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EFFECT OF CONTROLLED-RELEASE FERTILIZERS ON NUTRIENT
COMPOSITICON AND RCOTING PHYSIOLOGY OF CUTTINGS

2
“

* HORTICULTURE JUAN E, GONZALEZ Misc.

, . .
Stem cuttings of Euonymus alata, Philadelphus -coronarius
'Aireus', Weigela 'Bristol Rugyv, Cotoneaster acutifolia and

Juniperus sabina were rooted under intermittent mist in medium

1:1 (v/v) perlite and peat moss amended with different formu=- e T

lations apd rates of incorporated or surface-applied Osmocote
controlled-release fertilizer,
Rooting performance (rooting percentage, root length and

» root number) generally was adversely influenced by increasing

Tates of Osmocote (0O to O. 6 kg/me surface—applied and’' 0 to 4.0
kg/m3 incorporated). Leaching losses of N, P and K from cut-
tings were generally higher than apparent uptake of these nu-
trients from the medium by the cuttings. Conslstent negative
correlations between K content and rooting performgnce weréa .
observed in all.species studied. An inverse relationship be=-
tween rooting performance and levels of soluble salts in the
rooting medium was observed for all species. Juniperus and
Cotoﬁeaster cuttings appeared to be more tolerant to soluble
salts than Euonymus, Philagelghus and Weigela. A éﬁggested
model relating critical levels of soluble salts with slopes
of the regression curves between rooging performance of the

various species studied and soluble’/salts in the rooting
A}

-”

medium was advanced.
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Les boutures de tige de Euonymus alata, Philadelphus
coronarius 'Aureus', Weigela 'Bristol Ruby!, Cotoneaster acutifolia
et Juniperué'sabina ont_été enracinées sous un systdme de nébuli-
sation sous brouillard, dans un substrat d'enracinement 1:1 (v/v)
de perlite:mousse de tou;be, amendé avec différentes formulations

S
” el
4
Vig

. et taux d'Osmocote, ifcorporé au substrat ou appliqué en. surface.

’ la performance d'enracinement (pourcentage d'enracinement, '
longueur des ragines et nombre de racines) a été défavorablement
thluencée“par une augmentation du taux d'Osmocote (0 & 0.6 kg/ma
appliqué en surface et O & 4.0 kg/m3 incorporé). Les pertes par
délavaée de'N, P et K provenant des boutures étaient généralement

'plus grandes que l'apport apparent en éléments‘nutritifs'du subée
trat d"#nracinement aux boutures. Des corrélations hééatives

- ) congﬁé%ies entre le Eontepu en K et la performance d'enracinement
ont été Bbservéeg %our toutes les espéces étudiées. Une relation
inverse entre laﬁperfbrmgnce dtenracinement et le niveau de sels
solubles dans le substrat d'enracinement a été notée pour toutes
les espldces. Les Boutures—de~JuniEerus et de Cotoneaster semblent),
8tre plus tolérantes aux sels solubles que celles de Euonymus, '
Philadelphus ét Weigela. Un m&&el statistique a été suggéré con=-

cernant les niveaux critiques de sels solubles avec les pentes des

courbes de régression entre la performance q'enracinément des dif=- bl
férentes espdces étudiées et les sels solubles du substrat d'en-

'11
racinement. . D
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1. INTRODUCTICN

.
Y
¢ ?
a

Propagation by étem cuttings is an important method of
propagating ornamental shrubs (Hartmann and-Kester 1975).

It is based on the capability of cells to return to the
meXistematic condition and regenerate new plants with the
same genotyie of the mother plant (Tukey 1979).
4 {

' The discovery and use of auxins in stimulafipg adventi-
tious root formation in cuttinés marked the beginning of
ma jor advances in cutting propagation techniques (Cooper 1935;
Wareing 1973)%  The later application of intermittent mist
(Loach 1979) made possible the rooting 6f cuttings from plants .
previouély considered almogt impossible to root (Snyder %954):
These techniques, now commohly used by nurserymen all ?ve} the -
world, ihcrease rooting perqgntage, insure uniformity and speed
of rooting, enhance the quality of the root system, and improve
viability after transplanting (Hartmann and Kester 1975;
Whitcomb et al. 1978).

The leacbing of metaboliges, includiég\mingral hutrients,
from cuttings under 1ntermittent mist is a disadvantage of this
technique (Good and Tukey 1964, 1965, 1966; Sharpe 1955). Thus,
the practice of keeping cuttings undeL mist as long as possible

d better uniformity,

to obtain higher rootingppercentages
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increases the need for nutrients to the cuttings (Gouin 1974).

’

-
Nutrient mist, the technique of adding soluble fertilizers

to the water used in the mist system (Wott ang Tukey 1965), has
proved to be effective in replenishlng the nutrient loss
(Sorenseh and Coorts 1968; Wott and Tukey 1967). However,
nutrient mist does not al;:ys,improve rooting (Keever and Tukey
1979; Sorensen and Coorts 1966, 1968; Wott and Tukey 1965, 1967)
because secondary péoblems, such as'growth of algae on the
medium resulting in reduction in-aeration and\drainage, have

restricted its use as a practical propagating technihue (Coorts

and Sorensen 1968; Gouin 1974; Wott and Tukey 1967).

Controlled-~release fertilizers appears to be a  feasible
alternative way of supplying small amounts of nutrients to the
rooting medium (Chong 1982b; Whitcomb et al. 1978). This practice
seemed to have effect on rooting ability (Deeh 1973; Dinter and._ - .
éatgn 1976; Johnson and Hamilf;n.l977; McGuire and Bunce 1970)
and on visopr of the éooted cuttings (Carney and Whitcomb 1981;

Richards and Whitcomb 1980; Wapd and Whitcomb 1979).

The purpose of this study was to investigate the effects
of controlled-release fertilizers in the rooting medium on the :

nutrient composition and rooting physiology of stem cuttings

of selected woody ornamental shrubs during propagation. These
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studies evaluat%d the ability to root, the tolerance of cuttings
to soluble salts levels and pH of the medium, and the capability
of the potential nutrient uptake to counteract the leaching

effect due to mist.
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2. REVIEW OF LITERATURE

¥

2.1 Physiology of Rooting

; "‘u. \

)It has long been recognized that the vegetative propaga-
tion of plants,.from cuttidgs resulted in more uniform planting
stocks in a shorter period of time .than those grown from seeds

(Zimmerman 1925).

2.1.1‘ Role of Growth Regulators and Booting Substances

Tukey (1979) considered the rooting process, both initi-
ation and development, as a comgination of many processes in
which certain cells can be activated to form roots. According

to Hartmann and Kester (1975), certain natural internal fac-

tors are necessary for the formation of root initials and sub-

sequegt foot development, For inétance, ample evidence has
indicated that rooting is regulated by plant hormones (Hartmann
and KGStif 1975; Snyder 1974; Wareing 1973). 1In the 1930's,
indbleacetic acid,-firét identified as a natural growth regu-
lator with auxinic activity (Thimann 1935), was used success=-
fully to promote rooting of ;tem ciftings (Cooper 19355.

Tukey (1979) stated that indoleacetic acid was synthesized
mainly in developing buds, young leaves, root £ips, pollen and

fruits. Presently, relateé synphetic/auxins, notébly indole-

butyric acid (IBA) and naphthaleneacetic acid, are commonly
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used in cutting propagation (Doran 1957) Fecause they are more

stable and more mobile than naturally-pro&uced auxins (Tukey

1979; Wareing 1973).- s

I

Haisslg (1§72) indicated that-the endogenous accumulation
of natural auxins at the base of cuqtings, resulting }rom
basipetal translocation from Suds and leaves, or from exogenous
appii;ation of auxihs, was £hehprimary rooting stimulus,
Wareing (1973) suggestea that e;dogenous auxin levels were
usually adequate to induce roo}ing in cuttings of herbaceous

species that rooted easily. Although sogtwood cuttings of

many woody plants responded similarly (Doran 1957), Smith and

Wareing (1972) suégested thaf the general decrease in rooting

abllity 6f woody plants with seasonal progression was probably
& .

due to a depletion of auxins in buds and foung leaves as these

S

plants approached dormancy in the fall.

—__ Other evidence indicated that substances other than auxins
also played a fundamental role in the rooting process (Snyder
1974; Tukey 1979). The term "rhizocaline" has been used since
the 1930's to refer to unidentified endogenoué substances which
promoted rooting (Hartmann and Kester 1975). Hess (1965b)
demonstrated the existence of a group of rooting cofactors,

which wefe required‘fbr rooting of certain species. These

cofactors, produced in the leaves, helped to explain differ-
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ences in rooting abiiity of many species and cultivars (Snyder
197“") *’

#

ke

The balance. of auxins‘%nd rooting cofactors did ﬁot always
correlate with rootiné, suggesting that thg role of_othef
growth regulators or substances, such as an enzyme or a group
of enzymes, lnteracted with the complex auxin-cofactorsnto in-
itiate gpe rooting process (Bouillene and Bqd?llene-Walrand ,
1955)., Tukey (1979) stated that although no one uﬁiversal

enzyme has been isolated and purified, evidence supported the

_action of a complexing ‘enzyme, probably of the polyphenol

‘'oxidase type, in the rooting process.-

R

Although the presence of aﬁxins have Been showh to be

essential in the rooting process (Doran 1957; Wareing 1973),

‘

exogenous applications of auxins have shown little or no in-

]

fluence on the rooting of many difficult-to-root species (Doak’

. 1940; Hess 1962). However, Chong (1981, 1982a) and other re-

searchers (Brown and Dirr 1976; Still 1981) reported favorable
rooting response of certain difficult-~to-root spEcieé to high
IBA concentrations between 10,000 and 40,000 ppm. These spe-

cies included Cotoneaster acutifolia, Malus 'Hopa' and Taxus

.

cuspidata (Chong 1981, 1982a).

( e 0

Gorter (1969) described certain metabolic products, es-
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- concentration and difficulty in rootiné of different pear chl4

1973).

pecially of the pﬁenolic type, acting synefgistically with
au#ins on rooting. Bachelard and Stowe (1962) correlated
anthécyanin pigmentation with\}ddting. These substqn;es seemed
to inhibit the. activity of the indoleacetic acid oxidizing

system (Basu and Ghosh 1974; Lee and Tukey 197la, 1971b) .

Spiegel'(1954) demonstrated the existence of natural inhibitors

on root initiation in Vitis vinifera. Furthermore, Fadl and

»

Hartmann (1967) found a correlation .between roéting inh&biﬁor

-tivars.

@

\ Since the 1950! er groups of naturai plant hormpnes'

een recognized (Hartmann and Kester 1975). These plant

. o1 - » S .
. hormaones, which &re all- chemically different frdh each other

(Wareing 1973), included the growth prombtgrs, cytokinins and
gibﬁerellins; the grog;h/iﬁﬁibito?, abscisic acid; and ethylene,‘

the only plant hormone which is in the gaseous form (Wareing

b

L

;Exoqenous_applications of cytokininS'generaliy have not ¢

been effective in promoting rooting (Skoog and Tsui'l9h8).

;0

bberellins applied at high concentrations of 10~> M have

duged rooting in many instances (Hartmann and Keéfer 1975).

Ericksen (1974) found a gibberellin-promotive effect on ‘rooting

of péa.cuttings when appliéd at low concentrations of 10-11
« . ; ‘n” %"‘
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to 10~7 M, Wareing (1973) indicated that abscisic acid pro- )
moted rooting in some species such as Hedera helix, probably s
by supressing the effect of naturally existing 51bberellins. ' /

Treatments with ethylene have yielded contradictory results ‘ . ‘
on rooting of cuttings (C}‘iong l982<:, Swanson 197l+) suggestlng

an indirect effect (Hartmann and Kester 1975). ’ .

2.1.2 Role of Mineral Nutrients

Yo

The mineral nutiient status of cuttings hds considerable

7

)fnflnenée on root formation.and development (Kamp and Bluhm N

1950-). Biron and HTale‘vy (1973) indicated that removing the

-growing point of Dahlia'“ cuttings increased rooting because of

lower competition for nutrients of the growing point with the .

1

$ooting region of the stem, -+

- N . . -

v ~

N i

The stimulative eﬁf@e/f P on root growth has been ex-"
tensiVely demonstrated (Kramer 1969), although Graca and
Hamilton (1981a) observed that root growth of Cotogeaster‘

divaricata wasmot-improved with P applications. Swanson an;i

Davis (1977) found that P-deficient cuttings of Plectranthys
australis showed shorter roots and lower rooting percentage,

Furthermore, they observed that in the fewcuttings that rooted,

roots were weak and possesed black root hairs. s
’ 3 _’__’________'///
* - Ca deficiency characdteristically ia,s/heefrﬂﬁﬁ'nd to supress )

S -
' « v N
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" root growth (Kramer ,1969). This” effect was probably adsociated

o
Bl

with the role of Ca in the middl'e-lamella of the ¢gll wall

( Swanson and Davis 1977). ' g

t » P e ¥
.

Gorter (1958) considered B as the wost important in‘organic

compound involved in the rooting process. Albert (1975) stated

&

AW,

tliat'troot‘elongation ceased in the absence of B, Because root
\

growth was ultimately dependent on cell division of meristems,

1

B seemed to prevent cell division and DNA synthesis (Albert : . o
1975)}. It has been suggested that aux:&ms‘ stlmulated the for—
mation of root initials (Tukey 19'79 Vareing 1973) and that B

was necessary for elongation and development of ,those initials

. I f -
(Albert 1975; Gorter 1958). .However, Weiser and .Blaney (1960)

-

. N '/- ) i
/md’i's’ﬁ??éﬁgtic B-IBA interaction resulting in increased =~ .

rooting percentage, root number, and to a leséer extent root .@
1 ’y

length, The rooting process of cuttings of difficult to-root

Ilex aguifolium was also hastened, euggestmg an effect of B

-on root initiation as well’ as on\root growth (Weiser and

o vy o ' , . ' gx
Blaney 1960). % . X

Fd
8 e

-Starrihg (1923)\ reported beneficial effecte of N-deficiency ]

. . §

on rooting of cuttings, but he concluded thad;f(l':\e decisive fac=- 4
i b

tor was the ultimate level of carbohydrates in the cuttings as S

"influenced by 'N. Root growth was not increased by ‘N indicating

fhap rooting varied inversely with N status (‘Graca and Hamilton

»
<

e M e nier




' that, Ba, Ca, Mg Tn\d Sr were not translocated from leaves to

"fratiqns in the leaf.

x

T )h‘\-i‘,‘scx:wﬂwwy:ﬂa,«é’ R R A B R T Rt R R ot A
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iéBia). Goog\and Tukey (1967) found that N.was required dur~-
ing root e-longation o'f chrs/rsagthemum cuttings, but not during
root initiation, Garney and Whitcomb (1980) stated that N
wag very important in the early growth of liners (small nurs-
ery plaﬂtlets) following transplanting. Greater root length
an% healthier root appearance was found in cuttings under-

N-deficient regime (Swanson and Davis 1977). ' -

!

Although K is considered an important factor in the acti-' .

r’ k)

vation of enzymes, its deficiency did not affect root initi-

ation and development (Swanson and Davis 1977). Sorensen and
v

Bt e T RN

o

Coorts (1968) observed a: negative correlation between K content -

1 . v
and rooting percentagg\of cuttings of several species. Swanson
n

mand Davis (1977) found no influence of Mg and S content on k

i
rooting, ‘while .Bindra (1976) reported favorable effects of

Fe on rooting of 'péach almond hybrids.

|
@

241,201 Mineral Trahslocation

< - - -

_Inorganic 1e1ements have shown large differences in mobil-

ity within the planty Bukovac and Wi*ttwér (1957) estimated

the nevw srbwt}f. On the other, hand, Van Go% and Wiersma (1974)

dnsidered Ca to be highly :meob:.le, while K was very mobile;

hey found that Mg and Mn mobility dependeg on tpeir concen=

n
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In studies with chrysanthemum cuttings, Good and Tukey

iR ;a:{;;;a,;“z.,@:‘wf,}:ﬁ.& i

(i965, 1967)° showed that N was translocated acropetally (i.,e.
from older tissues to apex or newer leaves), but little if _ ‘
any N was translocated basipetally‘to new roots during root

initiation or ‘during early root development. They also found

. o
an ‘increase in basipetal N translocation only when root growth

was at a m'@ximum, suggehsti;lg that the requirements for N dur-
ing root initiation and early developmex;t c.ould be satisfié}d
by the N present at the cutting Jbases. Furthermore, Good and
Tukey (1965, 1967) showed that P was translocated basipetally.- Vo

from the older leaves towards both the new leaves and new roots

‘more or less steadily throughout the rootiné period, indicating

that P was associated with both root initiation and development,
and that this requirement was met by translocation from older
tissues, 'In chrysanthemum cuttings, K was continuously trans-
located from the oldest leaves to ‘the new leaves, but virtually
none to new roots (Good and Tukey 1965, 1967). =

4 - ‘

Blazich/and Wright (1979) found constant nutrient content

o sl

in leaves, up};er stems and lower stems of Ilex crenata cuttings

indicating no basipetal translocation of N, P, K, Ca and Mg

3 P T W B

J

during the root initiation period. Wott and Tukey (1969) ob-
served that P translocation to the basal portions of a cutting

. . & .
was considerable before root initiation, followed by a decrease :

when root initials were first observed, and another increase \\

- |

Ry

o
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" ‘older tissues to growing leaves, and little to new roots.
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when roots were elongating., | .

In another experiment, Good and Tukey (1967) howed that
about 10% of labelled P in cuttings was translodated from

Pl

i -, ’
2.1.2.2 Mineral Nutrition of Stock Plant -

Any technique of growing stock piants* that can result in
obtaining rooted cuttings more quickly and in a greater number
is of interest (Preston et al., 1953), ~

The physiological condition of stock plants has been known
to affect markedly the rooting of cuttings (Hain and Cornell
1951; Pearse 1943). Vigorous parent pﬁlants seemed to produce ’
healthier cuttings with more rooti,ng (Sharpe 1955; Ward and .

Whitcomb 1977)« Greater cutting production was obtained from

' stock plants subjected to high N levels (Eck and Stretch 1979;

Preston et al. 1953), but such stock plants produced soft cut=-
tings susceptible to rotting (Kamp and Bluhm 1950; Starring 4
1923).

”

It has been extensively demonstrated (Basu and Ghosh 1974;
Haun and Cbrnell 1951; Pearse 1943) that stock pllants receiving
low N levels yielded cuttings that rooted more readily than

cuttings taken from plants grown.under high N levels. Preston

"
- b
vy
-—ﬂ%h&u&;




.- Although rooting was less numeroug, he ‘found better qudlity

2/
i

;t'al. (1953) obtained similar results when usink softwood
cuttings in early spring. With more mature cuttings, he ob=
tained a higher degreé of rooting and fetter surviva} in those *
taken from stock plants receiving high levels of N, Pearse
(19#3)Aand Basu and Ghosh (1974) found better respénse to auxin

$reatment of cuttings from N-starved plants,

Basu and Ghosh (1974) demonstrated that rooting cofactor
activity, anthocyanin pigmentation and root number of cuttings
were inversely related to ﬁksupply to stock plants, although,l
the highest dry weight per root was obtained with the highest
level of N;"Thése results were in agreement wigh those of

Haun and Cdrnell (1951). Eck and Stretch (1979) working with

blueberry demonstrated no influence of N on rooting percentage

and quality of cuttings taken from those stock plants, .

P and K ievels in stock piants did not sefm to influenc;
rooting response of cuttinés (Haun and Cornell 1951; Preston
et al. 1953). According to Cdorts (1969), rooting percenttage "
decreased in cuttings taken from~micronutrient-deficient plants.,
roots in cuttings from plants deficient in either Zn or B.
Starring (1923) arnd_Pearse (1943) recommended special nutri-
tional treatments to plants cultivated exclusively for cutting

[

production.
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2.2 The Rooting Environment

©

s

. According to Snyder (1974), rooting response of cuttings
could be’supresspd by unf;vorable footing environment. Tem-}:
perature of the air and of the rooting medium, moisture status
of cutpings, light quality and quantity, and aeration of the

roating medium are the principal external environmental fac-

toxs influencing rooting (Snyder 1974). .
o N J '
N .
2.2.1 TRole of Misting .
Zimmerman (1925) recognized that &ée presence of foliage,

in addition to supplying auxins and related rooting cofactgrs,
speeded the rooting process by'mﬁintaining cuttings in a turgid
condition during rooting. According to Loach (1979), transpi-
ration was the main source of water loss from éuttings. He
relatéd transpiration directly to the water vapor pressure
gradient betweén the inside of the leaf and the surrounding
air, Misting, which covered the léaf surfaces of Euttings

with a thin film of 'water (Snyder 1954) reduced water loss

>~

from cuttings by diminishing th% vapor pressunehgradient ( Tukey

1978). The misting technique enabled a greater number of spe-

g}es to be propagated- by softwood cuttings during the grawing

season (Tukey 1975) and was especlally advantageous for rooting ~

difficult-to-root species (Snyder 1954). During winter under

greenhouse condition, misting of evergreens reduced the time

-

g1
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cuttiﬁgs were in the propagation bench (Nelson 1959), and also {

fincidence of diseases and insects (SnyijiL;TGB).‘

According te Loach (1979), misting was used for the first
time by Spencer in 1936, although the first written reports of
the propagation of softwood cuttings of several species under
mist was presented by Raines, Gardner and Fisher in 1940 and N~
194). Fisher (1943) reported successful rooting of conifer )
cuttings under mist Y ' ' o

Commercial acceptance of the misting technique ,occurred
during t?e 1850's (Loach 1979%. Templeton (1953) described a
controltdevice for intermittent mist in _ which cuttings were
misted fer brief intervals dugihg the day when transpiration
was greateste,, in its early use, intermittent mist was control-
led by ttpeﬂclpcks, but recently more accurate- devices, such

as leaf sensor and solar controls, have been introdiced. .

(Loach 1979).
* . F . )

In mist propagating benches, Hess and Sn&der (1955) ‘dem~
onstrated lower leaf temperatures in misted as compareq to®
unmisted cuttings because of evaporation (Tukey 1978)land also
lower air temperature in the misting environment (Loach 1979),

Hess (1965a) indicatig that the rate of respiration was gener-

ally doubled for every 5°C 1nerease in temperature.

w
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According to Hess (1965a) and Tukey (1978), cuttings under i
' 7 - s
mist can be subjected to higher light intensities without in- '

creasing leaf temperature, thereby enabling higher net accumu-

'latipntof photosynthates which can be more eff;btively utilized

for root development.

Lee and Tukey (197la, 1971b) found increased levels of
auxin-like substances as well as rooting cofactors in misted
rlants of Edonzmus alatus 'Compactus' as compared with unmisted

plants.

2e2¢1e1 Leaching of Cuttings . oy
The term leaching, originating from the loss of mineral
ions 1in scils, was first appiiednto pPlants by Mann and Wallace
(1925) tb describe the loss of nutrient elements from leaves
s§gked in water. A major effect of mist was the leaching of
metabolites from cuttings (Good and Tukey 1966; Snyder 1965;
Tukey 1975). - 4 :
Morgan and Tu;ey (1964) found that a diversity of meta-
boiically important sﬁbstances were leached from leaf tissues.
These substances included inorganic macro- and micro-nutrients, ) :
?m;no acids, organic aclids, alkaloids, vitamins,ﬁfreeﬂsugars |

and other carbohydrates, phenolic substances, and plant growth

inhibitors and reFulators. Lee‘énd Tukey (1971la, 1971b) showed

-~ 3
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that misting resulted in extended seasonal growth of Euonymus
-] '

alatug 'Compactus', probably due to leaching of inhibitors

»

involved in senescence and dormancye.

e

Even before leaching was definitely demonstrated, defi-
ciency symptoms developed in cuttings under mist for prolo'nge;i
periods of time (Gouin 19?4) suggested the_occurrence of leach-
ing of nutrients either b;r actual loss and/or by dilution gf
the existing nutrients (Good :and Tukey 1964). Evans (1951)
reported heavy losses of N, P and K from cacao cuttings under

continuous mist. Sharpe (1955) found narkedly lower percen~-
t;ges of N, P and K‘in leaves of many species after 30 days
under mist., Lee and Tukeyd(l9?la, 1971b) showed lower concen-
trations of total N :Lr; leaf “tissues of plants subjected to
mist ‘due to leaching.
. %

Sharpe (1955) and Wott and Tukey (1965) demonstrated that
K was more easily leached from cuttings than were N, P, Ca and
Mg. Tukey et al. (1958) considered Na and Mn to. be easily

leached; Ca, Mg and«K to be moderately leached; and Fe, Zn, P

and Cl to be more difficult-to-leach.

Mecklenburg et al. (1966) stated that environmental fac-
tors generally had little effect on leaching. K salts in the

misting solution leached more than distilled water, while Na

-4




" of leaching as a passive process, Mecklenburg et al. (1666) .
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‘ , \
salts leached similarly to distilled water and ‘Ca salts de-

creaged leaching (Tukey 1970)e. Bhan et al, (1959) obse,fved
. &

that easily-wetted leaves normally had more leaching.

Tukey and Morgan (1964) showed that the physivlogical
status of cuttings had- a marked influence on ;eaching.‘ For,
in‘s:xtance, cuttings from healthy and vigorous pla‘nt‘s showed . ‘
less ieachins (Tukgy and Morgan 1564). ¥oung growing tissues,
i.e. herbaceous and softwood cuttings, did not leach appreci-
able q’uantities of mineral nutrients, whereas more mature tis-
sues, i.e., hardwood cuttings, wereﬂ more susceptible to leaching
under mist (Good and Tukey 1964, 1§67;vﬁecklenbu;s_émd Tukey
1964), Good and—Tukey (1965) founé that susceptibility to

leaching of both brganib and- inorganic substances was inversely

related to the growth cuttings made during the rooting period,

N Meckleﬁburg and TukKey (1964) observed that the energy level

' of tiBsues had 1little effect on.leaching, supporting the idea L

v

postulated that cations were exchanged by H from the leaching
solution or were diffused directly from the-translocation stream
to the leaching ‘solution. ’l‘l‘le H of the ieaching solution 6rig-
ix;ated from the cz_irbonirc acid resulting from carbop dioxide
dissolved in water on leaf surfaces (Tukey 1970). This hypoth-

eslis helped to explain why alkaline carbonates were the pfinci-

Rt A TSmO
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pal components of leachates (Morgan 1963).

According to Morgan and Tukey (1964), leqching did not‘
simply eliminate metabolic waste products. The organic and
inorganic sub;tances leached from'upper leaves of cuttings and
. e .absorbed by the roots were intercepted and reabsorbed directly

by leaves below and/ork\those fallen into the rooting medium

e O ara-ant s e A etk L

(Tukey and Mecklenburg 1964). Tukey et al. (1958) stated that

nutrients lost by leaching were replenished by rgot‘uptake and

translocation from other plant parts. Mecklenburg and Tukey

(1964) demonstrated that the rate of translocation of Ca from
( 3 roots to upper parts was higher in plants subjected to leach-
ing thgn in unleached plants, independently of growth rate,
Schulte and Whitcoqb (1973) stated that leaching of nutrients
from cuttings und?r mist decreased rooting to some extent; this
occurrence may be a limiting factor in thé propagation of some
specles,

262012 Fertili;gr Uptake by Misting
Nutrient mist can be defined as the application of soluble

fertillizer through the misg propagation system (Wott and Tukey

wad

1965) to replace losséé by leaching (Sharpe 1955) and to pro- !

-

vide for growth of éuttings during propagation (Wott anad “Tukey
1973).

b 8 S ke VS S A s




LT T TG T NNMORD St e e g e, BT e e

- 20 -

: N
According to Wittwer and Teubner (1959), foliar nutrition

offered advantages of more éapid and more efficient absorption
and utilization as compared with nutrients applied to the root-
ing medium, These nutrients can become upavailable to cuttings
due to u?ilization by microorganisms, or by leaéhing. ’
Paparozzi ;nd Tukey (1979) demonstrated that tissue contents
af N, P and K increased after foliar application of these el-
ements through the mist system at rates from 225 to 1,875 ppm
of 23=8-14 soluble fertilizer. However, foliar injury was
obseryed at rates higher than 750 ppm for all species studied,
No relationship betwgen cuticle thickness and nutrient uptake
and susceptibility to foliar fertilizer injury was founé
(Paparozzi and Tukey 1979).

Wott and Tukey (1969) demonstrated that during the rooting
period, chrysanthemum cﬁttin%s absorbed more than 95% of P
through the foliage even though it was plentiful within the
rooéing medium. This evidence éuégested that cuttings were
not able to absofb sufficient'ﬁutrients from the rootiﬁgnmpdium
to meet'thefr requirements. However, SHarpe (1955) observed

that foliar application of KNO3 to cuttings was of no signifi-

cant benefit in increasihg K conteant. of leaves,

Variable response of cuttings to nutrient mist has been

obtéined depending upon the species: (a) rootiﬂé\percentage

a
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.was 1ncreeeed in softwoodlcuttings of Philadelphus coronarius,

Euo mus fortunei 'Vegetus' Ligustrum obtusifolium, Lonlcera ‘
,

morrowii (Wott and. Tukey 1965, 1967) and Buxus semperv1rens

(Sorensen and Coorte 1966 1968 Wott and Tukey 1965,.1967); ~
-(b) rqeting percentage was not affected in softwood cuttings

of Forsythia intermedia (Wott and Tukey .1965, 1967), Ilex

crenata micpopnylla (serensen and Coerts 1968) and lowbush

I
was decreased in softwood cuttings of Salix purpurea (Wott and
»

Tukey 1965), Berberis thupbergii,. Chaenomeles speciosa, Lonicera °

'(

I

tatarica, Viburnum lantana (WOtt and Tukey 1967) 'and Euonymus

fortunei coloratus (Sorensen and Coorts 1966, 1968), hardwood

N
¢

cuttings of Pachysandra terminalis, Euonymus fortuneiv'Vegetus',

Taxus cuspidata, Hedera helix, Juniperus chinensis 'Sargentii',

Vinca minor (Wott and Tukey 1965), Thuja plicata, Thuja'

occidentalis (Wott and Tukey 1967), Juniperus horizontalis

-

plumosa and Taxus media (Sorensen and Coorts 1966, 1968), and

sof} and hardwood cuttings of several cultivars of Rhododendron

[t

(Keever %fd Tukey 1979).

The quality of the root system and changes, in dry weight
during the rooting period also showed wide variability (Hall
and Aalders 1970; Keever and Tukey 1979; Sorensen and Coorts

1966, 1968; Wott and Tukey 1965, 1967).

blueberry (Hall and Aalders 1970); and (c¢) rooting percentage :

o

PN

R
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In all species studied, N and P contents were higher in
) cutt;pgﬁ propagated under nutrient mist than in those of cub;
f‘ o tings.propaggted‘undeq water mist (Wott and Tukey 1965, 1967),
. and fhese elements increased with higher rates of fertilizer
(Keeve; ahdéﬁukey 19793 Sore;sen and Coorts 1968). K content
o ~ showed a yériable response as a result of nutrient misting =
: ; 3 ( : depending upon species (Sorensen and Coorts 1968; Wott and
. o “ Tukey 196?, 1967) . keever and Tukey (1979) found no net uptake
K Cor " of Ky Mg anq Ca by rhododendron cuttimngs under nutrient mist.

”

n ~‘;~4 Wott and Tukey (1967) stated that, especially when propa-

I4

T ’( T ' | g;ting softwood cuttings, nutrient mist had a positive effect
on srow&h after rooting and, subsequently a&so after trans-
plantigg. Hall and Aalders (1970f<found the same effect on
bluebe}ry cuttings; In contrast, cuttings under nutrient mist
were frequently damaged, especially at higher feréilizer con=-
centrations of 170 mg per liter of 23-8-14 soluble fertilizer
(Keever and Tukey 1979); rooting was also consistently ip-
hibited at the highest rates of 0.5 g per liter of 20-20-20

. soluble fertilizer (Sorensen and Coorts 1966); and patholégicgl
and physiological disturbances occurred more frequently (Wott o
and Tukey 1967). An important problem of nutrient mist prbpa-
gation was the growth of algae over the rooting medium:[( Wott
and Tukey 1§675. Coorts and Sorensen (1968) identified) many

(‘) ’ specles of bluegreen algae as well as some green algae growing
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‘over the rooting medium and bench under nutrient mist..
Keever and Tukey (1979) concluded that nutrient mist dur-
ing propagation appeared to.be of no benetit especially to

cuttings from stock plants with adequate nutrition.

2+.2+2 Role of Rooting Medium
The rooting medium is an impozjtant factor in’the initiation
and subsequent’growth of roots, especially in difficult-to-root

species (Hartmann and Kester 1975).

" 2.2.2.1 Aeration
Zimmerman (1925) obtained: better root growth of Salix '
cuttings in a medium with 15 to 33% of' 0, mixed with 85 to
) )

67% N, respectively; CO, in concentrations up to 25% did not

2

affect results significantly, provided that C, concentrations

2

were between 25 and 33%. Rooting was not obtained with 0,
concentrations as high as 90 to 100% (Zimmerman 1925), Ac-
cording to Hitchcock (1928), good aeration was essential for

the development of healthy roots from cuttings,.

Kram;r (1969) stated that water deficiency reduced root

growth and increased suberization, and that excess water may

[

cause deficiem':y inA' aeration by displacement of the air from

‘the rooting medium. JXong (1932) found that moisturé content

ﬁ&k&}mﬁm

T N
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» aeration of the rooting medium influenced the character,
. fibrousnees, brittleness, slenderness, branchlng, of the
roots produced by stem cuttings, lSWe.nson and Davis (19??5

wo

N\ , :
king with Plectranthus dustralis found that under normal

and deficient nutrient conditions, lack of aeration reduced”

length of cuttingse.

<« ) :
It has been hown that aeration influenced directly the

e

ava:.lability of cextain nutrient elements (Black 1964), affected

the/, levels of ethylene (Kawase 19723, increased auxins (Phillips
1964), and decreased gibberellins (Reid and Crozier 1971) and

[ .
cytokinins (Burrows and Carr 1969). Swanson-and Davis (1977)
; , .

p%etulated .that the effect of a poor deration was due to an

increase of carbon ‘dioxide and ethylene in the rooting mediunm,
-7 !

Sokratova (1965), cited by Ham'?[@n and Johnson (19';78),
found that combinations of peat and sand or peat and perlite,
gave satisfactor"y ii’;es'ixlt's fr t;xe stand point of aerat”ion.
Siinilar results were obtained by Whitcomb et al, (1978) with !
peat and perlite in co:nparison with peat and bark having 56

and 36% air space, respectively.

20:2.2 02 Temperature : 3,;'
-y . .

According to Albert (1975), extreme temperaturés reduced

e¥ongation and sink (:apacity of roots.as well as translocation
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of substances from above-ground parts. Hartmann and Kester
(1975) stated that temperature of rogting nedium between 230

and 27°C at the base of cuttings were best for most species.,

2.2.2.3 DH
The pH of the ;ooting medium has been demonstratgd‘f& be
an important factor in nutrf%nt uptake (Bassioni 1971; Munn N
and Jackson 1978). Hamilton and Johnson (1978) suggested that
nutrients in the rooting medium were not ﬁtilized by cuttings,
probably due to an early and rapid release gf nutrients before
development of root initials, Tukey gng}Mecklgnburg (1964 )
sypwed that ébsorption of Ca, P an& S£ from the rooting medium

was increased in plants subjected to leaching by-mist.

© &

The pH of the rooting medium has been found to influence
root init{ati;n (Hamilton and Johnson’l978) and root growth
(Alvert 19?5;'Pau1 and Leiser 1968)., Hitchcock and Zimmerman
kl926) indicated that pH of the rootiné medium could not be
constdered as a 1imit1;g factor in rooting. Smith (1926)
showed that Coleus cuttings rooted in medium with pH between
4.0 and‘9.2; the best and fastest rodt production occurred at
PH 7.0 to 7.2. .Raabe and Vlamis (1966), however, found no re-
lationship bep;een PH of the rgoting medium and rooting of
chrysanthemum cuttings. Dinter and ﬁaton (1976) stated that

unfavéorablé pH levels did not account for observed harmful

T



-

.effects o’had§ed fertilizers to the rooting medium. Hitchcock

(1928) suggested that, in general, cuttings rooted better when
the pH of the rooting melium was comparable to that of thevl
natu;al habitat in which the mother plants grew best.
“ &
Hamilton and Johnson (1978) demonstrated that lower pH
value; resulting from additi%n of organic matter, squ as peaé
moss, incr;ased anion absorption by the rooting medium, thereby
reducing leaching losses, especially of nitrates, The Ca con-
pent;ation required for normal root growth was higher at lower .

pH values 6f the rooting medium (Paul and Leiser 1968), Higher

" doses of fertilizers, i.e, Osmocote added to the rooting medium

&

decrdased tﬁe pH as compared to the untreated control (Dinter

and Eaton 1976). '

o 202,2.4 Organic Matter : .
Hamilton and Johnson (1978) demonstrated that rooting medium
containing peat moss had a greater retention capacity for nutri-
LY

ents, especially easily-leabhed nitrates; leaching of P and K

were less affected by the presence of peat moss in the medium,

L .
4

According to Paul and Smith (1966), the principal exchange-
‘able ion in Canadian peat was H, present mainly as COQE-snd
to a lesser extent as phenolic OHe They demonstrated that root

. /
length was higjfest with 38% Ca saturation of peat moss, and ‘that

B - - AR ey
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root number decreased linearly with increasing Ca saturation °
in chrysanthemum cuttings. Paul and Leiser (1968) found dif-

ferent results for other species, but, in general, percentage

rooting, root length and root number decreased at extre&e values
of Ca saturation for most of the species studied. Furthermore,
o~ Raabe and Vlam;s (1966) showed that root formation in chrysan-
themum cuttings was prevented by a high Na:Carratio and, to é
iesser extent, byla high K:Ca ratio in the.rooting medium,

Lee et a1.~(1§;2) demonstrated that Ca saturation also influ-

- * 2 T
enced root regeneration after transplanting.

A

!

( : , Ward and Whitcomb (1977) stated that better quality liners
- was obtained during the rooting period when the mFdiuﬁ was in
small containers instead of in flaté; because of less damage - .

of the root system when transplanting to containers,

2es2¢35 Role of Fertilizer in Rooting Medium
Soaking softwob&>cuttings in soluble fertilizer increased

rooting percentage in about 10% of chrysanthemum and carnation{/

.cuttings (Kamp and Bluhm 1950), but had no effect on privet:’
n

B . / .

(Zimmerman 1958).

»

The addition of KNO, to the rooting medium showed ?o RO=-

3

ticeable effect on rooting percentage, root number qnd'rdot

.

(_) length of vine cuttings (Pearse 1943). Schulte and Whitcomb
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(1973) noted a slight increase in rooting percentage of Juniperus

PR R

chinensis and Ilex cornuta cu}tiﬁgs when micronutrients were

~

[—,

added to the rooting medium, In-contrast, Diver apnd Whitcomb

RN

(1981) found no significant effect of hicggnutrients on rooting

and subsequent growth of cuttings of Pyracantha coccinea and

Vo A £

Juniperus procumbens, although a positive trend was observed.
Furthermore, the presence of micronutrients in the rooting

medium increased growth of Juniperus procumbens cuttings after

rooting, but did not affect those of Ilex crenata (Henderson

. 4 )
and Whitcomb 1980). Daily applications of solutions containing
even small quantities of Fe improved réoting of cuttings of

peach almond hybrids and subsequent transplanting success
(Bindra 1976). ¢ |

v

) Periodic applications of spluble fertilizers after sticking
did not increase rooting percentage (Zimmerman 1958). However,

increase in root growth was obtained with Ligustrum, Pyracantha

and Taxus in comparison with untreated cuttings; no differences

were observed in Cornus, Corylus, Spiraea and Viburnum

(Zimmerman 1958). ‘

. 2.2.3.1 Soluble Salts )
Dinter and Eaton (1976) found significantly higher levels
of soluble salts when fertilizers were*present in the rooting

medium, Furthermore, higher doses of fertilizers i.e. Osmocote

5
S
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.
added to the rooting medium increased levels of soluble salts

as compared to the untreated control (Johnson et al. 1981;

e s R e R R ;
i
-
-

Reavis et al. 1980).

It has been demonstrated that rooting media high in sol-

uble salts tende% to inhibit rooting (McGuire and Bunce 1970;
. Reavis et al. 1980;

L 2

icknor 1980) -and root elongation (Johnson

et al, 1981). Hathaway (1976) stated that the emerging primary ’

~

roots had 1itt Olerance to high soluble salts levels, '

Kramer (1969) ndicated that species varied;;jdeiy in their . -

N tolerance to high soluble salts levels., The level of solublé *
( |

salts in a medium depended upon the water-holding capacity and A

the cation exchange capacity (CEC) of that medium (?isdale and

Nélson 1975)., Thus, a rooting medium with a high CEC, such

T
as one rich in peat, can withhold higher fertilizer rates with-
# ocut significantly increasing solitble salts in comparison with

ohe poorer in organic matter (Hamilton and Johnson 1976).

'

€

\ 3
2e2e3el Controlled:Release Fertilizers

According to Williams (1980), controlled-release fertilizers

afe fertilizers capAble of releasing plant nutrients over an eii

)

tended period of time, Fertilizer release may result from chemi~

cal, physié&l, or biological differences among the materials

) , (Maynard apd Lorenz 1979). Common ways of controlling the nu- -
() '

trient release are: use of natural compounds such as hoof and o*

&
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horn and blood meal; synthetic products'of low water solubility
such as'magnesium aﬁmonium phosphate (MagAmp), and isobutylidene
diurea (IBDU): bioéegradable organii compounds ipch as ureaforms;
or the anting of soluble materials such as sulphur codted urea

(SCU), and Osmocote - (Sharma 1979). ’

‘Barron (1974) stated that the idegl characteristics of a

controlled-release fertilizer were: (a) reasonable boincidence

~~

of release pattern with uptake pattern of the crop in question;
(b) flexibility in release patterns to meet the differing re-
quirements of various crops; (c)“prediciable'release over a
b}oad spectrum of conditions; (d)‘minimaL influence of external
factors; (e), no ﬂarm to plants andln? residual effects; and

(f) potential release of any micro; or.macro-nutrients. How-

ever, controlled-release fertilizers are much more expensive

than comparable soluble sources (Maynard and Lorenz 1979),

- A4

. w
2e2e3¢3 Osmocote
" Matkin (1970) indicated ‘that the uniqye feature of Osmocote
as compared to other controlled-release materials was that all
the fertilizer potentially available was in a soluble }orm.

Maynard and Lorenz (1979) stated that the main advantage of,

Osmocote was the ample flexibility that’'can be obtained with

' regard to nutrients released, to release rate and to release

period,. .

‘e t
odgne dew
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'solution (Oertli and Lunt 1962a), particle or capsule size

1

>

\d

According to Lunt et al, (1961), the nutrient release m’@h—
;nism of Osmocote was by diffusion where the external water
passéd thfough the mgmbranes dissolving some of the fertili?eé
and creating a satﬁrated solution with éonsideraﬁle ogmotic
pressure; the dissolved fertilizegfmatérials diffused through
the coating membranes out to the‘gxternal solution due to the
concentration gradient., Af%er ﬁost of the fertilizer had dif-
fused, the remaining solution was withdrawn from the caﬁsule_
apparently by external suction (Lunt and Oertli 1962). L%

The rate of diffusfgn was found to be regulated by the
thickness of the coating mempraneé.(Oertli and Lunt 1962b),
;onstituted mainly of dicyclopentadiene with glycerol ester
( Sharma 1979), and by temperature. An increase from 10° to
20°% approximately dogbled the diffusion rate (Oertli and Lunt
1962a). Nutrient release from Osmocote was relatively steady
until about two thirds of the fertilizer had been released

\

(Lunt et al.r196l);

&

L

The release rate was not affcted by external pH of the
D )
(Williams 1980), and by moisture levels supporting plant growth
(Lunt and Certli 1962)., Oertli and Lunt (1962b) stated that
during the periods of constant release rates, the concentration

of the solution inside the capsules remained saturated 38" thus

Id

)

S
~
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a constant diffusion gradient was‘iaintained. Because of the
high iﬁternal sélt‘boncén£ration, biologically tolerable salt
concentrations of the external solution Sh°¥§d little effect

on the concentration gradient, and also prevented attack by -

L)

microorganisms (Oertli and Lunt 1962a,.1962b).
/(
That external moisture had only minor effects on release
suggested that water diffused into the capsules largely in the

vapor phase (Barron 1974). The marked release decline observed

oy

at very low external moisture was due to a decreased transfer
of Water into the capsules and therefore a small gradiept across

the membranes (Lunt and Oértli 1962). Osmocote either incor-

‘porated or surface-applied gave similar results, provided that ////
in the latter cagse it was keﬁt moist at all times (Coleman et ///
al. 1978)0 \

It was found that the initia} release of N mainly from
NHuNO3 salt (Patel and Sha;ma 1977) was higher than that of
and X under gimilar conditions (Cochrane and Matkin,K 1966),' :
Furthermore, N release was independent of the medium, sand or
peat, during the whole release period (Prasad and Woods l97i). '
Osmocote fogmulationé of 3~ to 4-month release gave more rapid

initial release of nutrients than 8- to 9-month release formu-

latioms (Gibson et al. 1977; Patel and Sharma 1977).

Schulte and Whitcomb (1973) found that higher levels of

-
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nitrates and K in the rooting medium due to the addition of

Q;ﬁocote paralleled increased rooting in Ilex cornuta cuttings.

»

//Tissue analysis revealed higher levels cf N, P and K in cut-

tings rooted in medium containing Osmocote (Johnson and
Hamilton 1977; Paparozzi and fukey 1979; Raviv and Regev 1980{
Ward and Whitcombd 1976).

Positive effect of Osmocote added to the rooting medium
on rooting response and/or subsequent growth of cuttings after
rooting and/or transplanting has been demonstrated for a number

of species such as Forsythia intermedia, Péchzsandra terminalis,

Viburnum plicatum (McGuire and Bunce 1970), Cotoneaster dammeri

* *Skogholm' (Chong 1982b; Deen 1973), Symphoricarpos orbiculatus

(Deen 1973), several cultivars of Rhododendron (Carney and

Whitcomb 1981; Gouin 1974; Self and Pounders 1978) and of

Ilex

Chrysanthemum (Hoeven et al, 1979; Raviv and Regev 1980),

crenata (Carney and Whitcomb 1981; Glenn et al. 1975; Ward and
Whitcomb 1979), Ilex cornuta (Glenn et al. 1975; Richardskand

-
Whitcomb 1979; Self and Pounders 1978), Ilex fosteri (Glenn

et al. 1975), Ligustrum japonicum (Glenn et al., 1975; Johnson

and Hamilton 1977), Juniperus conferta (Johnson and Hamilton

f977), Euonymus fortunei, Lagerstroemia indica, Ligustrum

vicaryi (Whitcoqﬁeet al. 1978), Buxus:microphylla, Camellia

°

japoniea, Ilex renata, Ilex vomitoria, Ligustrum recurvifolia

(Self and Pounders 1978), Juniperus chinensis (Richards and

o oS — RS e A e S bn Akl n B B e 3.8
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Whitcomb 1980), Pyracantha coccinea (Carney and Whitcomb 1981)

and Cotoneaster lucidus (Chong 1982b). 1In contrast, rooting

Tesponse of cuttings was decreased’(Dinter and Baton 197%;
McGuir; and Buncé 1970; Ticknor 1980; Williams and Bilderback
1980) or not affected (Chong 1982b; Deen 1973; Glenn et al.
1975; Johnson and Hamilton 1977; Richards and Whitcomb 1980)
by the presence of-Osmocote in the'rooting medium; gepedding

3

upon gpecies.

The algae problem was not observed when controlled-release
fertiiizers were added to the roqting medium (Glenn et al.
1975; McGuire and Bunce 1970; Schulte and Whitcomb 1973),
Gibson etial. (19?71 concluded that Osmocote formulatiopé with
the slowest initial releasé rate were best suited for incorpor-
ation into the rooting medium, Raviv and Regev (1980) found
better ?ooting regponse of chrysanthemum cuttings when Osmocotg

was added to the rooting medium as compared to nutrient mist.
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3. MATE%IALS AND METHODS

* L}

3.1 General Procedures

3.1.1 Propaéating Environment

Propagation experiments were conducted at Macdonald Coilege,
Quebec (45025' North, 75056' West) under intermittent mist pro-
] videa with deflection: type nozzles and controlled by electronic)
leaf (Mac-Penny, Plastic Engineers Ltd., Worthing, W. Sussex),
either outdoor in shaded frames during the growing season o}
und;r greenhouse condition during winter. All benches were pro-
vided with bottom heat thermostatically set at 21°C at the root
zone level (Fox 1972). In all experiments stock plants froﬁ
which cuttings were taken were growing at Macdonald College
Campus,

k]
]

/
The rooting medium used in all experiments was Canadian

sphagnum peat moss and h;rticultural grade perlite mixed in a
proportion of 1l:1 by volume. Osmocote controlled-release fer-
tilizer of different formulations and/or at different rates
were incorporated or surfaée-applied to the rooting medium de-.
pending on the experiment, After sticking cuttings into the
rooting medium, Benlate 50% WP (methyl lo(butylcarbaméyl)-a-‘ -

benzimidazolecarbamate), (2 g per liter) was applied at a rate

of 1.5 liter/m2 of bench space to prevent against rotting of

N\
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cuttings. Thereafter, Captan 50% WP (cis-N-((trichloromethyl)

thio)-l;—cyclohexene-l,2-dicarboximide) or Benlate mixed as de- '

. scribed above, was applied alternatively every week.

.1.2 Rooting Evaluation

In each experiment, cuttings were evaluated according to
the following parameters: (a) rooting percentage; (b) mean root
length of each cutting within treatment; and (¢c) mean root anumber

of each cutting within treatment. Rooting index visually rated

from 0 to 5 (Dinter and Eaton 1976) as exemplified for Cotoneaster

acutifolia (Fig. 1), callusing percentage, total root length of
N il

all cuttings within treatment, and root fresh and dry weight of

all cuttings within treatment were also recorded.

3+1e3 Chemical Analysis ) \
%ela341 Plant Tissue
In all experiments samples of leaves or above-ground part
of cuttings were taken for determination of total N, P, K and '
Ca, Fach sample within a replicate was immediately rinsed in
distilled water and then dried at 65°C for 36 to 48 hours in a

vacuun oven (20 cm of mercury, Precision Thelco, Model 29,

O N AP

Chicago) (Greweling 1966; Piper 1944; Steyn 1959).

Dried tissue samples were ground in-a Wiley mill (Arthur

He Thomas Co., ,Philadelphia, Pa.) to pass through a I.polr‘nesh
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Fig, 1. Rooting Index in Cotoneaster acutifolia
where O= dead or alive but no sign of rooting
activity; 1= ‘callusing only, but no roots;
2= poor root system; 3= medium root system;

@ 4= good and unifdrm root system; and 5= very
extensive and, well developed root system,
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(0.42( mm .s:i-.eve opening) wire screen. Ground samples were sealed

'in glass containers and stored at -5°C until used for mineral
a“?alyées. Prior to weighing portions for chemical analysis,
ground samples were dried for 24 hours under condition§ as de-
scribed above.

Nitrogen

Total N was determined by the micro~Kjeldahl method (As-

; soclation of Official Agricultural Chemists 1975). N

.
v
. . ¢
. = v .
» . .

(a)@ Reagents

. 9

(“J ’ . 3_2&, COncei‘z‘trated reagent, spegific gravity 1.84, N-free,
ngi‘t; Potassium sulfate reagent grade, N-free,
, . ,Hg0. Mercuric oxide reagent grade, N-free. '
® . o . E}B_OB.. Bori"c acid saturated soluiiion (6.35 g‘in 100 ml oij

»{
water at 30°C). “

,‘\ ] , gpdium hydroxide-sodium thiosulfate solution. A mixture
i g of 60 g of solid NaOH and 5 g of N""zsz°3'5Ha° was made up to’
. . 100 ml with distilled water, ‘

»

'Indicator solution. A mixture of 2:1 by volume of 0.2% >

alcoholic methyl-red solution and 0.2% alcoholic methylene blue

; ’ RS
- golution, respectively.- “~

]

- ‘ 5. 0.02 N HC1. 1.?8Dml of HCl reagent 37.2% was made up to

1,000 nl f;;g distilled water.:

- &
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(b) Proceduz:e'

To 50 mg of dried ground tissue in a 30 ml regular Kjeldahl
flask, 2 g of‘Kesoq, 50 mg of HgO and 2.5 mI of H,S0, were added.
This mixture was digested ir:L presence of ‘boiling chips for 1.5
hours. After cooling, solids were dissolved with 2 ml of dis-
tiﬁlléd wvater and. then transferred to a distillation apparatus,
rinsing the Kjeﬁ;zl flgsk at least five times, each time with
2 ml of distilled water. The di‘stillate wag received in a 125-ml

Erlenméyer flask containing 5 ml of saturated H Bo3 solution and

3
3«4 drops of indicator solution. The distillate was then care-

fully mixed with 10 ml of NaOH-Na solution; 15 ‘ml aliquot

, 2520-3
was diluted to 50 ml with distilled water, and total N deter-
nined by titration with Q,02 N HCl to the first appearance of
violet. .

!

Phosphorus

N -~ : . .
) The extraction of P from ground/ samples was done through

. the wet oxidation procedure (Jackson 1958). ’

(a) Reagents
HNO_» éoncentrated reagent, ”speciric gravity 1l.42.

—

Ternary mixture Mcids. A mixture of concentrated HNO

3

reagent, concentrated Has(éh reagent and 70-72% HClOu, in a ratio
r A ) '

of 10:1:4 by volume,

‘4 "y

/

‘. 2N HNOI. 1;5 ml of concentrated HNO, reagent was diluted

s Jeve FTIS

&
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(b) Prdcedure ' \ R “

)

s

to 1,000 ml with distilled water, . ;

&

To 0.40 g of dried ground t;égue in a 30 ml beaker was

:added 2 ml of concentrated HNO,, The beaker was covered with

3
a watch glass, heated at 100°¢ over a hot plate for 36 nutes,

4
after which 2 ml of the ternary mixture of acids were added and

: #,
the temperature increased to lBOOC. The digestion w continued

‘until the ash residue in the beaker was white and nearly dry. ;

After cooling, 1 ml of 2 N HNO, was added to the residue and

3
the extract quantitatively transferred to a 10 ml volumetric )

flask and made to volume with distilled water, The extract was

|
stored in clear glass bottles at room temperature until used

-~

for P determination as described below.

P was determined using the molybtdovanado phosphoric acid
i
method described by Greweling (1966).

/
(a) Reagents

Mixed reagents To 25 g of (NHA)6M°7024'#H20 (ammonium

molybdate) dissolved in 300 ml of distilled water in a 1,000 ml

/

volumetric flask, a solution of 1l.25 g of NHuVO5 (ammonium meta-

ot ged T,

LR

vanadate) in 500 ml of 5 N HNQ, was added while stirring, then

3
made up to volume with distilled water.,

g

P_standard. solution. To 0.4393 g of K PO in a 1,000 ml _ :

.! *

EOS.

b, v

s
I
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e,

-and Greweling 1967; Greweling 1962). ' ) o~
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volumetric flask 5 ml of concentrated HI\IO3 reagent was added —

and then made to volume with distilled water.

I

(b) Procedure =

Two milliliters of extract and 5 ml the mixed reagent
were added to a 25 ml volumetric flask, and made to -volume with
distilled water. Samples were allowed to stand overnight .at
room tem;era‘ture-'mr colz)r development and then P was déter-

mined by compaz_‘ing the transmitance at 470 mp (Coleman Junior

Spectrophotometer, Model 6 A, Maywood, I1l.,) to a calibration

curve prepared with solutions containing from O to 500 ug of P

(O to 5 ml of P standard solution). It should be .npted that

full color development occurred after 15 minutes and remained

stable for several day;s (Greweling 1966).

. " \ YA
Potassiim and Calcium \

The extraction for determination of K and Ca from ground
: . ~

samples was performed using t{fe ammonium EDTA proceaﬁre (Baker

Wf—‘ wtn- - - M \ .
~(a) Reagents \

0.1 M ammonium EDTA. vTo 292 g.of sethylenedinitrilotetra=~

acetic acid 500 ml of distilled water-was added, Concentrated
NH,+0H was then added until the acid was dissolved and then to

excess to obtain a pH slightly above 9. The solution was allowed

5

A

e M 12 s

P .2.*5?/‘:::/‘"-‘{':‘,14%;.%19 L ki e
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0 A )
to cool, diluted to 1,000 ml with distilled water, and stored
: < , g :
in plastic containers at room temperature. This solution was

*

dijuted 1 to 10 with-distilled water’ immediately before extrac-

tion, ;?1 )
K standards. Reference solution 1,000 pg K/ml (S0-P-351,

Fiéher Scientific Co.) was.dilutedwuith 0.1 M:ammonium EDTA to

Ou4 and 4.0 pg K/ml for the ‘standard curve,

Ca standards. Reference solution 1,000 ug Ca/ml (S0-C~191,
Fisher Scientific Co.) was diluted with 0.1 M ammonium EDTA to

O.4 and 4.0 ug Ca/ml for the standard curve. ,

1

o

(b) Procedurer
To 25 ml of 0.l M ammdnium EDTA extractant 0.25 g of ground

tissue was addedq. The mixture was shaken for 45 minutes on a

feciprocating shgker (Eberbach Co., Ann Arbor, Michigan) at

270 to 280 strokes per minute, then filtered through No. 41 fast

filter paper. The filtrate was diluted with 0.1 ammonium EDTA

"1 to 100 before determination of K and Oa by atomic absorption

spectropﬁotcmetry (Jsrrell-Ash, Model 850, Fisher Scientific Co.)
using the parameters shown in Table 1.

»

3¢le3+2 Rooting Medium
Samples (25 ml each) of wet rooting medium from the rgot.
zone area (2 to 7 cm depth) also were taken with the plant.tis-

sue samples at the time of rooting evaluation. The Osmocote

o
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FoL . Table 1., Operating parameters
; v, for K and Ca determination.
. ; ‘

Specifications

K

Ca A

L  Lamp

Current

Wavelength

Spectral Bandpass
Flame

Fuel

Oxidant
3 . Burner Head
Averaging Period

Standard Solute

hollow cathode

8 mA

7665 8 -

5 %

oxidizing

acetylene

‘.
8 .

air
1C cm slot
6 sec

KC1

hollow cathode
15 mp
w227 §
2 %
oxidizing
; acetylehe‘..
nitrous oxide
5 cm slot
4 sec

'CaCO3 i

@

¥
:

El

(:) * shaken for 20 minutes in a reciprocating shaker as previously

] cépsulesbwere removed carefully from edch sample of rooting
medium, the sample allowed to air-dry, and stored at ‘room tem-
perature until used for determination of soluble salts (speci=-

fic conductivity) and pH (Jacksonﬁ&iﬁ; Piper 1944). o

In each experiment, samples of the rooting medium from

all replications were pooled and readings determined from three .

3

. . air-dried sub-samples, each of 5 g. ' Each sub-sample was sus-

pended in 50 wl of double-distilled‘wéter and intermitténtly




)

= b= Lo

described, The specific conductivity (soluble salts) of the

suspension was determined with a conductivity meter (Markson
-~ f

Science Ince., Model 10, Del Mar, Ca.), allowing one minute be-
fore reading each sample for the temperature compensation ther«
mistor to reach suspension te;perature. The pH of the suspen-.
sion was khen determined with a Fisher Accumet, Model 220 pH

meter, The double-distilled water was previously aerated by

pouring it several times into beakers to bring into equilibrium
the carbo;7¢ioxide content which- could affect the pH determina-

tion (Piper 1944).

~

Although the instruments used were provided with tempera-

E.2

" ture compensator, all readings of soluble salts and pH were

made at the same temperature (23?). Because of the very higﬁ\ °

water hqldidg capacity of the rooting medium, a hydrolitic.ratio =«

(Jackson 1958) of 1:10 medium:water was used instead of the more

L

commonly used ratio of 1:5 (Piper 1944).

¢
1

3,2 Experiments
s

3+.2e.1 1Influence of Osmocote Application Method
and Rate on Rooting of Three Shrubs
3e2slel Cutting Preparation
on June 6 and 7, 1980, softwood cuttings (9-11 cm long)

were taken from the following species: Euonymus alata-(Thunb,)

ety B e
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‘mist. In this experiment, the rooting medium was contained in
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Siebold.; Philadelphus coronarius L. 'Aureus'; and Weigela Thunb,

1Bristol Ruby'. All cuttings were taken from current season
terminal growth of a single shrub of each species. The approxi-
mate age of these;species was ten years. During cutting prep-

aration, days were sunny and with average temperature of as°c.

The lower 3 ¢m of cuttings were stripped of foliage, the
basal ends treated with rooting hormone powder (0.1% IBA, Seradix
No. 1), and cuttings immediately stuck (2.5 cm deep x 3 cm apart)

in medium previocusly described, aqd placed under intermittent

e
i ¥
1 -

wooden flats (41 cm long x 34 cm wide x 15 cm deep), each with

a different experimental factor combination described below.

¢
~

2.2.1.2 Osmocote Application Method and Rate
Theﬂrooting medium was treated with Osmocote 1li4-14-14
(3- to 4~month release) according to the applicétion methods

and rates indicated in Table 2e ' o

Table 2, Osmocote ly-li-ly application - : ;
method and rate in the rooting medium. . ‘

Application method Application rate i

Incorporated (i= kg/m>) o 11 21 b i -

{

Surface-applied (s= kg/ma) 0 0.15 s 0.30 s 0.60 s :
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L
Treatments 0.15 s; 0.30 5 and 0.60 s are equivalent to
%, 1 and 2 oz/ft%. Treatments 1 1 ;nd 0.15 5 actually contained
the same quantity (20.9 g/flat) of Osmocote, as also treatments
2 i and 0.30 s (41.8 g/flat) and treatmeats h41 and 0.60 s
(84.6 g/flat). ‘ )

,
- *’;I; ipe
F S -

The experiment was a 2x4 factorial in a randomized complete
block design with four replicatiqns and 10 cuttinks per experiw
mental factor combination. Factor A was the ‘two application
methods, and }actor B Osmocote rﬁtes as described above, the
two factors béing~comp1etely cross—ciassified'(Stégl and Torrie
1980).

g

Cuttings of Philadelphus and Welgela were evaluated on

July 14 and 15, and those of Euonymus on July 21. Immediately

after rooting evaluation, all leaves (5 te 9 g fresh weight per

W

treatment) and rooting medium (25 ml) were sémpled for chemical

analysis according to procedures previously described. .

v

»>

Rooting parameters described under General Procedures and

-mineral contents of cuttings were subjecfed to analysis of vari-

ance, Differences among means were compared by the least sig-
nificant difference (LSD) method (Steel and Torrie 1980)., Cor=-

relation analyses of selected rooting parameters with each of

the aiialyzed mineral constituents of the cuttings and also with

PR R S
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. Levels of soluble salts and pH of the rooting medium were con-

ducted., Test of significance for polynomial regression to the

second B¥gree was also conducted for these data, =

k4

Temperature and rainfall data dufing the rooting period

are shown in Appendix Fig. l. "

3,2.2 Influence of Releasing Time of Osmocote

on Rooting of Cotoneaster acutifolia

3.2e2.1 Cutting Preparation ‘

Oon August 14, 1980, semi-hardwood cuttings (9-11 cm long)

of 1l0=year-old Cétoneaster acutifolia Turcz. were taken from

current season terminal growth of a series of shrubs, one shrub

per replication. During cutting preparation, it was cloudy with

average day temperature of 18°C.

The lower 3 cm of cuttings were stripped of foliage, the
basal ends dipped for five seconds in 20,000 ppm IBA dissolved
in 75% ethanol, and cuyting; immediatelf stuck (2.5 cm deep
¥ 3 cm apart) Qnd placed under iqﬁermittent mist.

’J'
3.20242 Osmocote with Different Releasing Time
The rooting ;edium wag amended with'two aifferent Osmocote
formuiatidns: 19-6-12 (3- to 4-month release) and.18-6-12 (8-

\
to 9~-month release), each of them applied according to rates

v

SR
Do 2
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indicated in Table 3. .

Table 3. Osmocote 19-6-12 (3= to 4-month release) and Osmocote
18-6-12 (8- to 9-month release) application rates,

X

i

Symbol ° ' Osmocote rate

0 ( ’ Control (no Osmoq?te added)

11 | . 1 kg/m3 incorporated

2 f 2 }tg/m3 incorporated

L i b k&/'m3 incorporatea

0.15 s 0.15 kg/m2 surfacg-applied (3 oz/fta)
0.30 s ' 0.30 kg/u® surface-applied (1 oz/ft)
0.60 8 '0360 kg/m2 surface-applied (2 oz/ftas

The expefiment was a 2x7 factorial in a randomized complete
block design with six replications and 15 cuttings per experi-
mental factor combination. Factor A was the two Osmocote for-
mulations,‘and fact;r B Osmocote applications as described in
Table 3, the two factors being completely cross_claésified (Steel
and Torrie 1980). Each flat was subdivided into four sections

by one inch styrofoam pieces. FEach section was 34 cm long

Sty e

\\xis cm wide x 15 cm deep, each containing one ekperimentai fac-
tor combination, Treatments 1 i and 0.1l5 s actually contaigg§
the same quantity (4.1 g/section) of Osmocote,iagdaiso treat=-

ments 2 1 and 0,30 s (8,2 g/section), and treatments 4 i and :

13

W Qe
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0.60 s (1643 g/section).

Cuttings were evaluated between dct;ber 1l an& 3 Immedi-
ately after rooting eval;ation, leaves and rooting medium (25 ml)
were Eampled for chemical analysis as previously described,
Because many of the leaves from the\Qgttings had fallen at this
time, only leaves remaining on the cuttings were sampled and
pooled together (1 to 3 g fresh weight) from all replications,
Rooting parameters as previously described were subjected to
analysis of variance, Differences among means were compared by
LSDe Correlation analyses of seleéted rooting parameters and
also pooled minera; conétituents of cuttings with levels of sol-

uble salts agd pH of the rooting medium were conducted. Test

of significance for polynomial regression to the second degree

‘was also conducted for these data,

Temperature and rainfall data durihg the rooting period

are shown in Appendix Fig. 2.

3.,2.3 Relationship of Osmocote and Speed

of Rooting in Juniperus sabina

2.2.3.1 Cutting Preparation

On February 18, 1981, evergreen cuttings (9-11 cm long)

of 6-year-o0ld Juniperus sabina L. were taken from terminal un-

branched growth of a series of shrubs, one shrub per replication,

Tt vevar ot e SR
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The basal end of cuttings were stripped of foliage and
3

dipped for five seconds in 5,000 ppm IBA dissolved in 50% ethanol,

and cuttings immediately stuck (2.5 cm deep x 2 cm apart) _and
placed }mder intermittent mist in unshaded frames (Nelsomy1959).
In this experiment, the medium was contained un fiber flat

(18 ct;1 long x 13 cm wide x 7 c¢cm deep)s The mist frames were
located in a greenhouse kept at 24912_\day temperature and l8°C

night temperature from 5,30 PM to 8.50\1\\1.

3.243.2 Harvest Date and Osmocote Rate
Osmocote 18-6-12 (8- to 9-month release) was incorporated
in the rooting medium at the following rates: O kg/mj (control),
2 kg/m3 (21), 4 kg/m3 (4 1) and 6 kg/m3 (6 1) Cuttinéé were:
harvested and evaluated on three different dates: April 16,
April 30 and June 4 (i.e. 57, 71 and 106 dJys after sticking,

respectively).

This experiment was a split-plot in time arranged in a ran-
domized complete block design with five replications and 10 cut-
ltings per experimental treatment, .one treatment per flate. Main

pPlots were harvest dates and sub-plots were Osmocote rates de-

¢ il

scribed above.

e

&

Immediately after rooting evaluation, above=ground part

of cuttings (8 to 12 g fresh weight per treatment) and rooting

s

Rtnsdos A1 s 5
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medium (25 ml) were sampled for chemical analysis according to

procedures previously described; in the case of K and Ca arialysis,

samples were left overnight for extraction with\" ammonium EDTA be-
cause of the slower release of Ca from the tissues of this spe-

cies (Greweling 1966).

Rooting parameters were subjected to analysis of variance,
£ -
[ 2ol
as well as each of the analyzed mineral constituents of the cut~

tings, Differencés among means were compared by LSD. Correla-

‘tion analyses of selected rooting parameters with each of the

rd

analyzed mineral constituents and also with levels of soluble
salts and pH of the rooting medium were conducted. Test of sig-
nificance for polynomial regression to the second degree was
also conducted for these data. Homogeneity of experimental er-
ror mean si}t}ares of the digferent harvest dates were tested by
Bartlett’s test (Steel and Torrie léBO).

. -

3.2.4 Interaction of IBA~Osmocote on ¢

- [N

; Rooting of Cotoneaster acutifolia

3e2el4el Cutting Preparation

on July 1, 1981, softwood cuttings of Cotoneaster acutifolia
were taken as described in section 3.2.2.1le During cutting prep-

¢

aration it was cloudy with average day temperature ot: 21%.

¢

The lower 3 cm of cutti;xgs were-stripped of foliage, the
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basal ends treated in IBA as described below, and cuttings im-

_mediately stuck (2.5 cm deep x 3 cm apart) "and placed under in-

termittent mist in subdivided wooden flats &s described in sec-

o

tion 302.2.20

v
*

3.2.'*‘.2 IBA and Osmocote Treatments
At each'rate of Osmocote (Tabyle 4), cuttings w;are subjected
to the following rooting hormgne treatments: \
5,000 ppm'IBA dissolved i.n' 75% ethanol, 5-second ﬂdip
20,000 ppm' iBA dissoived in 75% ethanol, 5-second“d§.p

0,3% IBA in powdered talc (Seradix No. 2)

The rooting medium was amended with Osmocote 18-6-12 (8- to
9-month @-ele‘ase) applied according to rates shown in table 4,

Cuttings were harvested and evaluated on three different
dates: August 4, August 14 and Septembér 2 (i.ee 34, 44 and 64‘
days after sticking, respectively).

k]

This experiment was a split-plot in time arranged in a ran-
donmized complete t’>lock design withdfour replications and 10 cut-
tings per experimental. tregtfx!ent. Main ’plotg were harvest dates
and sub~-plots were two factor combihatio.ns, facfor A beiné IBA

treatments and factor B being Osmocote rates, as described in

Table 4, The”two factors yére completely cross-classified.

St st e ol e e ve e
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Table 4, Osmocote 18«6-12 (8- to
.9-month release) application rates.,

4

Symbol - " osmocote rate

0 Control (quOsxﬁocgte added)

11 1 'kg/mz’ incorporated

2 1 ’ ) Z.ll;g/mz’ incorporated

A/i ) >\ 4 ld:g/m3 incorporated

0.15- s T O.;’{.? kg/m2 surface-éppliedl (3 oz/fta)
, 0430 8 Q.}O :kg/mz surface-applied (1 oz/;tz)

O.6q 5 D . o.éo kg/m2 surface-applied (2 oz/fta)

Immediately after r_ooting evaluation, "leaves of cuttings

, (6 to 10 g fresh weight per treatmentl) and rooting medium (25 ml)

were sampled fé)r chemical analyslis according to procedures pre-
viously described. Rooting paraméters and also each of the

a'malyze:i mineral constituents of the cuttings were subjected to
analysis of variance, D:Ltfefence"es— amqng means were compared by

LSD. Correiat_ion analyses of selected rooting parameters with

" each of the ana;\lyzed mineral -constituents of cuttinés treated )

in 0.,3% IBA powder, and with levels of soluble salts and pH of
4

the rooting medium were conducted., Test of significance for

polynomial regression to the second degree was also conducted

for these data. Homogeneity of experimental error mean squares

of the different harvest dates were tested by Bartlett's test

-
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(Steel and Torrie 1980). :

. Temperature and rainfall data during the rooting pericd R
- are shoya\gg_ Appendix Fig,. 3. .
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4. RESULTS

4,1 -Influence of Osmocote Application Method

and Rate on Rooting of Three Shrubs

°

Rooting pérformance*énd mineral contents of Euonymus alaté,

Philadelphus coronarius 'Aureus' and Weigela 'Bristol Ruby' cut-
tings as influenced by method and rate of application of Osmocote

14=-14-14 are presented in tableslB to 7.

4,1.1 ‘Aprlication Method and Rate
7
Rooting percentage and root length were sign@fi@antly higher

(P=0,05) with incorporated Osmocote than with surface-applied

Osmocote for cuttings of Euonymus, Philadelphus and Weigela

‘(Tables 5 to 7). However, analysls of variance indicated sig-
nificant interaction (P=0.05) for rooting pércentage in Euonymus

and'Philadelphus and for root length in Philadelphus. Rooting,

index (data not presented) showed similar trends to root length,

While root number was significantly higher with Osmocote incor-

¥

porated for Euonymus (Table 5), Weigela showedJno response with

regard to this rooting parameter (Table 7). Root number was not

. . . &
recorded for Philadelphus..

3

.

1

Higher rates of Osmocote in tLe rooting medium, especially

when surface-applied, resulted in decreases in rooting perform-

& -

‘e
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’ Tablb\izkflnfluance of Osmocote application method and rate on rooting performance and
mineral content of Euonymus alata cuttings, -

Rooting performance

Mineral content (% DW baaisl =

Application Application Rooting Root a Root - N P K c )
method rate percentage length number I b . a =
' - (em) (3.25)" (0.26) (0.92) (2.79)
control (no Osmocote) 0 80 - 6e1 6.0 1,66 0,15 0,50 1,83
Incorporated 1 75 6ol “6al 1.53  0.15 0.50 1.78 .
(kg/m>) 2 58 b3 he2 164  0.15 0,55 1,78 \w
4 28 2.2 2.1 1.74. 0.16 0.60 1.88 '
Surface-applied 0.15 28 2.0 2.1  1.81 0.17 - 0.58 1,85
. (kg/m®) . 0.30 15 0.6 0.8 1,71 0,16  0.63  1.85
0.60 ' 10 0.5 0.5 1.99 0.19 0.68 1.93
=
LSD (P=0.05)
Application method 11 1.4 1.1 0.12 NS 0.05 NS
Rate ' . 15 2.0 1.5 NsS. . Ns 0,07 Ns ., . —
Interaction 22 NS NS NS NS NS NS £
Mean root iength of each cutting within treatment, - ‘
Data in brackets represent the.initial mineral contents at the start of the experiment., These
data are not considered in statistical_analysis. -
NS Not sigmificant, . ) s
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Table 6, Influence of Osmocote application method and rate aon rooting performance and
mineral content of Philadelphus coronarius *Aureus’ cuttings.

v

a

-

- - ) Rooting ﬁerformance _Mineral content (% DW basis)
3 Application Application Rooting Root Root N. P X c
method rate Percentage length number } b ~la
(em) (3.60) " (0.36) (2.65) (1.70)
.Control (no Qsmocote) 0 : 98 47 -- 1.95 0,13 1,15  1.Q0
Incorporated 1. 98 . . --640 - 1.99 0.13 1.08 0.95
(kg/m>) 2t 90 5.1 == 199 . 0.4  1.08 0.95
T4 ) 75 . 3.7 - 1,99  0.14  1.20 1,00
Surface-applied 0.15 75 A -= 2,10  0.17 1.25 1,03
(kg/m°) | 0.30 40 2.1 —— 2,30 0,19  1.40  1.13
- 04,60 ] 10 0.2 - 2.61 0.23 1.50 1.13
LSD (P=0.05) v .
‘Apblication method ) 9 0.9 R 0.10 0,01.- 0.09 NS
. Rate - 13 . 1.2 -- 0.15 0,02 0,12 NS
_Interaction 18 - 1.7 - 0.21 0.03 0.17 NS
& —
2 Mean root length of each cutting within treatment, )
b ‘Data in brackets represent the initial mineral contents at the start of the experiment, These
data are not considered in statistical analysis. . . . .
NS Not significant. - . ) . ..
-- Data not recorded, b )
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Table 7. Influence-of Osmocote application method and rate on rooting performance-and

o~
i 4
R

mineral content of Weigela °'Bristol Ruby' cuttings.

e

X

Rooting performance

Mineral content (¥ DW basis)

Application Application Rooting Root . Root N b K ca
method rate percentage length number b -
(cm)- (2:93)° (0.29) (1.53) (1.42)
) . 1
Control (no Osmocote) 0] 68 14.3 8.2 1.89 0.16 0.70 0.93 -£§
Incorporated 1 60 13.4 10,1 ° 1.84 0.15 0.73 0.88 ,
(RS/QB) 2 53 13.2 9.2 2407 0.16 0.83 1.03 b
4 25 4.9 4.6 2.18 0.21 0.98 0.93 Ty
Surface-~applied 0.15 30 5.2 5e2 2442 0.20 0.90 1,03
: (kg/u?) 0.30 28 542 5.3  2.47  0.23 0,95  1.03
0.60 - 23 3.1 347 2633 0.24 0.98 0.95
. L .
LSD (P=0.05) -
Application method 13 hal NS 0.13 0.02 0.07 NS
CRite y 19 547 NS  0.18 0.02 0.10 ° NS 5
Interaction NS NS NS 0.26 NS ‘NS NS

g =

b

Mean root length of each cutting within treatment.,’
Data in brackets represent the initial mineral contents at the start of the experiment. These

data are not considered in statistical analysis,
NS Not significant.
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ance of ciuttings as compared to the control (Tables 5 to 7) ex-

cept for root number in Weigela (Table 7). Ihterestingiy, how=-

ever, Philadelphus responded differently from the other two
species with increasing rates of Osmocote. In fact, increases

‘in rooting percentage of incorporated Osmocote over surface-applied
Osmocote decreased at higher fates of Osmocote for Euonymus and

Weigela cuttings, but increased for Philadelphus (Fig. 2).

4e1.,2 Mineral Contents of Cuttings

The contents of the el;ments supplied by Osmocote (N=P=K)
were significantly higher (P=0.057 in cuttings of all species
in medium in which Osmocote was surface-applied in c&mparison
with incorporated OsmocJ!B (Tables 5 to 7) except for P in
Euonymus cuttings which sho;ed no significant difference in
content due to application method (Table 5). Ca content was
not significantly different in cuttings of all threezfpecies

.

(Tables 5 to 7)e

While K content consistently lncreased in cuttings of the
three species with increasing rates of Osmocote (Tables 5 to 7),

N and P contents showed increases, especially with sultdce~applied

Osmocotekxfnly in cuttings of Philadelphus (Table 6) and Weigela "

(Table 7); Ca content was not influenced by Osmocote rate. In

~ hone of the Osmocote® treatments studied did mineral contents

reached the initial. content in cuttings at the staft of the
P .
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OSMDCOTE SURFACE-APPLIED (kg/m2)

0 0.15 0.30 0.45 0.60
LI ] 8 |

L}

100

O—0 EUONYMUS
e, PHILADELPHUS
O——0 WEIGELA

80}

1

0

1 2

OSMOCOTE INCORPORATED

1

4
(kg/m3)

Increase of rooting percentage of ingcorporated

Osmocote over surface-applied Osmocote imNEuonymus
alata, Philadelphus coronarius 'Aureus' an

'Bristol Ruby! cuttings at different rates o

Osmocote.

Weigela

Vertical bars represent standard errors.
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experiment (Tables 5 to 7).

Table 8 shows results for correlation coefficients of eqch
of the footing parameters (rooting percentage, root length and
root number) with con;ents of each of the mineral elements ana-
lyzed in the cuttings. Significant negative correlations

(P=0,05) were obtained in all the cases except between Ca con- -

tent and rooting percentage and also root length in Weigela cut
tings (Table 8). Second degree polynomial regression was not
signifiecant (P=0.05) for all the cases presented in Table 8,
except for root length and also root number ve;sus K content of

huogzmus cuttings; ,

§31.3 Soluble Salts and pH of the Rooting Medium

Higher rates of Osmocote resulted in higher lsvels of sol~
uble salts in the rooting medium in both incorporated and sur~
face-applied methods (45 days after sticking), although levels
of soluble salts were consistently higher in sgrfape-applied
treatments kFig. 3)s As_ipdicated by standard err;ré in Fig. 3,
the variability in soluble salts of surface-applied treatmgnfs
was greater than of incorporated treatments. ﬁiéhér rates of
Osmggote tended to decrease pH of the’rooting medium, especlally

-

when incorporated, as compared to untreated medium (Table 9).
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Table 8, Correlation of rooting performance with
mineral contents in cuttings.

Rooting performance

Mineral
content of Rootiqg Root Root
cuttings percentage length number
. Euonymus alata
'3 % b »e
N =-0.517 -0.467 =04547
. * % * * *5%
| -0,556 ~04515 =04 534
* % * % *%
K ‘00699 -00666 -0¢7h7
* % : ®** .2
Ca -0, 526 . -0, 503 =0.542
Philadelphus coronarius 'Aureus’
N ‘00807** -00781'. ! hndad
(’8 ’ »a s
- P : . ‘00885 ‘00805 -
* % » ¥
) K -0 9805 ’O . ?69 -
* ¢ » .
Ca -0.489 -0.386 B
Weigela 'Bristol Ruby'
* a8 * % t 2}
N 5007?8 0,762 «04764 .
. 'Yy I'X} »
P '00754 -00762 ‘00711
& * ¥ * * #*%
K "00782 "00729 "00593
) el % |
Ca J'O¢33§ ‘00290 ‘00351 '

#,#» Significant correlation (*P=0,05; **P=0.0l1) based on
, 30 ar.
-~ Data not recorded.
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; (0] 0.15 0.30 0.45 0.60 i
;l ; Y 4 1 | I * ‘;:3
‘ 300}
-
A |
- i i
X [ // i
B . o7 f;
\ SOLUBLE e
SALTS 200 " ~ /{' H
(umhos/cm) ‘ :z
i
100}
%
L. 1 ~— 1 L '
0 1 L2 3 4 ;
’ OSMOCOTE INCORPORATED (kg/m3) H

Fig. 3. Influenée of Osmocote application method and rate
on levels of soluble salts in the rooting medium,
Vertical bars represept standard errorse.
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i Table 9. Influence of Osmocote on pH of the ,
rooting medium 45 days after sticking.
' 3
. Osmocote rate .
(i, kg/mj)a PH of the rooting medium®
> :
(8, kg/m ) )
S0 : 5.2 % 0,00
11 4e9 * 0,03
2i . 4e7 -.0.06
4 i 4e6 % 0,03
\
0.15 5 4e9 % 0,00
0030 8 4.9 : 0003‘
0,60 s . 4Le9 t 0,06 '
" -

"i= Osmocote incorporated; s= Osmocote
surface-applied, '

b Each datum is the mean of thz:ee replicates
t the standard error.

s

Correlaéion analysis of means of each of the rooting para-
meters (rooting percentage, root length and root number) with
soluble salts in then rooting medium indicated: significant nega-
tive values (P=0.05) in all three speci;s p(Table 10) « However,
correlation between pH of the'rooting medium and the rooting\
parameters was consistent only for rooting percentage ('Iq'able 10).
Significant negative correlation (P=0.05) was obtained between
PH and soluble salts in the rooting medium (data not presented),

Polynomial regression to the second degree vas not significant

a
(P=0.05) for all the cases presented in Table 10.

i

remts SR LA

R, S S

e St P e W

e st iy

R PR e

K ATt s

e Pk IR AR oty T A

iy e, 35

v



i
|
A
O
&
1

()

G emah «‘.jgwg‘grmi_m,‘," L R R R N . -t
- 65 - po
] é 7
| "r
Table 10, Correlation of rooting performance of , :§
cuttings with soluble salts (SS) and with pH ¥
of the rooting medium, b
o . ]
i
' Rooting performance g i
Rooting Rooting Root Root §
medium percentage , ! length Aumber 5
Euonymus alata ;
) Y % (3 H
SS -0.902 -0,883 -0.895 i
* *
pH 0.810 0,784 0.791" I :
‘ Philadelphus coronarius ‘Aureus’ . ‘
P i P \ i
sS -0.947 ' =0,895 -
' * n
-pH 0863 0,746 - C
t l . ] )
Weigela 'Bristol Ruby' W K
* . * ot * i
ss -0.864 ~0,849 L -0.770 '
* o
PH 00762 Qo?Z? Lt 06564 e :
’ ‘ - / e ' I d :
*,** Significant correlation (*P=0.05; **P=0,01) based on o
, 6 df, \ ;
-- Data not recorded. .
: 1
N . , N
. v §
i ' i‘
N ~§
. |
j
H
_ [~ ’ :g%
i
i
K
%
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Table,ll‘shovs‘results for correlation goefficients of
c?f}nnta-of each of the miﬁ;ral elements ;nalyzed in cuttings
“with soluble salts and alsc with pH of ‘the Footing medium.
L Levels of soluble'ﬁalts in th;irooéing medium correlated sig-
o - nificantly (P=0.05) with the mincral\fonstituents in cuttings
. of the three species, except for contents of ‘N and Ca in

’ . . Weigela (Table 11). The pH(ot the rooying medium showed in-

. % “ -
consistent corrzﬁﬁ;ion with %%e mineral constituents analyzed

2 A - 4

B .in cuttings (Table 1ll), .,
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. . Table ll. Correlation of mineral contents of : .\
tissue cuttings with soluble salts and.
; o with pH of the rooting medium.
Miﬁeral Rooting mediug
content of - Soluble "
’ ' cuttings salts P
Euonymus alata
N 0.770" -0.580. , . f~
*»
P . , 0.826 -0,706 ‘
L X ) » p
~ K 0.968 ’ . '00856 . (
ad T » M
Ca 0.757 -0,519
. ‘ Philadelphus coronarius 'Aureus' ) é”
¢ N 0.892 -0.843" | N
] . . e * q
- P - 00892 ) "‘00838 ;
. - 3 - * .
K 0,866 ~0,757 ’ 5
Ca 0,787 -0.692 :
o a -
' s, \ WGigela"Bristol Ruby* ) .
N 0.726 | -0.676 L
* % * 4
P . 0.898 ~0,762 !
* 8 AN » §
I} K« 0.876 "00761 - ¢ *:
Ca - 0.225 | =0.263 "

2

i Lok R Significant correlation ('P—O 05; **P=0.01)
. ’ baged on.6 df,

*
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4.2 Influence of Releasing Time of Osmocote

on Rooting of Cotoneaster acutifolia

Rooting performance of Cotoneaster acutifolia cuttings as

influenced by, releasing time formulation and rate of Csmocote
19-6-12 (3~ to 4-month release) and Osmocote 1l8~-6-12 (8- to

9-month release) are presented in Table 12,

4.2.1 Releasing Time and Rate '< -

) o W
Rooting percentage and root length were signi icantly ‘higher

(P=0.05) with Csmocote 8= to 9~month release formulation than

with Osmocote 3~ to L-month release formulation, while root num-

ber was not influenced by‘rpleasing time (Table 12). Correspond-.

ing data for roofing index and for total root length of all cut-
tings within treatment showed siﬁilar trends to root number

I

(data not presented).

While increasing rates of incor?orated‘Osmocote of the
two. formulations showed no significant influence on all rootipg~
éarameters, incr;asipg rates of surface-applied Csmocote of the
two formulations resulted in decreases in all rooting parameters

as compared‘to the control (Table 12).

Table 13 shows results for correlation coefficients of

means of each of the rooting parameters (rooting percentage,

™
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Tablé-12,. Influence of releasing time of Osmocote formulations‘and

N

nan

performance of Cotoneaster acutifolia cuttings.

e

L

rate on rooting

Rate® Rooting Egrformancg
s ~ 3 Rooting percentage Root length (cm)® Root number
(1,1“8/!0 )/’/_\ b - —
(s,kg/a’y ) 3-4 8-9 3-4 8-9 3-4 8-9
A / .
0 (control) 65 65 2.7 2.7 5.9 5.9
114 50 68 2.3 2.6 540 5e4
"2 i 63 71 2.6 3.2 6.0 5.9
4 i _ d 64 70 2.7 3.4 56 5.9.
0:15 8 ‘*9 55 2.0 2el 1}0‘0 3.8
\‘fﬂ}oo30 8 51.~ 57 1.9 2.6 308 . l}.l‘,
0360 s 37 53 1.1 2.0 3ol 4ol

LsD (P=0.05)
Releasing time

- Rate
Interaction

8
15
NS

Ol
0.8
NS

NS
1.8
NS

- NS Not . significant,

" agmuimw\wmﬁwwﬁﬁwwm i I

Mean root length of each cutting within treatment,
1 o+

i= Osmocote incorporated; s= Osmocote surface-applied.
3-4= 3~ to 4-month release; 8-9= 8- to 9-month release.
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Tabi;\IB- Correlation of rooting performance with min-
eral contents in Cotoneaster acutifolia cuttings.

]
Mineral - Rooting performance
content of Rooting Root. Root
cuttings percentage length number
N ~0,252 ) -0,222 ~0.464
P -0.353 . -0 0309 “Oo 409
* % » % X 3
K -009&‘9 -00897 -0.8‘&5
Ca 0,257 0.232 04360 =

#»,#* Sjignificant correlation (*P=0.05; **P=0.01) based on
12 df. i

root length and root number) with contents of N, P, K and Ca
in the cuttings, Significant negative correlations (P=0.05)
were obtained only between K content and all rooting para@eters
(Table 13), No significant second degree polynomial regression

was obtained between any of the rooting parameters and mineral

contents of Cotoneaster cuttings.

Lhe2.2 Soluble Salts and pH of the Rooting Medium

Higher rates of Osmocote resulted in higher levels of sol-
uble salts in @he rooting medium for both Osmocote formulations
(50 days after sticking), although levels of soluble salts were

consistently higher in the 3~ to 4-month release formulation '

‘treatments (Fig. 4).
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SOLUBLE
SALTS
(pmhos/cm)

“#

medium,
greater than 6/umhos/cm.

OSMOCOTE SURFACE=~APPLIED (kg/m?2)= = =o=

300

200

100

0 0.15 0.30 0.45 0.60
L) L] 1 v L
o-0 3-TO 4-MONTH RELEASE
0-0 8-TO 9-MONTH RELEASE
o '
. - - - ¢
= ( Prd

1 1 l 1 L

0 1 -2 -3 4

OSMOCOTE INCORPORATED (kg/m3)

Influence of Osmocote release time formulation
and rate on levels of soluble salts in the rooting

Vertical bars represent standard errors
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Table 14, , Influence of Osmocote release time

formulation and rate on pH of the rooting
medium ‘50 days after sticking,

) Osmocote rate PH of the rooting medium °
(1, kg/mj)a with Osmocote formulation of
; - B 3= to 4-month 8- to 9-month
; (5, ke/u release release
: 0 5.2 £ 0.00 5,2 £ 0,00
f 11 4.8 * 0,03 4.7 + 0,00
21 . 4e7 * 0.00 4.6 * 0,03
4 1 ‘ 4.5 % 0,03 ‘ 4,7 * 0,03
. 0.15 s “4e6 t 0,10 447 % 0.00
. 0.30 s 4.6 £ 0.00 4,7 * 0,00
{ (: 0.60 s o6 t 0.06 4.7 * 0,00
o

@b

i= Osmocote incorporated; s= Osmocote surface=-
applied °

Each datum is the mean of three replicatest the
standard error.
3

In all cases the pH was lowered by the presence of Osmocote

P

P

LAY

i} in the rooting medium, although no differences among treatments
including Osmocote were obtained (Table 14). .
Significant (P=0.05) negative correlations were obtained N
for means of each of the footing parameters (rooting percéntage!_
root length and root number) with soluble salts in the roo?ing
medium, but not with pH (Table 15). Polynomial regression to

the second degree was not significant (P=0,05) between soluble
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Table 15. cOrrelat:L%n of rooting performance and also min-
eral tontents of cuttings of Cotoneaster acutifolia
with soluble salts and with pH of the rooting medium,

. Rooting medium
Soluble pH -

: salts

Rooting performance

Rooting. percentage -0.816 0.179
Root length -0.776"" 0.192
Root number -0.722"" 0.310

Mineral content of cuttings

N 0.438 204329
P 0.731"" -0.618"
X o , 0.761"" -0.140
Ca -0.146 -0.374

* *» significant correlation (*P=0,05; **P=0,01)
based on 12 df.

salts in the roo'tins' medium and rooting performance of cuttings..

Significant negative correlation (P=0.05) was obtained be-
tween pH and scluble salts in iifxe rooting medium (data not pre-
aen{:ed). Soluble salts in the rooting medium correlated sig;
nificantly (P=0.,05) only with P and K contents of Cotoneaster

\,

cuttings (Table 15). :
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4e3 Relationshiﬁ of o;mocote and Speed

of Rooting in Juniperus sabina

3

- Rooting performance and m}neral contents of Juniperus

sabina cuttings rooted ﬁp medium at different rates of incor=-
porated Osmocote 18-6-12 (8- to 9-month release) and harvested
at three dates after sticking are presé;;;d in Table 16,

4.3.1 Harvest Date and Osmocote Rate

Rooting percentage, root length and root number of Juniperus
cuttings‘increased significantly (P=0.05) with each har@egt
date (Table 16). Corresponding data for rooting index, total
root length of 511 cuttings within treatment, and fresh and dry
weight showed similar trends to root number (data not presented).

B

Notwithstanding the decreasing trend in rooting’percentage

in relation to higher rates of Osmocote, especially at, the third

harvest date (106 days after sticking), rates of (Osmocote showed
no significant difference with regards to this pa}ameter, but
had significant influence (g=0.05)'on root length and root num-
ber. The i#;eraction between harvest date and rate of Osmocote
for both root leﬁgth and root number is noteworthy; while there
was a consisfent decrease of root length and root number at the
thira harvest date (106 days after sticking), corresponding data

for the two other harvest dates were less consistent (Table 16),

PR WY



Table 16.

Rooting performance and mineral contents of
medium at different rates of incorporated Osmocote 18~-6-12 and harvested at- three
dates after sticking.

)

-

R,

o AR, W
- ,J»Ma‘.wa?uiﬂ%w\“

Juniperus sabina cuttings rooted in

Igprs il

Rooting performance

Mineral -content (% DW basis)

Harvest date

;WW"- "
. v

data are not considered in statistical analysis,
Not significant,

Rooting
¢ (Days after sticking) percentage " b ’ ] -
l (1.62)" (0.18) (1.,00) (1.36)
0 20 0.3 1,0 1.29 0.13 0.60 1.32
2 20 0.5 1.2 1.38 0.12 0.58 1.30
4 8 0,1 | 0.2 l.27 0413 0.66 1436
6 12 0.2 0.5 1,33 0.14 0.64° 1,32
o 32 1.2 1.8 1.25 0.13 | 0.56 1.26
2 20 0.5 0.8 1.26 O0.14 0.58 1.28
4 26 0.8 0.9 1.24 Ou14 0.62 1,32
6 36 1.1 2.1 1.31 0.15 0.56 1,34
0 88 5.6 503 1,20 0412 0.36  1.40
2 68 3,8 - 4,1 l.32 0.13 O.44 1.42
4 56 2.6 1.7, l.29 Oel3, O.48 14y
6 46 2.2 1.4 142 0,15 0.50 1.48
LSD (P=0.,05) '
Harvest date 10 Ol 0.8 NS NS 0.06 NS
NS 0.9 1.1 0.08 0,01 NS NS
Interaction NS 1.5 1.8 NS NS NS NS
Mean root lengtﬁ of each cutting Qithin treatﬁent. ot
Data in brackets represent the initial mineral contents at the start of the experiment. These
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4.3.2 Mineral Contents of Cuttings

Except for K, mineral contents of cuttings did not vary
significantly (P=0,05) during the rooting period. Cn the con-,
trary, however, while increasing rates of incorporated QOsmocote
showed no influence on K content of .guttings, contents of N and
P increased significantly with hiéher rates of Osmocote, Ca
content was not influenced by Osmocote rate (Tablell6).

| . \

Table 17 shows results for correlation coefficients of gacﬂ
of the rooting parameters (rooting percentage, root length and
root\Lumber{ with contents of each of the mineral elements ana-~
lyzed in the cuttings. Similar to Cotongaster (Table 13), sig-
nificant negative correlations (P=0.05) were obtained only be-
tween K content and all the rooting parameters at the third.

harvest date (106 days after‘Fticking)*(Table 17). No correla-

tions were obtained for the two other harvest dates (data not

'presented). Polynomial regression to the second degree between

rooting performance and mineral contents of Juniperus cuttings

~d

was not significant.

Le3«3 Soluble Salts and pH of the Rootiné Medium

Soluble salts increased more rapidly up to 57 days after
sticking, generally plateauing'or slightly increasing between
57 and 106 days after sticking (Fig 5)« Furthermore, higher

rates qQf Osmocote incorporated resulted in higher levels of

i ) el
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£ Table 17, Correlation of rooting performance with mineral
' . contents in Juniperus sabina cuttings 106 days after
sticking. ] . ,
i d[ I
: Mineral Rooting performance ) .
: cgﬁt::z gf Rooting : Root Root
{ & percentage length number
F
N -0,200 0.080 0.040
P =0.354 " =0,197 -04137
hd L 3 ] t & J *%
-0.81'4 "'00658 -0.571 . \

Ca -0.073 =0.045 -0.118

3 //* - .

*,** Significant correlation (*P=0.05; **P=0.0l1) based on 18 df.

(_ﬁ soluble salts in the rooting medium with similar trends for

| the three harvest dates (Fig. 5). On the other hand, pH was

Calog

observed to be cdnsistently lower in the presence of Osmocote

in the rooting medium as compared to the control,on each of
the three harvest dates and a pH increase in time was obsgerved
regardless of Osmocote rate (Table 18), .

Signifieant- correlations (P=0.05) were obtained for means
of each of the rooting parameters (rooting percentage, root
length and go%} number) wi%h‘soluble salts and pH in the rooting
medium only at the third harvest date (105 da&s after sticking)
(Table 19). Test for second degree ;olynomial regression was
not significant (P=0,05) for rooting‘performance of Juniperus

b

(~) ) cuttings as influenced by soluble salts in the rooting medium, o

BN Rtk v s Wit whik enle
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Fig. 5. Variatio;l"fr:;x‘ levels of soluble™salts in the rooting (
medium with different rates of incorpor:ftted Osmocote .
) ‘ ' 18-6-12 sampled at three dates after sticking., .




@

Table 18. Influénce of incorporated Osmocote rate on.pH .
of the rooting medium at three dates after sticking, \ ’ .

Osmocote pH of the rooting medium a . g
) . rate (days after sticking) '
! 3 P - “‘g Mean ‘
(kg/m”) 57 ‘ 71 106 J
1 a* . a
0 TN 5e3%0.05 5.4 %013 6.0 013 5.6
21 5.0 £ 0.03 561 % 0,12 5.6 £ 0.00 5.2 '
) b i 4.9 % 006 5.0 % 0,03. 5.3 % 0,06 5.1 )
o 61 4.9 £-0.03 4.9 % 0,06 5.2-% 0,00 5.0 4
y - - - a],
8 Fach datum is the mean of four replicates % the standard Ny
error. : , ’ ) ; ]
O
e Significant negative correlations (P=0,05) were obtained

between pH ahd soluble salts ifi the rooting medium for 'the three

harvest dates (data not presented), .

'
-

<&

Soluble salts in the rooting medium correlated significant-
ly (P=0.05) only with K and Ca contents of Juniperus cuttings

at the third harvest date (Table 19)., Similar relationships
)

9
'

were J}ot observed at the other two harvest dates,

1
a ° -
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Table .19. Kggrrqlation of rooting performance ) .
and alse-.mineral contents of cuttings of == A :
Juniperus sabina with soluble salts ahd by \
with pH‘of the rooting medium 106 days . . ~.
after sticking. )
" - h - =
Rooting .medium « i
Soluble -
. . ' salts PH \
’ < PR
. “Rooting performance - . /\\*ﬁ;‘%hy_:\
f s ‘ * » i
_Rooting percegt;gﬁ - =0%986 0,993 ) :
¢ . » 2
* Root 1length ﬁ).963 . 0.999 ) J ¢
& * . * - n"
Root number . -0.963 0.974 ' o
Mineral contents of cuttings ] )
. - [}
N . 00896 "0. 8‘-}6
P 2 0.923 -0.829 O ]
. * * ) .
K , 0.958 <0.996 .. .
[EO »
Ca 0.983 -0,910 ,
* #+ gignificant correlation )( *P-O 05; **P=0,01)
based on 2 'df. . /
N :
’ i
: ™ :
} . ‘ . i
. :
.
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Qoted in megxum at different rates Of Osmocote 18—6-12 (8- tO . o"
<
]

A
. . -

by Interaction of IBA-Osmocote on ’

Rooting of Cotoneaster acutifolia

v -
Y . o °

Vs . . 3

- a

Réotink performance of Cotoneaster cutifolia cuttings e -

vy t

month release) and harvestéd at three dates after sticking i

- are presented in Tables 20, 21 and-22 for each IBA treatment -

(5,000 ppm IBA ethanol solution, 20,000 ppm IBA ethanol solution

]

and 0.3% EBA powder, respectively). .

-
!

i . :
“ tlohel IBA Treatment and Osmocote Rate S

" While root length increased significantly (P=0.05) with , C
s v - :

each harvést date, rooting pefcentage and root ndﬁber showed - d

no significant difference in the case of cuttings treated with '
5, 0bo and 20, 000 ppm IBA ggables 20 and 21).  Corresponding
data for total root length of all cuttings within treatment,” ;
and root fresh and dry weights shbwed similar trénds to.root
fength (data nof preseﬂ%ed). On the contrary, all rooting
parameters increased significantly witﬁ each ﬁarvest date in
cuttings treated with 0.3% IBA‘?owder; there was significant',

L
interaction between harvest date and.rate of Osmocote (Table 22).

Al ~

. N

.

The influence of rate of Osmocote' on rooting performance

L4

depended'on IBA treatment of cuttings. While increasing- rates

of incorborated Osmocote had no significant influence on all ’

s
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Table ooting pérfofmance of ~Cotoneaster.-acutifolia

s

c

gs treated in 5,000 ppm IBA, .rooted in medium

at different rates of Osmocote and harvested at

. : three dates after sticking.. a
¥ "‘ Rate . Rooting performahce
. Harvest date e (i,kg/mB) Rooting Rogt , -Root
(Days after sticking) ('s kg /ma) percentage length  number
. . ? ~ (cm) .
4 . 0 30 1.0 243
. 11 » 33 1.2 1.2
’ , - 21 28 0.5 1.0
- ? b1 28 0.8 1.3
"
: T 0.15 s 10 0.3 1.0
\ 0.30 -] 20 0.‘+ 0.8
i 0460 s 30 0.9 ®1.6
N 0 g 40 | 1.3 boly
li 45 ° 1.9 2.1
- . * a i 38 1.6 2.6
4 i 40 2.2 2.2
. =3 0.15 s © 13 0.5 0.6
0.30 s 15 0.4 x.0
0.60 -4 45 2.1 303
64 0 35 245 1.9
11i .43 2.8 2.4
- 2i 43 1.8 2.2
4 i 33 246 2.0
0.15" s a5 1,3 1.2
0.30 8 28 l.é , 261
0.60 s © 745 ) 365 2.7
LSD (P=0,05) 5 '
: Harvest date . Ns . 0.9 NS
-~  Rate 16 0.9 1.1
Interaction NS ' NS .NS
% v . .
8 Mean root -length of each cut)ting within treatment, i
b

1= Osmocote incorporated; s= Osmocote surface-_ﬁpplied.

NS Not signi'ficant. -
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Rooting performance of Cotoneaster acutifolia
cuttings treated in 20,000 ppm IBA, rooted in-medium

- 83 -

Ly

at different rates of 05mocote and harvested at
three daifs after sticking,

e

(Days after sticking)

I

"~

¥

Harvest date

i Rate
(1,kg/u>)®
(5,kg/m°)

-
Rooting performance

_ Rooting
percentage

" Root

(cm)

Root

length number

3h

6l

13D (P=0.05)

Harvest date

Rate ,
Intéraction
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8

13
13
8

8
13
15

8

10
10
20
18
18
<13

13
25

20
35

20
28
20

NS

NS,

NS

(=)
.
n

t
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220
e
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N

Mean root 1ength of each cutting within treatmeht.

b i= Osmocote- incorporated' 8= Oschote surface-applied. ,
NS Not signifipant.
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Table 22. Rooting performance of Cotonéaster acutifolia
cuttings treated in 0.3% IBA powder, rooted in

medium at~different rates of Osmocote and harvested

at three dates arfter sticking. 5
Rate Rootingnperformance
, Harvest date (i;kg/mB)a Rooting Root o Root
(Days after sticking) : 2, ~ percentage length number
(s,kg/m")
e ) . (em)
3y 0 0 0.0 | 0,0
- 11 5 0.1 0.1
‘ 21 0 0.0 0.0
LR 0 - 0.0 0.0
* ”\ 0015 ] O 030 0.0
0.30 s o) 0.0 . 0.0
0.60 s 0] 0.0, 0.0
j - ! N
‘bl 0 3 0,0 0.0
11 8 0.2/ 0.l .
21 0 0.1 | 0.l
L i Ko - 0.0 .0.0
0.15 s - 10 0.2 7 0,2
0.30 s - 0 N 0.0 0.0
0.69 & o’ 0.0 0.0
o ’
64 .0 a 25 0.7 - 0.6
14 65 2.3 ' 1.7
« 2141 ¢ 48 1,5 * 0.9
. . \4 i 3 M 8 002 001
. 0158 , 50 1.8 1.2
< v ,0.,30 8 15 0.3 0.2
0.60 s 10 0.2 0.1
N T
LSD (2:0.05) /\ e
Harvest date . . 9 0.2 0.2,
Rate "1l 0.4 0.3
Interaction © 18 0.7 0.5
i= Osmocote incorpora;gd; 5= oémocote'su;face-ﬁpplied.
Mean root length of each'cuttiﬂg within treatment.
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" after sticking) (Table 229,

. - 85 -

£

7

rooting parameters. in cuttings freated‘with 5,000 ppm IBA, in-
creasing r%tes of surface-applied Osmocote fpsui@ed in decreases
in all rooting parpmeferé'as compared to tge control (Tayie 20).
‘However, rate of Osmocote had no significant influence oﬂ all

H}

rooting parameters in cutting; treated with 20,000 ppm IBA

(Table 21)¢ On the other hand,ulowér rates of either incorpor;ted
or surféce-applied Osmocote consistently showed increases in all
rooting parameters as compa}ed to ‘the control in cuttings tré;?ed

with 0.3% IBA rooting powder at the third harvest date (64 days

- ,
- q .

+In this experiment th%AIBA treatments also dramaticall& .
influenced the survival of Cotoheaster cuttings (Table 23),
It is noteworthy that injury percentage was siénificgntly higher
fgzo.os) with the two treatments,or IBA dissolved in ethanol as‘
\:Zﬁpjied to the IBA rooting powder treatment in which there was -
little or'hb injuyy of cuttings (Table 23). ;Harvest date and
Osmgcote rate didlnot influence signigicantly thre injury per-
percentage of cutfi gs (Table 235.

L. o2 Mineral Contents of Cuttings .

Similar to Juniperus (Table 16), mineral contents of cut-
tings treated in 0.3% IBA powder only did not vary significantly

(P=0.05) during the rooting period, except for K (Table 24).

The contents of the eléments supplied by Osmocote (N-P-K)

2 -

/

-
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Table 23. Injury percentage of Cotoneaster acutifblia
cuttings as influenced by IBA treatment and also -
by rate of Osmocote in the rooting medium after

cuttings were harvested at thrée dates after

 sticking. - . . .
A IBA Rate a Harves% da£e
‘treftment (1, ks/m ) days “a,ftt_ar sti;cking) Mean
(s, ks/m ) - 31+ . b . ST
5,000 ppm 0 23 20 33 25
(1iquid) » 14 48 . 35 " 50 4l
2 i 23 35 33 30
4 1 ©43 45 50 46
0.15 s 45 53 ‘63 S4
0.30 s - 58 58 " 68 61
0.60 s 43 30 48 40
R N Mean ¢ 40 39 49 43
20,000 ppm ko) 55 68 60 61
(liquid) 141 73 43 55 57
21 55 38 58 50
. 4 1 © 60 48 53 - 54
0015 s 58 55 55 56
0.30 s , 55 40 S8 51
0.60 s 45 58 58 54
. . Mean 57 50 57 55
0.3% 0 0 0 o 0
(powder) 14i 0 0 0 ]
2 1 0; O 0 0
4 1 0 0 0 4]
015 s 0 0 0 0
0e30 8 0 0 0 0
! 0.60 s , 5 3 0 3
'Mean 0.7 O . © 0.l

LSD (P=0.05) IBA treatment= 5.8

Rate= NS

, Harvest date= NS
Interaction= NS

8 1= QOsmocote incorporated; s= Osmocote surface-applied. .

NS Not significant.
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at three dates aftér sticking,
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Table 24. Mineral contint -of Cotoneaster acutifolia
cuttings treated in 0.3% IBA powder, rooted in
. medium a4t different rates-of Osmocote and harvested

)

Rate Mineral content (% DW basis)

/
Harvest date (i/,ks/m3 2. N y P- K Ca
(Days after sticking) (.s’kS/?{a) (Z.SA)b (0.20) (1.26) (1.26)
! | ‘
36, . 0 % 2405  0.18  1.05 0.93
’ 14 1.91 0.17 0.93 0.88
2 1i 2.11 0.18 0.95 0,95
b1 1.97 0.16 0.98 . 0,88
. 0.15 s 1.87 O.’ié 1,00 85
“',._0030 8 1.88 Os 6 R 1.00 ' (0]
0.60 8 2.101 0319 1003 A .98
A o, 1.93  0.14 Q.80  0.88
1 1.78 O0elh 0475  0.85
i . 2 i c 1-8‘4 0015 O.?s 0093
4 i " 1.71 0.14 0.83 0,93
~ 0.15 8 1089 0015 0073 0088
0050 8 2.00 0017 0.85 0090
0.60 s 1.87 10.16 - 0.83 0.90
. 64 .0 l1.84 0.15 0.68 1.10
11i 1.79 0.14 0.55 0.98
2 1i 2.08 Q.16 0.63 1.08
C 4 i 1.94 0.14 0.78 1.03
0.15 8 1499 '0:15  0.60 1,00
! 0.30 5 2e22 0.16 0.73 1.05
0.60 s 218 0.16 0.75 1.03
LSD (P=0. 05) | -
Harvest date . NS NS 0.10 NS
Rate . 0.13 0.01 0,08 Ns
Interaction NS NS NS NS
L P Osmocote incorporated; s= Osmocote surface-applied.
o Data in brackets represent the initial mineral contents at the
start of the experiment. These data are no't cdns:.dered in
) statistical analysis,
NS Not significant. - b
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increased only with increasing rates of-sufface-applied Osmocote;

but as in previous experiménts, none of the Osmocote rates
studied reached the initial mineral content of cuttings at the

stért.of the experiment. Ca content was not influenced by

Osmocote rate (Table 24).

. Tab&e 25 shows results for correlation coefficients of
each of the rooting parameters (rooting percentage, rdot length

and root number) with contents of each of the mineral elements

analyzed in the cutfings. Similar to Juniperus (Table 17),

significant negative correlations (P=0.05) were obtained oniy

between K content and all the rootlng param@t&rs at the seg

d
\
and third harvest dates (44 and 64 days aftep sti\king, respect-
4
ively). Corresponding data for the first harvest date (34 days

after sticking) showed no\sigﬁificant correlation (Table 25).
Second degree polynomial regression was éignificant‘(g=0.05)

for rooting percentage versus K content at the second harvest
date, and for rqot number versus K content at the second and
third harveéé dates (44 and 64 days after sticking, respectively).

bolyd3 SolubleKSalts and pH of the Rooting Medium
" Soluble salts increased more rapidly up to 44 days, gen-

erally plateauakg or decreasing slightly between 44 and 64 days

for incorporated Csmocote (Fig. 6), or decreasing markedly be-

tween 44 and 64 days for surface-épplied Osmocote (Fig. 72.
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Table ‘25, Correlation of rooting performance with mineral contents in Cotoneaster
acutifolia cuttings treated with 0.3% IBA powder, at 34, 44 and 64 days after

stiéking. "~ ’ q {
Mineral ) - i Rooting yerform;nce ' 3} ’ .
content  Rooting . . Root Root
of percentage length - number
cuttings .. C
34 days 44 days 64 days 34 days 44 days 64 days 34 days 44 days 64 days
N -0.157/ -0.,130 -0.355 -0.,123 ~04225 ~0,350 «0,173 -0,179 -0-’-}6'3'
P -0,092 0,032 -0.248 -0.025 -0.,125 -0.,252 -0.149: 0.018 ~0,358
- S
K —0.237  ~=0.545 = ~0.823 = <-0.224 -0.498"  0.777 =0.224 . -0.551" -0,762""
Ca 0.111 49.21& 0.232 * 0,064  =0,357 0.290 0,146 - ~0,264 0,070
» +* Significant correlation (*P=0,05; **P=0.01) based on 26 df. : -
; o
5
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Fig. 6. Variation in levels of soluble
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Higher rates of Osmo&ote resulted in higher levels of soluble
- ) ¢ .

/salts— in the rooting medium with similar trends for the three-

. 7
- t+

harvest dates ‘(Figs. '6 and 7). Higher levels of éoluble'salts'

* were obtalned with surface-applied QOsmocote as ci}mpared t'o in-"
corporated Osmocote (Figs., 6 and 7). )

12
+

- -

P v - [

As in previous experiments (Ta,bles 9, 14 and 18), pH of

the rooting medium was lower in the presence of Osmocote, ’

However, pH did not appear to increase in time (Table 26).

Significant (_E:0.0‘S)g negative correlations were obtained
(..;) for means of each of the rodting parameters (rooting percentage,
root lengﬂth and ‘rc;ot number) with soluble salts in the rooting
ﬁedium, but not with pH at the third ,harveét date, provided the
‘control was not taken into account «(Table 27). Similar correla-
tions were {not observed for the two previous harvest dates (7date' - 2

not presented)., On the other hand, pH and solu%,, salts in the

. rooting medium correlated significantly (P—O 05) for the three
tH

harvest dates (data not presented).

- ' Soluble salts jn the rooting medium correlated significant\(
l (P=0,05) only with X conti‘er}t QCotoneaster cuttings at the third
harvest date (64 days after stidking)-(Table 27). Similar.rela- .

tionships were not observed at the other two harvest dates,
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Table 26. Influence of Osmocote rate on pH of the rooting

K medium at three dates after sticking.
i . ¢
z "ﬁn b
Osmocote rate PH of the rooting medium
(i,kg/mj)a (days after sticking) Mean
(s,kg/m’) 4 3 b4 6L
g . - ¥
C{ : " 5.3 % 0,06 5.3% 0,04 5,4 % 0,04 5.3
NETR 5.1 % 0,08 5.2% 0,05 5.2% 0,03 5.2
21 - . Be9 1 0,07 5.0 £ Q.04 5.1 £.0,03 5.0
L 1 5.0 t 0,03 4.9 £ 0,07 \ 4.9 % 0,01 4.9
0.15 s © Be8 £ 0.05 L. £ 0,04  he £ 0.04 149
0.30 s Be8 % 0,04 449 % 0,02 4.8 * 0.03 4.8
0.60 S 408"1 0.02 “.9 : 0007 L}08 I 0003 I-O-.B
2 4= Osmocote.incorporated; s= Osmocote surface—aﬁpliedm
v Each datum is the mean of six replicates & the standard error.
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Table 2Y. Correlation of rooting pgpformance )
. and also mineral contents of:Cétoneaster AN {
? - ) acutifolia cuttings treated with O.3% N
- _ IBA powder, with 50luble salts and with N
PH of the rooting medium, 64 days after
sticking."’ - r
Rooting medium '
Soluble .- Y
salts PH §
Rooting pﬁf?ormancea — ‘ ‘ }
Rooting percentage -0.706 0.346 . ' ;
7 (=0.995**) . é
» ° * -
“‘ 1]
Root length -0.671 0.289
* %
(fﬁi ' - . (-0.988 ) .
e . #7s Root number o ~0.724 0.350
¥ ) Pt . ) " ’ ]
* ("0-978 ) :
. - %
E . Mineral contents of cuttings \ g
‘.‘ . G
E N , 0,713 ~0.680 i
* P : 0.270 ~0.254 !
K - 0.764, -0.370 . ;-
Ca \ =0.157  —  0.494 . i

#,#» gSignificant correlation (*P=0.05; **P=0.0l1).

o st

: 8 Correlation coefficients based on 5 df. In .
' brackets, correlation coefficients excluding
data of the control based on 4 df, . 3
k ' ‘b Correlation coefficients based on 5 df, ' ‘
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5« DISCUSSION

4 4

5,1 1Influence of Osmocote Applications

-

)

A wide range of results has been reborted with regard t9

T ‘the. use of Osmocote in the rpoting medium,

S

Beneficial effects have been reported'for higher\rates of

Osmocote incorporated with Pachysandra terminalis {(Osmocote

TV n v e E 4N YSTTp T - %

14~14~1 at 0. to 9.5 kg/mB) (McGuire and Bunce 1970), with

Cotoneaster dammeri"Skogholﬁ' and.§ymphoricar§9s orbiculatus

{ » _ (0Osmocote 14-14-14 and Osmocote 18-6-12, both-at O to 3.2 kg/m>)

(Deen 1973), with Ilex cornuta 'Burfordi nana' (Osmocote 18-6-12"

g « _ at O to 3.6 ﬂé}ms) (Richards and Whitcomb 1979); and also for
higher rates of surface-applied Osmocote with several cultivars

of Rhododendron obtusum (Csmocote 18-6-12 at 0 to 0.15 kg,/m2)

(Gouin 1974), with Juniperus confer#a (Osmocote 18-6-12 at 0

] to 0.16 kg/ma) (Johnson and Hamilton 1977), and with Cotoneaster

i dammeri 'Skogholm®' and Cotoneaster lucidus (Osmocote 18-9-12

.at 0 to 0,60 kg/m®) (Chong 1982b). L i

o

On the other hand,—negatiye influence has been reported
for higher rates of incbrporated Osmocote with Forsythia
& - .
intermedia (Osmocote li4=14=14 at O to 9.5 kg/m3) (McGuire and

( ) Bunce 1970), with Thuja occidentalis 'Pyramidalis', Cotoneaster
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salicifolia floccosa, Rhododendron indicum and Ilex aqnifolium

(Osmocote 18-6-12 at 0 to 3,0 kg/mB) (Dinter and Eaton 1976),

with several cultivars of Chrysanthemum (Osmocote 15-12-15 at

"0 to 4.07kg/m’) (Hoeven et al, 1979), with Rhododendron maximum

and Kalmia latifolia (Osmocote 18-6-12 at O to 1.2 kg/mj),

(Williams and Bilderback 1980), and with three hybrids of Ilex
cornuta (Osmocote 18-6-12 at O to 7.0 kg/m5) (Tickner 1980);

and also for higher rates of éurface-applied Osmocote with

Ligustrum japonicum (Osmocote 18=6-12 at 0 to 0,16 kg/mz and

Osmocote l4-1lh4-14 at O to 0.20 kg/m’) (Johnson and Hamilton
; RN

J1977), .

[N

\;;hilly,-no'influence has been reported for higher rates

¥

of‘incorporated Osmocote with Viﬁurnuq piiqatum tomentosum

(Osmocote 14~14=14 at O to 9.5 kg/m3) (McGuire and Bunce 1970),

with Cupressocyparis leylandii and Prunus laurocerasus (Osmocote-

18-6-12 at O to 3.0 kg/m’) (Dinter and Eaton' 1976), with

Lageré%roemia indica, Ligustrum vicaryi and Euonymus fortunei

'Coloratus! (Osmocote 19-6-12, Osmocote 18-6-12 and Osmocote

18-5-11, all of them at O to 9.5 kg/m>) (Gibson et al. 1977;

Whitcomb et al. 1978) and with Juniperus chinensis 'Pfitzeriana
aurea'’ (0Osmocote 18-6-12 at O to 3.6 kg/mj) {Richards and ’

Whitcomb 1979); and also for h%gher rates of surface-applied

Csmocote with Syringa villosa and Thuja occidentalis 'Pyramidalis'

at 0 to 0.60 kg/m2)\(Chong 1982b).

(Osmocote 18=9-
’ v
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In investigations reported herein, incorporation of Osmocote

into the rooting medium gave better rooting than surface-applied

Osmocote in all species ;tudied (Tables 5, 6: 7, 12, 20, 21 and
N

22) regardless of Osmocote rates and formulations., Similar com-

parisons between Osmocote application method to the rooting ﬁé—

,dium have not previously been reported by other researchers.

4

Slower releasing time formulations of Osmocote resulted

s

in better rooting response of Cotoneaster acutifolia cuttings‘

regardless of Osmocote rate and application method (Table 12),
. . 5

corroborating results obtained by Gibson et al: (1977) and by
Whitcomb et al, 61978), even though they used higher fates
. P A

(0O to 9.5 kg/m3 incorporated).

Deen (1973) obtained similar results with Osmocoté

RUTS UL (3- to 4-month release) and with Osmocote 18-6-12

(8- to 9-month release) for all species studied, with both
Osmocote forpuiations incorporated at‘o to 3.2 kg/mB. Johnson
aﬁd Hamilton (1977) repo?ted no difference in rooting of cut- ¢
éings with'Osmocote 14-14-14 (3~ to 4Zmonth release) and wi%h
Osmocote 18-6-12 (8-~ to 9-month release) surface-applied at

0 to 0.20 kg/m2 and at 0 to 0,16 kg/ma, respectively, in two
different rosting media, namely sand alone and 1:} (v/v) sand

¢

and peat moss,
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cies and cultivars, although no relationship between any
taxonomical characteristic and rooting response was obse;ved.
Other factors a}so seem to account fo; diffé}ent response ofa”
cuttings to fertilizers applied in the;rooting medium, such as
type 6f Osmocote formulation (Table 12) (Gibson et al..1977;
Whitcomb et al., 1978), Osmocote application method and rate
(Tablests, 6, 7, 12, 20, 21 and 22), IBA treatments of cuttings
(Tables 20, 21 and'22), -Tooting médiun composition (Hamilton
and Johnson 1978), incorporati;n of micronutrients (Coorts 1969;
Gouin 127&), time of the year cuttings were taken (Dinter and
Eaton 1976), and period. between sticking and harves%ing of)gut~
t;ngs (Tables 16, 20, 21 and 52) (Johnson and Hamilton léyﬁ).
Thus, the influehcé:oﬁ fertilizers such as céntrolled-
release fertilizers i; the rooting medium, must be determined
empirically for each species or culti&ar under particular

rooting circumstances,

°

5.2 Soluble Salts P JLK\_\

|13 °

- Various researchers (Dimter and Eaton 1976; Johnson and

Hamilton 1977; McGuire and Bunce 1970; Ticknor 1980) have re-

1

ported negative influence of fertilizers in the rooting medium v

. ¥

('Y .

e rE et o G s

G A b e 5 T L

B e T

FIAT LD



on rootingrperformancé of cuttings, but none has shown evidence
of direct mathematical relationships (i.e. correlations) of

LA

. rooting performance with levels of soluble salts as in the pres-
wﬂ
ent study (Tables 10, 15, 19 and 27). Dinter and Eaton (1976)
suggested that the presence of fertilizers in the rooting medium
induced a physiological response that ei%her inhibvited rooting

H

%
or produced necrosis,

Mgghire and Bunce (1970) 1ndic§ted the.importance of using

controlled-release fertilizers to minimize potential dangers 05
) soluble salts in medium that might retarg rooting. Dinter and

Eaton (1976), using a rooting medium similar to that used in
inves;igations'reported hé}ein,'obtained significantly higher
levels of soluble salts with the use of several ,formulations
of soluble fgrtiiizers and of Osmoco@eﬂ;ncorponated intoc the
rooting medium. They obtained lower rodting percentage of cut-

tings of Thuja occidentalis 'Pyramidalis', Cotoneaster salicifolia

floccosa, Rhododendron Fndicum and Ilex aquifolium in these treat-
ments but diq not correlate these data with soluble salts levels

in the rooting medium,

4

Similar to results reported by Simpson et al. (1975), sur-
face-applied Oshocote resulted in consistently higher levels of
soluble salts in the medium than incorporaéed Qsmbcote at each

rate (Figs. 3, 4, 6 and 7) probably due to a higher proportion

»
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of fertif&zer per unit volume of medium in Osmocote surface~ap-
plied treatment, and also to higher leaching lo;ses from the
rooting medium with incorporation (Waters 1960), Theée reasons
also probabdbly acéount for the greater variability in soluble

salfs readings of surface-applied treatments as compared to in-

i@orporated ones (Figs. 3 and 4). . . -

The increasing levels of soluble salts with increasing
rates of surface-applied Csmocote (Figs. 3, 4 and 7) are in
accordance with results obtained by Johnson et #l. (1981) and
by Chong (1982b). An important consideration is that Chong
(1982b) used a 1:1 (v/v) perlite and turface rooting medium
vith very low CEC and much lower water holding capacity than
the 1:1 (v/v) peat moss and perlite medium used in the experi=-
ments reported hgrein (section 3.1.1). The difference between
the levels of gglubie salts obtaineé by Chong (1982b) and those
shown in Figs. 3, 4 and 7, corroborates data reported by
Hamiltqu and Johnson.(1978) indicating a greater retention of
minerai salts in media containing organic matggg,fflccording

to Tisdale and Nelson (1975), CEC and water holding éapacity e
are two of the most important factors influencing directly the -
levels of s?luble salts in the rooting mediunm,

Results for soluble salts levels obtaihed with surface-ap-

plied Osmocote 1l4-1l4-14 (Fig, 3) and with surface-applied

3
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Osmocote 18-6-12 (Figs. 4 and 7) agree with data reported by

Hamilton and Johnson (1978) except for the control (no-Osmocote

-

. ‘added) which was slightly lower, although not statistically

significant from Osmocote treatments, This contrasted with
1

marked differences between the control and Osmocote treatments

shown in Figs. 3, 4 and 7. High levels of soluble salts for

~the control in the experiment reported by Hamilton and Johnson

(1978) was due to the addition of micronutrient mixtures to the
rooting medium. s

ey G

Althoﬁgh different rates of Osmocote gave different levels
of soluble salts, the similarity in trends of soluble salts
" versus time at each rate of Osmocote (Figs. 5, 6 and 7) are in

agreement with findings reported by Patel and Sharma (1977). ’

{

. In an experiment without use of mist, Reavis et al. (1980)

reported~levels of soluble salts of 650 to 900 umhos/cm for Kq
high Osmocote 18-6-12 treatmeat of 5.3 kg/m> and 400 to 500
Mmhos/cm for low Osmocote treagment of 1.8 kg/mB, two months
after incorporation inté a 2:1:1 bark/peat moss/perlite medium :
under average conditions of 6°c night and i6°C day .temperatures, :
In the present experiment (Fig. 5) with‘approximately similar
rates of Osmocote 18«6=12 and with-use of misting, lower levels

of solubie salts were obtained., This may be due to (a) the

lower proportion of organic matter in the medium (1l:1 peat moss

wtod e w Jhady
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~and perlite) and therefore a lower retention of soluble salts

(Hamilton and Johnson 1978; Prasad ané Woods 1971; Tisdale and
Nelson 1975), and (b) to higher leaching of salts :from the me-
dium with mist (Ticknor 1980). This occurred in spite of the
higher average temperatures during the expé}imept reported here-

in (greenhouse condition of 18°¢ night and 24°C day temperatures,
’ /

section 3.2.3.1),

Chong (1982b) showed that increasing rates (0 to 0.6 kg/ma)
of surface-applied Osmocote 18-9-12 (8- to 9=-month release) in-

creased rooting performance in Coteneaster lucfdus in terms of %

rooting percentage, root length and root number, and in Cotoneaster
dammeri 'Skogholm' in terms of root number only. The levels of
soluble salts in the rooting medium increased with inFreasing

ratés of Osmocote, although the actual levels of salts were
relatively low, never ex;edihg 114 pmhos/cm at the highest Osmocote
level (Chong 1982b), With lower levels of soluble salts (Figs,

6 and 7), cuttings of Cotoneaster acutifolia that remained for

a longer period in the rooting bench (64 days)'due to the 0,3%
1BA powder treatment, showed siénifibantiy higher rooting per-
formance for the lower rates of Osmocote 18-6-12 (8- to 9-month
release) as compared to the control (Table 22). In the experi-
ment reported by Chong (1982b) it is noteworthy that his cuttings
were treated also with 0.3% IBA (stim;Root No. 2) rooting powder.

The similarity of these results in contrast to the roqﬁing dee
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crease of Cotoneaster acutifolia an other species treated with

liquid IBA, suggests that the.form of IBA applied to cuttihes
may affect their respogée 20 soluble salts in the rooting mediuﬁ.
Although possible reasons for this obsérvation is obscure, it is
noteworthy that cuttings treated with this form-of IBA tend to
root slower than cuttings of similar spec%es treated with liquid

-~

IBA-(Tables 20, 21 and 22). \
-

\

No direct ralati ips between IBA and Osmocote treatmenys
were observed in experiments reported herein (Table 23), Chong
1981, 1982a) reported basal injury of 'cuttings treated with
liquid IBA of high coxcentrations (20,000 to 40,300 ppo), ;1-

though prdlif;c and optimum rooting occurred above the injured

portion in-Cotoneaster alutifolia, Malus 'Hopa' and Taxus cuspidata

—
cuttings. Dinter and,Eégon/(i§76) reported necrosis of cuttings

treated with Q;§%/féA powder, probably due more to the .ferti-

- ¥

lizers present in the rooting medium than tc IBA treatment,

: 4

[ ’ N

Specles and cultivars vary in their tolerance to levels of

soluble salts (Kramer 1969). Johnson and Hamilton (1977) re-

4
-

ported that Ligustrum Jagonicuf was more sensitive than Juniperus

conferta to high Ievels of soluble salts in the rooting, medium,
inducing actual damage of 9ew1y Tormed roote._ While all species
studied herein showed sigdiflcant negative linear correlation

between rooting performance of cuttings and levels of soluble

»
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salts in the rooting mediugﬁ?wiph’thehexception of Cotoneagter
th

acutifolia ﬁhed’treatea wi Seradix No. 2, 0.3% IBA rooting

-

powder as discussed above), the nature of the response was some- |,
i :

- e

b

-

what different between species (Figs. 8, 9 and 10).

q

4
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©

el o o
e
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. Deen (1973)/indicated that Osmoc¢ote applied to the rooting

v
medium may have a useful part to play,'particularly in the propa-

-

. gation of quicker-rooting species, While rdoting percentage of

quicker-rooting°spe@iq§, such as Euonymus alata, Philadelphus

‘coronarius 'Aureus’ and‘Weigela 'Bristol Ruby', showed lower

TR

aQ tolerance tg soluble salts (larger valueg of siope of the re-

( P gression curves), the reverse was true for slower-rooting spe-

YL N T

- 2 "
o ctes, such as Cotonesaster acutifolia and Juniperus sabina

t(smaller values of slope of the regression curves) (Table 28

- i
and Fig., 8). Interestingly, the‘corresponding\slopes for root

NI BIE R R T

1éhg£h and roét number of all species were consistently lower
than those fJund for rooging percentage versus soluble salts
(TableIZB énd Figs. 9 and 10). This evidence suggests that,
unlike root length and root number which Feen ;o reflect more
the .root development cap;gity of cuttings, tﬁeqdegreé of rooting
== . percentage, whiph reflects more the capacity for root initiation,
. seems to be more closely assog;?ted'with the slope of this pa;a-
‘metér in rei?tionship with levels of solublg salts in the rooting
medium, This corrobqrétes findings that high levels of soluble

salts tend to have greater inhibition effect 'on root initiation

-
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Fig. 8. Regression curves. between rooting percentage of cuttings
7 and soluble salts in the rooting medium.
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and soluble salts in the rooting medium.
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~

Predicted intercepts and slopes of the

regression curves between soluble salts of
the rooting medium and rooting performance
of cuttings.

Rooting performance

Predicted
values Rooting Root Root
for percentage length number
V3
v Euonymus alata
Intercept 104,050 8.380 8.150
Slope -O .#06 -0 0034 -00033
- Philadelphus coronarius 'Aureus’
Intercept. 144 . 060 8,020 .-
Slope =-0.487 -0.028 -
Weigela 'Bristol Ruby!
Intercept 79.570 18.470 11,210
Slope =0, 253 . =0.065 -0.030
‘ Cotoneaster acutifolia
Intercept 79190 34650 6.700
Slope «04110 ~0.006 -0,009
u Juniperus sabina .
Intercept 934240 5.900 6.070
S'lope =0,099 -0.008 -0,010 .

-~ Data not recorded.
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than on root development (Dinter and Eaton 1976; McGuire and

-

Bunce 1970;”"1'icknor 1980).

Furthermore, these results suggest that there id "a cer-
tain critical level" of soluble salts in t};e.rooting medium
‘that each species is able to toierate and thus able to initiate
rooting and root development by takins .advanut:age of the mineral
nutrients present in the fertilized x;ooting medium, Simila;'
to data repor‘ted by Hamiiton and Johnson (1978) and those ob-
tained under the éondﬁitions of the present experiment (Figs. 3,‘
4, 5, 6 and 7), levels of soluble salts (100 fo 500 mmhos/cm)
were far below the "critical pbint of 4,000 pmhos/cm" indicated
by Dinter and Eaton (i976). These lower levels of soluble salts
are noteworthy; considerigg that soluble salts‘were determined
1;1 an aquous extract Sf the rooting m‘edium (section 5.1.3.2),

) the greater retention of.mineral salts by peat moss in the .
rooting medium (Hamilton and QJohnson 1978; Prasad and Woods
1971) may have resulted in lower levels of soluble salts in
the 'extract than those actually existing in the rooting medium.
Besides that, the 4,000 ).xmhos/c‘m critical level is an arbitrary
limit that‘adversely affects .tl"xe growth of a wide range of com~- L

mon agricultural plants and applies almost exclusively to solls

(Hausenbuiller 1978); A similar value for artificial mixtures

LY
is not universally knowh. .

-
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. According to results obtained in the present experiments
(Figs. 3, 4, 5, 6 and 7) agd data reported by Chong (1982b) and
by Hamilton dand Johnson (1978), the criticai level of soluble
salts in the medium for normal %*ooting of cuttings appears to )
be much lower than the critical tolerable level for whole plants,
Hathaway (1976) and Reavis et al. kl980) haYe reported inhibi-

tory effect of levels of soluble salts which were lower than

4,0ob‘pmhos/cm on seed germination and growth of newly formed

»

' roots. Furthermore, considering that the highest level of sol-

uble salts obtained by Dinter and Eaton (1976) was'l,OZO.pmhos/cm,
and that rooting was reduced in most species studied, it may be
concluded that the "critical level" for cuttings‘'of those species
studied by Dinter and Eaton were less than 1,020 umhos/cm.
N ~ -

Since whole plants vary in their tolerance to levels of
soluble salfs, it is expected that cuttings also would have
thig variability. An agtempt was made to establish a range of
soluble salts in the rooting medium which probably contains the
"eritical levelM for cuttings of the species studied in the pres=~
ent experimints. The highest 1evé1 of soluble salts for the
Osmocote treatment that did nét significantly reduce the rooting
parameters (rooting percentage, root length and root number) as
compared to the untreated control was considered the lo@er limit

+ S )
of the soluble salts range containing the critical level, Con-

versely, the upper limit was determined by the lowest level of
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soluﬁle salts for the corresponding Osmocote treatment that re-
duced rooting percentage, root length and root number signifi-
cantlye. “

Interestingly, the suggested critical levels plotted against
the slope of the corresponding regreééion curve between rqotiné
parameters and soluble salts in the medium for the species studied
appears to show a logarithmic relationship of the type 'log criti-
cal level = B, -~ By log slope' in the case of rooting percentage
and réot length (Figs. 11 and 12, respectively). Root number
less accurately reflected this type of relationship. No math-
ematical relationship was found between, the suggested critical
levels‘and the intercepts of the regressionr curves (rooting para-
meters versus soluble salts’in the rooting medium). However,

further studies with a widel range of species in different rooting

media are necessary to prove this relationship.

Ll

2
5.3 Mineral Nutrients
-Levels of soluble salts from Osmocote 1l4-14=1L4 (Fig. 3)
and from Osmocote 19-6-12 (Fig. 4) both of the 3= to 4-month ¢

release formulation, showed similar increasing trends with in-

creasing rates. Osmocote 19-6-12 gave consistently higher sol-

uble salts readings at each rate. With K content approximately

the same in both formulations, and assuming that most of the P

°
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was retained in the medium (Cochrane and Matkin 1966), N ‘seemed

to be predominantly responsible for the differentially higher
levels of soluble salts obtained with Osmocote 19-6-12 formula-
tion (19% N \}ersus 14% N according to manufacturer's specifica-
tions). Conditions were similar in both cases, except for a
sliéhtly higher average temperatures during the experiment with
Osmocote 14-1l4-14 (Appendix Figse 1 and 2). External accumu-
lated soluble salts did not influence the rele#se rate o.f Osmocate
(Certli and Lunt 1962a). These results agree with data presented
by Johnson et al. (1981) showing similar trends of soluble salts
and of NOBT' at different Osmocote rates and in different media.
Furthermore, of the leaching curves of NOB-’ P and K presented
by.Cochrane and Matkin (1966) and by Hamiltdn and Johnson (1978),
the NOB- releasing curve presented the closest similarity to

the soluble salts. curves obtained in the present experiments
(Figs. 5, 6 and 7). However, Lunt et al. (1961) and Oertli and
Lunt (1962b) reported similar releasing curves for N, P and K,
although N release was faster and higher than P and K released
under similar conditions., Different rates of Osmocote did not
alter the patt?\ern of the N releasing curve (Patel and Sharma
1977).

The hydrolitic ratiol‘of 1:10 medium;water used in soluble
salts determination (section 3.l.3.2) may have influenced aqueous

extract composition to some extent., Thus, chloride and NOB-

PO
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concentrations in the rooting medium are expected to be slightly
“higher than the values normally found for the speci;&c conductiv-
ity readihgs obtained with higher ratios of dilution because
these anions decrease more than proportionately by dilution of
the suspension (Jackson 1958).

Considering that solublF gsalts represent mainly Noj- re-
leased by Osmocote, the higher levels of soluble salts obtained.
with surface ‘application (Figs. 3, 4, 6 and 7) seemed to contra-

)
dict results reported by Lunt and Oeftli (1962) in which incor-
.porated methods resulted in ;ignificantly higher leaching of N
“from the medium than surface application. Jﬁa‘bVef, they con-
cludeg that it was due to the intefmittent drying in the case
of surface-applied Osmocote. For the experiment presented here-
in, surface-applied Qsmocote was kept continuously wet with the
misting system used (section 3,1,1}. Similar results were db-
tained for( P and K (Certli and Lunt 1962a).

The differences between the initial mineral content of: cut-
tings and that of the controf?(no fertilizer added) at the end
of each experiment (Tables 5, 6, 7, 16 and 25) corroborated
data presented by Sharpe (1955) suggesting a leaching effect
of the elements analyzed., However, the fact that those differ-

ences were higher in the case of softwood cuttings of deciduous

species (Tables 5, 6 and 7) as compared to hardwood cuttings of
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the evergreen species (Table 16) suggests that softwood cuttings
increased in dry weight~during the rooting period due towaddi~
tions of carbohydrates from photosynthesis (Good and Tukey 1965).
Of the four elements analyzed (N, P, K and Ca), only K con=-
tent showed sfgnif$cant decreases in time after the first harvest
date (Tables 16 an§i 24) indicating a greater leaching of this
element in Cotoneaster and Juniperus. These results corroborate
data reported by various researchers (Good and Tukey 1965; Shar§e
1955; Sorensen and Coorts 1968; Wott and Tukey 1965). However,

all elements analyzed in Euonymus, Philadelphus and Weigela

showed similar decreases (Tables 5, 6 and 7)., It is possible
that this may be due to dry Weightiincrease in the cuttings dur-
ing the rooting period and not to actual leaching of these el~

’

ements (Good»and Tukey 1964)e. Ca content did not vary during

«

the rooting peried of Juniperus sabina (Table 16). Since Ca is

considered a difficult-to-leach element (Good and Tukey 1967;
Mecklenburg et al. 1966; Sharpe 1955) and was not added to the
rooting medium, it can be conc¢luded that fhis spgcies most like-
ly did not change in dry weight during rooting, although dry

weight at the beginning of the experiment was not recorded.

=]

%

Raviv and Regev (1980) found that leaching frém chrysan-
themum cuttings was inhibited somewhat by the presence of Osmocote

in the rooting medium, However, in the experiments reported
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herein, except in Jun%perus, none of the Osmocote treaéments
studied was able to reblenish the losses due to leaching and/or
dilution (Tables 5, 6, 7 and 24). In comparison with N . and P
contents, K content was npt influenced by Osmocote rate in

Juniperus sabina cuttings (Table 16). On the other hand, K

content was reduced in time after the first harvest date (Table
16), indicating that leaching losses were higher thag possible

K supply with the use of Osmocote,

Increasing rates of quocote affected,different!y N, P and

' K contents of cuttings depending on species (Tables 5, 6, 7, 16

and 24). Johnson and Hamilton (1977) obtained higher N, P and

’

K contents in Juniperus conferta and Ligustrum japonicum cut-

tings with increasing rates of surface-applied Osmocote 14-14-14
(0 to O.2\$g/m2) and also of surface-applied Osmocote 18-6-12
(0 to 0.16 k@/ma). Similarly, Ward and Whitcomb (1976) found

increases of N, P and K contents in Ilex crenata 'Hetzi' cut-

tings two months after sticking in medium treated with surface-
applied Osmocote 18-6-12~aé compared to untreated meq}um; at
this time 100% sooting had been obtained in all the cases.
Generally, in the present study, the highest rates of surface-
applied Osmocote resulted in significant increases of N, P and
K contents of cuyttings (Tables 5, 6, 7 and 24), and also the
highest rates of’incorporated Osmocote in the case of Juniperus

3
(Table 16). However, inconsistent correlations were observed

.
“~
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between soluble salts (reflecting fertilizer salts released

from Osmocote treatments) and mineral’contents of c'xlxttings
(feflect;ng possihle absorption of *fert:!.lizer fro.m the r,ootji.ng
medium) (Tables 11, 15, 19 and 27). This appear; to‘ be contra=
dictory .since these Osmocoi:e‘ treatments reduced all rooting
parameters studied, and therefore.fewer and smaller roots were
present in the rooting medium to absorb the mineral 'elements
released from the QOsmocote, producing the increases indicated
above. Furthermore, Wott and Tukey (1969) observed that _phry:-
santhemum. cuttings absorbed only small quantities of P ev;en
though P was plentiful in the rooting m;edium'. They stated that
their results coulzi be applied to a wide range of aplants and .

nutrients. Narrow-leaved evergreens propagated as hardwood

' cuttings absorbed only small quantities of nutrients during

propagation (Wott and Tukey 1967)., More inves.tigatign is necess-
ary to elucidate this problem, probably by monitoring mineral '
contents in the rooting medium and in cuttings at frequent in-
tervals after sticking, since mineral contents of tissues fol-

low more closely the contents in the medium than the rate of

fertilizer applied, except for N (Jones 1974).
Since tissue samples were composed of leaves with or with-
out other above~ground part of cuftings, one possible explana-

tion may be the translqcation of those elements from top to

roots after root initiation occurred. Good and Tukey (1965,
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1967) working with chrysanthemum reported that while N trans-
location was variable during the rooting period, P translocated

to both new leaves and roots and K 6nly to new leaves. Ca was

oy e g v

immobile during the rooting period. -The unchanging contents
of Ca obtained in all experiments (Tables 5, 6, 7, 16 and 24)
confirm the immobility of this element (Good and Tukey 1967).
Blazic.;h and Wright (\1979) observed no translocation of nutrien't‘t's

from the upper portions to the bases of llex crenata cuttings.

s

Considering 2-4,5% N, 0.2=0.6% P and 1.5=3.5% K as optimum

nutrient contents of leaves (Smith :1978), some deficiencies were

( possibly preéent but not wvisually obvio‘us at the end of the ex-
periments, especially for P and K in .alﬂ species studied, but

not for P‘ in Weigela (Table 7). Juniperus (Table 16) was mnot

considered since above~ground parts were taken for analysis,

giving lower nutrient contents than leaves alone (Haun and

i
: Cornell 1951; Kelley and Shier 1965) and evergreens usually
have lower mineral contents than deciduous species. (Smith 1973). '
According to Swanson and Davis (1977), P deficiency caused re-
duced rooting, and K deficiency .did not influence rooting ad-

E versely, However, differences among specles and seasonal changes

’ in nutrient contents of leaves normally occur (Cannon et al,

1960; Davidson 1960; Kelley and Shier 1965) making it difficult
to establish reliable ranges under artificial conditions such
( ) as in mist propagation (Jones 1974).
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C stent negati correlations of all elements analyzed

with rooting performance was obtained only for Euonymus,

Philadelphus and Weigela cuttings (Table 8), '‘While N has been

'negatively related to root initiation (Basu and Ghosh 1974;
Haun and Cornell 1951; Pearse 1943; Starring 1923; Swanson and ©
Davis 1977; Wott and Tukey 1967), P and Ca have been ‘positively

related (Graca and Hamilton 198la; Kramer 1969; Swanson and

Davis 1977). Interestingly, in comparison with initial.contents,

.

the above' three spécies showed the largest final decreases in
N, P, K and Ca contents due mainly to increases in dry weight,
as assumed above, Perhaps the s:ignificant correlations obtained
(Table 8) resulted from a parallelism between the rooting pro-
.cess and the tqp growth process, the latter induci;xg dilution
of the elements analj')zed. P
Tﬁe consistent negative correlation between K content and

rooting performance of cuttings of all species studied (Tables

8, 13, 17 and 25) is noteworthy. Although K is considered. in- \

deperident of the rooting process (Preston et al. 1953; Swanson
and Davis 1977), Sorensen and Coorts (1968) also obtained nega-
tive correlations between K content and rooting of Buxus

¢

sempervireng, Ilex crenata microphylla, Juniperus horizontalis

plumosa and Taxushmedia cuttings similar to those presented in

the Tagles indicated above. Considering the diversity of spe-
s

ciles involyéd, these results appegr sufficient to account for

o
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a role of K in th® rooting process, although a satisfactory

. ‘ o
% : sexplanation 1s not known. Perhaps K is involved in one or more

4

enzymatic processes during rooting and/or root growth (Swanson

and Davis 1977), 'or it is influencing quality and quantity of
. N ] .

carbohydrates present in cutting tissues (Liebhardt 1968).

Further fundamental investigation is necessary to prove this

relationshipe.

Se4 pH

The rooting performance of cﬁttings in relation with the
PH of} the medium was somewhat less consiétenq than with levels '
of soluble salts' (Tables 10, 15, 19 and 27)., This is in agree-
ment with data rgportgd by various r;searchers (Albert 1975;
Hitchcock 1926; Raabe ana Vliamis 1966) indicating -that the low
pH of peat moss. generally is not a limiting factor for rooting.

Smith (1926) repofted thatﬁpH range from 7.0 to 7.2 was mdst

favorable for rooting of Coleus 'blumei.
. % ‘e

With soil, an increase inﬁpH with dilution from the "sticky

point" (Jacksoﬁ 1958) to-a rati&aof 1:10 (similar to that used
3 R %

g C . in the present experiments, section 3.1,3.2) is usually in the

o

order of 0.2 to 0.5 pH unit. Although the actual vaives for

) the pH of 'the rooting medium in these experiments might be ex-

pected to b& slightly lower because of dilution, the magnitude
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of this difference is not known (Jackson 1958).

The pH of the rooting medium was reduced with the presence
of Osmocote eityfr incorporated or surface-applied as compared
to the control from 5.3 to 4.6 for théyhighest rates at ihe e;d
of each experiment (Tables 9, 14, 18 and 26). This agrees with
results obtained by Dinter and Eaton (1976). However, dLﬁ&ere;t
rates of Osmocote surface-applied did not influence the pH of .
the rooting” medium (Table§ 9, %ﬁ and 26) corroborating data re-
ported by Hamilton and Johnson (1978) with surface-applied
Osmocoté in two different rooting media. Simpﬁon et al. (1975)
reported a substantial decrease of pH with surface;applied

R .
Osmocote versus incorporated Osmocote.

On the othéf hand, the initial pH of the rooting medium
(rd 4.3) was inéreased in time more with decreasing rates of
Osmocote (Tables 18 and 26). Somewhat similar trends were 05-
tained by Qhong (1982b), although he used a different rooting

medium.

The significant negative correlation of pH and soluble
salts inathe rooting medium (sectioné h.l.é; L.2,2; 4.3,3; and
bel4e3) could be a result of a junction potential at the calomei
electrode, or the suppression of the diffuse jon layer around the

colloid -in suspension (Black 1964). Since mineral nutrients re-

-~

G Fa e 3
R By

5 e L R
QEOER IS L

2,

b Sl

%)
A

ke

S

¥,
TE

e g o

e Krebaet e S1 dx men

a =

vt e wAn

W Wémg@wﬂ% iR s S e YR AR et 3 4
) .



T A TRET T e BETTARETRRT IRV

SRERT TRTETRR AT Y T R VRS e e e m e e

TR TR TN TR TR NRT aen T T W T

leas% from Osmocote are not affected by pH of the medium (Qertli
and Lunt 1962a, 1962b), the variation of pH indicated above did
not account for the differences in soluble salts obtained in all

experiments (Figs. 3, 4, 5, 6 and 7).

13
]
B

Although pH of the medium is an important factor in nutri-
ent absorption by roots (Bassioﬁi 1971; Munn and Jackson 1978)
A

the relationships between pH of the rooting medium and mineral

contents of cuttings were inconsistent (Tables 11, 15, 19 and 27).

As shown by the evidence of these experimenté there appeared

to be some obvious relationships between speed of rooting and

®

effect of Osmocote, although this point needs further clarifica-

4

. tion., IBA treatments that allowed cuttings to remain for longer

periods in the propagation bench seemed to be of benefit when

controlled-release fertilizers were added to the rooting medium.
An important factor of consideration when dealing with fertilizers
applied to the medium is the type and composition of the rooting
medium wﬁich seems to determine the maximum safe dose of coptrol—‘

led-rélease fertilizer ang maintain levels of soluble salts in

ranges compatible with the species being propagatedﬁl
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K 6. SUMMARY . e o

Research has indicated that @smocote in the rooting medium
influenced rooting performance apd subsequent growth oE cuttings.
‘The objective of these experiments waé to investigate the effects
of controlied-release gertilizers in the rooting medium on the
ability to root, on the tolerance of cuttings of different Epe-
cies to soluble salts levels o} the medium and on the mineral
"nutrient comﬁosiiion of cuttings.

Stem cuttings of Euonymus alata, PhHiladelphus coronarius

'Aureus', Weigela 'Bristol ﬁuby', Cotonéaster acutifolia and

Juniperus sabina were rooted in outdoor (during the growing

season) ‘or indoor (under greenhouse conditions) frames proéided
. .

w;¢hxintermittent mist. The rooting medium was l:1 (v/v) peat

. moss and perlite treated with different rates (0 to 0.6 kg/m2

surface~applied and/or 0 to 4.0 kg/m3 incorporated) of‘gimocote
14-14-14 (3- to' 4-month release), Oémocote 19-6-12 (3~ to 4-month
release) or‘Osmocote 18-6-12 (8~ to 9-month release). Treatment
of Cotoneaster cuttings with  indolebutyric acid (IBA) was’giso
investigated in conjunction witﬁ.Osmocote treatmentss Rooting
performance (rooting percentage, rcot length and root number)

and minergl nutrient contents ﬂN,VP, K ;nd Ca) of cuttings, as

well as soluble salts and pH of the rooting medium wete com-

pared among Osmocote treatments. A
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Cotoneaster cuttings treated with 0.3% IBA in powder form

~

rooted better in Osmocote medium at rates of 0;15 kg/m2 surface-
applied and 1.0 kg/mB‘incorpgrated, than in conttrol medium with-
out Osmocote. Similar cuttings treated with 5,000 and 20,000 ppm
IBA in liquid éo;m rooted poorer in Osmocote treated medium,

with rates between 0.15 and 0.60 kg/m2 surface-applied and be-

tween 1.0 and 4,0 kg/m3 incorporated, in pompérison with control

medium without COsmocote,

— .

AN

Incprporation of Osmocote gave consiateétly better rooting %
of cuttings than surface-applied Osmocote, Osmocote formulations
; {’2 _of ionger release period (8-~ to 9-month felease) appeared better
e suited for adding to rooting medium'than faster-releése formula-
éions (3« to 4-month release) .from the stand point of rooting of"

3

cuttings,

NP DB (TR e e

4
b

: ‘ Increasing rates of Osmocote consistentiy increased the
levels of soluble salts in the.rooting medium, Although an in- ~_-
_creasing trend-of pH of the rooting medium in time was observed, R
the presence of Osmocote seemed to reduce the pH in comparison
- with the Qntreated control from 5.3 to 4.6. However, these dif=~

ferences in pH did not geem to account for the observed differe
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ences in rooting performance, &
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'(“) Juniperus and Cotoneaster appeared to be more tolerant to ' ¥
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soluble salts thgn Euonymus, Philadelphus and weigela. An in-
verse relationship between rooting performance of cu%tings and
levels of soluble salts in the rooting medium was obtained. A
suggested model relating critical lévelsaof soluble salts with
slopes of the regression curves‘between rooting performance and
soluble salts in the rooting medium appeared to be of logarithmic

atyge for rooting) percentage and root length,

y P and K contents of cuttings were increased in

some inst hces by increasins:rates of surface-applied Osmocote,
mineral n@trients didfn;t seem to be absérbedvin appreciafle
quantities by rooting cuttings and none of the Csmocote rates
studied were able to replenish the mineral losses due %o leaching
of cutting tissues., Ca content remained unchanged with differ-
ent Osmocste treatments. K content was‘negatively correlated to
rooting perforﬁance for all species studied suggesting a role

»

for X in the rooting processe.

The rooting‘pedium composition seemed to be an important
facto; when controlled~relé§se fertilizers are added to maintain
soluble salts in-levels compatible with the species being propa-
gated. The influence of controlled-release fertilizergwin the
rooting medium npust be determined empirically for each species

or cultivar under particular rooting circumstances.’
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7. SUGGESTIONS FOR FUTURE RESEARCH s
Further experiments with a wider range o} species and with
a variety of media should y%e}d data which can be used to
’construct a more precise model to predict rooting perform-
ance in relationship.with Osmocote raté, ;nd thus determine
the critical levels of species to soluble salts in the
rooting media. . éa

The consistent negatiwe correlation éetween K codtent and
rooting performance of cuttings of all specles reported in
the present experiments are indicgtive of a possible role
of K in rootiné of cuttings. Further investigations of the
role of K in the rooting proéeés such as its possible rela-

tionship with rooting substances (i.e. hormones, cofactors,

enzymes, inhibitors) or with carbohydrates ?hould help to
?

‘ clarify this point. ®

[

o
&

There appeérs to be some obvious relationships between speed
of rooting (and factors that affect it, such as IBA treat-
ments) and influence of Osmocote in’ the rooting medium,

These relationships need further clarification.

Since the role of mineral nutrient contents alone did not

satisfactorily explain differences in rooting perférmance of
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t cuttings when Osmocote was present in the rooting mqﬂ%um, -
future investigation should consider the role of carbohy=

drates in the rooting process in relationship with dry .

. weight increase or decrease and mineral contents of cut-
N . !
' tings rooted in fertilized/ medium, -
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