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Science' 
A STUD'i OF· CRU~E , ' ~D fRACtIONATED WILLOW E~RACTS 

F.oR ROOTING 

, 
influence of· erüde ,water ~xtraet of 4",illow as a rooting aid and 

l ' 6 

its interaction with auxine w~s studied with cuttings of 13 woody orna-
I 

mental sp~cies '. 

Group 3" spe~ies 

Three pf f our Group l species (shruo9) and one of five 

(evergreens) showed distinct posi tive response" to willow 
'" 

lextr8cts while none of four Group 2 (trees) species showed any '[-esponse. 

All Group a spe.des ~l)owed po~itlve rootlng response to iJuxlns while
J 

three 

out: of four Gro~p l species were advers.ely affected by auxine 
, . 

Using mung oean rOO,l!ing tests in a controlled environment. fractlo'n-

atron techniq~es, and paper chromatography, attempts were made ta identify 
( '. 

'and charaeterize tlle nature of the root ,promoting activity in willow· 

exe racts. Rootlng activity was greater in 'extracts from plant materlals , 
collected in winter months éhan in those of the summer months. Posi t ive 

correlations were obtained betwe(!n root ndtber 9f mung 'besn cuttings and 

fJ' total,' dih'ydroxy,. and alkali-lablle phenol contents ln sf,!8sonal w1l1ow 

.. 

< 

excracts. 

Water 

those of 

extracts o~. theitr. fra910ns wet:e superior 

Methanol or ~thyl aeeJate counterparts. 

in rooci1g ,activity 'to. 
i ' 

i.itdoleâc~tic acid wss 

de~cted in the ethyl acetate sub-frac'tions and an indole compound in, both 

the ethyl acetate and water sub-fractions. ' 
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M .. Sc. l LUCE DAIGNEAULT 
, ETUDE OES ExtRAITS oe SAUi.~ SON-RAFF LNES 

Plant Science 
ET FRACTIONES 

, POUR L'ENRACINEMENT 
, 'Il 

L'~nfluence 'q,:extr,!-its aqu~ux. non-~tffinés dé saule' comme agent 

d'enracinement et leur' ,1nteraction avec des auxines ont êté. étudUes sur 
fi ' 

des boutures de 13 espèces, arbl,18tives brnementales. Trois des qûatre 

espèces du Groupe '(arbustes')' et une des cinq espêces du dr~upe 3 

(conifUes) démontrent une, répbnse positive distincte aux extraits de 

'saule tand ls qu' aucune des ea'pèces du Groupe 2 (arbres) y rêagissent. 

" Toutes les espêces du Groupe 3 répondent positivement aux auxines tandis 

que trois des quatre espêces du Groupe l.y réagissent nêgati ve,ment .' 

A- l'a;f.de de tests d'enracinement avec des fèves mung en environnement 

. \ 
contrôlé, de techntques- fractionnelles et de chromatographie sur papier, 

des essais ont été menés afin d ridentifier et de caractériser la nature de 

l'a.ct1'vitê - promotrice' d'enracinement des extraits de saule. L'activité 

, ' . 
d'enracinement extraits est plus forte dans les extraits provenant de 

,macêri'els végétaux, prélevh pendant les mois d'hiver que durant' les moi~ 
1 . 

d'été. Des corr~lationB positives ont été obtenues encre le nombre de 

~ 
racines par bouture ~e fhe8 mung et les contenus en phénol total, 

. \. . ~ 

dihydroxique. et al cal i-lablle des extraits saisonniers. 

Des extraits aqueux ou leurs fractions ont une actlvitt; d'enracinement 

! supê rieure leur contrepartie méthanolique ou d'acétate dl éthyle. 

L ~ac1de indoleacêtique a été détecté dans ,les sous-fractions dt acétate 

. d' êtpyle et un composé indolé ~ et dans les sous-fractions d'acétate 

• d'éthyle et d'eau. 
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INTRODUCTION 

Propagation' by stem cuttings is one of the most important and basic 

areas of nursery culture (Girouard and Hess 1964; Hartmann and Kester 

1975; Hess 1963). As a vegetative means of propagation. this technique 

preserves the phenotypic and genotypic characteristics of ornamental 

plants (Hartmann and Kester 1975). However; numerous factors influence 

rooting of cuttings. 

The time of the year at which cuttings are taken can have a dramatic 

influence on rooting (Hartmann and Kester 1975), but littie i8 known about 

the ~ntrolling mechanism of this response (Lanphear 1963). The seasonal 

change in rootability of cuttings appears to be related to the level of 

endogenous hormones (Alvim et al. 1976; Nanda and Jain 1972), rooting co-

factors 'Lanphear and Meahl 1966), and inhibitors in the buds (Fadl and 

Hartma\n 1967). 

Van Overbeek (1941) showed that on1y 5% ai the plant auxin exists in a 

free form while most of the indoleacetic acid (lAA) Is bound in the plant 

as an IAA-conjugate or lAA rooting cofactor complex (Cohen and Bandurski 

1982) • The ability of exogenously applied natural and synShetic auxins to 

~romote adventitious root formation on stem cuttings of several species 

has 'been recognized for Many years (Cooper 1935; Thimann and Koepli 1935; 

Went and Thlmann" 1931). Studles have also demonstrated the lack of suc-

cessful rootlng of certain species when treated with a~ins. 

The complexity and variability in rooting response indicated that 

1 



2 

there i8 an interaction of several substances (thimann 1977) which include 

components such as auxin, rooting cofactors, and inhibitors (Hartmann and 

Kester 1975). Some of these rooting cofactors have been shawn to be phe-

naIs (Hess 1963; Mosella Chàncel and Mache~x 1979), and other~ have -been 

proposed to be carbohydrates (Atman and Wareing 1975; Hansen 1976), lipids 
, , 

(Reuser and Hess 1972) or other factors (gemberg 1953; Van Overbeek and 

Gregory 1945). 

In comparison with easy-to-root specie~ , hard-to-roo~ species are 
1 

either lacking endogeno~~ auxin, some roating c~factors or contain some 

inhibicors not found in the easy-to-root form (Ashiru and Carlson 1938; 

Siran and Halevy 1973; F·adl anc;i H~rtmann 1967a; Hess 1961; Van Overbeek 

and Gregory 1945). 

Chemlar (1974) tested the rooting capacity of 107 wU"low taxa (SaUx 

'L .~p.) and found that most of Fhem rooted readily. W1110ws have been shown 

to 'have preformed lateral root primordia at their nodes (Carlson 1938). 

Kawase (1964, 1970, 

and c4· (1983) 
, 

1971, 1981), Kikuchi et al. (1983), and Richer-Leclerc 
.. 

have demonstrated the root-promoting activity of the 

water extracts from Salix alba, S. karlyanagi, ~. bakko, and S. alba 

trlstis on rooting of mung beans and many woody plant spec1es. Kawaae sug-

gested that the wil10w extracts contain large amounts of endogenous cofac-" 

tors, as yet unidentlfied, and :he right balance of hormone and rooting 

substances capable ,of improving rooting. 

The purpose of this study was to investigate the influence of crude 

1 ~1l10w extracts as rooting promoters and the influence of these plant 

ex~racts with auxins on 'rooting of woody ornamental cuttings. In an at- ~ 
tempt to 1dentify the rooting substances and the nature of their rooti~g 

") 
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acti~lty in willow extracts (8) a systematic series of experiments usiag 

mung bean rooting tests under controlled environment were conducted with 

willow extracts that ,were subjected ta progressive stepa of greater pur
~ 

ifi.cation, and. (b) selected extracts' liere analyzed for the presence of 

pheno11c and auxinlc compounds. 

il 

. , 

.. 
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LITERATURE REVIEW 

• 
1. Factors influencing rooting of cuttinga 

Various physiologiesl, anatomical and environmental factors influence 

rooting of euttings. Many of thase factors can be controlled or modified: 

the time of the,year ln w~ich cuttings are taken; the source and the type 

of woed selected for cuttlngs, such as length and width of cuttings, lat-

• 
eraI versus terminal shoots, dlfferent parts of the shoot.; the environ-., 

mental conditions and 'nutritional status during growth of stock plants, 

such as llght Intensity and photoperiod; the environmental conditions 

during rooting su ch as humidity control by misting; the composition and 

tempe rature of the ~ooting medium; light intensiey and dura tian during 

rooting (Hackett 1969; Hartmann and Kester 1975; Stromquist and Eliasson 

1979). 

Other factors May be less amenable to ~ontrol: genetic origin, growth 

habit and age of stock plants; Rhyslological condition; endogenous compos-

Ition of hormones, rootlng cofactors, and(or) inhibitors (Hartmann and 

Kester 1975), 

Woody shrub and tree species are generally more dlfficult ta propagate 

than herbaceous species (Hartmann and Kester 1975). lt Is within this 

context _of difficult-to-root species that a review of factors influencing 

rooting of trees and shrubs ia dlrected. 

4 
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1.1 Genetle dlffe~ences 

r ~ 
Differences in ease of roocing and seasonal rooting pattern were found 

among three cultivars of holly: 'Arden'., 'Old Hale and Hearty', and 'Cumb-

erland' (Childers and Snyder 1957). Profound dlfferences ln rooclng were 

also reported becween cherry cultivars: 'Malaheb', lOO%; 'Montmorency'. 

90:t; 'Stockton Morello', 77%; 'Black Tartarian', 40%; 'Bing', 20%; and 

'Napoleon " 0% (Hartmann and Brooks- 1958). Varietal variations were àlso 

observed in Olea europaea (Loreti and Hartmann 1964), Pyrus communis (Fadl 

and Hartmann 1967b). Vacclnium ansustifolium (O.'Rourke 1944), ~, Aza-

lea, Cotoneaster, Cotinus, E1eagnus, Forysthla, Juniperus, Magnolia, Rho-

dodendron and Viburnum (Lamb and Kelly 1982). Patton and Riker (1958) 

observed variation ln rooting abi11ty of 10 clones of I2-year-old ~ 

strobus. Howard and Shepherd (1978) reported large dlfferences in rooting 

among, individual trees of !!!!! cordata, !!!!! europaea, and ~ camp

estria and even among cuttings from'the sarne plant. Miller et al. (1982) 

observed genotypic variation in rooting percentage, and in number and 

length of roots of Fraser fi~uttings,. 
"" -----.. """-

Howard and Shepherd (1978) ~b~~ed variation in roo~ing response of 
" 

hardwood cuttings of 21 woody tree species eated with 5000 ppm indole-

butyrlc acid (lBA). and 5000 ppm greatly 

enhanced rooting of' 'Myrobalan B' and 'St-Julien p1ums with optimum 

rooting at 5000 ppm (Howard and Nahlawi 1969) • With 'Bramptom' and 

'EA.16' only a slight enhancement was noted, w1th n improvement beyond 

treatment with 1250 ppm IBA (Howard and Nah1awi 1969). 
(! 
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1.2 Growth phases 

{ 

Davies et al. (1982) found that Juvenile cuttings of Ficus pumila 

rooted easify wher~as t'he mature cuttings did not root at aIl. This 

phenomenon was found to he a common occurrence in 30 woody tree species 

tested by Gardner (1929). One-year-old seedlings of aIl species rooted, 

and rooting potential tended to decrease rapidly with increasing age of 

plants (Gardners 1929) • Vieitez (1968) indicated that, for sorne species 

like chestnut, successful rooting of cuttings was restricted to the seed-

ling phase. In experiments with cuttings of 6- to 12-years-old Norway 

spruce, Roulund (1975) showed that there was a deerease in rooting wlth 

increasing age: 4% per year in trees 7- to 9-years-old, 6.3% per year in 

trees 9- to 13-years-old, and 1.3% per year in trees 13- to '21-years-old. 

Thus the age of the stoek plant ls an important considrration especiaily 

for plants in the more d~fficult-to-root category. 

Beakbane (1969) proposed that juvenility in relation to rooting May be 

explained by the presence of anatomiea; barriers. Blair et al. (1956) 

showed tha~ cuttings of juvenile phase Malus robusta, _~ich rooted much 
, 

more readily than the adult phase, had less phloem fibers. Davies and 

Joiner (1980) observed that Juvenile cuttings of ficus pumila required 
. 

1000-1500 ppm of IBA for best rooting1 whereas mature cuttings required 

,2000-3000 ppm. They proposed that juvenile cuttings contained more endo-

genous auxin than the adult ones. Thimann and Delisle (1939) showed that 

Juvenile plants contained more rooting éofaetors, and that some mature 

plants were devoid of such factors. Hess (1962) demonstrated the 

" 
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presence of four rdoting cofacrors in the easily-rooted, juvenl~e form of 
i 

Hederà helix whereas the difficult-to-root mature form contained less 

root-promoting cofactors. 

In adult Eucalyptus deglupta, Paton et al. (1970) reported the 

presence of three inhibitors determined ta be naturally occurring deriv-

atives of the 2,3-dioxabicyele(4,4,O)decane system;. similar compounds were 

not found in the Juvenile phase. Aceording to Paton et al. (1970), phase 

change in relation ta rooting May be explained by the incr,easing produc-

tion of inhibitors as plants increase in age. 

Several authors reported a juv.eni~ity gradient within a tree (Pas-

sec~er 1949; Schafralitzky de Muckadell 1954). While Passec~er (1949) 

assigned three main zones in a tree (juvenile, intermediate, and mature 

zones), Schaffalitzky de Muckadell (1954) indicated that the physiologieal 

adult characteristics arose first at the periphery of the tree while the 

interior portion around the stem base remained Juvenile for a long time. 

Roulund (1975) showéd that the rooting ability of Norway spruce cuttings 
'11 

increased within a tree from the top ta the lower part of the crown. 

Sussex (1976) indicated that Juvenile to adult phase changes d1J not 

have their basis at the cellular level in the meristems per ~ and thus 

were not on11 ontogenetic; these, changes were imposed upon the meristem by 

the remainder of the organism 1n response ta environmental and nutritional 

factors. 
.t 

1.3 Selection of cutt1ngs 

Differences io l'oeting ab~lit~due to location,of shobts'used f9r cut-

) 
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tings has ~een, recognized for many years (Hartmann and Kester 1975). 

o 'Rourke (1944) showed that in three blueberry cultivars, rooting of cut~ 

tings increased progressively from the terminal to the basal position. 

Similarly, Loreti and Hartmann (1964) reported that,sub-terminal and basal 

sections of two olive cultivars rooted more readily than soft terminal 

sections. On the contrary, Hartmann and Brooks (1958) reported that soft-

wood terminal cuttings Erom three cherry cultivars rooted better than 

basal cuttings. GardneL and Hatcher (1955) also reported that terminal 

eut tings 

soil in 

Miller 

rooted 

earlier 

'198.2) • 

of apple and plum rootstocks Plahte~ directly into the nurse~y 

autumn rooted easier than more dist l (sub-terminal) cutting~. 

, 
et al. (1982) found Chat the later~r cuttings from Fraser fir 

better than terminal ones. These reJults ~ere associated w1 th 
\ 

.. 
breaking of dornaney of Lateral buds in t,ne.: sprlng (Miller et al. 

Howard and Nahlawi (1969) showed that position of cuttings within 

shoots of three plum cultivars did not influence rooting, although 

'Myrobalan B l plum rootstocks showed increased rooting from terminal ta 
'C--

sub-terminal positions. Thèse researchers also showed that thin shoots of 

aIL cultivars rooted more readily than thick ~hoots. 

It appears that in the more difficul t-to-root species, Ç,he choice of 

cuttings from shoots that are in either a flowering or veg'etative cdndi-

'tian is an important factor (Hartmann and Kester 1975). In blueberry, 

(Vaecinium atrococcum), Q'Rourke (1940, 1944) observed that hardwood cut-

tings from shoots bearing flower huds robted less readily than those bear-

Lng only leaf buds. Antagonism between' regenerating eapadty and flow-
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erlng aiso has been reported for Armoracia rusticana (Doré 1953) and Rubus 

ldaeus (Hudson 1953); the regenerating capacit~ was low during the months 

of flowerlng. 

1.4 Seasonai effects 

The time of the year in which cuttinga are taken eKert a profound 
J 

infl!uence on rooting (Hartmann and Kester 1~75), but little 18 known about 

the contro1ling mechanism of this response (Lanphear 1963). 

While certain species, suçh 

wood, seml-hardwood or hârdwood 

as Ligustrum, rooted readily when soft

cuttings were take~ ~hime d1uring the' 

year (Hartmann and Loreti 1965), softwood cuttings of deciduous woody spe-

eies taken during spring or summer tend to root more readlly than hard-

wood cuttings taken in mid-winter (Hartmann and Kester 1975). Hard-to-

root species such as Rhododendron, Syringa, Prunus, and Tilia rooted 

becter than softwood cuttings taken in early spring (01iemaq et al. 1971; 

,Hartmann and B_rooks 1958; Still 1981). On the other hand, in the northern 

hemisphere, coniferous cuttings root best when colleeted between late faii 

and budbreak the following season (Hansen and Ernsten 1982). This in-

ereased eapadty of coniferous cuttings to initiate roots during9 the 

period from October to April has been reported for several coniferous 

species: Pinus (Hansen and Ernsten 1982), Picea (Deuber and Farrar 1940), 

Abies (B;hella and Roberts 1974; Thimann and Delisle 1942) , TaKus, and 

Jun12erus (Lanphear and Meahl 1966) . 
,,-

According to Alvim et al. ( 1976) and Nanda and Jain (1972) • seasonal 

1 
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in rootability of cuttings appeared to be related to the level of 

: endàgenous hormones. A variation in auxinic content of Pop~lus x robusta 

cuttings during different seasons'was associated with,a decline or an in-

crease in rootability (Smith and Wareing 1972). Lanphear and Meahl (1966) 

reported noticeable relationships betreen the rooting cofactors and auxin 
. ~~ 

acti vit y present in Juniperus horizontalis' Plumosa' and their seasonal 

rooting pattern. Fad1 apd Hartmann (1967b) reported that the fluctuation 

in rootoing of cuttings 15 most likely correlated with changes ln inhibitor 

acti vit Y of ',the buds. Inhibitor levels in buds Increased progressi vely in 
1 

late Summer (pre-resting stage) reaching a maximum in late fa1l Cresting 

stage) and then decreased to a minimum during the winter (post-resting 

According ta Smith and Wareing (1972), removal of bud dormancy 

after a period of chilling increased the rooting abllity of sorne plants. 

Guerriero and Loreti (1975), on the other hand, showed that -in peach 

hardwood cuttings, there was no clear relationship between dormancy and 

rootabillty. Howard (1968) showed that the removal of buds to study their 

effect on rooting leads ta the release of a wound-induced stimulus which 
"'\ 

promoted rooting. Howard (1968) argued that this effeet can be mistakenly 

attributed to the removal of supp0sedly inhibitory buds. 

Seasonal rooting pattern has been related to the level of endogen6us 

hormone sueh as 
J 

auxin (Alvim et al. 1976; Nanda and Jain 1972), level of 

rooting cofactors (Lanphear and Meahl 1966), and level of\ inhibitors (Fadl 
~~ 

and Hartmann 196 7b) • Aecording to Nanda and Anand (197Q), the seasonal" 

rooting pattern in Populus nigra was determined by a pr~r balance of 

growth inhibitors, aUKins, and rooting cofactors. Bhelra and Roberts 

l ,0 

1 

.----
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(1974) reported that one factor that particularly affected seasf'lnaJ."., .. 
1 • ...>J 1" 

response of stem cuttings of Abies balsamea was photoperiod. 

2. Hormones and other rooting substances 

.. 
-The complexity and variability in rooting r~sponse indicated that 

there 1s an interaction of several substances (Thimann 1977). Hartmann 

~ and Kester (1975) summarized the hypothetical relationship of var10US cam-

ponents such as auxin, rooting cofactors, and inhibitors with regards ta 

the rooting process GFig. 1). 

2.1 Plant hormones 

2.1.1 Amcin 

'7 

In the 1930's, LAA was the first naturaI auxinic compound discovered 

and identified (Thimann 1~35; Thimann and Went 1934; Went 1934; Went 

'" 'l935) • The ability of this hormone ta promote adventitious root formation 

on stem'cuttings of severaI species was saon dpcumented (Cooper 1935; Thi-

,mann and Koepfli 1935; Went and Thimann 1937). Saon thereafter, sYnthetic 

auxins were tested for r90t promoting actlyity on stem segments and their 

root' stimulating abitlty on cuttin, gs was demonstrated (Cooper 1935; Thi-
• t 

mann 1977). ~BA an9 naphtaleneacetic acid (NAA) were more effective in 

promoting root }n.i~iation t,han the oaturai lAA (Hartmann '~~d Kester 1975; 

Wareing 1973; Zimmerm'ann 0 and Wilcoxon 1935)'0 and were more stable, less 

degradable by oxidase enzymes, and more mobile than naturally occurring 
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aUXll1S (Tukey 1979; Wareing 1973). Several studi~s were conducted to corn-

pare the effect of auxin formulation on uptake in cuttings (Dlrr 1982; 

Heung and ~cG~ire 1973; H1~chcoék and Zimmermann 1939; Kelly 1978). Today, 

IBA and SAA are commoUly used in'cuttl.ng propagation (Doran 1957). 

Auxln 1s synthesized mainly in young leaves, develop1ng bUds, root: 

tips, pollen and fruit (Tukey 1979) and ls usually tr~msp.orted bas1petally 

(Goldsmith 1977; Went 1929). ~ccord.lng ~o the classical concept of auxin 

transport, auxin moves in the cytoplasm and is secreted at the lower end 

ùf each cell by fi carr1er-med1ated energy-dependent process (Goldsmith 

1977) • Auxin enhances cell division, elongation, and d1fferentiation 

(Haiss1g 1970), and shows an effect on nucleic acid metabolism (Key 
1\ 

1969) • ..J For instance, it appears that endogenous accumulation of oatural 
" 

and exogenously applied auxins and auxin synergists, at the base of 'cut-

t1ngs. are' rêquired to initiate ribonucleic acid '3ynthesis during the ini-
1 

tiation of root . primordium 

1973~. 

cells (Haissig 
\ 

1971; Haissig 1972; Wàrelng 

J 
Van Overbeek (1941) and Bandurski and Shulze (1974) showed that most 

of the LAA in a plant exists bound 'in the form or a precursor. Hangarter 
1 

and Good (980) proved tha t the biological acti vi ty of lAA conjugates was 

related" to the rate at which these were hydro~zed by the tissue. Apart 

fr8m being a form of storage and regulation of the concentration of IAA in 

the plant, an lAA-conjugate protects lAA from enzymatic degradation and 

aids transport of IAA (Cohen and Bandurski 1982). Although the' free fom 

appeared to exert auxinic activity, several studies reported that success-

ful application of synthetic lAA-conjugates such"as aryl esters of indole 

, ' 
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aClQs (l1ai.,si3 1979). phenyl-IBA (Davies 1982). ~-phenyl indolyl-3-buty-

ramIde, and phenyl indole-3-thio-butyrate" (Haissig 1983) promoted advent

ltious roat primordium initiation Ind development. 

2. t .2 Rhizocaline 

Thimann and \oIent (934) noticed that substances other than auxin, but 

structurally very similar to it. are actlve in both root formation and pro-

motion of cell elongation. Based on these' observations, Went (938) post-

ulated the presence of "a new speciFie hormone-LLke factor 'rhizocaline' 

from the cotyledon. Apparently, rhizocal ine caused root formation in the 

presence of endogenous auxin. Other authors also reported the presence of 

'rhizocaline' (Bouillenne and Bouillenne-Walrand 1955; Cooper 1938; Galston 
\ 

1948; Fadl and Hartmann 1967a; Girouard 1969; Hess 1962; Kawase "1964; 

Libbert 1956; Thimann and DeHsle 1939; Van Overbeek and Gregor·y 1945). 

Van Overbeek and Gregory (1945) found that hard-to-root, white-flowered 

Hibiscus rosa-sirlensis hybrid 'Ruth Wileox' failed ta root in comparison 

wi th the red species because it was lacking two essential factors in the 

~ 

cuttings: auxin and a factor, or combination of factors, found to be pr~s-

ent ,in the leafy shoots of the red species. Cooper ~ 1938) also reported 

that âmounts of some naturally occurring root-forming substances other than 

auxin. as yet unidentified ,but essential for root initiation, accounted for 

the ease of rooting of lemon. Both apple and lemon species had simila~ 

, 
levels of auxin, but apple cuttings which failed to root were lacking an 

unidentified natural substance(s) necessary for root formation (Copper 

1938). Later studies supported the 'rhizocaline' theory although this sub

f 
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stance has never beeu isolated and identified (Girouard and Hess 1964; 

Hartmann and Kester 1975; Kawase 1964). 
1\ 

." 

\ 
2.1.3 Cytokin1.n 

Cytokinins are ïnvolved in celi growth, division and differentiation 

(Hartmann and Kester .1975). Acco[:ding to Torrey (1976) and Wittwer and 

Dedolph (1963), exogenously appl1ed cytokinin often inhibited root growth 

and formati'on. Chin et al. (1969) showed that kinetin at 0.1, 1.0 and 5.0 

Ils/ml greatly red~ced rooti~ of Phaseolus aureus stem cuttings. Heide 

(1965) reported an inhibitory effect of kinetin on root formation of Beg-
,1 

onia leaves, and showed that the effect of au~in and cytokinin together 

was dependent on the levels of each other. Humphries (1963) showed that 

the root-inhibitory effect of kinetin in Phaseolus vulgaris was reflected 

on the p~osphorus metabolism. This suggested that kinetin played a role 

in cellular differentiahon. Stenlid (1982), on the other nand, showed 
.~ 

that the inhibi tory and the regulatory action of cytokinin on root growch 

was related to the synthesis and action of ethylene. 

On the contrary, Fridborg (1971) reported that cytokinin had little or 

no effect 0lljl root formation, but a synergistic effect when used in combin-

ation with NAA or ~. When kinetin and 2,4-dichlorophenoxyacetic acid 

were omitted from the culture medium of in vitro cul tured Asparagus cells, 

large numb~rs of shoots developed with few or no roots (Wilmar and Hellen-

dorn 1968). 

the timing of 

The effect of cytokinin has been shown to vary according to 

application during the coot initiatl phase (Andecsen and 

/ 
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Hansen 1975; Erik.sen 1974). 

-' 

2.1.4 G1bberellin 

Gibberellins are known primarily for their efEects on stem elongation 

(Jones 1973). Most studies showed that gibberellins inhibi t root forma-

tion (Brian et al. 1955; Brian 19,60;.."Mosella et al. 1980; Schraudolf and 

Reinert" 1959). Gaspar et al. (1977) shQwed that at concentrations greater 

than -8 10 M, gibberellic acid (GA
3

) inhifited the rooting. of Flnus radi-

ata when applied at the induction phase. ApparentLy, the inhibition by 

GA
3 

was a direct local effect (Brian 1955, 1960). 

On the contrary, Meyer et al. (1973) observed that at 10101 concentr-

ations, some gibberellins favoured root initiation and elongation in cer-

tain species. Hansen (1976) found that in cuttings taken fram stock. plants 

grown at 10'* irradiance ," low concentrations of 

promoted rooting. This suggested that the effect of GA
3 

on root forma-

tian was dependent on the irradiance previous1y given to the stock. plant 

(Andersen et al. 1975; Hansen 1976; Veierskov et al. '1976). Tukey (1979) 

showed that gibbere1l.ins favoured root development becauSé of growth cam

\ petitIon for metabolites,. but had no effect on initiation. According to 

Key (1969) and Jones (1973), gibberellins interferreq with the regulation 

of deoxyribonucleic acid, ribopucleic acid, and protein metabolism. 

lt has been proposed that the inhibitive effect of gibberellin 1s 

courtteracted by absclsic acid (ABA) (Chin et al. 1969). 
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2.1.5 Abscisic acid 

The affects of ABA tend ta oppose those of auxins and gibberell1ns " 

(Cornforth et al. 1966; Sankhla and Sankhla 1968), but the mechanism of 

action of ABA or its interaction with the auxins w!th regards ta root for-

mation ia not known. Reide (1968) showed that ABA had Little effect on 

rooting. Chin et al. (1969) reported promotive effect of ABA on root for-

. 
mation in stem cuttings of Phaseolus aureus and Hedera helix. Although 

there was no apparent synergism or additive effects between ABA and LAA, 

ABA suppressed r. the effect of gibberellin. On the contrary, Basu et al. 

(1970) reported that. ABA promoted the rooting of Phaseolus aureus and 

Lycopersicon esculentum, but not of Phaseolus vulgaris; ABA showed an add-

itive effect w!th lAA or IBA depending çm the species tested. 

2.2 Rooting cofactors and other substances 

As shawn in Fig. l, the rooting phenomenon i8 a resui t of complex 

. 
interactions and a balance between several hormones, t'ooting cofactors, 

and inhibitors (Ni tsch 1957; Thimann 1977; Waxman 1957). Besides the 

hormones described above, severai endogenous substances sE!em ta act as 

promoters or inhibitors of l'ooting (Basu et al. 1969; Girouard 1967; Hess 

1962; Went 1938). 

2.2.1 Fhenolic compounds 

Phél!ol1c compounds have been proposed to be invol ved 1rt the t'ooting 

process (Hartmann and Kester 1,975; Hess 1962; Mosella 1980; Shiboaka 1971; 

\" 
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Snyder 1974) • Many workers have extracted from woody plants root pro-

moting cofactors characterized as phenolic (Bassuk et al. 1 981; Bàssuk 

1981a; Fadl and Hartmann 1967b; Girouard 1969;, Hess 1962 ; Hess 1965; 

Howard et al. 1981). Several phenolic compounds
6 

have been demonstrated to 

1 

act synergistically with auxins (Hitchcock and Zimmerman 1942; Mosella 

1979; Bojarczuk 1978; Hartmann aod Kester 1975; Lee and Tukey 1971). For 

instance, Hackett (1970) ob~erved a strong synergism between catechol and 

lAA, but not NAA, in promoting root initiation in Juvenile shoot tips of 

Hedera heUx. Anthocyanins and Elavonoids were reported ta enhance root 

formation in cuttings (Bachelard and Stowe 1962). "A high correlation bet-

ween the total amount of anthocyanin present in the 'teaves of ~ rubrum 

C!uttings and the number of roots formed in eut tings treated wi th IBA was 

also shawn (Bachelard and Stowe 1962). 

The stimulatory effect of phloroglucinol(PG) and phloridzin breakclown 

products on:!E. v:iro rooting has been reported in apples (Hegedus and Phan 

1983; James and Thurbon 1981; Jones 1976; Jones and Hatfield 1976; Zimmer-

mann and Broomes 1981), pluma, cherries (Jones and Hopgood 1979) 1 and r raspberries (James 1919; James et aL 1980). James (1979) observed that PG 

alone promoted rooting- (over 80%) in Fragaria and ~ cultures. Basu et 

al. (1969) and Jones and Ratfield (1976) found that various phenol1c cOm-

pounds in th~ abseonce of auxin were ineffective as rooc promoters. Ocher 

researchers have' a150 indicated that inclusion of phenolic compounds in 

the tissue culture medium prov!ded little or no benef!t. or was even det-

rimental (Abbott and Whitely 1976; Zimmermann 1978). 

Hess (962) showed that the structural qualification for a phenolic 
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compound to stimulate root initiation was associated -with the presence of 

two hydroxyl groups\. in an ortho (0) relationship and! chac the, 
'1 

at least 

para (p) position must be Er"@e. Gorter (902) showed that monophenols 
1 

Inhiblted root formation while o-diphenols promoted it. Thimann (1977) 

confirmed that monophenols inhiblted both stem and root: growth while 0-

diphenois promoted both. Hitchcock and Zimmerman (1942) and Wells and 

Marth (1953) sn~~d that the introduction of one or more substi tutiOtls in 

the ring of monophenols 1 particularly the halogens, Cl and Br, incre<l$ed 

the root-inducing activities, with descending arder of acti\1ity for mono-

substituted phenoxyacetic acids being para, ortho, and mets. 

Basu et al. (1969) indicated that concentration markedly determined 

the synergistic effect of a phenolic. McRae and Bonner (-195,2, 1953) pro-
1 

posed 'that anti-auxinic phenolic comRounds reaul ted when an acti ve auxin 

molecule capable of consumating cwo-point at cachment, was 50 modified chat 

it was only able to undergo attachment at a point to the auxin recept1ve 

entity within the plant, and they described such changes. 

Phenols acted as auxin conjugate (Cohen and Bandhurski 1982). Môsella 

(1980) demonstrated that the addition of specifie phenolic compounds dur-

ing the root initiation phase led to an increase in auxin wi thin the 
, 

plant. Thimann (1977) and Thimann et al. (1962) proposed that the syner-

giatie effect of phenols with auxin is due ta the inhibition of lAA-

oxidase by the IAA-oxidase system. 

Researchers demonstrated that phenolic aynergists and phenolic inhib-

itors acted through iflhibition of oxidation of the lAA-oxi~izing system 
J 

(Zenk and Muller 1963; Lee and 'l5koog 1965; Tomaszewski and Thimann 1966; 

, . 
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Lee 1980; Lee et al. 1981; Waygo~d 1956; Doumenjo~ 19\8). For instance, 

Fox (1965') showed that in the absence o~ H
2
0

2
, the complex peroxidase-

{2+ "1 
H

2
0

2 
was formed when Mn »a monophenol, and IAA were pre~ent. Once the 

complex was built, It oxidized first, the o-diphenoi and subsequent.Iy the 

1 

lM. Rowever, Vieitez et al. (1966~ observed an inhibition and a promo-

tion of IAA-oxidizing system by différent concentrations of p-hydroxyben-

zoic acid presented evldence agalnst thé theory of lAA decarboxylat.ion or 

oxidation as a general explanation for the growth and root formation 'stin-

ulating or inhib1tlng acti vit Y of aIl phenols. 

Leopold and Plummer '(1961) ohserved the formation of an lAA-quinone 

complex upon the addition of polyphen,ol peroxidase enzyme on sevetai phen--

ols and proposed that the quinone might add ta the N of the indoLe ring or 

ta one of the carbonations of the furane' ring. 
J 

Corter 

inhibl tion 

version. 

Such 

(1969) summarized the influence of phenolics as follows: a) its 

of ~ oxidase system; b) a cofactor of tryptoPhane\ to I~ con-

/ . / 
invol vement on polyphenols in the formation of auxin from t rypto-

phane has been shown by Gordon and Paleg (1961). They observed a primary 

oxidatlon of phenols to the o-q~lnoid form ana the reactictn of this quin-

one wlt.h trypt.ophane to form indolepyruvate and subsequently to UA. 

lSt.enlid (1963) proposed a correlation with the activity of sorne phen-

ols and the uncoupling of oxidative phosphorylation. Stenlid (l976) and 

lIarigo and Boudet (1977) showed that phenolic compounds could act on root-

auxine 



21 

2.2.2 ~rbohydrates 

The presence of a high initial carbohydrate content, translocated from 

leaves ta stem, 15 associatèd in some instances with Increased rooting 

• 
(Rreen - and Muraoka 1973; Hartmann and Kester 1975; Raissig 1984; Snyder 

. .\t 
1974) • Reid (1926) and Bas~Ghosh (1974) reported that a high C/N 

ratio favoured rooting of Lycopersicon escu1entum and Justicia gendarussa 

cuttings, respectively. Several researchers demonst rated that exogenous -------
carbohyd rates. such as --su-&I'OB.e -arui--gl ucose. --supprred~CuWngs, in-

creased the carbohydrate pool in cuttings and improved rooting (Andersen 

et al. 1975; Evans 1971; Howard and Sykes 1966; Loach and Whalley 1978; 

Went and Thimann 1937). According ta Atman and Wareing (1975) and Han~en 

(1976) , the rOQt stimulating ef fect of hormone such as lAA, and in some 

instances GA
3

, could be a consequence of a mobilization of lo"W molecular 

weight carbohydrates for root formation. However, Moore et al. (1972) 

found that external supply of sucrase ta excised radish cotyledons 

suppressed the formation of roots. 

2.2.3 Mineral nutrients 

Gorter (1958) considered B as the most Import_sn_tinoçganic_ compound--ln--~~-

the rooting process. Hemberg (951) showed that rooting of Phaseolus vul-

garis cuttings was inhibi ted in the absence of B. Apparently. B stimul-

ated root elongation. but had no influencé on root initiation (Hemberg 

1951; Albert 1975). Similar enhancement of root growth hy baron was 

observed on softwood cuttings of Pelargonium zonal.e and Ribes americanum 

• 
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.' (Murray et al. 1957) , However, Weiser and Blàney (960) founel, a syner-

gistic B-IBA interaction resui ting in increased rooting percentage, root 

number and ta a lesser extent root length in Iiex aquifolium cuttings, 

The use of B in combination wi th IBA, also accelerated the rooting process 

of Clematis and Ilex aquifolium cuttings, suggesting an effect -of B on 

root initiation and root growth (Weiser 1959), Weiser and Blaney (1967) 

reported that B enhanced rooting through an influence on ox:idative ·pro-

cesses, possibly through increased mobilization of oxygen rich citric and 

iso-citric acids into the roating tissues, 

Van Overbeek and Gregory (1945) demonstrated that nitrogenous sub-

stances from the leav.es were involved in the root initiation process of 

Hibiscus • Thimann and Poutasse (1941) showed chat two organic forms of . 
, 

nitrogen, asparagine and adenine, were effective in sti'mulating rooting of 

Phaseolus vulgaris leaf cuttings. Good and Tukey (1967) found that N was 

required dùring root elongat10n of chrysanthemum cuttings, but not during 

root initiation. On the contrary, greater root length and heal thier root 

appearance were found in cuttings under N-deficient regime (Swanson and 

Davis 1977). 

Swanson and Davis (1977) showed that P-deficlent cuttings of Plectran-

thus aus tralis s howed shor;ter roots and lower rooting pe rcentage. Kramer 

(1969) showed that calcium deficiencies characteristically suppressed root 

growth. The favourable effect of Fe added to the rooting medium on root-

ing of peach almond hybrids was reported by Bindra (1976). 
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2.2.4 Other compounds 

Hemberg (1953) showed that .... itamine K and H. when used in conjunction 

W'ith IAA, promoted auxinic action by increasing the roating of bean cut-

tings. A simllar enhancement of rhizogenesis by vitamine D
2

, D3' and 

some of their analogs such as dihydrotachysterol on softwood cuttings of 

Populus tremula and Cynara, woody cuttings of Populus nigra and tremula, 

and cuttings of Phaseolus vulgaris W'as reported by Buchala and Schmid 

(1979) and Moncousin and Gaspar (l9~2). 'The B vitamins aisa were found ta 

play a raIe in root initiation (Bachelard a,nd Stowe 1961; Bonner 1937). 

According to Keevers et al. (1982). vitamins such as D
2 

and D3 exerted 

their root-promoting effect with auxins by interacting with the calcium-

controlled secretory process of peroxidase. Stolole anq Ohreiter (1962) 

suggested that isoprenoid vitamins act via cytochrome oxidation. ' 

Krishnamoorthy (1970) found that application of ethephon «2-chloro-

ethyl) phosphonic acid). an ethylene-generating substance, to mung bean 

cuttings stimulated root formation. On the contrary, Schier and Campbell 

(1978) reported that ethephon did not stimulate rooting of dormant stem 

cuttings of Populus tremula although it did increase callus formation and . 
inhibited decay in the stem cuttings. 

Shiboaka et al. (1967) report~d that heliangine, ~ sesquiterpenie 

lactone, isolated from the leaves of Re11anthus tuberosus, promoted root 

formation in Phaseolus and Azukia cuttings. Portulal, a bicyel ie diter-

pene, isolated from leaves of Portulaca grandif lora~ was also showed ta 

exhibit root promoting acti vit Y in Azukia, Vigna, and Phaseolus euttings 

OU tsuhashi et al. 1969). 
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2.2.5 Plant extracts 

Researchers have observed biological ac tivity in extracts from plants 

or plant parts. Went 0,929) observed root promoting activity of Carica 

1eaf extract on Ac~1.ypha plants. Bouillenne and Went (1933) found sub

stances (presumed to be rhizocaline) in cotyledons. leaves and huds which 
( 

stimulated rooting of cuttings. Rhizoca1ine, obtained from various pro-

ducts' ,and ~xtracts, was found to be quite similar in effect to auxin' but 

not necessarily 
1 

identica1 CThimann and Went 1934; Went 1934; Went 1938). 
0\ 

Van Overbeekl and Gregory (1945) found that a hard-to-root white-flowered 

Hibi~cus failed to 'root in comparison with an easy-to-root red-flowered 
Q 

species; the white-flowered species _ was' lacking àuxin and a factor, or 

combinàtion of factors. found ta be present in the 1ea-fy shoots of the 
1 

red-flowered species. Nelson (1959) showed thai: liquid ex'tract of alfalfa 

contained an unknown active substance, 'chloromoné'; which stimulated 

rooting of junipers. 

Using mung bean ~ioassay, Hess (l961a) obtained fram extracts of easy-

to-root, juvenlle form of Hedera helix and red flowering Hibiscus rosa-, 
1 

sinensis, four root-promoting substances which he referred to as rooting 

cofactors 1,2,3 and 4. Hess (19Hb) also sbowed that chromatograms fr~m 

hard-to-root, mature Hedera and whi te-flowering form of H,ibiscus either 

l.acked these cofactors or contained smaller quantities.; Rooting cofactors 

a1so have been found in Chrysanthemum, Camellia, Castanea, EuonYJ!lus, 

pyrus, and Rhododendron (Fadl and Hartman 1'l67a; Hess 196,3; Lee et al. 

. . 
. 1969; Lee and Tukey 1971; Luckwill 1956; Vieit~z 1976). 
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Hacke t t (1970) found three peaks of root "promoting acti vit Y from 

methanolic extracts of juvenile and adult ivy stem tissue, aithougn 

cafactor 4 was missing; there was no difference between Juvenile and adult 

extracts in tarms of amounts and composition of cofactors. Fadl and Hart

(1976a) isolated an endogenous root promoting facto!:" from balaI :ec, mann 

tions of hardwood cuttings of an easily rooted pear cultivar 'Old Home'. 

High levels of this cofacto!:" were found du!:"ing the period of o~timum root-

ing wbile high leveis of lnhibi tors were observed during t'Vir rest per-

iod. Extracts from basal segments of hard-to-root 'Bartiett' pear dld not .... . 
show this rooting cofactor, but showed bigh levels of inhibitors through-

out most of the year. Differences in amounts of rooting inhibi tors ac-

-
cou.d for difference in rooting of hard-to-!:"oot 'Orpheo' and easy-to-

\ 

root 'Choot Ashani' dahIià:,(Biran and Halevy 1973), and between two Eucal-

~ species, 'grandis and deglupta (Paton et al. 1970) • 

. 
Ouellet (1962) extracted~ seeds of bar Ley and wheat, and dried barley 

plants and pieces of elm ste;TI steep~ in water, and obtained increased ( 

rooting of stem cuttings of Ulmus americana treated with these extracts; 

,.1 • 
however, root promotlon was less than that due to IBA treatment. 

Kawase ~ (19.64) 'Obtained a strong root promoting activity on mung bean 

cuttings by applying centrifugal diffusate of Salix alba eut ti ngs. The 

diffusate was strongly syn~istic 
~~ 

with lAA in lnducing mung bean roôt-

lng. Kawase (1970 ) also extracted with wate!:" , sorne rooting substances 

from freeze-dried Salix alba similar to those found in the centrifugaI 

diffusa te. 
.-J 

Water-solub le substances .. from diverse plants such as ~-
...... J 

easter rq.cemiflora soogorica, Euonymus fortunei carrieri, Symplocos 

• '1 • 
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paniculata, Lonicera maackie, Ilex opaca, Physocarpus amurensls, Taxus 

cuspidata, and Viburnum bukwoodii also were found to promote rooting when 

tested in mung bean bioassays (Kawase 1971). Kawase (1981) reported chat 
1 

the c~ude extract from only 9.45 grams of villow tV1i stlmulated 

production of 12 times as many roots per mung bean cuttlngs'Q~icher-

Leclerc et al. (984) treated Juniperus sabina and Thuya occidentalis vith 

wlllow and popular extracts vith or \Nithout IBA. Although certain t~t-
.,.' 

mente; 'lolely vith extracts of poplar and(or) willow were as effective as 

~ 
IBA, the highest rooting response occurred ·of extract ~reat~s in 

combinat ions with 5000 ppm IBA. 
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MATERLALS AND METRODS 

1. Influence of crude willow extracts on rooting of woody ornamenta1 

eut t i:ngs 

1.1 General Details 

1. 1.1. Propagating env1ronment 

Experiments were conducted at !1acdonald College unde-r intenllittent 

10. ffilst controlled by electronic leaf (Mac Penney, Plastic, Engineers, Ltd.", 

Worthlng, W. Sussex), either outdoors in shaded frames during the growing 

season or in greenhouses during the win ter wlth 21°C day tempe rature and 

18°C night temperature. lndoor benches (each.2.5 m long x Li m wide) and 

autdOürs benches (each 7.3 fi long x 1.1 m wlde) Wlire proVlded wi th bottom 

heat thermostaticalJ.y set at 2:"'C (Hartmann and Kester 1975). 

The standard roating medium consisted of horticultural grade perlHe 

and vermiculite mixed in equal volumes contained ln fiber flats (18 cm 

long x 13 cm wide x 7 cm deep). The defoliate'd basal ends (3 cm) of cut

cings were treated with extracts and (ar) auxins, as described below in 

each experiment, and placed lnto the rooting medium und" intermi ttent 

ml.st. Bénlate 507. WP (methyl-l (butylcarbamoyl)-2-benzirnidazole carbamate 

' .. as applied at a rate of 1.5 L/m2 (2g/L) of bench space ta prevent 

against rotting of cuttings. Thereafter, Captan 50i. WP (cis-~-( (trich-

27 



28 

loromethyl) thio )-4-cyclahexene-1, 2-dicarboximide) or Benlate, mixed and . 
applied as described above, was applied alternatively every week. 

1.l.2 Rootlng evaluatlon 

In each experiment, cuttings were evaluated according to the following 

parameters: Ca) rooting percentage; (b) mean root length (cm) per cutting; 

(c) mean root number per cutting. 

1. 1. 3 Preparation of 1011110101 extract 

The preparation and extraction of willow extracts were, according to 

the method of Kawase (1964), modlf1ed as described by Rlcher-Leclerc and 

Ch 0 ng (1 98 2, 1 98 3 ) • 

On the dates, 28 February, 1981. 25 November 1982, .28 February 1983, 

7 July 1983, and 3 August 1983, tw1gs (20 to 45 cm in length) \Jere har-

e5ted from a 22-year-old weeping willow CSalix ,alba tristis) tree growing 

on the ~acdonald College campus. Twigs were taken from the same tree on 

aIL collection dates ta prevent inter-tree variation. 

Defoliated twigs wer'e eut into 1.0-1.5 cm piecec;, immediately stored 

. 
ln a freezer for 48 hours at -15°C in tightly-covered plastic containers, 

. 
then freeze-dried for 48 hours (125 p vacuum at -35°C, Labconco freeze-

dryer ~odel 5) and kept frozen at -15°C. Immediately before each exper-

iment, freeze-dried twigs were ground in a Wiley mül (Arthur H. Thomas 

Co., Philadelphia, Pa.) to pass through a 40-mesh wfre screen. Crude 

extracts were prepared by adding 100 mL distilled water to various amounts 
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of pawder as described in each experiment. The mixture was then shaken 

(Eberback Co., Ann Arbor, Michigan) at 270 to 280 strokes per min for one 
-4 

hour at 4°C ta reduce posftilie enzymatic reactions. 

1.2 Experiments 

In the summer of 1982 and ~he winter of 1983, leafy cuttlngs of four 

Group l (shrubs), four Group 2 (trees), and five Group 3 (evergreens) spe-

c~es were taken from current season's terminal growth on the dates shawn 

in Table 1. 

In Group species, 8 ta 10 cm long softwood cuttlngs collected ran-

domly from five plants of each species were used. These species were loc-

ated on the Macdonald College campus and were approximately ll-years-ald. 

In Group 2 species, 10 ta 12 cm long semi-hardwood cuttings were 

used. Cuttings of Salix alba tristis and Tilla cordata were coll,cted 

from four plants of each species, one tree per replication, located on the 

~cdonald College campus; cuttings of Betula pendula 'Gracilis' and Malus 

rinkii 'Ro~alty' were collected randomly from 40 trees, located at Cram-

er's ~ursery. Les Cèdres. Malus rlnkil 'Royalty' trees were five years 

old, Betula pendula 'Gracills' 6 years old, and Tilia cordata 20 years 

old. Trees of ~ al ba trlstis were 15, 18, 22, and 30 years oid. 

In Group 3 species, 10 ta 12 cm long hardwood cuttings were used. 

Cuttings of 8-years-old Taxus med/ia and Juniperus chinensis 'Mountbatten' 

(8 December sample, Table 1) were collected from plants, one plant per 

replication, at Macdonald College ~ampus and ... Cramer's ~urser-y, res-

-. 
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Table 1. Propagation starting dates and 
of Group l, 2, and 3 species. 

'Species 

GROUP 1 (SHRUBS) 
Cotoneaster acutifolia 

, 

Starting Date 

10 June 1982 
2S July 1982 

Cornus alba 'Elagantissima' Il June 1982 

Ribes alpinum, 

Philadelphus coronarius 
'Avins' 

GROUP 2 (TREES) 

2 Augus t 1982 

14 June 1982' 
29 July 1982 

16 June 1982 
5 Augus t 1982 

Salix al ba tris tis 22 Ju1y 1982 

Tilla cordata 17 August 1982 

Betuala pendula 'Gracil ig • 22 July 1983 

Malus rinkii -'Royalty' 22 ,July 1983 

GROUP 3 (EVERGREENS) 
Taxus media 

Juniperus chinensis 
'Mountbatten' 

Juniperus virg1niana 
'Skyrocket' 

Plnus mugho 'Mughus 1 

~ sylves tris 

9 December 1982 

8 December 1982 
10 March 1983 

10 March 1983 

10 March 1983 

10 March 19.83 

1 

rooting periods 

Rooting Pe riod 
(weeks) 

6 
6 

4 

4 
4 

4 
5 

2 

6 

5 

10 

8 

12 
14 

14 

12 

14 

30 
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pecti vely; cuttings of 10-year-old Juniperus chinensis 'Mountbatten' no 
March sample. Table 1). 8-year-oLd- Juniperus virginiana 1 Skyrocket', 7-+; 

year-oid Pinus mugho 'Mughus' and 9-year-oLd Pinus sylvestr~s were taken 

randomly from hedge plantings at Cramer's Nursery, Les C~dres. Ouring 

t'ooting, cuttings were exposed ta 16-hour photoperiod (0600 ta 2200) using 

high pressure sodium lamps (Phillips HOK 602 Lu 400) suspended one meter 

above the rooting medium. The average Iight intensity at the level of the 

c~ttings was 8000 lux as measured by a light meter (L1-COR, Quantum radio-

mee-~r/Photomer, Model LI-18S). 

1.2.1 •. Rooting treatments 

Group eutting_were tested with willow extract treatments of 0 (35% 
(' 

ethanol control), 1.6, 4.0 and 10.0 g/100 mL alone or in combination with 

5000 ppm IBA. The willow extract of twigs collected from 28 February 1981 

was used ~n this experiment. The experimenta1 design was a split-plot in 

time (main factor), wÙh ewo subplot factors (willow extract and IBA) ar-

ranged in a randomized comple~e block design with five replications and 15 

cuttings per experimentai unit. 

Group 2 eut tings 'Nere tested with wil10w extract treatments of 0 (35% 

ethanol control), 1.6; and 4.0 g/lOO mL alone' or in combination liith 5000 

ppm IBA solution, or with 0.4% IRA powder (Stinl-Root, No. 2). ln this 

experiment, the willow extract of twigs collected from 19 July 1982 was 

tested on ~ alba trist1s, Malus r!nkii 'Royalty', and Betula pendula 

'Gracilis'. and from 3 August 1982 for Tilia cordata. The experimental 

-----~ ------~ 
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design was a two factor factorial with four replications arranged in ran-

domized complete blocks. Factor A with three levels was willow extract 

and factor B with tw<> levels wàs lBA. For each species. there were 10 
( 

cuttings in each experimental unit. 

Two Group 3 species, Juniperus chinensis 'Mountbatten' and Taxus media 

were subjected to the following seven treatments: control (35% ethanol), 

5000 ppm lAA, 5000 ppm IBA, 5000 ppm NAA, and each of t~ese au~in treat
,11 

ments in combination with willow extract (25 November collection date) at 

4 • 0 g/ 100 mL. The experiment was arranged in randomized complete blocks 

with four replications per species and 10 cuttings in each experimental 

unit. 

In a related experiment, aIl Group 3 species (except ~ media) were 

subjected ta the following eight treatments: control (35% ethanol), 5000 

ppn; -lM, 5000 ppm lBA. 5))00 ppm NAA, willow extract (28 February 1983) at 
1 

4.0 g/mL, and each of the above auxin treatments in combination with wil-

low extract at 4.0 g/lOO mL. The experiment was a two factor facto rial > 

arr~nged in 'randomized complete blocks. Factor A wit~ two leveis was the 

willow eKtract and factor B with five levels was the type of auxins. There 

were four replications per species and 10 cuttings in each experimental 

unit. 

Rooting percentage and root number were transformed to obtain normal-

ity and homogeneity df variance as described below: 

(i) rooting percentage (RP): arcsine ~ 

CH) root number (RN): VRN + 0.5 

Transformed data were subjected ta analysis of variance. This statistical 
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manipulation /was not required for data of root 1ength. In a11 experiments 

described above, differences among means were compared by the LSD test 

(Steel and Torrie 1980) • . 

2. Rooting activity of willow extracts on mung bean cuttings 

2.1 General detal1s 

The nature of the root promoting activity of willow extracts was 

studied using the mung bean rooting test described by Ress (1961) and 

Kawase (1964) but modified slightly to present experimental conditions'. 

2.1.1 Germination and rooting test 

Mung beans CPhaseolus aureus· Roxb.) were germinated in vermiculite. 

Sh~ots were ~allowed to elongate durlng a 7-day period in controlled envl-

ronment cabinets (Conviron Madel E-lS, Controlled Ehvironment Ltd., Winni~ 

peg) at constant temperature of 24°C and 18-hour photoperiod (0600 to 

2400). Seedlings were provided with 400 lux of incandescent light: 

In roating tests, 7-9 cm long mung bean cuttings, each with a 5 cm 

long hYPoco,tyl, a 2-3 cm long epicotyl, and a pair of true primary leaves, ,~ 

were obtained from mung beans germinated as described above. The cotyle-

dons were removed from each cutting (if they had not abscised at the time 

the cuttings were made) to reduce amounts of endogenous rooting substances 

(Hess 1961; Kawase 1964). During che rooting tests, which lasted for 7 

days; mung bean cuttings were placed in 15 ml of root1ng test solutions or 
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extract~, contained in glass vials (7 cm x 2.5 cm) prepared as described , 

below in section 2.2.1. In aIL experiments, thé original 15 mL volume was 

maintained by daily addition of distil1ed water. All experiments were con-

ducted in growth cabinets, described earlier, under a lighr intensity of 

14000 lux obtained from a combination of incandescent and cool white 

fluorescent bulbs (ratio 257. LncaAdescent and 757. fluorscent in wattage) 

throughout the rooting test periode 
(~ 

Rooting acti vit Y was evaluat1d by counting the number of roots longer 

than l mm on each cutting (Kawase 1964). 

Unless specified, aIL ex~riments were arranged in a randomized cam-, 

plete black design with one to three main factors and with four replic-

ations per experimental treatment unit (glass vial). Each treatment unit 

consisted of six cuttings. 

Unlike experiments in section 1.2. ,transformati.on of data was nat 

.required. 

2.2 Analytical 

2.2.L To tal phenol.s 

A. Reagents 

Folin-Ciocalteu. --(Anachemia) 

100% methanol" 

50% Methanol. --2SmL of 100% Methanol with 45 mL of distilLed water. 

17% sodiu~ carbonate. --Ta 1.7 g of 10 mL· of distiHed 

water was added • 

., 
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Phenols standard solution. mg of L(-)Tyrosine in a 50 mL 

volumetrie flask, 50 ml of 50% Methanol was added; allquots with concen-

trations of 0,1,2,3,4, and 5 mg were used for the standard of tyrosine. 

) B. Procedure 
" 

Total phenol content was determined eolorimetrieally by a modification 

of the method of Swain and Hillis (1959). Selected willow extracts or 

sub-fraetions (described in sections 2.3.1 and 2.3.2) prepared at a con-

eencration of 7.5 mg per mL of distilled water were diluced to 1/5 of its 

volume with ~distilled water. To a 0.5 ml aliquot of this mixture in a 10 

mL graduated centrifuged tube was added 6.5 mL of distilled water. The 

conCencs were mixed weIL, 0;) mL of the Folin-Cioealteu reagent added, and 

the tubes' thoroughly reshaken (Vortex mixer). After 3 minutes, 1.5 mL of 

~a2co3 was added and the mixture again reshaken. Afcer an additional 

one hour, the absorbanée at 700 nm wa,s determined by a spectrophotometer 

(Bausc~ and Lamb Spectrophotometer, ~odel Spectronic 20) using 1 cm 

c'ells. A calibration curve was. prepared with standard solutions con-

tain~ng from 0 Co 5 mg tyrosine per g dry welght. The content of phenols 

was expl"essed in tenus of mg tyrosi'ne pe~ mL ~f extracts. 
, 

2.2.2 Dihydroxy and alkali-labile phenols 

A. Rea-gents 

Folin-Ciocalteu. --(Anachemia) 



100% methanol 

50% 

O. l 

methan~ --Id. to section 2.2.3.1 

N sodium hydroxide 
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2% sodium carbonate. --To 2.0 g of ~a2C03' 100 -mL of distilled 

water was added. 

Phenols standard solution. --Id. to section 2.2.3.1 

B.' Procedure 

Dihydroxy and alkali-labile phenol contents of selected willow 

extracts and sub-fractions (described in sections 2.3.1 and 2.3.2) were 

detepnined colorimetrically by the method of Jennings (1981). This method 

is based on the Folin-Ciocalteu reagent. Contents of bath phenols and 

alkali-labile phenols were determined. Thereafter. the difference in the 

values produced by the two procedures yielded a measure of the, àmount of 

orthodihydroxy and other alkaH-labile phenols in the sample solution at 

room temperature. 

Determination of total phenols 

The samples to be analyzed prepared at a concentration of 7.5 mg per 

mL of distilled water were diluted to 1/5 of its volume with distilled 

water. Ta a 0.5 mL aliquot of this mixture in a 10 mL graduated cen-

trifuge tube was added 0.5 mL of distilled-water and thereafter 0.5 mL of 

the Folin-Ciocalteu reagent. The contents were thoroughly mixed (Vortex 

mixer). 1 After 10 minutes, 5 mL of the Na
2

C0 3 reagent was added and 

the solution reshak.en. 
~ 

After an additional 30 minute, the absorbance at , 
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760 nm was determined. A calibration curve ~as prepared with standard 

solutions containing from 0 to 5 mg tyrosine per g dry weight, The 

content of phenols was expressed in te~ms of- mg tyrosine per mL of 

extracts. 

Determination of alkali-labile phenols 

An aliquot of 0.5 mL (prepared as for total phenol determination, 

above) was treated with 5 mL of the Na 2C0
3 

solution and mixed. After 

15 minutes, 0.5 ml of Folin-Ciocalteu reagent was added and the solution 

resha~en. After àn additional 30 minutes, the absorbancê at 760 nm was 

measured as for total phenols. 

2.2.3 Thin layer chromatography for qualitative identification of 

phenols 

Phenols were separated for~qualitative identification on ascendi~ 

thin layer chromatography (TLC), and detected using reagents, 

~he method described by Hamel (1972) and Zweig 

Separation by TLe 

A) solvents for one-dimensional chromatography 

; 

Benzene-dioxane-acetic acid: (90:25:4, v/v) 

3enzene-methanol-acetic acid: (45;8:4, v/v) 

Benzene-methanol: (95:5, v/v) 

Ethyl acetate-isopropanol-water: (9: 1:1, v/v) 

cording to 
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Ethyl acetate-ammonium-water: (9:1: l, v/v) 

B) solvents for two-dimensional chromatography 

ALI poss~ble combinations of each pair of solvents in A above. 

De tection 

Detection agents for one- and two-dimensional chromatography 

Folin-ciocalteu (Anachemia) --(Stahl 1969) 

Benzidine, diazotized. --(Stahl 1969) 

N-chloro-p-toluene sulfonamide sodium salt Cchloramine-T). --CBajaj 

1976) 

lodine crystals. --CStahll 1969) 

Ultr~-violet lampe --254 nm (Stahl 1969) 

Procedure 

Selected éthyl acetate JEToAc) and water sub-fract;Cons (described in 

section 2.3.2) were subjected ta' ascending TLC in one- or two-dimensions. 

Ea~h sub-fraction was spotted 10 times on a polygram 0.25 plastic plate~ 

(12 cm x 12 cm) covered with silica gel layer'CSLF!UV254 Kodak Eastman 

Company, Rochester, N.Y., U.S.A.). Each chromatogram plate was introduced 

into a closed development chamber (10 cm x 22 cm x 22 cm) sealed with 

silicone lubricant; the solvent was put into the chamber one hour befor,e 

to obtain a saturated atmosphere. The separation process was c6nducted at 

room temperature over a distance of 10 cm, after which the chromatogram 
o , 

was removed and dried at room temperature. 

( 

--
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Ri' values were calculated for each spot and compared wlth Rf values of 

known phenols according ta Zweig (1972). The procedure was repedt~d four 

times for each thromatogram. 

2.2.4 Thin layer chromatography for qualitative identification of LAA 

and indole groups 

lM and lndole groups were separated for qualitative identlflcation on 

ascendlng TLe, an~ detected uSlng reagents, according ta the method des-

cribed by Hamel (1972). 

Separation by TLC 

Sol vents 

Ethyl acetate-isopropanol-water: (65: 24: l, v/v) 

Detection 

Spray reagent 

~ Perchloric acid-rerric chloride. 

Procedures 

Selected EToAc and water sub-fractions (described in section 2.2.2) 

were subjected to one-dimensional TLC as described above. The chroma-

tograms were dried at room temperature, placed in an aven for 5 minutes at 

65°C, and then sprayed with a solution of perchloric acid- reffle chlorlde 
'li> 

(Stahl 1969). 
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The Rf values were cKlculated Eor each spot and c'ompared with an lAA 

cont rol. The procedure '''as repeated Eour tirnes for each chromatogré,im. 

The lAA control had an Rf value of 0.64 and developed a pinkish-purple 

color in th:~ chromacograms (Fig. 2 a,b). Spots with similar Rf values and 

color reaction ta the lAA control were detected only on the chromatogram 

f,)[ EToAc sub-fractlons (Fig. 2 a). Spots with an lU value of 0.50 and 

slmilar color reaction, which suggested the presence of an indole com-

pound, were detected in both EToAc and water sub-fractlons (Fig. 2 a,b). 

2.3 Exper1mencs 

In an attempt FO identify the rooting substances and the nature of 

thelr activity in witlow extracts, a sy~tematic series oE experiments were 

conducted using extracts thatiwere subjeeted at each progressive step ta 

greater turificaClon according ta a modlfication ')f Kawase's method 

(1970). 

2.3. l erude versus clarifled 

As shawn - in Fig. 3; crude willow extracts were obtained by adding 100 

mL of dlstilled water to willow powder (concentratlons varled between 

experiments) and the mixture shaken C,Eberbaek Co., ~nn Arbor, '11ehigan) at 

no and 280 strokes per minute or one hour at 4 oC. The erude wl110w 
/ 

extract was chen ocentrifuged for 15 rn.tn at 10,000 rpm in an automatic 

reEr~gerated centrlfuge (SorvaU, reZ-P, 4°C) ta produce a supernatant 
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Figure 2. TLC for lAA and i~dole gr0up using the solvent ~y~tem, 
ethyl acetate-isopropanol-water (65: 24: 1), and the 
spray reagent, ferric chloride. 
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clarified '~xtract, or filtered through Whatmann 'io. 1 fUter paper in 

" vacuo to produc~ a fil tered clarified extract. , "-..",_.- J 

The residue frOt!l the supernatant extract was extracted with 10% meth-

anol (residual extract) to recover as much as possible the water 1nso1-

ub1e subgtances (Hess 1961). Prel1minary invest.igations using methano1 

concentrations between 1 and !f)Oi. indlcated toxic~ ty of ex tracts in which 

methanol was used above lOt. 

Total phenol contents Nere determined ln crude willow extracts ob-

tained from 12 collection dates over a one-year perlod: (a) 25 Dctober 

1982, (b) 25 !IIovember 1982, (c) 2i Dece'mber 1982, (d) 31 January 1983, (e) 

28 February 1983, (f) 13 March 1983, (g) Il April 1983, (h) -31 May 1983, 

(1) 28 June 1983, (j) 3 August 1983, (k) 30 August 1983, and (i) 24 

O.ctober 1983. 

Dihydroxy and alkali-labi1e phenol contents also were determined in 

crude willow extract obtained over a ÇJ,ne-year period but only in samples 

collected at 2-month intervals. The collection dates were: (a) 25 Detober 

1982, (b) 21 December 1982, (c) 28 February 1983, (d) 11 April 1983, (e) 

28 June 1983, and (f) 3 Augus t 1983. 

:-fung beans for this series of investigations were supplied by Dr. 

George Kuo of che Asian Vegecable Research and Development Center, 

Taiwan. ~ung bean rooting I!J tests were co"nducted to determine the optimum 

concentrations and seasonal activlty of the ext ract,g and to compare the 

activity of crurle versus clarified extracts. Details with regards to the 

rOQting treatments are provided under resul ts (section 2.1). 
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2.3.2 Fractionated extracts 

and 

The wi110w powder '.o/'as extracted and partitioned with water, methanol, 

ethyl acetate solvents according to a modification of JaIal' s meth~_~~ 
(1982) (a) to elucidate the type of rooting substances and their rooting 

activity in these extracts and fractions, and (b) ta extract the greatest 

amount of phenol ic root ing substances. These steps are out 1 ined in Fig. 

4. 

-
Five grams of wi110w powder (25 November 1982) were extracted f9ur 

tlfes sequentially by shaking at 270 ta 280 strokes per min at 4 Oc with 

water or methanol-water (4: l, v/v), using 50 mL for 30 minutes the Urst 

cime, and 25 mL for 15 minutes thereafter. Water extract A or methanol-

water extract B was obtained after centrifugation. 

~ethartol-water extract B was evaporated ~ ~ to the aqueous phase 

(25 mL) which was transferred to a test tube and partitioned three times 

using 10 mL of ethyl acetate each Ume. The combined (jecantations result-

ed in ethyl aeetate (EToAc) fraction D. The aqueous (bottom layer) remain-

ing after decantations became water fracti'On C. 

EToAc fraction D was ~orated to dryness in vacuo and taken up in 5 
/ 

mL of methanol resulting in methanol-soluble EToAc fratiotlçl G. Similarly, 

, water fraction C was evaporated to d ryness in ~ an8 taken up iri 5 mL 

of methanol. A precipitate appeared and was separated from thé methanol

soluble fraction by centrifugation at 2400 rpm for 5 minutes resulting in 

methanol-insoluable water fraction F and methanol-soluble fraction E. 

~ethanol-soluble EToAc fraction Gand -water fraction F were each 

passed separately through a chromatographie ce,i~Ù1R of Sephadex LH-ZO (50.0 

) 
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cm x 2.8 cm) at a flow rate of 5 mL/8 min using methanol as eluent. The 

partitioning was done at ['"oom temperature. Severi hundred millilitres of 

eluate were collected automatically in successive 6 mL volumes, and the 

absorbance of each aliquot determined spectrophotometrlcally at 280 nm. 

AlI extracts and fractions subjected to Mung bean rooting tests were 

evaporated ta dryness in vacuo a\ld were taken up "Ii th dis tUled water to a 

concentration equivalent to 7.5 mg I)f willow powder per mL of distilled 

water, unless otherwise stated. 
'. 

~ung beans for this series of investigations were obtained from W.H. 

Perron, Chomedy, l1sted as No. 100 in the catalog. 

The EToAc and water sub-Eractions (Fig. 3) were sllbJected to TLC and 

subsequent 

compounds. 

and 2.2.4. 

qualitat i ve tests f or UA, indole, groups and phenolic 

Details of these techniques were outlined in "ections 2.2.3 

EToAc sub-fractions (Fig. 1) were analyzed for total, dihydroxy, and 

alkal1-lablle phenols as described in sections 2.2.1 and 2.2.2. 
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RES ULTS AND DISCUSSION 

1. Root1ng of woody ornamental species with crude 1011.110107 extract 

l . l Results 

l • 1. l Group l spec1es (shrubs) 

Data for the rooting performance (rooting percentage, root number and 

("oot l.ength) of Group 1 species (Cotoneaster acutifol ia, Ribes alpinum, 

Cornus alba 'Elegantissima' 'and Philadelphus coronarius 'Aureus'), 

(Tables 2-5), varied widely in response to treatments of crude willow 

extract and their concentrations between 0 and 10 g/100 mL with or without 

5000 ppm IBA. 

IBA had a more profound influence on rooting of these species than 

1011110107 extract, and rooting tended ta be better on the earlier date of 

propagation (Tables 2-5). IBA increased rooting performance ~f Coton-

easter with regard ta aU three rooting parameters (Table 2) but tended ta 

have the opposite influence on the other three species, Ribes (Table 3), 
1 , 

Cornus (Table 4), and Philadelphus (Table 5). Rooting occurred above the , 

t reated basal are a which shoW'ed browning. 

While 1071110101 extract concentrations had no influence on the rooting of 

Cotoneaster (Table 7), root numbers of the other species were significan!:-

ly influenced. In Ribes (Table 3), and Philadelphus (Table 5). root num-

47 
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Table 2. Rooting pereentage (ap). lIun root nUlllb'i!r (R.~). and lDun rooc lengch OU,) of 
Coconeu!:er acutlfo11a cuttings in response ta "1~low extract (I.'E) and IBA 
t reatlDents • 

\JE RP R.'I IlL (C::II) 

(gl tBA (pp .. ) IBA (pplD) IBA (pp .. ) 
100 mL) 0 5000 Hean 0 5000 Mean 0 5000 Mean 

• 
10 June 1982 

0 1 47 24 0 1.6 0.8 0 1.8 0.4 
(0.05)+ (0.70) (0.37) (O.72)z (1.34 ) (1.03 ) 

1.6 3 46 25 0 2.4 1.2 0 2.4 1.2 
(0.11) (0.70) (0.4l ) (0.73) (1.57) (1.15) 

4.0 19 39 29 o. 1 1.6 1.1 0.8 1.8 1.3 
>(0.29) (0.63 ) (0.46 ) (0.97) (1. 36) (1.17) 

10.0 a 61 3\ a 2.3 1.1 0 2.7 1.3 
(0.00) (0.95) (0.47) (0.71) (1.64) (1.17 ) 

Mean 6 48 27 0.2 2.0 1. 1 0.2 2.1 1. 1 
(0.11) (0.75) (0.43 ) (O. lB) 0.48) (1. Dl 

25 July 1982 

0 28 57 43 0.4 1.8 1.1 0.3 1.2 \ 0.7 
(0.50) (0 .. 85.) (0.67) (o.n) (1. 49) (1.21 ) 

1.6 13 77 45 0.2 2.5 1.3 0.1 2.'2 1. 1 
(O.J7) (1.09 ) (0.73) (0.81) (1.73) (1.27) 

, 

4.0 13 81 47 0.1 2.8 1.5 0.1 2.? 1.3 
(0.37) (1.14) (0.75 ) (O. Ba) (1.81 ) (1.31 ) . 

!o. a 25 68 47 0.4 2.2 1.3 O.) 1.6 0.9 
(0.52) (0.97) (0.7'; ) (0.94) (1.63) (1.29) 

Mean 20 7l 45 0.3 2.3 1.3 0.2 1.9 1", t 
(0.44 ) (1. Dll (0.7}) (0.87) 0.67) (1.27) 

LSiJ (!-O.OS) () 

\JE ~SJ ss ~s 

IBA 0.12 0.39 0.1. 
Dace 0.35 SS NS 
Dace xlJE ~s SS SS 

Dace X IB,\ SS SS NS 
\JE x lBA NS SS SS 
Dace x IJE ~ IBA' NS SS NS 

+ Data trans forned to arc:sitiè\('[ll" rQr analys19 of var::.anc:e. 
z Data tnnsforned toV!U: + J.J for analys1~ or vU"1.ancl!. 
@ Sot s1gn1f1.cantly different. 

/ 
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tabl. 3. J.oot1ng perceneage (IlP),lIean root n_ber (P"'!) , and aun root hngth ( ilL) of ~ 
al e1nuli cutt1l!g • .ln re'pon •• to vil l 0'" eruct (loIE) and UA treatlllencs. 

IlE II.P R!i lU. (CIl) 

(gl lBA (pplII) IBA (PpGI) IBA (pplI) 
100 mL} 0 5000 Mean 0 ~OOO ""an 0 5000 l'lean 

14 June 1982 

0 99 31 65 13.1 1.1 7.1 1.2 0.1 0.1 
(1. SZ)+ (O. S 7) (1.05 ) 0.66)z ( 1 • 24) (2. 45) 

1. '" 100 52 76 11.9 '5.7 8.8 1.2 0.2 0.7 
0.57) (O. BI) 0.19 ) (3.~11 t'î.Jb) (2.93) 

•• 0 99 28 63 11.2 1.7 6.5 0.9 0.1 0.5 
(1.52 ) (0.49 )' (1.01 ) 0.40) ( 1 .40) (2 ... 0) 

/ 

10.0 99 48 73 13.4 .5.7 9.5 1.0 0.2 0.6 
(1. 52) (O. 7b) (1.14 ) 0.72) (2.30 ) (3.01 ) 

Hean 99 40 69 12.4 3.5 7.9 1.1 Q.1 0.6 
(1. S3) (0'. 6b) (1.10) (J.57) ( 1 .83) CL 70) 

29 Jul" 1982 

0 100 9 55 2.3.8 0 11.9 1.6 0 0.8 
0.57) (O.Z4) (0.91 ) (4.'12) (0.73) ( 2.83) 

1. '" 100 17 59 20.7 1.4 11. 1 1.6 0.1 0.9 
0.57) (0 ... 1 ) (0.99 ) CI, .60) (l.271 (2.93) 

4.0 99 19 59 19.5 0.1 10.5 1.8 0.1 0.9 
(1.52 ) (0 ... 4) (0.98 ) ( ... 45) ,( 1. JSl (!. ;7) 

10.0 99 16 5i 19.6 0.5 10.1 1.6 0.1 0.9 
(1.52) (0.3&) (0.94 ) (1...:'7) (0 .9~l (2. il) 

l{ean 99 15 57 20.9 0.7 10.8 1.7 O.l 0.9 
( 1. 55) (0.36) (0.95 ) ( ... 01) ( LOJ) (2. BI) 

LS:> (!-'J.05 ) 
W'E liS,! O. )9 NS 
tBA 0.:)7 0 .. 8 0.J8 
Oace o .rJ7 ~ o. ~8 
Oate xIiE liS '). 13 'iS 
Date X t:lA 0.09 O. )9 O.U 
loIê '( IRA liS O. :3 '1S 
Dace x 'JE li; lBA liS .. 5 !lS 

.. O.ea transfor:led to ar::Slneffl for analyds of "ariance. 
z [4ta tran.r,;)t'!Ded co'i"R:. + ù.3 for anai ys1s of vaJ;"Linc •• 

~ :-lot .. iilnific:antly different. 
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'table 4. loot:lng pereelltage (U), aean root nUlllber (11..'0, and ... n root length Ott.) of Cornu' 
.!!..!!!. 'Uegant:155111&', c:utt1ngs ln response tD .. 1l1ov ntuct (In:) and lBA tr.at~ 

(g/ UA (pp.) 
100 aL) o 5000 Mun 

o 95 6S 80 
(!.39). (0.96) ( 1. 17l 

1.6 

4.0 

95 
(1.39 ) 

97 
( 1. 46) 

74 
(1.04 ) 

63 
(0.93 ) 

85 
( 1. ~l ) 

80 
(1. 19) 

10.0 97 07 82 
(1.,,7) (0.97) (1.21l 

Mean 96 67 82 
(1."3) (0.98) (1."1) 

o 

I.b 

10.0 

'Iean 

93 
(1.37) 

71 
(LOb) 

92 
([.35) 

81 
(1.17) 

84 
( l.; .. ) 

t.S:J 0'·').05) 
lit -

lB,.. 
Date 
D,ue " r.. 
Dace '{ 13,.. 
WE x IliA 
Date x liE x !SA 

7 
(0.17) 

JI 
(0.58 ) 

JI 
(0.58 ) 

59 
(0.38 ) 

50 
(O.17l 

51 
(0.82 ) 

61 
(0.97) 

70 
(1.03 ) 

32 58 
(0.55) (0.d9i 

'1S 
0.,3 
O. ,8 
0.:5 

lBA (ppol) 
a 5000 Mun 

14 .June 1982 

8.:) 9." 
(2.89), (J.05) 

8.7 
(2.97) 

7.0 9.3 8.1 
12.73) (J.O]) (2.90) 

8,.9- 8.8 8.9 
(3.03) (2.93) (2.98) 

9.) 10.3 9.8 
(3.06) (3.)7) (3.:ll 

8.:3 9.5 8.9 
(2..93) 0.08) (l.0l) 

Z9 July l'Jaz 

7.0 0.4 
(2.. 73) (0.89) 

7.6 5.:' 
(Z.74) (2.:9) 

10.9 5.3 
().,35) (2.32) 

" 
ta.9 9.0 
(3.'J7) (2.99) 

6.0 
(2.17) 

6.5 
C2. 51 ) 

8.1 
(2.83 ) 

10.0 
(J.18 ) 

10.) 5.J 7.; 
(3.23) (2. :2) (~.6i) 

0 ... 1 
0.:9 

'1S 
~s 

0."( 
0.58 
0.62 

• D<Jca transfonned to u',,,ine'l1n" tor .nalvs1.s of variance. 
"z O .. co& ~ransfo=ed coVit! •• ,Jo) for olnalysis of var1o&nc:e. 

@ !lot ugn1ftcantly different. 

a 

1.4 

1.2 

1.4 

1.4 

1.4 

1.8 

2.5 

2.0 

2.0 

lU. (C1Il) 

lU (ppa) 
5000 !te an 

0.4 

0.3 

o.:' 

0.3 

O. L 

0.9 

O." 

9.0 

MS 
5.77 
5.77 

NS 
YS 
MS 
NS 

0.9 

0.8 

0.9 

0.9 

0.8 

0.8 

1.3 

I.S 

5.5 

2.3 
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Tabh 5. Root1ng percent age (lP). .~.n rooe. nUlllber (L·O. and .... &n roo 't: leaSCh (RL) of 
Phll&d .. l phu. coronarlus 'Aureus' cuuings in rupoQse to villov elttract: (liE) and : 
treac:œ",nts. 

wt lU' R.'1 lU. (cm ) 

"'"" 
(g/ IBA (PPII) lM (pp .. ) IRA (ppœ) 
100 ill) 0 5000 Mean 0 ~OOO Meaa 0 5000 l'Iun 

16 June "1982 

a 12 28 50 7.8 14.5 Il. 1 0.9 0.2 0.5 
{l.on .. (0.51 ) <0.79 ) (2.76)%. (3.49 ) (J.13) 

1.6 72 25 49 8.6 10.7 9.7 1.0 0.2 0.6 
( 1.08) (0.52) (0.80) (2.91 ) 0.21 ) (3.06) 

4.0 68 20 44 ~ 7.0 10.0 8.5 0.9 0.1 0.5 
(1. 03) (0.45) (0.74» (2.60 ) (3.08 ) 0.84) 

10.0 69 63 66 6.9 40.0 ~~ 10.0 0.4 0.7 
( 1.00) (0.94) (0.97) (2.73) (6.28) (4.51) 

Meaa 70 ). ~2 7.6 18.8 13.2 1.0 0.2 0.6 
(l.05) (0.61) ,(0.83 ) (2. 7S) (4.01 ) (J.38) 

S August 1982 

a 81 1 41 4.1 0.5 2.3 1.6 0.0 0.8 
(l.18) (0.05) (0.61) ('.12 ) (0.91) Cl.51) 

1.6 71 33 52 3.0 2.5 2.7 1.3 0.5 0.9 
(l.06 ) (0.5&) (0.81) (1.82 ) (1. 60) (1.71) 

4.0 73, 24 49 3.6 2.1 2.9 1.7 0.5 1.1 
(1.06 ) (0.49) (0.77) (2.00) (1.49) (1.75 ) 

\ 
10.0 78 32 55 4.2 6.4 5.3 2.1 0.5 1.3 

Cl.l0), (0.59) (0.85) (2.15) (2.46 ) (2.31) 

Mean 75 23 49 3.7 2.9 3.3 1.7 0.4 1.1 
(l.10) (0.42) (0.76) (2.02 ) (l.61 ) CI .at) 

LSD (!-O. 05) 
IlE NS@ 0.54 NS 

IliA 0.12 0.38 8.56 
Date ~s 0.38 8.56 
Date lt loTE liS liS NS 

Date X IBA 0.16 0.54 SS 
wt li IBA 0.23 0.77 NS 
Datl! lt WB li IRA NS liS MS 

+ Data t:ransforllled Co an:s~nem for analY9is of variance. 
:; Data transfol.'llled CoVRN + ü.) for ana1Y9i9 of variance. 
@ Not signlficanrly different • 

.. 
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ber was slightly increased or decreased depending on date of propagation, 

whereas in Cornus (Table 4), root number was increased slightly. 

1. l .2 " Group 2 species (trees) 

", 

Data E.6r rooting of two Group 2 species, SaUx ~ tristis and Betula 

pendula 1 Gracilis' are shown in Tables 6 and 7, respectively. No rooting 

occurred in the other specfes (:-talus rinkii 'Roya~ty' and Tilia cordata) 

in this group. 

Willow extract concentrations be,tween 0 and 4.0 g/lOO mL had no influ
!' 

ence on ro,oting percentage, root number or root 1ength of Salix alba tri-' 

stis (Table 6). HoweveJ;, 5000 ppm IBA 1nereased root number and decreased 

root 1ength, but showed no influence on rooting per\!entage of chis spe-

eies. 

Similar to SaUx, willow extract concentrations had no influence on 

rooting of Betula (Table 7). IBA solution (5000 ppm) increased slightly 

rooting pe reentage, 
• 

root 

.. 
number and root length, and was more consi~tent 

in Hs effect than powdered (0.4%) IBA. 

1.1.3 Group 3 s pec1es (evergreens) 

Data for rooting of two Group 3 s pec1es, Juniperus chinensis 'Mounc-

batten' and Taxus ~, in response to 5000 ppm each of lAA, IBA, and NAA 

and to willow excract at 4.0 g/100 mL are shown in Tabre 8 • 

. AU rooting parame"cers of ~ were increased by aIL three auxins. 

Corresponding data for Juniperus Were inereased slightly and moderacely by 

• 
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Table 6. Rooti~ perc~~,tage (RP), mean root number (RN), Bnd meBn root length (RL) of SaUx 
alba tristis ,cuttings in response to six treatments with wi llow eùract (WE) and 
IBA.' ' 

\olE RP ·RN RL (cm) 

(g/ IBA (ppm) IBA (ppm) IBA (ppm) 
100 mL) o 5000 Mean o 5000 Mean o 5000 Mean 

0 60 38 49 2.7 1.8 J.1 0.5 O. 1 0.1 
(0.90)+ (0.59) (0.75) (l.71)z (1.93) ( 1. 82 ) 

1.6 63 53 58 2.4 9.2 5.8 0.5 0.4 0.5 
(0.93) (0.77) (0.85) (1.55) (2.38) ( 1.97) 

~ 

4.0 63 48 55 2.2 6.4 4.3 0.5 0.1 0.4 
(0.92) (0.81) (0.87) (1.67) (2.80) (2.23)~ 

Man 62 46 54 2.4 ~.5 4.5 0.5 0.3 0.4 
(0.92) '(0.72) (0.82) ( 1.64) (2.37) (2.01 ) 

LSD (P=0.05) ~ 
- 'f 

WE NS@ / NS NS 

IBA NS 3.71 0.18 

WE x IBA NS MS-- NS 

+ Data ~ransf rmed to arcsinèVRJïfor analysis 6f variance. 

Z Data tran ormed toVRN + o~5 for analysis of variance. 
@ Not different. 

V1 ...., 



.. 
J.~ --

... 

Table 7. Rooting percentage (RP), me an root number (RN), and mean root length (RL) of Betula 
pendula 'Gracl1is' cuttings in response to six treatments with willow extract (WE) and 
IRA. 

WE RP RN RL (cm) 

( g/ I~A (ppm\ • I~A (ppm\ I~A (ppm\ 
100 mL) 0 5000 0.4% Mean b 5000 . 0.4% Mean 0 5000 0.4% Mean 

~ ~ 

.!1-
~ 

0 3 20 0 8 ~ O. 7 0 0.2 0 1.0 0 0.3 
(0.08)+ (0.68) (0.00) (0.7) z (1.03) (0.72) (0.84) 

l.6 0 2n 18 1'3 0 O.R 0.4 0.4 -t! 0.6 1 • 1 0.6 
(0.00) (0.68) ~ (0.71) (1.]]) (0.95) (0.95) 

4.0 0 40 5 15 0 1 • '3 O. 1 0.5 0 1.1 O. 1 0.4 
(0.00) ( () • )':1 ) (0.7\) (1.06) (0.77) (l.OO) 

, 
Mean 1 27 8 2 , 0 0.9 0.2 0.4 0 0.9 0.4 0.4 

(O.D) (0.49) (0'.7\) (1.14) (0.84) (0.94) 

1.S D (~-O. 0') ) 
W~: NS@ NS NS 
IBA NS NS NS 
WE x IBA NS NS NS 

------

+ Data transformed ~n arcstne VlfI"" for analyqls of vartan<,e. 
z. Data transfonned toVRN + 0.5 tor dnalysls of vartanno'. 
@ Not stgnlflellntly dlfterent. 
il Solution 
h Powder 

\ 

') 

V> 
J;:-
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1 
Table 8. Rooting percentage (RP), me an root number (RN), and Mean 

root length (RL) of Juniperus éhinensis 'Mountbatten' and 
Taxus media in response ta seven rooting treatments, 
including willow extract (WE) and auxins. 

LS~ 

LSD 

Rootlng performance 
Treatments 

RP RN RL (cm) 

Juniperus chioensis 'Mountbatten' 

Control 3 (0.08)+ 0.2 (O.83)z 0.2 
lAA~ 13 (0.45) 0.5 (0.93) 0.8 
IBA 33 (0.59) 2.5 (1.63) 2.7 
NAA

a 

+ WEb 
3 (0.08) 0.2 (0.79) 0.2 

LAA 18 (0.42) 0.2 (0.83) 1,. 1 
IBA + WEb 35 (0.63) 1.3 ( 1. 28) 3.7 , 
NAA + WEb 57 (0.84) 8.2 (2.90) 3. 4 ~~ 

(p=rJ.05) 0.34 0.64 2.4 

.. ~3.1" 

Taxus media 
---..-!-----

Cont rol ,10--( 0:-28) + O. 1 (0.79)z 0, 
IMa 

-~---~ 88 (1.32) Il • 1 (3.23) 1.1 
IBAa 90 ( l • 34) 20.7 (4.23) 1.1 
NAA

a 

+ WEb 
85 (·~.22) 30.5 (5.50) 0.8 

lAA 70 (l . 00) 3.2 (1. 8,) 0.6 
IBA + WEb 53 (0.81) 3.1 (1.81) 0.3 
NAA + WEb 78 (1.21) 19.9 (4.09) 0.7 

C~=I). 05) 0.42 1. 99 15.8 

+ 
z 
a 
b 

Data transfonned ta arcsine V'[Y for analysis of variance 
Data transformed ta VRN + O. 5 for analysis of variance 
5000 ppm solution 
'4.0 g/mL 



LAA and LBA, respectively. 

\.Jillow extract ildded ta the auxins showed "mall or variable response 

in tenus of each roaeing parameter. While rooting percentage, root number 

! 
and root length of Taxus were suppressed moderately by these treatments, 

al! rooting parameters of Junieerus were lncreased markedly by NAA +WE 

(Table 8). Treatments wi th IBA + WE a1so increased root number and root 

length of Juniperus. , 
ln related lnvestigations of Juniperus chinensis '~ountbatten' and of 

three other Group 3 species (Jun~perus virginiana 'Skyrocket', Pinus 2ll-
<l. 

vestris and Pinus mugho 'mughus') rooting data are shawn in Tables 9, 10, 

11, and 12, respective1y. 

Wi1low extract at 4.0 gl100 mL increas€d rooting percentage and root 

length of Juniperus chinensis (Table 9) and decreased root number and root 

length of Juniperus vuginiana (Table 10), while lt had no influence on 

each rooting parameter of Pinus c;vlvestrLs ( Table ll) and PLnus mugho • 

~Table 12) • Similar t~p~eCie, in Table 8, the influence of auxin 

on rooting on ~ and niperus species were small or moder.ate, but v-ar-

iable with regards ta species, rooting parameters or auxin types. 
, f5 

/:" 
,J, 

1.2 Discussion 

The present study surveyed 13 woody species for their rooting response 

ta willow extract, auxins, or bath. According ta the summary in Table 13, 

three Group ~, and one Group 3 species showed distinct positive response 

ta auxins. While all Group 3 speC1es showed posit1ve resp6~se to auxins, 

three' out of four Group l species were adversely affected by these treat-

ments. 

l , 
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Table 9. Rotlting perCl>ntdgp (RP), mean r(lot numher (RN), /lnd me,1n r(lot length (RL) of 

:.!!.~lJJ2.!'_r:.~~ r~~~_!'f::~l~_I~ (' litt 1 ng'i 1 Il re li !)()I1!oC t 0 wIll ow ex t r de t (WE) and aux 1 ns • 

---------'--- .... - -------- -- --------- ---- --- - --- - - - - ------------------'J--------- ----- ---------- --- -- --~~- ~- --J'-J:- .... -- - ---- -- - -- - -~ - - ----y 

Alix 1 Il 

( 5000 
ppm) n 

RI' 

WE (~ /!OO mI.) 

4.0 Melin 

RN 

WE (fi, / 1 DO mL) 
() ' •• 0 Ht'dn 

:t 
t 

RI. (cm) 

Wl': (g/ Ion mL) 
() 4.0 Mean 

-------------- ------ ------ ---- ----- - - --- - ---- - ------- ---- --- ----------------------

() 1 Il 8 0 Il.2 (). 1 
(O. OR ) + «(). 14) (O.2l) (il.7Z)z (11.79) (O. 1'» 

IAA H 40 2.4 n.4 2.4 1 • 1 
(0.20) (1)./)8) «().4'1) (1),4\ ) (1.78) (1.1'» 

IBA S') ')') 'l'l h.2 1.8 4.0 
(O,fI,) ( Il , fl4 ) (1l.1i» U,21) ( 1 .49) (I.lih) 

NAA 'l7 S() 39 9. 3 - 17. ') IL4 
(O.'l9) (O.Hh) (tl.71) (Ll?) (4.42) ( L H9) 

Mean 23 \9 li 4.() ').') 4. 7 
(O.4't). {O.(8) ( Il • '> 'l ) (l.B!) ( 2. 14 ) O.h,» 

" ft 

~ 

LSD (Il-ol).O') 
WE Il. L 9 NS(a 

Auxln O.2b il.2b 

W~: x Auxi Il NS 0,. \l 

--------- ........ --- -- ---- -'---- ~- -- ----- .... - ~--~----.-- -- ---... ~ - -~----

+ Data transformed tn IlrcRlnt.o\f'l(I'" for analyqffi nf varlancp. 

l Ilata transfonned t(~RN t- n.,> tnr ftnalysls of ~arld'H'P. 
@ Not signfffcantly dlfterent • 

/ 

(). 1 

1.0 

').2 

1.9 

2. 1 

1. '} 

).2 

H.? 

3.0 

4.'> 

1.3 
NS 
NS 

0.7 

J.I 

6.9" 

2.5 

J.) 

\JI 

" 



Table 10. Rooting percentag.! (RP). mean root numht'r (RN), and mean root length (RL) of 

~lIn~ml ~!!~~~_an~ l'litt 1 ng!; 1 n reSpOIHIl' tn will nw çx t-ran (Wn dnrl aux1 ns. 

Auxin RP 

(5000 
ppm) 

WE (g/lOO ml.) 
o 4.0 Mt'an 

0 4B 48 48 
(0.72>+ (0.72) (0.72) 

IAA 60 62 61 
(0.91) (0.88) (0.89) 

IBA 78 55 67 
( 1.09) (0.79) «(). 94 ) 

NAA 30 25 27 

(0.48) (0.72) (1~) ....... 
Mean 54, 47 51 

(0.80) (0.78) (0.79) 

LSD (P-O.OS) 
WE NS@ 
Aux1n 0.28 
WE X Auxin NS 

RN 

Wf. (g fl 00 ml.) 
o 4.0 Mean 

1.4 1.\ 1.1 
"" (L])z (1.23) ( I. 28) 

1.8 1.6 1.7 
(1.47) ( 1 .44 ) ( 1 .45) 

5.8 1.9 ).9 
(2.50) (1.52) (2.0\) 

3.3 1.7 2.5 

( 1. 82) ( 1 .. 41 ) (1.61) 
'-., 

3.1 1.6 2.3 
(1.78) .( 1.41) ( 1. 59) 

n.33 
0.47 

NS 

+ Data transformed to arcslneVWP for analysis of variance. 
z Data transformed toVRN + n.S for analysts of variance. 
@ Not significantly different: 

RL (cm) 

\ o 
Wf. (g!lon mL) 

4.0 Mean 

4. \ 4.4 4.3 

4.8 3.7 4.2 

5.9 ).9 4.9 

" 

l.1 2.0 1.5 

4.0 3.5 3.7 

1.9 
NS 

, NS 

UI 
CX> 
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Table Il. Rootlng percentage (RP), mean root number (RN), and mean root length (RL) of Plnus 
sylvestris cuttings ln response to wlilow extract (WE) and auxlns. 

Auxln RP 

(5000 
ppm) 

WE (g(100 mL) 
o 4.0 Mean 

0 28 28 28 
(0.46)+ (0.46) (0.46) 

lAA 10 31 21 
(0.23) (0.51) (0.37) 

lBA 40 38 39 . 
(0.68) (0.65) (0.67) 

NAA 0 13 7 

'\ (0.00) (0.11) (0.1'» 

Mean 19 28 23 
(0.34) (0.50) (0.42) 

LSD (!-0.05) 
WE NS@ 
Auxin 0.24 
WE x À\lxln NS 

RN 

WE (g/lOO mL) 
o y 4.0 Mean 

0.5 0.7 0.6 
(0.99)z (1.06) (1.03) 

0.2 _ 0.6 0.4 
(0.83) (1.04 ) (0.93) 

1 • 1 1.0 1.1 
0.25) (1.22) (l .23) 

0 0.5 0.3 
(0.71) (0.98) (0.8') 

0.5 0.7 0.6 
(0.95) ( 1 .08) (I.Ot) 

NS 

0.22 
NS 

+ Data transformed to arcsine'{ttlJ for analyste of variance. 
z Data transformed toVRN t O. 5 for analysis of variance. 
@ Not signlflcantly different. 

RL (cm) 

WE (g/100 mL) 
o 4.0 Mean 

4.0 4.0 4.0 

1.3 7.5 4.4 

9.0 4.0 6.5 , 

0 1.4 0.7 

3.6 4.2 3.9 

NS 
3.41 

NS 

'" 

[\ 

VI 
-c 



Table 12. RO"llng IH'rCent.lg(> (RP). menn rnot Illllnhl'r (RN), and mean root length (RI.) of PinuB 
mt1Sh~ 'Hughus' cuttlngs ln responst! to willow extract (WE) and auxins. 

Auxin RP 

(5000 

ppm) 
Wë (Sil 00 mL) 

o 4.0 Mean 

0 20 10 25 
(0.38)+ (0.S6) (0.23) 

lM 43 6S S4 
(0.70) (0.95) (0.81) 

I-BA 38 25 11 
(0.68) (0.52) (0.60) 

NM 13 Il 13 
(0.31) (0.36) (0.13) 

Mean 29 33 31 
(0.52) (0.60) (0.56) . 

LSD .. (!:-O.O5) 
WE NS@ 
Auxin 0.22 
WE X Auxin NS 

RN 

WE (g/IOO mL) 

o 4.0 Mean 

9.7 1 • 1 5.4 
(J.19)z (1.22) (2.22) 

3.3 0.5 1.9 
( 1 .90) (0.98) ( 1.44) 

'- -, 

3.7 2.4 3.1 
(1.89) (1.64) (1.77) 

0.5 0.8 0.7 
(0.98) ( 1. 09) ( 1. 03) 

4.3 1.2 2.8 
(1.74 ) (t.58) (1.66 ) 

NS 
NS 

NS 

+ Data transformed ta arcsine~ for analysis of variance. 
z Data transformed toVRN + 0.5 for analysis of variance. 
@ Not slgnlflcantly different. 

RL (cm) 

'-"~·o WE (g/100 mL) 

4.0 Mean 

0.7 4.6 2.7 

2.4 4.3 3.3 

0.6 1.5 1 • 1 

0.2 0.4 0.3 

1.0 2.7 1.9 

NS 
1.90 

NS 

CI\ 
0 
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Table 13. Summary rooting response of 13 woody nursery species ta 
willow extract (WE) and auxins. 

SPECIES WB AUXIN WE X AUXIN 
INTERACTION 

GROUP 1 (SHRUBS) 
Cotoneaster NS + NS 

Cornus + * 
Ribes + * 
Philadelphus + * 

GROUP 2 (TREES) 
Salix NS + NS 

Tilia NS NS NS 

Betula 0 0 0 

Malus 0 0 0 

GROUP 3 (EVERGREENS) 
Taxus + a 

Jun1Eerus 'Mountbatten' + + * 
Jun1Eerus 'Skyrocket' + NS 

~mugho NS + NS 

Pinus sylvestris NS + NS 

* Interaction was significant 
NS Not s1gnificantly different 
+ or - Influence W8S classlf1ed as positive (+) or negat1ve (-) when 

one or more of the three parameters (rooting percentage, mean 
root number and root length) was significantly increased or 
decreased, respectively. 

o No rooting 
a The interaction was not measured. 

~ 
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. 
In a previous study, Rlcher-Leclerc dnd Chang (1983) ~tudled the 

, 
effect of willow extracts on root1ng ,JE Philadelphus coronarlUS r~ureus', 

.' 
Ribes alpinum, and Cornus alba 'Elegant1ssima'. They related enhanced 

root formation of Philadelphus and Ribes ta the favorable presence nE 

rooting cofactors or related substances in the willow extract. ~lthough 

the same three spac1es were tested ln the present studv, chere ~ere Var1-

ations in the resui ts for Ribes and Cornus. In the stud? ')f R.1cher-

Leclerc (1983), cuttings of the three species were co11ected on ~ugust 20, 

ln the present study Ribes cutt1ngs .Iere cotlected ,)n ,;une 1 ... and July 29, 

and Cornus on June 11 and August 2 (Table 2). This difference ~ay explaln 

the discrepancy in these results. 

The decrease ln rooting response ~nd apparent r basal J:lr'owuing) 1njUrv 

with auxin treatments 1ndièated auxin toxic1ty to the cuttlngs as prev-

lously described by Rlcher-Leclerc and Chang (198]). \ccordtng t') Chang 

(1982), softwood cutt1ngs taken tao early in the spring 0r cuttings ob-

tained from easier-to-root species are more likely to be inJured by !BA 

treatment. 

In the more difficult-to-root Group 2 and Group ] ~pecies. response ëJ 

willow ext ract was IQlnlmal, ..,hereas ""es panse to auxi:ls ' .. as more pro-

'1ounced. Similarly, in the present ~tudy r:able lJi and ~~at )f ~l:her-

LecLerc and Chang .l9831, root1ng of C0toneaster ~as not affected by 

will~w extract treatment but was Lncreased ~v LaA. However, ;uniperus 

" chinensis ''1ùuntbatten' ",and JunLperus vi.rglnlana 'Skyrocket' ~ai~ed ta 

~ 
root, even ..,ith '1igh IBA concentrations'(Chong ~9~21. Gil-~lbert and B01X 

(1978) found J. virginiana tl be a 1ery difEicul~-to-r~ot species. It 1S 

noteworthy that 'of.alus and Til ia faUed t,) root regardless ,)f the r')oting 
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tr~at;nent appl,ied \Table 13). dther researchers hdve demonstrated the" 

beneftclal effect '1f high IBA c'Jncentr3.tlons ,)n the rooting lf "talus and 

Tilia species: "talus 'Hopa' with 20000-40000 ppm IBA (Chong 1982), ~ 

flùribunda with 10000-30000 ppm IBA (Brown and Dirr 1976), ~aius 'Selkirk' .. ---
and "talus sieboldii zumi var. calocarpa with 10000-40000 ppm lBA (Still 

: 981 ) • 

The rooting of Sallx ~ trtstts, an easy-to-root species (Hartmann 

and Kester 1975), was improved by auxi, but not by willow extract treat-

ments. Kawase (1964) dld not obtain any rout promoting effect when he 

:reated Saiix aiba cuttings with wlllow extracts. He suggested that Salix 

alba cuttLngs were deflclent in auxin, ~ut not in rooting cofactors. 

This 'ltudy confir.ns the favorable use ,Jf plant extracts and lts inter-

action wlth aUXlns for stimulating rooting of certain woody species. 

~n Jtew 0f the variation ln respanse of willow extracts due ta spec-

ies, further studies ta determine the rooting or identification of the 

substances requires that studies be canducted on a moré controlled system. 
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2. Rooting of mung beans with crude or p"rified willow extract 

AlI results reported in this section were preceded by preliminary 

work. 

2.1 erude or clarified extract 

2.1.1 Results 

2.1.1.1 Optimum cOncentration 

Th1s experiment determined the concentration of crude willow extract 

(28 February 1983) (Fig. 3) yielding optimal rooting activity. A series 

DE 16 different concentrations were tested: 0 (distilled water control), 

2.5 x 10-2 , 5.0 x 10-2 , 7.5 x 10-2 , 1.0 x 10- 1 , 2.5 x 10- 1 , 5.0 

x 10~1 , 7.5 x 10- 1 , 1.0 x 100 , ~2.5 x 10° , 5.0 x 10° , 7.5 x 

10° , 1.0 x 101 , 2.5 x 101 , 5.0 x 101 , 7.5 x 101 mg powder per mL 

of distilled water. 

In comparison with .the distilled water control, concentrations of 

r f 
crude willow extract between 1 and 75 mg/mL increased the raoting response 

of mung' bean cuttings; the opti~um concentration was 7.5 mg/mL (Figure 

5). Concentrations of extract greater than 75 mg/mL were not tested be-

cause of the pasty, almost solid, consistency of the exttacts. 

A related investigation with filtered extracts (concentrations between 

o and 10.0 mg/mL) ~ollected at 2-month intervals over a one-year period 

confirmed that the optimum rooting of this extract (7.5 mg/mL) (Fig. 6) 

was similar ta that of the crude extract (Fig. 5). Unlike results for the 

supernatant extract (Fig. 8). there was no consistent seasonal rooting 

pattern with the filtered extract within each of the different concen-

tration~ tested (Fig. 6). 
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7.5 mg/mL) 

l 
LSD 

o.os\ 

1 x10 1 x.10 
. 2 

1 x10 

CONCENTRATION (mg/ml) 

'iean root number per"Jlung bean cutting in re'5PQnse to a 
series of 16 eoncentracions of erude willow extract. 

) 
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Mean root number per mung bean cutting in response to ? 

clarified filtered willow extract at different concen
trations over a one-year periode Vertical bar repre
sents 15D for concentration. There was no statistical 
difference for date of coLlection and no interaction 
between concentration, x date of collection. 
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2.1.1.2 Crude versus elarif ied 

Thl"; experlment compared t'1e footing actlvlty of erude extraet and 

elarified extraets, derived as shawn ln Fig. 2 (page 42). There were six 

~fferent roating test solutions (28 February 1982), each at a concentr-

ation of 7.5 mg/mL of distilled water; (a) c~de willow extr~ (b) sup

ernatant clarifled extraet; (c) filtered elarified extraet; (d) filtered, 

supernatant clarified extraet; Ce) residual extract redJssolved in 100 mL 

of 10% methan~l. A treatment eonsisting of dlstilled water was also 

lncluded. ( 
In comparison wi th the erude extract, yielding 25.1 root per mung bean 

'" 
eut ting,. the clarif led water ext racts (supern;tant, fil tered, or both) 

Ylelded 36-38 roots per mung bean cutting or a mean increase of 46% (Fig. 

7). The 10% methanolle residuaP extract decrease~ rootlng in eomparlson 

with the erude extract ryy 64%, although the residual extract was slightly 

promotive in rootlng activity compared witn distilled water. 
~ 

2.1.1.3 Seasonal activity 

Ta determine the seasonal activity' of willo~ extracts callected on 

different dates, mung bean rooting tests were eonducted on supernatant 

extracts (Fig. 3) ob"tairied over a ane-year perio'd ,from the following dates 

of collection: (a) 25 Dctober 1982; (b) 25 ~ovember 1982; (c), 21 December 

J 

1982; (d) 31 January 1983; (e) 28 February 1983; \f) 13 March 1983; Cg) 11 

April 1983; (h) 31 May 1983; (i) 28 June 1983-; (j) 3 August 1983; (k) 30 

August 1983; (1) 24 October 1983. A treatment consisting- of 
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\) -:'he re .. as 

-: r) 11 C e fi t r ~ t : ) r 

:ncreaslng ~et·.Jee'1 "/ctJber ana '';I)vember, 

t'Jerea: :er .ln t 1]. ;anuar. , 

a ra;nd jecrease :L:1 [)ottr1g a:tl:lt.'" ~e·t.Jee:1 '1ay d'10 'une, tol-

Jctober 

~ /'f'1 
1. ~l) 

There were sl~l!ar trends 1:1 seasonal r0~ting aC:\Vl:y and CJntent ?f 

:)ta~ ;Jnen'?!s anal;lZea 1'1 tne Super"1dtant ~:1 fact. 

":,JrrelatlJn coefflcient)f seaSO'la: iata bet;./'ee'1 ['»)t ïumber Pt::" ;nun~ bean 

.. 
..:uttlî<; and total ?nenol ":0ntent .. as~ a '}.t:J51:1 'f-').JSJ. 

~ 

.;. s~:n11ar 

~esponse ~as ')Dser'led ~~t~een seaSO'1a: conte'1ts Jf al~ali-

laDl>~ phenols and root :1umber ;:>er mung ,bean cuttlng (l. '" ':J.778, ~'}.,)5) .. 

tTable 1-.). There was also indicatlon ,Jf a similar telationshlp between 

the seasonal content of dlhydroxy ?henol~ and the mung bean rooting res-

panse, but because of the lirnited data (di ~ 4). a significant correlation 

was not found (Table 14). 

2.1. 2 Discussion 

Al t hough the resid'ues of willow powder Io/ere nat expected to be 

absarbed or involved per ~ in root-inducing activity, it is possible that • 

decreased rooting activity of extract fram chis fraction might be related 
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Cl qOlUblllty and(0r) absorption of b~ologica1 substance~ ln the milieu of 

t'lis substance. Jackson (1938) attnbuted pour rootlng of Bougainvillea 

cuttings created loT 1 th various synthetic auxin ta decreased absorption or 

non-absorption of these substances by the cuttings. Accordlng to Hitch-

. c')ck and Zimmermann (1939)~ the absorption proeess of powdered growth 

pramoting substances ls dependent upon the mechanical fineness of the 

powder. In studies ~f Kawase (1970, 1971), wi110w twigs were ground twice 
r 

11 a \.jiley "li 1 1 to zr} mesh size, whereas in the present study, wi110w 

twigs were 5round 
/ 

once in a Wiley Mill ta 40 rnesh size ('1aterials and 

:-tethods section 1.1.3). Because of the larger size of the powder used in 

the present study 1 the absorption and the et fee ti veness of the erude 

extracts may be lessened. ThlS would help ta explain the rooting improve-

ment obtained with the removal of the crude particles. 

The present studles also lndicated greater root-promoting activity in 

water-soluble than in the wat.er-insoluble (methanolie) fractions. Similar 

ta results' of this ,tudy (Fig. 7), enhancement in the rooting response of 

mung bean cuttings was obtained with supernatant water extract from 

lyophilized tissues (Kawase 1970) and with centrifugaI diffusate (Kawase 

1964) of Salix alba. In Kawase' s study, the water ext ract and centri-

fugal diffusate yielded 57.6 and ~3.2 roots per m,ung bean cutting at-
(j 

~ 

o~imum concentrations of 2g/vial and 30 c~ttings/vial, respec~ively. The 

concentration of Kawas"e' s water extract was equi valent ta 133 mg/mL; an 

equivalent cbnc~ntration of the centrifugal diffusate in mg/mL basis can 

not be determined. These âifferences in optimal concentratio~s of rooting 

extracts may be attributed to factors such as diffe~nt conditions of 

• 



7J 

extract10o, dlfrerent ~imes ,)f the year i" ... hich plant llaterlal was 

ollected, and dlfferent genotypes )f Salix used. The ~ ack )f -;easona 1 

trend -lt the optlmal concentration 'Jf 7.5 !lIg/mL wlth fUtered .,1110w 

extract (Fig. 6) may be related to the release of an unknown root pro-

motlng substance(s) present ')n the Whatman fUter paper no. 1 (\«lwase 

1971). 1971) used ta hlte~ the extract'l. 

De~pite differences in cl1!lla~1c conditions (ltaly) and species (Picea 

glaucà). seasonal rooung actiVLty of Plcea glauca (Tognon1 et al. 1977) 

was sirnilar ta that of wil10w extract used in this study (Fig. 8). 

Richer-Leclerc (1982) also observed a tendency for water-soluble 1J1l1ow 

extracts ta have greater ["00t1ng actil/ity ln the winter months. 

',.nule Van der Lek (1925) demonstrated that the rooting capacity of 

Salix SpeCl€!S was high in "prlng when buds are ,;prouting and low in winte[" 

when buds are damant, Gumpelmayer (1949) round that the seasonal vari-

~ 

ations in rooting responses of SaUx fragills cuttings were more complexe 

The maxlmum number of ["oots were produced in the months of >\ugust, Dec-

~ ember and April, and the minimum in the months of Oetober. November, 

Feb["uary. and Mqy (Gumpelmayer 1949). 

Kikuchi et al. (1983) and Lanphear and Meahl (1963) did not find any 

correlation betW'een the seasonal change in ["ooting ability of euttings of 

Salix kariyanagi, Salill: ~, Taxus cuspidata • Nana' • and Juniperus 

horizontalis • Plumosa rand seasonal rooting activity of thè wate["-soluble 

substance(s) present in extracts of these species., 

As in Fig. 8 and Table 14, Bassuk and Howard 098la, 1981c) also found 

a strong correlation between an abundant phenolic (phloridzin) and 



" 

:~>jl) and ('Htiz, ln<! '1antl~La (:~8i) relaced the 'l';~ ~evel ')f 

phe'101s 1"1 scems in · ... i'lc~r tJ low 'lleristeœacic and hydr01ytic enzyme 

act1'nty )f che jJlant:. F,)rrest (1975) ... ho observed simlldr seasonal 

trends in to cal and r)-dlhydr ')xy phenol conten t as i1 the present <; tudy 

(:'ig. >3 • ;able 14) related :: he phenollc content to the '5tate )f llgniOca-

cion of the tissue. In summer and 'lpring, young tissues ')f Si t K.a spruce 

·.ere 1")\0/ in phenol s and contal:ted l1a1:11y monomerics type.s .. hile ln the 

fall and wi:1ter period, the Llgnified tissue'5 were richer in phenols, 

especially in polytIleric types (Forrest 1975). 

lnterestingly, it has been shown ln several instances that :nonophenols 

inhibited root hrmation whl.le o-diphenol and polyphenols promoted it (Bo

]arczuk 1978; Boqarczuk 1979; F0rter 1962; Hess :962; Hitchcock and 

Thimann 1977; Wells and '1arth 1953)' This suggesced that the low rooting 

potential of the willoloi extractc; from :-tay to September can be attributed 

ta thei r 10107 phenol ic contents, mainly monopheno1 ie in cont rast ta the 

winter tissues wh1.ch contained more phenolic compounds, especial1y of the 

o-dihydroxy types. 

Foong and Barnes (1981). however, did not find any correlation between 

t he total and o-dihydroxy phenol contents of the tissues and the rooting 

ability of the cuttings. Similarly, the seasonal change in rooting abil

ity of Salix kariyanagi and ~ bakkO' was not cO,rre1ated to the activity 

o f the~~otal phenoL content. However, one should emphasize thàt they 

extracted the phenolic compounds with 80% alcohol and thus obtained the 

alcohol- and water-soluble phenols whereas only the water-soluble pheno.ls 
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)f the willow was ,ietermined ln thi5 ':Itudy ("taterials and "Iethods .,ection 

'1e .. ertheless, this Indicat~') that the r<)le played ':>y phenolic 

["Q,Jting cofacto["'i remains controversial (Basu et al. 1969; Thlmann 197;'). 

Several authors who a150 obtained higher root promoting activity in 

..;i:tter lIIonths attribuced thlS nigh activit!' to the accumulation :Jf rootlng 

;:ofactors in the stem afte r leaf drop (Smi th and ChLU 1980 ) or ta the 

accumuLat 10n ')f inh1bitn'5 such as ABA ~hlch interacted ... ith endogenous 

auxin to promote r'Jo t i 'lg CUvim et .-ü. 1976; Chin 1969) • Gest') et al. 

~ ~ 981) demonstrated that there was alter3.tion )f some ,)f the fOO t ing 

L nhibitors into promoters upon co1d storage of extracts. ln the present 

study, the 

vestigate 

loIi110w po .... der !.las cold stored. le would be interesting ta in

the stability of ,lhe cold stored extract and to see if there are 

an)' chemical changes which alter the rooting activity t)f the extracts. 

Uternatively, Vieitez ~nd Pena (1969) who f0und that, 0n the average, 

rocting actiVlty of acidic Sal1x atrociherea extracts was lowest in the ------ ------------
sumlner months (June to August) related seasonal rooting pat tern Qf the 

extracts ta the amount of endogenous lM. Supra-optimal level of endo-

genous auxin in June ""as also associated with the 1010' rooting of cuttings 

(~anda and Anand 1970). 

Fractionated extracts 

2.2.1 Results 

In the extraction hep (Fig. 4, page 45), water 'extract A and meth-

anol-water extract B of willow were examined for their root promot±ng 

" 
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acti vi t'y. In comparison ..,ith dist1l1ed water (control), thE' rooting 

response of Mung bean cuttings was increased by bath water and methanol-

water extracts (Fig. 9) • There was no stat istical cl i f ference in the 

rOQting activity of these two extracts. 

ln the first fractionation step (1) (Fig. 4), EToAc fraction D and 

water fraction C were examined for their root promoting activity. ln 

comparison with distilled water control, the wacer fraction signftcantly 

promoted the rooting of mung bean cuttings white the EToAc fraction had no 

root promotlng acti,vity (Fig. 10). 

[n the second fractionati,m step (2) (Fig. ), methanol-soluble SToAc 

fraction G, methanol-'i01uble water fraction E, and methanol-insoluble 

water fraction F, each w~::h 
-6 

or without the presence of lAA (5 x 10 M, 

Kawase 1964), were tested to determine the root promoting acttvity and 

a150 their interaction with this auxine As shawn in Fig. 11a" b, the 

methanol-soluble EToAc fracc:ion had no root promoting acti\rit.y. Both 

methanol-soluble and methanol-insoluble water fractions significantly' 

promoted rooting (Fig. lIa). ln the presence of lM, the promot1 ve effect 
J 

1 
of the methanol-insoluble water fraction was enhanced even furthèr (Fig. 

lib) • 

In the third fractionation step (3) (Fig. 4). spectrophotometrj,c .. 
determination of eluates from column chromotography indicated seven 

distinct sub-fractions (F
H 

F
E7

) (Fig. l2) in the methanol-soluble 

EToAc fraction and five suh-fractions (FW1 
FWS ) (Fig: 13) in the 

methanol-soluble water fraction.' 
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Ta Qetennine their rooting acti vit y , the FEI - FEl Bub-fractions 
.' , 

\o1er.e tested at 

\01~ t,t! ~r wi thout 

t\o10' conce~t,rations: 0.75 and 7.5 mg/mL t)f distilled \oi7at'er 

UA (5 x A control treatment cont"aining 

d'istllled water fractionated through the Sephadex LH-20 column wâs also 

included. The F W1 F Ws sub-fractions were tes.ted only at a concen-

t:ration of 7.5 mg/mL of distilled water. 

L.. ,,11.r ' \ ~s shown in Fig. ~ five FW sub-fractions showed increased 

rootihg activity over the distilled water control. lnterestingly, chro~a-

tographic analysis Çlf the sub-f'ractions indicated the presence of indole 

group in the FWl sub-fraç,tion, the one with the -greatest rOot Jromo:in\ 

activi ty. ., 
\ 

- Fig. 

'tested 

15 _ a,nd 16 show the rooting activi ty of 'the F'E sub-frac:ions 

at 

pectivel}'. 

the higher,...concentration (7.5 mg!1\1L) \oi71th or \o11thout' lM, res

Fig. 17 and 18 show the raoting activity of the sa~e sub-

frac,tions tested at' a 10\o1er concentration, (0.7 'j mg/mL) with or without 

-lM, respectively. 

Th~ rooting response of ~ach sub-fraction was variable and' dependent 

,- The ~ upon the concentratiQn and the presence of ~xogenously apptied. lM. 

LSD Cf. 60.05), for data in Fig. t5 - ~8 was L.8 for' the extract for sub-

fracqon, 0.9 for lM, and 0.9 for concentration; there 1!8S no interaction 

of extract lAA, extract x concentration or ext~~ct x lAA x concentration. 

At the higher concentration without IAA ( Fig. 15) , the FEl' F&2' , 
1 

sub-fractions showed moderate high promotive effect FES ' and FE.b to 
\ 

'\ 

\o1ith the hlghest aC,ti"l7ity in the fEZ sub-fractions; tne F
E3

, F
E4

, 

F~7 sub-fractions \o1ere slightly inhibitive; With lAA .(-Fig. l~), the 

l 

'. 

1 

1 

./ 

, 

f 
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relative strengt,hs of 
'l~ , 

each sub-fractions were !Jlmil.=u;-. However; the FE S 

and F
E6 

sub-frilctlon8 in the preseJl\::e of lM (Fig. 16) showed a marked 

incre8se in acti viey oVer the s~\me eub-fractions < in thê absence of lAA 

(Fig. 1) • Slmilar to the FWI \iUb-fractions (11g. 14) , indole groups 
0 

liere a190 detected in the FE2 s,ub-fractions (Fi Sr 
15, 16) • However 1 the 

presenc~ of lAA was a1so detect-ed,\ in the F E3 , F'&4' and FES suh-

fractions (Fig, 1,5,16). 

At the lower concentration without 'lAA (Fig. 17) a11 seven FE sub-' 

fractions showed s",a11 to hlgh promotive effect lIIith the highest activity 

found in the F
E4 

eub-fraction. However, in the pre~encè of lAA (Fig. 

18) , the promoUve effect of the sub-fractlons differed greatly. -rn fact, 
, 

, the FE3 and FN sub-fractlons were Inhlbitory relative to dlstilled 
. 

water. wlth the F
E4 

sub-frl:\c!=ion ~aving the greatest i.'nhibittry effect. 
, . 

" 

Tl\e _ F E7 sub-,fra"étio'l 
~ \ 

whlch had the smallest promot! ve effect without' lAf\ 

(Fig. 1]) showed il: sig.nlf1cant ihcrease in ptomotive actHity i" the 
~ 

presence of lM (Fig. 18). Slmilar as at the hlgher concentrations (Fig.-

\ 15, 1'6), indole groups were detected in the FE2 sub-fract"lon and lM in 

the F
E3

, F
E4

, and F
E5 

8ub-fractions (Fig. 17,18). 
" 

The presence of phenols was ~ detected ln' aU of the EToAc and ,water 

s ub- frac tions chal Folin-Ctocalteu 
, >~ , 

and' wi th the chloramine-T spray with 

reagents. However, the phenols were not clearly separated by TLC ta pe,r-

mit precise Identif lcatioFl. 1 
~o correlation was found betweèn root number pe r mung- bean ~I,lt tings 

Cl 

and total or dihydroxy _ phenol ,çontents analyzed in the EToAc suh-

fr/lctlons j 
" 

" , 

.'. , 

t> 

), 

• 1 

1 
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2.2.2 

. • 

Discussion 

" 

" 

" 

Ih prev10us studies ~ Many attempts were made ta char,acter1.ze the 

• nature Qf roating sub-itances(s) ln diverse plant' specles. As shown in 

,-;;1;:' Table 1 1-S, water (hydraphiliê) extraces-"O(' fractions !Fere fOl,lnd ta contain 

. 
between two ta four fractions or zones of rooting or growth promoting act-

i vity. Kawase 0964, 1970, 1971) found four promo~ive fractions in wtllow 

extracts, all insoluble in lipophllic sol vents such as ehloroform and 

--\ ethyl ether; al though the nature of the rooting substance( s) in his frac-

. 
tians - was èlnknown, the most active one was located near the solvent front 

at Rf 0-0.1 • Of th~ foùr rooting cofactors found in methanolic extracts 
,,~);""',. .. 
}-, -~-
, - by' Hess (1961, 1963), three were shown to be soluble ln water (Girouard 

1969) • Cofactor 2 was characterized as chlorogenic aèid, isochlorogenic 

acld, and an unknown promoter P-Z/S4 • 

In'terestingly 1 Hess 1 co~ctor and Kawase' s mas t aeti ve frac tian 1 
, 

had a slmlla'r Rf value of 0-0.1. Slmllarly, Thurman and Stl:'eet (1960), 
1 

Britton et al. (1956), and Audus and Gunning (1958)- aIL found the strong-

~est zone of growth promo tian to be located at low Rf values of 0.1-0.2 

~. 
I3tudy, five' rooting fractions :Fw sub-(Table (,). In' the present 

fractions) were found with rooting activity in the descending arder .F
W1

' 

'FW2 ' FW5' FW4' FW3 ( Fig. 14). The, most ac ti ve water-so,luble 
1 

sub-f rac tian FWl was the first one ta be eluted. This suggests that 

FWl (Table 15) , Kawase fraction l, Hess côfactor 1, Thurman and Street 

Zone' i and Bri tton et al. Zone X Jrere similiar or rela·eed • 

. 
Thurman and Street (1960) also found t{lat the substance responslble 

* 
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Table 15. 
() , 

Characteristlès of water-9'01uble fract,ions or zones Hom 'di,fferent st~dleB. 

Kawase ,( 1964, 
1970. 1971) 

Fraction 1:* 
- UK 
- Rf 0-0.1 

Fraction 2: 
- UK 

- Rf 0.3-0.4 
Fraction 3: 

- UK 

Rf o. 7-0.8'~ 

Fraction 4: 
UK 

- Rf 0.9-1.0 

Hess (1963) 
Girouard Cl969) 

Cofactor 1:* 
- UK 
- Rf 0-0.13" 

Cofactor 2: 
- chlorogenlc 
ac1d . 
- Rf 0.33-0.56 

Cofaetor 3: 
- chI orogenie 
ac1d 
.- isochlorogenic 

, aeid 

'Thurman ând 
St reet (1960) 

Zone 1:" 
- tryptophane 

Rf 0.1-,0.2 

. 
Zone 2: 

UK 

- Rf 

- promo,ter P-254 
'f 

.~ 

" 1 

~----::=-

:\ 

" t-

. .-------* Most active fraction _______ ------
UK Unknown rooting 8ubstance(s) , 

... 

Britton et al. 
, (1956) 

Zone X: 
UK 
Rf O.f::O.2 

Zone Y:* 
IAA 

- Rf 0.3 
Zone Z:* 

- indole (IAN) 

~f near 

r J 

) ""'" 

Present Study 

F *-'Wl: 
- indole 
- elution zone 

100-508 ilL 
F

Il2 
: 
- UK 

- eulutlon zone 
508-548 mL 

F
W3

: " 

- UK· ' 

- e1ution zone 
548-5-79 mL 

FW4 : 
- UK 
- elutlon zone 

579-612 ilL 
FW5~ 

- UK 
- elution zone 
612~700 ilL 

lb o 

" 

--

'" 

.. ' 

.~ 
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activity \lias 4n indole compound which they characterized as 

·\lthough in the present 
r : ~ 

study, 
1 

qn indole compound wa'3 lden-

1 

tif ied in the 'most active fraction (F
W1

) , this eV1dence does not p,rove , 

that rooting act.ivity is attributab1e to indole compound becabse further 

definitive tests were not conducted. Other researchers a1so detected the 

presence of indole éompounds such as tryptophane, 3-indolepropionic acid, 

s-methyl indole, and 3-indoleacetonitrile in pl'ant e){tract'l and demon-

strated their high root promoting activity (Aung 1972; Booth 1958; Gorter 

1962; Zimmerman and Wilcoxon 1935). Housleyand Bently (1956) detected 

three active zones (X, Y and Z) that contained an unknown substance, lM, 

and an indole compound, respectlvely. The lndole compound was tentatively 

1dentified as lndoleacetonltrile (LAN), and thus cou1d be considered as 

the precursor ot auxin (i-Iousley and Sently 1956). Gordon) and Paleg (1961) 

showed that in the pre'3ence of sorne phenolic substances, phenolase yie1ded 

IAA tr0m tryptophane, ;Tet this same enzyme may also inactlvate auxine 

!Hnce mung beans have been shown ta be a rich source of pheno1ase (Gordon 

and Plaeg 1961), it 1S possible that the indole compound present in the 

water-soluble sub-fraction FWl (Table 15) acted s)rnerglstically \IIlth 

phenols and (or) other roo ting substance,> ta enhance root ini t iation. 

As a parallel to summary Table 15, Table 16 summanzes the results of 

some studies characterizing the fractions or zones present in nonwater 

sol uble or l ipophil ic extracts. Lipophilic extracts or fractions were 

found ta contain between one to three root promotlt=lg fracLions, except in 

the present study where w1110w EToAc extract contained seven sub-fractions 

(Table 16). Hess' lipophilic cofactor 4 (Rf 0.8), an o){ygenated terpenoid, 
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Table 16a Ç,hartcttl!ristlcH of nonwatf~r~Hulllblc fracttons 0(" z.une ... frc •• dtfferl!l1t. "ttudte'i. 

----- -- - ---- ---- -- - --- -----
Kaw"~e (196/,. 
l 'Hn. 1'171) 

~rllclt .. n I:~ 

- IIK( ,) 

- kt Il.15 

Yractlnn 1: 
- m: 
- HI 0.7 

Y~llrtlon J. 
U~ 

- Ilf ".9~ 

", ..... (1963) 
GI r."".r<l (1969) 

Co factor 1:* 
- nxyg .. ·natf'd 
t f"rpt.sllo id 

- III 0.80-11.')1 

fhurm ... " ,IIIeJ 

'>tre .. ! (l'IbO) 

7.one l'. 
11 ... IH IJlAolt'..! 

- HI Il. 1-11. 2 

Zone 2. 
- JAA 

- Hf 

Zone 
- H l"hlhltUI 
- KI Ilpnr 1 

'-

IIrltton .. t."I. 
('9~6) 

Zonp X: 
- fi IntlfhJ tur 

- Rf O.I-O.l 

Zone Y:* 
- IAA 
- Rf 

Zone Z:* 
- !AN 

- Kf IlPur 

P' 

Pr<'~("'1 Study 

f' C 

El IIK 

';:'cluttnn4z"l1~ 

Il 1 b~ "II. 

FE2 : 
- Indol ... 

- .. 1 ul Iun I.Ullt' 

11>5- 14'2 .1. 

F : 
t.J_ ,'M 

- <llllltll" 1.'1111' 

142 -/01/\ ml. 

~ 4: 
t. _ lM 

- l'luI ton Z'"1l' 

41i-4Hl III 

FI':~ : 

1"" 
(-1 ut! on LU!ll' 

481-')2/1 .. 1. 

t" : 
F.b_ lM 

- (~llltlon znUl' 
~21i-<;HtI .. 1. 

Ft:]' 

lM 
l-) ul ton ZIlIU' 

~ 6/1- mo .. 1. 

----- --"-- ---------_ ..... - ---- ---- ---..,- - ---
* HOlH IIctlve fractlllll 
Il Unknllwn fnntlng 8uhRtllncc 
(' Root prnaotlng 8CttVtty dt'pendent upun th~ .cou(,f'ntratlt>n 

t 

~ 

,. 

~ 

ID 
N 

t 
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was soluble in chloroform. ether, methanol,. and ethyl acetate, and spar-
\ 

.ingly in w~ter. Of the total of four co.factors found by Hess (hyArophilic 

cofactors l, 2, 3 (Table 15), and lipophilic cofactor 4 (Table 16), co-

factor 4 was the most active one.' Since the rooting substances of the 

EToAc fractions and ,>ub-fractions (Fig. 4) were soluble a1so in methànol 

and ethyl acetate, and insoluble (or slightly soluble) in water, this 

suggests that the EtoAc fractions and sub-fractions cOlJtalned Hess· co-

factor 4. However, the EToAc fract,ions and sub-Eractions were not the 

most active anes (Fig. '10, Il, 14, 15, 17). In oider trees as in this 

study (22-year-old). tt is possible that ther-e was a laçk of or smaller 

quantity of these highly promoting rooting cofactors (Hess 1963). Heuser 

and Hess (1972) a1so purified three lipid-like root promoting substances 

fr~m Hedera helix that were non-pha.nolic in nature" and wer-e soluble in 

met<hânol, chloroform, and ethy1 acetate. 

Unlike the hydr-ophÜic fractions (Table 15), IAA was detected in the 

EToAc sub-fractions (F
E3 

The presence of lAA in EToAc was 

also identifl.ed by Thurman and Street (1960). Their fractions contained 

a1so an unknown promoter and at a simil"ar relative posi tian to the indole 

compound found in the sub- fraction of willow extract "(Table 16). 

However the fraction of Thurman and Street (1960) contained an inhibitor 

at the 
\ B-position which was not detected in the p~esent study. Appar-
, 

ently, inhibitors ar-e found mainly in acidic fraction '(Davis 1965; Thurman 

and Street 1960) whereas the EToAc sub-fractions ln this study were close 

to beirig neutral (pH 6.5 - 6.8). Several authors have a150 identified the 

presence of lAA, IAN, and the B-inhibitor in their etheral acidic fraction 
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(Britton et al. 1'957; Kennet-Clarck and Keffor; Housley and Bently 1956; 

Lexander 1953). 
e 

lt i8 note~orthy that at the high concentration of the EtoAc 

sub-fractions (Fig. k4), a pattern of root promotion was observed at the 

indole grou~ position (FE2 ) but not ~t the LAA position. However, st the 

lower concentration (Fig. 1,6), the patterq was reversed, i.e. root promo

tion was observed at the lM' position (F
E4

), but not at the indole group 

position (F
E2

). This suggests that the rooting activity of the EToAc 

. sub-fractions is concentration-dependent indicating that each sub-.fraction 

has its own balance.of rooclng promoter:inhibitor and thus lts own optimal , .. 
o 

concentratio.n. This balance of rooting substances 'in the sub-fractions 

may also explain the unique 'behavlour of each EToAc sub-fraction ~hen 

lAA-tFeated Cfii:)16, 18). 

3 • General Discussion 

This study revealed large variations in the response of cuttings of 

diversè- waody species to' treatments with willow extracts, auxins, or 

botJ;t. A study- of the current literature suggests that this 18 largely 

attrihuted ta species difference (Chllders and Snyder 1957; Hartmann and 
'. 

Kester 1975; Mi}ler et al. 1982), the to presence of ~natomical barriers 

(Beakbane 1961; Edwards and Thomas 1980; Nelson 1978), to the balance of 
( i 

endogenous growth promoters ân4 inhibitors (Biran and Halevy 1973; Fadl 

and H~rtmann .1967a; Hartmann and Kester 1975), and possibly to ôther 
é 

nutritional or environmentaloly-related aspects associated both wlth the 

çu~cings belng ,rooted. and to the origin of the willow extracts. Var-
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iation in lAA content as weIl as pronounced diurnal changee; in the content 

of free (i.e. active IAA), but not ,of alkal1-hyclrolyzable lAA has beel,1 

/ demonstrated (Sandberg et al. 1982). Thus it app~ars that the time and 

season when cuttings are treated with lM or wl110w extracts has an in-

fluence on their ro~ting response and it ls more likely that cuttings 

treated with wl110w extracts under long, day conditions will be more 

beneficia1 (Richer-Leclerc et al. 1984). 

Studiés with mung bean rooting tests conducted under con'trolled en~ 
, 

vironment conditions removed variability d~. to species being tested and 
1 

'_1--- -'---
thus results wlth regards to effec't of extract& ~ ~ were more defini-

ti ve. These investigations indicated greater root promoting activity in 
• '1 

water soluble than in water-insoluble (!Dethanol and EToAc) extracts. 

fractions or sub-fr,actions. Studies by Kawase (1964, 197ü, 1971') st}owed 

that 'the major promoting substances in 'ce#ntrifugal diffusa,te and wi110w 

extracte; was in the aqueous frac tian. In no instance was the EToAc 

fractions or sub-fractions shawn to cause greacer resp?nse than thé water, 

counterparts (fig. 10-11, 14-18). ~so ~he root promoting aètivity of 
1-

their EToAc sub-fractions was found to be more variable and dependent ~pon 

their concentrations' (Fig. li-13., 15-18). ~hèse results r.e-emphas1ze the 

comp1exity of, the growth factors involved in the rootiqg process (Vieitez 

an~ Pena 1968). 

1 

Slnce IAA was found ta be present 1n the water soluble subfractions, 

this sugge9ts that the root 'promocing act! viey, o~ ~ater-soluble willow 

extracts is not attributed to lM, but rather to a non-lM system. The 

evidence suggested- that indole and water soluble phenolic compounds were 

'. 
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~ extract,s. - Goi"ter (1962) 

synergistically with an indole 

nucleuS to induce tooting. However, the lack,of correlation beçween rOQt 

number per Mung bean cutting and ,total of dihydroxy phenol contents iruii-

cate~ the need for further research and more detailed analysis of the, 
, 

endogenous phenolic content of the willow as weIL as their role in the 

rooting 

vit Y of 

aC,ti vit Y of the extracts. 

the water sub-Eractions 

Alternatively, the root promoting acti

(F,W2-FWS' Fig. 14), Sh~ to be devoid 

of lAA and ady indole compounds, indicated tnat othe'r rooting cofactors 

are invoi ved. 

The role- of sugars tn the roo~ing proceS9 a190 has been demonstrated 

(Nanda and Anand 19,70). Richer-Leclerc (l982~ found a cor'relatIon between 

rooti[\g percentage of Philadefphus and soluble sugar content of will~w 

.' , 
extracts and between rooting percentage of Ri~es a~d sugar/starch ratio of 

the- extracts. Her st:udy indicated the possibility t,hat the presence of 

9ugars was an important factot' in \111110\11 extracts. However in the PFesent 

" study, no attempt was mad~ ta study sugar <;ontert in the water suh-

fractions. Further resea~~h should aim to quantify, identlfy and eluci-, 

date the nature of their ~ole in the rooting activity of \I1illo~ extracts. 

Substances 'Juch as mineraIs (Gorter 1958; Van Overbeek 1945), and vit-

aolins (Hemberg 19~3) have been shawn ,to promote roo~ing. Since IM, 1n-

dole, phenols, sugars, vl~amins, and minerals May all,lnterrelate in the 

rooting process, the removal or change in concentration pf any of these 

May resui t in a Change) :1.n the ro,oUng response caused by the \I1illow 

extracts. 
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·Thus it 15 possible that the willow rootlng substance(s) 15 ln effect 

a comple~lty of dlfferen~ substances which 15 likely altered ln time by 

preval1~ng envlronmental factors •. As su ch à study to deflne the. nature of 

substances 18 a complex task. 

" 

< ! 

, 

, '. 
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SUMMARY 

Plant extracts of willow (~spp.),'a species known to' ro~ read

ily, and extracts of many other species, have been known ta promote root-

ing of cuttings. This '-5tudy investigated the use of willow extract as a 

rootlng - aid with cuttings and attempted ta identify and characterlze' the 

nature of [ts root promoting activity using mung bean rooting tests under 

a controlled environment, fractlonation techniques, and paper chroma-

tography. 

'In 1982~198,3, 13 woody nursery ornamental species were tested with 

crude wl1low extracCS~lO g/mL dlSCi~led wacer), auxins (IAA, IBA and 

NAA) or both. Three of four Group 1 (shrubs) and one of five Group 3 

('evergree\) species showed dis'Cinct positive - response to crude 1071110107 

exCracCs. None of' four Group 2 (crees) showed any response. While aIl 

Group 3 species' showed positive response ta auxins, three Out of four 

Group l s~ecies were adversely affected by auxine 

Although thé results Indi~ated\the favorable use of plant-extracts ana 

its interaction with auxins for stimulating rooting of certain woody spec-

ie~, this study revealed large variation in the rooti~g response of cut-

tings to diverse woody species ta treatments with willow extracts, auxins 
1 
" 

or bath. lt also emphastzed t~e complex1ty of the willow rooting sub
I 

~ta~es which appeared 

i tors. 

to be a delicate balance of pFomoters to inhib-

1 

. The influence of' seasonal wVllow extracts (collected st intervals ovet 

j 
'1 
/ 

j 98 
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a one-year pe'riod) on rooting of mun~ bean cuttings was studied. The 

rooting activity ,of, the extracts was great~r in the winter months chan 1~ 

the sUmmer months. Positive c~rrelations were obtained between Mean root 

;~ number per mung bean cutting and total, dihydroxy and alkali-labile phenol 

contents in seas~nal wil,low extracts. Thesé resul ts emphasized the poss-

.-~.,..,.......* ...... -

ible role of water-soluble phenols' as rooting cofactors in the rooting 

activity of the extracts. 

In another study; ~he rooting ~ctivity of crude extract was compared 
c 

with clarified extracts. Ciarified ~xt racts aIL increased the root1n$ 

response of !DUng bean cuttings in, 'comparison wi th' crude extract. The 

water-insoluble particles may decrease the efficacy of the abso~ption 

process or have a lower balance of root~promoter to lnhlbitor than the. 

water-soluble substance(s). 
, 

further experlments. with water and methanol-water extracts and f~ac-

1\ tions 

extracts 

parts. 

sub-fractions indicated greater rooting activity of w~ter 

or their fractions to those of Methanol or ethyL,acetate ~ounter-

IAA was det~cted ln the ethyl acetatLsub-fractions and an indole" 

compound in both the ethyl acetàte and'water sub-fractions. This suggest-

ed, a, non-lM system in the water extracts. The activity of the ethyl 

acetate sub-fr~ct~ons was shown to be concentratlon-dependent whiçh indi~

~t:ed that each sub-~ract1oo has lts j~ balance 'of rooting, ~ubsta~Ce'3,. 
The resul ts _ suggest that the f~~lOW t'oot1ng substancé( s) '15 ,ln effe'ct 

a complexity of, substances whlch 18 l1kely altered in time by prevailing 

~ 
environmental factors., 

) 
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SUGGÉSTIO~S FOR FtrrURE RESEARE::H , -

Further stu~iies are 
.! 

requ1red ta identify and quantify t~e water-

so'luble hormones, as well as the poenolic, indole comp,ounds, and 

carbohydrates, fourid in willow extracts. Such studies should be per:formed . 

with Phaseolu& aureus bioassay and also with growth caleoptile tests on 

species such as wheat, pea and tomato. The association of plant extrac~s 

with other rooting substances such as mineraIs and' lTiramins should also be 

examined. The wi,llow extrac ts _ should be partitioried with different 801-' 

vents and the rooting cofactors of each fraction should be tested at, dlf-

'ferent concentrations and in conjunction with lAA and specifie. indoles 1 

phenols, and sugars. Similar studies of endogenQus components should' a1so 

bé perforIDl7d on the woody species to be roote'd. 

The seasonal variàtion of specifi~ rooting compounds such as mono, 

dihydroxy and polJphenols, free and bound lAA, indole substances) and 
, > ~ 

sugars shuu1d be investigated. Furthèrmore, 'the willow powder in eold 

st-orage shou1d be examtrred each m'onth ta see if there are any changes in 

the end,ogenous 
\ 

rooting sùbstanees and a1so ta observe the effect of- such 

changes on the rooting activity of the extracts. 

100 

.... 
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From a more practical point of vlew, the.effect of centritug~tion 

and(or) filtration. anti-oxidant. adjuvant, and pH of the extracts should 
~ I} C 

be wlth Mung' bean bioassays' and eventually on the rootlng of 

woody species. 

AlI these studies would increase our knowledge of the roo,ting abUity 

of the willow extracts and would eventually broaden their use to, the 

rooting of woody specie,B' especial1:y the ones that are hard-to-root. 

1 ' 

.. fI 

f. 

.. ' 

'. 
'1 
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