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A BSTRACT 
. \ 

EFFECT OF CONTROLLED-RELEASE FERTILIZERS ON NUTRIENT 
COMPOSITIÔN AND ROOTING PHYSIOLOGY OF CUTTINGS 

HORTICULTURE JUAN E. GONZALEZ ~Sc. 

stem cuttings of Euonymus alata, Philadelphus 'coronarius 
.; 'i 

'Aureus', We1ge1a 'Bristol Ruby", Cotoneaster acut1fo11a and 

Juniperus sabina were ~ooted under intermittent mist in medium 
. 

1:1 (v/v) perlite and peat moss amended with different formu-" ,N -.-,-
n'!,F 

1at1ons apd rates of incorpprated or surface-appl~ed Osmocote 

controXled~re1ease ferti11zer. 
Rooting performance (rooting per't'éîl't'age, root Iength and 

, root number) generally'was adversely influenced by incrEtasing , .. 
rates of Osmoèote (0 ta 0~6 kg/m2 surface-~pplied and'O to 4.0 
kg/m3 in'corporated). Leaching los.ses of N, P and K tr,om cut

tings were generally higher than apparent uptake of the se nu-
e • 

trients from'the medium py the cuttings. èonsistent negativ~ 
o ' 

correlations between K content and rooting perform~nce were 

observed in al1.species studied. Ari inverse relationship be

tween rooting performance and levels of soluble salts in the 

rooting medium was observed for aIl species. Juniperus and 

Cotoneaster cuttings appeared ta be more tolerant to soluble 

sal~s than Euonymus, Phi1a4~us and Weigela. A s'uggested 

model relating critical levels of soluble salta with slopes 

of the regression curves between rooting performance of ~he 

var10us spe~1es studied and soluble/s~lts in the rootin~ 
medium was advanced. l 
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".RESUME, 

EFFETS DES ENGRAIS A RELACHEMENT CONTROLE SUR LA COMPOSITION 

NUTRITIVE ET LA PHYSIOLOGIE D'ENRACINEMENT ~~S BOUTURES 
• 

HORTICULTURE JUAN E. °GONZALEZ M.Sc. 

Les boutures de tige de Euonymus alata, Philadelphus 

coronarius 'Aureua', Weigela 'Bristol Ruby.', Cotoneaster acutifolia 

et Juniperus'sabina ont.été enracinées sous, un syst~me de nébuli

sation sous brouillard, dans un substrat d'~nracinement 1:1 (v/v) 
"- ..) 

de perlite:mousse de tourbe, amendé avec différentes formulations 

et taux d'Osmocote, incorporé au substrat ou appliqué en·surf~ce. 

La performance d'enracinement (pourcentage d'~nracinement, 

longueur des racines et nombre de racines) a été défavorablement 

i~tluencée ~par ;ne augmentation du taux d'Osmocote (0 â 0.6 kg/m2 

appliq'ué én surface et 0 â 4.0 kg/m3 incorporé). Les pertes par , 
délavage de'N, P et K provenant, des boutures étaient généralement 

, > 

plus grandes que l'apport apparent en éJéments'nutritifs du subs~ 
\. 

trat d~nracinement aux boutures. Des corrélations 'négatives 

con~n~es entre le conte~u en K et la performance d'enracinement 

ont été ~bservée~ pour toutes les espèces étudiées. Une relation 

inverse e.nt"re la"""periorm~nce d'enracinement et le niveau de sels 

solubles d~ns le substrat d'enracinement a été notée pour toutes 

les espèces. Les boutures-~e-Juniperus et de Cotoneaster semblent 

~tre plus tolérantes aux sels ~olubles que celles de Euonymus, 
- " 

Philadelphus et Weigela. Un model statistique a été suggéré con-

cernant les niv4aux critiques de sels so~ubles avec les pentes des 

courbes de régression entre la performance ~'enrac1n~ment des dif~ 
férentes espèces étudiées et les sels solubies du substrat d'en-

racinement •. D 
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1. INTJWDUCTION 

1 • 

, 
Propagation by stem cuttings is an important method Qf 

, 

propagating ornamental shrubs (Hartmann and/Kester 1975). 

It ia baaed on the capability of cella to return to the 

me~iste~atic condition and regenerate new plants with the 
. 

sama genotype of the mother plant (Tukey 1979). 

The discovery and use of .auxins in stimu1atipg adventi-
, 

tious root formation in cuttings marked the beginning of 

major advances in cutting propagation techniques (Cooper 1935; _~ 

Wareing 1973~!"'The later application of intermittent mlat 

(Loach 1979) made posaiblè the rootlng of cuttings from plants 

previously considered a1mQ,~t impossible to root (Snyd,er ~9 54) ~ 

These techniques, no~ common1y used by nurserymen aIl over the 

world, increase ~ooting per~enta~e, insure uniformity and speed 

of rooting, enhance the qua1ity of the root system, and improve 
" f 

viabi1ity after transp1anting (Hartmann 'and Kester 1975; 

Whitcomb et al. 1978). 

The leacbing of me~abo1i~es, incIUdi~a1 ~utrients, 
trom cuttings under~intermitt~nt mist is a disadvantage of this 

technique (Gooa and Tukey 1964, 1965, 1966; Sharpe 1955). Thus, 

the practice of. keeping cuttings unde~ mist as long as possible 

to ob tain higher rootiog percentages . '" ----.....- better uniformity, 

. . 



" 
--

( 1 

(" ) 

- 2 -

.' 
\ 

increases the need for nutrients' ta the cuttings (Gouin 1974). 

~ 
Nutrient mist, the technique of. adding soluble t'ertilizers 

to the water used in the mist system (Watt an.1Ii Tukey, 1965), has 
l , 

proved ta be effective in repleniShing the nutr:tent 10ss 

(Sorenseh and Coorts 1968j Wott and Tukey 1967). However, 
~ 

nutrient mist does not always ,improve rooting (Keever and Tukey 

1979; Sarensen and Coorts 1966, 1968; Wott and Tukey 1965, 1967) 

because secondary prob1ems, such as growth of a1gB;e on the 

medium resulting in reduction in'aeration and drainage, have 

restricted its use as a practical propagating technique CCoorts 

and Sorensen 1968; Gouin 1974; Wott and Tukey 1967') • 

Controlled-release fertilizers appears ta be a"feasible 

alternative Vfay of supplying small amounts of nutrients to the 

. rooting medium (Chong 1982bj Whitcomb et al. 1978). This practice 

seemed to have effect on rooting ability (Dee~ 1973; Dinter ancL,/' 
, . 
EatQn 1976; Johnson and Hami1{en,1977; McGuire and Bunce 1970) 

, 
and on vigour of the rooted cuttings (Carney and Whitcomb 1981; , , 

Richards and Whi tcomb 1980 j Ward and Whi tcomb 1979). 

The purpose of this study Vias to investigate the effects 

of contro11ed-re1ease ferti1izers in the rooting me~iium on the 
" " 

nu trient composition and rooting physiology of stem cuttings 

of selected woody ornamental shrubs during propagation. These 

._._----~-
, ________ w-__________ ------~--,------" ____________ __ 
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studies evaluated the ability to root, the tolerance of cuttings 

to soluble salta levels and pH of the medium, and the capahility 

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 
-.. 

lIt has long been recognized that the vegeta~ive propaga~ 

tion of p1ants".from cuttiigs reau1ted in more unifarm p1anting 

stocks in a shorter period of time ,than those grown from seeds 

(Zimmerman 1925). 

2.1.1 Ro1e 'af Growth Regulators and Rooting Substances 

Tukey (1979) cansidered the ~'aating pracess, bath initi-
Ç> 

ation and deve1opment, as a combination of many processes in 

which certain cells can be activated to farm roats. According 

ta Hartmann and Kester (1975), certain natural internaI fac-

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

sequent Toot development. For instance, ample evidence has 
'i"., ; 

indicated that rooting ia regulated by plant hormones (Hartmann 

and Kester 1975; Snyde! 1974; Wareing 1973). In the 1930's, 

indoleacet~c acid,·tirst identified ~s a natural growth regu

latar with auxinic activity (Thimann 1935), was used success

fully to promots. rooting of stem cuttings (Cooper 1935). 

Tukey (1979) atated that indoleacetic acid was synthesized , 

mainly in deve10ping buds, young leaves, raot tips, pollen and 
1 

-' " fruits. Presently, related synt,hetic auxins, notably indole-

butyric acid (IEA) and naphthaleneacetic acid, are commonly 

• 

'" 
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used in cutting ,propagation (Doran 195?) because they are more 
1 

stable and more mobile than naturally-produced auxins (Tukey 
. , 

1979; Wareing 1973). 

Haissig (1~2>, indieated that-the endogenous' accumulation 

of natural auxine at the base of cu~tings, resu1ting from 

basipeta1 translocation ~rom buds and leaves, or frc{m exogenous 

application of auxine, was th~.primary rooting stimulus. 
, 

Wareing (1973) suggested that endogenous auxin levaIs were 

usual1y adequate to induee rooting in cuttings Of herbaceous , 

spe~ies that rooted easily. Although softwood cuttings of 

man~ woody plants responded similarly (Dpran 1957), Smith and 
, " 

Wareing (1972) suggested that the general deerease in rooting 

ability of woody plants with seasonal progression was prob~bly 
b 

due to a depletion of auxins in buds and young leaves as the se 

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 sinee 

the 1930's to refer to unidentiried enàogenous substances which 

promoted rooting (Hartmann and Kester 1975). Hess (196?b), ...... 

demonstrated the existence of a group of rooting cofactors, 

which were required -for rooting of certain species. These 

cofactors, produced in the reaves, helped to explain differ-

\ -, 

1 
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ences in rooting ability of Many specie's and cultivars' (Snyder 

~974). ' 

The balance- of auxins ilnd rootin-g cofactors tf,id not always 

correlate with rooting, suggesting that the role of other 

growth regulators or substances, Buch as an enzyme or a group 

of enzymes, interacted with the complex auxin-cofactors to in-
~ Q 

itiate ~e rOO:ing process (Bouillene and Bouillene-Walrand 

1955). Tukey ,1~79) stated that although no one universal 

enzyme has been isolated ànd purified, evidence supported the 

aC,tion of a camp1exing 'enzyme, probably of the polypheno1 

'oxidase type,. in the rooting process., 

Although the presence of auxins have ~een show~ to be 

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

exôgenous applications of auxins have shawn little or no in-

fluence on the rooting of Many difficult-to-root spec1es (Doak' 

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

searchers (Brown and Dirr 1976; still 1981) reported favorable 

rooting response of certain diff1cu1t-to-root spècies to high 

lBA concentrations between 10,000 and 40,000 ppm. These spe-

cies inc~ded Cotoneaster acutifo!ia,. Malus 'Hopa' and Taxus 

cuspidata (Chang 1981, 1982a). ~ 
.1 

Gorter (1969) describ'èd certain metabol1c products, es-

, 
r , nx 1 il7$ 'J F. gr . -. fi ''''fln.FiI.1*lr'lc~'~~~.s-l~ .. ~l,. 

,. 
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pecia11y of the pheno11c type, acting synergistical1y with 

autins' on rooting. Bac~elard and stowe (1962), correlated 

----
" 

anthocyanin pi&mentation with r6oting. These substances seemed 
, , 

to ~nhibit the. activity of the indoleacetic acid oxidizing 

,system (Basu and' Ghosh 1974; Lee and Tukey 1971a, 1971b) • . 
Spiegef'(1954) demonstrated the existence 'of natural inhibitors 

on root Initiation in Vitis vinifera. Furthérmore, Fadl and \ 

Hartmann (1967) found a correlation ,~etween rooting inh1bitor 
, 

'\ - concentration and difficulty in rooting of different pear cul";' 

. tivars. 

'\ Since the natural plant hor~ones 

(Hartmann and Kest'er 19'P5). Theae plant 
,] "~" 

. hormQnes, which te all- chemically d1fferent from each other 
1 , 

(V/areine; 1973), included the growth promot,ers, cytokini'ns and 

gibberellins; the growt~bitor, abscisic acid; and ethylene, 
..J ~ / ___ ---- r pl 

,1 the o~nly plant hormdhe which 1s jm the gas~ous form (Wareing 
\ ,. 

1973). 

• 
) E~o~enouS.~PPlicat10ns of cy~okinins' generaliy have not 

. . . 
been ,effective in promoting rO,oUng (Skoog and Tstii 1948)" 

1 1 ç;bbe,reù.i:s appl.ied at high concentrations of 10-3 M have 

du ed, ~oot1ng in Many instances (Hartmann and ~ester 1975? 
1 

Ericks~n (1974) found a gibberellin ... promotive effect on' r'o~ting 
. 

of péa.cuttings when,app1iéd at low èoncentrations of 10-11 
,""\ 
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to lCj-7 M •. ~arein·g (1973) ina::i.cated that' ab~cis1c acic;i pro-
, ,-

moted rooting in some species such as Hedera helix, probably 
, ' . ----...... • f "', ~ 

by supressing the er~'9ct of nat~al.ly exist~ng gibb~rellins .• 

TreatmeI).ts w!th ethy1ene hav:e y.ielded contradictory r~s'ul ts 
, Q -

on rooting of cutti'ngs C~ong 1982c; S'Wanson 1974} suggesting' 

an indirect effëc't (Hartmann an~ Kester 1975).' 

. ' . 
2.1.2 Role of -.Mineral Nutrients ... 
The mineraI ~utrient s'tatus of cuttlngs has c~Ip~iderab1e 

'nfluence on ro~t formati'on,a~d deve10pment (Kamp and Bluhm 

1950-). Biron and Hàlevy (~9i3) indicated that remqving the 
" " .' 

- grow:ing poin~ of Dahiia: ç,ut~ings 1n~reased rooting because ~f 

lower competition for n~'~rl~nt~ ?f 'the' growing point w:Lth the 

i-ooting region of the st-em~) )~ 

" 

The ~t'imulati ve etf~f P on ro'ot ~r~w:th has been ,ex-
.' , , 

t!3nsively demonstrated (Kramer 1969) t alt'hough Graé,a and 

Hamilton (19~Üa) obse~ved that root growth of CotoJieaSter. 

divari'cata was--noi;-improved \Ti th P applications. Swanson and 

Davis (1977-) found that P-deficient cuttings of Plectranthl)s 
, • v 

austra1is showed shorter roots and lower root1ng percentage. 
-:. . 

Furthermore, they o,Pserved tha t in the faVi ~cuttings that rooted, , .' 

roots were weak and possesed bl.ack root hairs. 

) 
1 

. -

-------------------------
~---~-

Ca deficiency charac!teristically has~d to supr~ss 
/-----------

. , 
rI mrt ,,"lIlt"'\Ml6I"~J:1 e...,...... _tW"' •. _.......a.~ ... 4_ ... $ ... _ .. ~\ ... 
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l. 

root grow,th (Kramer ,1969) • Th!:;s- effect 1I7as probably a~sociated 

with the role of Ca in the middlé ,lamella of the CAl'l wall 

(S"anson,' and Davis 1977). ). 

Gorter'(19$8) C:onsidered B as :he ost imp:rtant inorganic . , 

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

that'root,elongation ceased in the absence of .B. Because root 

growth was ul tima~e1y dependent on eell. division of me-ristems, 

B s~emed ta pr~veilt cell division and 'D~A synth.e~~s ~(A1bert 

1975), It has béen suggest~d tha~. aux~ns: stimu1ated _ t~e f~r-: 

mat:ton' of root initiaIs (Tukey 1979; Warein~ 1973) and tha·t B 

was necessary for e1ongation and development of ,those initi~llg 

(AIbert 197,5; GoÎ'ter 1958). ,However~ Weiser and ,Blaney; (:1~60) ------ -

.. '~d--a-s-y-n-er-&i~stic'B-IBA interaction resulting in increased 
~ ----------- ---- \ ' ,'-. 
t r---- .~~ 

, 
" 

.. -.. ~ 

-r -- \7'--- ro_o_ti.~8--;-percentage, root number, and to a leseer exten~ root . '" length. The rooting process of cutUngs o.r difficul t-to-root . 
. Ilex aq uifOli~ was also l:.astened, sugge'sting an errèct of B 

"on root initia tian as weIl/as 
" 

on, root groW'th ( Welser and 

1960). 
'.:''1!',." "l' 

B1.aney Ql. 

. ,-
<, ." .', 'i< 

" 
,.~tarr1hg ( 1923), report~d ben~ric1al 

. ~. 
effects of N-d~ficie~cy 

on rooti~g~or. cùtt1ngs;' but,. ~~:;/conc1uded ·th~~ dec~s1ve fac

tor was the ult1mate level of'çarbohydrates in the cuttings as 

. influenced by 'N,. Root growth was no't inc~eased by 11 in,dicating 

tha).- root,1ng varied inv~rse 1y wi th N sta t~s (Graca and Hamil ton 

.. 

" ' " 
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Good and Tukey (1967) f'ound that N was required dur
r--... .. 

ing root e1ongation of chrysanthemum cutt1ngs, ,but not during 

root initiation. Garney ~nd whitcomb (1980) stated that N 

was very 1~portant in the ear1y growth of liners (small nurs-
, 

ery plant lets) fo1lowing transplanting. Greater root length 

and healthi.er root ~ppearance wa~ round ,in cutting.!i; under' 

\. N-def'i.cient regime (Swanson and Davis _1977). ' 

'. 

\v , 

Although K is consi.dered an important factor 1.-n the act!.· ,;' 
". . 
• "'S 

, " 
vation of enzymes" ita deficiency did not affect root ini. ti-. .. 

6 

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

, '" 
Coorts (1968) observed a' negative correlation between K content 

an~ ,r0oting percentag~\ of cutti:ng;; of several species. swan~on o,~--
ft 
.~\ 

~nd Davis (1977) found no influence of Mg and S'content on 
\ , 

rootin.g, 'whi1e oBi.ndra (1976) reported favorable effects of 

Fe on rooting of peach a1mond hybrida. 

, . 

2.1.2.1 Mineral Translocation 
'" o _ ' 

\ " . IDorg4n~c ,e1ements have shown large differ~nc~s in mobil

Hl' wi~h1n' the'Plli~ Bukovac and W1ttw~r (~957) estimated 

that;aa, Ca, Mg ,,,,d ~r\""'e Dot tr.Ds1oc.t~d trom 1 ••• os to , <. 
\ 

the new grb'wth'. On the ~f:her, hand, Van GO~ and w~ersma ,( 1974) 

enaidered Ca to be high1y uœmobile, whilé K was ~ery mobile; 

hey f'ound tha~ Mg and Mn mobility depènde~ on their concen- , 

• rat\iqns in the leaf. 
'. \\r 

... 

c, 

1 
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In studies with chrysanthemum cuttings, Goo~ and Tukey 

(1965, 1967) showed that N was translocated acropetally a .. e. 
, . 

tram older tissues to apex or newer leavesl.:, but little if 

.any N was translocated basipetally to new roota during root 

ini tia tion or cduring early root deve10pment. They a1so round 
./ 

an ;increase in basipeta1 N translocation o~ly when root growth .. 
was at a m~ximum, sugge,sting that the requirements for N dur-

~ 

ing root initiation and early deve10pment could be s~tiSfi~ 

by the N present at the' cutting' "b,aes. Furthermore, Good and 

Tukey (1965, 1967) ahowed \ha t P was transloca ted basipetaIly .... 

trom the oider Ieaves towards both the new 1eaves and new roots 
" 

more or less steadi1y throughout the rooting period, indicating 

that P was associated with bot~ root initiation and development, 

and that this req~irement was met by translocation from oider 

tissues. 'In ChrYS~themum cutt1ng~, Kwas continuously trans

located from the oldèst leave"s to 'the neVl leaves, but virtua1ly 
.' 

none to ne-. roota (Good and Tukey 1965, 19&7). 
1 

B1aZich~nd Wright (1979) found constant nutrient content 
, 

in leaves, upper stems and 10wer stems of Ilex crenata cuttings 

indica ting no basipetal translocation of N, P, K, Ca and Mg 

during the root initiation periode Wott and Tukey (1969) ob-

served that P translocation te the basal po~tions of a cutting 

was considerableobefore roôt initiation, followed by a decrease 

when root initials were first observed, and another increase 

, •. ' 
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" 

.. hen roots'"ere elongating • 

In another experiment, Good and Tukey that 
. ,-

about 10% of labelled P in cutt1ngs was transI . . 
- 'older tissues to gro.ing leaveâ, and little to new roots. 

2.~.2.2 Mineral Nutrition of stock Plant " 

'" Any technique of growing stpck plants that can result in 

obtaining' rooted cutt1ngs more quick1y and in a greater number 

1s of interest (Preston et al. 1953). ;;./" 

-The physio10gic~1 condition of ,stock plants has been known 

to affect markedly the rooting'Qf cuttings (Haùn and Cornell 

1951; Pearse 1943). VigQrous parent plants seemed to produce 
.. 

hea1thier cuttings with mot-e rooting (Sha.rpe 1955; Ward and . 

Whitcomb 1977). Greater cutting production was obtained from 

1 stock plants sul)jected to hign 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 .. 

1923) • 

It has been extensively demonstrated (Basu and Ghosh 1974; 
1 Haun and C'brnel1 1951; Pearse 1943) that stock plants receiving 

low N levelil yielded cuttings that rooted more re~i1y than 

cutt1ngs t-aken from plants grown, under high N levels. Preston 

.. 
• "1, 

__ .... __ ... : .1FIIIIT_Tl_T_ ..... ________ ~f~~,"' .... ,. ., 
~ .. _-~--~, -

, ' 
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1 1 

et'al. (1953) obta~ned similar results when using softwood 

cuttings in early spring. With more m~ture cutttngs, he ob

tained a higher degreé of rooting and better survival in those ' 
4> 

taken trom stock plants receiving high levels of N, Pearse 

(1943) and Basu and Ghosh (1974) found be,tter response to auxin 

ireatment of cutt~ngs from N-starved plants. 

Basu and Ghosh (1974) dèmonstrated that rooting cofactor 

act~vity, anthocyanin pigmentation and root number of cuttings 
"-" 

were inversely related ta N supp1y to stock plants, although, 

the highest dry weignt per root was obtained with the highest 

level of N. These resulta were in agreement Wit~ those of 

H~un and C~rnell (1951). Eck,and Stretch (1979) work1ng with 
~ 

blueberry demonstrated no influence of N on rooting percentage 
~ 

and quality of cutt1ngs taken from those stock plants. 

P and ,K "levels in stock piants d~d not se-em to influence 

root~ng response of cuttings (Haun and Corne Il 1951; Preston 

et al. 1953). According to eàorts (1969), rooting perce~age 

decreased ~n cutt~ngs taken from.m1cronutrient-deficient plants. 

" Although rooting' was less numerou§, he 'foun~ better qUàlity 

roots in cuttings from plants defic~ent in e~ther\Zn or B. 

Starring (1923) aridlyearse (1943) recommended special nutri

tional treatments to plants cultivated èxclusively for cutt~ng . , 
production. 

'-
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2.2 The Booting Environment 

" Ac..cording to Snyder (1974), rooting response of cuttings 
. . 

could be'suprees~d by unfavorab1e rooting environment. ';t'em-, . 
r. 

peratur~ ~f the air and of the root1ng medium, moisture statue 
~~,,) 

of cuttings, light quality and quantity, and aeration of the 

tOQting medium are the principal external environmental fac-

to~s influencing rooting (Snyder 1974). 

"-
2.2.1 Role of Misting 

Zimmerman (1925) recognized that ~. presence of ro~iage, 

in addition to supp1ying auxins and related rooting cofactors, , 
speeded the rooting process by maintaining cuttings in a turgid 

• a 

condition during rooting. According to Loach (1979), transpi-

ration was the main source of water Loss from cuttings. He 

relatèd transpiratio~ directly to the ~ater vapor pressure 

gradient between the inside of the leaf and t~e surrounding 

air. Mieting, which coverea' the leaf surfaces of 'cutt1ngs 

with a thin film of 'water (Snyder 1954) reduced .water 10ss 
o ~-;- ;. 

trom cuttings by diminishing the vapor pressur,e gradient (Tukey 

1978). The misting technique en~bled a greater number of spe

.c.1es to be propagated· by softwood cuttings during the grQwing 
~' 

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

diff1cult-to-root species (Snyder 1954). During winter under 

greenhouse condition, misting of evergreens reduced th~ time 

.' 1 
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cuttings were in the propagation bench (Nelson 1959), and al~o 
... 
. i?c:l.dence of disea.e. and iosecte (SnydA965). 

According to Loach (1979), misting was used for the tirst 

time by Spencer in 1936, although the first written reports of 

the propagation of softwood cuttings of -several sRecies under 
Jo 

mist was presented by Raines, Gardner and Fisher in 1940 and 

1941. Fisher (1943) repo~ted successful root1ng of conifer 

cuttings under mist~ 

Commercial acceptance of the misting technique.occurred 

during the i~50'S (Loach 1979'. Temp1eton (1953) described a 
\ 

contro1.device for intermittent mist in.which cutting~ were , 

misted for brief intervals during the day when transpiration 

was greatest •. In its ear1y use, intermittent mist was control

led by time clocks, but recent1y more accurate· devices, su~h , ~ , 

as leat sensor and solar controls, have been introdûced. 

(Loach 1979). 

'j 

In miat propagating be'nches, Hess and Snyder (1955) 'dem

onstrated lower leat temperatures in misted as compar~d ta· 

unmisted cuttings because of evaporation (T~key 1978), and also 

lower air temperature in the misting environment (Loach 1979). 

Hess (196;;a) 1ndicat_d that the rate of respira tion was gener-

a11Y doubled for every 5°C inerease in tempera t ure. 

~ 

"', 

~ 

. , 

o 

.1. II III ..... IIII""'~" •• "" ...... - Ui' r-.... _I ... I.' ~~lr~'"~~.\~ 

ri 

" 



c. 

J 

() 

en!' 

· 16 ... 
1 0' 

According to Hess (1965a) and Tukey (1978), cuttings under 
I! 

mist can be subjected to high&r light intensities without in-

creasing leaf' temperature, thereby enabling higher net a'ccumu-.. 
r ,') latiÇ>n of' photosynthates which can be more efr;ctively utilized 

for root development. 

Lee ~nd Tukey (1971a~ 1971b) fo~nd increased levels of 

aux:Ln-1ike substances as well as rooting cofactors in misted ~ 
plants of Euonymus alatus 'Compactus' as compared with unmisted ~ 
plants. 

2.2.1.1 Leaching of Cuttings 

The term leaching, originating f~om the loss Or mineraI 

10ns in 'S011s, was 'fir,st appl1ed to plants by Mann and Wallace 

(1925) to describe the lossof nutrient elements from leaves 

so~ked in water. A major effect of mist was *he leathing of 

Metabolites from cuttings (Good and Tukey ~966; Snyder 1965; 

Tukey 1975). 

Morgan and Tukey (1964) found that a diversity of meta

boi1cally important substances were leached from leaf tissues. 

These substances included inorganic macro- and micro-nutrients, 

am1no acids,.organic ac1ds, alkal01ds, vitamins, f'ree'.sugars 
l k 

and other carbohydrates, phenolic substances, and plant growth 

1nhibitors and regulators. 
1 

ç 
Lee and Tukey (1971a, 1971b) showed 

\ 

ï , 
-. 
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1 

that misting res""!lted in extended seasonal grow,th of Euonymus 
~ 

alatus 1 Compact us', probably due to leaching of inhibi tors 

involved in senescence and dormancy. 

Even bafore leaching was defini te ly de,monstra ted, de fi

ciency symptoms developed in cuttings under mist for prolonged 

periods of time (Gouin 1974) suggested tha-. occurrence of leach-
, 

ing of nutriants either by actual 10ss and/or by dilution of 

the existing nutr1ent~ (G'ood -and Tukey 1964). Evans (1951) 

reported heavy lasses of N, P and K from cacao t?uttings under 

continuous mist. Sharpe (1955) round marked1y lower percen-

tages of N, P and K in leaves of Many spec:ies after 30 days 

under mist". Lee and Tukey (1971a, 1971b) showed lower concen

trations of total N in led -tissues of plants subjected ta 

mist'due to leaching. 

Sharpe (1955) and Watt and Tukey (1965) demonstrated that 

Kwas more easily 1eached tram cuttings than were N, P, Ca and 

Mg. Tukey et al. (1958) considereq. Na and Mn to, be easi1y 

leached; Ca, Mg and-K ta be moderately 1eached; and Fe, Zn, P 
r 

ç 

and Cl to be more difficult-to-leach. 

Mecklenburg et al. (1966) stated that environmental fac

tors generally had l1ttle eff'e"'ét on leaching. K salts in the 

m=i:sting solution 1eached more than distilled water, while Na 

, , 

b 

. , 
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1 

\ 
sa1ts leached similar1y to distilled 'water and Ca salts de-

creased leach~ng (Tukey 1970). Bhan et al. (1959) obs~rved 
1 

that easily-wetted 1eaves normally had more leaching .. 

Tukey and Morgan (196~) showed th~t the physiological 

statua of cuttings ha d, a marked influence on leaching.' For, 

in~tance, cutt:i:.ngs tram healthy and vigorous p1ant.s showed , 

less leaching (Tukey and Morg~n 1964). Young growing tissues, 

i.e. herbaceous and softwo'od cuttings, did not leach appreci-

able quantities of mineraI nutrients" whereas more mature t1s-
. -' 

sues, i.e. hardwood cuttings, were more susceptib!e to leaching 

under' mast (Good and Tukey 1964, 1967; Meck1enbu~ Tukey 

1964). Good anê.t--'l'ukey (1965) found ;that susceptibil1ty to 

le~ching of both organic and' inorganic sUbs,tances ..,as inversel-Y 

related to the growth cuttings made during the rooting periode 

Mecklenburg and Tuk'ey (1964) observed' that 'the energy level 
. 

of tissues had. 1ittle effect on ,leaching, supporting t'he idea 
, 

of leaching as a p!issive process. M~cklenburg et àl. (1966) 

postu1ated thai; cations were exchanged by H from the leaching, 

solution or were diftused directly from the - translocation stream 

to'the leaching solution. The H of the leaching solution orig-

inated from the carbonic acid resu1ting from carbon dioxide 
t 

dissolved in wate'r on leaf surfaces (Tukey 1970). This hypoth

esis helped to explain why alkaline carbonates were the princi-

, 1 
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pal components of leachat~s (Morgan 1963). 

According to Morgan and Tukey (1964), ~e~ching did not 

simplY eliminate metabolic waste products. The organic and 

" inorganie substances leached from upper leaves of cuttings and 

absorbed by the roots were intercepted and reabsorbed directly 

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

(Tukeyand Meck1enburg 1964). Tukey et al. (1958) stated that 

nutrients lost by leaching were replenished by root uptake and 

translocation from other plant parts. Mecklen~urg and Tukey 

(1964) demonstrated that the ~ate of translocation ~f Ca from 

roota ta upper parts was higher in plants subjected to leach-

ing than in unleached plants, independently of gro.th rate. 

Schulte and Whitcomb (1973) stated tWat 1eaching of nutrients 

from cuttings under mist decreased rooting to some extentj this 

occurrence May be a 1imiting factor in the propagation of sorne 

species. 

2.2.1.2 Fertilizer Uptake by Misting 

Nutrient mist can be defined as the application of soluble 

fertilizer through the mist propagation system (Watt and Tukey 
., ,::,.., - -

1965) ta replace lassés by leaching (Sharpe 1955) and to pro-

vide for growth of cuttings during propagation (Watt and ~ukey 

./ 
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According to Wittwer and Teubner (1959), foliar nutrition 

offered advantagea of more rapid and more efficient absorption 

and utilization as compared with nutrients applied ta the root-

ing medium. These nutrients can become, unavai1able to cuttings 

• due to utilization by microorganisms, or by leaching. 

Paparazzi and Tuke~ (1979) demonstrated that tissue contents 

Qf N, P and K increased after foliar application of these el

~ments thrpùgh the mist system at rates from 225 to 1,875 ppm 

of 23-8-14 soluble fertilizer. However, foliar in jury was 

observed at rates higher than 75P ppm for aIl species studied. 

No re1ationship bet~en cutic1e thickness and nutrient uptake 

and susceptibility to foliar fertilizer in jury was found 

(Paparozzi and Tukey 1979). 

Wott and Tukey (1969) d~monstrated that during the rooting 

period, 'chrysanthemum cuttin~s absorbed more than 95% of P . 

through the foliage even though it was plentifu1 within the 

rooting medium. This evidence 'suggested that cuttings were 

not able to absorb sufficient'nutrients from the rooting"m~dium 
, 

to meet their requirements. However, Sharpe (1955) observed 
, '. f 

that foliar application of KN03 to cuttings was of no signifi

cant benefit\in increasi~g K content of leaves. 

Variable response of cuttings to nutrient mist has been 

obt~ined depending upon the specles: (a) rootiri.g~percentage 

, " 
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;was 1nc~ea~ed 1n softwood cutt1ngs of Ph11adèlphus coronar1us; 
" 

EU0nYmus fortune1"'Vegetus',L1gustrum obtus1fo1ium, Lonicera 

,morrow1i (Wott and.Tukey ~96~, 1967) and Buxus Sempervirens 

(Sorensen and Coorts 1966, 1968; Wott and Tukey 1965, ,1967); 
1 • '" ~ \ ... 

\ 1 1 " 

(b) rQQt1ng percentage was not affected 1n softwood cuttings 
" 

of For-'sYthia intermedia (Wott and Tukey.1965, 1967)" ~ 

crena ta 'mic~ophylla (Sorensen a'~d Coprts 1968) and ,lowbush 
, t j , 

blueberry '(,Hall ~~d Aalde~s 1970) j and Cc) root1ng p~rcentage 
LI 

"as d,ecreased' 1n sOf,twood cuttings of Salix purpurea (Wott and 
"" 

Tukey 1965)," Berberie thupbergii" Chae'nomeles speciosa, ,Lonic!!ra 
l( /' i 

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

fortunei coloratus (Sorensan and, Coorts 1966, 1968), ,hardwood 
, j 

cutt1ngs of Pachysandra terminalis, Euonymus fortunei 'Vegetas', , 
Taxus cuspidata., Hadera helix, Juniperus ch1nensis 'Sargent11', 

V1nca m1nor (Wott and Tukey 1965), ThuJa plicata, Thuja' 

occidentalis (Wott and Tukey 1967), Juniperus horizonta1is 

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

sOf: and hardwood cuttings of several cultivars of Rhododendron 

(Keever ~~ Tukey 1979). 

The quality of the root system and èhanges. in dry weight 

during the root1ng period also showed wide variability (Hall 

and Aalders 1970; Ke~ver and Tukey 1979; Sorensen and Coorts 

1966, 1968; Wott and Tukey 1965, 1967). 
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In aIl species studied, N and P conte~ts were higher in 

cutti,ng~ propaga téd under nutrient mist than in those of cut-. 

tings propagated under water tnist (Wott and Tukey 1965, 1967), 
~ ) > 

and the se elaments increased ri th higher rates of fertil:i.zer 

(Kee'!'e; a'nd~u~ey 1979; $orensen and Coorts 1968). K content 

showed a variable response as a· result of nutrient misting 

depending upon species (Sorensen ~nd Coorts 1968; Wot~ and 

Tukey 1965, 1967). Keever and Tukey (1979) round ~o net uptake 
' .. 

, of K, Mg and Ca by rhododendron cutti'llgs under nutrient' tllist. 

J 

Wott and Tukey (1967) stated that, especia11y when propa-
{' 

gating softwood cuttings, nutrient mist had a positive effect 
1 

on growth after rooting and, subsequent1y also after trans-

planting. Hall and Aalders (1970)'" found the same effect on , . 

blueberr3' cuttings. In contrast, eut tings under nutr1ent m1st 

were frequent1y damageq, especially at higher fertilizer con

centrations of 170 mg per iiter of 23-8-14 soluble fert:i.1izer 

(Keever and Tukey 1979); raoting was also consistently in-

hibited at the highest rates of 0.5 g per,liter of 20-20-20 

soluble fertilizer (Sorensen and Coorts 1966); and pathologieal 

and physiologica1 disturbances oceurred more freq uently (Watt 

and Tukey 1967). An important prob1em of nutrient mist propa

gation was the growth of algae over the rooting medium'~ott 
and Tukey 1967). Coorts and Sorensen (1968) identified\many 

spec1es of ~luegreen a1gae as weIl as some green a1gae growing 



1 
t 
[ , 

,o~er the 'rooting medium and bench under nutrient mist., 

Keever and Tukey (1979) ,::oncluded that nutrient mist dur-

ing ,propagation appeared to "be of no benefit especially to 
, 

cutt:ings from stock plants w1th adequate nutrition. 

2.2.2 Ro1e of Rooting Medium 

The rooting medium is an important factor in' the in:i tiatio'n , 

and sUbsequent· growth of roots, especially in difficult-to-root 

spec:ies (Hartmann and Kester 1975). 
~'j , 

2.2.2 .1 Aeration 

Zimmerman (192.5) obtaineœ bett:er r.oot growth of Salix 

cuttings in a medium 'lii'th 15 to 33% ot 02 mixed wi th 85' to 
i • 

67% N, respective1y; CO2 in concentr~tions up to 25% did not 

affect results significant1y, provided that 02 concentrations 

were betw.een 2.5 and 33%. Rooting was not obtainèd with 02 

concentrations as h1gh as 90 to 100% (Zimmerman 1925)'. Ac

cordi.ng to Hitchcock (1928), good aeration 'lias essential for 

the deve10pment of healthJ roota from cuttings. 

Kramer (1969) stated that water deficiency reduced root 

growth and increased suberization, and that excess, water may 
. 

caus~ def:iciency i.n 

'the rooting medium. 

aeration by displacement of the air from 

~2) round that moisturè content 

\ 
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'\ fu 
-.: an , aeration of the rooting medium inf1uenced the character, 

" 

1 
/ 

i •• f~bro~sne,~, ,brittleness, slenderness, branch~ng, of the 
. . 

ro ts producèà 'hy stem cuttings. ,swànson and Davis (1977) 
\ ' ~ 

'fO king with Plectranthus austra1is foun~ that under normal 

an defic1ent nutrient conditions, lack of aaration re,duced,r 

1en~th of cuttings. ' 

-<' 
It has been 

" 
that aeration 1nfluenced directly the 

ava'labilityof ce tain nutrient elements (Black 1964), affected 
, ~" 

the é levels of ethY1~ne (Kawase 1972), increased auxins (Ph'illips 
, Il 

196 ), a~ decreased gibbere11ins (Rei.d and Crozier 1971) and 
1 

cy~okinins (B~'rows and Carr 1969). Swanson-and Davis (1977) 
~ , 

p~~tu1atad .that the effect of a poor aeration was due tq an 

increase.of carbon'dioxide and éthylene in th~ rooting medium. 

SOKratova (1965), cited by Ham~n and Johnson (1978), 

round that combinations of peat and sà:nd or peat and perlite, 

~a:e ~at1sfa,ctçrY ~~SUlt's ,~, the stand point of aeratl.on. 

Simi1ar results ware obtained b~ Whitcomb et al. (1978) with 

peat and perlite in comparispn .ith peat ahd bark having 56 

an~ 36% air space, respect1vely. 

2.:2.2.2 Temperature 
~ 

.Ac~OTding to Albert (1975), extreme tempèratures reduced 

--e'ongati,on and sink capacity of roots .as well ,as translocation 

. . 
" 

,\ 

\ 

" 
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of substances from above-ground parts. Hartmann and Kester 
. 

(1975) stated that temperature of r09ting medium between 230 

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

2.2.2.3 pH 
.-r: 

The pH of the rooting medium has been demonstrated to be 
~ 

an important factor in nutrf"ent uptake (Bassioni 1971; Munn 

and Jackson 1978). Hami1ton and Johnson (1978) suggested that 

nutrients in the rooting medium were not utilized by cuttings, 

probab1y due to an ear1y and rapid release of nutrients, before 

development of root initiaIs. Tukey ~n~ Meckl(;mburg (1964) 
\ .\11 

showed that absorption of Ca, P and Sr from the rooting medium 

was increased in plants subjected to leaching by-m~st. 

The pH of the rooting medium has been found to influence 

root initiation (Hamilton and Johnson 1978) and root growth 

(Albert 1975 j -Paul and Leiser 1968). Hitchcock and Zimmerman 

(1926) i~dicated that pH of the rooting medium could not be 

conS±dered as a li mi ting factor in Moting. Smi th (1926) 

showed' that Coleus cuttings ~ooted in medium with pH between 

4.0 and, 9.2; the best and fastest root production occurred at 

pH 7.0 to 7.2. Raab~ and Vlamis (1966), howe~r, found no re

latianship between pH of the raoting medium and rooting of 
<> 

chrysanthemum cuttings. pinter and Eaton (1976) stated that 
~ 

untavèrablé pH levels d1d not account for observed harmful 

.. 

. .. ".lt .. ""., . 
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_effec_~s o"ad~ed tertilizers to the rootin~ med~um. Hitchcock 
-(1928) suggestesi that, in general,. cuttingS rooted better when 

the pH of the rooting metiium was comparable to that of the', 

natural habitat in whieh the mother pl~ts grew best. 

Hamilton and Johnson (1978) de~onatrated that lower pH 

values resulting trom addit{on of organie matter, such as peat 
'. . ~ 

mosa, increased anion absorption by the rooting medium, there by 

• ,l"~ 

reducing leaching losses, especially Of nitrates. The Cà oon

.centration required for normal r:oot growth was higher at lower 

pH values of the rooting medium (Paul and Leiser 1968). Higher. 

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

decrdased the pH as compared to the untreated control (Dinter 

and Eaton 1976). 

2.2.2.4 Organic Matter 

Hamilton and Johnson (1978) demonstrated that rooting medium 

containing peat moss had a greater retention capacity for ~utri
~ 

enta, especially easilY-leached nitrates; leaching of P and K 

.ere less affected by the presence of peat moss in the mQd1um. 
4. 

Aecording ta Paul and Smith (1966), the principal exchange

able ion in Canadian peat was H, present mainly a's COœ~d . 

to a lesser ext~t 

length was hi~est 

as phenolic OH. They demonstrated that root 
• 1 

with 38% Ca saturation of peat moss, and -that 

\ '1'.,._ ... , ...... ___ ..... _llIIIld .... _ •• I ___ .. __________ --:o ________ .. _'._ .. __ r_, __ -.qllliOt'WIlii!_a_t'd!~~.t:O), 
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1 

root number décreased linearly with increasing Ca Saturation . 

in chrysanthèmum cuttings. Paul and Le1ser (1968) found dif-

ferent resu1ts for other species, bu~, in gertera1, percentage 
1 

rooting, root length and root number decrea,sed at extreme values 

of Ca saturation for most of the species studied. Furthermore, 

Raabe and V1amis (19615) ,showed that root formation in chrysan

theinum cutt.~ngs was prevented by a 11.igh Na: Ca ratio and, to a 

lesser extent, by a high K:Ga ratio in the rooting medi~. 

Lee et al •. (1976) demonstrated that Ca saturation a1so inf1u-
. ' 

enced root regeneration after transp1anting. 

Ward' and Whitcomb (1977) stated that better qua1ity liners . 
was obtained during the rooting period when the medium was in 

1 , 
small containers instead of in flata, because of less damage 

of the root system when tranap1anting to containers. 

2.2.3 Role of Ferti1izer in Rooting Medium 
. 

Soaking softwoodt. cuttings in soluble ferti1izer incr,eased 

roo~ing percentage in about 10% of chrysanthemum and carnation ( 

.cuftings (Kamp and l31uhm 1950), but had no effect on privet" 

'-1 

(Zimmerman 1958). ," 
The additi.on of KN0

3 
to the rooting medium sh,owed ~o no

ticeab1e effect on rooting percentage, root number and' root 

length of vine cuttings (Pearse 1943). Schulte and Whitcomb 

'. 

"'"' 

. ' 
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(1973) noted a slight increase in rooting percentage of Juniperus 

chinensis and Ilex cornuta cu~~ihgs when micronutrients were ., 
added ta the rooting medium. In~contrast, niver apd Whitcomb 

(1981) found no si~nificant effect of micronutrients on rooting .' ';"-'. 

and subse~uent growth of cuttings of Pyracantha coccinea and 

Juniperus procupbens, a1though a positive trend was observed. 

Fqrthermore, the presence of micronutrients in the rooting 

medium increased growth of Juniperus procumbens cuttings after 
, 

rooti~g, but di~ not affect those of I1ex crenat! (Henderson 
J , 

and Whitcomb. 19,80). Dai1y applications of sorutions conta~ning 

even sma11 quantities of Fe improved rooting of cuttings of 

peach almond hybrids and subsequent t,ransplanting suc cess 

(Bin9,ra 1976). 

Periodic app1icat,ions of spluble fertilizers aftar sticking 
. . 

did not increase rooting percentage (Zimmerman 1958). Hdwever, 

increase in root growth "as obtained with Ligustrum, -Pyracantha 

'" and Taxus in comparison with untreated cutt~ngsj no differences 

were observed in Cornus, Corylus, Spiraea and Viburnum 

(Zimmerman 1958). ~ 

2.2.3.1 Soluble Salts 
. 

Dinter and Eaton (1976) round significantly higher 1evels 

of soluble salts when fertilizers were\present in the rooting 

medium. Furthermore, highe~ doses· of ferti1izers i.e. Osmocote 

, 
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, 
added to the roo~ing medium increased levels of soluble salts 

as compared to the unt~eated control (Johnson et al. 1981; 

Reavis et al. 1980). 

It has been demonstrated that rooting media high in 801-

uble salts tende~ ~o inhibit rooting (McGuire and Bunee 1970; 

Reavis et al. 1980; icknor 1980) "and root elongation (Johnson 

et al. 1981). Hat away (1976) stated that the emerging primary 
-'.... 

roots had litt oleranee to high soluble salta levels. 
• 0 

Kramer (1969) ndicated that specie's varied' w.idely in thèir 

tolerance to high ~oluble salts levels. The level of soluble 

salts in a med;Um depended upon the water-holding capacity and 

the cation ex change capacity (CEe) of ~hat medium (Tisdale and 

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

" as one rich in ~~at, can withhold higher fertilizer rates with-

out significantly increasing soluble salts in comparison with 

one poorer in organic matter (Hamilton and Johnson 197$). 

'1 

2.2.3.2 Control1ed-Releasé Fertilizers 
f" 

According to Williams (1980), controlled-release fertilizers 
'--

are fertilizers capable of releasing plant nutrient~ over an ex-

tended period of time. Fertilizer release may result from chemi-
\. . . cal, physical, or biological d~fferences among the materials 

(Maynard aad Lore~z 1979). Common ways of controlling the nu-

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

, \ 
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horn and bloodmeal; aynthetic products of 10w water solubi1ity 

such as Magnesium ammonium phosphate (MagAmp), and isobutylidene 

diurea (IBDU); ,biodegradable organic compounds such as ureaforms; 

or the coating of soluble materials such as sulphur coated urea 

~~CU), and Osmocote '(Sharma 1979). .. 

'Barron (1974) stated that the ideal characteristics' of a 

controlled-release f'ertilizer were': (a) reasonab1e coincidence 
::5" -~ 

of release pattern with uptake pattern of the ,crop in question; 

o 

(b) flexibility in relea~e patterns to meet tne differing re

qUirements of'various crops; (c)'predictable'release over a 
, 

broad spectrum of conditions; (d) minimaL influence of externa1 

factors; (e), no harm to plants and ,no r~sidual effects; and 
; 

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

ever, controlled-release terti1izers are much more exp~nsive 

than comparable soluble sources (M~ynard and Lorenz 1979) • .. 

2.2.3.-3 Oamocote 

Matkin (1970) indicated '~hat the uniq~e feature of Osmocote 

as compared to other controlled-release materials was that aIl 

the ferti~izer potentially available was in a soluble forme 

Maynard and Lorenz (1979) stated that the main advantage of 
1 

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

regard to nutrients released, to re1eas~ rate and to rele~se 

periode 

, f/iilil--,-III"-" ____ -----'~.f.-'----_-___ -:-----~-------. _., ... t w .... • .... ' "'r'.-",!""""",p'œ""""'6&1i1"",g)I.t~!w~~t 
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Aceording to Lant et al. -(1961), the nutrient re1ease mtth-

anism of Osmocote was by ~irfusion where the externa1 water 

passè'd throUgh the membranes disso1ving some of the fertilizer 
. \ 

and creating a saturated solution ,ith considerable osmotie 
J -

pressure; the dissolved fertilize~ materia1s diffused through 
dl 

the coating ~embranes out tq the external solution due ta th~ 
1 
J. 

concentration gradient. After most of the fertil1zer had dif-

fused, the remaining solution was wi thdrawn from the cap'sule 

apparent1y by external suction (Lunt and Oertli 1962). , ." 

,,,,. 
The rate of diffusion was found ta be re~ulated by the 

thickness of the coating membranes. (Oert1i and Lunt 1962b), 

constituted mainly of dicyc10pentadiene w1th glycerol ester 
" 0 

(Sharma 1~79), and by temperature. An increase from 10 ta 

2QoC approximate1y doubled the diffusion rate COertl1 and Lunt 

'" 196?a). Nutrient re1ease from Osmocote was relative1y steady 

until about two thirds of the fertilizer had been released 

(Lunt et al. 1961). 

, . 

The release rate was not af~fcted by external pH. 0.1 the 

'solution (Oert1i and Lunt 1962a), l'article or capsule size 
,-;:1-

(Williams 1980), and by moisture leve~s supporting plant growth 

(Lunt and o'ertli 1962). Oertli and Lunt (l962b) stated that 

during the ~eriods of constant re1ease rates, the concentration 

of ,the solution inside the capsules remained saturated a1\W thus 
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a conatant diffu~ion gradient was maintained. Because of th~ 

high internaI salt ,concentration, biologically tolerable salt 

'concentrations of the external solution showed little affect 
'\ 

on the concentration gradient, and also prevented attack by 

microorganisms (Oertli and Lunt 1962a?, 1962b). ' 

/' 

, 

That externa~ moi sture had only minor effects on release 

suggested that wat~r diffused into the capsules largely in the 

vapor phaae (Barran 1974). The marked releaae decline obaerved 

at very low external moi sture w~s due to a decreased tran~fer ' . 
of ~ater in ta the capsule~ and therefore a small gradie~t aeross 

the membranes (Lunt and Oertli 1962). Qsmocote either ineor-

porat~d or surface-applied gave similar results, provided that 

in the 1a~ter c~e it was kept moist' at aIl times (Coleman et 

al. 1978) • 

. It was found that the initial release of N mainly f~om 

NH
4

N03 salt (Patel and Sha~ma 1977) was higher than that Of~ 

and K under similar conditions (Cochrane and Matkin,1966).! 

Furthermore, N release was independent of the medium, sand or 

peat, during the whole release period (Prasad and Woo~ 1971). 

Osmocote formulations of 3- tO-4-month release gave more rapid 

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

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

Schulte anel Whitcomb (197'3) found that higher levels of 
,,-

" 
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nitr~~es and K in the rooting medium due to the addition of 

o~mocote para1leled increased rooting in Ilex cornuta cuttings. 
/ 

/ 

,/ Tissue analysis revealed higher leve1s of N, P and K in eut-

tings rooted in medium containing Osmocote (Johnson and . , 

Hamilton 1977; Paparozzi and 1ukey 197?; Raviv and Regev 1980;" 

Ward and Whitcomb 1976). .. 

Positive effect of Osmocote added to the rooting medium 

on rooting response and/or subsequent growth of cuttings after 

rooting and/or transp1anting has been demonstrated for a number 

of speeies such,as Forsythia intermedia, Pachysandra termina1is, 

Viburnum plicatum (McGuire and Bunee 1970), cotoneaster dammeri 

"Skogpolm' (Chong 1982b; Deen 1973), SymphoricarRos orbiculatus 

(Deen 1973), seve~al cultivars of Rhododendron (Carney and 

Whitcomb 1981; Gouin 1974i S~lf and Pounders 1978) and of 

Chrysanthemum (Hoeven et al. 1979i Raviv and Regev 1980)'1~ 

erenata (carney and Whitcomb 1981j Glenn et al. 19?5; warr ~nd 

Whitcomb 1979), Ilex cornuta (Glenn et al. 1975; Richards\and 
, t 

Whitoomb 1979j Self and Pounders 1978), I1ex rosteri (Glenn 

et al. 1975), Ligustrum japonicum (Glenn et al.' 1975i Johnson 

ana Hamilton 1977), Juniperus conf~rta (Johnson and"Hamilton 
, . 

" 1977), Euonymus fortunei, Lagerstroemia indica, Ligustrum 

vicaryi (Whitcomb et al. 1978), BUXU6'microphy11a, Camellia 
~ " 

japon~ea, Ilex renata, Ilex vomitoria, Ligustrum recurvifolia .. 
(Sel~ and Pounders 1978), Juniperus chinen~is (Richards and 
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.Whitcomb 1980), Pyracantha coccinea (Carney and Whitcomb 1981) 

and cotoneaster lucidus (Chong 1982b). In contrast. rooti~g 

response of cuttings wa~ decreased (Dinter and Eaton 19~j 

McGuire and Bunee 197~j Ticknor 1980; Williams and Bi1derba~k 

1980) or not affected (Chong 1982bj Deen 1973; Glenn et al. 

1975; Johnson and Hamilton 1977; Richards and Whitcomb 1980) 
-

by the presence ot-Osmocote in the rooting medium, ~epending 

upon species. 

The algae problem was not observed _hen contro11ed-release 

tertilizers were added to the rooting medium (Glenn et al. 

1~75; McGuire and Bunee 1970; Schulte and Whitcomb 1973). 
. 

Gibson et al. (1977) eonclude'd that Osmocote formulatiop.s with 

the s10west initial release rate were best suited for incorpor

a tion into the roqting medium. Rav-iv and ,Regev (1980) fOUnd 

better rooting response of chrysanthemum cuttings when Osmocote 

was added to the rooting medium as compared to nutrient mist. 

1), , 
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MATE~IALS AND METHODS 

3.1 General Procedures 

' ..... 
3.1.1 Propagating Environment 

1 

Propagation experiments were conducted at Macdonald Collage, 

Quebec (450 25' North, 730 56' West) under intermittent mist pro-

vided with deflection,' type nozzles and controlled by electronic 

Ieaf (Mac-Penny, Plastic Engineers Ltd ... , Worthing, W. Sussex), 

either outdoor in shaded frames during the growing season or 

under greenhouse condition during winter. All benches were pro

vided with bot tom heat thermostatical1y set at 210 C at the root 
1 

zone levei (Fox 1972). In a11 experiments s.tock plants from 

,which cuttings were taken were growing at Macdonald College 

Campus. 

The rooting medium usèd in a11 experiments was Canadian 
, 

) sphagnum peat moss and horticultura1 grade perlite mixed in a 

proportion of 1:1 by volume. Osmocote controlled~release fer-

tilizer of different formulations and/or at different rates 

wereoincorporated or surface-applied to the rooting medium de-

pending on the experiment. After sticking cuttings into the 
. . \ 

root~ng medium, Benlate 50% WP (methyl 1-(buty1carbamoyl)-2-

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

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

• 
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cuttings. Thereafter, Captan 50% WP (c1s-N-( (trichloromethyl) 

" thio)-4-cyclohexene-1 ,2-dicarboximide) or Ben1ate .mixed as de-

scribed above, was applied alternatively every week. 

'3.1.2 Rooting Evaluation 

In each ex periment , eut tings were evaluated aC'cordi:ng to 

the fo1lowing parameters: (a) rooting percentage; (b) Mean root 

1ength of each cutting within treatmentj and (c) mean root number 

oi" each cutting within treatment. Rooting index visually rated 

trom b to 5 (Dinter and Eaton 1976) as exemplified for Cotoneaster 

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

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

all cuttings within trëa tmen t were also recorded. 

3.1.3 Chemica1 Ana1ysis 

3.1.3.1 Plant Tissue 

In all exper1ments samples 'or leaves or above-ground part 

of' cuttings were taken for determination of total N, P, K and 

Ca. Each sample within a replicate was immediately rinsed in 

distilled water and then dried at 65°C for 36 to 48 hours in a 

vacuum aven (20 cm of mercury, Precision Thelco, Madel 29, 

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

Dried tissue samples were group.d 1n."a Wiley mill (Arthur 

H. Thomas Co., .Philadelphia, Pa.) to pass through a 40':mesh 
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Fig. 1. Rooting Index in Cotoneaster acutifolia 
where 0= dead or alive but no sign af rooting 
a~t1vity; l='cailusing ,only, but no roots; 
2= paar raot system; 3= medium root system; 

" 4= good and unirdrm root system; and 5= very 
extensi ve and, weIl deve,1oped root system; 
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(0.42 JIlI!l sieve ope,ning) _ire screen. Ground samples "ere seal.ed 

, in glass contailners' and stored at _.5°e until used for min,eral 

a~lyses. Prior ta "e1.ghing portions for chemical. anal.ysis, 

ground samples "nere dried for 2,4 hours under conditionljl as de-.. 
scribe.à above. 

Nitrogen 

'I!otal. N _as determined by the m1cro-Kjeldahl method (As":,, 

soçiation. of Official Agricul.tura1 Chemists 1975)_ 

(a). Reagents 

H2S0
4

- Coneentrated reagent, specifie gravit y 1_84, N-free. 

~2S04 ~ PotassiUm sulfate ~reagent grade, N-free. 

,HgO. Mercuric oxide reagent grade, N-free • 
.,. 

H3B03- Borie acid saturated solution (6.3.5 g in 100 ml of 
.. 0 ...1 
water at 30 C). 

" h . 
Spdium hydroocide-sodium thiosul.ta,te soluti.on. A mixture 

..') 

'of 60 g of solid. NaOH and 5 g' of NaZs203 • .5HzO _as made up to' 

100 ml .i th distilled water. 

'Indieator solution. A mixture of 2: l by volume oS 0.2% 

alcoholic methyl-red solution and 0.2% alcoholic ,methylene ,blue 
! ~~ 

solution, respectively.~· ~ 

~ O.OZ N Hél. 1.78 ml of Hel reagent 37.2% was made up to 
,~ 

1,000 ml d1.stilled "der.' 

/ . , 
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(b) Procedure 
o 

Ta 50 mg of dried ground tissue in a 30 ml regular Kjeldahl 

flask, 2 g of K,:S04' 50 mg of HgO and 2.5 in~ of HZS04 .. ere added. 

This mixture. was digested in presence of 'boiling chips for 1.5 . , 

hours. After cooling, solide were dissolved with ,: ml of dis

tilled wat,er and. then transferred to a distillation apparatus, 

rinsing the Kje~l flask at least five times f each time wit}:1 

2 ml of distilled water. The distillate was received in a lZ5-ml 

Erlenmeyer flask containin~ 5 ml of saturated H3B03 solution and 

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

fully mixed w!th 10 !!Il of NaOIr-NaZS,:03 solution; 15 ,ml aliquot 

_as di.J.uted to 50 ml with dietil1ed water, .and total N deter

mined by titration with O.OZ N Hel ta the first appearance of 

violet. 

Phosphorus 
... 

The extraction of P from groun~, samples vas done through 

the wet ox1dation procedure (Jackson 1958). 

HN0
3

• Concentrated reasent, specifie gravit y 1.4Z. 

Ternar A mixture Of concentrated HN0
3 

reagent, concentrated 
r 

4 reagent and 70-72% HCl04 , 7n a ratio 

of 10:1:4 py volume. 
, " 

2 N HN0
3

• 128 ml of concentrated HN0
3 

reagent was d11uted 
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to l,OOO·ml with distilled water~ 

(b) p~"edure 
To 0.40 g of dried ground tis~ue in a 30 ml beaker was 

added 2 ml of concentrated HN0
3

• The beaker was covered with 

a watch glass, heated at 100 C over a ;ot plate for 30 nutes, 

o :i after which 3 ml of the ternary m~xture of acids were ad ed and 
,; 

the temperature increased to 180°C. The digestion w eontinued 

. until the ash residue in the beaker was whi,te and nearly d1t-y. 

After éooling; l ml of 2 N HN0
3 

was added to the residue and 

the extract quantitatively transferred to a 10 ml volumetrie 

flask and made to volume with dist"illed water. The extraet was 
1 

~tored in clear glass bottles at room temperature until used 

for P determ~nat1on as described below. 

P was determined using the molybdovanado phosphoric acid 

method described by Greweling (1966). 

1 

(a) Rea$ents 

M1xed reagent. To 25 g of (NH4)6Mo7024.4H20 (ammonium 

molybdate) dissolved in 300 ml of distilled wat~r in a 1,000 ml 

volumetrie f1ask, a solution of 1.25 g of NH
4

V03 (ammonium met~

vanadate) in ;00 ml of 5 N HN0
3 

was added whil~ stirring, then 

made up to' volume with disti11ed water. 

F standard~ solution. To 0.4393 g of KR PO in a 1,000. ml 

j 
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volum~tr:tc flask 5 ml of concentrated HN03 reagent .. as adcied 

and th en macie to volume with distilled water. 

(b) Procedure 

Two milliliters o.~ e~tract and 5 ml t th~ mixed reagent 

.. ere added to a 25 ml volumetrie fla~k, and made to'volume.with 

distilled water. Samples were ailoweci to stand overnight'at 
, . 

room temperature -for color development and then fi .. as dèter-

mined by comparing the transmitance at 470 m}l (Coleman Junior 

Spectrophotometer, Mode1 6 A, Maywood, Ill.) to a calibration 

curve prepared with solutions containing from 0 to 500 pg of P 

(0 to 5 ml of P standard sOlution). It should be.nOted that 
" ,~ 

~~ 

full color developm~nt occurred after 15 minute;-and remained 

stable for severa1 day:s (Gre.e1ing 1966). 
\ 

Potassilbn and Calcium 

The extraction for det.erminatio'n: of K and Ca, from ground 
.," l '.... 

',,-
samples was pertormed using th"e ammonium EDTA procedùre (Baker 

" '~~ 
:and Gre.eling 1967; Greweling 1962). 

''''''\ 
~. ~ \ 

(a) Reagents \ 

0.1 M ammonium EDTA. To 292 g.of ethy1enedinitrilot~tra-

, " 

acetic acid 500 ml of distilled waterowas added. Concentrated \ 
\ 

NH40H was then added until the acid .. as dissolved and then to 

excess to obtain a pH slightly above 9. The solution .. as a110wed 

1 • -, 

., 

l , 

1 
1 



r
'~ 
" 

~ 
, , 

~( ~ 

i , 
\ ;t 

~ 
~ 
~ 
~ . 
~ 

1 

, 

( } 

(\ 

. ~ ... """ 

. , 

42 -

~ 

to cool, dilut~d to 1,000 ml with disti11èd water, and stored 
. (J ., 

in plastic co~tainers at'room temperature. This solution was 

di~uted l to 10 with·disti11ed water~immediately beiore extrac-

tion. 

K standards. R-eference solution 1,,000 pg K/m! (SO-P~351, 

Fisher Scientific Co.) was diluted>.ith 0.1 M,ammonium EDTA to 

0.4 and 4.0 pg K/ml for the'stan4ard curve. 
?!? 

Ca standards. Re~erence solution 1,000)lg Ca/ml (SO-C-l'91, 

Fisher Sci~ntiric Co •. ) .as dilut~d with 0.1 M ammonium EDTA ta 

0.4 and 4.0 )lg Ca/ml for the standard curve. 

.. 
(b) Procedure 

To 25 m1~. 0.1 M ammdnium EDTA extractant 0.25 g of gDound 

tissue .as a~de~. The mixture was shaken for 45 minutes on a 

reciprocating shaker (Eberbach Co., Ann Arbor, Michigan) at 

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

ri1ter paper. rhe filtrate .as diluted' with 0.1 ammonium EDTA 

l to 100 before determination of K and Oa by atomic absorption 

• spectrophotometry" Jarreil-Ash, Model 850, Filsher Scientific Co.) 

us1ng the parameters shawn in Table 1., 

3.1.3.2 Rooting Medium 

Sampl.es (25 ml each) or wet footing medium from the ·rj2.ot. 

zone area (2 ta 7 c~ depth)' also were taken with the plant.tis-

sue samples at the time of rooting evaluation. The Osmocote 

t 
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Table 1. Operating parameters 
for K and Ca determination. 

( 

SpecificatiO'ns 

Lamp 
.: 

Current 

Wavelength. 

Spectral Bandpass 

Flame 

Fuel 

Oxidant 

Burner Hea·d 

Averaging Period 

Standard Solute 

K 

hollow cathode 

8mA 

7665 i 
~ 

5 i 
oxidizing 

acetylene 

air 

10 cm slot 

6 sec 

KCl 
.. 

0' 

Ca 

hollow cathode 

15 ~ . 

4227 i 

2 i 

ox1dizing 

acetylene ' '. 

n1trous oxide 

5 cm slot 

4 sec 

capsules were removed carefully trom each sam~le of rooting 

medium, the &ample allowed to ~ir-dry, and stored at 'room tem-
\ 

perature until used for detepmination of soluble salts (speci

ffc conductivity) and pH (JaCks:n_\95B; Piper 194~). 

In each experiment, samples of the rooting 'medium from 

aIl replicat10ns were pooled and readings determ1ned from three 

air-dried sub-sa~ples, each of 5 g. r Each sub-sample wa~ sus

pended in e50 mi ot double-dist1lled, ~'ter and intermittently 

shaken for 20 minutes in a reciprocating shaker as prev10usly 
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iiescribed. The specific~9nductivity (soluble aalts) of the 

su~pension was determined with a conductivity meter (~arkson 
l, , fj 

Science Ince, Model lOf Del Mar, Ca.), allowing one minute be-

fore reading each sample for the temperature compensation ther
.. 

mistor to reach suspension temperature. The pH of the suspen-

'q , , • 

'. '"\ sion was th en determ1ned with a Fisher Accumet, Model 220 pH 

meter. The double-distilled water was previously aerated by 
. . 

pouring it severa1 times into beakers to bring into equi1ibrium 

the carbon _~ioxide content which' could affect the pH determina-

tion (Piper 1944). 

1-

Although the instrumen'ts used were ,provided wi th tempera-

ture compensator, all readings of soluble salts and pH were 

made at the sama temp~rat~re (23~). Bec~use of the very high\ 
\ . 

water holding capacity of the rooting mediuM, a hydrolitic.ratio ~ 

(Jàckson 1958) of l:lO'medium:water was used instead of the more 
-e 

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

3~2 Experimente 

'" 
3.2.1 Influence of Oemocote Application Method 

and Rate on Rooting ,of Three Shrubs 

3.2.1.1 Cutting Preparation 

On June 6 and 7, 1980, softwood cuttings (9-11 cm long) 

- were taken from, the following species: Euon;Ylllus alata ·(Thunb.) 
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Siebold.; Philadelphus coronarius L. IAureus'; and we16ela Thunb. 

t Bristol Ruby' • All cuttlngs 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 werg sum1y and ,,!th average temperature of 23OC. 

The lower 3 cm of cuttings .ere stripped of foliage, the 

basal ends treated with rooting hormone powder (0.1% lBA, Seradix 

No. 1), and cuttings lilllmediately stuck (2.5 cm d~ep x 3 cm apart) 

in medium previously described, a~d placed under intermittent 

mist. In this experiment, the rooti~g medium was contained in 

wooden tlats (41 cm long x 34 cm widé x 1,5 cm deep), each with 

a difterent 'experimenta1 factor combination'described below. 

3.2.1.2 Osmocote Applic~tion Method and Rate 

The root:1ng medium was treated w!th Osmocote 14-14-14 , 

. 0- to 4-month re1ease) according to the application methode 
, , 

and rates 1ndicated in Table 2. 

Tablé 2. Osmocote 14-14-14 application 
method and rate ;in the rooting medium. 

Application method 

Incorporated (i= kg/m3) o 

Surrace-app1ied (s= kg/m2 ) 0 
( 

Application rate 

1 i 

0.15 s 

2 i 

0.30 s 

4 i 

0.60 s 

)~ 
" 

\. 
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l. 

Treatments 0.15 s, 0.30 sand 0.60 sare equivalent to' 

i,' 1 and 2 OZ/ft~. Treatments 1 1 and 0.15 s actually contained , , 

,the same quant1ty (20.9 g/flat) of Osmocote, as also tre,a,.tments 

2 1 and 0.30 s (41:8 g/flat) and treatments 4 i and 0.60 s 

(84.6 g/flat) • 

• 
The experiment was a 2x4 factor1al 1n a randomized cpmplete 

block design with four rep11catiQns and 10 cuttings per exper~ 

,mental factor comb1nat1on. Factor A was the two application 

methods, and factor B Osmocote rates as desoribed above, the 
) 

o 

two factors bèing completely cross-classified (Steel and Torrie 

1980). 
~' 

cuttings of Philadelphus and Welgela were evaluated on 

JUly 14 and 15, and those of Euonymus on J?ly 21. Immediately 
'-

a,fter root1ng evaluat1on, all Ieaves (5 t~ 9 g fresh weight per 
.. , .i~ 

treatment) and rooting med1um (25 ml) were sampled for chernieal 

analys1s according to procedures prev10usly described. 

. 
Rooting parameters descr1bed under General Procedures and 

,m1neral contents of cuttings were subjected to analysis of var1-

anee. Differences among means were compared by the least s1g-

nificant difference (LSD) method (Steel and Torrie 1980). Cor-

relation analyses of selected rooting parameters with each of 

the analyzed mineraI constituents of the cuttings and also with 

- \ 

\ 
.1 
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levels of soluble salts and pH oC the rooting medium were con-

ducted. Test of significance for polynomial regre'ssion to th e 

second ~ree was a1so conducted Cor these àata. 

Temperature and rainfall data during the rooting period 

" ., are shown in Appendix Fig. 1. 

3.2.2 Influence of Releasing Time of Osmocote 

on Rooting of Cotoneaster acutifol1a 

3.2.2.1 cutting Preparation 

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

of lO-year-old cotoneaster acutifolia Turcz. were taken from 

current season terminal gro_th of a sèries of shrubs, 'one shrub 
t 

per replication. During cutting preparation, it was cloudy with 

average day temperature Of' ISoe. 

The lower 3 cm of cuttings ure str~pped of foliage, the 

basal ends dipped for five seconds in 20,000 ppm IBA dissolved ( 

in 75% ethanol, and cuttings immediately stuck (2.5 cm deep 

x 3 cm apart) and placed under intermittent mist. 

3.2.2.2 Osm,9.cote with Different ,Releasing T1me 

Th~ rooting medium wae amended with two different Osmocote 

formulations: 19-6-12 (3- ta 4.month release) and.1S-6-l2 (8-
\ 

to 9-month release), each oC them applied according to rates 
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indicated in Table 3. 

Table 3. Osmocote 19-6-12 (3- to 4-lIlonth release) and Osmocote 
• 18-6-12 (8- ta 9-month re1ease) application rates. 

'\ 

Symbol Osmocote rate 

0 ( Control (no Osmocote added) 
~ 

l i 1 kg/m3 incorporated 
, 

2 kg/m3 2 i incorporated 

4 kg/m3 
, 

4 i incorporated 

0.15 s 0.15 kg/m2 surface-appl:i.ed <t OZ/ft2 ) 

0.30 s 0 • .30 ko/m2 surface-applied (1 OZ/ft2 ) 

0.60 s 0,.60 k-g/m2 surface-applied (2 OZ/ft2 ) 

The experiment was a 2x7 ractorial in a randomized complete 

black design wita six repl:i.cations and 15 cuttings per experi-

mental factor combination. Factor A was the two Osmoeote for-
1 .. 

mula,tions, and factor B Osmocote applicati,ons as described in 

Table 3, the two factors b~ing c,?mpletely cross-classi.fied (Steel 

and Torrie 1980). Each fIat was subdivided into four sections 

by one inch styrofoalll pieces. Each sectioQ, 'iras 34 cm long 

~ 8 cm wide x 15 cm deep, each containing one experimentai fac

tor combination. Treatm'ents l i and 0.15 s actually conta~~ 

the same quantity (4.1 g/sect1on) of OSlIlocote"as also treat

ments 2 i and 0.30 s (8.2 g/section) t and treatments 4 i and 

ftT t (f • 
... _ rt 
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1 

0.60 s (1~.3 g/sectlon). 

Cuttlngs were evaluated bet.een October land 3. Immedi-

ately after rOQting evaluat1on, leaves and root1ng medium (25 ml) 

.ere sampled for chemical analysis as previously described. 
, 

Because Many ot the leavès from the ~~tt1ngs had fallen at this 

t1me, only leaves rema1ning on the cutt1ngs were sa~pled and 

pooled together (1 to 3 g fresh we1ght) from aIl rep11cations. 

Root1ng parameters as previouely descr1bed .ere subjected to 

analyais of var1ance. Differences among means were compared by 

LSD. Correlat1on analyses of selected root1ng parameters a'nd 

also pooled mineraI constituents of cutt1ngs with levels ot sol

uble salts and pH of the rooting medium were conduct'ed.· Test 

of'significance for polynomial regression to the second degree 

was also conducted for these data. 

Temperature and rainrall data during the rooting per10d 

are sho~n ln Appendix Fig. 2. 

3.2.3 Relationship of Osmocote and Speed 

of Rooting in Juniperus sabina 

3.2.3.1 Cutting Preparation 

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

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

branched growth of a series of shrubs, one shrub par repl1ea t:ion. 
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The basal end of cuttings Tiere stripped of foliage and .. 
dipped for five seconds in 5,000 ppm IBA dissolved in 50% ethano1, 

and cuttings imlÏlediately stuck (2.5 cm deep x 2 cm apart~nd 

placed under intermittent mist in unshaded frames (Nelson 1959). 

In this experiment, the medium was contained un fiber fIat 

(18 cm long x 13 cm .ide x 7 cm deep). The mist frames were 

located in a greenhouse. kept at 24~ay temperature and 180 e 

night temperature from 5.30 PM to 8.30~. 

3.2.3.2 Harvest Da,te and Osmocote Rate 

Osmocote 18-6-12 (8- to 9-month release) was incorporated 

in the rooting medium at the following rates:'O kg/m3 (control), 

2 kg/m3 (2 i), 4 kg/m3 (4 i) and 6 kg/m3 (6 i). Cuttings were 

harvested and evaluated on three different dates: April 16, 

April 30 and June 4 (i.e. 57, ?l and 106 d,6s after sticking, 

respect~vely) • 

This experiment _as a split-plot in time arranged in a ran-

domized complete block design with five replications and 10 cut-

tings per e~perimental treatment, ,one treatment per flat. Main 

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

scribed above. 

Immediately after rooting evaluation, above-ground part 

of cuttings (8 to 12 g fr"esh weight per treatment) and rooting 

.' 
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) 
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medium (2.5 ml) were sampled for chemical analysis according 'to 

, 9 

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

samp1es "ere left overnight for extraction w1th ammonium EDTA he-

cause of the slower release of Ca from the t1ssu'es of this spe-

cies (Greweling 1966). 

Rooting parameters were subjected ta analys.i's of variance, 
ç 

<P 

as well as each of the. analyzed mineral constituents of the cut-

tings. Differences among means were compared by LSD. Corre la-

,tion analyses of selected rooting parameters w!th each of the 

analyzed mineraI const! t uen t sand also _i th leve la of so l uble 

salts and pH of the rooting medium were 'conducted. Test of sig-

nificance for polynomial regression to the second degree WolS 

also conducted for these data. Homogene1tx of experimental er-

ror mean squares of the different harvest dates were tested by 
l ' ' 

Bartlett' s test (Steel and Tarrie 1980). 
L.., 

3.2.4 Interaction of IBA-Osmoe:ote on 

Root1ng of Cotoneaster acutifoI1a 

3.2.4.1 Cutting Preparation 

On Ju1y 1, 1981, softwood cuttings ?t Cotoneaster acutitolia 

were taken as described in section 3.2.2.1. During cutting prep-
• 0 

arat10n it was cloudy with average day temperature of 21 C. 

Cl 

The lower 3 cm of cuttings were -strippe ct of foliage, the 
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, 
1 

basal,ends treated in lBA as descr~bed below, and èutt1ngs im-

, mediately stuck (2.5 cm deep x 3 cm apart) and p'laced under in

termittent m1st in subdivided waaden flats as described in sec-

_ tion 3.2.2.2. 

• 
3.2.4 .. 2 lBA and Osmocote Treatments 

At each rate of Osmocote (Table 4), cuttings were subjected 

tG the following roating hormone treatments: ... 
- , 

5;000 ppm lBA dissolved in,75% ethanol, 5-second dip 
, . r 

20,000 ppm lBA dissolved id 75% ethanol, 5-second dip 

0.3% lBA ~n powdered talc (Seradix No. 2) 

The rooting medium was amended w1th Osmocot;e 18-6-12 (8- to 

9-month :telèase) applied accord1ng to .rates shown in table 4. 

Cuttings .ere harvested and evaluated on three d1fferent 

dates: August 4, August 14 and September 3 (i.e. 34, 44 and 64 . 

dayé at'ter sticking, respect1.vely). 

This exper1.ment was a split-plot in time arranged in a ran-

domized c~mplete block design w1th four replica tions and 10 cut-

ntal- tre~tment. Mafn plots were harvest 
1 

dates 
, , 

and sub-pl.ots ere two factor- comb::lnat1ons, factor A being IBA 

treatfllents and actor B being Osmocote rates, as de~cr1bed in 

Table 4. factors ~.ere completely eross-classified. 

" 

\ -

-
t 

} 
î 
î 

'f .. \ 

'1 

I~ 



.c. 
t; . ,,; 

.": 

,~ , 
% 
~ , 
~ 
1 
i' 

, · • 
• ! 
i 
i 

. ! 
t 

f 
l 

1 

() 
'!Ir> , 

, 
" 

" 
~ 

53 
>, 

Table 4. Osmocote 18-6-12 (8- to' 
·9-month release) application rates. 

" ê 

Symbo1 ., ' 0smocote rate 

0 Control, (n~ Osmocgte added) 

l 1 1 'kg/m3 1ncorporated 

2.kg/m3 p 

Z 1 1ncorporated 
' .. ~. 

4 1 
~ 

4 kg/m3 1ncorporated 

0.15 kg/m2 . 
ct OZ/ft2 ) 0.15~ s sur face-appl1ed 

0.30 a 0.30 'k8/mZ surface-applied (1 oz/!t2 ) 

0.60 aD 0.60 kg/m2 (2 OZ/ft2 ) surface-appl1ed . 

Immediate1y after r~ot1ng evaluation, 1eaves of cuttings 
't 

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

were samp}ed for chemiea1 analysis according ta procedures pre-. 
v10usly described. Rooting parameters and a1so each of the 

• 
ànalYzed mineral constituents of the cuttings were subjected to 

f< 

-

analysi~ of variançe. D1ffe~ences among means were compare~ by 

LSD. Correlat~on analysès of selected roo~ing ~arameters w1th 

each of the anapzed mineral 'constitue~ts of cutt1.ngs treated 

1n 0.3% lBA powder, and with levels of soluble salts and pH of 

the rooting, medium .ere conducted. Test of s1gnif1cance for 

polynomial. regression to the second degree was also conducted 

for these' data. Homogene1ty of exper1mental error Mean squares 

of the d1frerent' harvest dates .er.e tested by' Bartlett's test 
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(steel and Torrie 1980). 

. Teclllperature and ra1n.fall data c1uring the root1.ng per1.od 
,~ 

,. 
< 

i, 

0 

are 8ho~ Append1.x Fig. 3. 
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4. RESOLTS 

4.1 -Influence of osmocote APplication Method 

and Rate on Rooting of Three Shrubs 

Rooting performance ind mineraI contents of Euonymus alata, 

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 tables-5 to 7. 
, 

4.1.1 'Application Method and Rate 
!' 

Rooting percentage and root 1ength were sig~~cantly higher 

.<,E=O.05) .ith incorporated Osmocote than .!th surface-applied 

Osmocote for cuttings of Euonymus, Philadelphus and Weigela 
• 

'(Tables 5 to 7). However, analysis of variance indicatad 5ig

nificant interaction (E=O.05) for rooting percentage in Euony~ 

and Philadelphus and for root-+ength in Ph11adelphus. Rooting~ 

index (data not presented) aho.ed similar trends to root length. 

Whl1e root number was signlficantly higher wlth Osmocote incor-

porated for Euonymus (Table 5), Welgela sho"ed no re.sponse wi th \. 

regard to this root1ng parameter (Table 7). Root number was not 

re'corded for Phlladelphu& •. 
t 

Higher rates of Osmocote in tte rooting medium, espec1ally 

.hen surface-applied, resulted in decreases in rooting perform-

; 

- • 
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Tabl~ •• ~nfluence of Osmocote application method and rate on rooting performance and 
mIneral-content of Euonymus Alata èuttings. 

Rooting performance Mineral content (% DW basis) 

Application 
method 

control (no Osmocote) 

Incorporated 
- (kg/m3) 

Surface-,ippli.ed 

\ (kg/m
2 ) 

LSD (.f=O.05) 

"-

Applicati.on méthod 

Rate 

Interaction 

"' 
"1. 

Applicati.on 
rate 

0 

1 

"2 

4 

0.15 
0.30 
0.60 

Rooti.ng 
percentage 

80, 

75 
58 
28 

28 
15 
10 

Il 
15 

22 

I.J 

Root 
lengtha 

(cm) 

6.1 

6.4 

4.3 
2.2 

2.0 
0.6 
0.5, 

1.4 
2.0 

NS 

a Mean root length of each -cutting wlthin treatment. 

Root 
number 

6.0 

- 6.1 

4.2 
2.1 

2.1 
0.8 
0.5, 

1.1 
1.5 
NS 

N P 

(3.'25) b (0.26) 

1.6& 

1.53 
01.64 

1.'74-

'1.81 

1.'71 

1.99 

0.12 

NS. 

NS 

0.15 

0.15 
0.15 
0.16 

0.17 
0.16 ~ 

0.19 

NS 

NS 

NS 

" 

K Ca 
'-

(0.92) (2.'79) 

0.50 

0.50 
0.'55 
0.60 

0.58 
0.63 
0.68 

0.05 
0.0'7 

NS 

. 
1.83 

1.'78 

1.78 
1.88 

1.85 
1.85 

1.93 

NS 

NS . 

NS 

b Data in brackets represent the~initiaî mineraI contents at the start of the experiment. 
data are not considered in statistical analysis. 

These 

NS Not s1gft1f1cant. 
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T.ble 6.' Influence of Osmocote applic~tion method and rate qn rooting performance and 
mineraI content of Philade1phus coronarius 'Aureus' cuttings. 

Rootins Eerformance iMinera1 content ~! DW bas1s2 -
Application 

method 

,Control (no Qsmocote) 

Incorporated 
(kg/m3) 

Surfâce-app1ied 
(kg/ri) 

LSD (.E=O.05) 
Application method 

Rate 
Interaction 

~ 

Application 
rate 

0 

1 
2 ... 

, 

4 

0.15 . 
0 • .30 
0.60 

Rooting Root 
percentage 1engtha 

( cm) 

98 4.7 

98 ~' -_ 6.0 

90 5.1 

75 3.1 
-.. 

75 4.4 
40 2.1 
10 0.2 

9 0.9 
13 1.2 
18 1.7 

a Mean root 1ength of eaeh cutting with1n treatment. 

Root N, P K .. Ca number 
(3'.60) b (0.36) (2.65) (1.70) 

;, 

1.95 0.13 1.15 1.ÇO 

-' 

1.99 0.13 1.08 0.95 

-- 1'.99 0.14 1.08 0.95 
..... , ~ 

1.99 0.14 1.20 1.00 

2.10 0.17 1.25 1.03 
2.30 0.19 1.40 1.13 
2.61 0.23 1.50 1.13 

0.10 0.01.- 0.09 NS 

0.15 0.02 '0.12 NS 
0.21 0.03 6.17 NS 

b 'Data in brackets represent the initial mineraI contents at the start of the experiment. These 
data are not considered in statistical analysis. 

NS Not si.gnifieant,. 

-- Data not recorded. 
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Table 7. Influence-of Osmocote application method and rate on rooting performance and 
mineral content of Weigela 'Bristol Ruby' cuttings. 

... 

Rooting performance Mineral content (% DW basis) 
Application 

method 

Control (no OSMocote) • 

Incorporated 
(kg/m3 ) 

f 

"" 

Surtace-app1ied 

(kg/m2 ) 

LSD (,E=0.05) 
Application method 

f ÇRate ' 
Interaction 

Application 
rate 

o 

1 

2 

4 

0.15 
0.30 
0.60 ~ 

~ 

W' 

Rooting 
percentage 

68 

60 
53 
25 

30 

28 
23 

13 
19 
NS 

Root 
lengtha 

(cm)-

~4.3 

13.4 
13.2 

4.9 
"\ 

5.2 
·5.2 
3.1 

4.1 
5.7 
NS 

la Mean root l~ngth of each cutting .{ihin treatment. 

Root 
number N P 

(2~93)b ({).29) 

8.2 1.89 

10.1' 1.84 
9.2 2.0,? 

4.6 2.18 

5.2 
5.3 
3.7 

NS 

HS 
NS 

2..42 
2.47 
2.33 

0.13 
0.18 
0.26 

0.16 

0.15 
0.16 

0.21 

0.20 

0.23 
0.24 

0.02 

0.02 
NS 

K 

(1.53) 

0.70 

0.73 
0.83 

0.98 

0.90 

0.95 
0.98 

0.07 
0.10 

NS 

b Data in brackets represent the initial mineral content& at the start of the experiment. 
data are not considered in ~tatistical analysis. 

HS Not significant. 

'" , ... """ ........... ~ ... '~,.., ..,J.",..~J~... A, ~ 

Ca 
( 1.42) 

0.93 -a 
0.88 
1.03 

0.93 

1.03 

1.03 
0.95 

NS 

HS 
NS 
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ance of cuttings as compared to ~he control (Tables' 5 to, 7) ex-
. " 

cept for root number 1n ,Weigela (Table 7). Interestingly, how-

ever, Phil)delPhUs responded differentl~ ,frqm the other two 

species w1th increas1ng rates of Osmocote. In fact, increases 

in root1ng percentage of incorporated Osmocote over surface-applied 

Osmocote decreased at higher tates of Osmocote for Euonymus and 

We1gela cuttings, but 1ncreased for Philadelphus (Fig. 2). 

4.1.2 Minera1 Contents of Cutt1n~s 

The contents of the elements supp11ed by O~mocote (N-P-K) 

were s1gnificantly higher (P=O.05i in cutt1ngs of aIl species 
, , 

in medium in whieh Osmocote was surrace-appl~ed in comparison 

with incorporated Osmoco~e (Tables 5 to 7) except for P 1n 

Euonymus.cutt1ngs which showed no significant difference in 

content due to app11cation method (Table 5). Ca content was 

not sign1ticantly d1rferent 1n cuttings of aIl three .species 

(Tables 5 to 7). ' 

While K content consistently 1ncreased in 

three species w1th increasing.rates of Osmocote ( 

N and P contents showed increaaes, espec1ally with 

Osmocote , only in cuttings of Ph1ladelphus (Table 6) , 

Cf; 

of the 

5 to 7), 

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

none of the Osmocote~treatments studied did mineraI contents .. 
reached the initial. content in cutt1ngs at the start of the 
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ROOTING " 
PERCENTAGE 
INCREASE 

100 

80 

·~ , . 

- 60 

0.60 

0--0 EUONYMUS 
Â 6 PHILADELPHUS 
0---0 WE IGELA 

OSMOCOTE INCORPORATED (kg/m3 ) 
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experiment (Tables 5 to 7). 

Table 8 shows results for correlation coefficients of each 

of the roo~ing parameters (rooting percentage, root length and 

root number) with contents of each of the mineral elements ana-

lyzed in the cuttings. Slgnificant negative correlations 

(f=O.05) were obtained in aIl the cases except between Ca con- , 

tent and rooting percentage and also root length in Weigela eut

tings (Table 8). Seçond degree polynomial regression was not 

signifieant (f=O.05) for all the cases presented in Table 8, 

except for root length and also root number versus K content of 

Euonymus cuttings. 

4.1.3 Soluble Salts and pH of the Rooting Medium 

Hlgher rates of Osmoeote resulted in higher levels of sol-

uble.salts in the rooting medium in bath incorporated and sur-\ 

face~applied methods (45 dâya after 

of soluble salts were conaiatently 

treatments (Fig. 3). As-iDdicated 

sticking), altrOUgn levels 

higher in s~rfa~e-applied 
1 

by standard err9rs in Fig. 3, 

the variability in soluble salts of surface-applied treatm~nts 

.as greater than of 1ncor~orated treatments. Higrrer rate~ of 
• Oamocote tended to decrease pH Of the rooting medium, especially 

when incorporated, as compared to untreated medium (Table 9). 
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OSMOCOTE SURFACE-APPLIED (kg/m2)- - --

o OJS 0.30 0--45 0.60 

, 2 

OSMOCOTE INCORPORATED (kg/ml )--

Fig. 3. Intluenêë of Osmocote application method and rate 
on levaIs of soluble salts in the root1ng medium. 
Vertical bars represept standard errora. 
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Table 9. Influence of Osmocote on pH ot the 
rooting medium 45 days after sticking. 

,Osmocote rate 

(i, kg/m3 )a pH of the rooting medium 

( s, k.g/m2 ) 

0 5.2 + 0.00 -
l i ,4.9 + 0.03 -
2 i 4.7 !-. .o.06 

4 i 4.6 + 0.03 -
\ 

0.15 's 4.9 ;t 0.00 

0.30 s 4.9 + 0.03' -
0.60' s 4.9 ± 0~06 

a 'i= Osmocote incorporated; s= Osmocote 
surface-applied. 

b 

b Each datum is the mean of three replicates 
t the standard error. 

( 

Correlation analysis of means of each of the rooting para

meters (rooting percentage, root length and root number) with 

soluble salts in the rootin~ medium indicated' significant nega

tive values (E=0.05) in all three species (Table 10). However, 

correlation between pH ot the rooting medium and the rooting 
, 

parameters was consistent only for rooting,percentage (Table 10). 

Significant negative correlation <f=0.05) was obtained between 

pH and solubl.e salts in the rooting medium (data not presented). 
. , 

Polynomial regression to the second. degree was not significant 
t:l 

Cf=O.05) for a11 the cases presented in Table +0. 
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Table 10. Correlation of rooting performance of • 
c~ttings with soluble aalta (SS) and with pH 
of the root1ng medium. 

Root1ng performance 

, . 

1 
Rooting 
medium 

Rooting 
perçentage /' 

Root 
1ength 

Root 
number 

SS 

pH 

5S 

·pH 

55 

pH 

* ** , 

Euonymus ala ta 

** ** -0.902 -0.883 -0.895 
* * 0.810 0.784 0.791 

Philade lph us coronarius 'Aureue' 

'\ 
, 

** ** -0.947 " -0.895 
* 0'.746 0.863 

" 

Weigela 'Bristol Huby' 

* ';0.849 '* -0.864 -O.7?O 
* 0.762 0.727 , 0.564 - . 

• 
Significant correlation (*f=0.05i +*E=O.Ol) based on 
6 df. 
Data not recorded. 

/ 

( 

: 

** 
* 

* 

, 

.. 
" 

: j 



~ , 
1 

1 

. \\. 

'\. 

1 

, , 

t 
> ' 

0' 

o 

Jj 
'(~ 

( .- . 

/ .' • 

0 

..: 66 -

.f' 

Table,ll"shows results tor correl~tion ~etti~1ents of 

co~ of each of th~ mineral elements analyzed in cuttings 

w1th solUb:t:" salts and alsoo .!th pH of 'the rooting medium. 

Level, Of soluble "salt~ in the rooting, medium' correlated sig-

nif1cantly (~=O.O,5) with the lDinera~onstituents in ~uttings 
............. - "~ . 

of the three spec1es, exeept 
.JI> 

~or contents,of'N and Ca in 

We~sela (Table' 11). " The pH 1 of the roo~ing med~,um showed in-

consistent eorr~on .i1th -Yhe ~neral constituents analyzed 

. in cutt1.ngs (Table 11). 
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Table 11. Correlation of mineral contents of 
tissue cuttings .i th soluble salta and. 
with pH of the rooting medium. 

Mineral 
content of 
cutt1ngs 

Rootin6 medium 
- SolUble 

salta pH 

* ** , 

N 

P 

K 

Ca 

N 

P 

K 

Ca 

N 

p 

J(. 

Ca 
$ 

Euonymus alata 
* 0.770 -0.580, 
* 0.826 -0.706 
** 0.968 . * -0.856 
* 0.757 -0.519 

P~ilade lph us coronari us . • A ureus • 
r ** * 0.892 -0.843 

** * 0.892 ... 0.838 
* . * 0.866 -0.157 
• _0.187 -0.692 

We1~ela 'Bristol Ruby' 

0.126 -0.676 
** * 0.~98 -0.762 
** \ * 0.816 -0.761 

0.225 _-0.263 

Signifieant corr~lat1on (-~=0.05; **~=O.Ol) 
based o·n. 6 di'. 
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4.2 Influence of Releasing Time of Osmocote 

on Rooting ot Cotoneaster acutifolia 

. . 

Rooting performance ot cotoneaster acutifolia cuttings as 

1nfluenced by~releas1ng t1me formulation and rate of Osmocote 

19-6-12 (3- to 4.-month release) and Osmocote 18-6-12 (8-' to 

9-month release) are, presented in Table 12. 

Releasing Tlme and Rate t " 
C ,) J 

signi. icantly:higher Rooting percentage and roo,t length were 
1 

(E=O.05) with Csmocote 8- to 9-month release formulation than 

!ith Osmocote 3- to 4.-month release formulation, .hile root num

ber .as not in11uenced by r,e1easing time (Table 12). C'orrespond-, 

ing data for rooting index and for total root length of al1 eut-

tings within treatment sho.ed slmilar trends to root number 

(data not presented). 

While increasing ratés of incorporated Osmocote of the 

t7~ formulations aho.ed no signifieant influence on all rootipg 
. 

parameters, 1ncreasing rates of surface-applied Osmocote of the 

two formulations resulted in decreases in aIl rooting,parameters 

as compared to the control (Table 12.). 

Table 13 shows resu1ts for correlation coefficients of 

meane of each of the rooting parameters (rooting percentage, 

....... -------------:--------------1111!1"'---------....... ,--i';i~4""'" 1 letr .... ' 
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Tab1~-12 •. Influence of releasing time of Osmocote formu1ations r and rate on rooting 

perfor~ance of Cotoneaster acutifolia cuttings • 
" 

Rate a _____ ~Rgotlng performance 

(i,kg/m3 ) 
Root1.ng 'c percentage _ Root 1ength (cm) 

. 2~\ 
(s,k8/m) /1 3-4b 

8-9 3-4 
/" 

o (control) 65 65 2.7 

l 1 50 68 2.~ 
," 2 i 63 71 2.6 

4 i 64 70 2.7 

0;15 s 49 55 2.0 
. 0.30 s 
~, 

51", 57 1.9 
MO s. '1, 37 53 1.1 

LSD (E,=0.05) 
Releasing time 8 0.4 

Rate 15 0.8 
Interacti-on NS . ' NS 

a i= Osmocote incorporated; s= Oemoeote surfaee-applied. 
'b ,3-4: 3-' to 4-month re1ease; 8-9: 8- to 9-month re1ease. 
c Mean root length of each cutting within treatment. 

J 

NS Not,signifieant. 

~\ 
·t = 

8-9 

2.7· 

2.6 

3.2 

3.4 

2.1 

2.6 
2.0 

... 

Root number 

3-4 8-9 

5.9 5.9 

5.0 5.4 
6.0 5.9 
5.6 5.9· 

4.4 3.8 

3.8 4.4 
3.4 4.1 

HS 

1.8 

NS 

Pl'tt 

o 

0\ 
'-'> 

,. 
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Tabl~3. Correlation of root1ng performance with min
eral contents in Cotoneaster acutifol1a cuttings • 

1 

Mineral Rootinea Eerformance 

content of Rooting Root< Root 
cuttings percentage 1ength number 

... 
N -0.252 -0.222 -0.464 
P -0.333 -0.309 -0.409 

** •• •• K -0.949 -0.897 -0.845 
Ca 0.257 0.232 0.360 u 

.,*. Significant correlation (·~=0.05; ·*f=O.Ol) based on 
12 df. 

root length and root number) with contents of N, P, K and Ca 

in the cuttings. Signifieant negative corrplations (E=0.05) 

.ere obtained only between K content and all rooting parameters 

(Table 13). No signiticant second degree polynomial regression 

was obtained between Any of the rooting parameters and mineral 

contents of Cotoneaster cuttings. 

4.2.2 Sol:ub1e salts and pH of the Rooting Medium 

Higher rates of Osmoeote resulted in higher levels of sol

uble salts in the rooting medium for bath Osmocote formulations 

(50 days after stieking), although levels of soluble salts were 

consistentlY higher in the 3- to 4-month release formulation 

treatments (Fig. 4). 
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OSMOCOTE SURFACE-APPLIED (kg/m2)- ---

o 0.15 0.30 0.45 0.60 
.... 

IJ-IJ 3-TO 4-MONTH RELEASE 
0-0 a-TO 9-MONTH RELEASE ~~1 

". ... ... 
" 300 

". . -~l-/- ". 

...... ... 
1 r 
1 , . .. 

1 SOLUBLE 
1 

SALTS 200 1 
1 

(pmhos/cm) 1 

Fig. 

1 
1 

• 1 , 

OSMOCOTE INCORPORATED (kg/m3)--

4. Influebce of Osmocote releaBe time formulation 
and rate on levels of so'luble salts in the rooting 
medium. Vertical bars represent standard èrrore 
gr.eater than 6~mhos/cm. 
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Table 14 •. Influence of Osmo~ote release t,ime 
tormulation and rate on pH of the rooting 
medium /50 days atter stick1ng. 

Osmocote rate 
(1, kg/m3 )a 

(s, lq./m2 ) 

0 

l i 

2 i 

4 1 

0.15 s 

0.30 s 
0.60 s 

pH of the rooting medium b 
.ith Osmocote formulation of 

3- to 4-month 8- to 9-month 
release release 

5.2 ;t: 0.00 5.2 # 0.00 
c 

4.8 + 0.03 4.7 + o.-oe 
4.7 + 0.00 4.6 + 0.03 - -
4.5 ;t: 0.03 4.7 ± 0.03 

-4.6 t 0.10 4.7 ! 0.00 . 
4:6 :!: 0.00 4.7 ! 0.00 . 
4.6 t. 0.06 4.7 ± 0.00 

a i= Osmocote incorporated; Osmocote surf.ace-s= 
appl1ed. 

b Each datum i8 the Mean of three replie,ates ± the 
~tandard error. 

') 

In all cases the pH was lo.~red by the presence of Osmocote 

., in the rooting medium, although no differences' arnong treatments 

1ncluding Osmocote .ere obtained (Table 14). 

Signifieant (E=0.05) negative correlations were dbtained 

for means of èach or the rooting parameters (rooting percentage, 

root length and root number) with soluble salte in the roo~ing 

medium, but not with pH (Table 15). Polynomial, regression to 

the second degree was not signifieant (E=O.05) between soluble 
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Table 15. Correlation of rooting performance and also min
eral tontents of -cuttings of Cotoneaster acutifolia 
.1.. th soluble salts and w1th PH of the rooting medium. 

Rooting medium 

Soluble 
salta pH 

Rooting performance 

Rootingv percentage 

Root length 

Root number 

Mineral 

N 
, 
P 

K 

Ca 

* ** Si'gn1ficant , 
based on 12 

content or 

correlation 
dt. 

** -0.816 

-0.776 ** 
** -0.722 

cuttin5s 

0.438 
** 0.731 

0.761 ** 

-0.146 

(*f=0.05; 

-

0.179 

0.192 

0.310 

'-0.329 

",,0.618 
-0.140 

-0.374 

**f=O.Ol) 

* 

salta ,in the rooting medium and rooting performance of cu'ttings., 

Signiticant negat1ve correlation (f=0.05) was obtained be

tween pH and soluble sal ts in the root1ng medium (data not pre

sented). Solu~le salts in the rooting medium corre1ated sig

n1ficantly (E=0.05) only with P and K contents of Cotoneaster 

cutt1.ngs (Table 15). 
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4.; Relationship of osmocote and Speed 

of Root1ng in JuniperusjSabina 

- ," 

Rooting performance and mineral contents of Juniperus 

sabina cuttings rooted if medium at difrerent rates of incor

porated Osmocote 18-6-12 (8- to 9-mohth re1ease) and harvested 
/ . 

at three dates after sticking are presented in Table 16. 

4.3.1 Harvest Date and Osmocote Rate 

Rooting percentage, root length and root number of Juniperus 

cutt1ngs increased s1gn1f1cantly (~=0.05) with each harvest 

date (Table 16). Corresponding data for rooting index, total 
1 • 

root length of aIl cuttings within treatment, and fresh and dry 

we1ght, showed simi1ar trends to root number (data not presented). 

Notwithstanding the decreasing trend in rooting percentage 

in relation ~o higher rates of Osmocote, espec1a11y at.the third 

harvest date (106 days after st1ck1ng), rates of Osmocote showed 
. 

no s~gnificant difference wlth regards to this parameter, but 

ha~ signiflcant inr1~ence (E=O.05) 'on root 1ength and root num

ber. The interaction bet_een harvest daté and ~ate of Osmocote 
1 • 

for, both root length and root number 18 noteworthy; while there 

was a consistent decrease of root length and root number at the 

third harvest date (106 days after sticking), corresponding data 

for the two other harvest dates were less consistent (Tabie 16). 

.. _--------------------------.... ,._-..... "...., ... '_ ..... -~. 
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Table 16. Rooting performance and minera1 contents of JUni~erus sabina cuttings rooted in 
medium at di~~erent rates o~ incorporated Osmocote 18- -12 and harvested at- three • 

_1 dates a~ter sticking • 
.. 

Rooting performance Mineral 'content (! DW basis) 

Harvest date Rate Rooting Root Root' N P K C 
1 (Days after sticking) (kg'/ 3) percentage 1ength& number, b & 

m (cm) (1.62) (0.18) (1.00) (1.36) 

57 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 1.27 0.13 0.66 lt36 
6 12 0.2 0.5 1.33 0.14 l, 0.64' 1.32 ~ 

71 0 32 1.2 1.8 1.25 0.13 1 0.56 1.26 
, 2 20 0.5 0.8 1.26 0.14 0.58 1.28 

4 26 0.8 0.9 1.24 0.14 0.62 1.32 
6 36 1.1 2.1 1.31 0.15 0.56 1.34 

106 0 88 5.6 5.3 1.20 0.12 0.36 1.40 
2 68 3.8 4.1 1.32 0.13 0.44 1.42 

! 6 46 2.2 1.4 1.42 0.15 0.50 1.48 
:,-; 4 56 2.6 1.7 1.29 o~ 13,. 0.48 1.44 
!::' 

f ~ 

l' 

LSD (P=0.05) 
Harvest date 10 0.4 0.8 HS HS 0.06 HS 
Rate NS 0.9 1.1 0.08 0.01 NS NS 
Interaction NS 1.5 1.8 NS NS HS HS 

• t 1 
a Mean root 1ength of each ~utting within treatment. - ~ 

b Data in brackets represent the i~it1al mineraI contents at the start of the experiment. These 
data are hot considered in statistical analysis. 

NS Not sig~ificant. \ 
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4.3.2 Mineral Contents of Cuttings 

Except tor K, min~ral contents of cuttings did not vary 

significant1y (P=0.05) during the rooting periode On the con-

trary, however, while increasing rates ot incorporated Osmocote 

showed no inf.luence on K content of'çuttings, contents of N and 

P increased significantly with higher rates of Osmocote. Ca 

content was not intluenced by Osmocote rate (Table 16). 

Tab1~ 17 shows results for correlation coefficients of each 

of the rooting parameters (rooting ,ercentage, root length and 
"-

root number) with contents of each of the mineral elements ana-.. 
lyzed in the cuttings. Si~ilar to Cotoneaster (Table 13), slg-

D 

nificant negative correlations (E=O.05) were obtained only be

tween K content and a11 the rooting parameters at the third. 

harvest date (106 days after sticking)~ (Table 17). No corre la-.. 
tions were obtained for the two ~ther harvest dates (data not 

presented). Polynomial regr~ssion ta the second degree between 

rooting performance and mineral contents ot Juniperus cuttings 

was not significant. 
" 

4.3.3 Soluble Salts and pH of the Rooting Medium 
l • 

Soluble sa1ts increased more rapid1y up to 57 days after 

sticking, genera11y plateauing or slight1y increasing between 

57 and 106 days after sticking (Fig 5). Furthermore, h1gher 

rates of Osmocote incorporated resulted 1n higher levels of 

" ... U;oi/ilJIi ... n ... u ..... lTssr __ IfoII ...... r_ .... __ •• _IllliIJ ____ rertiiil'fIllliU'lIIlIIffiIffiillt __ r=_zrT'8it? .... uPlIoiIiillliill' .$ _______ ----J'!I"-... r~ .... _ ... Q.jIO/l ...... h_V~.:r...w.~\ .. nM!r •• "'"~~'W_\~ 
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Table 17. Correlation of rooting performance with mineraI 
contents in Juniperus sabina cuttings 106 days after 
sticking. 

Mineral Rootins Eertormance 
f 

content of Rooting Root Root cuttings percentage length number 
1 • 

N -0.200 0.080 0.040, 

P -0.354 -0.197 -0.137 
•• * • .* 

K -0.814 -0.658 -0.571 
Ca -0.073 -0.045 -0.118 

• •• , Signifieant correlation (*P=O.OSi ·*~=0.01) based on 18 dt. 

soluble salts in the rooting medium with similar trends for 

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

observed to be consistently lower in the presence of Osmocote 

in the rooting medium as com,pared to the control, on eaeh of 

the three harvest dates and a pH inerease in time was observed 

regardless of Osmocote rate (Table 18). 

Signifi~ant-correlations (P=0.05) were obtained tor means 
, -

Of each of the rooting parameters (rooting percentage, root 

length and ~o~ number) wi~h ,solUble salts and pH in the rooting 

medium only at the third harvest date (106 da~s after sticking) 
~ 

(Tabl~ 19). Test for second degree polynomial regression w~a 

not signifieant (E=O.OS) for rooting performance of JuniEerus 

cutt1ngs as influeneed by soluble salts in the root1ng medium. 
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Table 18. Influence of incorporated Osmocote rate on .pH 
ot the rooting medium at t~ree dates alter sticking. 

QII 

Oamocote EH ot the rootins medium 
a 

rate (da~s after sticking) Mean " . 
(kg/m3-) 

. . 
57 71, 106 

,,' 
0 ~ 5.3 + 0.03 5.4 :t 0.13 6.0 ::t.0.13 5.6 -
2 i .5.0 :!: 0.03 5.;1 + 0.12 5.6 + 0.00 .5.2 -
4 i 4.9 ± O~06 5.0 ± 0.03 ... 5.' ± 0.06 5.1 

6 'i 4.9 ±,·0.O3 4.9 ± 0.06 5~2 >± 0.00 5.0 

a Each datum is the mean of "four rep1icat.es ± the stan~a.rd 
error. 1, 

Significant negative corIl91ations (1:=0.05) were o'dtained 

between" pH ahd soluble saI ts 1A -the rooting medium for 'the three 

harvest dates (data not presented). 

Sol)lb1e salta in the rooting medium correlated significant

ly (.E=0.05) only "i th K and Ca contents of Juniperus cuttings 
, 

at the third harvest date (Table 19)" S1m1lar relationship$ 

"ere *ot observed at the other two ~arvest dates. 
1 .. 
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Table.19. ~orrelation of rooting performance 
. fnd abs~~mineral contents of cuttings of . 

Jun1perus sabinFl wi th s,oluble salts ahd 
wi~h pH~of the rooting medium 106 days 
aft'er sticking. ~ 

1 

Rooting' .medium 

Soluble 
s~t's 

pH 

--------------------------~--------------------------~ , 
Rooting performance 

~ 4 * 
>" -0-.986 

'-
.Rooti~g perc~ 

• Root length ~ * • ** -0.963 0.999 

* Root number -0.963 0.974 

Mineral contents of cuttins:s 
è 

N 0.896 -0.846 

p 0.923 -0.829 
* 

K 0.958 ''':0.996 

" * Ca 0.983 -0'.910 

*,** S1gnLficant correlat1on)(*E=O.05; ·*E=O.Ol) 
based on 2 'df. 

* 

**. 

~) 

, . 
10. 

• r 

~--\ 
,r 

~ 

,~ 

. 
,~ . 

,.U-U------~ __ .,~~i •.. f.? ........ --.. l~'--........ ~ .. ~ ................... §.! .... F.I.F .... lr •• I~' .. r __ ~.nm~mq_'~ne~~~~~~ 

, 
'~ 

r4 
}~ 

, 
" 

'. 

" 

'. 



.C 

. 1 

C') 

( 

\ 
\ . 

... ~, ..,. 

" (" - 81 -

, 

4.4 Interaction Of,IBA-Osmocote on 

Root1ng of Cotoneastér acutifo'l1a 
.. .. r 0 

, ' 

r , 

, " 

- , 

~ . Rooting performan.ce Qf c'oton~aster acutifol1a cuttings ,#' 

- , 7ted in me~um at. different rat'es of' Osmocot~ 18;.6-'12 (8-:to 

~ ~-~onth rel~~s~)' and harvestdd at t:ree date~ ~fie~ sticking 

" 
, are presented in Tables 20, 21 and- 22 for each lM treatment ~ 

J 

(5,000 ppro. IBA ethanol solution, 20,000 ppm lBA eth'anol solutiol1 

:n~ 6 •. 3% 'BA powder, respective~~)., 

tr 

"')4.4.1 lBA Tr~atment and Osmocote Rat~ 

( While root length increased .signi fican t ly (!:=O ~ 05). wi th 
~ . 

each harvest date, rooting percentage and root number showed ' 
J 

no significant ~ifference in the case of cuttings treated with: 
\ ~ ... . 

5,000 a~q 20,000 ppm lBA ~ables 20 and el). Corresponding . . ~ 

data for total root length of aIl' cuttings wi.th:in treatment,' 
. , . 

and root fresh and dry weights shcwed similar trends to.'root 

length (da ta not presedted). On the' contrary, al<ft. l'ooting 

parameters increased significantly with each hal'vest date in . 
cuttings t~eated .!th 0.3% lBA 'powder; there was significant " 

'$ , 

inte~act1on beheen harvest dat~ and.rate of Osmocot'e (Ta'ble 22) • 

. 
The influence of rate of Osmocote' on rooting performance 

. 
depended' on lBA tre1atment of cuttings •. While inc~easing' rates 

of incorporated Osmocote had no significant influence on all ' 

o 

, 

, ) 

" ' 

.. ..,. .... _ ....... _ .......... ___ ...... _-________ ... , ... ,wc_ ...• __________ I.I/01iI/l ....................... ,,"" ........ ' ......... :._~~~'t~~ ....... ~,,\'t"'.'~ .. _~t~~~ ... ,'~ 



1 

: . 

() 

• ( 1 

, 
....... - <,.' .""; .... ~ , ~~, '. <; , ... "", 'i ;._~ 1 ,_ 

.. 

~~ -, 11 ____ -------- / ~ 

F • 

Tab~e '\ o~t1ng' perror~~ce ~.~ -co~one.ast.r.aC~t1fOl1" 
C~S treated in 5,000 ppm I~, .rooted in medium 
at di'rterent rates of OSlIlocote arld harvested a.t 
three da.t.es after stick1~g., ~.P 

... 
Harvest date 

(Paya af'ter st1ck1ng) 

34 

44' 

Rat-e 
. 3 b 

(1,kg/m ) 
. 2 

(s,kg/m ) 

o . 
1 1 
2 1 
4 1 
0.15 S 

0.30 a 
0.60 S 

0, -" 

,~.~~ 
. ~~ . ~1 
. ~~-.,,' 0.15 S 

64 

LSD (P=0.05) 
Hârvest'date 
Rate 
Interaction 

" ,pi' 

0.30 "8 
0.60 S' 

o 
1 1 
2-1 
4 i 

0.15' a 
0.30 s 
C1.6.o S 

Root1ng 

Root1ng 
Percentage 

30 

33 
028 
28 

"-
10 
20· 
30 

40 
45 
38 
40 

. 13 
15 
45 

35-

43 
43 
33 
25' 
28 
45 

NS 
16 
N'S 

performance 

Roqt a 'Root 
1ength number 

(cm) ~ 

1.0 

1.2 
. 0.5 

0.8 

0.3 
0.4 
0.9 

1.3 
1.9 
1.6 
2.2 

0.5 
0.4 
2.1 

2.3 

1.2 
1.0 
1.3 
1.0 
0.8. 

.1.6 

4.4 
2.1 
2.6 
2.2 

0.6 
:1:.0 
3.3 

2.5 1.9 
2.8 2.4 
1.8 2.2 
?6 2.0 

1.3 1.2 
1.Z--, 2.1 
3.5 2.7 

0.9 NS 
0.9 1.1 
NS ,NS 

a 'Mean root .1ength of each cut\:ing w1th1n t-reatment. q 

b ) 1= Osmoco~e 1ncorporated; a= Osmocote surface-app11ed • 

NS Not s1gni'l'icant. 
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Table 21. Root1ng performance of Cotçneaster acutifo11a 

cuttings treated in 20,000 ppm 1BAt rooted in· medium 
at different rates of Osmocote and harvested at 

"thre-e datte .after st1cking. 

Rate Rooting performance 
Harv.est da,te 

(Days after.~ticking) 
<i,kglm3 )b Rooting 
(s,kg/m2 ) 'percentage 

.- Root Roet 
length number 

(cm) 

,- . 

L~D 

34 

44 

(P=0.05) 
Harvest date 
Rate 
Intèract10n 

0 
1 i 
2 i 
4 i 

0.15 s 
0.30 s 
0.60 s 

0 
1 i 
2 i 
4 i 

0.15 s 
0.30 s 
0.60 s 

0 
1 i 
2 ,i 
4 l' .. 

0.15 s 
0.30 s 
0.60 s 

8, 0.2 

13 0.4 
13 0.3 

8 0.3 
8 0.2 

1.3 0.2 
1, 0.2 

8 0.2 
10 0.3 
10 0.4 
20 0.6 
18 0.4 
18 ' 0.6 

.13 0.2 
.... 
13 0.4 

25 1.4 
20 0.9 
35 1.3 
20 0.9 
28 1.4, 
20 0.8 

Ns 0.3 
NS. NS 
'NS NS ,. 

a Mean root 1ength Of each cutting within treatment. 

, 

b 1= Osmocote .incorporated; s= osmQcote s~face-appl1ed. 
• ~ l ...... 

NS Not eignifipant. 9 

1.9 
1.2 
1.4 
0.2 

0.4 
1.2 
1.0 

0.6 

0.5 
1.2 
2.7 

1.7 
1.6 
0.7 

1.9 

1.4 
1.1 
4.6 
2.0 
2.4 
2.2 

NS 
NS 
NS 

o 
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Table 22. Rooting performance of Cotonèaster acut1folia 

cuttings treated 1n 0.3% IRA po.der, rooted ln _ 
medium at'different rates of Osmocote and harvested 
at three dat'es "after st1cking. op 

Rootlng performance 
Harvest date 

(-Days after sticking) 
1... 

34 

'J • 
, 44 

64 

LSD (E,=0.05) 
Harvest date 
Rate 
Intera~tion 

\ 

" 

'.' 

'II 

0 
1 i 
2 i 
4~ 1 

0.15 s 
0.30 s 
0.60 s 

a 
1 1 
2 1 
4 1 

0.15 s 
0.30 s 
0.150 s. 

0 

1 1 
2 1 

'4 1 0 

,0.15 s 
.0.30 s 
0.60 s 

1 ... 

Root~ng 
percentage 

0 

5 
0 
0 

0 
0 
0 

3 
8 
0 
0 

10 
0 
0 

~. ~ 
25 -4,. 

65 
48 

8 

50 
1.5 
10 

~9 . 1 
'18 

. 
Root b 

length 
(cm) 

0.0 

O.). 
0.0 
0.0 

0,,0 
0.0 
0.0 

0.0 
0.2 1 

0.1 
0.0 

0.2 
0.0 
0.0 

0.7 

?3 
1.5 .. 
0.2 

1.8 
0.3 
0.2 
b 

0.2 
0.4-
0.7 

1 

Root 
number 

0.0 

0.1 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.1 
0.1 

J
O•O 

0.2 
0.0 
0.0 

0.6 \ 
l.~ 
0.9 
0.1 

1.2 
0.2 
0.1 

0.2 
0.3 
0.5 

a . 0 ,. 

le Osmocote incorporated; s= Os~ocote surface-app11ed. 
b Mean root length of each'cutting wlthin ~re~tment. 
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root1ng parameters- in cuttings treated"' with 5.00_0,ppm lBA. 1n

creas1ng rates or surface-applied Osmocate r~sulted in decreases 
o ' 

in a11 rooting par,amet'er~ as compared ta the control (Ta1:?'ie 20). 

However, rate of Osmocote had no signif1cant influence on a11 
~ 

rooting parameters in cuttings treated with 20,OOq ppm l'BA 
" , 

(Table 21). On the other hand, lower rates of either inco~porated 

or surface-applied Osmocote consistently showed increases in all 
4 ................ 

rooting parameters as compargd to 'the control in c~ttings treated 

with 0.3% lBA root1n~ powder at the third harvest date (64 days 

after sticking) (Table 22'). 

> 

• In this experiment ther lBA treatments a1so dramatically 
.1 

influenced the survival of Co~oneaster cuttings (Table 23). 

It ia noteworthy that in jury percentage was signif1c~ntly higher 
.. 

~
(f=0.05) with the two treatments of lBA dissolved in ethanol as 

l' " -
com red ta the lBA ooting powder treatment 1n which there was 

little of cutt1ngs (Table 23),. Harvest date and 

Osm9cate rate did not influence sign1~1cantlY the in jury per-
. 

percentage of cutti gs (Table 23). 

4.4~ Mineral Contents of Cuttings 

Sim11ar ta Juniperus (Table l6)~ mineral contents of cut

t1ngs treated in 0.3% IBA po_der an1y did not vary significantly 
D 

<f=O.05) dur1ng the rooting period, except for K (Table 24). 

The contents of the elëments suppl1ed by Osmocote (N-P-K) 

1 

/ 
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Table 23,. Injury pêl"'Ce'ntage oi' cotoneaster acutlfb.11a 
cuttings. as 1nfluenced by lBA treat~ent and a1so . 
by rate of Osmo~Qte in the 'rooting m~d1um ar~er 
cut~ings were harvested at thrée dates after 
stick1ng. . , ' .' 

~ 
lBA 

~trea:tment 

Rate . 
(1,kg/m3)a~ 

Harvest date 
(d~ art~ st~ck1rl:g) . 2 

(s,~g/m ) 
-M "'" ean 

'<"- 1 
34 44' ~4,' 
..... T> '> , " " , 1 

t~ ~ 

5,000 ppm 

(11quid) . 
op 

20,000 ppm 

( l1quid) 

0.3% 
( po",der) 

LSD C,f=O.D5) 

0 23 
1 :l. 48 
2 i 2.3 
4 i 4.3 
0.15 s 45 
0.30 8 ..... 58 
0.60 s 43 
Mean 40 

~ 55 
1 i 73 
2 i 55 
4 i 60 

0.15 s '58 
0.30 s 55 
0;6p 8 45 
Mean 57 

0 0 
1 1. 0 
2 1. 0 i 
4 i 0 
0.15 s 0 
0.30 s 0 
0.60 s 5 
Mean 0.7 

IRA treatment= 5.8 
Rate= NS, 

20 

, .35 
35 
45 . 

53 
58 
3G 
39 

68 
43 
38 
48' 

55 
40 
58 
50 

0 
a 
0 
0 

0 
0 
.3 
0.4 

'. 
3.3 25 

. '50 44 
3.3 30 
50 46 

. 6.3' 54 
68 61 
48 40 
49 43 

60 61 
55 57 
58 50 
5.3 54 
55 56 
58. 51 
58 54 
57 55 

0 ° 0 @ 

0 ° 0 0 
0 0 
0 0 
0 3 
'0 0'.4 

Harvest date: NS 

Interaction= NS 

a 1= Osmocote incorporated; s= Osmocote surtace-applied. ~ 

lis Not s1g'nif1cant. 
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b 
1= Qsmocote incorporated; s: Osmocote sur~ace-applied. 

Data in brackets represent th~ initial mineral contents 
start ,of the exper1ment. These data are no~ considered 
statistical analysia. 

NS Not si~n1f1cant. 
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increased only with increaeing rates of ,surface-applied Osmocote, 

but as, in previous exper1mênts, none of the Osmocote rates ..... ".~ 

studied reaehed the initial mineral c?ntent of cuttings at the 

start of the experiment. Ca content was not influenced'by 
.' , 

Osmocote rate (Table 24). 

" 
Tab~e 25 show$ results for co~relation coefficients of 

eàch of the rooting parameters (root1ng p~rcentage, root length 

and .root number) with contents of each of the minera,l elements 
"-

analyzed in the cut~ings. Similar to Juniperus (Table 17), 

significant negatlve correlations (P=O.05) were obtained only , b _ 

between K content and a11 the rooti!-'lg, paf.'all'!lft-eJ."o~ at the S~~d 
. ' " / 

and "third harvest dat es (44 and 64 daye a ft el:', sti"ck:ing, resp ct-
, ' 1 

ively). Corresponding data for t~e ~irst harvest date (34 days 

after sticking) ahowed no\significant correlation (Table 25). 

Second degree polynomial ~egression ~s significant (f=O.05) 

for rooting percentage versus K content at the second harvest 
l). 

date, and for r~ot number versus'K content at the second and 
;1- • 

third harves{'" date~ (44 and 64 days after sticking, respectively) • 

4.4.3 Soluble Salts and pH of the Rooting Medium 

- Soluble s~ltB increased more rapidly up to 44 days, gen

erally PlateaUi~g or decreasing slightly between 44 and 64 days 

for incorporated Os~ocote (Fig. 6), or decreasïng markedly be

tween 44 and 64 days for surface-applied Osmocote (Fig. 7). 
" 

) 
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Table '25. Correlation of rooting performance with mineraI contents in Cotoneaster 

acut~fo1ia cuttings trea~ed with 0.3% lBA po.d~rt at 34, 44 and 64 days after 
stièking. .. q t , . 

.4--

Mineral ../ Hootin~ Eerformance 
content Rooting , Root 

of Eercenta~e len~th 
cuttings ... 

34 days 44 days 64 days 34 days 44 days 64 days 

N -0.157 -0.130 -0.355 -0.123 -0 .• 225 -0.350 
1 

p -0~{D92 0.032 -0.248 -0.025 ......... -0.125 -0.252 
** ** ** ** 

K -0.237 --.-0.545 -0.823 -0.224 -0.498 ;-0.777 

Ca 0.111 ':0.214 0.232 ' 0.064 -0.357 0.290 

*,** Significant corra1a~ion (*f:0.05; **f=O.OI) basad on 26 df. 

------- ~ 

, , 

'\ 

, 

Root 
number 

34 days '44 days 
:~ 

-0.173 -0.179 

-0.149' 0.018 
J 

-0.224 ' -0.551 

0.146 

\ 
\ 
\ 

\ 
\ 
\ 

'\ 
\ 

- -0.264 

** 

te 

:~.{~!.·Ij..{~","'~~I;:,~~ -,... .... ~ ~ ~ .T-<"' .... I,.~::."fl'- .. (O>~(, .... ...,., l'<. ....... r 
:~ ~",,.I~ _ • .,.,,.., ...... J..L~ • ..,~ ...... .... 'f ~ __ ~'--- > Il. ~~ 

64 days 

' . 
-0.463 

-0.358 

-0.762 ** 

. 
0.070 

... 
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7. Variation in leveis of soluble s~lts' in the rooting 
JDedium with different rate.s of surface-apPlied OsmocQ.te 
18-6.h2 samp1ed at three dates alter sticking. . 
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H1.gher rates of Osmo~ote resu1ted in higher levels' of soluble'-
- , 6 

/ealte' in "'the ,rootirÎg ,me?ium w1th siml1ar trends ~~r :he ~hree' 

harvest dates -(Figs. 6 and 7)., Higher ,leve1s of sol~ble sa1 ts' 

.ere obtained w1th surfaee-appl1ed Osmocote as c~pared to 1n-

corporated Osmocote (F1gs_. ,6 abd 75. 

As 1.n previous"experiments (Ta-b1es 9, 14 and 18). pH of 

the rooting medium was lower in the
ü 

presence of Osmoc?te. 

However t pH d1d not appeE!r ta 1ncrease in time (Table 26).· 

Signifieant (1:=0.05) negative correlations were obtained 

• 

for means of eadh of the rooting parameters (rooting percentage, 

root l~ngth and root number) with soluble salts in the rooting 

medium, but not w!th PI? at the' third ,harvest date, provided the 

'control was not taken into aeeount -.(Table 27). Sim11~r eorrelà-
( 

t1.ons were not observed for the two 
, . 

prev1.ous harvest dates, (data 

not .presented). On ~he other hand, pH' and solu~.,.salts in the 

rooting me'Uum, correlated signifieantly <.!:=O.05r for the three 

harvest dates (data not presented). 
'-

solubie salt. ~n thè rooting mediUDI 'Correle~ed S:l.gnifiCan~ 
(.!.!=O.Os) only with K cont'ent (Or ,Cotoneaster cuttings at the third 

harvest date (64 days a!ter s'tîo,k~ngY{'Table 2.7). Similar, re1a- . 
, ""--

t1.onships were not observe d, at the oth"er two harvest dates. 

, l-
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~ Table 26. Influence of Osmocote ra·te on pH of the root1ng 
med1.um at three dates after stick1ng. 

~ 
Osmocote rate pH of the root1ng me~i~ b 

(i,kg/m3)a (days after ~t1ckin~) Mean 
(s,kg/mf) 1 34 44 64 ,-

0-~,· 
q 

" u 
5 • .3' :!: 0.06 5.3 ± 0.04 5.4 ± 0.04 5.3 

5.1 ± 0.08 5.2 ± 0.03 5.2 + 0.03 5.2 1 11) /-~rj 
,~) u 

~ 

2 1 4.9 + 0.07 "5.0 + Q.04 5.1 :uO•03 5.0 - -
J 4 1 5 .. 0 + 0,.0:; 4.9 + 0.07 \ 4.9 + 0.01 4.9 - - -

0.15' s , ,4.8 + 0.05 4.9 :!: 0.04 4.9 ± 0.04 4.9 -
0.30 s 4.8 + 0.04 4.9 + 0.02 4.8 + 0.03 4.8 - - -
0.60 s 4.8', :!: 0.02 4.9 + 0.07 4.8 + 0.03 4.8 - -

a i= Osmecote~1ncorporatedj s= Osmocote surface-appl1ed~ 
b Each datum 1s the Mean of six replicates ± the standard errer. 
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Table 2~. Correlation of rooting performance 
and a~so mineral contents of,C~toneaster 
ac~ti~olia cuttings treated with 0.3% 
lBA po.der, with soluble salts and with 
pH of the rooting medium," 64 days after 
sticking •. 

Rooting medium 

Soluble 
salts 

a Roèting p!P!ormance 

pH 

Rooting percentage -0.706 0.346 
:; J (-0.995**) 

Root length -0.671 0.289 

* ** , 
a 

b 

J • 

N 

P 

K 

Ca 

** (-0.988 ) 

-0.724 
** (-0.978 ) 

b 
Mineral contents of cuttings 

0.713 
0.270 

* 0.764. 
-0.157 ~. 

0.350 

-0.680 

-0.254 
-0.370 

0.494 

Significant' correlation (*~=O.05; **f=O.Ol). 

Correlation coefficients based on 5 di. In 
brackets, correlation coefficients excluding 
data of the control based on 4 df. 

Correlation coefficients based on 5 df. 
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5. DISCUSSION 

5.1 Influence of Osmocote AP~1ications 

A wide range of resu1ts has been reported w!th regard t9 

the. use of Osmocote in ~he rpoting medium. 

. , 
BeneficiaI effect~ have been reported for higher rates of 

Osmocote incorporated with Pachysandra t~rmina11s (Osmocote 

14-14-14 at 0, to 9.5 kg/m3) (McGu1re and Bunce 1970), w1th 

~otonea6ter dammeri' 'SkoghOl~' and,Symphor1car~ps orb1culatus 

(Osmoc,ote 14-14-14 and Osmocote ~8-6-12, both'at 0 to 3.2 kg/m3 ) 

(Deen 1973), with Ilex cornuta 'Burfordi nana' (Osmocote 18-6-12' ... 
at 0 to 3.6 kiÎ~3) (Richards and Whitcomb 1979); and also ror 

higher rates of surface-applied Osmocote with several cultivars 

of Rhododen'dron obtusum (Osmocote 18-6-12 at 0 to 0.15 kg/m2 ) 

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

to 0.16 kg/m2) (Johns,on and Hamilt'on 1977), and with Cotoneaster 

dammer1 'Skogholm' and Cotoneaster lucidus (Osmocate 18-9-12' 

at 0 to 0.60 ~/m2) (Chong ~982b) .. 

. 
On the other hand, negat1ye influence has peen reported 

for higher rates of incorpora..ted Osmocate with Forslthia " 
t. 

1ntermed1a (Osmacote 14-14-14 at 0 ta 9.5 kg/m3 ) "(McGuire ,and 

Bunca 1970), w1th Thuja occidenta1is 'Pyramidalis', Cotoneaster 

1 
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sa11c,1fol1a floccosa, Rhododendron indicum and Ilex aquifo1ium 

(Osmoéote 18-6-12 at 0 to 3.0 kgfim3) (Dinter and Eaton 1976), 

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

o to 4.0~ et al. 1979), with Rhododend!,on maximum 

and Ka1mia latifolia (Osmocote 18':'6-12 at 0 to 1.2 kg/m3 ) 1 . ' , , 

(Wi11~ams and Bi1derbaek 1980), and with three hybrids'Pf I1ex . -. 
cornuta (Osmocote 18-6-12 at Q to 7.0 kg/m3 ) (Ticknor 1980); 

and al sc for higher rates of surface-app1ied Osmocote with 

Ligustrum japonicum (Osmocote 18-6-12 at 0 to 0.16 kg/m2 and , 

Osmocote 14-14-14 at 0 to 0.20 kg/m2) (Johnson and Hamilton 

,1977) • • 

~11y,.no 'influence has been reported for higher rates 
; 

of' incorporated Osmocote wit}t Viburnum p1ic.atum tomentosum 
• 

(Osmocote 14-14 .. 14 at 0 to 9.5 kg/m3) (McGuir>e and Bunee 1970), 

with CupressocYparis leylandii and Prunus 1aurocer~sus (Osmocote, 

18-6-12 at 0 to 3.0 kg/m3)' (Dinter and Eaton' 1976), with 
, . 

Lagerstroemia ind1ca, Ligustràm vicary1 and Euonymus fortunei 

'Co1oratus' (Osmocote 19-6-12. Osmocote 18-6-12 and Osmocote 

18-5-11, aIl of them at 0 to 9.5 kg/m3 ) (Gibson et al. 1977; 

Whitcomb et ~l. 19?8) and with Juniperus chinensis 'Pfitzeriana 

aurea' (Osmocote 18-6-12 at 0 to 3.6 kg/m3) (Richards and 

Whitcomb 1979); and a1so .for, !bf~her rate~ of surface-applied 

Csmocote with Syringa vi110sa ~nd Thuja occidentalis 'Pyramidalis' 

<Osmocote at 0 to 0.60 kg/m2)'CChOng 1982b). 
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In investigationsreported herein, incorporat~on of Osmocote 

into the rooting medium gave better ~ooting than surface-applied 
1 

Osmocote in aIl species studied (Tables 5, 6, 7, 12, 20, 21 and 
" 

2a) regardl~ss of 0smocote rates and formulations. Similar com-

parisons between Osmocote application method to the rooting me-

dium have not previously been reported by other researchers. 

Slower releasing time formulations of Osmocote resulted 

in better rooting response of Cotoneaster acutifolia cuttings 
~ 

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

corrah?rating resul~s obtained by Gibson et al. (1977) and by 

Whitcomb et al. 61978), even thoug~ they used higher rates 

(O· ta 9.5 kg/m3 incorporated) • 
(] 

.. 

Deen (1973) obtained similar results with Osmocoté 

14-14-14 (3- to 4-m~nth re1ease) and with Osmocote 18-6-12 . . 
(8- to 9-month re1ease) for aIl species studied, with both 

Osmocote formulations incorporated at, 0 to 3.2 kp/m3 • Johnson 

and Hamilton (1977) reported no difference in roôtlng of cut

ting's withvOsmocote 14-14-14 (3- to 4:"month release) and with 

Osmocote 18-6-12 (8- to 9-month re1ease) surface-applied at 

o to 0.20 kg/m2 and at 0 to 0.16 kg/m2 , respectively, in two 

differént root1ng media, name1y sand alone and 1:1 (v/v) sand 

J and peat moss. 
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T~us, it kppeared that the ma~ source of var~atioh with 

regard,> to the use of Osmocote ,in the rooting medium \fere spe-
1 

eies and cultivars, a~though no relat onship between any 

taxonomical characteristic and rootin response wa~ observed. 

Other factors also seem to aecount different response of o 

-, 

1 

cuttings ·to fertil1zers applied in the; rooting medium, such as 

type of Osmocote formulation (Table' 12) (Gibson et a1.01977; 

Whitcomb et al: 1978), Osmocote application method and rate 

(Tables 5, 6, 7, 12, 20, 21 and 22),' lBÂ treatments of cuttings 
. /" 

(Tables 20, 21 ttl1(f\'22), 'rooti:ng medium composition (Hamilton 
','" r '1 

and Johnson 1978), incorporati~n of micronut~ients (Coorts 1969; 

Gouin 1~74), time of the year cuttings \fere taken (Dinter and 
, 

Eaton 1976), and period,between sti~king and harvesting of eut
.;=-

tings (Tables 16, 20, 21 and 22) (Johnson and Hamilton 1977). 
• t -

, . 
Thus, ,the influence 01 ferti1izers such as c6ntro11ed-

release ferti1izers in the rooting medium, must'be determined 

empirically for each species or cultivar under particular 

rooting circumstances. 

5.2 Soluble Salts 

Various researchers (DiRter and Eaton 1976; Johnson and 

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

parted negative influence of fertilizers in the rooting medium 
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, , 

on rooting performance of' cuttings, but none has 'show'n evidence 

of direct matnematica~ relatio~ships (i.e. cQrre~ations) of 

'root~ng performance with leifels of soluble salta as in the pres
~~ 

ent study ~Tables 10, 15, 19 and 2~). Dinter and Eaton (1976) 

suggested that the presence' of fertilizers in the rooting medium 

6 ' induced a physiological response that ei~~er inhibited rooting 
~ or produeed neerosis. 

M~~uire and Bunee (1970) indicated the importance of using . 
controlled-release fertiliz~rs to minimize potential dangers oS 

soluble salts in medium that might retard root'ing. Dinter and 

Eaton (1976), using a rooting medium similar. to thax used in 

investigations ·reported herein, 'obtained significantly higher 

levels of soluble salts w1th the use or'several ,formulations 

of soluble f~rti11zers and of Osmoco~e incorpo~ated in~o the 

rooting medium. They obtained lower ro6~ing percentage of cut-

tings of Thuja occidentalis 'Pyramidali's', Cotoneaster sàlicifolia 

floccosa, Rhododendron ~ndicum and Ilex aguifolium in these treat

ments but did not correlate the se data with soluble salts levels 

in the rooting medium. 

Similar to resul ts reported by Simpson et al. (197'5) , sur

face-applied O~ocote resulted in consistently higher levels of 

soluble salts in the medium than incorporated o~m~cote at each 

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

/ 

,"'ne' , •••• 1 P •• tTl Wntt?lwsmwm, T 
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of fertilizer per unit volume of medium in Osmocote surface-ap-

plied treatment, a~d also to higher 1eaching losses from the 

rooting medium with incorporation (Waters 1960). These reasons 

also probably account for the greater variability in soluble 

salts readings of surface-applied treatments as compared to in-
l, " 
~Qrporated ones (Figs. 3 and 4). 

The inçreasing levels of soluble salts with inc~easing 

rates of surtace-applied Osmocote (Figs. 3, 4 'and 7) are in 

accordance wlth results obtained by Johnson et ~1. (1981) and 

by Chong (1982b). An important consideration is that Chong 

(1982b) used a 1:1 ("v/v) perlite and turface rooting medium 
... 1 

with very low CEG and much lower wàter holding capacity than 

thec 1: l Cv/v) peat moss and perlite medium used in the experi-

ments reported h~rein (seotion 3.1.1). The difference between 

the levels of soluble salts obtained by Chong (19~2b) and those 

shown in Figs. 3, 4 and 7, corroborates data reported by 

Hamilton and Johnson~(1978) indlcating a greater jetention of 
~ 

mineraI salts in media cont,aining organic matt..:~According 

to Tisdale and Nelson (1975), GEe and water holding capacity 

are two of the Most important factors influencing directly the 

levels of soluble salts in the rooting medium. 

Results for soluble salts levels obtained with surface-ap-

plied Osmocote 14-14-14 (Fig. 3) and with surfa~e-apPlied 

. - • FR 
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Os~ocote 18-6-12 (Figs. 4 and 7) agree with data r~ported by 

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

added) which was slightly lower, although not statistically 

significant fro~ Osmocote treatments. This contrasted with 
t 

marked differences between the control and Osmocote treatments 
'.' 

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

~the control in the, experiment reported by Hamilton and Johnson 

(1978) was due ta the addition of micronutrient mixtures to the 

rooting medium. 

Although diffepent rates of Osmocote gav~ different, levels 

of soluble salts, the aim11arity in trends of soluble salts 

versus time at each rate of Osmocote (Fige. 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 pmhos/cm for 

high osmocote 18-6-12 treatment of 5.3 kg/m3 and 490 to 500 

, " < .. 

pmhosl,cm for low Osmocote treatment of 1.8 kg/m3 , two months .. 

after incorporation intO a 2:1:1 bark/peat moss/perlite mediu~ 
0(0 

under average conditions of 6 c night and 16 C day,temperatures. 

In the present experiment (Fig. 5) with approximate1y sim11ar 

rgtes of Osmocote 18-6-12 and with'use of misting, lawer levels 
.-

of soluble salta were obtained. This May be due to (a) the 

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

. . 
AI r •• • '.IIflU IIr q.n '1 U 
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and perlite) and therefore a lower retention of soluble salts 

(Hamilton and Johnson 1978; Prasad and Woods 1971; Tisdale and . 
Nelson 1975), and (b) to higher leaching of salts 'from the me

dium with mist (Ticknor 1980). This occurred ~n spite of the 

higher average temperatures during the exp~rime~t reported here

in (greenhouse condition of laoc night and 24°C day temperatures, 
1 

section 3.2.3.1). 

Chong (1982b) showed that increasing ratès (0 ta 0.6 kg/m2 ) 

of surface-applied Osmoc~te 18-9-12 (8- to 9-month release) in

creased rooting performance in Coteneaster lucfdus in terms of 

rooting percentage, root length an'Ci root number, and in Cotoneaster 

1 • 

dammeri 'Skogho1m' in terms of root number only. The levels of 1 
soluble salts in the rooting medium increased with increasing 

rates of Osmocote, although the actual 1eve1s of salts were 

relatively low, never exceding 114 pmhos/cm at the highest Osmocote 

level (Chong 1982b~. With lower levels of solugle salta (Figs. 

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

a longer period in the rooting ben ch ,(64 days) due to the 0.3% 

lBA powder treatment, showed significantl.y 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 (l982b) it is noteworthy that his cuttings 

were treated also with 0.3% lBA (Stim+Root No. 2) raoting powder. 

The similarity of these re~ults in contrast ta the rooting de-

v 
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. , 
crease of Cotoneaster acutifolia and other species treated wi~h 

i 

liquid IBA, auggests that the·form of IBA applied to cuttfngs 
, 

May affect their response -to soluble saI ts in the, rooting medium. 
, .::: 

" Although possible reasons for this obsërvatio~ i6 obscur~, ~t ia 

noteworthy that cuttings treated with this form-af IBA ten~ to 

root slower than cuttings of similar .species treated with liquid 

" IM '(Tables 20, 21 and 22). " el' 

~rect r~iPS be'tween • No IBA and Osmocote treatments 
~ 

.are observed in experimenta reported herein (Table 23). Chong 

1981, 1982a) repor,ted basal in jury of 'cuttings t-reated with 
( ~ 

liquid I~ of high co ~entrationa (20,000 to 40,000 ppm)f al-

though pro'lif:J,c and opt mulP rooting occurred ab~ve the injured 

portion in~Cotoneaster a utifolia, Malus ~Hopa' and Taxus cuspidata 
. /.~ ~ 

cuttings. Din~er and --E-aton' (:1,,976) reported nec~osis of cuttings 
.-

treated with 0.8~BA powder, probably due more to the Jerti
,./ 

lizers present in the rooting medium than ta lBA treatment. 

, . 
J 

Species and cult2vars vary in their tolerance to levels of 

soluble salta (Kramer 1969). Johnson and Hamilton (1977) re-
.... " .. ... ,/ 

port,ad that Ligustrum Japonicuf was more sens~ ti v,e than Juni 'Oerus 

conferta to high revels of soluble salts in the root~ng.medium, 

inducing actual damage of gew1y rormed rocts., Whil~ a11 species 
t;> 

studied h.ere1n showed sigriificant negative linear correlation 
, 

bet_een rooting performance of cuttings and levels of soluble 
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salts in the rooting mediU~Wi~h 'thl\, exception of C?toneaster 

acutifolia when-treated with/se;adiX Nô. 2, 0.3% lBA rooting . 

, . 

powder ~s discQssed above), the~nature of the response was some- , 

what differe~t between spe~ies (Figs. 8, 9 and 10). 

,D~.n ~ndic':,ted 'that Osmoé';te a.ppUed ~ the rooting 
v 

medium may have ~ usefui part to play, p~rticularly in the propa-, 

gation of quicker-rooting speeies. While r60tlng percentage of 

q',lieker-rooting °spe'ci~, s~ch as Euonymus alata,' Philadelphus 
. "' 

'coronarius !Aureus' and~Weigela, 'Bristol Ruby', showed lowe~ 
~ l' 1 

tolerance tQ soluble salts (larger values of slope of the re-
", ' . gression curves), the rever~e was true for slower-rooting spe-

, . 
cies, auch as Cotàneaster acutifolia and Juniperus sabina 

>(smaller values of alope of the regression curves) (Table 28 
. 

and Fig. 8). Interestingly, the corresponding ~lopes ror root 
." . 

length and root number of aIl species were consistently lower 
1 1 

than those found for rooting percentage versus solubte salts 

(Table 28 and Figs. 9 and 10). This e~idence suggests that, 

unlike root length and root number which lee~ to reflect more 
, 

the.root development capacity of cuttings, the degree of rooting 
'0 Q 

percentage, which reflecta more the capacity for root initiation, 
~ 

8eems to be more closely a~soeiated' with the slope of this para-, ~ 

'meter in relationship wi~h levels of soluble salts in the rooting 

medium. This corroborâtes findings that high levels of soluble 

salts tend to have greater inhibition effect'on root init1a~ion 

. i 
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Flg. 8. Regression curves between rooting percentage of cuttings 
and soluble salta in t~e rooting medium. 
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Fig. 9. Regression eurYes between root length of cutt~ngs 
and soluble salts in the rootin~ medium. 
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Table 28. Predicted intercepts and slopes of the 
regression curves between soluble salts of 
the,root1ng medium and root1ng performance 
of cutt1ngs. 

Predicted 
values 

for 

Intercept 

Slope 

Intercept, 

Slope 

Intercept 
Slope 

Intercept 
Slope 

Intercept 
S'lope 

Rooting performance 
Rooting 

percentage 
Root 

length 

104.050 
-0.406 

Euonymus a1ata 

8.380 
-0.034 

Root 
number 

8.150 

-0.033 

Ph11adelphus coronarius 'Aureus r 

144.060 8.020 

-0.487 -0.028 

Weigela 'Bristol ~uby' 

79.570 18.470 
-0.065 

Cotoneaster acutifolia 

79.190 3.650 
-0.110 -0.006 

JuniEerus sabina 
93.240 5.900 
-0.099 -O.OOB 

6.700 
-0.009 

Data not recorded. 
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than on root development (Dinter and Eaton 1976; MeGuire and 

Bunee 1970; Ticknor 1980). 

Furthermore, these resu1 ts suggest that there i~ "a cer

tain critical levein of soluble salts in the rooting medium 

that each species ia able to tolerate and thus able to initiate 

rooting and root development by taking ,advantage of the mineraI - , 

nutrients present in the fertilized rooting medium. Similar 

to data reported by Hamilton and Johnson (1978) and those ob

tained undér the éonditions of the present eX.periment (Figs. 3, 
~ 

4,5,6 and 7), levels of soluble salts (100 to 500}lmhos/cm) 

were far below the "critical point of 4,000 )1lIIhoslcm" indicated 

by Dinter and Eaton (1976). These lower levels of soluble salts , 

are noteworthyj considering that soluble salts jwere determined 

in an aquous extra~t of the rooting medium (section 3.1.3.2), 
, < 

the greater retention of. mineraI saI ts by peat moss in the 
~ ~ 

rooting medium (Hamilton and Johnson 1978; Prasad and Woods 

1971) May have resulted in lower levels of soluble salts in 

the extract than those aétually existing in the rooting medium. 

Bes1.des that, the 4,000 pmhos/cm critical level is ~n arbitrary 

limit that adverse1y affects the growth of a wide range ~f com-

mon agrfcultural plants and applies almost exclusively to s~11s 

(Hausenbuiller 1978); ;Jo, ~im11ar value for art1ficia1 mixtures 
... 

1s not universally knowh. 

, , 

" 
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According to results obtained in the present experi~ents 

(Figs. 3, 4, 5, 6 and 7) and data reported by Chong (1982b) and 

by Hamilton àn~ Johnson (1978), the critical level of soluble 

salts'in the med~um for normal ~ooting of cuttings appears to 

be much lower than the critical tolerable level for whole plants. 

Hathaway (1976) and Reavis et al. (1980) have reported.inhibi-

tory effect of levels of soluble salts which were lower than 

4,OObpmhos/cm o~ see~ germination and growth of newly formed 

roots. Furthermore, considering that the highest level of so~

uble salts obtained ,by Dinter and Ea ton (1976) was 1,020..l1mhos/cm, 
, 

and that rooting was reduced in Most species studied, it May be 

conclJlded that the "critical level" t'or cuttinESs\ of those species 
-

atudied by Dinter and Eaton were less t'han 1,020 pmhos/cm. 

Since whole plants vary in their tolerance to levels of 

aoluble salta, it 1a expected that ~uttings a+so would have 

this variability. An aitempt was made to establish a range Of 

soluble salts in the rooting medium which probably contains the 

"critical leveP' for cuttings of. the species studied in the pres-

ent experiments. The h1ghest level of soluble salts for the 

Osmocote tr:atment that d1d not sign1ficantly reduce th~ ~ing 
parameters (rooting perc'entage, J'oot length and root number) as . 
compared to the untreated ~ontrol was considered the lower lim1t 

, \ 

of the soluble sal:.t.s range containing the cr1tica'l level. Con-

ver.sely, the upper limit was determ1ned by the lowest level of , 

. , '-
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soluble salts for the corresponding Osmocote treatment that re-

duced rooting percentage, root length and root number signifi-

cantly. '. 
Interestingly~ the suggested critical levels plotted against 

, 
the slope of the corresponding regression curve between rQoting 

parameters and soluble salts in the medium for the species studied 

appears ta show a logarithmic relationship of the type 'log cr1ti

cal level = Bo - BI log slope' in the case of root1ng percentage 

and root lengt~ (Figs. Il-and 12, respectively). Root numbe~ 

less accurately reflected this type of relationship. No math-

e~atical relationship wâs found betwee~the suggested critical 

levels and the intercepts of the regressioR curves (rooting para-

met~rs versus soluble saltsQin the rooting medium). However, 

further studies with a widet range of species in different rooting 

media are necessary to prove this relationship. 

5.3 Hineral Nutrients 

. "Levels" of soluble salts trom Osmocote 14-14-14 (Fig. 3) 

and from Osmocote 19-6-12 (Fig. 4) both of the 3- to 4-month 

release formulation, showed similar increasin'g trends wi th 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 

i 
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\tas retained in the medium (Cochrane and Ma tkin 1966), N seemed ... 
ta be predominantly responsible for the differentia11y higher 

levels of soluble sa1ts obtained with Osmocote 19-6-12 farmula-

tian (19% N versus 14% N according to manufacturer's spècif1ca

tions). Conditions were similar in bath cases, except for a 

slightly higher average temperatures during the experiment wi th 

Osmocote 14-14-14 (Appendix Figs. 1 and 2). External accumu-
i • 

lated soluble salts d1d not influence the reletse rate of Osmocote 

(Oertli and Lunt 1962a). These resul ts agree with data presented 

by Johnson et al. (1981) showing similar trends of soluble salts 

and of N03~ at different OSlllocote rates and in different media. 

Furthermore, ai the leaching curves of N0
3 
-, P and K presented 

by Cochrane and Matkin (1966) and by Hamilton and Johnson (1978>, 

the N03 - releasing curve presented the closest similari ty to 

the soluble sa1ts curves obtained in the present experiments 

(Figs. 5, 6 and 7). However, 'Lunt et al. (1961) and Oertli and 

Lunt (1962b) reported similar releasing eurves for N, P and K, 

although N release was raster and higlJ.er than P and K released 

under similar conditions. Different rates of Osmocote dià not 
«t 

al ter the pattern of the N releasing curve (Pate..1 and Sharma 

1977) • 

1 

The hydro1itic ratio'of 1:10 medium:water used in soluble 

saI ta determination (section 3.1.3.2) May have lnfluenced aqueous 

extraet composition to sorne extent. Thus, chloride and N03-

1 

, -

-, 
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concentrations in the rooting medium are expected to be slightly 
Il 

~higher than the values normally found for the specifie conductiv-

ity readings obtained with higher ratios of dilution because 

these anions decrease more than proportionately by dilution of 

the suspension (Jackson 1958). 

Considering that soluble salts represent mainly N0
3

- re

leased by Osmocote, the higher levels __ o1'-soluble salts obtained. 

with surface "application (Figs. 3, 4~ 6 and 7) seemed to contra-

dict results reported by Lunt and Oertli (1962) in which incor-

,porated methods resulted in significantly higher leaching of N 

. from the medium than surface applica tion. ~er, they con-
o 

cluded that it was due to the intermittent drying in the case 

of surface-applied Osmocote. For the experiment presented here-

in, surface-applied Qsmocote was kept continuously wet with the 
1 

misting system used (section 3.1.1). Similar results were ob-

tained for( P and K (Oertli and Lunt 1962~). 

The dif!erences between the initial mineraI contént ofr cut

tings "and that of thé control~ (no fertilizer added) at the end 

of each experiment (Tables 5, 6, 7, 1& and 25) corroborated 

data presented by Sharpe (1955) suggesting a leaching effect 

of the elements analyzed.. Hawever, the fact that those differ-

ences were higher in the case of softwood cuttings of deciduaus 

species (Tables 5, 6 and 7) as compared ta hardwaad cuttings of 
\ 

• 
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the evergreen species (Table 16) 8uggests tha). softwood cuttings 
~ 

increased in dry weight during the rooting period due to add1-

tions of carbohydrates f~om photosynthesis (Good and Tu~ey 1965). 

~ Of the four elements analyzed (N, P, K and Ca), only K con-

tent showed sfgnifrcant decreases'in time after the first harvest 

date' (Tables 16 a~ 24) indicating a greater 1eaching of this 

element in cotoneaster and Juniperus. These results corroborate 

data reported by various researchers (Good and Tukey 1965; Sharpe 

1955; Sorensen and Coorts 1968; Wott and Tukey 1965). However, 

aIl elements analyzed in Euonymus, Phi1adelphus and Weige1a 

showed similar decreases (Tables 5, 6 and 7). It 1s possible 

that this May be due to dry weight increase in the cuttings dur-

ing the rooting periad and not to act ual leaching of these el- ~ 

ements (Good oand Tukey 1964) • Ca content did not vary during 

the rooting perirut of Juniperus sabina (Table 16). Since' Ca i8 

considered a difficu1t-to-leach element (Good and Tukey 1967; 

Mecklenburg et al. 1966; Sharpe 1955) and was not added to the 

rooting medium, it can be concluded that this S~i:S 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) round that leaching fr~m chrysan-

themum cuttings was inhibited somewhat by the presence of Osmocote 

in the rooting medium. However, i~ the experiments reported 
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herein, except in Juniperus, none of the Osmocote treatments 
1 

studied was able to replenish the losses due to leaching and/or 

dilution (Tables 5, 6, 7 and 24). In comparison with N,and P 

contents, K content was not inf1uenced 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 
/7 

16), indicating that leac~ing losses were higher than possible 

K supply w:tth the use of Osmocote. 

Increasing rates of o~mocote affected.differ~nt~r N, P and . ~ 

~ contents ot 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 surfaGe-app1ied Osmocote 14-14-14 

(0 to 0.2 \kg/m2 ) and also of surface-applied Osmocote 18-6-.12 

(0 to 0.16 kf/m2 ). Similar1r, Ward and Whitcomb (1976) found~ 

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

tings two months after sticking in medium treated with surface-

app1ied Osmocote 18-6-12' as compared to untreated med~um; at 

this time 100% rooting had been obtained in aIl the cases. 
i 

Generally, in the present study, the highest rates of surface-

applied Osmocote resulted in s~gniricant increases of N, P and 

K contents of c~ttings (Tables 5, 6, 7 and 24), and also the 

highest rates of incorporated Osmocoue in the case of Juniperus 
1 

î 

(Table 16). However, inconsistent correlat~ons were observed 

J 
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" , . 
b"etween soluble salis (reflecting :t:ertilizer salts released 

from Osmocote treatments) and mineraI 'contents of c!utting~ , . 

(reflecting possiQle absorption of fertilizer from the rpoting 

medium) (Tables Il, 15, 19 and 27). This appears ta be ·corttra-

dictory.since these Osmocote treatments reduced aIl rooting 

parametera studied, and therefore·fewer and smaller raots were 
'" 

present in the roat1ng medium to absorb the mineral'elements 

released fram the Osmocote, producing the increas~s lndicated 

above. Furthermore, Wot t and Tukey (969) observed that .çhry-

santhemum cuttings absorbed only Bmall quantities of P even 

though P was plentiful in the rooting medium. Theystated that 

their results could be applied to a wide range (of plants and. 

nutrients. Narrow-leaved evergreens propagàted as hardwood 

cuttings absorbed only small quantities of nutrients during 

propagation (Wott ~nd Tukey 1967)'1 More investigation is necess

ary to e1ucidate this problem, probabl1f by monitoring mineraI , 

contents in 'the rooting medium and in cuttings at ,freQ1te.f1t in:" 

tervals alter sticking, ainee Mineral contents of tissues fol-

low more, closely the contents in the me di um than the rate of 

fertilizer applied, except for N (Jones 1974). 

Since tissue samples were' composed of 1eaves with or with-

out other a:bove-ground part of cuttings, one possible exp1ana-

tion May be the translqcation of those e1ements from top ta 

roots after root initiation occurred. Good and Tukey (196~, 

, 
1)' , , 
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1967) work1.ng with cnrysanthemum reported that while N trans-

location 'was variable during the rooting period, P trans)..ocated 

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

immobile during the root1.ng periode _ The unchanging contents 

of Ca obta1.ned in aIl experiments (Tables 5, 6, 7, 16 and 24) 

confirm the immobility of this element (Good and Tukey 1967). 

Blaz1.ch and Wright (l979) observed no translocation of nutrien't~ 

tram the upper portions to the bases of Ilex crenata cuttings. 

" . 

ConsideriIig 2-4.5% N, 0.2-0.6% P and 1.5-3.5% K as op~imum 

nutr1.ent contents of leaves (Smith 1978), sorne deficiencies weré 

possibly present but not visually obvioU6 at the end of the ex-
~ 

periments, especially for P and K in ~1J.l species studied, but 

not for P l.n Weigela (Table 7). Juniperus (Table 16) was ~ot 

cons1.dered ainee above-ground parts were taken for analys1.s, 

giving lewer nutrient contents than 1eaves alane (Haun and 

Corne11 1951; Kelley and Shier 1965) and evergreens usually 

have lawer mineraI contents than decid uous species. (Smith 1973}. 

Aecording ta Swanson and Davis (1977), P deficiency caus'ed re-

duced rooting, and K deficiency did not influence rooting ad-

versely. However, differences among species and seasonal changes 

in nutrient contents of leaves normally oceur (Cannon ,et al. 

1960; Davidson 1960; Kelley and Shi,er 1965) making it difficult 

ta establish re1iab1e ranges under artif'icia:l cond1. tians such 

as in mist propagation (Jones 1974). 

'III'" "~4 t 
...... r or 1" __ pp 

\ 
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c~ correlation. of aH elemen;s analyzed 

with rooting performance w~s obtained on1y for Euonymus, 

Philadelphus and Weige1a cuttings (Table 8). While N has been 

'negati ve1y re1ated to root in1 tiation (Basu and Ghosh 1974; 

Haun and Cornell 1951; Pearse 1943; Starring 19j23; Swanson and 

Davis 1977j Wott and Tukey 1967), P and Ca have been 'positively 

related (Graca and Hamilton 1981a; Kramer 1969; Swanson and 

è> 

Davis 1977). Interestingly, in comparison wi th initial ,contents, 

the above' t'hree species showed the largest final decreases in 

N, P, K and Ca contents due mainly to increases in dry weight, 

as assumed above. Perhaps the significant correlations obtained 
Il 

(Table 8) resulted from a parallelism beheen the rooting pro-

cess and the t~p growth process, the latter inducing dilution 
! 

of the elements analyzed. 

, 
The consistent negative correlation between K content and 

rooting performance of cuttings of all species studied (Tables 

8, 13, 17 and 25) is noteworthy. A1though K is considered. in-

dependent of the roo~ing pro,cess (Preston et al. 1953; Swanson 

and Davis 1977), Sorensen and Coorts (1968) also obtained nega-

tive correlations between K content and rooting of Buxus 

sempervirens, Ilex crenata microphYlla, Juniperus horizontalis 
, 

p1umosa and Taxu~edia cuttings similar to those presented in 
4-

the Tables indicated above. Considering the diversity of spe-
/ 

cies invol~éd, these results app~~ suffi cie nt to account for 

• 

\ 
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a role of K in t~ root1ng process, although a satisfactory 
!Fil 

~explanation 18 not known. Perhaps K ia involved in one or more 

enzymatic processes during rooting and/or root growth (S"anson 

an~ Davis 1977), 'or it 18 influenc1ng qua1ity and quantity of 
~ -carbohydrates present in cutting tissues (L1ebhardt 1968). 

!. 

Further fun~mental investigation is necessary to prove this 

relationship. 

5.4 pH 
/' 

~he rooting performance of cuttings in relati~n with the 

pH ofâ the medium was somewh~t less cons1~tent than with levals ' . ' 

of soluble salts' (Tables 10, 15, 19 and 27). This is in agree

ment wi·th data reported by various researchers (Albert 1975; , 

Hitchcock 1926; Raabe and Vlami~ 1966) 1n~icat1ng ·that the low 

pH of peat moss,genera1iy is not a 11mit1ng fac~or for rooting. 

Smith (1926) repo~ted that pH range from 7.0 to 7..2 was most , 

favorable for rooting of Co1eus 'b1umei. 
~ 

With sail, an increase in 'pH \Y1 th dilution from the "sticky 

point" (Jackson 1958) ta- a ratio\ of 1: 10 (similar to that used 
6 \ 

in the preeent experiments, section 3.1.3.2) is usua11y in the 

o~der of 0.2 to 0.5 pH unit. Although the actual vaÎues for 

the ~H of 'the rooting medium in these experiments might be ex

pected ta berslightly ~ower because of dilution; the magnitude 

. ~ , 
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of this d1fference 1a not known (Jackson 1958). 

The pH of the rooting medium was reduced w1th the presence 

of Osmocote either incorporated or surface-applled as compared 

to the control ~rom 5.3 to 4.6 for theph1ghest rates at the end 

of each experiment (Tables 9, 14, 18 and 26). This agrees w1th 

results obtained by Dinter and Eaton (1976). However, d~rent 

rates of Osmacote surface-applied did not influence the pH of 

the rooting'"medium (Tables 9, 14 and 26) corr~borating data re

ported by Hamilton and Johnson (1978) with surface-app1ied 

Osmocote in two different rooting media. Simpson et a~. (1975) 

reported a substantial decrease of pH with surface-app1ied , -
( .b 

Osmocote versus incorporated Osmocote. 

On the other hand, the initial pH of the rooting medium 

(pH 4.3) was increased in time more with decreasing rates of 

Osmocote (Tables 18 and 26). Somewhat similar trends were ob-

tained by Chang (1982b), although he used a different rooting 

medium. 

The significant negativ~ correlation of pH and soluble 
, 

salts i~the rooting medium (sections 4.1.3; 4.2.2; 4.3.3; and 
• 

4.4.3) could be a result of a junction potential at the calomel 

electrode, o~ the suppression of the diffuse ion layer around the 

colloid,in suspension (Black 1,64). Since mineraI nutrients re-

---1 
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/) 
leaS\ from Osmocote are not affected by pH of the medium (Oertli 

and Lunt 1962a, 1962b), the variation Of pH indicated above did 

not account for the differences in soluble salts obtained in a11 

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

Although pH of the medium is an important factor in nutri-
. 

ent absorption by roots (Bassioni 1971; Munn and Jac~son 1978) 

the relationships between pH of the rooting medium and mineraI 

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

As ·shown by the eVide,nce of these experiments there appeared 

to be some obvious relationships between speed of rooting and 

effect of.Osmocote, although this point needs further clarifica

tion. IBA treatments that allowed cuttings to remain for longer 

pe~iods in the propagation bench seemed to be of benefit when 

cQntrolled-release fertilizers were add~d to the rooting medium. 

An important factor of consideration when dea1ing with ferti1izers 

applied to the medium is the type and composition of the rooting 

medium which seems to de termine the maximum safe dose of control

led-rélease fertilizer an~ maintain levels of solublè salts in 

ranges compatible with the species being propagated~ 
1 
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6. SUMMARY 

Research has indicated that ~cote in the rooting medium 

influenced rooting pe!'formance afd sUb,sequent growth of cuttings. 

The objective of these experiments was to investigate the effects 

of controlled-release fertilizers in the rooting medium on the 

ability to root, on the tolerance of cuttings of different spe-

cies to soluble salts levels of the medium and on the minera1 

nutrient composition of c~ttings. 

stem cuttings of Euonymus alata, Philadelphus coronariuà 
1 

'Aureus' , Weigeia 'Bristol Ruby', cotoneaster acutifolia and 

Juniperus sabina were rooted in outdoor (during the growing 

season) 'br indoor (und~r greenhouse conditions) frames pro~ided 

"' w~~h ,intermittent mist. The rooting medium was 1:1 (v/v) peat 

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

surface-app1ied and/or 0 to 4.0 kg/m3 incorporated) of Osmocote 
~ 

14-14-14 (3- to"4-month release), Osmocote 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 (lso 

investigated in conjunction With~osmocote treatments. Rooting 

performance (rooting percentage, root length and root ~umber) 

and mineral nutrient contents (N, P, K and Ca) of cuttings, as 

well ~s soluble salts and pH O'f the rooting medium, weç. eO'm-

pared among Osmocote treatments. • ~ 

, 

J " 

_T~P.f __ """"""""""""""" •••.• ll .... 'n,,".1.NI.l.1 ...... '1R ........ ~ .. ~~ ......... *_I~P.~?t., •. -_.~~~~.~~~~~~~ 



, ." ~ 

- 125 -

cotoneaster cuttings treated with 0.3% lBA in powder form 

rooted better in Osmocote medium at rates of 0:15 kg/m2 surràce

app1~ed and 1.0 kg/m3-incorporated, than in conttol medium with-

out osmocote. Similar cuttings treated with 5,000 and 20,000 ppm 
, " 

IBA ~n 1iquid form rooted poorer in Osmocote treated medium, 

with rates between 0.15 and 0.60 kg/m2 surface-app1ied and be

tween 1.0 and 4.0 kg/m3 incorporated, in ~ompârison with control 

medium without Osmocote. 

Incorporation' of Osmocote gave consis.tent1y better rootin-g 

of cuttings than surface-app1ied Osmocote. Osmocote formulations 

of longer re1ease period (8- to 9-month release) appeared better 
( 

suited for adding to rooting medium'than faster-release formula-

tians (3- to 4-month release) .from the stand point of rooting of' 

cuttings. 
1~t""' 
" 

Increasing rates of Osmocote consistently increased the 

,. " 

.. 

levels of soluble salts in the~rooting medium. A1though an in- ~ 

creasing t~and-of pH Of the rooting medium in time was observed, 

the presence of Osmocote seemed to reduce the pH in compar1son 

with tlie untreated control trom 5.3 to 4.6. However, these dif-

terences in pH did not seem ta account for the observed differ-

ences in rooting performance. 

Juniperus and cotoneaster app~ared to be more tolerant to 
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soluble salts than Euonymus, Philadelphus and Weigela. An in-
1 

verse relationship between rooting performance of cuttings and 

levels of soluble salts in the rooting medium was obtained. A 
) . 

suggested model relating critical levels of soluble salts with 

alopes of the regression curves between rooting performa~ce and 

soluble salts in the root1ng medium appeared ta be of logarithmic 

type for rooting percentage and root length. 
• J 

, P and K contents of cuttings were 1nereased in 

Sorne 1ncreasing rates of surface-applied Osmocote, 

mineraI nutrients did'not seem ta be absorbed in appreciable 

quantities by rooting cutt1ngs and none of the Csmocote rates 

studied were able to replenisb the mineraI lasses due ~o leaching 

of cutt~ng tissues. Ca content rema1ned unchanged with differ-

ent Osmocote treatments. K content was negatively correlated to 

rooting performance for aIl species studied suggesting a role 

for K in the rooting process. 

The rootinK~edium co~positi~n seemed to be an important 
,.. 

factor when controlled-release fertilizers are added to main tain 

soluble salts in'leve~s compatible with the species being propa-
, " 

gated. The influence of controlled~release fert1l1zers in the 

rooting medium ~ust be determined empirically for each species 

or cultivar under particular root1ng circumstances •• 

'-
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7. SUGGESTIONS ,FOR FUTURE RESEARCH 

1. Further experiments with a wider range of spec1es and with 

a'variet~ of media should y~e~d data which can be used to 

construct a more precise model ta pred1ct rooting perform-.' 
ance in relationship,with Osmocote rate, and thus de termine 

the critical levels'of species ta soluble salts in the 

rooting media. 

~2. The consistent negati?e correlation between K content and 

rooting performance of ~ut'tings of aIl spec1~ reported in 

the present experiments are indicative Of a possible role 

~ of K in rooting of cuttings.' Fùrther investigations of the 

role of K in the raoting process such as its possib~e rela-
.1 

tionship with rooting substances (i.e. hormones, cofactors, 

enzymes, inhibitors) or with carbohydrates should help to 
t ~ . 

clarifY this point. 

There appears to be sorne obvioU6 relationships between speed 

of rootlng (and factors that affect it, such as IBA treat

ments) and influence ~f Osmocote 1n' the rooting 'medium. 

These relationships need further clarification. 

4. Since the role of mineraI nutrient contents alone did not 
~ 

(~) satisfactorily explain differences in rooting performance of 

- - 1 

" , 
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cuttings when Osmocote was present in the rooting me~um, 

futur~ investigation should considèr the raIe of carbohy

drates in the rooting process in relationship with dry . 

weight increase 

tings rooted in 

or decrease and mineraI 

rertilizei,: med:!. um. 

,~~ ... 
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Appendix Fig. 1. Temperature (top) and rainfa11 (bottom) 
data from June 6, 1980 to Ju1y 21, 1980. 
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Appe~dlx Fig. i. Temperature (top) and rainfall (bottom) 
data from August 14, 1980 to October 3, 1980. 
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Appendix Fig. 3. Temperature (top) and rainfall (bottom) 
data from July 1-, 1981 to 'September 3, 1981. 
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