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A BST RACT 

111e roO/illg 1"('.']101/.'\('.\ (~f lI1"ollch Cllllill).!.'" Obltlllled/rolll ('/os.\ I. ('/("," ... II {flld ('llI.\., 

III sloek pIC/ills ( ~f.fIllIlPt'I'IIS pmCl!m I-Im:c:hsi. ex I~·II£II. /() i llt/o/ehll /)'J'ie aCid (11511) 

were eXClmilled il/ som/ror)Iill}.: II/edia cOllloi lled ill fhe comparfmelifS (~f a mrxl{ficd 

/O ll ' -C(}SI po/)propogmio/l .9 'SICIII . 1111.\' " ),SII:III is cheap. easy 10 (;O/lsff"llC/ a//(/ has 

110 .~pecia{ alld cOlllj)/ex reqllil'(,lIIellls. 'Ihe resl/!/s illdieme" flial mOl/II).: (!f J 

procem h/"{I/Ic/t eill/illgs IS promo/eli I~)I applied fHA. ()l'cmll mOIIIl,!.: PeI"CClilage 

lI 'as oh{(///lcd III ("l1l1lllg., c/(,I'm:d frO/ II Cluss 11/ s iock pllll/Is as compared 10 

cf(ffillgs/ro/ll Class I OJ' Clms II ."foe/.; p/mlls. ' -Iellct'. 38.!) % 'l,he' /0/(11 CIIIIIII).!S 

col/ecl('d/rolll C/ws III slock plallls m o/{'d 21 u'ceks (!ficr i llser' ;II).: 'hesc IIlfO Ihe 

roOfing lIIt'dilllll. qr Ille (;IIIIIII~S o/)/flllled /J"OIII Class /I slock plollls. ( 111)" 27 % 

lI"ert' rooled ! I wt'eks '!fIL'/" 11"('(11111('111. 171(, 1/111.\"111111111 allaillah/e /"OOIfIlf.t pe/"cl!lIIa~e 

IreOled 11"1111 0.2 % IHA . 111(' "pl i llllllll COIICt'lIlr ( /liolls reqllireel/or lIIaXlIIlII1II mol 

illifi(lI iOIl alld mol growlIi l"Oried lI'illi IIie af.tl! (!rSlod- pkll lls/i·om which ClIl/ill):S 

were dail·cel. JlIlfS. h{'l/l'!" /"(Iolillg I)(',.cell({/~e 1I"(lS o/)sen'ed at 0.2 % IIJA for 

cllffill;.!sfm/ll Cia.\".\ I slOck /llmJ/s: If IF(lS O . .J % fOl" ClllllllgS o/)lOilledfrolll Clas.\ II 

slock plaws. COIISISklll UllcI rt'lal" '(' ~1" good roolillg perc;{' lIfo;.!e.\ were recorded (II 

0.1. 0.2 (llici O . .J % /UA /or CIIIIIII}.!.\ collected/mill Class /II slOck I'lallfs. nil' 

k ligesl roOl IlIIlIIh"r (/5) II ·OS recorded II'I/ell Cllllh l;!S collecleel/rolll Class III't're 

IreOlei/ lI"illl 0.2 % IH.-I. ('lIlIillgs c/e/"l l't'd/mlll ('lass II (Il1d Ireo/ecl ,,·//11 0. 8 % IHA 

yielded ,.ela//I ·('~ I · /r)//g£'f /IIeali /"(JO/ 1t'1I,l:th ( Y.9 CI/I). Well·c/('I"{: loped calli were 

recorded ill //IOSI (!f Ille /1I1·clli/" ClIl/lIIgS (!f Cla.\s I slock IJklllf.\". III lI,is ·VJl.xies 

//l ost /"(}(){sfiml/t't/ clir('t:f~\" !"lither th(1II i/lcll/"(,(.:/~) ' . 
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I. I N TR O D UC TI ON 

1.1 Vegetative propagation 

Vegetative propagation is the production or new plant directly from vegetati ve parts 

o f ex isting ones, n01 li'olll seed. Thi s type o f pro pagation is used to produce a plant 

identical in geno type wit h the paren t plClll l (Hartmann el a!. , 1990; Haissig e( aI. , 

1992). Vegetatively propagated trees arc an important resea rch 1001. Because they 

arc genet ically uniform, the eilecis of environment and illlcrnal changes wi th in the 

tree can easily be separated frolll inherent cflecls (Longman, 1993). Vegetative 

propagation is possible because o f two fundamental characteristics o f plant cells. 

These are: eve!)' cell contains the genetic potential necessary 10 generate the entire 

plant , IOlipolellcy: and the phenomenon or ded(fferellfialioll the capabili ty of 

already developed and dill'erentiated cells to return 10 a meristematic cond itions. 

Since these twO characteristi cs are Illore pronounced in some cells and plant parts 

than in 01 hers, the propagator must do some manipulation to provide the proper 

conditions for plant regeneration. 

There are dilrerent methods for the achievement of vegetati ve propagation 

Cutting - usually by encouraging root andl or shoot to lorm on a piece of stem, so 

that it becomes an independent plant, 2 Grafting - joining a piece of stem or bud to 

another plant to induce rOOt system; 3. Budding - 10 induce root systems fro III 

detached pieces of buds or branches fro III the mother plant: -' . Planting shoot or 



,I I rOOI S- when the storage organs arc lI sually sepa ra ted and replant ed, 5 Suckers­

when shools arise li"OIIl adventi tious rOOIS o f a rcol. 6 Separating onsets - dividing 

up plants that form clumps or sets of buds near 10 the ground level; and 7 

Micropropagation - growing small pieces of tissue in sterile culture, stimulating to 

form many pianticis (Spurr and Barnes, 1980; Harlmann ef o/. , 1990; Longman, 

1993). 

According to Lo ngman ( J993 ), there arc two major meri ts of vegeta ti ve 

propagation. These are: I . To be free to grow a species- many trees fl ower and fruit 

rarel y; andlor their seeds arc 1101 easy 10 store. So by roo ling CU lling, plent y of 

nursel), plants can be obtained at any lime, withOlIi havi ng to rely on seeds 

Vegetati ve propaga tion is panicularly va luable if pests or diseases destroy Illost of 

the seed crop; whcn It"uits or seeds arc ha rd to collect: and with young material, 

before trees reach th e fl owering stage. 2. To gel im proved trees quick ly - most tree 

species ha ve nOI und ergone selection by mankind; and breeding is much slower than 

with annual s. Vegetati ve pro pagation aHo ws more rapid geneti c improvemct1l , 

because Irees with desi rable characters can be used directly to produce improved 

planling stock; direct selccli on captllres more of the desired cha racters than is 

possible by seed; with each selectcd clo ne existing as many plants, it is easier to 

check which characters arc stro ngly inherited; clonal trails call provide a morc 

rigorous test than seedling progeny and resu lt s can be lIsed at once 

2 



1.2 Propagation by cutting 

In propagation by cUlling, a port ion of stem, branch. root or leaf is cu i from the 

stock pJant and induced to form root andlo r shoots. In most cases the resulting 

clones or the new independen t plants produced arc identical with the parent pram 

Cuttings are the most impo rt ant means o f propagming ornament al shrubs, 

decid uous pram species as we ll as the broad- and narrow-leaved types of 

evergreens. It is also llsed widely in commercial glasshollse propagat ion of many 

florists ' and foli<lge crops, certain fruit species, and woody plants (Hartmann el ClI . 

1990) . In propagat ion by branch, stem and leaf-bud clIttings, only a new 

adven titious rOOI system is formed but in rOOt cUlling from its ad ventitious bud, 

both a new shoo t system and ad ven titious roots or ex tending the existi ng root 

pieces are initiated. Generally, cuttings can the n be classified accordi ng to the pan 

o r the plant rrom which they arc obtaincd ( Hart mann 1'1 01. , 1990; Longman, 1993): 

These are : branch cu tt ings, stem cuttings, leaf' cU ll ings, leaf-bud cu ttings and roO! 

cU llings . 

For large-sca le aflorestatioll program, however, stem and branch clIlI ings are morc 

applicable and are quitc onenty used . Sometimes root and leaf cUlIings can also be 

uscd for propagation purposes. In selecting clIlling material , it is impol1ant to li se 

stock pJants that are fl"ec fi·om diseases, moderatel y vigorous, and of known 

identi ty. In so doing, stock planls with the following features should be avoided 

Hartmann /11 o/. , 19(0) :1 Plant s 111m ha ve been injured by frost and drough t; h 



Defoliated by insects. c. Stunted by excessive flowering or fruiting, d . Stunted by 

lack of soil rnoislUre or shortage o f proper nutrition . and c. Pla nts tha t have made 

rank , overly vigorous growth. 

Cuttings o f sonwood (na rrow-leaved evergreen species such as Jll llipems species, 

PodocmplIs /a/cml/s. llll!ja, elc.), fo r example, must be rooted under moislure 

conditions that will preve nt excessive drying. as they usually Clre slow to roo\. 

Moreover, cllnings taken li·olll Ihe you ng seedling slOck plClnls rOOI l11l1ch Illore 

readi ly Ihan those taken l1·om the older trees because of the juvenility and certain 

environmental faclOrs. Treatments of cu ttings with plant growth substances (e.g .. 

ISA. IAA, Ni'\f\ ) at an o ptimum concen tration are lI sually beneficial in stimulating 

the formation of new roots. increasing the speed of rooting, the percentage of 

cuttings rooted. and ob taining heavier rOOI system (Hartman n el a/.. 1990: 

Longman. 1993; KClssCl Semagn and Legesse Negash, 1996: Desla Berhe and 

Legesse Negash. 1998). Systems for Ihe vegetati ve propagation of l'>odocCflPIlS 

fa/cmlls (Thunb.) Mirb . and JIJllil'cms pmcem Hoechsl. ex End!. had already been 

described (Kassa Semagn and Legesse Negash. 1996; Desta Berhe and Legesse 

Negash. 1998). The presenl work on J pmc('J"a is based on a difrerem system in 

which, instead of a glasshouse. low-cost polypropagators are used . The design of 

the propagators is based 011 that of Leakey cl 01. (1990) . 

J. pl"Occm belongs to the family Cupressaceae It is dist ributed in some counlries o r 

the African con tinent fairly well The distributi on of Ihis species generally 

encompasses Zaire (l-I Clul-Katanga) , Sudan (Red Sea Hi lls, DidngCl tvloull la ins), 
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Ethiopia, Djibouti, Somalia, Uganda, Kenya, Tanzania , Malawi and Zimbabwe (one 

locality only) (Friis, 19(2) .J. pmct!1'lI is common in the eastern slope o f the 

orthwestern Highlands or Ethiopia and along the mountain ranges in Northern 

Somalia , but often depleted by cutting, burning and encroachment. It is widespread 

particularly in the Cent ral, Northern, Southeastern parts of Ethiopia, as well as in 

the western and eastern plateaux of Shoa, Gojjam, Wallo, Tigr)', Arsi. I-tararge, and 

part s o f Bale ( Uhlig and Uhl ig, 199 1; Demel Teketay, 1992, Sebsebe Demissew, 

1997); and rarely arollnd Ncgel Je Borana , Mega and Yabello (J-I augen, 1992). The 

distribution of thi s species with respect 10 altitude and rainfall ranges fl'om 1500-

3150 III and 500- 1500 I11Ill per year. respectively (Uhlig and Uhlig, 199]: Friis. 

1992) . 

In the South-eastern parts o f the country, the species is usuall y dom inant in vel)' 

open forest with discontinuous canopy or the transitiona l types, associated with 

Olea ellropot!{f sub-species clI.\picloIO. /-;lIcleo schimperi. !(x/eo lIobili.\·. 

POdOCCIlPIIS Io/cmlls, PisfC/cio aeliliopica, etc. (Friis, 1992) . In the Nort h and 

Northern Central Ethiopia Jllllipems pm(;e/"{/ is common in church compounds and 

in small forest patches surrounding the churches (Frii s, 1992. Legesse Negash, 

1995). Of course in some o f these places the trees appear to be planted. 

Jllllipems p/"()a/"{/ is a useful tree species particularly in limber production sectors 

and in other constnl ction activities It is valued for its resistance to decay and 

termites, and it is easy to split. The wood is lIsed for mally purposes. including for 

manufacturing lead-pencil. strip and parquet !looring, for oUI-door works (such as 

; 



roo fing-shingles, fence-posts). pia Ill-Hays, wa ter flumes, telephone poles and 

"II 
bridges (Dale and Greenway. 1961) In Et hiopia . timber from J procem had been 

high ly valued ror the construction or the Ort hodox churches and houses of early 

nobili ty (Des"l Berhe and Legesse Negash. 1998). 

Currently, Jllll ipel'lls pmcem is racing a number o r serio us prob lems includi ng its 

unsustainable use [o r timber and furniture. As a result , mature trees arc now very 

rare. Moreover. in[onnation concerning the physio logica l requ iremen ts fo r 

successful rooling or cul1ings and the efreCt of the stock pla11l age 011 rooting of' 

cu tl ings are not well st udied. 

(, 



2. 0 B J E C T I V E S 

2.1 General objective 

• To evalualc the rooling ellicicncy of branch cuttings derived from 

dinerent age classes a Ll. pmcl!l'(I in a 10W·C051 propagation system, as well 

as to identify the op timum lilA trea tmen t for maximum rooting response . 

2.2 Specific objectives 

a. To cvahliHc Ihe d leClivcllcss of low. cos I polypropagalors for use in the 

vegetati ve propaga tio n 01'.1. procl!m. 

b. To in vestigate the eflecis of vario us levels of I BA all successful rooting o f 

branch cllttings of di f1erc lll age classes 01'.1. pmcem. 

('. To st udy the efYect orage ofslOck plCllllS on rooting of branch cuttings o f 

.J. pmcem. 

7 



3. n E V I E \V 0 F LIT E n A T u n E 

3.1 Plant propagation 

The propagation of plants is a fundamental occupation of mankind . Civil ization 

migh t have sta rt ed when ancien t man lea rned how to plant and grow kinds of plan ts 

that fulfilled the nutritional needs of him and hi s animals. As civilization advanced, 

man added to the va ri ety of plant s, thus culti vat ing not only addi tional food crops 

bu t also those whi ch provided fiber, medici ne, recreationa l va lues and beauty From 

the grea t diversity and variation in plan t life. man has been able 10 select kinds of 

plant s parti cularly those that arc useful 10 hi s welfare. 

Much progress in improvement of crop plants was made 10l1g before the modern 

I 
period o f plant breeding start ed (Allard, 1960). OUf cufti vClted plant s originated 

from three general groups of plants. Some kinds of plants \vere selected directly 

from wild species, evolved into types that differed radi cally from their wild relati ves 

(e .g . lima bean, tomato, barley, and rice); other kinds of plants arose as hybrid s 

bctween spec ies, accompanied by changes in chromosome number (e.g. rmuze, 

wheal. tobacco. pear, and prune) Further noted thai olher group of plants occur 

naturally in wide geographical areas and may be lIsefu l 10 mall, (e.g ., cabbagc, 

broccoli. CIC.) . 

However, th e progress made in plam improvcment had a 



there had not becn methods whcreby improved forms could be main tained in 

cult ivation. Consequc11l ly there have been some processes of invention and 

discovery of techniques fo r plant propagat ion. As new ad vances in propagation 

techn iques developed. the number of plams avai lable fo r culti vation became 

increased. 

3.2 Basic types of plant propagation 

There are twO basic types of' plant propagation. These are known as sexual and 

asexual methods of propagation. 

3.2.1 Sexual propagation 

The sexual cycle utilizes propagation by seeds in which new individual olTspring of' 

plants arc created whose characteristi cs reflect the genetic contribution of the 

parents. 

3.2.2 Asexual (vegetative) propagation 

The asexual cycle utilizes vanous vegetative methods of propagation such as 

cuttings, layering, apomictic embryo, funners. suckers. grafling, separat ion, 

budding, micropropaga ti on and ol hers (Spurr and l3arnes. 1980. Hartmann ef Ctl. , 



1990; Longman, 1993) Vcgctati ve/asexaul pro pagat ion is important fo r produ cing 

plants with geneti c homogeneit y. It is c rucial in horticulture and forestry where 

desirable genotypes must be produced in large quantities fo r cOillmercial and 

agri cultural purposes (Hai ssig. 111 al. . 1992) . Vegetati ve method o f propagation 

enables one to preserve the unique c1mracteri stics o f any individua l parent plant s in 

the offspring plant s. Thi s means that the genot ypes of the source plants can al so be 

preserved intact (Hartmann 111 aI. , 1990; I-I ai ssig. el al., I 992). 

In propagation by cuttings. in additi on to favourable environmental conditions rOOt 

and/or shoot produ cti on may al so req uire applicati on of root o r shoot inducing 

hormones Rooling stem or bra nch cUllings is the mOSt impo nant type of vegetative 

propagation practi sed fo r mass productio n o f improved material s within a short 

period of time (Nanda and Anand. 1970). 

3.3 Factors which affect regeneration of plants from 

st('m/bnll1ch cuttin gs 

In propagation by cUlling. any vegetati ve pari is CUI from the Slack plant and is 

induced to form rootS and/or shoots by chemical. mechanical , andlor environrncmal 

manipulatio n. It is well recogni sed Ihat Ihi s process o f rooting o f cuttings is 

determined by a complex interplay of both external and internal factors (e.g ., 

Molnar and Cumming, 1968: Smith and Thorpe. 1975, El iasson, 1980, 198 1, 

James. 1983 ; White and Lovell . 1984(1) . 

'0 



Important external factors that cOIHrol rooting are light, temperature, aeration, 

moisture, the physical and chemical properties and typcs of the rooting mcdium 

(e.g., Hansen el u/ .. 1978. Rajagopal and Anderson, 1980; Stromquist and Hansen, 

1980; Ecollomou and PaLlI, 1986; Maynard and BassLlk, 1987: Norcini and Hellser, 

1988; Hartmann el al.. [990; Davis el 01.,199[; Longman, 1993: Shicmbo ef aI , 

I 996b) 

Among the internal factors arc plant growth substances. physiologica l condit ions 

and Ilutrition of thc stock plan ts, posi tion of cutt ings, thc age of stock plants. type 

and size of wood selected, season. and inherent root lorming capacity and 

premature leaf abscission (c g, Sykcy and Wil[iams, 1959. Eliasson and Areb[ad, 

[984; Hong el al., 1986: Thompson, 1986; Greenwood. 1987: Moon el 01., [987, 

Collet, [988; Sunil, 1990: Klalllbt el aI., J 992; Longman, [9(3). 

3.3.1 Externa l factors 

3.3.1.1 Moisture 

Moisture is one of the factors in plalll vcgelat ive propagation program and is the 

most serious problem conli'ollting the propagators Loss of nater from leaves may 

reduce the water content or the cunillgs to such a low level that they do not 

survive, although the prcsence of leaves on cuttings is strong stimulus to 

adventitious rOOt and bud ini t iations. I-Ience, the propaga tion of plants from letsf)1 
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cuttings requires that the cutt ings rcwin thcir turgidit y until new rOOIS ha ve 

developed (Hartmann (', 01 , 1(90) 

Nu mero us writers have stressed the mai nt cnancc of turgor ill the cuttings. It has 

been remarked "evell a sli ght wa ter dcli c it whi ch may be insuflicient to cause any 

visual symptoms of di stress result s in considerable delay o r red ucti on in thc rooting 

response" (Ev<ll1s, 1952: Loach 1977; Hartmann el 01., 1(90)- Darbyshire ( 197 1) 

fo und thai IAA oxidase acti vit y was increased and endogenous auxin th crefore 

redu ced by increasing water stress (from ·0.2 10 -1.4.5 rVI I') . This means that root 

initiatio n Illay be decreased by low wa tcr potcntials or increased water st ress In a 

review o f plan t respo nse to water Stress, II siao ( 1973) also in vestiga tcd that cell 

gro\\1 h and \\ all synt hesis are severely curt ai led by stresscs of -0 5 ivl P o r less 

Various mcthods have been llsed 10 ensure an environmen t that will reduce wilt ing 

(O ' Rourke, 1949; Hartma nn el a/., 1(90). These arc: ( I) taking cu ttings ea rly in the 

mo rning when the plant lIlaterial is in a turg id condition, (2) use o f closed cases 

(enclosed frame covered with glass or plasti c ma terials): (3) use of bell-jars or large 

inverted glass jars: or (4) covering th e rooting container with polycthylcne sheet s so 

as to maintain a suflicicnt increase in relat ive humidity to give good root ing. 

The li se o f hea\'y shadi ng in propagation frames, fo r example, reduces leaf 

temperatures and decreases the va pour pressure within the leaf, although shading 

depresses photosyntheti c process to provide the cllttings wit h carbohydrates for the 

root formatio n processes Thus, pro paga ti on under polyethylene shect just below a 
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wooden bed covered with certain leaves ensures that the atmosphere surrounding 

the cutt ings is almost permanently sa tu nncd. so that water loss is determined mainly 

by leaflcmperature through ils influence on leaf vapollr pressure (Loach, 1 977). 

Water loss from a clIll ing is determined by the vapour pressure dinerenec between 

it s leaves and [he surrounding air as well as by resistance ofiercd by the leaf surfaces 

(slomata, epidermis, and cuticle). Ill1provcl11ctllS in propagation techniques have 

thus been achieved either by dccrc<l sing the leaf air-pressure gradient or increasing 

the lea r resistance by lI si ng a variety of anti-transpiratll coatings (Loach, 1977). 

3.3.1.2 Li ght 

Light is one or the Illost im portant physical factors Ihal influences stock planl 

condit ion and subsequent rooting of cu t lings (Dykeman, 1976; Hansen el a/. , 1978 . 

Delargy and Wright , 1979; Stromquist and Hansen, 1980; Eliasson, 1980. 198 1, 

White and Lovell. 1984a. Hartmann ef al .. 1990). However, photosynthesis by 

cutt ings is nOt an absolute requirement ror root ini tiation processes, because the rate 

of apparent photOsynthesis during Ih is process is too low; but it is probably more 

important after root initiation has occurred for root development and rapid growth 

of a rooted lincr (Davis and Iloner, 1981. Hosoi and Ooishi. 1987. SVCIlSCIl and 

Davis. (989) 

It was report ed by Davis and Sankhla (1 989) that even under normal conditions 

light intcnsity has nOI always promoted rooting. and the required photOsynthcsis or 
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unrooled cllll ing is sat urated al relatively low IlAR levels, hence, high I>A R will nOI 

increase pholOsynthesis but could lead 10 desiccation of cuttings The inhibi lOry 

cOeCI or light 011 adventitious roOI format ion or reduct ion of fOO l number in stem 

cuttings bas been observed in a number of plant species (e.g ., pi ne hypoco\yl 

cuttings, pea stem cuttings. and PillllS rodialCl seedling cU llings) both when the 

irrad iation was applied to the intact stock plant belore the cutlings arc taken or 10 

the base of Ihe cU llings during the rooling peri od (Kawase, 1965, Eliasson, 1978, 

Hansen e{ 01. . 1978: Stromq ui st and Eliasson, 1979; Stromqui st and Hansen , 1980). 

This is because light suppresses the action of cert ain plant growth hormones, 

including indole-3-acctic acid, IAA (E liasson, 1980) Howcver, thc negati ve cOcct 

or light could be counteracted by the applicatio n or a very low concentration or 

indole-3-butyr ic acid ( IBA) This indica tcs that light lowercd thc Icvcl of 

endogcnous auxins o r i t prevcnted thc rool -formi ng aCl ion or Ihcsc auxins ( l'lansen 

elOr , [978, Eliasson, 1980). 

3.3.1.3 Rooting medium 

Thc medium used lor the rooting of stclll or other organ cUllings include soil, sand, 

gravel, peat moss. perlite. compos!' shredded bark, sphagnum moss. vermiculite and 

sawdusl. The use or mixtures of SOIllC or the media. instead of anyone alone, is 

favourable for lhe normal development of roots For cxample. sand andl or sand 

mixed media can provide adequatc amount of moisture and aeration thaI favours 

rooting o fctltlings o f a large numbcr of plam species ( l-Ian1llCltIll ef ( , NtI). t '6 
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Hartmann el aJ. ( 1990) describe four functions of the rooting medium ( I) 10 hold 

the cUllings in place during [he rooting period, (2) [0 provide moistu re for the 

cuttings; (3) 10 permit the penetration 10 and exchange of air a[ Ihe base of the 

cu tt ings, and, (4) 10 create a dark or opaque environment by reducing lighl 

penetration to the clltting ba se. An ideal propagation medium provides su lrlcient 

porosi ty to allow good aerat ion and has a high water holding capacity, yet is well · 

drained and fl'ee 11'om pathogen s. 

3,3.1.4 Temperature 

Temperature is one or the most crucia l f~1clOrs that maintalll maXll11UIll root 

inducing capaci lY of certain growth regulators (e.g .• IAA. IBA, NAA, etc) the 

acti vity of which can decrease radi ca lly when the temperature is below or above the 

optimum level. A day air temperature 01' 21 to 2il C and night temperature of 150 C 

is satisblctozy lor rooting or 111 0st species. although some species roo ted better at 

low temperature (Hartmann el al. . 1990). In cll tling beds, some types of 

thermosta ti cally cOlltrolled hea t, <Ippl ied below the cutlings, is beneficial III 

maintaining the temperature al the base or the cU!1ings higher than Ihal of Ihe shoO! 

(e.g., Reddy and Singh, 198 7, Davis el aI., 199 1). 
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3.3.2 Internal factors 

3.3.2.1 Plant growth substances 

The induction of adventitious root andlor shoot in clIning is a key step in clona l 

propagation of plant s especially for woody plants that arc diflicuh to propagate or 

to root (Jones el a/. , 1979, Stri skandarajah. 1983; Welan<ier, 1983, Sam<lrtin el o j , 

1986; Coilci and Le. 1(87) The discovery that nalllral and symilctic auxins 

stimu lated the production of adventit ious roOts in clInings was a milestone in the 

history or clonal propagat ion The response. however. is not universal : cuttings of 

some difliclllt -to-roOI species slill root poorly aft er treallncnt wi th auxin. I-tenee, 

auxin is not always the limiting chemical component in rooting (Hartmann el 0/ , 

1990) . 

Before [he discovery ofsynthetic root-promoting auxins, many chemica ls were tried 

to induce adventitious roo ts wit h limit ed success (Kenord, 1973 ). In 1933 for 

example. Zimrnennann showed th,1[ certain unsat urated gases, such as ethylene, 

carbon rnonoxide. and acetylcnc, stimula tc initiation ofaciventitiolL s roots as well as 

development or laten!. pre-existing root in itials (Zimmermann, 1933 . citcd in 

Hartmann ef a/., 1990). Later. va rious classes of growth regulators, such as auxins, 

cytokinins, gibbercllins. and ethylene, as well as inhibitors. such as abscissic acid 

and phenol ics, were kno\\ n to innuencc root ini tiation 
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Several researchers reponed on sO llie natural or synthetic growth factors thai arc 

important for f OOl induction (c g, Leopold, 1955. Wareing and Phillips, 1970. 

Haissig, 1974: Friedtmm (', aI , 1979: Lc, 1985: Wiesman e l aI , 1989) Some of 

these are indole compounds such as indole-3 -acctic acid, indole-3-accla ldchydc, 

indole-3-acetonitrile, indoJe-3-bulyri c acid , indole-3-propionic acid and indole-3-

pyru vic acids. Phenoxy compounds such as jJ{//'{/-chlorophenoxyacetic acid, 2,4-

dichlorophenoxyacetic acid. and 2,4,S-trichlorophcnoxyaccl ic acid ; naphlhal10l 

compounds for exal1lple. 'X>naplilhalclleaccl ic acid are also known \0 induce 

rooting . These auxins afC the only appl ied phylohonnollcs that co nsistentl y enhance 

root primordia development at least in naturally responsive (i .e., easy-to-root) 

tissues and cause a directio nal movemcn t of nutricllt s (Da vis and Wareing, 1965), 

apparen tly ha ving an encct o n th e transpo n system of the cuttings. Thc mai n cOcct 

of auxin was thus to fo rm a gcneral "" rOOt sink" at the zone of it s appl icati on by 

fac ilitating the transpo n of assimilatcs and pro moting rooting of cuttings through 

increasing the availabilit y o f sugar at the sitc of root formation (A ltman and 

Wareing, 1975). 

However, thi s lIni versalit y o f auxin eflcct is somctimes hindercd by othcr factors 

that limit root initiation Somc o f these arc nutritional in their e tleci such as 

carbohydrates and nitrogenolls substances, while others may be considered as 

growth co-faclOrs or auxin synergi sts (Van Overbeck c:1 01. 1946: Altman and 

Wareing; 1975) . Moreover, the type and the concentration o f auxin , length o f 

treatment lime Ulkcn fo r the induction, as well as the types o f culti vars could al so 

greatl y influence the result s o f thc subject under in vcstig<lI ion (Welandcr and 

17 



III I: 
I I 

~-----~. 

Hutlt rieser, 1981: Welandcr, 1983, Hartlllann efCl/ . 1990; Zhou (, Ial , 1992) 

3.3.2.2 Rooting co·factors 

The rooting abilit y of clInings depends 011 some filc lors called "rooting co-I~ctors" 

or auxin synergists that arc produced in plan ts, main ly in the leaves and buds 

(Hartmann el a/. , 1990). Tests using ultraviolet spectrulll ana lysis and infrared 

spectroscopy have indicated that thi s roo ting co- factor is a complex structure of 

high moleculnr \vcight , and possibl y is a condensation product between the applied 

auxin and a phenolic substance produ ced by the buds ( Nanda el 01. . 197 1, 

Hartmann 1.'1 01 , 1(90) 

T he action of phenolic compounds in 1'001 promotion could be, at least panly, in 

protecting IAA li"OIn destructi on by the cnzyme, IAA oxidase (Donoho el {fl. , 1962, 

Goner, 1962, 1969; Fadl el (/1. , 1979). On the other hand, the synergists are kinds 

of preparatory action , which make more cells ab le to react to the auxin (Goner, 

1969; Hart man n el a/. . 1990): and tlley acti vate the conversion of tryplOphan 10 

IAA (Gorter, 1969) and slow the conjugation of auxins with other compounds 

(Hess, 1965). Ethylene has cenain synergi stic characters with auxin in that it is 

involved in the polar transport (Morgan and Gausman, 1966: Burg and Burg, 1967. 

Beyer, 1973). and on the ral e of mctaboli sm and complex formation of IAA (Beyer 

and Morgan, 1970: Epstein, 1982 . Riov. (' I al . 1(82). but ethylene differs from 

au xin as it al so has indirect negative eflccts (Nordstrom and Eliasson, 1(84) 

Eth ylene Illakes again strong synergisti c interaction with auxin in regulating cell 
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divisions during the formation or roO! primordia (Linkins ('I al. 1973) 

Funhennore, phloroglucinol (I ,3,S-lrihydroxybcnzene), a phenolic material was 

observed 10 act synergistically with IBA in stimulating adventitious 1'00\ initiation 

(James and T hurball. 1981; Zim mermann and Broome, 1(8 1). II was again 

recogni sed tha t shOal culture developed in the presence of phloroglucinol 

subsequently rooled bener than shool grown in ils absence (Wclandcr and 

HUll lrieser. 1(8 1). 

3.3.2.3 Nutrition of stock plants and cuttings during rooting 

Si nce rooting is a developmental process, it has been dinicult to quantify [he cfleci 

o f nut r ition 011 root primordia initia tion versus root primordia elonga tion (Har1lllann 

ef 01. . 1990) However. it is obviolls th<lt growth <l lld development processes of root 

primordia demand Ilutricnt s. 

T hcrefore, the in itiation o f adventitious roo ts in cuttings is dependent 011 <luxins, 

sugars. and nitrogenolls SUbSt<lIlCCS, as wcll as on other growth factors and auxins 

synergists which are usually supplied by thc Icaves or from outside and may 

accumulate ill the root -forming zonc of the cutt ings (lkegatni. 1969. Nanda el 01, 

1971 ; Hartmann ('I 01 .• t 990) Although the relationship bet\\een carbohydrates and 

adventitious roO! for lllat ion remains controvcrsia l, the carbohydrate poo ls of fi 'ce 

rcducing sugars (soluble carbohydrates) and storage carbohydrat es or starches 

(inso luble carbohydrates) arc ex tremely important for rooting as \\·ell as for building 
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blocks of comple", macromolecu les, structural clement s, and energy sources (Van 

Overbeck I:IO/., 1946; Greenwood and Bcrlyn. 1973. Greenwood, 1987, Norcini 

and Heuser. 1988). Thai is probably why an increase in rooting sliccess has o li en 

been observed when stock pla11ls are main tained under optimum llutrit ion prior to 

the collection ofclIttings (Hartmann el al.. 19(0), and clIBings arc given favourable 

cond itions for photosynthesis. achi eved by enriching the atmospheric carboll dioxide 

concentration (Molnar and CUlllming. 1968). In conlrast, it was observed that 

rooting is sometimes inhibited by envirollmental factors that might be expected \0 

result in high rate of photosYllthesis and high levels of carbohydrates in the cLillings 

prior to rooling For e .... ample, Nancla and Anand (1970), Hansen and Eriksen 

(1974), and Hansen III 01. (1978) showed that in certain plam species (e.g" P,.\'/I111 

S(f!;1'1I1II and pine cuttings), root formation was inhibi ted when the stock plams were 

kepI at high irradiance over the range 7-60 \N m'2, These workers suggested that 

supra optimal carbohydrate CO tHents were responsible for the inhibition or fOOt 

formation . 

\.\Iith many species, ca rbon dioxide enrichment of the stock plam envi ronmelll , on 

the other hand, has increased the !lumber of cuttings that can be harvested fro111 a 

given stock plant. although there is considerable va riation or rooting response 

among species 

3.3.2.4 Age of s tock plants 

In diflicu lt-to-roOi woody plant species (c g, conifers), ease of adventitious root 
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formation declines with age of parent stock , resu lt s in propagation problem, and 

III I I if 
I rooling is a slow process in conirers compared 10 herbaceous plan ts, because 

cult ings of most conifers produce rOOIS indirectly via ca llus (SalOo, 1956) 

However, it has relati vely lillie COCCI all easy-la-rool plants (paton ef (II , 1970, 

M organ ef aI., 1980; Kennedy and Selby. 1985: Greenwood, 1987, Kwon el ai , 

1987: Moon el a/. , 1(89). Experiment s with apple, pear, eucalypts, live oak, 

Douglas fir,.J. procem: P. fa/colI/s, and many ot her plant species have shown that 

the ability of cunings to fo nn adventitious roots dec reases with increasing age of 

parent pram s (PalOn ('/ aI., 1970: 1-1(ll'I l11anl1 el aI., 1990, Kassa Semagn and 

Legesse Negash, 1996: Desta l3erhe and Legesse Negash, 1998) 

In general , age characteristic o r stock plants in relation to rooting may be explained 

by an increase in prod ucti on o r roOt inh ibitors as the plant grows older and hence 

stem cUllings taken from young seed lings or a number of plant species (e.g, 

Eucalyptlls species), root easily, bU I as th e stock planl s become older rooting 

decreases dramal1ca lly (patoll ef a/., 1970) . 

3.4 Histological origin and initiation of root primordia 

3.4.1 Initiati on of root primordia 

Rooting is olien Ihe 1imiting st ep even 111 whole plan t regeneration 11/ l 'l lm that 
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provides an altermllive to rooted cutting for propaga tion of forest trees, particularly 

of coni fers (Granoors and von Arnold, 1(85) Insuflicienl rooting and large 

variations in rooting have been reported in diflerent experimental investigations 

(Smith and Thorpe. 1975). Therefore, a better understanding of the variolls stages 

before and during root formation is ncedcd. 

Although rooting is a very slov,I process in conifers compared 10 herbaceous plant s, 

adventitious roots fortll naturally on various kind of plants (Hartmann el aI. , 1990). 

These adventitious roots are two types: ( I ) preformed roots, and (2) wound foot s 

The pre/armed roOts develop naturally on stems, while the wound roots develop 

only after the cutting is made. in response to the wound ing etlecl in preparing the 

cllttings (Davis t'f 01.. 1982, I-Iarlmann ef 01.. 1990). 

It has long been recognised that the process of adventitious root formation can be 

divided into at least two developmental stages. the first is the inillation of primordia 

fallowing cutting or wounding, and the other is a stage of roOt emergence 

(Mohammed and Eriksen, 1974; Smit h and Thorpe, 1975: James and Thurban, 

1979). 

Therefore. from a survey of the literature, one can summarize the following 

sequence of c\,cnts thm llIay e\'elllually lead to root initiation ( 1) necrosis near the 

cut suriace, (2) cell e .... pansion; (3) cytoplasmic movement. (" ) tracheid 

difTerent iation; (5) wound tissue growth, (6) periderm ciiOerell1iation. and (7) 

tracheid-nest differentiation (Dalgas, 1973, Smith and Thorpe. 1975 . Brutcsh ('f 01 • 
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1977; Cline ami Neely, 1983, Momainl.'l 0/ , 1983 a, b, lIanmann ef 01 , 1(90) 

The lime period preceding the formation of loclls (i .e., stage 1, 2, and 3), can be 

considered as the pre- ini tiat ive phase. The fonnat io n of the meristema tic locus wi th 

subsequent changes in the peripheral cell s (stages 4, 5, and 6) const itutes the 

initiati ve phase, and the develop men I of the Illerislcmoids and thcir uil imalc 

dilTerentiation to form rOOI primord ia (stage 7), compri ses the post·initiative phase. 

However, 110t all o f these steps ha ve been shown to occur in the sa me species and 

hence it is not cert ain tllat all species have the same developmental pattern 

(Gronroos and VOll Arnold, 1(85). 

There is also a direct root in itia tion reported from ol her ti ssues such as cambiulll, 

parenchyma formed by meri stcmatic acti vity o f cambiulll and phloem cells, 

parenchyma in the proximity o f vascular e lcments, parenchyma ex ternal to 

difrerentiating resi n ducts, and ti ssue close \0 diflcrentiating resin ducts (Dalgas, 

1973: Smit h and Tho rpe, 1975: Motltaitll.'f 0/ , 1983a, b: Desla l3erhe and Lcgesse 

Negash, 19(8). 

3.4.2 Origin of root primordia 

The precise locat ion inside thc stem \\ herc advcntitious roots originate has intrigued 

plallt anatomists to r decades (Hartmann 1.'1 01. 19(0) The first study was made by 

Duhamel du ivlonceau (1 958 . cit ed in Il artmann el 
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dendrologist Thcrcnttcr, studi es of adventitious rOOI formalion of a \ ariel), of pia III 

III 
species suggested [hat initiation usually takes place in the vicinity of ditlcrenlialing 

vascular tissues of the organ from which the root arises (Hartmann el 01. , 1990) 

The point of origin of root initia l varies between species, and even within the same 

plant For example, in herbaceous plants adverlli ti ous roots usually originated JUSt 

outside and between the vascular bundles, but the ti ssue involved at [he site of 

origin can vary widely depending upon the kind of planl. For example, in tOlllato, 

pumpkin, and mung bean ad ventitious roots arise in the phloem parenchyma, 111 

coleus they originate from the perjeyele, in crassula Ihey arise in epidermis, III 

carnal ion ClllIlTlgs Ihey Mise in a layer o f parenchymalOli s cells inside a fiber shc,lIh, 

and in castor bean cuttings roots arise frolll the vascular bundles (Blazich and 

Wright. 1979; Hartmann {'I (II , 1990) 

In conifers, especially th ose tha I are clinicuh 10 propagate, roOI primordia arise 

usuall y within basal callus (Saloo, 1956) . In JllllljJems pl"Ocem. for example, some 

of the cells from wi thin c<lllus mass gave ri se 10 root primordia which, even lually, 

developed into roots (Desta Derhe and Legesse Negash. 1998). In other woody 

perennial plants ad ventitious roots in stem or branch cllttings usually o riginate from 

li ving parenchyma cells. but somelimes from vascu lar rays or xylem, cambiulll. 

phlocm. lenticels. or pilh (Ginzburg, 1967. White and Lovell. 1984b. Kassa Semagn 

and Legesse Negash. 1996. Desta Bcrhe ancl Lcgcsse Negash, 1998) 
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3.5 Significance of plant propagation by cutting 

Vegetative propagation o f plan ls li"olll stem or branch cuuings has been used 

ex tensively in Ihe horticu ltural industry on both woody and herbaceous plant species 

(Allan, 1978). The product ion of rooted Slem cLin ings of conifers has become 

import alH for producing plil lll S for experimen tal purposes (Klcinschmil , 1974 , 

Longman, 1993 ). Vegetative propagation C(l1l al so be L1 sed to speed-up \he 

introducti on of genetically superior slock (Allan, 1978). 

Hence, the advClmages ofvegctati ve propaga tion may be summarised as follows ( I) 

many new plams can be stared in a limited space from a few stock plants, (2) it is 

IIICXpenSlve, rapid. and simple, and does nOI requi re the specia l techniques 

neceSS<HY 111 gra fi ing, budding or micropropag,llion, (3) it has no problem or 

incompatibility; (4) a greater unilorillity is obtained by absence or the variat ion 

which sometimes appears as 11 result of til e variable seedling; (5) IIle parent plant is 

usually reproduced exactly with no genetic change; (6) selection and maintenance of 

clones is relatively easy; (7) shortens the time of reproductive maturity, and, (8) 

clonal varia tion is possible ( l-Iartrnanlll.!l (II, 1990) . 

Genetic uniformity within monoclonal plantations can, on the other hand, be a 

disadvan tage because members or a clone have uniforrn suscept ibility to insects. 

disease. or otiler environmental hazards (Dllvick, 1978. Zobel I.!I (II , 1987) 
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4.1 Development of stock plants 

I' 
Stock plant s were raised from rooled cll ltings obtained from the previous study 

conducted in the campus o f Science Facu lty. Addis Ababa University. The plan ts 

were mailllained in polYlhene bags (diameter, 23 em. depth, 12 em) tilled wilh 23 

kg of a mixture or red soil (collecled li'olll Gullalle area) and horse dung in a rat io 

of 3:2. The steck lings were categori sed int o Class I (9-lI1onll1-01d), Class II (11-

month-old), and Class I II (12-mont h-old) and wcre lcllO develop in the glasshollse 

(Fig. I ) . The mean minillllJIll and maximum temperatures of the glasshollse wcre 

21.30 C and 24.4() C, respectively; and the relative humidity (R 1-1 ) was 62 to 85 % 

(measured with an automatic leslO 452 ARI'VIATI-IE Rrvi GUNT I-I EL GtvIBI-I, 

Germany). This RI-I range of the glasshouse was maintained throughout the 

experimental period by spraying the glasshouse with tap wa ter. 

" , 
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Fig. I. The three age class ofslOck plCl11lS in the glasshouse 

4.2 Construction of low-cost polypropagators 

Two polypropagators were constructed fo llowing the modi fi ed model of Leakey el 

al. ( 1990). The pro pagators arc a wooden /i"a rne lha1 was internally divided into six 

compartlllcrllS fo r all owing the indepcndelll lise o f the rooli ng media \\jlh varioll s 

treatments (Fig. 2). The bases and sides o f the compa nmenlS were co\crcd \\I IIt 

thi ck polythcnc sheets so as 10 ma ke them watcniglll The external parts of 

propag,lIors were covered liglllly wi lh transparen t potythcnc sheets 

-
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The polythene sheets at the base of the compartment were covered with a thin layer 

III I d. 
I ~ of sand so as 10 preven t the sheets fro m being punctured by the large stones that 

. -
were placed on them. Successive layers of small stones and gravel then covered the 

stones. The gravel provided suppOrt for the rooting mediulll that constituted the 

uppermost layer. Hollow plastic lUbe (diameter,S cm; length , 52.5 em) provides an 

open system down 10 the base of each compartmellt. The tube was used for 

observing the water level and for adding water when necessary during the roo ting 

period . 

I 
I 

I 
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I h eme 

Fig. 2. A modi fi ed design of a polypropagator 

(After Leakey el ai , 1990) 

'. 
The mean mi nimum and max imum tempera tures or the po lypropagators du ring the 

whole study period were 19.5 ± 1.4 (l C and 23 1 ± 1 6 \1 C, respectively; and the RH 

" 
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ranged from 70 to 85 % BOIh polypropagat ors were kept under partial shading by 

making a wooden bed wi th a height of 1 5 III and a length of 3 6 III The bed \\a5 

then covered with leaves o f PI/OCIIIX rec/lllfIf(l Jac,! 

4.3 Rooting medium 

The rooting med ium wns sllnd The sand was sieved using a 1 II1Ill mesh size sieve 

and \vas washed thoroughly in runn ing tap wmer so as to remove soil particles and 

debris. Each polypropaga tor had six eq ual-sized compartments and the 

compartments of the fI rst propagator were furthe r di vided each into two sub· 

compart ments. The uppermost par1 or each compart ment and slIb-compartment was 

then layered wi th sand This uppermost layer constitu ted the rooting mediull1 on 

which branch cuuings were insert ed (Fig 3) 
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Fig :; Prcparat ion of rooli ng medium in the comportillent s of it 

poJypropaga\or 

4.4 Preparati on of indole-3-butyri c acid 

Stock solut ion of 0 80 % \\'/v of lBA (Sigma Chemical Company SI Louis, 1\'10 , 

USA) \ \ <1 $ prepared by dissolving the required weight of the chemical in a 1 I 

mixlun: of <Ibso lutc methanol and edul1lo! alcohol T ill! \'ar joLl s cO llccllIr<l t ions of 

dilution from Ihe 0 SO °0 :-owe!.. solu tion ,\ \1 solulions \\l!tc prepared a da\ befOle 

Ihe) \\ C1"(' lI ~cd and \\ cre kepI ill a rc frigc l iuol al -I(l C ul1 l1 l tI<;C 

;0 



4.5 Preparation and treatment of cuttings 

'III "1 -. I i l 

Firm branch cuttings, measuring 8 to J 7 elll in length, and 0.2 to 0 6 ern in diameter 

were separately collected from Class I, Class [I and Class II [ slOek plants The 

number of branch cuning obta ined fi'0111 a single siock plant ranged 11"0111 4 to 8 

1 Angular cuts were made at the base of the branches Wi1h sharp scalpels All 

branehlets near or al the base of the cutt ings were removed so that in sertion of the 

cu ttings into the rooting medium was facili t<llcd . The bases of 240 branch clInings 

o f Class I stock plant s (40 branch cullings X 6 treattnCtllS). 300 branch cutt ings of 

Class II slOe!.; plllll[ 5 (50 bmllch cutlings X 6 treatment s). and 180 branch cUllings 

of Class III slOek plant s (30 branch cuttings X 6 treatl11ent s) Cra ble I and 2) were 

treated with 10 pi 01' 0.00, 0.05, 0.10, 0.20, 0.40, and a 80 % or indolebutyric acid 

( IBA), per clitting usi ng a lllicropipclIc. The cont rol treatmeru was to use mixtu re 

of methanol and et hanol alcohol only. 

31 
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4.6 Experimenta l layout 

Table 1. A chan showing !lumber or Class I and Class III branch 

cllttings versus IBA concentrations 

FirSII)()I~propagalor 

IBA ('~{,) Number ofCb ss I NUll lbcr ofClass I II To' 

branch clllling branch ClilIlllg al 

n.nn '" 30 70 

0.05 ' 0 30 70 

(I , W '0 30 70 

n.:w '0 30 70 

OAO 4(' 3{1 70 

() xn '" 30 70 

TOla l 2·U) lXO .nO 

Table 2. A clwrl showing number of Class 11 brllllch clillings 

versus IBA concentrations. 

Second 1'01.1 propagalor 

lilA ('Yo.) Number of Class II br;mch TOlal 

cUlli ng 

(I.no 50 50 

{),05 50 50 

O. [0 50 SlI 

n 20 50 50 

OAO 50 5(1 

o.xo 50 50 

TOlal 300 300 

The IBA concent rat ion has been randomly varied among the companmcllIs but has 

"' ,. 
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not been varied bClwcclllhc suo-companlllcnis ofa compartment The alcoholli'OIll 

the treated cli llings was evaporated by using an air pUlllp device (Capex 21)-C, 

Charles Austen Pumps Ltd . England), Cuttings were then inserted illlo the rooting 

medium comained with in the compartments of the poJypropagalors (Fig 4), and 

each inserted clIlling W<lS labelled with a seri,,1 number for ease of data collection 

(Fig. 5). The total number of branch cutt ings used fo r thi s investigation was 720 

Fig. 4 Fresh clIlli ngs a Ll procem insencd into the rooting medium 

T o mai ntain the optimulll tell1peralUre and RI-I of the propagalOrs constant. Ihe 

rooling media were regularly provided with Hlp water at least Ollce in three days 

The branch clInings \\cre also sprayed with a fine spray of\\a! cr t\\ice each da) by 

using a hand-held sprayer To avoid drastic reduction in RH. the polypropagalOrs 

were closed at all [imes Throughollt [he study period cll llings were not 

supplemented with Illincralnulrient s 

" 
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Fig 5 Labelled branch clIttings oLI pmcera in the rOOling mediulll 

4.7 Data collection and statistical analyses 

The first assessments for callus dcvelo pmctll , callus color, number of survived 

cuttings, number or rooted cunings, rooling intensity and root length were made by 
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removing the clInings fj·OIll the medium fi ve weeks aller trealment Thercalicr, 

assessment s were made every fortn igh t. Alier data collection, all the ClI ll illgS were 

replaced in their respective compartments and sub-compartments Results were then 

subjected 10 analysis of variance followed Duncan's l'vluhiplc Range Test using 

STATISTICA (Stat Soil Tul sa, Oklahoma, USA) 

3:\ 
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5. R E SU LT S 

5.1 Callusing and root initiation 

The fi rst calli appea red in clIn ings obtai ned lI'om Class I, Class II and Class III 

stock plants during the fi rs! S weeks. although the number of callused clIn ings was 

very limited. Well-developed ca lli were observed in Illo st cuuings at about week 17, 

especiall y in j uvenile stock plant cutt ings (Fig. 6). 

T he call i were w hile, red and yellow Crable 3) or these, white calli were the most 

dominant ones followed by red and yellow calli The lotal numbers of white calli 

were 65, 52 and 62 for cuttings obta ined from Class I, Class II and Class III stock 

plan ts, respecti vel y. The corresponding respecti ve rcd calli were 41 , 47 and S3 

Only 6 and 1 yellow calli were recorded in clIn ings collected li'om Class I and Class 

II I stock plant s. respecti vely. However. no yellow callus was observed in cutt ings 

obtained from Class II stock plant s 

Table 3 Color and nUl1Iber of eall i in ClIltings deri ved from Class I, Class II 

and Class II stock plants oLl procem 

C~ II II S color Age or stocJ... I>bllts Total 

Cb ss I Cb ss II Cl:tss II I 

White 65 52 62 179 

Red 41 47 53 141 

Ydloll 60 10 70 -
Tot.:!1 11 2 99 116 32 7 

16 
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Root primodia were fi rst observed in callused ClIIII' IIgS 5 weeks after trcalmCIlI 

Well -developed and measurable roOlS were observed in most cuttings within IS 10 

19 weeks (Fig. 6) . 

Fig. 6. Rooted cU11ings of,/, procem. The photograph was taken 17 weeks alief 

inserting the ClInings inlO the rooling medium. Len !O right rooled 

specimens were obtained li'om mature (0.20 % I[3A), juvenile (020 % 

IBA). mature (0 80 % IBA) andjuvcnilc (0 8 % IBA) 

Branch cuttings collected from the three age class of stock plant s produced root s 

directly (i.c, wi thou t callus formation) from the Clil branch surface nea ' lit base, 

" "'. and indirectly (i.e, via callus formation) in roughly equal proponi 1-4-1-\bI0.-4 ~ • 
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Table 4. Percentage of directly and indirectly (i C via cailus forma tion) 

rooled clIHings collected from class I, Class II <l nd Class III stock 

plants of.l. proCCI'tI . 

Age class of Ori£i11 of Root 

stock plant s Directly footed Indirectly rooted 

clInings (%) clIl1ings (%) 

Class I 15.0 12 9 

Class [[ 14.7 17 ' - , 

Class III 178 21 I 

Rooting response was 1110re dependent on the 1131\ cOllcc1lIra tion Ihan on Ihe a"e o f , 

stock plants from which cunings were derived The overall rooting efiiciency of the 

cll ttings wit hin the lillle li"ame of 21 weeks was genera lly low I-Ienee. the IOlal 

rooted cunings obtained Ii'o lll Class I siock plant s was 67. giving rooting 

percen tage o f 27 9. The corresponding 8 1 (27 %) and 70 (389 %) 10lal rootcd 

clittings were obtained from Clluings collectcd from Class 11 and Class III stock 

plant s, respectively (Table 4) . However, at the concentrat ion of 0.20 % lO A 

maximum rooting percentage (50) was recorded fro111 treated cUll ings of Class 1 

slOck plants (Table S) The maximum percentage of rooted CU ll ings obtained fro111 

Class II and Class III slOck plants al 040 and 0 10 % respccti\c treatments \\ere 44 

and 46.7 %, respect ively. IBA at 0.80 % was supra optimal for the root fo rmation 

in all treated cuttings of the three classes (Table 5) 
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Table }_ Efleets of lilA ... on roolmS of CU 1lltlgs obtained from Class I. Class 

II and Class III slock plants Observations \,cre made 2 1 \\ ccks 

after inserting the clitt ings into the roOling medium 

Class I Class II Class I II 

IBA (%) SI' 1\1' SI' !tP SI' RP 

0.00 90.0 15.0 640 6 0 93 3 ,- -_J J 

0.05 85.0 35.0 70.0 36 66 7 400 

0. 10 65.0 150 880 24 8- -J J 467 

0.20 65 .0 500 46 0 36 700 433 

0.40 47.5 37.5 700 44 667 43 3 

0.80 275 150 160 12 -- - ,- -J>' -" 

$P = Sun 1\ al percenlage 

RP '" Rooling l>crCC llIagc 

5.2 Effects of ISA on the number and length of roots 

The highest number of rools (45) was recorded at the concentration of 0 20 °0 in 

clInings collected from Class I stock plants (Fig 7) Although 0 80 % II3A reduced 

the rooting percentage of all Ihe Clittings collecled from the three classes 

considerably. il was found that a fc\\ of the cunings that formed rools produced 

relat ively large llumber of roolS, Illore than 10 roalS pcr rooted culting, especiall) 

fo r cu ttings derived fi'orn Cla ss II and Class III slock plants (Figs Sand 9) 

Cultinos obtained frolll Class 1 stock plants and treat ed \~ith a 20 0"0 lIlA produced 
o 
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~ igni ficanlly larger number of roots per rooled cutt ing than cu ttings treated wi th 

0 . 1 % ( Fig. 7) W = 0.000285. ANOVA). AI the same lime, the cOlUral cuttings and 

cuttings treated with 0.4 % produced significantly smaller number of fOO l S per 

rooted cutting compared to the 0.20 % (P = 0.00088 1; P = 0.000358, respecti vely) 

The least number of root per rooted cutting (I) collected from Class I siock plants 

was recorded lor IBA level applied at 0.20 % and 0.4 % (Fig. 7) . 
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Fig 7 I·.. IBA concentrations on the number of roOiS per rooled EITects 0 vallOU S 

culling of Class I slOck pla,HS of,/, procerC/ 

weel.: s after treatment. 
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Assessments were made 21 
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'In Class II cUllings treated with 0,05, 0 10, 020, 0 40 and 0 SO % IBA produced 

maximum number or roOts (40, 35, 33, 35 and 33, respectively), compared 10 the 

maximum root number (S) that was obtained from the control (Fig S) Signi ficantly 

large number of roots per rooted cutt ing was observed in cU lI ings treated with 0 10 

and O.SO % as compared to that of the con trol cuttings (P = 005, P = 0 OS, 

respectively). Moreover, in eight cutt ings (i .c., one cUlling tre,lI ed wi th 0 10 %, 

four cuttings treated wi th 0.20 %, two cu tt ings trea ted with 040 % and one cu tting 

treated with 0.80 % !BA), only a single root per cut ting was recorded (Fig 8) 

40 

35 

30 

- 25 E 
" -J: 20 -en 
" .! - 15 
0 
0 a:: 

10 

5 

0 
0.10 0.40 0.00 

0.05 0.20 0.80 

ISA concentration (%) 

Fig. 8 - 1· I· ··0 IS IBA concen trat ions on the number of roo IS per rooted I:. tectso \"(UI l 

r J Assessments were made 21 CUlling ofCICl ss II stock pl cmts a .. prowra 

\\eeks aller treatment 
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Compared wi th Ihe 0.05 % IBA-treated cuttings obta ined from Class III stock 

planlS, application 0(0.40 and 0.80 % !SA induced significantly greater number of 

roots per rooted CU ll ing W:: 0.031868; J> = 0 032166, respecti vely) (Fig 9) There 

were also signi fi cant dillerences between the 0 40 and 0 80 % lilA-treated cutt ings 

and the control (P = 0.002742; P = 0.035776, respecti vely) CUllings treated with 

0.10 and 0.20 % IBA produced fewer roots per rooted cutting as compared 10 the 

0.40 and 0 .80 %. The leasl number or rooted cUl1ings were reco rded in th e 0 80 % 

treatment and the control (Fig 9). Four clin ings (i c three cuu ings trea led wilh 

0.05 % and one clill ing treated with 0.80 % IBA) produced the minimum number 

of root s per rooled cUll ings (2), as compared to the mi nimulll root number 

observed in the control (3) 

Fig 9 

50 

" 
o 

0.00 0.05 0.10 0.20 0.40 0.80 

ISA concentration (%) 

Elfects of various lilA concentrations on Ihe l1umber or rOOls per rooted 

clltl in" of Class 111 slock plants of .!. prr)(cl"lI A~~essmCII I S \ ... ere made 21 
" 

weeks ali ef Ire<ltlllcni 
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RoO! length was 110 t much aHecled by applied lOA, nor \\as it influenced by the age 

of the si ock plants from which cutt ings were deri ved lOA COllcctllratioll belo\\ 

0,05 % for mean root length of cuttings collected from Class II stock plants was 

sub-optimal and concentrations between 0 as and 0 20 % were rnorc or less optimal 

for clittings obtained from Class 1, Class II and Class II I stock plants However. for 

cutt ings obta ined from Class I stock plant s treatment above 04 % was supra 

opt imal (Fig. 10). 

Treatment 0.80 % in clI nings collected li'om Class I Sieck plants induced 

significan tly shorter Illeall root length than 0.10 % and 020 % W = 0 033264. I) 

0.025027. respectively). which was in turn shoner than the conl rol W = 0 111 677). 

at 10 % signiti ca rll level (Fig. 10). Also. 080 % treat ed cuttings from Class II stock 

plants produced significantly longcr mean root Icngth (9 ') cm) than the cont rol (P 

0.042564). and difrered from the mean length of roots of cLlnings collect cd from 

Class I and Class 111 stock plants. Similarly. cLlnings from Class II I stock plants <llld 

treated wi th 020 % IB A produced signifi cantly longer mean root Icngth than it s 

control (I' ~ 009) (Fig. 10) 
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Fig. 10 Effects orvarious concentrations or lilA on mean root length (em) 

Cutt ings were collected rrom Class I (circl es), Class II (sqll:u·cs) and 

Class III (dialll ollds) slock plants MeasurementS were made 21 weeks 

aHcr treatment 



6.1 Callus formation and root initiation 

In some woody plant species, callusing is a precursor fbI' adventitioll s rOOI 

fo rmati on Origin o f adventi tious roots frol11 ca llus has oliell been associat ed with 

conifers of diflicult -to-rool species (S<1100, 1956~ Davies c l aI , J 982) For cX (lmplc, 

in PillllS rodi{lI{/ (Cailleron and Thomson, 1969), scdu1ll (Yarburough, 1936 ci ted 

in Hanmann el 01., 1990), Nedl.'f{f lu:llx (Gi rouard. [967), /Jodoco/"p ll.\ jlacol//\ 

(Kassa Scmagn and Legessc Negash, 1996), and in ""e//\ 1'111111/0 (Hart mann el 01., 

1990) and Douglas lir (Bhella and Robcn s, 1975) advent itious rOOIS origina te 

within the basal calli of the cuuings However. the Ibnnation of call i and root 

primordin in m OSI coniferous trees is lIsually independent of each o ther (While ,md 

Lovell, 1984a, Hartmann el aI" 1990; Dcsta 13erhe and Legesse Ncgash, 1998) 

Both structures involve cell divi sion and on en occur sillluhaneously, because thcy 

are dependent upon similar internal and ex ternal conditions (Hartmann el 01. , 1990) 

1 n contrast to a study made on conirers by SalOo (1 956), most cu tt ings OfJlllllpl.'rII., 

procem produced advent itious rootS withou t callus formatioll . or there \, cre 

cuttings tha i produced calli and root primordia at the same ti me (Table 4) This is 

• 
consistent with the previous sludy that ad venti tious rOOls in Illost clI li ings of.J. 

I' p rocem arose from non-callused cll1t ings (Dcsta l3erhe and Lcgesse Negash, 1998) 

45 
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Moreover, several researchers suggested tha, .", "'05' \ .... 00<1)' plant species callus 

does nOI init iate 0 t" f r 0 Illy 0 cuttings. For example, in G,-I\e!IIIW species callus 

formation IS 1101 a prerequisite I' or roo, . .. Il11ilalio n (Bhclla and Robcn s, 1975) 

Although III both species or Griselillia (G. hnom h, (llId G. IlIclc/a), call us 

producti on lOok IJlace at abo , ,I · . , U Ie same 11IllC as root production, 1110re cLJ l1 ings 

rooted than produced ca llus and hence callus developed only in some clIn ings al the 

cut base whereas the root emerged higher up through split s in the epidermis (Hildia 

and Roberts. 1975; White and Lovell , 1984a) 

6.2 Effects of age of stock plants and ISA 

The rooting ability of many woody plant species is high du ri ng the juvenile growth 

phase and declines ancr transition to the adult growth phase (Wclander and 

Hunt rieser, 1981 ; Welancler, 1983 , Welander and Snygg, 1987, Haung 1:1 al., 1992 , 

Henry el aI., 1992, Kassa Semagn and Legessc Negash, 1996, Desta Berhe and 

Legesse Negash, 1998). For example, the rooting abilit y of eastern redccdar 

(.llIl/ip<'I'II'" I'irp.lniaw L.), P. fa/callis and many other woody pla nt cllltings \\3 S 

dependent on the juvenility of their stock plant s (Porlings and Thcrios. 1976. Hem) 

ef 01., 1992: Kassa Selliagn and Legesse Negash, 1996) It \\ as rcponed by Hen!) 

el 0/. (1992) that increased tree age of J I"/ rg/llu/f(I substant ia lly reduced the 

root ing capacity of it s stem clJllings. 

Although no significantl y diner-ent values o f rool ing pcrceru agc \\ere record ed 
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among the three age classes of J .. ,.' 
. pW(.(;1f/ III the present slUdy, Dcsla I3crhc and 

Lcgesse Ncgash (1998) ro d I J . un t lat t Ie most IIllpOrtam factor controlling rOOli ng in 

thi s species was the age of the stock plallls. 0 ne of the mOSt probable reasons for 

the gap between the previous d h . an t e present result s 15 perhaps Ihe age dinercnce 

among the stock plants llsed. TI t ' . I 1a IS, 111 t 1e previous investigation there \Vas a great 

variati on in age between classes of stock plall1 selected for the study (c g. , juvenile 

or Class I and mature or Class II stock pl an ts with I.S to 2-ycar-old and 2S 10 30-

year-old , respectively) . However, in the present study three age classes or slack 

plants (e.g., young = la-month-old, intermediate =- 12-monlh -old and mature 13-

month-old) with closest age were used 

In a study of rooting of cutt ings of a certain coni ferous and deciduous species 

known 10 root with extreme diniculties, it waS concluded that the age of the source 

plants greatly affected rOOI initia tion (Pawn el al., 1970, Hartmann el (If , 1990, 

Kassa Semagn and Legesse Negash, 1996: OCSI<l Berhc and Legesse Negash, 

1998). The diminished rooting abi lity of Cllllings obtaincd fi'olll mature slOck plant s 

has several explanations. Some of the reasons include 1 Lack or reduction of 

endogenous rooting co-factors, (Girouard, 1967: Hartmann ('I (I/. . 1990). 2 a 

decrease in auxin coment with age (Leoplod and Kriedemann, 1975). 3 an increase 

in lignified ti ssues (While and Lovell. 1984a). -I presence of a large number of resin 

canals rill" of schlcrenchymalOus tissucs, and branch Irace:, \\ hich reduce the 
, ~ 

amount of pa rechymalOllS tissues to sllch a low level (Nanda el al. 1970. Olesen, 

1982, Vlhite and Lovell , I 984b); 5. a decrease in responsiveness of mature ti sSLlcs 

to root promoting 5ubstcl1lce (Zajczkowski, 1973, H<lrt1llann t!1 al., 1990). and (i an 



•• 

i' 

increase in the production affOating inhibi tor as the plam gro\~s older (paton e l al. , 

1970; I-ianmann ('( a/. , 1990) 

In thi s investigation, however, the most importarll faclor for the rool ing response 

was IBA treatment rather than age of the stock plallis Consequently, there were 

marked di fferences among the diflcrcnl I13 A Irca!tn ClH S (Table 5) For cX<l 1l1plc, the 

rooting percentage for cultings derived li'o lll Class I stock pl ants trealed wit h 02% 

IBA was 50 %. On the olher hand. the root ing percc1lIagc for the conlrol clInings 

was only 15 %. Similarly. cultings derived li'om Class II Slack plants resulted in a 

root ing percentage o f -14 % when these were treated wi lh 04 % 113;\ In contrast 

the control CUBings frOllllhe same class rcsu hcd in only 6 % 

The supra oplimal eil'ecls of Ihe 0.80 % Ireat11lCm on rooling were observed morc 

or less equally in all clinings derived from thc three age class of slOck plan[ s (Tablc 

5). The same enect was also observed on tllelln root Icngth of cUll ings co ll cctcd 

from Class I stocK plants and treated wi th OS % 1I3A (Fig 10) The toxicit y or 

deleterious efi'ects of higher lOA concetHration were also reported in cll ll ings 

derived from cert ain plant species which lead to either poorer rooting, a slight 

decl ine in rooli ng percentagc. over-wintcring losses or an incrcase in mOl1alit y 

(Middleton el 01.. 1980: Har1l1ann ef. al .. 1990. Shielllbo /II (II .. 1996b) The delaycd 

adventitious roOI formation in SOt1lC species (e g. apple culti\ars) \\as also due to 

supra oplimal 18A concentrati ons (Wc1ander and Snygg. 1987) 

Altholl uh it is generally recognized that an op timum conccntration of I13A promotes 
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both t he qual ita! ive and ClLlan litat ive devc!op1l1CIlI of ad\ ell! iliolls rOOIS, studies on a 

wide range of woody platll species ha ve provided varying result s from nil cncci to 

highl y significam elreel {e.g., Smith and Thorpe, 1975, Stromquist and Hansen, 

1980; Allan, 1987; Welander and Snygg, 1987; Leakey el 01 .• 1990, Ofo ri ('I al., 

1996; Shicmbo el aI. , 1996a and b: Tchnoudjcll and Leakey. 1996) In vegetali\ c 

propagation of lnJill):io ;:a/wlIC!lIsis. Milicia exec/sa and hybrid Larch , it was found 

that treatment of cUlling with IB A had no cffcct on either the nile or rooting or on 

the level of rooting achieved (Allan, 1987; Ofori el al. . 1996; Shicrnbo <:1 n/. , 

1996b). On the other hand, in PillllS radiafo, for example. the number of root 

primordia was increased by lOA (Smith and Thorpe, 1975) Rooting al so occurrcd 

faster in Pill/IS sh ','esll"ls and PI/illS cOIllOrffl, and the rooling pcrccllIagc as well as 

the Ilumber of roots per rooled CUlling werc increased by lOA (Bowcn elol. , 1975 . 

Stromquist and Hansen. 1980). 

Similarl y. Le<lkey (1 990) <lnd TchnoudjclI <lnd LC<lkcy (1996) showed that 113A 

application 10 NOllc/('o "i£ferri/III and Kho),(1 II'on'IN.' stem cunings grc<llly 

increased the percen1<lges of fOoted cutting lind the number of roots per rooled 

cutting . Also, Delargy and Wright (1979) and Hem)' el 01. (1992) concluded thaI 

the promotion of <ldventitious root formation through applied IB/\ is a \\cll­

established technique in vegetative propagation o f apple rootstocks and eastern 

d d 
. 's II ,,'as f'lrther observed in SequO/o .\(' IIIIN ITlrel/\ that lBA 

re ce ar stem cU lll n~ , 

. ·s·le for root induction and rootin!.! \\as nc\'er obtaincd in the 
treatment IS a prereqUl I ~ 

absence or IBA (Blazkova ef aI., 1997) Thus, rooting in both young and 1l1l1ture 

clones of S s(,lIIpen'irells depends upon the amount of IBA in the medium. that 



I ' 

highcr level of I BA was renllircd b II I ' I Y le mature c one to obtained cqlll\alcll1 

percentage of rooted clluings as in the young one Similar relations ha\e also been 

reported in a wide variety of other species, such as ];-'ploc/uwll jclerox)'/o/l and 

Gllel lllll a/ricalllllll (Leakey el al. . 1982; Shiernbo el al .. 1996a) 

I n addition to hormonal and age eO'ects. a number of other biochcmical and physical 

fac tors in !luence rooting responses of various cuuings These factors may includc 

the physiological status and growth environmcnt of the stod planls (e g. level of 

irradiance during Ihe stock plants growing pcriod). position of cU ll ings (terminal, 

intermediate or basal cll tlings). chemical (nutrients), the physical environlllcnt of 

propagation system (e g types of rooting medium, photoperiod and its qualit) , 

etc.), leaf area. node position, cutting length as well as types of cuttillg~ (Kawasc, 

1965; Hansen and Eriksen, 1974; Eliasson, 1978; Hanscn el al. . 1978. Stro mquist 

and Eliasson, 1979; Eliasson, [980; Leakey el al. . 1982, Leakey el aI, 1990. 

Shicl11bo ef aI., 1996b; TchnoudjClI and Leakey, 1996) Also, thc gcnotype, thc 

presence and Iypes of buds (hllcral and tcrminal buds), ball am heating and 

wounding are among the lactors that grcatly in flucnce rooting of cuttings (Van 

Overbeek e1 aI., 1946; Hcide, 1965, Biran and Halevy. 1973. Eriksen, 1973. HclU)' 

el aI., [992) . 

;0 



7. C ON C L U S I O N 

I . Juniperus pmccrt/ can successrully and cflicicntly be propagated by branch 

cuttings llsing a low-cost propagation system. 

2. T he application ofappropria lc plant growth substances (e.g , I13A ). is ncccss<l ry 

for the slIccessful propagation or the species either in terms OfrOO1lllllllbcr, 

rooting percentages or rOOt length Nevertheless. it should be noted thai Ihe 

optimulllireatmem would vary with age orlhe stock plan ts 

3. For maximum roalin!.! and root number. clI11 ings derived li'orn juvenile slOck 

plants with the corresponding optimuill IBA conccmralion should be used 

4. A better and further understanding of thi s and OIlier faCIOrS appears 10 be 

necessary to minimize the ellort, maximize the success as well as 10 increase 

cost-efrectiveness ofvegetfltive propagation program of the tree 
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8. RECOMMENDATIONS FOR FURTlim INVESTIGATION 

1. Investigations on appropriate stock plalll managcmcllI . the COCCI of the posit ion 

of clIliings on stock plants (terminal , int ermediate or basal), the COCCI of clIlling 

, length and Iypes ofclItting etc., should be further examined 

2. An improvement that might stabilize relati ve humidity in a 10W-COSI propagator 

would be needed. Thus, the polypropllgmors should be opened as less frequentl y 

as possible, and should not be opened during high heal load o f the day When 

opened, the cuttings should be sprayed frequently wilh a finc spray of walcr Ii'olll 

a hand-held sprayer. This is highly desirable to prevent low relati ve hWll idi lY 

developing at mid-day. 

3. Selection of rooti ng media may al so be impOl1<lnl lO gel better rOOling resuhs, 

because the species Ill.,y display contrasting requirements with respect to various 

propagation media 
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