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CHAFTIR I 

IHTRODOCTIOH 

]Btollies oonstitttt* oa« of tho aore laportant groups of 

plants in Omaasntal Hortloulturs, The Qsnus Ilsx Is of Talus to ths 

eoBjBsroial nurssrTstan, ths hoae oimer as landsoaps aatsrial, and to 

thoss idio slsh to oonserrs our natlTe trees. Since Hollies are be-

eoaing aore iaportant in the nursexy industry, satisfactory aethods 

for increasing the best selections should be dereloped. Hale as well 

•® feaale plants should be aade sTsllable fOr planting since most of 

the genus is dioecious. Better aethods of propagation for the more 

difficult to root species aust be dereloped to aake this possible. 

Ihis work was designed to test some of the external factors which 

affect the rooting of Hollies. Hie factors tested were aediuoui and 

watering methods under controlled humidity and bottom heat. 

The awdiums selected were those which had prored useful to 

nurserymen as well as those which sons experimental papers recomaended 

for Hollies. 

The watering systems were selected for ease of installing, 

adaptability to propagating benches already in operation, xelatiTs 

low installation cost, and ease of operation. 

All Ilex species of which cutting wood was sTsilable in quantity 

were tested in these experiments. These species were aquifolium. caseins. 

oomuta, cornuta clon Burford, crenata clon Spreading, crensta don 

ConTexleaf, crenata clon Boundleaf, decidua. opaca, and Tomitoria. 
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HIVm OF LITERATOBX 

In X877 Buxbi<lga(l) ntatad that HoUlaa ara raadlly oultipllad 

by eattings of hardanad growth insarted in anton on a north hordar. 

Eolllaa nay alao ba propagatad by budding^. 

Zlmaarnan and Hltohoook(14) mltlpllad aararal apaelas of Ilax 

lAlla Baking a study of tha anount of rooting of diffarant plants. Ilax 

opaoa outtings takan at tha sana tina, but froB four plants» showad dif-

farancas of as Bueh as 40 pareant in tha nunbar of cuttings rootad. 

Whan tha cuttings wars takan froB tha sama plant, tha nusber of cuttings 

rooting wars about aqual. 

ZiBBaxBan and Bitohoook(14) also found that batwaan August and 

January, Ilax opaca cuttings rootad aqually wall. Chadwiok(£) raportad 

ySE opa'P" zootad bast whan tha outtings ware takan in August and 

SaptcBbar. Lindbarg(6) found Ilax opaoa outtings rootad bast takan tha 

lattar pert of August if placad in an anrironmant of high ralatiwa 

huBidity and high taaparatura. Kirkpetrick(5) raportad good rasults 

with Ilax opaca outtings at any tins of tha yaar with tha axoaption of 

aarly spring when naw growth was dsTsloping. 

Iha offset of rooting swdiuas on tha nuBbar rooting and tha typa of 

root systcB has baan fairly wall astablishad(7). Sinca tha introduction 

of taohniquas which panait tha olosa control of ralatira hUBidity and 

other factors, this phasa of tha work has raceiTsd considarabla rariaw. 

busbars in peranthasas rafar to litaratura oitad. 
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ZiMMxman found ll»x cuttings to nspond to peat aoss as a part 

of tba rooting asditua, although he stated that sand would always be the 

standard aediua. the pB of the aediua did not seea to be a Tital factor 

for proper rooting. Of flwe asdiuas tried with Ilex, a 50-50 aizture by 

Toluae, of peat aoss and sand was generally best(13). A peat and sand 

mixture was also found to be a good aediua for Ilex aquifoliua(8). 

Recent experlaentel evidence points to the use of coarse silica 

sand, a half and half aizture of coarse silica sand and Teralculite, and 

coarse Texaiculite as rooting asdiuas for Ilex opace(g,4.6). A aizture 

of sand and Tsraioullte also prored to be good when used \inder high 

relative httBidity(ll). 

It has been known for a long time that a partial control of 

humidity in the propagating house aided in the survival of cuttings. 

Such asthods as wetting the walks, and spraying the foliage have been 

used hj aany propagators. More recently other aethods have been tried. 

Fisher(3) reported excellent rooting of cuttings under a spray that 

kept the Xbliage wet. Stouteayer indicated that prolonged wetting of the 

foliage was undesirable. He used a aechanical huaidifier that produced 

a fine mist. It was found that some species of plants rooted auch better 

when cuttings were placed under this high relative hunidity(lO). 

The best relative humidity has not been established. Many plant 

species differ in the level of relative hualdity necessary for best 

rooting. 

Seventy-five percent relative humidity was found to be satis 

factory during suamer(4}. Liadberg(6) was able to get good results 
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with Ilax opeca outtlsga during August and September uaing a relatire 

humidity of 92 peroent. Stoutesyer mid O'ltourke found the amount of 

moiaturo in the air to be important at ni^t during the winter months 

whoa tho greenhouse was heated, fbsy alao found high relatiTo humidity 

hardest to maintain on ooid days. Ilex opeoa. 7ar. Toner, gave ̂ wd re 

sults under 85 peroent relative humidity. Some adyantages of maintaining 

a high relative humidity aret 

1. Permits rooting at eomparatively high temperatures during 

summer months. 

2. Increases the rooting percentage of the more difficult to 

root plants when other necessary factors are supplied. 

5. Prevents wilting of cuttings with large leaf areas. 

When relative humidity was high, cuttings rooted in a shorter 

time. Some method of maintaining a high relative humidity can be used 

to advantage by propagators(12). 

Automatic or suaually operated watering systems reduce 'Uie labor 

necessary to care for benched cuttings. Labor saving is the main ad 

vantage over the normal hose and sprinkler. Chadwiok(2) found manual 

subirrlgation satisfactory for Ilex opsoa cuttings stuek in a half sad 

half adxture by volume of sand and vermiculite. A spray humidity system 

was also Itmnd to be a suitable watering method provided the spray fell 

on the cutting benoh{10, S). Post and Scripture(9) report that perforated 

copper tubing is an excellent watering method for cuttings. 



 • (H' t' 

CHAPTER m 

SQCIIHm, HATERtAL HBIBODS 

Tlw«« •xperiMnts «*r« oonduoted la a 28* SO foot eveaepaa 

graenhouae with light shade froa October to APi*!! ead heary ahade the 

reat of the year. Ihe house vaa equipped with a Staadard CeatrifUgal 

Bhaidifier Model 31>A. Biia huaidifier was eapable of diaperaiag, aa 

a fiae oiat, one galloo of water each hour. Xhe hvusidity was controlled 

by a Staadard RuBidiatat, Model 31. 

Ooncrete benehea were used with bottoa aleba plaoed epprozijaatsly 

eae iaeh apart. Ileetric lead sheathed cables 120 feet long were plaoed 

oa the ^aba ia each bench, sad coverad with l/d*ineh Mah hardware cloth. 

A therBostat was placed oa oae ead of each bed and the control eleneat 

inserted ia peat-Termiculite aediuB. One beach was watered with a 

staadard hose and sprinkler head. Another beach waa watered wiMi two 

liaes of copper tubing .626 iaeh in diaBeter wLth .0385 inch holes every 

12 iaches (figure 1). The third bench was watered with Monaroh .175 air 

conditioning nozzles. These nozzles were Bounted on ao-inch risers set 

56 iaches apart. When so sat thsy covsrsd a beach 42 iachea vide ^ 

(Figive 2). 

The aediUBe were BediuB>coeree river eand, coarse vermiculite, 

gexBBB peat sized with aediua-coarce river sand half and half by volnas. 

and gsraaa peat aixed with coarse vsraiculite half and half by voluae. 

The rooa humidity waa ohackad with a aling psyohroBetar. It waa 

found to range between 88 and 94 peresat relative humidity. 
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The night temperature of the greenhouse was maintained at 65° I. 

during the cool months, a temperature of 70-75° V. was maintained in the 

rooting mediums during the winter months. The propagating house tempera 

ture during some summer days was as high as 105° F. This temperature was 

s(M&ewhat lower then the air temperature outside of the house. 

Strong terminal cuttings of one year old wood were selected. Pour 

to five inch cuttings with a slanting cut 1/2 to 3/4 inch long at the 

base were used. Tsenty or 25 cuttings were tised in each group. It was 

not possible to get all cuttings of any one species from one stock plant. 

While it was not always possible to place a group in all mediums or 

under all watering systems, each set was completed in so far as possible. 

Watering systmas were favored over other treatments. Groups were placed 

in the cutting bench in the fall, mid-winter, spring, and siid-summer. All 

cuttings were treated by dipping the Icwer inch in water, tapping off 

excess water, and then coating with a layer of .8 percent indolebutyric 

acid in talc. 

The cuttings watered manually appeared to require somewhat dif 

ferent amounts of water. The cuttings in sand were watered more often 

than those in the other medixuns. This bed under manual watering was 

watered as the cuttings appeared to need it. The copper tubing system 

was turned on one hour each day during clear weather. This gave aj)-

proiimately one gallon of water for each square 
«

foot of bed space. On 

cloudy days this was cut in half. The mist system was turned on eight 

hours each day during clear days from April to October. During cloudy 

days of the summer months and during the winter months, it was turned 
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on for one hour each day. TSils watering system gare .175 to .225 gal 

lons of water an hour per square foot of bed spaoe. 

When the majority of cuttings in a set^ were rooted, all sets of 

that group^ were removed from the mediums. The cuttings in each set 

were rated as heavy, medium, and light rooting. Figure 3 shows the type 

of root system for each of the ratings. The length of time euttings re 

mained in the mediums ranged from 47 to 215 days depending upon species 

and time of taking cuttings. 

The resvats were analyzed by using the method outlined in the 

Washington Agricultural Experiment Station Circular No. 102, entitled 

Significance of Differences Between Percentages by Vernon Davies. 

set refers to 20 cuttings placed in one medium under one 
watering system. 

O^A grou a plant placed in the mediums onA group refers to all sets of 
the same date. 
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flgora 5. Tlio type of root syBten neeesBaxy to b# 
rated aa heavy, aediua, end light. At the top la Ilex oomuta 
clon Burford, and the lower plants are Ilex opaoa olon East 
PalatlM. 



  
 

CHAPTER IV 

DISCUSSION OF RESULTS 

TABLE I 

StnOIABY or WATiSINa MSTBODS 

HedluM 

Psat-Vexmloullte 

P«at-S«nd 

Taxmloulita 

Saod 

! 
• 

Arwg* Pareant 
: OopparMist : tubing 

80 88 

79 83 

58 64 

56 65* 

t 
: Manual 

81 

76 

60 

58 

ATeraga 68 74 67 

^tt«r tliaa naaual. 
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ZAELI II 

COMPARISON OF WATERING METB9DS WITH 
FBAT-VXRUICUUTE AS THE MBdCM 

Peroent Booting 
Plaat sundar eacN: : Copper : 

Mlat Muiualt aatiiod 1 : tubing : 

Xl«z aqaifolluR 20 75 80 70 

m oasalBS 00 77 80 80 

m eorauta 40 83 90 83 

m eornata 0I0& Burford 80 85® 95® 83 

n eranata olon Spreadlnc EG 95 100 90 

m oranata olon Oonraxlaaf 40 98 95 93 

m oranata olon Ronadlaaf 40 95 85 98 

m dacldua 80 00 90 90 

m opaea 40 85 95 75 

m ▼oaltorla 40 25 65^ 45 

*Batt«r thaa Mnual. 

^^tter thaa aist. 
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imx ni 

COUFAfilSON OF WATERING UETBODS VITB. 
PEAT-SABD AS THE MEDItM 

I Oattinca i Percent Booting 
PXant tundar aaeh: . ; Coppar ;„ 

t aathod : : tabiog : 

IXax aqttlfbXiua 20 00 05 75 

" oaaaina 60 83 77 77 

" oomuta 40 90 83 63 

« aomata eXon Burford 00 96® 90 78 

* oranata eXon Spraading SO 90 65 85 

•• oranata oXon OonTaxleaf 40 95 90 83 

" oranata olon BoondXaaf 40 95 80 75 

* daoidoa SO SO 80 75 

" opaoa 40 63 88 78 

• TOBitoria 40 S8 63^ 53^ 

>Bett«r than BaaoaX. 

Hottar than aiat. 
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TABUS vr 

COMPABISON or WATIKINa MKTHOBS WIIH 
VBBKtOULITE AS THE MSDIHii 

Parcent Rooting 
Plant tuodar eaoh: : Coppar: 

liiat Manual 
t jaa^od t t tubing ! 

lUx aqttifoliua 80 30 85 80 

m aaaaina •0 63 67 68 

p oornuta 40 68 60 65 

n oornata olon Barford 60 98 88 60 

m eranata olon Spraadlng 80 00 90 90 

tt eranata olon Oonvaxlaaf 40 80 80 75 

« oranata olon Bonadlaaf 40 OS 77 78 

•9 80 40daoidtta 10 40 

IV opaea 40 85 60* 40 

19 40 80Toadtorla 18 80 

^Bettor thaA mist. 

- €' 

, ■' • 
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TABLE 

ccasPAHiso® or iatshino methods rara 
SARD AS THE MEDIDM 

: Cuttings t Percent footing 
Plant sunder eaclii ^ 5 Copper s 

: aethod : s tubing s 

Ilex aquifoliun 20 20 SO 30 

f» oaaaine 60 60 55 48 

f» eomuta 40 68 60 68 

It eorauta elon BorforA 80 84 85 90 

It oreaata elon Spreading 20 90 90 80 

m orenata don ConToxleal 40 15 80 85 

It oreaata elon Botindleaf 40 TS 80 15 

It deoidiw 20 80 40 10 

0 opaea 40 45 65« 85 

« ▼onltoria 40 20 35 20 

''Better than Jtuiatl. 

S-vi / 

: f 
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Hm origiaal data is to ba fouad la the appendix. !Bie tables 

under the disoossion are designed to deoonstrate the effect of each of 

the faetors studied. 

Ihere are certain factors that should be kept in aiad shea using 

any type of mtering aethod. The cuttings jsust be kept in a fresh, turgid 

condition for proper results. The watering Method mut, vlth the propaga 

tor's help, be able to apply vater shea needed. Too aneh water is as 

detriaental as too little, since it excludes air which is necessazy for 

proper rooting. With sufficient water being applied by the watering 

Methods tried, it was found that the Method of watering did not sig 

nificantly affect the rooting of the Majority of the species. Table I 

shows that idiea all species were areraged, there were no significaat 

differences in the watering Methods. There seeswd to be no outstanding 

differences in the type of root systOM under the different watering 

systeMs in corresponding MSdiuMS. The species and clon affected Most 

were Ilex coamuta clon Burford, Ilex opaca and Ilex Tomitoria. Burford 

rooted better under Mist than \uider Manual in peat-sand and peat-Temicu-

lite. Copper tubing was better than Mist with Ilex TOMitorla in peat-

sand or psat-TezBioulite. The copper tubing also proved to be better 

than Manual with Ilex opaca in sand. 

A rooting MsdiuM should have the ability to hold a eonstant 

Moisture supply and yet be well aerated. It should be sterile and of 

such stxuotxire that cuttings will not be injured when inserted or re-

Movad froM the wediUM. 
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imin 

maoiART 07 ifinnnis 

Watsring Hsthods 

Mist 

Coppsr tubing 

Manual 

:Psat-Tsr-
; mieulit® 

80« 

Od* 

»• 

: 
t 

Peroeat Sooting 
Peat- t Termicu-

send : lit® 

7«8 56 

8S« 64 

?d« 60>> 

t 
: Sand 

56 

65 

52 

AT®rage 85* 7f« 60 57 

*B«tt«r than ▼•ralculita and sand, 

^ttar than sand. 

' I .y* .''"sv • #>». 

V. j-r^ ' ■-. *■«• .i-
Xz-

' - --• —-^ •*■-- -t-' ' .. 
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!CABLI m 

o<acPARXsoH OF MECiniiK tnmiR test 

;CuttlBg«t PTe«nt Rooting 
Fl«at :ia eacli iPeet-Ter-:Peet- :Verajl- j 

f nm •mli*ii1 4 A « aam#! » 8WS# 

Ilax aqalfolivua 20 75b 80^ 80 80 

" eaaaina 60 77 88^ 68 60 

n oornuta 40 68^ 90« 58 68 

H oornata olon Borford 80 95 96 98 84 

* aranata elon Spxaading 80 95 90 80 90 

* aranata elon Conraxlaaf 40 98« 95a 80 75 

" oranata olon Roondlaaf 40 95® 98a 95® 78 

" daeldua 80 609 50® 10 80 

" opaea 40 S5l> 88^ 85 48 

•• Toadtorla 40 85 88 15 80 

^Battar than sand. 

^attar tixan Taxmioullta and sand. 

^Battar than Taraloullta. 
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iminil 

COMPARISON 0? 10SDICM8 tWDlffi COPPER TOBINO 

PToant Rooting 
Pladt iia each :Peat^Vaz^;Peat- jVanoi- j 

: madlun :ralculita Sand: aaad :oulita : 

Ilax aquifolium 85^ 36 30 

O 
It easaina 60 80* 7?® 67 55 

m eornuta 40 90« 83 80 68 

8m cornuta cloa Buffford 80 99 90 83 88ft 

m ereoata olon Spreadlag £0 100 88 90 90 

m oraaata eloa ConTexleaf 40 95 90 80 80 

m eranata olon Roundlaaf 40 85 89 77 80 

m daoidua 80 90^ 80^ 40 40 

ft opaoa 40 95^ 88^ 60 65 

» ▼oaltoria 40 65^ 63^ SO 88 

^Batter than sand. 

Hattar thaa raznloulita and aand. 

r , 
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TABLS IX 

OQUPARISON Of MEDIUMS UNDER MANUAL 

Bootl^ 
Plant :In eaoh tPeat-ver-:Peat- iVerml-: 

Sandt Mdium :jBleallte: sand ;eullte : 

Ilax aqnifollun 20 70^ 75^ SO 20 

** easalna 60 80^ 77^ 62a 42 

" eomuta 40 8S^ 83>> 65 68 

n eornuta oloa Burford 80 88 78 80 90 

" erenata oXon Spraedlng SO 90 86 90 80 

" erenata olon ConTexlaaf 40 93 83 83 88 

" erenata olon Roundleaf 40 75 78 73 

" deeidua SO 90^ 75*> 4C« 10 

* opaea 40 78^ 40 88 

» roBltoria 40 48^ 63*> 28 20 

^Better Mum saad. 

^^tt«r than T«xBloulit« and aaad. " 

^tt«r ttea paat-saad, Taxmicullta and sand. 
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n>r th« harder to root ilex speelee, adxtarei soeh ae peat-sand 

and peat-TerBioollte prored to be better than single aediuaui suoh as 

reroiloulite or sand. Ihe harder to root speoies, aquifoliun, oassinet 

deeidna, opaca. and vonitoria, reqxilre greater care In aaintaining 

proper condition In the oedlums. fhls explains, to soae extent, arhj 

peat-sand end peet-Teznloullte vrere the beat flwdiniss, sinoe the air and 

ester relationship in these nediuns is fairly easy to control. Ittble 

71 shows that when the areragea of all species teeted are considered, 

peet-veridLcalite and peat-sand were signlfioantly better than Teraicn-

lite and sand. There wee no significant difference between peat-

Termiculita and peat-sand or betwaen Taxmloulite and sand as rooting 

nsdiums for Hollies, fhe type of sooting aediun did not greatly affeot 

the rooting of Ilex cornute and its olon Borford, or Xlsx crenata and 

its clone Conrexloaf, Boundleaf, end Spreading. Feat-sand and peet-

Termloulite were better than sand for Conrexleaf and 2otmdleaf under 

the mist watering system. 7eraioulite prored to be more effectire than 

sand for Iletx casaine and Ilex deeldue under manual watering. 

fable X contains data on the effect of peat-rezmicullte and peat-

sand, under the three watering methods, on ssreral raristiss or selsct-

ioas of Ilex opeca. fhexe were no significant differences in sithsr 

msdiums or watering methode for each of the rarletles or seleotioas 

tested, fhere were, howerer, differenoes in the number rooting from 

different times of taking the euttiags. fhs fall months pzorsd to he 

the best time for taking cuttings of the selections tsstsd with the 

exeeption of Beynolds. fhe tlM of taking the cuttings doss not 
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gr«atl7 effect tlile rarlety. Ttia only tioa vhen Ilex opaoa cattines 

were extrejaely low in rooting percentege was tha soath of April with 

selection Mo. 2. This eelection dropped its leeres on tha majority of 

the cuttings in SO days. It should be remembered that the time the 

cuttings of Mo. 2 were made is about the normal season for leaf drop 

on the American Bolly far this section. East Palatka rooted much 

better then Howard's taken at the same tis». 

The following observetions seem noteworthy! 

1. TTnder a reletire humidity ranging fro* 08-92 percent* the 

cuttings with the larger leaf area rooted first and deyeloped 

larger root aystems. 

2. The aeeaon at which the cuttings wsrs taken influenced 

the rooting of Ilex eessine. deeldua, opeee, and yoaltoria. 

S. The plants from which the cuttings wars taken influenced 

the rooting of Ilex opeoa. end Tomitoria. 

'V 

f l'- ' ' '■ ■ "■ r-
w-:v V-' V ■ 



� � ��

 
 

£ <c . : } 
£»'■>- " 

•K 
■ > 

% 
• • 

' •• \.- :- . •a.*"' ! 
\--L-V -. 

. '^, H.: ,..
•■• '"'V S3 

TABLS I 

SUMIART or FSBCigiTAQSS GITM IN TABLS ZI 

: ATarege per-
KLant Tlae In banoh : ! eant rooting 

Ilex opaoa, Oet. 18 to 
Salt FalatJca Deo. 29, 1951 96 

Ilex opaoa, Oot. 18 to 
H(nrard*a Deo. 29, 1951 71 

Ilex opeea. leb. 29 to 
Mo. 1 May 10, 1952 56 

Ilax opaoa, Haroh 10 to 
fioynolda Nay 10, 1952 87 

Ilex opaea, Aug. 21 to 
Beynolde Oot. 18, 1952 90 

Ilex opaoa. Apr. 4 to 
No. 2 July SI, 1952 5 
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CHAPTER V 

smniARr 

Hben all speoiea war* areragad, there were no significant dif 

ferences in watering jnethoda. The oatbod of watering did not greatly 

affect the easier to root species such as Ilex cornuta and Ilex cranata. 

Ibe copper tubing method of watering was better than mist or hand 

watering for Ilex vomitoria and Ilex opaca. 

When the aTerage of all species tested were considered, peat-

▼ermiculite or peat-sand were significantly better than Termioulite or 

sand. There was not a significant difference between peat-rermiculite 

and peat-send or between rermiculite and sand as rooting mediums for 

Itolliea. The type of medium did not greatly affect the rooting of Ilex 

cornuta, crenata or their clone. Peat-Termiculite and peat-sand were 

better mediums for Ilex acuifolium, eassine. decidue, opaca. and 

Tomitoria. 

There were significant differences in the rooting of Ilex opaca 

cuttings taken from different plants. 
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