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Abstract:
Experiments were designed to determine the responses of herbaceous, evergreen, and hardwood
cuttings to various treatments including different concentrations of indolebutyric acid, various rooting
media, and presence or absence of intermittent mist. Experiments were also designed to determine the
response of herbaceous cuttings to various combinations of soil and transplanting treatments.

Based on the rooting percentage or root quality or both, the results of the experiments indicated that
herbaceous and hardwood cuttings rooted well when treated with low to intermediate concentrations of
IBA. Chrysanthemum cuttings rooted best with 1,000 ppm IBA, carnation with 2,OOO ppm" IBA, and
German ivy with all concentrations tested. Potentilla, cara-gana, and sand cherry all rooted best when
treated with 2,OOO ppm IBA.

Evergreen cuttings rooted best when treated with high concentrations of IBA. Pfitzer junipers rooted
best when treated with 8,000 ppm IBA.

Species adaptability to media did not follow the same pattern as hormone response. In addition it did
not seem as important. However, in most cases certain media aided in rooting to some degree.
Carnation and sand cherry rooted best in 100% perlite. Pfitzer juniper rooted best in a 75% perlite and
25% peat medium. A 50% perlite and 50% peat medium proved to be best for potentilla.
Chrysanthemums rooted best in a 50% sand and 50% peat medium as did caragana.

Intermittent mist treatments benefitted Camation, juniper, and potentilla rooting. However,
Chrysanthemum, Caragana, and sand cherry cuttings rooted better under non-mist.

Transplants of cuttings resulting from the cutting experiments had nearly 100$ survival under all
treatments tested. The only exception was sand cherry which proved difficult to transplant under all
conditions. 
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■ ABSTRACT

Experiments were designed to determine the responses of herbaceous, 
eVergreen5 and hardwood cuttings to various treatments including differ
ent concentrations of indolebutyric acid,5 various rooting media,, and 
presence or absence of intermittent mist. Experiments were also designed 
to determine the response of' herbaceous cuttings to various combinations 
of soil and transplanting treatments.

Based on the rooting percentage or root quality or both,, the results 
of the experiments indicated that herbaceous and hardwood cuttings rooted 
well when treated with low to intermediate concentrations of !BA. 'Chrys
anthemum cuttings rooted best with I5OOO ppm IBA5 carnation with Z5OOO 
ppm" IBA5 and German ivy with all concentrations tested. Potentilla5 cara- 
gana5 and sand cherry all rooted best when treated with 2S000 ppm IBA.

Evergreen cuttings rooted best when treated with high concentrations 
of IBA. Pfitzer junipers rooted best when treated with 85000 ppm IBA.

Species adaptability to media did not follow the same pattern as 
hormone response. In addition it did not seem as important. However5 in 
most cases certain media aided in rooting to some degree. Carnation and 
sand cherry rooted best in 100$ perlite. Pfitzer juniper rooted best in 
a 75$ perlite and Z5$ peat medium. A 50$ perlite and 5>0$ peat medium 
proved to be best for potentilla. Chrysanthemums rooted best in a 5>0$ 
sand and £0$ peat medium as did caragana.■

Intermittent mist treatments benefitted Camation5 juniper5 and 
potentilla rooting. However5 Chrysanthemum5 Caragana5 and sand cherry 
cuttings rooted better under non-mist.

Transplants of cuttings resulting from the cutting experiments had 
nearly 100$ survival under all treatments tested. The only exception was 
sand cherry which proved difficult to transplant under all conditions.
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Many plants are reproduced under natural conditions by asexual means. 

Asexual or vegetative propagation of plants is that form of plant propa

gation in which the new individual possesses exactly the same character

istics as the parent plant from which it was taken.

The early history of asexual propagation was essentially the history 

of grafting. It was not until the 17th century that detailed information 

on the propagation of plants by means of layers and cuttings was available. 

Probably no other single operation in asexual propagation is mope import

ant than cuttage, because the average nurseryman depends very largely upon 

this type of propagation. Cuttage may be described as. a method of propa

gating plants by the use of detached vegetative plant parts which,, when 

placed under conditions favorable for regeneration, will develop into a 

complete plant.

The main advantages of propagation by cuttage are the relative 

simplicity of the operations, the low unit cost of production, and the 

ease with which plants will reestablish themselves. Therefore, this 

method of propagation is highly practical and economically important. It 

is used extensively to propagate ornamental plants, including deciduous 

types, broad-leaved evergreens and coniferous forms. Fruits such as 

grapes and figs have been propagated in this manner since ancient times.

This thesis is a report of research on several factors and tech

niques affecting rooting of cuttings which have been developed in recent 

years, including rooting media, hormones, and intermittent mist, and some
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important factors affecting transplanting of rooted cuttings.

Experiments were made on the effect of indolebutyric acid on rooting 

of herbaceous, evergreen, and hardwood cuttings; the effect of rooting 

media on root formation and root quality; and the effect of intermittent 

mist on root formation. They were designed to determine the response of 

herbaceous, evergreen, and hardwood cuttings to different concentrations 

of indolebutyric acid, varying proportions of perlite, peat, and sand in 

the propagation medium, and the presence or absence of intermittent mist 

over the propagating bench.

Experiments were also made on the effect of various soil and trans

planting treatments on rooted'‘herbaceous, evergreen and hardwood cuttings 

which resulted from the cutting experiments.

The author wishes these preliminary results to be a reference for 

nurserymen and people who are interested in propagation work, but more 

research work needs to be done in this field.

• LITERATURE REVIEW

The history of propagation by cuttings can be traced to the 17th 

century. In the ensuing years, many techniques and methods have been 

evolved. In recent years, much information has been developed concerning 

internal and external factors affecting rooting of cuttings. Internal 

factors affecting rooting of cuttings include the amount of stored food 

in cuttings, the age and maturity of tissue, the formation of callus arid- 

adventitious roots and the presence of leaves and buds on cuttings. The 

external factors include rooting media, chemical and hormone treatments.



-,7-
light, temperature 3 mechanical treatment and mist spray.

Internal or Physiological Factors?

Internal or physiological factors represent conditions within a 

cutting, which may influence its ability to form roots and to develop into 

a plant.

It has been shown repeatedly that available carbohydrate and nitrogen 

markedly affect the rooting of cuttings. Cuttings with a high starch 

content formed better roots than those with low starch contents (88). 

Cuttings from plants that have a carbohydrate accumulation in excess of 

inorganic nitrogen, are more likely to root properly (l).

Both maturity of the tissues and age of cuttings (juvenility) affect 

the readiness of cuttings to root. Many early papers indicated that 

cuttings of a suitable degree of maturity (l, 22, 79, 91) from a

juvenile plant will root more readily than cuttings from older plants.

Juvenility, first described by Goebel as a physiological condition, 

may be characterized not only by morphological characteristics, such as 

lack of pubescence, thinness of leaves, leaf shape modification and 

thorniness, but also by the inability of the plant or plant parts to 

initiate flower buds (25). The seat of juvenility or that portion of 

plant where the juvenile influence remains longest and exerts its greatest 

influence is at or just below ground level and probably extends well into 

the lateral roots (52). Juvenile wood can be induced to form on many 

plants by cutting back and disbudding greenhouse forced stock (22, 66,

83).
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Root primodia are sometimes present within stems of normally growing 

plants and require only favorable conditions to grow out as roots. Al

though root primodia are not ordinarily present in stems of most plants, 

they may be induced to form on cuttings placed under favorable conditions 

for a period of time. Plant hormones aid in hastening the formation of 

roots on cuttings (7l)°

Through an anatomical study of adventitious root development in 

stems, it was concluded that roots originate in cambium and phloem and 

project through the callus or through cortex and epidermis. This suggests 

that if some means could be provided to dissolve the cuticular and epi

dermal layers and.the pericyclic fibers, rooting percentage might be 

improved (1|8).

Callus formation at the basal end of the cutting was at one time 

considered to be a vital factor in the rooting of hardwood cuttings.

Callus formation may be of benefit in sealing the ends of the cuttings 

and preventing decay. In some cases, callused cuttings also respond more 

readily to chemicals used to aid in root formation than those not callus

ed (87). More recently it has been accepted that callus formation does 

not play an important part in root formation. Rather, callus formation 

and root development are processes not directly interdependent, and are 

favored by different environmental factors: callusing by a very moist, 

heavy medium, and root formation- by a light well aerated medium (lt3) •

The presence of leaves on cuttings provides a favorable influence on 

the rooting of herbaceous, semi-hardwood and evergreen cuttings. Leaves
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and "buds form a substance which promotes root formation in cuttings. 

Growing leaves are reported to promote cell division in the cambium (63). 
Root formation on Hibiscus cuttings depends upon both auxin and the 

presence of leaves« In auxin treated cuttings  ̂ the number of roots 

formed increases with the number of leaves left on the cuttings (53).
The amount of leaf area allowed to remain on a cutting partly determines 

the extent and amount of root production (?).

External or Environmental Factorss

The rooting and growth of cuttings depends upon certain external or 

environmental factors which represent treatments that are applied just 

before the cuttings are set in the bed, or the conditions to which the 

cuttings are subjected in the bed. ' -

Many papers present studies on the effect of various media for root

ing cuttings (U, IO5 27s 35? U0, 72, 82, 87). Vermiculite, perlite, and 

other products have been and are being tested with a view of improving 

plant propagation methods.

It has been the concensus of opinion with plant propagators that Ho. 

7 silica sand is the best grade to use as a rooting medium (b9).

The acid reaction of peat is considered beneficial (U6) or necessary 

for some cuttings (3b).'

Vermiculite is used widely as a medium for rooting cuttings. The 

Ho. 2 grade has proven to be most satisfactory for most ornamental 

deciduous shrubs (5l). In this medium cuttings produce a desirable 

) fibrous branched type of roots (27, 72). Vermiculite is valuable in the
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rapid rooting of soft cuttings such as chrysanthemum^ carnation, dahlias, 

etc., (87).

Many mixtures have been used as media for propagation. Guttings of 

some plants which root poorly in sand often root satisfactorily in mix

tures of equal volumes of sand and peat (lO, 12, 35)• A mixture of equal 

parts of peat and sawdust was satisfactory for rooting of rabbiteye blue

berry. A mixture which contained I part of peat, I part of sand, and I 

part of sawdust also proved satisfactory (H).

In general, any medium which holds moisture and supplies air is 

satisfactory. However, different media cause variations in root quality 

(HO). ' Of H3 kinds of plants propagated by stem cuttings, 30 produced 

finer and more flexible roots in peat moss than in sand due to the re

duced aeration and increased moisture (HH)«

Many chemicals have been used in efforts to induce root formation in 

plant species difficult to propagate or to improve rooting quality (2, 8, 

13, Hl? 62, 71, 80, 90). Sugars, nitrates, zinc, boron, manganese, iron, 

phosphorus,.acetic acid, potassium permanganates, and carbon monoxide 

have been reported effective but results of experiments have been so 

variable that the advisability of using them appears very slight (8, 13, 

Hi, H3, 90). However, hormone treatment has proved effective.

The importance of hormones in the rooting of cuttings was clearly 

established in 1935 when indoleacetic acid in lanolin paste was first used 

successfully to stimulate the rooting of lemon, Iantana5and acalypha 

cuttings by Cooper (l5)« Since then many plants have been tested to
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ascertain the effectiveness of hormones in inducing or improving root 

formation (2 } 265 2?s 28, %3, , $6,  62,  63,  73, 8o). Also5 many
other similarly active chemical compounds have been discovered; indole- 

butyric 5 indolepropionic and naphthalene acetic acids5 napthaieneaceta

mide , 2 , U-dichlorophenoxyacetic acid5 25 k , ^-trichlorophenoxyacetic 

acid and trichlorophenoxypropionic acid all induce root formation but 

their activity varies considerably (25 39, 6 2 , 67, Yl5 73, 80).
Ihdolebutyric acid (!BA) and naphthaleneacetic acid (MAA) and its 

derivative naphthalene ace tamide (NAd) are the materials in most common 

use for rooting of cuttings. The potassium salts of IBA and NAA appear 

equally effective and have the advantage of being readily soluble in 

water. The indole compounds usually produce a more fibrous root system 

than tie naphthalene compound. Also5 IBA does not inhibit the growth of • 
terminal buds as much as NAA (Yl). A mixture of IBA and NAA is more 

effective on both IBA and NAA sensitive cuttings (38).
Numerous methods of applying the plant hormone to cuttings have been 

used. At the present time three methods of application have come into 

widespread practical use; the hormone powder method {2, 37, Yl)5 the con
centrated solution dip-method (25 l65 285 3Y) and the dilute solution 

soaking method (25 5 ,  26, $9, Yl).

#eak solutions of hormones coupled with prolonged soaking were wide

ly used in early work. The effective concentrations range from 10 ppm to 
100 ppm. • Duration of treatment ranges from a few; hours to 2h hours (25 
26). It was shown that the chief disadvantage of the method was that the
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long period of treatment allowed for variations in external conditions 

which influenced the hormone effect (j?9) °

The concentrated solution dip-method was first proposed by Hitchcock 

and Zimmerman. The concentrations tested were from 1,000 ppm to 20,000 

ppm (37) • Others indicate that XBA at 000 to 10,000 ppm will induce 

rooting on most kinds of cuttings (2).
Rooting powder containing approximately 5>00 to 2,000 ppm !BA, NAA or 

naphthalene-acetamide is effective in stimulating root formation of the 

more easily rooted cuttings. Concentration from 10,000 to 20,000 ppm 

is required to root more difficult cuttings (2). '

Stoutemyer concluded that three concentrations of !BA, NAA or NAd 

rooting powder were effective in rooting three groups of plantsj 1,000 

ppm for easy-to-root plants| It5OOO ppm for intermediate groups and 

10,000 to 20,000 ppm for difficult-to-root plants (71).
The concentrated hormone solution dip-method and the hormone powder 

method are used most commonly and are the most convenient methods to use 

(16, 28).

Control of temperature is very important in the rooting of cuttings. 

Steady and even bottom heat in a bench is beneficial in rooting hardwood 

cuttings and for winter propagation work (87). The cutting bench should 

be maintained around 63° to .70° F. (about 6 to 10° F» warmer than the 

surrounding air) to give satisfactory results with many plant species 

(l, 87)0 However, Swingle found that the optimum rooting temperature 

for apple cuttings was between 75» to 85° F. (76).



The light effect on cuttings is mainly an indirect factor. Eight is 

essential for photosynthesis to produce food which is necessary for pro

ducing roots. A number of papers reported the effect of light on rooting 

(23s f)0j 6l5 68; 69, 70). Guttings rooted faster and more abundantly .in 

June than when days were shorter. (5>0).

Mechanical treatments of various kinds have been used to stimulate 

root formation (l?). But the most important mechanical consideration has 

proven to be the location of the basal cut. A basal cut l/2 inch below 

the bottom node was superior for IpL of the 86 common shrubs tested as 

compared with 17 which rooted best with a cut at the node. In 23 cases, 

the position of the cut was unimportant. In some casesj the position of 

the basal cut influenced the number of roots and in other cases it 'in

fluenced the time of rooting (9, U s 13).

The type of wood at the base has an important influence on the root

ing of cuttings of some plants. In general, cuts made at the base of the 

current season’s growth aided rooting. Mallet cuttings made to include ' 

a small portion of last season’s wood generally rooted poorly (36). The 

use of a small portion of 2-year old wood at the base of a cutting did 

not appear to help the rooting of coniferous cuttings (89).
"Wounds at the base of cuttings often cause better root formation. 

They increase the area in which roots may form; roots often develop along 

the margins of the wound. It is not clearly understood why wounds 

stimulate rooting. Some people suggest that a wound hormone is produced 

which aids in healing the mutilated tissue, while others theorize that



wounding stimulates cambium cells into active division to seal up the 

wound (I5 87). Some people think it is due to the increase of water 

adsorption (l7)»
Wounding is of particular value on coniferss which are propagated 

from stem cuttings. In a series of tests on Juniperus Pfitzerana, 

Juniperus stricta, and Hauja orientalis pyramidalis wounding increased 

the percentage of rooting more than any other treatment (87)=
The use of mist for rooting cuttings was introduced by Raines ($7,

58)9 Gardner ( 2 k ) , and Fisher (20, 21). That these reports appeared so 

nearly at the same time suggests that the concept of mist propagation was 

developed simultaneously by these people. Interest in this field was 

aroused, but rapid progress did not occur until the early 19508 s when 
various research stations and commercial firms studied propagation 

factors, developed equipment, and applied their results to the practical 

field.

The environmental factor most difficult to control is water which is 

important in all physiological processes. Mist propagation involves the 

use of apparatus which disperses fine droplets or particles of water in 

such a manner that the surfaces of leaves and stems are covered with a 

thin film of water. Water evaporates from the surface film to the 

atmosphere but little or no water is lost from the leaf tissue. In this 

way, mist helps to maintain the turgidity of the cuttings (6I4).
Mist lowers leaf temperatures thereby reducing food utilization. 

However, cuttings are able to manufacture larger amount of foods since



they can be exposed to full light intensity without wilting. Thus5 a 

large amount of reserve foods, which are utilized in the rooting process, 

accumulate in the cuttings. Therefore, the rooting potential of cuttings 

under mist are much greater than cuttings under other methods (32).

Mist apparatus- are of two basic types: the over-head system and the 

in-bed system. In-bed system has three advantages: no water dripping 

occurs, no support is necessary for the feeder lines and a larger number 

of cuttings can be placed in the'propagation bed. Nozzles used in mist 

operations are of three types: oil burner nozzles, self-cleaning nozzles 

and deflection nozzles (61].).

Most of the early work on mist was concerned with the use of 

continuous mist during daylight hours only or on a 2^-hour per day basis 

(20, 2 k s $ 7 , . 58, 81], 8£, 86). More recently the use of intermittent mist 

has been advocated (l8, 29, 30, 31, 32, 33, UU, U7, 61], 75,-77, 78).
Comparing the constant mist system with the'intermittent mist 

system, Hess found that the temperature of the medium under constant mist 

was reduced due to the excessive amount of mist to a point where the 

rooting response was actually inhibited. TTie temperature of the medium 

under ’’electronic leaf" controlled intermittent mist was always near or 

above the optimum because only enough mist was applied to maintain a 

film of water on the foliage of cuttings. There was no excess mist lead

ing to low medium temperature (32). -

Methods of operating an intermittent mist system are hand controls

(1]2), - timer mechanisms (3l), solar control mechanisms (6b), humidistats
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(77) and electronic leaf (32, 6U, 78). Of these methods, the "electronic 

leaf" was the most effective mechanism for controlling mist. Because it 

is weather sensitive, it affords automatic protection on a 2lj.-hour basis, 

it requires a minimum of water but affords maximum protection. It is 

relatively easily constructed at a reasonable price (61*).

Suitable well drained rooting medium (20, 21, £7, 7£, 81*, 85, 86, 87), 
hormone treatment (29, 30, 1*2, 1*7) .and time of collecting cuttings (2l*,

81*) are the important factors affecting successful rooting under mist 

propagation.

Among the narrow leaf evergreens, the Pfitzer juniper represents 

plants in which mist is of marked benefit to rooting in regard to rooting 

percentage and root quality. Thuja occidentalis elegantissima is also, 

noticeably benefited by the mist (61*).

In a large commercial test involving some 50,000 azaleas of most 

common varieties and 25,000 magnolias, the azaleas rooted 100 per cent.

All the standard varieties of the magnolias rooted with such rapidity 

that the more easily rooted varieties were potted in four weeks and the 

more difficult ones in six (87).
Many ornamental trees and shrubs rooted freely and quickly under mist 

from very soft cuttings. Carnations, chrysanthemum and dahlia cuttings 

all rooted 100 per cent under, .mist conditions 'within' three weeks of inser

tion '(1*2). Peach, several clones of mahaleb cherries and EM VII apple 

root stock rooted satisfactorily under mist propagation (7I*). •

Mist propagation in open frames (8l) or under lath house (65) are
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promising and economical methods for commercial propagation of cuttings 

during the summer months„

Cuttings under mist produce long unbranched succulent roots, which 

later branch; at the later stage a cutting of this type is easier to 

transplant (6).

Cuttings under mist, regardless of whether they are rooted under 

glass or in open beds can not withstand an'abrupt shift from the mist.

It was suggested that cuttings be potted and returned to the mist bench. 

The potted plants are then hardened by gradually decreasing the period of 

mist. A simpler method is to leave the rooted cuttings in the bench under 

mist until maximum rooting has been obtained. The cuttings are then 

hardened by a gradual decrease in the mist periods until they are capable 

of withstanding the more severe conditions of the- greenhouse or outside 

planting (li|, 61t). It was also reported that by using shading both soft

wood and evergreen cuttings were transplanted successfully from the mist 

bed (19, 60).

MATERIALS AND METHODS

All the experiments reported herein were conducted in the Horti

cultural greenhouse at Montana State College during the period November 

195>6 to April 1957 ° A temperature of approximately 65° F. was maintained 

in the propagation bench. The mean daily temperature was 60° F .

A. Rooting of Cuttings 

■(l) Plant Materials ■-

Three types of cuttingss herbaceous, evergreen and hardwood,
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were used. The plant species were chrysanthemum (Chrysanthemum 

morifolium) 3 carnation (Dianthus caryophyllus), German ivy (Senecio 

mikanioides)5 Pfitzer juniper, (Juniperus chinensis pfitzeriana), 

caragana or Siberian pea shrub (Caragana arborescens), potentilla or 

bush cinquefoil (Potentilla fruticosa) 3 sand cherry (Prunus besseyi) 

and McIntosh apple (Malus spp,). These will be referred to as 

chrysanthemum, carnation, German ivy, Ffitzer juniper, caragana, 

potentilla, sand cherry, and Malus,

The cuttings were about. five or six inches in length and were 

trimmed to just below a bottom node. They were divided into lots as 

nearly equal in vigor as possible. The caragana, potentilla and 

sand cherry cuttings were given a 108 day callusing treatment (Nov

ember 12, 195>6 to March 2, 1957)- and Malus a 28 day treatment (Feb

ruary U, 1957 to March 2, 1957)• The callusing treatment consisted 

of burying the cuttings in damp peat maintained at a temperature of 

approximately i|0° F „ Hormone treatments were applied after callusing.

(2) Rooting Media -

Four rooting media were used: 100$ perlite, 75$ perlite and 25$ 

peat, 50$ perlite and 50$ peat, and 50$ sand and 50$ peat.
Perlite is a synthetic rooting medium consisting of 95$ aluminum 

silicate plus traces of calcium, iron, magnesium, sodium, potassium 

and minor element salts. It is neutral in reaction. In its manu

facture, it is expanded about eight times in volume resulting in a 

great increase in water holding capacity and aeration. Canadian peat
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and clean washed bank-run sand were used in making the mixtures.

(3) Intermittent Mist -

The automatic mist system used was of an "lh-bed" type with 

Type A -6 "Hum!do-mist" nozzle (self-cleaning) in which the mist was 

controlled by an "electronic leaf". The electronic leaf consisted of 

a small rectangle of plastic about one inch long and l/2 inch wide, 

two carbon electrodes inserted in the plastic 3/I4 inch apart. A 

wire led from each electrode to the Thyraton tube control unit. When 

a film of water was on the leaf, an electric current passed between 

the electrodes and the control mechanism kept the solenoid valve 

closed. When the film of water evaporated the "leaf current" circuit 

was interrupted and the control mechanism opened the solenoid valve 

to start the mist. The "on" period for the mist varied from a 

minimum of three seconds to a maximum of about twenty seconds. The 

"off" period depended on the rate of evaporation of the water film* 

The electronic leaf was located about 6 inches above bench level in 

the center of the bench. •

(U) Hormone -

Indolebutyric acid (IBA) was selected as it was the most common-
'

Iy used rooting hormone. It was'used in powder form for herbaceous 

cuttings and in concentrated solution form for evergreen and hardwood 

cuttings.

The hormone powder was made by dissolving UOO mg. of IBA in 

about 30 c.c. of 95% ethyl alcohol. This solution was stirred into
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100 grams of talc to form a paste which was allowed to stand until 

the alcohol evaporated» All lumps were eliminated by stirring and 

crushing to form a uniform Ii5OOO ppm IBA powder. Fifty grams of 

2,000 ppm IBA rooting powder was made by mixing 2f> grams of the 

Il5OOO ppm IBA powder with 2$ grams of talc. Fifty grams of I5OOO 

ppm IBA rooting powder was made by mixing 12.5 grams of IBA Ii5OOO ppm 

rooting powder with 37»5 grams of talc.

The concentrated hormone solution was made by dissolving I;00 mg. 

of IBA in 30 ml, of $0% ethyl alcohol to form an 8,000 ppm IBA 

solution. Twenty-five ml of S5OOO ppm IBA solution was. diluted with 

23 ml of $0% ethyl alcohol to form a U 5OOO ppm IBA rooting solution. 

Twenty-five ml of U 5OOO ppm IBA solution was diluted with 23 ml $0% 

ethyl alcohol to form a 25000 ppm IBA rooting solution.

(3) Methods -

The experimental design for all three experiments was a factor

ial arrangement of treatments in randomized plots. As it was im

possible to randomize mist treatments, half of the bench received 

intermittent mist and half received no mist. Four media were random

ized in each half of the bench. Plant species were randomized in each 

medium in rows. Each row consisted of 2U cuttings of a single species 

extending the full width of the bench. Four hormone treatments were 

randomized in each row in plots of 6 cuttings each.

Experiment I: Chrysanthemum5 carnation and German ivy cuttings were

treated with I 5OOO ppm5 25000 ppm, and U 5OOO ppm indolebutyric acid



-21-
(IBA) powder by dipping the basal end (l/2 to I inch) of the cuttings 

in tap water5 shaking off the excess and dipping in the hormone 

powder« All excess powder was removed by gently shaking the cuttings 

which were then inserted into the media. .Treatments were made on 

November 2I4 to 26«, 1956. , Rooting records were taken on December 16 

and 17«, 1956.

Experiment 2s Ffitzer juniper cuttings were treated with 2«,000 ppm5 

U 5OOO ppm, and 8,000 ppm of IBA solution by dipping the basal inch of 

the cuttings in the rooting solution for 3 seconds. The treated 

cuttings were then inserted i n ■the rooting media. Treatments were 

made on November 27, 1956. Rooting records were taken on February •

27, 1957.
Experiment 3: Caragana, potentilla and sand cherry cuttings were .

subjected to a 108 day callusing treatment and Malus cuttings to a 
28 day treatment by storing them in damp peat in a plastic sack at a 

temperature of about UO0 F. The caliused cuttings were treated,with 

2,000 ppm, U ,000 ppm and 8,000 ppm of IBA solution by dipping the 

basal inch of the cuttings in the hormone solution. The treated 

cuttings were then inserted into the rooting media. Treatments were 

made on March 2, 1957» Eooting records were taken on April 12, 1957» 

B. Transplanting rooted cuttings 

. (l) Plant materials -

Rooted cuttings of chrysanthemum, carnation, German ivy, Pfitzer 

juniper, caragana, potentilla, and sand cherry which resulted from
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the cutting experiments were selected for transplanting. Selection 

was based upon root development with the best ones being selected 

from each experiment. The cuttings which rooted under intermittent

mist were kept separate from those which rooted under non-mist con-
)

ditions. In order to minimize the carry, over effect of hormone 

treatments the numbers of cuttings treated with various concentrations 

of IBA were selected as equal as possible® However, no attempt was 

made to equalize the number of cuttings rooted in each medium in 

these experimentso

(2) Soil treatments -

Two soil treatments were used: a greenhouse potting mixture and 

the same potting mixture to which skim milk was added. The potting . 

mixture contained 5>0$ Huffine silt loam soil, sand and 2%% well 

rotted manure. The potting mixture plus skim milk was the same 

potting mixture as above plus skim milk powder at' the rate of l/2 

ounce per flat. The flats used were 2 0 . x 12.0s' x 3.5>no Flats 

were used for all species except Pfitzer juniper which was trans

planted into six inch standard pots.

(3) Transplanting treatments -

Flats' containing cuttings rooted under intermittent mist were 

placed under one of two conditions immediately following transplant

ing. One of the conditions was an immediate transferal to non-mist 

conditions. The other condition was a hardening process in which the 

flats were placed in intermittent mist which was decreased by 2 hours
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a day until non-mist conditions were obtained. All flats containing 

cuttings rooted under non-mist conditions were placed only under non- 

mist conditions»

(10 Methods -

The design of this experiment varied for different species as the 

availability of rooted cuttings varied. Chrysanthemum5 carnation and 

German ivy were the only species which produced sufficient numbers of 

rooted cuttings on which to conduct all the phases of the experiment.

Seventy-two cuttings of chrysanthemum were divided into 2I4 lots 
of 3 each. Sixteen of the lots had been rooted under intermittent 

mist and 8 under non-mist conditions. Eight of the lots of cuttings 

rooted under intermittent mist and I4 of the lots of cuttings under 
non-mist were transplanted into flats containing a greenhouse potting 

mixture. The remaining lots of cuttings were transplanted into flats 

containing the potting mixture plus skim milk.

Seventy-two rooted cuttings of carnation and 72 rooted cuttings 

of German ivy were divided into lots in the same way. Then they were 

transplanted into the flats containing the rooted chrysanthemum cut

tings following the same plan of selection. Thus5 each flat contain
ed rooted cuttings which had received as near identical pre

transplanting treatments as possible.

The flats were divided into three lots of 8 flats each. Two lots 

contained the cuttings which had rooted under intermittent mist and 

the third lot contained cuttings which had rooted under non-mist.



Each lot consisted of four flats filled with the potting mixture and 

four filled with the potting mixture plus skim milk. One of the lots 

containing cuttings rooted under intermittent mist was put through a 

hardening process, The remaining two lots were placed directly under 

non-mist condition. • ^

The herbaceous cuttings were transplanted into flats on December 

I?s 195)6 and the results were observed on March 27, 195)7.

Forty ■ rooted cuttings of Pfitzer juniper were divided into 12 '

lots of cuttings, 8 of the lots contained !4. cuttings each and k of the 

lots contained 2 cuttings each. .All cuttings had rooted under inter

mittent mist conditions. One half of the lots were transplanted into 

pots containing greenhouse potting mixture soil. The other half of 

the lots were transplanted into pots containing the potting mixture 

soil plus skim milk.

The pots were then divided into two lots of 6 pots each. Each 

lot consisted of three pots filled with the potting mixture soil and 

three pots filled with the potting mixture soil plus skim milk. One 

of the lots was put through a hardening process and the other lot was 

placed directly under non-mist conditions.

The juniper, cuttings were transplanted into pots on February 28s 

195)7 and the results were observed on June IO5 195>7.

Twenty-four rooted cuttings of potentilla were divided into 12 

lots of 2 cuttings each6 Six of the lots had been rooted under inter

mittent mist and 6 under non-mist conditions. Three of the lots of



cuttings rooted under intermittent mist and 3 of the lots of cuttings 

rooted under non-mist were transplanted into flats containing a 

greenhouse potting mixture soil. The remaining lots of cuttings were 

transplanted into flats containing the potting mixture soil plus skim 

milk.

Twenty-four rooted cuttings of caragana and 2h rooted cuttings of 

sand cherry were divided into lots in the same way as potent ill a.

Then they were transplanted into the flats containing the rooted 

potentilla cuttings following the same plan of selection as 

potentilla. Thus5 each flat contained rooted cuttings which had 

received as near identical pre-transplanting treatments as possible. 

Ill flats were placed directly under non-mist conditions.

The hardwood cuttings, were transplanted into flats on April 12, 

19!?7 and the results were observed on June Il5 195>7«

EXPERIMENTAL RESULTS

A. Rooting of cuttings

Experiment I. The results of rooting herbaceous cuttings of chrys

anthemum, carnation, and German ivy are summarized in Tables I, 2, and I)., 

and illustrated in Figure I. The analysis of variance is summarized in 

Table"3 o The. analysis of variance shows that the effect of different 

concentrations of hormone (IBA) treatments, plant species and their first 

order interaction were all highly significant. There was no significant 

difference between intermittent mist and non-mist treatments nor any 

among the four media.



Table I. Numbera of herbaceous cuttings rooted under different concentrations of indole-
butyric acid (!BA)  ̂ mist, and non-mist, and different kinds of media.

Hormone concentration

Check 1,000 ppm IBA 2,000 ppm IBA It,000 ppm IBA Total
Non- Non™ Non- Non- Non-

Species Media"*3 Mist Mist Mist Mist Mist Mist Mist Mist Mist Mist
Chrysanthemum A Ii 6 Ii 6 5 6 5 I 18 19

B 5 6 6 6 6 It It 5 21 21
C 6 6 6 6 6 5 6 It 2ii 21
D 5 6 5 6 5 6 3 6 18 2li

Total 20 2ii 21 2h 22 21 18 16 81 85

Carnation A Ii Ii 5 6 6 6 6 It 21 20
B It I 6 6 6 5 5 5 21 17
C 5 0 5 6 6 6 6 5 22 17
D 3 0 6 I 5 6 5 6 19 13

Total 1.6 5 22 19 23 23 22 20 83 67
German ivy A 5 5 6 6 5 6 5 6 21 23

B 6 b 6 6 6 6 6 6 2ii 22
C 6 6 6 6 6 6 6 5 2li 23
D 6 6 6 6 6 6 6 6 2li 2lt

Total 23 21 2li 2 It 23 2 It 23 23 93 92

a Six cuttings per treatment, 
b Media were as follows: A. 100% perlite

Bo 75% perlite and 25% peat
C. 50% perlite and 50% peat
D, 50% sand and 50% peat.



Table 2, Quality of root system^ of herbaceous cuttings rooted under different concentration
of indolebutyric acid (IBA)j mist, and non-mist, and different kinds of media.

Hormone concentration

Check 1,000 ppm IBA 2,000 ppm IBA It9OOO ppm IBA Average
Non- Non- Non- Non- Non-

Species Media*"’ Mist Mist Mist Mist Mist Mist Mist Mist Mist Mist
Chrysanthemum A I 3 2 Ii 3 It Ii 2 2.5 3.25

B 2 3 3 Ii Ii 2 I 3 2.5 3.0
C 2 3 h It It Ii 2 2 3.0 3.25
D 2 I h Ii It 3 I 2 2.75 2.5

Average 1.75 2.5 3.?5 il.O 3.75 3.25 2.0 2.25 2.68 3.0
Carnation A I I 2 3 Ii It 3 2 2.5 2.5

B I I 3 3 Ii 3 2 2 2.5 2.25
C I 0 2 3 It It 3 Ii 2.5 2.75
D I 0 I 2 2 It 3 3 2.5 2.25

Average 1.0 o.5 2.75 2.75 3.5 3.75 2.75 2.75 2.5 2 .IiIt
German ivy A i I h 3 3 It 2 2 2.5 2.5

B I i 3 3 2 2 Ii It 2.5 2.5
C i i h Ii 2 3 3 2 2.5 2.5
D I 2 2 3 3 Ii It I 2.5 2.5

Average 1.0 1.25 3.25 3.25 2.5 3.25 3.25 2.25 2.5 2.5
a Root quality expressed as average of six cuttings per treatment, with 0 representing no rooting, 

with i representing poor roots, with 2 representing fair roots, with 3 representing good roots, 
and with U representing excellent roots.

"b Media were as follows: A. 100% perlite
B. 75% perlite and 25% peat
C . 50% perlite and 50% peat
D. 50% sand and 50% peat.



Table 3. Analysis of variance based on number of rooted cuttings of chrysanthemum,
carnation, and German ivy under different concentrations of indolebutyric
acid (!BA), mist, and non-mist, and different kinds of media.

Source of Variation Degrees of Freedom Sum of Squares Mean Square F
Mist vs. Kon-Mist (M) I i.5ooL 1.500k l.k8
Media (Me) 3 2.5833 .8611 .85
Hormone treatment (T) 3 18.7500 6.2500 6.l5**
Plant species (?) 2 20.2708 10.135k 9.97**
M Me 3 3.5829 1.19k3 1.17
M T 3 2.5829 .8610 .85
M P 2 6.0621 3.0310 2.98
Me T 9 6.^000 .7222 .71
Me P 6 9.7292 1.6215 1.59
T P 6 38.3125 6.385k 6.28**

Higher order Int. (error) 57 57.9592 1.0168

Total 95 167.8333

* Significant to the level,
a* Significant to the 1% level.



Hormone concentration

Check 1,000 ppm IBA 2,000 ppm IBA U 9OOO ppm IBA Average
Hon- Hon- Hon- Non- Non-

Table h. Rooting percentage of herbaceous Cuttingsa under different concentrations of
lndolebutyric acid (IBA)3 mist and non-mist, and different kinds of media.

Species Media*3 Mist Mist Mist Mist Mist Mist Mist Mist Mist Mist
Chrysanthemum A 67 100 67 100 83 100 83 17 75 79.25

B 83 100 100 100 100 67 67 83 87.5 87.5
C 100 100 100 100 100 83 100 67 100.0 87.5
D 83 100 83 100 83 100 50 100 7U.8 100.0

Average 83.3 100 87.5 100 91.5 87.5 75.0 66.8 81.3 88.5
Carnation A 67 67 83 100 100 100 100 67 87.5 83.5

B 67 17 100 100 100 83 83 83 87.5 70.8
C 83 0 83 100 100 100 100 83 91.5 70.6
D 50 0 83 17 83 100 83 100 7U.8 5U.3

Average 66.8 1(2.0 87.3 79.3 95.8 95.8 91.5 83.3 85.3 69.9
German ivy A 83 83 100 100 83 100 83 100 87.3 95.8

B 100 67 100 100 100 100 100 100 100.0 91.8
C 100 100 100 100 100 100 100 83 100.0 95.8
D 100 100 100 100 100 100 100 100 100.0 100.0

Average 95.8 87.5 100 100 95.8 100 95.8 95.8 96.8 95.9

a Six cuttings per treatment
b Media were as follows: A.

B.
C.
D.

100% perlite
75% perlite and 25% peat 
50% perlite and 50% peat 
50% sand and 50% peat.
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Mist
lhrysanthemu n Non-mist

Carnatioi
Non-mist"

Misf
German ivy

Non-mist"TOOO
Concentrations of IBA (ppm)

Figure I. The effects of different concentrations of hormone treatments 
on the rooting of herbaceous cuttings.a

a Rooting percentage base on 2k cuttings,six each from four media.



Table I summarizes the number of cuttings rooted. Table 2 summar

izes the characters of the roots developed. Table L summarizes the per 

cent of cuttings that rooted and Figure'I graphically illustrates the per 

cent of cuttings rooted for all three plant species.

Chrysanthemum - Under intermittent mist chrysanthemum cuttings 

treated with I 5OOO ppm and 2,000 ppm IBA rooted better than the check. 

Under non-mist conditions, all the cuttings in the check and those 

treated with IBA at 1,000 ppm rooted. Those treated with 2,000 ppm IBA 

rooted almost as well. However, under both intermittent mist and non- 

mist rooting was poor at It5OOO ppm IBA.

The root quality of cuttings treated with 1,000 ppm and 2,000 ppm 

IBA compared’with the check, was markedly superior, under both intermittent 

mist and non-mist. At It,000 ppm root quality was poor.

Four thousand ppm IBA treatments appeared to be too high to induce 

rooting in chrysanthemum.. Both per cent of cutting rooted and quality 

of roots were low, indicating possible toxic effects from the'hormone 

treatments.

The perlite and $0% peat mixture seemed to be the best medium 

for rooting chrysanthemum cuttings under intermittent mist treatments, 

while $0% sand and peat seemed best for non-mist treatments. As this 

experiment was not replicated no mathematical significance could be 

determined. However, a difference of 20-2$% between the poorest and best 

media seems reasonably beyond the experimental error usually attributed 

to biological growth.

Carnation - All cuttings of carnation treated with IBA were better
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than any of the cuttings in the check plots under either intermittent 

mist or non-mist. In addition5 the root quality was markedly superior in 

all IBA treatments. . Cuttings rooted better under intermittent mist than 

non-mist with or without IBA treatments5 although there was no effect 

upon root quality. The best treatment under either intermittent mist or 

non-mist was obtained with the 2,000 ppm IBA treatment.

The 50% perlite and $0% peat mixture seems best for rooting of 

carnation cuttings under intermittent mist, while 100# perlite seemed 

best for non-mist treatments. Once again mathematical significance 

could not be computed but the'difference present seems to be beyond a 

reasonable amount of experimental error.

German Ivy - Cuttings of German ivy rooted very well under all 

conditions. However the root quality was greatly improved under both 

intermittent mist and non-mist by the IBA treatments.

There were no differences among the four media used for rooting 

German ivy cuttings under either intermittent mist or non-mist or with 

IBA treatments.

Experiment 2 , The results of rooting evergreen cuttings of Pfitzer 

juniper are summarized in Tables %3 6, and 8 and illustrated in Figure 2. 

The analysis of variance is summarized in Table 7» The analysis of vari

ance shows that, the effects of intermittent mist and non-mist, different 

concentrations of hormone (!BA) treatments and their first order inter

actions were all significant. There was no significant difference among

the four media.



Table Iiumbera of Pfitzer juniper cuttings rooted under different concentrations of
indolebutyric acid (!BA), mist and non-mist, and different kinds of media.

Hormone concentration

Species Media'*3

Check 2,000 ppm IBA It1OOO ppm IBA 8,000 ppm IBA Total

Mist
Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist

Pfitzer juniper A 0 0 U I 0 0 3 0 7 I
B 0 0 6 0 6 0 5 0 17 0
C 0 0 It 0 I C It 0 9 0
D 2 0 3 0 I 0 It 0 10 0

Total 2 0 17 I 8 0 16 0 U3 I

a
b

Six cuttings per treatment.
Media were as follows $ A.

B.
C.
D.

100% perlite 
7S% perlite and 25>% peat 
5>0% perlite and 5)0% peat 
5)0% sand and 5>0% peat.



Table 6. Average number3 of roots per rooted Pfitzer juniper cuttings which rooted under
different concentrations of indolebutyric acid (!BA), mist and non-mist, and
different kinds of media.

Hormone concentration

Species Media*3

Check 8OCM ppm IBA U 9OOO ppm IBA 8,000 ppm IBA Average3

Mist
Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Misu

Non-
Mist

Pfitzer juniper A — — 8 3 - - 19 - 12.7 3
B — - 9 - 10 - 23 - 13.U -
C — 16 - 10 - 23 - 18.U -
D 1.5 - 8 - 11 - 9.5 - 9.1 -

Average3 1.5 10. 2 10.1 - 18.8 - 13.5 3

a Average number of roots based upon total number of roots developed and the number of 
cuttings rooted as indicated in Table

b Media were as follows: A. 100% perlite
B. 75% perlite and 25% peat 
0. 50% perlite and 50% peat
D. 50% sand and 50% peat.



Table 7. Analysis of variance based on number of rooted cuttings of Pfitzer juniper
under different concentrations of indolebutyric acid (!BA), mist and non-
mist 5 and different kinds of media.

Source of Variation Degree of Freedom Sum of Squares Mean Square F
Mist v s . clear (M) I # . 1 2 # 55.1250 59.2L**
Media (Me) 3 6.25 2.0833 2.2I1
Treatment (l) 3 20.50 6.8333 7.3k**

M Me 3 8.125 2.7083 2.91
M T 3 17.3750 5.7917 6.22*
Me T 9 9.7500 1.0833 1.16

M Me T (error) 9 8.3750 .9306

Total 31 125.50

* Significant to the level
-“•* Significant to the 1% level



Table 8. Rooting percentage of Pfitzer juniper3 under different concentrations of
indolebutyric acid (!BA), mist and non-mist, and different kinds of media

Hormone concentration

Species Media13

Check 2,000 ppm IBA U sOOO ppm IBA 8,000 ppm IBA Average

Mist
lion-
mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist

Pfitzer juniper A 0 0 67 17 0 0 5o 0 29.3 It.3
B 0 0 100 0 100 0 83 0 70.8 0
C 0 0 67 0 17 0 67 0 37.8 0
D 33 0 50 0 17 0 67 0 ltl.8 0

Average 8.3 0 71.0 It.3 33.5 0 66.8 0 Ut.9 1.08

w
r

a Six cuttings per treatment.

b Media were as follows; A.
B.
C.
D.

100$ perlite
75$ perlite and 25$ peat 
50$ perlite and 50$ peat 
50$ sand and 50$ peat.
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n-mist

Concentration of IBA (ppm)„

Figure 2. The effects of different concentrations of hormone treat
ments on rooting Pfitzer juniper cuttings.a

a Rooting percentage based on 2h cuttings, six each from four media.



Table 5 summarizes the number of cuttings rooted. Table 6 summar

izes the average number of roots per cuttings. Table 8 summarizes the 

rooting percentage of the cuttings and Figure 2 graphically illustrates 

the per cent of rooting for Pfitzer juniper cuttings.

There is a significant difference between propagating junipers under 

intermittent mist and non-mist conditions. The cuttings almost complete

ly failed to root under the non-mist condition although the cuttings had 

been treated with 2,000 ppm, 1|.,000 ppm, or 8,000 ppm !BA.

In general; the puttings treated with 8,000 ppm indolebutyric acid 

(!BA) produced the greatest number of roots per cutting, but the cuttings 

treated with 2,000 ppm IBA had a slightly higher rooting percentage. The 

cuttings treated with 000 ppm IBA, rooted at a low percentage for which 

no explanation can be given except that it may be due to the small sample 

size causing a large experimental error. However, the number of roots 

developed on the cuttings which did root equalled the number on the 

cuttings treated with 2,000 ppm (IBA).

The analysis of variance indicated that there is no significant 

difference among media for rooting junipers. But from the data presented 

In Table 8 it may be observed that the cuttings rooted best in 75% per

lite and 25% peat.

Experiment 3. The results of rooting hardwood cuttings are summar

ized in Tables 9 and 11 and illustrated in Figure 3 • Ttie analysis of 

variance is summarized in Table 10. The analysis of variance shows that 

the effects of different concentrations of hormone (!BA) treatments and
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Table 9. Numbera of hardwood cuttings rooted under different concentrations of lndolebutyrio
acid (!BA), mist and non-mist, and different kinds of media as expressed by-
fractions .

Hormone concentrations

Check 2,000 ppm IBA Ii8OOO ppm IBA S3OOO ppm IBA Total

Species Medi a Mist
Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist

Potentilla

Total

A
B
C
D

3/6
2/6°
li/6
li/6

2/6d
0/6
2/6
l!/6C I t f eP$ I

o/5

0/6
0/6$ 0/6

0/6
3/6
0/6

9/22
8/21

lli/22
10/22

5/23
2/23
12/23
5/23

13/21 8/21* 15/20 9/2ll 9/19 li/20 h/2h 3/2li Ll/87 2L/92
C aragana A 1/6 3/6 0/6 0/6 1/6 1/6 0/6 0/6 2/21; li/2li

B 2/6G 2/6° 2/6 li/6 2/6 0/6 0/6 0/6 6/2L 6/21;
C 2/6d 2/6d 0/6 2/60 1/6 1/6 0/6 0/6 3/2li 5/2L
D 3/6d 3/6 0/6 2/6 1/6 li/6 2/6^ 0/6 6/21; 9/2L

Total 8/2li 10/21; 2/21; 8/21, 5/2L 6/21; 2/21; 0/2L 17/96 21/96
Sand cherry A 3/5d 3/5^ 2/6 li/6 1/6 1/6 0/6 0/6 6/23 8/23

B 2 ^ 2/ k c 0/6 0/6 0/6 2/6 0/6 0/5 2/22 li/21
C i A c 2/5^ 1/6 S/6 0/6 1/6° 0/6 0/5 2/22 8/22
D i/li 2/5^ 0/6 0/6 0/6 0/6 0/6 o/5 0/22 2/22

Total 7/17“ 9/19 3/21 9/2h l/2li I i M ' 0/2U 0/21 10/89 22/88
Malus failed to root under all treatments.
a Number expressed as number of rooted cuttings/number treatments. Six cuttings used per treat

ment except where 9 or U were used due to shortage of material, 
b Media were as follows: A. 100% perlite; B. 7 #  perlite and 25% peat; C. 50% perlite and 50% 

peat; D. 50% sand and 50% peat, 
c Indicate cuttings rooted poorly, 
d Indicate cuttings barely rooted.



Table 10. Analysis of variance based on number of rooted cuttings of potentilia, caragana.
sand cherry and malus under different concentrations of indolebutyric acid (!BA),
mist and non-mist, and different kinds of media.

Source of variation Degree of Freedom Sum of Squares Mean Square F
Mist vs non-mist (M) I .0313 .0313 .03
Rooting media (Me) 3 1.313.8 1.1*1*79 1.56
Hormone Treatments (T) 3 37.2813 12.1*271 13.39**
Plant snecies (?) 3 67.7813 22.5938 21*. 35**
M Me 3 1.5937 .5312 .57
M T 3 1.U062 .1*687 .51
M P 3 15.0312 5.0101* 5.1*0**
Me T 9 6.81*37 .7601* .82
Me P 9 29.3137 3.2601* 3.51**
T P 9 18.1*062 2.01*51 2.20*

Higher order int. (error) 81 75.1561* .9279

Total 127 257.2188

* Significant to the 5% level,

■a* Significant to the 1% level.



Hormone concentrations

Table 11. Rooting percentage3 of hardwood cuttings under different concentrations of indole-
butyric acid (!BA), mist and non-mist, aid different kinds of media.

Species Media

Check 2,000 ppm IBA U 1OOO ppm IBA 8,000 ppm IBA Average

Mist
Mon-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist Mist

Non-
Mist

Potentilla A 50 33d 80 5o Uo 0 0 0 U2.5 20.8
B 33° 0 Uo 33 100 0 0 0 U3.3 8.3
C 6? 33 80 5o 60 80 5o 50 6U.3 53.3
D 67 67° 100 17 d 0 0 17 0 U6.0 21.0

Average 5L.3 33.2 75.0 37.5 5o.o 20.0 16.8 12.5 U9.0 25.8
Caragana A 17 50 0 0 17 17 0 0 8.5 16.8

B 33° 33° 33 67 33 0 0 0 2U.8 25.0
C 33d 33d 0 33° 17 17 0 . 0 12.5 20.8
D 5od 5o 0 33 17 67 33d 0 25.0 37.5

Average 33.0 i a . 3 8.3 33.2 21.0 25.3 8.3 0 17.7 25.0
Sand cherry A 60d 60d 33 67 17 17 0 0 27.5 36.0

B 5od 50° 0 0 0 33 0 0 12.5 20.8
C 25° Uod 17 83 0 17° 0 0 10.5 35.0
D 0 5od 0 0 0 0 0 0 0 12.5

Average 33.7 5o.o 12.5 37.5 U.3 16.8 0 0 12.6 26.1
Malus failed to root under all treatments.

a Rooting percentage based on six cuttings except where 5 or I* cuttings were used due to 
shortage of materials as indicated in Table 9. 

b Media were as follows: A. 100# perlitej B. 1$% perlite and 2$% peat; C. £0# perlite and 
5>0# peat; D. 5>0# sand and 5>0# peat, 

c Indicate cuttings rooted poorly, 
d Indicate cuttings barely rooted.



Concentrations of IRA (ppm),

Figure 3• The effects of different concentrations of hormone treatments 
on the rooting of hardwood cuttings.a

a Rooting percentage based on six cuttings except where 5> or U cuttings 
were used due to shortage of materials as indicated in Table 9.
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plant species were highly significant® In. addition, the first order 

interaction between hormone treatments and plant species was significant. 

The first order interaction between plant species and mist treatment was 

highly significant as was the first order interaction between plant 

species and media®

Table 9 summarizes the number of cuttings rooted expressed by 

fraction to indicate the variation in sample size. Table 10 summarizes 

the rooting percentage of cuttings and indicated the plots which rooted 

poorly. Figure 3 graphically illustrates the rooting percentage at 

different concentrations of hormone treatments.

Potentilla - Both mist and suitable hormone treatments were benefi

cial in rooting potentilla cuttings. Intermittent mist appeared to in

crease rooting to a considerable extent over non-mist conditions. Every 

treatment under intermittent mist except the 8,000 ppm IBA exhibited a 

superior rooting percentage'over the non-mist treatments regardless of 

hormone treatments'. Under both intermittent mist and non-mist conditions, 

the cuttings treated with 2,000 ppm IBA rooted better than other con

centrations of hormone treatments. The drop in rooting percentage at 

It,000 ppm IBA and to a greater extent at 8,000 ppm indicates that these 

concentrations might have some toxic effects on the rooting of poten

tilla.

The cuttings rooted best in the medium containing $0% perlite and 

$0% peat under either intermittent'mist or non-mist conditions.

Caragana and sand cherry - Caragana and sand cherry reacted similar-
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Iy to all treatments. Hooting was not benefitted by either intermittent 

mist or hormone treatments. The cuttings under non-mist conditions 

rooted slightly or somewhat better than the cuttings under intermittent 

mist but the rooting percentages were all below 5>0$.

The rooting percentages of cuttings in all checks were as good as or 

better than those of any of the hormone treated cuttings. However5 the 

cuttings in the checks were poorly rooted. The only treatment which 

compared favorably in rooting percentage with the checks was the 25000 

ppm IBA treatments under non-mist conditions. In most Cases5 the hormone 

treatments helped to develop better root systerns5 except for the S5OOO 

ppm IBA treatments which suppressed rooting.

The caragana cuttings rooted best in the medium containing $0% sand 

and £0$ peat under both intermittent mist and non-mist conditions.

The sand cherry cuttings rooted better in 100% perlite under both 

intermittent mist and non-mist conditions.

Malus - Malus cuttings failed to root in all treatments.

B. Transplanting rooted cuttings

All plant species tested had nearly 100% survivals under the 

conditions of this experiment.as indicated by the data summarized in 

Tables 125 13 and lit. The exception was sand cherry which survived poorly 

in all cases. The results show that there were no differences between 

soil treatments and none among transplanting treatments under the condi

tions of these experiments.



Table 12. Number of rooted herbaceous cuttings surviving different 
transplanting and soil treatments.

Plant Species Transplant3, Soilb . Number plants0
treatment treatment surviving

A P M' • 12
P M f M 12

Chrys anthemum B P M 12
P M f M 12

1 C P M 12
P M f 12

A P M 11
P M f M 12

Carnation B P M 12
P M f M 12

C P M .12
P M f M 12

A P M 11
P M f M 12

German ivy B P M 12
P M f M 12

C P M 12
P M f M 12

a Transplant treatments s
A: Cuttings rooted under mist put through a hardening process after 

transplanting.
Bi Cuttings rooted under mist placed under non-mist conditions 

directly.
Cl Cuttings rooted under non-mist returned to non-mist after 

transplanting»

b Soil treatments!
M s  Potting mixture consisting of 5>0$ silt loam, 25% sand and 25% 

manure.
FM f M: Potting mixture consisting of above mixture plus skim milk 

powder at the rate of l/2 ounce per flat.

c Total number surviving of 12 rooted cuttings transplanted.



Table 13» Number of rooted Pfitzer juniper cuttings surviving different 
transplanting and soil treatments»

Plant species Transplant^ Soil"*3 Number plants0
______________________ treatment________ treatment__________surviving •

Pfitzer juniper

A

B

PM 10
PM' + M- 10

PM 10
PM 4 M  8'

a Transplant treatments?
A? Cuttings rooted under mist put through a hardening process after 

transplanting.
Bs Cuttings rooted under mist placed under non-mist conditions 

directly.

b Soil treatments?
PM Potting mixture consisting of silt Ioamj 2$% sand and 2$% 

manure.
PM 4- M? Potting mixture consisting of above mixture plus skim milk 

powder at the rate of l/2 ounce per flat.

c Total number surviving of 10 rooted cuttings transplanted.
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Table lit. Number of rooted hardwood cuttings surviving different trans
planting and soil treatments.

Plant species •Transplant3, Soilb . Number plants0
treatment' ' -treatment surviving

A 'PM ' 6
FM + M 6

Potentilla
B PM 6

FM -f M 6

A FM 6
PM 4- M U

Caragana
B PM 5

PM 4 M 5
A PM I

.. PM 4 M I
Sand cherry

B PM 1
PM 4 M 3

a Transplant treatments;
A; Cuttings rooted under mist placed under non-mist conditions 

directly.
B; Cuttings rooted under non-mist returned to non-mist after 
. transplanting.

b Soil treatments; 1
PM; Potting mixture consisting of ^0% silt Ioam5 2%% sand and 25% 

manure.
PM 4- M; Potting mixture consisting of above mixture plus skim milk 

powder at the rate of l/2 ounce per flat.

c,. Total number surviving of .6 rooted cuttings transplanted.
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DISCUSSION M D  CONGEUSIOWS

Several factors "were studied for their effect on initiation of 

rooting of cuttings„ Of these the most effective factors were hormone 

(!BA) and mist treatments with relatively minor benefits obtained from 

different media. The interaction between these factors was also import

ant in successful rooting.

Plant hormones helped to increase the rooting percentages of car- 

nationj juniper and potentilla, had little or no effect on German ivy 

and chrysanthemum and slightly depressed the rooting of sand cherry and 

caragana. Malus had no response to hormone treatments or other treatments 

in this experiment as all cuttings failed to foot. The optimum concen

tration of hormone for initiation of rooting varied among plant species.

If the concentration of hormones was too M g h 5 the hormone treatment 

suppressed rooting and caused other toxic symptoms such as the inhibition 

of buds and shoots etc. In these experiments the It5OOO ppm IBA treat

ment appeared to reduce the rooting of chrysanthemum and the S 5OOO ppm 

IBA treatment suppressed potentIlla5 caragana and sand cherry rooting.

In general5 the younger and least differentiated cells5 tissues, or parts 

of plants are the most likely to respond to plant hormones. In addition, 

growth hormones have not been nearly as successful with hardwood cuttings 

as with herbaceous cuttings. Higher concentrations of hormones are 

needed for hardwood cuttings. This may be due to the presence of leaves 

on herbaceous cuttings which produce both food and hormones which favor 

rooting. The absence of leaves which produce hormones also explains why
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hardwood cuttings can stand a higher concentration of hormone treatment 

than herbaceous cuttings before exhibiting toxic symptoms-®

It appeared that chrysanthemum cuttings rooted best when treated with

1.000 ppm IBi and carnation cuttings rooted best when treated with 2,000 

ppm IBA. However, it is probable that the optimum concentration for 

carnations was close to 3,000 ppm. In further experiments this concen

tration should be tested. German ivy rooted well with all concentrations 

tested. The rooting percentage of the check was also quite high. It is 

possible that the treatment of IBA at less than 1,000 ppm would be of 

value for improving root quality. Bie 2,000 ppm IBA treatment was 

beneficial in rooting potentilla. The 2,000 ppm IBA treatment improved 

the root quality of caragana and sand cherry although no increase in 

rooting percentage was observed. A lower than 2,000 ppm IBA treatment 

may be sufficient for rooting these plants. Pfitzer juniper cuttings 

treated with 8,000 ppm IBA rooted best in regard to both root number per 

cutting and rooting percentage. Cuttings treated with 2,000 ppm IBA had 

a slightly higher rooting percentage but the number of roots per cutting 

were slightly lower. The cuttings treated with U 5OOO ppm IBA rooted at

a low percentage in most media but the data from Table 8 indicates that 

the cuttings treated with U 5OOO ppm IBA rooted-100% in the 75% perlite 

and 25% peat mixture» It appeared that the media and hormone inter

action was quite important in rooting Pfitzer juniper. The optimum con

centration for rooting Pfitzer juniper could be between U 5OOO ppm and

8.000 ppm. The reason that cuttings treated with U5OOO ppm IBA rooted at
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a low percentage may be that the small sample size caused a large experi

mental error.

In most caseshormone treatments accelerated rate of rooting and 

increased the percentage of rooting. The quality of root systems pro

duced with hormone treatments is generally superior to that of untreated 

cuttings.

Mist propagation is being adopted as an important method for propa

gating herbaceous softwood and leafy cuttings® In the author’s experi

ments intermittent mist helped to increase the rooting of carnation and 

also markedly benefited the rooting of juniper cuttings. Juniper cut

tings under non-mist completely failed to root.

The chrysanthemum cuttings did not root as well under intermittent 

mist as under non-mist. This might be due to the excessive supply of 

water as supplied by intermittent mist which increases the spread of 

diseases and cause the rotting of cuttings. Chrysanthemum apparently is 

easy to root without intermittent mist. There was no difference between 

intermittent mist and non-mist treatments for rooting German ivy.

Sand cherry and caragana were not benefited by intermittent mist at 

all. Under non-mist■conditions they rooted slightly better than under 

intermittent mist. It is possible that hardwood cuttings without leaves 

do not need to be maintained under mist. Moreover, the mist spray might 

cause a negative effect because it may increase the spread of fungi and 

other diseases. For instance some of the cuttings showed end rot under 

mist conditions. Qn the other hand potentilla rooted better under mist.



This might be because of their new shoots and leaves which grew rapidly 

during the rooting period. Intermittent mist probably helped, to prevent 

the new shoots and leaves from drying out.

Although intermittent mist helped to increase the rooting percentage 

it was apparent that mist had no effect on root quality-

Hormone treatments accompanied by intermittent mist occasionally 

gave better results than either treatment alone. Although hormone treat-■ 

ments helped to initiate adventitious roots3 the other cofactors were 

equally important. For example} in rooting juniper, the cuttings treated 

with different concentrations of hormone (IBA) failed to root unless 

accompanied with intermittent mist. In rooting carnation and potentilla 

cuttings with and without hormone treatments intermittent mist obviously 

helped to increase rooting percentage.

There was no significant difference among four media for rooting 

German ivy. Chrysanthemum cuttings rooted better in $0% perlite and $0% 

peat under intermittent mist and in %0% sand and $6% peat under non-mist. 

The carnation cuttings rooted best in $0% perlite and 5>0$ peat under 

intermittent mist and in 100% perlite under non-mist. The potentilla 

cuttings rooted better in 5>0% perlite and $0% peat, caragana cuttings 

rooted better in 50% sand and 5>0% peat, sand cherry cuttings rooted 
better in 100% perlite, and juniper cuttings rooted better in 75% perlite- 

and 25% peat. These results may be due to the different water holding 

capacities and aeration exhibited by the different media mixtures. The 

herbaceous cuttings were easy to root and therefore, they exhibited no 

preference among media.
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In hardwood cuttings Hartmann suggested that the callusing period 

follow the hormone treatments e The initiation of adventitious roots is 

stimulated by hormone treatments and the callusing period allows time for 

the development of these root initials to the point where they are ready 

to emerge from the cutting at the time of planting (27).
In the author's experiments5 hardwood cuttings were treated with 

hormones after the callusing period and before inserting into the bench* 

Therefore5 the hormone treatments may not have been as beneficial as they 
might have been if Hartmann's suggestion had been followed.

Blair suggested that the malus cuttings should be taken from a 

parent plant still maintaining juvenile characteristics. Cuttings made 

from juvenile plants root quite readily whereas cuttings taken from an 

adult type root poorly. The author used the adult type of cuttings and 

this might have been one of the reasons for the complete failure of the 

malus cuttings (3).

According to Wells" discussion wounding■is quite an important factor 

in propagating Pfitzer juniper. Rooting generally follows much more 

rapidly and vigorously after wounding than is normally the case (87). In 

-this experiment no attention was paid to special wounding treatments.

The bases ,of the cuttings were only cut to form an inclined surface there

by increasing the rooting area. With proper hormone treatment and inter

mittent mist the Pfitzer juniper cuttings gave a fairly high rooting per

centage. If in addition the cuttings had been wounded even higher rooting 

percentages may have occurred. Further experiments should consider the
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wounding effect.

iExperimentation indicated that there was no difficulty encountered 

in transplanting herbaceous cuttings without a hardening process. In 

transplanting Caragana5 potentilla and Pfitzer juniper, the results were 

good without hardening b u t .sand cherry was difficult to establish and a 

hardening process may have helped to increase the•number of surviving 

plants. However, in this experiment, due to the lack of rooted cuttings, 

the hardening process was not studied in the transplanting of hardwood 

cuttings.

According to Eynn and Hartmann, and Congdon, a satisfactory method 

for transplanting is to gradually increase the off-periods of the mist and 

decrease the on-periods until the rooted cuttings will survive without 

mist. Shade should be provided during this period to prevent sun burn

"(lit, U7).

The results of this experiment may vary from the works of Lynn and ■ 

Hartmann, and Congdon, because the rooted cuttings, were carefully sel

ected and only the best rooted ones were used for transplanting. Cuttings 

with good root systems are able to withstand an abrupt shift from mist 

without a hardening process. In addition, the herbaceous cuttings were 

left in the cuttings bench for 22 days so the root system was well 

developed. This might be why herbaceous cuttings transplanted so 

successfully from mist conditions directly.to non-mist conditions. The 

commercial propagator usually transplants the cuttings as soon as they

root.



In this experiments the difference between the growing and rooting 

habits of various types of cuttings caused difficulties in comparing data 

based on limited observations. However, this was a preliminary experi

ment and more research needs to be done on individual plant species.

Too much was attempted in this series of experiments. Difficulties 

were encountered by combining all the growing factors. It was very hard 

to analyze and to see their interaction because the biological aspects 

are especially complicated.

In the experiments, the media effects were very slight. Thus, fur

ther experiments should pay more- attention to the hormone and mist effects 

as they were more important.

In general, mist favored rooting of herbaceous and softwood cuttings, 

but not hardwood cuttings. In addition to causing negative effects on 

hardwood cuttings mist needlessly increases the' cost of commercial 

propagation.

Plant species used in further experiments should be selected care

fully. Chrysanthemum and German ivy should not be usbd in further 

experiments as they root easily under all conditions. Malus and sand 

cherry should be tested in further experiments. The time for doing the 

experiment is quite important. An all year round experiment might be 

needed for finding the optimum time of rooting.

The sample size of these experiments was very small and may have 

influenced the reliability of the results. In further experiments 

greater sample size and greater replication should be used.



SUMMARY

IBA at I5OOO ppm increased rooting of chrysanthemum cuttings and 

caused better development of root systems® Rooting was best under non- 

mist conditions. Under non-mist the ^0$ peat and $0% sand medium caused 

best rooting and under intermittent mist the $0% perlite aid %0% peat 

medium caused best rooting.

Carnation cuttings produced the best rooting percentage and root 

quality under intermittent mist and when treated with 2,000 ppm IBA,

Under both intermittent mist and non-mist conditions they rooted best in 

the 100$ perlite medium.

German ivy rooted readily under all conditions, However5 root 

•quality was slightly improved by IBA treatments. Intermittent mist did 

not improve rooting nor did any of the media,

Pfitzer juniper treated with S5OOO ppm IBA and under intermittent 

mist produced the greatest number of roots per cutting with a fairly high 

rooting percentage. They rooted somewhat better in the perlite and- 

25$ peat medium.

Potentilla cuttings rooted best when treated with P5OOO ppm IBA5 

intermittent mist5 and in the $0% perlite and $0% peat medium.

Root systems of caragana and sand cherry cuttings were improved by 

the P5OOO ppm IBA treatments but rooting percentages were not affected. 

Non-mist was better than intermittent mist for rooting. Caragana rooted 

best in the £0$ sand and $0$ peat medium and sand cherry rooted best in 

100$ perlite.
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Mains cuttings failed to root under all conditions ®

All plant species tested had nearly 100% survival under all combin' 

ations of three transplanting treatments and two soil treatments. The 

exception was sand cherry which survived poorly in all cases.



LITERATURE CITED

1. Adriance5 G. W. and Brison5 F. R.5 1955. Propagation of horti
culture plants. Second edition5 McGraw-Hill Book Co.5 H. T.

2. Avery5 C. S,5 Jr.5 E. B e Johnson5 R. M. Addoms5 B. F. Thomson.
19U7. Hormones and Horticulture. McGraw-Hill Book Co.5 K. Y.

3« Blair5 D. S. 1955. .The propagation of Malus species. Proc. Fifth 
Plant Propagators Society, p. SIj..

Iu Brightwell5 ¥., T. 19US. Propagation of the rabhiteye blueberry. 
Proc. Amer. Soce Hort. Sci.5 52s289.'

5. Brozdov5 B. 19l|.l. The influence of growth-substances on the root 
formation of cuttings from woody plants. Sovetskaia Botanika 
(Leningrad) 19ljl. 3:1^9.

6 o Buckley5 A. R. 1955. Mist and polyethylene tents for root of soft
wood cuttings. Proc. Fifth Plant Propagation Soc.5 p. 136.

7. Calma5 V. C.5 and H. ¥. Rickey. 1930. Influence of amount of
foliage on rooting of caleus cuttings. Proce Amer. Soce Hort.
Sci.5 27:157.

8. Chadwick5 L. C. 1930. The influence of chemicals, media to the
position of the basal cut on the rooting of evergreen and 
deciduous softwood cuttings. Proc. Amer. Meet. Amer. Plant 
Propagators Assoc., 1930:11-36.

9. Chadwick, b. C e 1930. The influence of the position of the basal
cut on the rooting and arrangement of roots on deciduous soft
wood cuttings. Proc. Amer. Soce Hort. Sci., 27:^87»

10. Chadwick3 L. C. 1930. Rooting softwood cuttings. Florists1
Review5 66(1699):20.

11. Chadwick, L. C. 1930. Rooting softwood stock. Seventh article on
plant propagation. Florists8 Review5 66(l697):25-

12. Chadwick, L. C. 1930. Studies in propagation.' Florists5 Review5
66(l69l):29.

13. Chadwlck5 L e C. 1933. Studies in plant propagation: The influence
of chemicals, of the medium, and of the position of the basal cut
on the rooting of evergreen and deciduous cuttings. New York . 
(Cornell) Agri. Exp. Sta. Bull., 571:3»



lU. Congdon5 M. 1955• Hardening and over-wintering cuttings in beds. 
Proc'. Fifth Plant Propagators Soc.5 p. 139®

15. Cooper5 ¥. C. 1935® Hormones in relation to root formation on stem
cuttings. Plant Physiol.5 10:789.

16. Cooper5 ¥. C . 1955. The concentrated-solution-dip method of treat
ing cuttings with growth substances. Proc. Amer. Soc. Hort. Sci.
.55:533.

17. Day5 L„ H. 1932. Is the increased rooting of wounded cuttings some
times'due to water absorption? Proc. Amer. Soc. Hort. Sci.5
29:350.

18. Eshleman5 R . .J.5 Jr. 1955® Rooting response under intermittent
mist. Proc. Fifth Plant Propagators Soc. 5 p. 135®

19. Ferguson5 A. B.' 1955® Our experiences in transplanting from the
mist bed. Proc„ Fifth Plant Propagators Soc.5 p. 137®

20. Fisher5 0. M.5 1951. Difficult cuttings respond to use of overhead
mist spray. Florists' Review5 88(2286):13.

21. Fisher5 G. M. 1953® Conifer propagation with mist. American
Hurseryman5 77(8):9-10.

22. Gardner5 F. E . 1929. The relationship between tree age and the
■ rooting of cuttings. Proc. Amer. Soc. Hort. Sci.5 26:101.

23. Gardner5 F. E. 1936. Etiolation as a method of rooting apple
variety stem cuttings. Proc. Amer. Soc. Hort. Sci.5 35:323®

25. Gardner5 E. J.5 1951. Propagation under mist. American Nursery
man 5 73(9) s'5®

25. Goebel5 K. 1900. Organography of plants5 Part I5 Authorized
English edition by Isaac Bayley Balfour5 Clarendon Press5 
Oxford.

26. Hakins5 E. S. 1955. Inducing rooting with growth substances on
Arabian jasmine. Proc. Amer. Soc. Hort. Sci.5 63:569®

27. Hartmann5 H. T. 1952. Farther studies' on the propagation of the
olive by cuttings. Proci Amer. Soc. Hort. Sei.5 59:155®

28. Hartmann5 H. T. 1955. leafy Sevillans olive cuttings. California
Agric.5 8(5):6. 1

-58-



- 59-

29» Hartmann, H. T., and' G . J. Hansen, 1955» Rooting of softwood
cuttings 'of several fruit species under mist. Proc. Amer♦ Soc. 
Hort. Sci., 66s1^7•

30. Hartmann, H. T. and J. E. Wiisler. 1956. Rooting cuttings under
mist. California Agric., 10(5):?•

31. Hess, C. E. and ¥. E. Snyder. 1953» A. simple and inexpensive time
clock for regulating mist in plant propagations procedure. Ftoc.

. Third Plant Propagators Soc., p. 56.

32. Hess, 0. E.- 195k» Factors influencing propagation under mist.
Proc.-Fourth Plant Propagators Soc,, p. IOU.

33« Hess, C . E, 1955» Rooting cuttings in containers under mist. Proc. 
Fifth Plant propagators Soc., p. 135»

3Iw Hitchcock, A. E., and P. ¥. Zimmerman. 1926. Variation in rooting
response of cuttings placed in media in different pH value.
Proc. Amer. Soc. Hort. Sci., 23*383.

35» Hitchcock, A. E. 1928. Effect of peat moss and sand on rooting 
response of cuttings. Hot. Gaz-., 86(2) s 121.

36. Hitchcock, A. E., and P. ¥. Zimmerman. 1932. Relation of rooting
response to age of the tissue at the base of greenwood cuttings. 
Contr. Boyce Thompson Inst., l|.(l) *85.

37. Hitchcock, A. E., and P. ¥. Zimmerman. 1939. Comparative activity
of root inducing substances and methods for treating cuttings. 
Contr. Boyce Thompson Inst., 10(Ii) sU6l.

38. Hitchcock, A. E., and P. ¥. Zimmerman. 19l|0. Effects' obtained with
mixtures of root-inducing and other substances. Cont. Boyce 
Thompson Inst., ll(2)sllj.3«

39. Hitchcock, A. E., and P. ¥. Zimmerman. 19h5« Methods of rating the
root-inducing activity of phenoxy acid and other growth substances. 
Cont. Boyce Thompson Inst., Ih(I)s21.

hO. Ishizaki, A. 1951. Rooting and growth of cuttings of doronoki 
(Populus maximowiczii) in relation to cutting media. Jour. 
Japanese Forest Soc., 33(10):325»

hi. Klein, I. 1930. Stimulate action of chemicals on the rooting of 
softwood and hardwood cuttings. Proc. Amer. Soc. Hort. Sci.,
27:h82.

1 2 8 9 3 5



*”6o™

h2 . Khight^ F. P.a A 'G. M. Bean and F. E. ¥. Hanger, 1957- Mist 
technique propagation. Jour, of Royal Hort, Sod.3 Vol, 82 ,
Part Il5 p, 1*58,

li3. Hhight5 R, C. 1926. The propagation of fruit tree stocks by stem 
cuttings. !,/Observation on the factors governing the rooting 
of hardwood cuttings. Jour. Pomol. & Hort. Sci,5 5 (Z)s2li.8,

Ijil» Langhans5 R- ¥. 195/. Open-mist propagation technique finds new
success in florist field. Florists Exchange5 122(22)ilO.

/5. Long5 J. C, 1932. The influence of rooting media on the character 
of root produced by cuttings. Proe. Amer, Soc. Hort. Sci.5
29:352.

/6. Eongley5 L. E. 1930. Influence of various propagating media on the 
rooting of cuttings and layers. Proc. Ann. Meet. Amer. Plant 
Propagators. Assoc.5 1930:37-

/7. Lynn5 C.5 and H. T. Hartmann. 1957- Rooting cuttings under mist. 
California Agriculture 5 11(5):11.

/8. Mahlstede5 J. P.5 and D. P. Watson. 1952. An anatomical study of 
adventitious root development in stems of Vaccinium corymbosudi. 
Bot. Gaz95 113(3)5279-

/9. Mahistede5 J. P,5 .and E. S. Haber. 1957- Plant Propagation. John 
Wiley & Sons5 Ihc.5 Hew York.

50. Hitsch5 J. P„ 1956. Light and plant propagation. Rroc. Sixth
Plant Propagators Society5 p. 122.

51. O tRourke5 F. L., and M. A. Maxon. 19/8. Effect of particle size of
vermiculite media on the rooting of cuttings. Proc. Amer. Soc. 
Hort. Sci.5 51:65/.

52. O 5Rourke5 F. L. 1951. The effect of juvenility on plant propa
gation. Proc. First Plant Propagators Soe.5 p. 33»

53. Overbeek5 J. V. 1951- Hse of growth substances in tropical agri
culture in plant growth regulators in plant growth substances. 
Edited by Skoog5 Fdlke. University of Wisconsin Press.

5/. Passecker5 F. 19//. Jugend-und alters formen bei den obstgehSlzen 
(Juvenile and mature forms of fruit trees). Gartenbauwiss5 18:
219- -



”61“*
5>£. Pearse5 H. E. 1938. Experiments with growth controlling sub

stances. I. The reaction of leafless woody cuttings to treatment 
with root-forming'substances. inn. Botany5 N. S.5 2:227«

56. Pearse5 H. L. 19k3. The effect of nutrition and phytohormones on
the rooting of vine cuttings. Ann. Botany5 N. S.5 7*123*

57. Eains5 M„ A. 19U0. Some uses of a spray chamber in experimentation
with plants, Amer. Jour. Bot.5 27:18s. ■ -

58. Eains5 M. A. Ipltl. Method of growing plants in water and air, .
Torreya5 Itls 103-IOlt.

59. Eappaport5 J. ipltO. Conditions of the auxin treatment of cuttings
and their influence on the subsequent rootings. Biologiseh 
Jaarbock5 7(2)s328.

60« Shugert5 E. 1955* Handling of rooted mist propagated cuttings in 
plant bands. Proce Pifth Plant Propagators Soc.5 p. IltO.

61. Skinner5 H. T. 1939« Eurther observation on the propagation of
rhododendrons and azaleas by stem and leaf bud cuttings. Proc„ 
Amer. Soc. Hort. Sci.5 37:1013«

62. Skoog5. Folke. 1951* Plant growth substances. Unive Wisconsin
Press5 Madison.

63. Snow5 E. 1932. Growth-regulators in plants. New Phytologist5
31(5):336.

61t. Snyder5 W. E. 1951t« Possibilities with mist propagation. Proc. 
Fourth Plant Propagators Soc.5 p. 89.

65« Steavenson5 H. 195U. Mist propagation under lath shade. Proc. 
Fourth Plant Propagators Soc.5 p. 113.

66. Stoutemyer5 V. T. 1937» Eegenation in various types of apple wood.
Xowa Agri. Exp. Sta. Ees. Bull.5 220:309*

67. Stoutemyer5 V. T. I9I4I. A comparison on rooting induced by acid
and by amide growth substances. Proe. Amer. Soc. Hort. Sci.5.
39:253.

68. Stoutemyer5 V. T05 A. W. Close5 and F . X. O-tEourke, 19U5» Booting
greenwood cuttings without sunlight under fluorescent lamps. 
Science5 101 ( 2630) :5l)-6. <



- 6 2 -

69. Stouteinyer5 V. T.5 and A. W.' Close. 19U6. Rooting and germinating
seed under fluorescent and cold cathode lighting. Proc. Amer.
Soc* Hort. Sci.5 lj.8s309.

70. Stoutemyer5 V. T.5 and A.. ¥. Close. 19h7• Changes of rooting
response in cutting followed exposure of the stock plants to 
light of different qualities. Proc. Amer. Soc. Hort. Sci«5
li9:392.

71. Stoutemyer5 V. T. 19$h-> Encouragement of roots by plant regulators,
Chapter k in Plant Regulators in Agriculture5 edited by H. B.
Tukey. John Wiley & Sons5 inc. New York5 195>1|-.

72. Stuart5 I. W. 19I46. Expanded vermiculite gives excellent propa
gation results. Plorlstsi Review5 98(2$L7):33.

73. Swartley5 J 05 and L. C. Chadwick. 1939. Synthetic growth sub
stances as aids to root production on evergreen and softwood 
decidious cuttings. Rroc. Amer, Soc. Hort. Sci.5 37:1099°

7)4. Sweet5 D. V. 1955« A new approach to the problem of rooting
cuttings under mist. Rroce Fifth Plant Propagators Soc05 p. litl.

75. Sweet5 D. V. 1957. Mist propagation. Plants and Gardens5 Vol. 135 
No. 2.

■76. Swingle5 C. F. 1929. A physiological study of rooting and callusing 
in apple and willow. Foreign Agri. Research5 39:81-128.

77. Templeton5 H. W. 1953. The "phytotector" method of rooting
cuttings. Proce Third Ann. Meet. Plant Rropagators Soc05 1953»
p. 5l°

78. Templeton5 H. M. 1955° The electronic leaf. Proc. Fifth Plant
Propagators Soc.5 p. 131.

79. Thimann5 K. T 05 and A. L. Delisle. 19h2. Notes on the rooting of
some conifers from cuttings. Jour. Arnold Arboretum5 23(l):103®

80. Tukey5 H. B. 195b. Plant regulator in agriculture. John Wiley
& Sons5 Inc.5 New York.

81. Ward5 W. F. 195U° Mist propagation in' open frames. Rroc. Fourth
Plant Rropagators Soc05 p. 109.

82. Weidner5 R. E05 and 0. A. Matkin. 1952. Foliage rootings.
Florists' Review5 lld(281].8)s21.



-63-
83. WelIensick^ S. J» 1962. Rejuvenation of woody plants by formation 

of sphaeroblasts * Koninkl«, Nedi Alkad. Wetenschap. Ser. 066(6)?
667.

Bit. Wellsj J. S. 1963« Outdoor propagation under constant mist. Amer
ican Nurseryman5 97(ll)sill.

86. Wells5 J. S. 1963. More about outdoor propagation under mist. 
American Nursery5 98(3)?17.

86. Wells5 J. S. 1963« Further notes on constant mist. .American
Nurseryman5 98(ll):: 12-13.

87. Wells5 J. S. 1966. Plant propagation practices. The MacMillan
Co.5 New York.

88. Winkler5 A. J. 1927. Some factors influencing the rooting of vine
cuttings. Hilgardia5 2:330-3^9.

89. Infymah5 Donald. 1930. The influence of the heel in the rooting of
narrow-leaved evergreen cuttings. Florists1 Ebcchange5 76(lh):26.

90. Zimmerman5 P. W . 5 and W. Crocker and A. E. Hitchcock. 1933. Init
iation and stimulation of roots from exposure to carbon monoxide 
gas. Contr. Boyce Thompson Inst.5 6(l)sl-17.

91... Zimmerman5 P. W . 5 and A. E. Hitchcock. 19^6. .The relation between 
age of stem tissue and the capacity of form roots. Jour. 
Gerontol.5 l(l);27-32.



»

I

v s  ? r  

-  • - ?

128935


