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Introduction 

Many woody ornamental plants are vegetatively propagated in the 

summer and carried through the following winter as liners. Fol lowing 

propagation, insignificant growth occurs on these I i ne rs before the 

fol lowing spring. Vegetative propagation may also be done in the win-

ter, and is normally fol lowed by an immediate flush of growth. After 

the first full growing season following propagation, little difference 

in size can be seen between summer and winter propagated cuttings. How-

ever, a flush of growth on summer propagated cuttings immediately after 

rooting would result in a much larger plant at the end of the first ful I 

growing season, since growth would resume in the spring from a multiple 

branched cutting rather than from a single stem. 

Hormonal imbalance (28) and nutritional deficiency (8, 16) have 

been shown to differentially regulate plant growth. Nitrogen (N), a 

critical element needed in large amounts, has been shown to increase 

the number of laterals on many plants (8, II, 16, 17). Cytokinins and 

gibberel I ins have also been shown to stimulate the growth of laterals 

(10, 26, 37). However, to this author's knowledge little research has 

been done to determine if lateral buds on summer propagated I iners can 

be stimulated to break before the onset of dormancy. 

This study was designed to determine whether N and growth regu I a-

tors, alone or fn combination, would enhance vegetative growth of I lex 

cr~nata cv. Hel leri immediately after propagation. 



Review of Literature 

Dormancy may be considered an inherent property of ·woody plants. 

These plants possess the ability to respond to certain combinations of 

environmental factors. The specific effects of these external factors 

are determined by the genetic make-up of the plant and the physiological 

stage of development. Thus the same external conditions which are 

optima I for one phase of growth may not necessari I y be favorab I e for 

another. Doorenbos (6) used the term dormancy in its widest sense to 

apply "to any case in which tissue predisposed to elongate does not do 

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

We may reason ab I y assume that the di str i but ion of nutrients, .aux-

ins, gibberel I ins, and cytokinins, together with other types of hormones 

such as abscisic acid and ethylene, are vital factors in the overal I 

control of growth and differentiation (30, 41). Nevertheless, the pat-. 

terns of distribution of growth hormones in the plant with regard to 

location, timer, and concentration are control led by interactions among 

the environment, the genetic 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. 

Auxins. The young tissues in the shoot apex r_egion are sites of 

auxin synthesis, but it appears that some auxin synthesis also occurs 

.in the roots and older leaves (30). Auxin is transported from the cen-

ter of production in the shoot in a predominantly basipetal direction 

(35). This bas i peta I movement of auxins is be Ii eved to be a prime 
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inhibitor of axi I I ary shoot. growth ( 31). 

Gibberel I ins. Gibberel IJ.ns appear to by synthesized in growing 

leaves, fruits, and roots, and to be freely transported in al I di rec-

tions via the phloem and xylem (34). Gibberellic acid (GA) has been 

shown to overcome dormancy in a number of p I ants (24). The character-

istic vegetative response.of woody plants to GA is the stimulation of 

stem elongation Cl, 15, 23, 40). GA also speeds the growth rate in.a 

number of woody plants Cl, 15, 41) and has been shown to induce favor-

able growth responses when applied to Japanese holly (40). 

· ·cytokinins. It app~ars that cytokinins are synthesized primarily 

in the roots and transported via the xylem throughout the plant (14). 

They have been shown to cause bud initiation .in tobacco callus and stem 

tissue cultures (29) and to release buds that are inhibited by" auxins 

(37L Mi Iler (19) indicated cytokinins to be inv9lved ,in eel I division, 

cell enlargement, shoot initiation, bud elongation, leaf growth, and 

poss i b I y root growth. 

Cytokinins have been shown to overcome apical dominance and stimu-

late axi 1 lary shoot development in a number of plant species (25, ·26, 

38, 39). Wright (39) reported t.hat the synthetic cytokinin, N6benzyl-

aminopurine ·CBAl, increased axi I lary shoot number and decreased stem· 

le_ngth in two holly species. This increase in axi I lary shoot numbers 

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

where cytokinins have been. applied (27) . 

. Hormone..:...di rected transport. The poss i bi Ii ty that hormone-directed 

nutrient transport plays an important part in the correlative inhibi-· 

tion of axi I lary buds and shoots was originally proposed by Went <36>. 
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More recently other workers have recorded preferential movement of 14c-

assimi I ates, 14c-sucrose, and 32P to regions of high exogenous auxin 

concentrations (2, 4, 5). Consequently, it has been 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 preferential movement 

of nutrients to regions of high endogenous auxin concentration in the 

apical buds of an intact plant, or to the point of exogenous auxin 

application in a decapitated plant (37). 

Nutrient availability. Further evidence indicated that nutrient 

avai lab ii ity is an important factor in apical dominance. This has been 

demonstrated with inorganic nutrient supply, particularly N, and to a 

lesser extent Kand P (7, 8, 16, 17, 22, 32). 

Essentially, the hormone-directed metabolite transport or nutrient 

diversion theory requires that necessary avai I able metabolites accumu-

late in the growing apical bud. That such hormone-stimulated nutrient 

accumulation can occur has been shown repeatedly (references cited 

above). Some scientists believe this to be a direct effect (36); how-

ever, many feel that it is only an indirect effect (22). Mcintyre (16) 

showed that N supply can influence correlative inhibition, but that it 

appeared to be an indirect effect. This effect of nutrition was wel I 

i I lustrated 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 rhizome apex on growth of lateral buds 

could be quite precisely control led 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 
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dormancy was eliminated. Al I the buds developed. as lateral rhizome 

branches on the intact plant (17). 

In a number of woody plants, high N levels have been shown to 

increase the number of laterals (I 1 1 13). This suggests that high N 

levels may partially control apical dominance in some woody plants. 

Mcintyre (16) suggested as a working hypothesis that stimulation 

of lateral l;>ud activity when the stem apex is removed is due to 

increased nutrient availability to these buds. Overwintered stems, 

which are normally high in nutrients and carbohydrates (18), have a 

higher percentage of lateral bud breaks than stems from current growth, 

which are low in nutrients and carbohydrates (12). Pruning is often 

necessary 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 st i mu-

1 ati on of growth. 



Materials and Methods 

Expt. I. Single stem 'Hel leri 1 holly cuttiQgs (7 ctn long) were 

taken March 17, 1975, and placed in 5 cm peat pots containing a medium 

of peat and perl ite (I :I, v/v). Six peat pots, each containing I cut-

ting, were placed in a 15xl0 cm plastic tray and placed under intermit-

tent mist ( 10 second burst/10 minutes). These plants were grown in a 

greenhouse maintained at a day-night temperature of 28°/21° under natu-

ral photoperiod. Pest control was routinely carried out. 

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

3 N levels and 4 growth regulator treatments were applied. Nutrients 

were supplied with a Hoagland and Amon (9) nutrient solution lacking 

nitrogen and a Hoagland (9) micronutrient solution in which 5 ppm of 

iron was supp I ied ·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 al I treatments. Ammonium nitrate was added 

to increase the levels of N to 150 and 300 ppm. Twenty ml of the basic 

nutrient solution containing either 50, 150, or 300 ppm was added weekly 

to each lndividual plant. 

Gibberel lie acid (GA3> was dissolved in 2-3 ml of ethanol and then 

diluted to I liter with distilled water. A few drops of IN KOH was 

added to benzyladenine (BA) before dissolving in 2-3 ml of ethanol 

which was then di luted to I liter with disti I led water. The plants 

were treated with a fine f61iar spray on June 4 and I I, 1975, using a 

hand atomizer. The fol lowing growth regulators containing Tween 80 
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(polyoxyethylene sorbltan monooleate at .05%> were appiied to plants 

growing at each nitrogen level: 

(I) Control-disti I led water+ Tween 

(2) Gibberel lie acid CGA3> 400 ppm 

(3} Benzyladenine CBA) 600 ppm 

(4) GA3 (400 ppm) + BA (600 ppm) sprayed separately 2 hours apart. 

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

A split plot design with 4 replicates was used. The 3 N levels 

were assigned to main units, which were split to accommodate the 4 

growth regu I ator treatments. Six p I ants per treatment were used. A I I 

means were separated by Duncan 1 s mu I tip I e rang.e test. 

On July 14, 1975, after the initial flush of growth had ceased, 

data on the number of initial shoots and shoot le.ngth were taken. After 

th.is date, data were taken b,i week I y on the number of. secondary shoots 

(those which grew from the initial shoots), lengfh of the secondary 

shoots, and length of the initial shoots unti I August 25, 1975. When 

axi I fary buds axpanded to 2 mm in length, they were counted as new 

shoots. Both initial. and secondary shoot lengths were determined by 

measuring the 3 longest shoots per plant, and taking an average. Final 

data, taken August 25, also included maximum plant height, maximum plant 

width, fresh and dry weights. Three plants per rep I ication were used to 

determine fresh and dry we.ights and N content. These samples were oven-

dried for 48 hours at 10°c, ground in a Wiley mill using 20 mesh screen 

and total N determinations made using a modified microKjeldahl method . . 

( 42). 

, Expt. 2. 'Helleri' holly cuttings were taken July 9, 1975, and 
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handled similarly to Expt. I with the fol lowing exceptions: (a) propa-

gation media was Web I ite 1; (b) N treatments were begun September 25, 

1975, 2 weeks before g'rowth regu I ator treatments which were app Ii ed 

October 9 and 16, 1975; (c) long day conditions were maintained by pro-

viding supplemental light with incandescent lamps at approx. 15 ft-c 

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

initial shoot number and 1ength. 

lwebster Brick Company, Roanoke, Va. 24012 



Resu I ts 

Nitrogen: effects on numb.er and length of initial shoots. The 

number of initial shoots that occurred on the single stem liners tended 

to increase with N levels in Expt. I, but not significantly at the 5% 

level <Table I). There was a greater response in Expt. 2 with 300 ppm 

N increasing initial shoot numbers by 30% over 50 p~m N. 

Initial bud break at 300 ppm N began approx. 3~5 .days before 150 

ppm N and 2 weeks before 50 ppm N in both experiments. Plants in Fig. 

I, photographed at 3 weeks after the first N treatment, demonstrate 

this effect. The early bud break under high N resulted in 50 and 60% 

of the growth at 150 and 300 ppm N respectively, occurring within the 

f i rst 3 weeks, whereas on I y 5% of the growth at 50 ppm N occurred du r-

ing the first 3 weeks (Table 2). 

lnitia.I shoot length was increased in both experiments by 300 ppm 

N compared to 50 ppm N. Also, shoot length at 300 ppm N was greater. 

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

Growth regulators: effects on numberand length of initial 

shoots. In Expt. I, only BA significantly increased the number of 

initial shoots, while GA decreased shoot numbers <Table I). The length 

of initial shoots in both Expt. I and 2 was increased by GA3, and was 

decreased by BA <Table I). These differences were not persistent and 

were not detected iri data taken after the 7th week. Since no differ-

ences were apparent in subsequent measurements, these data are omitted. 

Growth rate effects by growth regu I ators were not detected 

<Table 2). 

9 
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. ' - .· . : - ' · .. ·. 

Tc;ible·T. ·· .. ·Effects of- N rate .and growth regulator appl icatlons .on num-
ber and length of initial shoots of. 'Hel \eri' holly.z 

.:.'. 

Expt. :J . . . . . 
No •. of·.. Avg l_engthY. 
·1nitial· · of initial 
shoots/ . snoots 
• 'pl ant. . · Ccm> 

. NiJrogE;in. ppm 

50 . ·5,. 2 x .•. a ·. 3.9b 

5~6a. 4~2a. 

. . 
300 · .6.0a 4~2a · 

Growth 
re9u I ators .·· 

···Control ·.· 5.1b 4. lb 

· BA· (~·oo ppm> 6.6a 3.6c 

GA3 t4oo ppm> 4. 9.c: 4.6a 

GAy+ BAW 5. 3b .4. lb 

{·t 

·Expt.2 
No. of 
initial 
shoots/···· 
.plant.·· 

3.5b 

• 4.4a 

· 4 .• 6a 

4 •. Za 

4.3a 

. 3~9a 

4.' la 

· Avg I e·ngth . ·. 
· <of .initial 

shoots .. · 
(cm) 

.· .. -. 

I .gb 
. ,, . ··:' 

··· ... Z. I be .. ·. 

·2.4a·· 

2~ lb 

2.0b 

2.4a 

2.2ap 

toata taKen at the end of the ti rst flush, of growth •. Expt. I, T weeks~ 
Expf. 2, 6 weeks • . 

. . . - . . 

YMeans of the 3 longest shoots/plant~ 

XMeans ~ ith in a · co I umn hot: to I lowed by a I etter i: n common a re slgn i f i -
carit I y di fferen+. c;it the 5% I eve I. · . · •·. . · .. · . · · · · .. · ·. · .· . 

WGA.3 (400 ppmJ w~s applied u·ntll ruh-ofL two·hours later'BA (600 ppm)) 
was app I i ed unt i I run-off. · 

-· . ' . . . . - . - . 



11 

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) 2 

Nitrogen ppm 

50 5 51 44 I .4by 

150 50 30 20 2.0a 

300 60 30 10 2.0a 

Growth 
regu I ators 

Control 41 40 19 I. 7a 

BA (600 ppm) 43 42 15 I .6a 

GA3 (400 ppm) 39 34 27 2. I a 

GA3 + BAX 39 35 26 I. 8a 

2Means of the 3 longest shoots/plant. 

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

xGA3 (400 ppm) was applied unti I run-off. Two hours later BA (600 ppm) 
was applied unti I run-off. 
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Nitrogen: effects on secondary shoot number and length. In Expt. 

I, secondary shoot. number and I ength were increased by 300 and 150 ppm 
. "' 

N compared to 50ppmN <Table 3 and Fig. 2). 

Expt. 2 was terminated at the end of the initial flush of growth; 

therefore, secondary shoot numbers were not evaluated. 

Growth regulators: effects on secondary shoot number and length. 

Secondary buds oh GA3 treated p I ants broke approx. 3..;5 days before any 

other treatment and produced the greatest number of secondary shoots 

<Tab le 3). 

Secondary shoot" length was s Ii ghtl y increased by GA3 over the con'."' . 

trol, but not at a significant level (Table 3), 

Nitrogen: effects on fresh and dry weights and plant size. Fresh 

·and dry weights were greater at 150 and 300 ppm N than at 50 ppm N 

(Table 4). Only with dry weights ,in Expt. I was there no significant 

difference between 300 and 150 ppm N. 

Pl ants grown at 300 and 150 ppm N were I. 3x I a rger in Expt. I , 

and I. Bx I arger ln Expt. 2 than those grown at 50 ppm N (Fig. 3). PI ant 

sizes were approx. equal at 150 and 300 ppm N in both experiments. 

Growth.regulators:·. etfects on fresh and dry weights. Growth regu-

lators did not significantly affect fresh or dry weights <Table 4). 

Nitrogen-growth regulator interactions. There were no N-growth 

regu I ato r i nte ract ions. 
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Fig. I. 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' 
hol I y. 
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Fig. 2. Effects of 50, 150, and 300 ppm N (left to right) on secondary 
shoot number and length from a single stem of 'Hel leri' holly. 
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Fig. 3. Plant size at 13 weeks occurring on 'Hel leri' holly grown at 
50, 150, and 300 ppm N (left to right). 



Discussion 

. . 
This study indicates that summer propagated 1Hel leri' holly cut-

tings CExpt. 2) can be induced to grow_following propagation if adequate 

N is- app Ii ed. These Jnduced shoots would be a frame from which growth 

would occur the fo 11 owi.ng spring. In comparison; growth from winter 
.. · 

rooted cuttings must occur from a sing I e .shoot the. fo I lowing spring 

unless multiple branched cuttings are taken. Cons~quently, by the end 

.of the first ful I .growing season the surrmer propagated cutting should 

have a greater _size and value. 

Earlier-bud oreak produced by 300 and '150. ppm N treated p I ants 

resu I ted • in an e~r ly 'flush which grew rapid I y <;3nd became dormant sooner 

than a+ 50 ppril: N. Si nee I ack of hardiness of new. growth· occurring ( c:ite 

in the season is' a major problem with SU~rrter rooted cuttings, the ear-

·ne'.r growth at the high N levels may al low additiona:I· time for the cut-

ting to 'harden off'. 

Winter prop_agated cuttings (Expt. I) were not as responsive_ to N 

levels as summer propagated cuttings CExpt. 2)~- With the exception of 

fresh welght; growth parameters measured in Expt. I at 300 ppm N were 
. ' . 

not s_ i gn if i cant ly ~ reate r than at 150 ppm. In Expt. 2 thqugh, 300 ppm 
. . 

_ N. resu I ted in a. greater response over .150 ppm in a number of instances• 
·. . . . 

. This is probab I y due to a difference in the phys io log i ca I state between 

summer and winter prop,agated cuttings. Cutti:ngs taken in the winter 
., .· ' . . 

have r~ceived their ch·i lling requirement and normally have adequate 

nutrient and carbohydrnte reserves to sustain. growth (21 l~ Thi~ i.s why 

they oormally f;JrOw immediately after propagation even if no nljtrients. 

18 
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are supplied. On the other hand, cuttings from current season's growth 

are lower in nutrients and carbohydrate reserves (14) •. Consequently 

150 ppm N may be adequate for cuttings propagated in late winter and 

early spring, wh i I e 300 ppm N may be necessary for summer propagated 

cuttings. 

In both experiments, plant size was greater at 150 and 300 ppm N 

(Fig. 3). If maintained at these nutrition levels for one growing sea-

son, the result would be a plant of significantly greater size and 

therefore a more salable item. The lack of major differences in growth 

response to 150 and 300 ppm N in Expt. I indicates that 150 ppm N may 

be adequate for rapid growth of a sma 11 Ii ner. However, this does not 

rule out the possibi I ity of a higher nutrient requirement as plant size 

increases (8). 

Total N in plant tissue increased with increasing application of N 

in Expt. I • This agrees with work done by severa I authors ( 11 , 20, 21 ) . 

However, in Expt. 2, N concn was significantly higher in plants grown 

at 150 ppm N in comparison 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 growth resulting in a di lu-

tion of N concn within the plant. However, plants grown at 150 and 50 

ppm N were approaching a new flush of. growth, which I ikely contained a 

higher concn of N. 

Initial shoot numbers were increased by BA, ahd decreased by GA3. 

Shoot length was suppressed by BA while GA3 had the opposite effect. 

BA has been shown to have these characteristic effects on other plants 

(3, 18, 24, 26, 39), while the most characteristic effect of GA has 
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·be~n t6 increase·st~m•1ength_CI, 15, 22, 40~·-_41.). ·The GA3 treated· 

plants had an open, widely· branching appearance which provides a more 
- - . . '. 

favorah le. f rarrie for future growth -compared to BA treated p I ants. 

In Expt. 2, the same trends were evi d!3nt with in i·ti a I shoot numbers 

and length) although not as pronounced. The reverse was expected as 

with N -ef facts s .i nee endogenous I eve Is of growth regu I ators in the sum'"" 
. . 

mer cuttings would normally be low compared to winter cuttings and 

thereby respond more to the. growth regu I ator app Ii cations. -~ The reason 
. . . 

for this lackof response _oh sLimm.er propagated cuttings may be that the 

growth regulators were applied 2 weeks later than the N treatment, con-· 

sequent I y endogenous hormones may have reached adequate I eve Is for I at- · · 

· eral bud development before the growth regulators were applied. 

In genera I the response to_ growth regu I ators was mea.surab I e for 
. . . . . 

6-7 weeks; after this the difference gradually disappeared. Therefore; 

repeated application of growth regulators may be necessary for a contin-. 

ulng response. 

The results of this investigation have clearly shown that adequate. 
. . 

N levels can promote rapid_ growth and lateral branching of. 'Hel leri' 

holJyliners. However; there remain many unanswered questions on N-

nutrition of holly. 
. . . . 

·Furthermore it seems that GA merits a more intensive investigation 

involVing other GA's, the mimber of applications, and timi_ng necessary 

to eliclt a favorable growth response over an entire. growi,ng sea.son. 
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GROWTH.OF JAPANESE HOLLY AS AFFECTED 

BY NITROGEN AND GROWTH REGULATORS · 

by 

Charles Homer Gi 11 iam 

(ABSTRACT> 

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

of winter and summer propagated cuttings of I lex crenata cv. Hel leri 

were studied. 

Nitrogen applications promoted bud break after rooting of summer 

cuttings and also enhanced the growth of winter rooted cuttings. Gen-

era I ly., plants grown at 300 and 150 ppm N had greater initial s.hoot num-

bers and length, secondary shoot numbers and length, height, width, 
. . 

fresh weight, and dry weight compared to plants grown at 50 ppm N. 

Initially, benzyladenine (EilA) at 600 ppmdncreased the number of.·· 

primary breaks and decreased the stem length, while gibberellic acid _ 

<GA) at 400 ppm decreased the number of primary bud breaks and increased 

stem length. The hormone responses persisted for approx. a month, 

starting a fortnight froin the first appHcation. GA3 +BA caused very 

erratic responses. There were no N..:growth ~egulator interactions. 
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