














I. INTRODUCTION

Vegetatlve propagation is necessary for a large number
of horticultural plants since many do not come trus to type
from seed or with many speclies and varletlies, seed is not
produced. Commercial growers of plants such as florists and
nurserymnen are always seeking better methods to 1nduce
fagter rooting of cuttinge or to induce roosting of cuttings
of specles which are difficult to root under present known
metnods. In recent years, considerable researcn nas been
conducted to find better rooting media, to improve light
relationsnips, to induce faster rooting by treating witn
normones and to find the optimum temperatures and humi-
dities to induce rootlng for various species whicn are

commanly propagated oy cuttings.



II. RLVIZW OF LITERATURE

It was mentioned by Kains and iiciuesten (16) that Julius
béchs, about a decade before his death in 1897, announced
that growtin ln plants 1s probably influenced by extremely
small guantlities of speciflc substances tnut caunot be
aesignated as foodstuffs but wihlcen dilrect the activitles

of cells.

The above autnors also stated thut the term hormone,
a8 appll.d to plants, was flrst used by Fltting in 1910.
Jtler names since used synonymously are growth normone,

growth regulator and wuchsstoffe.

Aceording to .eyer and anderson (18), Kogl, et al, were
the first to isolate a growth substance "heteroauxine" as a
oure cremlcal compound and to identify 1t as indoleacetic
acld. hHitchcock (13) using indoleacetle zecid, indoleproploniec
acld, pnenylacrylic wcid, and phenylproplonlec acld dissolved
in water, oll, or 1in lanolin, and applied locally to intact
plants, caused 1inltiution of roots, eplnasty of leaves, and
pendlilng and swelling of stews of several v.rletles of plants.
Since 1933, tuirty;two growth-promoting substances have been
found. awong thnem were fourteen acids, eleven esters, and
four unsaturated hLydrocarbon-conualning gases. Work con-
ducted at tne Boyce Tio.pson Institute (14, 27), along

with lnvestizators at other institutlons, has slown that



-3-

the use of tnese growth substances would 1lncrease tue rate
of rooting and Iinduce rost formztlon on cuttings of some
plants normally very diffleult to root. The use »f wrowth
normones for tne production of roots on cuttings nas become
increasingly populuar and useful to botn the nome paurdener
and the coumercisl grower. LDusts contalning tne growth
subgtances are now avell.dle on the warket under various

Lrads Nanes.

Altihougn in not a few cases the growt: substance treat-
ments nave glven strlking results, tne oresent gtatus still
indlcates tnat tne use of synthetlic growtn substances 1
not a cure-all for tue difficulties involved in the propa-
catlon of plants by cubtings. Tne effects of chemical treat-
went vary from speclies to specles. For instunce, Grace (7)
found thuet sotassium napntnylhexoate was venefliclal to
Lonlcera cuttings but markedly injurlous 4o tiose of
wvelpslla. sapnthyloutyric was wore effective than tle
hexoate 1n respect of root length in Deutzia. Indolyl-
butyric wcld was better than napghthlacetle as Judged by
nuaver and lengtn of roots produced on lLonlcera and number
of roots produced on ielgela. A reverse order >f activity
of taecse two ciemicals was shown by tune numoer of rooted
cuttings and length of root »f Sambucus snd the nuaber of

dead ZBerberis and ThujJa cuttings.

Cuttings taken from different varietles of the same
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specics may respond differently to certaln treatments.
Canrysantnemums are auwonyg tne plants whicn siow & nigh
degree of response tn bthe auxin treatument. In the experl=
ment of Cooper and .unton (4) out of fifty varietles tested,
only one varlety nus [alled to show lnereased rooting over
untreated cuttings, yet the increase varied from just a

few wore roots per cuttings on certaln varietiss to six

tlaues as awuny in the case I others.

The stage of maturity of plant parts may also be a
factor in causing variastlion in tne rooting response o>f the
cubbtings to norwone treatuent. Cochran (3) propagcating
psaches from softwood cuttlings, found thnet only 2 ner cent
of tue softwood cuttings taken from greenaouse-grown
seedlings in July rooted in response to the saue treatments
that gave 100 Jer cent rootlng of simllar materlal during

the winter.

anotner suostance or substances, nutritional or
normonal or both, which 1s usually originated in the leaves
is also necessary, btogetner with auxin, to oroduce roots,
Thnls is clearly manifested by drepory and van Overbeck (12)

in tuelr experlment withh Hilbiscus.

according to Grace and Farrar (10), who worked on the
vegetatlive propagatlion of conifers in Canada, the average

rosting of tale trewted wnd untreated cuttings of Norway



Soruce exceeded 80 per cent, & value substantially ecual to

brnat obbalned wiltn indolebutyric acid.

Thne Injurlous effaects of plant hormone chemicals in a
tale carrier were also notleced by Crace and Farrur in the
same experilment. These injurious effects ure 1in apresment
witn tnelr usrevious results for propagation of conifer
cuttings (6, 9)e. Thne osrogressive increase of injury with
ascendling concentratlion of tnese chemlcals agreed with
tne results of 2arlier exoserilments on »lant hormone chemle
cals (8, 25). In tne preliminary work with naphthylbutyric
acld 1n a casrcoal carriler, the 98 per cent rootiang obtained
was bhe nlghest percentage reached in greennouse propagation
exoeriments with conlfers carri:d on by Grace and Farrar
{10}, 'Ine untreated cuttings only gave a rosting percen-

tage of 87 per cent.

Variatlons are obound to occur following tne use of
growth substances by individusal propagators. Atmospherie
and cultural factors will vary, leading to different
rasults. Indeed, any single factor within & cutting may
effect tne rooting response of the cutting, no matter
wnether t at foctor be morphological, nutritional, hormonal,

or anatomlcal.

stoutemyer and Close (22) introduced a new metnod of

propagation of plants by cuttings in 1946, In an enclosed












or in 1li;ut of very low intensity. Absence of all wave
lengths saorter than 4270 X yield similar results, tliough
to a lesser degree. Tne work of Ursprung (26) showed that
photosyntneslis proceeds &t a wore rapld rute in the red
end of the spectrum than 1t does in thne blue-vliolet end,
even when regions of equal energy value in the red and

blue-violet reglons are used,

acecording to maylor (19, fluorescent lignt was found
satlsfauctory In growing plants early in tiils decude. When
used 28 the sole source of 1lluminution, botn the white
and bue dayligot from [luorescent lamps nave proved to be
efficient in the prowth of a number o5f -lants sueh as cab-
dage, corn, & varlet; of annual red kidn:y bean, 3iloxi
soyoean, dilil, tobacco a.d tomato. 7hen tue ilntesnity was
sufficisntly nigh, they nuave [{lowered as rapldly as tinose

srown under the best preeninouse eonditions.

Not until 1946, however, wus the effect of different
ligot eolors nn tue rooting response »f cuttings reported
oy ostoutemyer and Close (22). Using many lignt eolors,
they found L.aat the red-orange end >f the llgnht spectrum
wag more lmpordant In tune rosbting of cuttlngs than the
olue end. wone of tne colors, however, had any advanbage
over tne 3500 deprees wunilte light. Thils 18 1n agreement
wilth tue puysiologlcal eflect of different 1light eolors on

plants found by previous investlgatorse



gtoutemyer and Close 1in 1947 (23) also published thelr
results on cunanges of rosting response in cuttings fol-
lowing cxposure of the stocy plants to light of different
gualitles. In their experiment, Cordonia azillaris was
used as a representative of the difficult-to-root woody
plants. Vvrlants were grown in the greenhouse, under day-
1lignt tubss, under a couwbination of a pink and 4 blue
tube, under two blue tubes, and under the “E" phosphor
Genercl mlectric sunlamps and used as stock plants. When
cuttings from these flve different sources were removed
from tne propagating bencnes, striking differences in tone
tyoe of callus and of root formution were evident. B8y far
tne best rooting, together wlth form:tlon >f alisost no
callus, was found in tne cuttings from tne plants grown
under the two blue tubes. Since the action of tne "%
phosphor ceneral klectric sunlamps was somewhat similar to
thiot of the blue tubes althougn tne spectral distribution
was very diiferent, 1t 1s possible that the lmportant
factor may be the exclusion of a certain band of radiation
in tae red end of ta: light spectrum, rather than tae ef-
fect of a specific pband in the blue end. 04ddly enough,
blue li;at wuas usually tne least favorzdle light for cut-
tings during the rosting perlod in the previous experiment

of the same author (22).

In the previously mentloned propagatlon werks of






growth was produced during the rooting period under

fluorescent li_nt tnan under preenhouse conditlons,

In addition to the above, work was carried out to
study the effect of lignt intensity on the rosting of cut-
tlapgs of Betler Tlimes roses under nign and low light in-
tensitles. The relatively nign light intensity was 240 to
280 foot candles; the relatively low light intensity wus
90 to 120 fool cundles., DLayligat light was used. The
results indleabte thut better rootlng response was obtained

under the aign llgnt intensity.

Further experlmentatlon by tnls author was arranged
to study tne rooting resgonse of softwood cuttings of
tiiirteen decliduous snrubs under wnite fluorescent lignt.
Ligut intensity varied from 150 to 170 fost candles directly
under tne lignts. The 1llgnt intenslty dropped to as low
as 50 to 7% foot candles at the corners »f thne benches.
In not a single case did cuttings respond as Tavoradle under
winlte fluorescent light as under noramal greennouse condi-
tions. Lignt intensity in the greenhouse iIn tue mliddle
of tne day vuried from 900 to 2200 foost cundles. It is
probaole trnuet the unfavorable rooting under fluorescent
lignts 18 due to t e low light intensity prevalling under

tnese exuperiments,

wxperiments witn softwood cuttings of oroadleafl



























sand wuae ussed as the control,

There were 160 cuttings of each species and two flats
of each wmedlur. Twenty cuttings of each speclies were
planted in two randomized rows in every flat, making a
total of four treatments, four replicctions per treatment
and ten cuttings pe replication for each species. One
comparable set of cuttings was placed in the regular oro-

pagating benen in the greenhouse.

vata on (1) quality of cuttings of different s eciles
in different media, (2) czllus formation of cuttings of
different species in different media, and (3) rooting of
cuttings of different specles in different media were col-
lacted every week from tine fourti wesk after planting until
tae ¢rnelusion of this experiment by drawlng at random
three sanples out of each replicatlon. These samples were

planted bacik immedliately after data were taken,

sxperiment D

poftwood cuttings of earnation (Diantnus earyoohyllus)

and dusty miller (geneclo leucostachys) were used in this
experiment. wnNO chemlcal treatment was applied. The rosting
media uscd were sand and vermicullte. Sand was used as

taue eonstrol. Aceording to Laurie and Kiplinger (17), a

nunber of investigators have found that in general, sand
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fifty cuttings eacn. One group was untreated, and the
vages of the cuttings 1n another . roup were treated with
Hormodin Jo. 2. Vermiculite was used as the rooting
mediun. The treated and untreated cuttings were planted
in five r ws of ten cuttlnis saci in two separate flats.
Data on btne vepetatlive growth and callus formation as well
as tie rooting >f the treated and untreated cuttin:gs were

collected every fifta day after planting.



- 24 =

IV, RuBULTS AND DISCULSION

wxperiment A

the Airst collection of data on the rooting and callus
formation of cuttings was made on Jamuary 11, 1948, the
peslaning of tne fourth week alter planting. Jne sample
of J. plumosis was found roosted and with medium amount
of cullus formatlion, wrlille tne rest of the samples had

neither roots nor callus.

ko rooting or callus formation was observed during
the four icceeding weeks. Jn tne otkar hand, the number
of dead cuttings of every varlety had been increasing
pradually during this period. Un the ninth week after
planting, tne bases >f most cuttings showed symptoms of

wood rot.

The wnole experiment was concluded February 23, 1949,
#40 rooting or callus formation was found., The number »>f
living cuttings of different specles was counted and listed
in Tzole I. The analysis of varlance of number of cuttings
alilve (Yable II) shows that tne number of cuttings alive is

characteristic of tne plant specles.

Since the dead cuttings and some living cuttings
showed symptoms of wodd rot at the bases, the poor aeratlon

in the medium could be sartlally responsible for the death
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of tne cuttings. « mixture of one-third peat and two-
thirds veriloullte has a water holding capacity of about
185.7 per ceut (& value wore than ten times that >f the
water holding capaclity >f fine sand), so that over-watering

uay easily occur wien using 1t as rooting medium,

wxperiment B

Aamong the slx specles of coniferous evergreens used
in tnls experiment, Iaxus cuspldata showed the least
favorable response, Cuttings of this specles in the two
flats at tiie wlddle of the cavblnets snowed yellowlng of
tnelr leaves on tne tenth day after planting while cuttings
of the sawe specles 1n the other flats and cuttings of
other species were stlll healthy. Two fuactors may account
for tinls; first, the higher llght intensitles and conse-
quently possible toxleity of fluorescent lisht or in-
ability of the Taxus cuttings to utilize tnls lignht source
in photosynthesis, and secondly, tre relatively greater
leaf surface >f Taxus cuspldata wric: osermitted gredter
water loss. wost cuttlings of faxus cuspHldata in tue >ther
flats also showed yellowing of t eir leaves a few days
later, aad by tue end of tie slxth wesx after slanting

over 8U por ceunt of tirer wllted and dlsd.

{hu ja oceldentalls also respondsd unfavorably under






It was observed that during the two succeeding weeks
the remalning cutiings showed considerable increase in root
formation., after that no more rooting took place; and
tie wnole experiment was concluded on tnat date. The final
readin s were based on the total number of rooted cuttings

on yctoober 10, 1949,

The number 5f rooted cuttings of these four varietizs
of Junipers in different medla were recorded in Table III.
aceording to the data, they all responded poorly under
wiiite fluorescent lignt. The mean number of rooted cut-
tings for ames, 0.55, was the lowest, wnile the mean number
of rooted cuttings for Story, 4.44, was tne nigsnsest mean
number rooted. Tne rooting responses of Iowa and .aney
were intermediate between the rooting response of Ames and
Story, witn a mean number of rooted cuttings of 1l.22 and

2.55 resgpectively.

The rooting of ames, Iowa, and ..aney was quite uniform
in different medla, wiile tne roosting of Story varied from
5 per cent in sand to 38.3 per cent in tne mixture of
50=50 peat and vermicullite; nowever, according to tne
analysis of variance (Table IV), the rooting in different

medla did not differ signiflcantly.

Table IV reveals significant dlfferences among the

rosting responses of the cuttings of tne four varieties



Table III
Number of Rooted Cuttings of Four Varleties »f Junipers in

Different .edla Under Wnite Fluorescent Light

waren 7, 1949 to October 10, 1949

Replication
dedium Variety Total iiean
A B c
Sand , Ames 1 0] 0 1
Iowa 0 0 6 6
waney 1 o] 8 9
Story 1 2 0 >
3 2 14 19 1.58
Vermicullte Aues 1 0 2 3
Iowa 0 1 1 2
saney 1 1 5 7
Story 5 2 7 14
7 4 15 26 2.16
50«50 reut and Ames 1l 0 0 1l
Vermilculite
Iowa 1 0 2 3
saney 4 2 1 7
story 12 0 11 23
18 2 14 34 2.83

Variety mean:
Ames 055
Towa 1 e 22
Baney 2455
story 444

Difference required for significance:
at 5% level = 2,20
for varieties
at 1% level = 3,02











































































cuttin s, had better developed axillary buds, and were
among the fow that were taken from the maln branches. The
two treated cuttings srobaoly nad more food and hormone for
root initiatlon than the other cuttings tuken from the

side brancaese

Jn the twenty-first day after planting two of tue
treated cuttings tnat ad follage were rooted, By tnls
time, all of the defollated cuttings, eltiner treated or
untreated, wilein had naﬁ brokein dormancy were dead. NoO
callus formation was observed on these dead cuttings. The
leaf buds of tue remalning cuttin s developed into shoots
gbout 2ne-nulf ‘neh in length. Toree of the treated cut-
tings were found rooted. The remalning cutitlangs tnat had
new shooits, but no rooits, wilted and dled. Since there
were no symptoms of éither diseases on thnese cuttings, their
deatn mlipght better be explalned as the result >f tre in-
ability of tune cuttlings to absorb water, or tnat the cut-
tin.s were tuken after the abselsslion layer was inltilated
in tne leaf petiole. According to Coechran (3), the soft-
wood cuttings of seacn nave a great tendency to plug the
xylem vessels witn wound gum and thus check the uptakze of
water. <Lals tendency had mude his experiment of propa-
gating peacnes from softwood cuttin s in summer a fallure
in comparison witn the good results glven by the same klnd

of materizl under tne same treatme:ni in winter. By
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responded poorly under walte fluorescent 1llznt. Low
rostlng sercentage and nlgh mortality were observed in dif-

b

ferant media.

The cutvings of Junlperus cailnensis var. ganey and
Thuja orientalls s owed nv roosting in tne greenhouse. The
wortality of waney ranged from 77 per cent in both sand and
the mixture of 50«50 sand and vermiculite to 70 per cent
in vermicullie. With Thuja orientalis a mortallity of 50
per cent was observed in botn vermiculite and 50-50 sand
and vermicullte. Ihe lowest mortality, 1O per cent, was

obgerved in sand,

Tne cuttings of Taxus cuspldata responded very d4if-
ferently under wilte fluorescent lilgnt in different season.
Kooting of Y5 per cent and up was attalned in a little
more than five months in four different media during winter
and spring. This rooting was a ceontrast to the complete
fallure of tne same species when propagated during the
sunmer months. Tne number of rooted cuttings o>f tils
specles under greenhouse conditlons was influenced by the
media. Toe nilpghest mean number of rooted cuttings, 7.0,
and the lowest mean number of rooted cuttings, 4.0, were
observed in rermulite and vermicullte respectively.
Dampling~olf taat osrevaillsd in tne groenhouse is tnought

to ve partially responsibls for the lower rooting compared
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seasonal variation in rooting response wasg manifested
by Taxus cuspldata cuttings under white fluorescent
ligat.e PFavorable results with thls specles were obe-
tained in different medla durling winter and soring;
wialle using the same kind of material during the sum-
mer montins resulived in complete faillure, Tals may be
selves or to tne better environmental conditions in
tne cablnets, particularly the lower alr temperature
and higner humidity.

The propagating cadinet was comparable 0o the greenw
nouse ag a pluce for propagating dusty miller and
curnztion. «although In all cases rooting under preen-
nouse conditions was notuble for rapidity, the final
ros>tings in these two locatlons snowed no significant
difference.

Sand was superilor to vermnlcullite as a rooting medium
for the propagation of dusty miller and carnztion under
wnlte fluorescent light.

Jnder greenhouse conditions rooting of dusty miller in
sand was also higher than that obtalned in verimleculite.
Witn cwrnation, however, the two medla used dld not
cause slgnificunt dilfferences in rooting.

Caemical treatment seemed to be advantageous in the
propagutlion of peaches by semleh.rdwond cuttings.

rooting cuttings under walte Tluorescent llght had no



- 63 -

deleterious effect upon tine subsequent growth of these

cuttings when potted and grown in the greenhouse.















