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FACTORS AFFECTING THE GEI1LNATION OF 
SEEDS OF T1 DWARF MISTLETOE 

ARCEUTHOB IUM CAÌIPYLOPODUM 
f. TYPIOUM. (ENGELÌ.) GILL 

CHAPTER I 

INTRODUCTION 

The dwarf mistletoes, Aroeuthoblurn (Razouofs) 
species, ere recognized s a probleni in the ooniferous 

forests of North Anierica and where sixffioient knowledge of 

their behavior is available, are taken into consideration 
In management of timber stands. The species of roeutho- 

bium of chief concern in Oregon is oaiipylopodum forma 

typicum (Enelrn.) Gill. Its occurrence in the Ponderosa 

pine forests of Eastern Oregon represents a definite eco- 

nomic loss and constitutes a problem In forest management. 

The losses of the future probably will even exceed present 
losses as the young pine trees, by virtue of their under- 

story position in the stands, are subjeoted to infection 
and subsequent damagin effects of mistletoe. Several ob- 

servers1 have considered that with the present effective 
fire protection in the pine reion, mistletoe will further 
increase, inasmuch as fire in our old-growth forests hes 

¼onversation between L. F. Roth, T. W. Childs and . 
Meltke in minutes, Research Sub-committee of Northwest 
Forest Pest Control hotion Committee, dated January 23, 
1953. 
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restricted maximum mistletoe development. Gill (94, p.116), 

speaking of 3outhwestern Ttnited States where western red- 

rot (Poporus anoeps Pk.) is especially severe, states 

that mistletoe will come to rank with heart rots in impor- 

tance as a forest disease. In Oregon, where decay losses 

in pine are distinotively low, mistletoe losses probably 

already exceed losses caused by decay. 

This incrensing importance of mistletoe in young pine 

Í'orests points out the need for a better understanding of 

the parasite 8S a basis for effective timber management. 

¿ study of the factors influencing seed germination would 

provide, first, an understanding of one phase of the epi- 

demiology of the parasite; second, an understanding of the 

parasite in future control efforts; and third, a tool en- 

abling studies involving inoculations, seed storage, and 

related manipulation or treatment of' mistletoe seed. 

The factors influencing germination of the species in 

the genus rceuthob1um have not been studied extensively 

in the United States. Gill (94, p.139), Pierce (254, p. 

104) , and others have made observations on germination in 

the field and greenhouse; and attempts to germinate the 

seed under controlled laboratory conditions by Pierce 

(256, p.105) were unsuccessful. Ir Europe, Heinrioher 

(61, p.795) alone was able to gernilnate Â. oxycedri, a 

species attacking various Oupressee from the Mediterranean 



region to the western Himalayas. The genus then presents 

an aree for investigation of seed germination not only 

from the standpoint of relieving the prevailing lack of in- 

formation on plant behavior, but also from the standpoint 

of facilitating experimental handling of the parasite. 

In order to gain an insight into the factors affect- 

ing seed germination, experiments were designed to study 

humidity, temperature, and condition of storage as they 

affect viability and germination of mistletoe seed. 
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CHAPTER II 

LITERATURE REVIEW 

The P&rasite 

The genus Arceuthobi is a member of the family 

Loranthaceae, the mistletoe family, and is found chiefly 

in tropical regions with some forms, especially the dwarf 

mistletoes, occurring in temperate climates. iembers of 

the family ere parasitic or hemi-parasitic seed plants 

that attach to their host by means of e. haustorial system. 

The principal genera relatec to Aroeuthobi are Loranthus, 

Viscum, and Phoredendron. 

The establishment and naming of the genus is the work 

of ivarschall von Bleberstein, who objected to Razoumofskya, 

the naine given by Hoffran, on the ground that another 

genus, Razoumovie, had already been named for the kussian 

nobleman. It was at the Botanical Congress of Vienna in 

1905 that the name, roeuthobium, was voted upon and 

accepted (94, p.148). 

rceuthob1um comes from the Greek, meaning "Juniper 

life,' one of the hosts on which lt occurs. 

The parasite, a Uloecious plant, may occur on pine as 

clusters of growing shoots from separate haustorial sys- 

tens within the affected pine branch or stem. The aerial 
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stern usually exceeds 35 rrìr. In length but rarely Is larger 
than e decimeter. The stems on maturing aro usually 

branched arid bear either pistillate or staminate flowers. 
The flowers bloom In late summer, usually durin .bugust 

and September. 

The flowers and their morpholoj have been studied by 

Johnson (184), Thoday and ,Tohnson (299), Dowding (58), 

VeIr (335), and Gill (94, pp.125-134). The interpretation 

of the flowers varies with the authority and the Dresenta- 

tion here Is limited to a brief description of the flowers. 

The staminate flower consists of a whorl of usually three 
perianth senents with each segment bearing e single 

sessile anther. The anther, unilocular, surrounds a ator- 

Ile structure oallel the "central cusion" by Gill (94). 

The pistillate flower Is sessile. The two perianth seg- 

ments are fused around the pistil, leaving only the style 
and stigma free from the perianth lobes. The ovary is 
unhlocular, in which two embryo esos are borne. The usual 

morphogenesis is one in which a single embryo sac develops 

at the expense of the other. 

The fruit matures the season following pollination by 

insects (94, p.135; 337, p.375; 318, p.235). The actual 

time of fertilization after pollination is still in ques- 

tion (94, p.135; 184, p.140; 59, p.222). The mature 



fruit discharges its "seed' in the late fell by rupturing 

an aboission i8yer. 

The term "seed is used here to drew attention to the 

fact that lt is not a true seed or ripened ovule, but only 

an embryo and endosperni encased in the endooarp to which 

the visoin oeils are attached. Thus the 'seed" lacks inte- 

guments, funioulus, and nucellus, which are all parts of a 

true seed or ripened ovule (94, pp.137-138). 

The "seeds" are disseminated in a violent manner. 

The pedicel of the mature fruit is reourved with the basal 

end and its abcission layer pointed upward. This allows 

the "seed" to be disoharged upward and outward from the 

plant. The pressure for discharge is the result of ab- 

sorption of water by the visoin cells. Hydrostatic pros- 

sure is built up and causes the exooarp to break at the 

aboission layer. The pressure built up in thé extended 

exooarp is suddenly released, causing the "seed" to be ex- 

pelled into the air from the detached fruit. 

The loosened visoin oeils serve a dual purpose when 

socompanying the "seed." The first and most noticeable 

function is adhesion to the host or to any surface on 

whioh the "seed't might light. The second purpose is ab- 

sorption of water which carries the "seed" over dry peri- 

ods during germination (94, pp.138-139; 98, fig.3; 5?, 

p.98; 254). 



V3ìhen germination oocurs, the hyp000tyl2 ruptures the 

endooarp. The hypocotyl will grow along the surface until 

either it penetrates Into a favorable host or the endo- 

sperm is exhausted. 

Once the hypocotyl hes gained entry, It lives within 

the host until the first buds are produced one year later. 

The first flowers are then formed the following spring and 

pollinated in the fR11. The seeds are not produced until 

next year's growing season. Four years lapse from the 

time the seed first alIhts on a suitable host surface and 

germinates until the production of another 'tseed" crop. 

The range of Âroeuthobium campylopodum forms typiown 

(Engeim.) Gill Is limited to North imerioa. The species 

can be found in California, Colorado, Montana, Nevada, 

Oregon, ashington, Sdyoming, Lower California, and Canada. 

The hosts reported as found in nature are seven species of 

Pinus. Gill (94, p.186) was able to "Inoculat&' it to 

certain other hosts on which lt was not found occurring 

naturally. 

2The term hypocotyl Is preferred by some to the term 
radicle. The radicle is usul1y applied to embryonic 
tissue which first ruptures the seed coats end later be- 
comes the root. Anatomical difference es well as f uno- 
tional differences are used by Helnricher (157, pp.187- 
189; 94, p.140) to justify this usage. 
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Seed Germination 

The effeot of 1it 
The need for light in germination of Visouni album and 

related Lorantheoeae has been confirmed by von Tubeuf 

(320, p.412), Heinrloher (61, p.795; 140), Viesner (358), 

Funke (89), and Glimeher (101). All agree on this point. 

They differ, however, in expressing the units of light 
needed. Von Tubeuf (320) expressed light Intensity in 

candles. Glimoher (101) uses Bunsen-Rosooe units. 

1esner (61, p.793) expressed some of his results as frac- 

tions of daylight intensity. Thus, while they are in gen- 

eral agreement about the necessity of light, arriving at a 

true value of the required illumination is done with some 

difficulty. Heinricher (320, p.412) used intensities of 

1600 candles, coupled with saturated humidity in experi- 

ments to shorten dormancy in Visoum album. iesner (61, 

p.793; 357) was able to correlate with each drop in light 
intensity a corresponding drop in the percentage of germi- 

nation. He concluded from his exueriment that the minimum 

light intensity of about 0.044the maximum. Intensity of 

sunlight at Vienne during the germination period was neces- 

sary for germination. Glimoher (101), working with Visoum 

oruoiatum, found germination was favored by e high light 



intensity; Illumination with Intensity of five Bunsen- 

Rosooe units was insufficient to induce erin1nation. 

There is generel agreement that once germination hss 

been initiated in the light, the Intensity of light for 

sustaining growth need not be es great, and in some cases 

growth will continue even in the dark (101; 327, p.412). 

The effeot of humidity 

Heinrioher (320, p.412) contends that low humidities 

'tend to retard germination of Visoum album while .1esner 

(61, p.497) holds that high humidity Is unfevorable for 

germination. Heinricher, In support of his view, carried 

out experiments using three different substrata providing 

three different moisture levels. On watery gelatin pro- 

viding a high humidity, 60 per cent germination occurred. 

on hard gelatin, 15 per cent germination, and on glass, 

germination did not occur. This experiment was carried 

out under unvarying light and temperature. Heinricher be- 

lieves also that high humidity Is more neoessery for ger- 

mination in high Illumination. iesner's view is that 

high humidity sids in mold end bacterial rots and is in- 

jurlous to the seed. He was able to germinate the seed. 

of Viscuin album et 50 to 60 per cent humidity at room tern- 

perature. He also obtained germination of seed In a 

desiccator over sulfuric acid. Heinricher thinks iesner's 
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success in the latter Oase was due to the seed already 

having started to germinate before beine put in the 

desiccator. More recently, Glimoher (101), working on V. 

oruoiatum, reports that he also could germinate seeds in a 

desiccator with sulfuric acid and, like iesner, reported 

that in saturated atmosphere the seeds rotted before ger- 

mination, 

Von Tubeuf (320, p.413) reports that seeds of Y. 

a1bi. will germinate In water and sunken in elatln. He 

did his work with sterilized seeds. Also free water or 

liquid water was found necessary In the germination of a 

tropical mistletoe. Tropical mistletoes differ from mis- 

tietoes of temperate climates in that they will germinate 

in either the light or dark. 000rding to von Tubeuf, 

free water is needed to germinate Ârceutbobllml sp. while 

Visoum album needs only an occasional sprinkling. 

The effeot of temperature 

Dutrochet (320, n.413) found that a temperature of 

l5R. was necessary for germination while Dronfeif (320, 

p.413) questioned this Inasmuch as this mean temperature 

was not obtained until 1esner (61, p.794) found 

that 15° to 2000. was the optimum temperature for germine- 

tion and that below 8° to 10°C. germInation did not occur. 

Heinricher (61, p.794; 320, pp.413-4l4) found that at the 
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lower temperature of 3.8°c. he was eble to obtain germina- 

tion. He reasoned that the seedlings resulting from this 

study wore not Injured by the cold. 

Dormancy 

Dormancy, the resting period, In some seed is entirely 

a condition within the seed. That is to say, the seed will 

not germinate under Its normal germinating environment un- 

tu a period of time has past. viesner (61, p.794; 358; 

320, p.412) at one time thought that six months' dormsnoy 

was necessary before germination would occur in Visoum 

album. He ws able later to shorten the time between the 

maturity of the seed and germination. 

Heinricher (320, p.412) and Funke (89) have also 

been able to shorten the time between the ripening of mis- 

tletoe seeds and germination by altering the environment. 

In some oases their results have suggested that dormancy 

is not present. Heinricher went so far as to say that 

seeds of Visoum album do not have an inherent factor for 

dormancy. Heinricher, in proof of this contention, short- 

ened the period of gerruintion to 24 hours by pisoing the 

seeds In a Petri dish where the sir was saturated and there 

was light of 1600 or 3200 candles at night and normal day- 

light during the day. The experiments were run during the 
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month of Deoernber. Ileinrioher believes the dormrioy is 

due only to environment. 1esner (61, p.794; 366) attri- 

buted the pperent dorinenoy to slow mobilizetion or rood 

reserves, the need for light, end the presence of inhibi- 

tion substnoes In the fruit. He wes sbie also to shorten 

the rest period to one month by using conditions which he 

found optimum: Temperature of to good light, 

and dry air. Funke (89) more recently shortened the time 

for germination of Viscn alb seeds by trestments with 

hot water, by treatment with ether, by washing in a sieve 

to remove slime layer, by nightly illumination, and by re- 

inoval of the endosperm. The last mentioned method was the 

most effective. She also stressed the importance of using 

fresh seed, avoiding those that had been stored in dark- 

ne s s. 

The effects of substrata 

Pitra (2O, p.414) observed that Visoum album can 

germinate on any surface when other environmental condi- 

tions are favorable , end , therefore , is not dependent on 

the influence of a host. This observation had been made 

also for Arceuthobium by Pierce (254, p.104) and Gill 

(94, p.139). Two exceptions were found where substrata 

or host secretion seeìi to be of importance. One was by 

Heinricher (61, p.795) in his work in Âroeuthobiurn 
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oxycedri. This plant, unlike other parasitic Loranthaoeae, 

would not germinate on glass or other inorganic substrata. 

Pure Swedish filter paper was found excellent as a medium, 

and Spruce wood could also be useJ as an organic substratum. 

Gauxnann (91, p.14) observed that seeds seemed to be in- 

duced to germination by secretions of their appropriate 

host. 

Kenzel (61, p.794; 47, p.121) observed that a sub- 

stratum of nutrient gelatin did not favor germination of 

Viscum album and V. minimum in either light or dark. This 

Is exceptional inasmuch es many kinds of light sensitive 

seeds may be stimulated to germinate in darkness If nutri- 

ent substrata are provided. 

The effect on germination of factors other than 
humidity, temperature, light, dormancy and substratum 

The hyp000tyl of the germinating seedling in some 

species has definite observable tropisms. Von rfubeuf re- 

ports Fi negative geotropism in Viseum album. This tropism 

may be overcome according to von Tubeuf by a negative 

heliotropism if sufficient light is applied, but not so 

great as to turn the hyp000tyl smooth and green. Pierce 

(254, p.105), workIng on Arceuthobium occidentale Eng. 

cites cases observed in the field where hypocotyls have 

curved through es much as 180° away from the light and 
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suggests too the possibility of e slight negative geo- 

tropism. 

The slime leyer or visoin cells that surround the 

seed is believed by iesner (61, p.794) and Funke (89) to 

contain inhibitors to germination. This is denied by 

Heinrlcher (61, p.?94) , who suggests that the seeming in- 

hibition results from exclusion of air end water by the 

slime layer. Guincher (101) ciao could not find inhibit- 

ing effects by the mesooerp of Visouxn cruolatum. 

hnother fector, reported by von Tubeuf (320, p.412), 

appeers to have little Influence on germination. This 

factor Is carbon dioxide. Visoum album seeds will germi- 

nate In an atmosphere entirely free from carbon dioxide. 
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CHkPTER III 

MATERIALS AND METHODS 

The Seed 

Seed collections were made on September 14 and 28, 

1952, in a severely infected pine stand five miles south 

of Sisters, Oregon, on the Melvin Butte hoed. This stand 

consisted of e vigorous development of young trees on an 

area that had previously been olear out. The trees were 

small, and bore many large vigorous mistletoe plants which 

during September produced great quantities of seed. 

The manner of collecting differed on the two dates. 

In the first case, entire Infected pine branches were cut 

and placed in cans of water end were covered by plastic 

begs to allow for a natural seed discharge onto the beg's 

inner surface; thus, advantage was taken of the natural 

method of seed discharge. On the second collection date, 

sprigs of the dwarf mistletoe were out and placed in 

plastic bags in the field. The bags were then shaken, 

causing seed discharge. The latter method netted by far 

the e:reater number of seeds. By the 28th, however, many 

more fruits had reached maturity than were mature on Sep- 

tember 14. 

In all cases the bags were taken to the laboratory 

where the seeds were removed from the limbs, foliage and 
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plestlo begs with a dissecting needle. The seeds were 

placed separately on filter paper discs in Petri dishes 

to avoid clumping together during handling. In all, over 

3000 seeds were collected. 

A third group of seeds was colleoted from the same 

area on Aprii 12, 1953, by cutting limbs which were then 

taken to the laboratory. From these limbs and neeiles, 

seeds were removed which had been naturally discharged in 

September and had spent the winter exposed to the outdoor 

conditions of the Eastern Oregon climate. 

Regulation of the Test invironment 

As far es known, mistletoe seeds will not germinate 

in the dark. This condition necessitated oonstruction of 

lighted chambers In which the effect of different levels 

of humidity and temperature could be studied. 

Temperature was controlled by the use of six insulated 

boxes (fig. 1) five feet wide, three feet deep and approx- 

lxnately eight inches high. These were stacked with the 

broad faces in contact. This arrangement allowed for con- 

siderable heat exchange between boxes which assisted in 

maintaining more constant temperture within the units and 

reduced the load on the regulation equipment. The cold 

storage room In which the boxes were located was maintained 

at zero degrees centigrade. The regulation of temperature 
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Figure 1.-- P?ont view of three temporatu.ro control 
boxes showing positions of the hcatin and 
illuminating units and arranement of era.i- 
nation ehanbers, 



in each of the compartments was by e thermostat end black 

heat coil. Each box was provided with a fan which oir- 

cu1ted the sir pest thermostat, beater and germination 

chambers. The fluctuation of temperature did not exceed 

two degrees. 

Thermostats were set at 5, 10, 15, 20, 25, and 30. 
Illumination was provided by two 40-watt, 48-inch 

fluorescent tubes In each of the six compartments provid- 

ing 100 candles et five inches from the tubes, the approx- 

imete plane in which the seeds were placed for germination. 

The photoperiod was regulated by a timing device which 

turned the lights off and on every 12 hours, providing 

equal periods of light end darc. 

Effective regulation of humidity for small scale seed 

germination studies presents a technical problem. Humid- 

Ity regulation can be achieved by physical control, or by 

controlling evaporation of. water over chemical solutions 

In small closed containers. 

Control employing chemical solutions may be qualita- 

tive by the addition of different salts to make up a sat- 

urated solution each with a distinctive and constant vapor 

pressure or quantitative by varying the concentrations of a 

single reagent as, for example, sulfuric acid. The vapor 

pressure here is a funotion of the concentration of acid 
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and varies indireotly with sold concentration (168, pp. 

25-44). 

.uantltative control employing sulfuric acid was 

selected s best suited to use in these experiments. Sul- 

furio acid cen be used at one concentration over a wide 

range of temperatures with very little variation in humid- 

ity. The saturated salt solutions on the other band have 

a wide variation at different temperatures. .. mejor dis- 

advantage to the use of sulfuric acid is its tendency to 

?toreep on glassware, ultimately contaminating the test 

materials. This disadvantage was overcome by ringing con- 

tainers with petroleum jelly. 

The sold solutions were used In the regulation of 

humidities in individual covered glass dishes about 10 

inches in diameter and two and one-half inches deep. This 

small volume of air was regulated by the evaporating water 

whloh was then held in equilibrium by condensing on the 

glass lid and running back into solution (see fig. 2). 

The percentages of reagent grade sulfuric acid used 

and the humidities resulting are listed below. 
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umid1ty Suirurlo acid ocLncentretion 
peroentae oente 

40 49.0 

50 43.5 

60 37.5 

70 33.8 

80 27.5 

90 19.0 

loo 0.0 

Surfe.co Disinfection Seed 

One of the first obsteoles in germinating the seed in 

the laborstory was caused by mold wth on seeds in stor- 
age snd in tests. The visoin oeils surrounding the seed 

provided an excellent medium for growth of molds and bao- 

teri. Mold growth wss first noted after the Inoculation 
of trees In the field study. Seeds allowed to remain on 

moist filter paper in the laboratory were regularly con- 

taminsted with mold growth. An attempt was mede to deter- 
mine the influence of the molds in germination, and to de- 

termine whether or not surface disinfection could be used 

effectively to remove the oontamlnstin fungi without in- 

jurin, the seed. 

The following method was employed to determine the 

minimel time end ooneontrt1on for surface disinfection of 
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mistletoe seed. The niaterleis used were 1-lo sodium 

hypochlorite (5.25 per cent), 1-1000 mercurIc chloride, 

and Iodine potessium Iodide solution (Lugol's formule). 

To meke certain there vu1d be penetration of the 

viscin oeils by the disinfectant, a 30-minute pre-soaking 

in one per cent "vatsol" wes piven the seed before actuel 

disinfection. The seed In cli cases was rinsed in sterile 

water after disinfeotlng and before the seeds were trans- 

ferred to sterile potato dextrose agar plates. Three 

plates of three seeds each were prepared without disin- 

fectents as a control over the efficiency of the treat- 

ments. 

The surface disinfectants were successful In all 

cases In reducing contaminants from 100 per oent In the 

controls to chance contamination in the test plates. In 

the Oase of sodium hypochiorite, the seeds were freed of 

contaminants after three minutes. erouric chloride re- 

quIred only one minute and Lugol's iodine five minutes. 

Lugol's iodine wa decided upon es the disinfectant 

to use because of its gentle action as compared with the 

other two disinfectants. 

Iodine hes a peculiar effect on seed that might be 

noted at this point. a1hotre (46, p.60) reported that a 

weak solution of Iodine (0.05%) stImulated germination of 

corn seed to a very slight extent and the seedlings showed 
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sl1htly better growth. Similar results with red pine 

seed iiflUS resinosa Mt. were reported to the writer by 

Dr. L. F. Roth. 
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CHAPTER IV 

EXERflENTATION 

Seed torage and Pretreatment 

Seed was collected in September of l92 but the tem- 

perature and himiidlty control chambers were not resdy for 

use until April of l95. This delay necessitated carrying 

the seed over for a period of seven months prior to ini- 

tiating the germination tests. 

The writer has been unable to rind any recommendations 

for storing mistletoe seed that would favor retention of 

high germinability. As discussed in the literature review, 

a domant period is reported for seed of several mistletoe 

species; however, there is no general agreement regarding 

the duration of the dormant period. 

The seeds from the two collections described under 

"Materials and Methods were divided Into several groups 

with each group stored under e different combination of 

conditions. One or more of these combinations, it was 

hoped, would retain germinability until the germination 

tests could be completed. 

Storage conditions, or pretreatments, were Intended 

to simulate sorne of the conditions of winter, normal to 

the region from which the seeds were taken, and in addi- 

tion to determine how moisture, freezing and thawing, 
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cont1nu1 treezing and dormancy might affeot seed erm1na- 

tion. Up until December 5, all seeds had been stored on 

dry filter papers In Petri dishes that had been kept at 

room temperature. Early in December, the approximate 2400 

seeds were divided into three equal groups. Group one was 

reta1nec at room temperature on dry filter papers, and 

groups two and three were kept out of doors. The filter 

papers of group two were kept moist, whereas the papers in 

group three remained dry. On i)eoernber 20 molds began to 

develop among the moistened seeds endangering their viabil- 

ity. The dish lids were removed to allow the seeds to dry 

down. Abnormally high temperatures throughout December 

favored mold growth and the high hiiidities prevailing 
after the covers were removed retarded drying and prolonged 

mold development. Injury from mold activity appesred 

probable. 

On February 27 each of the three groups mentioned 

above was again divided into three groups making a tota 

of nine seed lots. One of these subgroups was allowed to 

remain unchanged. Of the two remaining subgroups the 

second was subjected to alternate freezing and thawing 

temperatures of three days? duration. Temperatures of 

-5°C. and room temperature were employed and the treatment 

continued until the end of aroh. The third subgroup was 

held at constant freezing temperatures until the 
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germination tests were begun. These seed treatments are 

summarized In Table I. Seed lot 10 as indicated In the 

table consisted of e collection of seeds made in the native 

habitat on .pril 12. zany seeds of this collection had be- 

gun to grow. Only those appearing completely dormant were 

used In the experiment. 



Table I 

Treatments Given 10 Different Lots of Seed Used in the Germination Studies 

Lo t 
Ni.unber Treatment 

i Stored at room temperature (dry) 

2 ' 

t, t, t, then subjected to freezing and thawing 

3 t n t 't then subjected to continuous freezing 
4 Stored out of doors (dry) 

5 s? then subjected to freezing and thawing 

6 then subjected to continuous freezing 

7 Stored out of doors (moist) 

8 " " then subjected to freezing and thawing 

9 " then subjected to continuous freezing 

10 Seeds collected in their natural state on .pri1 12, 1953 
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Laboratory Germinat10 Tests 

For erriinat1on lo seeds of each or the 10 seed lots 
were placed In a separate compartment of a Petri dish which 

had been divided by oross separators (fie. 2) into 10 corn- 

psrtrnents. seeds fro!r lot five (Table I) wore placed at 

each of the ternperctures end humidities available. This 

lot was considered most likely to germinate. Because of 

inedequate ntznbers of seeds in other lots, the ntunber of 

treatments to which each lot was exposed wes restricted. 
Lots four and six were subjected to all humidities (40, 

50, 50, 70, 80. 90, and 100 per cent) but only at the tern- 

perstures 5, 15°, and 25°Q. Vith lots one, two, three, 
seven, eight, and nine, humidities were restricted to 50, 

70, 90, and 100 per cent and lots one, three, seven, and 

nine were studied only at 5°, 15° and 25°(. (Table II). 
All seeds were surface disinfeoted for five minutes 

in Lugol's iodine solution and were rinsed In sterile 
water prior to being placed In their appropriate compart- 

me nt s. 

On Mey 1 dishes containing the seeds were placed in 

the appropriate moist chambers at the different tempera- 

ture levels. The covers of the fetri dishes were removed 

to allow free circulation of air. 



EI 

Figure 2.-- Ari individual germination chamber. 
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Periodic observotlons 1ndicted that temperature and 

light remained within erfeotive control. Humidity over 

the respeotive solutions was not checked. In several in- 

stances at the highest humidity condensation torrned on the 

moist ohainber covers, ran to the center and dripped into 

the dish containing the seeds. 

Sonia oontaminatlon, no doubt, occurred after the 

covers of the Petri dishes were removed and mold develop- 

ment was observed on an occasional seed. In view of the 

general lov level of germination, the effect of these 

molds was not reflected in the results. 

Dur1n the last week of July the experiment was dis- 

continued and the results recorded. Data ere presented in 

Table II. 

From Table II it is apparent that germination was 
very limited. Germinating seeds were found only In seed 

lot 10, i.e., among seeds that had been collected In April 

after over-wintering In the natural habitat. These re- 

sults are summarized In Table III. 



Table II 
The Influence of Temperature and Hnid1ty on Germination of Seeds of roeutbobii 

Humidity (per cent) 
Seed 40 50 60 70 80 90 100 
Lot Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- 

No. nated No. nated No. nated No. nated No. nated No. nated No. nated 
50 

i 10 0 10 0 10 0 10 0 
2 10 0 10 0 10 0 lO O 
3 lO 0 10 0 10 0 10 0 
4 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
5 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
6 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
7 10 0 10 0 10 0 10 0 
s io o lo o 10 0 10 0 
9 10 0 10 0 10 0 10 0 

10 10 0 10 0 10 0 10 0 10 0 10 0 

10°C. 
i 
2 10 0 10 0 10 0 10 0 
3 
4 
5 lo 0 10 0 lO 0 10 0 10 0 10 0 10 0 
6 
7 
8 10 0 10 0 10 0 lO O 
9 

10 10 0 100 10 0 10 1 10 3 10 0 

o 



Table II (Cont.) 

ilumidity jr cent) 
Seed 40 50 60 70 80 90 100 
Lot 

d Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- 
No, nated. No. nated No. nated No. nated. No. nated No. nated No. nated 

15°C. 
i lo O 10 0 iO 0 10 0 
2 10 0 10 0 10 0 10 0 
3 10 0 lO O 10 0 10 0 
4 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
5 10 0 10 0 10 0 10 0 10 0 10 0 10 0 

6 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
r, 10 0 10 0 10 0 1. O 
3 10 0 10 0 10 0 10 0 
9 10 0 10 0 10 0 10 0 

10 10 0 10 0 10 0 10 0 10 0 

20°C. 

i 
2 10 0 10 0 10 0 10 0 
3 
4 
5 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
6 
7 
8 10 0 10 0 10 0 10 0 

g 
10 10 0 10 0 10 3 10 2 10 2 10 1 



Table II (Qont.) 

Humidity (per cent) 

Seed 40 50 60 70 80 90 100 
Lot 

Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- Seed Germi- 
No. nated No, nated No. nated No,nated No. nated. No. nated No. nated 

25°C. 
1 10 0 10 0 10 0 10 0 
2 10 0 10 0 10 0 10 0 
3 10 0 10 0 10 0 10 0 
4 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
5 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
6 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
7 10 0 10 0 10 0 10 0 
8 10 0 10 0 10 0 10 0 
9 10 0 10 0 10 0 10 0 10 10 0 10 3 10 0 10 0 10 0 

1 
2 10 0 10 0 10 0 10 0 
3 
4 
5 10 0 10 0 10 0 10 0 10 0 10 0 10 0 
6 
7 

8 10 0 10 0 10 0 10 0 
9 

10 10 0 10 2 10 0 10 0 10 0 10 0 

i', 
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Table III 

Influence of Temperature and Humidity 
on Germination of Mistletoe Seed Lot Number lo 

Germinated Seeds 
Temperature Humidity Number 

5°C. _l 
O 

1000. 80 1 
90 3 

15°C. o 

20°C. 70 3 
80 2 
90 2 

loo i 

25°C. 60 3 

30°C. 60 2 

1Germination did not occur at any humidity at 5°C. and 
1500. 
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Germinetion occurred from lO'0. to 30CC. but in no 

instance exceeded 33 per cent. More seeds germinated at 

20°C. than at any other temperature. At 20°C. germination 

occurred over a humidity range of 70 to loo per cent. 

There was a distinct tendency for germination to occur at 

lower humidities as temperature rose. The validity or 

significance of this trend probably is not fully estab- 

lished by the available data. 

Viability Test 

The drying conditions and other unfavorable factors 

that existed between the time of seed collection and the 

time the germination tests were begun were suspected of 

having an adverse effect on viability. A test was there- 

fore run to determine, if possible, whether or not the 

seeds were still living at the beginning of the germina- 

tion tests. In order to do this, seeds with the endooarp 

removed were tested with a 0.1 per cent solution of 

triphenyl-tetrazolium chloride (327, pp.366-369). 

The endooarp was removed by allowing socked seeds 

with the viscin cells in a gelatinous state to dry down on 

glass slides. The dried seeds became cemented to the 

slide tight enough to hold them in piece while the endo- 

carp was dissected off with a needle. This enabled re- 

mayal of the uninjured embryo and. endosperm. The 
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endosperms and embryos from each of the lo seed lots were 

placed in separate spots of a poroelai spot plate and 

five drops of tetrazolium chloride were added to each spot. 

i positive reaction to this test is indicated by a bright 

pink coloration of the test tissue. The reaction is one 

of reduction by the viable tissue resulting in the forma- 

tion of insoluble triphenyl formazan. The test indicates 

the presence of a dehydrogenase enzyme of respiration. 

The results of the test are shown in Table IV along with 

the appearance or color of tne endosperms prior to treet- 

ment. 

According to the tetrazolium chloride test (Table IV), 

seed stored in the dry condition at laboratory temperature 

were no longer viable at the time of the test. pprox- 

linately two thirds of the endosperms had lost their green 

color. Viability was also greatly reduced in dry seed 

stored out of doors. Here also the green color was lost 

in most embryos. Seeds that had been stored out of doors 

in a moist condition showed greater viability then either 

of the other groups in spite of the mold that developed in 

their visoin layer. Sixty per cent of the seeds of this 

group geve a positive reaction end 93 per cent of the em- 

bryos retained their green color. Seventy per cent of the 

seeds that over-wintered in nature were positive for dehy- 

drogenase activity and seventy per cent retained their 
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Table IV 

Reaction of 10 Seeds from Each Seed Lot to the 
Tetrazolium chloride Test for Dehydrogenase 

No. of seeds color of 
Seed giving pos. Positive Positive endosperm 
Lots reactions Hypocotyl Endosperm Yellow Green 

1 0 0 0 6 4 

2 0 0 0 8 2 

3 0 0 0 4 6 

4 2 1 1 8 2 

5 2 0 2 6 2 

6 6 6 4 2 8 

7 6 6 4 o 

8 8 4 6 0 10 

9 4 4 2 2 8 

10 7 7 7 3 7 

1One seed missing. 
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color. There was a high positive correlation in all seed 

lots betveen positive reection to the chemical test &nd 

chlorophyll retention. 

Field Germination Test 

Germinability of mistletoe seeds was also tested 

under field. conditions. Fresh seeds from the Eastern Ore- 

gen collections were placed on trees in a Ponderosa pine 

plantation in McDonald forest. The seeds were placed on 

the trees in such a way that the ability of the seedlings 

to penetrate wood of different ages at different locations 

could be followed in event germination did occur. - eeds 

were pltoed on terminal buds on the main stein, on current 

season's wood, near leaf treces, and on three-year-old 
wood in similar positions. .dditional seeds were placed 

on lateral brenches in several positions. All locations 
were marked with plastic tape, the various positions being 

identified by tape of different colors. 

Sixteen trees were T1inooulated" in the six positions 

mentioned above m8king 96 seeds. The seeds were placed on 

October 9, 1952. Observations were made on October 23, in 

mid-winter and in April. 

The examination on October 23 dIsclosed that approx- 

imately one third of the seeds had been eaten by birds. 
Those seeds placed on the terminal bud were particularly 



liable to dam&ge. The rernain1n seeds appeared in good 

condition but there were no signs 01' erminat1on. Eeeds 

that had been eaten were rep1oed. The picture at the 

mid-winter observetion wes very different from that seen 

In October. There was no s1n of geriination. LOst seeds 

showed evidence of mold development in the viscin coat. 

One observation of significance was noted. Under the high 

moisture conditions of the .111amette Valley, the viscin 

tended to become highly gelatinized with the result that 

the seeds moved over the surface of the host. 3eeds pieced 

on the terminai bud or upper stem tended to slide down the 

stem. Some seeds were washed onto wood too old to pene- 

trate or were even washed off the plant. n the other 

hand, seeds that edherea to erect needles were carried 

down against the stem where infection oould take place. 

Examination of the seeds in pril disclosed no indi- 

cation of germination. Many seeds were missing end of 

those remaining, all were deoeyed. 
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CHAPTER V 

DISCUSION AND SUMMARY 

Results of the germination test reported on above 

were distinctly poor. Germination was expected among 

seeds pieced on pine trees at Mol)onald forest. Failure 
to germinate there was definitely associated with decay. 

The writer is unable to say whether the decay resulted as 

a direct conseQuence of unusually mild humid weather prey- 

aient during early winter, which enabled mold activity, or 

whether it ws associated with the fact that the seeds em- 

ployed were collected from an entirely different climatic 
region and were inherently unsuited to development in our 

coastal climate. A. campylopodum f. typicuin does occur 

sporadically in the illamette Valley. 

Undoubtedly failure of geriid.nation in the tempera- 

ture, humidity tests can, in a good many instances, be 

associated with loss of vib1lity by dessication during 

the period bet'een seed collection and the strt of the 

experiments. This is shown by the tetrezoliurn chloride 
test to be especially true of seed lots one, two, and three 

and probably is true of lots four, five and six. Positive 
response to the tetrazolium chloride test in lots seven to 

10 indicated viability. It is implied that seeds in these 

lots retained their germinability. Germination did occur 
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in lot 10 with germination from l0' to 30°G. Maximum ger- 

mination Vi85 et 20. At this temperature greatest eerrni- 

nation (33 per cent) occurred t 70 per cent humidity. 

Germination continued at humidities up to 100 per cent. 

The low level of eriination exhibited by these fresh 

seeds probably resulted from their being selected as the 

unerminsting seeds from a large seed lot in which germi- 

nation had already begun. Many of them were, no doubt, 

poorly formed and already dead. Or the retarded germina- 

tion may have been a light effect as described below. 

In view of the positive response of seed lots seven, 

eight and nine to the tetrazolium chloride test and their 

retention of chlorophyll, it is difficult to account for 

their failure to germinate under one or another of the 

test conditions. Germination failure possibly may be 

attributed to lack of a suitable substratum, injurious or 

inadequate light, or to dessication. 

The importance of an organic substratum was pointed 

out by Heinrioher (61, p.795) for rceuthobium oxycedri. 

Gill (94, p.139), however, held that "germination seems to 

be dependent upon proper moisture and -temperature condi- 

tions and does not appear to be dependent upon stimuli 

from suitable substrata." Similarly, Peirce (254, p.104) 

found the.t seeds germinated on a wide range of substrata, 
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suggesting that substratn was of minor importance. In 

these experiments the tests were run on glass. 

The light source used in the germination trials may 

be questioned both from e qualitative and quantitative 

standpoint. There is some question as to the biological 

soundness of use of fluorescent lamps. This arises from 

the fact that mercury vapor within the fluorescent tube 
o 

produces ultra-violet radiation of 2537k. This wave- 

length is very active biologically. The question arises 

as to how much, if any, of this radiation escapes the 

tube. 

.tkinson (7, pp.55-36) is of the opinion that the 

small amount of ultra-violet radiation that escapes the 

tube can be ignored. He points out that most of the ra- 

diation Is changed to visible light on striking the 

fluorescent coating, and any rays which penetrate the 

fluorescent coating then strike the glass tube which is 

opaque to radiation of this wave-length. 

hether or not the small amount of ultra-violet that 

does escape the tube is harmful to seed germination may 

still be questioned. Von Tubeuf (320, p.412) found that 

"ultra-violet rays killed the seed of VIsein album sooner 

than If the seeds were stored in dcrkness.' Qarl (61, 

p.854) noted the ultra-violet radiation ordinarily found 

in daylight sufficient to slow down seed germination. 
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Aside from the questioned presenoe of ultra-violet 
redlation, the fluorescent lamp, aocord1n to Atkinson 

(7, p.35), very closely resembles the lieht received from 

the sun on e olear June day. 

The lieht source of 100 candles could be questioned 

on a quantitative basis. This velue, recorded with a 

General Electric light meter, suggests that the high 

light intensity used by previous workers was not reached. 

Heinrioher (320, p.412), for example, used 1600 candles 

for germination of Viscum album. His method of îieasuring 

light intensity vies not reported. 

iesner (61, p.793) expressed the value of light in 

his experiments in terms or rractions or the daylight in- 
tensity during the germination period. The unit he used 

was the "Wiesner chemical light unit." 
In an attempt to reconcile light values used in the 

writer's experiments with i1esner's values, reference was 
made to a curve or daylight values for different months 

of the year expressed in foot-candle3. It was found that 

for aroh and April, values of 1600 and 3000 foot-candles, 

respectively, were obtained as the mid-day means. It is 

to be pointed out that these values are znaxiums which 

3Glazebrook, Sir Richard. Dictionary of Applied Physics. 
Macmillan, London, 1928. Vol. IV, p.914. 
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at the extremes of the day, must have tapered off to very 

low levels. Illumination in the writer's tests was main- 

tairied at 100 candles over the daily 12-hour period. 

Nevertheless, the light intensity used by the writer 

appears to have been far below that employed by iesner. 

With respeot to light, the small amount of germina- 

tion occurring in seed lot 10 may have resulted from the 

seeds already having received the necessary light in the 

field to initiate germination. its Glimoher (101) end 

Wiesner (61, p.793) pointed out, light intensity does not 

have to be as greet for growth of the hypocotyl as for 

germination. 
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