4. reginetum is given in figure 1, and that of £. eryptopodum in the
Tnited States in figure 2. The parasite occurs throughout. the pon-
cderosa pine forests of Arizona, New Mexico, and Texas. It is less
widespread in Nevada, Utah, aud Colorado. It is known in one county
in Nevadn and seven counties in southern Utah, It is generally dis-
tributed in southern Colorade and extends north along the enstern
siope of the Front Range nearly to Wyoming. The distribution maps
{(figs. I and 2) are based on published information and on observations
and collections made by the writer and others (see appendix}.

IMPORTANCE OF DWARFMISTLETOE IN THE SOQUTHWEST

It has been generally recognized for some time that dwarfmistletoe
is the most important disease agent of ponderosa pine in the South-
west. However, information on the abundance of the parasite and
on the amount of damage it causes has only recently become available
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Ficure L—The known distribution of drccuthobinm vaginatwn (forms vuginatnm
and ergpiopodum) in Guatemaln, Mexico, and the United Senres, The dots
indicnte Mexican States and Guatemalan iocalities where the parasite has boen
reporied.

{Andrews and Daniels 1960). This survey of the commercial forests
of Arizona and New Mexico indicates that 36 percent of the ponderosa
prue stands are infected. The parasite is present on an estilna‘ed 214
million acres in the two States.

Volume loss through growth reduction of trees infected by lwarf-
mistletoe is thought to be at least as great and probably greater than
losses due to mortality. Andrews and Daniels (1960) estimate that
combined volume losses in ponderosa pine in Arizonn and New Mexico
approximate 150 million bourd feer nnnunlly. Andrews {1957} states
that this dwarfmistietoe is responsible for a 16 percent reduction in
suwtimber growth in the Southwest.

Studies made on the Fort Valley XExperimental Forest. .\riz.
(Pearson and Wadsworth 1941} indicate that three agencies—dwart-
mistletoe, wind, and lightaing—accounted for more than 80 peceent
of the mortality in cutover stands during a 30-year pericd,  In the
480-acre arex on which thig information wus hased, mortality due to
dwarfaistletoe was responsible for 38 percent of the loss in volune
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WYOMIRG NEBRASKA
) 3t

Froure 2.—The known distribution of Arcenthobium vaginalfum f. cryplopodun
on peonderosa pine by counties in the Unlted States. The approximite limits
of ponderosa pine in this nrea are indicated by the broken line.

and 51 percent of the tvees killed. Pearson (1930, p. T4) points ouf
that mistletoe-ussocinted mortality is highly variable because of the
irregular distribution of the parasite.

A recent survey of the Mesealero-Apache Reservation in southern
New Mexico (Hawksworth and Lusher 1956} indieates that dwari-
mistletoe is the primary disease problem of ponderosa pine in this
avea also. The parasite was present in i3 percent of the ponderosa
pine ncreage, and 37 percent ot the merchantable ponderosa pine gross
volume was in infected trees. Mortality was nearly twice as high in
infecied as in uninfected stunds.

Alihough ponderosa pine dwarfuistletoe is generally distributed
throughout the Southwest, its abundance in ditlerent parts of the aren
is quite varinble, In general. it is most abundant in the White and
Sacramento Mountains in southern New Mexico and along the
Mogollon Rim in cenfral Arizona.

IDESCRIPTION OF THE PLANT AND ITs LIFe HISTORY
Shoots

The shoots, or that part of the dwarfuistletoe plant which is out-
side the tissues of the host, are described in deiail by (3l (1935, p.
121). These shoots arise from the endophytic (or vool) system of
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the parnsite and not divectly from the embryo. They are seginented
(figs. 3 and 4) and leafless, the leaves being reduced to a single pair
of minute scales at the top of each segment.  The shoots are usually
square at the base, but they may be somewhat circular in cross section
at the top.

The anatomy of A reeuthobiene shoots differs marked! v from typical
dicotyledonous stems (Gill 1033, p. 123}, There is no central xylem
cylinder. but a number of distinet xylem strunds occur near the center
of @ parenchymatous matrix. Appurently, there are no phloem tissues
in the shoots. The young stems have a single layer of epidermis,
hut this is gradually replaced in older shoots by o secondary cuticu-
Tavized layer. The vaseular system of L. raginetum £ vaginatum,
shoots is described by FTubeuf (1919, 1. 262).

In mature plants, rhe shoots g verage 10 to 15 ventimeters high and
3 to 5 millimefers in diameter. The taveest shoots seen for this species
were 27 centimeters high and about 1 centimeter in diameter at the
base. Female shoots are usttally somewhat Targer than male shoots
of the same age,

The shoots"of this species are usually some shade of red or orange,
However, shoots of many other colors such us purple, green. vellow,
or even black may he found. The characteristic orange or ved color
makes it relatively ensy to deteet (he parasite among the sreen foliage
of its host. Shoots growing in shuded parts of the crown tend to be
greener than those in more exposed areas. Gill {1933, P 122) sug-
gests that shoot color is determined to a large cegree by external
factors such as light, temperature, and latitude. ITowever, certain
hervitable influences also seem to he involved, as infections with mark-
edly different colored shonts may eecwr next fo each other on the
same branch,

The shoots ave perennial aid bear sovera] succossive crops of fiowers,
AfaeDougal (1899) and Iorsiian and Long (1922, p.4) nre wrong in
stating that shoots die afier the fruits mature. The maxinim age
attwined by shoots is not known, but it appears to be at least 5 to 10
years,

Once established, the endophyiic systen of the parasite extends dis-
tally and proximally along the stem, and new shoots wre continually
produced at points fariher Trom the original point of infection.  As
the older shoots die. they are replaced by new ones from the same
endophytic svstem. “The production of new shoots proceeds along a
branch al & rate of 15 to I contimeter 1 vear in each dirvection. Tnfee-
tions on the main sten of seedlings and suplings spread up and dewn
the frunk af avate of 1 to 2 contimoters o year i each direction. The
rate is dependent on host vigor: it is nearly twice as fast in dominant
A8 N SUPpressed frees.

Two types of shaot distribution have hoen reparfed for various
species of Areenthobivm (Gl 1955, P 123) 1 the shools may aceur in
tufts or they may be seattered along the twigs. Both 1ypes are connmon
n AL raginatum Foeryptopodim. Gl supposed that this diiference i
habit is more a Function of the hest than anyihing tnhevent in the
mistletoes. and the resulis of the present study confirm ihis, Infeeiions
where shoots are seattered along the branel, {systentie tnfeetions) wre
apparently the result of stimulation of dormant whorl Luds or possilly
needle fasceicle buds, T buds sre nof stimulated, the infe jon remgins
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F-483580--A01

Ficere 2—S8hoots of Arcewthobivm coginatim. € erpplopotion. A4, A [lemale
plant, showing the fruits nhout 3 months before maturity (X 05 H, a0 male
plant slowing the fowers at the time of pollination {X 0.1y, Both eollections
wade in May on the Fort Yulley Experimental Forest. Ariz.
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Figure 4—Dwarfmistletoe shoots, flowers, and froits. A, A young infectien
showing shoots just vmerging from the bark of n host twig (X 1)y, X, I*art
of & young sheot showing the decussnte arrangement of toe segments (X 1).
{, Au older shoot in which ths segments nre elongafed and syuare in cross
section {X 1}, 05, Part of a male plant, showing the conditivns of the
flowers just before the anthers open ; two lateral 3-purtite tiowers and a
terminal d-partite flower (X 23. H, Part of ¢ female piant showing the
condition in lute sprisg. The shoot on rhe eft has many fowoers thut have
just been pollinated; the shoot on the right has severnl innmnature frufts
about 2 months from muturity ¢X 19} N and 4, Longitudinu sectiong of
the mguture fruit, showing the seed and dispersal mechunism (¥ 4.5). F.
A mature fruic before the seed is expelled, showing how the pedice! of rhe
fruit is elongated and recurved so that the originad apex of the fruit is
now pointed downward, The gross anatomy of the fruit showing the seed,
embryo, endosperm, and viscin celis. F, A matare froic immedintely after
the discharge of the seed. The frait ig severed from the pedicel and the
seed is ejected from the frait und propelied upwards.
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as the tufted type. The stimulation of ponderosa pine buds by dwarf-
mistleloe is discussed further on page 94. .

For main stem infections, there is an inverse relationship between
age and shoot production. That is, shoots ure rarely formed on the
old part of the bole, and those that do appear ave relatively feeble and
produce few mature fruits.

Flowers

All species of Areeuthobiwm nre dioecious. Iecanse of multiple
infections, male and female plants usually occur intermingled in the
same free. The results from inoculations plus o count of 1,000 natural
infections indicate that a 1:1 sex ratio exists for this species.

Staminate Flowers

The gross structure of the staminate fiowers is simple {(Gill 1935,
p.127). Euach flower consists of a whorled, usually 3-partite perianth.
Bach segment containg a single sessile, cushion-shaped anther (fig.
+ ). Counts of 5,000 flowers in two fotalities in northern Arizona
showed that 94 percent were J-pavtite; 5 percent, 4-partite; and 1
percent, 2-partite. Terminul flowers are more frequently 4-partite
than lateral ones, The bright-yellow pollen is produced from April
to June, although most plants flower in May or June. The open
flowers have a distinctive, but difficult to describe, odor that apparently
has not been previously recorded. Male flowers are shed after the
flowering period.

Pistillate Flowers

The smull elliptic pistillate flower consists of twe lobes that are
abmaost entirvely fused with the perianth and with the central pistil
(Gl 1935, p. 132). The style projects slightly above the perianth.
With the exception of the darlk stizma, all structures are about the
sume color as the shoots.  Aberrant three-partife pistillate flowers
have Leen found in A reeuthobivm raginatum £ raginafum {1l 19335,
P 174},

Stigmatic secretions have been observed in Arecutholivm ameri-
canym {Dowding 1931) and in 1. oxyeedri (Heinrvicher 1915). They
have also been found in 2. raginatva £ erypiopodun where they ave
particularly conspicuous early in the morning during the flowering
period (May to June). The clear, sweet-tasting droplets average
nbout 1 millimeter in dinmeter.

Pollination

The stracture of flowers and pollen of Lrcenthobivm suggests that
these plunis are entomophilous, but the insects involved have not been
deterinined for most species. Weir (1915, p. 375) observed unnamed
hymenopterous insects taking purt in the pollination of dravfinistle-
toes in the Northwest, and Kuijt {1953, p. 585) observed ants visiting
mile plants of o|. gmericenaam.
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Observations made in the Southwest suggest that thrips are the
primary pollinating insects of Arceuthobium vaginatum f. cryptopo-
dum, although no experiments have been conducted to deiermine this
conclusively. Thrips were found on this mistletoe in Arizona, New
Mexico, Colorado, and Utah. In faet, they were found on nearly every
plant examined. During the pollen season, these normally dark in-
sects appear to be yellow because of the pollen on their bodies. Collec-
tions of thrips were submitted to Miss Kellie O’Neill of the Insect
Identification and Parasite Introduction Section of the U.S. Depart-
ment of Agriculture. The most abundant thrips were an undescribed
species of Frankliniella, but F. occidentalis (Perg.) and Thrips tabici
Lind. were also present.

Fruits

The fruits of Arceuthobivm vaginatum f. sryptopodum are ovoid
and measure about 3 by 5 millimeters at maturity. The color is similar
to that of the shoots, although the upper and lower parts of the fruit
are of different shades. The fruiting period of this species lasts for
about 8 weeks, usually the last weel in July and the first 2 weeks in
August, and it was intensively studied in 3 successive years at one
locality in northern Avizona (page 62). Fruits of other North Ameri-
can species of drceuthobivm mature in the autumn.

Tach fruit contains a single seed which, at maturity, may be forcibly
expelled for a considerable distance. The anatomy of the fruit and the
expulsion mechanism are discussed by Gill (1983, p. 137). In brief,
the ]prooess 18 as follows, As the fruits approach maturity, the pedicel
is elongated and reflexed so that the stigmal end points downward.
An abscission layer is formed between the tip of the pedicel and the
base of the fruit. The oblong viscin cells {fig. 4, ) surrounding the
seed imbibe water and eventually build up a great pressure within the
fruit. Finally, the abscission layer gives way and the fruit is sepa-
rated from the pedicel; at the same instant, the fruit coat contracts
rapidly and the seed is forcibly ejected and propelled upwards (fig.

(7).
In the plants thar developed from inoculations, fruits were frst
produced in the sixth, seventh, und eighth years after infection.
About 60 percent produced their first fruits in the seventh year.

Seeds

Members of the mistletoe family have such unusual “seeds™ {hat the
term must be used with reservation. In contrast to true seeds, those of
Arcewthobium have no seed conts or infeguments but are only a naked
embryo and endosperm encased in the endocarp of the fruit (Gill 1035,
p.157). '

The freshly expelled seeds are olive green except for the basal end,
which is yellow, but after a few days they tuwrn reddi-h brown and the
basal end turns orange. They are coated (except for the basal end)
with a mucilagenous substance ealled viscin. This muterial enables
the seed to stick to the surface on which it alights (fig. 5, 4, Also,
since the viscin is hygroscopic, it is thought 1o play a part in supplying
water necessary for germination (Gl 1985, p. 139). During wel pe-
riods, the visein coat of the seed imbibes water and the seed hecomes
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F—{03862

PaURE J—Germinating dwarfmistietoe seeds. A, A =eed in plive 2 months miud
wirpimating af the base of 4 needle Fasclele on o B-pear-uld pomdervsn pine
twig, The tip of the hypoeotr] is beneath the newille Gselele. Nofe the vivein
wrramds haliding the seed to the needle, B, & seoell in pliaee 1 years showing the
development of the ddfast @t the 1ip of the by poeeotyl which s heen oxpreart
by Bending back the geedle Toselele, Both approxiotely < S From Gl
iy,

aweronnded by a jellylike muss, The visein eventually loses 1= hygro-
seapie quality mnd aets anly aga cenent,

The gross internal strneture of the seed s shown in figure 270 The
sial] embryo s at the distal end, and the cot yledonous tips are sereely
distinguishable.  Both the endosperm and the embryo duvve a0 high
ehlorophyllcontent.

The soeds are obiong. hemisphertealt at the basal ewd cwhich ix the
forward end when the seed i ejected fronn tie Fruit) . and painted
at the other. Conmmon varintions in size and shape af the =eed= ave
shown in fiwee G0 210 The seeds arve (ypically 20 to 3 midlimeters
Jong and about 1 millimeter in dinmeter. Average dimwensions of
200 seeds From one Joeality in novthern Avizona were 23 by 11 mil-
lmeters, Seeds from central New Mexico i northern Colorado were
shghtly simaller and averaged 2.4 by L0 miitlimeters (100 seeds) and
2.7 by LT mithmelers 130 seeds ), respeetively.

Polyembryonic and Abnormal Seeds

Welr (1814) neted that 3 seeds in o ot of 200 of Leeouihodivim

raaginatune P vy piopodione doveloped 2 edicles estend of 1, Ile
stated that uel diembievanic seed~ were worphologieally indistin
vuizhable from normal ones. On rhe basis of Weir's resubts, 10 migit
be assumed that suel polvembryony s relatively sonnon i this
species, but the weiter hias not observed a single wstanee of this type.
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Fieure 6.—Normal and abnormal dwarfmistletoe seeds. 4, Varintion in size
and shdpe of normal seeds, E, Fused seeds that consist of two unequal ele-
ments. €, A rare abnormal form with an indented side. I}, Rare aborted
seeds in which only the basal part is fully developerl.

However, a morphologically distinct type of diembryonic seed
15 occasionally found in nearly all collections of this species. Lt con-
sists of a normal-sized seed to which a secondary seed is fused (fg.
6, B). Each element consists of a separate endosperm and embryo
enclosed in a common endocarp. Although such seeds have two ap-
parently normal embryos, it hus not been determined whether both
will produce hypocotyls. Counts of 5,000 seeds showed that this
abnormality occurred in about 1 percent, with the frequency in in-
dividual lots ranging from .4 fo 3.3 percent. ‘['wo other types of
abnormal seeds (fig. 6, ¢/ and £)) were found, but these ave even rarer
than the fused seeds.

Seed Dispersal

MacDougal (1899) stated that the seeds of this species were expelled
to distances of 2 to 3 meters. In the studies reported here, the maxi-
mum horizontal distance of seed flight (to a point at the same Jevel
of the point of discharge) wus 42.0 feet with an average of 17.4 feet
{page 52).

Distances of infection measured from the bole of the source irvee ave
greater than the actnal distance of the seed flight, since in most cases
the seed origin is some \listance ont from the bole. Distances of in-
fection from mature trees were reported by Gill and Hawksworth
{1954) for nearly 2,000 seedlings: 99 percent of these were within
55 feet. Although winds arve considered important aids in the seed
dispersal for some species of Arceutiobium (Weir 1916, p. 34; Roth
1853), this does not seem to apply for A. raginatum t. crypto podum
(Gilland Hawksworth 1954).
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Part of the present investigntion dealt with the ballistics of dwarf-
mistletoe seed flight, and results sugyrest that height of the infection
has little effect on horizontal distance of seed flight. Average angle
of discharge of seeds was approximately 30° to 40° from the hori-
zontal. The average initial veloeity of the seeds is estimated to be
about 45 feet per second (Hawksworth 1959a).

Dwarfimistletoe seeds are scattered about in ull directions. Many
fall to the ground, and others land on nonsusceptible parts of the
pines, such as old burk or needles.  Only a small proportion of them
manages to germinate on youny twigs, which is essential to induce
infection. Some land divectly an (wigs; others alight on needles and
are washed by rain onto the twigs. Roth (1958) found that for
Arcewthobivm cumpylopodum . campylopodwm on ponderosa pine
i Oregon, practically all the seeds on the fwigs were first intercepted
by needles and then washed by ra’1 onto the branches. Although no
quantitztive information is available for .l. eaginetum f. erypto-
podim, observations suggest that pine needles ure also important in
intercepting seeds of this species.

Little is known of the vectors in long distance spread of dwarf-
mistletoe, but it is presumed that birds are involved.

Germination

Seeds of Areeuthobium raginatum £. eryptopodum germinate within
about 1 month after they are expelled.  Germination oceurs during
the summer rainy season that is characteristic of most areas where
flie species is fonnd.  Summer germination is unique in this species:

the other dwarfmistletoes germinate in the spring after overwintering
on the host.

Before the hypucotyl emerges, the seeds darken nnd swell to aboui
114 times their original diameter. The slender, reddish hypocotyl is
about 0.5 millimeter in diameter (fg. 5. ). [f the hvpocotyl does
not come in contact with the host, it may attain a length of about 15
millimefers before the endosperny is exliausted of its food supply.

Lattle is known of the tropisms of the hypocotyls of the Nortl
American species of sbreenthobivm. although the Buropenn species =L
aryeedri is both neguively phototropic and negatively geotvopic
(Heinricher 1917). Observation of the hypocotyvls of s, raginatum
£, ergptopodion indicates that this species Is at least negatively photo-
Iropic, but laberptory tleste arve needed to determine the intensity of
(his response and to compare it with a possible geotrupic response.

On the basis of Hmited samples, germination rates of 4 te 30 percent
were noted for naturally dispersed seeds left in place. The seeds
enn germinate withont a lving host.

Establishment

Only a very small proportion of the dwarfmisiletoe seeds is de-
postled on susceptible host tissue. Results of inoculations indiente
that of rhose deposited on such tissue, only about 3 percent Lecome
established.  Insects and other agents destroy a greal many seeds and,
as previously mentioned, enly about half of the seeds werminate.

550330 O-61 .2
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The hypocoty! grows along the surface of the host bark either until
its food supply is exhausted or until a depression or obstacle such
as a needle fascicle, needle scar, sterile scale, or bud is encountered.
When the tip of the hypocoty] touches one of these objects, o mound
of tissue develops at the tip (fig. 5. 8). The hypocotyl functions us
a holdfast from which a primary absorbing *“root™ or haustorium
develops and penctrates the correx of its host: this is the beginning
of the endophytic system of the parasite.

Another possible mode of entrance of this species is through the
interior of the needle fascicle. Germinating seeds are occasionally
feund with the radicle extending to the base of the fascicle, but it
has not been determined whether infection can be accomplished in
this manner. In inoculation tests with this parasite, na infection
;100]{ place throngh wounds. presumably because of the extensive resin

oW,

Endophytic System

The endophytic system of dwarfmistietoe ((+i1] 1935, p. 139) is macle
up of two parts: (1) the cortical system that develops in the cortex
of the host, and (2) the sinkers that occur in the xylem tiseue of the
host.

The cortical system includes the primary haustorium and its
branches, which range tlroughout the cortex in an irregular manner.
The haustoria grow faster longitudinally than laterally along the
branch. The cortieal system maintains its pesition in the active
phloem tissues of the host by centripetal growth. When strands of
the cortical system come in contact with the eambial region of the
host in the vicimity of a ray, a sinker is formed (Gill 1935, p. 14M).

The sinkers are wedge shaped in a cross section of the host stem
and arve racially alined.  They occupy the rays, appearing as enlarged
rays. and ave readily detectable macroscopically {fig. 7). Sinkers do
not penetrate xvlem alrendy formed, but they become imbedded as
new xylem is laid down around them. ‘The sinkers maintain eontact
with the cortical system of the parasite by a meristimatic area in
the vicinity of the liost cambium.  This enables them to prrow al a rate
corresponding to the radial growth of the host stem.

Shoots are usually not formed fer some time afrer the plant is
established. In inoculations with this dwarfimistletoe, more than DO
percent of the infections first produced shoots during the thivd, fourth,
and fifth years after the date of planting, although in one case 8 vears
elapsed between infection and initial shoot production.

PrYSIOLOGY

Little is known of the physiology of dwarfmistletoes (Kuijt 1955).
The most obvions physiological requirement of a dwarfmistletoe
plant is, of course, u susceptible host. but nothing is known of the
factors that determine the susceptibility of w host species. _

Bome vriters suspect that dwarfmistletoes manufacture no carbo-
hydrates, while others claim that they absorb only water and minevals
from their hosts (Kuijr 1935). Actually, these parasites are probably
mtermediale between those two extremes. Since the shoots contain
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Freng 7. U siciions of pondeross pine stens, showing dwarfmistletae
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Lion establishen! For 16 veges oo S0-3earold stein 0350 Milheeter seale
showwvn inepeh plsdngrapl
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chlovophyll, they presumably manufacture some carbohydrntes, but
certainly not enough to meet all their requirements. Dwarfinistletoe
plants are not dependent on shoots for survival: they cau live iudefi-
nitely without producing shoots in old, thick barked ponderosa pines.
Thus, dreeuthobivm vagimatum £. eryptopodwm is sometimes, at least,
a totad parasite. The common occurrence of stureh in the endophytie
system of dreeuthobium {Dufrenoy 1936, Weir 1918) sugwests that
the earbohydrate supply of these plants is adequate.

Dwartmistletoes have not yet been grown 4n rifro. although prog-
ress has recently been made in culburing intected host tissue { Blakely
1959).  Although Biakely was not abie to infeet Douglas-fir callus
with shreeuthobivm douglasii Tngeln. seeds, he did induce the endo-
phiytic system of the parasite to invade enllus in tissue cultures of
infected stems,

In general, the osmotic concentration of the cell sap of parasitic
plants is higher than that of their hosts {Harris ef al, 193, Meas-
urements of sLrceuthobium vaginatum . eryptopodum and ponderosi
pine tndicate that il is is true heve also. aithough the differences are
slight:

Osniotic pressure

Bryce Canyon,
Plagstaf], drizt Lieh?

{almospheres) {atmospheres)
Trwarfmistlefoe. . .. .. .. i, G 23,7
Ponderosa pine..o. .. oLl 17, 1 20,14
Differenee. ... L. .. . 5 3.6

t Rorstinp 1924,
T Harris 1134

The slight differences between the osmotic concentration of tissue
fluids of the he st and the parasite snggest that this might be a critieal
factor governing the distribution of dwarfinistleipe. For example,
an osmotic concentration f the host that is too high to support the
parasite might explain the abgence of dwarfnistletoe at the lower
limits of the ponderosga pine type in the Southwest. This possibility
18 strengthened by the finding of Flarris et al. (1930) that the range
of osmotic concentrations in mistletoes of the genus Phoradendron was
considerably narrvower than that of their host plants.

PATHOLOGICAL ASPECTS OF DWARFMISTLETOE INFECTION
Age of Host Growth Susceptibie to Infection

Barly studies by Weir (1818, p. 8) indicated that dwarlFmistietoes
are nof able to hecome established on growth more than 3 vears old.
Results of the present study show that Areenthobivm vaginatum f,
cryptopodum. can infect ponderosa pine growth at Teast § years old.
The current year's growth is the most susceptible. and susceptibility
decreases with age. It has also been shown recently that L. amers-
canumn can become established on Pinus contorfa growth up to 58 vears
old {Hawksworth 1954},  The basis for the resistance of older Hissues
was thought by Welr (1918, p. 4) to be due (o corle formation and
the absence of exposed chlorophyBaceons Hssues.
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Resuits of tests reported here suggest that factors affecting the seed
may also determine the amount of infection that takes place on growth
of various ages. Seeds placed on oider tissues ure more apt to be
destroyed Ly insects or vemoved by rains than seeds placed on recent
growth. When pliced on the needle-bearing purts of a twig (or
roughly the last 4 to 6 years of ponderosn pine growth}), they are
somewhat protected and heace have a greater chanee of remaining
long euough to germinate and produce a new infection,  Recause the
needle refention of ponderosa pine varies in the Sonthwest, this may
have a bearing on velative suscoptibility in different aveus.

Infection in Relation to Tree Size

Infection is not common in seedlings, even though all stem growfh
on the tree may be susceptible, because such trees present n very sinall
taeget avea. In general, within aa intected stand. the frequeney of
the parasite inereases with tree size (fig. 8). The proportion of frees
intecied tneveased rapidly n the smaltler diumeter classes (19 percent
in the 1-inch class to 57 percent in the 3-inch class). and then increased
graduually to 100 percent in trees larger than 33 inches 1o diameter,

Influence of Tree Vigor on Infection

Tu contrast to most pathogens, of forest trees, dwarimistletoes are
obligate prrasites: that is, they can survive only on living hosts, and
as such are directly dependent on the vigor of their hosts.  While most
disease agents develop most rapidly on trees of lowered vigor. the
opposite 15 usually true of obligate parasites.

Areceuthobiwm vaginatwm {. cryptopodim has Targer, more robust
shoots and produces move sced on vigorous ponderosa pines than it
does on poor-vigor hosts. The rate of extension of the endophytic
systeny of the parasite is nearly fwice as rapid in the main stem of
dominanl as in suppressed lrees,

Prolonged dwarfmistletoe infeetion results in lowered vigor of the
host, Tt should be kept in mind that lowerad vigor is a result rafher
ihan a eause of infection,

The direet relatiouship between vigor of the host and vigor of the
migtletoe is not commonly understood.  Many foresters in the South-
west believe that vigorous frees may “throw off” or ontgrow the
parasite. TTowever. the only insfances seen in which the parasite
had been killed were elearly attributuble to the killing of nfected
branches, and. of course, the parasite with them. Shading is the
eonnmonest cause of the dearh of Jow branches.  Other causes include
fire, insects, and rodents. A possible explanation for the erroncous
belief that ponderosa pine trees ean “throw off™ dwarfmistieioe in-
fections is the common oecurvence of brooms crused by agents ofher
than o reeuthobivm. Brooms induced by the Tungus Fiytrodermu
deformans {Weir) Darlier are sometimes confused with those cuused
by dwarfmistietoe, but the cause of the most conmion nonmistietoe
brooms is not nown.  Because no mistletoe shoots are found in such
hrooms, some observers think (har the tree has “overcome™ a dwari-
mistletoe infection.
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Frerre 8.—Incidence of dwarfmistietoe in ponderosn pine in reizrtion fo dinmeter
class, based on 16,710 trees on 83.4 gmeres uf experimentai plots in heavily
infected stonds in Arizona, Utah, and New Mexico,

How Dwarfmistletoe Weakens and Kills Its Host

The insidious effect of dwarfmistletoe is o result of the appropria-
tion of water, minerals, and other nutrients by the parasite and in-
fected parts of the lower crown at the expense of upper parts of the
crown. Once & branch becomes infected, it is able to take more than
ite share of nutrients. Thus, the diameter growth of infected branches
is greatly enhanced {Kovstinn and Long 1922, p. 17-19). Infected
branches may become several rimes us large as uninfected branches in
the same whorl, and they tend Lo persist long after the uninfected
branches are shaded out.  As progressively more nnd more nutrients
are appropriated by infected branches, the vigor of the crown declines.
Eventuaily, the effective photosynthetic surface area of the tree is re-
duced below that necessary to sustain it, and death results,

The length of time required for dwarfmisfletoe to kill a tree is
highly variable. Aumong the more important factors invelved are
nge of the tree when infection occurs, amount of the parasite in the
tree, vigor of the tree; and activity of secondary pests. A tree in-
fected while young is more readily killed by the purasite than one
infected later in life. Also, the amount of mistietoe in a tree affects
its longevity, since there is little reduction in growth rate or vigor untii
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more than two-thirds of its crown is infected. Trees of poor vigor are
more readily killed by dwarfmistletoe than those growing vigorously.
Secondary pests, particularly bark beetles, frequently defermine the
fate of heavily infected trees; as the vigor of such trees declines, their
susceptibility to bark beetles increases. Buark beetle outbreaks often
originate in heavily infected stands, and the killing may extend out-
ward to nearby lightly infected or mistletoe-free trees. Phillips
{1907) noted that peuderosa pines infected by dwarfmistletoe were
more susceptible to late frost injury than were healthy trees.

ErrECTS ON THE Host

Growth Rate

There have been a number of investigations on the effects of
Areewthobivm vaginatum L. cryptopodum. on the growth rate of
ponderosa pine (Kurstian and Long 1622, Sperry 1834, Pearson and
Wadsworth 1941, Pearson 1950, and the present study, page T4),

Korstian and Long (1922) analyzed about 200 trees with various
degrees of infection and concluded that there was little or no redue-
tion in the growth rate of lightly infected trees but that there was a
marked fallmg off of current growth of heavily infected trees. Radial
increment during a S-year peviod in heavily infected frees was only
12 to 14 percent of that of uninfected trees. The reduction in cubic-
foot increment was somewhat less and ranged from 13 to 31 percent of
that for the mistietoe-free trees. Sperry (1934} also noted u redue-
tion in racdial growth of heavily infected trees in Colorado. althongh
his study was based on only 10 trees,

The growth rate of infected trees over a 30-veuar period on the Fort
Valley IZxperimentul Forest., .\riz.. was reported by Pearson and
Wadsworth {1941) and PPearson (1950, p. 164). There was no diifer-
ence between uninfected and hightly infected frees, but the volume
increment in heavily infected trees was 33 percent less than that of
heaithy trees. Pearson (1950, p. 85) also compured the growth rate
over a 25-year period of stunds that had various amounts of mistletoe
(table 1}. (iross growth in heavily infected stands was 140 board
feet per acre per vear us compared with 185 bourd feet in lightly
ntecfed stands. The differences in net growrh were even grenter,
because of the higher mortality in the heavily infected stands.

In the present nvestigration, informuation was obtained on the
growth rate of abour 1600 trees in one localiiy in southern New
Mexico. Trees with various degrees of infection were sampled n two
nge claszes and four dominance classes. The etfect of dwarfmistletoe
on recenf radial inerement was most pronounced where growth in
heavily infected. dominant trees for a f-year period was reduced by
35 percent In 3i-vear-old stands and 52 pereent in 140-year-oki stands.
No significunt reduerion was apparent until at least two-thirds of the
crown was infecfed. The effect of heavy mfection on total veolume,
height. and diamerer—the reduction of these avernged 36, 19, and §
percent. vespectively-—was less pronounced than that on recenf radial
nerement.
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TABLE 1.—Comparative annual groicth rate and smortality por aere of ponderosa
pitie in dwerfmistieloc-infected stands over e 25-year period, 1905-34, Fort
Valley Experimental Forest, Ariz.

Gross volume per
Grosg | MMortal- Net

Amount of dwarfmistlcloe | Aren growth ity growth
1800 1034
Merer | Boord feet| Board feet Board feel] Bonrd feet| Board feet
2.0 &, 200 9,520 185 0 185
4.6 3,470 0, 50 169 k] 163
i3 5, 880 8,230 140 k) 103

T Criterin for elassifying siands or titne of classifieation are not given,
Source: After Pearson 1050, p. 85,

Vigor

Heavy dwarfmistletoe infection lowers the vigor of the host. Kor-
stian and Long (1922) showed that length of needles, length of
needle-bearing stem, and volume of crown are all markedly reduced
in heavily infected trees. They also noted that the leaves of heavily
infected trees were lighter green than those of healthy ones. In the
results reported here, the frequency of poor-vigor trees (those in
which the upper third of the crown was thin or fading) was 10 to 30
times as high in heavily infected trees as in nninfecfed and lightly
infected trees in the same stand.

Mortality

The mortality rate in heavily infected ponderosa pine stands is
abnormally high {Korstian und Long 1922, Pearson and Wadsworth
1941, Pearson 1950, Gill 1954, Andrews and Daniels 1960, and Fawks-
worth and Lusher 1956).

Figures 9, 10, and 11 show three beavily infected ponderosa pine
stands. Stands on the Sowth Rim of the Grand Canyon are shown
in hgures 9 and 11. The basal area in living trees in a 10-acre plot
in this stand decreased 11 percent between 1930 und 1955, Of the 32
merchantable trees on the plot that died during the 5-year periad, 31
were heavily infected in 1950. An infection center in a virgin stand
on the Fort Valley Experimental Forest. is sliown in fgure 10. ITeve,
the parasite has been responsible for the death of ail merchantable
trees in an aren of about three-quarters of an acre.

Mortality in small plots on the Fort Valley Experimental Forest
as reported by Pearson (1950, p. 85) uveraged 0, 6, and 37 board feet.
per acre per year in lightly, moderately, and heavily infected stands,
respectively (table 1}.

In an intensive survey of w 200,000-acre arvea in southern New
Mexico, annual moriality was estimated at 48 board feet per acre in
infected stands and 27 board feet per acre in stands without dwarf-
mistletoe (Hawksworth and Lmsher 1956). The difference was most
pronounced in cutover stands where annual mortality rates were 40
anc 12 board feet per acre for infected and healthy stands, respec-
tively.
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healthy trees and 61 pereent Trom infected ones. Korstian amd Long
P22y eonddueted a more decailed stady and fonne that there was n
reduction in both quantity and quality of seed production by infeeted
tree<. They reported that the “reprodnetive vahe™ (umber af ¢lean
seeds per tree times nimtber of clean seeds per pound tines germination
pereent) was reduced by 62 pereent in mindera 1y infected trees and
by 73 pereent in heavily infected ones as compared with rhe healthy
Lrees.

Morphological and Anatomical Effects
Hypertrophies
Swelliges resulting from loeal stimulation of beth xylencand philoen

tis=ies are charaeteristie of mosC infections of e w hobiun Freepini-
P L cenpptopadnm on ponderosa phie. They wre les< cotmprieuons in
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main-stem infections than in branches. Since swellings usnally pre-
cede shoot production, they provide a means for detecting incipient
mfections.

Witches’-Brooms

The most conspicuous symptom of dwarfmistletoe infection is
witches’-brooms. These are growths of abnormal branching habit,
often with unusually dense foliage. Three general types of brooms
are found on pondercsa pine infected by Arceuthobion vaginatum £,
cryptopodum. (page 86}.

The commonest type, which is herve termed typical brooms, is usually
much more abundant than the other two types together, and it ac-
counted for 85 percent of the brooms in two sfands in Arizona. These
are approximately spherical in outline and may attain diameters of 12
fest or more. The branches are characterized by a marked taper
{Ag. 12},

The second type is termed volunteer leader brooms, because of o
marked vertical tendency of the branches. The branches on the broom
grow so fast that they may surpass the original main stem in both
height and diameter. ” These scconnted for about 15 percent of the
brooms present in two stands examined, The proportion of brooms of
thistypeis highest in yonng stands.

The third type is called weeping brooms, because the branches are
geotropic. This type is velatively vare, and it accounted for less than
1 percent of the brooms in two stands studied. It Qifiers from the
other types in that the endophytic system of the parasite keeps pace
with the terminal growth of the branches {systemic infection), and
all growth on the branch is infected. In typical and volunteer leader
brooms, the infection is localized at the center or base of the broom,

Why three different types are formed by the same parasite on the
same host is not yet known. A serieswof young plants has been tagged,
and observation of them should eventually provide an answer fo this
fuestion.

Increased Branch Growth Rate

The diameter growth rate of dwarfmistletoe-infected branches is
greater than that of healthy branches, and the rate is proportional to
the amount of the parasite. For example, orstian and Long (1932,
P. 18) report that for a -year period the diameter growth of unin-
fected branches and those lightly, moderately, and heavily infected
was (.14, 0.16, 0.27, and 0.38 inch, respectively.

The Jargre branches on infected trees {fig. 13 4, B, and D) Jower the
quality of the wood prodaced in such trees, but the actual amount of
reduction has not been measured. These large linbs also make har-
vesting ard slash disposal operations more costly. The lower boles of
ponderosa pines are frequently scarred when the pitchy, breomed
branches are burned (fig. 13, ).

Cankers

Occasional infections on the main stem of older trees ure associated
with necrosis of the bark and wood (fig. 13, 7). Korstian and Long
{1922, . 19) deseribe “resin cankers™ that are Inte stages of hyper-




Mcure 12—Typical witches-brooms in ponderosa pine infected by d\varfll\iSl;let{)&. 'A, L.arg_e broom a!: the gzﬁnadfﬁ)%%oll‘lugauﬁgﬂ
‘Park, Ariz. B, Closeup of the central part of an unusually large broom showing its size in comparison wi .
Valley Bxperimental Forest, Ariz.
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Fraves 13- —Efects of dwarfmistlerse on the reduction of nerchanrability o
piandernsa pine. A, Pole 12 inches In dinmeter with threo infeceted Liranehes an
the lower 16 feer of the bole, These hranelies averdge abong 5 inebes in
dinmeter at the bole, while pil uninfeeted hranehes in this pael af the bhole are
tlerdl. f50 A infoction at fhe estin stem of 0 12-Tneh pisle, shiwing distortion
in the vieinify of the infection. 7. Severely senreed bobe of @0 2 el e
pine, caused by the baening off of 0 mi=tietoe-broonwed Lranei, Iy, D] aoss
on the bole of o mature porderosi pine note slonghing of barel jusce Lef of
the toprof the x handler,  Toxee! detivity and AP o s well s the LTueee tiieh
reduce the » crehantability of this part of the hale. 1.1, Fort Viloy Expoeri-
mental Forest, Acviz. K., and £, Grand hinvon National ark, Ariza
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trophies in which the sapwood is heavily infiltrated with resin and
there is n copious resin flow, They also state that resin flows are
indicative of decline of the host and that such trees usually die within
a relatively short time.

Effects on Woods

In time, the wood of pondercss pine infected by dwarfmistietoe
becomes pitch-soaked and brashy. There in excess ray parenchyma,
but detuiled studies of the infected wood have not been made. Well-
wood (1936) noted that sapwood of western hemlock infected with
Arceuthobium. caompylopodum had a lower specific gravity and lower
moisture content than uninfected wood. Preliminary tests with pon-
derosa pine sugwest that infected sapwood has a lower moisture
content but a higher specific gravity than uninfected wood {table 2},
Statistical tests indicate that the differences between intected and
uninfected wood are all highly significant. In the older sample tested,
the molature content in the infected part was about one-third that in
uninfected purts of the same stem. The marked increase in speeific
eravity in the older sample is thought to be a result of extensive resin
infiltragion which is characteristic of old infections.

Tante 2—Compargtive speeific yravily end moistuic vontent of wand infeeled by
diwarfmistietoe and adjucent wninfected wond b Hhe same ponderase pine iree,
Fort Ualley Bzperimoental Forest, Ariz.

B | |

Mobsmere « Specific

! Annnal rings: Peterming. o foplent, woavily,!
Type of woorl . insample Lighg o omean miul o mean god
I standardd 0 stamdand
i { i error ! error
s m s e e -
Tree No. 12 Nuather . Number 0 fercent !
TRIRICE _aeooes i e oo 13 A, 154t | fLH=0.01
TOMRECEl ot vmianacn cae e o memee e o 15" 3 Nl - Al .01
Tree &vo. 2 .
Uninfectedd ... ... 3. a - 100 TSR ]
fnlzetod i A Bl BT

1 Ovendry weiphi, ovemlry volume basis.  Samples from lower holes of T0-yoar-oid trees,

FACTORS INFLUENCING THE DISTRIBUTION OF
DWARFMISTLETOE

Characteristically, dwarfmistietoes are irvegularly distributed, and
their abundance even in adjacent stands may vary considerably. In
this section, some of the tactors thar influence the distribution of the
parasite in Southwestern ponderosa pine forests are digenssed. An
ipottant facior to keep in mind is that spread of dwarfmistletoe 1s
slow. The refurn of the parasite into areas wheve it has once been
eliminated is a longtime process.  The reason is that the seeds ave not
disseminated by wind and. with the exception of oeeasional long-
distance spread by bivds, the spread is decidedly Jocal. The slow
spread of dwarfmistietoe Is perhaps nowhere betier illustyated than in
the voleanic avea northeast of Flagstalf, Arix.  Here, approximately
900 years age, an eruption covered an area of about 100 squwre miles
with a laver of cinders and ash deep enough to il the forest cover.
Ponderosa pine has retirned into the arens where it was onee killed
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out, but there is very little dwarfmistletoe in these stands. The only
infection present 1s along the edge of the cinder avea. A suvvey
showed that infected stunds nccount for less than 1 percent of this
ponderosa pine area compared with 37 percent infection on an adjucent
anger district where the voleanic activity occurred several thousand
years ago.

The present distribution of dwarfimistletoe is the result of the slow
spread of the parasite from infection eenters over countless genera-
tions, with interruptions in its range in places where the host has been
destroyed by fire, voleanic activity, or logging.

Type of Stand

The spread of dwavfmistletoe is most rapid from overstory trees to
an understory and is considerably slower through even-aged stands.
The two-aged ponderosa pine stands common in some parts of the
Southwest present optimum conditions for the spread of the parasite,

The rate of spread of this species was measured in variots types of
stands as part of the present investigation. and it was found to average
1 to 2 feet per year (page 66). The results show that there are not
only differences between overstory to understory and lateral spread
through even-aged stands but also between stands of diflerent densi-
ties. The parasite progressed about one-third more rapidly through
openr-canopied than through closed-canopied stands,

Stand History

Although the temporary destruction of the forest cover by voleanic
activity has been a factor in checking the spread of dwarfmistletoe in
a few local areas. it is of little sigmificance on a regional basis when
compared with the effect ol destruction by fires and logging.  Severe
fires have prohably been the most important factor in keepig dwarf-
mistletoe in check. for once large arcas of ponderosa pine forests ave
killed, the spread of the parasite buck inlo the area is considerably
slower than the return of the pine.

Many early Jogging operations where clear cutting was npproached
had somewhat the same effect as severe fires. Many of these stands
were mature ponderosa pine with little or ne undersiory: thus, the
removal of essentially all merchantable trees alvo eliminated the para-
site over large areas.  Notable examples of such cutiings are to be
found in northern New Mexico and in central Arizona. QOceasiona
pateles of infection. where the trees were too small or too deformed
to be harvested, confirm that the purasite was onee considerably more
widespread in these stands than at present.

Most ot the logging done under various modifications of the selec-
tion system has tended to intensify dwarfmistletoe in the residual
stands. This stimularion of the parasite in cwlover stands is well
known in the Southwest, and for other species of Areenthobium else-
where. It is presumably due to inereased ligght. although improved
host vigor of residual trees mayx also be an equaliy important factor.
The removal of only heavily broomed trees iz ineffective in reducing
the pavasite, beeanse such treex are often the least tmportant as far as
ineflectiveness is concerned.  Often they produce fower miistletoe [ruits
rhan more vigorous trees. which may have fewer infeetions,
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Site Factors

1t has been suggested (Korstian and Long 1922) that dwarfmistle-
toe on ponderosa pine is primarily a problem associated with poor
sites. Actually, there is no clear-cut relationship befween site quality
and accurrence of the parasite. It is found on poor sites as well as on
some ofthe best. However, site quality is often underestimated, be-
cause of the presence of wealtened and dying trees in heavily infected
stands.

In the Southwest, most ponderosa pine stands, on the basis of
Meyer's (1938) site classification, vary from classes ITT to VI with
the majority of stands in classes IV or ¥ (Pearson 1950, p. 40}.

Andrews and Daniels (1960} recently found thut. for virgin
ponderosa pine in Arizona and New Mexico. infected stands had
slightly higher gross volumes than uninfected stands.  This was true
despite higher cirrent mortality vates in the infected stands. It ndi-
cates that the difference between volumes in infected and in healthy
stands was previously greater than at the time of the survey.

Topographic Position

A possible explanation for the early reports and widespread belief
that dwarfmistletoe is primarily o problem associuted with peor sites
is the high frequency of tlie parasite on ridges. The commonly over-
laoked fact is that although the frequency of dwarfmistletoe is un-
nsually high on ridges, such sites constitute only a relatively smnll
part of a forest area und, of course, are of even less importance when
volumes are considered. Detailed information is available on the
incidence of dwarfmistletoe in velation to topographic pesition in the
Mescalero-Apache Reservation, N. Mex. (Fawksworth 1939b).  As
shown in the following tabulation, the incidence of dwarfmistletoe in
the ponderosa pine type was nearly twice as high on ridges as in
hottoms, but 87 percent of the infected stands were on slopes. Eight
percent of the infected stands were on ridges, and these contalned only
4 percent of the total infected volwme.

Plofs with dwarf-

Plot mistletoe
basis Basis Freguency
Topographic pasilion {anmber)  (nwnber} {pereend)
Bottom ... ... o e LGT 62 37
Slope. .. ... e e . 2, 140 I, 142 33
Ridge. .. . ... ... P iat 10t 47
Toial or average. . . . 2, 964 1,305 53

The explanation for the high incidence of the parasite on ridges 1s
not known, bul its presence there is not thought to be due simply to
poor growing conditions. The reason for this beltef is that dwarf-
mistletoe is exceedingly rave on other poor sites, for example, at the
lower limits of the pondevosa pine type. 1t is possible that this high
incidence may be due to high Hzht intensity on the ridues, since dwarf-
mistletoes are reported to be very sensitive to light (Gill 1935, p. 216).
MacDongal {1899) suggests that the high incidence of the parasite on
ridges and along the rims of mesas might be due to higher relative
humidity at these places as a result of ascending huniid wir currents.

390330 O-61-3
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Steepness of Slope

Roth (1954) found that on ponderosa pine on one locality in Oregon
there was & marked increase of infection from Arecuthodium cam PYy-
lopodwmn 1. campylopodum with increasing degree of slope. On the
Mescalero-Apache Reservation, N. Mex,, the incidence of 1. vaginafum
1. eryptopodum in the ponderosa pine type decrensed as steepness of
slopes increased, but the differences were relatively small {Flawks-
worth 1959b) :

Plots with dwarfmistlielor

Plot basis Basis  Frequency

Steepness of siops (number) (numbery  (percent)
Centle (under 10 pereentY. ... __ 1, 0482 GLS 57
Moderate (L0 to 30 pereent) .. ... (21 328 53
Steep (over 30 pereent) ... ___ .. 133 196 44
Total or aversge.___.__ ... 2, 146 I, 142 ad

Chi-square tests indicate that the difference between gentle and steep
slopes is highly significant: between moderate and steep slopes, the
difference is significant, The difference between gentle and moderate
slopes is not significant. Similar vesults were obtained for this species
irom plots in the ponderosa pine type throughout Arizona and New
Mexico (Andrews and Daniels 19607

Elevation

Korsbian and Long (1922, p. 2) report that in Arizona and New
Mexico dreewthobium vaginctum. t. eryptopodwm is most abundant
near the lower limits of the ponderosa pine type, and Palmer (1929)
records a similar observation in western Texas. However, this is not
the case; the parasite decreases in nbundance with decreasing eleva-
tion and is exceedingly rare in the marginal ponderosa pine stands.
The relationship between elevation and occurvence of the parasite
within the commercial forests of the Mescalero-Apache Reservation,
N. Mex,, is shown in figure 14 {Hawksworth 19539b). Incidence was
highest (60 percent of the plots with mistletoe) at the median altitude,
and it decreased both at higher and lower altitudes. For the South-
west as & whole, frequency of this misiletoe inereased with alritude,
and no decrease nf the ligher elevations was noted (Andrews and
Daniels 1960).

Aspect

Korstian and Long (1922, p. 3) indicate that ponderosa pine dwarf-
mistletoe is most abundant on soutl slopes. This was confirmed for
the Mescalero-Apache Reservation, as the incidence on south and
southwest slopes was 61 pereent (plot hasis), and on north and north-
enst slopes 0 and 4+ pervcent, rospectively (Jlawksworth 1939h).
The parasite was more commen on gentle than on steep slopes on all
elzht major aspects. The highest incidence wus on gentle, west slopes
(74 percent) and the least on steep. noriheust slopes {33 percent).
However, Andrews and Daniels (1960) found no relationship between
aspect and frequency of this parasite in their survey of all commercial
ponderosa pine stands in Arizonnand New Mexico.




DWARFMISTLETOE OF PONDEROSA PINE IN THE SOUTHWEST 31

FREGUENCY OF ARCEUTHQBIUM VAGINATUM

DISTRIBUTION OF PONSERQSA PINE PLOTS
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Frovre 1+—Relatiopship between elevation and incidence of ponderosn pine
dwarfuzistleioe on the Mesenlere-Apache Regervation. N. Mex. Basis: 2,340
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CONTROL

Before direct control measures are discussed, mention will be made
of natural factors that tend to reduce fhe incudence of in fection.
These are the occurrence of vesistant trees and the activity of bio-
logrical control agents.

Natural Control

Resistant Trees

Bates (1927) reported # slow-growing, straight-holed form of pon-
derosn pine in Colorado that was a pparently well adapted to dry sites
and in addition seemed to be nearly ininune to dwarfmistieloe.  Near-
immunity was presuined because of the extreme searcity ot the parasite
on this form of ponderosa pinc. These trees were examined n 1959,
and some were lightly fo madertely infecled. Tests are pliumed to
determine the relative susceptibility of these frees and their progeny
in comparison with ponderosa pine from olher arens.
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In ponderosa pine stands in the Southwest, as in most dwarfmistle-
toe-infected forests, there is 2 marked variation of mmount of mistletoe
in trees that have presumably been exposed to compitkable umounts of
infection (Gill 1035, p. 215). 1t is, of cowrse, impossible to determine
the amount of infection to which a certain tree has been exposed, but
occasional instances are noticed that lend strong circumstantial evi-
dence to the iden of susceptibility differences.

Two cases of presumed very low susceplibility, but none of com-
plete Immunity, have been observed in the Southwest. One of these
was on the Grand Canyon National Park, Ariz., and the other on the
Mescalero- Apache Reservation, N. Mex. In hoth cases, pole-sized trees
with two infections each were surrounded by heavily infected trees
bearing several hundred infections. The supposedly resistant trees
were 5o close to the heavily infected ones that their branches infer-
mingled. The four infections on the two presumably resistant trees
were of very poor vigor, although the hosts were of good vigor. In
three of these infections no shools were present, but dissection swell-
ings disclosed sinkers in the host branches.

Because of the manner in which dwarfmistietoe seeds ave dispersed,
infection is variable even where the purasite is abundant. Trees in
dense stands tend to screen their neighbors from infection. Although
differences in amonnt of infection may be due to variation in host
susceptibility. it is only when these differences are extreme. as in the
two cises just cited, that one can assame that this is probably a pri-
mary factor,

It is not known why frees are susceptible to dwarfmistletoe. Bates
(1927) suggested that the vesistance of frees he had studied was due
to “lack of succulence™ of the limbs of this particular form, Physio-
logical factors ave probably involved in resistant trees noticed in the
Southiwest, because there were no obvious morphological differences.

Biological Factors Affecting Dwarfmistletoe

Some biological agents dest roy dwarfmistletoe shoots or seeds.
However, none of the agents appear to be abundant or persistent
enough to sericusly reduce dwiurfmistletoe populations, althongh they
may be effective in certain yvenrs. Those agents that merely destroy
shoots are not fatal to the dwarfmistictoc plant.  The endophytic sys-
fem of the parasite is not affected. and new shoots are soon formed.

Fung;

No parasitic fungi have heen previousty reported on . lrernthohivm
vaginatum, At lenst four spevies of fungt are known ro atrack dwarf-
mistletoes in the United States, and two of { hosp are conuuen in the
Southwest on other species of Arceuthobivm. Wallrathiclln arecu-
thabii (Peck) Sace. was seen in only one instance on . racginainm £,
cryptopodum where a collection was made on the Mesealsra-Apache
Reservation in southern New Mexico, The fow infected fruits on {his
mistletoe were found in a wixed ponderosa pine-Douglas-fr stand
where 4. douglusii on Douglas-fir was severely parasitized by the fun-
gns. Because atlucks of W arcenthohii on A, reginaliom are so rare,
this fungus cannot be considered of any mportance on this host, It
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has been previously reported on the other four United States specles
of Arceuthobiwm (Gill 1985, p. 219).

Septogloeum gillii Fllis parasitized Arcewthobivwm vaginatum f.
eryptopodum following artificial inoculations, but it las not been
observed on this species in nature {Ellis 1946, p. 28).

Insects

A number of insects are associated with dwarfmistietoe, and some of
these nre very destructive to shoots in certain years, The losses of a
great many of the seeds in artificial plantings suggest that insects are
probably important in nature zlso. Thrips, which are presumably
pollinators of this dwarfmistietoe, huve previously been mentioned.

A spittlebug, Clastoptera obtuse {Say) {Cercopidue, Yomoptera},
is the most conspicuous insect on this species of mistleice (Korstian
and Long 1992, p. 34). Tt destrovs entire shoots but is rarely abun-
dunt enough to be important except lacally. Although the insect is
widely Qisiributed, it seems to be somewhat more abundant in Arizons
thun i New Mexico.

A plant bug, Neoborella humida Knight {Miridae, Hemiptera), was
described from lrecuthobium vaginatum f. eryptopodum at Lstes
Purk. Colo. {Knight 1927, p. 42). This tnsect is common in Arizona
and New Mexico and, although it is a plant feeder, it seems to he of
little or no 1mportance.

Larvae of the thickset hairstreak, Mitoura spinetorum {Hew.)
(Theclinae, Lepidoptera), feed on dreeuthobiwm vaginatum t. eryp-
topodunm shoots (Remington 1958). Although they can destroy entire
alumps of shoota. they are too rare to be considered important. The
larvae have been collected in only two loealities in northern Arizona,
but they are found ocrasionally on this species in Colorade. Other ve-
ported food plants of this larva are . canm pylopoduin £, cum pylopo-
dum in Calitornia (Comstock and Dammers 1938), 2L rampylo podum
£, divaricatum in Avizona (Garth 1950, p. 31}, and 1. wnericunum in
Colorado {Remington 1958},

Larvae of at least three Lepidoptera are important shoot destroyers
of this mistletoe: Pasypyga alternosquamella Rag. {Pyralidae) and
Galechia natalis Heinrich {Gelechiidae) in Colorado {Tleinrich 1921)
and an apparently undescribed species near Peroneq {Tortricidae),
tentatively identified by Dr. (. L. Remington, Yale Tniversity, from
larvae collected i Arizona. The geographic distribution of the three
species 1s pootly known. These insects mine out the larger shoots
and also feed on the vounger shoots and seeds. In some localit tes and
in some vears they are so abundant that the ground in mfected stands
is littered with dead shoots. "This dimage has been noticed m many
areas in Arizona, New Mexico. and Colorado.

A red mite, an undeseribed speciss of Breeipalis, i commonly found
in the scales of dreewfhobium raginatwm f. eryptopodum shoots
throughout the Southwest. The same mite is foumel on the dwarfmis-
tletoes of Douglas-fir and pinyon pine, A. douglosii and A, rom pylo-
podum, £, divaricatum. vespectively, but it does no noticenble damage
to any of these three mistletoes.

Other insects associnted with ponderosa pine mistletae include o
geometrid larva, & gray weevil, and o blark seale inseet.  They are
relatively rare and have not been identified.  Many other insects ave
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found in dwarfmistletoe shoots, but since their occurrence is very
irregular they seem to be casual visitors.

Another effect of insects on dwarfmistletoe is the killing of mistle-
toe-broomed branches by small bark beetles. The species have not
been determined, but presumably they arve the common branch bark
beetles of genera such as Pityophthorus and Pityogenes. QOften the
only branches attacked in a tree ave those infected with dwarfmistle-
toe. This activity varies from year to year, and it was unusunally com-
mon in 1957 in northern Arizona. The killing of infected branches
by the beetles has relatively little effect on dwarfmistletoe populations.
Usually the branches with the oldest brooms ave attacked; as previ-
ously mentioned, these ave relutively low in infectiveness.

Mammals

Taylor (1935, p. 51) made an intensive study of the porcupine in the
Southwestern forests and notes that dwarfmistletoe is its primary
food in the fall months. Tavlor also discusses the role porcupiies may
play in the dissemination of dwartmistletoe.

Infected bark is commonly mmawed by rodents.  Since much of the
work is on twigs too small to support a porcupine, Abert squirrels
may be responsible. These squirrels wre common in most ponderosa
pine forests, and they are important twig cutters.

Both mule deer and white-tailed deer seem to relish dwarfmistletoe
shoots, and they frequently feed on them in fresh logging slash. Under
natural conditions, relatively few shoots are within reach of these
animals,

Birds

Although most genera of Loranthacere are dependent almost en-
tively on birds for their dispersal, birds play s relatively minor role
tn the dissemination of slreenshodium. The evening prosbeak (Hes-
periphona vesperting (Cooper}) is the only bird actually seen feeding
on ponderosa pine dwarfmistletoe fruits, and this was but a single
observation. However, the common occurrence of voided seeds indi-
cates that the eating of mistletoe seed by birds is not rare. The
germination rate of such seeds seems to be very low. The number of
mnfections resuiting from bird-disseminated seed is not known, and
these are only apparent when they develop in aveas where the parasite
was net previously present,

Artificial Control

The only method for reducing dwarfmistletoes is by pruning in-
fected branches or killing infected (rees. Satisfactory chemical con-
trol methods for these parasites have not been found.

Chemical

Although a number of chemienls have been fested on dwarfmistie-
toes. none has been found that will kill the root system of the parasite
without damaging the host (Gill 1951}, A wieat many herbicides
will veadily kil the aerial pavts of the plants. but resprouting soon
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occurs. The chemicals tested on 4. vaginetum £, cryptopodum are
listed by Gill3 Even were a chemical found that could kil dwarf-
mistletce without undue harm to the host, it probably would not re-
place the need for effective silvicultural reduction of the parasite,
Chemicals that kill the shoots only might be useful in certain high-
value stands. because repeated applications could prevent fruiting
and spread.

Pruning

If trees are Hightly infected and if no infections are near the main
stent of the tree, pruning of infected branches will eliminate or reduce
the parnsite. IHowever, shice pruning is expensive and since pruned
trees often harbor many latent infections, the operation is of limited
usefulness. 17nless it is conducted in conjunction with stand-improve-
ment work, pruning is practicable only in cevtnin high-value areas
such as administrative sites, canipgrounds, or recreational aveas,

Terry {1922} suggested that pruning could be practiced in ponder-
osa pine stands to preserve enough trees to reseed areas that were to
be cut heavily to control dwarfmistletoe. While he considered prun-
ing to be a technically feasible method for saving certain trees, he
questioned the economic possibility of the operation because of the
then low stunipage vaiues.

Gill (1934, p. 7) states that if shoots ure apparent on w branch
within 1 foot of the bole, the purasite g probably already established
in the bole and cannot be eliminated by pruning. .\ general pruning
rule given by Kimmey (1957, p. 10) for Calitornia species ot lreew-
thobium is that n braneh is prunable if the distance from the bole to
the closest shoot or swelling ix at least fwice the diameter of the branch.
Shea {1957) suggests that for oA, campylopadwm . cem pylopodum on
ponderosa pine in Oregon, branches in which the swellings are at
least -4 inches from the bole may be safely pruned.

Tn 1932, a study of 470 branches was begun on the Fort Valley
Jxpertmental Forest. Aviz. to provide more precise pruning gnides
for ponderosa pine infected with JAreenthobinvm vaginatum L. erypto-
podium. The G-yvear interim results suggest that Gill’s (1%34) “one-
foot rule” is conservative except for large branches. Ry 1958, shoots
had developed at the pruning wounds of 3 of the pruned branches.
The relationship between branch diameter and distance between the
hole und the clogest shoot was as follows:

Grealest bole-to-shoo -
dislance that left an
Branch dieameter {ouniside bark) infeclion in“!:'i_g bole
{inches} tinchest
Under 1,0 4
20 .l )
20-3.0. 0 . 8
70 T Y R 1

By adding 2 inches to (hese data as n safety factor, the following
tentative pruaning rule was developed. I shools on branches under

RGEL L. % Numomery of chemicals fested for controfling western species of
dwarfmistictoe {Arecathobinm sppy, Third Internarl. Forest sense Work
Conf, Prac., pp. 18-25, Nov, 30-Dee, 2. 19555, Spokane, Wash. | Mimeograthed. |
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1.0 inch in diameter are not closer than 6 inches from the trunk, the
infection may be vemoved by pruning the branch flush with the bole.
For each 1 inch increase in branch diameter, the minimum safe dis-
tance is increased by 2inches.

Experimental pruning of heavily infected trees at the Grand Can-
yon National Park, Ariz, in 1950 has resulted in improved vigor of
the trees. These results were noted even in irees with as much us 75
percent of the live erown length removed (und an estimated 90 percent
of the total foliage) and in trees that were already declining in the
upper crown. Such severe pruning is not recommended as @ general
procedure, but fhese 1ests show that certain high-value trees, nlthough
heavily infected, can e saved by pruning.

Pruning in heavily infected groups should not be attempted, be-
cause the number of incipient infections present in such trees is
usually high. For best results, only Huhily infected trees should be
pruned. The need for a second pruning will be lessened if two or
three whorls of branches above {he highest visibly infected branches
are also removed (Gill 1934, p. 7).

Silvicultural Control

Silvicultural contrel of dwarfmistletoe is ihe only practical method
of reducing the discuse in ponderoga pine forests under extensive
manigement. ‘To be most effective. the control operafions should
proceed us follows (Gill and Hawksworth 1954, Hawksworth and
Tausher 1950) '

1. Removal of all infected overstory trees.
2. Removal or pruning of all infecled trees in the understory.
3. Followup operations in all size classes.

The removal of all infected merchantable trees is currently prac-
ticed i ouly a few areas in the Southwest. Ohbservations in cut-over
stands emphasize that even lightly infecled frees should not be left,
because the parasite is stimulafed in the residual trees and infection
soon reaches serious proportions. IT possible, it is best to avoid eut-
fing in infected stands during the seed-dispersal period of the para-
site {mid-July to mid-August) (o prevent s undue spread.

The second step, treatment of infecied frees in the understory,
should follow the removal of the infected overstory hy 3 to 10 vears.
depending on the age and amount of infection in the vouny stand.
Work of this type has heen condieted on 12,000 acres on the Mescalero-
Apache Reservation, N, Mex, (TTawksworth and Lusher 1956Y. The
average cost was $4.17 per acre, which amounted to about 1.5 percent of
the averare per-ucre stumpage receipls.  Axes and powersaws were
usecdd to fell infected trees of submerchantadle size, and a limited
amount of pruning was done,

Because dwarfmistletoe plants undergo a lalent period of 3 1o 3
years ar even longer before shoois ure produced. control nperations
shotld he repealed after ubout 3 vears to climinate infections that were
previously overlooked. A third treatmeni after an additional 5 or 10
vears may be necessary i stands that ave very heavily infected. Onee
the parasite population has been reduced, a light treatment al cach
enfting evcle should keep it ut an innocuous level.

Dwarfmistletoe control in Tightlv to moderately infecfed stauds can
he accomplished with relatively minor moadifications in current cutting
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practices. The only additional work needed is in the treatment of
infected purts of the understory. Control in heavily infected stands
is presently difficult, for it is necessary to make drastic changes in
current cutting practices, which involve relatively light cuts. IHere,
it may be necessary to remove nearly every ovevstory tree, but some
of them may be saved by pruning. Fortunately, areas of such severe
infection usually account for only a small proportion of the infected
stands. Contrel in heavily infected stunds in the Southwest is also
handicapped, because planting cannot be done successtully in that
region. When satisfaclory artificial planting procedures ure devel-
oped, it will be a relatively simple matter to control dwarfmistletoe in
heavily infected stands by clear cutting, removing infected unmer-
chantable trees of all sizes, and replanting.

LIFE HISTORY OF DWARFMISTLETOE AS
DETERMINED BY INOCULATIONS

A series of inoculations with Areewthodbivan, raginetum £, cryptopo-
dam was begun in 1950, with the following objectivesin mind :

1. To determine the faciors influencing germination of dwarfmistie-
ioe seeds and the estublishment of infection.

2. To determine the relative susceptibility of different aged inter-
nodes * of ponderosa pine.

3. To obtain information on the development of dwarfimistletoe
plants, including length of time between germination and shoot ap-
pearance, lowering, and fruiting.

REVIEW OF PREVIOUS WORK

Apparently the first inoculation experiments with the dwarfmistie-
toes in the United Stutes were those of Weir in the Northwest {Weir
1918, Tle lists two infections of a species reported as Areewthobarm
raginatum T, eryptopodum (Razewmefskye eryptopode) from seed
collected at an unnamed locality in southern Utah and grown on pon-
derosa pine of local origin at Priest River, Idaho. A number of dis-
crepancies in the publication, however, make an interpretation of his
results Tor this species very diflicult. For example, the seeds are
Hated in the body of his table 1 (Weir 1918, p. 10) as sown in 1912,
but the heading of this table staies that they were collected in 1914,
Also, the species of oA reenthobiva and source of the seed are nof listed
for a number of the inoculations,  Finally. the dale of collection of
A, vaginatum f. ey ptopodum-seeds in Ulah is recorded as September 4
to November 14 This is questionable since these dates do nol coin-
cide with the seed-dispersal periad of the species, which is from about
mid-July to mid-Aungust.  In the light of these diserepancies, it is
apparent that Weirs information given fer .1 vaginelum t. cryplo-
poden cannot be relled upon,

' The term “internode” is used here to denocle the annual groneth of pine stes
betwesn the branch whorls rather than in it strict botanical sense for segments
of u stem befween points where specessive leaves arise.  An alternute ferm
“interwhor!™ is sogeested by Kimmey 153543}, but “internode” is retiineed horve
beeuuse of its current widespread usuge in this broader sense in bolh Lorestry
and botanieal literature,
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The first incculations with dwarfmistletoe in the Southwest were
made by W. H. Long in the Sandia Mountains near Albuguerque,
N. Mex., in 1916. He inoculated & number of conifers with several
Southwestern species of Phoradendron and Arceuthobium, including
the dwarfmistletoe now known as 4. raginatum f. cry propodum,
Many of the seeds were lost shortly after planting. The moculations
apparently were not followed up, as no reports on the resuits were
1ssued. The only record of this work is Long’s original field notes.
The study area is complicated by its subsequent development into a
heavily used recreation aven.

In 1985, a search was made for the inoculated trees. Only one
tree, a Douglas-fir inoculated with drceuthobaum dougiasii. was def-
initely identified. Identification of the inceulations with ponderosa
pine dwarfmistletos was complicated by the natural presence of the
parasite in the area. One ponderosa pine was found that was prob-
ably a test tree. This tree had » single large broom that was 5 feet
high and 8 feet across. The mistletoe plant was a nwule, and there
had been no reinfection in the tree. No other infected ponderosa
pines were present within about 70 feet.

Gill (1954) recorded some preliminary information on the develop-
ment of Arceuthobium vaginatum . cryptopodum. based on the J-year

results of the 1950 inoculations discussed heve.

METHODS

Because little information has been published on inoculation
methods used for the dwarfmistletoes, these methods will be described
in some detail.

Host Plants

The pines used for the inoculations were saplings and small poles
in natural stands. To facilitate examination, most inoculations were
made on trees that were short enough so that the infernodes on the
main stem could be easily reached from the ground, Tlsually, the main
stem was inoculated as well as a certain number of branches. Most
of the trees were from 10 to 20 years old, although a few were older.

Seed Collection

Dwarfmistletoe seeds were obtained by placing severed ® ponderosa
pine branches bearing female plants with near-ripe fruits in large
paper sacks. The closed sacks were left in the sun for about 15 min-
utes, which was sufficient time to stimulate expulsion of seed by the
most mature fruits, Usually. only a small number of the fruits dis-
charged their seeds during this period. While it is possible o obtain
seeds by squeezing them out of near-ripe fruits, this method was sel-
dom used because the germination capacity of such seeds is not known.
Weir (1918, p. 4), however, states that “seeds are capable of germi-
nation some 2 weeks before they are normally discharged from the
capsule.”

* Branches bearing pear-mature dwarfmistletoe Traits can best be removed
with a saw or pruner rather than with an ax, since the jarring of the ax causes
many fruits to expel their seeds.
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Seed Planting

Dwarfmistletoe seeds collected from the sacks were placed in petri
dishes and then planted within 1 to 4 days. Before being placed on
the pine, each seed was picked up with a paw of tweezers and dipped
in water momentarily. This brief treatment enabled the mucilagenous
coating to imbibe water, become sticky, and hold the seed firmly in
place. Weir (1918, p. 8) placed mistletoe seeds in water for several
minutes and then picked up each one by sucking it against the point
of a dropping pipette. This method has the disadvantage of being
slower and more tedious than the one just described. Anocther disad-
vantage of soaking seeds before placing them on twigs is that such
seeds, when dry, do not adhere as tightly to a twig as those that are
dipped and quickly placed before their mucilagenous coats expand.

Seeds were planfed at diffevent, points on a selected internode. Usu-
ally, this was at the base of @ proximal needle fascicle, but i no needles
were present on the internode, a needle scar or sterile seale at o certain
distance from the node was used. Also, few plantings were made on
recent and l-year-old wounds. Most plantings were made in the
first 2 weeks of Augnst during the peak of the seed-dispersal period.
They were usually checked for germination about 2 months later, and
subsequent examinations were made annually, usually in July.

Location of Plots

The location of the plots and the number of seeds planted at each
are shown in table 3. More than 9,000 seeds were planted in 530 trees
during the 8-year period from 1950 to 1957, Inoculations were made
in nine areas in three States: five in Avizona, three in New Mexico,
and one in Colorado.

RESULTS

The number of infections upparent by 1938 on each of the inocu-
fation plots is shown in table 3. Probubly all the infections from
the 1950 planting and most of them from the 1952 planting had pro-
duced shoots by 1958. The more recent plantings have not been estab-
lished long endugh for muny of the infections to produce shoots. Sue-
cesstul infection was 5.4 percent for the 1950 plantings, 0.0 for 1951, and
4.9 percent for 1952; the 3-year average for all plantings was 4.6
percent. Possible reasons for the murkedly different results in the
various plantings are discussed in the following sections. Several
infections from the 1950 inoculations are shown in figure 15.

Results of the inoculations ave presented in two categories: the first
deals with factors influencing the establishment of the parasite, and
H]le second gives information on the ontogeny of young dwartmistletoe
plants.

Factors Influencing Establishment

Becanse less than 5 percent of the planted seeds resulted in infection,
it is obvious that factors affecting the germination and survival of the
seeds nnd the nbility of the hypocotyls to establish new infections are
of great importance,
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TARLE 3.—Sumsnary of date for the inoculation plots, and infections apparent by
1958

Plot Location FPlanting | Seads | Infections apparent
number? date plantedd | by Augnst 19581

Number | Pereent
] 1
70 11,

EE
5]
-

Mescalero Reservation, N, Mex. . oooo oo . _____ Bi52 arz
Cibols National Forest, N. Mex_.________________... 8/53 1,352

Hoosevaell Wational Forest, Colo. 123
Cibazlla National Forest, N. Mex. 455

D ST e G b QO TN =T LA e DA SR b
DOQRNOQOMENNSQWNSS

. el ata
[—R—T—g NN R FAR A Y Y Y Py ]

9, 289

1 Plots 1 and 3 are in uninfected stands: all others are In or adjacent to Iinfected stands.
r’[‘I‘he ]bn?is used 15 the number of seeds planted on bronches that lived for at least § years after the date
of lnoculation.
* A teplanting folowing heavy losses of tha origingl pianting gaused by insects.

Germination

The plantings show that germination of drceuthobium vaginatumn.
f. eryptopodum occurs shortly after the seeds are expelled from the
fruits. Most germination took place within 1 month after planting,
and none occurred after 2 months. Germination for this species is
in August or early September during the summer rainy season. For
other species in the genus, germination in the spring 1s the common
rule (Xuijt 1955, p. 588).

Information on climatic eonditions at. the Fort Valley Experimental
Forest, Ariz., during seed dispersal and germination is given in the
appendix. In the last half of August, for example, the mean maxi-
mum temperature was 76° F. and the mean minimum was 42°. Meas-
urable rain fell on about one-third of the days and averaged 0.09 inch
per day. The relative humidity was approximately 100 percent for
an_average of 8 hours each night during this period.

Highest germination noted for the planted seeds was 40 percent,
which was recorded 1 month after the 1957 plantings. Since counts
were not made at the same time interval after each year’s planting,
it i3 Impossible to make direct comparisons of germination percent.
for the different years. The proportion of viable, germinated seeds
remaining on the twigs decreased from about 40 percent 1 month
after planting to only 10 percent 1 year Iater.

Agents responsible for the loss of germinated seeds were not deter-
mined; this 1s an important aspect that should receive further at-
tention. Presumably, insects arve involved to some extent since they
destroy many seeds before germination.

In general, the number of seeds that germinated was highest for
seeds placed on the most recent internodes and progressively less on
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Froree 10, -Enfesiions frong the I95 fnceatations, photoztaphed in 155 on
the Forr Valley Experimenlal Foresto Arbee b, Shools were fiest seen on
this Temale plnnt in VRIS The fallest shoal in BT was 0N cpntimernsirs
hixl, £, Uhie of the few instinces where infections developed on pll ilieee
tternoaes inoenlateml. 0 A female plan with shoors S eentimeters high in
1957, Note rhe inereased srowth ribe of the infocual lrancel, 70 Tepmde
fuleetion on the main stoan ol @ <aphnee

older growth fie. 161, It ha~ been stated ¢ Weir 120 o 4y tha
the veason for the lower suseeptibility of older mrowth 1~ lack of
stueenlence, but restthi= of (his work suggest that ~eed loses pny be
eaunlly important,

Lencih of time thas o seed must remaiy o sontaet with the host o
produce infection ix not vet known, but s i< probably at Jeast | year.
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Fieure 16.—Comparative germination and insect losses of seeds planted on
different-niged internodes. The internode marked “0" indicates the current
year's growth at the time of planting. Based on 2,885 seeds of the 1954-57
inoculations on the Fort Yalley Experimental Forest, Ariz.

Destruction of Dwarfmistletoe Seeds by Insects

For those plantings on which information is available, 26 percent
of the seeds were destroyed in place and 43 percent were removed.
Insects are suspected as the primary agents responsible for these
losses, althongh it is possible that larger animals, such as birds or
mice, may also be involved. Some seeds were also dislodged by heavy
rains.

The insects that destroy dwarfmistletoe seeds have not been deter-
mined but apparently several ditferent species are involved, since the
type of damage varies. Some seeds may be entirely removed; others
may have only a small part eaten away. Small holes typical of weevil
work were found in some seeds, while others with essentially intact
seed coats were hollowed out.

The loss of dwarfmistletoe seeds to insects was about the same for
plantings in infected stands as for those situated a half mile away
from arens of general infection. This suggests that the insects are
associated with ponderosa pine and that they may not be sperific to
the parasite.

Ants ave suspected of belng responsible for at least some of the
losses, since they were observed removing intact seeds from opened
petri dishes. Several species of ants are commonly associnted with
ponderosa pin2. When seeds were placed in jars containing colonies
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of three different species of ants, they were not eaten; however, the
activity of confined ants is not necessarily indicative of their behavior
under naturaj conditions.

Larvae of an undetermined species of Lepidoptera—a borer of
dwarfmistietoe shoots—feed on seeds in jars. This insect may account
for some of the seed destruction in the inoculations, but it is probably
not the primary insect. Damage done by weevil-like insects is less
common than that done by other types.

The proportion of seeds destroyed by insects varied with the nge
of the internode on which they were placed (figs. 16 and 17). Losses
were progressively greater on older growth up to about the tenth
internode and then they declined. This might be explained by the
relative exposure of seeds placed on internodes of different ages.
The youngest five to six internodes bear needles, so seeds placed on
the twig at their bases are often diflicult to Bnd. Seeds placed on 6-
to 15-year-old internodes are exposed because most of the needles have
fallen and in addition the twigs are relatively smooth® The bark is
rougher on older growth and, since here the seeds were placed In the
crevasses rather than on the bark plates, the seeds on such growth were
relatively concealed.

In general, the losses from inoculations made in Arizona and New
Mexico were about the same (50 to 70 percent of the seeds), but in
one of the New Mexico tests, more than 90 percent of the seeds weve
destroyed or removed within 3 weeks after planting.

Age of Internode

When the inoeudalion work was begun, Weir's (1916, p. 8) results
indicating that growth nmiore than 3 years old 1s not susceptible to
dwarfmistletoe infection were wwed as & guide. The 3 years” growth
tested were the current year (1930}, U year old {1949}, and 2 years
old {194%). It became apparent, however, that ponderosa pine growth
older than the oldest tested might also be susceptible. Weir {1916,
p. 8) found that the youngest internode was most suscept ible. The
results for the Fort Valley Ixperimental Forest inoculations con-
fivmed this, because the amount of infection on 1850 growth was twice
that on 1948 grrowth:

Seedds
Host internode yer, and age of Hme  plentcd [ afections by 1038
of tnocilation in 13961 {nwmbher) napther (porcend’
HW50-—Currenl year. ... . 125 R b 2
{94 =-1 year _. .0 o L. . d15 25 6, {)
148 ~2 yeurs o0 . L . A7 18 4.0
Townl or nvernge . 1,245 82 66

! Pomivined rosults for plots in fnfected dned pninfectoed areas.

The 10 youngest internodes were used for the 1952 Fort Valley
inoculations, and inoculations were made later on growth as eld as 20
vears. The results from the latter ave not yet avarlable, but those for
1939 show that )1 10 internodes tested that yenr are susceptible:

9 9ep figure 15, A the internodes on twig at the right margin of the photograph
are thout 10 years ol
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Fioure 17.—Proporticn of seeds destroyed by insects in reiation to age of in-
ternode. Based on 902 seedls pianted in 1956. Fort Valley Experimental Forest,
Ariz.

Seeds
Host inlernode yeor, and age at planied Infections by 1858
time of inoculation in 1952 {number} (numbery {percent)

1952—Current yvear_______ . _____.. 56 6 11
198 —) wear ..o . ______._.. - 134 15 11
1950—2 years. o oo ____ 57 6 9
1949—3 vears__ ____ . ___________._ 53 3 6
1948 —d vears ... _______ . ______ a7 2 4
19475 years oo _ .. 535 5 G
1946—6 years_____ . _______._.._ 56 4 7
1945—7 years .. ___ .. ____.... 33 4 12
1944—R years__ _______.__.______. 56 i 2
43— years___ . .__ 50 2 4

Total or average. .. .. _.____ 807 48 7.9

These results also suggest that the more recent internodes are the most
susceptible, zithough the results are more erratic than those in 1950,
presuinably because of the relatively small number of seeds planted on
each year’s growth,

Plot Location

The initial inoculations at Fort Valley were made in infectad stands
{area 2) and in stands where no dwarfmistletoe was seen {areas 1 and
3).7 Plots in the infected and uninfected stands are about 114 miles
apart and located on opposite sides of a treeless “parle,” The amount
of infection resulting from the 1950 inoculation was 11 times as high
in the infected stand as in the uninfected one:

“Mr. Francis R, Herman, formerly on the stnff of the Fort Valliey Experimentsal
Forest, reports that there is a single infection about one-fourth mile west of this
piot.  The closest generally infecied stands lie about one-half mile to the north
of the plot.,
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Seedls
planied Infections by 1958
1050 incculations: (number) (number) (percenl)
Plot 1—Uninfected . _ ... . 585 & 1.0
Plot 2—Infected. oo _._.- 6062 76 10 4
Total or AvVerage. .. _ocen-- 1, 247 82 0.6

One plot, which was not inocuiated until September and October,
failed entirely. With this one exception, the inoculations were all
made at the same time and with seeds from the sume source.

The 1952 inoculations in the infected stand have resutted in 8 per-
cent infection. Results of the 1954 tests are inconclusive to date.
Only 2 plants from 650 seeds have resulted in the infected stand,
compared with none from 1,000 seeds planted in the uninfected stands.
The later plantings in the infected stand are too recent to indicate
what proportion of infection has taken place.

It is unlikely that the higher incidence of infection in the areas
where the parasite was already preseut was due to natural or acci-
dental infection. All infections developed at the point where the
seeds were placed. Furthermore, there has been rel atively little recent
infection on the noninoculated branches of the test trees. However,
to virtually eliminate the possibility of contamination, beginning in
1952 only test trees more than 70 feet away from visibly diseased
trees were used.

The reason for the marked differences in infection in the stands
on opposite sides of the treeless park is not known, but data recorded
for the planted seeds suggest that the difference is not associated with
germination but with survival of the germinated seeds:

Infecied

Uninfected stands _ staatl_

Piot 1~ Plot'8 Plot 4
Seeds planted Aug, 1954_ - ... .- No _. 460 545 653
Seeds germinnted Nov. 1954 ... No..- 105 102 84
[ DUV o .\ 23 19 13

Sceds viable May 1953:

BasiSe, o wmemcm v nmm e Xo .. 4] 0 18
Proportion of germinated seeds._Pot. - 0 0 21

Germination in the 1954 plantings was actually better in the un-
infected stands than in the mfected stand, but none of the germinated
seeds survived.

Cllimatic differences between the two areas may be sufficient to limit
establishment of the parasite in the area where it does not now
occur. Unfortunately, no comparative, long-term weather records
are available for the two areas. Measurements S obtained during the
summers of 1953 and 1954 indicate that the storms are inore frequent
in the area where the parasite is established. JTowever, the total
rainfall was about the same in the {wo arens,

The site qualily on the two arens is similar, and both areas are
on essentially level ground at about the same elevation. The soils
on the two sites appear similar, although detaited studies have nol
been made.

* Information provided by Francis B. IHermuiin, furmerly of the Fort Valiey
Experimeninl Forest,

590330 O-61—4
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The small number of infections resulting from inoenlations in
dwarfmistietoe-free stands is of interest. If indicates that ecologic
or climatic factors are important in governing the distribution of

warfmistletoe.

Time of Inoculation

Time of inoculation had a profound effect on dlegree of infection,
since only plantings made in early August or late July were suc-
cessful. No infections resulted from plantings made in Inte August,
September, or October. Negutive results were obtained from the late
Angust plantings, even though they were made with seeds that had
been dispersed naturally at that time, The September and Qctober
plantings were made with seed eollected in Augruse and stored indoors.
Presumably, the importance of the time of inoculation is associated
with the summer rainy season that malkes conditions favorable for
germination for only a short time,

Orientation on the Branch

In 195%. a tally of the infections developing from the 1950 inocnla-
tions was made fo determine their orientaiion on the branch. The
seeds had been placed af random uround the twig at the base of the
proximal needle in the infernode. ‘Twenty-four infections produced
their first shoots late enough so that the original point of infertion
could be determined. .\ vear or two ufter shoots appear. they are
commonly formed on all sides of the branch so that it is ne longer
possible ta detect the original point of infection. nt least o=
scopically. OFf the 24 infections. 17 were in the lower quarter, + in the
two side quarters, and 3 on the upper quarter.

The orientation of 204 natural infeetions was 80 in (he top quarter.
116 in the Jower quarter, and an average of 49 on each of the 2 side
quarters.

Probabiy at least three factors influence (he unequal distribution
of infections around a branch. In the first place. sinee dwarfmistieloe
seeds ave expelled in an upward divection. the chances of a seed s(rik-
ing the underside rather than the upperside of a branel are srealer,
However, thiz would not account for the higher proportion of infec-
tion on tops of branches than on the sides. 1t seems possible that rain
and hail are responsible for the yemoval of seeds from the sides: they
may be either knocked off the hranch or washed fo the lower side, T'he
common ovcurrence of infeetions on the lower sides of low branches
that have no seed source helow whso stgaests that some seeds may be
washed to the lower surfuees. N\ thind Guetor st may he involved
here ix that seods on the upper paris of a branch may be killed by
exeessive insolution.  The proportion of main-stem inleetions was
higher on north than on south sides both in the inoculation fests and
in natural populations.  This would scem to indicate further Flut
insalation may be a factor in determining where infection takes place.
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Comparative Susceptibility of Various Trees and
Tissues

Results from the 1950 inoculations suggest that there is no differ-
ence between susceptibility of branches and leaders. The amount of
infection on the branches was 6.8 pevcent; on the leaders, 5.2 pervcent.

The percentages of successtul infection was about the same for trees
that were previously infected (10.3 percent) as for rhose that were
not {11.8 pereent). It has been claimed (Heinvicher 1916) that for
the Furopean mistletoe Tiscum albm Lo on pear. an initial infection
lowers the susceptibility not only of the branch bearing the HBrst in-
faction but of the entire tree as well, However, this gensitization of
pear by T w/bum is questioned by Paine (19430). and the results of
this study suggest that there is no sensitization of pondeross pine by
dwartnmistietoe.

No infection took place through vecent or 1-year-old bark wounds.

Ontogeny of Dwarfmistletoe Plants

Knowledee on the length of time between infection and shoot
appearance is of primary importance in fiming dwarfmistletoe control
operations. Tnformation on hew soon mature fruits are produced i
also of obvious practical importance.

The following discussion on the development of dwartmistletoe
plants is based on results of the 1950 and 1952 inoculations and a few
supplemental studies of natural populations. The more veeent plant-
ings hiave not been established long enough to vield such infornution.

Swellings

Swellings af the point of infection usually precede the nitial pro-
duction of shoots and, henee. provide « means of detecting ineiprient
infections. Results of this study. however. indicate that the time
Tapse between the development of swellings and first shoots is variable.
In #2 percent of the infeetions, no swellings were aoticed 1 year
hefore shoots were hirst seen.  However, swellings developed lnter so
that by the time shoots appeared they were present in nearly all cases.
Twenty-nine percent of the infections produced swellings 1 year
before shent appearance. and 18 pereent 2 vears before. 1t 1 percent,
3 years elapsed between the fine a swelling was detected and the fist
ahoots were seen.  The few instunces where no swellings were appar-
ent. even after shoots had been produced. were moxlly for infections
on the main stem. s a rule. swellings were most pronowieed on the
smaller twigs where they were sometimes {wice the diameter of the
branch. The swellines ave asvmerrical at fivst but soon lseenme regu-
Tarly fusiforn,

Shoots

Time of Inftial Appearance

Tn the dwartmistietoe infections resulting from the 1950 inorula-
tions, shoots were tirst ween 206 memths afier the date of planting
Flowover, shoots from most of the infections first appearcd during the
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third, fourth, and fifth years after planting (fg. 18). It is assumed
that most of the infections that resulted from the 1950 plantings had
produced shoots by 1958, since only one new infection was noted in the
1958 examination. QOue-fourth of the infections first praduced shoots
in the third year after the date of planting, and about one-third in

_ each of the fourth and ffth years, making a total of about 92 percent
for these 8 years. It is, of course, possible that more infections will
appear from this planting, but they will be so few that they will have
little effect on the overal] results.

Shoot appearance for the 1952 inoculations will apparently be simi-
lar to that of the 1950 plantings. although only 6 years’ results are
available for the later series. No shoots were seen in the first or second
years after planting: 16 in the third, 15 in the fourth, 31 in the fitth,
and 2 in the sixth,

Infections on the most recent internode tended to produce their first
shoots seoner than on older growth. For exam ple, in the 1950 inceula-
tions, shoots appeared within 4 years on 78 percent of the infections
on growth of the current year. Comparable figures for 1- and 2-vear-
old internodes were 38 and 44 percent, respectively,

The low proportion of successful infection from the 1950 inoculation
in an uninfected stand has already been mentioned. An additional
cifference is that shoots appeared 4 years later in the uninfected than
in the infected area.

. 1450 TESTS — 78 INFECTIONS

1952 TESTS — 44 INFEGTIONS
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Freure 18 —Time of initinl shoot mpperrvance after the renr of planting.  Bused
on the 8-year results of che 1050 inoculations, and on rhe 6-voar results of e
1952 tests. Fort Valley Iixperittental Forest, Ariz.
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Growth Rafte

Measurements of the tallest shoot in each infection were made
periodically on eight dates between 1955 and 1958 to determine rate
of growth. Most of the following information on annual growth is
based on readings taken in late July or early August. Shoot height
increased rapidly for 3 years after appearance and then leveled off
or declined slightly (fg. 19). During the first 8 years the shoots grew
an average of 1.5 centimeters per year. Reasons for the decline in
average growth rate after 3 years include (1) shoot destruction by
insects, rodents, and other agencies, (2) shortening of the shoots due
fo natural shedding of flowers and fruits, and (3) decline in shoot
erowth rate as the peak period of active growth is passed. This decline
is shown in figure 20 and in the following tabulation of yearly height
growth of infections from the 1950 inoculations:

Annual shoel growth

1955-56 19568-37 1857-58
{cm.) {em.) {cm))
U nmotlested infectionus Voo .. . e 3.2 1.8 i1
Ainfeetlons_ Lo, ... e ooe-ooooo. 1.2 .5 0,0

i Infeotions Lhat were not noticeatly affecler! by insects, rodents, duec, or ather agencles.

As might be expected, little shoot growth oceurred during the win-
ter months. Only slight increases were recorded between QOctober
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Frotue 19.—Height of fallest shoot in each infeetion in relatitm te time siee
initial sbool pppearnnce.  Buased on infections from the 11050 and 152 innenls-
tivne,  Fort Valley Bxperitnentud Forest, Aria.
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Freure 20.—Height of shoots from the 1930 inoculations at various times from
1995 through 1958. The number of shoots used as ¢ basis for each curve is
shown in the legend. Fort Valley Experimental Forest, Ariz.

1955 and April 1956 (fig. 20). The tallest shoot that developed by
1958 was 15.2 centimeters in a plant from the 1952 tests.® The maxi-
mum growth rate measured was 8.6 centimeters per year.

Female plants grew faster than male plants (fig. 19). In the infec-
tions from the 1950 tests, unmolested female plants grew 8.1 centi-
meters between 1955 and 1958, while comparable male plants grew
only 3.7 centimeters,

Longitudinal Extension of New Shoot Formation

During the first 3 years after initial shoot appearance, the distance
between the proximal and distal shoot increased from 1 to 2 centimeters
per year, or 1, to 1 centimeter per year in each direction from the
point of infection.

More detailed information on the annual rate of spread of dwarf-
mistletoe shoots was obtained in a supplemental stucdy of 104 main-
stem infections {table 4). The trees were felled. and the distance
between the highest and lowest shoots was measured. Tach stem was
then dissected at the oldest point of infection: the age of the oldest
ring with evidence of sinkers or growth stimulation was considered
to be the length of time the parasite had been present. The relative
rate of spread in dominant trees was nearly twice that in suppressed
ones. The spread downward from the point of infection was 1.4
times greater than the upward spread.

* The tallest shool seen in the Southwest for this species was 27.0 contimetors
o the Sitgreaves Natiangl Forest, Ariz. The next two tallest plants measured
in the region were 24.2 centimeters on the Fort Vallexr Experimeninl Forest,
Ariz., and 21.5 centimeters on the Mesealero-Apache Reservation, N. Mex.
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TaBLE 4—Annunal rate of spread of dwarfmistietoe shools wp and down the main
steh of treey, By crown clasg

Averbpe | Apparent | Relative
Crown cluss Infections age al HVernge rate-al-
stem nd, itk of sprend
infeetlon infectlon ratlo
Numbier Fears Years
AT Tt ] A ——— o 15 25 13 IR}
Codatainant.... . —— 20 b 12 1.4
Intermedinte, — B 24 14 Y. 4
Suppressed_..... - mmememmama a5 20 1 1.0

I Rote of spread in suppresselt trees (aken o5 unity.

Flowers and Fruits

Both female and male flowers were first formed in the fifth year,
or about 57 months affer inoeulation. Most plants first produced
flowers in the second vear after shoots appeared:

Male and femuole plants

Time belween shool appearance and initial flower- producing flowers

ing (yeers) {number) {percend)

1. e e o L. 14k 20

2. - [ #0 57

3 e e e e el . 13 14

doL. oL e e 3 +
Total. .. . . 0 1060

Initial flowering may, of conrse, he delayed even longer it the fivsl
shoots are destroyed.
Sex Ratio

Kimmey (1957, p. 4) in a general discussion of California species
of Areeythobiem states that the female and male plants oceur in about
a1:1 ratio. OF the 80 plants of L. rugination £, cryptopodum from
the inoculations, in whicl the sex was apparent by 1058, 42 were femile
(52.5 percent) and %8 werve nale (7.3 pereent). This indicated that
a 1:1 ratio existed for this species also. .\ supplemental count of
1,000 natural plants was then made on the For Vallw Txperimental
Torest. Arviz. Results of the count showed that 507 were female
and 493 were male, ihus confirming thaf a 1:1 sex ratio exists for this
species.

Fruft Production
The st mature fruits were produced 6 vears afier inoculation,
although on most plants they were first produced m the seventh yeuar:
Iufeetfons wilth first

wmature fruils

P'ime sinfc fntcifofion tjearse mthert L pereenh
(i | 27
N . . . - 1 i)
8 - . 2 13
Toint 13 ({10

The approximate nwmber of frutts produved on these plants during
ihe sixth, seventh, and eighth vears was 216, 100, and 330, respectively.
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Complete data were not available for the eightl; year {1958), because
the counts were not finished before the seed-dispersal period. The
differences in average numbers of fruits nre of little significance,
because of the great variation {from 1 to approxXimately 1,000} in
individual plants.

DWARFMISTLETOE SEED FLIGHT

The explosive fruit of dreauthobivm is one of the most efficient
mechanical seed dispersal mechanisms of any of the higher plants
{Ridley 1930, p. 663). Korthalsellu is the only other genus i the
famuly Loranthaceae thut has explosive fruits. Howeve v, the distance
seeds are expelled is much less for Korthalsellu than for Avcewthobium
(Sahni 1933).

The mechanism of the explosive fruits of .dreeuthobium is not com-
pletely understood, as evidenced by the disagreement among those who
have worked on the problem (Kuijt 1953, p- 587). The main point
of dispute is how the great pressures ure developed which result in
ejection of the seed from the fruit, According to MacDougal (1899),
this force, although not measured, probably exceeds several atiios.
pheres. A brief account of the expulsion mechanism is given in the
review seelion (p. 10).

Dowding (1929, . 98) found that the maximum hovizontal distance
traveled by artificially discharged Arceuthobium americanum seeds
was 33 feet. For an wnmamed dwarfmistletoe, Weir (1918, p. 34)
records & horizontal seed flight of 66 feet from a point § feet nhove
the ground level. The average distance of seed fight for 4. rayi-
natum L. cryptopodium was given hy MacBougal {1899) as2 to 3 meters
and by Gill and Hawksworth (1954) as about 15 feet. The average
horizontal distance observed for natural discharge in the present st udy
was 17.4 feet, with an extreme of 42.0 feot,

The distance of seed flight from an overstory tree to reproduction
is frequently greater thun the distances of seed flight cited, becuuse
(1) the influence of wind is a significant factor in the distribution
of the seed of some species, and (2} some seeds still have a marked
horizontal-force component even after they fall below the Tevel of
the point of discharge.

Roth (1953) found that for .ireenthobivm cam pylopodum {. cum-
pylopodum on ponderosy pine averaging 120 feet tall in Ovegon, in-
fected reproduction extended 150 feet in the direction of the prevail-
Ing winds,  Weir (1916, p. 34 mentions an extreme case whove the
seeds of A. campylopodum. t. lnricis were earvied for one-fourth mile
by winds.  Studies by Gili and ITawksworth (1954) and further work
reporled hoere (. T2) show that the infection pattems of L1, raginafom
L eryptopodion in Southwestern pondeross pine are ronghly cirenlar:
this suggests (hat prevailing winds are of little importance in the
distribution of f. eryptopodum.

Hor1zoNTAL DISTANCE OF SEED FLIGHT

The objective of this part of the study was (o determine the hori-
zowal distance of seed light 1o a point on the same Jevel as the poin
of discharge.
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Methods

Ponderosa pine branches bearing dwarfmistletoe plants with mature
berries were cut and put immediately in cans of water; they were used
in the seed dispersal studies only on the day they were cut. Care was
taken to orient the cut branches in the position in which they were
growing in the tree. The cans were placed on the ground next to an
ares covered with cardboard. This area was a 20° sector that
extended for 50 feet (fig. 21). Because the study area was located in
a stand where no dwarfmistletoe was present, all seeds found on the
cardbonrd were from the test plants. There was little, if any, wind
during these tests.

Resuits

Based on data for six dwarfmistletoe plants, the maximum distance
of seed flight was 42.0 feet, with an average of 17.4=1.0 feet. As dis-
tance from the seed source increased, the number of seeds decrensed
steadily (Bg. 22). The number of seeds per square foot in the 0- to 5-
foot zone was 30 times that in the 30- to 35-foot zone and nearly 300
Himes that in the 40- to 45-foot zone, In figure 22, the actual number
of seeds as well as the logarithm of the number of seeds is plotted over
distance from the seed source. The linear regression line for the
logarithmic data is highly significant {correlation coefficient=—0.96).

ANGLE OF DISCHARGE

_ Since the angle at which the seed is discharged has a marked
influence on the distance of horizontal flight, an atterspt was made to
determine the average vertical angle of discharge.

Methods

Ponderosa pine branches bearing mature dwarfmistletoe fruits were
placed in a plastic hemisphere that was about 45 inches in diameter.
The inside of the hemisphere was Jined with a 1- to 2-inch layer of
cotton padding to catel the discharged seeds. Care was taken to
orient each branch in the position in which it was growing when cut.
The angle of discharge was measured with a specially built protractor
(fig. 23). 'This work was deone in the Roosevelt National Forest in
northern (olorado.

Results

The average angle of discharge of 353 seeds was 30°2:1.2° above the
horizontal. TFor 18 mistletoe plants on branches, the angle was
109169 (817 seeds) compared swith 15°21.6° (230 seeds) for 2 on
the main stem. Further studies are needed to determine whether the
differences hetween braneh and bole infections are consistent,

Preliminary results obtained with an earlier version ol the appa-
ratus shown in figure 23 indicated a higher angle of discharge for
this species. Information was obtained on only etght seeds on the
Fort Valley Experimental Forest, Ariz. The angle of discharge
ranged from 50° te 81° uhove the horizontal with a mean of 67°=3°
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Ficure 21.—Setup used to study the horizontal and vert'eal distance of seed flight. A, General view showing the 20° sector covered
with cardboard for measurement of horizontal sced flight, and a strip of muslin on the bole of the pine to catch seeds shot direclly
upward. B3, A ponderosa pine branch bearing mature dwarfmistletoe fruits (circle) in place at the base of the sector. "Fort Valley
Experimental Forest, Ariz.
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FicURE 2% -—Number of seeds per square foot at various distances rom the seed
souvee. The lower curve shows the actual aumber of seeds. and tbhe upper
one shows these same gata plotted logarithmically. Basis: 100 seeds.

Tho reliability of the results of the Colorado and Arizona studies
is discussed further in the following section.

TRAJECTORY CURVES

The objectives here were (1) to determine the distance of geed
flight of dwarfmistletoe seeds expelled at n given angle, and (2] to
consirnet a seed trajectory curve for the speeies,

A 45° angle of discharge was used, beeause it is the angle that gives
the maximum horizontad flight distanee to o point on the same level
as the point of discharge. This angle does not give the nximum
horizontal flight for points below the level of the point of origin,
Flowever, once the trajectory for a given angle 15 determined, the
rrajectory for any other angle can he easily citleniated.
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Frstrae 2% —Setup used (o noastre the angle of discharpe of dwarfinisiletoe <eeds
The pitins bwstring masure Fenivs woepe fastoned Lo the climap in e venter
uf the hemisplivve, Phe juside of the bomispheee wae lined with cotton
parededing =0 thar the sesals wondd stick te i The ol esebor st Lo e slre
Hhe sogde is shown in M Poregranmg.

Methods

As deseribed eavlier in this seetion. it was originadiv planned to u=e
naturally discharged seeds, However, beeause natarally diseleoreed
seeds made i difficuli (o obisin sofiivient basie data 1o meer the objer
tives of this ploce of e oxperiment. the seed~ woro artificially
dizeharged, By gently squeezing the natiee frait, the seeds were
reachiy expelled inwooner shnibor to mnnend disclaree, A vlifieiuily
discharging the seeds b this wmanner cnabled the direction of seed {6
be contvolled. T s not believed that 2 ~erions vaviable was introduced
by this procedure, sinee the maximun horizoutal distanee of seed
fHight was about the »ne For the two methods: 42,0 feet for naiural
discharge and 40.2 foot for artificiad,
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The 45° angle of discharge was accomplished by discharging the
seeds throngh a narrow horizontal slit in a cardboard box. The length
of the box and width of the siit were such that enly seeds traveling
at nn angle between 42° and 48° escaped from the box. The 20°
cardbonrd sector deseribed on puge 53 was used for these studies
also. Data were obtnined at two heights: at ground level, and at 33
feet ubove the ground. To minimize the effects of differences between
individaal mistletoe plants, approximately one-half of the fruits from
ench plant were used at each height. More than 300 seeds were dis-
charged at cach height, byt only 1 small number of them was found
on the eardbonrd. Many seeds were not expelled at an angle that
would allow them to escape from the box, and others that did escape
landed to the side of the test aren. There was little or no wind during
the tests.

Results

Seeds discharged at ground level (81 seeds) traveled an average
horizontnl distance of 28.9+0.6 feet while those expelied at a point
33 feet above the ground (47 seeds) averaged 34.9=0.9 feet.

The presumed trajectory of seeds expelled at an angle of 45° is
shown in figure 24, Although the curve is based on only three points,
these seem fo be sutlicient to indicate the trend of the trajectory. The
trajectovy of seeds expelled at o -1 angle was used to caleulate the

trajectories of seeds discharged at angles of 0°, 30°, and 67° from &

point 50 feet above the ground. The manner of calculation was to
assume that in ench case when the seed had traveled for a given period
of time, the vertical departuve from the original angle of discharge

would be the same. The calenlated horizontal distance traveled by
seeds discharged at vavious angles at ground level and 25 and 50 feel
above the ground (fig. 25) are as follows:

ngle af discharge {Teight of secd sonrce aboee ground
{ degrees) O fecl 25 ferl 50 feel
67 18 20 20
3 29 33 35
30 27 41 43
0 0 38 48

Mthough the Colorado measurements indicared an average dis-
charge angle of about +30%, the trajectories based on the Arizona
work indicate higher aversge angles.  For an angle of about 50°,
average hovizontal distances of about 27 feet wounld be expected (fig.
23).  [However. the average distance from the Arizona studies was
only 17 teet. so an avernge angle of more than 607 might be expected
there.  On this basis, the average angle of 4 677 obiained iu the very
Hismited Arizona studios might De vepresentative for the species in that
HEVGIN

The trajectory curves (figs. 24 and 23} show that the horizenial
foree of the seeds is quickly offset hy air friction, and the reeds soon
fall nearly vertically, The dirvect relationship assumed by some au-
thors { Kimmey 1937: Buckland and Marples 1952: Tubent 1919, p.
244} to exist between the height of the seed source and horizontal
distance of seed flight is true only for seeds expelled at low angles.
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Freure 24—Trajectory of seeds expelled at a vertical angle of 45°, The solid
line indicates the average trajectorr and the dashed lines represent plus nnd
minuys one standard deviation, Each curve is based on three points: the cowm-
mon peint of origin, the horizontal distatce of seed flight to a point on the
same level as the seed souvee, and the horizontal distnnce of sced flight to a
point 33 feet below the level of the seed source.
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The effect of height of seed source on the horizontal distance of seed
flight is markedly reduced for angles of discharge over 45°. Height
of seed source is also an important factor in the distribution of the
dwarfmistietoes thai are aided by winds,

BALLISTICS OF SEED FLIGHT

The dwarfmistietoe seed is oblong, somewhat conical on one end,
and hemispherical on the other (the Forward end in seed flight}. The
shape of the seed thus approaches rhe idea]l for the most eflicient
projectile.

Sewme writers (Tubeut 1919, p. 244 Dowding 1929, p. 99) state that
the seeds in flight have a long tail of mucilage that traiis from the
pointed end and acts as & rudder. A quanlity of viscous material is
gjected from rhe fruit along with flie seed, but that most of it remains
attached to the seed is questionable. The liquid is scattered move or
tess at random. Immediately after alighting, seeds are coated (except
for the buse) with a thin semisolid layer of viscin. There is no liquid
visein present, which might be expected it masses of the material
trailed bebind the seed in flight. Tven if the seeds do have a viscous
tail as claimed, it is unlikely that this could be considered to favor
seed flight. Nuch a fail would fend to deerease the horizontal distance
of flight. Seeds leaving the fruit travel too fast to be observed by
eye, s0 high-speed photography should be uscful in settling this
question,

After the seeds are slowed by air resistance, their orientafion is
changed from the round-end forward to a sidewise position. This is
what would be expected for oblong. failing bodics as they approach
thetr terminal veloeity, and it was noted by Dowding (1929, p. 99
for the seeds of _Lreecuthobium ameviernum. Results of the present
study aiso suggest this, since seeds that alighted with the hemispheri-
eal end (the Torward end of the seed as it leaves the fruit) on the
cardboard were observed only within abont 20 feet of the secct souvee.

Determination of Initial Velocity

As far as known, no enlculations on the imitinl veloeity of dwarf-
nistletoe seeds or for any other species of higher plants with explosive
fruits have been made. Buller (1933, p. 328) records rough estimates
(disregarding niv resistance) of the intial veloeity of glebal masses of
the fungus Nphacrobolus stellatus, ‘This fungus expelled these spheri-
cal bodies, which are about 1 millimeter in diameter and weigh ahout
Umilligram, to a height of 14.5 feet indicating an initial velocity of ut
least 30 feet per second.?”

A more precise determination of the initial velocity of dwarfmistle-
toe seeds was minde by accounting for air resistance.  This was cal-
eulated from measurements of heights of vertienl seed flight and {rom
experimentally determined rates of free fall {terminal veloetty) of
the seeds. A preliminary report on this work has already appeared
{ Huwikswortl 1958a),

® Based on the formuta U=V 3577

when, V=initial velocity (foet por =econd)
g=nceeleration due to gravity (32 fect por seepnds
I« height of vertical seed fight (fect)
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Vertical Height of Seed Flight

The vertical height seeds will travel was determined by catching
seeds shot directly upward onto a piece of muslin attached to the bole
of a tree (fig, 21, p. 34). Severed ponderosa pine branches bearing
mature dwarfmistletoe plants were placed at the base of the tree,
These branches were the same ones used in determining horizontal
distance of seed flight. Although this was not a precise method for
determining the extreme height seeds will travel, it was simple and
accurate enough for the present purposes. The results obtained are
conservative, for the chances ave very small that a seed would strike
and stick to the muslin at the highest point in its trajectory.

The highest point reached by naturally discharged seed was 16.1
feet nbove the source, and the highest for those artifically discharged
was 24.8 feet. Tt seems probable that if sufficient tests had been con-
ducted with naturally dischavged seeds, heights would have been con-
siderably higher and approximately that of the artificially discharged
seeds, because there was little difference in horizontal seed flight for
the two methods. Ieights for the artificially discharged seeds were
probably greater because these seeds could be more easily directed
toward the muslin: the naturally discharged seeds traveled in all di-
rections and af many diffevent angles,

Maximuwn vertical heights of about 20 feet would be expected. The
maximam vertical height of a projectile expelled at an angle of 45°
is approximately one-half of the horizontal distance covered. Since
the avernge horizontal distance of flight for seeds expelled at £5° was
29 feet, the average vertical distance for these seeds when shot directly
upward wounld be about 15 feet. A height of 15 feet was also deter-
mined when the trajectory of a seed shot divectly upward was caleu-
lated as in figure 25,

Terminal Velocity of Seeds

The terminal velocity of dwartmistletoe sceds in free fall was
determined by placing them in a vertieal tube through which air
was passed upwards at & veloeity just suflicient to support them. A
plastic tube about 1 centimeter in diameter and 3 feet long was used.
Adr was blown into the bottom of the tube, and its velocity was regu-
lated by a needie valve. As it left the top of the tube, its velocily was
measured with a Iastings electrieal air meter. The air speeds neces-
sary to suspend 24 dwarfinistletoe seeds ranging in weight from 0.8
to 3.0 milligrams were determined twice for each seed and avernged
{Ag. 26).

From a random sample. the weight of 25 dwarfnistletoe seeds was
estimnted shortly after they were expelled. Tt ranged from L7 to
3.7 milligrams and avernged 24 milligrams. Terminal velocity of
seeds weighing 2.4 milligrons would be about 1470 feet per minute or
T80 contimeters per second {fig 267,

Calculation of Initial Velocity

The main factors needed to calenlate initial velocity (vertical
height of seed Hight, termiinal velocity, and seed weight) have been
given in the Fwo preceding seetions, There wre. of course, other vari-
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(FEET PER MINUTE}

TERMINAL VELODCITY

| ¥ i ¥
1O 1.5 2.0 2.5

SEED WEIGHT {MI_LIGRAMS)

Fiere 20—Relationship betwesn terminal veloeity and dwarfmistletoe seed
waipht. BEach point is an avernge of two determinatipns,

ables that have not been necounted for, such as differences in seed
shape, and differences in air resistance due {o altitude, temperature,
and humidity. However, these would have only minor effects on the
resnlts, which ab best can only be considered as approximations.

A curve (fig. 27) was calculated showing the relutionship between
the maximum vertical height that a seed will trave! and the initial
velocity necessary to attnin this height. The formmla used in this
elewdation is given in the appendix, page 8. Tt has been shown that
dwarfmistletoe seeds will travel an average vertical distance of 15
feet. Yrom fignve 27 it cun be seen that for seeds to be ejected to this
height, an initial velocity of wbout 45 feet per second is necessary.
Estimated initinl velorities of seeds that traveled to greater heights
are as follows:

Initial velocity

ner seoond
Vertical height of aced flight {feat}

16.1 feet (highest natural discharge) 48

21 feet (approximeate vertica) potentinl of naturally disebacged seed that
traveled for & horizontal distnnee of 42 foet) R

2:4.8 feet {highest grtificial discharge) i)

Other Ballistic Computations
The following calculations of dwarfmistietoe seed ballistics ave

based on an average initial velocity of 45 feet per second. Formulas
and details for the cakeulations nve ziven in the appendix, page 169,

590330 O-61—5
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Ficune 27.—Relationship between maximum vertical height of seed flight and
initin! veloeity necessary to attain this height.

1. Seeds expelled directly upward veach the highest point in their
trajectory i about 1.4 seconds, or 2.8 seconds for « complete flicht back
{o the level of the point of origin.

2. It is estimated that seeds expelled directly upward reach their
terminal veloeity after £alling about 10 feet.

3. The time taken for the seed to leave the fruit is estimated as
l4ugp second.  Such a speed account. for the fact that the actual act
of expulsion cannot be seen by the unaided eye.

4. “T'he kinetic energy of the seeds us they leave the fruit was ealeu-
lited ns2.3 X103 ergs.

3. The initial acceleration of dwarfmistletoe seed was estimated at
4.7X10 % em/fsec 2, or nearly 5,000 times gravity,

SEED DISPERSAL PERIOD

The objectives of this phase of the study were (1) to determine the
length of the seed dispersal peried of Lreewthobivm vaginaium £,
eryptopedum,: (2} to measure the relative number of seeds produced
each year in 1955, 1956, and 1957 in one locality: and (3) to attempl to
correlate seed discharge with meteorological conditions,

METHODS

Seed counts were made on 30 raps loeated in two types of heavily
infected stands on the Fort Valley LExperimental Foresl, Ariz. A
lrap (lig. 28, () consisted of a 21- by G0-inch sheet of eardbonrd
tacked to two G-foot posts. The fraps were left n place after the
counts for the year were made, and new traps were placed on top of
the old at the start of the next year's dispersal period.
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e ne 28-—Heed dispersil stody groa 2
<ix of he s Lenps i placee.
rhe smisd souree, B8 1o the vight of the piemre,
Kitle d by dwariniztleron
Bstrinel 1he denwn tree i the foregrenml
Fort Valley KExperimentid Forest, Aris.

A, Generpl view of the orea showing
PThe heavily infected mature stand. whiceh was
Nute e mmmber of down trees
t, View of the ipfeetod <zl Fhe seed itaps are

£, Closerp of ane of e seed {eaps,
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The two locations selected for the seed trapping studies are on the
check plots of the mistletoe-reduction study arex of the experimental
forest. Area 1 was located in check plot 2 in a 50-year-old, heavily
infected pole stand. Twenty traps were placed here, mcludmn' three
under a mature ponderosa pine overstory rather than in the pole
stand. Traps were distrvibuted irvegularly in small openings through-
out one-half acre. Area 2 was located one-fourth mile south of area
1in check plot 3. Here, 10 traps were placed in a one-tenth-ucre open-
ing adjacent te a heavily infected stand of matwre ponderosa pine

(fig. 28).
RESULTS

Number of Seeds Produced in 3 Different Years

Table 5 summarizes the number of seeds found on the seed traps
during each of the 3 years of the study. The most were caught in
1956 (average 75 per trap), when the amount was 5 times that of the
previous year (15 per trap). The nwumnber found in 1957 (31 per
trap) was about twice that in 1955. The average for all 3 years was
40 seeds per trap (4.0 seeds per square foot).

Although differences in E-}ISHI])LIUOI] of the seed traps do not permit
1 direct comparison between pole and mature stands, more seeds per
trap were found in pole (average (2 per trap) than in mature stands
{average 12 per trap). The variation of seed crop from yeav to year
was nm:l\edh greafer in pole stands (range, 19 to 120 seeds per trap
per yeor) than in mature stands {range, 10 to 16 seeds per trap per
year).

The number of seeds found on each trap during the 3 years of the
study is given in the appendix, page 111, The extremes found on the
traps in one season ranged from 1 to 248 seeds. In general, the ma-
jority of the fraps showed the most seeds in 19506, fewer in 1957, and
the least in 1955,

Length of Seed Dispersal Period

There were only slight differences in the length of the seed dispersal
period in the 3 vears studied (fig. 20). Even though observation was
not started until after seed (ll‘-;])(‘l‘-;il] had begun, it is believed that the

TaBLE §.—ierage number of geeds found on secd fraps in hoo areas and in Hieo
stand types In 7855, 1956, and 1937, Fort Valley Erperintentel Forest, Ariz,

Heeds por trap in —
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Frorre 20 —Number of dwarfmistietoe seeds found per day on 30 seed traps in
1955, 1956, and 1957, Fort Valley Ixperimenta) Forest, Ariz.

test covered nearly ihe entire dispersal period. Most of the seeds
were expelled during the lust week in July and the first 2 weeks in
August. Peak discharge dates were August 4, 1955; July 26, 1956;
and August 2, 1957. '

Relationship Between Seed Dispersal Period and Climatic
Conditions

The seed dispersal period of Arceuthobiwm vaginatum f. erypto-
podum coincides approximately with the summer rainy season. Other
species of L reeuthobium n the Southwest and in the rest of the coun-
try mature in the avtumn.

Fn general, the smmer rainy season in the Southwest begins about
the widdle of JJuly and lasts until about the end of August, although
ihe duration and Tnrensily of the rains vary. At the Fort Valley Ex-
perimental Forest, Aviz., July and August are the wetlest months.
Iach average more than 3 inches of precipitation; the early summer
mouths (May and June) are typically much drier and average about
ihree-tourths of an inch of rain {Pearson 1950, p. 17). Information
is given in the appendia on the weather at Fort Valley during July,
Augusr, and September for the years when the seed ({ispm."s:ﬁ study
was conducted.  AMenswrable ran foll on nearly 60 percent of the days
during the seed dispersal period from July 16 to Augusl 19, Rain-
fall was considerably less belorve and after this period.  The relative
humidity was approximately 100 pereent for an average of about 11
hours per day during the seed dispersal period.  From July 16 to
August 15, the mean maxinuum temperature was 71 and the mean
minimum was 45°, for an average difference of 32°.  The diflerence
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Letween the daily extremes was greater before and after the seed
dispersal period.

Dips in the 1956 seed dispersal curve (fig. 29} on July 27 and 81
were concurrent with cloudy, rainless days. The other days were
cither sunny or rainy. This suggests that there might be » relation-
ship between daily weather and number of sceds discharged. How-
ever, statisbeal tests vevealed no significant diflerences.

RATE OF SPREAD GF DWARFMISTLETOE
THROUGH PONDEROSA PINE STANDS

Some reports have overestimated the rafe of spread of dwarf-
mistletoes.  Hedgeock (1913} estimated that A reeuthobium dmeri-
eanion. in lodgepole pine in Colorado progressed al w rate of 6 fo 12
Teet annually. Parker (1942) reported an infection cenler in lodyre-
pole pine in Alberta that covered 137 acres in 60 to TO years, mdi-
ating w rate of spread of about 2 feet a year. Recent measurements
made in 33 lodgepole pine stands in Colerado and Wyoming (Flawks-
worth 1958) showed that the rate of spread was | to 15 feel per vear.
Comparable studies have not heen previously conducted with 4.
vaginatum 1. eryptopodum in ponderosa pine, but Pearson {1930, p.
163} wses 50 teet per decade in discussing this species. ITowever, this
rate ot spread was nol based on aetunl measurements and was merely
used as an exwmple, The resuits reported here indicate that the rate
of spread is Jess than one-half that meniioned by Pearson.

Factors INFLUENCING RATE OF SPREAD

Loeally, dwarfmistletoe is spread primurily by the explosive fruils
that eject the seeds for several feet. (Distance of seed Hight was
given in an earlier section, p. 32} In long-distance spread, .., in
tho establishment of new nfection centors al points bovond the effee-
tive range of the explosive Truits, birds ave presumed (o be instru-
mental.  Wind does not seeir to he important in the dissemination of
this species in the Southwest,  Only local spread is dealt with here.

The type of stand as o marked influence on the rate of spread of
dwarfmistletoe,  Spread is most rapid from overstory firves to an
utiderstory, while spread through even-aged stands is comparatively
slow, In general, dwarfmistletoe progresses Faster through open
stands than through dense ones. However, where the distance be-
tween {rees approximates the distance of seed fight, spreadis limited.

The early stages of spread from overstory (o understory ave rel-
atively complicated.  Initinlly, all the infeclions in the youog stand
are fivst-generufion infections: (hat is. they develop directly from
seeds produced in adjacent overstory treex, Then there is « transition
period when infections i the young stand begin to produce seeds that
Turther infect the stand {second-generation inleetion), Subseruently,
the mfection progresses in the young stand oulward bevond the range
of the seeds produced in the overstory stand. This spread througsh
even-aged stands, beyond the Timits of seeds trom an overstory source,
is here termed luteral spread.
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In this veport, periodic rates of spread ave given only for stands
in which lateral spread had begun {or roughly those which had been
infected for at least 20 years). The spread of infection from an
overstory divectly to an understovy (first-generation infection) is not
amenable to ealculation on a periodic basis. For example, if an in-
fection in a 10-year stand is fonnd 50 feet away from the source over-
story tree, it is misleading to say the pavasite traveled 5 feet a year,
because the seed probably traveled the distance at one time and not
periodically.

METHODS

To measure the rate of spread of drceuthobium vuginatum f.
eryptopodum through ponderosa pine stands, only areas were used
where all infection could be definitely traced to a single sonvce tree
or growp. The distance the parasite had progressed from source
troes was measuved, and the length of time the stand had been subject.
to the pavasite was determined. TF the parusite was present i over-
story irees before the adjacent reproduction became estallished, the
ago of the young stand was taken as the time of exposure to the para-
site. Fowever, in even-uged stands the length of time the dwarf-
mistletoe had been present was determined by dissecting and deter-
mining the age of a number of the oldest infections present in the
aren.

(ave was faken in the selection of the plots to exclude those where
the sonree of infection was doubtful.  Suitable nrens weve relutively
rare, since in most infected stands the disease is rather general as
a result of the overlapping of numerous infection centers. These
stands cannot be used for mensurement of spread, for the source of
individual infections cannot be determined.  Beeause of the seareity
of snitable areus, it was not possible to set up the study on a statis-
tigal Dasis, Plots were established intermitiently over several fHeld
seasons whenever suitable areas were found in connection with dwarf-
mistlefoe surveys or other research work. Tor this reason, i1t was
nsually not possible to obtain detailed information on amount ot
intection in the young stands.

Measarements of distance of infection were made from the center
of the lole of the soutrce tree ov frees to the hole of the farthest in-
fected trec in the vomng stand. In most plots the spread in one
divection was mensured. If time was available, maximum distance
of spread in two or more diveciions was determined, and the average
distance was used tor the plof.

Age of the young stand was determined by either increment coves
of ub least three dominant or codeominant trees or ring counts on
three stumps.  If the ages of the first three frees varied by 3 years or
mate, three additionad trees were measured.

Two density classes for yvoung stamds weve used: “open™ stands
were defined as those where the crown canopy had not elosed, and
closed-canopied stands were classed as “dense.”™  As the two classes
weadedd inlo each other, there were some infermediate stands but, as
will be shown, there were statistically significant diflerences in the
rate of spread in the two denstty clusses,
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REsvULTS

Tho general types of spread were measured: (1) spread from over-
story stands to adjacent young stands, and (2) lateral spread through
even-aged stands.

Spread From Overstory to Young Stands

In discussions of spread of dwarfmistletoe from overstory stands
to_young stands, it should be kept in mind that two types are in-
volved: (1) the first-generation infections resulting from seed pro-
duced in the overstory, and (2) subsequent infections that develop in
the young stand from seed produced by fivst-generation nfections,
which in turn carry the limits of infection beyond the range of seeds
produced in the overstory. Because information on distance of first-
generation infection was already available (Gill 1954; Gill and
Hawksworth 1854), the primary emphasis in these studies was on
stbsequent spread of the parasite in young stands after it had become
well established.

Spread Directly From the Overstory

Gill and Hawskworth (1954) measured the distance of nearly 2,000
nfected seedlings from the source overstory trees. Since nearly all
infections were established before the overstory trees were removed,
it was believed that these were nearly all frst-generation infections.
It was found that 81 percent of the infected seedlings were within
35 feet of the bole of the nearest infected overstory trees; 95 percent
were within 43 feet; and 99 percent within 55 feet.

Information on first-generation infection was obtained in the Lin-
coln National Forest in southern New Mexico. Measurements were
made in a 60-year-old pole stand that had been burned about 12 years
before the study. The fire was so severe that only isolated trees and
groups survived. The area was replanted shortly atter the burn and,
m addition, gnod natural reproduction occurred. Since most of the
frees that survived were heavily infected, the area represented a
unigne opportunity to measure the distance of spread from these trees
to the 10-year-old reproduction. The results show that the greatest
dislance betwoen the infected voung trees and the overstory averaged
42 feet, with a maximum of 86 feet:

Mozimum distance

Measure- of infection
ment

Plot number hasis Arerage Range
{number) {feel) {feel)
B e 5 20 G344
d o e - 7 5% 33-86
B e e e i 34 2(3-53
B e 2 4.4 38-50
Total average . _.......__. ig 42 L

I Standard error, =5 {ogt.
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Subsequent Spread in the Young Stand

The distance dwarfmistletoe had spread from overstory stands into
33 young stands is given in figure 30. DBasic data for these plots is
given in the appendix. Figure 31 is a crown map of one of the study
hrens. Information was obtained in 21 open stands from 23 to 49
years old and in 12 dense stands from 30 to 51 years old. Because
these stands had been infected Jong enough for lateral spread to have
begun, annual rates of spread weve calculated for themn. It was not
possihle to determine whether an individual infection had resulted
fron seed produced in the overstory or from seed produced in the
young stand ; hence, distance of infection in figure 30 represents spread
{livectly from the overstory plus lateral spread. The fact that these
data could be accurately represented by sloping lines indicates that
lateral spread had begun.

The average rate of spread of the parasite was 1.7+0.1 feet o year
into open stands and 1.2:20.1 fecet a year into dense ones. These
avernges are not precise: the actual vate of spread decreases with
time, for the distance infected directly from the overstory is a pro-
gressively smaller proportion of the total infected distance. How-
ever, the averages are useful in comparing the rate of spread in

160
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Flerne ah—XMaximum distance of spread of dwarfmistletoe from overstory
gtands into adjacent young stands, Spread directiy from the overstory plus
lateral spread. DBased on 21 open and 12 dense stands in Arizena and New
Mexioo.
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stands of the same age. An example of the rate of spread in relation
to time isshown below for open stands (fig. 30)

Mazi-
mum des- Average
lance of annual
Average age infection. spread
{years) {Jeel) {feet)
2 47 19
B0 o e 80 1.6

The presumed average maximum distances of infection into stands
younger than those measured are shown by dotted lines in figure 32.
The horizontal parts of the dotted lines represent the assumed e flective
range of seeds from infections in the overstory. The two curves for
each species cf mistletoe converge at a point somewhere under 20
years, since here infection is directly from seeds dropping into the
stand from the overstory and density of the young stand would have
little effect on -the distance of such infection, Also, all Very young
stands would be “open” by the definition used, since there is no crowit

NCRTH

Frorre 21.--Crown map of plob T on the Mozeatero-Apnche Reservation, N. Mex,
A smiiture ponderosa pine (centor) bhas been ihe souree of infection for a1 32
year-old stand, which is renernd thcoughout the area covered Dy the HINLL
Crown projections of the bwo inatnee (rees in the aron are shown; e stip-
pihg indicities the propovtion of [he crown inferied. Coneentrie “0-foot
rizetes show fhe (distanee of sproad of fhe parnstle inle the young shind.
Culy the infocted yvoung trees Ll weep Darihost frinn ihe souree tree ave
shown fxmall civelest,  Avernge maximum distance of infoelion to the west,
sonth, and east wis G5 feet. Spread to the norih and noerbwest was SOme-
whih less, heeunse the other putbire {rees sevopied the ropsaduction in these
directions.
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PONDERGQSA PINE, OPEN (21}
———— PONBEROSS& PINE, DENSE {12}
LOBGEPOLE PINE , OPEN (IS}
LODGEPRLE FINE |, DEnSE (16}

{FEET)

DISTANCE

TIME {YEARS)

Foune 32—Comparison of rate of spread of ponderpsa pine and lodgepele pine
dwarfinistietoes in stands of two densities. Bpread from overstory stnnds to
young stands and lateral spread in the young stand. Plot basis for each curve
is shown in parentheses. The dotted parts of the curves are extrapolations
for stapds younger than those measured. Horizontal paris of the dotted lines
indicate estimated effective range of seeds from the overstory. Spread he-
vond the horizonial dotied lines {or beyond about 20 fect for lodgenole pine
dwarfmistletoe and about 40 feet for the species on pendeross pine} Is iateral
spread.

closure in such stands. It is only after Iateral spread in the young
stands has begun that differences due to stand density are apparent.

In stands about 20 years old (fig. 32), practically all infection was
attributable to seed produced In the overstory, but in 50-year-old
stands lateral spread accounted for about half ot the spread in open
stands (the farthest 40 feet of the total 80-foot distance) nnd one-third
of the total in dense stunds (the farthest 20 feet of the 60-foot
distance).

Rate of sprend for Arceuthobium vaginatum f. eryptopodwm. in
ponderosa pine is compared in figure 32 with that for A americanum
on lodgepole pine as reported by Hawksworth (1958). L. vagina/um
spread slightly faster than A. amerieqnum in both open and dense
stands. Average rate of spread for all lodgepole pine plots was 1.2
feet per year, while that for ponderosa pine was about 1.5 feel per
year. Most of the difference is due to the greater distance of seed
Hight from the overstory for ponderosa pine dwarfinistictoe, since the
stopes of the lines are steeper for lodgepole pine dwarmistletoe, in-
dicating a faster vate of Interal spread for thisspecies.

The hyvpothetical relationship between stand density and rate of
spread of dwarfmistletoe is presented in figure 33, Spread is rela-
tively slow through dense stands, but increases us densily deerenses up
to 1he pomt where the frees are so far apurt that fransier of the para-
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Faure 33.-—Hypothetical relationship between stand density and rate of spread
of ponderosa pine dwarfmistietoe, The curve represents stauds about 30 to
40 vears old. It woukl be shifted to the left for younger stz and o the
right for older ones.

site from one tree to another becomes more dificult. The rute of spreagd
then decreases with decreasing stand densiry and reaches zery when
the distance between the trees exceeds the distance of horizontal seed
flight.

Because most of the plots were on relatively level ground, titfle in-
formation was obtained on the relationship between the rate of spread
of this mistletoe und steepuess of slopes.  Weir {1923) and Kimmey
(1957, p. 10) state that dwarfmistletoes spread Faster downlill than
uphill, - Fowever. Tlawksworth (1958) found o relationship between
degree of slope and rate of spread of .{reeuthobivin americunm in
lodgepole pine.

The results indicate no significant relationship between compass
divection and distance of spread. This is in agreement with previeus
work on Aweewthobium caginatim £. cryplopodum (Gilt and Hawks-
worth 1954), and it provides furthier evidence that prevailing winds
are not important in the dissemination of this speeies,

Lateral Spread Through Even-Aged Stands

Oceasionally, it was possible to measure lafera) spread exelusively
without the complicntion of infection from an overstory, such as in
even-agred stands infected several years after they were cxtablished.
Measurements of Tateral spread were obtained in six cenlers, [Msualdiy,
the parnsiie had been present for sueh a short time that it was possible
to idenlify the tree that became infocted first and Trom which. pre-
sumably, all further infection in the ecenter developed. It is assumed
that birds are responsible for the establishmoent of pew infection
cenfers in healthy stands, although wothing defintte is known,

Since in even-aged stands there is no initinl boost due to seed Hight
from an overstory, it would be expected that the rate of spread of the
parasite would be somewhat Jess than that for spread from overstory




DWARFMISTLETOE OF PONDEROSA PINE IN THE SOUTHWEST 73

stands into reproduction. Dwarfmistletoe had been estublished tor an
average of 44 years in the six centers. The infected aveas had an av-
erage radius of 40 feet, thus indicating an annual spread of 0.9 foot.
Lateral vate of spread is shown in figure 34, and the hasic data for the
six study areas are tabulated in the appendix. A stem map of one of
the study plots is shown in figure #5. As previously wentioned, i
spread from an overstory to a young stand, the amnual rate of spread
decreases with time, for the distance infecied divectly from the over-
story is a progressively smaller proportion of the total intected dlis-
tance. The annual rale of spread in such siands decreages graduslly
until it approaches thut for exclusively lateral spread or about 1 toot a
year.

Area Covered by Infection Centers of Different Ages

As pointed out by Pearson {1930, p. 168). the area covered by an
infection center increases ug the squarce of the radial spread. This is
important. because velatively small differences in radial rate of spread
result in proportionally great avea differences, The area covered by
infection centers in the rthree types of stands up to 80 years old is
shown in figure 36. Although the radial spread averages only about
one-third greater from an overstory to open than to dense stands, the
aren of infectipn centers is nearly twice as great in open as in dense
stands infected Tor the same length of time.

{FEET)

DISTANCE

¥ = 3.4 + D.8B5X

1 T 1

40 50 60

TIME (YEARS)

x4 ——Rale of spremd of dwarfivistietoe through six even-aged ponderosa
ping stands,
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O LIVING TREE 20 FEET LIGHTLY HEAVILY
@ DEAD TREE INFECTED INFECTEDL

I

o]

Fioves 35.—4A stem and crown projection map of spread plet 1 showing an infee-
tion center in an even-nged, 100-vear-old stand at the {rand Canyon National
Lirk, Aviz. The mirasiie had beon established hore for abuit G0 years, The
infected aren (within the dpshed ine) amounts o approximately gne-fourth
acre.  Healthy trees and those lightly infeeted averaged 13,0 inches Lk,
eavity infected trees and those vrecently killed by dwarfmistlotoe averagod
T.% inches d.b.h.

EFFECTS OF DWARFMISTLETOE ON THE GROWTH
OF PONDERQSA PINE

It is well known that heavy infections of A recuthobinm rrgineium
£ cryptopodum markedly voduce the growill rate of ponderosa pine
{Korstian and Long 1922: Nperry 1934 Ponrson and Wadsworth
ERL: Pearson 19501, but there is linde informution on (he extent of
this reduction in extensive host populations.

The primary objectives of this study were to determine the relalive
effects of different degrecs of infection on recent radinl inerement,
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INFECTION CENTER {ACRES)

AREA OF

TIME (YEARS)

Frovre 36.—Arez of infection centers in three typeg of pounderosa pine stands.
Overstory to understory spread is todlicated by “0-U," and "“Lateral” represents
lateratl spread in even-aged stands.

total diameter, height growth. and volumse of ponderosa pine. Such
information is needed to obtain estimates of growth losses on a re-
gional basis. A survey recently completed has provided estimates of
the number of trees in various infection classes {Andrews and Daniels
1960). The Mescalero-Apache Reservation in southern New Mexico
was chosen for the measurement. althongh data must be obtained from
other localities before the results can be considered as representative
of the region. Anothier objective of the investigation was to compare
the reduction in growth rate in this southern New Mexico locality with
that reported in northern Arizona by Korstian and Long (1922).

REVIEW OF PREVIOUS WORK

Weir (1916, p. 2) measurved the eflects of dwarfmistletoe on the
growth of several conifers in the Northwest, including ponderosa pine
affected by Areewthobinm campylopodum £, cnmpylopodum.  Meas-
urements of 50 heavily infected and 50 uninfeeted 100-vear-old trees
showed that radial growth for the f0-year period before the study was
71 percent lower in the infected trees.  Bilects of dwarfmistletoe on
total height und diameter weve less pronounced. beenuse the infected
trees wore 36 percent shovter and 18 peveent smaller in diameter than
the uninfected trees.
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A comprehiensive report of the eflects of Areenthobivm raginatum
£, coyptopodiom on ponderosa pine in northern Arizona was published
by Koerstian and Long (1922). Thisstudy was based on measurements
of 91 standing trees and on stem analyses of 107 felled trees. The
authers did not summarize their resulis quantitatively but concluded
dwarfmistleioe causes o marked decrease in growth rate that continnes
until the parasite ultimately kills its host. The decrease in growth
rate varied directly with degree of inlection, ranging from little or
no reduction in lightly infected trees to a very warked falling off
in the curvent increment of heavily infected trees. Radial increment
for a 5-year period in heavily infected trees was 12 fo 14 percent
of that of uninfected trees. Comparable fizures for gross cubic-foot
increment were 13 to 31 percent. Diameter and total height of heavily
infected trees were about one-third less than those of uninfected [ rees.

A small-seale study on the effects of this species of dwarfmistletoe
on ponderosa pine in Colorado was veported by Sperry (1934). A
camparison was made of radial merement between five infeeted and
five uninfected 73-year-old trees growing in a small avea. At the
time of measurement. the infected trees were wrowing at a rate of
60 percent of that of (he uninfected trees, wlthough initially the in-
fected frecs were growing faster than the healthy ones.

Pearson 119530, p. 164) and Pewrson and Wadlsworth (1911) note
the effects of dwarfmistictoe on board-foot inerement over a M-year
period in a pondernsa pine stand in northern Arizona. Uninfocted
trees produced an average merement during this period of 205 board
feet, Jightly and moderately infeeled trees averaged 215 board feet.
and heavily infected trees produced 133 hoard feet, The slightly
higher increment in lightly and moderately infected trees was not
regarded as significant, but the heavily infected trees produced 33
pereent less than the uninfected trees,

METHODS

Information wag obtnined on uninfeeted trees and those with
arious degrees of infection growing in the same area The sample
areas were selected (o include a relatively uniform site. and their size
ranged fraw 2 to 5 acres in poles and from 10 to 15 acres in merchant-
able-sized trees Tmphasis was on dominant trees, nlthough a Himited
sample was made of the lower erown classes. The dianietor, total
height for poles or log height for merchantable trecs, vigor raline,
erown class, and degree of infection were reeorded for cach tree. The
cubie-foot volume of poles and the board-foot velume of merehantable
trees wore later determined from regional volume tables. An incre-
menk horing was taken on the north side of each tree at breast height.
Each core was assigned a code number and measurements of radial
growth were made.  Details on the faciors recorded for each free
follow:

1. Diameter. The diameter at breast height was measured to the
nearest (L1 ineh with a dinmeter tape.

3. Height. Total height of pole-sized (rees was determined to the
nearest foot by placing a 40-foot pole, which was marked at -
foot intervals. next to the tree and estimaling the height from a dis-
fanee of at least 1 chain. Log height of merchantuble-sizod (rees
was estimated to the closest one-half Ing.
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3. Vigor. The vigor of each tree was classed as good, fair, or poor
on the basie of needle color and foliage density of the upper one-third
of the crown. 'Frees with normal colored needles and dense crowns
were classed as “good™. and those with normal eolored needles but
wilh less dense crowns were dnssed as “fair”. Trees classed as “poor’”
had oft-colored folinge or very thin crowns.

1 Crown class. Four crown classes were used—dominant, co-
dominant, intermediate, and suppressed.

5. Mistletoe rating. A G-class mistietoe rating system described
by Ilawksworth and Lusher (195() was used. The live crown is
divided into thirds, and each third iz rated as: {, no mistletoe; 1,
light mistletoe {less than one-half of branches infected): and 2,
heavy mistietoe (more than one-half of branches infected). The rat-
s of each third ave added to obtain o total for the tree. For ex-
ample, & tree heavily infected in the lower gne-third of the crown,
Nhily infected in the middle one-third. and not infected in the upper
{hird would be class 3. A tree heavily infected in each third would be
elass 6. Initial dwaefmistletoe infection usually takes place near
e base of the tree crown und spreads upward, so in a class-3 free
usually only the Jower half of the crown is infected : in a class-+ tree,
the lower two-thirds, ote. This system is simple to use, and ratings
of the same trees by ditferent observers are comparable. It was
adopted rather than the 3-class system that was used by Iorstian and
Long (1922, p. 4-5), boenuse more detail was desived. It indicates the
abundance of the parasite in various parts of the crown rather than
its mere presence. s will be shown, the G-class system can also be
used to indicate the degree of erowth reduction caused by dwirf-
nistletoe. It cannot. however, be used as a measure of infectiveness,
for this is frequently independent of the amount of mistietoe in a tree.

An eftort was made to obtain increment cores that included the pith,
but no reborings were made If this was not accomplished. Total age
of the trees at breast height was available from about one-quarter of
the coves. "This was suflicient for averages in these even-agesl stands.

Before the cores were mensured, several from uninfected trees n
each avea were analyzed to determine characteristic patterns o [ wide
and narrow rings so that definite years eould be assigned ro the rings
on each core. This was easentinl, because growth of some heavily in-
focted trees was so stow that the most recent vings could not e
distinguished even with the use of a binocular microscope,  Measure-
ments of growth during the last 5 vears prior {o the date of the
sauple were wade for all eores: also. growth by 5-year periods for
pates and by 1tkyear perinds for merchantable (rees were recorded.
These measnrements were made with a roler divided into sixtieths of
an ineh. and ealeulations based on them were later converled to-
hundredths of an ineh for presentation.

REesuLTs

A total of 1603 trees i 2 age elasses was measured {table 6). At
hreast height, these age classes averaged 43 vears for poles and 129
vears for merehaniable timber. Tofal age was est imated at 35 and 40
vears, respectively. hout one-third of ihe trees were measured in
the fall of 1952 and the remainder in the falt of 1955,

550330 O-61-6
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Tante 6.—Sunmery of the five arcas cstablished to sindy effcety of dwarfmistlo-
toe on the growtl of ponderosu pine, Hesewlere-A pache Reservafion, N, Mfer,

Yoorof Avernge nge LAPproximnte

Staaud tene, wrer, and logeing unit stndy ot breast | size of stuely | Tres hosis
helght noen
Years Arres Number
Pole slamds;
B, Whitetatl. oo e e 1852 a8 2 206
0, Snosw. el 1055 AG 5 403
E, Whiketall. oo T i35 4a 2 215
Tolnl. v mrmme [ tr e m——— i} B
Merchantable stands:
A, North Tulaesa . o oeoeen oo 1052 & 1835 125 15 04
C, CNRTR0 e eI 1035 1 10 208
i | PR . P O SN 25 04

One of the pole stands (area D) was thinned between 1930 and 1933,
or when the trees were between 30 and 35 years old. There are no
vecords of the thinning, but presumably visibly infected trees were
cut; this is known to have been done in nearby thinnings made about
the same time. The other two pole stands had received ng cultural
treatment. Avea A was lightly logged about 25 years prior to the
study, and area C was in a virgin stand.

Effects on Radial Increment

The effeets of dwarfmistletoe on recent radial erowth (last 5 years)
and periodic growth by 3- or 10-year periods are discussed separately.

Recent Growth

Arverage radial growth during the 5-year period before measurement
for all trees in the two age classes is given in ligures 37 and 38, Data
for all areas in each age class were combined. since there wero na
significant diflerences in recont growth. This was true even for aren
D, which was thinned about 20 yenrs previously. Also, different yenrs
growth were represented by the last 3 vears, because some borings
were thade in 1952 and olhers jn 1955 Nowever, fhese were grouped
because diflerences were slizht. In the Hi-yvear-old pole stands, sig-
nificant growth reduction ocewrrad only in frees of infection clasges
5 and 6: radial increment during (he 5 Yeurs hefore measwrement was
19 and 25 percent, respectively, less than that of uninfected and tightly
infected (class 11, 1. and 2) ivees. Photographs of & healthy tree and
fwo infected with dwarfmistletoe in aren T) are shown in fimure 30.
In 140-year-old dominants, growth uring the past 5 vears for c¢lasses
+ 5, and 6 was reduced by 11, 26, and 52 percenl. respeetively, in com-
parison with uninfectad and Tighitly infected trees. Tlowever, only
the reduction in classes 5 and 6 was statistically sjgnifieant.

The resulis for endominant and intermediale troes (figs. 37 and 3%)
have heen wrouped. beeause there were no significant diflerences be-
tween them.  Althoush the lusis for these lower domingnee clusses is
relatively weak, the results suggest that the eflects of dwarfmistletoe
on them is less pronouneed than on deminant trees.
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Periodic Growth

The rudial growth in dominant poles by 5-year periods is given in
figures 40 and 1. In both these figures all measurements for unin-
fected und infected trees of classes 1 through 4 were combined into one
group, since there wers no marked differences between them. The
increased growth rate in area D between 1935 and 1945 was a resulf
of the thinning in this stand between 1930 and 1935, In urea B, which
had received no cultural treatment, growth of heavily infected trees
{clusses 5 and 6) had only recently begun to fall below that of the un-
infected and lightly infected trees. In area D, growth in all dominant
trees up until about 1930 was very similar (Eg. 41).  The trees of
clags 5 at the time of the study had lower than average growth for
the last 5 to 10 years; and class G trees, for the last 10 to 15 years.
Pericdic growth rate of the seven trees kitled by dwarfmistietoe was
reduced for 15 to 20 years prior to their death,

Ten-year periodic growth for dominant trees of various infection
clusses in the 140-year-old stand in area A is shown in figure 42
Uninfected trees {class 0) and lightly infected trees (classes 1 through
3) were grouped becanse diflerences were slight. There was a uniform
reduction with increasing degree of infection only in the last 10 years.
Tariables other than the amount of dwarfmistietoe probably account
for the discrepancies. Because of the size of the trees, the sample was
spread over & Jarger avea (15 acres), so variations in site were probably
areater than in the pole stands.

O-4 {72
.80 wre)

704

&0

a0

A0

L300 =

20

A8

RADIAL GROWTH Br S-vEAR PERIODS {INGHES)

Q

¥ 3 T L] ¥ 1
1922 1827 1932 1937 1942 1947 fas2

TEAR

Tuns 40 —Tadial growkh, by H-vear periods, of Gominunt poles that had virious
degrees of ufeelinn (arvea BBy, Infection class indd bree basis for each carve
nre shown in the legend. Pasis: 201 trees: average age: 38 years ut hreast
height.  Mescalern-Apnche Reservation, N, Mex.
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Froure 41.—Radial growth, by S-yenr periods, of deminant peles that had various
degrees of infection (area D}. TInfection class and tree basis for eich curve
are shown in the legend. Basis: 332 {rees; average age: 46 years nt breast
height, Mescalero-Apache Reservation, W. Mex,

Effect of Brooms on Relative Growth Rate

TWhen a tree becomes infected throughout the crown over a tela-
fively short period of time, the formation of witches-brooms may be
delayed or completely inhibited, A comparison was mace between
radial growth of poles of the same infection class that had developed
breoms and those that had not. The reduction of radial growth in
broomy trees was considerably greater than in nonbroomy trees with
the same proportion of the crown infected (table 7). Even for
heavily infected trees (class &), radial growtnh in those with non-
hroomy infection was reduced only 14 percent compared with a re-
duction of 59 percent in trees with brooms. The difference hetween
growth rate of trees with broomy and nenbroomy infections incrensed
with degree of infection. For trees of infection class 6, radial growth
of those with broomy infections was less than one-half that of the
nonbroomy ones. The frequency of broomy trees increased with the
degree of infection and ranged from 7 percent in freeg of infection
classes 1 through 8 to 68 percent in trees of class 6.

The relationship reported above for nonbroomy and broomy poles
was essentiaily the same as that for dominant, class-6 trees in the
140-year-old merchantable stands.

Pearson and Wadsworth ( 1941) observed that in rare instances,
“phenomenal” diameter growth oceurred in infected trees prior to
physical decline of the crown. One such tree was found in the
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Fiourks 42 —Radial growth, by 10-year perieds, of dominant, nterchantnble-sized
trees {aren A). ‘The infection clnss and tree basis for each curve are shown
in the legend. DBasis: 237 trees: average age: 125 vears at breast lreight.
Meseulero-Apnche Reservation, N, Mex,

present study. A heavily infected (class 6) dominant pole with non-
broomy infection showed a radial growth of (.85 incl during the last
5 years. This compares with an avernge of (.16 inch for ail other
¢lass G dominants in this area and with 0.29 inch for uninfected domi-
nants. The rapid vecent growth rate of this tree was offzet by slower
than averuge growth prior to this time. Its total diameter was about
the same as for other heavily infected trees.  Decause its rapid growth
rate was not noticed af the time the core was taken, no search was
made for factors that might account for i, such as release caused by
the death of adjacent trees.

TAnLE T.—Comparison of recent radial increment {last 5 yenrs) of dominant
pofes wifli broomy and nonbrogmy infection {arce D)

“Preos with nonbroomy Trees with broomy Fronuency
infection inlgetion of bBroony
Dnfection class troes in
each
Rasis Growih nsis Growth infoetion
reduction t reduction! cinss
Nurmaher Percent Number Peresut Pereent
119 i L] b
38 L] 21 T i)
23 7 kin 45 1))
1l 14 23 39 02

| Growth during the last 3 years for troes of infeciion classes 1 Lhirough 3 was the sume (0,28 Inch) for hoth

Broom iy pes.
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Effects on Tree Size and Volume

The effects of dwarfmistletoe in dominant poles were most pro-
nounced on cubic-foot volume, less on height, and the least on diameter
{table 8). The height of poles in infection classes 4, 5, and 6 was
sigmificantly lower than that for the uninfected and lightly infected
trees. Significant vecductions in gross cubic-foot volume occurred in
classes 5 and 6, but the reduction in total diameter was not significant
in any infection class.

Average diameter, merchantable height, and gross board-foot vol-
wme for the 455 dominants in the 140-year-old stands are given in
table 9. The relative effects of the parasite were similar to those in
the pole stands—most pronounced on volume, intermediate on height,
and least proncunced on diameter. The reduction in total diameter
was not significant in either age class.

Effects on Host Vigor

The vigor of each tree was clussed as good, fair, or poor on the basis
of needle color and density of the foliage in the upper one-third of the
crown. Because of the subjective nature of such a classification, no
statistical analyses of the vesults were made, although a marked re-
duction in host vigor in heavily infected trees is unmistakable (fig. 43).
The “poor™ class was the least subjective, and trees in it had fading,
off-color foliage or thin crowns, The proportion of poor-vigor trees
was higher in the 55-year-old pole stands than in the older one, but
both showed the highest proportion of poor vigor trees in infection
class 6. In the pole stands, 61 percent of the class-G trees were of poor
vigor as compared with 24 percent in class 5 and an avernge of less
than 2 percent for all other classes, including the nninfected trees.
Twenty-eight percent of the class-G trees in the 140-year-old stands
were of poor vigor, as compared with 12 percent of the class-5 trees
and an average of 3 percent of all other classes.

Comparison of Results With Previous Findings

In general, the results of this work agree with those of I orstinn and
Long (1922) in that the effects of light infection is negligible but that
there 15 a marked reduction in recent increment in heavily infected

TABLE B—Summary of weveruge size of dominani poles’ of varions infection
clagses; combined dale for areas B, D, end B, Mesculero-Apache Reservation,
N. ez,

Infection eloss Trae basis | Diometer ot | Total elght | iross valume
sl leizhe

Numher Inches Feet Cubie feet
14 10.7 45 15,0
it} 10,0 41 10.5
o 11 15 1.4
H N34 12 0.4
[0 10.3 2492 10,5
11q 9.1 240 ER LA
O Th 9.4 136 j?.h
LI T G2 | o e

I AvETREe OEe, 35 years,
3 Rlenificant differetice from grouped average of ciasses 0, 1, and 2,
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TABLE O.—Summary of average size ¢f dominant merchantable trees® of varions
infeotion clusses; combined data for areas 4 and €, Mescalero-Apache Reserva-
tion, N. Moo,

DMamerer  |Merchontoble
Tafvction class Tree basls at hreast height in | Gross velume
helght 16-foot fops
MNumber Tuches Number Banrd feef

D v m—————— - 9 21, 1.0 450
) S [, &4 2.5 3.8 430
2 ——— - 35 22.9 3.9 520
a. — A5 oG 3.9 490
i. — 49 21.8 3.0 430
5 - - 68 0.8 3.7 2 300
B cammmmemmmm— e s mmmm———m s mam—— - 147 20.3 i *3.8 300
O o e eee cmmm e cmmmmm e 133 ___-_l [ T

I Average age, 140 yeors.
1 Bigrificant difference {rom grouped average of ¢lasses 0, 1, grd 2.

trees. Direct comparison between the two studies is not possible, be-
canse different systems were used for classifying infected trees,
Korstian and Long’s results for lightly infected trees were very -
regular; in some observations, the radial growth of those trees ex-
cesded that of the uninfected trees, and in others it was one-third less.
Varviations in recent volume increment in lightly infected trees were
even greater, ranging from 3 pevcent more to T+ percent less than for
the uninfected trees. The marked reduction in growth rate of several
of their lightly infected trees suggests that the pninfected trees were
not really comparabie to the infected ones, for in the present study
there was no reduction in lightly infected trees. The irregular results
may have resulted from the manner in which Korstian and Long
selected their frees; these were appavently scattered over wide areas
rather than in relatively small aveas as in the present study.

In view of the large variation in growth rates of their lightly in-
fected trees, Korstian and Long's (10922, p. 17) statement that light
infections occasionally stimnlate diameter growth of fhe tree cannot
be regarded serionsly. Gill (1935, p. 218} also considered that the
slight jucreases noted were probably accounted fov by experimental
error.  In the present study, there were no significant ciiferences be-
tween lightly infected and unintected trees in recent rachinl increment,
tofal diameter, height, or volume.

WITCHES-BROOMS ASSOCIATED WITH
DWARFMISTLETOE

Witches™-breims ave growths of abnormal branching habit, com-
monly with unusually dense foliage, and are the most conspiciions
symptom of trees infected with dwartmistletoe. As pointed out by
Kuijt {1955, p. 592}, the ability of Awurfmistietoes to induce witches'-
brooms makes them unusual among higher plants, although brooms
are commonly produced by fungi, insects, and viruses, While brooms
are not rlways associated with all species of sLrceufhobinm. they ave
characteristic of these parasites.

Tt is well known that different types of brooms are associated with
various species of dreeuthobium on different hosts (Gill 1935, p. 212).
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Fravue 43 —elationship betweon amount of infection and vigor of the host in
two age clnsses.  Basgis: 890 trees in the young stand and 704 in tie olider one.
Mesealero-Apache Reservation N, Mex.

It seems to be less well known that a number of different types of
brooms may be formed by the sume parasite on a single host species.
Three types are associated with 4. pusitium on black spruce {Ander-
son and Kaufert 1959) and three ave also rveported heve for ..
vaginetum £, eryptepodum on ponderosa pine.

TypES OF BROOMS ON PONDEROSA PINE

Before the rypes of brooms formed on ponderssa pine by dwart-
mistletoe are discussed, it should be noted that not nll infections
develop into brooms. Instances in which broom formation may be
partially or completely inhibited are (1) infections on main sten, (2)
infections on growth so old that no Luds eapalile of growing into new
branches are present, and (3) trees that hecome generally infected
throughout the crown in a relutively short time (fig, H),

The three general types of brooms associnted with ponderosa pine
infected by this parasite are as follows:




DWARFMISTLETOE OF PONDEROSA PINDE 1N TIE S0TTHWEST

Prover 14— Llean iy infeetel coliass G0 trees in whicll there his boen relinively
Tittle bromme foepetion, even tlhoagh 1they Lave beeon infeetod for o looer tie
Lafretion i= a0 ceneral covery hraneh infectead ) Pt aaacked brooin forstion
i any vie braneh is prevenied. Graagh Capyon Natlonal Park, iz,

L Pypiead beovns, These are roughly spherieal ju ontline, wirk o
nrarked taper in the infeered branelies (e 450 0

20 Veduptoer tewdop heomns, "These ure brooms i which one or 2evs
eral Teanehes sswne o vertieal habit (e 40, 20

Se Wee piner bpooms. The branches on these bhrooms show a detinite
throoping tendenes (g 40,000,

Typical Brooms

Tapieal brotms are newely isodiamelric anthinay attain o diameter
af 12 feer or more gl By, Fhe branehes on this type af broom are
characterized by their murked aper. This 1= by fare the cotmmonest
tepeaind cornts e in two To-vear-old stds on the Fore Viadtey
foxperimental Foresty Aviz showeld that these comprise about X35
pereent of the roomis present ctabie 10).

Disseetions of o few iapieal brooms were made to determine their
prowth vate. The brooming tendeney of [0-vear-old inleetions is
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Taras 45— "Phree types of broomy asseeinted with dwarfmistletoe on ponderosa
pine: A, Typical broom: #, voluateer leader broom: and ¢, wesning broom,
The stippled areas indicute the areas neburdly invaded by the parasite,

seaveely distinguishable (fig. 47), but it is clearly evident in the two
I8-year-old infections.  Average diameter of brooms associated with
the seven dissected infections is shown in figure 46, Vigor of the host
also has a marked effect on growth rate of brooms: brooms on vigorous
branches ave larger than those of the same age on branches of legser
vigor. ‘Twenty-year-old brooms avernged 3% feet in diameler, while
those 40 yeuars old meusnred 584 Teet (fig. 45). Between 10 and 40
years of age, the brooms neveased in diwmeter at an average rale of
0.1 toot per year,

Taske 10— Abundanee of e thee dypes of dicarfaristiefoe brooms in fivg
Fh-pegr-old stunds, Fort Ualley Breporimental Purest, Ariz,
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Froori 6Ty ple

a1 Tireom 1n nfersed ponderesa pine: 4, Heavily infected tree
an e Moezenloco-Apnehe Reservitlon, No dex.

The infection has lowered
the vigoe of fhe teee, abd 1he bree hits bezun Lo die Trom e top. & awgl )
sranned ponderosa pines Kitel by Beavy dwarfmistlotos infection. Bryce
Canyen Nutiona) Park, Praby {2, A tree with o single broosn about 12 feel in
dimnoter 1 the lwer erewn, Giraad Canyon Nutional Pask, Aris.
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Frgrek 47.—"TTypieal brooms of disferent ages on ponderosa pite. A 2-faol rule
ix shown i each photograph, A, An infeetion established for about 10 yrears.
#and O Infoctions established for abour 18 years. 5, A di-vear-oll infeetion,

Volunteer Leader Brooms

Volunteer leader hrooms arve characterized by a marked vertical
tendency of the branches (lig. 49). They oceasionally rival the
original leader in height and diameter {lig, 49, 5 and ). Disseetions
of only two volunteer leader brooms were mude,  Their height growth
was fowr times the average radial zrowih of the seven typieal hrooms
measured, These brooms are similae to those deseribed by Anderson
and Kaunfert (1550) as “leader™ brooms on black spruee infocted by
Areewtholiivm pusitbin. The nune volunteer Teader™ is used Lere
instead of “leader™ for these Drooms: the latter mune implies that
infection takes place on the main =tem. but this is not abways true.
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FieUse 48-—Relationship betweer age of infection and diameter of Eypical
brooms. Fort Yalley Experimental Forest, Ariz.

Volunteer leader brooms are less common than typical brooms. A
count made in two T0-year-old stands (table 10) showed that these
averaged about 14 pevcent of the brooms present. IHowever, the rela-
tive abundance of typical brooms and voluateer leader brooms is
quite variable in different stands. Many of the iafections in young
trees grow into brooms of the volunteer leader type, but infections
that ocour later in the life of the trees usnally develop into typical
brooms. Thus, the proportion of volunteer leader brooms decreases
as the stands become older, and that of typical brooms increases.
Stands that ave intected for the first time when the trees ave past the
sapling stage have few, if any, volunteer leader brooms.

Volunteer leader brooms, 1 general, ocour lower on the bole and
closer fo the main stemn than the other two types. As shown in
table 11, for a count of 923 brooms in two T0-year-old pole stands,

Tanle 11.—Reletive vbundance und helght of the Hhree types of brooms in Livo
T-year-old pole stands; combined date for arcas A and B, Fort Valley Buperi-
wental Forest, Ariz.
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Provks 4—VYolunteer leader broows in pounderosa pine. o, Tree with 2 volun-
teer leader broum {lower righty angd g typical broom (center), showing how
fhe foriner type usunily sceurs near the ground ond elose o the hale, £,
Broom at the buse of a 40-year-oki tree. The branches on the broon have
Lrown so rapidly thai the erigingl main sten farrow) s seareely distinguish-
able. , Young bole infecrion (aboat 14 yedars old), <howing how orisolation
of two bruncles near the infection hax been so attered that they rival the
original teader, /2, Voluntcer leader broom ab the base of it pole-size troe
Fort Valiey Bxperimental Forest, Ariz.
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93 percent of the volunteer leader brooms occurred in the lower 6
feet of the bole and 1 percent in the lower 3 feet. Comparable
figures for typical brooms were 26 percent and 4 percent, respectively.
The average distance from the oldest part of the broom to the bo{
was 0.6 foot for volunteer lender brooms, 2.7 feet for typical brooms,
and 1.7 feet for weeping brooms (table 12).

On one tree (fig. 49, 4), an infection on a branch about one-half
foot above the ground and about one-half foot from the bole devel-
oped into a volunteer leader broom, while on the same tree an infec-
tion 2 feet away from the main stem on a branch 4 feet above the
ground developed into a typical broom.

Weeping Brooms

Weeping brooms, as the name implies, show a drooping habit of
branching (fig. 50). This type of broom 1s much rarer than the other
two types, and it amounted to only about 1 percent of the brooms in
the two T0-year-old stands examined (table 10). Although the re-
lationship between broom incidence and height above ground for
weeping brooms is not as clearcut as it is for volunteer leader brooms
{table 11), weeping brooms have not heen seen higher than about 10
feet above ground.

T'nlike infection in typical and volunteer leader brooms, infection
in weeping brooms is systemic: that is, the endophytic system of the
parasite keeps pace with the growth of the haost parts and permeates
every branch. In typical and volunteer leader brooms, the parasite is
(‘r;lnﬁnvc)l to a relatively localized area at the center or base of the broom
(fig. 45).

Intermediate Broom Types
The three types of brooms just described are usually distinet, buf

intermedcliate brooms that have some features of two types are some-
times found. A typical broom with & vertical tendency of the mam

TARLE 12.—Bole-to-broom distance for the three types of brooms in a V0-year-old
pole stand; areg B, Fort Valley Bxperimenfal Forest, Ariz,
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¥roews Sthe--Weeping brooms in ponderosy pine. 1, Weepias broom on o lirge
pole. B Broom assoeinted with o S6-year-oll infodion, 0 Dl woeeping
broom, showing the long, slender branches, 1O was prolnbly Kilied by <hadine.
CA B and © heooms on Hie Fort Valley Kxporbmental Forost, Ariz. Their size
in fndieated by o 2-foet rulen 73 An onnsually denso woerping hiroom in §he
frand Canyon Nabooad Park, Ariz.
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branch is shown in figure 51, <L, and a transition form between typical
and weeping breoms is shown in figure 51, B. These intermediate
types are rare.

Di1scUsSION

The reason why three different types of brooms develop within a
single host-parasite combination is not yet clear, but systemic dwari-
mistletoe infections seem to be involved in the formation of at least
one type.

Systemic Infections

A feature of dwarfmistletoe infection that has not been explained
is the common occurrence of two types of shoot distribution on the
same host species. These are (1) shoots clustered in a localized area
of the Lranch, usually cunsing it to swell—a tufted type, and (2)
shoots seattered along branches that show little or no swelling—a
systemic type. Systemic Arceuthobium infections were recently dis-
cussed by Kuijt (1960). Gill (1935, p. 123) suggested that the type
of infection was more a function of the individual host tree than
anything inherent in the mistletoce. He noted that ledgepole pine
infected with drcenthobium americanum showed both types of infee-
tion with about equal frequency, but that the two seldom, if ever, occur
on the same tree. However, for 4. vaginatum f£. cryplopodum on
ponderosa pine, infections of the systemic type are found only on trees
with the tufted type, for the former is an outgrowth of the Jatter.

Branchlets with systemic infections ure invartably younger than
the unimfecred branchiets of the same branch (fig. 52). Thus, these
infected branchlets avise from buds that have been dormant for some
fime and then stimulated info growth by the purasite. A character-
istic of such infections is that all subsequent growth of the stimulated
branchlet bears infection of the systemic type. Mistletoe shoots are
commonly produced on internodes 2 years old and older, although
sometimes they ave seen on 1-yenr-old growth.

Counts made on the Fort Valley Experimenta]l Forest showed that
the proportion of two-needied fascicles was greater on hranchiets
bexring systemic infections than on uninfected branchlets of the sume
hranch. Over 2,000 fascicles on § paired branchlets weve examined.
The ratio of two-needled to three-needled fascicles was 1090 for
uninfected branchlets and 28:72 for those bearing systemic infection.
This is taken as Turther evidence that hranches bearing systemic in-
fections ave not part of the normal branch system.

The natare of the ponderosa pine buds that develop into systemic
infections is not yet known, but chservafions have shown that at least
fwo fypes are stimulated by dwarfmistietoe.  These ave dormaut
whorl buds and needle faseicle buds. The dormant whor! buds
{Cooperrider 1938) ocenr only at the nodes and are usually 3 to 5
millimeters hizh (fig. 53, £, These buds normally die and fall off
affer a few years. but if the rerminal of the branch is removed or
killed by grazing animals or Hip moths. they are capable of developing
into new branchlets, Small aborted necedles 14 to 3 inch long are
frequently found on the dormant whorl buds (fig. 53, B).




Fiavee 51.—Intermediate broom types in ponderosa pine: 4, Typical broom with vertical tendency of the main stem, the Fort Valley
Experimental Forest, Ariz. B, Broom in which the upper parts resemble that of a typical broom (markedly tapered branches,
nonsystemie infection) while the lower parts exihibit characteristics of weeping brooms (drooping branches, systemic infection),
the Grand Canyon National Park, Ariz.
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Frorne 52 —Systemie dwarfmistletoo infoetlons on ponderasa pine: A, An infer-
tiom {arvow) on the main stem of 2 beouneh on the twelfth internode and with
two side branchiets bearing systemic infecetions.  The upper branchlet has five
internodes and the lower one seven, thos showing that they aroge from bads
that were inaclive for 7 and 5 years, respectively.  The 1957 terntinal growlh
of Thege fwo sitde branchlels was about four times that of the wnin hrineh.
Fort Valley Bxperimental Forest, Ariz. £, An aliter systemie infection ; here
unly bhranchlets bearing systemeie jufectlons are living, The main branch
{arraw) isdead bevonil the point where the side hranelilet arose.  'he infeelesd
braneh is nor swollen except ar the point of junciion with the main stem.
Dwarfmistletoe shonls marked “s  Kaibab National Forest, Arviz.
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In 1955, 43 dormant whorl buds adjacent to dwarfmistletoe infec-
tions were tngged and they are being observed periodically. By 1958,
12 of these buds (28 percent) had been stimulated by the parasite and
had developed into branchlets. The remaining 31 pine buds (72 per-
cent) and all dormant whorl buds not near dwarfmistletoe infections
were either unchanged or dead after this period. The average height
of the 12 stimulated buds during this 4-year period was as follows:

Average
height
Year {centimelers)
100 L e et —————— 0.7
1006 e ———————————— 1.7
= 4.3
B8 L e . 8 2

One dormant bud 0.5 centimeter high in 1955 developed into a branch-
let that was 20.7 centimeters high 3 years later. Figure 53, {' shows
a branchlet that is the outgrowth of a dormant whorl bud.

It is definitely known that both dermant whorl buds and needle
fascicle buds (fig. 53, 4) are stimulated by dwarfmistletoe, although
stimulation of the latter is less frequent. However, since observations
have not been made over periods long enough for dwarfmistletoe
shoots to be produced on such stimulated growth, it is not certain
whether growth from one or both hud types will develop into systemic
infections. Tt seems most likely that systemic infections may be out-
growths of dormant whorl buds, because most branches with systemic
infections originate at the nodes (fig. 52, 4}.

Possible Explanation for the Different Broom Types

Von 8chrenk (1900) and Anderson and Kaufert (1959) suggest
that host vigor is the primary factor determining the type of broom
formed on spruce infected by Adrceuthobivm pusillum. For 1. vagi-
natum t. eryptopodim on ponderosa pine, host vigror influences broom
size, but it does not seem to be a factor in broom type.

Of the three types of brooms on ponderosa pine, two {typical brooms
and volunteer leader brooms) wre basieally similar in that the parasite
iz confined to a locilized area near the original point of infection.
Weeping brooms differ in fhat the infection is of a systemic type.
Tt is probable that weeping brooms are later stages of the systemic
infections just discnssed.

Dormaat buds are probably involved in the formation of typical
and volunteer leader brooms also, but just how the many branchlets
arise in these brooms is not yet known. "Lhe ditference between typical
and volunteer leader brooms might best be explained on physiological
grounds. It has been shown that when infection tikes place near the
main stem and close to the gronnd, a velunteer type broom usually
develops; buf, when infection occurs elsewhere, typical brooms are
formed. Tt is apparent in both types that the apical dominance
regime of the branch and tree is disrupted.

In typical hrooms the terminal bud of the infected branch, which
normally supplies auxin that limits grewth of the secondary branches,
is gradually wenkened and killed. There is a definite brooming
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Fiorue 53 —Stimulation of ponderosa pine buds by dwarfmistletoe. -, Needie
Fascicle huds: (he shoots (8) of the parasite 2ee jost onerging from the bark,
and the interfoline bud £b} of un adjacent neadie faseivle is staeting to develop
into a branchict. From an artifieinl joocalation smde in 1954 on o 1951
internude; photographed in 1937 (3 times natural size), Cibola National
Ferest, N, Mox, B and €, Dormant whotl butds: 8, An undeveloped bud with
aborted needles on n O-vear-old interpode (X 04). €, A similar hwd that
developed inte o branebiet X 0.4). This branchlet was 3.8 centimeters high
in 1957 when (he photograph was taken and 83 centimeter high in 1855 when
iE was in a dormant condition similar to that in 2. Fort Valley Experimentid
Forest, Arvie
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tendency of these branches even before the terminal is killed (fig. 47,
B and €) 5 the auxin-producing ability of the terminal bud is probably
reduced for some tinte before it is finally killed.

In velunteer leader brooms, the terminal bud of the infected branch
is not killed, but it no longer limits the development of the lateral
branches; they grow directly upward as new leaders {fg. 49, ().
Since the infection takes place near the main stem and close to the
bole, it is possible that these leaders ave supplied with high quantities
of an auxin precursor, and that they are thus able to develop abundant
auxin-gnpplying terminal buds.

Experiments involving dissection of terminais and application of
auxing to infected and uninfected branches are needed to learn more
of the nuxin relations of broom formation.

SUMMARY

The dwarfmistietoe Arceuthobivm vaginatum . cryptopodum
(Engelm.) il is the most baportant pathogen of ponderosa pine
(Pinus ponderosa Laws.) in the Southwesiern United States. The
patasite is common in .\rizona. New Mexico, Colorado, and Utnh
and it alzo occurs in a few localities in Nevada and Texas, About 36
pereent of (he conmercial ponderosa pine acreage in Arizong and New
Mexico is utfeeted Dby this dwarfmistletoe. The disease causes
maortality and growth veduction in infected trees, and it also lowers
seed producilun and timber quality. Teavily infected trecs nre also
more susceptible to attack by insects and other diseases.

A weneral deseription of the shoois, flowers, fruits, sceds, and en-
dophytic svstem of the dwarfmistletoe is given along with a discussion
of the pathologicnl aspects of infeciion. The factors influencing the
distribution of the parasite including stand type, stund history, and
site Tactors are described.

Several Liologic agents (fungi, insects, birds, and mammals) affeet
the pavasite, but they do not appear to he important natural control
agents.  Presumably resisiant frees have been found, but no fesis of
susceptibility have been carried out.

Chemieal control of dwarfmistletoes 1s not yet leasible,

Pruning ean be practiced to effectively reduce dwarfuiistletoe if
trees ave only lightly infected ane’ if infections de not oceur in or
near the frunk.  Pruning guides developed from tests with infected
hianches are given,

Dwarfntistletoe can be reduced to an innocuous level by silvieultural
control methods. The following procedures are recommended: (1)
removal of all infected overstory {rees, {2) removal or pruning of ull
infected trees in the understory, and (3) follownp operations in all
size classes. Confrel in lightly and moderately infected stunds can
be accomplished with relatively minor modifications of current cutting
practices. The only additiona] work needed is the treatment of in-
fected parts of the understory. Control in severely disensed stunds
necessitates heavier cuts and infensive followup operaiions,

Informution is presented on the results of the following six studies
on this dwarfmistletoe:

1. Life history as determined by inoculations. The seeds germinate
within 1 month after they are expelled. Tnsects and other agents
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destroyed many of the seeds, and only about 5 percent of the seeds
-phuited vesulted in infection.  The more recent inlernodss are the most
susceptible bnt some infection scowrred on growth as old as 9 years.
Over 90 percent of the infections first produeed shoots during the
thivd, fourth, and fifth years after the date of planting. Flowers wete
first produced in 3 years and the fivst inature fruits in ' 8 3 years from the
date of planting. A 1:1 sex ratio exists for this species.

2. Seed flight. 'The average horizontal distunes iraveled by the
seedls was 174 feet, with a maximum of 42.0 feet. There was a linear
relationship between the logarithm of the number of seeds falling on
a unit aren and the dlst‘mce from the seed source. The trujectories of
seeds expelled af different angles were enlculated. The natural angle
of discharge averages 30° Io 40° above the horizontal, The average
initial Vefoczt], of the seeds is estimated at 15 fect per secoud.

3. Seed dispersal period. The dispersal period was measured dur-
i 3 successive years on the Fort Valley 18 wcpemnentgi Forest, Ariz.
The bulk of the seeds were expelled during the 3-week period including
the last week in July and the first 2 weeks in \.wru%t There were only
slight differences in the length of the seed dispersa! period in the 3
vears observed, but the number of seeds produced varied considerably
from vear to)o‘n

1. Rate of spread.  Measurements on spread of the parnsite were
made in 42 stands in Arizona and New Mexico.  Infection in young
staids progressed from an infected overstory at an average rafe of L7
feel, per year in stunds where the crown canopy had not closed, and 1.2
feet annually in closed-canopied stunds. The rate of Iateral spread
Hnou«rh even-ared stands averaged 0.9 foot per veur.

L}f{*{h on grawth rate of Fhe host. Measurements of 1,600 frecs
Of i\\‘n agre elasses were made on the Meseatero-Apuche Reservation,
N. AMex,, to determine the effeels of various amounlts of infection on
the growth of ponderosa pme. There was a signifieant reduction in
recent {Insf 5 years) radind inerement ondy in trees in whieh at least
two-thirds of the crown was infected. Recent sadial inerement in
heavily infeeted trees was reduced 35 pervent in 33-vear-old stands
nnd n_’ pereent in 140-yvear-old stands. There was 2 marked reduetion
m vigor of heavily infected trees of both age classes. The effect of
dwarfomstletoe i heavily infected frees was most pronounced on
recent radial increment and tofal volume, hitermediate on height, and
least on total diameter,

6. Wetehes-broom  formation. Three types of witches -brooms
associated with this parasite on ponderosa pie are described. The
characteristios and relative abundanee of the three fypescand possible
explanutions of how they are formed, are discussed, Systemic dwart-
mistletoe infections ave shown to arise from dormant pine beds that
aresiinulated by the parasile.
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APPENDIX
KNOwN DISTRIBUTION

IKnown distribution of Arceuthobium vaginatum f. vaginatum in
the United States, Mexico, and Guatemaln. =Basis for figure 1.

Country and State Locality Reference

United States:
Cochise and Pima Couuties Gill 1935.
Grant County Do.
Mexico;
Coahuila Standley 1922.
Johnston 1944,
Gentry 1942,
. Roldan 1924,
Durango Standiey 1922
Julisco Tubeuf 1915,
Hemsley 1882,
Tubeuf {319.
Leavenworth 1046,
Hemsley 1882,
Standiey 1922,
Tubeur 1919,
Robinson and Fernald

HH N
Standley 1922
Sosa 1939,

Vera Cruz? Flemsley 1882,

Vera Cruz ! Da.

Verz Cruz 3 Gill 1935,
Guatemala Alta Verapaz, Buja Verapaz, Za- [ Stundlev and Stever-
eapa, Sun  Marcos, and Hiue- mark 1946,
hugtenango.

' As Arceuthobinm campylopodim.
? As Arcenthobium ozycedri.
I The type loenlity of drcenthobivm vaginalum,

The distribution of Arcewthobaum vaginatum f. eryptopodum on
ponderosa pine by counties in the United States. The known distri-
ution of the species based on collections and reports in the literature
up to about 1934 was summarized by Gill {1935, pp. 179-181). New

localities are indicated by parentheses. Basis for figure 1 {in part}
and figure 2,

State and County Reference or loeation

Arfzona:

Apuehe.____.__._ Gill 19335,
Cochise Da.

Do.

Do.

Do.
Greenlee... ._.__ (Apache Nutional Forest, Alpine Distriet, 1u54),
Mohave {Hulapai  Mountain  Park. Collected by SBtuart 1.

Andrews, 7.8, Forest Service, 1959
Gill 1935.
Do.
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State and County Reference or loenkion

Colorado:
Archuleta. . ._.. (3 miles west of Pagosa Springs, 1957.)
Boulder Gill 1'h35.
Chaffee_.__ ... Do.
Do.

To.
Douglas. ... __ {8 miles east of Pockers, 1950.)
Tihert (5 miles south of Talbert, 1959.)
CHll 1935,
Do.

Fremont
Gilpin
Huerfano
Jefferson .
Lo Plata_____.. .
Larimer. - - ... 4l 19835, (Northern iiwit of the parasite. The species
acelrs within 15 miles of the Wyoming boundary, Red-
feather Takes aren, 1957.)
T.as Animus..__. Rogers 1953,
{Manti-LaSal National Forest. Information fram J. K.
Stithem, U.8. Forest Service, April 22, 1960.)
AMonterutma .- (- wiles north of Dolores, 19487.)
Montrose__ .. ... (Manti-LaSal National Forest. Information from J. IK.
Stithem, U.8. Forest Bervice, April 22, 1960.)
Gitl 1935,
Pueblo (6 miles northwest of Rye, 1959.)
Rio Grande__.._ Cill 1035,
Saguache_______ To.
San Aliguel 6 miles cust of Placerville, 1057.)
Ciill 1035,
Nevadas
Clark___. ... ... (Clokey (1951} lists A reenthobivm campylopedum on pon-
derosa pine on Charleston Peak.  Towever, an exami-
nution of one of Clokey’'s eollections {(No. 5432) at the
IHerbarium of Colorado Stute University revealed that
this dwarfmistletoe is A. eaginatem. The plants are
spring-flowering and the fruits mature in August. The
change in nomenclature of this colleetion was confirmoed
by Dr. L. 8. Gill.  This Nevada location represents fhe
western known limit of 4. saginatim [ cryplopordim.)
Noew Mexico:
Bernnlillo__. . . Gill 1935,
Catron_. .. .. . Dao.
Colfax. ... ... Med Wiver Pass, 1957
Dona Ann . Gl 1935,
Flety (Guadalupe Mounlaing, letter of Mareh 23, 1068, from
Dean M. Earl, U8, Foresl Serviee.)
(il 1435,
Tineoln 120,
Los Alnmos. -_.. (West of Bandelicr Natjonal Monument, 1955.)
MeKinley.o ... (Navajo Tteservalion, Chuska Unit, 1956.)
Otero. .- -.. Gill 1935.
Tio Arriba (Jicarilli-Apiche Roservation, 1953.)
Bandowvnl (Santa Fo National Forest, Jemez Division, 1955.)
San Juan Lo Gill 1934,
San Miguet_. 1o,
Bantn Fe . Do.
1180 o o D Ila.
Socorro. .. .o-- . {Giholn Notionn! Forest, San Mateo District, I057.)
TS s caem oo (T Junta, Carsori Nulional Forest, 1057
Torranee. ... ... (Ited Canyon, Cibola Nutional Forest, 1150.)
‘nion Gill 1935,
Valeneha. oo .- {Mt. Taylor, Cihola National Forest, 1957.)
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State and County - Referenee or location
Texas:
Culberson_ _____ Gill 1935,
Joflf Davis_.____ Do.
Utah;
Emery_._____ -- (Manti-LuBal Nationul Torest. Information from J. C,
Downing, U.£. Forest Serviee, April 22, 1960,)
Giarfield____..__ Gill 1935,
Grand__________ {Manti-LaSal National Forest. Information from J. K.
Stithem, U.8. Forest Service, April 22, 1960.)
Kane. . _____._. (Dixie Nationnl Forest. Letter of July §, 1959, from H, L.
Ketehie, U.S, Forest Service.)
San Juan_______ Grll 1935,
Seviero.______.. (Fishlake National Forest, Letter of August 11, 1959,

from Willium A, Worf, U.S. Forest Service.)

Wayne. ... .. (Letter of October 28, 1957, from Dr. James L. Alielke,
Intermountain Forest and Rtange Experiment Station,
Togan, Ttah.)

SUMMER WEATHER, 1955-57

Summary of weather on the Fort Valley Txperimental Forest dur-
ing the summers of 1955, 1956, and 1957, The height of the seed
dispersal period of drawfmistletoe is from July 15 to August 15,
while that for germination is August 15 to September 15.

Xiean temperatire Time per day
e mm | A YEPOEE | Days widle | when relative
Period precipita- |measpeable | homidley
lion e peeekpitn- | was approx-
Atasimum | Minkingm ity lion frmately 10
pereent
o e Fiches Pereeni flawrs
July =15 .ol . 51 4} 002 13 0]
July 1631 77 Ah 16 67 1.z
Anug. 1-1a... . 78 44 LA L3 A
Auw I8 i 12 ba 3 H 4
BEDb =18 e 52 38 [H 0 A4
L L | R, h 41 1] ] L%

1 Not recordimd,
% Daln for 1855 and 1656,
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JuLy 153
AUG, [-15
—_—— ——AUG, 6—3
004 T SEPT. 1=15
-i ....-....SEPT_ [G _30
904
804
, 7o
=
[=]
§ €0
=
k4
50~
w
ES
£ 404
-
&l
x 304
204
-
a r r Y T Su— T T T T T T Y
M, 2 4 & .} 0 NOON 2 4 [ 8 1o MiD,
TIME OF DAY

FiousE 54~—Dnily relative humidity by 2-week pericds during the tinte of dwarf-
mistletoe seed dispersal and germination. Data for 1955, 1956, and 1057
Fort Valley Bxperimental Forest, Ariz.

BALLISTIC COMPUTATIONS OF DWARFMISTLETOE SEED
FLigHT

Relationship Between Initicl Velocity and Vertical Height of Secd
Flight (Ifig. 27)

m? g-l—%V, Myr
H=-Ez—{} in —"q— -——é-p,
Where H=maximum vertical height of seed flight (centimeters}
m=mass of seeds {0.0094 grams} {specific gravity estimated
as approximately 1.0}
frictional force _ mg
terminal velacity V.
17,= terminal velocity = 750 centimeters per second
g=ncceleration due to gravity =980 centimeters per second®
In==natural logarithm of
V,=initial velocity in centimeters per second

n=

580330 O-51-8
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Time of seed flight

The time of seed flight for a seed shot directly upward can be cal-
culdred from this formula :

7
g
Where #=timeinseconds
V'=initial velocity (45 feet per second )
g =ncceleration due to gravity (32 feet per second?)
#=454,=1.4 seconds
This is the time required for the seed to reach the highest point: the

time for the complete flight back to the level of the point of discharge
is twice this or about 2.8 seconds.

Time taken for seed to leave the fruit

If a body starts from rest and travels for ¢ seconds, its average
velocity is 14¥ during the time it travels over a distance .

2d
d=%V‘$, t=T}.‘

In this case, d=0.3 centimeter or the distance traveled by the seed
whileleaving the fruit.

V,=45 feet per second =1870 centimeters per second
then,

_(2)(03) _ ,
¢ 370 0.00044 second

or approximately %06 second

Distance to reach terminal velocity

The distance in free fall (starting at zero velocity) to reach terminal
velocity can be approximated by this formula:

772,
where V7, =terminal velocity =24.5 feet per second
. y p -
g= acceleration due to gravity =32 feet per second?
{24.5)

d=(2—)(ﬁ =9.4 feet, or approximately 10 feet

Kingtic energy of the seed as it leuves the fruit
Kinetic energy=14 m T®
where m=mass of seeds=2.4¢ milligrams
Vo=1nitial velosity =1370 centimeters per second

(0.0024) (1370)®
2

Kinetic energy = =23 X10%ergs.
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Acceleration of dwarfmistletoe seeds
The propelling force acts on about two-thirds of the seeds which
average about 3 millimeters in length; thus the maximum speed is
attained when the seed has traveled about 2 millimeters. The time
gaken for the seed to travel this distance is
2d

=7,

where d=0.2 centimeter
V,= 1370 centimeters per second
(2)(02)_ 1

then, =850 3400 second

The acceleration of the seeds is thus (3400) (1370) or 4.7 % 10° centl-
meters per second?®. As the acceleration due to gravity is 980 centi-
meters per second?, the acceleration of the dwarfmistietoe seeds 1s
nearly 5,000 times gravity.

SEED FoUND oN TRraPS, 1955-37

Number of seeds found on each of the 30 seed traps in 1935, 1936,
and 1957. Fort Valley Experimental Forest, Aviz,

: !
Type of stand and 1835 i 1936 | 1957 } Total J Type of siand nnd 1055 | 1956 | 1957 | Total
irap number triep number
Alature:
9 3 o 118 1 5 a3 13 1l
B 32 15 126G 4 a3 7 44
1351 139 | ' 11V 307 ! a 1 7
R R By 2485 14 7 10 3l
15 g | '70 ' 11 i 15 43
4 44 b 5] 17 11 8 38
o0 (18 al 310 17 33 17 :n
FRERYT) a2 163 13 12 L 33
T 143 33 152 14 15 B 37
15 93 35 152 5 13 13 34
H Liay p el 330 5 g K] 3]
105 i 143 o 12 1 Fat]
78 Il 103 17 19 13 al

457 [2,250 5 926 ) .63

BEEISE

16 i a8 E) 113 || Averame sceds per trap__| 13 753 3 40
i Averape seeds per
! i square fool ... .51 5] 3.1 1

1 Number of seetls mere than twice the average fur the yeor.
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RATE OF SPREAD OF INFECTION

Summary of the 33 plots established to measure the te of spread
of dwarfmistletoe from overstory stands to adjacent young stands.
The distances are a result of infection directly from the overstory plus
lateral spread in the young stand, Arranged in order of increasing
stand age in each density class.

. dverage | Averape maximum | Annen!

Type of stand, plot number, and location age of | distnnee of infection | rate of

stamed sprocd

Open voung stands: Years Feet Bingis s Feet
20. Mesenfera Reservatfon, NoMex. . 23 1] 1 27
25. Fort Valley Experimentnl Forest, ariz, ... o 55 1 2.1
26, _.__do.. - - 37 I 1.4
2, ___.do._ . - a7 17 I Ly
15, ... do,_.. —— 30 piitd 2 1.3
16, Katbab Nationnd Forest, Az ... .. ... 30 3 i L3
32. Fort Valiey Experimenta) Forest, Ariz.. — 3§ a9 1 1.3
7. Moescalero Resereation, N, Mex, . 32 {43 13 pA ]
| do T 3z 63 6 2.4
18, Fort Valley Experimental Forest, Ariz 43 5% i 1.8
I8, Faibah Nutional Forest, Ariz. . __ 34 72 2 2.2
9. Mescnlero Resorvation, N, Mex. . M &5 3 .7
12, __..dg —— P, 33 11} 5 L7
24. Fort Valley Experimental Forest, Ariz. .. oo oo a7 50 H 1.4
3 aedooll . a7 G0 i 16
1. Mesealero Reservation, N Mex, .. __ T 10 90 1 22
2. Fort Valley Experimental Forest, &nz. oo .o oo - 'Y 51 1 1.3
B do. LTI 41 54 ] i.3
o, ..udde o m—— 41 €3 H 1A
42, ___do.__._. e mmmmanooa 3 5 i 2.0
N Fii 7T ] 1.6
Average or total of 2 plots oo ________.._____ ... 34 55 46 ] RvE0d
Trense young skands:
4. Fort Valley Experimental Forest, Ariz_ . ... ____ K] 3t ] 1.4
B3, ool 30 46 2 L3
B ___do.___________ " 3 39 i LA
10, Mesenlero Reservation, N, Mex o0 . T 34 53 i L6
28. Fort Vallay Exporimental Forvest, Atz ooeee . Krs 15 3 1.2
2i. __.ilo - 37 3 ] 4
EL 50 i 1.9
48 &8 | 1.4
it fi )] 1.2
14 55 1 I
49 54 1 i1
af A ! 1.1
Average or totad of 12 plows . ____ 4 511 H: Loind
"

+ Numher of directions measured,

Summary of the ¢ plots established to meusure the rate of lateral
spread of dwarfmistletoe through even-aged ponderosa pine stands.

E.\h’:isu reel Approxi-§ Length | Avernge | Annuat
Plat nun:ber and loestjon thentson poomike of tiue lmaomum: rage of
cetelplot | stand since  hllstanceof] sprond
i uge infeetion | Infection
‘ Nigmber Years Yeary Feat Feet
2. Grand Canven National Park, Arizeo.o._ ... 5 RX] o8 .9
12, Mesealoro Ievervation, N, AMex R i A 154 35 It} 1.2
17, Kaihab National Forest, Arie. . au i ] 39 35 a
41 Forl Valley Experimental Forest, Ariz - i T 14 40 .}
an, D0 e L . 1 ie] 1% 42 .9
1. Grumd Conyon Nationnl Park, Arz . ... .. 2 106 38 5T .0
Averageor total of 6 plots.._ .. ... ___ 30 44 461 082006
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