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Introduction

Many woody ornamental plants are vegetatively propagated in the
summer and carried through the following winter as liners. Following
propagafion, insignificant growth occurs oﬁ these |iners before the
fol lowing épring. Vege+a+ivé propagation may also be done in the win-
Ter, and is normally followed by an immediate flush of gfowfh. After
the first full growing season following propagation, little difference
in size can be seen between summer and winter pFopagaTed cuttings. How-
ever, a flush,bf gréwTh oh summer propagated cuttings immediately after
rooting would result in a much larger plant at the end of the first full
~growing season, since growth would resume in the spring from a multiple
branched cutting rather than from a single s+em.

Hormonal imbalance (28) and nutritional deficiency (8, 16) havé
been shown to differenfiaily regulate plant growth. Nitrogen (N), a
critical element needed in large amounts, has been shown 1o ihcrease
the number of laterals on many plants (8, 11, 16, 17). 'CyTokinins'and
~gibberellins have also been shown fo stimulate the growth of laterals
(1o, 26; 37). However, to this author's knowledge little research has
been done to determine if.laferal buds on summer prépaga+ed linefs can
be stimulated fo break before the onset of dormancy;

This sTudy was designed to determine whether N and,grOwTH rggula-
tors, aloné or in combjﬁaTion, would enhance vegetative growth of [lex

"CrenaTa.CV. Helleri immediately affer propagation. -



Review of Literature

Dormancy may be considered an inherent broperfy of woody plants.

‘ ‘These plants pdssess the ability fo respond Td certain combinations of
environmental faéfors. The spécific effects of these external factors

- are deTefmined by the genetic make-up of the plant énd The physiological
stage of development. Thus the same external conditions which are
optimal for'ohe phése of growth may not necessarily be>fayorable‘for
anofher. Doorenbos (6) used the term dormancy in its widesT‘sense to
apply "to any éase in which tissue predisposed to elongate does nof do

- so." This usage was also used by Wareing (33), and Richardson (23).

We may reasonably assume that the distribution of nutrients, aux-
ins, gibberellins, and cytokinins, together with other Types Qf hormones
such as abséisié acid and ethylene, are vital factors in the overal | ‘
control of'growTh and differentiation (30, 41). Nevertheless, the pat-
terns of distribution of growth hérmones in the planf'wifh regard to
IocaTi;n, tTime, and éoﬁcenTraTion are controlled by interactions among
the -environment, the gehefic-make;up of the plant, and the physiological
stage of developmenT. Thus growth hormones serve as influential agenTS‘
in the overall integration and coordination of growth and differentia-
tion.

*ﬂﬂﬁiﬂé: The young tissues fn the shoot apex region are sites of
auxin synthesis, but if ébpears,ThaT some auxin synthesis also occurs
.in the roofs andAoldef leaves (30). Auxin is transported fromlfhé cen-
fer of production iniThe shoot in a predominantly basipetal direction

' (35). This basipetal movement of auxins is believed to be a prime
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inhibitor of axillary shoot growth (31).

Gibberellins. Gibberellins appear fo by synThesized in growing
leaves, fruits, ahd roots, and to be freely fransported iﬁ all direc-
tions via the phloem and xylem (34). Gibberellic acid (GA) has been
Showh’To overcome dormancy in a number of plants (24). The character-
istic yegeTaT]ve response of woody plants fo GA is the stimulation of
stem elongation (1, 15, 23, 40). GA also speeds the growTh.ra+e }n.a
number of woody plénTs Cr, IS, 41) and has‘béen shown to induce favor-
able growth responses when applied to Japanese holly (40).
"CyTOkinins;  I+ appeérs that cytokinins are’synThesized‘primarily
in the roots and TranspQrTéd via the xylem throughout the plant (14).
They have been- shown to cause bud ini+ia+ionwin'+obacco callué and stem
- Tissue cultures (29) and To;release_budé that are inhibited b?'auxins'
(37). Miller (19) indicated Cyfokinins Tb be fnvglved:in cell division,
cell enlargemenT; shoot infTiaTion,'bud elongafion,‘!eaf>grow+h, and
possibly root growth. | o

Cyfokinfns have been shown to pvercohe‘apical dominahce and stimu-
late axillary shoot development in a number of plant spgcies (25, 26,
38, 39). WrighT (39) reporTed that the sYnTheTic cy+okiﬁin, Nbbenzy | -
aminopurine<(BA),'increased‘axillary shoot number and decreased stem |
length in two holly species. This increase in axillary shoot numbers

may have been parfiélly due to the accumulation of nutrients in areas

where cytokinins have beeh applied (27).

nUTriénT Transport plays an important pérT in the correlative inhibi-

tion of axillary buds and shoots was originally proposed by Went (36).



More recently other wérkers haveirecérded preferential movement of l4c-
assimilates, I4C—suc}*ose, and 22P +to regions of high exogenous auxin
concenTra+ions (2, 4, 5). Consequently, it has beeﬁ proposed that cor-
relative inhibition of lateral buds is due to an impedance in the supply |
of nutrients to these buds, brought about by The‘preferenfial'movemen+
of nutrients to regions of high endogenous auxin concentration in the
apical buds ofvan intact plant, or fo the point of exogenous auxin
application in a decapitated plant (37). | —

Nutrient availability. Further evidence indicated that nutrient

availability is an important factor in apical dominance. This has been
demonstrated with inorganfc nutrient supply,.parTicularly N, and to é
lesser extent K and P (7, 8, 16, 17, 22, 32).

EsseanaIIy, The horﬁone—direcfed metabolite TranspbrT or nutrient
diversion theory requires Thaf‘necessary avai lable metabolites accumu-
late in the growing apical bud. That such hormone-stimulated nutrient
accumulation can occur has been shown répeafedly (referenées cited
above). Some scientists believe this 1o be a direct effect (36); how-
ever, hany feel that {+ is only an indirect effect (22)._ Mcintyre (16)
showed that N Supply can influence correlative inhibiTioh, but that it
appeared to be an indirect effect. This effect of nutrition was well
illustrated in a recent investigation on the influences of N supply on

growth and development of Agropyron repens (17). It was found that the

inhibiting influence of the rhizomevapex on growth of lateral buds
could be quite precisely controlled by varying the N level. At low N
levels lateral bud growth was completely inhibited, but could be

induced by removing the apex. However, at high N levels lateral bud



dormancy was eliminated. All The’buds developed as IaTéral rhizome
branches on the jn?aCT plant (17).

| In é number of woody plants, high N levels have been shown to
increase the number of laterals (1l, 13). This suggests that hjgh-Nv
levels may partially control apical dominance in some woody plants.

Mcintyre (16) suggested as a working hypothesis that stimulation

of lateral bud activity when the stem ape* is removed is due tfo
increased nutrient availability to these buds. Overwintered stems,
which are normally high in nutrients and carbohydrates (18), have a
ﬁigher percentage of lateral bud breaks than stems from current growth,
‘which are low in nutrients and carbohydrates (12). Pruﬁing is often
necéssary in mid-summer to stimulate lateral bud development on new
~growth. . This suggesTs that high nutrition may stimulate lateral bud
development either directly by increasing nutrient availability, or
indirectly by increasing the concn of hormones necessary for the sTimuf

lation of growth.



vMaTerials and Methods

Expt. I. Single stem 'Helleri' holly cuffipgs (7 cm long) were
taken March 17, 1975, and placed in 5 cm‘peaT pots containing a medium
of peat and perlite (l:1, v/v). Six peat pots, each containing | cut-

"ting, were placed fn a 15x10 cm plastic tray and placed under intermit-
Tent mist flO second burst/10 minutes). These plants were grown in a
greenhouse maintained at a day-night Témperafure of 28°/21° under natu-
}al photoperiod. ‘Pesf conTrovaas routinely carried out.

On June 4, 1975, after the developmehT of a uniform root system,

3 N levels and 4 growth fégulaTor TreafmenTs were applied. Nufrients
wefé supplied with a HQagIénd and Arnon (9) nufrient solution lacking
nitrogen and a Hoagland (9) micronutrient solution in wHich 5 ppm of

iron was supplied in the form of NaFeEDTA.

The basic nutrient solution was supplemented with N at 50, 150,
and 300 ppm, accounting for the 3 treatments. ‘Potassium nitrate was
used to supply 50 ppm N for all treatments. Ammonium nitrate was added
to increase the levels of N to 150 and 300 ppm.. Twenty mi of The basic
nutrient solution containing either 50, 150, or 300‘ppm was added weekly
to each individual plant.

Gibberellic acid (GAB; was dissolved in 2-3 ml of ethanol and Theﬁu
diluted to | liter with distilled water. A few drops of IN KOH was
added tTo benzyladenine (BA) before dissolvingvin 2-3 ml of ethanol
which was then diluted to | liter with distilled water. The planTé

’ werevTreaTed with é fine foliar spray on June 4 and |1, 1975, using a

hand atomizer. The following growth regulators containing Tween 80



(polybxyefhylene sorbitan monooleate at .05%) were applied fo plants
growfng at each nitrogen level:

(1) Control-distilled water + Tween

(2) Gibberellic acid (GAB) 400 ppm

(3) Benzyladenine (BA) 600 ppm

(4) GA5 (400 ppm) + BA (600 ppm) sprayed sepafaTely 2 hours aparT.'

Rates gsed»were based on data by Wright (39, 40). .

A split plot design with 4 replicates was Qsed. The 3 N levels .
were assigned to main Unifé, which were split to accommodate the 4
~growth regulator treatments. Six plants per treatment were used. All
méans»were separated by Duncan's multiple range test.

On July 14, 1975, after the initial flush of growth had ceased,
data on the number of initial sthTs'and shoot length were Takén.-'Af#er
This daTe,‘daTa were taken biweekly on the number of secondary shoots:
(+hose which grew from the initial shoots), length of the secondary'
shoots, ahd length of The‘inifial shooTsvunTiI August 25, 1975. When
“axillary buds expanded to 2 mm in length, they were counted as new
shoots. Both initial and secondary shoot lengths were determined by
measﬁring the 3 longest shoots per plant, and taking an average. Final
data, taken August 25, also included maximum plant height, maximum plénT
width, fresh and dry weights. Three plants per replication were used to

determine fresh and dry weights and N content. These samples were oven-
‘dried for 48 hours at 70°C, ground in a Wiley mill using 20 mesh screen
and fotal N determinations made using‘a:modified microKJeldahl method "
(42).

_ Expt. 2. 'Helleri' holly cuttings were taken July 9, 1975, and



handled similarly to Expt. | with the following exceptions: (a) propa-

gation media was Web!ite!

; (b) N freatments were begun September 25,
- 1975, 2 weeks before growth regulator Trea%menfs which were applied
October 9 and 16, 1975; (c) long day conditions were maintained by pro-
viding supplemental light with incandescent lamps at approx. |5 ft-c

from Il p.m. until 2 a.m.; (d) data were taken weekly for 6 weeks on

initial shoot number and length.

‘_IWebs+er Brick Company, Roanoke, Va. 24012



ReéulTs

' Nifrogen:‘ effeéfé_on number andjengfh 6f initial shoots. Thé
‘number of initial shoots that occurred on the singleVSTemilfners,fended:
“fo increase with N levels in Expt. I, but not significantly at the 5% )
'leVél (Tablé 1).. There was a greater reéponse‘in Expt. 2 WITh 300 ppm
N increasing initial shoot numbers by 30% bver 50 ppm N. ’ .
Initial bud break at 300 ppm N.bégah appréx. 3—5;daysvbefoéef}50.
ppm N‘andlszeeks before 50 ppm N in bQ+h ekperimenfs.' Plants in Fig.l
l,'phofographed at 3 weeks after the first N treatment, demonstrate
~ this effect. The early bud break under high N resulted in 50vandv60%
'.of +hé growth é+>|50 and 300 ppm N respecTiVeiy, occurfing wifhin Thé
first 3 Weeks, whereas only 5% of The growth aT 50 ppm N occurred dur-
ing‘+he first 3 weeks kTabIe 2). .
Initial shoof IéngTh was increased in both experiménTs by 300 pbﬁ
:N cOmpéred’To 50 ppm N. Also, shooT-IengTh‘aTISOO ppm N'Was greater .

than at 150 ppm N in Expt. 2 (Table I).

Grdwfh~regulé+ors: effects on number and length of iniTiaI‘
giggzgi. lh’ExpT. I, bnly BA significantly ihcreased Tﬁe’number_of
infTia] éhoofs, while GA decreased shoot numbers (Table 1). The‘jength
of‘fnifial shoofs‘in both Expt. | and 2 was fncreased by»éAB, and was
decféased by BA (Table 1). These differences were not perSisTeh+ and
were hoT detected in‘daTa taken after the 7th week. Since no differ-_‘
: ences were apparent in subsequent meésuremenfs; these data are omiffed,
 ”Grbw+h rate effecfé_by growth regulators weréinOT-de+ecTed

(Table 2).



Table I Effecfs of N rate and growTh regulaTor appllcaTlons on num—v':
. ber: and IengTh of |n|+|al shoofs of 'Hellerl' holly z

S Expte | ExpT 2
No. of . Avg lengfhy No. of - Avg length
‘initial’ ~ of initial = initial = of initial =
shoots/ .~ shoots ~shoots/ ' shoots .
plant. -~ tem) . plant (cm)

Nitrogen ppm |
50 . s2aX B9 B5 1.9b
950 5.6a 423 442 20b
30  6.0a - 422 . 46a 243
Growth
regulaTors:._ . . ‘ |
Confrol s &b 428 2.0b
BA (eoo ppm)  6.6a - 3.6c 433 2,00
gGAB (400 ppm)ﬁf:":4%§9'nf oo 4.6 S 3.9 : ".‘2~4a’ o

GAg+BAY 53 4db Ala 228

jZDa+a Taken a+ The end of The flrs+ flush of grow+h Expr;;u,'7:weéks;.
Expt. 2, 6w&ms : N e

IYMeans of the 3 longesf shoofs/planf

><Means wu+h|n a column not followed by a IeTTer in common are 5|gn|f|-'
canTIy different. aT The 5% level L L

WGA3 (400 ppm) was applled unTII run- off._ TWo'hours lafer BA:(6QO:ppmf7
was aPPlled unfll run-off. . B TR



Table 2. Effects of N rate and growth regulator applications on per-
cent of total growth occurring between 2-3, 3-4 and 4-5 weeks in
Expt. 2.

, Weeks Mean shoot
2-3 3~4 - 4-5 ~length (cm)?
- Nitrogen ppm
50 | 5 51 44 R
150 \ 50 30 20 2.0a
300 60 30 10 ~ 2.0a
Growth
regulators
Control 41 40 19 1.7a
BA (600 ppm)‘ ' 43 42 15 ' |.6a
GA3 (400 ppm) 39 34 27 | 2.1a
GAg + BA® 39 35 26 ‘ |.8a

ZMeans of the 3 longest shoots/plant.

YMeans within a column not followed by a letter in common are signifi-
cantly different at the 5% level.

XGA, (400 ppm) was applied until run-off. Two hours later BA (600 ppm)
was~applied until run-off. ‘ '



‘ Nifroqen"'effeCTS on secondary shooT number‘and Iengfh‘ “lIn ExpT'-‘

l; secondary shooT number and IengTh were |ncreased by 300 and I50 ppm
NvN compared to 50 ppm N (Table 3 and Fig.- 2) |

| ExpT 2 was Termlnafed at The end of The |n|+|al flush of growfh
:pTherefore, secondary shoot numbers were not evalua+ed

GrowTh regulaforS" effecfs on secondary shooT'number and lengfh

'Secondary buds on GA3 TreaTed planTs broke approx. 3—5 days before any
*oTher TreaTmenT and produced The greaTesT number of secondary shooTs b
(Table 3). |
| ‘ Secondary shooT length was sllghTIy |ncreased by.GA3 over‘+he cone
:NTroI buT noT a+ a sngn|f|can+ level (Table 3) |

N|+rogen effecfs on fresh and dry welgh+s and planT suze Fresh :

;vand dry welghTs were greaTer at I50 and 300 ppm N Than at 50 ppm N

B (Table 4)v Only quh dry welghfs in ExpT | was There no 5|gn|f|can+ ‘
.:dlfference beTween 300 and. I50 ppm N. B . | o

| | Planfs grown aT 300 and I50 ppm N were l 3x Iarger in ExpT ],» ,
: and |. 8x Iarger in Exp* 2 Than Those grown aT 50 Ppm N (Flg 3). hPIanTh
d‘5|zes were approx. equal at I5O and 300 pPpm N |n boTh experlmenTs 3

u*] GrowTh requlaTors effecTs on fresh and dry welghfs » GrowTh regu—_

e'IaTors d|d noT sugnlflcanfly affec+ fresh or dry weighTs (Table 4).

NITroqen-growfh requlaTor |n+erac+|ons. There were no N-growTh

iregula+or |n+erac+|ons.‘
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Fig. |. Effects of 50, 150, and 300 ppm N (left to right) on shoot
length which gives an indication of time of bud break of "Hel leri!

holly.



Fig. 2. Effects of 50, 150, and 300 ppm N (left fto right) on secondary
shoot number and length from a single stem of 'Helleri' holly.



Fig. 3. Plant size at |13 weeks occurring on 'Helleri' holly grown at
50, 150, and 300 ppm N (left to right).



Discussion

This.sludy lndlcaTes lhaf summer propagaled "Helleri' holly cufel
tings (Expl; 2)»can be induced lo-growhfollowlng propagaflon’if adequafe{:
N is-applied. lheSe lnduced shoots would be a frame from which grOwlhv3J7n
‘;swould occur the foIlOW|ng sprlng ln'comparlson, growfh'from winter |
rooTed culllngs must occur from a stngle shoot the follow1ng sprlng
unless multiple branched culllngs are Taken _ Consequenlly, by the end.
of the flrsl full grOW|ng season the summer propaéaled‘culllng’should'_e,
have a greaTer size and value. , -b -

| Earller bud break: produced by 300 and 150 ppm N treated pIanTs

‘ resulled in an early flush which grew rapldly and became dormanl sooner

than aT.5O ppm,N Slnce lack of hardlness of new, growlh occurrrng laler;' o

" in the season is'a maJor problem wulh summer rooled culllngs, tThe ear- }’
ller growlh ‘at The hlgh N levels may allow addlllonal llme for The cul— '
..Tlng To 'harden off!. )

: WlnTer propagaled culllngs (Expt. ll were not as responsive‘lorN.'
levels as summer. propagaTed cuttings (Expl 2). Wllh lhe exceplion of'rbf“u
fresh welghl,vgrowlh paramelers measured in Expt. | at 300 ppm NVWere vl"
n-ol_ s,i'gnifircah-ll'v. grea+er than at I50.p‘pm. In .l‘E‘xp'l‘. 2 though, 3ooppmv
;N.resulled in a_greaTer responsebover»l50 ppm ln a numberlof ihstances.
l'Thls is probably due to a d|fference in the phy5|olog|cal state: belweenv
'summer and W|nTer propagaled cu++|ngs Culllngs Taken in the wunTer '

: have recelved Thelr chllllng requtremenl and normally have adequale
nuTrlenT and carbohydrale reserves to susTaln growlh (2l) This is why

lhey normally grow lmmedlalely after propagallon even if no nulr|en+s
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are supplied. On the other hand, eUTTings fr0m>currenf season's'growTh
are lower in nu+rien+s and carbohydrate reserves (14). ,Consequenfly 
150 ppm N may be adequate for cuttings propagated in late winter and
earlyjspriné, while 300 ppm N may be necessary for summer propégaTed
~cuttings. |
| - In both experiments, plant size was greaTef at 150 end 300 pem N
(Fig. 3). If maintained at these nutfrition levels for one growing sea-.
son, the result would be a plant of significanTIy»greaTer size and
therefore a\more salable item. The lack of majof differences ih’groWTh .
resbonse To 150 and.300 ppm N in Expt. | indicates that 150 ppm N may
be'adequaTe for rapid growTh of. a small Iiner? However, this does not
rule ou+7+he possibility of a higher nuTrienT requiremenT as plant size
increases (8).

Total N in plant flssue increased with increasung appllcaflon of N
in ExpT . This agrees quh work done by severaL auThors (rr, 20, 21).
However, in Expt. 2, N cdnen was signifieénTIy higﬁer ihprSnTs grewh 1
at 150 ppm N‘ih comparfson to plants grown at 300 ppm N. This is |
thought to have occurred because of sampling procedure. Plants grown
at 300 ppm N were beginning,a new‘flush of grwah resulting in a dilu-
tion of N concn within the plant. However, pianTsegrewn at 150 ahq 50
ppm N were approéching a newiflﬁsh of growth, which likely'confained a
higher concn of N. | |

Initial shoeT numbers were increased by BA, and'decreésed'by'GABa
- Shoot IengTh was suppressed by BA while GA3 had the opposite effect.
BA has been shown To have These characTerlsflc effecfs on oTher planTs.

(3, l8,‘24; 26, 39), whule‘fhe,mosT characferlsTlc effect of GA has
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'been 1o |ncrease sTem !engTh (I 15, 22, 40, 41) "The GAS TreaTede

: planTs had an open wudely branchlng appearance WhICh prOV|des a morev;,]fh"’

favorable frame for fuTure growTh compared to BA Treafed plants.

In ExpT 2 The same Trends were evndenf W|+h |n|+|al shooT numbers:

'fband Iengfh, alThough noT as pronounced. The.reverse was expecfed as

with N effecTs since endogenous Ievels of growTh regulaTors |n The sum-'d |
mer cufflngs would normally be Tow compared To WInTer cuTTIngs and
Thereby-respond more To,fhevgrowfh regulator appllcafqons,, The reason i
for‘This lackrof response on summer propagafed cuTTings‘maY‘beVThaf +hé,
_vgrowTh negu1a+orsfwerepappliéd 2 weéké la+er Than'fhe“N Treafmenf, con-
’sequenle endogenous hOrmones may'have reachedeadequa}ehlewels for IaT-"f‘
~eral bud developmenf before The growTh regula+ors were applied
| In general The response To growTh regulaTors was measurable for
6—7 weeks, after Thls the dlfference gradually d|sappeared Therefore,:
‘repeaTed appllcaflon of growth regulafors may be necessarygfor a conTnnff
uung response. | | R
The resulTs of This lnvesTcga+|on have clearly shown that adequaTev‘
N levels can promoTe rapud gnowTh and IaTeraI branch:ng of 'Hellerl'
holly Ilners. However, there remain many unanswered quesiions on Ng "
'vnufr|+|on of holly

' FurThermore |+ seems Tha+ GA mercTs a more in+en51ve lnvesflga+lon 1

|nvolv1ng oTher GA's, the number of app!lca+|ons, and Tlmlng necessary :: v_h

To,ellclf_a favorable growth response over an‘enTIre‘grOW|ng season.
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GROWTH OF JAPANESE HOLLY AS AFFECTED
BY NITROGEN AND GROWTH REGULATORS

Charles Homer Gilliam

(ABSTRACT)

The effects of 3 nitrogen levels and 2 growth regulators on growth

- of winter and summer propagafed cuttings of |lex crenata cv. Helleri

were studied.

Ni+rogén applications promoted bud break after rooffng of summer
cuttings and aISOIenhanced‘The groWTh of winter rooTéd’cu*Tings. Gen-
erally, pianTs grown at 300 and 50 ppm N had greater infTial shoot num-
bers and lehgfh; secondary shoot numbers and IengTH, heighf, width,
fresh weighT, and dry weight compafed_To planTsvgrown at 50 ppm N.

Ini+fally, benzyladenineu(BA) at 600 ppm: increased the number of -
primary breaké and decreased The>s+em length, while gibberellic acfdA,
(GA) éT 400 ppm decreased Thevnumber of primary bud breaks and increased

“stem length. ThéAhormbhe fespbnées_persisfed for‘apﬁrox.:a month,
starting é fortnight from the first éppbicafion\v GA3‘+ BA céused very

erratic responses. There were no N-growth regulator interactions.
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