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Introduction

(ne of the biggest probl ens associ atedwthagroforestry technol ogiesisthemltiplication
onalarge scal e of agroforestry trees and shrubs.

The conmon way by whi ch pl ants regenerate natural |y i s propagati on by seed. For research
and rapi d i nprovenent of undonesti cat ed speci es, however, vegetative propagati on net hods
of fer several advantages. For exanpl e, inw ! d popul ations, alargevariationininportant product
characteristics (e.g. fruit quality, bol estrai ghtness, bi onass) nay be expressed. Furt hernore,
i ndi vi dual s nay be recogni zed w t hi n a popul ati onthat produce a hi gher qual ity of the desired
product (s) or services. It woul dtheref ore be advant ageous t o propagat e t hese i ndi vi dual s
vegetativel yto‘ capture’ the genetic variati on expressed, whi ch nay ot herw se get 1 ost or dil uted
during sexual propagat i on.

\eget ati ve propagat i on net hods have been devel oped and used for centuries. Especial ly
i n tenperate regions, vegetative propagation has been an i nportant approach inthe
donesti cationof fruit species and particul ar net hods have been devel oped for different speci es.
Tropical fruit species have been subj ected t o veget ati ve propagati onin a nunier of cases t hat
have found al ucrative export narket, e.g. citrus, nango, avocado, and nacadanma nut. Tropi cal
ti ner speci es have al so been cl oned, nai nl'y for pl antati ons where uni formtrees are needed.

Miny i ndi genous trees wth apotentia highnonetary or nutritional valuearesofar only
used fromnatural stands. By i ntegrating these hi gh val ue trees i nto agrof orestry systens,
snal | hol der farnersinthetropics couldgreatly benefit. \legetative propagationis seenas a
possibility to sel ect superior gernpl asmand bring thisinportant resourceintothe farners’
fidds

As part of its programme on ‘ Donesti cation of Agroforestry Trees’, | GRA- has a proj ect
on ‘ Propagation Systens for Agroforestry Trees’, whichains to developjointly, wth users,
options for appropri at e propagat i on and nanagenent practices for agroforestry trees, to enhance
theefficiency, level andstability of treeproduction. Itsoutputsared obd |y applicabl e or adaptabl e
tree propagati on and nursery nanagenent guidelines. It isinthecontext of this project that the
Gentre organi zed a short trai ni ng course on veget ati ve propagati on of agroforestry treesin
collaborationwththe International Programe for Arid Land G ops, whi ch al so conduct s
resear ch and devel opnent activitiesinthis area

The first versi on of the course has been organi zed for the benefit of participants from
Easternand Southern Arica, but it islikelythat inthefutureit wil al sobe organi zedin ot her
agro- ecol ogi cal regi ons where | CQRA- conduct s agrof orestry research in col | aborationwth
national institutions. Inaddtiontosupportingthisinitia trainingcourse thesetrainingnateria s
areexpectedtofacilitatethe pl anning, organi zationandinpl enentati on of thistype of course.



About the training course

These trai ning nateri al s have been devel oped i n support of a one-week practical training
cour se on veget ati ve propagati on of agroforestry trees. The fol | ow ng paragraphs bri efl'y hi ghli ght
aspects of thistraningactivity suchas: target audi ence, trai ningobj ectives, instructi onal net hods,
programme, resource persons andtraining naterials. Thisw Il hel p future course organi zers
and resource persons to better plan, prepare andinpl enent thistraining activity. Trai ning
naterial s presentedinthis docunent can be adaptedto suit the need of individual courses. A
cour se brochure wi t h t he necessary background i nfornati on onthe activity, acconpani ed by an
invitation-to-attendl etter, can be devel oped for the benefit of potential course candi dates. An

exanpl e i s attached i n annex 1.

Target audience

Thetarget audi ence for thistypeof tra ningcourse consists of fieldtechnicians and nursery
nanager s active intree propagation research or devel opnent. They are expected t o have a
nni numdegree or di pl ona i nany of the plant sci ences (forestry, horticulture, plant biol ogy,
agricultura crops science) rel evant tothis type of work.

Additional selectioncriteriausedtoidentify participants for the course can be
consi derations a ned at obtai ni ng an equal gender representation, Englishlanguage profi ci ency
and comrmit nent fromthe candidate’ s enpl oyinginstitutionbothinterns of participationand
appl i cation of acquired know edge and skillsinfuturework. Asanpl e applicationformhas
been att ached i n annex 2.

Training objectives

The overal | objectiveof thecourseistoinprovethe practical vegetative plant propagation
skills of fieldtechniciansor nursery nanagers andto provi de themw th t he necessary theoreti cal
know edge on t he subj ect that should al | owthemto apply these skillsintheir future work.

Inorder toachievethis, thecourseis structuredinto specific units and each of these has
itsownlearningobjectivesthat contributetothe overal | objective. Soecificlearning o ectives

arelistedunder theunit sunmaries at the begi nning of eachunit.

Programme

The trai ning course covers atotal of 7units, nost of themdividedinto one or several

short theoretical presentations, denonstrations and practical work.



Unit 1 — Introduction

Thisunit brieflyremnds course participants about the rol e of vegetative propagationin
forestry and agriculturewth an enphasis onitsinportanceinagroforestry tree donesticati on
resear ch and devel opnent. The nost conmon veget at i ve propagat i on t echni ques are | i sted and
descri bed, and sone background i nfornati on on their underlyi ng physi ol ogi cal principl es,
i ncl udingtherol e of phytohornones, is given. Theunit a socoverstheinportant considerations

that needto be nade when sel ecting and col | ecting naterial for propagation.

Unit 2 — Tree nurseries

H ant propagati on al nost al ways requires anursery. The unit covers the basi cs of nursery
infrastructureinterns of soil substrates, equi pnent and naterials, irrigation, etc. andfurther
hi ghl i ghts i nportant concepts and princi pl es rel ated t o good nur sery nanagenent. S nce
phyt osani t at i on shoul d be an i nportant concern of any nursery nanager, thelast part of this

unit deal swth pests and di seases i nthe nursery and pl ant propagati on cont ext .

Unit 3 — Cuttings

Ml tiplicationthroughtherooting of cuttingsis probably the nost conmon t echni que by
whi ch trees can be propagat ed veget ati vel y. The unit covers the different phases of therooting
process and expl ai ns i ts physi ol ogi cal background. Environnental conditions pl ay an i nportant
roleinthis process andthe unit incl udes i nfornati on about sinple structures that can be used

toinprove the success rate of this propagati ontechni que.

Unit 4 — Grafting

G afting and buddi ng ar e nore conpl i cat ed veget ati ve propagati on t echni ques. The uni t
deal s wth sone i nportant reasons to consider thistechniqueinitsdifferent applications and

highlightsits underlying physio ogica principlesaswell astheconditionsfor its success.

Unit 5 — Layering
I'nanunber of cases, agroforestry trees can be propagat ed t hrough | ayeri ng t echni ques.

The unit covers thedifferent nethods for this and expl ai ns sone of the underlying princi pl es

and condi tions i nfl uencingits success.

Unit 6 — Micropropagation

M cropropagat i on covers a w de range of net hods and t echni ques t o vegetatively
propagaterel atively snal | parts of plant naterial inextrenely control | ed environnents. Bven
though this is not a cormon veget ati ve propagati on t echni que, course partici pants shoul d be

famliar wththe overal | concepts and princi pl es, as to understand why thi s net hod can be



consi dered i nthe broader context of plant propagati on and tree donesticati on.

Unit 7 — Propagation experiments

S nce the vhol e subj ect of agroforestry tree propagationis partly seeninthe context of
ongoingresearchinthis area, thelast unit of the course covers both general and specific
experinental desi gn concepts and princi pl es as appl i ed to tree propagati on experi nents. As an

exanpl e, the unit al so covers a case st udy of tree propagati on research.

The seven units are covered within a period of one week. Nornal |y, the programme
desi gned for thi s course shoul d fol | owt he chronol ogi cal order of these units but for practical
reasons t hey can be schedul ed di fferently. Asanpl e traini ng course progranme and ti net abl e

arepresented as anannex tothesetraining naterial s.

Instructional methods

Thisisapractica trainingcourse andthus exerci ses and denonst rati ons constitute the
nost i mportant instructional nethods used to teach the course. These practical s and
denonstrati ons need to be wel | preparedin advance. Qiidelinestodothis areincludedineach
unit. Several practical exerciseswl| denand sone followuplater inthecourseandthusit wil

be useful todedicate anentire norning or afternoon each day t o exer ci ses and denonstrat i ons.

Local weat her conditionsw | oftendetermne the best tineto organi ze t hese.

‘\Q )
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Various instructional nethods can be used to teach t he course: | earni ng by doi ng, denonstration, field
visit, classroompresentation.
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Short theoretical presentationsai mat review ng basi c concepts and princi pl es and
provi di ng t he necessary background i nf or nat i on needed t o under st and t he practi cal s and
denonstrations. They shoul d t ake | ess t han 40%of the ti ne and f ocus on what i s needed t o

better understandthe practical applicationof thevarious nul tiplicationtechni ques.

Tinepermtting, fieldvisitstonursery sites or nicropropagati onlaboratory facilities can
beincludedtoillustrate aseries of aspectsrelatedto vegetative propagation research and

devel opnent, taught or practiced during the course.
Suggestions oninstructi onal nethods for each unit areincludedinthe unit sunmari es.

Resource persons

As far asthetechnical content and delivery of the courseis concerned, resource persons
teachingthis course are scientists or staff fromtrai ning and educati oninstitutions actively
i nvol ved i ntree propagati on work. Experienced seni or technici ans and nursery nanagers nay
alsocontribute. Nursery technicians or | abourers w il hel pout wththe practical work andthe

denonstrati ons.

Training staff wll assist incourse curricul umdevel opnent, training naterial s preparation

and general course organi zati on, inpl enentati on, nonitoring and eval uati on.

Sncethecoursetargets practicingparticipants, they are a so consi der ed resour ce per sons
inthe context of one or another topic taught during the course.

Training materials

Thi s trai ni ng nanual has been devel oped for the fol | ow ng reasons:

. To support the various activities and presentati ons of the course.

" To provide reference naterial for participants when they are propagati ng agrof orestry
tress.

. To provi de gui del i nes and resource naterial for participants or resource persons Wwho

wshtoorganizeasimlar trainingcourseinthefuture.

For each of the sevenunits of thetrai ning course, a‘fast track’ sunmary i s present ed.
Thi s consi sts of instructional objective(s), reconmended i nstructional nethods, instructional

naterial s and recormended readi ng and a surmary of the theoretical presentation(s).



Instructional objective(s):

Instructional obectivesindicatewhat course participants are expectedto have gai ned i n
know edge or ski | | s upon conpl etion of each unit. They gui de resource persons i nthe preparation
and i npl enent ati on of the unit and i nformparticipants of what i s expected fromthemduring

o after theunt.

Instructional methods:

The i nstructional net hods suggest howthe unit can best be del i vered usi ng di f f erent
net hods and acti vi ti es.

Mbst often, aunit wll beintroduced through ashort theoretical presentationsupported

by a I ect ure not e or handout devel oped by t he resource person presentingit.

Sncethefocus of thistraining courseisonactiveparticipation, aninportant part of the
tineisreservedfor practica vork and denonstrations. @ ear gui delines ontheinpl enentation

and out cone of these activities nust befornul ated for the benefit of the participants.

Feldvisitswll require the devel opment of sone background i nfornation on the
experinents that will bevisited. Adetailed experinental protocol and si gnboards contai ning a
nni numi nfornati on set (title, treatnents, experinental designetc.) needed to understandthe
experinent wll besufficient. Inorder for thefieldvisit toinva ve greater partici pation, resource
per sons can devel op a /i st of questions on certainaspects of the subject and | et partici pants

di scover the answers duringthevisit.

Goupor ind vidual exerciseswll alsorequirethefornul ationof clear guidelinesasto

t he expect ed out cone of the exerci se.

Instructional materials and recommended reading:

These sections of thetrainingguidelinesrefer tothe various naterial s and publications
that wll be used during the traini ng workshop such as t ext book chapt ers, published articl es,
| ecture notes or handout s.

Lecture notes or handott s are produced i n direct support of anintroductory presentation
toaunit. Lecturenotes arenorefornal andwl !l reflect the presentationinnore detail thana
| ect ure handout, whi ch nay onl y consi st of anoutline of the presentati onor copi es of the overhead

transpar enci es used by a resour ce per son.
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Unit summary:

The last part of thetraining gui delines gives asummary of the theoretical presentation(s)
nade i n support of aunit. Thiscanbealectureoutlineor alist of naor pointsthat wll be
di scussed during the presentation. The purpose of the sunmary i s to highlight theinportant
infornationthat needstobeincludedinapresentation. Offerent resource persons nay devel op
theunitsindfferent ways, but there should be alevel of consistencyincontent fromcourseto

cour se.

Evaluation and follow-up

The i npact of any short trai ni ng course such as thi s one, requires constant nonitoring of
the event, course eval uationby the participants, testsandafol lowupactivity ai ned at assi sting
course participantsinthe application of know edge, skills and attitudes acquired duringthe

course. Exanpl es of eval uation forns and personal action pl ans are attached i n annex 4.

Course evaluation

Bvaluationforns are distributed at the begi nning of the course sothat partici pants can
fill themout at the appropriatetine. The conpl eted forns are anal yzed by cour se or gani zer s
vho nay al so prepare a summary of the information for inclusionina coursereport.
The pur pose of the dai |y eval uation of theoretical sessions, fieldvisits, denonstrati ons and

exercisesistoestabl i shwhether:

. Parti ci pant s have acqui red new know edge

. The sessionisinportant for atrainee’s daily work
. The durati on of asessionis appropriate or not

. The tining of asessionis appropriate or not

" The sessionis wel | - present ed

. The sessionis wel | supported by teaching naterial s

. Parti ci pant s have any ot her corment s regar di ng a sessi on

The out cone of this daily eval uationis discussed wth individual resource person(s) and

ainsa inprovingtheir trainingskills.

H nal eval uationfocuses onthetrai ningevent as awol e, bothinterns of contents and | ogi sti cs,
and deal swth:

" Pre- cour se arrangenent s
. Duration and ti mng of the event

. Qual ity and useful ness of theunits



. Appropri at eness and ef f ect i veness of cour se obj ecti ves
. Trainingnaterial s

. Logi sti c aspects

. I nteractions between parti ci pants and r esour ce per sons

] Qreral | eval uati on: best and worst features of the course

Feedback to parti ci pants and resour ce per sons can be capturedinacourse report and takeninto
account for the organi zation of the next trai ning event.

Knowledge and skill testing

(ourse organi zers and resource persons Wil beinterestedtoseeif the course content has
been wel | under st ood by t he course partici pants and thi s can be best assessed t hr ough sone
formof atest at the begi nning and at the end of a sessi on or the course as awhol e. Thi s can be
done i nfornal |y t hrough a questi on and answer session or nore fornal Iy through awitten
test. The out cone of suchtests caneventual ly belinkedtothe grantingof acoursecertificate
that serves as proof of attendance and qual i ficationof acourse attendeeinone or several areas

cover ed by t he cour se.

Follow-up

Inorder toassess the inpact of the course, course organi zers needto conduct fol | ow up
activities. This can be done t hrough t he devel opnent of a ‘ personal action plan’ in which
participants indi cate howthey intendto use the know edge and ski | | s acqui red as the resul t of
attendingthe courseintheir day-to-day work. Thisw | al |l owcourse organi zers to fol | ow up
after acertainperiodof tineinorder toverifyif these acti on pl ans have been i npl enent ed and
wthwhat results. Wiere possibl e, this action planning can be supported t hrough t he provi si on
of snall grantsastolint theeffect of ‘1ack of resources’ as the cause of non-i npl enent ati on of
the acti onpl an.

Qour se organi zers can al so faol | ow up t hrough a si npl e i npact assessnent questi onnai re
that participants conpl ete si x totwel ve nont hs upon conpl eti on of the trai ning. Were possi bl e,
thi s can be conpl enent ed t hrough vi sits to the pl ace of work of the course partici pants in order
tovisual ly ascertainthat participants do appl y know edge and skills, or changetheir attitudes,
asthedirect result of attendingatraningactivity.

XV
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O Introduction to vegetative
1 treepropagation

Trai ni ng gui del i nes

Instructional objectives

At the end of the introductory unit on vegetative propagation, participants will

be able to:

= List and explain the reasons for vegetative propagation in agroforestry and
give some examples of trees that can be successfully propagated this way.

= List and describe the most common vegetative propagation techniques.

= Explain some of the physiological principles behind vegetative propagation
techniques, including the role of phytohormones.

= Describe the principles involved in selecting and collecting plant material for

vegetative propagation.

| nstructi onal net hods

The unit consists of two 60-minute theoretical presentations, followed by
discussion; one on the basic concepts and principles of vegetative propagation and
one on the selection and collection of plant material for multiplication. These
presentations can be supported by the usual audio-visual tools such as slides and
overhead transparencies. Where possible, some visits can be organized to reinforce

certain concepts or principles.

Instructional nateria s

Lecture notes and handouts support both theoretical presentations.

Unit summary

The first part of this unit gives an overview of the most common vegetative

propagation techniques used to multiply agroforestry trees. The presentation lists

introduction to vegetative tree propagation
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introduction to vegetative propagation

N

and explains the main reasons for considering vegetative, over sexual (through seed),
propagation. Phases of development of vegetatively propagated materials are described
and the role of plant hormones and growth regulators in this process is discussed.
Finally, vegetative propagation is presented in the overall context of agroforestry tree
domestication.

The second part of this unit deals with the principles involved in vegetative
sampling during germplasm collection. The relative advantages and disadvantages of
the approach are discussed, while general points of importance during collection,
including the participation of local communities and the requirement for good
documentation, are highlighted. The targeted vegetative collection of tree germplasm
from nature may result in superior trees being made available more quickly to farmers,
with earlier expression of desired products and uniformity of growth form. However,
such collection may also lead to narrowing of the genetic base of cultivated material
and can be both costly and time consuming. The relative merits of vegetative sampling
of clones in the field will depend on the biology of the taxon and the situation in

question - these must be evaluated on a case-by-case basis for any collection.

Reconmended r eadi ng

The following publications may further enhance your understanding of this unit:

= Dawson | and Were J. 1997. Collecting germplasm from trees - some guidelines.
Agroforestry Today, 9(2): 6-9.

= Hartmann HT, Kester DE, Davies FT and Geneve RL. 1997. Plant

propagation: Principles and practices. 6" ed. New Jersey: Prentice Hall.



Concepts and principles

Ze' ev Wesnan—PALAC and Hannah Jaeni cke— CRAF

Introduction

The concept of vegetative propagationis that an exact copy of the genone of a not her
pl ant i s nade and continued i n newi ndi vi dual s. Thi s i s possi bl e because pl ants, —unli ke ani nal s
or hunans, —have neristenatic, undifferentiatedcellsthat candifferentiatetothe various organs
necessary to formawhol e newpl ant. Apiece of plant shoot, root, or |eaf, cantherefore, growto
forma newpl ant that contains the exact genetic infornationof its source plant.

Wer eas sexual reproducti on by seeds provi des opportunity for variation and evol uti onary
advancenent, vegetative propagationains at theidentical reproductionof plantswth desirabl e
feat ures such as hi gh productivity, superior quality, or hightol erancetobiotic and/ or abiotic
stresses, and as such, plays averyinportant roleincontinuingapreferredtrait fromone
generationtothe next. This nethod has been used for fruit tree speciesinthe Mditerranean
sincebiblical tines, andcontinuestobeof valueintoday stree donesticationefforts.

The nost i nportant veget ati ve propagati on techni ques for tree speci es are the propagati on
by stemor root cuttings, grafting and buddi ng, and vari ous net hods and t echni ques of | ayering

and m cr opr opagat i on.

plant propagation

sexual asexual/vegetative
seeds cuttings grafting layers/suckers micropropagation
Cuttings

Quttings are severed pl ant pieces wth at | east one node. Various pl ant organs can be
usedfor cuttings: stem root or | eaf cuttings. Qrtings areusua |y placedintoasuitabl erooting
substrat e and kept under hi gh humidity until roots and shoots have forned. H ant propagation
by cuttings canyieldahighnul tiplicationrate and produces plantswththeir ownroot system

Grafting

Gafting al | ows the conbi nati on of two or nore plants. It isthetechni que of choi ce when
a si ngl e genot ype does not possess al | the required characteristics, such as nenat ode resi st ance

of arooting systemand/ or hi ghyieldfromthe above ground parts (wood, |eaves, fruits).
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Layering

This is atechni que of propagationsimlar tocuttings, wth the advantage that the
propagul es are det ached fromt he not her plant only after roots have forned. It istherefore a
net hod t hat can provi derooti ng success wthdifficult-to-root species. Itsmitiplicationrateis
lover thanwthcuttings, but it canyieldlarger individua plants.

Micropropagation

Uhder this heading, all forns of tissue cul ture and nm cropropagation are conbi ned.
The characteri stic of these techniquesisthat plants are devel oped fromsingl e cells or tissue,
vhi ch are growninaseptic culture nedia. Mcropropagational lows avery highmltiplication
rate; fromasingl e pl ant thousands of new* daughter’ pl ants can be produced. This techni que
initially requires highinvestnent, interns of equi pnent and training. Therefore
m cropropagationis usual | y only used for hi gh val ue tree crops, whi ch are deened t o be of

commer ci a i nport ance.

Other techniques

Trees and shrubs can al so be mul ti plied using of f sets or aponxi s.

Gfsetsarelateral shoots that devel op fromthe base of the stemof sone pl ants. Gfsets
are of inportance for agrof orestry i n propagati ng nonocot yl edons, such as pal ns. They are
severed fromthe nother plant with roots attached and can be potted i medi ately or, if
insufficient roots arepresent, they canbetreated|ikeastemcutti ngand pl acedinto a propagat or.
Qutting back the nai n stem thus breaki ng t he api cal doninance of the not her plant, whichis
usual |y very strong, nay trigger of fset producti on.

Apomixi s is aprocess coomon to certai n plants inwhichthe nornal sexual process of
zygot e fornati on does not occur. Thus, the enbryo devel ops froma hapl oi d or dipl oi d cel |
w thinthe reproductive structures (nucel | us, enbryo sac or an egg that was produced w t hout
under goi ng reduct i ve di vi si on). The nost comnmon formof aponixi s i s the adventitious entoryony
i n whi ch enbryos origi nate fromcel | s of the nucel | us or t he enbryo sac. These enbryos are
di pl oi d and exact copi es of the nother pl ant. Seeds t hus devel oped of t en have nor e t han one
enbryo (* pol yenbryony’ ), one havi ng sexual | y devel oped, the others of aponictic origin.
This formof apomixi s occursinsonefruit species such as citrus and nango. It is suggested that

it may occur quiteofteninundonesticatedtropical tree species but this has yet to be proven.

The i nport ance of the apom ctic phenonenon |ies in the production of cl oned seeds.

M ant s germ nat ed f romapom cti ¢ seeds under go t he sane devel opnent stages as sexual |y



produced seedl i ngs. It depends t herefore on the speci es, whether thisisahorticulturally
accept abl e f ormof propagati on. |f juvenile and vi gorous pl ants are needed, for exanpl e for
tinter production, this formof clonal productionis desired. Apomctic seedl ing productionis
alsointerestinginterns of costs invol vedinthe production of clonal plants, as seed ing

productionin nost cases, i s cheaper than the production of vegetative propagul es.

Reasons for vegetative propagation

The nost i nportant reasons for vegetati ve propagati on are:

. nai ntai ni ng superi or genot ypes
. probl enat i c seed ger minati on and st or age
. shorteningtinetoflower andfruit

. contoi ni ng desi rabl e characteristics of nore than one genotypeinto a singl e pl ant
. control i ng phases of devel opnent

. uni formty of plantations

Maintaining superior genotypes

Mbst tropical tree speci es are out breeders, whi ch neans that through t he reconfi nati on
of genes during sexual reproduction, many i nportant characteristics night di sappear. If a
superior individual treehas beenidentifiedby farners or researchers, its geneticinfornation
can be ‘' fixed through vegetative propagation, thus all ow ng the reproduction of the sane

superior individual inthe next generation.

Problematic seed germination and storage

Sone tree speci es produce seedl ess fruits (e.g. sone citrus cultivars) and need to be
propagat ed veget ativel y, others bear fruit very scarcely or erratical ly. Miny tropica tree species
have recal citrant seeds that require specia and of t en cunier sone seed handl i ng procedures. I'n
t hese cases, vegetative propagati on night be a suitabl e and cheaper alternative to seedling

product i on.

Shortening time to flower and fruit

Aninportant reason for vegetative propagati onis the shorteni ng of the reproductive
cycleof atree. Thisisparticularlyinportant vhenthe fl owers, fruits or seeds arethe desired
products. Mst vegetative propagationis donewth scions or cuttings fromnature trees, which
nai ntainthe characteristics of naturity after graftingor rootingaswll be expl ai nedin nore
detail bel ow
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Combining more than one genotype in one plant

Gaftingis auniqueway of conini ng desi red characteristics fromtwo or nore pl ants
intoasingleone. Ssionswthparticular fruit characteristics canbe grafted ontorootstocks wth
other desired characteristics, such as nenat ode resi stance. Another possibilityisthegrafting of
nore than one cul ti var onto the sane stem for exanpl e, to extend the period of bearing by
graftingearlyandlatevarietiesonasingletree. Theintroductionof apollinator branchinto a
fenaletreeisapossibility for di oeci ous speci es.

Controlling phases of development

Apl ant undergoes several age phases that can be di sti ngui shed by t hei r growt h vi gour
and fl owering. Juvenile plants are vigorous, have a strong api cal doninance and r egener at e
easi |y by vegetative propagation. Miture plants are not vi gorous, branch heavily, and they
floner. They do not regenerate easily by vegetative propagati on. | nternedi ate grades of naturity
can al so be defined. \egetative propagati on per pet uat es t he phase of naturity of the not her
plant. This‘fixation' of the devel opnental phase of atree can have econonmic benefits suchasin
thecase of fruit treesthat wll flower soon after grafting, where the sci on was taken froma
naturetree, or of tinber treesthat wll retaintheir juvenile vigour when rooted as a cutting
fromjuvenileplant naterial. It is, honever, a soinportant tonotethat certainforns of vegetative
propagation, notably root cuttings, always leadtojuvenileplants, afeaturewhichnight be

undesi rabl e i n certai n cases.

Uniformity of plantations

For many commer ci al |y grown speci es, uniformty of growth formor fruiting seasonis

i nportant econonical ly. Lhiformty can al so beinportant inagroforestry experinentation.

Plant hormones and growth regulators

H ant hornones pl ay aninportant rol einthe devel opnent of callus andthe differentiation
intonewroots or vascul ar tissues. They are chemical substances, whi ch occur natural lyinpl ants
inverylowconcentrations. Inadditiontothe natural |y occurring (endogenous) hornones, there
are several synthetic or natural substances that have simlar effects. These, together wththe
pl ant hor nones, are comrmonl y conbi ned under the termpl ant growth regul ators (P& . There
are five nai n groups of plant hornones and grow h regul ators that can be di sti ngui shed by
their domnant effect. These are auxi ns, gibberellins, cytokinins, abscisic aci d and a gaseous

gronth regul ator, ethyl ene.



Auxins

The auxi ns are a group of natural and synthetic chenical s that are derived fromL-
trypt ophan. The endogenous auxi nisindoleaceticacid (1AY. It isproducedintheleaf prinordia,
young | eaves and devel opi ng seeds, and noves basi petal (fromtiptobase). It influences nany
plant activities, suchas bendingtowards |ight, apical domnance (inhibitionof latera buds by a
strongtermnal growh), fornation of abscissionlayersinfruits andleaves, and activation of
cantoi al cell gronth. Thislatter activityisthe nost i nportant for vegetative propagationasit
has adirect effect onroot formati onin cuttings and wound healingingraft unionfornation.
There are a nuniber of known synt heti ¢ auxi ns that have stronger effects than | AAand are used
commercial lyinplant propagation, for exanpl eindol e butyric acid (IBY, naphtyl acetic acid
(NAY), and a wel | - known her bi ci de, 2,4-D

Gibberellins

Gbberellins occur natural lyinplants. They regul at e shoot el ongati onthroughcell grovth
(asopposedtoce | dvision). Thereisevidencethat theyinterferewthroot initiation Experinents
have shown that use of so-called *antigibberellins’, substances that inhibit the synthesis of
gibberellinsinplants, can enhance the rooting success i n conbi nati on w t h exogenous auxi n
application. Avell-knowantigibberellinis paclobutrazo (‘Qitar’).

Cytokinins

Gt okinins occur natural ly inplant endosperm They regulatecell divisionandinitiation
of buds and shoots. Natural cytokinins incl ude kinetinand zeatin, and there are al arge nunier
of known synt heti ¢ cyt oki ni ns. The bal ance of cytoki nins and auxi ns i s nost i nportant for pl ant
propagati on: hi gh auxi /I owcytokininratiofavours adventitious root fornation, wereas | ow
auxi /highcytokininratiofavours the fornation of adventitious buds. Qittings of specieswth
ahighnatural cytokininlevel arenoredifficult toroot thanthosewthalownatura |evel.

Abscisic acid

Ascisicacid (AN isagronhinhibitor responsiblefor thefornationof abscissionlayers
inbuds and | eaves. It al soregul ates stonatal cl osure and control s wat er and i on upt ake by
roots. It isanatural antagonist of cytokininsandnay play apart inplant propagati on, hownever
itsrdeisna yet clear.

Ethylene

Bhyleneisagasthat i s produced by ripeningfruits and senescing pl ants. Unhder research
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conditions, contradictingeffects of ethyl ene onthe fornation of adventitious roots have been

observed. It seens that endogenous ethyl eneis not directlyinvolvedinrootingof cuttings.

Tissue maturity

Athough plants, |ike aninals, exhibit enryonic, juvenile, adol escent and adult phases,
thereis adistinct differenceintheway inwhichaninas andplants growand age. The nai n
differenceisthat aninal cellsarenoreor less determnate; all cellswthina body nature and
agenore or lesstogether. AHants, onthe other hand, devel op consecutive layers of cellsinthe
neri stemof apical or lateral shoots. Thus, juvenileto nature devel opnent occurs inthe neristem
as the shoots grow Paradoxical |y, the base of atree, chronol ogicallythe o dest part, istheleast
nmatureinterns of ‘ontogenetic’ age. The crown however, chronol ogi cal |y youngest, is
ontogenetical |y nost nature. Lateral buds are often dornant due to strong api cal dom nance of
themaingrowngtip, but retainthe ontogenetic level of naturity that they had fromthe tine
they originated. Qcethey start togrow they devel op fol | ow ng the nornal steps of ontogenetic
devel opnent. Therefore, buds or epi cornic shoots taken fromt he base of atreeleadtojuvenile

pl ant s wher eas buds or cuttings, taken fromcrown shoots, | ead quickly to flowering plants.

Wien propagat i ng fromcuttings, juvenile plant naterial is needed as the fornation of
adventitious roots decreases wth naturity. Gppi ce shoots devel oping onastunp of afelled
tree showj uvenil e characteri stics, such as vigour and easy rooting, and can be used for stem
cuttings. Astheresultingp antsexhibit the sanej uvenil e characteristics, thisformof propagation
ispreferredfor exanpl e in tinber species, where vigour and | ow branchi ng ar e desired
cheracteristics.

h the other hand, crown naterial is desiredwhen propagatingfruit trees, astheaimis
toreducethetinetomaturity of the newplants. Asrootingfromcuttingsisdifficult from
nmature pl ant material, other techni ques, such as layering or grafting are preferred for the
veget ati ve propagati on of fruit trees. Gnsecutive vegetati ve propagation of such derived trees
leads to ' fixing of the ontogenetic age, nost promnent!y the fixing of the nature grow h phase
wher eby j uveni | e characteri sti cs di sappear conpl etel y fromthe pl ant.

Tree domestication and vegetative propagation

\eget ative propagation, for atree donestication researcher, can be avaluabletool in
assessingthe potential of certaintreeind vidual s fromsel ected popul ations (Tchoundj eu et al .
1997). For exanpl e, it canbe usedtodefi newhether the superior fruit quality of atreeis genetic
or aresponsetoits environment or managenent. By pl anting nenbers of the sane cl one on

dfferent sites, thesetrats, aswell astheclinaticand environnental resilienceof theclone can



betested. Intraditional plant breedi ngthe average perfornance of a provenance, or famly, is
usual |y recorded and used for eval uations. I1ncontrast, wen | ooking for particul arly suited
cl ones, these individual s nay be found w thi n otherw seinferior popul ati ons. Qice a superi or
i ndi vi dual has beenidentified, cultivars can be produced by conti nuous veget ati ve propagat i on.
Wiet her i nproved material w |l be devel oped usi ng veget ati ve propagati on net hods or
traditional breedi ng t echni ques depends | argel y on t he speci es concer ned and t he product it
provi des (Veber et al . 1997). Tree species that produce a hi ghly val uabl e product, likefruit, and
vhi ch nay be out breeders, usual |y justify the higher i nvestnent of a vegetative propagation

pr ogr amne.

Maintaining genetic diversity

It i s coomonl y assuned that a veget ati ve propagati on programe i h conj unction wth
range-w de ger npl asmcol | ections w | preservethe genetic diversity existinginwld popul ations.
Thisistruefor popul ati ons ot herw sethreatened wth extinction, or inwhichearlier selection
has resul ted i n t he dom nance of afewfamlies or provenances at the cost of others. However,
veget ative propagationcanal soresult inthreateningthe genetic diversity of apopulationif the
sel ection fromthe broad natural diversity has been very narrow |f, for exanpl e, only one or
fewcl ones pass very strict selectioncriteria, andal otherswerereg ected, theresul ting pl anting
of nono- or ol i gocl onal popul ations woul d be hi ghly detrinental to the environnental and
soci etal resilience of aspecies. Snlarly although we knowof several speci es that have been
successful Iy introduced inthe past fromonly afewseeds, this practice night be potentially
dangerous as such apopul ationis nore pronetobiotic or abiotic disasters such as i nsect attack

or prol onged drought .

As for seed cal | ections, where seed shoul d be col | ected fromat | east 30trees of apopul ation
(Davson and Vére 1997), care needs to be taken to nai ntai nthe broad geneti c di versity present
inany vegetative propagation programe. |f selectingfor acertaintrait, several cl ones nay be
chosen that showa simlar perfornance for that trait. For exanple, if maturity early inthe
season was the target for donestication of aspecies, thistrait woul d be present i n several
individual s, althoughlinkedtoavariety of other, noreor | essinportant traits, such as size of
thetree or | eaf col our. Apopul ation coul dtherefore be nai ntai ned whi ch had a coomontrait of
early production, but woul d differ insizeof treeand col our of | eaves. Such clonal nixtures are
common i n forestry, wherein sone countries the lawregul at es the nuner of cl ones that nust
be contai nedinany one nixture (e.g. in Ganada >50) (Zsuffaet al . 1993). For conmercial fruit
tree speci es, peopl e have di verse enough tastes sothat sufficient genetic diversity seens to be
guaranteed. However, it isinportant tonotethat inthe centres of originof nost of our exctic
fruits, natural popul ations still exist that hel pto preservethe gene pool andthat can provide

‘new genes for newcul tivars to be produced.
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Diseases

Anot her probl emin vegetative propagationthat is not to be underestinatedis the
spreadi ng of di seases, especially viral diseases. Qceap ant getsinfectedwthavirus or virus-
l'i ke organi sm of ten t hrough sap- sucki ng i nsects such as aphi ds, it can becone syst enic and
spread wthinthe plant, cross graft-uni ons and becong a source for further i nfection through
sci on and budwood. The ‘ greeni ng di sease’ isawell-knownexanpleincitrus. It hasresultedin
nany a failure of anbitious productionplans. Thevirusis naturally transmtted throughthe
citruspsyllid(Triozaerytreae) but islargely spread by t he buddi ng operati on froma di seased
onto a non-di seased pl ant. | n Kenya, for exanpl e, strict regul ations exi st governi ngthe regi ons
inwhichcitrus nurseries nay exi st. These nurseri es have aspecial certification, skilledstaff and
close nonitoringto prevent any di seased nateria frombeingrel eased (Wi et a. 1997). Severa
sophi sti cat ed net hods have been devel oped t o el i mi nat e pat hogens frompl ants, such as
t her not her apy, heat treat nents and micrografting, or conbi nati ons thereof. These net hods are
usual |y only avail abl einspecialized| aboratories.

H story has shown that devastati ng di sast ers can occur through pl ant di seases spreadin
veget ati vel y propagat ed pl ants. An exanpl e i s the Phyt opht ora i nf est ans epi denic i n 1845/ 46
that destroyedthe potato harvest inlreland, andresultedinafanmnethat | edto awave of
enmigrationtothe UBA

\eget ative propagation, inturn, can al so be used to i nprove a speci es’ resi stanceto
pat hogens, either by propagating resistant individuals, or by grafting val uabl e, t hough
suscepti bl e, scions ontoresi stant root st ocks.
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Clone selection and collection

| an Dawson— CRAF

Introduction

The present ati on descri bes sone of the principl es invol vedin vegetative sanpl i ng duri ng
ger npl asmcaol | ection. The rel ati ve advant ages and di sadvant ages of t he approach conpared to
ot her net hods of seed cal | ection are discussed. General points of i nportance during col | ection,
i ncl udi ng the participati on of 1 ocal conmunities and the requirenent for good docunentati on,
arehighlighted.

The target ed veget ati ve col | ection of tree gernpl asmcreates the potentia that superior
trees are nade avai l abl e nore quickly tofarners, wthearlier expressi on of desired products
and uni formty of growth form However, such col | ection nay al so | ead to a narrow ng of the
geneti ¢ base of cultivated material and can be both costly and ti ne consunming. The rel ati ve
nerits of vegetative sanplingof clonesinthefieldw!Il depend onthe biol ogy of the taxon and
thesituationinquestion- these nust be eval uat ed on a case- by-case basi s for any col | ecti on.

Collection principles

Gernpl asmnay be col | ected for a nunber of reasons. These i ncl ude:

. For inmedi ate di stributiontofarners or other users.
" For conservat i on pur poses.
. For the sel ection of superior gernpl asmintree donesti cati on progr anmes.

Nornal |y, gernpl asmi s col l ectedinthe formof seed, al though vegetative sanplingis another
option. Anunier of advantages are associ at ed w th veget at i ve sanpl i ng of ger npl asmconpar ed
toseed col | ecti on. Theseincl udethe fol | ow ng:

. @l | ectionof anexact genetic copy of the sanpl edtreeis taken during vegetative col | ection.
Hence, if selectionfor superior treesis possi bl eduringcoll ection, the favourabl e genes
and adapt i ve gene conpl exes of those i ndivi dual s are nai ntai ned. Target ed vegetati ve
colectioncanthenleadtoincreased efficiency inthe sel ectionof superior quality naterial
when conpar ed t o seed col | ection. Thi s i s because nost trees are out breedi ng speci es,
whi ch neans t hat onl y 50%of t he nucl ear genone of seed is contributed by t he not her
tree. @llectionof seed couldresult intheloss of favourabl e genes and adapt i ve gene

conpl exes fromt he not her trees.
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. Accel erat ed expressi on of inportant characteristics nay be exhi bited by vegetati vel y
sanpl ed nat eri al, dependi ng on t he net hod of col | ection and the age of the tree. For
exanpl e, narcotted naterial of fruit trees nornal |y produces earlier thanif sanpl ed as
seed. Thi s has advant ages both for the eval uati on of gernpl asmin tree i nprovenent
progranmes andinthedirect distributionof naterial tousers. Inthelatter case, farners

probabl y recei ve benefits nore qui ckly fromcol | ected naterial .

. Ml lectionis possi bl ewhenno seedis avail abl e. For sone speci es, the appropriate tine
for seedcollectionisdifficult topredict and varies greatly between years. Sone speci es
donot fruit insoneyears, or, if outbreeders, are unabl eto produce fruit at all, dueto
geneticisoation, asaresult of popul ationfragnentation. Intheseinstances, theabilityto
col | ect vegetative naterial providesthe only nethod of obtaining gernpl asm

There are al so a nunter of potentia limtations (nonei ghbouringtreestocarry out pol lination)

associ at ed w t h veget ati ve sanpl i ng of gernpl asm These nay i ncl ude t he fol | ow ng:

. Phenot ypi ¢ sel ection during col | ecti on could beineffective. Nornal |y, characters canonly
beselectedfor inthefield, if theyareof highheritability, because of theinfluence of a
non- uni f or menvi ronnent on char act er expressi on. Wi | e sone characters of interest nay
be of highheritability (possibly, fruit size and sweetness), other traits nay not be (e.g.
treeform. Littlework has been carried out indetermningthe efficacy of phenotypic
sdectioninthefidd

" \egetativecollectionat tines suffers frompractical difficulties. Thetechni ques i nvol ved
incollectionnay be difficult (possibly requiring considerable prior research for
optimsation) andtine consuning. Vegetative material is perishable—it nust therefore
be handl ed careful l y inthe fi el d (Leon and Wt hers 1986) and cannot nornal |y be stored
for long periods of tine. Sonetines naterial isbulkyandd fficult toprocess. Quarantine
regul ations nay be stricter duetotheincreased potentia for thetransmssionof viruses
or other di seases, when conpared t o seed.

" Duetopractical difficulties, vegetative collectiontendstofocus onasnall nunber of
trees fromany gi ven provenance. Thisis nost likelytoleadtoanarrowngof the genetic
base incoll ected nateria conparedtothe popul ati on fromwhichit iscollected. Thisis
particul arlytruefor trees, whi ch nornal |y showconsi derabl e vari ati onwthin popul ati ons.
A t hough reduced genetic vari ati on can be an advantage i n certai n situati ons (e.g. when
nar ket s denand a product of uni formsi ze and character), it nay al so | ead t o a reduced
capacity of gernpl asmto adapt to varying envi ronnental conditions (e.g. pest and di sease
attack, clinate change) or user requirenents (e.g. achangein user enphasi s between t he

different products whichatree provides) (Snons et al. 1994). If subsequent propagation



i s undertaken viaseed, this canleadtoinbreedi ng depression (I oss of perfornance). Qe
approach to avoi d a narrow ng of the genetic baseistocollect, evaluate and distribute a
great er nunber of cl ones fromprovenances. Hwever, this practice has rarely been
fol  oned. Because of the potentia narrow ng of the genetic base of coll ected naterial,
vegetative col l ectionis not nornal |y enpl oyed for conservation purposes, unl ess seedis

unavai | abl e or ger npl asmnor nal | y reproduces by veget ati ve neans.

Wiet her or not vegetative collectionis appropriateinagivensituationw!!| depend on
the bi ol ogy, use and desired | evel of i nprovenent of the speciesinquestion- thesefactors nust
be assessed on a basi s before col | ection begi ns. Atargeted vegetati ve approach i s nost appropriate
for thosetree speciesthat:

. produce hi gh val ue products (e.g. sone fruits)

. are out breeder s

" have a | ong nat uration peri od before fruiting

" produce recal citrant seed

" whose i nportant characteristics are under strong genetic control (see exanpl e on p. 14).

Lowval ue speci es used for servicefunctions (e.g. for soil fertilityinprovenent or fodder),
wthshort generationtines and prolific productionof orthodox seed, are often better col | ected
as seed.

Regar dl ess of the approach used to col | ect gernpl asm nany tree speci es exhi bi t
consi der abl e phenot ypi ¢ vari ati on across thei r ecogeogr aphi cal ranges. Hence, during col | ection
for eval uationin genetic inprovenent programmes, it isinportant tosanple nateria froma
range of provenances acr oss t he geogr aphi cal range of a speci es, as wel | as across ecol ogi cal
gradients (suchasatitudeor rainfal clines) that occur wthinthedistributionof thetaxon.

Collection guidelines

The sel ecti on and col | ecti on of gernpl asmi s best carried out inaparticipative nanner
wthpotential endusers. Frst, thisinvol ves adetermnation of those species whi ch users are
interestedingrow ng. Second, suitabl e collection nethods for those speci es nust be defi ned
through | ear ni ng experi ences or experinentationfromusers. Third, those characteristics of a
speci es, which are inportant to users for which i nprovenent woul d be desirabl e, nust be
determined. (llections shouldthenbecarriedout directlywthlocal communities. Targeted
sanpl i ng shoul d be based on the i nportant characteristics that end users have defi ned.
Participative col | ectionincreases anareness anong farners of the potential uses and benefits of

planting aspecies. It alsoallows themtolearnthe techniques requiredfor its vegetative
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propagation. Inthisway, thepotential for accel eratedinpact and adopti on of technol ogi es and

ger npl asmnay be great |y i ncreased.
Particul ar points of i nportanceinthe col | ection process are:

. The need for a wel | -devel oped rati onal e descri bi ng t he net hodol ogy and pur pose of
col | ection, before coll ecti on coomences. Thi s infornati on can be useful |y presentedin
the formof a summary tabl e and shoul d be witten upinthe formof a protocol before
ca | ectionbeg ns.

" The need f or good docunent ati on during and after col |l ection, for futurereference. Mre
specifical ly, theparticu ar sel ectioncharacteristics of collectedtrees shoul d be recorded,
as wel | as the nanes of those individual s fromthe communi ty whomwere i nvol ved i n
sd ection

" Because vegetative naterial is perishable, proper preparations for the i nmediate handl i ng
of nateria onreturnto base needto be nade, before col | ection begi ns.

. Ater collection, areport detailingwork carriedout shoul d bewitten.

Further infornati on on howto carry out gernpl asmcol |l ectionis avail abl e fromDawson and
Vére (1997) and FAO(1995).

An example

I rvingi a gabonensi s and I. wonbol u (bush mango) are inportant fruit tree speciesin
humid Vést Africa. Thefruit iseatenfresh, and driedseedis used as athickener for soup. Bush
nango cont ributes significantlytothelocal econony of theregionand duringpriority-setting
exercises was identified as akey taxon for research, including activities such as gernpl asm
col | ecti on and geneti c eval uation. Both speci es can be veget ati vel y propagat ed t hrough nar cat ti ng
orairlayering. Seedisrecalcitrant andrenains viablefor only four weeks after col | ecti on.

Bef or e ger npl asmcol | ecti on, comnmuni ti es were surveyed i n order to deternine those
treecharacteristics of i nportancetousers. Theseincl udedfruit size and sweet ness. Subsequently,
two separ at e appr oaches were chosen for collection. Initially, fruit was coll ected fromtrees,
vhi ch user s det ermined t o have superior characteristicsinNgeria, Gibon and Caneroon. In
thi s approach, collected seed was thenquickly transferredtofieldsites at various | ocations for
establ i shnent inon-station provenance trial s and conservat i on st ands.

Followng this first round of collection, arange of collectedtrees was assessed wth
nol ecul ar genetic techni ques to establish patterns of variationinboth species, inorder to
det er mi ne opt i numgeneti c nanagenent strategies. As part of this study, anal ysis indicated

that consi derabl e genetic variati on exi sts even anong seed sanpl ed froma singletree (asis



oftenthe case for outbreeding species). Seedisthereforenct ‘truetotype’ and datatherefore
indi cated that clonal sanpling of gernpl asmwoul d be a nore ef fecti ve approach for targeted
treecd | ection

I'nasecond round of collection, targeted vegetative sanplingwas carriedout inNgeria
and Ganeroon. Wsers were asked toidentify superior treesinvarious|ocations and narcots set
w th the assi stance of coomuni ties. Between 5 and 10 narcots were set per tree. After a nunier
of nonths, narcots were col | ected. Aportionwasthentakenfor on-stationfieldtria sto conpare
geneti c di fferences between cl ones and regi ons, whileaproportionwvas | eft wthuserstoestablish

conmuni ty nurseri es.

Apart fromcl onal sanpli ng, the advant ages of vegetative collectionof /rvingiaare twofa d.
FHrst, theperiodtofruitingisaccel erated (twoor threeyearstofruiting, conparedtoanini num
of seven years fromseed) - hence ger npl asmcan be nore qui ckl y eval uat ed and superi or nateri al
subsequent | y del i vered over a shorter tine scal e to users. Second, by directly invol ving
communitiesinthe collectionof narcots, interest i n managi ng and pl anti ng t he speci es was
stinulated. Mrcottingisarelatively strai ghtforward techni que, whi ch users nay then use for
t he sel ecti on and propagati on of their ownfavouritetrees, wthout the further intervention of
resear chers. The di sadvant age of the narcotting approachvas therel atively | owl evel of success
at the establ i shnent phase. Further researchis therefore required bef ore narcotting can be used

asaroutine nethod for col l ecting /rvingi agernpl asm
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2 Tree nurseri es

Trai ni ng gui del i nes

Instructional objectives

At the end of the unit on tree nurseries, participants will be able to:

= List and explain the most common problems affecting nursery management
and propose solutions to address them.

= List and describe tools and materials needed to operate a nursery.

= Describe the characteristics of a good nursery substrate.

= Organize and plan nursery activities leading to the production of high quality
agroforestry trees.

= List and describe some common pest and disease problems that may affect

plants in tree nurseries and propose ways to control them.

| nstructi onal net hods

The unit consists of two 60-minute theoretical presentations; one on nursery
management and one on phytosanitation at the nursery level, with audio-visual support.
The nursery management presentation is followed by a series of practicals and
demonstrations highlighting important nursery management operations with a focus on
specific vegetative propagation techniques. The presentation on phytosanitation can be

illustrated through a demonstration or practical exercise on pesticide use in a nursery.

Instructional naterial s

Lecture notes support both theoretical presentations. The materials needed for
the nursery management practical and demonstrations are listed in the detailed

description of the nursery practicals and demonstrations.

Unit summary

The production of high quality agroforestry trees requires a well-managed tree
nursery. The ultimate goal of a good nursery manager should be the timely and cost-

effective production of healthy, uniform plants with a strong fibrous root system.
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Common problems in producing seedlings are: lack of a reliable source of water,
delays in supplies, poor quality equipment, variability in seed sources, potting mixtures,
nursery hygiene and phytosanitation, nursery skills and planning. Some of these are
nursery management related, others can be addressed through improved infrastructure.

Nursery substrates are an important aspect of successful tree production. Good
propagation substrates should be light, but hold the seedlings firmly in place, retain
moisture, but well aerated and drained, free from pathogens and contain the necessary
nutrients needed for plant growth without being saline.

Organic material such as manure, straw, plant residues, wood or sawdust, is an
important addition in a good nursery substrate. Such material needs to be composted
properly before mixing it with the other parts of the nursery soil as to become a
nursery substrate. There are several methods to produce good quality compost.

There are a number of basic tools that are required in a nursery: pickaxe, hoe,
shovel, flat-pronged fork, rake, string, sieve, watering can/hose, wheelbarrow, pruning
knife, trowel, secateur, panga (machete), pointed wooden stick. This material should
be properly used and maintained.

Good nursery management and organization requires proper planning. The most
important aspects being timing and the estimation of nursery substrate and plants
needed to produce the required number of trees. Nursery managers should interact
more with their customers as to improve their management skills and the quality of
the planting material they supply.

The usual range of plant pests and diseases such as fungi, bacteria, viruses,
insects, mites, nematodes, weeds and others can affect seeds and seedlings in nursery
beds. The lecture highlights some common problems in tree nurseries and proposes

preventive and curative measures to alleviate these.

Recommended r eadi ng

The following publications may further enhance your understanding of the unit:

= Hartmann HT, Kester DE, Davies FT and Geneve RL. 1997. Plant propagation:
Principles and practices. 6" ed. New Jersey: Prentice Hall.

= Jaenicke H. 1999. Good tree nursery practices. Research nurseries. , Nairobi: ICRAF
83 pp.

= [LO. 1989. Tree nurseries. An illustrated technical guide and training manual.
Special Public Works Programmes Booklet No. 6. Geneva: ILO.

= Miller JH. and Jones N. 1995. Organic and compost-based growing media for tree

seedling nurseries. Washington DC: The World Bank.



Nursery management and seedling production

Hannah Jaeni cke— CRAF

Introduction

Inthe fol | ow ng pages nursery nanagenent options for research or proj ect nurseries are
dsossat. Athough for all nurseries, be they on-farmor on-station, quality, hyg ene and proper
pl anni ng are of paranount i nportance; nurseries attachedto projects usual | y have t he resour ces
availabletoinvest innorethanjust the basicinputs. Qotions are given here whi ch canlater be
adaptedtothe | ocal situations wthout conpromsingthe quality of seedlings produced. Afew

ideas for experinentationinthe nursery canbefoundinunit 7‘ Propagati on experinents’ .

A though a nuner of tree speci es can easily be establ i shed t hrough direct sownginthe
field, alarge nunber of species requires careful productioninatree nursery, where the young
seedl i ngs can be prot ect ed and hardened t o survi ve the harsh fi el d envi ronnent. Tree nurseri es
shoul d al ways be situated cl ose to areliabl e wat er source and/ or where protection can be
provided. Theterrainshoul dbeflat and gently sl oping, sothat drai nage water can easily run
off. If possi bl e t he ground shoul d be covered wth al ayer of gravel to suppress weeds andto

keep t he nursery area cl ean.

Thequality of seedlingsis determned by the conditions at thesitewherethey wll be
pl anted. For exanpl e, qual ity seedl ings for dry areas need t o have a deep and wel | - devel oped
root systemtobeabletogrowquicklytothewater table. Quality seedingsfor ahumdsitewth
strong weed conpetition, however, need to have strong above-ground gronthto be ableto
out growt he weeds and conpet e for |ight and ot her resources. All seedlings | eavi ng a nursery

shoul d be strong enough to start grow ng qui ckly after pl anti ng out .

Qal ity seed i ngs:
. have a wel | - devel oped root systemand are abl e t o produce newroot s qui ckly,
. anchor inthe ground qui ckly and start assinmlating and grow ng after pl anti ng out,

. have a sun-adapt ed f ol i age,

. have a bal anced shoot/root ratio,
. have good car bohydr at e r eser ves,
. are strengt hened by adequat e i nocul ati ons w t h nycorrhi zae or Fhi zobi umi f needed.

1Thislecturenoteis adapted from S nons AJ and Beniest J (eds.) Introductionto Tree Donestication. | CGRAF, Nairobi (inprep.)
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Good nursery practices

Anunter of factorsinfluencethe productionof quality seedingsinanursery. These are;
seed i ng handl i ng, contai ners, substrate, fertilizing, nursery hygi ene, nursery environnent, tine

nanagenent , | abel I'i ng and record keepi ng.

Seed germination and seedling handling

Mbst ort hodox seeds are dornant until they coneinto contact wth sufficient noistureto
start the germinati on processes. Sone seeds need speci al treat nents to break t he dor nancy or
t o speed up and synchr oni ze gerninati on. Soaki ng t he seeds i n warmor cool water overnight is
usual |y sufficient totrigger the gernmination process. Soneti nes, specia treatnent, suchas nicking
or chilling, isrequired. Thisinfornationis usual |y gi ven onthe seed packs. Experinents nay be

needed for unknown speci es.

The physi cal handl i ng of seedlings shoul d be reducedto a minimumduringitstinein
the nursery. The conmon practi ce of gerninating seeds i n gerninati on beds and pri cki ng t hem
out later isdiscouraged becauseit canleadtosevereroot deformties. Better practi ce woul d be
tosowtheseeds directlyintothe contai ners. Incase of expected | owgernination, 2-3 seeds can
be sown per contai ner. If pricking out i s unavoi dabl e, for exanpl e whenthere are only afew
very val uabl e seeds, or when the seedis very snal | and needs a fi ne seedbed (e. g. Eucal ypt us,
Anus) itisinportant that it i s doneas early as possibl e and very careful | y so as not t o danage
t he young seedl i ng and not to bend or overexposeitsroots. Snilarly, if thetransfer of seedings

fromsnal | contai ners to bi gger ones i s necessary, the utnost care has to be taken to avoi d
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danagi ng or bendi ng t he root s.
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The first picture shows 2 plants wthdeforned roots (left) asaresult of poor nursery grow h. The pl ant
onthe right has a proper rooting system The second pi ct ure shows sone root deformities of young
seedl i ngs grown i n contai ners i n a nursery.



It isalsoadvisabletoavoi dnovingseedingsdirectly fromthe shadeintothesun; it is
better to gradual |y reduce the shadi ng, sothat seedlings renaininthe sane pl ace. Root pruni ng
i s inportant when seedl ings are pl aced on t he ground. The recommended net hod i s to use a
wre, whichis pulledthroughthe nursery bedto sever theroots. Hwever, the workl oadinthe
nursery is often heavy, thereforeroot pruningis soneti nes negl ected, leadingtoplantswtha
| arge root systeminthe ground. These pl ants suffer severel y when renoved, and of t en do not
surviveinthe field. Toavoid such probl ens, use rai sed beds or franes where possi bl e, onto
whi ch cont ai ners can be pl aced. The use of rai sed beds al so i nproves drainage and air circul ati on
anmongst t he seedl i ngs, and reduces pest and di sease i nci dence i n a hunid environnent. Ina
dry envi ronnent, you nay need t o experinent as to whet her the use of rai sed beds isinfact
beneficial tothe particul ar species you areworkingwth, or for exanpl e, i f sunken beds or
pl aci ng a pl asti c sheet beneat h the pl ants, can hel p conserve wat er and prevent the roots from

grow ng i nto t he ground.

Transport tothefieldisaninportant task but is oftendone carel essly, resultinginlass of
seedlings. If you plant bare rooted seedl i ngs, bundl e themcareful | y and wap t hemi nt o danp
paper, clothor | eaves. |f you pl ant contai nerized pl ants, avoi d squashi ngthe pots. Bread or
soft-drink crates can be used for transport and, if the seedlings are snal | enough, can be stacked
w t hout danagi ng t he pl ants. Keep t he seedl i ngs upright and under a noi st cover to prevent
themfromdrying out. |f seed i ngs cannot be pl anted i rmedi at el y, keep themunder |ight shade

and ensure pl anti ng w t hi n a f ewdays.

Containers

Trees are of ten produced as contai neri zed seedl i ngs. Gontai ners for pl ant propagation
coneinvarious forns, sizes, andindifferent nateria s — pol ystyrene, pol yethyl ene, fibre or
paper. Newforns and nat eri al s are constant |y bei ng devel oped and tested. The type of cont ai ner
sel ected depends onthe plants to berai sed, their purpose and si ze. The si ze of the contai ner a so
depends onthe substrate inuse andthe fertilization schedul e that can be adheredto. Speci es
wthalongrotationareusual |y growninbigger pots, unlessthey canbefertilizedfrequently.
Srprisingy, despite decades of researchwth tenperate species, thereisstill little conclusive
evi dence concerningthe l ong-termeffect wthregardstothe best type of contai ner tousewth

specieswthstrongtap roots (Landi s and ot hers 1993).

The nost commonl y used contai ners inthe tropi cs are pol yt hene bags of different sizes.
They areusual |y l ocal |y nade, relatively easily availableandrel atively cheap. Hwever, one of
the serious dravbacks isthat roots cangrowinspiral s oncethey hit the snoothinner surface of
thepots. Thiswll leadtoplantswthrestricted gronh, poor resistancetostress, andtoplants
bei ng af f ect ed by wi nd-t hrowor even early di eback due to ensnarl ed roots. Anodern alternative
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for tree donesti cation progranmes are so-called‘root trainers’, rigidcontainerswthinternal
vertical ribsthat direct roots dowmards, avoidingthe spiralling. Root trainers have alarge
drai nage hole at the bottom allowngfor air root pruningif containers are pl aced on franes

above t he ground.

Local | y made cont ai ners, such as used nmil k cartons, banboo segnents or rol | ed banana
| eaves are suitabl e for on-farmproductionof trees, thoughthey are often not sufficiently durabl e
for seedings that needalonger stayinthenursery, suchas graftedfruit trees.

Dfferent types of root trainersthat canavoi d seed ingroot defornties.

Substrates

The substrateis anessential input intoseed ingpropagati on—its inportance shoul d not
be underestinated. Substrates providethe seedlingwthnutrients, water and ai r for good
devel opnent. They al so contai n t he nicroorgani sns t hat the seedl i ngs nay need. Uhsuitabl e

substrates | ead to root defornities, pathogen attack and retarded seedl i ng devel opnent .



The substrate properties that influence seed inggrowh are:

" physi cal properties
- wat er-hol di ng capacity
- porosity
-pagticty
- bulk density

" chemcal properties
- fetility
-acidity (pH
- buffer capacity or cation exchange capacity ((EQ

. bi ol ogi cal properties
- avail ability of appropriaterhizobiaand or nycorrhizastrai ns

Porosi ty and wat er hol di ng capacity aretwo rel at ed characteristics. Asubstrate needsto
hol d sufficient —but not too nuch —water for good seed i ng devel opnent and root grow h. It
al so needs to be sufficiently porous to al | owgood gas exchange i nthe root zone. Roots wi Il rot
and di e wt hout sufficient oxygen and/or withtoo nuchwater inthe root zone. The hei ght of
the contai ner al soinfl uences the water-hol ding capacity of asubstrate. Vdterl oggingis nore
likely tooccur inshallowcontainers, which have a hi gher capacity of hol ding vater.

Box 1: Classroom demonstration

Container height will affect the water holding capacity and can be demonstrated with an
ordinary sponge. Saturate a sponge and hold it flat over a tray. When the sponge stops
dripping, turn it on its side — more water will drip out. When it stops dripping, stand it on end
and more water will drain into the tray. Each time the height of the water column in the
sponge increases, the amount of water it can hold decreases. In other words, deeper
containers hold proportionally less water than the same amount of substrate in a shallow
container. This explains why native soils, when put into a container, are often waterlogged:

their depth has been reduced from metres to a few centimetres.
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Insone areas, thelocal soilsareinappropriatefor seed ing production, especially where
the soil contai ns | arge anounts of clay, whi ch | eads to wat erl oggi ng and nakes t he substrat e
heavy and di fficult totransport. Local soils oftenlack the necessary pl ant nutrients. Tolighten
the substrate, additions of either organic matter i nthe formof deconposed nanure, conpost,
ri ce husks or other plant residues, or of i norgani c naterial s such as sand or vermiculite are
used. Wichof these naterial s are used andinwhi ch quantities depends onthelocal situation,
availability of thenaterial s, and onthe requirenents of the species. S npl e experinents can be

desi gned t o det er m ne t hese.

Fertilizing

If arichorganic substrateisused, suchasvirginforest soil or conpost, fertilizingis
usual | y not necessary duringthetine a seedl i ng spends i nthe nursery. Huwever, fertilizing
nay becone necessary when a soi | -1 ess or a poor substrateis used, or for speci es whi ch have
hi gher nutrient requirenents or needtorenaininthenursery for along period. It isinportant
to be abl e to recogni ze t he nost common nutrient deficiency synptons. Apart fromthe
nacronutrients N P, K G, Mjand S whichareneededinrelativelylarger anounts, there are
mcronutrients neededinsnal |l er anounts (Fe, My, B Qu, A, Znand M) that pl ay i nportant
rolesintheplant’s netabolism Inthefollowngtabl e, afewgeneral synptons for defici enci es
of the nacronutrients are given. Mcronutrients are general ly sufficiently avail abl e i nthe nost

conmon subst r at es.

Table 1: Plant nutrients and their deficiency symptoms

name (symbol) | deficiency symptoms Function

(very general)

Old leaves turn yellow, plant growth
retarded, small leaves. Be careful: too much
nitrogen leads to overgrown plants, which
are highly susceptible to diseases.

Important component of amino acids and
proteins.

nitrogen (N)

phosphorus (P) | Small plants with erect growth habit, thin Provides energy (ATP). Helps in transport of

potassium (K)

calcium (Ca)

magnesium (Mg)

sulphur (S)

stems, slow growth. Leaves appear dirty
grey-green, sometimes reddish-purple.

Older leaves show first chlorotic, later
necrotic borders. Younger leaves remain
small.

Deficiency is often only visible through
retarded growth.

Old leaves chlorotic from middle or between
veins, rarely necrotic. Leaves orange-yellow,
drop prematurely.

Similar to N-deficiency but symptoms show
first on young leaves.

assimilates during photosynthesis. Important in
fruit ripening.

Important in maintaining cell turgor, phloem
transport, cell growth and cell wall development
(K deficiency leads to susceptibility to pests
because cell walls are weakened).

Stabilizes cell membranes and cell walls, interacts
with plant hormones. Ca is extremely immobile
and can only be taken up through young,
unlignified roots.

Component of chlorophyll — photosynthesis is
hindered when deficient. Binds ATP to
enzymes. Important for protein synthesis.

Component of etheric oils, vitamin B, vitamin
H, amino acids, and has important functions in
protein synthesis.



Qganicnatter for fertilizationisoftenreadily availableinrura settings. Hwever, the
qualityandthenutrientsit provi des dependstoalarge extent onthe source naterial : the ani nal
feedinthe case of nanure, and the pl ants usedinthe case of conpost. Such organic fertilizers
providenot only nutrients, but al soconditionthesoil, andincrease both aeration and t he wat er
hol di ng capaci ti es of the substrate.

Inorganic fertilizers areoftenl|ess avail abl e and nore costly than organic fertilizers.
However, they have t he advant age of bei ng bot h fast - acti ng and havi ng st andar di zed nut ri ent
contents. They are t heref ore recormended when worki ng i n aresearch setting. The nost conmon
inorganic fertilizersusedinseed ingproductionarefull or NKfertilizers. The nunbers (for
exanpl e, NPK17-17-17) indi cate the anount of the nutrientsin % For quick actionandif
nicronutrients are needed, fdiar feedcanbeappliedtothel eaves of theseed ings. Fdiar fertilizers
arespecificallyfornul atedtoal |l owabsorptionthroughthel eaf cuticle. " Nornal © NKfertilizers
cannot beappliedasfoliar fertilizer; honever, they can be di ssol ved and addedtotheirrigation
wat er.

Nursery hygiene

A onetine or anot her, every nursery experiences probl ens wth seedl i ng heal th. Rat her
thanrel ying on the use of pesticides, we encourage preventive actions to mni mze t he danage.
Therearetwo factors influencing pl ant heal t h:

. abiaticfactors

excessi vel y high or | owt enper at ures

- drought or waterl oggi ng

- injury duetochemcal s

- physi cal danage, for exanpl e fromstrong w nd or rai n drops
. b aticfactors

-al biologca oganisnsthat interferewthp ant producti on (bacteria, viruses, viroids,
phyt opl asns, fungi, insects, mtes, nenat odes, weeds, parasitic higher plants, birds

and manmal s)

Abi ot i ¢ danmage can be reduced by correct seedl i ng handl i ng, and by appropri at e nursery
layout and facilities. Appropriate shadi ng, watering and protectionfroml owhumdity or frost
areinportant and part of good nursery nanagenent .

The next presentation on phyt osanitation descri bes t he nost common biotic factorsintree

nur Seri es.

H ant di seases and pest s can be checked by proper hygi ene conditi ons inthe nursery:

" Keepthe nursery areaitsel f free of weeds. Miny pl ant speci es can be al ternat e host s of
nursery pests. This precautionincl udes a sensi bl e sel ection of ornanental s, shade, hedge
and w ndbreak pl ants i n and around t he nursery, as they too can be hosts for pests such

as nenat odes.
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. The subst rat e can har bour pl ant pat hogens and shoul d t her ef or e be st eampast euri zed, i f
necessary. Asinpl e steampast euri zer can be constructed froman ol d and cl ean oi | drum

. (nt ai ners and seeds can be surface sterilized by soaki ng t hemi n a 10%househol d bl each
sol uti onfor 12-24 hours.

nly i f these preventive neasures are i nsufficient, the use of pesticides shoul d be
consi dered. Never rely ononly one chemical asit nay leadtoabuildup of resistance. Rather,
rotate between two or three products. Aternatives to synthetic pesticides are t he nechani cal
renoval of infectedplant parts or pests, or theuseof | ocally avai | adl e pesti ci des, such as t abacco,
chilli pepper, neemor pyrethrumextracts.

If youareunsure of theidentity of the pest or di sease, take sanpl es or phot ographs and
consult | ocal experts or agricultural and horticul tural extensi on services. Burndiseased pl ants

wththeir substrate and never i ncorporate such naterial intothe conpost.

Nursery environment

Seedling gronth i s af fected by condi ti ons bot h above- ground such as hunidity, carbon
di oxi de, tenperature and | ight, and bel ow ground such as water and mineral nutrients. H ant
grow h can al so be i nfl uenced by beneficial and harnfiul organi sns.

Young seedl i ngs need a shel tered envi ronnent. Sufficient —but not too nuch —shade i s
necessary for heal thy pl ant devel opnent. If at al | possibl e, ashadenet shoudbeinstalledto
provi de uni f ormshade. Local naterial, such as thatch fromgrass or banana | eaves can al so be
used, but it can harbour pests and di seases t heref ore needi ng frequent repl acenent. As seedl i ngs
growol der, they neednorelight. Install the shade net inaway that it caneasily and gradual |y
be renoved, rather thannavingtheseedingstoalighter area Intropica countriesit isespecialy
inportant that the nursery beds and shade nets are placed i na North-South direction, sothat
seedl i ngs recei ve bot h nor ni ng and eveni ng sun, but are shaded fromt he direct nidday sun.

Proper watering accordingtothe needs of theseedlingsisveryinportant. Véter is often
alimtingresource andthe tendency is for over-wateringwhenit i s avail abl e. However, too
nuichwater canbejust as harnfiul toplantsastoolittleasit | eads towater | oggi ng and suff ocati on
of the seedling roots. Towards the end of the nursery period, seedl ings needto be hardened by
reducingvwateringfromtinetotine. Sight witingat thisstageisnot harnfiu but beneficial to
further devel oprent.

Qittings and grafted plants need high air humdity to prevent dryingout duringthetine
of root devel opnent or graft taking. 9 nple plastic encl osures or green houses can be built.
These struct ures al ways need t o be wel | shaded and ventil ated to avoi d heat damage to t he
pats.



Time management and planning

Hanning the nursery work i s essential to avoi d unwel cone surprises. Seed and suppl i es
needtobeat handintinefor tinely seedingpreparation. Qufficient tineneedstobegivento
repeat the germnationin case of failures. The hardeni ng peri od shoul d not be too short, to
avoi d unnecessary | ass of seedlingsinthefield. Qhthe other hand, seedl ings shoul d never stay
inthe nurseryintothe next season. Such overgrown seedlings | ose their vigour and w || not
gowvell inthefield If youcanforeseethat plantingwl ! not be possi bl e due t o adver se weat her
conditions or other factors, consider re-sow ng t he seeds rat her t han keepi ng t he over grown
seedl i ngs for the next season. H ant grow h can be nani pul ated i n snal | nargi ns by reduci ng
irrigationtoslowit, or addingfertilizer tospeedit up. Hwever, forward planningis essenti al
for asuccessful nursery period. Nursery cal endars and i nventories are hel pful toolsinthis

pr ocess.

Box 2: Sample calculations

For 10 000 seedlings in 4x6” containers you need:

Seed: Depends on germination percentage (G), seedling variation (culling, C) and losses (L).
We assume that G = 75%, C = 10% and L = 15%. You need 10 000 seedlings (S)
add for germination failure (GF): Sx100/G - 10 000x100/75 = 13 333
add for culling at transplanting (CT): GFx(100+C)/100 — 13 333x(100+10)/100 = 14 666
add for replacements at out-planting (RO): CTx(100+L)/100 — 14 666x(100+15)/100 = 16 866
Total seeds needed for each species 16 866. You will need 0.85 kg of a species with 20 000
seeds/kg (e.g. Leucaena leucocephala), 0.65 kg of a species with 26 000 seeds/kg (e.g. L.
diversifolia) and 0.5 kg of a species with 34 000 seeds/kg (e.g. L. trichandra).

Space: When filled, each container takes about 7 cm x 7 cm or approximately 50 cm2. 10 000 cm
x 50 cm = 500 000 cm? or 50 m?. If the bed is 1.5 m wide, this would translate into 33 m
length. Assume you separate the seedlings for easier handling in batches, then you need
roughly 35 m bed length.

Substrate: Each container takes approximately 0.4 | substrate. 0.4 x 10 000 = 4000 | (equals two
hundred 20 I-buckets or ca. 80 wheelbarrows). A double-cab pickup takes about one ton of
substrate, so you need 4 pickup loads.

Water: Of course the amount of water needed depends on the size of the seedlings. A rough
estimate is that for 1000 seedlings in containers of 0.4 - 0.5 | volume you need ca 75 - 95 |
water per week (Landis et al., 1994). So for 10 000 seedlings you will need 750 - 950 | per
week. However, the calculation is based on greenhouse conditions, so assume at least 20%
more under open-air tropical conditions. So you would need between 900 - 1050 I, which

would be sixty to seventy - 15 | watering cans per week.
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Box 3: Sample nursery calendar

In Muguga, Kenya, the best field- planting season is usually between 1 April and 15 May. The
researcher wants a Leucaena species trial planted with seedlings of about 20 cm size on about
15 April. The nursery manager has calculated the researcher’s requirements as follows

(Jaenicke, 1999):

Leucaena Leucaena Leucaena
leucocephala diversifolia trichandra
days needed from germination 112 122 100
to planting out
days needed from sowing to 8 8 8
germination
safety margin in case of poor 15 15 15
germination or damping-off
total days needed 135 145 123
sowing date 1 December 21 November 13 December

Labelling and record keeping

Proper | abelling and record keeping are requi red i n order to keep track of speci es and
seedl i ng bat ches produced. Thisis particul arly inportant when several provenances or cul tivars

of the sane speci es are rai sedinthe nursery. The nini numi nfornation requi red i ncl udes:

" Feci es nane and pr ovenance, source of seed (e.g., own col | ection, nane of seed deal er).
. [at e of sow ng.
" Nunioer or quantity (ing) of seeds sown.

" Locati on and or conditi on of germnation (e.g., seed bed, heated, sand).

. Gerninat i on percentage (or nunber of seedlings energed).

. I'f unavoi dabl e: date of pricking out.

. Type and si ze of cont ai ners.

. Substrat e used.

. Any treatnent gi ven during nursery period —such as fertilizer (when, whi ch, hownuch),
shade (density), pest and di sease control (when, whi ch pest/di sease, whi ch net hod used,

product nane, concentration).



. Dat e and nunber of seedl i ngs renoved — and reason (e. g., di seased, danaged, bad
devel oprent ) .
. Dxt e and nunber of seedl i ngs harvest ed for experinental reasons, sol d, planted or gi venout.

Snpleentriesinanursery | ogbook are sufficient, al though avariety of conputeri zed
syst ens have been devel oped that may be nore convenient if alarge nunber of batches are
bei ng rai sed. Abatch of seedl i ngs shoul d be gi ven a uni que seria nuniber at sowng, whichis
retained until thelast seedlingof this batchhas|eft the nursery (Wght nan 1999).

Nursery experiments

Inatree donestication programe, part of the activities are concerned with the
devel opnent of appropri ate propagati on experinental protocol s for newspecies. It istherefore
inportant to establishasnal |l nunber of routi ne experinents to understand key requi renents

of the species. Inparticular, you nay need to nonitor:

" gernination requi renents (pre-treat nents)

" tinerequirenents (tinetogermnation, tineto planting)
" possi bl e needs for nycorrhi zal or rhizobia inocul ation

" substrate and fertilizer requi renents

" shade requi renent s
" thefeasibilitytouseroat trainers
. pest and di sease i nci dences.

Snplefactoria or split-plot experinents can be desi gnedtotest various hypotheses. It is
always i nportant torecord the nursery conditions of seedingsthat arecarriedontofield

experi nent s.
For further ideas, consult unit 7 on*‘ Propagation Experinents’ .

Troubleshooting

Thi s presentation focused onthe opti nal set-up and nanagenent of atree nursery for the
production of quality seed ings. Hwever, there are bound to be probl ens andtable 2lists a
fewcauses of bad pl ant devel opnent and suggest s ways t o address them A t hough sone of t he
suggest ed renedi es nay be out of bounds for snal | -scal e farners, every effort shoul d be nade

tog vetheyoung seedings as goodastart intheir |ifeas possibl e
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Table 2: Causes and solutions for poor plant development
cause of poor plant development suggested remedies

genetic variability of the - collect from selected trees with clearly pronounced
germplasm required characteristics
- when using clonal material, no genetic variation is

expected, unless mutations occur

low quality of germplasm - obtain seed from a reliable supplier
- ensure proper storage
- when using clonal material, clone-to-clone differences

can be >100% in rootability and vigour

root deformities, such as - make a hole big enough for the seedling to be

spiralling and bent roots pricked out

caused by pricking out - direct seeding to avoid the need for pricking out

caused by the container - use root trainers

inadequate light conditions - protect young plants from direct sunlight with light
shade

- gradually reduce from 40-50% shade to 30% shade
before putting plants into the open for hardening off
- plant at low enough density to allow for enough light

in the propagation beds

inadequate watering - water early in the morning or late in the evening to
avoid burning the plants

- water the substrate in the pots and not the leaves

- use a nozzle or water pressure that is low enough
not to spill soil out of the pots

- ensure good drainage of the containers

overgrown plants - grade nursery plants into three groups: first quality,
second quality and rejects
- only plant out or distribute first and second quality

and ensure rigorous culling of the rejects
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Phytosanitation

Johan Desaeger — CRAF

Introduction

Throughout their entirelife, trees can suffer fromaw de range of pests and di seases. In
theearly gronth stage of trees, it isnost vital that these are kept at bay. D seased seedlings wi |
rarely achievethefuture gronth and potential of their heal thy counterparts. Rests and di seases
innurseries nay al sol ead t o nassi ve di sposal of af fected seedlings, whichis awaste of ting,
ener gy and noney. Both froman experi nental as wel | as an economcal point of view it is
thereforeinportant to consi der pest and di sease nanagenent as aninportant andintegral part
of good nur sery nmanagenent .

Identificationof plant disordersisaspecialist fieldandrequires alot of experience.
D fferent pat hogens can cause simlar synptons and it may be necessary t o t ake sanpl es of
plant andsoi | naterial, andif possiblethe causal agent, and sendthesetospecialistsinthefied
of entonol ogy, nenat ol ogy and general plant pathol ogy. Quite often, the probl emcan be readily
identified, and nospecialist interventionw/!| be needed. The fol |l owngnotesw | hel p nursery
nanager s to i dentify sone comrmon phyt osani tary probl ens at the nursery | evel and propose
net hods to al | evi at e t hem

Phytosanitary problems

Fungi

Table 3: Phytosanitary problems caused by fungi

Type Symptoms Control

Damping off General: chlorosis, wilting, constriction Cultural: create conditions
(Pythium spp., of stem and root rot. that are not favourable to
Rhizoctonia the development of the

solani, Fusarium
spp. and others)

Pre-emergence: seeds or seedlings are
killed before they emerge, difficult to
diagnose, low germination may be an
indication.

Post-emergence: shortly after
germination, the young seedlings are
infected at the base

of the stem, or just below, causing
constriction, drooping and ultimately the
death of the young plant. Seedlings in a
nursery bed will topple when brushed by
hand whilst healthy ones will recover.

disease (proper drainage,
appropriate soil mixture,
less organic matter,
reduced density, shallow
sowing).

Chemical: disinfect nursery
soil with chemicals
approved for this purpose.
Cover soil for 24 hours to
avoid volatization of toxic
gases, leave soil to aerate
for 48 hours before sowing.
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Type

Symptoms

Control

Late damping-off: can take place weeks
or months after emergence. Leaf chlorosis
and wilting of the terminal bud result
from root death. Diagnosis becomes
difficult since other pathogens or
environmental conditions may induce
similar symptoms.

Rotting of seedling or cutting roots in the
nursery.

Thermal: heat the soil for 2
hours at 60 °C prior to sowing.
Biological: not very practical,
some soil organisms (e.g.
nematodes) may suppress

damping-off.

Dip cuttings in a fungicide
solution.

Powdery mildew

(Erisyphe spp.,
others)

Airborne fungal disease causing leaves to
be covered with a white powdery dust.

Common on fruit trees such as Prunus
africana

Remove and burn affected
seedlings and leaves of older
plants to avoid spreading of
the disease.

Apply fungicides.

Leaf blisters
(Taphrina spp.)

Airborne fungal disease that causes leaf
curling and blistering.

As for powdery mildew.

Sooty mould

Fungi growing on aphid excrement
(honey dew) causing a black mould on
the leaves, causing them to curl up.
Associated with aphids or other sucking
insects. Ants milk these insects for the
honeydew they produce.

Control aphids and other
leaf-sucking insects.

Nematodes

Nermat odes are tiny (mcroscopi c) worns and sone of the nost abundant organi sns in

the soil environnent. Mbst are harnhess, but nany species are parasitic to plants, and nay

causeinportant lossesinyieldsandquality.

Def orned root s of Sesbaniasp. as aresult of root-knot nenat ode MY oi dogyne spp. infestationinthesoil.




Nerat odes are w del y recogni zed as i nportant pests in crop production, but wththe
exception of sone conmercial forestry andfruit species, verylittleis known about the ef f ect
of nenatodes ontrees. Sncesoil is aninportant nedi umfor the spreadi ng of nemat odes,
veget at i ve propagat i on t echni ques such as cuttings and | ayeri ng, when done usi ng i nf ect ed
substrates, wll spread nenatodes to pl anted fi el ds. Sone tree speci es or provenances can be

resistant tocertai ntypes of nenat odes and can t hus be used as root st ocks, for those which are
suscepti bl e.

Mbst i nportant is the root-knot nenat ode group (M oi dogyne spp. ). They are wi del y
distributed, especiallyintropical regions, and have avery broad host range. Inthetropics and
subt ropi cs, root-knot nenat odes are t he naj or nenat ode pest and anong t he | eadi ng pat hogens

that af fect crop production.

Synpt ons of nenat ode i nfestation are often non-specific (chlorosis, wlting, growh
reduction, root rot) and often confused w t h t hose of other pathogeni c or non- pat hogeni c
causes, such as fungi, bacteria, viruses, drought, soil fertility. Qnuly root-knot nenat ode
(M o dogyne sp.) danage can easily beidentifiedsincethis causes gall s or swellings on plant
rootsthat aretypical inappearance.

Nenat odes can be control | ed usi ng chenical, cultural, physical and/ or biol ogi cal neans.

Chem cal

There are several chemical products cal | ed nenati ci des avai | abl e, whi ch are forml at ed

as fumgants, liquids or granul ates.

Physi cal /cul tural

Serilizing the nursery soil using heat (steam solar) is an effective neans of
control i ng nost parasitic nenat odes and a host of ot her soil nicroorgani sns. Mi st nursery
soi | can be put in a drumand heat ed over an open fire for sterilization. Heating at
60 °Cfor about 2 hoursis usual ly sufficient.

Hant rotationinvol vi ng speci es w t h known nenat i ci dal properties such as nari gol ds or
the neemtree - Azadirachtaindica—or thosethat areless susceptibl e, wll reduce thebuild up of
nenat ode popul ations. Table 4 |ists sone agroforestry trees? that are known t o be good

(susceptible) or poor (tol erant or resistant) hosts for root-knot nenat odes:

2Provenances W t hi n a sane speci es nay showdi ff erences i n susceptibility
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Table 4: Susceptibility of hosts for root-knot nematodes

Susceptible Tolerant or resistant
Acacia spp. Anacardium occidentale
Albizia spp. Azadirachta indica
Carica papaya Calliandra calothyrsus
Cassia angustifolia Senna siamea
Desmodium distortum Crotalaria spp.
Dodonaea viscosa Eucalyptus camaldulensis
Euphorbia balsamifera Grevillea robusta
Mimosa scabrella Leucaena leucocephala

Prosopis juliflora
Samanea saman
Sesbania spp.
Tectona grandis
Tephrosia spp.

Several organi c soil anendnents ef fectivel y control nenat ode popul ationsinthe soil:
sugar cane nol asses, coffee, peanut husks, wood-ash, nanure and bone neal . Q1 cakes obt ai ned

fromnustard, neem peanuts, sesane and castor processi ng al so control nenat odes.
Badogcd

Aw de range of soil borne predators such as nites, protozoa, bacteria, fungi and ot her
nenat odes can attack pl ant nenat odes. O gani ¢ soi | anendnent s nay i ncr ease t he popul ati ons
of these, but it isnot yet practical toconsider the use of these predat ors as an ef f ecti ve neans of
bidogca cotrd.

Viruses

M ruses are pat hogens that consi st of anucl eus of genetic naterial containedwthina
proteincoat. They needlivingcellsfor their nultiplicationandcanbetransmtted by sucki ng or
chew nginsects (aphids, whiteflies, | eaf hoppers etc.) nenat odes, weeds and certai n propagati on
net hods (cuttings, grafting). Severa crop viruses nay al so affect trees.

A fected pl ants nay showsynpt ons such as nosai ¢ or other nottling patterns on | eaves,
chlorosis, stunted or distorted grovth of the plants and/ or necrotic | esi ons.

M ruses cannot be control ledwth chemcal s (pesticides); thereforeinfected pl ants nust
be destroyed t o avoi d spreadi ng t he di sease. Care nust be t aken when vegetativel y nul tipl yi ng
plants: useonly virus-freecertified materia as rootstock, cuttingor grafting and check
not herstock regul arly for viral infection usingindexi ngw th knownindi cator plants. Qher
ways toavoid certainviral infections areto use pestici des agai nst their vectors (aphids,
nenat odes, ) and a qui ck i nmersioninhot vater (£50°Q of theplant naterial . Mcropropagation
isaneffectiveway of propagatingvirus-freenaterial .



Insects and mites

Several insectsand mtesw | attack treesinthe nursery andinthefiel d. The danage
they cause wi || depend on their feedi ng habit whi ch can be biting and chew ng (cri ckets,
orasshoppers, | ocusts, beetles, caterpillars, sawliesetc.) piercingand sucki ng (aphids, psyllids,
| eaf hoppers, nites, plant bugs etc.) or scraping and sucki ng (thrips, larvaeof fruit fliesetc.).

Tabl e 5 descri bes t he nai n types of danage caused by different types of i nsects or mtes:

Table 5: Damage caused by insects and mites

Type Damage
Root-feeding Can be very important in nurseries. Predominant are the white grubs
insects (Phyllophaga spp.) which feed on secondary roots and debark the main

root. Seedlings turn yellow, lose their leaves and die.

Cutworms and Mostly Agrotis spp. and Spodoptera spp. They cut the stems of young
crickets seedlings and feed on leaves and roots.
Defoliators Leaves of seedlings can be damaged by a wide range of insects and mites:

= Large insects such as grasshoppers, crickets and leaf-cutting ants
cut large pieces from the leaves.

= Caterpillars and other larvae may feed on the leaf blade and leave
the veins intact; the black larvae of the sesbania beetle
(Mesoplatys ochroptera) are serious defoliators, and may prevent
any seedling establishment.

= Leaf-rollers and webworms (some caterpillars) roll up parts of the
leaf, or web together leaves, to protect themselves while they feed;
Sesbania sesban seedlings in western Kenya have been found to be
affected by the ‘simsim webworm’ (Pyralidae), a pest of simsim
(Sesamum indicum).

= Thrips and mites scrape the leaves, which become deformed, shrivel
and fall.

Leaf miners Chewing insects which enter and feed on the internal tissue of the leaf;
damage is seen as transparent blisters or tunnels; species of the diptera
family (Agromyzidae), as well as some species of beetles, lepidoptera and
wasps.

Gall formers Insects that cause the plant to produce tumours, mainly on the leaves,
which may twist and fall; they belong to one family of mites (Eriophyidae)
and a few insect families (gall midges, gall wasps, sawflies and psyllids).

Sucking pests Certain bugs, cicadas, leafhoppers, aphids, psyllids and scale insects,
affect foliage as well as young stems; apart from their direct damage (leaf
fall), they may also transmit viruses, and cause sooty mould infection of
the leaves
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Next torenoving l argeinsects nanual | y and destroyi ng af fected pl ants, chenical control
usi ng pesticidesis oftenthe nai n neans of i nsect and mte control. If indoubt, contact a
know edgeabl e speci al i st to apply the correct treat nent.

w
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Larva and danage of the Mesopl at ys beet| e on young Sesbani a spp. Leaves.

Other causes for seedling damage

9 ugs cause danage similar tothat of chew nginsects and can destroy whol e nursery
beds inashort tine.
Young seedl i ngs nay further belost toroaning donestic aninals, rabbits, lizards or

ant el opes. Fencing pl ots nay hel pin certai n cases.

Phytosanitary measures

Preventive measures

Ideal |y, plant heal th probl ens shoul d be control | ed bef ore they even appear. Far too often
however, fewresources are al |l ocated for prevention, and only whenthe first | osses occur are
expenses i ncurred and control neasures i npl enent ed. Prevention requires know edge on pest

and di sease bi ol ogy and routi ne pest assessnents.



Adequat e nur sery nanagenent shoul d take i nto considerationall the fol | ow ng poi nts:

Seedbed and potting soi | shoul d not only contai n necessary nutrients and adequat e
structure, but alsoneedtobelargely free of soil-borne pests and di seases. Soil wil al nost
al ways har bour pat hogeni ¢ nenat odes, fungi, and bacteria and/ or virus pat hogens; soi |
sterilizationbefore sowngisthe nost effectiveway to prevent sail-borne di sease out br eaks.
Heat sterilizationof thesoil (e.g. steamingindruns) is usually superior to chemcal
sterilization, althoughthelatter, especial |y wen solids (granul es) are used, does not
requi re expensi ve equi pnent. Mreintensivesterilizationisgenerally requiredfor fungal
control, as conpared to nenat ode control; sinpleheatingof thesoil inadrumfor afew
hour s of t en gi ves adequat e control of parasitic nenat odes. Qutbreaks of fungal di seases
are | argel y dependent on environnental conditions, andthereforevery difficult topredict.
Nenat odes are nore | i kel y to be i nfl uenced by host susceptibility. Fanting known hosts
insuspect nursery soil wll allowthe assessnent of a potential nenatode probl emand

i nfl uence a deci sionto apply preventive soil treatnent.

Inorder toavoid ahighlevel of soil parasites, especial |y nenat odes, seedbed rotation,
simlar tothepracticeof croprotationinthefield, nay proveto be acheap and useful
aternativeor additiontosoil sterilization. Arotationschene shoul d be devel opedfor al |
seedbeds, based on t he nenat ode host status: susceptibl e = poor host — poor host -
non- host or resistant —>susceptible. This requires that the nenat ode susceptibility or

resi stance of thetrees are known whichis not al ways the case.

Seedbeds nay be prot ect ed by nixi ng seedl i ngs and pl ants wi th pesti ci de properties. For
i nstance, narigol d ( Taget es spp.) and si nsi m( Sesanumi ndi cuny i nt ercropped w th root -
knot nenat ode susceptibl e pl ants canreduceinfestation of thelatter, probably through
nenati cidal root exudates. Mrigoldwll al sodeter nany i nsects, suchas ants and ternites.

Seed soaki ng and di ppi ng of cuttings and bare root seedl ings in fungicideor nenatici de
sol ution, e.g 10%househal d bl each, is another techniquetoprotect plant naterial from
soi | -bor ne di seases. Mbst seed treat nents require speci al nachi nery, al though i n sone

cases si npl e soaki ng of the naterial can be done.

Baits and traps can be used to divert insects and nanmal s frompl anting nateria (and
can be mxed w th poi son); cutworns are attracted by nol asses, white flies by yel | ow
surfaces; arny worns and ot her narching caterpillars can be trapped by di ggi ng a trench
about 60 cmw de and 45 cmdeep al ong t he si de of t he seedbed; i ncom ng wor ns can be
killedbyrolling alog backwards and f orwards over them or by fillingthetrenchwth
strawand settingit aight.
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. Renoval and burning of infested naterial, such as nenat ode i nfested roots or di seased
plants and | eaves, wll destroy at | east part of theinocul umpotential and | essen chances
of re-energence of the probl em Even pl ants, whi ch were af fected but have si nce recover ed,
shoul d be renoved. Pat hogen popul ati ons, though deci mated, wll still be present and
waiting for the appropriate conditions tore-establishthensel ves. Ageneral reconmen-
dationcoudbetorenoveal | plant nateria andleaf litter onthesoil surface, alongwth
the ol der, I over | eaves onthe stemof theplant. Thisrequires full tinevigilanceinthe

nursery.

" Managenent of the seedling environnent is one of the central issuesinthecontrol of
di seases by cul tural practices. 9 nce seedings, duringandafter energencefromthe soil,
areparticul arly proneto pat hogen attack, any neasure that shortens thi s danger period
and/ or nani pul at es t he envi ronnent to the di sadvant age of the pat hogenis beneficial .
Dependi ng on soi | type and noi sture status, depth of sow ng can be adj usted t o shorten
the peri od of energence and t hus reduce the ri sk of danpi ng-of f di seases. F equency and
dosage of watering, drai nage and aeration canall be adjustedto reducerisks of pest and
di sease out breaks. Proper site location, planting density and weed control can al so
contributetocreate optinal conditionsfor plant gronthandthus control certai n pest and
di sease out br eaks.

Curative measures

Inreality, pest anddiseasecontro isstill largely dependent onthe use of pesticides. They
arewdely availableandtheir effect isinmediate.

B o ogical control, despiteever increasingresearch, hasonly limted practical use, andis
still tobewdely conmercialized. Neverthel ess one shoul d be aware that nmany i nsects are not
pests, but areinfact beneficial, andmay aidinthe control of real pests (e.g. |adybirds are
predat ors of aphi ds). Wen sel ecting achemical for controlling aknown pest, preference shoul d
be givento the nost specific product avail abl e. Sone i nsecti ci des are hi ghl y speci fi ¢ agai nst
aphids, but wll not affect beneficia insects, suchas|adybirds.

Al ot of the negative side effects of pesticidesrelatedtoenvironnental poll utionareless
of a probl emin nurseries because of the snal | scal e of such operati on. Hwever, effective and
efficient applicationrequires know edge of the pesticide used, its dosage, application nethod
and saf ety precautions. This infornation shoul d beindicatedonthe label of the pesticide
contai ner. Inany case, protective clothing such as rubber boots, gl oves and a dust nask shoul d
be used.



Pesticides areappliedeither intothesoil or ontotheaerial partsof theplant, andtheir
activityiseither throughdirect contact wththe parasite, or it istakenupbythe plant and

provi des protectionfromtheinsi de (systemc).

Soi| pesticidesareavail abl eas granul ates, |iquids and funngants. Thel atter reguire speci a
equi pnent and are probabl y only justifiedfor | arge-scal e conmercial nurseries. Liquidscanbe
appliedtogether wththeirrigationsystem The nost easy to apply are granul at es whi ch are
incorporatedinthesoil. Al pesticidesdisinfect andsterilizethesoil nedium Intheclosedsoil
envi ronnent of nurseries (seedbeds and pots) they wll al nost al ways provi de very good control .
Ther e are a nunber of recomrmended soi | pesti ci des avai | abl e whi ch are acti ve agai nst bot h
nenat odes and soi | insects. Sone recommended mul ti pur pose funmigant s are general bi oci des,
vwhichw Il control sail-borne di seases and weeds, as wel | as nenat odes and soi | i nsects. A ways
consult wthspecialistsinchencal pest contro sincethe useof pesticidesissubectedtostrict

regul ati ons and r econmendat i ons.

Wiereas sterilizingthe soil nediumcan|argel y prevent soil -borne di seases, air-borne
pests and di seases are nore di fficul t to prevent and nay occur unexpected y, oftenas aresult of
changes i n the weat her. Mbstly sprays are used, al though dusts nay be nore appropri at e when
vater for sprayingis scarce. Leaf applicationof pesticides shouldnot be carriedout whenrain
i s expect ed si nce thi s nay wash the chemical off. Alarge nunber of insecticides are avail abl e,
fromvery speci fi ¢ ones to broad- spect rumi nsecti ci des. Fungi ci des are fewer and usual | y br oad
spectrum They are nore versatil e and t he sane product nay be used on soi |, | eaves and seeds.

Mst have no i nj urious effect on ot her organi sns.

Al ot of plants contai nchemcal s that have pesticidal (insecticidal and/or nenaticidal)
properties, andarereferredtoas natural pesticides. Vet ery suspensi ons of | eaves, seeds or
fruits can be used as al ternati ves to chenmical sprays. Best known are pyrethrum(fl owers), neem
(seeds), narigol d, chilli pepper (agai nst aphi ds), derrisroots (rotenone), garlic and t obacco.

References

= Desaeger J. 2000. Inplications of plant-parasitic nenatodes for i nproved fol lons inArica
PhDthesi s N 463, Leuven, Bel gium K U Leuven.
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Nursery management - practical

Objectives

The obj ective of this practical exerciseonnursery nanagenent istoallowparticipantsto

obser ve and di scuss possi bl e probl emareas i ntree nursery nanagenent whilevisitingatree

nur sery.

An addi tional objective can beto practice sone of the basi c nursery activities such as

pricking out, conposting, watering, etc.

Prerequisites

Thefollowng prerequisites, toolsand naterial s are needed for this practical:

Awel | - equi pped and nai nt ai ned tree nursery.

Hants growninvarious mxtures of different pottingmxtures, e.g.: forest soil, sand,
conpost, sawdust, nanure, vernicul ite, cocopeat.

Hantswthroot deformties rai sedin nursery contai ners whi ch students can opento
i nspect root syst emdevel opnent .

Fantsgromninroot trainerstodenonstrate their benefit.

Sufficient seedlings of anagroforestry tree species ready for pricking out.

Pol ybags and root trainers filledwth an appropriate potting nixture.

A conposting area t o denonst rat e conpost naki ng.

Assignments

)

Parti ci pants and resource persons visit an establ i shed tree nursery and di scuss the

fol | ow ng aspect s:

3 Gonpar e t he obser ved nur sery nanagenent practices and procedur es to your own.
Wiat do you do that is different? Wy?

o] Do you obser ve any nanagenent practices that you do not agree w t h? Wy?
Suggest changes or i nprovenent s.

9 Identify practices and procedures that are newto you? Expl ai nthei r advant ages
over ot her ones partici pants nay knowof .

d D scuss cost/benefit of certai n nursery nanagenent practices and i nvest nents.

Assessing di fferent potting nixtures. Gonpare and descri be t he devel opnent of seedl i ngs
growninvarious potting mxtures. Then open t he contai ners and descri be the root system

devel oprnent of the plants. Identify reasons for the different devel opnent.



Root deformities. pen five contai ners and i nspect the root system Mke draw ngs of

theroots and di scuss possi bl e reasons for their growth form D scuss howroot defornities

can be avoi ded.

Rricking out:

3 careful ly wet the soil of the seedlingbox or seedlingbedtoal | oweasy renoval of
thep ants;

o] lift theseedingswthalittleshovel or aflat pieceof wod Sl ect only heal thy
strong seed i ngs;

9 al ways hol d t he seedl i ngs by thei r | eaves — never ontheir stemwhi ch nay not
recover if pressed,
if rootsaretoolong, prunethemwth asharpknife;

9 placethe seedingsintoaflat recipient wthwater and cover wth anoi st clothor
straw

) usingasharpstickor adibbler , prepareahol einthe contai ner that is bi g enough
to accomodat e the root s w t hout bendi ng t hem

o] carefullyinsert theseedingintothehoeandlift it sligtlytoalowtherootsto
stra ghten;

§] closetheholeby pressingthe soi | gently agai nst theroots sothat the seedlingsits
firnhy inthe container;

) water and put the contai ners i na shaded area.

e
Hold the seedling
by top leaves

i

Insert plant- Close hole Water and shade

make hole big enough!

FHoure2-1 Rickingout (1LQ 1992).
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5 onpost i ng: Parti ci pant's observe a conpost i ng operati on and di scuss the benefits of

organi c natter i npotting mxtures.

3 put your hand i nsi de t he conpost heap and descri be t he t enper at ur g;

o] put athernoneter into the conpost and wite down the tenperature readi ng af ter

5 mnut es;

9 renove sone of the conposted naterial, snell it and descri be.

Fregent watering,
humid, not wet!
S -I
v \ \
A
AY
/. -- '- .

/ ,////// \‘\\\\\\ ,//I,l

Layer of leaves
Layer of and vegetal waste

earth

F gure 2-2. Mking conpost inaconpost pit or ditch (1LQ 1992).

F gure 2-3. Miki ng conpost i n a conpost nound. Wien t he conpost shrinks after heating up, turnit

over and arrange a new heap.
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Trai ni ng Gui del i nes

I nstructional objectives

At the end of the unit on cuttings, participants will be able to:

= List and describe the different phases of the rooting process of cuttings.
= Explain the physiological background of the rooting process.

= Describe and build a non-mist propagator used for the rooting of cuttings.

= Propagate selected agroforestry trees using stem or root cuttings.

| nstructi onal net hods

The unit consists of a 60 to 90 minute theoretical presentation supported by the
usual audio-visual aids (video, slides, transparencies). This is followed by a practical
on preparing for and taking of cuttings, non-mist propagation of these and post-rooting

care of the young plants.

Instructional naterial s

A lecture note supports the theoretical presentation, and the materials needed
for the cuttings practical and demonstration are listed in the detailed description of

the practical.

Unit summary

The lecture describes how and why agroforestry trees can be propagated using
root or stem cuttings. The rooting process can be seen as the succession of the following
stages; propagation, induction, rearrangement of tissues, initiation of roots, elongation
and development of roots and the development of a new plant as a whole.

Several factors affect this process: hormonal balance and induction, water, mineral
and energy status, the number of leaves and the phytopathological status of the plants.
Some of these factors can be modified exogenously to promote rooting and new plant

development.
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One of the main factors affecting the success of the rooting of cuttings in the
tropics is the water status of the plants and the environment; if the cuttings and plants
are too dry they will wilt, too moist and fungal or bacterial diseases may affect them.
It is therefore important to control the ambient air humidity of the cutting environment,
and this can be achieved using mist or non-mist propagation structures. The lecture
describes a non-mist propagator and students may construct one during a practical
session or have a demonstration of what this looks like.

It is important to take good care of the mother or stock plants from which cuttings
will be taken and the lecture describes the different steps leading to the taking of
cuttings. Care of the cuttings will involve the reduction of the leaf surface, the use of
root promoting hormones and where needed, fertilizer and pesticide use to ensure
good development of the cuttings.

Once the cuttings have rooted, they can be potted and hardened-off in preparation

for their planting in the field.

Recommended r eadi ng

The following publication may further enhance your understanding of the unit:
= Longman KA. 1993. Rooting Cuttings of Tropical Trees. Tropical Trees: Propagation

and Planting Materials Vol. 1. London: Commonwealth Science Council.



Cuttings principles and techniques

Ze' ev Wesnan—Ben Qirion Lhiversity, |srael and Zac Tchoundj eu—CRAF

Introduction

Taki ng stemcuttings i s perhaps t he nost conmon way t o veget ati vel y propagat e shrubs
or trees. Theprocessisrelativelysinplerequiringonlyalimtedareafor reproducti on, whilst a
singl e not her- or stock plant canyieldnany cuttings. Alarge nunber of ornanental plants are
propagated this way, but littleis known about the use of this nethod for nost agroforestry
trees. Thefaol | ow ng paragraphs briefly descri be sone of the underlying principl es of thecutting
and rooting process, highlight thedifferent factorsinfluencingthis and| ook at the different
steps | eadi ng t ot he successful propagation of trees and shrubs through thi s techni que.

Rooting process

Thefollowng diagramillustrates the different stagesintherooting process of cuttings

and i ndi cat es whi ch exogenous and/ or endogenous fact ors i nf | uence t hese st ages.

Development
Elongation
Initiation

. Re-arrangement
Induction

Propagation

Mother Taking Wound healing Differen- Root Vascular Initial Root Harde- Whole
plant cutting tiation  primordia  system root elongation ning plant
1 T development T growth
3
= Water status = Water status = Water status = Fertilizer
= Number of = Hormonal = Hormonal effect
leaves induction induction _ = Hormonal
= Exogenous = Phytopathological = Phytopathological control
treatments control control
= Mineral control
= Hormonal balance

= Water status

= Hormonal
induction

= Phytopathological

= Energy status
= Mineral status
= Phytopathology

status
control

= Water status

= Hormonal = Fertilizer effect
control = Hormonal control

= Phytopathological = Phytopathological
control control

Figure3-1 Offerent stagesinthe rooting process, andthe factors influenci ngthem

The rooting of stemcuttings is a conpl ex process resul ti ng froma confi nati on of nany
factors. The success of takingcuttings startswththe status of the stock- or not herpl ants and
thisis affected by several endogenous and exogenous factors. Qice the cuttings are harvest ed

fromt he not her pl ant, several neasures need to be takento ensure proper conditions for the
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rooting process. This startswth aheal i ng process, the fornationof newcells, theinduction of
root fornation, thelinkingupor bridgingof theseroots wththe existingvascul ar tissue of the
cutting stem elongation of these newy forned roots and final Iy t he devel opnent of a new
functional plant fromthe cut stempi eces. Agai n, several exogenous and endogenous factors

i nfl uence t he success of thi s process.

Factors affecting the rooting process

Inthe fol | ow ng paragraphs, the nost i nportant factors, whichinfluence t he success of
rooting cuttings, wll bebriefly described. They are: therooting substrate, humdity, plant
hor nones, | eaf area, |ight and tenperature, and pl ant hygi ene.

Rooting substrate

Determinati on of appropriate substratesis essential for therooting of stemcuttings. Mst
tropical tree speciesrequire alight nedi umw th good drai nage t o prevent wat erl oggi ng and

subsequent rotting of the cuttings. The fol | ow ng substrates were found to sati sfy t hese

requi renent s:

. rotted sawndust

. fineriver sand

" river sand and sawdust mxture (50: 50 v/ v)

. coar se gravel

. coar se gravel and sawdust mixture (50: 50 v/ v)
. vermculite

Inorder to avoi d pest and di sease attacks, the substrates shoul d be washed properly

before use and sterilizedif possibl e. They shoul d be renewed at | east once per year.

Humidity

Assoonas acuttingis renoved fromastock plant, it will not be abl etotake up the vater
needed for its survival and devel opnent. It thus becones critical tonaintainanoptina |evel of
anii ent humdity to nmake surethat the cuttingswll not wlt and dry out dueto | owhumdity,
or becone di seased because of atoohighhumdity. Vdter isaninportant external factor affecting
t he success of rooting of the cuttings.

Hormones

As nentionedintheintroduction, plant hornones are of paranmount i nportanceinthe
nul tiplicationprocess. Gertai n hornones such as auxi ns (1 BA 1AA NAY w | influence root
devel opnent, and ot hers such as gi bberel lins w Il influence stemel ongati on and bud

devel opnent . Dependi ng on t he bal ance of t hese hornones i nthe not herpl ant and i nthe cuttings,



therooting process wll be affected ei ther positively or adversely. Therefore, it i s sonetines
necessary to i ncrease t he anount of root pronoting hornones. Synthetic pl ant hor nones can be
appliedto promote the root devel opnent process either throughtheir direct actiononthe root
devel oprent process or through an ant agoni stic action on root inhibiting hornones. The
appropri ate bal ance of plant hornonesinthe cuttingw | af fect wound heal i ng, the devel opnent
of root prinordia, initia root devel opnent, root el ongation, hardeni ng and further devel opnent
of therooted cutti ng. The hornonal bal anceinthestock plant wll influencethat of the cuttings,
andthustinmng of takingcuttingsis aninportant considerationinthe cutting process. Ingenera,
it wll beinportant to go through a set of experinments to determne appropriate auxin
concentration for rooti ng unknown speci es. The starting poi nt nay be t he use of 50ug of | BA
NAA [ AAor amxture of 1BAand NPA However it nust be noted that not al | species require

auxi nfor rooting.

Leaf area

A ants need nutrients (nitrogen, phosphorous, potassium etc.) and netabolites (proteins,
l'ipids, carbohydrates) for their growth and devel opnent and thus it is inportant that
not herpl ants and cuttings areinoptinal conditionasfar astheir nutrient and energy statusis
concerned. Incuttings, thisnetabolicactivitytakes placeintheleaves renai ningonthe cutting.

Theinitiationof rootsinacuttingrelies onthe photosynthetic activity of theleaf areaof
thecutting It isthereforeinportant tonaintainasufficientlylargeleaf areaonacuttingsothat
the | eaves can conti nue t o produce t he net abol i tes necessary for root initiation through
photosynthesis. A thesaneting, thecuttingswll |osewvater throughtranspirationof this|eaf
area. The reconmended | eaf areaof acuttingw!| needtoensurethat thereis anoptina bal ance
bet ween t hese two processes and this w1 vary fromspeci es t o speci es. For exanpl e, the opti num
root i ng percent ages of Khayaivorensi s under intermttent mst were obtai ned when | eaves vere
trimmed to 50-100 cnionacutting. Incontrast to K ivorensis, Lovoatrichilioides cuttings
needed | arger | eaf areas (200 cnd) for opti numrootinginanon-nmist propagator. Inthe absence
of any information on optinal |eaf area of the species, aleaf areaof 50 cniis recomnmended
vhi ch can t hen be conpared to ot her si zes to deternine the opti numl eaf areafor cuttings of

t he speci es under i nvesti gati on.

Light and temperature

Antoi ent |ight and tenperature conditionsw | al soinfluencethe rooting process. Gntrol
of these factors oftenrequi res equi pnent andinfrastructurethat nay not bereadily availablein
all nurseries (electricity, additional light or conpl ete darkness, heating cabl esintherooting
substrate). Researchis neededtodetermnetheinfl uence of thesefactorsontherooting of cuttings
of different agroforestry species, andinfindi ngways to circunvent technical difficulties.

Wileirradiance probably affectsroatingdirectlyviaits effect onphotasynthesis, it isnot
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clear howlight qualityinfluencesrooting. I'nTriplochiton scleroxyl on, the neasurenent of rates
of net photosynthesisinstock plants, grown under different |evel s of irradi ance, indicatedthat
rootingabilityisstrongly correlated wth the photosynt heti c activities (Leakey and S or et on-
Vést 1992).

Phytosanitary aspects

The heal th status of stock plants and cuttingsis a soinportant. Gare nust betakennot to
col l ect cuttings fromdi seased stock pl ants, especial |y where fungi, bacteriaor viruses are
concerned. This nay not only bedetrinental totherootingprocessitself but wil alsoresult in
further spreading thediseaseif infected cuttings aretransplantedtothe fiel d. I nsone cases,
cuttings canbetreatedwthapesticide or soakedinasurface sterilant, suchas dil uted househo d

bl each (seed sounit 2).

Preparing cuttings

Management of stock plants

Sone i nportant rul es for the nanagenent of stock plants are:

" Establ i shstock plants as cl ose as possi bl e tot he propagat i on area.

" Prune the stock plants regul arly (thrice ayear) to encourage producti on of good shoot s
and nai ntai njuvenility of the vegetative naterial . Aways conserve one pair of feeding
| eaves on each pl ant .

. Wefertilizer toaccel erategronthonnutrient deficient soils.

" Reconmended pl ant spaci ng for nost speci es; 1-2 mbet ween rows, 0.5-1 mw thi n each row

. Separate di fferent cl ones fromeach ot her and | abel themclearly. Al owsone cl ones to
growas to express the cl onal characteristics of the naturetrees.

" Gowstock pl ants under |ight shade, for exanpl eintercroppedwth Gl /iandraor Leucaena.

Taking cuttings

" Quttings shoul d be taken early inthe norning beforethe sunis hot, asthiswll keep
transpiration and thus dryi ng out to a nini num

" Tri ml eaves bef ore the shoot s are det ached fromt he stock pl ants as t hi s reduces wat er -
| oss. Leaf areas for opti numrooting vary wth speci es, however, 50 cni seens to be the
recormended | eaf areaprior tofull investigationonthisfactor for different agroforestry
speci es. The |l eaf area shoul d al | owf or a bal ance bet ween phot osynt hesi s and transpirati on
when cuttings are under the non-mst propagat or.

" Use a pol yethyl ene bag that is noi stened i nsidetocarry the shoots.

" Keep t he col | ect ed shoot s under shade, without throw ng or squeezi ng t he bags.

. I f you are carryingthe shoots over al onger di stance, keeptheminacool box —but ensure

that the shoots donot directly touchthe cooling el enents.



. Inthe nursery, have al | equi pnent and tool s ready and wel | arranged i n advance i n or der
to keep cuttings noi st and transfer to propagators w thout del ay. Del ay can cause t he
cuttingstodry out andis oftenresponsiblefor rootingfailureof cuttingsinaridand

sen-ari d zones.

Propagation facilities

Mist propagation

Acritical factor inthe successful rooting of cuttingsis the nai ntenance of a humd
envi ronnent to reduce water-1oss through transpiration. Mst propagationis atechnical ly
advanced systemto achieve this. It uses ahigh-pressureirrigati on systemthat produces afine
m st through special mist jets pl aced above the cuttings. The frequency and duration of a nist
applicationcanbecontrolledusingatiner, anoisturesensitiveswtchor aso-called'electronic
leaf’. Sncethis systemis expensiveandrequiresreliableel ectricityandwater supplies, it isnat

reconmended for pl aces where these utilities nay not be avail abl e or can be unreli abl e.

Non-mist propagation

Asuitable alternative for naintai ning anoi st envi ronnent i s the non-mst propagat or.
This i s asinpl ewoden frane encl osed by cl ear or whi te pol yet hyl ene sheeti ng. The propagat or
isfilledwthanoist rooti ng nedi umand contai ns areserve of water (Photo bel ow. To mini mze
theeffect of light (quality and quantity) onrootingability, propagators shoul d be pl aced under
uni formshade. |f possibl e, a 60%shade cl ot h shoul d be used t o prot ect t he propagat ors.

As descri bed above, the tenperature of the propagation environnent i s al so an i nportant
factor inrooti ng success. Innon-mst propagators, it usual |y varies between 28-30°C I n hot and
dry zones, frequent watering of the propagator itsel f canreduce excessivel y hi gh t enperat ures.

Himdity al sovaries wthinthe propagator. HiImdity | evel s are about 90- 100%af t er
wat eri ng, however the l evel drops rapidly to as | owas 40%when t he propagat or i s opened. To
nai ntai n high humdity, the cuttings andthe air space wthinthe propagat or shoul d be sprayed

once a day w th a hand-sprayer. Tenperature and hunmidity are the nai nfactors that shoul d be

constant |y noni tored w t hinthe propagat ors.

Anon-mst propagat or.
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Post propagation care

Potting

Potting-upisadelicate processinvegetativetree propagation, where one can easily | ose
al therooted naterial . The sane care as described earlier for prickingout seedings (Lhit 2)
shoul d be appl i ed. Renove the rooted cutting gently fromthe rooting substrate using a snal |
flat pi ece of wood, shake of f | cose rooting substrate and pl ace the cuttingintoacontai ner whi ch
isaready partlyfilledwthasuitabl e light but nutrient-richsubstrate. Qver the exposedroats
wthsubstrate, press substrate firniy around the cutting, and water. Newy potted cuttings
need to remaininahunmd and wel | -shaded environnent until shoot growth comrmences.
Witeringat thislevel shouldbedonewthcare, preferably wth asprayer or awatering hose

wthafinenozzl e

Hardening

Hardeni ng-of f is to gradual |y accustompotted cuttings to growunder ordi nary nursery
or fieldconditions. Thisis done through a stepw se decrease i nthe humidity previ ousl y needed
for therooting of the cuttings. Uhder the harsh environnent of the Sahel, potted cuttings of
Prosopi s af ri canawere kept in cl osed propagat ors for three weeks, whereas Bauhi ni a r uf escens
needed onl y two weeks (Tchoundj eu 1996). Afterwards, the propagat ors were opened duri ng
the night (1week), then night and day, except onvery hot days. Inthelast phase, plants were
novedtothe nursery still under dense shade. Species differ intheir requirenents: Aunus afri cana
roots vell but the hardeningis noredifficult, while R erocarpus erinaceus, Bauhi ni a ruf escens

and Tanarindus i ndi caroot well and arerel atively easy to harden.

References

"Leakey RRBand Soreton-Veést R 1992. Therooting ability of Tripl ochiton scl eroxyl on cutti ngs:
theinteractionbetween stock plant irradiance, light quality and nutrients. Forest Ecol ogy
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(eds.) Tree I nprovenent for SQustai nabl e Tropi cal Forestry. Proceedi ngs GFR -1 UFRO
Gonference, Gal oundra, Queensl and, Australia:. 27 Gctober — 1 Noveniber 1996.



Cuttings practical

Objectives

The obj ective of this practical sessionistoa lowparticipantstoseetheeffectsof auxinin
rooting cuttings andto use a non-mst propagat or for settingcuttings.

The partici pants shoul d work i n groups of 3-4. Each group shoul d have t he chance to
assi st inthe buil ding of apoly-propagator and set cuttings appl yi ng different root pronoting

hor nones.

Prerequisites

Thefollowngtoolsand naterial s are needed for this practical :

" Pol ypropagators wth different rooting substrates: sand, finegravel, sawdust etc.

" Sval |l contai ners wthrooting powdersindifferent strength for each group: >
for exanple IBAO.1% 0.3% 0.8 % Qher productsif available (e.g. | A E
. Large pl asti ¢ bags for col  ection of the cuttings. o
. ol box andiceblockstostorethe cuttingsif not i nmedi at el y used.
51

" Secat eurs, sci ssors and shar p kni ves for preparationof the cuttings.

. Asnal | bottle of 80 %ethanol or nethyl ated spirit todisinfect thetool s.

. A handspr ayer for each group.

. Gl liper andrul er toneasure the cuttings before setting.

. Label s and assessnent sheets.

. Aseries of selected agroforestry stock plants. Seedlings or coppi ced pl ants wt h shoot s
of about 30 cmare suitabl e.

Assignments

Building a polypropagator

Athoughthetask of this practical isnot toactually buildaconplete propagator, it is
advisabletoal lowthe studentstofinishfillingapropagator wthits substrates to understand
the process and be anare of potential pitfalls. The fol | ow ng steps gi ve an overvi ewof the

r ocess.
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ravel table
25vcm water £ gtones Fgure 3-2. Schematic
4':5&”“ representation of anon-nist
polythene propagat or (Longnan 1993).

Thefol lowng naterial s and steps are requi red to bui I d a pol ypropagator of 1x3x1m

1

The frane shoul d preferabl y be nade of durabl e, ternite resistant wood, especially the
partsthat arerestingonthe ground. Aternatively, thewood shouldbetreatedwtha
preservative; however, youw || needto ensurethat the preservative does not danage t he
cuttings. You need approxi matel y 8 mof 250 x 25 nm 10 mof 50 x 50 nmand 32 mof 50
X 25 nmti nber.

Srong qual ity pol yet hyl ene sheeting: 10 ml ength of 2 mw de nateri al .

0.5 njof broken cenent bl ocks or stones (30-120 nm), 0.25 miof gravel (5-10 nm), 0.25 i
of coarse sand.

Fxingnaterias: nails, officestapl er anddravingpinstojonandfix pol yethyl ene sheeting,
hi nges and screws, and clips, to secure covers.

Adoubl e pi ece of pol yet hyl ene w t hout hol es shoul d be used f or t he base of the propagat or.
Thi s shoul d be | eft | cose enough so that whenit rests onthe ground, it will holdthe
filling/ drai nage wthout excessive strain.

Aignthelongaxis of the propagator inaneast-west direction. It isvita tolevel the
ground, and spread sand to prevent the pol yet hyl ene sheet fromgetting pi erced or
stretched by stones. UWse al evel gauge to nake sure that the propagator stands | evel, as

one conpart nent shoul d not have nore wat er than the ot hers.



Put a short piece of plastic pi pe or banboo (2530 cml ong and about 5 cmi n diangter) in
thecorner vertically. Thiswll helptocheckthevater level easily, andfill water i f needed,
W t hout soaki ng t he rooting nedi um

Al thefilling/drai nage naterial shoul d be t horoughl y washed before use. It is al so
i nport ant when at t achi ng pol yet hyl ene sheeti ng, to nake doubl e overl appi ng j oi nts
bet ween one sheet and anot her, as thisw || hel pto conserve high humdity wthinthe
pr opagat or .

Addthedifferent substrates careful |y soas not to danage t he pol yet hyl ene sheet: athin
| ayer of river sand, athick layer of stones, athicklayer of gravel, athinlayer of sand
(addinguptoatota of about 15-25cn), thenaddwater until thefilling/ drai nagelayer is
fulysauated

Add about 10 cmdept h of rooti ng nedi umon top. The rooti ng nedi umshoul d be noi st
but not waterlogged, or thecuttingswll not thrive.

M nt enance w I | i nvol ve regul arly checking the water | evel (each week); water wil be

added when needed usi ng a pl asti c pi pe. The out si de of the propagat or shoul d be cl eaned

regularlyinorder toallowenoughlight toenter the propagator. It isinportant to patch upany

hol es i nthe pol yet hyl ene sheet wthasnal | pi ece of sticky tapeinorder toconserve highhumdity

W t hi n t he propagat or .

Collecting and setting cuttings

1

Trimthe | eaves of the sel ected shoots before cutting themoff the stock pl ant, discardthe
termnal buds and | eavesif they aretoo soft.

A ace t he shoot s qui ckl y i nt o pal yet hyl ene bags contai ning al abel , narked w th the speci es
nane and cl one nunber; and noi st paper or ot her danp material . | n absence of danp
naterial, humdify theinside of the bagusingasprayer. Keepthe bagclosedat all tines.
To avoi d heating up of the cuttings duringtransport, storetheminacool box but avoid
direct contact wththe cooling el enent.

Inthenursery, put the shoatsintoabucket of vater or spray themfreguently until they are used
Wsi ng asharp knife or secateurs, cut singl e or doubl e node cuttings. Gt the basal end of the
cuttingsquarely —avoi dcuttingthe base slantedas thisnay result inaone-sidedroat system
Dpthebasal 0.51cmof thecuttingintotherequiredrooting ponder. Each parti ci pant
shoul d have t he chance to set 3-4 cuttings of eachtreatnent: for exanpl e, control (no
treatment), 0.1%l BA 0. 3%l BA 0. 8%l BA

Insert thecuttingintoapreparedholeintherootingsubstratetoadepth of about 2-3cm
naki ngsurethat theleaf iswell abovethesubstrate, andfirmthe cuttinginwthtwo fingers.
Label the cuttings wth: speci es nane, cl one nunber, date of setting and treat nent (s)
applied. Enter theinfornation onyour assessnent sheet.

Soray thecuttings beforeclosingthelidof the propagator tightly.

cuttings
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Example assessment sheet

Species

Date of setting

Substrate

Rooting yes/no

Clone number

Cutting number

Treatment

Date 1

Date 2

al
N
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Trai ni ng gui del i nes

Instructional objectives

At the end of the unit on grafting, participants will be able to:

= List and explain the main reasons for grafting agroforestry trees.

= Explain some of the underlying physiological principles of grafting and describe
the conditions for its successful application.

= List and describe the most common grafting techniques.

= Practise grafting with some selected agroforestry tree species.

I nstructional net hods

The unit consists of a 60 to 90 minute theoretical presentation, with the usual
audio-visual support tools, followed by a 4-hour practical exercise including

demonstrations.

Instructional naterial s

Lecture notes support the theoretical presentation and the materials needed for
the practical exercise and demonstrations are listed in the detailed description of the

practical.

Unit summary

Grafting is one of the more complex and labour intensive vegetative propagation
techniques. Grafting entails the union of the stem part of one plant with the root part
of another one to form a new plant. When the stem part of one plant consists of a
single bud, the technique is referred to as budding.

As in other vegetative propagation techniques, there are several reasons for
grafting or budding agroforestry trees. The most important ones are: to multiply trees

that cannot easily be multiplied through sexual or other asexual methods, to replace

grafting
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the existing root system of a tree with a better one, to decrease the time needed by a
tree to reach maturity (flowering, fruiting), to repair damage to older trees or to
rejuvenate them with young and improved material.

In grafting, cut material from stems and roots are put together in such a way that
new cells, developed as a result of the healing process of the wound, will eventually
join together and form new tissues that will allow the grafted plant to grow and develop
as a normal one.

When grafting or budding agroforestry trees, it is important to consider the
compatibility between the plant materials, as well as their physiological age. Other
factors that will affect the success of these techniques relate to the conditions under
which they take place such as humidity, temperature, contact surface between the
materials and hygiene.

The most common grafting techniques for agroforestry trees are top-wedge
grafting, splice grafting, whip and tongue grafting and approach grafting. The most

common budding techniques are T- and patch budding.

Recommended r eadi ng

The following publications may further enhance your understanding of the unit:

= Edmond JB, Senn TL, Andrews FS and Halfacre RG. 1975. Fundamentals of
horticulture. USA: McGraw-Hill, Inc.

= Hartmann HT, Kester DE, Davies FT and Geneve RL. 1997. Plant propagation:
Principles and practices. 6th ed. New Jersey, USA: Prentice Hall.

= Macdonald B. 1986. Practical woody plant propagation for nursery growers.
Oregon: Timber Press.

= Mudge KW, Mwaka A, Isutsa D, Musoke R, Foster D and Ngoda BJM. 1992. Plant

propagation - a teaching resource packet. USA: Cornell University.



Grafting principles and techniques

Hannah Jaeni cke— CRAF

Introduction

Gafting, thetechni que of continingtw or nore different plants, has been practised for
nany centuries. Ancient Chinese, Geek and Fonan literaturereferstografting, as does the
Bble Intheearly 19" century, wel | over 100 different nethods of grafting were known ( Thoui n
187).

Initially, graftingwas practicedontreesthat were cultural |y and economcal |y i nportant,
such as olives and citrus inthe Mditerranean by the Geeks and Ronans. Inlater centuries, the
grafting of ornanental s, such as roses, and of the many ot her plants i nported fromforeign
countries i nto Eiuropean gardens, becane inportant. Inthetropics, graftingis practised ona
rel atively snal | nunber of coomerciallyinportant trees, such as nango, citrus, rubber, and
avocado. However, it isal soaviableoptiontodonesticate several under-utilized agroforestry
tree speci es.

Gaftingis atechni que of vegetative propagationthat isrelatively |abour intensiveand
requi res skil | ed and experi enced peopl e for successful and sati sfyingresults.

Definitions

The fol | ow ng definitions are needed t o under stand grafti ng and buddi ng t echni ques and t hei r

under | yi ng princi pl es:

" Gafting: the techni que of connecting two pieces of |ivingplant tissuetogether sothat
they wll uniteand formafunctiona plant.

" Sion: theaeria part of atreethat will formthe cromn of the newplant. This part contai ns
the dornant buds of the tree whose desired characteristics needto be nultiplied.

. Buddi ng: a special formof graftinginwhichthe scionconsists of either asingl eor several
buds. It is anore economcal formof grafting, as nore scions can be produced froma
singl e not her tree.

. Root st ock: the bel ow ground or | ower part of atree, sonetines including part of the
st emand sone branches, that wll formthe root systemof the newplant. This part nay
al so cont ai n dor nant buds, whi ch shoul d not be al | owed t o devel op i n t he new pl ant
si nce they (suckers) do not have the desired characteristics that needtobe multiplied

" Vascul ar cani um athinlayer of neristenatic cells betweenatrees’ bark (phl oeny and
wood (xylem). Meristenmatic cells are capabl e of dividingintonewcells that may

differentiateintonewtissues and or gans.

grafting
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. Gl lus (tissue): anmass of undifferentiated cells forned around aplant wound. Ingrafting
or budding, this calluswll formaroundthe wounds at the uni on of the scion and the
rootstock. Fromthe cal l us cel | s, newvascul ar tissue devel ops that wll al | owsci on and

rootstock to function as one pl ant.

Reasons for grafting and budding

The fol | owi ng are the nai n reasons why you may want to consi der grafting or buddi ng

agrof orestry trees:

" Tomiltiply atreethat cannot be nul tipliedthrough sexual or other asexual propagation
net hods.
" Toobtainatreethat coni nes bot hthe good characteri stics of one tree andthe root st ock

of anot her one.

" To decrease the amount of tinethat atree needstoattainmaturity (flowering, fruiting
and seedi ng) .
" Torej uvenat e ol der trees through the use of young, inproved nateria fromanother tree.

. Torepai r danage causedto certainparts of atree.

] Todetect vira di seases

Multiplication

Many speci es of tropical trees cannot easily be propagat ed fromstemor root cuttings.
Tree donest i cati on progranmes, ai ning at the capturing of genetic superiority as expressedin
naturetrees, revert tograftingasaninternedi atesteptore uvenate, or reinvigorate, the desired
naterial. Asciontakenfromthe desiredtreeis grafted onto a vigorous rootstock seedl ing.
Shoot s produced by this plant canberooted, or, if roctinginhibitionstill occurs, grafted ontoa
newrootstock. As showninF gure 4-1, onthe fol | ow ng page, several grafting cycl es nay be
requi red bef ore sati sfactory rooti ng occurs (S ni scal co and Pavol ettoni 1988).

Rootstock

Gten, adesirabl e cultivar does not possess a necessary bel ow ground characteri sti c that
anot her cul tivar or provenance nay have. For exanpl e, sone cl ones aretol erant or resistant to
drought, saline conditions or sail-borne pat hogens. These cl ones can be consi dered t o provi de
root stock for other individual s that have desi rabl e above-ground characteri stics, suchas fruit
qeity.

I n sone speci es, especially citrus, therootstock cana soinfl uence t he above-ground fruit
quality. Another conmercial lyinportant influence of therootstockis the vigour of the contined
plant. For nany fruit speci es, dwarfing rootstocks have been devel oped.
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Fgure 4-1. Schene for rej uvenati on techni ques used in serial graftage of ten-year-ol d Aical ypt us x
trabutii onto juvenile seed ing understock. Sx serial grafts were needed bef ore nat ure grafted sci ons

coul d be used as cuttings and root ed (S ni scal co and Pavol ettoni 1988).

Maturity

\egetative propagationingeneral isatool todecreasethetinetonaturity, of theplants
produced. Thisisthecasewthcuttings fromnaturetreesor wthair layering. Gaftinganature
sci on ont 0 a young Vi gorous root stock has the sane ef fect andit is often nore successful than
rooting mature cuttings. However, an additional advantage of grafting techni ques can be t hat
thetinetonaturity of young seedlings, for exanpl e froma breedi ng progranme, can be greatly
reduced, whenthey are grafted onto awel | -establ i shed, nature rootstock. The basic principl e
behi nd t hi s phenonenoni s that a strongroot systemis al ready devel oped and the pl ant’ s ener gy

canbeutilizedinflower and fruit production.
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Rejuvenation

Anature tree of an uni nproved provenance can be grafted w th sci ons froman i nproved
variety. Exanpl es are nango and citrus, that are frequent!y sown fromseed and do not have
thedesiredfruit quality. Top-grafting of inproved scionnaterial ontothese establishedtrees
can be econonical | y benefici al .

I n di oeci ous pl ants, which have nal e and fenal e fl oners on separate trees, a probl em
known to producers is anunfavourableratio of nal eto fenal e trees. Anunproductive nal e tree
can be changedto afenal e tree by grafting sci ons froma fenal e not her pl ant ontothe nal e
stem If there are not enough pol linators avail abl e, (e.g. after unproductive nal e trees vwere
felled), ascionof analetreecanbeinsertedintothecromof afenal etree.

Another possibility, especiallyinterestingfor farnerswthvery snall plots, isthefact
that several different varieties of the sane species canbe grafted ontothe sanerootstock. Inthis

nanner, early and | ate vari eties coul d be harvested fromt he sane tree.

Damage repair

Qccasional ly theroots or trunk of atree are severel y danaged by browsi ng ani nal s or
drought. If it is consideredworthwhileto savethetree, such danage can be repaired usingthe
bri dge grafti ng t echni que.

Virus detection

I n sone conmerci a |y inportant species (e.g. citrus), viral di seases are a serious probl em
If thereis doubt about whether another treeis diseased, atest-bud of that pl ant canbeinserted
intoaclean, highly susceptible‘indicator’ plant. This plant wll showthe synpt ons and t hus

| arge-scal e spreadi ng of the vi rus can be prevent ed.

Physiology

G afting can be seen as the heal i ng of awound i nt o whi ch a pi ece of anot her pl ant has
been i nserted. Physiol ogi cal |y, the sane nechani sns as i n wound heal i ng, the rapid division of
neristenatic cellsandtheir followngdifferentiationintothe danaged organs, takes pl ace. A
successful graft not only has the physi cal stability of an undanaged pl ant, but it al so functions

asoneunit after phl oemand xyl emcel | s unite.

Healing process

The usual sequenceinthehealingof agraft unionis as fol | ows:

" Li ni ng up of vascul ar canbi uns. The person carryingout the grafting pl aces the freshly
cut scionintodrect contact wththefreshly cut rootstock. It isof utnost i nportance t hat
the cani al layers of bathplantsareindirect contact.



. WWund heal i ng response. Necrotic (bl ack) naterial is fornedfromthe cell s danaged by
naki ng t he cut s.

. Gl lus bridge fornati on. The next, undanaged | ayer of canbi umcel |'s, produces al arge
nunier of parenchyna (tissue) cells that forma callus, and provi de a nechani cal |ink
bet ween t he sci on and t he r oot st ock.

. Cantoi umfornation. Gertaincallus cellslineupwththe canbial |ayers of both scion
and root st ock, and differentiate i nto newcani umcel | s.

. Vascul ar tissue formati on. Secondary phl oemand xyl emcel | s are forned fromt hese

newcanti umcel | s, final |y establishingafirmvascul ar connection betweenthe two pl ants.

F gure 4-2. Top: Gaftingterninol ogy of the bark and wood and associ at ed ti ssues w th schenati c
draw ng of a stemcross section of ayoung woody pl ant stem Bottom Schenatic | ongitudi nal section
of the stages of graft unionfornation. (Hartnannet al. 1997).

Periderm In Grafting Terminology
(True botanical bark) “Bark” = Periderm, Cortex, o
Cortex Phloem and <
Vascular cambium +=
Phloem "E
. “Wood”= Secondary xylem e
Vascular Cambium and pith (if present) (@)
Wound-repair xylem 6 1
and phloem, and
production of initial
vascular cambium
Phloem Vascular
Cambium
—> —>
Rootstock Xylem
Stage 1&2 Stage 3 Stage 4 Stage 5

It isinportant tonotethat the graft unionis entirely nmade by the fornati on and

differentiati onof newcells. Existingcells of both scionand root stock do not nove or grow

t oget her .

Healing conditions

For asuccessful graft unionto be established several factors areinportant.
The canfoi a | ayers of both scion and rootstock nust beinintinate contact toallowthe

newy forned cel I s to growinto ajoi ned secondary vascul ar system
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The newy forned cel | s have arelatively thincell wall and are unprot ect ed agai nst
desi ccation, thus the graft uni on needs to be kept sufficiently noist. Thisis usual |y done by
w appi ng and/ or waxi ng the graft uni on. However, sufficient oxygenis al so necessary as the
rapi d devel opnent of cellsis anetabolically highly intensive process. Gases are known (e. g.
grapes) inwhichthewaxing of thegraft unionis detrinental to success, possibly because of
suffocationof thetissue

The anti ent tenperature w || affect the wound heal i ng process. For nost plants, the
opti numl i es sonewher e between 15 and 30 °Chut for sone tropical plantsit night be hi gher.
Bel owthat, netabolic activityistoolowto guarantee sufficient cell grow h; above that, cell
deathleadstofailure.

The high humidity and tenperat ures that are required for successful graftingare al so
conduci ve to bacterial and fungal growth. It isthereforeinperativethat utnost care and
cl eanl i ness be practi sed when grafti ng.

The physi ol ogi cal activity of scionand stock pl ant can have an i nfl uence on t he wound
heal i ng process. Mbst deci duous pl ants i ntenperate regi ons are best grafted when they have a
highnetabol ic activity and assiml ate transl ocationis high. Thisisusuallythe casejust before
or after budbreak. For many evergreen tropi cal species, nany of which flower and fruit
si mul taneousl y, such a distinct pattern cannot be established. In cases where a prol onged dry
period i nduces dornancy, the periodjust beforethe onset of therai ns nay be the best tine for
gating

Inadditiontothesefactors af fecting the success of grafting and buddi ng, there are speci es
and cl one di fferences. Sone speci es are easi | y propagat ed by grafting, though otherstendto
have a |l owsuccess rate. It i s hypothesi zedthat the reason nay be the different speed and vi gour
of callusfornationafter wounding, or theabilitytoexactlylineupnatchingcell fornations, in
particul ar the endopl asnatic reticul umof both graft partners (Kol | nann 1992). | n speci es t hat
formwound cal lus readily, the newy forned cel | s are prot ect ed fromdesi ccati on and t hus
survivebetter thaninplantsinwhichcal lusfornationis sl owand poor. Tissueinconpatibilities

(see bel ow can al so be a cause for poor success.

Rootstock-scion relationships

Aninportant reasonfor graftingis to nake use of theinfl uence of arootstock toa scion
interns of pest and di sease resi stance, groah or devel opnent. Gartai nrootstocks can be td erant
or resistant to nenatodes, fungal , bacterial andvira pathogens, drought or salinity. Rootstocks
canal so affect tree growt h and devel opnent, naturity, fruit qual ity and productivity.

Cases of resistancetofactors affectingtheroot systemdirectly arerel atively easy to
under stand. The geneti c constituency of sone plant cultivars, varieties or provenances al | ows
survival and grow h even under unfavourabl e conditions. This may be due t o nechani cal

resi stance, chenmical inhibitors, greater vigour or better nutrient uptake capabilities of theroot



tissue. These characteristics do not di sappear when a scionfromadifferent plant is grafted on
top of therootstock sincethe geneticinfornationis not changed.

There are, however, influences that are nore conpl ex and t hat need expl anat i on beyond
the si npl e nechani cal characteristics. These arethe rootstock i nfl uences on growt h, productivity
and qual ity. Several expl anations for these phenonena have been of fered, but they are not
consi stent and seemt o vary between pl ant speci es. Aconmon expl anationis that the vascul ar
connectiontransports assi ml at es and st orage products, as wel | as endogenous grovt h regul ators
and ot her subst ances (i nfl uencing grow h, fl owering or fruiting behavi our) both upwards and
dowwards through the plant. Gell divisi on-pronoti ng cyt oki ni ns are usual |y produced i nthe
root tips andtransported upwards, therefore aninfl uence fromthe root systemcoul d be expect ed.
I't has al so been hypot hesi zed that agraft unionmight result inslightly inpairedvascul ar fl ow
vhi ch coul d i nfl uence t he anount of water and grow h regul at ors transl ocat ed, thus bringi ng
theplant intoaslight stresssituation, inducingprolificflonering. Early experinents supporting
thi s theory have al ready shown that by autografting (grafting ascionontoits own rootstock),
i ncreased fruit production coul d be achi eved (Hddgson and Ganer on 1935).

It isinportant tonotethat the scion can al so have aninfl uence on t he root st ock. These
i nfl uences are of ten undesi rabl e, such as the i nfection of a susceptible rootstock wth avirus

transmtted fromt he sci on.

Incompatibility

Probl ens of graft inconpatibility are oftencited as the nost severe hindrancetofull
accept ance of grafting, however they do occur and need to be taken i nt o account (Feucht 1987).
Ageneral ruestatesthat: thecloser thepartners arebotanical ly rel ated, the nore successful the
graft unions shouldbe. Gaftingwthinacloneis the process of graftinga scionback ontothe
plant fromwhichit cane, or graftingit onto another pl ant fromthe sane clone andis usual |l y
successful .

Gafting between cl ones of the sane species (i.e. Mingiferaindicacv'Kent’ onto Mingi fera
indicalandrace) is al so considered anornal and general | y successful practice. Hwever,
i nconpatibility reacti ons have been observed w t hi n sone speci es.

G af ti ng bet ween speci es of the sane genus i s occasi onal | y successful, but oftenfails. In
tenperate horticul tural practice, al nond, apricot and pl um( Prunus anygdal yna, P. arneni aca
and P donestica, respectively) are grafted onto peach (P persica). A nond and apri cot, however,
cannot beinter-grafted. Aty of the specieswthinthegenus Gtrus canusual ly beinter-grafted
W t hout probl ens.

Gaftingbetveen generawthinafamlyisrarey successfu . Mexanpleisthetrifdiateorange
(Pocirustrifdiad that isusedconmercialyas dwarfingrootstock for orange (Gtrus sinensis).

Gafting between faml i es has been shown towork i nisol at ed experi nental cases, and

nost |y with annual pl ants i nwhi ch del ayed graft i nconpatibilities nay not show A noteworthy
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exanpl e, whi ch hel ped a great deal in our understandi ng of the processes during graft union
fornation, isthegraftingof U ciafabaon Hliant hus annuus root st ock (Kol | nann 1992) .

I nconpati bility synptons often do not showi nmedi at el y; they can appear as | ate as
nany decades after the uni on was forned, for exanpl e when st or mdanage can cause t he trunk

tobreak at the point of the graft union. The nost conmon i nconpat i bi ity synptons are:

" Fai l ure to forma successful graft union.

" Early defoliation of deciduous pl ants, declineinvegetative growt h dueto shoot di e-back
andgerera ill-heathof thepl ant.

. Premature death of trees after afewyears or vhilestill inthe nursery.

" Mirked differences ingrowh rate or vi gour between sci on and root stock; overgrow h at,
above, or bel owthe graft union.

" D fferences between sci on and root st ock i n onset of vegetative growh after dor nancy
due to drought or | owtenperat ures.

" Gaft conponents break apart cleanly at the graft union.

Apart frombreakage, isol ated cases of the above synptons are not indicative of
inconpatibilities. Sometines, graft i nconpatibilities can be avoi ded by the use of a mutual | y
conpati bl einterstock, whichis aninsertionbetweentheintended rootstock and scionof athird
cultivar. Thisinterstock thenprovides abridge but still alows the characteristics of both scion
and r oot st ock t 0 be expressed.



Grafting and budding techniques

Top-wedge grafting

This i s the nethod nost cormonl y used, as it is sinpleandusually successful with both
seedingsand ol der trees. It isoftenusedintopworkingol der trees asit canbe used wth sci ons
consi derabl y thi nner thanthe root stock. I'ntopworking ol der trees, two snal | scions are usual |y
insertedat either sideof thecleft. Inthesecasesit isinportant that thescionsarecut sothat the
outsideof thewedgeisslightlythicker thantheinsidetoal lowfor thelarger circunfierence.

F gure 4-3. Top or wedge graft. (Mudge et al . 1992).

Splice and whip and tongue grafting

Along, slantingcut is nadeinboth scionandrootstock andthese aretiedtogether. This
net hod i s si npl e but needs sone practiceto al l owfor evenly slanting cuts and for nat chi ng
sci ons and root st ocks. Wen tying-in, careis neededto prevent i nadvertently sli ppi ng when
joiningthe pieces. It isthetechniqueof choicefor naterial wthavery pithy stem

Anore secure version of thesplicegraft i sthewhipandtongue graft i nwhi cha second
short vertical cut isnade 2/3fromthetipof thecutsinbothscionandrootstock. The ‘ t ongues’
of bothscionandrootstock arethenslit into each other and the graft securely tiedin. The
advant age of this formof graftingis alarger portionof canbial cellstomatchandaninitial
good hol d of the scionintothe rootstock. The net hod requires soft naterial andis often used
wthyoung plants that haveonly limtedlignification.
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Foure4-4. FPlicegrafting. (Micdonal d 1996).

Preparing the stock
A long sloping A second
cut2.5to 6 cm downward
(1to 2% in.) cut is made
long is made starting
at the top of one-third ;
the stock. of the distance
from the tip
to the base of
_ the first cut.

Pulled apart
it looks like
this.

Preparing the scion

A long sloping cut
is made at the
base of the scion
the same length
as the cut on the
stock.

A second cut is
made under the
first just as for
the stock.

The stock and scion are slipped
together, the tongues interlocking

The graft is then tied and waxed.

F gure 4-5. Wi p and tongue grafting. (Hrtnmannet al . 1997).




Approach grafting

Thisisaformof graftingparticul arly suitablefor difficult conbinations. Both scionand
rootstock renai nintact plants until asecure graft uni on has beenforned, thus allowngbothto

use thei r own vascul ar systemfor assi mlati on and wat er upt ake.

(@)
c
=
Y
F gure 4-6. Approach grafting. (Midge et al . 1992). E
(@)
T-budding 67

Mbst forns of buddi ng shoul d be done when t he bark slips of f easily frombot h sci on and
rootstock, whichis at atineof highnetabolic activity. T-buddi ngis nost conmonl y used i n
the propagation of citrus. It isgenerallylimtedtosnall nursery stock of between 6-25 nm
dianeter, whichare actively growng, sothat the bark slips easily fromthe wood.

F gure 4-7. T-buddi ng. (Macdonal d 1986) .
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Patch budding

Thisisanethodwdely usedfor tropical treeswththick bark, suchas therubber tree. It
can be used on stock pl ants as bi g as 10 cmi n di anet er .

Arectangul ar pi ece of bark is cut out of the rootstock, usually wth a special doubl e-
bl aded kni fe. Anat chi ng pi ece of bark, includingabud, iscut fromthe budwood and nat ched
i nt ot he prepared root st ock.

Preparing the rootstock Preparing the bud

A double-bladed knife is used

¥ to make two parallel horizontal
i #) cuts about one-third the

i distance around the rootstock.

The patch containing the bud
is cut from the bud stick by

two horizontal cuts with the
double-bladed knife -

- followed by two
vertical cuts on each
side of the bud. The
bud patch is removed §
by sliding it off to
one side.

The two horizontal cuts are §
connected at each side by §
vertical cuts.

Inserting the bud into the rootstock
Be sure edges

When the bud
patch is ready
the bark is

removed from
the rootstock

s The inserted patch
ready for wrapping
should look like this,

gnd the bud == fitting tightly in the
inserted. It may (% - &2 opening on all four
need to be | sides.

trimmed along
one side for a
tight fit.

<

The union is then
wrapping with
grafting tape or poly
strips, using care to
cover all the cuts,
but leaving the bud
exposed.

F gure 4-8. Patch budding. (Hartrmann et al . 1997).
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Grafting practical

Objective

The obj ective of the practical exerciseongraftingandbuddingistoall owparticipantsto

practice several grafting techni ques on sel ected agrof orestry tree species or ornanental s.

The st udent s shoul d work i n pai rs and each pai r shoul d ai mat practi ci ng about four
grafts of eachtechni que describedinthis practical. It is advisabl eto have successful exanpl es
of the different techni ques avail abl e for denonstrations, especiallyif thetrainingistobe
conpl eted i n one aft ernoon and t he students will not be abl e to observe the results of their

practical work by the end of the course.

Prerequisites

Thefollowngtoolsand naterial s areneeded for this practical:

1 God quality, sharp grafting or buddi ng kni ves. Any sharp kni fe nay do but the hi gher
expense of aspecial graftingknifenay payinthelongruninterns of durability and
consistent quality of thecuts. Gaftingknives areavailablefor right-handed and | eft -
handed peopl e. Buddi ng kni ves with a special |y curved bl ade and atool tolift the bark
flap for T-buddi ng are avai | abl e as are speci a doubl e-bl aded kni ves for pat ch buddi ng.
Inorder toeasethefittingof scionandrootstock cuts, specia tod s have been nanuf act ured
that cut anotchintothe scionanda correspondi ng grooveintotherootstock. Thesetool s
only operate wel | when sci on and root st ock are of approxi nat el y the sane di aneter. For
softer tissuewody naterial's, surgical scal pel s or razor bl ades can a so be used, but wll

requi re nore cauti on on behal f of the users.

2 Afine-grai ned sharpeni ng stone i s needed t o keep t he bl ades of the grafting and buddi ng
kni ves sharp after repeated cutti ng of woody naterial .

3 Srgica spirit todsinfect theknives.
4 Secat eurs, hand sprayers and pl asti ¢ bags to cal | ect sci ons.
5 ol box wthice packs for short-termstorage of the scions.

6 Dfferent types of grafting/ buddi ngwaps (pol yethyl ene strips, raffia, |atex bands, self-
adhesi ve or degradabl e bands), + 1 cmw de.



7 Special wax or white | atex paint to cover the grafting/ buddi ng union as to avoi d
desi ccation of thetissues.

8 Sl | (10 x 20 cn) transparent pol yet hyl ene bags to cover thetop part of snall seedling
grafts, andfinestring.

9 Aseries of pottedseed ings of sel ected agroforestry trees or ornanental s to be used as

r oot st ocks, sci ons and buds.

Assignments

Sharpening grafting/budding knives

Afine-grai ned sharpening stonewthaflat surface shoul d be used. The stoneis wetted
wthwater, or, for better results, wthoil thinnedwthparaffin Thebladeof theknifeispulled
at anangl e of about 30 degrees over the stone until asharpedgeisobtained. If theknifeisvery
blunt, anediumgrainstone canbeusedinitialy, usingafine-grai nedonefor finishingoff. The

vhol e w dt h of t he st one shoul d be used sothat its surface renai ns fl at.

Collecting scions and budwood

@l I ect young, vigorous shoot tips of about 20 cmfroma suitable maturetreeinthe
surrounding renoving al | | eaves andthetip. @l lect the shoot tipsinasnal plastic bagin
vhi ch you have spri nkl ed sone wat er, | abel careful |y with speci es nane and cul tivar or cl one
nunioer, and i nmedi atel y storeinthe cool box. For the purpose of these exercises, sci onwood

can a so be col | ect ed f romseed i ngs.

Top wedge grafting (see Figure 4-3 page 65)

3 Wsingasharpgraftingknife, topthe seedingstock whereit is about pencil thickness and
about 20- 30 cmabove the soil 1ine.

o] ar avertical slit, 2.5 cmdown through the renai ning stem using avery thinflat bl ade
knife, takingcaretoavoidsplittingthe stock bel owthe cut.

9 Take a sci on of the sane t hi ckness and cut the basal end to a t aper ed wedge shape slightly
longer thantheslit inthestock. Insert thewedgefirmyintotheslit, natchingthe vascu ar
canfi a of both stock and scion. Toa | owfor good callus fornation, it isinportant that a
snal | semi-circleof cut scionisvisibleabovetherootstock. This semi-circleiscaleda

* chur ch wi ndow .
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Bndthegraft firnhywthgraftingtape or pol yethyl ene strip, naki ng surethat the scion
does not slipduringtyingin.

Qover the scion and several centinetres of rootstock bel owthe unionwth atransparent
pol ybag i n whi ch you have sprinkl ed a fewdrops of water. Tietightly aroundthe stem
Quit asnall corner of f the bag and bl owup | i ke a bal | oon. Then tw st t he corner cl osed
andtiewthasnal | pieceof string. Doingthisincreases the humdity and QQ | evel s
i nsi de the bag, and al so prevents the bag fromcl i ngi ng tothe scion, thus avoi di ng possi bl e
irfecti as.

Hacethe grafted pl ant i n shade and keep wel | watered. Regul arly renove al | si de shoots
that devel op bel owthe graft.

Wien t he sci on shoots beginto grow gradual |y ventilate (cut slits) andthenrenove the
bag.

Whip and tongue grafting (see Figure 4-5 page 66)

3

Wingasharpgraftingknife, topthe seedingstock whereit isabout pencil thickness and
about 20-30 cmabove the soil |ine.

Mike a sl anting cut of about 2.5-6 cminto the root st ock

Mike a simlar cut onthe scion

hboth cuts, areverse cut i s made about onethird of the distance fromthetip. It shoul d
be about hal f of thelengthof thefirst cut andshouldbe paralel toit.

Root st ock and scion are theninserted wth the tongues interl ocki ng and nat chi ng t he

canbi uml ayers wel | .

Bndthegraft firnhywthgraftingtape or pol yethyl ene strip, naki ng surethat the scion
does not slipduringtyingin.

over the scion and several centinetres of rootstock bel owthe unionwth atransparent
pol ybag i n whi ch you have sprinkl ed afewdrops of water. Tietightly around the stem Qi
asnal | corner off the bagand bl owup |i ke abal | oon. Thentw st the corner closedandtie
wthasnall pieceof string. Doingthisincreases the humdity and QQ | evel s i nside the

bag, and al so prevents the bag fromcli ngingto the sci on, thus avai di ng possi bl e i nfecti ons.
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Hacethe grafted pl ant i n shade and keep wel | watered. Regul arly renove al | si de shoots

that devel op bel owthe graft.

Wien t he sci on shoot s beginto grow gradual |y ventilate (cut slits) andthenrenove the
bag.

Approach grafting (see Figure 4-6 page 67)

S ect two seed ings of simlar size.

3
o] Qut asliceof bark and wood 2. 5-5 cml ong frombot h stens at the poi nt wher e t he uni on
istoform This cut shoul d be the sane si ze and forminboth partners to al | owfor a good
nat ch of the cani al | ayers. It shoul d be snooth and as fl at as possi bl e.
9 B nd t he uni on t oget her and wax, or waptightly wth parafilm
0 Keep the two pl ants wel | watered and protected until the graft has succeeded.

Ater asolidunionhas forned, whichcantake several nonths, the rootstock i s cut above

9
the uni on, andthe scion bel owit toconpl etethe graft.

T-budding (see Figure 4-7 page 67)
Sl ect aheal thy seed i ngwth asnoot h bark. T-buddi ng works best i f the bark slips easily

3
of f the wood.
o] Mike avertical cut intoasnooth part of the rootstock andthen ahorizontal cut aboveit
toforma T.
9 Sipthe bark openat the corners.

Prepare a budwood by cutting al | | eaves off asnal | branch but | eave 1 cmof the | eaf st al ks

¢)
for easier hand i ng of the buds.

e Fromt he budwood , slice off abud starting about 1 cmbel owthe bud and end 2. 5 cm
aboveit. Mike ahorizontal cut at the end and slide the shieldoff thewod. This shield

shoul d be as thin as possi bl e but shouldstill befirm

) Insert theshieldintothe T by pushingit dowwards under the bark fl aps.

grafting
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Tiethebudinwthgraftingtape or parafil m naki ng sure that you | eave t he bud exposed.

Ater the bud has heal edin, cut the rootstock of f above the bud.

Renove any growt h frombel owt he bud.

Patch budding (see Figure 4-8 page 68)

3

Sl ect astock plant wth adianeter of upto 10 cmon whi chthe bark slips easily off the

wood.

Usi ng a doubl e- bl aded kni fe, nake two paral | el horizontal cuts of about 2.5 cml ength.

(nnect thesewthtwo vertical cuts using a singl e bl aded kni f e and renove t he pi ece of
bar k.

Prepar e a nat chi ng pi ece of bark fromyour budsti ck.

Sidethebudcareful ly of f the budstick si deways to ensure that the woody core of the bud
does not break of f.

Insert thepatchintothe prepared rootstock. It isveryinportant that the pi eces natch

snugly at the top and bottomend, sothat vascul ar ti ssue canform

Tieinfirmytonake surethat there are no air pockets under t he pat ch whi ch woul d dry
out the patch. Leave the bud exposed.

Ater the bud has heal edin, cut the rootstock of f above the bud.

Renove any growt h frombel owt he bud.
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Trai ni ng gui del i nes

I nstructional objectives

At the end of the unit on layering, participants will be able to:

= List and explain different layering techniques.

= Explain the underlying principles of layering and describe the conditions for
its successful application.

= Successfully use air layering to propagate selected agroforestry trees.

| nstructi onal net hods

The unit consists of a 30 to 45 minute theoretical introduction and some discussion.
If possible, a 4-hour practical or some demonstrations on layering methods should

complement the presentation.

Instructional naterial s

Lecture notes support the theoretical presentation and the materials needed for
the practical exercise and demonstrations are listed in the detailed description of the

practical.

Unit summary

Under the heading of layering, all types of propagation are summarized in which
roots are formed while the stem is still attached to the mother plant. Only after the
root formation, the layer is detached and planted as a separated plant.

In horticulture, the most common layering techniques include air layering, simple
layering, and stooling. In tropical fruit propagation, air layering plays an important
role.

Layering is often used in species that are particularly difficult to root, as the
intact stems allow a continuous supply of water, nutrients and plant hormones to the

place of root development. Dehydration, a common problem in cuttings, is prevented,
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as is nutrient leaching, which often occurs under mist propagation. As layering beds
are often used for many years, utmost hygiene has to be practiced to prevent the
spreading of pests and diseases, especially nematodes and viruses (see also unit 2).

Simple layering is usually done with many-stemmed shrubs that produce long
and soft stems. Young stems are bent down and pegged into the ground about 15 to 20
cm below the tip, thus forming a ‘U’. During the season, the stems grow and will
produce roots where it is pegged down. To improve on the rooting success, the stems
can be wounded, and/or auxins applied. The stems are usually allowed to grow for one
to two seasons before cutting the rooted stem off and planting it under shade.

Air layering can be done with almost any woody plant and it is an excellent
method to propagate small numbers of individual trees. Usually, the bark of last season
growth is girdled and two handfuls of a light, moist substrate, such as moss, sawdust
or coconut peat is applied around the wound. This is then tied into plastic to avoid
drying out and wrapped in aluminium foil to prevent heating up. Auxins can be applied
to enhance rooting success. Species that are commonly propagated by air layering
include Mangifera indica, Ficus spp., Citrus auriculiformis and Persea americana.

Stooling, or mound layering is done with plants that have been severely cut
back. New shoots developing are continuously covered with moist soil, sawdust or
other light substrate to about half their height. At the end of the season, roots will
have formed at the base of the shoots, which can then be cut off and planted as

separate plants.

Reconmended r eadi ng

The following publications may further enhance your understanding of the unit :

= Hartmann HT, Kester DE, Davies FT and Geneve RL. 1997. Plant propagation:
Principles and practices. 6" ed. New Jersey USA: Prentice Hall.

= Macdonald B. 1986. Practical woody plant propagation for nursery growers.
Oregon, USA: Timber Press.

= Mudge KW, Mwaka A, Isutsa D, Musoke R, Foster D and Ngoda BJM. 1992. Plant

propagation—a teaching resource packet. USA: Cornell University.



Layering principles and techniques

Zac Tchoundj eu and Hannah Jaeni cke—CRAF

Introduction

Thetermlayeringisusedfor all types of propagati oninwhichroots are forned whilethe
stemisstill attachedtothenother plant. Qly after theroot fornati on, the l ayer i s detached
and pl anted as a newpl ant .

Layeringisoftenusedinspeciesthat areparticuarlydifficut toroot fromeuttings, asthe
| ayer ed branches al | owa conti nuous suppl y of water, nutrients and pl ant hornones to t he pl ace
of root devel opnent. Dehydration, a common probl emincuttings, i s prevented, as well as
nutrient | eachi ng, whi ch of ten occurs under nist propagation. As | ayering beds are oft en used
for nany years, utnost hygi ene has to be practicedto prevent the spreadi ng of pests and di seases,
especi al | y nenat odes and vi ruses (see Lhit 2). As | ayering net hods are of ten used w t h speci es
that areotherwsedifficult toroot, it cantake several nonths until roots have forned onthe
| ayer ed branch.

The nost conmon | ayeri ng t echni ques for agroforestry treesinclude, air | ayering, sinple
layeringandstooling. Intropical fruit propagation, air layeringis the nost i nportant techni que.

Even t hough t hese net hods have been devel oped i n the tenperate regi ons wth adistinct
dormant season due to col d tenperature, they can easily be adapted to tropi cal conditions

where the rai ns | argel y det er mine t he gr ow ng seasons.

Air layering or marcotting

Ar layering or narcotting can be done w th al nost any woody pl ant and i s an excel | ent
net hod t o propagat e snal | nunbers of individual trees. It involvesthegirdingof arelatively
young shoot, thus | eadi ng t o an accunul ati on of rooting pronoting pl ant hornones at t he cut,
w thout hi nderingwater and nutrient supply tothetip. The shoots shoul d be young and vi gor ous
yet woody enough tow thstand the treat nent; best is the previous season’s gronth. It seens
that the individual devel opnent of the shoot is noreinportant thanthe seasoninwhichthe
narcot isset (Grner et a. 1976).

Acut is nade at a conveni ent pl ace onthe shoot. The ideal |ength of the shoot above the
narcot i s between 20 and 60 cmso as to avoi d | arge root ed shoot s t hat nay have est abl i shnent
difficulties. Aconpl eteringof bark of about 1-5 cmi s renoved by naki ng two encircling cuts
and renoval of theinternediatering. It isinportant that alarge enoughringis renovedto
prevent cal | us fromcl osi ng t he wound, yet excessi ve danage t o t he shoot shoul d be avoi ded.

Quttingintothe wod shoul d al so be avoided as it may i nterrupt the water supply and al so

layering
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i ncreases the risk of breakage of the shoot. Foot pronoti ng subst ances, such as sl urry of auxin
powder can be appli ed and mxed wth a fungi ci de i f necessary.

Two handful s of asuitablerootingsubstrate arethen appliedaroundthewound. Thisis
thentiedinto plastic and wapped in al umniumfoil to preserve noi sture and prevent over
heating. Asuitablerootingsubstrate shouldbelight inweight, poroustoal |l owsufficient oxygen
around t he wound but yet wth a hi ghwater hol di ng capacity. Mss, coconut (coir) fibre, sawdust,
vermcul ite or mxtures of soil wthany of these substrates have provedtobesuitable. Alittle
soi | fromunder establishedtrees can be addedtothe substrateto hel pinthe rooting process,
especi al |y for speci es that requi re nicrosynii onts.

Inorder toinprovethe survival rate of the rooted narcot, | eaves are tri rmed or
conpl etel y renoved and t he shoot partial |y severed a f ewdays bef ore harvesting. A harvest,
the narcot shoul d be i rmedi at el y pl aced i nto a contai ner wth water and t hen potted up, using
an appropriatelight, but nutritious potting nedi um and pl aced under shade, preferabl y under

hun d condi ti ons, such as i n a pol ypropagat or .

Fgure5-1. Ar layeringor narcotting. (Micdonal d 1986).

Foeci es that are cormonl y propagat ed by ai r | ayeri ng i ncl ude nango, H cus spp., Gtrus
auriculiforms and Persea anericana. It is anethod that i s nmost appropriate for humd
enviromentsbut if careistaken, it cana sobesuccessful indrier clinates. Asfor other vegetative
propagat i on net hods, sufficient noistureis the key to success and the set | ayers needto be

i nspect ed regul arl y and noi st ened as necessary.



Simple layering

Snpl e layeringis usual |y done wi th nany- st ermed shrubs t hat produce | ong and sof t
shoots after coppicing. Fants are coppi ced at the end of the dornant season and t he devel opi ng
young shoot s ar e bent down and pegged i nt o t he ground about 15 to 20 cmbel owthe tip, thus
forminga‘U. Duringthe season, the shoots growand w1 produce root s where t hey are pegged
down. To i nprove on the rooting success, the shoots can be wounded, or auxi ns applied. The
stens are usual |y al | oned to growfor one to two seasons before cutting the rooted stemoff and
plantingit under shade. For this nethod to be successful it isinportant that the substrate used
for layeringis kept noi st, but not waterl ogged at all tines and that soil -borne di seases are
avoi ded.

T ]

Shoots are bent over to the ground in early
spring or fall. A second bend is made in branch
a short distance from tip, which is covered with
soil and held in place with wire or wood stakes.

the stem is sometimes injured at the Roots form on the \
underground section which stimulates rooting. buried part of the The rooted layer is removed
Includes notching, bending, wiring, or girdling. shoot near the bend. from the parent plant.

Fgure52 Snplelayering (Hartnannet al. 1997).

Stooling or mound layering

Sooling, or nound | ayeringis donewth plants that have been severel y cut back (to
bet ween 2. 5-5 cmabove soil | evel ) and that have the natural vigour to produce many strong
coppi ce shoots. Newshoot s devel opi ng are conti nuousl y covered with noi st soi |, sandust or
other light substratetoabout half their height. If they are coveredtoo high, | eaves nay be
covered | eadi ng t 0 weakeni ng of the shoot. A the end of the season, roots wll have forned at
t he base of the shoots, which canthen be cut off and pl anted as separate plants. Asowththis
net hod, the substrate has to be kept noi st and free of pat hogens.

layering
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To establ i sh a stool bed, seedlings shoul d be pl anted i n rows w de enough to al | ow
sufficient spacefor the nound or stool. 1-1. 5 mapart has proved sufficient (Garner et al. 1976).
They are al | oned to establ i sh for one grow ng season and t hen cut back to between 2-5 cm
above groundtoinitiate the devel opnent of vi gorous coppi ce shoots for rooting. 1t has been
shown that girdlingthe newy devel opi ng shoot s by forci ng themto growt hrough a w re nesh
can enhance t he root i ng success. Dependi ng on t he speci es, a 0.5 cmsquar e nesh can be pl aced
over the stunp bef ore t he shoot s devel op. The shoots are then forced to growt hrough t he nesh
and are gi rdl ed as t hey t hi cken.

Thi s formof | ayering can al so be perforned in contai ners wth singleplants (Minson
1982 inHrtnannet al . 1997).

Soil line

Rooted layers

—Rooting
medium
Bottomless
container
Fgure5 3. Sooling (Mcdona d1982). Stock plant

“mother stem” ||

Foure 5-4. ntainerizedlayering. (Hrtnannet al. 1997).
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Layering practical

Objective

The obj ective of thepractical exerciseonlayeringistoal lowparticipantstopracticeair
| ayering on sel ected agrof orestry tree speci es or ornanental s.

The student s shoul d work i n pai rs and each pai r shoul d aimto practice at | east two air
layersas describedinthis practica . It i s advisabl eto have successful exanpl es of the different
t echni ques avai | abl e for denonstrations, especiallyif thetrainingistobe conpletedinone
afternoon and the students w | not be abl eto observetheresults of their practical work by the

end of the course.

Prerequisites

Thefollowngtoolsand naterial s are needed for this practical :

" @od qual ity, sharp knives or surgical scal pel sto performaclean cut. ?
o
>

" Afine-grai ned shar peni ng stone i s needed t o keep t he bl ades of the kni ves sharp aft er s

repeat ed cutti ng of woody naterial .
81

. Srgica spirit todsinfect theknives.

. Mbi st peat noss, coconut fibres, sawdust, or soil mxedwth these substratesto form

alight rooting nedi umthat can hol d sufficient noi sture.

. H astic sheets of about 6x9” that can be cut fromsnal | plastic bagstowaptheair | ayer.

. Frnestringandel ectrician’ stapetoclosetheair | ayer tightly.

. H eces of a umniumfoil tocover thefinishedair | ayers.

. Ahornone preparation (IBAintalc mxedwthalittlewater tonakeaslurry) wthor

w thout fungicideis optional dependi ng onthe speci es used and t he envi r onnent al

codtiosa thesite

. Various agroforestry trees or ornanental s can be used for this exercise
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Assignment

Air layering or marcotting

1

Usi ng a sharp kni fe, nake a cut intothe bark of ashoot onthe portion of |ast season's
grow h about 20 cmbel owthe ti p.

Mike anot her cut about 3 cmbel owthe first one and connect bothwth a horizontal cut.
Then slidethe bark of f the branch. Mike sure thereis no vascul ar connection | eft through
the ri ngbar ked porti on.

I f desired, apply a snal | anount of hornone preparationtothe upper end of the cut.

If theshoot israther vertical, it is advisabletoprepareasnall pocket wththe plastic
sheet before puttingtherooting substrate. Hacethe plastic sheet bel owthe cut sot hat
one smal | end faces the cut. Use apieceof stringtosecureit tightlyandthenfoldthe

plastic over the cut sothat apocket isfornmed. Ensurethat the openingis ontopfor easy
fillirg
Take 1-2 handful of the noi st rooting substrate and cover thecut sothat /3 of the substrate

covers the bark above the cut. The substrate nust be noi st |i ke a squeezed-out sponge,
but not wet.

RIl theplastictightly over theair | ayer andclosethetopendwthstring. Securethe ends

and t he middl e opening wth el ectri ci ans t ape.

Qover theair layer wthapiece of al uniniumfoil .

Label theair layer wththe datewhen set. Periodical |y open and check vhether it isstill

noi st enough.

(See FH gure 5-1 page 78)
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6 M cr opr opagat i on

Trai ni ng gui del i nes

I nstructional objectives

At the end of the unit on micropropagation, participants will be able to:

= Discuss the potential of micropropagation for agroforestry trees.

= Explain the underlying physiological bases for micropropagation and describe
the conditions for its successful application.

= List and describe some of the techniques used in micropropagation.

I nstructi onal net hods

The unit consists of a 60-minute interactive theoretical presentation, with the
usual audio-visual support.
Where possible, students can visit a micropropagation laboratory to view

demonstrations of some of the techniques highlighted during the presentation.

Instructional naterial s

Lecture notes and other relevant handouts (laboratory layout, composition of

selected propagation substrates) support the presentation.

Unit summary

Micropropagation, also referred to as tissue or in vitro culture, is a relatively
new vegetative propagation technique, which uses a plant’s potential to regenerate a
complete new plant from single cells or small amounts of living tissue through the
cultivation of these in controlled environments. Since this technique requires a
substantial investment in infrastructure, equipment and materials, its application is
mostly justified in the case of high value plants where traditional vegetative propagation
methods are considered unsuccessful. The method also allows for the production of
virus-free plant material and large amounts of new plants issued from a limited amount

of initial material.
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Plant material propagated in vitro using laboratory techniques and controlled
conditions is very susceptible to attacks by certain microorganisms (such as bacteria
and fungi) and thus it is very important to work in a clean, aseptic and even sterile

environment.

Not all plants can be successfully propagated through micropropagation and even
for those which can, it is important to consider criteria such as the age of the plant,

the season for multiplication, the part of the plant to be considered.

The most common techniques used for micropropagation of plants are: embryo
culture, axillary shoot formation, adventitious shoot formation, micrografting and
somatic embryogenesis. The lecture note focuses on a description of the general

procedures of micropropagation.

Recommended r eadi ng

The following publications may further enhance your understanding of the unit:

= Hartmann HT, Kester DE, Davies FT and Geneve RL. 1997. Plant Propagation.
Principles and Practices. 6th ed. New Jersey: Prentice Hall.

= Skoog F and Miller CO. 1957. Chemical regulation of growth and organ formation
in plant tissues cultured in vitro. Symposium of the Society for Experimental
Biology 11:118-131.

= Vasil IK and Thorpe TA (eds.) 1994. Plant cell and tissue culture. Dordrecht:
Kluwer Academic Publishers, 593 pp.



Principles and techniques

Mbses Kuapat a—Bunda (ol | ege, Mal awi

Introduction

M cropropagation, or in-vitro propagationareterns used for procedures to propagat e
plants fromplant cells, tissues or organs under aseptic conditionsinacontrolledartificial
environnent. Theterm'tissue culture’ isusedfor awder aspect of culturingplant (and ani nal)
cells, includingfor researchthat not necessarily ains at the producti on of afunctional organi sm

The unbrel | atermfor these procedures i s ‘ bi ot echnol ogy’ .

The devel opnent of nicropropagati on started at the begi nni ng of the 20" cent ury when
sone resear chers observed that pl ant cel | s have the bi ol ogi cal capacity toreproduce anentire
plat invitro gventheright ba ance of plant hornones, nminera s, vitanmins and sugars. Initially,
tissue cul ture was purel y an acadenic resear ch exerci se to el uci dat e t he nyst ery surroundi ng
t he growt h and devel opnent of plants. Inrecent years, tissue culture techni ques have been
used on a cormerci al | evel to produce | arge quantities of clean propagul es of horticul tural
crops such as bananas, pi neappl es, citrus and several ornanental plants, as well as conmerci al
trees such as eucal yptus, rubber, oil pal mand others. Many of the conmercia nurseries, which
use tissue cul t ure techni ques t o produce propagul es of various crops andtrees, arefoundin
devel oped countries and very fewin devel opi ng countries. Thisisnainly duetothelinted
nuntoer of wel | -trai ned personnel intissue culturetechnol ogy, | ack of awareness of the potential
for micropropagation and i nadequat e capital toset upthefacilitiesfor mcropropagati on of
inportant crop plants and forestry trees. However, nicropropagationis analternative and viabl e
optionfor rapidnul tiplicationof propagul estosatisfythe highdenandfor cropandtree planting
nateria by farners.

Terminology

The fol l owing are the definitions of sone of theterns usedinthe presentati on needed to

under st and i cr opr opagat i on t echni ques and t hei r under | yi ng pri nci pl es.

" Axillary buds: dornant buds inthe axils of | eaves. These buds are stinul ated to grow

t hrough hornonal changes, for exanpl e, when t he mai n stemi s coppi ced.

" BA I BA plant hornones (benzyl adeni ne, acytokinin, andindol e-3-butyric acid, anauxin).

micropropagation
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Gl lus: undifferentiated cell s grow ng after woundi ng. Uhder the i nfl uence of hor nones

and enzynes, callus candifferentiateintovarious pl ant organs.

Expl ant: any pl ant secti on/ segnent col | ected fromexi sting plant for useintissueculture

wor k.

Hapl oi d: havi ng one of the usual two sets of chronosones.

I ncubat e: to growunder special conditions, includingtenperature, light and nutrients.

M cr opr opagat i on: propagation of pl ants under control led, artificial conditions using

pl ant growt h nedi a cont ai ni ng pl ant growt h regul at ors and a bal anced mixt ure of pl ant

nuries.

Qganogenesi s: theinitiationof any organfromexplantsinvitro.

Hantlets: the very young pl ant s devel opi ng fromi ncubat ed cul t ures.

Pol yenbr yony: t he devel opnent of nore t han one enbryo after sexual reproducti on.

Prinmarycuture: theinitia cultureof anexplant fromorigina parental plant naterial .

Ro-entryo: the product of thefirst (transverse) cell divisionafter fertilizati on. The apica

cell later devel ops intothe entryo, the basal cell intothe so-cal |l ed suspensor whi ch

functions toabsorbandtransmt nutrients to the proentryo.

Propagul es: the fully-grown plants arising fromvegetative parts of plant segnents that
areready for transplartinginthefiel d.

Regenerati on: the grow ng of shoots or roots fromexpl ants.

Seedl i ngs: young pl ant s grown fromseed.

Subcul ture: the culturing of plant naterial originatingfromprinary or subsequent
cutures,



Physiology

Ti ssue cul ture techni ques are based on the princi pl e of ormi - or totipotency, neani ng
that indefinitecutureof plant cellsispossibleunder ideal conditions. Inrecent years, thetissue
cuture of aninal cells has al so becone possible. Inorder for cellstosurvive outsi dethe organi sm
t he surroundi ng envi ronnent nust mmc the optinal conditionsinterns of |ight, tenperature,
humdity and suppl y of nutrients, vitanins and hornones. The bal ance of auxi ns and cyt oki ni ns
enabl es t he mani pul ati on of shoot or root fornationinvitro. Auxins are needed to pronotethe
devel opnent of roots, an auxi n-free substrate i s necessary for naturati on of tissues, and a
substrat e contai ning cytoki nins and gi bberellinsisneededtostart thedifferentiationof shoot
tissue. By careful subculture onor insubstrates containingdifferent ratios of these hornones
andincreasinglevel s of nutrients, it isthereforepossibletocontra the stages of devel opnent.
Hardeni ng of the young plantletsissinilar to‘nornal’ seedlingsinagreenhouse under shade

and hi gh hunidity conditions until strong enoughtow thstand field conditions.

Reasons for micropropagation

The nai n reasons why nicropropagat i on of agrof orestry trees can be consi dered are:

" Tomul tiply atreewhichcannot readily be mul tipliedby seed or conventional vegetative
net hods.

. Torapidy propagate | arge quantiti es of propagul es of superior tree provenances.

" To cl ean pathogeninfected clonal plant naterial .

" Torejuvenate ol der trees through repeated in-vitronicrografting.

] Tomul tiply pat hogen-free propagul es for farners.

Requirements

M cropropagat i on work requi res a snal | nunier of wel | -trai ned and ski | | ed wor kers,

sone | aborat ory space and ti ne t o produce | arge quanti ties of propagul es.

Lhl i ke t he conventi onal vegetative propagati on of agroforestry trees in anursery,

M cr opr opagat i on requi res an or gani zed | abor at ory space:

. Preparati on room Aclean |ab space or roomwhere cul ture nedi a are prepared and
sterilized, andexpl ants are cleaned and sterilized beforethey aretransferredintovessel s
such as test tubes, jars or bottles, contai ni ng nedi um

. Transfer or inocul ati on room Aclean | ab space wth alamnar-air-flowhood, whi ch

provi des a steril e or pat hogen-free worki ng bench/ space.

micropropagation
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. I ncubation or culture room Aclean |ab space wth shel ves, controlled Iight and
tenperature wherethe plant cultures areleft to growand devel op.

. G eenhouse: A cl ean roomw t h benches, humdity chanber and fan or air fl owcontrol
nechani smwher e regener at ed pl ant s (propagul es) are accl i nati zed before takento the
fidd

The nost critical requirenent for successful invitropropagati onis nai ntenance of aseptic
conditions as well as the control of tenperature and humidity during the entire process of

m cr opr opagat i ng pl ant s.

The regeneration of any explant (cell, tissue, organ) intoanentire newpl ant needs the
bal anced suppl y of hornones, nutrients and sugar suspended in either aninert solutionor a
solidsupportingnateria e.g. agar-agar. Thecritical hornones i nduci ng devel opnent of shoot s
are cytoki ni ns and auxi ns are needed for root devel opment. These hor nones have to be
suppl enented wth basal salts of the essential mineral nutrients and carbohydrat es fromsugar
e.g. sucrose. For sone pl ant speci es t he enhancenent of grow h and devel opnent of invitro
pl ants, requires additi onal suppl enentation of other hornones such as gi bberel | i c acid and
sone vitamns. The basal salts nedi umnost commonl y used intissue culture work isthat of
Mur ashi ge and Skoog (1962). Q her nodi fi ed nedi a have been formul at ed e. g. t he woody pl ant
nedi umby McCown and LI oyd (1981).

Techniques

Thefollowing arethe general stepsinthe nicropropagati on procedurethat apply toall techni ques
descri bed furt her on:

. Def i ni ng t he purpose for carryi ng out nicropropagat i on.

" Sel ecting appropri at e t echni ques.

" Preparation of appropriate culture nedia, sterilizedinanautoclave or pressure cooker.

" @l lectionof plant naterias (leaves, stens, roots, flonersor fruits) fromsel ectedfiel dor
greenhouse pl ant s/t rees.

. Preparation of explants collected fromthefieldfor inocul ationintothe culture nedi a
vashing, cuttingintosnall sections, sterilizingwthsterilant e g sodi umhypochl orite.

" Preparationof thelamnar-air-fl owhood for i nocul ationwork: cleani ngwth di sinfectant
(e.g acohd) of thedissectionstage, hoodsidesandair filters, disinfectingsurgca tods
by fl aning.

The fol | owi ng tabl e adapt ed fromHart nann et al . (1997) gi ves sone exanpl es of tissue culture

t echni ques, which are describedinnore detail bel ow



Table 6: Some of the techniques used for tissue culture of trees

Structures Regeneration Explant source Uses

formed method

seedlings embryo culture  embryos isolated from Used when other methods of vege-
(e.g. embryo the fruit and seed tative propagation and micropropa-
rescue) coverings gation of plant organs or tissues fail.

plantlets axillary shoot shoot tips less than 1 Used for virus elimination.
formation (e.g. mm in size
meristem

culture, shoot
apex culture)

adventitious leaf pieces, petioles, Used for the propagation of monocots
shoot formation pollen mother cells (e.g. palms). It is one of the key steps
(e.g. organo- in the production of genetically
genesis, andro- transformed plants. Androgenesis is
genesis) used to obtain haploid plants - mainly
for research purposes.
micrografting small scion shoot tip Used for virus elimination or as
usually grafted to a alternative to conventional grafting
seedling rootstock in exceptional cases.
somatic somatic developing embryos or Used to reproduce clonal copies of
embryos embryogenesis parts, e.g. the nucellus the mother plant and in breeding
or ovule and genetic transformation

Embryo rescue

Thisis atechni que usedin cases where the zygotic enbryofail stosurvive after initial
devel opnent inthe naternal tissue. The techni que i nvol ves surgical excising of the enbryoin
the early stage of devel opnent beforeit dies, andtocultureit inappropriate nediafornul ation
cont ai ni ng a bal ance of auxi ns and cyt oki nins wth gi bberel lins to enabl e t he entoryo t o devel op

outsi de the nat ernal tissue or entoryo sac.

Thi s techni que i s usef ul where veget ative propagati on and m cropropagat i on of ot her
plant organs or tissuesfail. Thenethodis a souseful ingenerating of f-springs frominter-speci es
crossi ng, where the enfbryos fail to devel op due toinconpatibility problens or to shorten

br eedi ng cycl es i n breedi ng pr ogr anmes.

Axillary shoot formation

Shoot api cal neristemcul ture

Thisis atechni que usedto cl ean di seased pl ant naterial . The done of the api cal neristem

issurgically renoved under a microscope and cul tured in appropriate nedi a. The neristemi s

micropropagation

0]
©



micropropagation

©
o

free fromsyst em ¢ pat hogens because t he vascul ar bundl es are not yet differentiated and
cont am nat ed pl ant sap fl ow ng i n phl oemt i ssues does not reach the neri stemcel | s. Therefore,
the ensui ng pl ant s fromcul tured neri stemcul ture are cl ean and di sease free. It i s necessary,
however, totest theregenerated plantsto ensurethat they arereal ly free fromthe specific
pat hogens that affectedthe original parental trees. If foundto be freefrominfection, thenthe
pl ant s can be used as st ockpl ants for further nul tiplication using other propagationtechni ques
that are appropriatefor the species.

Axillary shoot culture

Axillary shoot cultureistheregenerationaof plants fromsegnents of roots, stens or | eaves
under invitroconditions. Explants areco l ectedfromthesuitabl e parental nateria . Thesterilized
expl ants are inocul ated i n prinary cul ture contai ni ng Mirashi ge and Skoog (Mp) basal sal t
nedi umsuppl enented wth cytokinin. The cultures are |l eft to devel op mul tipl e young shoot s.
The shoot s are then subcul tured i n fresh nedi umof M5 suppl enented with cytoki ninfor greater
shoot proliferation. Subculturingis done3to5tinesinorder toincreasethe nuner of shoots

fromtheorigina prinary culture.

The nornmal plants are then separated and cul tured in root devel opnent nedi a. For nany
plants, plainMbasal salt nediumis sufficient toroot the shoots, but sone pl ant speci es woul d

requi re suppl enentati on w th auxi ns for successful rooting.

The rooted pl ant s are t hen hardened under *highlight’ conditions before beingtakento
t he greenhouse for accl i nati zati on and subsequent transferringtothefiel dfor planting.

Theaxillary shoot proliferationandrooting of shootsiseasier for juvenile (seeding) shoots
than for shoots fromadult trees. The l atter need to be rej uvenat ed by repeat ed micrografti ng
bef ore t hey can be successful |y used inaxillary shoots proliferation. The other probl emof
culturingfieldnaterial sistissuecontamnation. Thi s can be overcone by careful handl ing
during washing and sterilizationand usingthe correct sterilization procedure and ri ght
concentrationof thesterilant. Hrnone and mneral requirenents for different agroforestry
treesmay alsovary, andit is necessary to nodify the nedi afornul ati on dependi ng on need, if

failuretoregenerate shoots and rooti ng of shoots is experiencedwthaparticul ar species.

Adventitious shoot formation

Thisis atechniqueinwhichtheexplants areculturedincallus nedia usually Msbasal
sal t nedi umsuppl enent ed wi th hi gh | evel s of auxi n. The cul tures are i ncubat ed under dark

conditions sothat they canformcal | us, whichis nassive undifferentiatedcell proliferation.



The cal lus prinary cul tures are then subcul tured in fresh nedi a contai ni ng cyt oki ni nto i nduce
t hemt o f or menbr yos whi ch are further cul tured in nedi a suppl enented wth snal | anount s
of auxins, gibberellinand cytokininto pronote shoot el ongati onandrooting of el ongat ed shoot s.

The nornal pl ants are hardened and accl i nati zed | i ke nornal seedl i ngs.

Thi s techni que | eads t o producti on of nany variants and nay not exhibit traits of parental
naterial. It isslowanddifficult tobe successful for nany woody perennia plants.

Andr ogenesi s

Aspeci a formof adventitious shoot fornation, thisis atechni quewherethe expl ants are
anthers or imnmature pol I en grai ns. The expl ants are cul tured with anther cul t ure nedi a and
i ncubat ed under |ight for theanthers or polengrantoregeneratemltipleplantlets. Thepl antl ets
aresubculturedinrooting nedia (pl ain My to devel op roots. Wen roots have devel oped, the
pl ants are hardened and accl i nati zed as out | i ned above. The pl ants regenerated fromthis
t echni que ar e hapl oi d and usef ul i n tree breedi ng work. However, the nedia formil ation

requi renents of nany speci es vary and t he success rate i s | owfor nany of them

Micrografting

Thisis atechnique usedto rejuvenate ol d trees and confer conpetency to regenerate
easi |y whenpropagated. Initially, seedingrootstocks arerai sedaseptica lyandthensnal | scions
(terninal shoots) are col | ected fromthe superior ol dtrees and mcrografted ontothe root st ocks
under aseptic conditions. The mcrografted cultures areincubated and | eft to grow The ensui ng
sciongrowhis excised and re-mcrografted on freshly rai sed root st ock and i ncubat ed. The
mcrograftingis repeated for several cycles and at about 5to 8 cycl es the ensui ng sci on growt h
are exci sed and tested for rooting conpet ency, by rootingthemin planMnedia Rgjuvenated
scionshoots w il root readily. Then the rej uvenat ed shoot s can be propagat ed usi ng appropri ate
techni ques e.g. axillary shoot proliferation, sincethe conpetency to regenerate woul d have

beenrestored after repeated mcrografting in-vitro.

Somatic embryogenesis

Thi s techni que i s used for nass propagati on and for geneti c i nprovenent progranmes.
It isbasedonthepotentia of calluscellstodfferentiateinto entryos and conpl ete pl ant s wen
subjectedtotheright external conditions. Sonatic enforyos devel opinasimlar way to zygotic
enbryos, however w thout the devel opnent of endosper mor seed coat. Avariety of types of
sonat i ¢ enor yogenesi s have been def i ned, dependi ng onthe expl ant. Individual protocols for

the i nducti on of enforyogeneti cal | y det ermined cel | s have t o be devel oped for each genot ype.
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Afewgeneral i zed stages are as fol | ovs:

1 Sel ection and cul ture of appropriate explant naterial isthe nost critical step. The
productionof acallus culturefol |l ows.

2 The enforyogeni c potential inthecell explantsisstinlatedbytransferringthecellstoa
basal nedi umwi th a hi gh concentration of auxin (e.g. coconut mlk). After onetotwo
weeks, snal | pro-enbryos nay appear .

3 Dfferentiationand naturation of somatic enbryos happens when t he pro-enbryos are
shifted to an auxi n-free basal nedi umw t h a hi gh concentrati on of anmoni umni t r ogen.
Inthis stage, sone nani pul ation nay be required for the naturation of entryos, such as
the addi ti on of abscisic acid, or dehydrationtommic invivoconditions.

4 Hantlet fornation can beinduced, by transferring the enboryos onto a nedi umcont ai ni ng
alowlevel of cytokinin.

5 Ater leaves androot s have forned, the plantl et canbetransplantedto anursery substrate
and handl ed | i ke any ot her seedl i ng.

Conclusion

As with any ot her propagati on nethod, there are dangers and probl ens associ ated with

ni cr opr opagat i on t echni ques. Several techni cal probl ens nay ari se fromrapi d proliferation of
pat hogens, shoot tipdie-back or lack of differentiationpotential after prolongedculture. Asin

ot her vegetative propagati on condi tions, di seases can be spread rapi dly together withthe
explants, if not thoroughl y screened.

M cr opr opagat i on t echni ques are very useful for agroforestry inafewcases, for exanpl e

i f very expensive or rare speci nens need t o be propagat ed for which traditi onal propagation

net hods have fai |l ed. Another reasonto justify the devel opnent of expensive facilities and

protocol s is the econonmc returnof the products —thi s has beenthe case for oil pal m banana,

cof fee, and rubber anongst ot hers.
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4 Propagat i on experi nent s

Tral ni ng QGui del i nes

I nstructional objectives

At the end of the unit on propagation experiments, participants will:

= Recall the main concepts and principles of experimental design

= Apply these concepts and principles to typical vegetative propagation
experiments.

= List and explain some of the common problems and constraints in propagation
experiments.

= Describe how management can improve precision of a trial.

= |llustrate the concepts and principles of experimental design in vegetative

propagation with a case study of an experiment.

I nstructi onal net hods

The unit consists of a 90-minute presentation, interspersed with problems
discussed in the group. It can be followed by a presentation of a case study on vegetative
propagation presented by a scientist or technician who has been actively involved in
this type of work.

Laboratory and nursery practicals covered in other units during the course will

also serve to illustrate experimental design for propagation research.

Instructional nateria s

The theoretical presentation is supported by a lecture note, which includes the

discussion problems, and a case study report.

Unit summary

The principles of experimental design (randomization, replication, control of
variation) are reviewed in the context of “typical’ tree improvement trials. The

application of the same principles to vegetative propagation trials, are then considered.
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In vegetative propagation trials, the ‘experimental objects’ will often not be
field plots but propagules of some type, such as cuttings. The trial may be established
in a nursery, propagator or laboratory. Each of these will have their own patterns of
variation that must be allowed for , in the experimental design. When doing experiments
with rooted cuttings, factors which can influence outcome include: clone, position of
cutting on shoot, light conditions experienced by the stock plant, time of year, rooting
medium, temperature and moisture. These all need to be considered when designing
trials. Standard methods can be used to determine the required size of experiments.
When the outcome is a ‘yes/no’ measure (e.g. did the cutting root?) the number required
is often larger than expected. Lack of sufficient facilities for replication when working
with controlled environments is common. The fact that an experiment is in the lab or
nursery does not remove the need for randomization. Staff selecting material for trials
may inadvertently introduce biases, which can be avoided by simple techniques. Since
the experimental objects are often small, numerous and hard to distinguish, it is
essential to maintain careful records of the experimental design to link with the recorded

data.

Recommended r eadi ng

We are not aware of any books specifically on design of propagation experiments,
but many of the points important for other trials are equally important for vegetation

propagation research. Hence general books are useful.

= Coe R, Stern R and Nelson L. 1997. Design of agroforestry experiments - guidelines
for training workshop resource persons. Nairobi: ICRAF.

= Mead, R., Curnow, R.N. and Hasted, A. 1983. Statistical Methods in Agriculture
and Experimental Biology. Chapman and Hall.

= Williams ER and Matheson AC. 1994. Experimental design and analysis for use in
tree improvement. Australia.:CSIRO.

= Dyke GV. 1988. Comparative experiments with field crops. London: Griffin.



Design and management of experiments
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Introduction

The desi gn of an experi nent i ncor por at es t he conpl ete set of instructions for carrying
out an experinent. | nnany textbooks ‘ Experi nental design’ neans adescriptionof thestatistica
aspect s, such as the nunier of plots, only. However these cannot useful |y be separated from
other aspects of thetrid.

Desi gning an experinent istheresponsibility of the principal investigator, and shoul d be
doneinconsultationwthanyonewthrel evant expertise. It isuseful if everyoneinvol vedwth
thetria understands not only the desi gn, but a sosone of thereasons for thetria be ng desi gned
inthat way. Thiswl| hel pensurethat the protocol isfollowedaccurately, andthat appropriate
actionis taken when sonet hi ng goes w ong and adj ust nent s have t o be nade.

Exanpl e: asinpletreeinprovenent trial is set upto conpare the perfornance of 5
different provenances (A .BE) of Sesbani a sesban.

Trees areplantedinplots, spacedat Imx Imwth 25treesinoneplot al beingthe sane
provenance. There are si x such pl ot s of each provenance, arrangedinthe fiel d as shoan bel ow

Thenine central treesineachplot are used for assessnent.

Slope B D | A C E
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Design basics

Objectives

The obj ectives of atrial arechoseninaccordance wththe overall research strategy. They
determne the rest of the design, and nust be statedinasufficiently concisewaytodothat. In
the exanpl e, the obj ectives are: (1) todeternine whether there are useful differences between
provenances and (2) whi ch provenances have t he hi ghest growt h rat e conbi ned w th pest

resi stance.

Treatments

The treatnents are the conditi ons conpared i nthe experi nent. The onl y consi st ent
di fferences between pl ots should bethe treatnents. Inthe exanpl e, thetreatnents are t he
provenances. There shoul d be no di fferences between pl ots i nfactors such as spacing, fertilizer

or pl anti ng net hods t hat woul d conf use (or be conf ounded w t h) provenance di f f er ences.

Plots or experimental units

These arethe ‘objects’ towhichtreatnents are applied. Inthe exanpl e, they arefield
plots containing 25trees.

Replication

Despiteall effortstocontra it, therew!!| bevariationbetweendifferent plots of the sane
treatnent. Inorder todetermne the precisionof thetreatnent conparisonsit i s necessaryto
neasurethisvariation. Henceit i s necessary tohaverepeated plots of the sanetreatnent, or to
‘replicate’ treatnents. Aconpleteset of 1plot of eachtreatnent isreferredtoasarepicate. In
the exanpl ethere are 6 repli cat es.

Randomization

The treatnment appliedtoaparticul ar pl ot shoul d be determned at random Each pl ot
shoul d have an equal chance of recei ving any particul ar treat nent. Randomzation ensures there
isnobiasintheallocationof treatnents, for exanplegivingthesanetreatnent toall the‘better’
units. Inthe exanpl e, it woul d bewongto put provenance Aonly al ongone side of thefield (it
mght be unfairly subjectedtow nd or pest exposure) or any ot her predet er mned position.
Randomzationis a sothebasis of validstatistical analysis. ‘Random is not the sane as ‘ mxed
up’ or ‘haphazard' . Random zation shoul d be carried out using randomnunbers fromatabl e

or conput er program



Blocking and control of variation

Reduci ng or control |ing the anount of random(non-treatnent) variationis inportant.
Qe very inportant way i s by bl ocking. A the start of the experinent the plots are groupedinto
sets thought tobesinmlar, eachset calledablock. Greful allocationof treatnentstothe bl ocks
(whilestill randomnzing al locationwthinbl ocks) canresult inlargegainsinprecision. Inthe
exanpl e the bl ocks are forned across the sl ope sincetherearelikelytobetrendsinfertility and
noi st ure up and down t he sl ope. Treat nent s have been al | ocat ed t o bl ocks so that one conpl ete

replicatefallsineachhl ock.

Measurements

The neasur enent s t aken shoul d al so be det er mined by t he obj ectives. There i s no point
calectingdatanat requiredby the objectives, andthetria wll not reachits objectivesif needed
data are not recorded. I nthe exanpl e, we need to neasure grow h rat e and pest i nci dence, but

not fl owering patterns and branch angl es.

Application to propagation experiments

Treatments

The treat nents i n propagat i on experinents nay be very varied, but arelikelytorelateto
genetics (concerned w th di fferences between cl ones, varieties or speci es) or nanagenent
(concerned wththe effects of changi ng propagati on net hods) .

Problem It is knownthat the hornone | BAi ncreases success of rooting of cuttingsin
nmany speci es. Typical |y 20 pg per cuttingis a suitabl e dose, w th 300 pg bei ng t oo much,
depressingrooting ability. Nowwork is starting on M ia vol kensii, whi ch has not been carri ed
out before. Decidethetreatnentstoincludeinatria todetermnesuitabl el BArates for nelia

Very oftentherew || beinteractions between geneti c and nanagenent conponents. For
exanpl e, we find that one cl one responds nore to rooti ng hor none t han anot her. Managenent
trials, aned at devel opi ng i nproved net hods of propagation, wll needresults that apply to
any clone. Thisinpliesincludingsevera clonesinthetrial.

Theinformationgivenisthat 20 pgis probabl y better than no hornone, but 300 pgistoo

nmuch. This suggests thereis aresponse to hornone of the type shown:

Rooting

succes

Hormone
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The probl emthenistoconfirmthat thisistheformof the response and get a good esti nat e
of the position of the peak. Vi have t o choose hornone | evel sthat wll givedatathat al |l ows the
curvetobewell estinated.

At least 31evel s of hornone are needed to drawthe curve. If only 3are used, it i s not
possi bl e to see the asymmetry of the curve. Therefore 4 are recoomended, or possibly 5. The
lovest level hastobeOpg, a‘control’ that wil confirmthat the hornoneis doi ng sonet hi ng.
The hi ghest shoul d be wel | past t he expect ed opti num sothat we are suretheresponseisrea ly
decreasi ng — say 300 pg. ne | evel shoul d be at t he expect ed opti num— 20 pg. Two nore | evel s
shoul d be put either side of the expected opti num sothat we have good datato findt he shape
of thecurveevenif the opti numisrather different fromthe expected. Hence we arrive at 5
treat nents:

0, 10, 20, 150 and 300 pg.

Thi s desi gn avoi ds t he two nost conmon probl ens, whi ch occur in experinents of this type:
Wingtoonany different levels(e.g. 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 pg). It i s always better
tohave several replicates of afewlevelsrather thanafewreplicates of nany | evel s.

lyusinglevel suptothe expected optinum It is essential toexperinent well past the optinum
inorder toseewerethetopof theresponseis.

Plots or experimental units

nsider atria toconparetherootingability of cuttings of threedifferent clones (A B Q.
Ffty cuttings of each cl one are used. Possi bl e arrangenents are :

1. GrOUpS of 50 00000

00000
00000
00000
00 00 C B
00000
00000
00000
00000
00000

2. GrOUpS of 25 00000

00000
00”r 00 C B
00000
00000



3. Groups of 10 00,00 C B
00000

B A C

B C A

B A

4. Single cuttings 00000

ABOB®
©cAaBO®
00000
00000
00000
00000
00000
00000
00000

Al thesetake the sane resources (nunber of cuttings, areaof propagator) but are not the
sane. Arrangenent 1is not replicated, socannot give clear concl usions. Satistica theory shows
that Arrangenent 4w | givethe best (nost precise) answers, but is hardest tomanage. Inthis
arrangenent, thereis greater potentia of 1 oosingtrack of particul ar cuttings. Arangenent 3is
pr obabl y t he best conpr om se.

Probl em Ve want to do an experi nent to conpare t he response to rooti ng hor none of 5
different clones of Rrunus africana Hfty cuttings of each cl one are avail abl e. Wiat woul d be a

good way of arrangi ng the cuttings andtreatnents i n non-nmst propagat ors?

Assune that two | evel s of hornone are to be used, zero and songt hi ng known t o pr oduce
aresponse, |abelled- and + Therefore there are 2 hornone x 5 cl ones = 10 treat nent s.
e optionwouldbetouse ‘units’ of asingl ecutting, randonsing the clone and hor none

treatnents conpl etel y and giving areplicationof 50. The problens wththis are:

" The designis conpl ex tolay out and record.
" It is possiblethat sone of the hornone coul d be diffusedintherooting substrate froma +
cuttingtoanad acent - cutting.

The second probl emrequires theisol ation of cuttings of +and —treatnent, either by
physi cal separationor by barriers. Hasticboxes areoftenusedtocreate barriers. Leavingal ot
of space between cuttings neans t he whol e experi nment takes up nore space t han night be
avai | abl e. singboxesisnot practical if eachof the 250 cuttings hastohaveits own box.

propagation experiments
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G oupi ng cutti ngs and usi ng boxes w t h a separat e box for each group, can address both
these probl ens. For exanpl e, we coul d put one cutting of each cl one i n each box, then gi ve hal f
t he boxes hornone and | eave the other hal f wthout. That uses atotal of 50 boxes. The designis
of the‘split-plot’ type, wth clones bei ng conpared w t hi n boxes and hor none bet ween boxes.
The anal ysi s of variance (ANO/A) | ooks |i ke:

Source df
Hormone 1
Main plot error 48
Clone 4
Clone x hormone 4
Split plot error 192
total 249

Adesignwth fewer boxes night i nvol ve 5 cuttings of each cl one i n each box. Assuning

the 5 cuttings of each cl one are grouped t oget her i n each box, the ANOVAwoul d | ook i ke:

Source df

Hormone
Main plot error

Clone 4
Clone x hormone 4
Split plot error 32
total 49

Thi s | ooks reasonabl e, but aninternedi ate designwth, say 3 cuttings per cl one per box,
woul d gi ve nore mai n pl ot error degrees of freedom whi ch woul d be necessary i f the desi gn
was to be bl ocked at al | .

Replication

Insonetrialsthenaindataco lectedisof the yes/no type(Ddthecuttingroot? Ddthe
graft take?). Each experinental unit then provides nuchlessinfornationthanif aquantitative
neasurenent i s taken (Hownuch root bionass is there at 4 weeks? What i s the starch

content?). Theresult isthat surprisinglylarge nuners of units are neededto get cl ear ansvers.



An exanpl e i s showninthe tabl e. Suppose treatnent Agives 20%r ooti ng success. Treat nent B
i s hypot hesi zed as an i nprovenent. Fownany cuttings of each dowe needtotest t he hypot hesi s?

The answer depends on t he si ze of the i nprovenent :

Rooting success for A 20%
Rooting success for B 30% 50% 70%  90%
Number of cuttings of each required 390 52 19 10

Randomization

Because of the | arge nunbers of units (such as pots or cuttings) ofteninvolvedin
propagationtrials, thereis atendency to avoi d random zation. The reason givenis that the
organizationof thetria issinpler if all thepots of onetreatnent are kept together. The probl em
issinplythat, wthout randonization, we cannot concludethat it istreatnents that causethe

effectsnoted. It nay sinply beduetopositioninthelabor nursery.

Blocking

B ocking alab, nursery or propagator experinent isasinportant as blockingatraditional field

experi nent .

Any experinental facility has systenatic variation. Youonly havetol ook at a production
nursery, inwhichall seedlings are subject tothe sane ‘treatnent’, to seethe variationthat
exists. Thevariationw || be dueto nany factors —exposure to direct sun and w nd, closer to
sources of water etc. Thesaneis true of alab bench, aclosed propagat or, agreen house or even

a control | ed-envi ronnent grow h chanter .

The patterns of variationarelearnt by experience, but canoftenbe predicted. For exanpl e,
the edges of non-nist propagationtendto be different fromthe mdd e. These patterns nust be
used t o defi ne bl ocks.

Wenthetrial is anal ysed the contributi on nade by t he bl ocks can be assessed and used
toinprove the designof the next trial .

Probl em Anexperinent istobecarriedout inagreenhouse, shownbelow Aantswll be
i n standar d pol yt ubes, spaced 10 cmx 10 cm Thetria wll use‘units’ of 5tubes. There are 10
treatnents and 12 reps, requiring 5x10x12=600 tubes intotal . It is knownthat pl ants near the
door do poorly. Those near the front of the benches tend to out performthose near the back. A

tree out si de t he gr eenhouse shades t he NE corner. Howwoul d you bl ock t he experi nent ?

propagation experiments

[EEN
o
=



1

propagation experiments

o

2

door
shade

A
v

4m
Blocks are shaded.
Each block is one replicate
N of 10 x5 tubes. The 5 tubes
NN/ YN NN OOYOYNOY Y
01010102010)010:020; . . .
NN NN N N Y N N N forming a single unit are
P N N N N N N N N N .
(\//\/(\ OO0 ||ned Upfrom frontto baCk
O101010101010:02010)
(/\\/\(\\\/\( YY) OO O) Ofthebench.
N NIV N NI N A N N N
NN N T N/ YN O
\}‘\/\/“\}\\Jl‘\}\‘\J\/\J

The ends of the green house, subject to shade and di st ur bance f romt he door, do not need
tobe used: thereis sufficient bench spaceinthe mdd e 3m Then each benchis dividedinto
bl ocks of 5 x 10 tubes. The bl ocks are arranged as shown, sothat differences betweenthe front
and back of t he bench are accounted for, as are any di fference betweenthe |l eft and ri ght benches.
Wthinablock, the5tubes nakinguponeunit areinalinefromthefront to back of the bench.
Thi s way any renai ni ng di ff erences between front and back are evenl y di stributed anongst al |

units, mnimzing the between unit variation.

Common problems

Limitation of research facilities.

Experi nent s done i n greenhouses, propagators or grow h chanbers commonl y use t he
“environnent’ (light, water or tenperature regine) as one of thetreatnents. The probl emis t hat
innost placesit isnot possibletoreplicatethesetreatnents. For exanpl e, we only have one
propagat or wthaheatingcable. Thereisnoway aroundthis problem Theresult isthat statenents
about the effects of thesevariableswl| aways beprovisional. ‘Replicationinting is sonetines
used, but does not real |y renove t he probl em—a parti cul ar propagat or can conti nue t o be good

or poor at repeatedtine points, irrespectiveof thetreatnents.



Lack of material

onsider atrial wthrooted cuttings that requires 4treatnents and 50 cuttings per
treatnent. Ve knowcuttings fromdifferent cl ones canrespondrather differently. Theideaisto
“bal ance’ cl ones across treatnents. |deal |y we woul d have 4 (or amil tipleof 4) cuttings of each
clone, allocatedequallytothetreatnents. If | essthanfour are avail abl e for sone cl ones, we
havetotryto‘balance’ theallocationas well as possi bl e. Wiat nust certainly be avoidedisthe
useof 1clonenainlyfor onetreatnent and another clonefor adifferent treatnent. Inthat case,
clone and treatnent effects wll be nmixed up or confounded. The probl emi s nade nor e conpl ex
vwhenit isnoticedthat thereis not only acloneeffect, but al soan effect dependi ng onwherethe
cuttingis taken from(near the grow ng poi nt or nearer the base).

Managing trials to give good results

Theway atria is nanaged and | ooked after can have alarge effect onits quality.

Uniform management

The nost inportant principleisthat of uni formnanagenent. The onl y di f f er ence bet ween
t he ways i n whi ch units are nanaged, shoul d be inthe treatnents. Take care to avoi d such
thi ngs as al ways openi ng 1 propagat or for i nspection and | eavi ng ot hers cl osed, or giving nore

wat er to one end of the bench than the ot her.

Selection of material

I't has been shown that when naterial is bei ng chosen for an experinent (e.g. seedl ings
fromanursery, cuttings fromabucket), thereis atendency tosel ect the ‘best’ naterial first.
Furt hernore, nany peopl e w || set up an experinent by treatnent (establishtreatnent 1, then
novetotreatnent 2). Theresult canbe aninportant bias —the best naterial all ends up on one
treatnent. Thewvaytoavoidthisisfirst segregatethe naterial intoclasses, then nake sure each
treatnent isrepresentedineachclass. Thesinpl est optionistoallocate eachcl ass of the planting
naterial toonebl ock of thefieldor greenhouse. Offerencesinnaterial thenjust contributeto
bl ock di fferences, and are not confused wth treat nents.

The sane applies if, for exanpl e, several batches of pl anti ng nedi umhave t o be used.

Organizing the work

The way wor k on an experinent i s organi zed, can al so affect theresults. For exanpl e two
techni ci ans are doi ng grafting, and one does treatnents Aand B the other Cand D The resul t
w il bethat ‘technicianeffects’ (whichnay well beinportant) are confusedwth differences
between (Aand B) and (Cand D).

Abetter sol ution coul d be for onetechniciantodo half of A B Cand Dand t he ot her
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techniciantodothe other hal f. Bven better woul d be for one technici anto work on one set of
bl ocks and t he ot her t o work on t he renai ni ng bl ocks.

S mlar considerations appl y when pl anni ng t he order i nwhi ch an experinent is set up. If
you |l eave treatnent Duntil last inthe day you nay bias results —the cuttings have been | eft
longer thanfor other treatnents. Againthe solutionistoset up 1 block, then nove ontothe
next.

Labelling and recording

Innany fieldexperinentsit isquiteclear what thetreatnent is, that has beenappliedto
any one plot. This nay wel | not be the case w th propagati on experinents — cutti ngs can | ook
i dentical evenwhen coming fromdifferent cl ones, for exanpl e. This neans careful |abelling
andrecordingis essential .

Mike sure thereis an accurate pl an of the experinent, show ngthe exact | ocation of each
plot andindicatingthetreatnent applied. Mike surethe plancanbeorientated correctly either
by addi ngthe north di rection, or by addi ng ‘| andnarks’ (door of the greenhouse, nursery tap, .).
The pl an shoul d be accur at e enough t hat each pl ot can beidentifiedevenif thelabel s get noved
o | ost.

Mistakes

Wen settingup atria wthhundreds of cuttingsit is possiblethat mstakeswll be
nade. It is nost i nportant torecord exact!y what was done rat her than what shoul d have been
done. It ispossibletoallowfor mstakes at anal ysis, but onlyif they are not hi dden.
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Annex 1 Course brochure

Short Training Course on
Vegetative Tree Propagation for Arid and Semi-Arid Lands

16 to 20 February 1998 in Nairobi, Kenya

Background

The International Gentre for Researchin Agroforestry (1GRAF) and the Internati onal
Programme for Arid Land Grops (I PALAQ, viaagrant fromUNESQQ arejointly offering a
courseontree propagationfor the aridand seni-arid | ands.

Mil tiplicationof agroforestrytrees andshrubsis oneof thenajor constraintstothelarge
scal e di sseninati on of agrof orestry technol ogi es.

Propagat i on by seed i s t he comrmon way by whi ch pl ants regenerate natural |y. For research
and rapi d i nprovenent of undonesti cat ed speci es, however, vegetative propagati on net hods
of fer several advantages. For exanpl e, inw ! d popul ations, alargevariationininportant product
characteristics (e.g., fruit quality, bol estraightness, bi onass) nay be expressed. Furt hernore,
i ndi vi dual s nay be recogni zed w t hi n a popul ationthat produce a hi gher qual ity of the desired
product (s). It woul d t her ef or e be advant ageous t o propagat e these i ndi vi dual s vegetatively to
‘capture’ the genetic variation expressed wi ch nay ot herw se get | ost or diluted during sexual
propagat i on.

\eget ati ve propagat i on net hods have been devel oped and used si nce centuries. Especial |y
i ntenperate regions, vegetative propagati on has been a nost i nportant approachinthe
donesti cationof fruit speci es and parti cul ar net hods have been devel oped for di fferent speci es.
Tropical fruit speci es have been subj ected to vegetative propagationin afewcases that have
found alucrative export narket, |ikecitrus, nango, avocado, nacadania nut. Tropical ti ner
speci es have al so been cl oned, nai nl'y for pl antati ons where uni f ormtrees are needed.

NNy i ndi genous trees wth apotential highnonetary or nutritional value aresofar only
used fromnatural stands. By integrating these high val ue trees into agrof orestry systens
snal | hol der farnersinthetropics couldgreatly benefit. \legetative propagationis seenas a
possibility to sel ect superior gernpl asmand bring thisinportant resourceintothe farners’
fidds

Objectives

Theoverd |l djectivedf thecourseistoenhancethe knowedge and practica skills of technicians
responsi bl e for vegetativetree propagati oninagroforestry research and devel opnent proj ects.
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The Course

The course w || take pl ace from16to 20 February 1997 at | CRAF s headquartersin
Nai robi, Kenya.

The course w || cover the fol | ow ng subj ect s:
(oncept s and princi pl es

Tree nurseries

arttings

Gafting

Layeri ng

M cro propagati on

N O g s WN P

Propagat i on experi nent s

Instructionw !l nainly consist of practi cal work and denonstrati ons i nt roduced
through short theoretical presentati ons.

Resour ce persons toteachthe course wl| berepresentati ves fromthe Internati onal Program
for Arid Lands GQops (IPALAQ inlsrael, ICRAF sregional officeinVeést Africaand from
| CRAF headquart ers.

Participants

Participantsw | be sel ected fromnati onal instituti ons and non-gover nnent al
organi zations in East and Southern Arica. Thefollowngcriteriaw! | apply:

. Parti ci pants need t o have a mini numdegree of O plomainforestry, agriculture or a
rd aedfidd

. They need to be activeinnursery operations i nvol vi ng veget at i ve propagat i on t echni ques.

. Thei r application needs to be endorsed by their enpl oyi nginstitutionwhichwll haveto
ensure that the know edge and ski | I s acquired during the course w || be used.

. Soeci al considerationw!| begiventothe participationof qualifiedwnen candi dates as

tonai ntai n an equal gender bal ance.

Conditions

Soonsor shi p for nom nat ed candi dates w || be on a conpetitive basi s and t he or gani zers

w !l alsoconsider alinited nunber of qualified candi dates wthindividual sponsorship.

Application Deadline
Applicationforns shoul d reach | GRAF not | at er t han 15 Decenter 1997.
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INTERNATIONAL CENTRE FOR RESEARCH IN AGROFORESTRY
UNITED NATIONS EDUCATION AND SCIENCE ORGANISATION
INTERNATIONAL PROGRAMME FOR ARID LANDS CROPS

‘Vegetative Tree Propagation for Arid and Semi-Arid Lands’

16 to 20 February 1998, Nairobi, Kenya

Short Training Course on:

APPLICATION FORM

I. TO BE COMPLETED BY THE APPLICANT

A. PERSONAL INFORMATION

1. Name: Mrs./Ms./Mr.

3. Title:

(street/P.0.Box):

(city):
(telephone):
(telex):
(email):

5. Home address:

(city):
(telephone):
6. Birth date:
8. Passport number:
10.Date of issue:

12.Mother tongue:

. Employing institution: (name)

2. First name(s):

(country):
(fax):
(cable):

(country):

7. Nationality:
9. Place of issue:
11.Date of expiry:

13.Working language:
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B. EDUCATION

14.Highest degree obtained (Ph.D., M.Sc., B.Sc., Certificate, Diploma, other):

15.Year obtained: 16. Institution:

17.Discipline(s):

18.List relevant in-service training activities you participated in since you
graduated:

C. PROFESSIONAL EXPERIENCE

19. Number of years of professional experience:

20. Number of years with present employer:

21. Name and title of your present supervisor:

22. Brief description of your present duties:

23. Briefly describe your professional experience prior to your present
employment:




24. Have you ever published any of your work for research, training or
extension? If so, list these publications:

25. Briefly explain what you expect to gain from attending this training course

and what contribution you can make. If needed, use the reverse side of this

page for any other information that may support your application. Do note
that this information will be taken into account when considering your
application.

The undersigned certifies that the above information is correct and complete,
and acknowledges that ICRAF will not be held responsible in case of accident,
iliness, theft or death while travelling to and from, or staying in Kenya to
attend the course.

Date: Signature:

[I. TO BE COMPLETED BY EMPLOYING INSTITUTION

The undersigned, Dr/Mrs/Ms/Mr:
Title:

Name and adress of employing institution:

Approves the application of the above candidate and his/her sponsor.

Date: Signature: Official stamp:
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[ll. ADDITIONAL INFORMATION - JUSTIFICATION TO ATTEND

Use this page, and eventually additional pages, to briefly describe how you will
benefit from this course and what you will contribute to it. This justification to
attend will allow course organizers to consider your application and to select

the best applicants.
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Annex 3 Course programme
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ICRAF

“Vegetative Tree Propagation for Arid and Semi-Arid
Lands Training Course”

16-20 February 1998 ICRAF, Kenya

COURSE PROGRAMME

Monday 16 February

09.00 - 09.30
09.30 - 10.00
10.00 - 10.30

10.30 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 18.00

Course Opening - P. Sanchez; T. Lehmberg

Introduction to vegetative propagation - Z. Wiesmann;

Benefits and risks of vegetative propagation in agroforestry - H.
Jaenicke

Coffee/Tea break

Propagation facilities and non-mist propagators - Z. Tchoundjeu
Physiology and growth regulators - Z. Wiesmann

Lunch break

Nursery Practical | (stem and root cuttings)

Tuesday 17 February

09.00 - 10.30
10.30 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 18.00

Experimental design for tree propagation research - R. Coe
Coffee/Tea Break

Case study from the Sahel - Z. Tchoundjeu

Nursery management - H. Jaenicke

Lunch break

Nursery practical Il (nursery management)

Wednesday 18 February

09.00 - 10.30
10.30 - 11.00
11.00 - 12.30
12.30 -14.00
14.00 - 18.00

Grafting techniques - H. Jaenicke

Coffee/Tea break

Other vegetative propagation techniques - Z. Tchoundjeu; H.Jaenicke
Lunch break

Nursery practical Il (grafting & layering)

Thursday 19 February

09.00 - 10.30
10.00 - 10.30
10.30 - 12.30
12.30 - 13.30
13.30 - 18.00

The Kibwezi Irrigation Project - Z. Carmi

Coffee break

Use of artificial media in plant propagation - Z. Carmi

Lunch break

Field visit (Roslyn River Garden Centre and Kenya Forestry Research
Institute)

Friday 20 February

09.30 - 10.30
10.30 - 11.00
11.00 - 12.00
12.00 - 13.00
13.00 - 14.00
14.00 - 15.00

15.00 - 16.30
16.30 - 17.00

Friday Seminar - Z. Wiesmann

Coffee Break

Micropropagation - M. Kwapata

Pest and disease control in tree nurseries - J. Desaeger

Lunch break

Molecular analysis methods to support vegetative propagation -

I. Dawson

Nursery Practical 1V (assessments)

Course evaluation and closing - J. Beniest; H. Jaenicke; Z. Wiesmann
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ANNEX 4 a - THEORETICAL SESSIONS EVALUATION

INSTRUCTIONS:

= This form will allow you to evaluate each theoretical presentation made during the course. For each presentation, indicate
the date, subject and name of the person teaching it. Evaluate the presentation using the criteria listed on the next page.

= Do NOT evaluate presentations that you have not attended.

= Use the appropriate evaluation forms to evaluate the field visit(s) and the training exercise.

= Please return the filled-out evaluation form to the course organizers at the end of the course.

= Thank you for your collaboration.

NOTE :

This course evaluation is anonymous and only serves to help resource persons to better prepare and deliver their presentations
in the future. The other evaluations (final, field visit(s) and training exercise, will be summarized in the course report.

KEY TO THE EVALUATION OF THE THEORETICAL PRESENTATIONS:

New knowledge acquired : Presentation : quality of the presentation
1 = very little 1 = poor
2 = strengthens existing knowledge 2 = average
3=alot 3 = excellent
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Time : duration of a session as compared to the overall length of Supporting training notes : quality of the Isupporting documents
the course: 1 = poor

1 =too long 2 = average

2 = adequate 3 = excellent

3 = too short - = none given out

Importance : importance of the subject for your daily work

1 = not important Audiovisual support: quality of slides and transparencies
2 = important 1 = poor
3 = very important 2 = average

3 = excellent

- = none used

COMMENT(S) : Formulate your comments or suggestions for a specific presentation. If necessary, use additional pages but indicate
clearly what presentation they refer to.



Date

Subject

Name
resource
person

New
knowledge
acquired

Time

Importance

Quality of the
presentation

Training
materials
support

Audio-visuals
used

Comments

KINDLY RETURN YOUR FILLED-OUT FORMS TO THE COURSE ORGANIZERS. THANK YOU FOR YOUR COLLABORATION
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Date:

ANNEX 4 b - EVALUATION FIELD VISIT

Site visited:

Resource person for the visit:

Tick the appropriate box and formulate your comments/suggestions

a) Did you acquire any new b) The time allocated to the visit :
knowledge?

o Yes o Too long

o Alittle 0 Adequat

o No o0 Too short

0 The visit can be cancelled

c) What was the relevance of the d) The timing of the visit in the
visit in the context of the overall context of the overall
course programme? programme was:

o Very relevant 0 Appropriate

0 Somewhat relevant 0 More or less appropriate

o Not relevant o Not appropriate

e) The documentation in support of f) The organization of the visit was:
the visit was:

0 Excellent 0 Excellent

0 Average 0o Average

o Poor o Poor

o Not available

g) Your comments and/or suggestions:




ANNEX 4 c - EVALUATION FIELD EXERCISE

Your group number:

Group resource person:

Tick the appropriate box and formulate your comments/suggestions

a) Did the training exercise enhance
your knowledge of the corresponding
unit ?

o0 Yes
0 More or less
o No

b) The total time dedicated to the
training exercise was:

o Too long
o Adequat
o0 Too short
0 The exercise can be cancelled

c) Did the theoretical presentations on
this unit prepare you for this exercise?

0 Yes
0 More or less
o No

d) The timing of the exercise in the
context of the overall programme was:

0 Appropriate
o More or less appropriate
o Not appropriate

e) The information needed to implement
this exercise was :

o Excellent

0 Average

o Poor

o Non-existent

f) The organization of the exercise
was :

0 Excellent
0 Average
o Poor

g) Did you receive proper guidance and
instructions from your group resource
person?

0 Yes
0 More or less
o No

h) The choice of the site(s) for the field
exercise was :

0 Appropriate
0 More or less appropriate
o Not appropriate

i) Your comments and/or suggestions:
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ANNEX 4 d
COURSE EVALUATION

PERSONAL ACTION PLAN FORM

NAME :

INSTITUTION :

ACTIVITY 1 (use the same type of table for a maximum of 3 action items or activities)

Title of the activity:

Person(s) responsible(s):

Resources needed:

Expected outcome(s):

Means of verification :

Timeframe:




ANNEX 4 e - FINAL EVALUATION

Please tick the appropriate box(es) (|Z[) and or answer the questions. This evaluation
is anonymous but important since it will allow us to further improve future training
courses on this subject. Use the back of these pages and/or additional sheets if
necessary.

Thank you for your collaboration.

1. PRE-COURSE ARRANGEMENTS
1.1. When were you informed about this training opportunity (date):
1.2. How were you selected to participate?

| applied as an individual candidate

| was nominated by my employer

| was nominated by the national contact person
| was nominated by an ICRAF representative
Other (indicate how) :

o0oo00

1.3. Did you receive the following information about this course :

Information brochure

Application form

Nomination letter specifying conditions of participation
Information on your travel to Nairobi/Kenya

Other(s) (specify) :

o0oo0D

1.4. Did this information allow you to prepare yourself to attend this course?

a Yes
a No

1.5. Other comments and/or suggestions that will allow us to improve pre-course
arrangements:
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FINAL EVALUATION FORM

2. COURSE STRUCTURE

2.1. Was the timing of this course appropriate (February)?

d Yes

Q No. If no, why and what would be a better time of the year to
organize such course:

2.2. Evaluate the following general aspects of this course:

Aspect to evaluate TOO LONG ACCEPTABLE | TOO SHORT
a) Total course duration (1 week) a a Q
b) Theoretical presentations d d a
c) Group work d Q a
d) Field visit(s) Q Q Q
e) Exercise d d a

2.3. Look at the course programme and rank the units according to your personal
preference regarding the overall quality of the topics and their usefulness in
the context of your day-to-day work. Use a figure from 1 (excellent/very useful)
to 5 (poor/not useful). You cannot use the same rank more than once!
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Unit Quality Usefulness

1 Concepts and principles

2 Tree nurseries

3 Cuttings

4 Grafting

5 Layering

6 Micro propagation

7 Propagation experiments

2.4. Other comments/suggestions on the structure of the training course:

Page 2 of 7 pages



FINAL EVALUATION FORM

3. COURSE OBJECTIVE

3.1. Consider the course objective and tick the appropriate figure to evaluate
the appropriateness and the effectiveness of this objective. Note the meaning
of these terms:

Appropriateness:  opportunity and usefulness of the objectives in the context
of your daily work

Effectiveness: the way the objectives have been achieved whether
appropriate or not

(1=NOT appropriate/effective, 5= VERY appropriate/effective)

COURSE OBJECTIVES APPROPRIATENESS | EFFECTIVENESS

1/2/3|4/5]|1]2|3 /4|5

The overall objective of the course is /oo o oo
to enhance the knowledge and practical
skills of technicians responsible for
vegetative tree propagation in agrofores:
try research and development projects.

3.2. Did the programme developed for this course address these objectives?

a Yes
a More or less

a No

3.3. Will the topics teached during this course allow you to implement the
‘Personal Action Plan’ developed during this course?

u Yes

d More or less

a No

3.4. Your comments and/or suggestions related to the course objectives and
programme:

Page 3 of 7 pages
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FINAL EVALUATION FORM

4. TRAINING MATERIALS

4.1. Did you receive sufficient training materials (quantity) in support of the
various topics covered during this course?

a Yes
a More or less

a No

4.2. What is the overall quality of these materials?

Excellent
Good

Average

U 0 0 O

Poor (explain) :

4.3. Will the training materials received during this course allow you to improve
your agroforestry training or education activities?

d Yes

d More or less

a No

4.4. Other comments/suggestions regarding the training materials for this type
of course:

Page 4 of 7 pages



FINAL EVALUATION FORM

5. LOGISTIC ASPECTS

5.1. Consider the following logistic arrangements of this course and evaluate
them ticking a figure between 1 and 5 (1=very poor, 2=poor, 3=average, 4=good,
5=excellent)

Aspect to evaluate 1 2| 3] 4 5

International travel arrangements (if applicable)

Reception in Kenya (if applicable)

Registration formalities at ICRAF

Hotel in Nairobi (if applicable)

Meal arrangements (lunches and coffee breaks)

Daily subsistence allowance and claim settlements

Training infrastructure (rooms, audio-visual equipment) at ICRAF

Secretariat

Daily transport arrangements (to ICRAF/hotel, visit, exercise)

125
Other(s)Please specify:

5.2. Your suggestions/comments regarding logistic arrangements for this type of
training course:

Page 5 of 7 pages



FINAL EVALUATION FORM

6. INTERACTION PARTICIPANTS/RESOURCE PERSONS

6.1. Evaluate the following aspects by ticking the appropriate box (1= very poor,
2=poor, 3=mediocre, 4=good, 5=excellent):

Aspect to evaluate 1 2 3 4 |5

Total number of participants (£20)

Educational background and experiences represented

Interaction between participants

Interaction between participants and resource persons

6.2. Your comments/suggestions on these interactions:
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7. OVERALL EVALUATION

7.1. Considering all aspects (technical and logistic), what is your overall
evaluation of this training course:

Excellent

Very good

Good

Mediocre

0 0O 0O 0 O

Poor (explain):

7.2. Will your participation in this training course have helped you to better
teach agroforestry in your future training/education activities?

d Yes

d More or less

a No (explain why):

Page 6 of 7 pages



FINAL EVALUATION FORM

7.3. From your personal point of view, list the three main strong/positive points
of this training-of-trainers course in order of importance:

1.

7.4. From your personal point of view, list the three main weaker points of this
training-of-trainers course in order of priority and suggest ways of improvement:

1.

7.5. Suggest some improvements that can be made for this type of training
course:

Page 7 of 7 pages
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